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Abstract:
Citrus hystrix, a fruit that is anticancer and a member of the rutaceae family, is easily found. Kaffir lime is used
both as a physical food and as a herbal remedy for a variety of ailments, including heart disease, vertigo, and
indigestion. Citrus hystrix can be utilised as a comprehensive cancer treatment. As of yet, the molecular mechanism
underlying kaffir lime's anticancer activity remains unclear. The crystal structure of a-pan-BCR-ABL was obtained
from the Protein Data Bank.When the leukaemia protein was molecularly docked with the active component (4~
pinene, terpinen-4-ol) of citrus hystrix, the proliferation of leukaemia cells was significantly reduced. This study
demonstrated the potential of kaffir lime to prevent leukaemia.This study demonstrates citrus hystrix's capacity to
prevent leukaemia cancer. The study's findings offer significant new drug candidate.
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INTRODUCTION:

Around the world, 85% of people treat health-related
problems with herbal or traditional medicine. As a
result, research concerning the scientific assessment
of herbal medications made from plants has advanced
significantly in the last several years. Cancer, or
unchecked cell proliferation, is one of the main
causes of death in the world. In 2007, it claimed the
lives of about 7,900,000 people worldwide, or
roughly 13% of all fatalities [1].Another name for
chronic myeloid leukaemia is stem cell disorder,
which is caused by granulocyte cell proliferation[2].
Cultivated and widely distributed throughout many
countries, especially those in Southeast Asia, is the
kaffir lime (Citrus hystrix), a herbaceous plant
In-silico docking studies:
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belonging to the Rutaceae family. Kaffir lime leaves
are commonly used as aromatics and as spices for
flavouring because of their potent scent. According to
reports, Kkaffir lime leaf extracts have anti-
inflammatory, anti-cancer, and antioxidant properties
[3]-Molecular docking, also known as ligand-protein
docking, is a significant computer-assisted drug
design technique that is used to ascertain the affinity
of recently discovered drugs with the targeted
enzymes based on chromatographic results. Through
a review of the literature, ligand structures and
protein interactions in leukaemia pathways can be
identified. The current study set out to look into citrus
hystrix's in-silico activity[4].
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Fig 1: Representation of protein - ligand docking
A review of the literature and the compounds' activities helped choose which one to use for the docking studies. This
chemical structure's ligands were selected and used to bind with targets in order to determine the binding affinity for
the docking studies. The identified compounds were examined using the online docking website seamdock. The
three molecules that comprise the protein sequence of the BCR-ABL are S-pinene, and terpinene-4-ol.

Disease profile:

Leukaemia is a frequent cancer that affects both
adults and children. It develops when abnormalities
in normal cell regulatory processes lead to the
unchecked growth of hematopoietic stem cells in the
bone marrow. In the US, the age-adjusted incidence
of leukaemia is 12.8 per 100,000 people
annually.Acute lymphoblastic, acute myelogenous,
chronic lymphocytic, and chronic myelogenous are
the four subtypes of leukaemia. Hematopoietic stem
cell clonal proliferation in the bone marrow is known

as leukaemia. While the other subtypes of
lymphoblastic leukaemia are more common in adults,
lymphoblastic leukaemia is more common in
children.. Genetic predispositions and environmental
factors, such as exposure to ionising radiation, are
examples of risk factors. The non-specific symptoms
include fever, exhaustion, loss of weight, pain in the
bones, bruises, or bleeding. Leukocytosis and other
abnormally elevated or depressed cell lines are
typically revealed by a complete blood count.
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Referrals to hematologist-oncologists should be made
as soon as possible for patients with suspected
leukaemia. Additional testing on peripheral blood or
bone marrow confirms the diagnosis. Chemotherapy,
radiation therapy, monoclonal antibodies, and
hematopoietic stem cell transplantation are possible
forms of treatment. Tumour lysis syndrome and
major infections resulting from immunosuppression
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are among the treatment's complications. Survivors of
leukaemia should be closely watched for cardiac
problems, metastatic cancers, and endocrine disorders
such hypothyroidism, hypogonadism, and metabolic
syndrome. Younger patients and those with chronic
lymphocytic or myelogenous leukaemia have the
highest five-year survival rates[4].

Leukemia

Common Symptoms

unexplained
fever

infections @ fatigue
unintentional enlarged
weight loss lymph nodes
bruising/excess night
bleeding sweaks

Figure 2: Represtation of Leukemia and symptoms of leukemia.

BCR-ABL protein of leukaemia :
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Figure 3 : Re-presentation of leukemia
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A clonal expansion of at least 5,000 B lymphocytes per uL (5.0 x 109 per L) in peripheral blood, as verified by
immunophenotyping, is the basis for the diagnosis of chronic lymphocytic leukaemia. Although it is not necessary to
obtain a bone marrow specimen for the diagnosis of chronic lymphocytic leukaemia, it can be obtained to ascertain
the degree of marrow involvement for prognostic purposes[5]. Testing for a specific abnormality known as the
Philadelphia chromosome, or the BCR-ABL1 fusion gene, in bone marrow or peripheral blood is necessary for the
diagnosis of chronic myelogenous leukemia[6]. A reciprocal translocation between chromosomes 9 and 22 causes
the BCR-ABLL1 fusion gene to form in chronic myelogenous leukaemia, which interferes with the bone marrow's
regular cell regulatory functions. Ninety-five percent of patients with chronic myelogenous leukaemia have
shortened chromosome 22, also known as the Philadelphia chromosome [7].Although the chromosomal
rearrangement in the remaining 5% of patients is different, the aberrant BCR-ABLL1 fusion gene is still formed.
DIAGNOSIS:

Figure 4 : Represtation of diagnosis of leukemia

A complete blood count should be done if leukaemia is suspected. In chronic myelogenous leukaemia and chronic
lymphocytic leukaemia, marked leukocytosis—often more than 100,000 white blood cells per puL (100.0 x 109 per
L)—is the hallmark laboratory finding. Compared to only 34% to 38% of patients with acute myelogenous
leukaemia or acute lymphoblastic leukaemia, over 96% of patients with chronic myelogenous leukaemia have white
blood cell counts greater than 20,000 per pL (20.0 x 109 per L). Leukopenia may also coexist with
thrombocytopenia or anaemia in cases of acute leukaemia. Initial laboratory tests that can be useful include
coagulation studies, liver function tests, and the measurement of serum electrolyte and creatinine levels. When a
patient exhibits symptoms of illness or fever, the doctor should perform urinalysis, urine culture, blood culture, and
chest radiography to assess for infection. A peripheral blood smear and typically a bone marrow specimen (an
aspirate or core biopsy) are required for the next stage of the diagnosis[11][5].

Plant profile:

Botanical name Citrus hystrix
Synonym Citrus

Family Rutaceae
English name Kaffir lime
Phylum Tracheophyta
Class Magnoliopsida
Order Sapindales
Species Citrus hystrix

Figure 5 : CITRUS HYSTRIX
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Source Active chemical  constituents Nature of extract
Beta-pinene, sabinene, D-limonene, Methanolic extract, ethanolic extracts,
Leaf beta-citronallal, terpinene-4-ol, alpha- | water, fraction.

terpinene.

MATERIALS AND METHODS:

Materials:

For our current study, we used biological databases
like PubChem, seamdock, and PDB (Protein Data
Bank), as well as software like autodock vina.

PDB (Protein Data Bank):

Established in 1971 at Brookhaven National
Laboratories (BNL), the Protein Data Bank (PDB) is
the only global database for structural data on
biological macromolecules.

PubChem:

PubChem, a public database, provides information on
chemicals and their biological roles
(https://pubchem.ncbi.nim.nih.gov).

As part of the US National Institutes of Health (NIH)
Molecular Libraries Roadmap Initiatives, Pub Chem
was initially introduced in 2004. Since then, it has
expanded to become a significant chemical data
repository that serves the scientific communities in a
variety of fields, including drug discovery, medicinal
chemistry, cheminformatics, and chemical biology.

Over the past eleven years, PubChem has expanded
into a substantial infrastructure that provides the
scientific research community with access to
chemical information. The three interconnected
databases that make up PubChem are substance,
compound, and bioassay.

Individual PubChem data contributors have
contributed chemical data to the Substance database,
and specific chemical structures have been taken out
of the Substance database for the Compound
database. The Bio Assay database contains details on
the biological activity of chemical substances that
have been examined in assay tests.

An overview of the PubChem Substance and
Compound databases is given in this document, along
with details on their contents, organisation, data
sources, and standardisation of chemical structures.
Additionally, it has programmatic access and web-
based interfaces for both text and non-text searches.

It provides a brief synopsis of PubChem RDF as well
as PubChem3D, a resource constructed from
theoretically precise three-dimensional models of
molecules in PubChem, which are formatted versions

of the data that can be used for data sharing, analysis,
and integration with data from other databases.
Autodockvina :

AUTODOCK VINA is a virtual screening tool for
computational drug discovery that can be used to
screen libraries of compounds against potential drug
targets. Using Autodock Vina, medicinal chemists
can perform virtual screening. The software helps
users at every step of the way, from data preparation
to grid box viewing. The Autodock wizard is a
helpful tool for logical drug design, even though it
lacks any magic buttons that can be used to discover
new medications. Its chemical spreads heat-like
functionality and intuitive interface help.

The Autodock Vina app will be installed by the
application.

SEAMDOCK :

In silico assessment of protein receptor interactions
with small ligands is now a standard part of drug
discovery pipelines, and a multitude of tools and
protocols have been developed to that purpose. In
order to facilitate both local and/or global docking of
ligands as well as a hierarchical method that
combines the two for straightforward interaction site
identification, the online SeamDock service unifies
different docking tools into a single framework.
There is no need to install any additional software in
order to use this service; all you need is a standard
web browser. The seamless library links the user's
webpage to the RPBS calculation server so that the
user can easily and interactively navigate the
SeamDock website. The visualisation of ligand,
receptor, and docking poses in three dimensions, as
well as their interactions with the receptor, has been
the subject of extensive research. The advanced
visualisation features and the seamless library allow a
user to share a docking session and all of its
visualisation states with an infinite number of
collaborators. For this reason, SeamDock is a
dynamic, free, easy-to-use, educational online
docking tool that works best for training and
instruction.

METHODOLOGY:

Docking procedure:

Stepl: Preparation of receptor protein:

Protein Data Bank (PDB) provided the 3D
crystallographic structure of the protein a-pan-BCR-
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ABL (PDB ID:3ik3). The protein's three-dimensional
structure was found. Open the file and read the
molecule.

[l Molegro Molecular Viewer — Import file —
Export molecule.

[1 Protein is only applied — Export — Save as pdb
file.

[1 Save as prepared protein (PDB form).

Step2: Preparation of ligand:

B -pinene and terpinene-4-ol is taken as ligand
molecule. They are downloaded from pubchem and
then converted into PDB format.

[l Molegro Molecular Viewer — Import — File —
Export molecule.

[1 Save as (PDB form)

Step3: Docking:

AUTODOCK:

[J File — Read molecule — Select the protein
structure.

[} Click on edit — Hydrogens — Add polar only.

[ click on edit— Charges — Add compute charges.
[} Click on ligand — Choose ligand — Select the
ligand structure.

[J Click on edit —»Charges — Add kollamen charges.

Table 2 : Binding affinities

R.Thamarainayaki et al

ISSN 2349-7750

1 Click on grid — Select the grid box — Select the
dimensions of your grid box.

1 Note your grid dimensions.

Step 4: Docking:

0 By using  https;//bioserv.rpbs.univ-paris-
diderot.fr/services/seamdock

1 Click on run seamdock —Choose ligand (in the
.PDB, .SDF form) — click on open.

) Click on choose protein —Choose protein (in the
form) — click on open.

! Set the dimensions —Adujusting x,y,z — Launch
Docking.

Finally 2D interactions are predicted from
MOLEGRO molecular viewer.

RESULT AND DISCUSSION:

Docking result:

» The 3D structure of BCR-ABL (PDB
ID:3ik3) ,with a resolution of 1.90A
respectively is obtained from the protein
data bank (RCSB-PDB).

» The structure of the beta-pinene
(CID_14896),terpinene-4-ol  (CID_11230),
was obtained from Pubchem .

The energy minimization of the ligands was
performed using Autodock vina.

Seamdock is used to estimate the affinities
and interactions of protein and ligand.

Ligand Protein target

Binding Affinity

B —pinene

Terpinene-4-ol

a pan-BCR-ABL protein

-6.8 kcl/mol

-6.1 kcl/mol

[Lys 2450]

Figure 6 : 2D interaction of B -pinene with a pan-BCR-ABL protein
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Figure 7 : 2D interaction of terpinene-4-ol with a pan-BCR-ABL protein

Figure 8: 3D representation with energy mapping of interaction g -pinene with a pan-BCR-ABL protein

Figure 9: 3D representation with energy mapping of terpinene-4-ol with a pan-BCR-ABL protein
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DISCUSSION:

+ Himansu et al. “In-silico identification of

inhibitors against mutated protein of chronic
myeloid leukemia: a virtual screening and
molecular dynamics simulation study” by
targeting protein was taken......

» According to Fajarina, Sudewi et al. anti-cancer
activity of citrus hystrix leaf extract against
leukemia was taken for present docking
studies.

% According to kumar et al. BCR-ABL is the
causatives for leukemia cancer was taken for
the present docking studies.

¢+ The protein a-pan-BCR-ABL was docked with
B -pinene and terpinene-4-ol using Seamdock
in the current investigation.

+«+ The anti-cancer protein ligands' binding scores
were -6.8 kcal/mol and -6.1 kcal/mol.

« As a result, the protein and ligand have a
stronger binding affinity when the docking
score is least negative. The binding energy of
beta-pinene with a-pan-BCR-ABL  protein
was found to be -7.8 kcal/mol.

B

*,

CONCLUSION:

» The outcomes of the insilico research provided
a useful deduction regarding the compounds'
usage, demonstrating increased binding energy
and affinity towards enzymes and being
utilised as leukemia treatment aids..

> In the current investigation, the target protein a-
pan-BCR-ABL was successfully docked with
active constituents (Beta-pinene and terpinene-
4-ol). B -pinene’s binding energy was recored
at -6.8 kcal/mol.

» Because the protein and ligand have a stronger
binding affinity when there is less negative
binding score, this could potentially be a
medication with anti-cancer activity.
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