
Journal of Medical Science 2024 March;93(1) 5

Molecular docking and admet properties 
of Anacardium occidentale methanolic nut 
extract against inflammatory, oxidative 
and apoptotic markers of diabetes

O R I G I N A L  PA P E R

Folasade Omobolanle Ajao
Department of Physiology, Faculty of Basic Medical 
Sciences, College of Health Sciences, Ladoke Akintola 
University of Technology, Ogbomoso, Oyo-state, Nigeria

 https://orcid.org/0000-0001-8839-4689

Corresponding author: foajao@lautech.edu.ng

Marcus Olaoye Iyedupe
Department of Physiology, Faculty of Basic Medical 
Sciences, College of Health Sciences, Ladoke Akintola 
University of Technology, Ogbomoso, Oyo-state, Nigeria

 https://orcid.org/0000-0003-0992-6857

Oluwatosin Akanmu
Department of Physiology, Faculty of Basic Medical 
Sciences, College of Health Sciences, Ladoke Akintola 
University of Technology, Ogbomoso, Oyo-state, Nigeria

 —

Raphael Oneosinina Adegbola
Department of Physiology, Faculty of Basic Medical 
Sciences, College of Health Sciences, Ladoke Akintola 
University of Technology, Ogbomoso, Oyo-state, Nigeria

 —

Noheem Olaolu Kalejaiye
Department of Physiology, Faculty of Basic Medical 
Sciences, College of Health Sciences, Ladoke Akintola 
University of Technology, Ogbomoso, Oyo-state, Nigeria

 —

Temitope Isaac Adelusi
Department of Biochemistry, Faculty of Basic Medical 
Sciences, College of Health Sciences, Ladoke Akintola 
University of Technology, Ogbomoso, Oyo-state, Nigeria

 —

 DOI: https://doi.org/10.20883/medical.e885

Keywords: diabetes mellitus, anacardium 
occidentale nut, molecular docking, drug 
likeness, ADMET properties

Received: 2023-07-08
Accepted: 2023-08-20
Published: 2023-10-03

How to Cite: Ajao FO, Iyedupe MO, Akanmu O, Adegbo-
la RO, Kalejaiye NO, Adelusi TI. Molecular docking and 
admet properties of Anacardium occidentale methanolic 
nut extract against inflammatory, oxidative and apoptot-
ic markers of diabetes. Journal of Medical Science. 2024 
March;93(1);e885. doi:10.20883/medical.e885

© 2023 by the author(s). This is an open access article distributed 
under the terms and conditions of the Creative Commons Attri-
bution (CC BY-NC) licencse. Published by Poznan University of 
Medical Sciences

ABSTRACT

Background. The contemporary antidiabetic drugs have side effects and adverse reactions. This demand to 
search for less toxic and effective treatments for diabetes from medicinal plants using computational meth-
ods. The present research investigated the molecular docking of Anacardium occidentale nut methanolic 
extract compounds with selected proteins related to diabetes and the compounds’ AMDET properties.
Material and Methods. The compounds were identifi ed using Gas chromatography-mass spectrometry 
analysis. The compounds'2-dimensional structure was retrieved from the PubChem compound database. 
Three-dimensional crystallographic structure of selected proteins; B-cell-lymphoma-2 (Bcl-2), caspase-3, 
glucocorticoids, interleukin-1β, myeloperoxidase and tumor necrosis factor-alpha (TNF-α) was downloaded 
from Protein Data Bank. Molecular docking was performed using Autodoc kvina and the active site of bind-
ing interactions was detected with the Computed Atlas of Surface Topography of proteins (CAST-P). The 
compounds' drug-likeness, physicochemical and ADMET were evaluated using molininspiration and admet-
SAR online tools. 
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Results. Ten compounds were identifi ed from the Anacardium occidentale nut methanolic extract. All the 
compounds exhibited drug-likeness properties with violation of one Lipinski’s rule. Two compounds, oleic 
acid and 3-(p-methoxyphenyl)-propionic acid exhibited the best binding energy with the active receptors 
site of Bcl-2, caspase-3, TNF-α and glucocorticoid. Also, tridecanoic acid exhibited good binding energy 
with the active site of glucocorticoid receptors. Only 3-(p-methoxyphenyl)-propionic acid exhibited moder-
ate binding energy with the active receptors site of interleukin-1β and myeloperoxidase. All the compounds 
displayed excellent ADMET properties.
Conclusions. Antidiabetic drugs with the least side effects could be explored from these compounds.

Introduction

Diabetes mellitus is currently recognized as one of 
global epidemic diseases, affecting approximate-
ly 382 million people worldwide. The International 
Diabetes Federation (IDF) estimation of individu-
als who die from diabetes yearly is roughly 1.3 
million and the global number of diabetes patients 
is expected to reach 629 million by 2045 [1].

Diabetes is a metabolic disorder characterized 
by chronic hyperglycemia accompanied by altera-
tion in carbohydrates, fats, and proteins result-
ing from scanty insulin secretion or insulin action. 
Alterations in the metabolism of carbohydrates, 
fats, and proteins are associated with micro-vascu-
lar and macro-vascular diabetes complications [2].

Oxidative stress and inflammation critically 
contribute to the pathogenesis of diabetes mel-
litus-related complications. Oxidative stress and 
inflammation mediated by diabetes mellitus are 
considered to trigger apoptotic process leading 
to cellular injury and multiple organ damage [3]. 

Currently, the available antidiabetic drugs are 
not permanently curing diabetes and are associ-
ated with adverse effects. Therefore, much inter-
est has been shifted towards the use and alter-
native medicine or derivative from food products 
with rich antidiabetic phytoconstituents. The 
presence of bioactive compounds and plant-de-
rived products such as alkaloids, flavonoids, gly-
cosides, gum, carbohydrates, and triterpenes 
with some short-peptides in medicinal plants 
play a major role in their therapeutic effi cacy [4]. 
Specifi cally, plants nuts with rich phenolic com-
pounds are known for their numerous biological 
activities including antioxidant, anti-inflammato-
ry and antidiabetic properties [5]

Anacardium occidentale L. globally known 
as cashew belongs to the family Anacardiaceae. 
Several parts of the Anacardium occidentale tree 
including the leaf, stem bark and nut are often 

used ethno-pharmacological and investigated 
experimentally for their antidiabetic therapeutic 
effi cacies [6]. Research showed that the pres-
ence of phenolic compounds, carotenoids, fla-
vonoids, anthocyanins, tannins, and other miner-
als components in Anarcadium occidentale may 
be responsible for its antidiabetic properties [7]. 
Anacardium occidentale nut is well rich in unsat-
urated fatty acids such as oleic (ω-9) and linoleic 
(ω-6) acids, flavonoids, anthocyanins and tan-
nins, fi ber, folate and tocopherols [8–12].Previ-
ously, the nuts have been reported in metabolic 
syndrome risk modulation [13].

However, an extensive scientifi c investigation 
is necessary on valuable traditional medicinal 
plants to investigate their antidiabetic effi ciency 
using modern experimental equipment and meth-
ods. Computational molecular modeling has been 
identifi ed as an important sector in the natural 
drug product development process. In-silico drug 
design tools improve the detection of novel drugs 
from natural products. Computational modeling 
provides much detail on the molecular recogni-
tion processes underlying the interaction between 
disease-related target macromolecules with nat-
urally occurring drug-like substances [14].

The physicochemical and drug-likeness prop-
erties of bioactive compounds in Anacardium 
occidentale nut for their antidiabetic therapeutic 
effi cacies have not been elucidated. The molecular 
docking, drug-likeness and ADMET of Anacardium 
occidentale nut methanolic extract compounds 
were investigated for further identifi cation of major 
compound with potent antidiabetic therapy. 

Material and Methods

Anacardium occidentale Nut Collection
The nuts were freshly harvested from the Anac-
ardium occidentale plant at the Agricultural 
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Research Farm located at Ladoke Akintola Uni-
versity of Technology in Ogbomosho, Oyo State, 
Nigeria. The nut underwent identifi cation, and 
validation, and was given the voucher specimen 
number LH0533 by Dr. A. T. J. Ogunkunle, a facul-
ty member of the Biology Department at Ladoke 
Akintola University of Technology in Ogbomoso, 
Oyo State, Nigeria.

Anacardium occidentale Nuts Methanolic 
Extraction
The Anacardium occidentale nuts fi nely powered 
weighing 500 g was placed in a Soxhlet appara-
tus for extraction using 95% methanol as the sol-
vent for a duration of 48 hours, the temperature 
was carefully maintained below the boiling point 
of the solvent. The extracts were fi ltered using 
a white muslin cloth and subsequently subjected 
to a double fi ltration process using white What-
man fi lter paper. The fi ltrate was then concen-
trated in a rotary evaporator at a controlled tem-
perature of 35°C and reduced pressure until the 
extract had fully dried, yielding a concentrated 
methanolic extract. The obtained extract was 
then stored in a refrigerator at a constant tem-
perature of 4°C for utilization at a later time.

Identifi cation of Anacardium occidentale 
Nut Compounds
The bioactive compounds of the Anacardium 
occidentale nut methanolic extract were identi-
fi ed by gas chromatography-mass spectrometry 
(GC-MS) technique. GC-MS analysis of the meth-
anolic extract was performed using on Ralte et al. 
[15] adopted method.

Target Proteins 
Five target proteins, B-cell lymphoma-2 (Bcl-2) 
for anti-apoptotic, caspase-3 for apoptot-
ic, interleukin-1β (IL-1β) for anti-inflammatory, 
tumor necrosis factor-alpha (TNF-α) for inflam-
matory, myeloperoxidase for insulin resistance 
and glucocorticoids receptor for insulin antago-
nist related to diabetes mellitus progression were 
selected for their interactions with the bioactive 
compounds from Anacardium occidentale nuts.

Preparation of Target Proteins 
The 3-dimensional (3D) X-ray crystallographic 
structuzres of target proteins; B-cell lympho-
ma-2(Bcl-2) (PDB ID: 2YV6), caspase-3 (PDB ID: 

1QX3), glucocorticoids receptor (PDB ID: 1GDC), 
interleukin-1β (IL-1β) (PDB ID: 9ILB), myeloper-
oxidase (MPO) (PDB ID: 3F9P) and tumor necro-
sis factor-alpha (TNF-α) (PDB ID: 1TNF) were 
retrieved from Research Collaboratory for Struc-
tural Bioinformatics (RCSB) Protein Data Bank 
(PDB) (The proteins were prepared by(a) removal 
of hetero-atoms (water, ions), (b) addition of polar 
hydrogens, and (c) assignment of Kollman charges 
using “Clean Protein” and “Prepare Protein” Dis-
covery Studio software (version 19.1) and the pro-
teins were converted from PDB format into pdbqt 
fi le format via Auto-dock Tools 4.2 software.

Ligand Molecules Preparation
After the GC-MS analysis, The ligand molecules 
were downloaded from the pubchem database 
(https://pubchem.ncbi.nlm.nih.gov) in a structure 
database fi le (SDF) and converted to pdb format 
using Pymol [16], then to pdbqt format via Autod-
ock tool (version 4.2) for molecular docking.

The ligand molecules were docked with all tar-
get proteins using Auto-dock 4.0 software by set-
ting up 4 energy range and exhaustiveness value 
of eight 8 as default to obtain 10 different poses 
of ligand molecules [17]. The 2D binding inter-
actions was detected via LigPlot+ v.2.2 (https://
www.ebi.ac.uk/thornton-srv/software/LigPlus/). 
After the docking process, ligands with the low-
est binding energy were selected to visualize the 
ligand-protein interaction in Pymol.

Physicochemical and ADMET Determination
Drug-likeness physicochemical and ADMET 
properties of Anacardium occidentale nut metha-
nolic extract compounds were determined using 
the molinspiration web tool and ADMETsar online 
server [18].

Results 

Anacardium occidentale Nut Compounds.
A total of 10 compounds were identifi ed from 
Anacardium occidentale nut methanolic extract 
via the GC-MS analysis. The details of the com-
pounds are given in Table 1.

Physicochemical Properties Analysis
The physicochemical properties and drug-like-
ness of the selected Anacardium occidentale nut 
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methanolic extract compounds were determined 
using Lipinski’s rule of fi ve (RO5) [19], which stat-
ed that, a compound is considered a drug-like 
molecule if no more than one of the following 
criteria is violated: molecular weight < 500KDa, 
LogP < 5, hydrogen bond donor ≤ 5, hydrogen 
bond acceptor ≤ 10. Nine compounds of Anacar-
dium occidentale nut methanolic extract violated 
one Lipinski’s rule as their lipophilicity expressed 
as logP (octanol-water partition coeffi cient) 
greater than the acceptable range and one com-
pound 3-(p-methoxyphenyl)-propionic acid vio-
lated none of the rules (Table 2).

Compounds ADMET Profi le Analysis
The canonical SMILES of the compounds were 
saved and uploaded to the admetSAR web server 

or admet properties analysis. The compounds 
are screening for ADMET properties includ-
ing acute oral toxicity, blood-brain barrier, car-
cinogenicity, cytochrome P450 inhibitors iso-
forms (CYP inhibitors)1, hepato-toxicity, human 
ether-a-go-go-related gene inhibition (hERG), 
human Intestinal Absorption, human oral bio-
availability and P-glycoprotein inhibitor (P-gpi) 
(Table 3).

The selected compounds of Anarcardium 
occidentale nut methanolic extract have no acute 
oral toxicity as the majority of the compounds 
displayed Class III category. However, compound 
II (tridecanoic acid) and compound VII (oleic acid) 
fall into the Class IV category.

In addition, the compounds have high human 
intestinal absorption, good blood-brain barrier 

Table 2. Physicochemical properties of Anacardium occidentale nut methanolic extract compounds.

No Compounds
Lipinski rule 

violation
Molecular weight 

(g/mol) nHD nHA Log P
1 Hexadecanoic acid 1 270.45 0 2 7.37
2 Tridecanoic acid 1 214.33 1 1 5.54
3 Hexadecanoic acid-ethyl ester 1 284.27 0 2 7.448
4 9,12-octadecadienoic acid (Z,Z)-methyl ester 1 294.26 0 2 6.992
5  9-octadecenoic acid-methyl ester 1 296.49 0 2 7.746
6 Methyl stearate 1 298.29 0 2 8.049
7 Oleic acid 1 282.26 1 2 7.131
8 (E)-9-octadecenoic acid-ethyl ester 1 310.52 0 2 7.531
9 Octadecanoic acid-ethyl ester 1 312.3 0 2 8.286
10 3-(p-methoxyphenyl)-propionic acid 0 180.08 1 3 2.148

Table 3. ADMET properties of Anacardium occidentale nut methanolic extract compounds.
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3 Class III + - - -  - - - - - + - -
4 Class III + - + - - - - - + + - -
5 Class III + - + - - - - - + + - -
6 Class III + - - - - - - - - + - -
7 Class IV + - + - - - - - - + - -
8 Class III + - + - - - - - + + - -
9 Class III + - - - - - - - - + - -
10 Class III + - - - - - - - - + + -
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permeation and well human oral bioavailabil-
ity and compound X exhibited poor human oral 
bioavailability. Furthermore, the compounds are 
non-carcinogenic, non-hepato-toxic and non-in-
hibitors of permeability glycoprotein (P-gp).

Furthermore, the majority of the compounds 
are non-inhibitors of CYP450 isoforms (CYP1A2, 
CYP2C19, CYP2C9, CYP2D6, and CYP3A4) and 
compounds II, IV, V, VII and VIII exhibited CYP1A2 
inhibitors. 

Also, compounds I, II, III, VI, VII, IX and X are 
non-inhibitor of the human ether-a-go-go related 
gene (hERG) and compounds IV, V and VIII exhib-
ited hERG inhibitors.

Ligands Molecular Docking Interaction 
Analysis
The ten identifi ed compounds were success-
fully docked with the target protein receptors 
and compounds with notable signifi cant docking 
binding energy were selected.

Ligands Molecular Interaction with B-cell 
lymphoma-2 (BCL-2)
Oleic acid and 3-(p-methoxyphenyl)-propionic 
acid were recognized as the best-docked com-
pounds to active receptors site of target pro-
tein B-cell lymphoma-2 (Bcl-2) (PDB ID: 2YV6) 
with a binding energy of -6.1 and -5.8 Kcal/
mol respectively. Oleic acid established binding 
interaction with active receptors site of Bcl-2 via 
one hydrogen bond forming residue ASP 103 sig-
nifi cant than the standard drug (metformin) and 
eight residues with GLY 145, ARG 107, ASP 111, 
PHE 153, GLU, 152, LEU 137, VAL 148 and ALA 
100 via hydrophobic interactions and six forming 
residues with MET 115, PHE 112, VAL, 156, ALA 
149, PHE, 104 and TYR 108 through alkyl-pi-alkyl 
interactions. The ligand 3-(p-methoxyphenyl)-
propionic acid had binding interaction with 
active receptors site of Bcl-2 via one hydrogen 
bond forming residue ARG 127 and 6 residues 
with HIS 184, PHE 138, TYR 180, GLU 135, VAL 
134 and ALA 131 through hydrophobic interac-
tions (Figure 1: a & b).

Ligands Molecular Interaction with 
Caspase-3
Oleic acid and 3-(p-methoxyphenyl)-propionic 
acid were identifi ed as the most docked com-
pounds with target protein caspase-3 (PDB ID: 

1QX3) active receptors site and displayed lower 
binding energy of -3.4 and -4.0 Kcal/mol respec-
tively in comparison with reference drug met-
formin (-4.3 Kcal/mol). Oleic acid had interac-
tions with caspase-3 through one hydrogen bond 
forming residue TYR 195 and six residues with 
MET 268, ARG 164, TYR 197, GLY 125, LEU 136 
and ASP 135 via hydrophobic interactions. Also, 
3-(p-methoxyphenyl)-propionic acid had inter-
actions with caspase-3 via one hydrogen bond 
forming residue LYS 105 and three residues via 
hydrophobic interactions with ARG 147, SER 150, 
and CYS 148 (Figure 2: c & d).

Ligands Molecular Interaction with 
Glucocorticoids
Three compounds’ tridecanoic acid, oleic acid 
and 3-(p-methoxyphenyl)-propionic acid were 
discovered as excellent docked compounds with 
target protein glucocorticoids (PDB ID: 1GDC) 
active receptors site with binding energy of -4.0, 
-4.1 and -5.0Kcal/mol respectively. Tridecanoic 
acid had interactions with glucocorticoids active 
receptors site through one hydrogen bond form-
ing residue SER 440 and two forming residues 
with TYR 455 and ARG 477 through hydropho-
bic interactions. Also, Oleic acid had interactions 
with active receptors site of glucocorticoid via 
one hydrogen bond forming residue ARG 477 and 
four residues with SER 440, TYR 455, ARG 470 
and PRO 474 via hydrophobic interactions. Fur-
ther, 3-(p-methoxyphenyl)-propionic acid had 
interactions with glucocorticoids active recep-
tors site via two hydrogen bonds forming resi-
dues SER 440 and ARG 477 and three forming 
residues with TYR 455, PHE 444 and VAL 443 via 
hydrophobic interactions (Figure 2: e, f & g).

Ligands Molecular Interaction with 
Interleukin-1beta (IL-1β)
The compound’s 3-(p-methoxyphenyl)-propi-
onic acid exhibited a docking pattern of the bind-
ing energy of – 5.2 Kcal/mol with the protein 
interleukin-1β (PDB: 9ILB) active receptors site 
of all the 10 compounds. 3-(p-methoxyphenyl)-
propionic acid had no hydrogen bonding forming 
residue interactions with IL-1β. The stabilization 
of interaction of 3-(p-methoxyphenyl)-propionic 
acid with the active receptors site was mediated 
via hydrophobic interactions forming residues 
with LYS 63, TRY 68, TRY 90, ASN 66, SER 5, GLU 
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64 and SER 43 and alkyl-pi-alkyl interaction resi-
due with PRO 87 (Figure: 2h).

Ligands Molecular Interaction with 
Myeloperoxidase (MPO)
The docking analysis revealed only compound 
3-(p-methoxyphenyl)-propionic acid showed 
binding energy of –5.3Kcal/mol with protein 
myeloperoxidase (PDB: 3F9P) and had interactions 
with through one hydrogen bond forming residue 
ARG 507 and six forming residues with TRY 273, 
TRY 313, LEU 310, THR 312, TRP 513 and PRO 311 

via hydrophobic interactions and four alkyl-pi-al-
kyl interactions forming residues with ALA 529, 
TRP 514, ILE 290 and ARG 294 (Figure: 2i).

Ligands Molecular Interaction with Tumor 
Necrosis Factor-Alpha (TNF-α)
The compounds’ oleic acid and 
3-(p-methoxyphenyl)-propionic acid exhib-
ited a signifi cant docked pattern of the binding 
energy of -4.1 and -4.1Kcal/mol respectively 
with target protein tumor necrosis factor- alpha 
(PDB ID: 1TNF) active receptors site. Oleic acid 

Figure 1. Depict 3-D crystallographic structure of the target proteins related to diabetes for Molecular docking.
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Figure 2. Depicted the 2-D structure molecular binding interactions of (A) oleic acid and Bcl-2, (B) 3-(p-methoxyphenyl)-propi-
onic acid and Bcl-2, (C) oleic acid and caspase-3, (D) 3-(p-methoxyphenyl)-propionic acid and caspase-3, (E) tridecanoic acid and 
glucocorticoids receptor (F) oleic acid and glucocorticoids receptor, (G) 3-(p-methoxyphenyl)-propionic acid and glucocorticoid, 
(H) 3-(p-methoxyphenyl)-propionic acid and IL-1β, (I) 3-(p-methoxyphenyl)-propionic acid and myeloperoxidase, (J) oleic acid and 
TNF-α, (K) 3-(p-methoxyphenyl-)-propionic acid and TNF-α.

A

C

E

B

D

F
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had interaction with the active receptor site 
of TNF-α through two hydrogen bonds form-
ing residues TYR 59 and ALA 14 and six resi-
dues with TYR 119, TRY 151, ILE 154, LEU 36, 
and VAL via hydrophobic interactions and three 

alkyl-pi-alkyl interactions residues with LUE 57, 
ILE 155 and HIS. The interaction of compound 
3-(p-methoxyphenyl)-propionic acid with TNF-α 
active receptor site was mediated via hydropho-
bic interactions forming residues with GLY 68, 
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TYR 115, GLU 104, ARG 103, PRO 100 and PRO 
113 and three alkyl-pi-alkyl interactions form-
ing residues with LYS 112, PRO 106 and CYS 101 
(Figure 2: j & k).

Discussion

Diabetes is emerging as the third "quiet killer" of 
humankind, following cancer and cardiovascu-
lar diseases owing to its escalation prevalence, 
morbidity and mortality [20]. Despite signifi cant 
advancements in the drug discovery fi eld, effec-
tively managing diabetes remains challenging 
and poses a major problem within the medical 
arena [21].

Molecular docking serves a cardinal role in 
the development and designing of novel drugs. It 
precisely envisions the binding mode and affi nity 
of natural compounds within the active binding 
site of the drug target [22]. Furthermore, in-silico 
techniques serve as a screening tool to acquire 
physicochemical, drug-likeness and ADMET 
information for drug designing [23]. The current 
study investigated drug-likeness, ADMET proper-
ties and molecular docking of compounds identi-
fi ed from Anacardium occidentale nut methano-
lic extract with target protein of diabetes mellitus 
progression using in-silico technique.

Hyperglycemia has been implicated in the 
induction of β-cell apoptosis in diabetes mellitus 
[24]. Anti-apoptotic B-cell lymphoma-2 (Bcl-2) is 
a member of the Bcl proteins family. The up-reg-
ulation of the Bcl-2 suppresses apoptosis by reg-
ulating the sensitivity of cells to apoptotic stimuli 
[25]. Oleic acid and 3-(p-methoxyphenyl)-propi-
onic acid of Anacardium occidentale nut metha-
nolic extract-compounds interact with active 
receptors site of Bcl-2 protein which are implicat-
ed in the pathogenesis of human diabetes. These 
novel compounds interact in the same manner as 
the reference drug (metformin) and effi ciently fi t 
the binding pocket of Bcl-2 protein receptors and 
may facilitate the up-regulation of the Bcl-2 to 
impede β-cell apoptosis.

Caspase-3 protein is a member of the caspase 
family and plays a critical role in cell apoptosis 
execution [26]. Inhibitors of caspase-3 peptide 
avert β-cell apoptosis and improve the function 
of islet graft [27]. Also, these two compounds ole-
ic acid and 3-(p-methoxyphenyl)- propionic acid 

fi t accurately into the binding pocket of the cas-
pase-3 protein active receptors site. Therefore, 
could serve as an effective caspase-3 peptide 
inhibitors candidate to treat diabetes mellitus.

Glucocorticoids are powerful insulin action 
antagonists and promote hepatic gluconeogen-
esis thereby leading to hyperglycemia in diabe-
tes. The determination of active glucocorticoids 
to their receptors at the tissue level is governed 
by 11beta-hydroxysteroid dehydrogenase type 
1(11β-HSD1) [28]. 11β-HSD1 is an enzyme that 
depends on nicotinamide adenine dinucleotide 
phosphate (NADPH) to catalyze the inter-con-
version of glucocorticoids, cortisone, and corti-
sol in humans. Elevated circulating levels of the 
active glucocorticoid cortisol can instigate insu-
lin resistance causing hepatic gluconeogenesis 
eventually leading to insulin-resistant and mac-
ro-vascular diabetes complications [29]. Tride-
canoic acid, oleic acid and 3-(p-methoxyphenyl) 
propionic acid compounds of Anacardium occi-
dentale nut methanolic extract fi t clearly into the 
binding pocket of 11β-HSD1 active receptors site 
and these interactions suggested that the three 
compounds are novel inhibitors of 11β-HSD1for 
diabetes therapy.

Cytokines (small proteins produced by 
immune cells and other cell types) are consid-
ered in diabetes pathogenesis. Active innate 
immune cells assemble to cause activation 
of pro-inflammatory cytokines such as tumor 
necrosis factor-alpha (TNF-α) [30]. Elevated 
circulating levels of cytokine TNF-α (the pro-
tein responsible for inflammation) and dimin-
ished levels of anti-inflammatory interleukin-
1β (IL-1β) protein have been proposed to induce 
β-cells apoptosis and insulin resistance lead-
ing to chronic hyperglycemia of diabetes mel-
litus [31,32]. 3-(p-methoxyphenyl)-propionic 
acid compound of all the compounds interact 
with target IL-1β protein receptors binding pock-
et. Furthermore, two compounds oleic acid and 
3-(p-methoxyphenyl)-propionic acid compactly 
interact with the binding pocket of TNF-α pro-
tein active receptor site like metformin, showing 
the compounds possess inhibitory potential on 
pro-inflammatory cytokine TNF-α, and suggest it 
anti-inflammatory effi cacy for diabetes.

Also, the heme protein myeloperoxidase (MPO) 
derived from leukocytes greatly contributes to the 
instigation and progression of diabetes. A mildly 
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elevated level of myeloperoxidase is associat-
ed with macro-vascular diabetes complications 
[33]. 3-(p-methoxyphenyl)-propionic acid com-
pound tightly interacts with the binding pocket of 
myeloperoxidase protein active receptors site as 
the metformin which confi rms the compound’s 
myeloperoxidase inhibitory potent for therapy of 
macro-vascular complication of diabetes. 

Effi cacy and risk-free are the main goals for 
searching for a novel drug as every drug can 
assist to treat diseases as well as induce peril-
ous effects [34]. In-silico analysis has served 
an enormous role to evaluate multiple ADMET 
(pharmacokinetics) properties of compounds 
in drug research, discovery and design [35]. The 
drug-likeness characteristics of the selected 
compounds were screened by Lipinski’s rule 
of fi ve (Ro5) criteria in the current study. All the 
compounds fulfi ll the drug-likeness criteria as 
they violated one rule of fi ve.

The selected compounds also passed the 
drug-like evaluation as potential candidates via 
the ADMET analysis. The compounds are safe 
from acute oral toxicity as some of the com-
pounds belong to Class III except for tridecano-
ic acid and oleic acid. High absorption from the 
gastrointestinal tract (GIT) and blood-brain bar-
rier permeation connote that these compounds 
could be better absorbed from GIT excellently via 
oral administration than other routes of adminis-
tration and can achieve bioavailability as well in 
neurological pathways, thus, serving as thera-
peutic for neurological degeneration.

The LogP value predicts a compound's per-
meability through a lipid membrane. For a poten-
tial drug, it should be ≤5. The number of hydro-
gen bond acceptors and donors describes its 
ability to bind with other compounds, which 
therefore describes its solubility and per-
meability [36]. Among the compounds, only 
3-(p-methoxyphenyl)-propionic acid has bet-
ter lipophilicity with LogP < 5, implying its good 
permeability across the lipid membrane. All the 
compounds exhibited an excellent number of 
hydrogen-bound acceptors and donors and this 
suggests the compounds' high solubility and 
affi nity to bind with other compounds.

Metabolism plays a signifi cant role in drug 
bioavailability as well as drug-drug interactions. 
Permeability glycoprotein (P-gp) belongs to the 
ATP-binding cassette transporters (ABC) and is 

essential for assessing active efflux through bio-
logical membranes (from the wall of GIT to the 
lumen or from the central nervous system) [37]. 
CYP450 enzymes with isoforms CYP450 (CYP 
3A4, CYP 2D6, CYP 1A2, CYP 2C9, and CYP 2C19) 
facilitate drug elimination via metabolic biotrans-
formation [38]. Both P-gp and CYP 450 have been 
proposed to synergistically process small mol-
ecules to improve tissue protection [39]. Inhibi-
tion of these iso-enzymes may lead to pharma-
cokinetics-associated drug-drug interactions 
that might result in detrimental effects by dimin-
ishing the solubility and the drug metabolites. 
Except for compounds, IV, V and VIII that demon-
strated inhibitor of CYP1A2 of CYP 450 isoform, 
all the top hit compounds of methanolic extract 
of Anacardium occidentale nut are non-inhibi-
tor of P-gp and CYP 450 enzymes. These com-
pounds of non-inhibitor of P-gp and CYP 450 will 
be metabolized normally and safe from inducing 
unwanted adverse side effects. 

The aptness of small molecules to be select-
ed as candidate compounds in drug discovery 
depends on the compound’s toxicity levels [40]. 
AdmetSar predicts toxicity and carcinogenic of 
compounds. All the selected compounds are 
non-carcinogenic and non-hepato-toxic and, 
therefore, free from inducing DNA mutation(s) 
and hepatic damage upon ingestion.

The human ether-a-go-go-related gene 
(hERG) encodes the potassium channel known 
for normal heart function. Research showed that 
many drugs have been withdrawn from use owing 
to their cardio-toxicity through the blockage of 
hERG activity [41,42]. The selected compounds 
are also non-inhibitory of hERG, hence safe from 
cardio-toxicity induction. Moreover, compounds 
IV, V, and VIII are hERG inhibitors and might prob-
ably induce cardiac blockage.

Conclusions

The docking analysis revealed oleic acid, 
3-(p-methoxyphenyl)-propionic acid and tride-
canoic acid from Anacardium occidentale nut 
methanolic extract were excellent molecules with 
drug-likeness owing to their inhibitory potentials 
on selected proteins related to diabetes mellitus 
pathogenesis progression. The compounds also 
exhibited good ADMET properties and may lead to 
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the design of potent novel antidiabetic drugs with 
minimal side effects. In vitro and in vivo studies 
of these compounds can be further investigated.

Acknowledgements

Conflict of interest statement
The authors declare no conflict of interest.

Funding sources
There are no sources of funding to declare.

References
Ashraf SA, Elkhalifa AEO, Siddiqui AJ, Patel M, 1. 
Awadelkareem AM, Snoussi M, Ashraf MS, Adnan 
M, Hadi S. Cordycepin for Health and Wellbeing: A 
Potent Bioactive Metabolite of an Entomopathogen-
ic Cordyceps Medicinal Fungus and Its Nutraceuti-
cal and Therapeutic Potential. Molecules. 2020 Jun 
12;25(12):2735. doi: 10.3390/molecules25122735. 
Unnikrishnan R, Misra A. Infections and diabetes: 2. 
Risks and mitigation with reference to India. Diabe-
tes Metab Syndr. 2020 Nov-Dec;14(6):1889-1894. doi: 
10.1016/j.dsx.2020.09.022.
Bonnefont-Rousselot D, Bastard JP, Jaudon MC, 3. 
Delattre J. Consequences of the diabetic status on 
the oxidant/antioxidant balance. Diabetes Metab. 
2000 May;26(3):163-76. PMID: 10880889.
Elkhalifa AEO, Al-Shammari E, Adnan M, Alcantara 4. 
JC, Mehmood K, Eltoum NE, Awadelkareem AM, 
Khan MA, Ashraf SA. Development and Characteriza-
tion of Novel Biopolymer Derived from Abelmoschus 
esculentus L. Extract and Its Antidiabetic Potential. 
Molecules. 2021;26(12):3609. doi: 10.3390/mole-
cules26123609.
Boutennoun H, Boussouf L, Kebieche M, Al-Qaoud 5. 
K, Madani K. In vivo analgesic, anti-inflammatory 
and antioxidant potentials of Achilleaodorata from 
north Algeria. S. Afr. J. Bot. 2017;112:307–313. doi: 
10.1016/j.sajb.2017.06.004.
Silva RA, Liberio S, Amaral FM, Nascimento FRF, 6. 
Torres LM, Monteiro-Neto V, Guerra RNM. Antimi-
crobial and antioxidant activity of Anacardium occi-
dentale L. flowers in comparison to bark and leaves 
extracts. J. Biosci. Med. 2016;4:87–99. doi: 10.4236/
jbm.2016.44012.
Siracusa R, Fusco R, Peritore AF, Cordaro M, D'Amico 7. 
R, Genovese T, Gugliandolo E, Crupi R, Smeriglio A, 
Mandalari G, Cuzzocrea S, Di Paola R, Impellizzeri D. 
The Antioxidant and Anti-Inflammatory Properties of 
Anacardium occidentale L. Cashew Nuts in a Mouse 
Model of Colitis. Nutrients. 2020 Mar 20;12(3):834. 
doi: 10.3390/nu12030834.
Agila A, Barringer SA. Volatile profi le of cashews 8. 
(Anacardium occidentale L.) from different geo-
graphical origins during roasting. J Food Sci. 2011 
Jun-Jul;76(5):C768-74. doi: 10.1111/j.1750-3841
.2011.02180.x.
de Melo MFFT, Pereira DE, Sousa MM, Medei-9. 
ros DMF, Lemos LTM, Madruga MS, Santos NM, de 

Oliveira MEG, de Menezes CC, Soares JKB. Mater-
nal intake of cashew nuts accelerates reflex mat-
uration and facilitates memory in the offspring. Int 
J Dev Neurosci. 2017 Oct;61:58-67. doi: 10.1016/j.
ijdevneu.2017.06.006.
Baptista A, Gonçalves RV, Bressan J, Pelúzio MDCG. 10. 
Antioxidant and Antimicrobial Activities of Crude 
Extracts and Fractions of Cashew (Anacardium occi-
dentale L.), Cajui (Anacardium microcarpum), and 
Pequi (Caryocar brasiliense C.): A Systematic Review. 
Oxid Med Cell Longev. 2018 Apr 18;2018:3753562. 
doi: 10.1155/2018/3753562.
Alexiadou K, Katsilambros N. Nuts: anti-atherogen-11. 
ic food? Eur J Intern Med. 2011 Apr;22(2):141-6. doi: 
10.1016/j.ejim.2010.11.008.
Gómez-Caravaca AM, Verardo V, Caboni MF. Chroma-12. 
tographic techniques for the determination of alkyl-
phenols, tocopherols and other minor polar com-
pounds in raw and roasted cold pressed cashew nut 
oils. J Chromatogr A. 2010 Nov 19;1217(47):7411-7. 
doi: 10.1016/j.chroma.2010.09.054.
Liu CM, Peng Q, Zhong JZ, Liu W, Zhong YJ, Wang F. 13. 
Molecular and Functional Properties of Protein Frac-
tions and Isolate from Cashew Nut (Anacardium 
occidentale L.). Molecules. 2018 Feb 12;23(2):393. 
doi: 10.3390/molecules23020393.
Alberto AVP, da Silva Ferreira NC, Soares RF, Alves LA. 14. 
Molecular Modeling Applied to the Discovery of New 
Lead Compounds for P2 Receptors Based on Natu-
ral Sources. Front Pharmacol. 2020 Sep 29;11:01221. 
doi: 10.3389/fphar.2020.01221.
Ralte L, Khiangte L, Thangjam NM, Kumar A, Singh 15. 
YT. GC-MS and molecular docking analyses of phyto-
chemicals from the underutilized plant, Parkia timo-
riana revealed candidate anti-cancerous and anti-in-
flammatory agents. Sci Rep. 2022 Mar 1;12(1):3395. 
doi: 10.1038/s41598-022-07320-2.
Kim S, Chen J, Cheng T, Gindulyte A, He J, He S, Li 16. 
Q, Shoemaker BA, Thiessen PA, Yu B, Zaslavsky L, 
Zhang J, Bolton EE. PubChem in 2021: new data con-
tent and improved web interfaces. Nucleic Acids Res. 
2021 Jan 8;49(D1):D1388-D1395. doi: 10.1093/nar/
gkaa971.
Khanal P, Patil BM, Chand J, Naaz Y. Anthraquinone 17. 
Derivatives as an Immune Booster and their Ther-
apeutic Option Against COVID-19. Nat Prod Bio-
prospect. 2020 Oct;10(5):325-335. doi: 10.1007/
s13659-020-00260-2.
Schrödinger Release 2020–2: Prime, Schrödinger, 18. 
LLC, New York, NY, (2020).
Lipinski CA. Lead- and drug-like compounds: the rule-19. 
of-fi ve revolution. Drug Discov Today Technol. 2004 
Dec;1(4):337-41. doi: 10.1016/j.ddtec.2004.11.007.
Li WL, Zheng HC, Bukuru J, De Kimpe N. Natural med-20. 
icines used in the traditional Chinese medical system 
for therapy of diabetes mellitus. J Ethnopharmacol. 
2004 May;92(1):1-21. doi: 10.1016/j.jep.2003.12.031.
Puranik N, Kammar KF, Devi S. Anti-diabetic activity 21. 
of Tinospora cordifolia (Willd.) in streptozotocin dia-
betic rats; does it act like sulfonylureas? Turk. J. Med. 
Sci. 2010;40(2):265–270. doi: 10.3906/sag-0802-40.



Journal of Medical Science 2024 March;93(1) 17

Mielech AM, Chen Y, Mesecar AD, Baker SC. Nidovi-22. 
rus papain-like proteases: multifunctional enzymes 
with protease, deubiquitinating and deISGylating 
activities. Virus Res. 2014 Dec 19;194:184-90. doi: 
10.1016/j.virusres.2014.01.025.
Rathore PK, Arathy V, Attimarad VS, Kumar P, Roy 23. 
S. In-silico analysis of gymnemagenin from Gym-
nema sylvestre (Retz.) R.Br. with targets related to 
diabetes. J Theor Biol. 2016 Feb 21;391:95-101. doi: 
10.1016/j.jtbi.2015.12.004.
Butler AE, Janson J, Bonner-Weir S, Ritzel R, Riz-24. 
za RA, Butler PC. Beta-cell defi cit and increased 
beta-cell apoptosis in humans with type 2 diabe-
tes. Diabetes. 2003 Jan;52(1):102-10. doi: 10.2337/
diabetes.52.1.102.
Reed JC. Bcl-2 and the regulation of programmed 25. 
cell death. J Cell Biol. 1994 Jan;124(1-2):1-6. doi: 
10.1083/jcb.124.1.1.
Lee SC, Pervaiz S. Apoptosis in the patho-26. 
physiology of diabetes mellitus. Int J Biochem 
Cell Biol. 2007;39(3):497-504. doi: 10.1016/j.
biocel.2006.09.007.
Cheng G, Zhu L, Mahato RI. Caspase-3 gene silenc-27. 
ing for inhibiting apoptosis in insulinoma cells and 
human islets. Mol Pharm. 2008 Nov-Dec;5(6):1093-
102. doi: 10.1021/mp800093f.
Böhme T, Engel CK, Farjot G, Güssregen S, Haack T, 28. 
Tschank G, Ritter K. 1,1-Dioxo-5,6-dihydro-[4,1,2]
oxathiazines, a novel class of 11ß-HSD1 inhibitors 
for the treatment of diabetes. Bioorg Med Chem 
Lett. 2013 Aug 15;23(16):4685-91. doi: 10.1016/j.
bmcl.2013.05.102.
Damián-Medina K, Salinas-Moreno Y, Milenkovic D, 29. 
Figueroa-Yáñez L, Marino-Marmolejo E, Higuera-
Ciapara I, Vallejo-Cardona A, Lugo-Cervantes E. In 
silico analysis of antidiabetic potential of phenolic 
compounds from blue corn (Zea mays L.) and black 
bean (Phaseolus vulgaris L.). Heliyon. 2020 Mar 
27;6(3):e03632. doi: 10.1016/j.heliyon.2020.e03632.
Odegaard JI, Chawla A. Connecting type 1 and type 2 30. 
diabetes through innate immunity. Cold Spring Harb 
Perspect Med. 2012 Mar;2(3):a007724. doi: 10.1101/
cshperspect.a007724.
Gustafson B. Adipose tissue, inflammation and 31. 
atherosclerosis. J Atheroscler Thromb. 2010 Apr 
30;17(4):332-41. doi: 10.5551/jat.3939.
Donath MY, Størling J, Berchtold LA, Billestrup N, 32. 
Mandrup-Poulsen T. Cytokines and beta-cell biolo-

gy: from concept to clinical translation. Endocr Rev. 
2008 May;29(3):334-50. doi: 10.1210/er.2007-0033.
Wiersma JJ, Meuwese MC, van Miert JN, Kastelein A, 33. 
Tijssen JG, Piek JJ, Trip MD. Diabetes mellitus type 2 
is associated with higher levels of myeloperoxidase. 
Med Sci Monit. 2008 Aug;14(8):CR406-10. PMID: 
18667997.
Cohen K, Weizman A, Weinstein A. Positive and Nega-34. 
tive Effects of Cannabis and Cannabinoids on Health. 
Clin Pharmacol Ther. 2019 May;105(5):1139-1147. doi: 
10.1002/cpt.1381.
Ferreira LLG, Andricopulo AD. ADMET mode-35. 
ling approaches in drug discovery. Drug Discov 
Today. 2019 May;24(5):1157-1165. doi: 10.1016/j.
drudis.2019.03.015.
Fatima S, Gupta P, Sharma S, Sharma A, Agarwal SM. 36. 
ADMET profi ling of geographically diverse phyto-
chemical using chemoinformatic tools. Future Med 
Chem. 2020 Jan;12(1):69-87. doi: 10.4155/fmc-2019-
0206.
Montanari F, Ecker GF. Prediction of drug-ABC-trans-37. 
porter interaction--Recent advances and future 
challenges. Adv Drug Deliv Rev. 2015 Jun 23;86:17-
26. doi: 10.1016/j.addr.2015.03.001.
Testa B, Krämer SD. The biochemistry of drug 38. 
metabolism--an introduction: part 3. Reactions of 
hydrolysis and their enzymes. Chem Biodivers. 2007 
Sep;4(9):2031-122. doi: 10.1002/cbdv.200790169.
van Waterschoot RA, Schinkel AH. A critical analy-39. 
sis of the interplay between cytochrome p450 3a and 
pglycoprotein: recent insights from knockout and 
transgenic mice. Pharmacol. Reviews. 2011;63:390–
410 
Nisha CM, Kumar A, Nair P, Gupta N, Silakari C, Tri-40. 
pathi T, Kumar A. Molecular Docking and In Silico 
ADMET Study Reveals Acylguanidine 7a as a Poten-
tial Inhibitor of β-Secretase. Adv Bioinformatics. 
2016;2016:9258578. doi: 10.1155/2016/9258578.
Tristani-Firouzi M, Chen J, Mitcheson JS, San-41. 
guinetti MC. Molecular biology of K(+) chan-
nels and their role in cardiac arrhythmias. Am J 
Med. 2001 Jan;110(1):50-9. doi: 10.1016/s0002-
9343(00)00623-9.
Sanguinetti MC, Tristani-Firouzi M. hERG potassium 42. 
channels and cardiac arrhythmia. Nature. 2006 Mar 
23;440(7083):463-9. doi: 10.1038/nature04710.


