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ABSTRACT

Type 2 diabetes mellitus (T2DM) presents a significant global health challenge, necessitating the exploration of
novel therapeutic interventions. In this computational study, we investigated Psidii Guajavae Folium (PGF)
bioactive compounds as potential inhibitors of Dipeptidyl Peptidase IV (DPP-1V), a key enzyme implicated in
T2DM pathophysiology. A total of 60 bioactive compounds, including the reference drug Teneligliptin, were
subjected to molecular docking against the DPP-IV protein target. Thirteen compounds exhibiting pronounced
binding affinities (-7.73 Kcal/mol to -6.6 Kcal/mol) compared to Teneligliptin (-6.5Kcal/mol) were further
evaluated for drug-likeness and ADMET properties. Among these, four phytochemicals (Emetine, Linoelaidic
Acid, Doconexent, and Clionasterol) demonstrated commendable drug-like characteristics and specificity, adhering
to Lipinski's rule of five. Molecular dynamics simulations provided insights into the stability and dynamic behavior
of the ligand-protein complexes, with Emetine emerging as the most promising inhibitor, followed closely by
Linoelaidic Acid. MMGBSA calculations highlighted Emetine's robust total binding energy (-41.6889Kcal/mol)
and favorable interaction profile, suggesting its potential as an effective DPP-IV inhibitor for T2DM intervention.
Our findings underscore the promise of PGF-derived compounds as novel therapeutics for managing T2DM and
warrant further experimental validation.

1. INTRODUCTION chemicals in guava leaves, such as flavonoids,

Type 2 diabetes mellitus (T2DM) is a major global
health concern, with rising prevalence, morbidity, and
mortality rates globally. This metabolic illness is
characterized by insulin resistance, decreased insulin
secretion, and chronic hyperglycemia, which can result
in a variety of consequences such as cardiovascular
disease, neuropathy, nephropathy, and retinopathy.*?
Despite advances in pharmacological therapies and
lifestyle adjustments, the prevalence of T2DM is
increasing®™, emphasizing the crucial need for novel
therapeutic options to successfully control the disease
and its consequences.

In recent years, there has been an increased interest in
investigating natural products as potential sources of
bioactive molecules with therapeutic capabilities for a
variety of disorders, including diabetes. Psidii guajavae
folium, often known as guava leaves, has been used in
traditional medicine for its putative anti-diabetic
properties.”? Numerous studies have found bioactive

polyphenols, and triterpenes, that have shown promising
antidiabetic efficacy through a variety of mechanisms,
including the inhibition of key enzymes involved in
glucose metabolism.®® Among the beneficial chemicals
found in guava leaves, researchers have focused on those
that inhibit dipeptidyl peptidase-1V (DPP-1V), an enzyme
involved in glucose regulation.”” DPP-1V inhibitors are a
type of antidiabetic medicine that works by extending the
activity of incretin hormones such as glucagon-like
peptide-1 (GLP-1) and glucose-dependent insulinotropic
polypeptide.®) DPP-IV inhibitors boost insulin secretion,
reduce glucagon release, improve pancreatic [-cell
activity, and insulin sensitivity, resulting in better
glycemic control in T2DM patients.”! Given the
remarkable antidiabetic potential of Psidii guajavae
folium bioactive compounds, there is a rising interest in
applying computational techniques to understand their
molecular interactions with DPP-IV and assess their
pharmacological effects.
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Molecular docking and molecular dynamics simulations
are useful for predicting ligand-receptor interactions,
calculating binding affinities, and studying the structural
dynamics of protein-ligand complexes.’” Researchers
can use computational analysis to find lead compounds
with superior binding properties and potential therapeutic
efficacy, offering useful insights for future experimental
validation and drug development efforts.!*!

In this study, we report a complete computational
analysis of Psidii guajavae folium bioactive components
as possible DPP-1V inhibitors for Type 2 diabetes
treatment. Using molecular modeling tools, we hope to
clarify the molecular mechanisms behind guava leaf
compounds' antidiabetic  efficacy, forecast their
pharmacokinetic features, and select good candidates for
future preclinical and clinical studies. Through this
interdisciplinary approach, we hope to contribute to the
discovery of innovative therapies for T2DM
management, addressing an unmet need in diabetic care
and enhancing the quality of life for people suffering
from this debilitating disease.

Overall, this study aims to bridge the gap between
traditional medicine and modern drug development by
leveraging the potential of natural products to battle the
rising burden of T2DM and pave the road for more
effective and accessible diabetes treatments. We intend
to speed the translation of Psidii guajavae folium
bioactive chemicals into clinically viable therapies by
combining computational approaches and experimental
validation, providing new hope to people living with
Type 2 diabetes.

2. METHODOLOGY

The design and selection of the receptor structure during
the first step of molecular docking screening are key
stages that determine the study's success.™ The receptor
structure is designed with the study's specific goals in
mind, such as understanding the ligand's mode of action
and selectivity profile. Several factors are evaluated,
including the resolution of the receptor structure, the
state of its conformation (active or inactive), and the
pharmacological properties of bound ligands.

2.1. Extraction and preparation of ligands

Diverse studies have found bioactive substances in guava
leaves, including flavonoids, polyphenols, and
triterpenes that have shown promising antidiabetic
effect.” A thorough literature search revealed 60
bioactive components from Psidii guajavae folium that
have been shown to have anti-diabetic properties. The
structures of these compounds and the reference
medication (Tenegliptin) were downloaded in sdf fromat
from pubchem (https://pubchem.ncbi.nim.nih.gov/). The
sdf format of each compounds was converted to pdb
format using OpenBabel software. The reference
compound (teneligliptin) was also modified in the same
approach as previously stated. The building of the

chemical library is dependent on a variety of factors. Our
primary goal in the virtual screening campaign is to
identify a high-affinity molecule with drug-like qualities
that adhere to Lipinski's rule of 5 (Figure 1).

2.2. Retrieval
Structure

Our research focuses on human dipeptidyl peptidase 1V
(DPP-4), a key protein in diabetes mellitus.* The three-
dimensional X-ray crystallographic structures of the
DPP-4 target were obtained from the Protein Data Bank
(ID: 3VIM) (http://www.rcsb.org/pdb/home/home.do).
Chimera was utilized to examine the protein, which was
then generated using molecular operating environment
(MOE). After importing the protein structure, MOE's
structure preparation wizard was used to resolve all of
the difficulties. This included two crucial steps: (a)
Missing Residue Addition: The MOE tool was used to
insert any missing residues into the protein structures,
ensuring that the protein chains were complete. (b)
Energy Minimization: An energy minimization process
was carried out utilizing MOE, with the goal of
improving the protein's geometric arrangement while
minimizing unfavorable interactions and strain. This
thorough construction of the protein structures paved the
way for future computational investigations, assuring
their precision and appropriateness for molecular
docking simulations. During energy minimization, a 0.01
gradient was employed to calculate atomic coordinates
representing local minima in the molecular energy
function.'>*®! This approach is designed to find low-
energy conformations and prepare the protein for
molecular dynamics simulations.

and Preparation of the Receptor

2.3. Molecular docking

The current research employed in-silico molecular
docking via Molecular Operating Environment (MOE).
Prior to docking, the protein were subjected to necessary
preparation steps using the structure preparation module.
The AMBER 99 force field was utilized throughout the
docking process, with additional optimization of
bioactive compounds using AMBER 10. This
optimization includes the addition of hydrogen bond,
partial charges, and energy minimization of peptides.
Protonation of the target protein structure was conducted
using the Protonate3D module in MOE before setting it
as the receptor. Active binding sites within the target
protein were identified using the Site Finder module
within  MOE. The docking methodology involved
docking a database of 60 phytochemicals into the
binding site using alpha triangle docking placement
technology. Poses were generated by superimposing
ligand atoms and receptor site points in triplets. Five
docking conformations were produced for each ligand,
and these were ranked using the London dG scoring
function to assess the free energy of binding for each
position.'”*®1 The pose with the lowest score was
selected as the final option, and the binding orientations
were thoroughly scrutinized for each docking operation.
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Figure 1: General workflow of phytochemicals screening and validation procedure.

2.4. Pharmacokinetics Evaluation

2.4.1. Drug-likeness properties

The lipinski’s Rule of 5 (RO5) was used to evaluate the
drug-likeness characteristics of the bioactive compounds.
This was done using admetSAR and swissADME. This
rules explores crucial molecular features that are
significant for oral bioavailability, this includes
molecular weight, octanol-water partition coefficient
(logP), hydrogen bond acceptors and donors. This
criterion, which is a refinement of drug-likeness, helps
predict whether a chemical compound possesses
pharmacological or biological activity suitable for oral
administration in humans.™*!

2.4.2. ADME Prediction

The evaluation of small molecules in medicinal
chemistry and pharmacokinetics necessitates critical
Absorption, Distribution, Metabolism, and Excretion
(ADME) studies. pkCSM, admetSAR, and swissADME
were used to investigate the ADME properties of
possible therapeutic candidates. Key parameters such as
Central nervous system (CNS) permeability, Human
Intestinal Absorption (HIA), mutagenicity,
carcinogenicity, cytochrome P450 enzyme inhibition,
and skin sensitization were assessed.™*!

2.4.3. Toxicity analysis

Toxicity analysis is an important part of drug
development, this predict the impact of compounds on
important organs such as the liver, heart. ProTox-II
website was used to examine the LD50 values and
toxicity classifications of the compounds. The term
LD50 refers to the fatal dose at which 50% of the tested
population succumbs to the drug. The pkCSM webserver
was also used to evaluate the compounds' toxicology-
related information, such as Ames positive,
mutagenicity, skin sensitivity, and potential effects on
liver functions, which was done by entering the
Simplified Molecular Input Line Entry System
(SMILES) from PubChem into pkCSM.2!

2.5. Molecular Mechanics (MM-GBSA)
Largely accepted in computational studies, Generalized
Born and Surface Area (MM-GBSA) methods in synergy

with Molecular Mechanics energies are frequently used
to estimate the free energy involved in the binding of
small ligands to various biological macromolecules.*!
To evaluate the relative binding free energies of the four
lead compounds following molecular docking analysis,
Prime MM-GBSA, which is integrated into Maestro
v12.5, was used in this investigation. Electrostatic
interactions, Van der Waals forces, hydrogen bonds, and
solvation energies were included in the breakdown of
each frame potential energy into discrete energy
contributions. The binding free energy calculation
involved summing these energy terms, as expressed in
the equation:

AGping = AEmm + AGgg + AGsp e (9]

AEmm= Eele + Evawt Enbond eeeeemmeeemmeeemececes 2

The binding free energy is represented by AGying, the
molecular mechanical energy is denoted by AEywm, the
polar contribution to the solvation energy, as calculated
by the Generalized Born (GB) technique, is represented
by AGgs, and the contribution from nonpolar
components to the solvation energy is shown by AGga.
The molecular mechanical energy AEyy is calculated by
summing contributions from hydrogen bond energy
(Ebona), electrostatic energy (Eee), van der Waals energy
(Evaw), and torsional angle energy (Eint). These are all
evaluated using the same force field that is used in the
Molecular Dynamics simulations.?:%%

2.6. Molecular Dynamics Simulations

The methodology employed in this study involved
Molecular Dynamics (MD) simulations to investigate the
binding stability, conformational dynamics, and
interaction modes between ligands and target proteins.
These simulations were conducted using GROMACS
software version 2021, a well-established tool capable of
accurately simulating proteins, lipids, and nucleic acids.
To initialize the simulations, the topologies of the protein
and ligands were generated utilizing CHARMM36 force
fields, followed by refinement using protocols provided
by GROMACS and CgenFF.?*% The resulting protein-
ligand complex was then placed within a dodecahedron
box filled with counterions and simple point charge
(SPC) water molecules to create a neutralized solvated
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environment suitable for simulation. To ensure the
stability of the system, an iterative energy minimization
process was performed until the maximum force reached
a threshold of less than 100 kJ/mol/nm, employing
optimization algorithms such as steepest descent and
conjugate gradient. Subsequently, the equilibration of the
system was achieved through positional-restrained
dynamics simulations under both NVT (constant number
of particles, volume, and temperature) and NPT (constant
number of particles, pressure, and temperature)
ensembles. This involved running the simulations for
5000 steps under NVT conditions followed by 50000
steps under NPT conditions, all at a temperature of 300
K. Once equilibrium was established, a production MD
run of 50 nanoseconds duration was conducted at 300 K
and 1 bar pressure to capture the long-term dynamics of
the system. Throughout the simulation, various structural
and dynamic properties were analyzed using
GROMACS, including Root Mean Square Deviation
(RMSD), Solvent Accessible Surface Area (SASA), and
Root Mean Square Fluctuation (RMSF), providing
insights into the behavior of the protein-ligand complex
over time.

3. RESULTS AND DISCUSSION

3.1. Molecular Docking, Drug-likeness and binding
Site analysis

In our study, we conducted a comprehensive evaluation
involving a total of 60 bioactive compounds, alongside
the reference compound teneligliptin, all of which were
subjected to docking against the protein target Human
Dipeptidyl Peptidase (DPPIV). The molecular docking
analysis revealed a range of interactions, including
hydrogen bonding, pi-pi, and hydrophobic interactions,

which were meticulously identified and assessed.
Compounds were then ranked based on their binding
poses, with lower binding energy indicating higher
binding affinity and vice versa. Among the 60
compounds, 13 exhibited pronounced negative binding
energies, ranging from -7.73 kcal/mol to -6.6 kcal/mol
against the selected targets compared to the standard
with a binding score of -6.5 kcal/mol (Figure 2).
Consequently,  only  compounds  demonstrating
significantly lower binding energy than the standard
(Teneligliptin) were retained for further scrutiny,
encompassing drug-likeness and ADMET evaluation.
The binding affinities and interacting amino acids of the
ultimately selected compounds are reported in Table 1.
The meticulous drug-likeness analysis of the 13
compounds delineated the identification of 4
phytochemicals: emetine, linoelaidic acid, doconexent,
clionasterol, alongside the reference drug (teneligliptin),
all exhibiting commendable drug-like characteristics
(molecular weight < 500 Da, no more than 5 hydrogen
bond donors, no more than 10 hydrogen bond acceptors,
and an octanol-water partition coefficient not surpassing
5) (Table 2). These compounds strictly adhere to
Lipinski’s guidelines for drug-likeness. In the course of
virtual screening, it is imperative to discern compounds
susceptible to yielding false-positive results, typified by
"pan-assay interference compounds" (PAINS), which
exhibit a propensity to target multiple biological targets
instead of a singular one.”®*1 The compounds
underwent rigorous screening for PAINS activity
leveraging the SwissADME web service, with the results
indicating the absence of any lead compounds belonging
to the PAINS class (Table 2), thereby affirming their
likelihood to exhibit specific molecular interactions.

B GUAVINB

LUTEOLIN-7-O-GLUCURONIDE m HYPERIN
B AVICULARIN

B CYANIDIN-3-O-GLUCOSIDE

TETRADECANOIC ACID

6.6 6.6
] 67 67 6.7
6.8
6.9

W CORILAGIN

m LINOELAIDIC ACID
W DOCONEXENT
TENELIGLIPTIN (STANDARD)

EMETINE
= MYRCIAPHENONE B
W CLIONASTEROL

B REYNOUTRIN

Figure 2: The top 14 phytochemicals docked against Human Dipeptidyl Peptidase (DPPIV).

Subsequently, the binding interaction of these promising
inhibitors were analyzed. Intriguingly, all were found to
bind resolutely to the active residues of DPP-IV.
Emetine, boasting a binding score of -7.2 kcal/mol, with

while also manifesting hydrophobic interactions
(TYR666, TYR547, ARG356, PHE 357, ARG 358) with
the targeted protein. Linoelaidic acid, with a binding
score of -6.8 kcal/mol, showcased two conventional

two conventional hydrogen bonds (ARG 125, ARG 358) hydrogen bonds (TYR547, TYR666), alongside
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hydrophobic interactions (ARG358, ARG356, PHE357)
with the receptor (Figure 3). Doconexent, boasting a
binding score of -6.7 kcal/mol, exhibited commendable
binding affinities, characterized by two conventional
hydrogen bonds (ILE407, HIS363), coupled with
hydrophobic interactions (TYR666, PHE357, ARG358,
ARG356, ARG357). Lastly, Clionasterol, with a binding
score of -6.6 kcal/mol, engaged in hydrophobic/other
interactions (PHE357, ILE374, ARG356) with the
targeted protein (Fig. 3). Notably, it has been
reported.”*% that an augmented number of hydrogen
bonds in the interaction profile of a Protein-Ligand
complex is indicative of a more stable complex. Hence, it
can be inferred from the molecular docking results that
Emetine emerges as the best among the selected ligands,
followed by linoelaidic acid surpassing Teneligliptin,
with a binding affinity of -6.5 kcal/mol and one
conventional hydrogen bond (GLU 205). Additionally, it
was discerned that the lead compounds exhibit a similar
of mode of action to Teneligliptin, as they interact with
their targets via akin amino acid residues.

3.2. Pharmacokinetics Analysis

The thorough evaluation of ADMET properties is
paramount for discerning the pharmacokinetic and
toxicological attributes of compounds.*" Advanced
webservers such as admetSAR, ProTox-Il, and pkCSM
are instrumental in delving into absorption, distribution,
metabolism, excretion, and toxicity (ADMET) profiling.
We meticulously delved into the pharmacokinetic
properties of the most promising lead compounds and the
standard (Table 3). It's noteworthy that all compounds,
with the exception of emetine and linoelaidic acid,
showcase no permeability to the blood-brain barrier
(BBB) (Figure 4). While emetine, linoelaidic acid, and
clionasterol exhibited positive results for Caco-2 cell line
permeability under adsorption and dispersion conditions,
docohexent and teneligliptin displayed unfavorable
outcomes. In addition, emetine demonstrate substrate and
inhibitory effects on P-glycoprotein.

Table 1: 2D Interaction and list of interacting amino acids of lead compounds and the standard drug.

Compounds Binding 2D Interaction H—bonq Hydrophpblc . Other_
score Interaction Interaction Interaction
&
TYR666, .
Emetine 72 f ARGIZS, | TYRSAT | eSO
' ARG358 ARG356, PHE | -0\ 0 ooc
357, ARG 358 ’
=) @ ;f)\ ) ® j ® @
i W )
oo @& ! @ TYR547 ARG358,
Linoelaidic -6.8 e ® © ® T @ TYRGEE ARG356,
PHE357
TYR666,PHE35
Doconexent 67 ' ILE407, 7, ARG358,
: H1S363 ARG356,
ARG357
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6B QI $ . @
& ® PHE357,
Clionasterol -6.6 ® o @o0® @ | — ILE374,
= W @ o) = = =
) ® ® ® ARG356
Electrostatic
Pi Bond:
. GLU205,
Teneligliptin 6.5 GLU205 ARG356,PHE35 ARG358
(Standard) 7
Pi Sulfur:
TYR666.
Table 2: Drug-likeness (Rule of 5) evaluation and physiochemical properties of selected compounds.
S. Binding Pubchem LIPINSKI
No LIGANDS Score ID MW | HBD | HBA | LOG P RULE TPSA | PAINS
1 | Emetine -7.2 10219 480.64 1 6 419 | Yes 52.19 0
2 | Linoelaidic acid -6.8 5282457 280.2 1 2 6.6 Yes 37.3 0
3 | Doconexent -6.7 445580 328.2 1 2 6.6 Yes 37.3 0
4 | Clionasterol -6.6 457801 414.3 1 1 7.6 Yes 20.2 0
5 | reneligliptin 6.5 11949652 | 4266 | 1 7 1.76 | Yes 8194 | 0
(Standard)

In humans, an array of cytochrome P450 enzymes play
pivotal roles in the metabolism of compounds. We
meticulously scrutinized the inhibitory potential of the
selected compounds and Teneligliptin on these enzymes,
with a keen focus on their impacts, particularly on the
CYP3A4 and CYP2D6 isoforms, which can significantly
influence drug metabolism. According to our findings,
none of the lead compounds inhibit CYP2C19 and
CYP2C9 enzymes. However, linoelaidic acid and
docohexent showcase inhibitory effects on the CYP1A2
enzyme class. Conversely, emetine, clionasterol, and
tenegliptin emerge as non-inhibitors. When it comes to
substrates, all compounds, except emetine, exhibit non-
substrates of CYP2D6.

Interestingly, linoelaidic acid and docohexent surface as
substrates of CYP2C9 and inhibitors of CYP1A2. On the

Table 3: ADMET properties of the 4 lead compounds and the standard (Teneligliptin).

other hand, teneligliptin, clionasterol, and emetine are
identified as substrates of CYP3A4. Furthermore, none
of the compounds exhibit inhibitory effects on crucial
isoforms, suggesting a favorable overall metabolism
profile. The efficient elimination of compounds and their
metabolites via excretion is pivotal to curtail
accumulation and eventual cytotoxicity. Our assessment
of half-life and clearance descriptors revealed high
clearance rates for emetine, doconexent, and clionasterol,
contrasting with the low clearance rates observed for
linoelaidic acid and the standard (teneligliptin). Notably,
linoelaidic acid and doconexent showcase a higher
probability of a prolonged half-life, while clionasterol
exhibits a markedly low probability, and emetine and
tenegliptin demonstrate moderate values.

Emetine

Human Intestinal Absorption
Caco-2 permeability
P-glycoprotein | inhibitor
P-glycoprotein Il inhibitor
P-glycoprotein substrate

Linoelaidic acid | Doconexent

Clionasterol | Teneligliptin
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BBB Permeability
CYP1AZ2 Inhibitor
CYP2C19 Inhibitor
CYP2C9 Inhibitor
CYP2C9 Substrate
CYP2D6 Substrate
CYP2D6 Inhibitor
CYP3A4 Substrate
CYP3A4 Inhibitor
Clearance

Half-life ( Ty)
Herg | Inhibitor
Herg Il Inhibitor
AMES Toxicity
Carcinogenicity (binary)
Acute Oral Toxicity
Skin Sensitisation
Hepatotoxicity

Moreover, all compounds exhibit non-toxicity
concerning the Ames toxicity parameter. Also, all the
compounds and teneligliptin exhibit similar safety profile
and acceptable level profile hERG-I (human ether-a-go-
go-related gene 1). It's also intriguing to note that all
compounds  exhibit  non-carcinogenic  properties.
Regarding liver toxicity, only emetine and doconexent
are non-hepatotoxic. Categorizing compounds based on
acute oral toxicity reveals predictions where clionasterol
belongs to class I, emetine and teneligliptin fall into
Category 111, and linoelaidic acid and docohexent are
predicted to fall into class 1V. These detailed insights
shed light on the multifaceted pharmacokinetic and

toxicological profiles of the compounds, offering
valuable guidance for their potential therapeutic
applications.

3.3. MMGBSA Calculation Analysis

MMGBSA (Molecular Mechanics with Generalized
Born Surface Area) calculations represent a widely
utilized approach in computational biology for predicting
in silico drug-target interactions.??® These calculations
involve the summation of different energy interactions,
also known as force fields (FFs), to evaluate the overall
binding free energy of ligand-protein complexes. Our
MMGBSA calculations including binding energy
contribution from hydrogen bonding (MMGBSAAG
Bind Hbond), Van der Waals interactions (MMGBSAAG
Bind vdW), solvation (MMGBSAAG Bind Solv), and
total binding free energy (MMGBSAAG Bind) were

060060 | 06 | 003 | 04 |

conducted to assess the binding free energy (Table 4) and
the contributing factors to the total binding energy of
various ligand-protein complexes. Among the evaluated
compounds, including Emetine, Linoelaidic Acid,
Clionasterol, Doconexent, and Teneligliptin, notable
findings have emerged. Emetine demonstrates a robust
total binding energy, primarily driven by the Van der
Waals (vdW) interaction component. The compound
exhibits favorable binding affinity with a binding free
energy of -41.6889 kJ/mol, suggesting strong
interactions with the protein target. Moreover, Emetine
displays a significant contribution from hydrogen
bonding (-0.72487), indicating stable protein-ligand
interactions. Linoelaidic Acid exhibits a moderate total
binding energy, primarily attributed to the Van der Waals
interaction component. However, the compound
demonstrates a relatively lower binding affinity
compared to Emetine, with a binding free energy of -
15.4533 kJ/mol (Figure 4).

Table 4: MMGBSA analysis results of the lead compounds and the standard (Teneligliptin).

Compound MMGBSAAG MMGBSAAG MMGBSAAG MMGBSAAG
Bind Bind Hbond Bind vdW Bind Solv
Emetine -41.6889 -0.72487 -43.7913 41.91
Linoelaidic Acid -15.4533 -1.62641 -37.212 -40.85
Clionasterol -26.3642 -0.89723 -37.3121 35.98
Doconexent -12.7929 -2.41086 -35.9598 -39.62
Teneligliptin -31.9778 -0.51904 -49.0269 37.77
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Figure 3: The boiled-egg analysis from swissADME for the 4 lead compounds and the standard drug. The yellow
and white region represent the blood brain barriers and human intestinal absorption respectively.
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Figure 4: 3D structure of the lead compounds in DPPIV protein pocket and the 2D interaction of Emetine,
Teneligliptin and Linoelaidic acid with conventional hydrogen Bonds, Pi-alkyl in green, purple and orange

respectively.

Clionasterol displays a moderate total binding energy,
predominantly driven by the Van der Waals interaction
component. The compound exhibits reasonable binding
affinity with a binding free energy of -26.3642 kJ/mol.
Doconexent demonstrates a relatively lower total binding
energy, with a substantial contribution from hydrogen
bonding. The compound exhibits a binding free energy
of -12.7929 kJ/mol. Teneligliptin shows a considerable
total binding energy, primarily attributed to the Van der

Waals interaction. The compound demonstrates
favorable binding affinity with a binding free energy of -
31.9778 kJ/mol. Based on the MMGBSA analysis results
(Figure 5.), Emetine emerges as a particularly promising
inhibitor, displaying a robust total binding energy and
substantial contributions from both Van der Waals
interactions and hydrogen bonding. These findings
highlight Emetine's potential as an effective inhibitor
compared to the other evaluated compounds.

A MMGBSAAGBind Hbond B MMGBSAAG Bind vdW
U - 0
o . 0
0.51904
. -0.72487 .
1 -0.89723 20
15 -30
-1.62641
2 40 37.212 373121 359598
s 50 -43.7913
-2.41086 ) -49.0269
3 60
W Emetine M Linoelaidic Acid  ® Clionasterol Doconexent M Teneligliptin mEmetine M Linoelaidic Acid  ® Clionasterol Doconexent W Teneligliptin
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Figure 5: MMGBSA calculation analysis chart of the four lead compounds, depicting (A) MMGBSAAG Bind
Hbond (B) MMGBSAAG Bind vdW, (C) MMGBSAAG Bind Solv, and (D) MMGBSAAG Bind.
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3.5. Molecular dynamics simulation of the complexes
Molecular dynamics (MD) simulation has undergone
significant evolution in recent decades due to
advancements in quantum physics and computational
chemistry. It has emerged as an indispensable tool for
investigating the behavior of macromolecules, including
membrane proteins and protein-ligand complexes.* MD
simulations enable researchers to explore the structural
and functional dynamics of biomolecules at atomistic
resolution. With current computational resources and
methodologies, MD simulations can accurately replicate
biological systems over timescales ranging from
nanoseconds to milliseconds for each molecular
complex.”® This level of detail allows for the study of
intricate molecular interactions and conformational
changes that occur within biomolecular systems. In this
study, MD simulations were conducted for the protein
target Dipeptidyl Peptidase-IV (DPP-1V), the standard
drug Teneligliptin, and two promising DPP-IV inhibitors
(Emetine and Linoelaidic acid) identified through
docking screening. The simulations were performed for a
duration of 50,000 picoseconds (ps), during which
various parameters such as root-mean-square deviation
(RMSD), root-mean-square fluctuations (RMSF), and
molecular interactions were analyzed. GROMACS
software was utilized for the simulations, allowing for
detailed atomistic analysis of the dynamic behavior of
the protein-ligand complexes.

3.4.1. RMSD

The Root Mean Square Deviation (RMSD) measures the
conformational variations in specific ligand-protein
complexes over time. The provided RMSD values offer
valuable insights into the stability and structural
alignment of the complexes formed between the
compounds and the protein target (DPP-1V) before and
during the simulation.?*%!

As observed with the average RMSD value in Table 5,
Emetine demonstrates the lowest average RMSD value
(0.140nm) among the compounds analyzed. This
suggests that the Emetine-protein complex maintains a
relatively stable and closely aligned structure throughout
the simulation period. The low RMSD value indicates
minimal deviation from the initial conformation,
indicating a strong interaction between Emetine and the
protein target (DPP-1V) (Figure 4). On the other hand,
Linoelaidic Acid exhibits a slightly higher average
RMSD value (0.154nm) compared to Emetine but
remains within an acceptable range. This suggests that
the Linocelaidic Acid-DPP-IV complex maintains
structural stability during the simulation, though with
slightly more variability compared to Emetine. The
relatively low RMSD value indicates a favorable
interaction between Linoelaidic Acid and the protein
target.

Teneligliptin, as the standard drug, displays a marginally
higher average RMSD value (0.164nm) compared to
both Emetine and Linoelaidic Acid. Despite this, the

RMSD value remains within an acceptable range,
suggesting that the Teneligliptin-protein  complex
maintains structural stability during the simulation
(Figure 5). However, the slightly higher.

Table 5: Average values of RMSD, RMSF, and SASA
of all simulated complexes.

Average RMSD values (nm)

Emetine Complex 0.140
Linoelaidic acid Complex 0.154
Teneligliptin Complex (Standard) | 0.164
Unbound Protein (DPPIV) 0.156
Average RMSF values (nm)

Emetine Complex 0.069
Linoelaidic acid Complex 0.060
Teneligliptin Complex (Standard) | 0.064
Unbound Protein (DPPIV) 0.064
Average SASA values (nm?)

Emetine Complex 303.19
Linoelaidic acid Complex 303.25
Teneligliptin Complex (Standard) | 303.28
Unbound Protein (DPPIV) 304.42

RMSD value may indicate some degree of deviation
from the initial conformation.®® The Protein Target
(DPP-IV) exhibits an average RMSD value comparable
to Emetine and Linoelaidic Acid when complexed with
the compounds (Table 5). This suggests that the DPP-1V-
protein complexes maintain relatively stable structures
during the simulation, with minimal deviation from the
initial conformation.

Finally, the RMSD values provide evidence of the
stability and structural alignment of the compounds when
complexed with the protein target (DPP-I1V) during the
simulation. Emetine emerges as the compound with the
lowest average RMSD value, indicating a stable and
closely aligned complex with the protein target.
Linoelaidic Acid follows closely, while Teneligliptin,
despite displaying a slightly higher RMSD value, still
maintains structural stability within an acceptable range.

These findings suggest that Emetine and Linoelaidic
Acid may hold promise in pharmacological applications
due to their favorable interaction with the protein target.
Interestingly, this agrees with the analysis of molecular
docking where the ligand showed better binding affinity
and drug-likeness than all other docked complexes
(Figure 1).
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(Teneligliptin) and the 2 promising compounds (Emetine and Linoelaidic acid) in complex with KRAS G12D.

3.4.2. RMSF

RMSF (Root Mean Square Fluctuation) analysis enables
the identification of crucial residues engaged in the most
significant interactions with a specific ligand. During
MD simulations, higher RMSF values reflect increased

atomic mobility of the protein's Ca atoms.”! The graph
in Fig. 5 overlays the RMSF spectra of the simulated
entities. As indicated in Table 5, the average RMSF
values for the Emetine and Linoelaidic acid complexes

are 0.069 nm and 0.060 nm respectively.
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The RMSF value for the Emetine complex indicates
relatively low atomic mobility within the complex
suggesting a stable interaction between Emetine and the
protein target (DPPIV). This stability implies that
Emetine may exhibit favorable binding affinity and
structural integrity when complexed with DPPIV,
making it a promising candidate for further
pharmacological investigation. Interestingly, the RMSF
value for the Linoelaidic Acid complex is even lower
than that of Emetine, indicating minimal atomic mobility
and fluctuation within the complex. This suggests a
highly stable interaction between Linoelaidic Acid and
DPPIV, with strong binding affinity and structural
integrity. The exceptionally low RMSF value
underscores the potential of Linoelaidic Acid as a
promising drug candidate for targeting DPPIV. The
RMSF value for the unbound DPPIV reflects inherent
atomic fluctuations within the protein structure in the
absence of ligand binding. This serves as a baseline for
comparison with the RMSF values of the ligand-protein
complexes. Teneligliptin Complex is comparable to that
of the unbound DPPIV, indicating minimal atomic
fluctuations within the complex (Figure 6). This suggests
a stable binding interaction between Teneligliptin and
DPPI1V, consistent with its status as a standard drug. The
low RMSF value reinforces the  potential
pharmacological relevance of Teneligliptin in targeting
DPPIV. The observed RMSF values provide valuable
insights into the stability and dynamic behavior of the
ligand-protein  complexes. While Emetine and
Teneligliptin complexes exhibit low RMSF values,
indicating stable interactions with DPPIV, the
exceptionally low RMSF value for the Linoelaidic Acid
complex highlights its remarkable stability and strong
binding affinity. In summary, this interpretation reflects
the significance of the exceptionally low RMSF value for
Linoelaidic Acid Complex and its implications for drug
candidacy, while also acknowledging the stable
interactions observed for Emetine and Teneligliptin
complexes.

3.4.3. SASA

SASA analysis plays a pivotal role in studying protein-
ligand interactions, where it can aid in assessing the
binding affinity, stability, and conformational changes of
complexes.®® Ligands with lower SASA values when
bound to their target proteins often indicate tighter
binding and enhanced structural integrity, making them
promising candidates for drug development.F** As
shown in Table 5, emetine emerges as a compelling
candidate when compared to the standard drug
Teneligliptin, as indicated by its favorable Solvent
Accessible Surface Area (SASA) value. While both
compounds exhibit comparable degrees of solvent
exposure, Emetine's slightly lower SASA value suggests
a trend towards greater compactness and stability in its
complex with the protein target (DPPIV) compared to
Teneligliptin (Figure 7). The lower SASA value of
Emetine implies reduced solvent accessibility, which
may indicate a more tightly bound complex with DPPIV
compared to Teneligliptin. This characteristic suggests
that Emetine could potentially form stronger interactions
with the protein, leading to enhanced binding affinity and
stability. Furthermore, the comparison with the standard
drug underscores Emetine's potential superiority in terms
of its structural dynamics and stability. While
Teneligliptin is an established standard, Emetine's ability
to exhibit comparable or even better characteristics in
terms of protein-ligand interactions is promising for its
candidacy as a drug candidate. However, it's crucial to
emphasize that the assessment of Emetine's superiority
over Teneligliptin should be further validated through
comprehensive studies, including assessments of binding
affinity, structural integrity, pharmacokinetic properties,
and biological activity. In conclusion, Emetine's
favorable SASA value suggests that it holds promise as a
potential alternative or improvement over the standard
drug Teneligliptin. Further investigation is warranted to
fully elucidate its pharmacological potential and
establish its suitability for therapeutic applications as
compared to the standard treatment.
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Figure 8: The Superimposed SASA graph spectrum of the unbound protein (DPP-1V), the referenced compound
(Teneligliptin) and the 2 promising compounds (Emetine and Linoelaidic acid) in complex with KRAS G12D.
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4. CONCLUSION

Our study highlights the promising pharmacological
potential of Psidii Guajavae Folium bioactive
compounds as DPP-1V inhibitors for Type 2 diabetes
intervention. Through molecular docking, drug-likeness
and pharmacokinetic analysis, emetine and linoelaidic
acid demonstrated superior binding affinity, drug-
likeness, and favorable ADMET properties compared to
the standard teneligliptin. Furthermore, molecular
dynamics simulations provided valuable insights into the
stability and dynamic behavior of these compounds in
complex with DPP-1V, highlighting the emerging
stability, strong interactions of emetine and linoelaidic
acid. MMGBSA calculations further supported Emetine's
candidacy as a potent inhibitor, exhibiting robust total
binding energy and favorable interaction profiles. These
findings suggest the potential of PGF-derived
compounds as novel therapeutics for managing Type 2
diabetes mellitus. Future experimental studies are
warranted to validate the efficacy and safety of these
compounds in vivo, paving the way for their clinical
translation and eventual incorporation into diabetes
management strategies.
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