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Abstract

Morinda citrifolia is a traditional plant used in Asian and African countries for its wide nutraceutical and therapeutic effects
for the treatment of various ailments. The fruit of M. citrifolia has various biological properties such as anti-bacterial, anti-
oxidant, anti-cancer. Using the molecular docking based investigation; we explored around twenty three bioactive phyto-
chemicals in M. citrifolia fruit against human cancer. MAPK6 (mitogen-activated protein kinase 6) was selected as target
protein and these twenty three phytochemicals along with a known MAPKG6 inhibitor were docked against the target protein.
The docking scores of the bioactive phytochemicals against MAPKG6 protein range between — 4.5 kcal/mol to —7.9 kcal/
mol and the docking score of the standard drug (CID: 447077) was — 7.3 kcal/mol. Based on the binding affinity five phy-
tochemicals asperuloside (— 6.7 kcal/mol), asperulosidic acid (— 7.2 kcal/mol), deacetylasperulosidic acid (— 7.0 kcal/mol),
eugenol (— 6.8 kcal/mol) and rutin (— 7.9 kcal/mol) were chosen for further evaluation. These five compounds were further
investigated through RC plot analysis, density function theory and ADMET properties. Stable linkage of protein—ligand
interaction was observed through RC plot, density function theory showed the structural stability and reactivity of bioactive
compounds through the energy gap between HOMO and LUMO and the ADMET (adsorption, distribution, metabolism,
excretion and toxicity) studies showed the safety profile of the bioactive compounds. These in silico results support the uti-
lization of M. citrifolia fruit in the traditional medication and the initiation for the development of new drug against human
cancer through in vivo and in vitro evaluation.
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Introduction

Cancer is characterized as an unregulated cell or tissue
development that might spread to different parts of the body.
It is the second most prominent reason for mortality in the
world, behind cardiovascular illnesses and the number of
cases keeps on rising day by day (Mallath et al. 2014). Glob-
ally, 19.30 million new cancer cases and 10 million can-
cer deaths were reported by GLOBOCON 2020 (Erratum:
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Global Cancer Statistics 2018, 2020). A range of modifiable
wellbeing ways of behaving for example, simple carbohy-
drate diet and high fat, irregular dietary patterns as well as
poor physical work adds to the unexpected ascent in cancer
incidences (Kushi et al. 2010). Previous reports have shown
that the sedentary lifestyle and dysregulated nutrition are
major contributors to the redox process in cells, resulting
in unintended by-products such as reactive oxygen species
(ROS), DNA reactive aldehyde and reactive nitrogen spe-
cies (RNS) (Perse 2014; Ren et al. 2018; Viswanathan et al.
2022). ROS is an inevitable byproduct of mitochondrial oxi-
dative phosphorylation (Palmeira et al. 2019) that has both
beneficial and detrimental effects. ROS regulates cell cycle,
differentiation, proliferation and migration at low concentra-
tion and damage nucleic acids, lipids, proteins, membranes
and organelles at higher concentration and also diminishes
cell viability and cause apoptosis (Nordberg and Arnér 2001;
Ganesan et al. 2018). Antioxidant prevention mechanisms
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neutralize production of reactive oxygen species (ROS).
Cells and tissues were protected from oxidative stress and
toxins by detoxifying and antioxidant enzymes (Sachdev
et al. 2021) and ROS scavenging was accomplished by
oxidative stress sensitive genes by secreting antioxidant
enzymes (Mates 2000). Down regulation of cellular anti-
oxidant pathways and enzyme systems was caused due to
the increases level of intracellular ROS that leads to malig-
nant transformation through different molecular targets like
nuclear factor erythroid-2-related factor 2 (Nrf2), nuclear
factor-B (NF-B), phosphoinositide 3-kinase (PI3K), Kelch-
like ECH-associated protein 1 (Keapl) and mitogen-acti-
vated protein kinases (MAPKSs) (Xiao et al. 2013). MAPKs
are a class of threonine or serine protein kinases that execute
significant role in controlling extracellular signaling into a
broad range of cellular processes (Roux and Blenis 2004).
Depending upon their functions and structure, they are
divided into atypical and conventional MAPKs. Atypical
MAPKSs like extracellular signal-regulated kinase (ERK) 3/4
and ERK 7/8 and conventional MAPKSs are p38 isoforms
(o, B, v, and &) and ERK 1/2 (Cargnello and Roux 2011).
The ERK 1/2 AND p38 MAPK pathways have been desig-
nated by various medications to fight the different types of
malignant growth with some clinical achievement. When
compared to conventional ERK 1/2 MAPKs, consider-
ably less work has been investigated on ERK3, otherwise
called MAPK®6 signaling (Alsaran 2016). The ERK3 play
a vital physiological function together with pulmonary dif-
ferentiation, angiogenesis and T cell activation. Moreover,
MAPKG6 has been interfacing a series of signaling cascades
and assume a significant role in the progression and inva-
siveness of certain kinds of carcinomas. Both in normal and
tumorigenic cells, MAPKG6 is essential for the creation of
many cellular factors including interleukin-8 (IL-8) (Bogu-
cka et al. 2020). MAPKG6 is generally expressed protein in
all tissues with highest expression levels detected in brain,
skeletal muscle and gastrointestinal tract (Long et al. 2012).

Therapeutic plants produce different sorts of bioactive
compounds, making them sources of various kinds of pos-
sible medications (Walton and Brown 1999; Ghasemzadeh
et al. 2010). Indeed, therapeutic plants are a significant
legacy for mankind and specifically, for most of poor com-
munities in developing nations who rely upon them for their
essential medical needs and livelihoods (Salhi et al. 2010).
This isn't simply because of the low economic resources
of the populaces in these nations that limit the purchase of
drugs, yet in addition the ineffectiveness of a few synthetic
drugs (Conlon et al. 2003). Therefore, various plants are
great sources of therapeutic agents and are customarily
utilized for various purposes, including medicines against
virus, bacteria and fungi (Bessong et al. 2006). Morinda
citrifolia is one of the therapeutic plants with wide nutra-
ceutical properties and known for its therapeutic qualities
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beginning around 2000 years in Asia and Australia (Whistler
1985). It is type of subtropical and tropical plant widely
seen on the Pacific islands and has been utilized to treat
around 2000 diseases (McClatchey 2002). It is also utilized
as anti-bacterial, anti-inflammatory, anti-fungal, analgesic,
anti-parasitic and anti-cancer (Calzuola et al. 2006; Wang
et al. 2002; Jasril et al. 2003; Pawlus et al. 2005; Potterat
and Hamburger 2007; Ruksilp et al. 2011). In USA the fruit
juice of M. citrifolia is marketed as a dietary supplement
under the name “Noni” (Phakhodee 2012). In Benin this
plant was recently introduced for the treatment of urinary
tract infection, cough, tuberculosis, skin infection, etc. Fresh
or Fermented natural pure juice from fruit without addi-
tion of water are often used. There is very little evidence
supporting the medicinal values of M. citrifolia fruit. Thus,
this study was focused to do the phytochemicals screening
and to evaluate the anti-cancer activity of M. citrifolia fruit
using molecular docking approach against appropriate can-
cer receptor protein MAPKG6 and drug-likeness evaluation
based on ADMET (absorption, distribution, metabolism,
excretion, and toxicity) properties of selected bioactive
phytochemicals.

Methodology
Protein retrieval and preparation

The X-ray crystallographic structure of MAPK®6 protein
(PDB ID: 7AQB) was retrieved from RCSB Protein Data
Bank (PDB: http://www.rcsb.org/pdb) (Berman et al. 2000).
Prior to docking, the protein was prepared by adding the
missed residues using Swiss-PDB viewer v4.1.0. Then by
using BIOVIA Discovery studio v4.0 software (Accelrys
Software Inc., San Diego, CA, USA) to remove existing
ligands and water molecules and was saved in “.pdb” format,
that was used for molecular docking analysis.

Active compounds retrieval

We found that around 23 bioactive phytochemicals were
found in M. citrifolia fruit from Dr. Duke’s Phytochemical
and Ethnobotanical database (https://phytochem.nal.usda.
gov). The 3D structures of these twenty three bioactive
compounds and a known MAPKG6 inhibitor (CID: 447077)
were retrieved from PubChem database (https://pubchem.
ncbi.nlm.nih.gov/) (Mohanraj et al. 2018).

Active site identification
Active site or binding site in the target protein is a particular

site on a protein that allows the ligand to attach and execute a
reaction. The active site of the target protein MAPK6 (PDB
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ID: 7AQB) was identified and validated using CASTp (Com-
puted Atlas of Surface Topography of proteins) online web
tool (http://sts.bioe.uic.edu/castp/index.html?3trg). This pro-
gram aids us in comprehending all active sections as well
as necessary information for the target protein. It utilizes
PDB or Job ID in the case of uploading the prepared target
structure. On the processing, numerous pockets get appear
and the ideal pocket was determined using the total area and
the volume of active regions present within target structure.

Molecular docking

Molecular docking is a widely used computational tech-
nique in the process of drug design. PyRx 0.8 free avail-
able software was used to accomplish the docking analysis
(Dallakyan et al. 2015). The bioactive phytochemicals were
the ligand molecules and the protein of target was MAPK6
(PDB ID: 7AQB). Initially, selected five ligand molecules
along with the standard drug (CID: 447077) were imported
in the graphical window. Then all the ligands were mini-
mized and converted to “.pdbqt” format. The target protein
was then loaded and made as macromolecules and converted
into “.pdbqt” format. The grid box was built at the binding
pockets and the docking was performed. Finally, the results
were analyzed and saved in “.csv” format. From the PyRx
results, the best five compounds (asperuloside, asperulo-
sidic acid, deacetylasperulosidic acid, eugenol and rutin)
with high docking scores were selected. The output files of
docked ligand molecules and the target protein were loaded
on BIOVIA Discovery studio v4.0 tool. The type of bond
interactions, number of hydrogen bonds and bond distances
were analyzed. The complex and interaction images of pro-
tein with ligand both in 2D and 3D were also obtained using
Discovery studio. Then the Ramachandran plot (RC plot)
was built through the chart option in discovery studio and
the position of interacted amino residues in the RC plot was
evaluated.

ADMET evaluation

The physiochemical, absorption, distribution, metabolism,
excretion, and toxicity model analysis of selected bioactive
compounds with the top binding scores based on molecu-
lar docking results were evaluated using pkCSM (http://
biosig.unimelb.edu.au/pkcsm/prediction) online tool. The
canonical SMILES used for study of these compounds were
retrieved from PubChem online database (https://pubchem.
ncbi.nlm.nih.gov) (Wang et al. 2019).

Density function theory

In a pharmacological activity of a drug-like molecule elec-
tronic effect plays a vital role. Density function theory

(DFT) is a significant theory for analyzing the electronic
states of solids, molecules and atoms through three-dimen-
sional electronic density system (Novena et al. 2022). DFT
helps for quantitative understanding of molecules through
fundamental laws of quantum chemicals. In this present
study, the selected phytochemicals with top binding scores
through molecular docking were performed using Gauss-
ian 09 W Program. The DFT/B3LYP technique with the
6-311++ G(d,p) basis set was used to optimize the molecu-
lar structure of the selected bioactive compounds. Frontier
molecular orbitals (FMO) energies LUMO (lowest unoccu-
pied molecular orbital), HOMO (highest occupied molecular
orbital) and their energy gap (LUMO-HOMO) was calcu-
lated for the selected bioactive compounds.

Results
Active site prediction

Active site regions of the target protein MAPK6 was ana-
lyzed through CASTp online tool. From the CASTp results
the most ideal active site region with their active pock-
ets were analyzed. Even though the active site regions of
the MAPK6 was known, the CASTp helps to cover more
potential pockets in the active regions of the target protein
MAPKG6 through their ideal scores. The results of CASTp
shows the number of ideal pockets and the chains present in
the active regions of the target protein. In the target protein
MAPKG6, the residues present in chain A was analyzed to
be in the active regions. The total of 17 pockets were pre-
dicted using CASTp, out of which an ideal pocket contain-
ing the area of 18,318.8 SA was selected as an active region
(Fig. 1a) which has the following residues of A_108, A_109,
A_110, A_111, A_112, A_113, A_114, A_156, A_159,
A_169, A_170, A_171, A_172, A_26, A_31, A_34, A_35,
A_47,A_49,A_65, A_69, A_T78, A_80. The Fig. 1b denotes
the various sequences which contribute to the formation of
active site in those specific regions. These residues were
chosen and used for selective docking based on which the
interaction profile can be analyzed. These active site regions
of the target protein MAPK6 was utilized during the process
of molecular docking. By utilizing these active site regions
the grid box was made in the target protein for the ligand to
be docked. By docking at active regions the binding affin-
ity may be stronger and docking scores will be better for
ligands.

Molecular docking analysis
The molecular docking was performed to analyze the bind-

ing capability of twenty three bioactive phytochemicals
against the target protein MAPKG6. In this study, a standard
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IRNDMTEPHKPLTQLLPGISREAVDFLEQILTFSPMDRLTAE

EALSHPYMSIYSF

(B)

Fig. 1 Predicted active site region of target protein MAPK6. A Active site region of MAPK6. B Sequence involved in formation of active site in

MAPKG6

MAPKG6 inhibitor (CID: 447077) was utilized as a control,
due to the previously reported inhibitory potential against
Bcer-Abl-dependent cell growth in various cell lines with
IC50 values ranges from 2 to 35 nM (Wisniewski et al.
2002). The binding affinity of the bioactive phytochemicals
was found to be scattered from range of —4.5 to — 7.9 kcal/
mol and the binding scores of the twenty three bioactive
phytochemicals along with the standard MAPK®6 inhibi-
tor was shown in Table 1. Five bioactive compounds were
shown to have high binding energy (> — 6.5 kcal/mol) with
the target protein MAPK®6. The top five bioactive com-
pounds Asperuloside (— 6.7 kcal/mol), Asperulosidic acid
(—7.2 kcal/mol), Deacetylasperulosidic acid (— 7.0 kcal/
mol), Eugenol (— 6.8 kcal/mol) and Rutin (—7.9 kcal/mol)
were selected for future evaluation based on their binding
affinity at the active site of target protein MAPK6. The low-
est binding affinity was found with the phytochemical Cap-
roic acid with the binding score of —4.5 kcal/mol. Also, the
docking score of known MAPK®6 inhibitor was — 7.3 kcal/
mol, whereas the bioactive compound rutin showed better
binding affinity when compared to the standard and Aspe-
rulosidic acid (—7.2 kcal/mol), Deacetylasperulosidic acid
(—7.0 kcal/mol) has shown good binding affinity similar to
known MAPKG6 inhibitor. These lead bioactive compounds,
which has strong bonding and good docking scores as com-
pared to reference drug. Therefore these lead molecules
could be used as an antagonist of the target protein MAPK6
to prevent cancer. These docking scores of the bioactive phy-
tochemicals with the target protein showed binding potential
of phytochemicals against targeted cancer protein MAPK6
(Table 2).

It was observed that compound asperuloside (CID:
84298) formed one (1) donor conventional hydrogen bond
interaction with MET111 at bond distance 2.40305 A and
two (2) acceptor carbon hydrogen bond interactions with
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Table 1 Binding affinity of bioactive phytochemicals of Morinda cit-
rifolia fruit with MAPK6

S.no. PubChem CID Phytochemicals Binding
affinity
(Kcal/mol)
1 84298 Asperuloside —-6.7
2 11968867 Asperulosidic acid -72
3 243 Benzoic acid -5.8
4 244 Benzyl alcohol -5.7
5 5280489 Beta carotene -6.3
6 8892 Caproic acid —-4.5
7 379 Caprylic acid -5.0
8 12315350 Deacetylasperulosidic acid —7.0
9 2969 Decanoic acid -5.1
10 637517 Elaidic acid -5.0
11 12366 Ethyl Palmitate -4.38
12 3314 Eugenol -6.8
13 5793 Glucose -52
14 8892 Hexanoic acid —4.7
15 3893 Lauric acid -5.1
16 22311 Limonene -6.5
17 5280450 Linoleic acid -5.2
18 11005 Mpyristic acid —-4.7
19 17249752 Nananoic acid -5.0
20 379 Octanoic acid -5.2
21 985 Palmitic acid —-4.8
22 5280805 Rutin -79
23 5280460 Scopoletin -6.5
24 447077 Known MAPKG6 inhibitor  —7.3

amino residues GLU112 and ASP114 with 3.02657 A
and 3.5938 A bond distances. Asperulosidic acid (CID:
11968867) with target protein MAPK6 formed one (1)
donor and three (3) acceptor conventional hydrogen bond
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Table 2 List of amino acid

5 Compounds (CID) Residues Amino acid Bond category
residues and bond category
between selected five bioactive Asperuloside (CID: 84298) 111 MET Hydrogen bond
compounds against MAPK6 112 GLU Hydrogen bond
114 ASP Hydrogen bond
Asperulosidic acid (CID: 11968867) 108 GLN Hydrogen bond
112 GLU Hydrogen bond
114 ASP Hydrogen bond
114 ASP Hydrogen bond
113 THR Hydrogen bond
Deacetylasperulosidic acid (CID: 12315350) 111 MET Hydrogen bond
111 MET Hydrogen bond
109 GLU Hydrogen bond
171 ASP Hydrogen bond
156 ALA Hydrogen bond
Eugenol (CID: 3314) 108 GLN Hydrogen bond
171 ASP Hydrogen bond
159 PHE Hydrophobic
26 LEU Hydrophobic
47 ALA Hydrophobic
34 VAL Hydrophobic
34 VAL Hydrophobic
110 TYR Hydrophobic
159 PHE Hydrophobic
47 ALA Hydrophobic
78 VAL Hydrophobic
Rutin (CID: 5280805) 31 ASN Hydrogen bond
31 ASN Hydrogen bond
49 LYS Hydrogen bond
50 LYS Hydrogen bond
171 ASP Electrostatic
61 HIS Hydrophobic
34 VAL Hydrophobic
34 VAL Hydrophobic

interactions with GLU108, GLU112, ASP114 (2) at 2.00682
A, 2.88175 A, 2.57924 A and 2.38571 A bond distances
and one (1) carbon hydrogen bond interaction with THR113
at 3.59702 A. Target protein MAPK6 with our compound
deacetylasperulosidic acid (CID: 12315350) formed two
(2) donor conventional hydrogen bond interactions with
METI111 (2) at 2.34431 A and 2.25824 A distances and three
(3) acceptor hydrogen bond interactions with amino acid
residues GLU109, ASP171 and ALA156 at bond distances
2.07156, 2.47858 and 2.60879 A, respectively. Our com-
pound Eugenol (CID: 3314) with MAPKG6 formed one (1)
donor conventional hydrogen bond interaction with GLN108
at 2.87334 A and one (1) acceptor carbon hydrogen bond
interaction with ASP171 at 3.75442 A distance. Also Euge-
nol with MAPKG6 formed one (1) Pi-stacked, four (4) Alkyl
and four (4) Pi-alkyl hydrophobic bond interactions with
PHE159, LEU26, ALA47, VAL34 (2), TYR110, PHE159,

ALA47 and VAL 78 at 3.91126, 3.73834, 3.73348, 5.46227,
3.98096 A, 4.7341, 5.04285, 4.45872 and 5.35103 A bond
distances. For Rutin (CID: 5280805) it has been observed
three (3) donor conventional hydrogen bond interactions
with ASN31 (2) and LYS49 and one (1) acceptor conven-
tional hydrogen bond interaction with LYS50 at bond dis-
tances 2.12557, 2.43091, 2.2582 and 2.76755 A and three
(3) Pi-Alkyl hydrophobic bond interactions with HIS61 and
VAL34 (2) at 5.20239, 5.06848 A and 4.36038 A distances.
Other interaction includes one Pi-Anion electrostatic interac-
tion with amino residue ASP171 at bond distance 4.10825 A
(Figs. 2,3,4,5,6).

Ramachandran plot (RC plot) analysis

The Ramachandran plot, often known as the RC plot, is
used to depict the secondary structures of proteins using the
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A)

MET.
A:111

Fig. 2 Interaction of bioactive compound Asperuloside with MAPK6. A Complex structure. B 2D interaction

(A)

Fig. 3 Interaction of bioactive compound Asperulosidic acid with MAPK6. A Complex structure. B 2D interaction

amino acid dihedral angles ¢ and y. This assists in deter-
mining the amino acid rotations that may occur within that
protein. We can also evaluate the overall stability of the
bonded protein—ligand complex based on their ideal loca-
tion within the plot. According to the RC plot interpretation
against the protein—ligand complex, the plain white region
denotes the unfavorable rotations of the ¢ and y bonds in the
specific complex. The purple zone on the surface indicates
less favorable rotation limits, whereas the blue area denotes
more favorable rotation limits. The MAPK6-Asperuloside
complex possesses a bond rotation in a highly favorable
zone, according to the visualization in Fig. 7A. It is also
expected to contain a f-sheet as its bonded secondary struc-
ture, which will be combined with the right-handed o helix.
In comparing the MAPK6-Asperulosidic Acid complex in
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Fig. 7B, p-sheets were found in abundance in the highly
favorable zone, followed by a single right-handed a-helix
in conjunction as their secondary structure. On examining
the MAPK6-Deacetylasperulosidic acid complex shown in
Fig. 7C, a mixture of p-sheets with left and right-handed o
helix was discovered. Figure 7D, E show that  sheets and
few a-helix in the highly favorable zone have identical bond
rotations, indicating that the protein—ligand complex interac-
tion has a stable linkage based on the secondary structure
and its rotation prospective. Table S1 represents the per-
centage of alpha-helix and beta-sheet in the protein—ligand
interactions of the lead compounds. From table S1 it was
analyzed that in asperuloside and MAPKG6 interaction the
percentage of right-handed alpha helix was 50% and the
beta-sheet was 50%, in asperulosidic acid and MAPK6
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Fig.5 Interaction of bioactive compound Eugenol with MAPK6. A Complex structure. B 2D interaction

interaction the percentage of right-handed alpha-helix was
12.5% and beta-sheet was 87.5%, in deacetylasperulosidic
acid with MAPKG6 interaction the percentage of right-handed
alpha-helix was 25%, left-handed alpha-helix was 25% and
beta-sheet was 50%, in compound eugenol and MAPK6
interaction the percentage of right-handed alpha-helix was
12.5%, left-handed alpha helix was 12.5% and beta-sheet
was 75% and in rutin and MAPKG6 interaction the percentage
of right-handed alpha-helix was 28.6%, left-handed alpha-
helix was 14.3% and beta-sheet was 57.1% respectively.

Density function theory
The calculation of frontier molecular orbitals (FMOs)

determines by what means a molecule interacts with the
other species. The frontier molecular orbitals are the lowest

unoccupied molecular orbital (LUMO) and the highest
occupied molecular orbital (HOMO). The FMO meas-
urements deal records on the energy gap between LUMO
and the HOMO states. The LUMO is an electrophile that
receives electrons from the nucleophile, while the HOMO
is a nucleophile, which provides electrons (Prashanth et al.
2016; Zhuo et al. 2012). FMO can furthermore be used
to determine the stability of a molecule. A molecule with
a lower energy gap is understood to be softer because it
is extremely polarizable and has good chemical reactiv-
ity, whereas a molecule with a greater energy gap is said
to have worthy stability and high chemical hardness (Al-
Omary et al. 2015; Zochedh et al. 2022). The selected top
binding bioactive compound’s LUMO and HOMO energies,
energy gap, and related molecular factors were calculated by
using B3LYP method with a 6-311++G(d,p) basis set. The
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A

Fig. 6 Interaction of bioactive compound Rutin with MAPK6. A Complex structure. B 2D interaction

global reactivity descriptors, electron affinity (A), ioniza-
tion potential (I), chemical potential (u), electronegativity
(%), softness (S), global hardness (n) and electrophilicity
index (w) may be estimated using Koopmans' theorem and
the energies of HOMO and LUMO of the selected top bind-
ing bioactive compounds. Figure S1 to figure S5 depict the
FMOs plot of the selected top five bioactive compounds.
The calculated energy gap (AE =E; ym0 — Enomo) between
LUMO and HOMO of the selected bioactive molecules
has been calculated to be 5.816968 eV (Asperuloside),
5.31247 eV (Asperulosidic acid), 5.71274 eV (Deacety-
lasperulosidic acid), 5.41533 eV (Eugenol) and 4.79192 eV
(Rutin) respectively. Table 3 represents all of the results.
According to the Koopmans' theorem, negative energies of
HOMO and LUMO are ionization potential (I) and electron
affinity (A). I=—EHOMO; A =—ELUMO; Electronegativ-
ity () is defined by x = (I+ A)/2; chemical potential (u)
is a negative of electronegativity p= — (I+ A)/2; chemical
hardness () is defined by n=(I— A)/2; chemical softness
(S) was inverse of chemical hardness S = 1/n; electrophilicity
index of, ®= p2/2n; nucleophilicity (N) was inverse of elec-
trophilicity, N=1/w. The chemical potential and electron-
egativity are estimated from the values of I and A. Among
the five selected bioactive compounds, rutin showed less
energy gap that shows chemical reactivity of will be higher
when compared to other bioactive compounds, whereas the
asperuloside showed highest energy value that exhibits that
it possesses better strength and stability than other com-
pounds. The great stream of electrons in the middle of donor
(HOMO) and the acceptor (LUMO) brings about lowering
of energy considered to be electrophilicity index (Zochedh
et al. 2022) and the compound eugenol showed lowest elec-
trophilicity index of, ®=1.553336 eV and nucleophilicity
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index (N) was higher with the eugenol and lower with the
asperuloside.

ADME evaluation of selected bioactive compounds

The physiochemical properties or drug-likeness properties
of the selected bioactive phytochemicals were analyzed
through online tool pkCSM. The physiochemical proper-
ties were evaluated during the drug discovery to analyze
whether the lead molecule satisfies the Lipinski’s rule of
five. Lipinski’s rule of five was an important factor during
the development of oral drug discovery. The lead molecules
satisfying the Lipinski’s rule of five with violation or with
maximum of one violation can only be considered as oral
drug. The data in Table 4 revealed the result of physiochemi-
cal properties of selected phytochemicals. The drug-likeness
evaluation was done based on Lipinski’s Rule of Five. The
Lipinski’s rule states that molecular weight should be less
than 500; hydrogen bond donor and Log P value should
not exceed 5, hydrogen bond acceptor and rotatable bonds
should be 10 or less than 10. No more than one rule can
be violated. Rutin was found to have the highest molecular
weight of 610.521 g/mol, followed by asperuloside acid with
432.378 g/mol, asperuloside with 414.363 g/mol, deacety-
lasperulosidic acid with 390.341 g/mol and eugenol with
164.204 g/mol. Likewise, the surface area and lipophilicity
of the phytochemicals: Asperuloside, asperulosidic acid,
deacetylasperulosidic acid, eugenol and rutin are 164.608,
170.089, 152.878, 72.109 and 240.901 A% and —2.296,
—2.7759, —3.3467, 2.1293 and — 1.6871 respectively. The
compound eugenol does not violate any Lipinski’s rule.
The Lipinski’s rule of five was evaluated only for the oral
drugs; hence the cancer is treated by intravenous medica-
tion, the violation of Lipinski’s rule cannot be a big issue
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Table3 Calculated FMO,S and Parameters (eV) Asperuloside  Asperulosidic acid Deacetylasp-  Eugenol Rutin

related molecular pr.oper.tles erulosidic

values of selected bioactive acid

phytochemicals using

B3LYP/6—311++G (d,p) basis g —0.98804 —1.06069 —0.60055 —0.19265  —0.94423

set Exomo —6.805008 —6.37316 -6.31329 -5.60798  —5.73615
AELymo — Enomo) 5.816968 5.31247 5.71274 5.41533 4.79192
Electron affinity (A) 0.98804 1.06069 0.60055 0.19265 0.94423
Ionization potential (I) 6.805008 6.37316 6.31329 5.60798 5.73615
Chemical hardness (1)) 2.9084 2.656235 2.85637 2.707665 2.39596
Chemical potential (u) —3.896524 —3.716925 —3.45692 —2.900315 —3.34019
Electronegativity (x) 3.896524 3.716925 3.45692 2.900315 3.34019
Electrophilicity Index (w) 2.610181 2.600585 2.091868 1.553336 2.328267
Nucleophilicity (N) 0.3831152 0.384529 0.4780416 0.6437757  0.429504
Chemical softness (S) 0.343832 0.3764727 0.350095 0.369322 0.417369

Table 4 ADME eyaluation Descriptor Asperuloside  Asperulosidic acid Deacetylasp- Eugenol Rutin

of selected bioactive erulosidic

phytochemicals acid
Molecular weight (g/mol) 414.363 432.378 390.341 164.204 610.521
Lipophilicity (log P) —2.296 —2.7759 —3.3467 21293 -1.6871
No. of rotatable bonds 5 6 5 3 6
No. of acceptors 11 11 10 2 16
No. of donors 4 6 7 1 10
Surface area (A%) 164.608 170.089 152.878 72.109  240.901
Water solubility (log mol/L) -3.276 —2.529 —2.767 -225 -2.892
Caco2 permeability (log Papp)  0.383 -0.41 -0.54 1.559 -0.949
Human intestinal absorption (%) 51.524 14.878 0.139 92.041  23.446
Skin permeability (log Kp) —2.795 -2.735 -2.735 -2207 -2.735
P-glycoprotein substrate Yes Yes Yes No Yes
P-glycoprotein I inhibitor No No No No No
P-glycoprotein II inhibitor No No No No No
VDss (human) (log L/kg) -0.019 -0.26 -0.976 0.24 1.663
Fraction unbound (human) (Fu) 0.589 0.608 0.673 0.251 0.187
BBB permeability (log BB) —1.439 —1.58 —1.193 0.374 —1.899
CNS permeability (log PS) —3.789 -3.902 -3.913 —-2.007 -5.178
CYP2D6 substrate No No No No No
CYP3A4 substrate No No No No No
CYP1A2 inhibitor No No No Yes No
CYP2C19 inhibitor No No No No No
CYP2C9 inhibitor No No No No No
CYP2D6 inhibitor No No No No No
CYP3A4 inhibitor No No No No No
Total clearance (log ml/min/kg) 1.219 1.307 1.351 0.282 -0.369
Renal OCT2 substrate No No No No No

for cancer drugs. Our compound eugenol showed highest
water solubility of —2.25 and asperuloside showed the least
water solubility of —3.276. Also eugenol has the highest
Caco2 (Human colon adenocarcinoma-2) permeability of

@ Springer

1.559 and can easily absorbed by the Human intestinal cells
with 92.041% whereas; rutin has the lowest permeability
range of —0.949. All the phytochemicals except eugenol are
substrate of P-glycoprotein. None of the selected bioactive
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compounds are the inhibitor of P-glycoprotein I and P-glyco-
protein II. The steady state volume distribution (VDss) was
relatively low for all the phytochemicals except rutin. Rutin
showed VDss value of 1.663. The results also revealed that
deacetylasperulosidic acid showed highest unbound fraction
of human blood. Eugenol readily crosses Blood—Brain Bar-
rier (BBB) and Central Nervous System (CNS) whereas;
other phytochemicals have very poorly BBB permeability
and unable to penetrate CNS. All the selected compounds
were not CYP2D6 and CYP3A4 substrate. Also, all the
phytochemicals were not CYP1A2, CYP2C9, CYP2C19,
CYP2D6 and CYP3A4 inhibitor, except eugenol which
showed inhibition of CYP1A2. Deacetylasperulosidic acid
has the highest and rutin has the lowest total clearance value
of 1.351 and —0.369. None of the selected phytochemicals
is the renal organic transporter (OCT2) substrate.

Predicted toxicity values of selected phytochemicals

The toxicological profiles of all selected phytochemi-
cals were resulted in Table 5. All the phytochemicals has
no AMES toxicity (mutagenic potential against bacteria)
except eugenol. All the phytochemicals are not the inhibi-
tors of hERG I and hERG II except rutin. Rutin showed
inhibitory property of hERG II. Low values of maximum
tolerated dosage were showed in all the phytochemicals.
The LDS50 values of phytochemicals: Asperuloside, asperu-
losidic acid, deacetylasperulosidic acid, eugenol and rutin
are 2.262, 2.344, 2.154, 2.118 and 2.491 mol/kg and the
LOAEL values are 3.426, 3.641, 3.362, 2.049 and 3.673 log
m/kg respectively. The predicted values showed that all the
phytochemicals has no hepatotoxicity and except eugenol all
phytochemicals showed no skin sensitization.

Discussion

The major reason for this research is to identify and ana-
lyze the various properties of the bioactive compounds
present in M. citrifolia fruit using phytochemical screen-
ing followed by molecular docking and ADMET analysis.
Phytochemical screening is a systematic process that out-
lines the key to identifying the various phytochemicals
present in the fruit we've chosen for the study. M. citrifolia
fruit was rich in butyric acid smell and flavor and it is
consumed in the majority of countries (Chan-Blanco et al.
2006). It is identified in this case to evaluate the MAPK6
inhibition mechanism. We were able to narrow down the
work of researchers in the area of identifying the role of
the Noni plant in cancer suppression owing to this study.
We can predict several different approaches for this spe-
cific pharmaceutical medication by analyzing the binding
affinity and its interaction profile. In molecular docking,
hydrogen bond interaction, bond category, distance of
the bond between the amino residue and the docked com-
pounds and docking scores of the bioactive compounds
against the targeted protein MAPKG6 at their active site
regions play a vital role in the effective binding of bioac-
tive compounds and target protein. The selected bioactive
compounds showed hydrogen bond interactions and other
bond interactions with amino residues present at the active
regions of target protein (Ahmed et al. 2014). Based on
the Ramachandran plot analysis of interacted protein and
ligand showed that selected bioactive compounds were in
the highly favorable zone with identical bond rotations,
representing that the protein-ligand complex interaction
has a stable linkage based on structure and its rotation pro-
spective. The band gap energy AE of the selected bioactive
compounds ranges between 4.79192 to 5.816968 eV that
confirms that selected phytochemicals has stable struc-
ture and the band gap energy value equivalent to the band
gap energy value of the bioactive molecules (Tamer et al.

Table 5 Predicted toxicity
values of selected bioactive
phytochemicals

Model name Asperuloside Asperulo-  Deacetylasperu- Eugenol Rutin
sidic acid losidic acid
AMES toxicity No No No Yes No
Max. tolerated dose (human) 0.027 0.592 1.054 1.024 0.452
hERG I inhibitor No No No No No
hERG II inhibitor No No No No Yes
Oral rat acute toxicity (LD50) 2.262 2.344 2.154 2.118 2.491
Oral rat chronic toxicity (LOAEL) 3.426 3.641 3.362 2.049 3.673
Hepatotoxicity No No No No No
Skin sensitization No No No Yes No
T. Pyriformis toxicity 0.285 0.285 0.285 0.3 0.285
Minnow toxicity (log mM) 6.763 8.4 8.012 1.702 7.677

@ Springer
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2012).The lower value of electron affinity represents the
greater molecular reactivity with nucleophiles and among
the five compound eugenol showed the lowest electron
affinity whereas asperulosidic acid exhibits higher elec-
tron affinity. The higher hardness and lower softness val-
ues confirm the higher molecular hardness allied with the
molecules. The chemical potential of the selected phyto-
chemicals were negative which means the molecules were
stable and it is one of the important properties for the bio-
active molecules. The lower chemical potential and higher
electrophilicity index values identified for phytochemicals
and nucleophilicity index and electrophilicity index are
also related to the biological activity of a molecule. The
reactivity of a molecule increasing with increased nucleo-
philicity index (Azad et al. 2020). Here, among the five
phytochemicals eugenol has higher nucleophilicity with
0.6437757 eV. Understanding the biological activity of
certain phytochemicals can help predict their involvement
in the human body. Monitoring absorption, distribution,
metabolism, and excretion, which are all ADME features,
is used to predict bioactivity (Yadav et al. 2020). This is
crucial in evaluating the phytochemical's efficacy against
the chosen target, MAPK®6. The absorption process is the
first step in transferring the phytochemicals that have been
delivered. In this scenario, eugenol has been discovered
to have higher water solubility, making it easier to absorb
through the gastrointestinal tract (GI tract). The value we
have facilitates us to estimate the efficacy of phytochemi-
cal absorption through the GI tract. When medicine is
absorbed, it must have to go through a distribution process
that describes the compound's whole bioactivity, which
involves the permeability of the molecule. In general, the
molecules offered for distribution do not reach the target
in their entirety; instead, they dissolve and only a small
percentage of them reach the target. As a result, the com-
pound's bioactivity appears to be reduced. When compared
to all other phytochemicals, eugenol has a high perme-
ability. Its capacity to cross the blood—brain barrier and
the CNS aids in its distribution throughout a broad span
of the human body. Although these numbers provide a
good starting point for anticipating bioactivity, more study,
including clinical trials, is needed to acquire a clear pic-
ture of the process. In addition, in vivo excretion analy-
sis aids us in characterizing the drug-likeness properties
more eloquently. With a total clearance of 1.351, it appears
that the drug's total clearance is perfectly sufficient, and
the renal organic transporter (OCT2) has no effect on the
phytochemicals utilized. While understanding bioactivity
is important, understanding side effects and toxicity quali-
ties is crucial when it comes to authorizing a medication.
There is a widespread perception that herbal treatments
are invariably associated with more severe adverse effects.
Herbal medicines, on the other hand, are significantly

@ Springer

more effective and have lower toxicity than synthetic drugs
(Rathore et al. 2012). According to our findings, the phy-
tochemicals examined exhibit no hepatotoxicity, except for
eugenol in the case of no skin sensitivity. Except for one
phytochemical, the AMES values appear to be satisfactory,
and the LD50 values appear to be adequate when com-
pared to the other data. Except for rutin, hERG II appears
to have no inhibitors in phytochemicals. Thus, by knowing
the toxicological property of M. citrifolia fruit, we may
use it to interface with the human body in a wide number
of alternative ways for the treatment of cancer.

Conclusion

The results from this current investigation revealed that all
the bioactive phytochemicals from the M. citrifolia fruit
exhibited good binding affinity at the active sites of MAPK6
protein, suggesting them as potential compounds that could
inhibit cancer in human. Binding of these bioactive phyto-
chemicals to target protein MAPKG6 could inhibit or regu-
late cell metabolism, proliferation and apoptosis. Among 23
phytochemicals, five of the phytochemicals (asperuloside,
asperulosidic acid, deacetylasperulosidic acid, eugenol and
rutin) showed higher binding affinity (> — 6.5 kcal/mol)
against MAPK6 and compound rutin showed the highest
docking score of —7.9 kcal/mol. Then the RC plot analysis
showed the stable linkage based on structure and rotation
for the protein—ligand interaction. The molecular reactivity,
kinetic stability, and intramolecular charge transfer of the
molecule are all factors that influence the bioactivity of the
selected five phytochemicals, according to FMOs research
and the stability and reactivity were evaluated through band
gap energy values. These five compounds were further
evaluated ADMET properties and those results showed that
these five phytochemicals would be good drug candidates
and relatively low or no toxic effects in human. However,
further in vivo and in vitro studies are needed to further
explore their activities and efficacies against human cancer.
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