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Abstract

Background Apoptosis-signaling kinase 1 is a MAPKKK (mitogen-activated protein kinase) overexpressed in vari-
ous types of human cancer including colorectal cancer. It mediates inflammation and apoptosis and promotes cell
proliferation through the transcription of cyclin D1. 5-Fluorouracil remains one of the primary recommended drugs
to manage colorectal cancer. However, this drug often causes various adverse effects, notably diarrhea, vomiting,
nausea, and leukopenia. Therefore, a novel treatment is required to eradicate these problems. The clinical implica-
tion of apoptosis-signaling kinase 1 in the pathogenicity of colorectal cancer makes it an important drug target

in the treatment of colorectal cancer. The use of natural compounds in human cancer treatment continues to gain
significant attention in the scientific community due to their therapeutic efficacy.

Method In this study, computational models such as flexible docking, induced fit docking, and binding free energy
calculation were employed to identify small molecule inhibitors from known bioactive compounds of Spondias mom-
bin in reference to 5-fluorouracil (Colorectal cancer standard drug) targeting apoptosis-signaling kinase 1.

Results Molecular docking studies identified 10 promising candidates which include uvaretin, rutin, isoquercitrin,
ellagic acid, quercetin, linalool, acetyl eugenol, tangeretin (-)-catechin, and d-sorbitol based on their favorable binding
affinity, with uvaretin having the best score (- 11.328 kcal/mol). The results were further validated with more depend-
able analysis such as induced fit docking and binding free energy calculation. These compounds showed modest
indices for ADMET parameters. Molecular dynamic simulation validated ellagic acid and (-)-catechin with greater bind-
ing stability as leading compounds.

Conclusion These compounds showed improved flexible docking results and formed considerable stable interaction
with the protein than 5-fluorouracil. They are non-carcinogenic. The oral bioavailability and toxicities of these com-
pounds are promising as compounds obeyed the Lipinski rule of five. The constructed quantitative structure—activity
relationship model with a trustworthy R? coefficient value supports the inhibition prowess of these compounds. The
findings from this research confer that these compounds could be considered potent apoptosis-signaling kinase 1
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inhibitors, and these could be confirmed experimentally as lead compounds of apoptosis-signaling kinase 1 inhibitors

in colorectal cancer.

Keywords Colorectal cancer, ASK 1, Molecular docking, Novel inhibitors, Spondias mombin, 5-Fluorouracil

Introduction

Cancer is the uncontrolled growth of abnormal cells.
When a cell gets damaged, it should undergo apoptosis,
but the inability of the damaged cell to undergo apopto-
sis leads to uncontrolled cell division and growth. This
growth can be benign which means it is just a tumor
that grows locally and cannot metastasize [1]. When the
growth is malignant, it means that the damaged cell can
enter into the blood-lymph system and metastasize into
other tissues, replicating uncontrollably in these new tis-
sues and this is cancerous [2, 3]. According to GLOBO-
CAN 2020, cancer accounts for about 10 million deaths,
and almost twice in diagnosis making it the main reason
for global death. It is also predicted that by 2040 occur-
rence of cancer will increase to 28.4 million [4, 5].

Colorectal cancer (CRC) constituted 10% of the world’s
cancer incidence and 9.4% of all cancer-related deaths,
in 2020. According to projections of aging, population
expansion, and human progress, the number of new CRC
cases worldwide is expected to reach 3.2 million in 2040
[6, 7]. CRC is a prevalent and lethal disease with metasta-
sis being the major cause of death in the majority of indi-
viduals diagnosed. Common sites of distant metastasis
are the liver and the peritoneum. [8, 9]. In regard to the
epidemiology of cancer, the pathway of the cancer forma-
tion is a complex multistage process that involves consec-
utive mutational events that take place as cancer growth
progresses [10]. All of this process leads to uncontrolled
cell proliferation, angiogenesis, alleviation of apoptosis,
malignancy, and multi-drug resistance in different can-
cers [11]. The progression of CRC is characterized by
many molecular mechanisms, one of which is epidermal
growth factor receptor (EGFR) over-expression, which
takes part in many cellular processes that include growth,
proliferation, and survival of normal cells [10, 12].

The JAK/STAT3 pathway, PI3K/AKT, RAS/RAF/
MEK/ERK, and other downstream intracellular sign-
aling pathways that control cell migration, prolifera-
tion, and survival are all activated by the EGFR pathway
[13]. Specifically, the autophosphorylation on the tyros-
ine residues of EGFR triggers the signaling pathways
in downstream of the Ras/Mitogen-activated protein
kinases (MAPKs) [14]. MAPKs regulate numerous cellu-
lar activities, including proliferation, growth, migration,
and apoptosis [15]. The Ser/Thr kinases family MAPKg
trigger the many rounds of phosphorylation-activating
kinases circles which is essential in the induction of

cellular signaling [16]. Within the MAPKs family, ASK1
(also known as MEKKS5) is recognized as an upstream
kinase of the MKK4/7-JNK and MKK3/6-p38 pathways
[17]. Apoptosis-signaling kinase 1 (ASK1) activates SEK1
and MAPK®6 that then triggers the SAPK/c-Jun, N-ter-
minal kinase (JNKs), and p38 MAPKs that induce pro-
grammed cell death [18]. Some cellular stress conditions,
such as oxidative and endoplasmic reticulum stress, have
been demonstrated in earlier research to activate ASK1,
which is involved in intracellular stress and apoptotic
signaling pathways [17], as shown in the pathway below
(Fig. 1 [17]). Research has shown that osteosarcoma,
breast, liver, lung, and colon cancer cells undergo apop-
tosis when ASK1 is activated [17, 19] ASK1 has been
shown to stimulate tumor growth and cell proliferation in
certain cancer types, including pancreatic, ovarian, and
gastric malignancies [17, 20, 21]. A xenografted mouse
model has demonstrated that the ASK1 inhibitor K811
suppresses the formation of gastric tumors [22, 23]. The
binding of an inhibitor for the ASK 1 deactivation pro-
cess is crucial for the regulation of ASK 1 activity in can-
cer cells [24].

This new perspective in the treatment of colorectal
cancer is to target ASK-1, which signaling mechanism
has been identified for regulation of cancer cell prolifera-
tion and migration.

The main therapeutic drug currently being utilized
to treat CRC is 5-fluorouracil (5-FU), an intravenous
synthetic fluorinated pyrimidine analog that must be
converted intracellularly into active metabolites [25].
However, 5-FU has wide range of negative pharmacologi-
cal effects. Diarrhea is the most often reported adverse
reaction in patients receiving systematic 5-FU therapy.
Dehydration, nausea, and vomiting are among the more
typical side effects. Neutropenia, pyrexia, pulmonary
embolism, thrombocytopenia, and leukopenia are more
severe side effects that need to be addressed in individu-
als taking systemic 5-FU chemotherapy [26].

Plant secondary metabolites have been discovered to
have great therapeutic use in curing different diseases
[27]. Also, studies have shown that colorectal cancer can
be treated with the use of plant secondary metabolites
which could be the repair of damaged nucleic acids [23].
Spondias mombin (S. mombin) is a plant that is abun-
dant in a wide range of secondary metabolites, such as
phenolics, sterols, triterpenes, saponins, essential oils,
amino acids, and polysaccharides [28]. S. mombin which
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Fig. 1 A detailed cascade of MAPKs pathway in mammals. ASKT and ASK2 belong to the MAPKKK family, which is responsible for initiating
the MAPK cascade in response to various external leading to cell proliferation, apoptosis, inflammation, morphogenesis [17]

is popularly called Hog plum in the English language is
an Anacardiaceae family, commonly found in tropical
America, Nigeria, and Brazil, and other tropical rain for-
ests [29, 30]. Different parts of S. mombin with significant
phytochemicals have been shown to exhibit bioactivity
in the treatment of cancer and can also be used to allevi-
ate inflammation [31]. Evidentially, studies on S. mombin
leaves have shown that they have sedative, antipsychotic,
antiepileptic, anti-inflammatory, anti-a-amylase, and
antileishmanial activity effects. They have also been
shown to have antioxidant, anti-inflammatory, hepato-
protective, and proton pump inhibitory properties [32,
33]. In vitro studies has been employed to validate the
antitumoral and antiangiogenic effects.

Therefore, for this present study using computational
analysis which includes molecular docking, induced fit
docking, ADME studies, MM/GBSA calculation, QSAR
modeling, and Molecular Dynamic simulation, we aim to
determine the molecular interaction, inhibitory poten-
tials, and druggability of phytocompounds from Spondias

mombin against ASK 1, a target protein in CRC for a
novel therapeutic.

Methodology

Maestro Schrodinger Suites software was the computa-
tional software tool used for the present research work
[34].

Crystal structure of preparation of starting structure

The X-ray crystallographic protein structure of apopto-
sis-signaling kinase-1 (ASK-1 [35]) with co-crystallized
ligand (PDB code 4BHN) was downloaded from the
Protein Data Bank http://www.rcsb.org/pdb. The pro-
tein preparation wizard of the glide software was used
in the preparation of ASK-1 to add residues and hydro-
gen atoms that are missing due to X-ray crystallographic
limitation [36]. Following protocol used by Iwaloye et al.
[37], bonds and missing hydrogen atoms were added in
the protein preparation wizard, the H-bond network was
optimized using PROPKA [38], and OPLS3e force field
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Fig. 2 2D structure of Spondias mombin promising compounds

was used to remove any steric hindrances in ASK 1 dur-
ing the refinement step [39]. In order to have the x, y, and
z coordinates supplied, Receptor Grid Generation was
used to set up the glide grid file.

Library preparation of S. mombin phytochemicals

Phytochemical ligands of S. mombin were retrieved from
the PubChem database https://pubchem.ncbi.nlm.nih.
gov/ and loaded into Maestro using the Ligprep tool
available in Schrodinger suites for molecular docking.
This also generated a 3-dimensional ligand with adequate

asymmetry (Ligprep, 2024) [40]. Epik v4.3 (Epik, 2024),
OPLS3e force field was used in the generation of possible
ionization states of each ligand structure at a physiologi-
cal pH of 7 £ 2. All the other options were kept as default
before energy minimization.

Pharmacokinetics profile prediction

Lipinski’s rule of five was presumed by Canvas, and this
was used in the determination of the ADMET properties
and draggability of the phytochemicals in S. mombin [41,
42].
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Table 1 Docking score, induced fit docking (IFD) score, and interacting residues, of the promising compounds of S. mombin and
5-fluorouracil with ASK-1 protein

Compounds name Docking IFD score (kcal/mol) Hydrophobic interaction
score (kcal/
mol)

Uvaretin —11.328 —548.79 Asp699, Asn702, Leu670, Leu671, Glu672, Tyr673, Tyr675, Phe753, Lys751, Phe749, Asn747,
Glu746, Glu730, Phe744, Gly742, Leu741

Isoquercitrin —10.991 —541.66 Phe753, Leu670, Leu671, Leu700, Lys751, Glu672, Thy673, Asp674, Tyr675, Asn747, Glu746,
Phe744

Rutin -10.387 — 54578 Ser701, Leu700, Asp699, Arg698, Ser743, Phe744, Glu746, Asn747, Phe753, Leu670, Leu671,
Glu672, Tyr673, Asp674, Tyr673, Asp674, Tyr675

Ellagic acid - 0384 —542.01 Glu672, Tyr675, Ser745, Phe744, Glu746, Asn747, Phe753

Quercetin —8.686 — 54045 Leu670, Leub71, Glub72, Asp674, Tyre75, Gly742, Ser 743, Phe753, Phe744, Glu746, Lys751,
Asn747

Catechin -8017 —514 Asp699, Leu700, Ser701, Leu,670, Leu671, Glu672, Tyr673, Tyr675, Phe744, Glu746, Asn747,
Phe740, Lys751, Phe753

Tangeretin —7.943 —535.17 Lys751, Phe753, Leu700, Ser743, Phe744, Glu746, Asn747, Leu671, Glu672, Tyr673, Asp674,
Tyr675

Acetyl eugenol -6.49 —535.12 Phe753, Lys751, Leu671, Glu672, Thr673, Tyr675, Ser743, Phe744, Glu746, Asn747, 1le708

Linalool —6.941 — 53454 Leu700, Leu671, Glu672, Tyr673, Asp674, Tyr675, Tyr677, Phe753, Lys751, Ser743, Phe44,
Glu746, Asn747

D-Sorbitol — 6434 —534 Ser743, Phe744, Glu746, Asn747, Leu671, Tyr673, Tyr645, Phe753, Lys751

5-Fluorouracil - 5737 —534.29 Leu810, Val7338, Val694, Ser821, Ala707, Lys709, Glu710, Phe744, Glu746, Phe749, Lys751,

Phe753, Leu686, Met754, Glu755, GIn756, Tyr673, Tyr675, Leu810

Table 2 QikProp prediction of drug-likeness and ADME properties of the promising compounds of S. mombin

Compound name mol® MW Donor® HB Acceptor HB Percent Human® Oral RO5¢
Absorption
Uvaretin 634.46 I 19.3 0 3
Isoquercitrin 464.38 7 13.75 115 2
Rutin 610.52 9 20.55 0 3
Ellagic acid 3022 4 8 35.55 0
Quercetin 302.24 4 525 52.76 0
(-)-Catechin 290.27 5 545 60.92 0
Tangeretin 268.27 0 3 100 0
linalool 37842 2 4 100 0
Acetyl eugenol 206.24 0 3.25 100 0
D-Sorbitol 212.25 0 2 100 0

@ Molecular weight of the molecule (range 130.0-725.0)

b Estimated number of hydrogen bonds that would be donated by the solute to water molecules in an aqueous solution (range 0.0-6.0)

¢ Estimated number of hydrogen bonds that would be accepted by the solute from water molecules in an aqueous solution (range 2.0-20.0)
d percentage of human oral absorption (< 100%—> 20%)

€ Lipinski rule of five (RO5) (Maximum violation: 3)

Determination of ligand binding site that was at the center of coordinates (x=93.91, y=68.0,
The grid box for receptor binding was developed by 2z=9.8). The van der Waals radii of the receptor atoms
determining the site where ligands bind in ASK 1 and the = with partial atomic charge were set to a scaling factor of
basis used for this was the site where the ligand was crys- 1.0 and partial cutoff of 0.25 to soften the potential for
tallized with the protein of interest (ASK 1) (4BHN), and  nonpolar parts of the receptor.

this was used to assign the grid box for ligand binding
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Table 3 S. mombin promising phytochemicals and 5-fluorouracil binding free energy against ASK-1

Compound name AGBind? AGBind® Coulomb AG Bind€ Solv GB AGBind® Lipo AGBind® H-bond
Uvaretin -91.21 —43.16 38.76 —3761 —248
Isoquercitrin — 7254 — 2437 27.81 -376 —145
Rutin - 60.99 — 284 31.95 -31.26 —-1.21
Ellagic acid - 7267 — 1549 16.65 -3091 - 144
Quercetin - 64.87 — 2899 28.13 —29.38 211
(-)-Catechin -62.16 —23.59 26.06 —3023 —1.01
Tangeretin —65.69 —-17.21 15.87 - 3362 —0.66
Linalool —75.68 —2015 22.85 —46.61 -0383
Acetyl eugenol -59.17 -834 13.25 —33.55 —-0.24
D-Sorbitol -60.78 -78 1043 -3022 - 025
5-Fluorouracil —338 —12.66 7 -825 -05

2 MM-GBSA free energy (kcal/mol) of binding

b Contribution to the MM-GBSA free energy of binding (kcal/mol) from the Coulomb energy

€ Contribution to the MM-GBSA free energy of binding (kcal/mol) from solvent binding

d Contribution to the MM-GBSA free energy of binding (kcal/mol) from lipophilic binding

€ Contribution to the MM-GBSA free energy of binding (kcal/mol) from hydrogen bonding

Molecular docking study

Ligands were docked with the glide standard precision
(SP) docking initially, through the receptor grid file gen-
erated. The extra-precision (XP) docking was carried out
to get more precise ligand poses, and this was done with
the phytochemicals with the highest SP docking score
[43]. Its scoring function is more accurate, sophisticated,
and reliable when compared to SP.

MM-GBSA free energy calculation

Binding free energy was used to evaluate how stable
the complex formed was so as to determine if the phy-
tochemicals of S mombin with high docking score could
block the ASK 1 activity. To solve for the binding free
energy of compounds from S. mombin and ASK 1 com-
plex, the Prime MM-GBSA was employed and this is
based on the machinery embedded with Prime (2018)
using OPLS3e force field and VSGB solvation model
while setting every other thing to default, which then
does the estimation of the difference in energy between
the unbind and the bound Ask 1 complex after the energy
minimization step, using the calculation for binding
energy as previously described by [44].

Induced fit docking

To predict the affinity of the inhibitory phytochemicals of
S. mombin to the prepared ASK 1 protein (4BHN) accu-
rately, induced fit docking was carried out. Induced fit
docking is a feature in the Glide/Refinement module in
prime, and it is a computational tool that can reveal the
conformational changes that occur as a result of ligands
binding to the active site of a target protein receptor [45].

Phytochemicals of S mombin bioactivities predicted

by QSAR modeling

The phytochemicals of S. mombin that have bioactivi-
ties that can inhibit ASK 1 were downloaded from the
CHEMBL  database  https://www.ebi.ac.uk/chembl/.
The phytochemicals alongside their inhibition constant
(pIC50) were visualized using a text editor. AutoQSAR is
a computational modeling tool that is embedded in the
Schrodinger suite, it is an automated technology that
assembles and employs the QSAR model, and this was
used to develop the quantitative structure—activity rela-
tionship (QSAR) model which was eventually used to
select the most favorable bioactive phytochemicals [46].
The structural data of S. mombin structure as the case
may be along with its ADME properties are the input
for AutoQSAR. It is an in silico method that enumerates
unique fingerprints and descriptors. Ranking score, root-
mean-square error (RMSE), standard deviation (SD), Q?,
and R? values are the calculations done after QSAR pre-
dictions [47].

Molecular dynamics

To evaluate the stability and viability of the predicted
binding poses and interactions, molecular dynamics
(MD) simulations were performed on the selected com-
plexes [48-50]. Before initiating the MD simulations,
the systems were prepared using the Preparation Wiz-
ard, which included deleting water molecules, adding
hydrogen atoms, assigning bonds, performing energy
minimization, and optimizing the structure of the com-
plexes to ensure accurate simulation conditions [51]. The
complexes were solvated and ionized in an orthorhombic
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Fig. 3 Binding pose of uvaretin with apoptosis signal-regulating kinase 1 (ASK1) showing critical amino acid interaction within the protein’s active

site in 3D and 2D

box. TIP3P water molecules were used for solvation,
while sodium and chloride ions were added to neutral-
ize the systems. The prepared systems were equilibrated
to stabilize them before running the MD simulations,
ensuring that the environment was physiologically rel-
evant for accurate interaction simulation [52, 53].

Using Desmond software, the MD simulations
were first run for 1 ns under NVT conditions, fol-
lowed by 100 ns under NPT conditions (T=300 K,
P=1.01325 bar). The Nose—Hoover chain thermostat
was applied to maintain temperature, while the Mar-
tyna—Tobias—Klein barostat was used to regulate pres-
sure during the NPT simulations [54]. Parameters such
as root-mean-square deviation (RMSD) and root-mean-
square fluctuation (RMSF) were calculated throughout

the entire simulation to assess the deviation and fluctua-
tion of the protein. These values were plotted to visualize
the stability of the system. Additionally, protein—ligand
interactions were analyzed using contact histograms
and timelines to evaluate the viability and strength of the
resulting interactions [55]. In addition, ligand properties
such as radius of gyration (Rg), solvent-accessible sur-
face area (SASA), molecular surface area (MolSA), polar
surface area (PSA), and intramolecular hydrogen bonds
(intra HB) were also calculated to further assess the
structural stability and interaction behavior of the ligands
during the simulation.
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Results

To identify the active compounds of S. mombin, the iso-
lated compounds were first docked into the ASK-1 active
site using standard precision. This led to the use of extra-
precision (XP), a more accurate docking method [56].
These computational screenings of Spondias mombin
compounds against ASK-1 implicated in colorectal can-
cer disease gave rise to ten [10] promising compounds.
The ten promising compounds include uvaretin, rutin,
isoquercitrin, ellagic acid, quercetin, linalool, acetyl euge-
nol, tangeretin catechin, and D-sorbitol; their 2D struc-
ture is displayed in Fig. 2, uvaretin had the most favorable
docking score of — 11.328 kcal/mol; next in the docking
score ranking are isoquercitrin and Rutin (— 10.991 kcal/
mol and — 10.387 kcal/mol), respectively, compared to a
reference ligand (5-Florouracil) with — 0.5.737 kcal/mol
(Table 1). The induced fit docking analysis which further
validates binding affinity of compounds to target revealed

these compounds varying favorable scores better than
5-fluorouracil (standard drug) as shown in Table 1.

Table 2 depicts the 10 promising S. mombin com-
pounds ADME and draggability properties, which
included the molecular weight, Lipinski rule of 5 (RO5),
as predicted by QikProp.

To confirm the binding stability and binding energy
of the 10 promising compounds on active site of the
target protein(ASK-1), prime MM-GBSA calculations
was carried out [57]. The ten [10] natural products and
ASK-1 complex were favorably stable with binding free
energy (AGBind) scores which ranges from — 91.21 to
— 60.78 kcal/mol in Table 3.

The binding poses of ASK-1 as shown in 2D and
3D (Figs. 3,4, 5, 6, 7, 8, 9, 10, 11, 12 and 13) contain a
range of amino acids, each of which interacts differently
with the 10 hit phytochemicals and the reference ligand
(5-fluorouracil) (Table 1). Hydrophobic interactions, pi—
pi stacking, and H-bonding are a few examples of these
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interactions as shown in the legend of Figs. 3,4, 5, 6,7, 8,
9,10,11, 12 and 13.

The AutoQSAR tool randomly splits the experimen-
tal compounds into 75% training set and 25% test set
and predicted activity of experimental compounds and
observed activity by predicted model. The model was
designed by using a non-linear method called kernel
partial least square regression (KPLS) with fingerprint
MOLPRINT2D used as a descriptor, with analysis of
the best model kpls_desc_36 predicted by AUTOQSAR.
Table 4 depicts QSAR model constructing parameters; R>
of 0.8032; root-mean-square error (RMSE) of 0.5696; and
Q* of 0.8028. The promising bioactive phytochemicals
of S. mombin and its corresponding docking score and
inhibitory values (pIC50) against ASK 1 as determined by
QSAR models are also shown in Table 5. The AutoQSAR

correlated the observed and anticipated pIC50 in a
regression plot (Fig. 14).

Molecular dynamics simulations were conducted for
the promising complexes. However, only the RMSD
values of ellagic acid and catechin remained stable
throughout the entire simulation period, indicating
that no significant structural changes occurred in the
receptor. This stability suggests that the binding of
the ligands did not induce any major conformational
shifts in the protein, which supports the robustness
and reliability of the protein-ligand complexes. The
calculated RMSD and RMSF parameters for the best
two complexes, ellagic acid and catechin, are plotted
in Figs. 15, 16 and 17 to facilitate the analysis of struc-
tural changes in the complexes throughout the simu-
lation period. Figure 15 displays the RMSD profiles of
the protein complexed with both selected compounds,
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ellagic acid and catechin. The RMSD of the ligands in
both complexes was also calculated (Fig. 16), revealing
significant deviations, with RMSD values reaching 6 A
for catechin and 9 A for ellagic acid. Additionally, the
RMSF plot for the protein in both complexes showed
minor fluctuations across most residues, except for
Leu670, which exhibited a significant fluctuation of
5 A, and Glu746, which displayed a moderate fluctua-
tion of 3 A (Fig. 17). The simulated complexes revealed
the persistence of multiple interactions, includ-
ing hydrophobic, hydrogen, and ionic bonds, as well
as water bridges (Fig. 18). In the ellagic acid-4HBN
complex, strong hydrogen bonds were observed with
Glu672 and Asp699, along with three hydrophobic
interactions involving Tyr673, Phe744, and Phe753.
Additionally, water bridges were detected, highlighting
further stabilization. In contrast, the catechin-4hbn

complex displayed robust interactions, including
hydrogen bonds with Leu670 and Glu746, as well as
hydrophobic interactions with Leu671, Phe744, and
Phe753. Water bridges involving Leu741, Leu670, and
Leu671 were also detected.

During the simulation, various parameters were
calculated and are illustrated in Fig. 19 to assess the
structural changes associated with the ligands.

Discussion

Studies of colorectal cancer have become very popular
but the therapeutic treatment is still very much limited as
the death rate keeps increasing [58]. The available treat-
ment for colorectal cancer is radio and chemotherapy
alongside drugs like 5-fluorouracil, which has proven to
generate reactive oxygen species which is detrimental to
the health and leads to damage of the DNA which makes
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the treatment less effective [59], so there is a rising need
for treatment with natural products such as plants sec-
ondary metabolites [60].

Conformational changes that occur when nascent dis-
covered phytochemicals bind at the active site of target
proteins leading to activation and deactivation of the
activity the target can be determined using molecular
computational modeling methods [61]. High negative
value in terms of docking score shows most favora-
ble interaction of ligand—protein complex [62]. In this

study, the docking score of the 10 promising S mombin
phytochemicals ranges from — 11.328 and — 6.434 kcal/
mol compared to a reference ligand (5-Florouracil) with
— 0.5.737 kcal/mol highlighting their potential as inhib-
itors for the target protein in the treatment of colorec-
tal cancer.

Pharmacokinetics profile screening of plants second-
ary metabolites helps to screen out undruggable mol-
ecules and helps to overcome a hurdle in drugs discovery
clinical trials stage [63, 64]. Druggability is a qualitative
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measure of oral bioavailability that is determined by
chemical structures and physicochemical features.
The RO5 and percentage human oral absorption were
adopted to predict the draggability of the promising phy-
tocompounds as shown in Table 2. It may be concluded
from the results that the majority of the substances,
including D-sorbitol, acetyl eugenol, tangeretin (-)-cat-
echin, ellagic acid, quercetin, linalool, and isoquercitrin,
did not break Lipinski’s rule of five and could be consid-
ered as orally absorbed agents. However, rutin and uvare-
tin violated the rule and may mostly be due to their high

molecular weight. Since oral absorption of these two
inhibitors may not be the best choice, alternative routes
of absorption may be considered.

Coulomb interaction, covalent bond, lipophilic energy,
and hydrogen bond energy from the MM-GBSA result
contributed primarily to the binding free energy and
thereby enhancing the activity of promising compounds
to ASK-1 active site [65]. The more negative the values,
the better the binding free energy and stability of the
ligand in the active site of the target, Table 3 shows that
uvaretin 1 binding to ASK-1 active site is the most stable,
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while acetyl eugenol 1 interaction with ASK 1 active site
is the lease stable.

The 2D structure (Figs. 3, 4, 5, 6,7, 8, 9, 10, 11, 12 and
13) showing the binding pose of each hit ligand with ASK
1 had common amino acid residues which are as follows
LEU670, LEU671, GLU672, TYR673, TYR675. PHE753,
LYS751, ASN747, and PHE744. The post-docking analy-
sis showed that uvaretin 1 formed one hydrogen bond
with SER701, and rutin formed one hydrogen bond with
LYS751. Ellagic acid formed three hydrogen bonds with
LYS751, TYR673, and LEU671, and quercetin formed
one hydrogen bond with TYR673. Isoquercitrin, ellagic
acid, and tangeretin formed pi—pi stacking with TYR673
and tangeretin formed additional pi—pi stacking with
PHE753, all of which facilitates the binding affinity and
stability of each compound in the active site of the pro-
tein. All the promising compounds showed a very mod-
erate pIC50 values as shown in Table 3, showing that they
have the highest inhibitory effect of ASK-1.

The RMSD values remained stable throughout the
entire simulation period, indicating that no significant
structural changes occurred in the receptor. This stability

suggests that the binding of the ligands did not induce
any major conformational shifts in the protein, which
supports the robustness and reliability of the protein—
ligand complexes. These higher RMSD values indicate
considerable movement of the ligands within the bind-
ing site over the course of the simulation. Such deviations
suggest that the ligands may not have remained firmly
anchored in a single binding pose, potentially exploring
multiple orientations or conformations within the bind-
ing pocket. This could imply flexibility in the ligand—
receptor interactions, which may influence the overall
binding stability.

The fluctuations in the RMSF plot could be attributed
to interactions between the ligands and these specific res-
idues, suggesting that the binding of the ligands may have
induced localized flexibility or movement in the protein
structure, particularly in these regions. The higher fluc-
tuation at Leu670 might indicate a more dynamic inter-
action, while the moderate fluctuation at Glu746 suggests
a less pronounced, but still notable, effect of the ligand
binding.
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Table 4 AUTOQSAR parameter corresponding to foremost

model
Model code Score sD R? RMSE Q?
kpls_desc_36 0798532  0.5864 08032 05696  0.8028

Table 5 Promising compounds of S. mombin with their
corresponding docking scores and inhibitory values (predicted
PIC50)

Compounds name Docking score (kcal/ Predicted pIC50

mol)

Uvaretin -11.328 531
Isoquercitrin —10.991 4.56
Rutin —10.387 545
Ellagic acid —9.384 345
Quercetin — 8.686 36
(-)-Catechin —-8017 383
Tangeretin —7.943 4.29
Acetyl eugenol - 649 4.32
Linalool —6.941 4.37
D-Sorbitol — 6434 5.16
5-Fluorouracil —5.737 3333

The protein-ligand interactions suggest that both
ligands form a network of stable contacts with key resi-
dues, contributing to the overall stability of the com-
plexes throughout the simulation. These interactions
were consistently observed in both the timeline and the
protein-ligand contact histogram.

For catechin, the radius of gyration initially started
at 3.8 A in the first 25 ns, decreasing slightly to 3.75 A,
where it remained until the end of the simulation. This
gradual reduction suggests a minor compaction in cat-
echin’s structure, stabilizing over time. The molecular
surface area stayed around 256 A% indicating a consistent
overall molecular exposure. Similarly, the polar surface

(2025) 26:5
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area remained steady at 247 A2 reflecting stable polar
interactions throughout the simulation. The solvent-
accessible surface area displayed fluctuations between
60 and 180 A2 indicating that catechin’s interactions
with the surrounding solvent varied. These fluctuations
likely resulted from conformational changes and dynamic
interactions with the environment due to the flexibility of
the catechin molecule.

For ellagic acid, all parameters demonstrated stability
over the course of the simulation. The Rg stabilized at
3.27 A, suggesting a compact and consistent structure.
The MolSA remained stable at 231 A% indicating that the
overall molecular exposure did not change significantly.
The SASA stabilized around 170 A% suggesting limited
fluctuations in solvent interactions. The PSA remained
at 304 A2 reflecting a consistent exposure of the polar
regions, which likely contributed to stable interactions
with the solvent throughout the simulation. Finally, no
intramolecular hydrogen bonds were detected for both
systems.

The MD simulation demonstrated that catechin
underwent minor structural adjustments, while ellagic
acid exhibited greater structural stability. Both ligands
maintained consistent surface properties, with catechin
showing dynamic solvent interactions and ellagic acid
remaining more structurally rigid.

Conclusion

The 10 potential compounds in this present investiga-
tion meet improved criteria as an ASK-1 inhibitor. All
except rutin and uvaretin, in which another route of
absorption should be used, have favorable oral absorp-
tion in humans. They demonstrated good docking
scores compared to 5-fluorouracil and exhibit outstand-
ing characteristics as potential drug candidates. However,
Molecular Dynamic simulation drug further validated
catechin and ellagic acid. We therefore, propose future
in vivo and in vitro studies with these promising com-
pounds to further prove their inhibitory activities of
ASK-1.
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