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Abstract

Background and Objective: Glioblastoma (GBM) is one of the deadliest cancers. However, due to the unclear pathogenesis of GBM, many
drugs cannot be effective. Therefore, it is of great significance to develop new safe and effective therapeutic drugs and explore the
regulatory mechanism of GBM. Brucine can inhibit tumor proliferation, but the mechanism of brucine on GBM has not been scientifically
explained at the cellular and molecular levels. In this study, the inhibitory mechanism of Brucine on GBM was explored and verified by
experiments. Materials and Methods: The common targets of Brucine and GBM are determined by constructing the Venn diagram of
intersecting targets. Common targets were visualized through String databases and protein interaction networks (PPI) were constructed.
The Hub genes were screened using Cytoscape 3.9.1 and gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
were analyzed using DAVID online database. The inhibitory effect of Brucine on GBM U251 cells was observed /in vitro. Results: Brucine
and GBM had 40 intersection targets and the top 5 clustering networks were selected as the Hub targets, successively EGFR, AKT1, MTOR,
HSP90AAT and JUN. The targets mainly involve focal adhesion, cancer-related pathways, the main signaling pathways PI3K-Akt signaling
pathway and VEGF signaling pathway. Brucine inhibited the proliferation of GBMU251 cells in a time- and dose-dependent manner.
Conclusion: Brucine showed multi-target and multi-pathway inhibition on GBM and played an active pharmacological role in /n vitro
experiments, which can provide references for studying the mechanism of Brucine in GBM.
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INTRODUCTION

Glioma is a primary tumor that mainly occurs in the
central nervous system and is one of the most difficult cancers
to cure in the world. The origin of glioma is the cells that
themselves make up the brain'3. Gliomas account for about
50% of all primary intracranial tumors and nearly 100,000
people are diagnosed with gliomas worldwide every year*,
According to the characteristics of gliomas, different glial cell
profiles (astrocytes, oligodendrocytes and ependymal cells)
are distinguished and classified according to their similarities
in immunohistochemistry and microscopic observation.
According to the classification method of WHO, brain gliomas
can be divided into four grades, Grades I~Il belongs to
Low-grade gliomas. LGGs), grade to belong to High grade
gliomas (HGGs)®. The HGGs has a poor prognosis. The median
overall survival (OS) of grade Il is about 3 years, while the
median OS of grade IV Glioblastoma, especially Glioblastoma
(GBM), is about 15 months and the 5-year survival rate is less
than 5%72. Since GBM has almost no boundary with normal
brain tissue, it is difficult to completely remove it by surgery
alone, which leads to a high probability of postoperative
recurrence of patients. With current treatment methods, GBM
is almost incurable and according to relevant statistics, the
average life cycle of people with GBM is only about 14
months®1%, At present, the clinically known first-line drug for
the treatment of glioma is Temozolomide (TMZ), but patients
are prone to drug resistance!'. Although surgery, radiation
therapy and chemotherapy are used to treat Glioblastoma
patients at the same time, they are still unable to cure patients
or prolong their survival. Due to the existence of multiple
subclonal populations and the high cell heterogeneity of GBM,
the prognosis of glioma patients is poor and recurrence is
inevitable. Therefore, it is essential to find and develop new
effective chemotherapy drugs for the treatment of GBM.

In recent years, natural products have played an
important role in the field of cancer research. Brucine, also
known as Brucine, Strychnine, Dafangba, Kuushi, etc,, is a
weakly alkaline indole alkaloid extracted from the traditional
Chinese medicine plant Brucine, which is a kind of labor pain
medicine used in Chinese medicine'?. Recent studies have
shown that this drug can produce anti-tumor effects on breast
cancer, bone marrow tumors, etc, but its anti-tumor
mechanism is not clear. Other studies have shown that
Brucine is a high-affinity ligand of G-quadruplex structure in
the promoter region of c-Myb gene, which can stabilize the
G-quadruplex structure and it is speculated that Brucine may
play an anti-GBM role by inhibiting the expression of
proto-oncogene c-Myb™. It has been reported that Brucine

can inhibit the survival rate of U251 glioma cells and reduce
the growth of xenograft tumors. However, no studies have
been conducted to scientifically explain the mechanism of
glioma cell death induced by this formula at the cellular and
molecular levels. Network pharmacology is a systematic
research method integrating bioinformatics, network biology,
traditional pharmacology and other disciplines, which can
reflect the relationship between drug composition and multi-
target action and is an ideal prediction method before drug
experiments. It provides a new idea for the research of the
traditional Chinese medicine system and provides new
scientific and technological support for clinical rational drug
use and new drug development. Its research philosophy
coincides with the holism of traditional Chinese medicine and
has been widely applied to the research on the mechanism of
action of ethnic medicine™. This study intends to use network
pharmacology to analyze the potential mechanism of Brucine
inhibiting GBM and preliminarily verify the predicted results of
network pharmacology combined with cell experiments, to
provide target components and targets for further research on
specific mechanisms.

MATERIALS AND METHODS

Study area: The study was conducted in Zibo Municipal
Hospital from April 2022 to May 2023.

Database website and software: Pubchem number
according to the library's; Traditional Chinese medicine
database system pharmacology and analysis platform
(TCMSP,)'7; Swiss number according to the library'®;, GeneCards
database platform™; DAVID online database?’; Online
bioinformatics analysis platform?'.

Obtaining potential targets: Potential targets for related
compounds not found in TCMSP can be supplemented by the
Swiss database. Firstly, we searched the biological activity data
of Brucine in Pubchem with the search term “Brucine” to
obtain its 2D structure, SMILES number, etc. In the Swiss data,
we selected the species "Homo sapiens”. Input the SMILES
number of strychnine retrieved from Puchem to obtain a
potential target for the compound.

GBM target acquisition: In GeneCards database,
“Glioblastoma” was used as the search term, GBM disease-
related genes were obtained through screening relevance
scores and the proteins encoded by their related genes were
used as potential targets for drug therapy.
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Acquisition of disease and drug intersection targets and
construction of Protein-Protein Interaction (PPI) network:
Using the Venn Diagram packet of R language (Version 4.0.3),
the intersection of Brucine’s target and GBM target was taken
to find its potential target. Input the obtained action target
into the STRING database, species select “Homo sapiens’,
set the hidden free point in the obtained image and the
minimum interaction threshold is 0.4. Import the file
“string_interactions.tsv” into Cytoscape software to generate
the PPI network diagram.

Gene ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis: Using DAVID online
database® gene ontology (GO) enrichment analysis
(including biological processes, cell components, molecular
functions) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis. The GO enrichment
analysis was used to draw bar graphs and KEGG channel
enrichment analysis was used to draw bubble graphs, both of
which were obtained on the online bioinformatics analysis
platform?!,

Construct a component-target-disease-signaling pathway
network: The common target and KEGG enrichment analysis
results obtained above were introduced into Cytoscape 3.9.1,
the data were visualized and the “Brucine-target-GBM-signal
path” diagram was drawn.

Experimental verification

Drugs and reagents: Human Glioblastoma cell line U251 was
purchased from Shanghai Cell Bank, Chinese Academy of
Sciences, China,No.RG130224.05. The RPMI Medium Modified
Medium (Hy-Clone) and MEM (ATCC Modified) Medium
(Prexcel), Fetal Bovine Serum (Gihco), Pancreatic enzyme
(Biosharp Bio), Transwell Chamber (Corning Bio), Dimethyl
sulfoxide (DMSO, Sigma Corporation), Matrix gum (Coming Bio
Corporation), DEPC Water (Sigma Corporation), Cell eyele
stainingKit, Annexin VAPC/PI apoptosis kit (Multi science
Shanghai Biology Co. Ltd.), Annexin VAPC/PI Apoptosis Kit,
GAPDH, PI3K, AKT, MMP9, CyclinD1, C-caspase9 (ABelonal
Company), Brucine was purchased from Sichuan Jingzhu
Tiancheng Pharmaceutical Technology Co. Ltd. (purity
detected by HPLC is above 98%). BeyoClick™ EdU-488 cell
proliferation detection kit was purchased from China Biyuntian
Biological Company.

Instruments: The MCO18AIC carbon dioxide incubator (Japan
Sanyo Electric Company), PH-3DMC inverted biological

microscope purchased from Micro Vision Technology
(Shenzhen) Co.Ltd., IMARK type enzyme marker (United States
BIO-RAD Company).

Cell culture: Human Glioblastoma U251 cells and 143B cell
lines were cultured in MEM medium and 1640 medium
containing 10% fetal bovine serum and 1% penicillin
streptomycin, respectively, in an incubator with a
temperature of 37 and 5% CO saturation humidity. Cells with
good growth state during logarithmic growth period were
selected for the experiment. All experiments were repeated
3 times.

Detection of cell proliferation ability: Human Glioblastoma
U251 cellsand 143B cells of the logarithmic growth stage were
selected and inoculated into 96-well plates at a concentration
of 6000 cells per well, with 6 parallel multiple pores in each
group. Incubated in a constant temperature incubator until
90% density was reached in each well. After liquid change,
Brucine dissolved by DMSO was added and treated with 0, 4,
8,16,32,64,128,256 and 512 pmol/L of Brucine for 24,48 and
72 hrs, respectively and then 0.5% MTT solution of 10 pL was
added to each well. The supernatant was discarded and a
DMSO solution of 150 uL/well was added and placed on a
shaker for 30 min. The absorbance was measured at 560 mm
by enzymoleter and the data were analyzed.

Human Glioblastoma U251 cells and 143B cells at
logarithmic growth stage were cultured in a 24-well plate to
grow to the required density. Brucine was used to treat the
cells for 24 hrs and prepared EDU was added to the cells of the
control group and the experimental group for incubation for
2-4 hrs and then fixed with neutral paraformaldehyde at room
temperature for 15 min. Then, PBS was washed three times,
the pre-prepared permeable solution was used at room
temperature for 20 min and then the prepared click-iT
reaction solution was added and incubated at room
temperature for 30 min and after washing the washing
solution, hoechst 33342 was added for nuclear staining and
then photographs were taken under the microscope for
observation and record.

Statistical methods: The IBM SPSS 29.0 was used for
analysis and statistics and the result data were expressed as
(Mean=£SD). Independent sample t-test was used for analysis
within 2 groups, one-way analysis of variance was used for
multiple groups and LSD t-test was used for further pair
comparison. The p<0.05 was considered statistically
significant.
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RESULTS

Screening of Brucine active ingredient targets: The 2D
structure and SMILES number of Brucine are obtained by
searching “Brucine” as the search term through Pubchem.
Input the retrieved SMILES number “COC1=C (C=C2C (=C1)
C34CCN5C3CC6LC7CAN2C (=0) CC70CC=C6C5) OC” into the
SWISS database to obtain 100 Brucine potential targets. At the
same time, the 2D structure predicted by the SWISS database
(Fig. 1) was compared with that in Pubchem and the results
were consistent.

Brucine and GBM intersect targets and PPl network
construction: Using “Glioblastoma” as the search term, 7777
targets were identified in GeneCards and 2613 relevant targets
were obtained by screening Relevance score>1. Brucine
potential targets were mapped to GBM related targets, 40
intersection targets were obtained and Venny diagram was
drawn (Fig. 2). Brucine’s active ingredient-target network for
GBM treatment was constructed (Fig. 3).

Determine the hub target and subnetwork clustering: Use
Cytoscape 3.9.1 software network analysis plug-in to count
nodes in the network diagram and analyze their connectivity
according to the degree value. The greater the node degree,
the more biological functions the node has in the network
(Fig. 4a). The top 12 Hub targets are EGFR, AKT1, MTOR,
HSP90AAT, JUN, SRC, ERBB2, PIK3CA, PARP1, GSK3B, KDR and
JAK2 (Fig. 4b). Then, the target network is clustered through
MCODE plug-in analysis and two sub-networks are obtained.
According to the score, the top 5 clustering networks are
EGFR, AKT1, MTOR, HSP90AA1 and JUN (Fig. 4c).

GO and KEGG enrichment analysis: By GO analysis, 254
biological processes (BP), 43 cell components (CC) and 58
molecular functions (MF) were obtained and the first 10 were
screened for enrichment analysis. The BP mainly includes
phosphorylation, protein phosphorylation, intracellular signal
transduction and peptidyl-serine phosphorylation, regulation
of the primary metabolic process, etc. The CC includes
nucleus, cytosol, plasma membrane, cytoplasm, perinuclear

Fig. 1: Brucine 2D molecular structure

Brucine

Fig. 2: Brucine and GBM share the target map

Glioblastoma

2573
(96.3%)
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Fig. 3: Brucine active ingredient-target network diagram for anti-GBM
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Fig.4(a-c): Brucine PPImap of anti-GBM common target genes, (a) Node color response degree, (b) Top 5 targets with degree and
(c) Top 12 targets with degree
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region of cytoplasm, etc. MF includes protein kinase activity, ~ of 153 pathways were obtained by KEGG enrichment pathway
ATP binding, protein serine/threonine kinase activity,enzyme  analysis and the top 20 signaling pathways with the highest
binding, protein tyrosine kinase activity, etc. (Fig. 5a). A total correlation were selected (Fig. 5b). It mainly involves focal
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Fig. 5(a-b): GO and KEGG enrichment analysis of intersection targets, (a) GO analysis and (b) KEGG analysis
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Fig. 6: Brucine-network diagram of target-disease-signaling pathway interactions

adhesion, cancer-related pathways, the main signaling
pathways PI3K-Akt signaling pathway and VEGF signaling
pathway. It is suggested that Brucine may play an anti-GBM
role by intervening in the above biological processes and
participating in the regulation of GBM generation and
transfer.

Brucine-target-disease-signaling pathway network model
construction: Brucine and 40 molecule-disease common
targets of GBM were used to draw the network diagram of
“component-target-disease-signaling pathway” interaction via
Cytoscape v3.9.1 software (Fig. 6).

Brucine inhibited the proliferation of human Glioblastoma
U251 cells and 143 B cells: The cell activity maps of 143B and
human Glioblastoma U251 cells treated with Brucine at
different concentrations (Fig. 7a-b) and their corresponding
ICy, values (Fig. 7c-d) were detected by MTT assay. It was

found that Brucine could inhibit the proliferation of GBMU251
cells in a time- and dose-dependent manner.

DISCUSSION

The GBM has the highest degree of malignancy, the most
aggressive and the worst prognosis, invasive growth of glioma
and the pathological characteristics of unclear boundaries.
Moreover, GBM grows in important functional areas of the
brain, making it impossible to completely remove tumor cells
by current surgical methods and other methods, which are
important reasons for the recurrence of this tumor?%. The
common biological feature of malignant tumors is
uncontrolled growth, the main molecular mechanism of which
is cell cycle disorder, resulting in excessive cell proliferation
and reduced apoptosis. Therefore, inhibition of tumor cell
proliferation has become one of the important means of
tumor therapy. The anti-tumor effects of traditional
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Fig. 7(a-d): Brucine inhibited the proliferation of human Glioblastoma U251 cells and 143B cells with (a) Brucine treated with
different concentrations of 143B cells, (b) Brucine treated with different concentrations of human Glioblastoma U251
cells, (c) IC5, values of 143B cells treated with different concentrations of Brucine and (d) 1Cs, values of U251 cells

treated with different concentrations of Brucine
Mean*SDandn=3

Chinese medicines (TCM), whether single or combined, have
been concerned for a long time and the screening of low-
toxicity effective anti-tumor drugs and the mechanism of
action of TCM to inhibit the proliferation of malignant tumors
and induce tumor cell apoptosis have become the focus of
current research?24,

At present, toxic Chinese medicines account for a large
proportion of the anti-cancer drugs developed from
natural medicines, such as toad, cantharides, camptotheca,
podophylloides, etc., which are all effective anti-cancer
drugs developed from toxic Chinese medicines??,
Strychnos nux-vomica L. It is a dry and mature seed of the
Strychoniaceae plant, which is bitter, warm and highly toxic
and has the function of clearing collages, relieving pain,
dispersing knots and reducing swelling'2. Current studies'3%’'
have found Brucine has anti-tumor effects, involving liver
cancer, colon cancer, lung cancer, kidney cancer, breast cancer
and so on. The inhibitory mechanisms of Brucine on various

tumor cells are different and the related mechanisms have
been studied. Many studies have found that it is related to
apoptosis and metastasis. According to Deng et a/*?, Brucine
can induce intracellular Ca* release through the JNK-Fas
pathway, thereby inducing apoptosis of HepG2 cells. Brucine
can also inhibit inflammation and cell proliferation and
promote apoptosis of cervical cancer cells (ME-180) by
regulating PI3K/AKT/mTOR signaling pathway®.

To study the inhibitory effect of Brucine on GBM and
reveal its potential molecular mechanism, the method of
network pharmacology was adopted in this study. In this
study, it is found that in Brucine’s GBM PPI network, EGFR,
AKT1, MTOR, HSP90AAT, JUN, SRC, ERBB2, PIK3CA, PARPT,
GSK3B, KDR and JAK2 are the first 12 targets based on node
Degree value. These proteins are thought to be Hub targets
and may play animportantrolein Brucine's inhibition of GBM.
To predict the potential mechanism of Brucine inhibiting
GBM, GO enrichment and KEGG analysis were performed on
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40 potential Brucine targets. The results showed that the
above targets were mainly involved in phosphorylation,
intracellular signal transduction, regulation of primary
metabolic process and other biological processes. It is closely
related to the inhibition of the nucleus, cytosol, plasma
membrane, cytoplasm, perinuclear region of cytoplasm and
other signaling pathways. The relevant signaling pathways
include focal adhesion, PI3K-Akt signaling pathway and VEGF
signaling pathway. The VEGF signaling pathway plays an
irreplaceable role in the process of angiogenesis. Mu et a/>
found that CALM2 enhances the polarization of macrophages
by regulating the VEGF and HFEI-1 signaling pathway, thus
promoting the proliferation and migration of vascular
endothelial cells in tumor tissues. The PI3K-AKT signaling
pathway is an intracellular signal transduction pathway that
promotes metabolism, proliferation, cell survival, growth and
angiogenesis in response to extracellular signals. As a key
pathway, bioactivity related to tumorigenesis is affected by
the PI3K/Akt pathway®. By regulating MMPs, the activated
PI3K/Akt pathway regulates tumor angiogenesis and
metastasis®. Seshadri’s*® study found that Brucine inhibited
the proliferation of inflammatory cells and promoted
apoptosis by down-regulating PI3K/AKT/mTOR pathway.

Focal adhesion kinase (FAK) is a non-receptor tyrosine
kinase encoded by protein tyrosine kinase-2 gene, which is
one of the adhesion plaque complex family. Growth factors or
integrins can promote rapid phosphorylation of FAK at 397
site, enhancing cell activity’’. Importantly, because FAK
translates signals from upstream RTKinto roles in downstream
signaling pathways®, it often acts as a signaling hub to control
molecular networks and mediate various cellular activities in
tumor cells. Phosphorylation of FAK can promote the
formation of adhesion plaques, promote tumor EMT and
invasion and metastasis and activation of FAK can trigger the
activation of SRC, resulting in activation of downstream
substrates, thereby regulating several signaling pathways such
as PI3KAkt, MAPK and STAT3 and promoting tumor invasion
and metastasis®*. Studies of Wang et a/* and Che et a/*
showed that by inhibiting the expression of FAK, it was found
to mediate the inhibition of downstream PI3K-Akt signal and
the expression of specific tumor markers. The above studies
suggest that under the premise of paying attention to
PI3K-Akt, FAK as an upstream target may play a role in
inhibiting GBM.

In this study, through /n vitro cell experiments, we
showed that in the TMM cell proliferation activity experiment,
MTT experiment detected the cell activity of 143B and human
Glioblastoma U251 cells treated with different concentrations
of Brucine and found that the cell activity of human

Glioblastoma U251 cells decreased significantly with the
increase of Brucine concentration. It was suggested that
Brucine could inhibit the proliferation of GBM cells in a time-
dependent and dose-dependent manner. There are still some
limitations in this study. In this paper, the role of Brucine in
GBM is discussed only at the level of network pharmacology,
but the current network information technology is not perfect
and the accuracy and real-time update of the database need
to be improved. Therefore, the results obtained in this study
need to be verified in terms of pharmacodynamics and the
inhibitory effect of Brucine on GBM needs to be further
explored, so as to clarify the multi-target and multi-pathway
efficacy of Brucine in inhibiting GBM.

CONCLUSION

In this study, Brucine component-target-GBM
correlation pathway network was constructed and analyzed
the mechanism of Brucine inhibiting GBM by network
pharmacology. The results showed that Brucine showed
multi-targetand multi-pathway inhibition on GBM and played
an active pharmacological role in vitro experiments, which
provided references for further research on the mechanism of
Brucine in GBM.

SIGNIFICANCE STATEMENT

In this study, we explored the inhibitory mechanism of
Brucine on Glioblastoma and carried out experimental
verification. It is found that Brucine and GBM have 40
intersection targets and the top 5 clustering networks are
selected as the Hub targets, EGFR, AKT1, MTOR, HSP90AA1 and
JUN.Thetargets mainly involve focal adhesion, cancer-related
pathways, the main signaling pathways PI3K-Akt signaling
pathway and the VEGF signaling pathway. Brucine inhibited
the proliferation of GBMU251 cells in a time- and dose-
dependent manner. Therefore, we speculated that Brucine
might inhibit the proliferation of Glioblastoma through
signaling pathways such as the PI3K-Akt signaling pathway
and the VEGF signaling pathway.

REFERENCES

1. Weller, M., W. Wick, K. Aldape, M. Brada and M. Berger et a/,
2015. Glioma. Nat. Rev. Dis. Primers, Vol. 1.
10.1038/nrdp.2015.17.

2. Geribaldi-Doldéan, N., C. Fernandez-Ponce, R.N. Quiroz,
I. Sanchez-Gomar, L.G. Escorcia, E.P. Velasquez and
E.NN. Quiroz, 2021. The role of microglia in glioblastoma.
Front. Oncol., Vol. 10. 10.3389/fonc.2020.603495.

1095



10.

1.

12.

13.

14.

15.

16.

Int. J. Pharmacol, 20 (6): 1087-1097, 2024

Yang, K., Z. Wu, H. Zhang, N. Zhang and W. Wu et a/, 2022.
Glioma targeted therapy: Insight into future of molecular
approaches. Mol. Cancer,, Vol. 21. 10.1186/512943-022-
01513-z.

Bray, F., J. Ferlay, . Soerjomataram, R.L. Siegel, L.A. Torre and
A. Jemal, 2018. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA: Cancer J. Clin., 68: 394-424.
Sung, H, J. Ferlay, RL. Siegel, M. Laversanne,
l. Soerjomataram, A. Jemal and F. Bray, 2021. Global cancer
statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA:
Cancer J. Clinicians, 71: 209-249.

Louis, D.N., A. Perry, G. Reifenberger, A. von Deimling and
D. Figarella-Branger et al, 2016. The 2016 world health
organization classification of tumors of the central nervous
system: A summary. Acta Neuropathol., 131: 803-820.
Ostrom, Q.T., L. Bauchet, F.G. Davis, I. Deltour and
J.L. Fisher et al, 2014. The epidemiology of glioma in adults:
A"state of the science" review. Neuro-Oncology, 16:896-913.
Bi, J., S. Chowdhry, S.Wu, W. Zhang, K. Masui and P.S. Mischel,
2020. Altered cellular metabolism in gliomas-An emerging
landscape of actionable co-dependency targets. Nat. Rev.
Cancer, 20: 57-70.

van Meir, E.G., C.G. Hadjipanayis, A.D. Norden, HK. Shu,
P.Y. Wen and JJ. Olson, 2010. Exciting new advances in
neuro-oncology: The avenue to a cure for malignant glioma.
CA: Cancer J. Clinicians, 60: 166-193.

Hou, X, S. Chen, P. Zhang, D. Guo and B. Wang, 2022.
Targeted arginine metabolism therapy: A dilemmain glioma
treatment. Front. Oncol., Vol. 12. 10.3389/fonc.2022.938847.
Tan, A.C,, D.M. Ashley, G.Y. Lépez, M. Malinzak, H.S. Friedman
and M. Khasraw, 2020. Management of glioblastoma: State
of the art and future directions. CA: Cancer J. Clinicians,
70:299-312.

Guo, R, T.Wang, G. Zhou, M. Xu and X. Yu et a/, 2018. Botany,
phytochemistry, pharmacology and toxicity of Strychnos nux-
vomical.: A review. Am. J. Chin. Med. 46: 1-23.

Lu, L, R.Huang, Y. Wu, JM. Jin, HZ. Chen, LJ. Zhang and
X. Luan, 2020. Brucine: A review of phytochemistry,
pharmacology, and toxicology. Front. Pharmacol., Vol. 11.
10.3389/fphar.2020.00377.

Li, H.,J. Hai, J. Zhou and G. Yuan, 2016. Exploration of binding
affinity and selectivity of brucine with G-quadruplex in the c-
myb proto-oncogene by electrospray ionization mass
spectrometry. Rapid Commun. Mass Spectrom., 30: 407-414.
Li, S. and B. Zhang, 2013. Traditional Chinese medicine
network pharmacology: Theory, methodology and
application. Chin. J. Nat. Med., 11: 110-120.

Kim, S., J. Chen, T. Cheng, A. Gindulyte and J. He et a/, 2021.
PubChem in 2021: New data content and improved web
interfaces. Nucleic Acids Res., 49: D1388-D1395.

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

1096

Ru, J., P. Li, J. Wang, W. Zhou and B. Li et a/, 2014. TCMSP:
Adatabase of systems pharmacology for drug discovery from
herbal medicines. J.Cheminf.,,Vol.6.10.1186/1758-2946-6-13.
Gfeller, D., A. Grosdidier, M. Wirth, A. Daina, O. Michielin and
V. Zoet, 2014. SwissTargetPrediction: A web server for target
prediction of bioactive small molecules. Nucleic Acids Res.,
42: W32-W38.

Stelzer, G, N. Rosen, |. Plaschkes, S. Zimmerman and
M. Twik et a/, 2016. The genecards suite: From gene data
mining to disease genome sequence analyses. Curr. Protoc.
Bioinf., Vol. 54. 10.1002/cpbi.5.

Skrlj, B. and T. Kunej, 2016. Computational identification of
non-synonymous polymorphisms within regions
corresponding to protein interaction sites. Comput. Biol.
Med., 79: 30-35.

Chen, L., A. Yang, Y. Li, X. Liu, W. Jiang and K. Hu, 2023.
Molecular mechanism of oroxyli semen against triple-
negative breast cancer verified by bioinformatics and
in vitro  experiments. Medicine, Vol.  102.
10.1097/MD.0000000000034835.

Schaff, L.R.and |.K. Mellinghoff, 2023. Glioblastoma and other
primary brain malignancies in adults: A review. JAMA,
329:574-587.

Zhuang, Q. F.Hong, A.Shen, L.Zheng and J. Zeng et al, 2012.
PienTze Huang inhibits tumor cell proliferation and promotes
apoptosis via suppressing the STAT3 pathway in a colorectal
cancer mouse model. Int. J. Oncol., 40: 1569-1574.

Zheng, L, X. Wang, W. Luo, Y. Zhan and Y. Zhang, 2013.
Brucine, an effective natural compound derived from nux-
vomica,induces G1 phase arrest and apoptosis in LoVo cells.
Food Chem. Toxicol., 58: 332-339.

Zhang, X., H.Qiu, C. Li, P.Caiand F. Qi, 2021. The positive role
of traditional Chinese medicine as an adjunctive therapy for
cancer. BioScience Trends, 15: 283-298.

Zhang, J., Y. Yu, D. Liu and Z. Liu, 2007. Extraction and
composition of three naturally occurring anti-cancer alkaloids
in Camptotheca acuminata seed and leaf extracts.
Phytomedicine, 14: 50-56.

Jianmin, Q.J., P.Yin, Q. Li, Z. Sa and X. Sheng et a/, 2012.
Anti-tumor effects of brucine immuno-nanoparticles on
hepatocellular carcinoma. Int. J. Nanomed., 7: 369-379.

Xu, MR, P.F. Wei, M.Z. Suo, Y. Hu and W. Ding et a/, 2019.
Brucine suppresses vasculogenic mimicry in human triple-
negative breast cancer cell line MDA-MB-231. BioMed Res.
Int., Vol. 2019. 10.1155/2019/6543230.

Li, M., P. Li, M. Zhang, F. Ma and L. Su, 2014. Brucine inhibits
the proliferation of human lung cancer cell line PC-9 via
arresting cell cycle. Chin. J. Lung Cancer, 17: 444-450.

Luo, W.,, X. Wang, L. Zheng, Y. Zhan, D. Zhang, J. Zhang and
Y.Zhang, 2013.Brucine suppresses colon cancer cells growth
via mediating KDR signalling pathway. J. Cell. Mol. Med.,
17:1316-1324.



31

32.

33.

34.

35.

36.

37.

Int. J. Pharmacol, 20 (6): 1087-1097, 2024

Lv, M., M. Zhang, Y. Cheng, K. Zhang, C. Hou and X. Chen,
2017.Renoprotective effects of total glucosides from paeony
against nephrotoxicity induced by total alkaloids from Semen
strychni. Evidence-Based Complementary Altern. Med.,
Vol.2017.10.1155/2017/8256278.

Deng, X., F.Yin, X. Lu, B. Cai and W. Yin, 2006. The apoptotic
effect of brucine from the seed of Strychnos nux-vomica on
human hepatoma cells is mediated via Bcl-2 and Ca?*
involved mitochondrial pathway. Toxicol. Sci., 91: 59-69.
Seshadri, V.D., 2021. Brucine promotes apoptosis in cervical
cancer cells (ME-180) via suppression of inflammation and
cell proliferation by regulating PI3K/AKT/mTOR signaling
pathway. Environ. Toxicol., 36: 1841-1847.

Mu, G., Y. Zhu, Z. Dong, L. Shi, Y. Deng and H. Li, 2021.
Calmodulin 2 facilitates angiogenesis and metastasis of
gastric cancer via STAT3/HIF-1A/VEGF-A mediated
macrophage polarization. Front. Oncol, Vol. 11.
10.3389/fonc.2021.727306.

Luo, J., B.D. Manning and L.C. Cantley, 2003. Targeting the
PI3K-Akt pathway in human cancer. Cancer Cell, 4: 257-262.
Dilly, AK., P. Ekambaram, Y. Guo, Y. Cai and S.C. Tucker et a/,
2013. Platelet-type 12-lipoxygenase induces MMP9
expression and cellularinvasion viaactivation of PI3K/Akt/NF-
kB. Int. J. Cancer, 133: 1784-1791.

Xu, J.C, T.Y. Chen, LT. Liao, T. Chen and Q.L. Li et a/, 2021.
NETO2 promotes esophageal cancer progression by inducing
proliferation and metastasis via PI3K/AKT and ERK pathway.
Int. J. Biol. Sci., 17: 259-270.

38.

39.

40.

41.

1097

Feng, X, N. Arang, D.C. Rigiracciolo, J.S. Lee and
H. Yeerna et a/, 2019. A platform of synthetic lethal gene
interaction networks reveals that the GNAQuveal melanoma
oncogene controls the hippo pathway through FAK. Cancer
Cell, 35:457-472.E5.

Sun, P, F. Ma, Y. Xu, C. Zhou, RA. Stetler and KJ. Yin, 2021.
Genetic deletion of endothelial microRNA-15a/16-1 promotes
cerebral angiogenesis and neurological recovery in ischemic
stroke through Src signaling pathway. J. Cereb. Blood Flow
Metab., 41: 2725-2742.

Wang, R, W.Wang, L. Ao, Z.Wang, X.Hao and H. Zhang, 2017.
Benzo[a]pyrene-7,8-diol-9,10-epoxide suppresses the
migration and invasion of human extravillous trophoblast
HTR-8/SVneo cells by down-regulating MMP2 through
inhibition of FAK/SRC/PI3K/AKT pathway. Toxicology,
386:72-83.

Che, P., L. Yu, GK. Friedman, M. Wang and X. Ke et a/, 2021.
Integrin avB3 engagement regulates glucose metabolism
and migration through focal adhesion kinase (FAK) and
protein arginine methyltransferase 5 (PRMT5) in glioblastoma
cells. Cancers, Vol. 13. 10.3390/cancers13051111.



	IJP.pdf
	Page 1


