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ABSTRACT
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The recognized root causes of breast cancer aggressiveness, resistance to therapy, and poor prognosis encompass hypoxia-inducible factors
(HIFs), the HIF-dependent cancer hallmarks angiogenesis and metabolic reconfiguration.There is enough evidence to suggest that HIF is involved in
the progression of breast cancer.Information for the network was gathered from the following databases: Dr. Duke's, IMPPAT, PubChem, Binding DB,
UniProt, and DisGeNET. The network was created using the Cytoscapeprogramme. Screened bioactives having similarity index more than 0.6 from
polypharmacology approach were subjected to docking studies with HIF-1 (PDB ID: 1H2K) with PyRx software and the ligands with good docking
score was further explored for molecular docking interaction analysis. The number of bioactives having interaction with HIF-1, equal to or greater than
0.6 from Ashwagandh, Shatavari, Neem, Alsi seeds, Methi, Haldi, Ghritkumari, Yashtimadhu, and KadiPatta was 12, 9, 2, 6, 12, 11, 5, 10, and 3,
respectively. On performing the docking against the target HIF-1for top molecules with Araboglycyrrhizin (-10.1kcal/mol), Asparanin-A (-9.2
kcal/mol), Shatavarin-l (-9.2 kcal/mol), Shatavarin-X (-9.1 kcal/mol), Somniferanolide (-9.1 kcal/mol), Somniferawithanolide (-9.7 kcal/mol),
Trigofoenoside-A (-9.2 kcal/mol), Trigofoenoside-F (-9.4 kcal/mol), Trillin (-9.9 kcal/mol), and Withanolide (-9.2 kcal/mol), the binding energies and
molecular interactions of the ligands were fairly good as compared with standard synthetic ligand Acriflavine (-7.6 kcal/mol). The study elucidated an
in silico molecular mechanism of HIF-1 inhibition by various bioactive phytoconstituents from selected plants. Comprehending the logic behind anti-

breast cancer action was made easier with the help of experimental evidence of the network findings.

Keywords: Breast Cancer, Hypoxia-Inducible Factor,Network Pharmacology,Molecular docking, Ayurvedic Botanicals.

INTRODUCTION
Integration of Ayurveda into our current health care

research programs is critical to making progress in global wellness and
in disease prevention and control, especially for cancer. Ayurveda
promotes restoration of the innate healing mechanisms existing in the
body for optimal immunity, resilience, and health. Ayurveda also has
an abundant resource of botanical products containing diverse
pharmacoactive ingredients and millennia of experience of clinical
applications for health benefits. But there is a lack of evidence-based
research to demonstrate its efficacy and potential (M. The potential of
Ayurvedic medicine needs to be explored further with modern
scientific validation approaches for better therapeutic leads [,

More than 410,000 women die each year as a result of breast
cancer, which affects an estimated one million women each year
Bl Most nations have breast cancer as the most prevalent cancer
diagnosed in women, accounting for a quarter of all malignancies
diagnosed in women. There are more than half (52 percent) of new
breast cancer diagnoses in economically developing nations and more
than half (62 percent) fatalities from the illness 1. Up to the year 2030,
nearly 10 million new cases of breast cancer would have been
discovered, making it the most prevalent disease in the world. When a
woman is diagnosed with breast cancer and undergoes treatment, she
and her family are subjected to a wide range of negative effects on their
physical and emotional health as well as their quality of life, as well as
their financial well-being [,

Breast cancer may be fought using natural chemicals, which
can block malignant cell growth, and regulate cancer-related
processes. When it comes to cancer prevention and therapy, natural
products have played a significant role. Anticancer capabilities have
been found in more than 3000 plant species 1. As contrast to
conventional chemotherapy, the side effects of plant-derived natural
compounds are far less severe. In order to delay, diminish, or reverse

the occurrence of breast cancer in women at high risk, it is required to
develop effective therapies. Natural products may be an effective
means of chemoprevention for breast cancer since they have less side
effects and a lower toxicity than manufactured drugs [,

Cancers are known for their hypoxia. In hypoxic cancerous
tissues, HIF-1 (hypoxia-inducible factor-1), a key subunit of HIF
(hypoxia-inducible factor), is overexpressed and stimulates the
transcription of numerous oncogenes. HIF-1 enhances tumor
angiogenesis, metastasis, metabolism, and immune evasion, according
to mounting data . The ability of the solid malignancy to produce
hypoxia-inducible factors (HIFs), which control hundreds of target
genes, allows it to overcome the hypoxic state. It has been
demonstrated that many cancers, including breast cancer, overexpress
HIF-1. The hypoxic area is found in nearly all solid tumors. Excessive
cancer cell proliferation and aberrant blood vessel creation and
anatomy are the causes of the hypoxia inside the cancerous tumor.
According to reports, 25-40% of the breast cancer microenvironment
exhibits a hypoxic area. HIFs and their targets are important for the
enrichment of cancer stem cells; nevertheless, there is evidence that
focusing on HIF may lower the number of cancer stem cells and
enhance the effectiveness of chemotherapy [,

A plethora of medicinal plants have gained the attention of
researchers towards their therapeutic effects against various diseases,
including their anti-carcinogenic properties. Phytochemicals play an
important role in the initiation, development, and advancement of
carcinogenesis, as well as in suppressing or reversing the early stages
of cancer or the invading potential of premalignant cells and also
regulates cell proliferation and apoptosis signaling pathways in
transformed cells (%,

The goal of the study is to investigate, using in-silico techniques, the
anti-breast cancer activity of multiple Ayurvedic botanicals that are
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traditionally recognized for their anti-cancerous action toward known
breast cancer targets. In order to uncover bioactives targeting HIF-1,
the design applies a network ethnopharmacological approach to the
initial screening of phytochemicals from confident Ayurvedic
botanicals. A molecular docking tool is then used to further explore the
screened bioactives for binding affinity and interaction analysis. Major
investigations will identify leads as naturally occurring, bioactive
substances that efficiently inhibit HIF-1 as compared to standard
synthetic molecule in the treatment and prevention of breast cancer.

MATERIAL AND METHODS
Network pharmacological studies
Data mining for Phytochemicals
In this investigation, the phytoconstituents from selected

Ayurvedic botanicals that have been traditionallydocumented to
possess anti-breast cancer were employed. Dr. Duke's Phytochemical
and Ethnobotanical Databases online platform, Indian Medicinal
Plants, Phytochemistry and Therapeutics 2.0, and literature mining
were used to gather information about the phytoconstituents of
selectedAyurvedic botanicals 1112,

For the investigation, the structure data file (sdf) formats,
which are freely available in the 3D structures of phytoconstituents,
were utilized. In PubChem, look up the common names and precise
structures of the phytoconstituents from selected Ayurvedic botanicals

(s3],

Establishment of Target
The RCSB Protein Data Bank (RCSB PDB) was used to

gather data on hypoxia-inducible factor-1 (HIF-1) and its role in cancer
progression.The species are confined to human sources, and target is
identified through its UniProt ID at RCSB PDB 4, The HIF-1as
therapeutic target related to breast cancer was searched by using
DisGeNET database I, Through UniProt database, standard name for
protein target was found [16],

Screening of bioactives by polypharmacology
The sdfscontaining the structures of phytoconstituents from

selected Ayurvedic botanicals were uploaded to the Binding DB
(https://lwww.bindingdb.org) for the purpose of predicting the binding
of bioactives to HIF-1 for the treatment of breast cancer. Binding DB
recommends similarity index more than 0.4 to study compound target-
association. Those bioactiveshaving a similarity index between 0.6 and
1 has been chosen for study. The multiple databases that Binding DB
is connected to were leveraged to extract additional data on the target.
The UniProt IDs provided in Binding DB were used to retrieve the
protein symbols from UniProt. DisGeNET was searched for
associations between the bioactive target and breast cancer.

Network Construction
Cytoscape3.10.0.was used to visually represent the network,

analyze, and update the data. The data pairs of selected Ayurvedic
botanicalswith bioactive PCIDs, bioactive PCIDs of with HIF-1, and
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HIF-1with breast cancer were built in excel programmed files. The
data pairs were imported and created a network map of the therapeutic
components and disease target. The nodes in the network diagram stand
in for selectedAyurvedic botanicals, bioactives, HIF-1, and breast
cancer, while the edges show how the nodes are connected. The
network was examined using the ‘Network Analyzer' function.

Docking studies
Selection of ligand
Screened bioactives from network pharmacology approach

having similarity index more than 0.6 and found to be associated with
HIF-1 for breast cancer activity were subjected to dockingstudies
against HIF-1(1H2K). Factor Inhibiting HIF-1 alpha in complex with
HIF-1 alpha fragment peptide (1H2K) was chosen for study based on
classification as transcription activator/inhibitor, organism as Homo
sapiens, and no mutation type.The HIF-1 (1H2K) protein can imitate
its structure to facilitate docking.Docking study was performed
usingPyRx software and the ligands with good docking score were
further explored for detail in-silico studies.

Preparation of ligand
The 3-D structure of inhibitors with their respective

PubChem CID were redeemed and saved in .sdf format. Furthermore,
ligand preparations were continued by taking the 3-D structure of all
the ligands and were introduced in BIOVIA Discovery Studio 2021
software (a tool for viewing, sharing, and analyzing protein and
modeling data in 3D interactions) for conversion of 3D structure from
.sdf to.pdb format. The prepared ligands were saved in PDB format for
further docking studies 7. Hydrogen bond interactions are also
calculated and mentioned, presence of H-bonds depicts stable
interaction between ligand and protein. BIOVIA Discovery Studio
2021 Client is used to depict Hydrogen bonds, 2-D images and protein-
ligand interactions images for a good visualization of the docking 181,

Preparation of protein
The crystal structure of target proteins was retrieved from

PDB with PDB ID: 1H2K and was carried further for more studies of
docking process.The validation and establishment of the 1H2K protein
target was achieved through comprehensive molecular simulation
characterization and comparison with other proteins that possess
proangiogenic features in the RCSB PDB database.

Molecular docking
Molecular Docking is an important component of computer-

assisted drug discovery. It helps in predicting the intermolecular
framework formed between a protein and ligand and outputs the
appropriate binding between the molecules. Docking was performed
by PyRx softwareprogram. PyRx is virtual screening software for
computational drug discovery that can be used to screen libraries of
compounds against potential drug targets 11,

The best conformation with the lowest docked energy was chosen from
the docking search. The interactions of complex protein-ligand
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conformations including hydrogen bonds and bond lengths were
analyzed using BIOVIA Discovery Studio 2021 software.

RESULTS AND DISCUSSION
Network pharmacological studies
Phytochemical data mining
The botanical of Ashwagandha (Withaniasomnifera) is

reported to contain 52 phytoconstituents; Shatavari (Asparagus
racemosus) is reported to contain 28 phytoconstituents; Neem
(Azadirachtaindica) is reported to contain 23 phytoconstituents; Alsi
60

phytoconstituents; Methi (Trigonellafoenumgraecum) is reported to

seeds (Linumusitatissimum) is reported to contain
contain 65 phytoconstituents; Haldi (Curcuma longa) is reported to
contain 98 phytoconstituents; Ghritkumari (Aloe barbadensis) is
21 Yashtimadhu
(Glycyrrhizaglabra) is reported to contain 100 phytoconstituents and
KadiPatta 86

phytoconstituents.

reported to  contain phytoconstituents;

(Murrayakoenigii) is reported to contain

ISSN NO. 2320 - 7418
Establishment of Target
For HIF-1 data located as PDB ID: 1H2K, Protein name:
Hypoxia-Inducible Factor, Organisms(s): Homo sapiens, Sequence
Length= 349, Uniprot ID -QINWTS6, Gene Names: HIFLAN, FIHL1.

Screening of bioactives by polypharmacologyfor target
The number of bioactives having interaction with HIF-1,

equal to or greater than 0.6 (high scoring bioactives) from
12;
(Asparagus racemosus) was 9; from Neem (Azadirachtaindica) was 2;
from Methi

Ashwagandha (Withaniasomnifera) was from Shatavari

from Alsi seeds (Linumusitatissimum) was 6;
(Trigonellafoenumgraecum) was 12; from Haldi (Curcuma longa) was
11; from Ghritkumari (Aloe barbadensis) was 5; from Yashtimadhu
(Glycyrrhizaglabra) was 10 and from KadiPatta (Murrayakoenigii)
was 3 (Figure 1). The screened bioactives from selected Ayurvedic
botanicals using polypharmacology approach was subjected for
network construction and analysis using Cytoscape v.3.10.0 software.

Figure 1: Interaction network of bioactives from selected Ayurvedic botanicals with HIF-1 in breast cancer.
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Molecular docking Studies
The best conformation with the lowest docked energy was

chosen from the docking search. It was observed that the highest
binding affinitywas demonstrated by Araboglycyrrhizin (-10.1
kcal/mol). On performing the docking against the targetHIF-1 (1H2K)
with Araboglycyrrhizin(-10.1 kcal/mol) (Figure 2), Asparanin-A (-9.2
kcal/mol) (Figure 3), Shatavarin-l (-9.2 kcal/mol)(Figure 4),
Shatavarin-X (-9.1 kcal/mol) (Figure 5), Somniferanolide (-9.1
kcal/mol)(Figure 6), Somniferawithanolide (-9.7 kcal/mol)(Figure 7),
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Trigofoenoside-A (-9.2 kcal/mol)(Figure 8), Trigofoenoside-F (-9.4
kcal/mol)(Figure 9), Trillin (-9.9 kcal/mol)(Figure 10),
Withanolide (-9.2 kcal/mol) (Figure 11), it was observed that the

and

binding energiesof theligandswerefairly good as compared with
standard synthetic ligand Acriflavine (-7.6 kcal/mol) (Figure 12).
None of the compounds violated the Lipinski’s rule of five. Docking
analysis for HIF-1 inhibition by screened top 10 bioactivesand

standard synthetic Acriflavine ligand is given in (Table 1)
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Figure 2: 2D model for docking interactions of Araboglycyrrhizin against HIF-1

ILE
: PHE
A:217 S
ARG TYR
A:215 _A35
GLU e S
ey A:262 oM © T H
- A o
THRE - - -~ o ARG
R CA:39 (L A:33
PRO Q283 TRP - .
A:16 A:27 - ~ 7
GLU ‘:L T o SER
VAL A:15 -~ - — Y A:34
A:264 l ] T
ARG - - —
A:17 ‘ ‘ | (L @
f ~e “‘
ILE ‘ GLU
Aza2 | A:29
~ > SER
T N \ e A:30
A:44 ~. }3 A4l
“H
PRO
A:43
Interactions

- Unfavorable Acceptor-Acceptor

I:I van der Waals

- Conventional Hydrogen Bond

Figure 3: 2D model for docking interactions of Asparanin against HIF-1
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Figure 4: 2D model for docking interactions of Shatavarin-1 against HIF-1
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Figure 5: 2D model for docking interactions of Shatavarin-X against HIF-1.
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Figure 6: 2D model for docking interactions of Somniferanolide against HIF-1
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Figure 7: 2D model for docking interactions of Somniferawithanolide against HIF-1
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Figure 8: 2D model for docking interactions of Trigofoenoside-A against HIF-1
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Figure 9: 2D model for docking interactions of Trigofoenoside-F against HIF-1
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Figure 10: 2D model for docking interactions of Trillin against HIF-1
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Figure 11: 2D model for docking interactions of Withanolide A against HIF-1
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Figure 12: 2D model for docking interactions of Standard Synthetic Acriflavine against HIF-1
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Table 1: Docking interaction analysis for HIF-1 inhibition by screened top bioactives ligands
Binding Interaction
Ligand Name Energy . Electrostatic Hydropho Hydrophobic (Pi-
(kcal/mol) Hydrogenbonding (Pi-Anion) | bic (Alkyl) Alkyl)
o A:THR39, A:THR39, A:THR39, A:GLU262, A:TYR35,
Araboglycyrrhizin 101 ATYR35, A:/ARG33, A:ILE42 ) - -
A:PRO220
: . . . ) A:LYS311 )
Asparanin -9.2 A:PRO301, A:HIS313, A:ASP222 A'LYS311
A:PRO220
9.2 A:TYR230, A:PHE244, A:ARG251, A:GLN334, A:PRO333,
Shatavarin | ' A:TYR230, - - ATYR230
A:ASP243, A:GLN241, A:ASP243
. 9.1 A:GLN241, A:ARG251, A:GLY337, A:ARG251, A:LEU340 .
Shatavarin X A:GLN241, A:ARG251 ; A:LEU340 ATYR348
Somniferanolide 9.1 A:GLY337 - - -
Somniferawithanolide -9.7 A:GLY337 - - -
Trigofoenoside-A 92 A:GLN334, A:GLN334, A:TYR230 - A:LEU101 A:HIS234
9.4 A:HIS233, A:GLU323, A:PRO229, A:GLN241, A:PRO231,
Trigofoenoside-F ' A:PRO229, - A:PHE111
A:GLN241, A:'TYR230, A:TYR230,
- -9.9 . ) ) A:LEU32
Trillin A:THR39, A:THR39, A:PHE37 - A:ARG44 .
Withanolide A -9.2 A:GLN334
Std Synthetic 76 A:THR39, A:THR39, A:THR263, A:THR39, A:PHE37, A:GLU262 - A:PROA1
Acriflavine ' A:GLU262 A:GLU262 - '
CONCLUSION

The study demonstrated the in silico investigations of the study further reveals the possibility of traditionally used Ayurvedic

cellular processes by which various bioactive phytoconstituents from botanicals with established anti-cancer action to treat breast cancer by

various Ayurvedic botanicals affect the suppression of HIF-1. This targeting the HIF-1 protein. Through a networking method,
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ehanopharmacological screening revealed bioactives from defined

phytoconstituents from convinced Ayurvedic botanicals. Experimental
validation of the network findings would aid in the understanding of
the rationale behind the anti-breast cancer action and benefit bioactive
formulation-based drug discovery.

Docking score indicated that the tested bioactives inhibited
the target with good binding energies and interactions when compared
to a standard synthetic ligand. Docking research demonstrated that
screened natural bioactive compounds have stronger molecular
interactions than standard, making them superior ligands. The ligands
that have been screened can be thoroughly characterized using
additional insilico tools, in vitro and in vivo research, and other
methods fortreatment and prevention of breast cancer.

ACKNOWLEDGEMENT
Authors are thankful to BharatiVidyapeeth College of

Pharmacy and Shivaji University, Kolhapur, Maharashtra, India for
providing facility to conduct this work.

REFERENCES

1. Arnold JT, 2022. Integrating ayurvedic medicine into cancer
research programs part 1: Ayurveda background and applications.
Journal of Ayurveda and integrative medicine, 14(2), page-
100676.https://doi.org/10.1016/j.jaim.2022.100676.

2. Mukherjee PK, Harwansh, RK, Bahadur S, et al, 2017.
Development of Ayurveda - Tradition to trend. Journal
ofethnopharmacology, 197, pages-10-24. Doi: https://doi.org/
10.1016/j.jep.2016.09.024.

3. Konieczny M, Cipora E, Sygit K, et al, 2020. Quality of Life of
Women with Breast Cancer and Socio-Demographic Factors.
Asian Pacific journal of cancer prevention, 21(1), pages-185-
193.https://doi.org/10.31557/APJCP.2020.21.1.185.

4. Lei S, Zheng R, Zhang S, et al, 2021. Global patterns of breast
cancer incidence and mortality: A population-based cancer
registry data analysis from 2000 to 2020. Cancer communications
(London, England), 41(11), pages-1183—
1194.https://doi.org/10.1002/cac2.12207.

5. Wilkinson L, Gathani T, 2022. Understanding breast cancer as a
global health concern. The British journal of radiology, 95(1130),
page-20211033.https://doi.org/10.1259/bjr.20211033.

6. Ke DYJ, El-Sahli S, Wang L, 2022. The Potential of Natural
Products in the Treatment of Triple-negative Breast Cancer.
Current cancer drug targets, 22(5), pages-388-403.
https://doi.org/10.2174/1568009622666211231140623.

7. Sartaj A, Baboota S, Ali J, 2021. Assessment of Combination
Approaches of Phytoconstituents with Chemotherapy for the
Treatment of Breast Cancer: A Systematic Review. Current
pharmaceutical design, 27(45), pages-4630-4648. https://doi.org/
10.2174/1381612827666210902155752.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

ISSN NO. 2320 — 7418

Zhong JC, Li XB, Lyu WY, et al, 2020. Natural products as potent
inhibitors of hypoxia-inducible factor-lo. in cancer therapy.
Chinese journal of natural medicines, 18(9), pages — 696 —703.
Doi: https://doi.org/10.1016/S1875-5364(20)60008-5.

Karami FM, Garousi S, Mottahedi M, et al, 2023. The role of
hypoxia-inducible factors in breast cancer stem cell specification.
Pathology, research and practice, 243, page-154349.
https://doi.org/10.1016/j.prp.2023.154349.

Seruga B, Tannock IF, Amir E, et al, 2018. Epidermal growth
factor receptor overexpression and outcomes in early breast
cancer: A systematic review and a meta-analysis. Cancer
treatment reviews, 62, pages-1—
8.https://doi.org/10.1016/j.ctrv.2017.10.008.

Sarkar IN, Law W, Balick MJ, 2019. Identifying Phytochemicals
from Biomedical Literature Utilizing Semantic Knowledge
Sources. Studies in health technology and informatics, 264,
pages-278-282. https://doi.org/10.3233/SHTI1190227.

Vivek-Ananth RP, Mohanraj K, Sahoo AK, et al, 2023. IMPPAT
2.0: An Enhanced and Expanded Phytochemical Atlas of Indian
Medicinal ~ Plants. ACS omega, 8(9), 8827-8845.
https://doi.org/10.1021/acsomega.3c00156.

Kim S, Chen J, Cheng T, et al, 2023. PubChem 2023 update.
Nucleic  Acids Res.,, 51(D1), pages-D1373-D1380.
https://doi.org/10.1093/nar/gkac956.

Berman HM, Westbrook J, Feng Z, et al, 2000. The Protein Data
Bank.Nucleic ~ Acids  Research, 28,  pages-235-242.
https://doi.org/10.1093/nar/gkac956.

UniProt: the Universal Protein Knowledgebase, 2023. Nucleic
Acids Res.,, 51, pages- D523 - D531. Doi: https://
doi.org/10.1093/nar/gkac1052.

Kulkarni P, Padmanabhan S, 2022. A novel property of
hexokinase inhibition by Favipiravir and proposed advantages
over Molnupiravir and 2-Deoxy-D-glucose in treating COVID-
19. Biotechnology letters, 44(7), pages-831-843.
https://doi.org/10.1007/s10529-022-03259-6.

Kumar A, Sharma A, Handu S, et al, 2021. Molecular docking
analysis of piperlongumine with different apoptotic proteins
involved in Hepatocellular Carcinoma. Bioinformation, 17(9),
pages-829-833. https://doi.org/10.6026/97320630017829.

Othman S, Manar A, Mohammed M, et al, 2023. The
development of molecular docking and molecular dynamics and
their application in the field of chemistry and computer
simulation. Journal of medical pharmaceutical and allied
sciences, 12 (1), pages-5552-5562. 10.55522/jmpas.\VV1211.4137.

Cali K, Persaud KC, 2020. Modification of an Anopheles
gambiae odorant binding protein to create an array of chemical
sensors for detection of drugs. Scientific reports, 10(1), page-
3890. https://doi.org/10.1038/s41598-020-60824-7.

Journal of medical pharmaceutical and allied sciences, Volume 13 — Issue 1, 5888, January — February 2024, Pages — 6326 — 6336 6336


https://doi.org/10.1016/j.jaim.2022.100676
https://doi.org/%2010.1016/j.jep.2016.09.024
https://doi.org/%2010.1016/j.jep.2016.09.024
https://doi.org/10.31557/APJCP.2020.21.1.185
https://doi.org/10.1002/cac2.12207
https://doi.org/10.1259/bjr.20211033
https://doi.org/10.2174/1568009622666211231140623
https://doi.org/%2010.2174/1381612827666210902155752
https://doi.org/%2010.2174/1381612827666210902155752
https://doi.org/10.1016/S1875-5364(20)60008-5
https://doi.org/10.1016/j.prp.2023.154349
https://doi.org/10.1016/j.ctrv.2017.10.008
https://doi.org/10.3233/SHTI190227
https://doi.org/10.1021/acsomega.3c00156
https://doi.org/10.1093/nar/gkac956
https://doi.org/10.1093/nar/gkac956
https://doi.org/10.1007/s10529-022-03259-6
https://doi.org/10.6026/97320630017829
https://doi.org/10.1038/s41598-020-60824-7

