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Abstract

Angiogenesis, the process of new blood vessel formation, is a vital mechanism in physiological
functions as well as many disease states, such as cancer. Cancer is one of the leading causes of
death due to its very high rate of morbidity and mortality, and there is a constant demand of
effective drugs for cancer therapy. Anti-angiogenic therapy is a promising approach in cancer
treatment, with vascular endothelial growth factor receptor-2 (VEGFR-2) being a primary regulator.
The present study explores the anti-angiogenic activity of bioactive phytochemicals of Caraway
(Carum carvi) using molecular docking studies against VEGFR, FGF, PDGF and related angiogenic
receptors. A total of 26 bioactive compounds were screened, with four—Beta Ocimene, Nerol,
Alpha Farnesene, and Carvone—demonstrating the highest binding affinities. The molecular
docking studies indicated spontaneous binding interactions, suggesting their potential as VEGFR
inhibitors. Phytochemicals were downloaded from PubChem database
(https://pubchem.ncbi.nim.nih.gov/) in SDF format. The software used in this study were
AutoDock Tool and Biovia Discovery studio. These findings support the use of natural compounds
in anti-angiogenic drug development. However, further in vitro and in vivo studies are necessary to
validate their pharmacological properties and therapeutic efficacy.
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1. Introduction

Angiogenesis, is important aspect of human physiology, is process in which formation of new
blood vessels from pre-existing vasculature is a key process in some physiological conditions
such as wound healing, growth, and action of female reproductive organs.“) Moreover, disturbance
of the mechanisms of physiological angiogenesis has a role in pathogenesis of some diseases in
the form of over proliferation of blood vessels such as cancers, psoriasis, asthma, and
atherosclerosis or impaired angiogenesis participates in diseases such as neurodegeneration,
hypertension, osteoporosis, respiratory distress, and ovarian hyperstimulation syndrome. Cancer
ranks as the second leading cause of death worldwide, accounting to 9.6 million mortalities in
2018.1 It is a complex disorder characterized by the abnormal proliferation and spread of
malignant cells into surrounding tissues, Judah Folkman postulated that cancer/ tumor cells stop
spreading when the blood vessels present in it are prevented or blocked. Blocking blood vessels
may prevent tumor growth. There is a constant demand of effective drugs for cancer therapy.
Scientific and research interest is drawing its attention towards naturally-derived compounds as
they are considered to have less toxic side effects compared to current treatments such as
chemotherapy. ©)

Overexpression of numerous angiogenesis-related proteins is typical in many forms of cancer as
they are crucial in the growth, spread, and progression of tumors. The complexity of the
angiogenic system provides many targets for therapeutic intervention.With the current advances in
molecular angiogenesis, novel molecular targets that are overexpressed in cancer have been
identified Vascular endothelial growth factor receptor-2 (VEGF/VEGFR-2) plays a significant role as
central modulator of angiogenesis and is targeted frequently for developing anti-angiogenic agents
to fight cancer. The phosphorylation of VEGFR2 is recognized as a critical trigger in tumor
angiogenesis @) Fibroblast growth factor receptors (FGFRs) regulate cell proliferation,
differentiation, and angiogenesis. Tie2 is vital in vascular network formation, and its receptors act
as regulators of angiogenesis and vessel maturation and Platelet Derived Growth Factor Receptor
(PDGF).

Medicinal plants are widely used to treat various disorders. They are regarded as rich resources of
traditional medicines and from these plants, many of the modern medicines are produced.
Caraway (caramel carvi) is biennial herbaceous plant belonging to the Apiaceae family. native to
Europe and western Asia and has been cultivated since ancient times. Caraway of the Netherlands
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has traditionally had a reputation for high quality. The plant grows up to 24 inches (60 centimeters)

tall. The stems are slender, and the leaves are delicate. It has been accounted concerning, broken
skin, around the eyes or mucous membranes and in the patients with liver disease, achlorhydria,
cholangitis, tumor.® Caraway (caramel carvi) is reported to possess diverse medicinal properties
including anti-cancer potentials. In the current investigation, 25 bioactive phytochemicals of
caraway were screened virtually to evaluate their anti-angiogenic potentials targeting VEGFR, FGF,
PDGF, VEGF. The study unveiled Four potential candidates such as, Beta Ociment, Nerol, Alpha
Farnesene and Carvone.

Investigation of effects of natural and synthetic antitumor compounds, using established tumor
cell lines, have achieved outstanding results. Because of the lesser toxicity compared to currently
used therapeutics, various natural products from plant sources are being used as an alternative to
multiple cancers. Molecular docking consists of computational simulation through which it is
possible to predict interactions between two structures, which may be between a protein and a
ligand (molecule or drug) or between two proteins, In silico models like molecular docking are
becoming popular in industrial as well as academic settings (%) Thus, the present study deals with
docking studies to understand their inhibition on cancer causing proteins.

Materials and Methods
2.1 Materials

For current research we employed biological database such as pubchem, drug bank, PDB (Protein
data bank) and software’s like Arguslab. The PDB (Protein Data Bank) is the sole global archive of
Structural data of Biological macromolecules, set up in Brookhaven National Laboratories (BNL) in
1971(The Protein Data Bank, 2000). It holds Structural information of the macromolecules
resolved by X-ray crystallographic, NMR methods etc. Arguslab provides very nice on-screen
molecule-construction facilities, with a decent library of useful molecules. It is a free molecular
modeling package running

Molecular docking is considered as a highly efficient method for the identification of potential
target, screening a potent drug and designing a novel drug by lead optimization. Docking allows to
virtually screen a database of compounds and predicts the stronger binder.

2.2 Methodology
Preparation of protein macromolecule

Protein data bank (PDB) was utilize to obtain three-dimension crystal structure of the VEGFR
macromolecule PDB is large public database of experimentally determined three dimension
structure of proteins. Experimental data report the resolution of the protein to be using X-ray
diffraction method. Unnecessary objects and water molecules were deleted from the PDB file
using BIOVIA Discovery Studio Visualizer

2.3 Preparation of ligands

A total of 26 bioactive phytochemicals of caraway were selected “ Main three stages were involve
in the docking process: Conformational analysis of ligand, placement, and scoring © Then take
best four out of 26 phytochemicals for analysis, conformers of all the phytochemicals were
obtained in ‘Structure Data Format’ (SDF) from
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Structure of PDGF receptor

Structure of VEGFR receptor Structure of FGF receptor

Fig 1. Structure of protein

Pubchem database (https://www.pubchem.ncbi.nlm.nih.gov). All of the SDF files were opened by
BINOVA that was already installed. The docking analysis of Beta Ociment, Nerol, Alpha Farnesene,
Carvone and vascular endothelial growth factor receptor was carried by Arguslab docking software.
Docking allows virtually screening a database compounds and predicting the strongest binders
based on their scoring functions. ”
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Fig 2. Structures of 4 best selected ligand molecules

2.4 Protein ligand interaction using ArgusLab 4.0.1

Argus lab is computer program based on the quantum mechanism, it has predicted the probable
energies, structure of molecule; structure geometry optimization, vibration atom coordinates
frequencies, bond length, bond angle, and reaction pathway.

Result
Analysis and Visualization of Docking Study

The estimation of binding energy of protein-ligand complex and analysis of results is performed by
examining the molecular docking and Discovery studio visualizer v16.1.0.15350 data. after the
docking search completed beta ocimene shows the best binding affinity -11.7kcal/mol for
3MJG(PDGF) among the receptor proteins. The binding affinity of beta ocimene for TEV2 (protein,
FGF), 3V2A(VEGFR), respectively -6.5, -9.9, kcal/mol were calculated using AutoDock vina in PyRx
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platform. Carvone 70 exhibits best binding affinity -10.2kcal/mol for 1ev2 (FGF) protein The 2vpf
(VEGF), 2V3A (VEGFR), proteins have sequentially decreased binding affinity -9.8, -9.4, kcal/mol
for the drug Carvone. Alpha farnesene show the best binding affinity -11.3kcal/mol for 2vpf (VEGF).
The binding affinity of alpha farnesene for 1ev2 (FGF), 3v2a (VEGFR) is -10.2, -9.7, kcal/mol. Nerol
shows the best binding affinity -11.9kcal/mol for 3MJG(PDGF) among the receptor proteins. The
binding affinity of nerol for TEV2 (protein, FGF), 3V2A(VEGFR), 2vpf (VEGF), is respectively -9.07, -
8.6, -9.09. Free energy is an important criterion to indicate the interactions of binding partners.
Positive free energy values represent that the energy is required to derive the interactions and
binding will not occur spontaneously. In this study, all the values are negative meaning binding will

be spontaneous. "
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Drug Docking Van H Pi- alkyl
score/binding | der waals Bond sulfur Bond
energy
(kcal/mol)

Beta -9.9 ILEH 1258

ocimene LEUH 1265

PHEH 1301

Nerol -9.0765 GLUH1293 ILEH1257
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Interaction between chemical constituent of plant name: caraway and 1EV2

PDB DOI: https://doi.org/10.2210/pdb1EV2/pdb

Drug Docking Van H Pi- alkyl
score/binding | der waals Bond sulfur Bond
energy
(kcal/mol)

Beta -6.5 ASPC:279 PROC 401

ocimene PHEC:277 LEUC 283

ASNC:364 TYRC 366
GLUC:356 ILEC 325
ARGC:282 VALC 323
LEVC 313
LYSC 281
carvone -9.8 ALAH 1104 LEUH 1103
SERH 1111 ILEH 1110
ILEH 1063
THRH 1114
SERH 1114
LEUH 1069
GLUH 1099
HISH 1065
PROH 1067
Alpha -10.2 ARGF 835 PHEF 913
farnesene SERF 912 ILEF 911
SERF 915 LEUF 904
THRF 902 LEUF 870
ILEF 866

Interaction between chemical constituent of plant name: caraway and 3mjg

PDB DOI: https://doi.org/10.2210/pdb3MJG/pdb

Drug Docking Van H bond Pi sulfur Alkyl
score/binding | der waals
energy
(kcal/mol)
Beta -11.7 ASPY 458 TYRY 480
ocimene SERY 460 TYRY 478
VAL 479 TRPA 40
ARGY 459 PHEY 409
ILEY 410 PHEY 411
LEUY408 ILEA 75
PHEA 84
ARGA 73
Nerol -11.9 PROB 138 PROB 139
ASNB 54 TRPB 137
TYRX 205 PHEX 138
PROB 179 ILEB 172
GLUX 241 PHEB 172
ARGB 124 LEUB 135
VALB 136 TYRX 207
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Interaction between chemical constituent of plant name: caraway and 2vpf

PDB DOI: https://doi.org/10.2210/pdb2VPF/pdb

Drug Docking Van H bond Pi sulfure Alkyl
score/binding | Der waals
energy
(kcal/mol)
Nerol -9.09 ASPH 701 TYRB 136
GLNH 704 METB 191
GLUB 139 PROH 707
PHEB 144 PHEH 703
ARGB 179
GLUB 190
SERB 192
HISE 467
Carvone -9.8 GLUD 330 PHED 333
GLUD 328 ILED 329
ILED 321 ILED 332
TYRD 331
SERD 336
Alpha -11.3 GLNC 271 LYSC 240
farnesene LYSD 302 ILEC 283
METD 304
METC 273
PHED 303
TYRD 307

1. Discussion

The current investigation examined the anti-angiogenic activity of bioactive phytochemicals of
Caraway (Carum carvi) by docking studies against VEGFR and other angiogenic receptors.
Angiogenesis is an essential process in physiological as well as pathological conditions, and its
regulation is pertinent to design potent cancer therapies. The investigation screened four major
compounds—Beta Ocimene, Nerol, Alpha Farnesene, and Carvone—as potent angiogenesis
inhibitors by considering the binding property with vascular endothelial growth factor receptor
(VEGFR) and associated proteins.

The in silico docking results showed that Nerol had the highest binding affinity (-11.9 kcal/mol)
against PDGF, indicating a strong inhibitory interaction. Beta Ocimene also displayed the strongest
interaction with VEGFR (-9.9 kcal/mol), placing it in the center of attention as a potential
angiogenesis modulator. Alpha Farnesene and Carvone also displayed significant binding affinities
with other angiogenic receptors, further indicting their potential efficacy in interfering with vascular
growth signals. The negative free energy values determined in this research validate the
spontaneous binding interactions between these phytochemicals and their target proteins, which
supports their potential as anti-angiogenic agents.

Careful examination of the molecular interactions indicated that these phytochemicals interact
with important active sites of angiogenic receptors, which are involved in initiating the signaling
cascades that stimulate blood vessel formation. This indicates that such compounds might
efficiently disrupt angiogenic signaling pathways, thus inhibiting the proliferation and metastasis
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of cancer cells. "*'® The existence of strong hydrogen bonding and hydrophobic interactions

between such bioactive molecules and receptor proteins also contributes to their stability and
efficiency as prospective inhibitors.

12,13

The results of this study concur with earlier studies showing the anti-cancer activity of natural
phytochemicals. The findings show the increasing importance of plant compounds in drug
discovery, especially in the development of safer and more effective alternatives to synthetic anti-
angiogenic compounds. The study also emphasizes the usefulness of molecular docking methods
in early-stage drug discovery, where it is possible to screen for potential candidates at a rapid pace
before proceeding to experimental verification.

Even with these encouraging findings, the study has its limitations. In silico methodologies offer
insightful information on molecular interactions but not pharmacokinetics, bioavailability, or
toxicity in biological systems. The activity of these compounds has to be verified by in vitro and in
vivo studies to identify their biological activity, metabolic stability, and potential side effects.
Future studies need to be directed towards conducting cell-based assays, animal models, and
clinical trials to validate the therapeutic efficacy of these phytochemicals in actual practice.

2. Conclusion

The molecular docking simulation in this study identified Beta Ocimene, Nerol, Alpha Farnesene,
and Carvone as potential anti-angiogenic compounds against VEGFR and other angiogenic
receptors. Their high binding affinities and favorable molecular interactions indicate possible
therapeutic uses for cancer treatment through inhibiting pathological angiogenesis. These results
help support the search for new cancer therapeutics from natural sources, highlighting the
benefits of phytochemicals as a drug development resource.

While molecular docking provides a good basis for selecting potential drug candidates, additional
experimental confirmation is important. These compounds should be tested in vitro for their ability
to inhibit endothelial cell proliferation, migration, and tube formation. /n vivo models should also be
employed to test their pharmacokinetics, bioavailability, and toxicity profile. If effective in
preclinical studies, such compounds have the potential to be the starting point for new, less toxic
anti-angiogenic therapy of cancer patients. "'

On the whole, the present research illustrates the huge scope of natural molecules in
contemporary medicine and emphasizes the importance of blending computational and
experimental strategies in the field of drug discovery. Utilizing the pharmacological potential of
plant-derived compounds, scientists are likely to lay the foundation for more targeted and less
harmful forms of cancer treatment in the coming years.
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