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Abstract

Diabetes has become a major global public health issue, with a significant rise in its prevalence, ranking among the top 10
causes of death worldwide. Various therapeutic and preventive approaches have been proposed. However, there are
currently few drugs capable of counteracting the development of associated pathologies. This integrated study examines the
relationship between the electronic structure and the inhibitory activity of a series of (E)-3-(2-benzylidenehydrazinyl)-5,6-
diphenyl-1,2,4-triazine compounds on a-Glucosidase enzyme to propose new, more effective molecular structures. Based on
the analysis of the resulting quantitative structure-activity relationship (QSAR) equation, a 2D pharmacophore was
proposed. Subsequently, a new molecular structure was designed using Craig plot according to this pharmacophore.
Through virtual screening of this compound, one hundred new hit molecules structures were identified and subjected to
molecular docking analysis. Considering the PLP scores obtained and ADMET analysis, only six of them satisfy Lipinski’s
rule, among which the molecule M30 emerged as the best candidate for the treatment of type 2 diabetes.
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Introduction

Diabetes is one of the leading causes of mortality and morbidity
all over the world™?. It is recognized as a life-threatening public
health issue of global concern®, due to its high prevalence, long-
term complications, and the substantial cost of treatment”. It is a
chronic metabolic disorder characterized by hyperglycemia,
accompanied by a disruption in carbohydrate, lipid and protein
metabolism, resulting from insufficient insulin secretion and/ or
action. It is typically diagnosed when fasting blood glucose
levels exceed 1.26 g/L (7 mmol/L)®*®. Type | and type II
diabetes share similar physiopathological characteristics but
differ in their underlying causes’. According to the International
Diabetes Federation, by 2045, approximately 693 million people
aged 18-99 year are projected to be living with type 2 diabetes®,
As highlighted above, elevated blood glucose level is one of the
primary indicator of diabetes. Glucose production in the body is
largely driven by the enzymatic activities of glucosidase
amylases, which play crucial role in breaking down starches
and dietary sugars into glucose®*°

a-glucosidases enzymes, including maltase-glucoamylase and
sucrase-isomaltase, are bound to the intestinal membrane and
primarily catalyze the conversion of oligosaccharides,
trisaccharides and disaccharides in glucose and other
monosaccharides in the brush border of the small intestine”*,
Currently, several therapeutic agents are available to regulate
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blood glucose levels, such as metformin, thiazolidinedione and
sitagliptin, which effectively improve insulin resistance.
However, adverse effects, including drug resistance, acute
kidney toxicity and increased heart attack risks limit widespread
use of these medications, with exception of metformin, which
remains the most commonly prescribed****. The search for new
molecules capable of inhibiting a-glucosidases enzymes has
become a major focus in the fight against type 2 diabetes,
offering a promising strategy to better control blood glucose
levels®.

Significant efforts have been made by researchers to |dent|fy
new bioactive molecules, either from herbal medlcme sources'®

% or through the synthesis of novel compounds®. Among these,
(E)-3-(2-benzylidenehydrazinyl)-5,6-diphenyl-1,2,4-triazine
derivatives have attracted considerable attention? due to their
diverse biological activities, including, inhibition of maltase-
glucoamylase and sucrase-isomaltase” and their role as a-
glucosidase and a-amylase inhibitors®. The anti-diabetic
potential of these derivatives can be further enhanced through
the application of bioinformatics tools such as quantitative
structure-activity relationship (QSAR) modeling, virtual
screening®, molecular docking® and Adsorption, Distribution,
Metabolism, Excretion, and Toxicity (ADMET) analysis?’.
QSAR has become a cornerstone in modern medicinal
chemistry, aiming to develop predictive statistical models that
estimate the biological activity of untested compounds. Virtual


mailto:gaston.kpotin@fast.uac.bj
http://www.isca.in/
http://www.isca.in/

Research Journal of Chemical Sciences

ISSN 2231-606X

Vol. 16(1), 39-51, February (2026)

screening plays a pivotal role in drug discovery by enabling the
rapid identification of promising bioactive compounds from
extensive chemical libraries, thereby, streamlining the search for
new therapeutic agents®.

In this study, the QSAR study was conducted using the
Klopman-Peradejordi-Gomez (KPG) approach®, which offers
the advantage of correlating biological activity with local atomic
reactivity indices. This method enables the identification of
specific atoms and substituents that can enhance the biological
activity of the molecules. QSAR modeling, combined with
virtual screening and molecular docking, was employed to
propose novel pharmacophores and potential antidiabetic
compounds derived from (E)-3-(2-benzylidenehydrazinyl)-5,6-
diphenyl-1,2 4-triazine, targeting the a-glucosidase enzyme
(PDB: 3w37).

Materials and Methods

Selection of molecules: Regarding the selection of molecules
and their biological activities, the (E)-3-(2-
benzylidenehydrazinyl)-5,6-diphenyl-1,2,4-triazine  derivatives
and their biological activities were selected from a recent
study®. The calculated logarithmic values of their biological
activities, obtained from the literature are presented in Table 1
below. The experimental data used in this part of the study
correspond to the “in vitro” inhibitory activity on the a-
Glucosidase (a-G) enzyme, characterized by 1Csy. The common
skeleton is showed in Figure-1.
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Figure-1: Numeric labelling of atoms of the core skeleton of
(E)-3-(2-benzylidenehydrazinyl)-5,6-diphenyl-1,2,4-triazine
derivatives.

Quantitative structures activity relationship (QSAR): For the
QSAR study, the Klopman-Peradejordi-Gémez (KPG) approach
has been thoroughly reviewed in several publications®>"%, This
method has proven to be both convincing and valuable for
prediction biological activities®* *". The KPG approach employs
a linear equation that relates the logarithm of biological activity
(ICs0), measured either in vivo or in vitro to a set of local atomic
reactivity indices (LARI) corresponding to specific atoms
within the molecule.
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log(1C50) = a + f(LARIs) 1)

Table-1: Derivatives of (E)-3-(2-benzylidenehydrazinyl)-5,6-

diphenyl-1,2,4-triazine and their experimental inhibitory
concentrations against a-Glucosidase (a-G)*.
Mol | Ri | Ra | Re | R R, | 1090
1 H H H H H 1.42
2 H H cl H H 112
3 cl H H H o 1.42
4 H H cl H o] 1.16
5 F H H H H 156
6 H H CFs H H 1.16
7 H H OH H H 156
8 H H OH H OH 156
9 H H OH OH H 1.65
10 H NO, H H H 141
1 H OH H H NO, 1.42
12 H NO, H H cl 1.16
13 H cl H H NH, 1.56
14 H H OCH; | OH H 1.56
15 OCHs H H H H 1.67
16 H H H OCH;, cl 1.42
17 H OCH3; | OCH; | OCHs H 1.44
18 H OCH; | Br OCH;, H 1.42
19 OCH; H Br H OCH;, 1.54
20 Br H H OCH;, OH 1.44
21 H H F OCH3 H 1.17
22 H H H H OCH,Ph 1.42
Standard Acarbose 1.42

Where: a is a constant and f(LARIS) is a function of the local
atomic reactivity indices (LARIS). These indices account for
atom-atom electrostatic interactions, electron-donating and
electron-accepting properties, the maximum charge an atom can
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accommodate, and other relevant atomic characteristics. The
complete expression of this equation is given as follows:

log(IC50) =a + b *log(Mp) + X525 p_ + X, [eiQ; + fiSF +
SiSN] + Xy X O or o2y [hi (m)F; (™) + j;(m)SE (m")] +
L, ROMOED | e (m)F(m™) + t(m)SN (m™)] +

YEa[gin + king + oj0f + Z;§ + WQ ] (2)

Where: i. Mp: Mass of the drug. ii. p_: Orientation parameter of

the o-th substituent. iii. Q;: Net charge of the atom i, iv. SE, SN:
Electrophilic superdelocalizability and total atomic nucleophilic
of atom i, respectively. v. F;(m*): Fukui index (electron
population) of atom i in an occupied molecular orbital (MO) m*
or empty MO (m¥*). vi. SF(m*): Electrophilic
superdelocalizability of occupied OM m* for atom i. vii.
SN@m'™): Nucleophilic superdelocalizability of empty MO m'*
for atom i. viii. uf,n;, a)z‘,(;:,Qi*-ma" Chemical potential, local
atomic hardness, local atomic electrophilicity, local atomic
softness, and the maximum electronic charge atom i can accept,
respectively.

Calculation: The electronic structures of the molecules were
determined using Density Functional Theory (DFT) at the
B3LYP/6-31G(d.p.) level, with full geometry optimization. All
calculations were performed using the Gaussian 09 suite of
programs.

The local atomic reactivity indices (LARIs) were computed
using the custom D-CENT-QSAR program®, which extracted
the relevant numerical values from GAUSSIAN output files.

Multiple linear regression analyses (MLRA) where conducted
using Statistica 10 software to establish quantitative structure-
activity relationships (QSAR).

Virtual screening analysis: Virtual screening aims to
computationally search the universe of potential organic
molecules to identify a manageable number of virtual hits
molecules®*“°. In this study, we conducted a virtual screening to
identify novel analogs based on a pharmacophore model.

The screening started from the compound depicted in Figure-4,
which was proposed based on the pharmacophore structure
obtained in Figure-3 and fully optimized geometrically using
Gaussian software.

We utilized the InfiniSee software from BioSolvel T, to
navigate vast chemical Space, including CHEMriya, eXplore,
FreedomSpace, GalaXi, KnowledgeSpace and REALSpace™.

Filtering parameters such as: target similarity (1) and minimum
similarity (0.35)*, were applied to refine the search. In
InfiniSee, ECFP4 molecular fingerprint (Extended Connectivity
Fingerprint with a diameter of 4) was employed to identify close
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analogs of the reference compound. This approach,
implemented in the “Analog Hunter” mode of InfiniSee, enables
the search for structurally similar molecules based on molecular
fingerprint similarity, quantified using the Tanimoto similarity
index*®*’.

Molecular docking: o-glucosidase (PDB ID: 3W37) enzyme
complexed with acarbose was retrieved from the Protein Data
Bank (PDB) for molecular docking studies*®. Missing residues
in the protein structure were added using the Genetic
Optimization for Ligand Docking (GOLD) software to ensure
accurate modeling of potential interactions***°. The crystal-
bound ligands and water molecules were removed, and
hydrogen atoms were added to complete the protein structure.
Both the protein and ligand structures were then converted into
Mol2 format for docking. To validate the docking protocol, self-
docking was performed by re-docking the native ligand into the
active site. The method was considered reliable as the best-
docked pose achieved a root mean square deviation (RMSD) of
< 2 Armstrong, indicating accurate reproduction of the
experimental binding mode.

Results and Discussion

Model for predicting inhibitory activity of (E)-3-(2-
benzylidenehydrazinyl)-5,6-diphenyl-1,2,4-triazine  derivatives
ona-Glucosidase enzyme.

The QSAR study allowed us to obtain the following regression
equation;

log(ICsy) = 2.57 — 234w, + 3.09F,o(LUMO)* —
1.41SE,(HOMO)* — 0.14S% + 0.10SE,(HOMO)* +

1.47Q1% — 0.04SY,(LUMO)* — 0.13Q,, —

0.61Fg(HOMO)* — 0.21u,, — 0.15F,,(HOMO0)* (3)
with n=22; R=0.99; R?*=0.99; R® adjusted=0.98; F (11, 10)
=158.10; p <0,00000; Estimated standard error: 0.07.

Out of the 22 molecular cases studied, no outliers were detected,
and no residuals were found outside the + 2o limit. In this
equation :w,, represents the propensity (electrophilicity) of
atom 10 to exchange charge with an electron-accepting site,
Fio(LUMO)" denotes the electron population (Fukui index) of
the lowest unoccupied molecular orbital localized on atom 19,
SE (HOMO)" is the electrophilic superdelocalizability (electron-
donating capacity) of the highest occupied orbital localized on
atom 17, SE represents the total superdelocalizability (total
atomic capacity) of atom 25 to donate electrons (MO-MO
interaction), SE(HOMO)" refers to the electrophilic
superdelocalizability (electron-donating capacity) of the highest
occupied orbital localized on atom 26, Q{:** indicates the
maximum electronic charge that atom 15 can accept from a
donor site, SN, (LUMO)" corresponds to the nucleophilic
superdelocalizability (electron-accepting capacity) of the lowest
unoccupied orbital localized on atom 27, Q,, is the net charge
(electrostatic interaction) of atom 27, Fs(HOMO)" represents
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the electron population (Fukui index) of the highest occupied
molecular orbital localized on atom 8, u,, indicates the
chemical potential of atom 17, F,,(HOMO)" is the electron
population (Fukui index) of the highest occupied molecular
orbital localized on atom 24. The beta coefficients, the t-test and
p-value of the eleven explanatory variables of the model are
presented in Table-2.

Table-2: Beta coefficients, t-test statistics and p-value of
variables in equation (3).

Beta

Variables coefficients t(10) p-Value
W1o -1.55 -29.33 0.000000
F,4(LUMO)" 0.68 14.45 0.000000
SE (HOMO)" -0.36 -12.04 0.000000
SE -0.48 -14.23 0.000000
SE.(HOMO)" 0.25 8.41 0.000008
X 0.37 8.74 0.000005

SN (LUMO)" -0.19 -6.54 0.000065
Q,, -0.15 -3.64 0.004554
Fg(HOMO)" -0.18 -4.71 0.000830
T -0.15 -4.02 0.002426
F,,(HOMO)" -0.11 -3.01 0.013011
Table-3 presents the correlation matrix of the eleven

explanatory variables in the model. The analysis of the data in
this table revealed that the strongest internal correlation is
observed between variables Flg(LUMO)* and o, With a
correlation coefficient of 0.45.

Figure-2 represents the graph of the experimental values plotted
against the calculated log(ICs,) values. The statistical
parameters associated with equation (I11) demonstrate that it is
statistically significant, and the variation in the numerical values
of the eleven LARIs accounts for approximately 95%
confidence in the variation of the biological activity.

To suggest the type of molecular interaction implied by the
presence of atoms in the equation (Il1), we determined the
nature of their three highest occupied molecular orbitals
((HOMO-2)*, (HOMO-1)*, (HOMO)* and the three lowest
unoccupied molecular orbitals (LUMO)*, (LUMO+1)*.
(LUMO+2)* based on the output files of the single-point
calculation.

Discussion: The values in Table-2 shows that the importance of
the variables decreases in the following order
w10>SE>SE (HOMO) >SY,(LUMO)”  ~ Fg(HOMO0)™>Q,; ~
t17>Fo,(HOMO) >S5 (HOMO) >QM*>F, o (LUMO) .
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Table-2 also indicates that the F,,(Homo)  index has low
significance dueto its p-Value exceeding 0.005. Consequently,
the statistical analysis will be based solely on the top 10 local
atomic reactivity indices. In addition, given the nature of the
indices involved, this process appears to be a charge-control and
orbital-interaction-based analysis.

Regarding the discussion, the results indicate that the inhibitory
activity of the 22 studied molecules in this series is associated
with a simultaneous variation of 11 local atomic reactivity
indices within the common framework. The variables-by-
variable analysis (VpV) method will be employed for this study.
Additionally, the Fukui indices are consistently positive ;
electrophilicity, total electrophilic superdelocalizability, and
partial ~ electrophilic  superdelocalizability are negative ;
nucleophilic superdelocalizability is generally positive except
for exceptional cases ; and the electronic chemical potential is
negative. However, the VpV analysis shows that high biological
activity correlates with low negative values for indices such as:

SE(HOMO)" S5 11,,SE.(HOM0)"Q,, and high positive values
for indices like : SY(LUMO)", Fg(HOMO)",
F19(LUM0)*1QI?;M1 W1o-

To gain a deeper insight into the molecule under study, it is
essential to conduct an analysis at the molecular level based on
the results obtained from equation (I11). The following section is
dedicated to this aspect of the analysis. Atom 10 is a carbon
atom in ring B, a high positive value of w,, is achieved either
by increasing the chemical potential or decreasing the hardness.
This analysis suggests that atom 10 interats with an electron-
rich center. Atom 17 is a carbon atom in ring A, and a low
negative value of p,, can be obtained by making (HOMO)"
energy less negative, which makes this atom a good electron
donor. Two positional cases for the HOMO,;” and LUMO;;
orbitals are observed. In both cases, these orbitals do not
correspond to the HOMO™ et LUMO™ of the molecule,
indicating that the HOMO™ must be made more reactive.
Consequently, atom 17 interacts with an electron-deficient
center, likely, through pi-interactions, in competition with the
low negative value of SE(HOMO)". A low nagative value
of SE,(HOMO)" is achieved by lowering the energy of the
(HOMO),;" orbital, reducing its reactivity. Therefore, atome 17
interacts with an electron-rich center. Atom 25 is a carbon atom
in ring D. A low negative value of S£ implies interaction with
an electron-rich receptor site, such as a carboxylate group. Atom
26 is a carbon atom in ring D of the common framework. Only
the (HOMO),s orbital participates in the process, this orbital
coincides with the molecular HOMO but the (LUMO),¢*does
not mach the molecular LUMO. A large negative value of
SE.(HOMO) is obtained either by increasing the fukui index of
(HOMO),s or decreasing its energy, indicating interaction with
an electron-attracting group like NO,. Atom 27 is a carbon atom
in ring D. A high positive value of S¥(LUMO)" is achieved
either by increasing the Fukui index LUMO,;" or lowering its
energy, making (LUMO),;” more reactive.
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The positive sign of the Fg(HOMO)" coefficient requires a high
positive value for the index, suggesting that atom 8 is involved
in an MO-MO repulsive interation with one or more orbitals of
the receptor’s active site, likely via pi-pi interactions. Atom 19
is a nitrogen atom in the common framework. A low positive
value of F,o(LUMO) suggests interaction with an electron-
deficient center, probably through pi-pi interactions. Atom 15 is
a carbon atom in ring A. Since the energy difference between
(HOMO);5s~ and (LUMO),s is positive, obtaining a high
positive value of QT:** requires increasing the energy of
(HOMO)15* . This implies that atom 15 interacts with an
electron-deficient center, potentially via pi-pi ou pi-c
interactions.

From all these analyses we proposed the following partial 2D
pharmacophore (Figure-3).

Proposed hypothetical a-glucosidase pharmacophore-based
inhibitor compound: Based on the sites indicated on this
pharmacophore offigure 3, the new hypothetical antidiabetic
molecule shown in figure 4was proposed using Craig plot®’.
Specifically, at sites 8, 10, 15,17,19,25, 26 and 27, different
chemical substituents were positioned, exhibiting either a
mesomeric electron-withdrawing effect (-M)/ an inductive
electron-withdrawing effect (-1) or a mesomeric electron-
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donating effect (+M)/ an inductive electron-donating effect (+1),
respectively.

Virtual screening analysis: As highlighted above, based on the
pharmacophore-based compound, we identified one hundred
(100) synthetically accessible hit molecules with similar
chemical properties using InfiniSee software 6.2.0. These
molecules will serve as the basis for molecular docking.

Molecular docking study: Docking protocol validation on a-
Glucosidase: The root mean square deviation (RMSD) of the
best pose, which has the highest affinity score of 69.0 with the
site, is equal to 2 Angstrom. This RMSD confirms that our
docking protocol is validated and can serve as a basis for
docking the one hundred hypothetical antidiabetic compounds
under study on the a-glucosidase enzyme.

Molecular docking of the one hundred hit molecules: We
performed the docking process, Among the one hundred
hypothetical antidiabetic molecules studied, only thirty (30)
molecules exhibited affinity scores higher than the reference
molecule. Therefore, these molecules are considered to have a
stronger affinity for the 3W37 receptor site compared to the
reference. These thirty compounds will be subjected to ADMET
analysis (Sup data).

Table-3: Correlation coefficients for variables appearing in equation (3)

Variables (HOI;SIO)* @10 15" (Hglll;:ZO)* M7 (Llfﬁ;of (H(flz\fI‘O)* Sis (Hglg\’?O)* Q27
w1o 0.10 1.00
max 0.12 0.42 1.00
SE (HOMO)" 0.00 0.00 0.08 1.00
T 0.00 0.00 0.00 0.06 1.00
F1o(LUMO)" 0.26 0.45 0.21 0.01 0.00 1.00
F,,(HOMO)" 0.04 0.02 0.01 0.03 0.12 0.07 1.00
SE 0.12 0.00 0.03 0.07 0.18 0.00 0.05 1.00
SE. (HOMO)" 0.00 0.00 0.03 0.03 0.00 0.01 0.05 0.00 1.00
Q,, 0.01 0.17 0.00 0.11 0.22 0.03 0.00 0.01 0.02 1.00
SN (LUMO)" 0.00 0.00 0.02 0.00 0.01 0.03 0.00 0.01 0.20 0.00
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Figure-2: Graph of the experimental values plotted against the calculated log (IC50) values. Dotted lines indicate the 95%

confidence interval in the correlation.
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Figure-3: 2D partial pharmacophore of (E)-3-(2-benzylidenehydrazinyl)-5,6-diphenyl-1,2,4-triazine derivatives with the a-

Glucosidase enzyme.
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Figure-4: Molecule structure of the pharmacophore-based
compound.

Molecular docking analysis
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Figure-5: The crystal ligand in the active site of the enzyme
3wW37.

Figure-5 illustrates the docking configuration of the crystal
ligand within the active site of the 3W37 enzyme. The ligand is
stabilized through multiple interactions, including Van der
Waals forces and conventional hydrogen bonds with residues
such as ASN 237, ASP 232, ASP 357, HIS 626, ARG 552, ASP
568 and ALA 234. Pi-alkyl interactions are also evident,
particularly involving residues like TRP 329 and PHE 601. The
crystal ligand’s optimal alignment within the binding pocket
underscores the structural complementarity of the enzyme’s
active site and will be useful for evaluating the bending efficacy
of hypothetical compounds.

Figure-6 highlighted the interaction of the pharmacophore-based
compound within the active site of the 3W37 enzyme. Key
interactions include pi-cation and hydrogen bond with residue
LYS 506. These interactions stabilize the ligand within the
bending site, indicating a favorable orientation for inhibitory
activity. In addition, pi-pi stacking interactions with TRP 432
and PHE 476 suggest strong hydrophobic contribution to
binding affinity. The structural alignment of the pharmacophore
validates its design based on QSAR analyses.
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Figure-6: Docking of the pharmacophore-based compound.
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Figure-7: Molecular docking of hypothetical compound M9.

Figure-7 demonstrates how M9 fits into the active site, forming
several key interactions such as Van der Waals interactions with
VAL 431, GLY 434, ASN 475, SER 474, ASN 475, TRP 432,
SER 505, ASN 496, ASP 232 and conventional hydrogen
bonding with SER 497, which enhance its binding. Favorable
pi-stacking interactions. Strengthen binding, while unfavorable
interactions may affect binding efficiency.
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Figure-8: Molecular docking of hypothetical compound M15.
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Figure-8 shows how M15 fits into the active site.M15 exhibits a
strong docking profile, with critical interactions including
hydrogen bonds with ASP 232, ARG 552 and pi-alkyl
interactions with TRP 329, LYS 506. Notably, PHE 476 forms
pi-pi stacking contacts contributing to the overall stability of the
compound in the active site. The compound’s configuration
suggests enhanced binding through its electron-rich aromatic
rings, polar interaction which interact with residues such as ASP
630 and ASP 568.
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Pi-Sulfur

Figure-9: Molecular docking of hypothetical compound M18.

Figure-9 demonstrates how M18 fits into the active site.The
molecule M18 forms robust interactions within the active site,
including conventional hydrogen bonds with ASP 232 and ASN
475. Hydrophobic contacts, particularly pi-alkyl interactions
with ILE 233, enhance its binding. Additionally, the orientation
of its substituents suggests potential for strong receptor affinity.
TRP 432 and PHE 476 participate in pi-pi shaped interactions,
enhancing the binding through aromatic stacking. The
molecule’s binding conformation reflects its ability to maintain
a stable ligand-receptor complex.
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Figure-10: Molecular docking of hypothetical compound M19.
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Figure-10 shows M19 designed to exploit aromatic stacking and
hydrophobic interactions. PHE 476 engages in multiple pi-pi
stacking interactions with the ligand’s aromatic groups,
providing strong aromatic stabilization. TRP 467 forms pi-alkyl
interactions, adding to the hydrophobic character of the binding
pocket which reinforces its binding affinity. While the
interactions are strong, the absence of hydrogen bonds might
limit its binding strength.

ILE
A233

A234
AN
A237

£ AB0L

Interactions

Conventional Hydrogen Bond Pi-Pi T-shaped

Carbon Hydrogen Bond Alkyl

Pi-Anion Pi-Alkyl

Pi-Pi Stacked

Figure-11: Molecular docking of hypothetical compound M29.

Figure-11 demonstrates how M29 fits into the active site. The
Molecule M29 interacts effectively within the enzyme’s active
site, forming Van der Waals interactions with residues such as
ILE 233, LYS 506 and pi-pi stacking contacts with PHE 476
and PHE 601.these interactions provide an aromatic
stabilization of the compound. A notable interaction includes
hydrogen bonding with ASN 237, which positions the molecule
optimally for inhibition. The arrangement of functional groups
suggests M29 may be an effective competitive inhibitor.
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Figure-12: Molecular docking of hypothetical compound M30.

Figure-12 shows how M30 fits into the active site.M30
identified as the best candidate, forms extensive polar and
nonpolar interactions such as: strong aromatic interactions
through pi-pi stacking and T-shaped interactions, and effective
hydrogen bonding with SER 497. This later interaction provides
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specificity to the binding. The molecule’s docking conformation
maximizes interactions with hydrophobic residues such as LYS
506 and ILE 233, critical for stability and high PLP scores. The
precise orientation of this molecule’s substituents reflects its
high binding efficiency and supports its selection as the most
active compound.

In conclusion, the molecular docking analyses of the proposed
pharmacophore-based compound and its derivates demonstrated
their strong potential as o-Glucosidase inhibitors. Key
interactions with the active site residues, including hydrogen
bonds, Van der Waals forces, and pi-pi stacking, highlight the
compound’s capacity to establish stable ligand-receptor
complexes. The consistency of these findings with QSAR
predictions and ADME analyses further validates the proposed
compounds as viable candidates for type 2 diabetes treatment.
M30, in particular, holds significant promise for addressing
hyperglycemia-related dysfunction.

Hypothetical molecules obtained based on ADMET analysis:
For the final selection of more active compounds targeting the
3W37 receptor, the Lipinski’s rule was applied. This rule
involves selecting only molecules that meet the following
criteria: molecular weight (MW) <500, a (log(P), MLOGP) <5,
no more than 10 hydrogen bond acceptors acceptor (N or O
atoms), and no more than 5 hydrogen bond donor (NH or OH
groups). Based on the results obtained (Table-4) for the
proposed hypothetical molecules, the Lipinski’s rule confirms
that all of the six (06) molecules retained after ADMET analysis
exhibits favorable solubility and permeability, making them
potential candidate molecules for type 2 diabetes treatment. To
evaluate the physicochemical properties of the proposed
hypothetical compounds, Swiss ADME was utilized. Figure-13
represents the six molecules that satisfied to the Lipinski’s rule.

H Cl H
H
H N
H
H NO, o} H H
H
H H H
H
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H
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M30
Figure-13: 2D representation of hypothetical compounds
obtained based on ADMET analysis.
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Table-4: Physicochemical propriety, lipophilicity and druglikeness.

Res. J. Chem. Sci.

Partition coefficient Molecular | Hydrogen Hydrogen Number of Rule-of-five of
Molecules log(P) weight bond bond rotable Lipinski
Or Log Py, (MLOGP) (Dalton) donor acceptors bonds P
M9 3.31 567.43 2 6 9 Yes; 1 violation: MW>500
M15 3.85 524.38 2 5 7 Yes; 1 violation: MW>500
M18 3.50 601.88 2 6 9 Yes; 1 violation: MW>500
M19 3.50 554.39 2 6 8 Yes; 1 violation: MW>500
M29 4.04 538.41 1 5 8 Yes; 1 violation: MW>500
M30 2.63 422.45 2 6 7 Yes; 0 violation
Conclusion Amylase, and PPAR-y: Design, Synthesis, Virtual

The QSAR study conducted in this work enable us to establish
statistically significant relationships between the variation of
biological activities of a series of triazines molecules and the
variation of numerical values of a set of local atomic reactivity
indices. Analysis derived from this mathematical relationship
allowed us to propose a 2D pharmacophore. Since the analyses
were performed at the molecular level, the resulting model
demonstrated that the process is governed by orbital and charge
control.

A hypothetical molecule was designed based on this
pharmacophore using Craig plot, which served as the foundation
for virtual screening analysis. From this, one hundred hit
compounds were identified and subsequently docked with the
active site of the 3W37 enzyme using GOLD software. After
filtering the molecules based on PLP scores obtained and
ADMET analysis, only six of them satisfy Lipinski’s rule.
Among these, the molecule named M30 emerged as the best
candidate for the treatment of type 2 diabetes. Thus, the
challenge of managing high blood glucose levels and associated
dysfunctions linked to hyperglycemia could potentially be
addressed following the synthesis and application of these novel
drug compounds.
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