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Abstract

The epidermal growth factor receptor (EGFR) has become a key target for most of the re-
searcher involved in the field of anticancer drug discovery due to its role in tumor growth
and progression. A series of previously reported Schiff bases of 1,2,4-triazole (T1-T8), in
this study, were chosen to evaluate their potential to inhibit EGFR by applying a number
of in silico techniques. Molecular docking analysis revealed that compounds T2 and T5 ex-
hibited comparatively stronger binding affinities (-7.236 and -7.213 kcal/mol, respectively)
and formed stable interactions with key active site residues, including MET769, GLN767,
THR830, and LYS721. Density functional theory analysis indicated that the compounds pos-
sess suitable electronic characteristics, as reflected by moderate HOMO-LUMO energy gaps
(8.377-3.900 eV), along with favorable global reactivity descriptors such as chemical hard-
ness and electrophilicity, supporting their interaction potential with the receptor. Molecular
electrostatic potential maps further identified distinct electron-rich and electron-deficient re-
gions contributing to binding interactions. In addition, ADMET predictions suggested favor-
able pharmacokinetic properties, including good oral absorption and acceptable safety profiles
for most compounds. Overall, the results highlight that compounds T2 and T5 demonstrate
promising computational potential as EGFR-targeted anticancer candidates; however, further
experimental validation is required to confirm their biological activity.
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1 Introduction tosis, and the ability to metastasize to distant
organs [1,2]. Even though early detection and
treatment methods have improved a lot, cancer is

Cancer is a complex disease characterized by un-
still one of the top causes of death worldwide [3].

controlled cell proliferation, resistance to apop-
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Conventional chemotherapy may be non-specific to
cancer cells. It causes severe side effects and re-
duced efficacy [4]. Furthermore, the emergence of
resistance to cancer medications further contributes
to the problem [5]. For these reasons, continuous ef-
forts have been made to develop targeted therapies
that selectively act on specific biological processes
involved in cancer cell growth.

Among the various molecular targets, the epider-
mal growth factor receptor (EGFR) has emerged
as a well-established and clinically relevant target
in anticancer drug discovery. EGFR is a trans-
membrane receptor tyrosine kinase that regulates
key cellular processes such as proliferation, differ-
entiation, and survival [6,7]. Aberrant activation of
EGFR signaling, commonly through overexpression
or mutation, has been strongly associated with the
initiation and progression of several types of can-
cers [8]. As a result, inhibition of the EGFR kinase
domain, particularly at the ATP-binding site, has
become an effective strategy for suppressing tumor
growth and proliferation [6,9].

Schiff bases of 1,2,4-triazole have been widely stud-
ied in the area of medicinal chemistry. This is
because of their flexibility and different biologi-
cal applications [10,11]. 1,2,4-triazole ring in the
molecule increase the stability and binding affin-
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ity of the compounds. This is due to its favorable
electronic properties and ability to form hydrogen
bonds [12]. Past reports highlight that these Schiff
bases showed antimicrobial, antioxidant, and anti-
cancer activities [13,14]. However, the molecular
interaction of these compounds with EGFR has not
been investigated widely.

Computational approaches have emerged as an im-
portant component of contemporary drug discovery
research, especially during the initial stages of lead
identification and optimization [15]. In silico stud-
ies, namely molecular docking, density functional
theory (DFT), and ADMET prediction, provide
a rational and cost-effective solution for the early
stages of drug discovery. These strategies enable
the evaluation of numerous chemical compounds
quickly, thereby reducing the cost and time involved
before moving on to experimental studies [16,17].
In regard, molecular docking helps in understand-
ing the binding modes and interaction patterns,
whereas DFT calculations provide information on
the electronic properties and chemical reactivity of
the compound [18,19]. Similarly, ADMET predic-
tion helps in understanding the pharmacokinetic
properties and drug-likeness of the compound be-
fore experimental validation [20].
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Figure 1: Chemical structures of selected 1,2,4-triazole-based Schiff bases from our previous work [21-23].

Therefore, in the current study, a set of 1,2,4-
triazole Schiff bases that have already been synthe-
sized and characterized by our research group were
chosen and systematically evaluated for their po-
tential as EGFR inhibitors using an integrated in

silico approach [21-23], Figure 1. Although these
compounds have been reported earlier for their syn-
thesis and preliminary biological activities, their in-
teraction with EGFR has not been explored in de-
tail. Moreover, while computational studies on tri-
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azole derivatives have been reported, a combined
investigation involving molecular docking, DFT-
based reactivity descriptors, and ADMET profil-
ing for these specific compounds is still lacking.
In this context, the present work aims to provide
a detailed molecular-level understanding of ligand-
receptor interactions with EGFR, supported by
electronic structure analysis and pharmacokinetic
predictions. This integrated study is expected to
offer new insights into the structure-activity rela-
tionship of 1,2,4-triazole Schiff bases and to iden-
tify promising candidates for further experimental
validation as EGFR-targeted anticancer agents.

2 Materials and methods

2.1 Molecular docking

2.1.1 Protein preparation

The crystal structure of the target protein was
retrieved from the Protein Data Bank (PDB ID:
1M17, Resolution = 2.60 A) [24] and analyzed using
the Molecular Operating Environment (MOE 2015)
software platform [25]. Before the docking experi-
ment, all the crystallographic water molecules, lig-
ands, and unnecessary heteroatoms were removed.
Hydrogen atoms were added, and correct protona-
tion states of the amino acid residues were assigned
at physiological pH values using the Protonate 3D
module. Partial atomic charges were assigned de-
pending on the chosen force field. To eliminate
unfavorable interactions and optimize the protein
structure, energy minimization was performed us-
ing the default force field, while restraining the pro-
tein backbone atoms [26]. The optimized protein
structure was then used directly for molecular dock-
ing experiments in the MOE software.

2.1.2 Ligand preparation

The ligands used for the molecular docking exper-
iment were first optimized using density functional
theory (DFT) calculations employing B3LYP/6-
31G(d,p) basis set. These DFT optimized molec-
ular frameworks were confirmed as true minima
on the potential energy surface by verifying the
absence of negative frequencies. These optimized
structures were then used for docking studies in
Molecular Operating Environment (MOE 2015)
software package [27]. Hydrogen atoms were added,
and the protonation states were specified for bio-
logical relevance employing the Protonate 3D tool.
Local strain introduced as a result of protonation
was eliminated through energy minimization for a
short period, retaining the DFT-optimized struc-
tures. The MMFF94x force field method was em-
ployed with an RMS gradient convergence criterion
of 0.1 keal mol~* A1, Ligand flexibility was fully

considered during docking by allowing rotation of
all rotatable bonds, thereby enabling exploration of
relevant conformational space within the active site.

2.1.3 Docking protocol

Molecular docking calculations were performed to
understand the interaction pattern between the lig-
ands and the target protein using the Molecular Op-
erating Environment (MOE 2015) [25]. The active
sites of the protein were identified using the site
finder tool, and dummy atoms were created to de-
termine the binding pockets [28]. The docking cal-
culation was performed using the Triangle Matcher
placement algorithm. The poses of the ligands at
the protein binding sites were scored using the Lon-
don dG scoring function. The poses of the ligands
at the protein binding sites were refined using the
force field-based refinement algorithm, followed by
rescoring using the GBVI/WSA dG scoring func-
tion [26]. The flexibility of the ligands during the
docking calculation was allowed by rotating all the
bonds of the ligands. The binding conformation of
each ligand with the protein was identified based
on the docking score, binding interactions, and ge-
ometric complementarity at the active sites.

2.1.4 Docking validation

The validation of docking procedure was performed
by re-docking the native ligand into the active site
of the target protein using MOE 2015 following the
same docking parameters applied for the test com-
pounds. After completion of the docking process,
the resulting complex was structurally aligned with
the corresponding experimental structure by super-
position of the protein backbone. The root-mean-
square deviation (RMSD) between the heavy atoms
of the re-docked ligand and the co-crystallized lig-
and was then calculated using Biovia Discovery Stu-
dio visualizer [29-31].

2.2 Density functional theory (DFT)
calculation

The DFT calculations were carried out to optimize
the molecular structures and analyze the electronic
properties of the chosen 1,2,4-triazole Schiff bases to
explain their interaction capacity with the epider-
mal growth factor receptor (EGFR). All the quan-
tum calculations were carried out using the Gaus-
sian 09 program and GaussView 6.0 is used for
the graphical interpretation. Geometry optimiza-
tion was carried out using the B3LYP hybrid func-
tional with the 6-31G(d,p) basis set [32], which is
a suitable choice for balancing the accuracy and
computational cost of organic drug-like molecule
[17]. The optimized structures were confirmed to
be true energy minima by the absence of imaginary
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vibrational frequencies. Frontier molecular orbital
(FMO) energies, which include the highest occu-
pied molecular orbital (HOMO) and lowest unoc-
cupied molecular orbital (LUMO), were computed
to calculate the HOMO-LUMO energy gap (AE).
The global reactivity descriptors namely ionization
potential (I), electron affinity (A), electronegativ-
ity (x), chemical potential (1), global hardness (),
global softness (S), and global electrophilicity index
(w) were calculated employing the following rela-
tions [17,33,34]

Ionization Potential (I) = (1)

—FEnomo

Electron Affinity (A) = —Erumo (2)
(Erumo + Eromo)

Electronegativity (x) = — B
3)

Chemical potential (u) = —x

(Evumo + Eromo)
= > (4)

Erumo — Eromo)
5 (5)

Global hardness (n) = (

Global softness (S) = 1/(2n) (6)

Global electrophilicity index (w) = p%/(2n) (7)
These descriptors were used to assess the electronic
stability and reactivity of the molecules and to jus-
tify the binding affinity of the molecules toward
EGFR in molecular docking experiments. More-
over, molecular electrostatic potential (MEP) maps
were generated on the optimized structures to ana-
lyze the electrostatic potential and the electrophilic
and nucleophilic sites of the molecules. The MEP
maps were plotted on the electron density surfaces
using the same level of theory. The negative elec-
trostatic potential regions (colored red) correspond
to electron-rich sites prone to electrophilic interac-
tions. Similarly, the positive electrostatic poten-
tial regions (colored blue) indicate electron-deficient
sites that is favorable for nucleophilic interaction
[35]. These regions were analyzed in relation to the
important amino acid residues that participate in
hydrogen bonding and electrostatic interactions in
the EGFR active site.

2.3 In silico pharmacokinetics and
toxicity studies

The evaluation of pharmacokinetic properties, such
as absorption, distribution, metabolism, and excre-
tion (ADME), along with toxicity profiling, is es-
sential in contemporary drug discovery [36]. Early
assessment, of these factors helps reveal possible
shortcomings in candidate molecules and improves
the chances of successful drug development. Early
ADME and toxicity profiling can also reduce devel-
opment time and costs, minimize adverse effects,
and support the rational and safe use of drugs
in clinical settings [3]. In this section of study,
SwissADME was used to evaluate physicochemi-
cal properties, drug-likeness, and to generate the
BOILED-Egg model for estimating gastrointestinal
absorption and blood-brain barrier permeability.
Whereas, pkCSM was applied to assess pharma-
cokinetic ADME and toxicity-related parameters.
These predictions were performed to evaluate the
suitability of the compounds as potential drug can-
didates [37,38].

3 Results and discussion

3.1 Molecular docking analysis

The molecular docking study was carried out to
examine the binding affinity and interaction behav-
ior of the selected 1,2,4-triazole-based Schiff base
derivatives (T1-T8) with the active site of EGFR.
Analysis of docking scores and interaction pat-
terns revealed a noticeable variation in the binding
affinity and interaction behavior of the compounds,
revealing the effect of structural diversity on EGFR
recognition, Figure 2.

Among the examined derivatives, T2 and T5 ex-
hibited good docking score values, with values of
-7.236 and -7.213 kcal/mol, respectively (Table 1),
revealing a strong binding affinity with EGFR’s ac-
tive site compared to other derivatives. T2 and T5
formed several hydrogen bond interactions with key
amino acid residues, including GLN767, GLU738,
THRS&30, and MET769. These residues play an im-
portant role in stabilizing ligands within the EGFR
active site, particularly at the ATP-binding site.
In addition to hydrogen bond interactions, T5 also
exhibited a 7-cation interaction with LYS721, a
residue known for its participation in kinase in-
hibitors’ binding with EGFR’s active site. Hydro-
gen bond interactions and 7w-cation interactions are
crucial for the overall stability of the ligand-protein
complex with EGFR’s active site. The compara-
tively strong docking score observed for T5 can be
attributed to this effect.
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Figure 2: 2D (left) and 3D (right) plot showing the interaction between the studied compounds and the

active site of the receptor protein (PDB ID: 1M17).

The interaction pattern observed for the most
active compounds (T2 and T5) is consistent with
that reported for established EGFR inhibitors such
as erlotinib, which also form hydrogen bond inter-
actions with MET769, GLN767, VAL702, GLU738,
and THR830 within the ATP-binding pocket. The
involvement of these key residues suggests that the
studied compounds adopt a binding mode similar
to known inhibitors. Although the docking scores
of the present compounds (-7.2 kcal/mol range)
are slightly lower than those typically reported for
clinically used EGFR inhibitors (generally ranging
from -8.5 to -9.35 kcal /mol depending on the dock-
ing protocol), the comparable interaction profiles
indicate that these compounds possess a promising
scaffold for further optimization [39,40].

Compound T1 had a moderate docking score of
-6.927 kcal/mol. It formed hydrogen-bond inter-
actions with MET742 and ASP831, and a =w-H

bond with LYS721. Despite, it formed interac-
tions with the residues in the activation loop re-
gion (ASP831), which could be responsible for the
inhibitory activity, the overall interactions of com-
pound T1 were less complex compared to com-
pounds T2 and T5. Compounds T3 and T6 had
less potent docking scores, yet they were able to
form meaningful interactions with the target. Com-
pound T3 formed hydrogen-bond interactions with
GLN767, THR830, and MET769, while compound
T6 formed hydrogen-bond donor and acceptor in-
teractions with ASP831, MET769, and LEU768.
Interaction with these residues are known to play
a crucial role in ligand recognition and stabiliza-
tion within the ATP-binding pocket, contributing
to the specificity and proper orientation of the lig-
and, even if the overall binding affinity is poor.
The relatively lower docking scores observed for T3
and T6 may be attributed to suboptimal geometric
orientation or weaker hydrophobic and 7-type in-
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teractions, which are also important contributors to
total binding energy. Therefore, while these com-
pounds demonstrate the ability to engage essential
residues, the lack of complementary interactions
reduces their overall binding strength compared to
higher-scoring compounds such as T2 and T5.

Compounds T4 and T7 had the least complex in-
teractions with the target. Compound T4 and T7
formed 7-H interactions with VAL702 and lacked
hydrogen-bond interactions with the target. This
limited interaction profile is consistent with their
lower docking scores and suggests reduced binding
affinity toward EGFR.

Table 1: Molecular docking scores and key binding interactions of studied compounds with selected

target proteins (PDB ID: 1IM17)

Ligands Docking score (Kcal/mol) Active site residues (Distance A) Types of interaction

T1 -6.927 MET742 (3.39) H-donor
ASP831 (3.48) H-acceptor
LYS721 (4.18) Pi-H

T2 -7.236 GLN767 (3.01), GLU738 (3.05) H-donor
MET769 (3.31), MET769 (3.45) H-acceptor
VALT702 (4.48) Pi-H

T3 -5.911 GLN767 (2.96) H-donor
THR830 (3.36), MET769 (3.40) H-acceptor

T4 6.175 VAL702 (4.24) Pi-H

T5 -7.213 GLN767 (3.01) H-donor
THRS830 (3 53), MET769 (3.42) H-acceptor
LYS721 (4.28) Pi-cation

T6 -6.076 ASPS831 (2.95), MET769 (3.05) H-donor
LEU768 (3.60), MET769 (2.91) H-acceptor

T7 -6.379 VAL702 (3.90) Pi-H

T8 16.539 ASP831 (2.81) H-donor
LYS721 (3.37) H-acceptor

Compound T8 had a moderate docking energy of
-6.539 kcal/mol and engaged in hydrogen bonding
with ASP831 and LYS721. The nature of these
interactions reveals a good balance between the
polar and electrostatic components. Although the
binding affinity is weaker than T2 and T35, the en-
gagement of catalytically active residues implies
that T8 could have decent inhibitory activity.

The observed variation in docking scores among
the studied compounds can be further rational-
ized based on their electronic properties obtained
from DFT calculations. Compounds such as T2
and T5, which exhibited superior binding affinity,
possess moderate HOMO-LUMO energy gaps and
balanced hardness/softness values. These features
suggest an optimal combination of electronic stabil-
ity and reactivity, facilitating effective charge trans-
fer and non-covalent interactions with key amino
acid residues in the EGFR active site. In particu-
lar, relatively higher HOMO energies may enhance
electron-donating ability toward electron-deficient
residues, thereby strengthening hydrogen bonding

and electrostatic interactions.

3.2 Docking validation analysis

The reliability of the docking protocol was assessed
by re-docking the co-crystallized ligand into the
EGFR active site. The predicted binding pose of
the redocked ligand was then compared with its ex-
perimentally reported conformation. The superim-
position of the native and re-docked ligands within
the binding pocket of EGFR showed a high de-
gree of overlap (Figure 3). The RMSD value be-
tween the native and re-docked poses was calcu-
lated to be 1.612 A, which confirmed the consis-
tency of the docking methodology [29,30]. The ob-
tained value of RMSD is within the generally ac-
ceptable threshold (< 2.0 A), indicating reasonable
agreement between the predicted and experimental
binding poses. However, slight deviations may still
influence the precision of docking predictions and
should be interpreted with caution.
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Figure 3: Superposition of native ligand (red) with
docked ligand (green).

3.3 Density functional theory (DFT)
calculation analysis

Density functional theory (DFT) calculations were
carried out to examined the electronic characteris-
tics and global reactivity parameters of the chosen
1,2,4-triazole-based Schiff base derivatives (T1-T8)
(Figure 4). The orbital surfaces are represented us-
ing two colors (green and red), which indicate op-
posite phases of the molecular wavefunction, while
the spatial distribution reflects the electron den-
sity regions involved in molecular interactions. The
calculated HOMO energy levels were found in the
range of -5.823 to -5.358 €V (Table 2). This sug-
gests that the studied compounds have a reason-
able tendency to donate electrons. Among them,
compound T5 and T6 showed higher HOMO ener-
gies as compared to other tested compounds. This
implies a stronger electron-donating nature of T5
and T6. This may facilitate their interaction with
the deficient electrons present in the active site of
EGFR. On the other hand, the comparatively low
values of HOMO energy was observed for T1 and
T7. These low values of HOMO often associated
with their high electronic stability. The LUMO
energy values range from -2.446 to -1.766 eV. It
may provide information regarding the ability of
these molecules to accept electrons. Low values of
LUMO energy, as found for T1 and T7, may show
that these molecules possess a high ability to accept
electrons. It may facilitate the interaction of these
molecules with amino acid residues present in the
binding site. This type of donor-acceptor feature
is considered beneficial for kinase inhibitors. This
is because ligand-receptor binding is influenced by
a combination of noncovalent forces. The energy
difference between the HOMO and LUMO energy
levels (AE), was calculated to range from 3.377 to
3.900 eV. Such energy gaps are often used to mea-
sure the chemical reactivity and kinetic stability of
a compound. Compounds T1 and T7 showed a
comparatively low AFE. This indicated that they
possess high reactivity and polarizability. Mean-
while, T4 demonstrated a high AFE value, consis-
tent with high electronic stability. In general, the

moderate AE values calculated for the series rep-
resent a proper balance between molecular stability
and reactivity, a factor that may be significant when
considering drug-like compounds.
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Figure 4: Comparison of band gap energy (eV) of
the studied compounds (T1-T8)

The estimated chemical hardness () and softness
(S) values (Table 2) of studied compounds provide
further insights. Derivatives which have low hard-
ness and high softness, especially T1, T6, and T7,
could fit better with the electronic environment
of the EGFR binding pocket. This characteristic
could help facilitate favorable intermolecular in-
teractions within the pocket. In addition, higher
electrophilicity index (w) values were observed for
T1 and T7. This suggests a stronger electrophilic
character, which could help facilitate better stabi-
lization of charge-transfer interactions upon recep-
tor binding.

The electronic descriptors obtained from DFT cal-
culations show a meaningful correlation with the
molecular docking results. Compounds with mod-
erate HOMO-LUMO energy gaps (AFE) tend to
exhibit better binding affinity, as such values in-
dicate a favorable balance between kinetic stabil-
ity and chemical reactivity. Excessively high AF
such as T4 corresponds to greater stability but re-
duced reactivity, which may limit effective inter-
action with the receptor. Conversely, compounds
with relatively lower AE and higher softness (T1
and T7) are more polarizable but may lack optimal
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orientation or interaction strength within the bind-
ing pocket, resulting in moderate docking scores.
Furthermore, electrophilicity index (w) provides in-
sight into the ability of ligands to accept electron
density during binding. Compounds with moderate
electrophilicity, such as T2 and T5, may achieve

better stabilization through charge-transfer inter-
actions with amino acid residues. These findings
suggest that an optimal balance of electronic prop-
erties, rather than extreme values, is critical for ef-
fective ligand—-receptor interaction.

Table 2: The variable quantum chemical parameters of the studied compounds

Compounds FEyxyomo FErumo AFE I A X I n S w
(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV) (eVv7l) (eV)
T1 -5.823 2446  3.377 5.823 2446 4.135 -4.135 1.689 0.296 5.062
T2 -5.699 -1.853 3.846 5.699 1.853 3.776 -3.776 1.923 0.260 3.707
T3 -5.715 -1.969 3.746 5.715 1969 3.842 -3.842 1.873 0.267 3.940
T4 -5.742 -1.842 3.900 5.742 1.842 3.792 -3.792 1.950 0.256  3.687
ThH -5.554 -1.766 3.788 5.554 1.766 3.660 -3.660 1.894 0.264 3.536
T6 -5.358 -1.767 3.591 5.358 1.767 3.563 -3.563 1.796 0.278 3.534
T7 -5.823 -2.414 3.409 5.823 2414 4.119 -4.119 1.705 0.293 4.975
T8 -5.763 -2.007 3.756  5.763 2.007 3.885 -3.885 1.878 0.266 4.018
3.4 Molecular electrostatic potential receptor. The availability of donor as well as ac-

(MEP) map analysis

Molecular electrostatic potential (MEP) map is now
become a highly applicable tool in modern drug de-
sign field [41]. Thus, the MEP maps of selected
compounds (T1-T8) were analyzed to examine the
charge distribution on the molecular surface (Fig-
ure 5) and to identify possible interaction regions
with EGFR. In the MEP maps, red regions indi-
cate areas of high electron density (negative po-
tential), which are favorable for electrophilic at-
tack, while the blue regions correspond to electron-
deficient areas (positive potential), suitable for nu-
cleophilic interactions. The green regions represent
areas of near-neutral electrostatic potential. This
color distribution helps in identifying the reactive
sites of the molecules and understanding their in-
teraction behavior with the target protein [42]. For
all compounds, negative electrostatic potential was
mainly found around the azomethine (~C=N-) ni-
trogen atoms, triazole ring nitrogens, and other het-
eroatoms such as sulfur and oxygen. These regions
have the ability to act as hydrogen bond accep-
tors. Thus, it may be involved in the polar in-
teraction with amino acid residues in the active
site of EGFR. Molecules that have —OH or ~-OCH3
functional groups (T2, T5, T6, and T8) have rela-
tively higher electron density around these groups.
This suggests their possible involvement in hydro-
gen bonding during binding. The positive electro-
static potential areas were primarily found on the
-NH groups of the triazole ring and some aromatic
hydrogen atoms. These regions can potentially act
as hydrogen bond donor sites. Therefore, these area
may participate in favorable interactions with the

ceptor sites implies that these compounds have the
potential for forming stable non-covalent interac-
tions with EGFR. Some variations were noted in the
electrostatic distribution due to differences in sub-
stituents. Compounds which contain halogen sub-
stituent (T3, T4, T6, T7) had slightly polarized sur-
faces, especially near the phenyl rings. This may in-
fluence their binding orientation. Compounds with
less bulky substituents exhibited a more uniform
charge distribution, which may allow better flexi-
bility during docking .
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Figure 5: MEP maps of studied compounds.

3.5 In silico pharmacokinetics and
toxicity analysis

3.5.1 Drug-likeness properties

Pharmacokinetic behavior evaluation is a critical
step in identifying the potential of a compound
as a candidate drug. In this research, the oral
bioavailability of the proposed inhibitors was pre-
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dicted by analyzing their drug-likeness properties
based on Lipinski’s Rule of Five. A compound is
regarded as having acceptable oral absorption prop-
erties if it has a molecular weight of less than 500
Da, a logP value of no more than 5, fewer than five
hydrogen-bond donors, fewer than ten hydrogen-
bond acceptors, no more than ten rotatable bonds,
and a topological polar surface area of less than

140 A2 |43,44]. As shown in Table 3, the studied
1,2,4-triazole Schiff bases did not violate Lipinski’s
rule of five, which means that they have desirable
drug-likeness properties. This result indicates that
the chosen compounds have physicochemical prop-
erties suitable for orally available drug candidates,
thus warranting further in silico screening for the
EGFR target.

Table 3: Physicochemical properties of the selected compounds

Compounds LogP HBD HBA TPSA (A?) nrotb MW
T1 4.78 0 3 81.87 5 362.49
T2 3.95 1 ) 111.33 ) 382.48
T3 3.24 1 3 91.20 3 304.75
T4 3.75 1 3 91.20 3 339.20
T5 3.47 2 4 107.52 4 360.82
T6 3.98 2 4 107.52 4 395.26
T7 3.45 2 3 98.29 3 330.79
T8 2.28 2 4 111.43 3 286.31

LogP: logarithm of partition coefficient of compound between n-octanol and water, HBD: number of hydrogen
bond donor, HBA: number of hydrogen bond acceptor, TPSA: Topological Polar Surface Area, nrotb: number

of rotatable bonds, MW: Molecular Weight.

Table 4: Pharmacokinetic/ADME properties of selected compounds

Models T1 T2 T3 T4 T5 T6 T7 T8
Jater solubility (log mol/L) -5.794  -4.766 -4.004 -4.202 -3.644 -3.736 -3.367 -3.888
Caco-2 permeability (log Papp in 107¢ cm/s)  1.567 1.29 1.29 1.321 0993 1.141 0.815 0.879
Intestinal absorption (human) (% Absorbed) 91.225 89.641 91.25 90.104 89.086 87.933 92.229 90.038
Skin Permeability (log Kp) -2.719  -2.75 -2.74 =274 -2.736  -2.737 -2.736 -2.764
P-glycoprotein substrate Yes Yes Yes Yes Yes Yes Yes Yes
P-glycoprotein I inhibitor Yes Yes No No No No No No
P-glycoprotein II inhibitor Yes Yes No No Yes Yes No No
VDss (human) (log L/kg) 0.165 -0.095 0.173 0.164 0.231 0.232 0.128 -0.064
BBB permeability (log BB) 0.482 -0.661 0.337 0.273 -1.448 -1.618 0.444 -1.163
CNS permeability (log PS) -0.854 -2.046 -3.149 -3.157 -2.221 -2.1 -2.04 -3.257
CYP2D6 substrate No No Yes Yes Yes Yes Yes Yes
CYP3A4 substrate Yes Yes Yes Yes Yes Yes No Yes
CYP1A2 inhibitor Yes Yes Yes Yes Yes Yes Yes Yes
CYP2C19 inhibitor Yes Yes Yes Yes Yes Yes Yes Yes
CYP2(C9 inhibitor Yes Yes No No Yes Yes Yes No
CYP2D6 inhibitor No No No No No No No No
CYP3A4 inhibitor Yes Yes No No Yes Yes Yes No
Total Clearance (log ml/min/kg) 0.127 0.19 0.057  0.173 -0.01 0.106  0.113 0.27

3.5.2 ADME analysis

The pharmacokinetic properties that are predicted
for the eight 1,2,4-triazole Schiff base derivatives
(T1-T8) indicate that these compounds have ac-
ceptable absorption characteristics (Table 4). It is
noted that all these molecules have high intestinal
absorption, which is above 87%. This property is
a good measure of the potential oral bioavailabil-
ity. It is consistent with their permeability across
Caco-2 cells. The molecules possess moderate to

high permeability, especially T1-T4. This suggests
that these molecules are well-absorbed by the in-
testinal epithelial cells. Although these properties
of absorption are desirable, the aqueous solubility
of these molecules is low, as shown in Table 4, and
varies from -3.367 to -5.794 log mol/L. Low aque-
ous solubility is normally observed in molecules that
possess aromatic and heterocyclic rings. Aqueous
solubility is a critical factor in determining oral
bioavailability, as it directly influences drug dis-
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solution in gastrointestinal fluids and subsequent
absorption. Poor solubility can significantly limit
the amount of drug available for absorption, even
when membrane permeability is favorable. In the
present study, the relatively low predicted solubil-
ity of the compounds may therefore represent a
potential limitation, which could reduce their effec-
tive oral bioavailability and requires consideration
in further optimization and formulation strategies.

All the tested molecules are predicted to be P-
glycoprotein substrates. This indicates that P-
glycoprotein is a significant property in the ab-
sorption of these molecules. P-glycoprotein is an
efflux transporter that actively exports drugs from
intestinal epithelial cells and other tissues, thereby
reducing intracellular drug concentration. As a re-
sult, even compounds with good permeability may
exhibit reduced oral bioavailability due to efflux
back into the intestinal lumen. In addition, P-
glycoprotein activity can limit tissue distribution
and contribute to multidrug resistance, particularly
in cancer therapy. However, only a few molecules,
namely T1, T2, T5, and T6, are predicted to be
P-glycoprotein inhibitors.

The calculated distribution parameters indicated
that the VDss values were in the moderate range
for most of the compounds. This reflects a balance
between circulation in the plasma and distribution
in tissues. The permeability of the BBB varied
in the set of compounds. Compounds T1, T3,
T4, and T7 were found to have relatively higher
permeability. Compounds T35, T6, and T8 were
found to have low permeability in the brain. For
anticancer agents targeting peripheral proteins like
EGFR, low permeability in the BBB is considered
advantageous. This may minimize side effects in the
CNS. The analysis of metabolism showed that most
of these compounds are likely to be metabolized by
CYP3A4. Inhibition of CYP1A2 and CYP2C19,
which are members of the CYP family, was also
noted in these compounds. This finding is pharma-
cologically significant, as these cytochrome P450
isoforms play an essential role in the metabolism
of many clinically used drugs. Inhibition of these
enzymes may lead to drug—drug interactions by re-
ducing the metabolic clearance of co-administered
drugs, potentially resulting in increased plasma
concentrations and associated toxicity. Most im-
portantly, none of these derivatives are likely to
inhibit CYP2D6. This reduces the likelihood of se-
rious drug-drug interactions. The calculated total
clearance values were in the moderate range. This
suggests that the derivatives may be metabolically
stable and may not be rapidly cleared from the
body.

The BOILED-Egg diagram (Figure 6) helps
to visualize the gastrointestinal absorption and
blood-brain barrier penetration of the compounds
based on lipophilicity (WLOGP) and topological
polar surface area (TPSA). In this model, the white
region (egg white) represents compounds with a
high probability of passive gastrointestinal absorp-
tion, whereas the yellow region (yolk) corresponds
to compounds likely to penetrate the blood—brain
barrier. All the investigated compounds were found
to lie within the white area of the BOILED-Egg
diagram. This indicates good gastrointestinal ab-
sorption probability. The results are also in accor-
dance with the GI absorption values of the com-
pounds. None of the compounds were found to
lie completely within the yolk area of the diagram.
This suggests poor penetration of the compounds
across the blood—brain barrier. This observation
are in agreement with the blood—brain barrier pen-
etration values obtained from pkCSM, particularly
for T5, T6, and T8, which fall outside the BBB fa-
vored zone. The BOILED-Egg analysis also sup-
ports the findings of the ADME studies by pre-
dicting good oral absorption and limited brain ex-
posure of the compounds. This pharmacokinetic
profile has important implications. Good GI ab-
sorption supports the potential for oral administra-
tion, which is a desirable property in drug develop-
ment. On the other hand, limited BBB penetration
may be advantageous for EGFR targeted anticancer
agents, as it reduces the likelihood of central ner-
vous system-related side effects. However, it may
also restrict the effectiveness of these compounds in
treating brain tumors or metastases. Therefore, the
BOILED-Egg model highlights both the strengths
(oral absorption) and limitations (restricted brain
penetration) of the studied compounds.
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Boiled-egg diagram of studied com-

3.5.3 Toxicity prediction and safety profil-
ing

The in silico toxicity evaluation of the selected
1,2,4-triazole Schiff base derivatives indicated that
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most of the compounds possess an acceptable safety
profile, with some compound dependent variations
(Table 5). In terms of mutagenicity, only compound
T1 was predicted to be AMES-positive, while the
remaining compounds (T2-T8) were predicted to
be non-mutagenic. This suggests that the most of
the derivatives may have a lower risk of genotoxic
effects. The predicted maximum tolerated dose
(MTD) values for humans were found to be within
a moderate range for all compounds. Among them,

compounds T5-T7 showed comparatively higher
tolerated dose values. This may indicate a broader
therapeutic margin. This trend was also supported
by the acute oral toxicity predictions (LD5g), where
all compounds fell within the low to moderate toxi-
city range. Similarly, the predicted chronic toxicity
values (LOAEL) suggested that long-term exposure
may be relatively better tolerated for compounds
T5-T7 compared to the other derivatives.

Table 5: Toxicity profile of studied compounds

Parameters T1 T2 T3 T4 T5 T6 T7 T8
AMES Toxicity Yes No No No No No No No
Max. tolerated dose

(human) (log mg/kg/day) 0.209 0.222 0.207 0.332 0.613 0.662 0.697 -0.099
hERG I inhibitor No No No No No No No No
hERG II inhibitor Yes Yes Yes Yes Yes Yes Yes Yes
Oral Rat Acute Toxicity

(LDso) (mol/kg) 2128 2248 2774 2784 2823 2821 2752 2.715
Oral Rat Chronic Toxicity

(LOAEL) (log mg/kg bw/day) 1.342 1.014 1.213 1.101 1.697 1.621 2.423 1.191
Hepatotoxicity Yes Yes No No No No No No
Skin Sensitisation No No No No No No No No

Cardiotoxicity analysis revealed that none of the
compounds were predicted to inhibit hERG I. Al-
though all compounds were predicted as hERG 11
inhibitors. Inhibition of hERG potassium channel
is associated with delayed cardiac repolarization,
which can potentially lead to QT interval prolonga-
tion and arrhythmias. Although hERG I inhibition
is generally regarded as a stronger predictor of
clinically significant cardiotoxicity, hERG II inhibi-
tion may still indicate a potential risk, particularly
at higher concentrations or upon prolonged expo-
sure. The uniform prediction of hERG II inhibition
across all compounds suggests that this liability
may be related to shared structural features, such
as aromatic rings and heterocyclic moieties, which
are commonly associated with interaction with the
hERG channel. Therefore, this finding should not
be overlooked, as it may impact the safety profile
of these compounds during further development.
However, it is important to note that in silico pre-
dictions of hERG inhibition are not definitive and
may sometimes overestimate risk. Experimental
validation using electrophysiological assays would
be required to confirm the actual cardiotoxic poten-
tial. Additionally, structural optimization strate-
gies such as reducing lipophilicity or modifying
aromatic substituents may help mitigate this liabil-
ity in future studies. while the predicted hERG II
inhibition does not preclude further investigation of
these compounds, it represents a significant safety

concern that should be carefully addressed in sub-
sequent experimental and optimization studies.

In terms of organ toxicity, it was found that the
compounds T1 and T2 have the potential for hep-
atotoxicity. However, such risks were not observed
for the other compounds. This finding indicates
that some minor optimization of these compounds
could lead to reduced toxicity related to liver. What
is of significant interest is that none of the com-
pounds tested were found to have the potential for
skin sensitization. This indicates a favorable safety
profile from a dermal toxicity perspective.

4 CONCLUSION

The current in silico study evaluated eight 1,2,4-
triazole-derived Schiff bases for their ability to in-
hibit EGFR. Docking studies revealed that all eight
compounds could bind to the EGFR active site, al-
though with different binding affinities. T2 and T5
have shown better binding affinity compared to the
other compounds. These compounds have shown
good hydrogen bonding and electrostatic interac-
tions with the active site residues namely MET769,
GLN767, THR830, and LYS721. On the contrary,
T3, T4, and T7 have shown low interactions with
docking scores, indicating that their complexes with
EGFR may be unstable. The docking studies were
validated by density functional theory calculations.
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The calculations revealed that the compounds have
appropriate electronic properties including stabil-
ity, reactivity, and charge distribution for biological
interactions. Molecular electrostatic potential stud-
ies further validated the presence of distinct elec-
trophilic and nucleophilic regions, as expected for
their ability to interact with residues in the EGFR
binding pocket. Pharmacokinetic and drug-likeness
properties indicated that all compounds satisfy typ-
ical oral drug-likeness properties and have generally
favorable absorption-related properties. Some vari-
ability was observed in predicted metabolism and
toxicity among the derivatives.

Despite these promising findings, the study has
certain limitations. The conclusions are entirely
based on in silico approaches, and no in wvitro or
in vivo validation has been performed to confirm
the biological activity and safety of the compounds.
Moreover, molecular dynamics simulations, solvent-
based DFT calculation, and more advanced free en-
ergy calculations were not included, which could
provide deeper insights into the stability of lig-
and-protein complexes over time. The novelty
of this work lies in the comprehensive computa-
tional investigation of previously synthesized 1,2,4-
triazole-based Schiff bases against EGFR, combin-
ing molecular docking, DFT reactivity descriptors,
and ADMET profiling in a unified approach. This
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