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Abstract

Objective: Breast cancer (BC) is a complex illness that affects millions of women globally. As its incidence rises,
new treatment strategies are needed. Veratrum viride, a traditional medicinal herb, is known for its therapeutic potential,
yet its molecular mechanism of action against BC remains unclear. The purpose of this preliminary investigation is to
assess V. viride’s anti-breast cancer potential by identifying its active compounds and using bioinformatics techniques
to clarify their multi-target mechanisms. Materials & methods: Initially, eleven compounds from V. viride were
examined for pharmacokinetic and toxicity characteristics. Network pharmacology was used to predict and integrate
compound-target interactions with genes linked to BC. Topological and drug—protein interaction (DPI) analyses
were employed to identify important hub genes. KEGG pathway enrichment and Gene Ontology (GO) analyses were
conducted to validate functional relevance. Target—compound interactions were verified through molecular docking and
molecular dynamics simulation analysis. Results: Using ADMET profiling analysis and drug-likeness properties, three
alkaloids namely jervine, veratramine, and rubijervine were identified as promising drug candidates. We identified six
important hub genes: MTOR, INSR, FOXOI, FOXO3, RPS6KBI, and AKTI. According to GO and KEGG analyses,
the compounds targeted pathways important in the regulation of BC, including AMPK, HIF-1, FOXO, and PI3K/AKT/
mTOR. Moreover, jervine demonstrated robust binding stability and affinity with core targets in molecular docking
and dynamics simulations. Conclusion: This work provides the first evidence that alkaloids derived from V. viride,
especially jervine, may act as multi-target inhibitors against BC. However, further experimental validation is required
to confirm their therapeutic efficacy.
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Introduction

Breast cancer (BC) is a diverse malignancy originating
in the mammary glands [1]. With 2.3 million cases,
it accounts for 11.7% of all cancers, making it most
recurrent cancer in women globally. In most nations, it
is the most often diagnosed cancer; one in four cancer
cases and one in six cancer-related deaths [2]. Since
BC is usually diagnosed at an earlier stage with limited
therapeutic options, patients with breast cancer typically
have a bad prognosis [3]. BC can be treated with surgery,
chemotherapeutic agents, immunotherapy, and focused

treatments nowadays. Since the use of many chemotherapy
drugs elevates side effects it also exacerbates resistance to
tumors which severely affects the survival rate of patients
and thereby complicates BC treatment .Thus, there is a
demand in search for alternative treatment to create safe
and efficient anticancer treatments to assist to enhance
BC therapy [4]. This underlines the need of looking
at bioactive molecules taken from medicinal plants as
appealing, cost-effective substitutes with less side effects
for cancer treatment. Medicinal plants contain diverse
bioactive compounds which are valuable for treating
different diseases with therapeutic possibilities [5, 6].
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Moreover, wide range of studies have confirmed
that bioactive compounds like polyphenols, alkaloids,
terpenes, and polysaccharides obtained from medicinal
herbs exhibits remarkable anti-oxidant, anti-cancer,
anti-inflammatory, cardioprotective, hepatoprotective,
immunomodulatory, neuroprotective, and anti-diabetic
properties [6]. In this regard, modern bioinformatics
techniques can be utilized which may help to understand
the complicated pharmacological features of medicinal
herbs.

In this study, the Veratrum spp. has been chosen
which was mostly derive from roots and rhizomes and
found to have high steroidal alkaloid content. Among
other things, these alkaloids have bradycardic, analgesic,
and anti-cancer actions [7, 8]. Moreover, some of
them including V.californicum, V. viride, V. album, and
V. nigrum investigated Even though around sixteen
species of Veratrum found to have bioactive compounds
particularly, despite extensive research on many Veratrum
steroidal alkaloids particularly some medicinal properties
of Vviride remain unexplored, with limited spectral data
available. Hence, as a result, Veratrum viride has been
chosen for this study [7]. Veratrum viride is traditionally
used to treat hypertension, rheumatism [§—11] and majorly
phytochemicals particularly steroidal alkaloids present
in it found to be in use as a conventional medicine for
rheumatism and analgesic disorders [7, 8]. However,
although traditional uses and some pharmacological
effects are documented, the specific biological mechanism
mentioning especially how Veratrum viride and its
steroidal alkaloids exert anticancer effects, particularly
against breast cancer (BC) remains unclear.

This gap highlights the necessity for thorough research
into the anticancer potential of Veratrum viride and its
active constituents in the context of BC, particularly
focusing on clarifying the potentially intricate molecular
mechanisms that contribute to its antitumor effects using

in silico analysis. The flowchart of this study is presented
in (Figure 1).

Materials and Methods

Selection of Bioactive compounds

From the article review, the plant species Veratrum
viride was identified as relevant one. The extract of this
plant has been determined to contain potential medicinal
properties against numerous diseases and cancer [7,
12, 13]. In this study, utilizing Indian Medicinal Plant,
Phytochemical bioactive compounds And Therapeutics
(IMPAAT) data repository (https://cb.imsc.res.in/
imppat/) [ 14], the secondary metabolites of the identified
plant species was acquired and once after retrieving the
compounds, duplicates were removed.

Drug-Likeness and Pharmacokinetics (ADME) Screening

The drug alikeness and pharmacokinetic property
of every retrieved bioactive compounds namely
Jervine, Veratrosine, Neogermitrine, Veratramine,Rubijervi
ne, Proveratrine-A, Isorubijervine, Germerine, Germitrine,
Germidine and Proveratrine-B was identiifed through
deriving the Simplified Molecular Input Line Entry
System (SMILES) from the PubChem data repository
(https://pubchem.ncbi.nlm.nih.gov/). Further, Lipinski’s
Rule of Five which forecasts oral bioavailability, was
analysed to evaluate drug-likeness for these compounds.
The inclusion criteria includes < 500 kDa and a count
of < 5 hydrogen (H) bond donors (NHBD) and < 10
H bond receptors (NHBA) and a Log P value of not
more than 5. Further, the SMILES of the compounds
were been subjected to Swiss ADME online web
server (http: //www. swissadme.ch/) [15] then the drug
likeness, pharmacokinetics was predicted. Notably, the
pharmacokinetics property comprises of factors including
absorption, distribution, metabolism and excretion
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Figure 1. The Workflow of Veratrum viride against BC via Network Pharmacology and Molecular Docking and

Simulation Analysis
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(ADME) was identified for every compound, which
determines their suitability as possible drug. Furthermore,
the several physicochemical characteristics including
polar surface area (TPSA), topological characteristics,
and molar refractivity was also identified.

Target prediction

Target prediction analysis for the prime bioactive
compounds was carried out using Swiss Target Prediction
(http://www.swisstargetpredurden.ch/) [16] database
which demonstrates the mechanism of action and
identifies the possible targets for them. In this study, the
database was accessed with selection to species as “Homo
sapiens” with probability ratio greater than 0 and then
the efficient target genes of steroidal compounds were
identified.

Identification of BC related target dataset

GeneCards database (https://www.genecards.org/)
[17], a complete platform combining gene-related
data from several sources, which offers well-chosen
information on molecular interactions, pathways, gene
functions, and linked diseases. The gene targets linked to
breast cancer (BC) was curated using the keyword “Breast
Cancer”. This method helps one to grasp important genetic
players involved in the development of diseases and their
possible interactions with bioactive compounds.

Common targets of Veratrum viride in Treating BC

An analysis of the compound-disease targets was
carried out to analyse common targets between BC and
compounds. In this study, using Funrich tool (http://
www.funrich.org) [ 18] bioactive compounds’ targets and
comparison with established breast cancer (BC) targets
were performed. The resulted Venn diagram presented
genes that overlapped, indicating possible BC treatment
targets.

Drug—Protein Interaction (DPI) network construction
and hub gene analysis

The overlapped genes were exposed to next analysis
utilising the STITCH (Search Tool for Interacting
Chemicals) (data repository [19]. STITCH database
(http://stitch.embl.de/) was used and drug- protein
interaction network was constructed by selecting “Homo
sapiens” as specific gene of interest with a combined score
of >0.08 as standard one implicating proteins reliability.
Followed by this, cytoscape software (version 3.5.1;
http://www.cytoscape.org) was adopted to visualize the
resultant DEGs network, within which cytohubba plugin
was utilised and hub genes were detected. Based on node
ranking, topological analysis (radiality, degree, proximity,
and MCC) identified hub genes, and a Venn diagram was
employed to determine four typical targets. Depending on
the total score, the DPI network’s edge widths indicated
the strength of the interactions [20].

Prognostic validation of Veratrum viride associated BC
targets and analysis of its stage status

GEPIA (Gene Expression Profiling Interactive
Analysis) database (http://gepia.cancer-pku.cn/) was

subjected to evaluate the survival rates and identify the
correlating crucial targets in BC patients [21]. Further,
survival analysis was carried out which accompanied
by log-rank tests by Kaplan Meier plots. The mRNA
expression levels of potent targets compared with early
and advanced stages were examined using TCGA-BRCA
datasets from GEPIA 2.0 database. Additionally, Statistical
significance (p <0.05) was used to assess gene expression—
survival associations, while hub gene expression and
prognostic relevance across BC stages and metastasis
were evaluated via GEPIA

Pathway enrichment and functional profiling

DAVID (Database for Annotation, Visualization, and
Integrated Discovery) database (https://david.nciferf.
gov/) a strong tool for performing functional enrichment
analysis was adopted to identify hub gene targets related
to BC treatment. This analysis involves combination
of identifying target related biological processess and
signalling pathways, this includes Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analyses [22]. The hub gene role
in BC-related pathways were identified using KEGG
analysis, whereas GO enrichment analysis evaluated the
hub genes’ cellular components (CC), molecular functions
(MF), and biological processes (BP). Later, SRplot was
utilised to display the web interconnection of active
components crucial targets, compounds and molecular
pathways.

Molecular docking analysis

Molecular docking, which provides information on
multitarget activity and possible synergistic drug target
interactions, was used to investigate the link between key
targets and core bioactive molecules and validate network
pharmacology predictions [23]. Adopting the PubChem
repository (https://pubchem.ncbi.nlm.nih.gov/), 3D
dimensional patterns of jervine, veratramine, rubijervine
along with standard drug Tamoxifen for comparison
was retrieved and using RCSB PDB (https://www.rcsb.
org/) database by selecting “Homo sapiens” as source
organism, 2.5A as refinement resolution, the 3D structure
of the target proteins namely MTOR, INSR, AKT1 and
RPS6KBI1 encoded by the hub gene was isolated as a
complete protein sequence with ligand models. Docking
were conducted using the Lamarckian genetic algorithm
(LGA) with nearly upto 100 cycles in PyRx [24]. Further,
using Discovery Studio Visualizer software 3D and 2D
docked results were then visualized and analyzed [23].
Molecular Dynamics (MD) analysis

In order to simulate protein-ligand interactions using
molecular dynamics (MD), the GROMACS (GROningen
MAchine for Chemical Simulations package) [25] was
utilised. Further, PyMOL [26] was utilized to separate the
docked protein-ligand complex into its individual protein
and ligand components for the MD simulation. The protein
topology was constructed in GROMACS adopting the
Amber99sb-ildn force field, when the ligand topology
was created with the ACPYPE package [27]. These
topologies were then joined to form the complete protein-
ligand complex topology, enabling the MD simulation
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Table 1. Isolated Bioactive Compounds from Veratrum viride

Indian medicinal plant IMPPAT phytochemical identifier Phytochemical name Reference ID

Veratrum viride IMPHY 000366 Jervine ISBN:9788172362140
Veratrum viride IMPHY 005194 Veratrosine ISBN:9788172362140
Veratrum viride IMPHY005675 Neogermitrine ISBN:9788172362140
Veratrum viride IMPHY006313 Veratramine ISBN:9788172362140
Veratrum viride IMPHY 006541 Rubijervine ISBN:9788172362140
Veratrum viride IMPHY 007297 Protoveratrine A ISBN:9788172362140
Veratrum viride IMPHY007333 Iso rubijervine ISBN:9788172362140
Veratrum viride IMPHYO008715 Germerine ISBN:9788172362140
Veratrum viride IMPHY008716 Germitrine ISBN:9788172362140
Veratrum viride IMPHY 009634 Germidine ISBN:9788172362140
Veratrum viride IMPHY 009798 Protoveratrine B ISBN:9788172362140

to proceed. A dodecahedron box (1.0 nm) with periodic
boundary conditions was used for the prepared complex.
The TIP3P water model and NaCl ions were added for
solvation and system neutralization. Energy minimization
was performed for 1000 steps, followed by equilibration
using MDP files from the Lekumal protein-ligand MD
simulation tutorial [28] with 300 ps of equilibration at
300K under NVT conditions and 500 ps under NPT at 1
bar pressure. Based upon equilibration, a 10 ns molecular
dynamics simulation was carried out and the trajectory
data were recorded in XTC format.

Ethical statement

The present investigation exclusively employed
publicly available bioinformatics databases and analytical
instruments; therefore, ethical clearance for human or
animal participants was not required.

Helinski rule

All bioinformatics analyses were performed in
compliance with the statement of Helsinki’s tenets,
guaranteeing that ethical issues were suitably acknowledged
and maintained during the entire research procedure.

Statistical analysis

The data verification for this study was performed
using the statistical computer language R, which is used
for statistical computing. P-values for the analysis of

Table 2. Drug Likeness of Bioactive Compounds

mRNA expressions and the development of Kaplan-Meier
plots to evaluate overall survival were calculated using
the log-rank test.

Results

Bioactive compounds screening

A total of about 11 bioactive compounds namely
Jervine, Veratrosine, Neogermitrine, Veratramine,
Rubijervine, ProtoveratrineA, Isorubijervine, Germerine,
Germitrine, Germidine and Protoveratrine B were
retrieved from the plant Veratrum viride searching the
IMPPAT database (Table 1).

Drug likeness and ADME/T profiling

Using SwissADME tool, drug-likeness and
pharmacokinetic analyses were performed on all 11
isolated compounds. Compounds that followed drug
alikeness properties encompassing Lipinski’s rule of five,
good oral bioavailability, and those with a TPSA score
less than 90 were deemed as possible drug candidates
for drug-likeness assessment. Further, compounds
with high gastrointestinal (GI) absorption, favorable
P-glycoprotein (P-gp) substrate characteristics and
interactions with isoenzymes of cytochrome P450 (CYP)
(Table 2, 3) were considered potential for pharmacokinetic
analysis. Notably, three compounds namely Jervine,
Veratramine, and Rubijervine was found to emerged

S.no  Molecule Molecular Mol. TPSA  ESOL Class Lipinski’s Bioavailability £ NHBA NHBD Log-P
formula Wit. violation Score
1
C27TH39NO3 4256 5856  Moderately 0 0.55 4 2 3.89
. soluble
H(\’J:\/'"" -~
2 Veratramine
Vi cotH3ONO2 4096 5249 Moderately 1 0.55 3 3 412
oA soluble
3 Rubijervine
C2THAINO2 41364 437 ~ Moderately 1 0.55 3 2 43
soluble

NHBD, Number of Hydrogen Bond Donors; NHBA, Number of Hydrogen Bond Acceptors
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Table 3. Pharmacokinetics of Bioactive Compounds

S.No  Compounds GI P-gp substrate CYP1A2 CYP2C 19 CYP2C9 CYP2D6 CYP3A4
absorption inhibitor inhibitor inhibitor inhibitor inhibitor
1 Jervine High Yes No No No No
Veratramine High Yes No No No No
Rubijervine High Yes No No No No No
as promising candidates and may represent the key  Table 4).

bioactive constituents underlying the anti-breast cancer
(anti-BC) potential of Veratrum viride.In contrast, the
eight compounds namely Veratrosine, Neogermitrine,
Protoveratrine-A, Isorubijervine, Germerine, Germitrine,
Germidine, and Protoveratrine B were excluded from
further consideration due elevated TPSA values, low
oral bioavailability , poor GI absorption, absence of P-gp
substrate behavior and inhibitory actions with isoenzymes
of CYP. Accordingly, these eight compounds were not
subjected to further analyses in the present study.

Target prediction for bioactive compounds and BC
Based on previous analysis, the target prediction
analysis was performed on three compounds namely
Jervine, Veratramine, and Rubijervine which demonstrated
no toxicity and were identified as promising candidates.
Further, SMILES (canonical) for each one of the
compound were collected from the PubChem database
and submitted into the Swiss Target prediction tool. Only
target genes/specific genes were predicted to interact
with each compound within a probability score of 0.1
or higher. In total, the three compounds were predicted
to collectively interact with approximately 300 potential
genes, indicating a wide range of biological activity and
therapeutic effects. After removing duplicates, 106 unique
target genes were identified (Supplementary Table 1-3).
Further, from the Gene cards database overall of 2,657
unique genes related to BC was identified (Supplementary

Veratramine Breast Cancer

Jervine Rubijervine

Bioactive compound and disease target interaction
network

A Venn diagram was built to screen the overlapping
genes among the 3 compounds and the specific genes
association with it. Jervine, Veratramine, and Rubijervine
(300 genes) and the genes associated with BC (2657
genes). Further, analysis showed eight (8) overlapping
genes, highlighting the similar targets between BC and
the compounds datasets. These shared genes demonstrates
a possible therapeutic connection, which emphasizes the
need of more research on the possible function of these
molecules and warranting further investigation into their
therapeutic potential of breast cancer (BC).The results
given in (Figure 2(a)), illustrates convergence between
compound and BC targets through Venn diagram.

Identification of DPI network and Hub genes

The STITCH database was used to further investigate
the collection of eight genes including AKT2, AKTI,
AKT3, JAK1, PRKGI, ROCK2, RPS6KBI, and INSR
obtained via the Venn diagram analysis and its relationship
to the substances jervine, veratramine, and rubijervine
targets. (Figure 2(b)) shows the compound target network
of jervine, veratramine, and rubijervine with their
potential targets, constructed using STITCH.Cytoscape
software version 3.5.1 was used to visualize the network,
which revealed 21 nodes and 106 edges, depicted in

Figure 2. a. A Venn diagram presenting the overlapping between compound targets and BC; b. Compound target

network; c. Drug-protein interaction network
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Table 4. Network Profiling through Cytoscape Integrated with the CytoHubba Plugin

Gene Name Degree Closeness Radiality MCC
MTOR 17 17 1.865 587041
INSR 14 15.5 1.714 580440
RPS6KBI 14 15.5 1.714 585360
AKTI 15 16 1.764 545760

(Figure 2(c)). The top five nodes among the eight genes
were identified using various ranking criteria, including
MCC, Radiality, Closeness, and Degree. Hub genes
MTOR, INSR, FOXO3, FOXOI, AKTI, and RPS6KBI
were found. These hub genes may be engaged in the anti-
cancer action of the compounds under study because they
important roles in the network of drug-protein interactions.
Based on topological scores, (Figure 3 (a-d)) shows the
interaction between compound targets and its top five
engaging connective hub genes that the compounds target,
and (Figure 3 (e)) shows the four common targets found
among the five hub genes listed in (Table 4).

Prognostic validation of target genes from bioinformatic
analysis

Tumorigenesis is a process that disrupts key signaling
pathways such as PI3K/AKT/mTOR, Wnt/B-catenin,
and MAPK, leading to uncontrolled cell proliferation
and metastasis. Evaluating gene expression and survival
analyses can help identify deregulated genes involved in
the tumorigenic process [29]. In this study,the potential
significance of selected target genes (MTOR, INSR,
RPS6KBI, and AKT1) associated with the compounds
jervine, veratramine, and rubijervine in breast cancer (BC),
was examined through extensive mRNA expression and
survival plot analyses employing the GEPIA database,

i FOX03

FOX03

INSR

c d

Figure 3. Top Five Core Targets Detected by a. Radiality, b.

in order to validate the previous findings. Notably, the
mRNA expression levels in BC tissues, revealed a notable
upregulation of the genes MTOR, RPS6KB1, AKTI,
and INSR, as presented in (Figure 4(a)).These findings
demonstrates the deregulation of these genes in BC, by
further supporting their crucial relevance in the disease.
Additionally, survival analysis was carried out using the
GEPIA database, which showed upregulated levels of
MTOR, RPS6KBI1, AKTI, and INSR genes with poor
survival outcomes as shown in (Figure 4(b)). Considering
their values of hazard ratios (HR) and corresponding
p-values. These four genes mTOR, RPS6KB1, AKT1, and
INSR exhibited hazard ratios (HR) of 1, 1, 1.3, and 1.1
respectively, with corresponding p-values of 0.88, 0.83,
0.13, and 0.56. Furthermore, expression levels for AKT1,
RPS6KBI1, MTOR, and INSR in early and advanced
stags were examined using GEPIA database. The stages
expression levels were also suggested that advanced
stages (Stage X) show higher level compared to lower
level (stage I) as shown in (Figure 5). These observed
values suggests that these genes may play role as potential
prognostic markers supporting their involvement in the
tumorigenesis of breast cancer even though not all results
were statistically significant.

L2 FOX03

AKT1

Closeness, c.Degree, d. MCC. Red color highest degree,

yellow color lowest degree. e. Common four targets identified among five core targets using venn diagram. FOXO1:
Forkhead box protein-1, FOXO3: Forkhead box protein 3, MTOR- Mammalian Target of Rapamycin, INSR- Insulin
Receptor, AKT1- Serine Threonine Kinase-1, RPS6KB1- Ribosomal Protein S6 Kinase Beta-1.
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Figure 4. Prognostic validation of mRNA Expression and Overall Survival Analysis of Targets in Breast Cancer
(BC). a. The GEPIA database was used to examine the target genes AKT1, RPS6KBI1, INSR, and MTOR's mRNA
expression levels. Plots from BC datasets show tumor tissue samples (n=1085) in grey and normal tissue samples
(n=21) in orange. b. GEPIA also provided the overall survival curves for AKT1, RPS6KB1, INSR, and MTOR. Blue
color denotes low expression levels and red color denotes high gene expression in the graphs. (MTOR: Mammalian
Target of Rapamycin, RPS6KB1: Ribosomal Protein S6 Kinase B1, INSR: Insulin Receptor and AKT1: AKT Serine/

Threonine Kinase 1).

Enrichment analysis

GO, KEGG enrichment, and functional annotation
analyses was performed in order to find out Veratrum
viride’s therapeutic action, where this analysis evaluates
its mechanism of action and biological processes against
BC treatment. DAVID database was utilised to identify
the top five enriched GO terms for every category,
ranked according to the count of functional annotations
(Figure 6(a)). These targets were associated with key
biological processes (BP), which includes anoikis,
negative regulation of PERK-mediated unfolded protein

response, suppression of macroautophagy, behavioral
response to pain, and positive regulation of glycogen
biosynthesis and Enriched cellular components(CC)
which were mainly localized to the nuclear envelope,
lysosome, dendrite, nucleoplasm, and membrane and
Molecular functions(MF) which were predominantly
related to protein kinase, hydrolase, protein tyrosine
kinase, histone H2AS|1 kinase activity, histone H2AXS139
kinase activity, eukaryotic translation initiation, Factor 2
alpha kinase activity and histone H3S28 kinase activities.
Subsequently, KEGG pathway analysis (Figure 6(b))

Asian Pacific Journal of Cancer Prevention, Vol 27 1341



Anupriya Eswaran et al

=3
- F value = 0.358
F value = 1.18 =
- Pr(>F) = 0.317 Pr(>F) = 0.838
© -
o -
©
-~
N h W
w
o
T T T T T T T T T T
Stage | Stage Il Stage Il Stage IV Stage X Stage | Stage Il Stage Il Stage IV Stage X
F value = 1.9 Fvalue =173
“ ] Pri>F)=0.102 7 Pr(>F) = 0.141
~
© -
w
-
@
~
T T T T T - T T T T T
Stage | Stage Il Stage Il Stage IV Stage X Stage | Stage Il Stage Il Stage IV Stage X

Figure 5. Expression Patterns of Key Genes in Breast Cancer were Analyzed by Retrieving mRNA Levels of AKT1,
RPS6KBI1, INSR, and MTOR Across Stages I to X from the GEPIA Database.

further revealed significant enrichment in AMPK, HIF-1,
FOXO, insulin, thyroid hormone, and longevity-regulating
pathways, along with breast cancer—associated pathways.
Collectively, these findings enhance our knowledge on the
functional roles of jervine, rubijervine, and veratramine
and highlight their involvement in dysregulated pathways
linked to breast cancer (BC).

Molecular docking and molecular dynamics (MD)
Furthermore, to determine close proximity interactions

&

1
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g

g
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at molecular stage and to assess the molecular and binding
mechanisms through which the compounds interact
with the target proteins molecular docking analysis
was performed. Based upon the degrees of common
targets in the DPI network and hub targets collected by
PPI interaction through cytoHubba and KEGG results,
four common targets namely MTOR, INSR, AKT1 and
RPS6KBI1 were identified and the selected compounds
Jervine, Veratramine, Rubijervine and tamoxifen were
considered for the analysis. The outcome of our analysis
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Figure 6. Key Targets' Enriched Pathways and Gene Ontologies from the BC Dataset. a. A bar chart was created using
the gene ontologies (BP, CC, and MF). b. The highly enriched KEGG pathways were ranked and displayed based on
gene counts across major categories, including environmental information processing, biological systems, and human

diseases
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Figure 7. Binding Association of Jervine, Veratramine and Rubijervine with BC Key Targets by Molecular Docking.
Analysis by PyRx software illustrates the binding complexes formed between jervine and the following proteins
including MTOR, INSR, AKT-1 and RPS6KB1 (a-d), (e-h) represents the binding interactive complexes formed
between veratramine and MTOR, INSR, AKT1 and RPS6KBI proteins (i-l) depicts the interactive complexes
formed between rubijervine and the proteins MTOR, INSR, AKT1 and RPS6KBI targets. The 2D and 3D structural
illustrations presented here were visualized using the Biovia Discovery Studio tool.
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Figure 7. Binding Association of Jervine, Veratramine and Rubijervine with BC Key Targets by Molecular Docking.
Analysis by PyRx software illustrates the binding complexes formed between jervine and the following proteins
including MTOR, INSR, AKT-1 and RPS6KBI (a-d), (e-h) represents the binding interactive complexes formed
between veratramine and MTOR, INSR, AKT1 and RPS6KBI proteins (i-1) depicts the interactive complexes
formed between rubijervine and the proteins MTOR, INSR, AKT1 and RPS6KBI targets. The 2D and 3D structural
illustrations presented here were visualized using the Biovia Discovery Studio tool.

is depicted in (Figure 7 (a-1), Supplementary Figure 1 and ~ (—10 kcal/mol). For INSR, affinities ranged from —8.6
Table 5). Analysis results exhibited that the compounds ~ to —8.9 kcal/mol, with jervine again highest (—8.9 kcal/
demonstrate binding affinity towards each target protein, = mol). For AKT1, values ranged from —11.8 to —12.9 kcal/
ranging from —6.0 to —13 kcal/mol which ensures  mol, with rubijervine strongest (—12.9 kcal/mol). For
reasonably strong interaction with the targets. Specifically =~ RPS6KBI, affinities ranged from —9 to —10.6 kcal/mol,
noteworthy were that jervine has exhibited the elevated ~ with jervine strongest (—10.6 kcal/mol), (Figure 7 (a-1))
strong binding affinity towards all four target proteins  explains a visual illustrations presenting both 2D and 3D
when compared to other two compounds Veratramine and ~ images of the docking analysis. Moreover, the 2D and 3D
Rubi-jervine. For MTOR, binding affinities ranged from  pictures that displaying the docking interaction between
—8.6 to —10 kcal/mol, with jervine showing the strongest ~ tamoxifen and the common target proteins, specifically
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Figure 8. Molecular Dynamic Simulations between AKT-1 and RPS6KB1. Root Mean Square Deviation (RMSD -5
complexes) and Root Mean Square Fluctuation (RMSF) graphs for AKT-1 and RPS6KB1 were displayed here (the
molecular dynamics were simulated for 10ns using GROMACS software).
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Table. 5. Molecular Docking Results

Compound Protein Binding  Conventional Hydrogen Vanderwaal’s force Carbon Hydrogen/Pi-Alkyl/Pi-Pi

Bond Stacked/Pi-Pi T shaped/
Jervine (CID  MTOR (PDB -10 SER A:2221 GInA:2223, ARGA:2224, SERA:913,  LysA:2352,ALAA:2210,ARGA:910
10098) ID: 7PED) ASNA:2206,THRA:2207,ASPA:907,A

SNA:2319,SERA:2350,META:905,IL
EA:906,ASPA:907

INSR (PDB 8.9 . GLYA:1371,ARGA:1372,LEUA:1374 PHEA:728, TYRA:171
ID: SE1S) LASPA:169,GLUA:168,ASNA:170,GL
UA:725,GLUA:724,SERA:727
AKT-1 (PDB 124 TYR:A 272 LYSA:179,ASPA:292,LEUA:264,GLN TRPA:80,LYSA:268
ID: 6HHI) A:203,THRA:82,VALA:271,VALA:27
0,GLNA:79,ASNA:53,ARGA:273
RPSG6KBI1 -10.6 . GLUA:222,LYSA:241,ASPA:236,LYS  GLUA:173,VALA:105,ALAA:121,
(PDB ID: A:123,VALA:156,LEUA:172,GLYA:9 LEUA:175
41.43) 8, THRA:235,LYSA:99,LEUA:97,MET
A:225,LYSA:99, PHEA:382
Veratramine ~ MTOR (PDB 89 . GLNA:222,LEUA:219,PROA:180,TH  ILEA:218,ILEA:177,ALAA:215,
(CID 6070) ID: 7PED) RA:355,ALAA:211,ARGA:173 ARGA:214
INSR (PDB 8.7 . TYRA:171,GLUA:725,GLUA:724,S PHEA:728
ID: SE1S) ERA:727,THRA:731,ASPA:169,GL
UA:168
AKT-1 (PDB 118 GLNA:203,LYSA:268 LEUA:264,TYR:A272,ASPA:292,ASP VALA:270,TRPA:80
ID: 6HHI) A:274,GLYA:294,LYSA:179,THRA:8
2,VALA:271,GLNA:79,ASNA:53
RPSGKBI1 9 . GLUA:242, LYSA:99,GLYA:98,LEU VALA:105,LYSA:241
(PDB ID: A:97,GLUA:173,META:225, TYRA:
41.43) 174,LEUA:175,ALAA:121,THRA:23
5,LEUA:172,LYSA:123,ASPA:236,G
LUA:222
Rubijer- MTOR (PDB 8.6 GLNA:222 PROA:351,SERA:354,ALAA:352,ILE ILEA:218,ALAA:211
vine (CID ID: 7PED) A:177,THRA:355,LEUA:219,ARGA:2
253295) 14,ALAA:215,LEUA:219
INSR (PDB 8.6 . HISA:212,GLUA:97,LYSA:100,ASPA CYSA:153,LYSA:129
ID: SE1S) :101,SERA:98,GLUA:130,TYRA:154,
CYSA:182,GLYA:183,ASPA:184
AKT-1 (PDB 12,9 . ASPA:274,LYSA:179,THRA:81,THR  ASPA:292,ILEA:84, TRPA:80,LEU
ID: 6HHI) A:82,TYRA:272,LEUA:210,SERA:20 A:264,VALA:270
5,ARGA:273,ASNA:54,GLNA:79,LY
SA:268,TYRA:263
RPS6KBI 9.6 - META:225,LEUA:97,GLYA:98,GLU -
(PDB ID: A:179,ASPA:236, THRA:235,GLUA:2
41.43) 22,LYSA:241
Tamox- MTOR (PDB 77 - GLNA: 2200, GLNA:1937, META:  ALA:2226, SERA: 913, ASPA:911°
ifen (CID ID: 7PED) 2199, TYRA:2225, ALA:2226, PROA-1940, ILEA:1939, PROA:
2733526) SERA: 913, ASPA:911, PROA:1940, 1975, GLYA:2142

LEUA:1936, ILEA:1939, PROA:1975,
ALA:1971, TYRA: 1974, ILEA:
2228, VALA: 2227, TYRA: 2144,

GLYA:2142, ALA:914

INSR (PDB 59 - ARGA:1372,GLUA: 25, LEUA:1374, LEUA:1374, PHEA:728,
ID: SE1S) GLUA:724, ILEA- 1373, PHEA:728, LEUA:1376,
LEUA:1376,LYSA:721, PHEA: 116,
ASAN:117
AKT-1 (PDB 9.7 . THR A: 211, ASPA: 292, LEUA: GLNA:79,LEUA:210, LEUA:264,
ID: 6HHI) 210, ASPA: 274, TYRA:272, TRPA:80,VALA:270, ,LYSA:268,

GLNA: 79,LEUA:264,SER
A:205,TYRA:263, TRPA:80,
VALA:270,LYSA:268, THRA:82,
ASNA:54,ILEA:84, VALA: 271,

ASNA:53
RPS6KBI1 -7.9 - LYSA: 241, LEUA: 175, VALA: 105,  LYSA:241, VALA:105, META:225,
(PDB ID: ASPA: 236, ALAA: 121, VALA: 156, LEUA:97, PHEA: 382
4L43) GLYA: 98, LYSA: 123, LEUA: 172,

THRA:235,META:225, LEUA: 97,
GLYA:178,GLUA:179, SERA: 380,
PHEA: 382

MTOR, INSR, AKTI1, and RPS6KBI, with binding  affinities of jervine seem to be substantially enriched,
affinities ranging from —5.9 to —9.7 kcal/mol were depicted ~ showing better interactions with the target proteins, even
in (Supplementary figure.1 and Table 5). The binding  when compared to the binding scores of the standard

Asian Pacific Journal of Cancer Prevention, Vol 27 1345



Anupriya Eswaran et al

medication, tamoxifen. Hence, Jervine can be used as a
therapeutic candidate against BC with excellent binding
potential. Together, these visual representations support
the strength and specificity of the interactions, clearly
demonstrating how jervine forms hydrogen bonds with
specific active-site residues of the target proteins, showing
considerable drug reliability comparable to tamoxifen.
Therefore, according to results of binding affinity and
its interaction results, jervine shows the highest capacity
to connect with four BC targets with affinities ranged
from -8.9 to -12.4 kcal/mol. The amino acid interactions
and binding capacity between four target proteins and
tamoxifen and jervine are shown in Table 5.Moreover,
molecular dynamics result suggested that AKT-1/MTOR
and RPS6KB1 shows strong stability with jervine for 10ns
of simulations as shown in (Figure 8). Hence among the
three compounds, jervine can be considered as an effective
compound with potential binding affinity towards BC
targets.

Discussion

This pioneering study examines the efficacy of
bioactive compounds from Veratrum viride as therapeutic
agents acting against BC. Using BC-related targets
from the GeneCards database combined with network
pharmacology, molecular docking, and simulation, this
study systematically detected the molecular targets and
signaling pathways linked to Veratrum viride’s anti-breast
cancer activity. The analysis underscores the role of key
protein targets and their association with multiple BC
pathways.

Veratrum viride has been traditionally employed
to treat diseases including diabetes, rheumatism, and
respiratory disorders, and is also recognized for its notable
anticancer and antioxidant activities [7, 8]. Breast cancer
(BC) endangers women'’s health and represents a leading
cause of mortality globally [2]. Despite considerable
progress in breast cancer (BC) treatment over the past
several centuries, most medications still fall short of
delivering satisfactory outcomes for patients [3]. Standard
breast cancer (BC) chemotherapy faces major challenges,
including multidrug resistance (MDR), rapid drug
clearance, severe side effects, poor targeting, and low drug
concentrations at tumor sites. [30-32]. Thus, the therapies
for this dreadful disease seems to be limited Several
compounds isolated from many of the Veratrum species
including V. Californicum, V. nigrum ,V.parviflorum
are reported to have anti-cancer, anti-oxidant and
other medicinal activities [8, 33, 34]. Although some
research has highlighted the pharmacological properties
of Veratrum viride, evidence regarding its anticancer
potential particularly against BC is currently lacking,
with no data or detailed investigations. Furthermore, the
multiple targets and signaling pathways through which
it exerts its anti-breast cancer effects remain unknown.
Thus, this study is the primary one to thoroughly analyse
the active ingredients of Veratrum viride, predict active
ingredients targets and the BC related genes and analyze
the potential mechanism of Veratrum viride against BC
by using a network pharmacology approach, molecular
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docking and simulation analyses [35, 36].

Network pharmacology (NP) is a systems biology-
based approach that verifies drug actions through multi-
target interactions rather than a single-target mechanism.
This integrative approach involves a combination
of molecular biology, pharmacology and science to
facilitate drug discovery. By constructing ‘disease target
protein drug’ networks employing existing components
such as genes, proteins, and medications, NP provides
a comprehensive understanding of drug mechanisms.
Once the component-target network is established,
further in-depth analysis can be conducted. It also offers
a more affordable and quick method of developing
new drugs [37]. Many research on BC have applied a
network pharmacology-based methodology [30, 35, 38 ].
Moreover, the several pharmacological actions of bioactive
substances show great possibility BC treatment. Network
pharmacology, integrated with molecular docking and
simulation, enables a systems-level understanding of
drug—target interactions and mechanistic pathways for
identifying multi-target therapeutics [28]. Further, so far
many research studies have been carried out by integrating
network pharmacology methodology, molecular docking
and simulation to investigate the effects and mechanism
of various other plant species against various diseases

For instance, Hu et al performed a study explaining
about the therapeutic mechanisms of curcuma in
osteosarcoma (OS) which was investigated through
network pharmacology and molecular docking analysis.
Through public database mining including GeneCards,
SwissADME, and PubChem, they found 11 active
anticancer compounds connected to curcuma and OS
as well as roughly 141 possible therapeutic targets and
finally identified 14 hub genes. Employing databases
and tools like STRING, Cytoscape (with the MCODE
plugin), and DAVID, their findings revealed key
targets including AKT1, TNF(Tumor Necrosis Factor),
STAT3(Signal Transducer and Activator of Transcription
-3), EGFR (Epidermal Growth Factor Receptor), and
HSP90AAT1 (Heat Shock Protein 90 alpha family class
A member 1) which are notably linked with important
pathways including PI3K (Phosphoinositide 3 Kinase)/Akt,
HIF-1(Hypoxia Inducible Factor-1), ErtbB(Erythroblastic
leukemia viral oncogene homologue B), and FOXO, all of
which play essential roles in OS progression, metastases,
and chemoresistance. Further, their findings highlighted
important interactions between the designated targets and
the central compounds which showcased various affinities
towards the targets. Their results taken together implies
that curcuma modulates processes including angiogenesis,
proliferation, invasion, and treatment resistance in OS by
means of a multi-compound, multi-target, multi-pathway
strategy, so exerting anti-osteosarcoma effects [36]. There
consistency explains the depth of our approach and
strengthens the area of our research. Considering their
approach similarly, In the current study, after screening
of Veratrum viride for bioactive compounds, a total of
11 compounds (Table 1) were retrieved by searching
the IMPAAT database. The compounds were primarily
screened through the evaluation of their pharmacokinetic
properties and ADMET analyses using SWISS ADME
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analysis. The results revealed that out of 11 compounds,
3 compounds namely Jervine, Veratramine and Rubi-
jervine demonstrated ideal drug characteristics including
drug likeness and pharmacokinetic effectiveness
(Table 2, 3). Then, to examine the specific target genes of
each compound SWISS target prediction tool was utilised
and as from the results, overall collectively, 300 potential
genes related to jervine, veratramine and rubijervine were
identified (Supplementary Table 1, Table 2). Later after
removal of duplicates, 106 unique genes were identified
as finalised target genes (Supplementary Table 3) and
also using Genecard database about 2657 genes related
to BC was selected (Supplementary Table 4).Afterwards,
the compound disease target network for the compounds
jervine, veratramine and rubijervine in BC treatment was
constructed based upon the intersection of compounds
and BC target networks with 8 overlapping genes AK72,
AKTI, AKT3, JAK1, PRKG1,ROCK2, RPS6KBI, INSR
(Figure 2(a&b)). Further,the interaction between these
8 target genes and its relation with each of the three
compounds (jervine, veratramine and rubijervine) DPI
network was established using STITCH and visualised
using Cytoscape and the results revealed a network of
21 nodes and 106 edges (Figure 2c). Further,the PPI
network was conducted based upon four main ranking
criteria namely Radiality, Closeness, Degree and MCC.
The results revealed a total of six hub gene targets
MTOR,INSR,FOXO3,FOXOI, AKT-1 and RPS6KB-1
(Figure 3(a-d)) among them common four target genes
MTOR,INSR, AKT-1 and RPS6KB-1 (Figure 3e) for
those three anti-BC compounds jervine, veratramine and
rubijervine were identified. It was evident that all these
targets including MTOR,INSR, AKT-1 and RPS6KB-1
performs an significant role in BC pathogenesis and these
proteins are largely interconnected through the PI3K/
AKT/mTOR signaling pathway, which plays a ideal
role in managing breast cancer (BC) cell metabolism,
proliferation, and survival. Dysregulation of this pathway
is frequently associated with tumor progression, therapy
resistance, and poor clinical outcomes [39].

The mTOR (Mammalian Target of Rapamycin)
protein is a crucial downstream effector in the PI3K/AKT
pathway that promotes the growth, survival, and treatment
resistance of BC cells. Its abnormal activation, frequently
brought on by PTEN loss or PIK3CA mutations, which
lowers the prognosis for patients with breast cancer (BC)
[40]. AKT, or protein kinase B (PKB), is an another
key regulator in the PI3K pathway which also aids in
controlling cell growth, survival, and metabolism.Its
hyperactivation drives oncogenesis and therapy resistance
in HR+ breast cancer (BC) and moreover reports also
highlighted that in patients with HR+ cases AKT gets
altered and also currently AKT inhibitors like capivasertib
and fulvestrant were also in use as promising target for
combined endocrine or chemotherapy [41]. RPS6KBI, a
downstream target of mTOR, facilitates protein synthesis,
cell growth, and proliferation [42]. Its amplification in
estrogen receptor (ER)-positive breast tumors has been
identified as a prognostic marker associated with increased
metastatic potential [43]. INSR (The insulin receptor)
an important upstream mediator of PI3K/AKT pathway

which regulates cell growth, survival and metabolism.
It initiates a series of events in response to insulin or
insulin-like growth factors that activates PI3K which
phosphorylates AKT. Majorly, in estrogen receptor-
positive (ER+) subtypes of BC, deregulation of this PI3K/
AKT related pathway leads to tumor growth and resistance
to endocrine therapies [44].

Followed by the topological degree analysis, to clarify
and brief the potential importance of the common targets
connected with jervine, veratramine, and rubijervine in
breast cancer (BC) (Table 4), comprehensive mRNA
expression and survival analyses were performed using
the GEPIA database. For instance, in a study carried out
by Fariha et al, gene expression and survival analyses of
the WNT gene family in BC were carried out. In which
WNT2 and WNTI11 expression levels were elevated
representing better overall survival in patients with BC,
while WNT7B expression was reduced showing worse
prognosis. Moreover, The UALCAN study consistently
showed elevated levels of WNT2 and WNT7B and
reduced levels of WNTI11 across cancer stages and
subtypes. Together, these results imply that WNT2 and
WNT11 might be good prognostic markers while WNT7B
might be an oncogenic factor in the development of
BRCA [45]. In accordance with these findings, the present
study demonstrated that comparative mRNA expression
analysis between BC tissues and normal samples revealed
significant up regulation of MTOR, AKT1, INSR and
RPS6KBI gene levels (Figure 4a). Furthermore, results
from the survival analysis revealed a strong correlation
between the elevated expression of MTOR, AKTI, INSR,
and RPS6KBI genes and poor patient survival outcomes
(Figure 4b). The stage expression levels were analysed
and the results showed higher levels at advanced stages
suggesting its role as potential diagnostic marker in BC
tumorogenesis (Figure 5).

Further, Important target-related enrichment analyses
of the KEGG and GO pathways were also carried out.
Integrating pathway enrichment analyses and gene
ontology (GO) is essential for elucidating the impactful
functional importance of the genes associated with
breast cancer (BC), especially those related to Jervine,
Veratramine and Rubijervine. Using datasets from g:
Profiler, the analysis identified the top five significantly
enriched GO terms across biological processes, cellular
components, molecular functions, as well as KEGG
pathways. Based on the results from GO terms, it was
evident that the pharmacological effects of Jervine,
Veratramine and Rubijervine against BC happened by
simultaneously activating BP, CC and MF (Figure 6a)
and from the KEGG enrichment analysis, it was found
that the three alkaloid compounds including jervine,
veratramine and rubijervine could potentially suppress
BC through multiple pathways, including pathways in
breast cancer (BC) etc which are depicted in (Figure 6b).
Moreover, in accordance with the results of mRNA
expression and survival analysis depicted in Figure 4b,
the KEGG pathway analysis revealed that the AMPK,
HIF-1, and FOXO signaling pathways were highly
enriched, indicating elevated expression levels of the AKT,
MTOR, INSR, and RPS6KB1 genes involved in these
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pathways, Notably, as key regulatory genes involving
in AMPK -mTOR signaling PI3K-AKT signaling
pathways, their dysregulation may contribute to impaired
feedback inhibition and enhanced oncogenic signaling
[42]. Moreover, AMPK (AMP activated Protein Kinase),
a key metabolic sensor which links energy homeostasis
to cellular signaling and has been implicated in cancer
regulation. Its expression is higher in triple-negative
breast cancer (TNBC) than in non-TNBC, correlating
with advanced TNM stage, metastasis, and poor survival
outcomes [46] and among the many important facets of BC
biology, the HIF-1 pathway also essential for epithelial—
mesenchymal transition (EMT), invasion and metastasis,
and resistance to chemotherapy radiation [47]. .FOXOs
are a key resultant component of the PI3K/Akt pathway
and are subject to its negative regulation [48]. They are the
transcription factors which control important biological
functions like growth, metabolism, stem cell maintenance,
and longevity. They acts as tumor suppressors by
regulating genes involved in angiogenesis, apoptosis,
senescence, proliferation, and metastasis, Particularly, it
has been reported that FOXO1 and FOXO3 have a strong
correlation with the development of metastases in cancers
like kidney, pancreatic, and BC [49]. Later, molecular
docking analysis was performed to validate the potential
mechanism of Jervine, Veratramine,Rubijervine and
Tamoxifen (for comparison) against 4 major targets named
(MTOR, INSR, RPS6KB1 and AKT-1) depending on the
variables of compound genes pathway network. Results
revealed that compounds of Veratrum viride can stably
bind with core targets of BC with jervine displaying the
highest affinity across all six highlighting its multitargeting
potential in treatment of BC (Figure 7(a-1)) and also
jervine displayed high binding affinity scores with the
targets when comparing with the other compounds and
also in comparison with the tamoxifen drug the binding
interaction scores of jervine seems to be relatively higher
(Table 5). Moreover, effective hydrogen bonding within
the active site enhances the stability, specificity, and
overall docking score of the ligand—protein complex [50].
As depicted in Table 5, Jervine, Veratramine, Rubijervine,
and Tamoxifen were observed to bind at specific sites
corresponding to their target proteins. Notably, Jervine
was found to interact with the SERA: 2221 residue of
mTOR and the TYRA: 272 residue of AKT1, while
Veratramine showed binding at the GLNA:203 and
LYSA:268 residues of AKT1. In contrast, Rubijervine
exhibited interaction with the GLNA:222 residue of
the mTOR protein. Relatively, Molecular dynamics
also shows significant stability towards jervine and
key targets (Figure 8). Together, in the recent network
pharmacology, this study identified that the V.viride based
active compounds, its possible targets and relatively
related signaling pathways for the therapy of BC, thereby
offering a theoretical basis for further experimental
investigations. Data mining from multiple databases is
the primary source of information into BC treatment
mechanisms due to network pharmacology’s limitations.
Despite curation, inconsistencies often arise from diverse
data sources and experimental variations. As this study is
based on computational analysis, experimental validation
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is lacking, further studies on these compounds, targets, and
pathways are needed to confirm the therapeutic potential
and mechanisms of V. viride against BC.

In conclusion, this study delivers a scientific basis
for exploring multicomponent, multi-target therapies
and novel anti-breast cancer targets. Veratrum viride was
investigated through network pharmacology and in silico
analysis to assess its phytochemical potential against
breast cancer (BC). Network analysis revealed that V.
viride contains compounds acting on multiple disease-
related pathways. Notably, docking and simulation studies
identified jervine as a potent compound targeting six key
BC-related proteins (MTOR, INSR, FOXO1, FOXO3,
RPS6KBI, and AKT1). Jervine also showed favorable
drug-likeness, pharmacokinetics, low predicted toxicity,
and good oral bioavailability. These findings highlight its
promise as a therapeutic agent. However, further In vitro
and In vivo studies are needed to validate these results,
and more phytochemical and pharmacological research
is justified.
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