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Abstract

ackground: Disrupting the balance between cell proliferation and death is critical in cancer formation.

Increased resistance to apoptosis, which is frequently caused by BCL-2 overexpression, is a critical

oncogenic mechanism in many hematologic malignancies, notably lymphoid neoplasias.
Overexpression of anti-apoptotic BCL-2 proteins is frequent in many malignancies, prompting the
development of BCL-2 inhibitors as therapeutic agents.
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Methods: In this study, 28 cucurbitacin compounds were screened against BCL-2 using insilico PyRx tool to
find strong natural inhibitors for treating hematological malignancies. ADMET-AI web interface was used to
analyze ADMET properties of hit compounds.

Results: Cucurbitacin O, IIb, K, and H were effective BCL-2 inhibitors, with binding energies ranging from -
8.0 to -8.8 kcal/mol, similar to the control compound (-7.9 kcal/mol). These compounds interacted with key
amino acid residues in BCL-2. The radial graphs show that all four compounds have good ADMET
characteristics. The compounds have a high probability of being safe for the blood-brain barrier and pose a
low risk of hERG channel blockage. Furthermore, they have higher oral bioavailability and adequate water
solubility. Their minimal clinical toxicity profiles indicate their potential safety in therapeutic applications.

Conclusion: Cucurbitacin O, IIb, K, and H can be employed as BCL-2 inhibitors to manage hematological
malignancies. However, further experimental studies are needed to validate these compounds as BCL-2
inhibitors.
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Introduction

Apoptosis, a highly controlled type of programmed cell
death, is required for processes such as organ
formation, immunological modulation, and the
elimination of diseased, altered, or damaged cells [1].
In an average human adult, apoptosis occurs in 50 to 70
billion cells each day. Dysregulation of apoptosis is a
hallmark of cancer, contributing to the buildup of
neoplastic cells by lowering cell turnover [2]. Despite
their various architectures, many chemotherapy
medicines activate apoptotic pathways to kill cancer
cells [3]. Therefore, restoring apoptosis is a vital
technique in cancer prevention and treatment. The
suppression of apoptosis promotes uncontrolled
growth and adds to the accumulation of oncogenic
mutations. Significant advances in cancer research
have revealed the apoptotic machinery and its
relationship to altered protein expression in
malignancies [4]. The B-cell lymphoma-2 (BCL-2)
family controls apoptosis in response to stress signals
[5]- Enhanced levels of anti-apoptotic proteins BCL-2
and BCL-XL have been associated with tumor
development and treatment resistance [6, 7]. BCL-2,
the first gene identified as promoting cell survival
rather than growth [8], emphasizes the importance of
apoptosis inhibition in cancer [5]. BCL-2 inhibitors and
BH3-mimetics have shown potential therapeutic
results, particularly in the treatment of lymphoid
malignancies with enhanced BCL-2 levels [9, 10]. Drug
development seeks to identify small synthetic
chemicals or large macromolecules that can be
examined as potential therapeutic possibilities. This
method, which takes several years [11, 12], is divided
into various stages: discovering therapeutic targets,
identifying hits to leads, optimizing leads, and
conducting preclinical and clinical studies. Computer-
assisted drug discovery (CADD) techniques have
accelerated the process while decreasing costs and late-
stage failure rates. CADD includes both structure- and
ligand-based techniques [13,14]. The purpose of this
study is to identify natural BCL-2 inhibitors from
Cucurbitacin compounds utilizing various
computational techniques such as structure-based
virtual screening (VS) and ADMET prediction.

Methods

Protein preparation

The 3D structure of BCL-2 (PDB ID: 6GL8) was obtained
from the PDB database [15]. The BCL-2 PDB structure
was in complex with the inhibitor S55746, also known
as BCL201, and has been removed. The resulting
protein structure was saved in the .pdb format. The
Chimera software suite minimized the structure, which
began with 100 steps of steepest descent minimization

and then ten steps of conjugate gradient minimization.
The prepared protein structure was saved as pdb for VS.

Cucurbitacin compounds retrieval and preparation

The PubChem database has been employed to obtain 28
compounds from the Cucurbitacin family for VS. The
compounds were identified through a comprehensive
search for known Cucurbitacins using PubChem's
compound search feature. The chemical structures
were obtained in SDF format and subsequently
converted into 3D coordinates for docking applications.
The structures were energy-minimized using the
MMFF94 force field to ensure accurate geometry and
subsequently transformed to pdbqt format with the
PyRx tool before molecular docking-based VS.

Molecular docking based virtual screening

The rapid expansion of chemical libraries to over a
billion molecules has increased the demand for more
efficient VS methods. VS, which uses computational
tools to predict bioactive compounds from large
libraries of small molecules, is gaining traction in drug
discovery. As insilico techniques improve and become
more widely available, private and public organizations
increasingly use VS to conserve laboratory resources
[16]. PyRx tools was employed to screen the
cucurbitacin compounds against the BCL2 active site
[17]. The XYZ coordinates of the structure were
determined to be 15.966811, 2.049132, and 16.196132,
respectively.

ADMET Prediction

The top four hits were analyzed for ADMET attributes
and physicochemical features via the ADMET-AI online
interface. The machine learning tool ADMET-AI used
prediction algorithms to determine ADMET attributes
and important physicochemical features. The
predictions covered gastrointestinal absorption, blood-
brain barrier permeability, CYP450 interactions, half-
life, clearance, and toxicity profiles such as
hepatotoxicity and cardiotoxicity [18].

Results

In this study, 28 cucurbitacin compounds were
screened against BCL2 to find effective natural BCL2
inhibitors. Targeting BCL2 is a viable therapeutic
option since it regulates apoptosis and is an important
factor in the progression and survival of hematological
malignancies. The structural examination of BCL2
found that its PDB structure was unsatisfactory. The
missing regions were modeled were modeled with the
Swiss Model tool (with PDB ID: 6GL8 as the template).
The modeled structure was energy minimized and then
prepared for screening against a library of 28
cucurbitacin compounds (figure 1). Furthermore, the
bound inhibitor BCL201 was used as a positive control
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in the screening process to assess the inhibitory
efficacy of the cucurbitacin compounds.

original structure

Modelled structure

Figure 1: Superimposed view of the modeled BCL-2 protein
structure (green) and the original experimental structure (red),
illustrating the structural alignment and conformational
similarities.

kcal/mol). Cucurbitacin O demonstrated the strongest
binding affinity (-8.8 kcal/mol), suggesting a highly
stable interaction with the BCL2 binding pocket (Table
1).

Cucurbitacin IIb was found to interact with Asn84,
Gly86, Arg87, Ala90, Phe45, Leu78, Val74, GIn59,
Glu55, Asp52, Met56, Phe53, and Tyr49 residues of
BCL-2 (Figure 2). Cucurbitacin K bind with Arg87,
Leu60, Glu77, Val74, Phe94, GIn59, Met56, Glu55,
Asp52, Phe53, Ala90, Phe45, Tyr49, and Leu78 residues
of BCL-2 (Figure 2). Cucurbitacin O interacted with
Phe53, Met56, Phe94, Ala90, Val74, Leu78, Tyr49,
Phe45, Arg87, Val89, Gly86, Tyr143, and Arg48 residues
of BCL-2 protein (Figure 2); while Met56, Phe53,
Phe94, Leu78, Ala90, Phe45, Arg87, Arg48, Val89,
Gly86, and Tyr49 residues of BCL-2 were interacted
with Cucurbitacin H (Figure 2). Further, the control
compound was found to bind with Ala90, Phe45, Arg87,

Table 1: Screened 28 cucurbitacins compounds along with
positive control (BCL201) and their binding affinity values.

This study used BCL201 as a positive control to assess
the inhibitory efficacy of the screened cucurbitacin
compounds. The comparison of BCL201 to the top four
candidates from the screening analysis revealed
significant insights into the efficacy of the cucurbitacin
compounds, which had similar interactions with the
BCL2 active site, indicating their potential as BCL-2
inhibitors for hematological malignancies. The VS
study identified Cucurbitacin O, IIb, K, and H as potent
BCL-2 inhibitors, with binding energies ranging from -
8.0 to -8.8 kcal/mol, comparable to the control (-7.9
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Figure 3: Radial plots of the top four hit compounds
summarizing five key ADMET properties: blood-brain barrier
safety, hERG safety, bioavailability, solubility, and non-toxicity,
compared to the DrugBank reference set.

The assessment of ADMET predictions for the top
four hits extensively evaluates five essential
pharmacokinetic and toxicity attributes: safety related
to the blood-brain barrier, safety concerning the hERG
channel, bioavailability, solubility, and non-toxicity.
The radial plots indicate that all four compounds
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demonstrate favorable ADMET profiles relative to the
DrugBank reference set. The compounds exhibit a
considerable probability of being safe for the blood-
brain barrier and pose minimal risk of hERG channel
blockade, suggesting a diminished likelihood of
cardiotoxicity. Furthermore, they exhibit increased oral
bioavailability and sufficient aqueous solubility, which
are critical for optimal absorption and distribution.
Their low clinical toxicity profiles highlight their
potential safety in therapeutic uses (Figure 3).

Discussion

The BCL-2 family controls apoptosis in response to
environmental and stress signals. Increased levels of
anti-apoptotic proteins like BCL-2 and BCL-XL are
associated with tumor initiation, progression, and
treatment resistance [6,7]. In this study, 28
cucurbitacin compounds were screened against BCL-2
to find potent natural inhibitors for treating
hematological malignancies. The screening analysis
found Cucurbitacin O, IIb, K, and H as effective BCL-2
inhibitors with higher binding energies than the
control compound.

BCL201 was used as a positive control to determine
the inhibitory efficacy of the screened cucurbitacin
compounds. BCL201 is a selective BCL-2 inhibitor with
high pro-apoptosis characteristics [19]. BCL201 was
interacted with Ala90, Phe45, Arg87, Val74, Tyr49,
Glu77, Phe53, Asp52, Glu55, Met56, GIn59, Leu78, and
Phe9%4 residues of BCL-2. Accordingly, Cucurbitacin O,
IIb, K, and H were found to bind with these BCL-2
residues.

Hydrogen bonding has a vital role in the stability of
compound-protein complexes [20-24]. Cucurbitacin O,
IIb, K, and H were observed to make H-bonds with the
amino acid residues of BCl-2. Cucurbitacin ITb makes
hydrogen bond with Tyr49 and Asp52 residues of BCL-
2, whereas Cucurbitacin O makes the hydrogen bond
with Tyr49 and Ala90 residues. Cucurbitacin K makes
hydrogen bond with Arg87 and GIn59 BCL-2 residues.
Cucurbitacin H also makes hydrogen bond with the
Gly86 and Tyr49 BCL-2 residues.

Cucurbitacins, a highly oxygenated triterpene, are
popular due to their potent anticancer effects [25, 26].
These chemicals have a variety of biological functions
[25, 27]. Cucurbitacins have been found to induce
apoptosis, inhibit cell growth, and disrupt important
signaling pathways [28]. Their ability to modulate these
critical pathways makes them promising candidates for
cancer therapy. Furthermore, research has indicated
that cucurbitacins can make cancer cells more
responsive to chemotherapy, hence increasing
treatment efficacy [29]. Cucurbitacins' characteristics
make them useful natural substances for the
development of novel cancer therapies.

Increased levels of anti-apoptotic proteins such as
BCL-2 have been associated with tumor development
and treatment resistance. This study screened 28
cucurbitacin compounds against BCL-2 in order to
identify possible natural BCL-2 inhibitors for treating
hematological malignancies. Cucurbitacin O, IIb, K,
and H were found as strong BCL-2 inhibitors, with
binding energies greater than the control BCL201. In
addition, these compounds demonstrate favorable
ADMET profiles. Hence, these compounds can be used
as BCL-2 inhibitors to manage hematological
malignancies.
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