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Aminoantipyrine-derived Schiff Bases containing Thiophenyl, Furanyl / Isatin nucleus: Antioxidant Study, DFT
and Molecular Docking Profile

Abstract

This study presents the antioxidant and in-silico profiling of molecular interactions of a series of
aminoantipyrine-derived Schiff bases (Li-Ls). Compounds Li-Ls contains the thiophenyl or furanyl
moiety while compounds Lq-Le were obtained from isatin or its derivatives. The antioxidant activity of
the compounds is dose-dependent and is strongly correlated to the concentrations of the samples. The
optimized geometries and the electronic properties of the compounds were obtained using density
functional theory (DFT) B3LYP hybrid functional with 631+6(d,p) basis set. All the compounds were
docked into the binding sites of cytochrome oxidase (PDB ID: 3mk7), myeloperoxidase (PDB ID: 6wy?7),
NADPH oxidase (PDB ID: 8wej) and xanthine oxidase (PDB ID: 1fig) proteins. The isatin-based
compounds exhibited higher free radical scavenging ability and higher binding affinity than the
thiophenyl or furanyl analogues.

Keywords: Free radicals, Aminoantipyrine, Isatin, Molecular electrostatic potential, chemical
reactivity

INTRODUCTION

Reactive oxygen species are generated during various biochemical processes and the inability
of the body to effectively detoxify itself of these reactive species is called oxidative stress (Ito
etal., 2019). Various degenerative disease conditions have been linked to the incidence of these
toxic reactive species (Abuja and Albertini, 2001). Anti-oxidants, which could be from natural
or synthetic sources, help to reduce the effect of reactive species on normal physiological
functions in human. Specifically, the anti-oxidant activity of bioactive compounds is
manifested through peroxides decomposition or scavenging of free radicals. Other
mechanisms include limiting further abstraction of hydrogen and chain initiation (Joseph et
al., 2013).

Reactive oxygen species include superoxide (O2), hydrogen peroxide (H20), hydroxyl
radicals (OH") and singlet oxygen (1O2) (Kostova and Saso, 2013). Superoxide and hydrogen
peroxide are produced in the biological systems through partial reduction of molecular
oxygen while hydroxyl radical is generated through one-electron reduction of hydrogen
peroxide (Kostova and Saso, 2013). Furthermore, the reaction of reactive oxygen species (ROS)
with biological molecules produces several other reactive species such as polyunsaturated
lipids, thiols, and nitric oxide. The presence of excessive nitric oxide radical in biological
system is undesirable because they are easily converted to more reactive species such as nitric
dioxide and peroxynitrite in the presence of oxygen or superoxide (Abuja and Albertini, 2001).
Similarly, hydrogen peroxide, though less reactive is converted to the highly reactive
hydroxyl radical in the presence of metal ions. The hydroxyl radical is highly involved in the
oxidation of polyunsaturated fatty acids (PUFA) such as arachidonic and linoleic acids
(Angelova et al., 2021). In addition, such free radical induced lipid peroxidation produces
several bioactive aldehydes such as malondialdehyde (MDA) and acroleins (Hodges et al.,
1999, Roesslein et al., 2013). These aldehydes form covalent bond with cellular proteins
thereby altering cell functions in the organisms. MDA forms dihydropyridine (DHP) type
adducts in the presence of protein-bound lysine residues.

From the foregoing, it is evident that various free radical species are responsible for the
incidence of oxidative stress and therefore multiple antioxidant bioassays would be required
to evaluate the potency of promising antioxidant agents. In addition, the effect of structural
variation on the mode of action of bioactive compounds cannot be overemphasised. Five-
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membered heterocyclic compounds constitute the main pharmacophore of most drug agents.
For instance, pyrrole is a component of tryptophan, while vitamin C and vitamin B complex
contain the furanyl and thiophenyl derivative moieties respectively. Similarly, the report on
the pharmacological importance of pyrazolones is well documented (Bekhit et al., 2010,
Kictikgtizel and Senkardes, 2015, Hampp et al., 2008, Steinbach et al., 2000, Uslaner et al., 2009).
Consequently, series of aminoantipyrne-based compounds have been synthesised and
evaluated for various pharmacological activity as anti-tumour, anti-inflammatory,
antimicrobial, antioxidant and antifungal agents (Sakthivel et al., 2020, Mohanram and
Meshram, 2014, Joseph et al., 2013).

Nonetheless, there is a dire need to understand the molecular interactions of these compounds
with amino acid residues at the binding sites of target antioxidant proteins. The
understanding of molecular interactions is a vital step in drug design in the search for an
effective and robust drug agent. In-silico molecular docking study is used to predict the
binding affinity and nature of different nonbonding interactions within the ligand-protein
complexes at the binding sites of target proteins (Rana et al., 2021, Yadav et al., 2017, Ponnan
et al., 2013). Similarly, the values of quantum mechanical electronic parameters obtained from
DFT theoretical calculations are suggestive of the chemical reactivity of potential drug agents
(Ovung and Bhattacharyya, 2021, Reddy et al., 2016).

In this study, therefore, we evaluated the free radical scavenging ability and comparative in-
silico molecular binding interactions of a series of aminoantipyrine Schiff bases containing the
thiophenyl, furanyl or isatin moiety as potential inhibitors of target antioxidant proteins viz:
cytochrome oxidase (PDB ID: 3mk?7), myeloperoxidase (PDB ID: 6wy7), NADPH oxidase
(PDB ID: 8wej) and xanthine oxidase (PDB ID: 1fiq) proteins.

METHODOLOGY

Materials

The chemicals and reagents used for the synthesis of the Schiff bases were of reagent grade
and needed no further purification. They were obtained from Sigma Aldrich. The NMR
spectra of compounds L1 - Ls were recorded in CDCl; with TMS as internal standard on
Bruker Avance 500MHz spectrometer for 'H and 126MHz for 13C at 27 °C. The infrared spectra
were recorded using a Bruker TENSOR 27 single channel infrared spectrometer. The
elemental analysis, CHNS, of the compounds was done using Vario EL cube model elemental
analyser while the melting points were determined using Griffin melting point apparatus.

Synthesis of the Aminoantipyrine-derived Schiff bases, L1 -Ls

The Schiff base compounds, L1 - L (2-thiophenyl, 3-methyl-2-thiophenyl, furfuryl, NO-isatin,
Br-isatin and isatin moieties) were synthesized according to the general synthetic procedure
in the literature (Emami et al., 2022, Sakthivel et al., 2020, Sherif et al., 2021, Agarwal and
Agarwal, 2001). The analytical data for the compounds are presented in Table 1 while the
spectral data are presented as supplementary material. The spectroscopic properties of the
compounds have earlier been reported (Agarwal and Agarwal, 2001, Al-Saif, 2013, Joseph and
Rani, 2014, Vinodkumar and Radhakrishnan, 1997, Hu et al., 2022). The structures for the
aminoantipyrine Schiff bases are presented in Figures 1 and 2.
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Table 1: Physical and Analytical Data for the Aminoantipyrine Schiff Bases, L1 - L

Compds Molecular Colour %Yield M.Pt Found (Calculated)
Formula (@) %C %H %N %S

Ly C16H15N30S Yellow 91 148-150 64.73 4.92 14.10 10.72
(64.62) (5.08) (14.13) (10.78)

L, Ci7H17N30S Brown 81 152-154  65.75 5.31 13.44 10.40
(65.56) (5.50) (13.49) (10.30)

L3 C16H15N302 YellOW 92 188-190 68.32 5.24 14.80 —-——=
(68.13) (5.37) (14.90)

| C19H15N504 Orange 89.12 >250 60.39 3.55 18.51 -
(60.47) (4.01) (18.56)

Ls C19H15N4O2Br Orange 72.53 240-242  54.99 3.20 13.30 ——
(55.49) (3.67) (13.62)

L6 C19H16N402 Brick—red 68.75 139-140 68.90 4.64 16.76 -

(68.66)  (4.85)  (16.86)
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Figure 1: Aminoantipyrine-derived Schiff bases with thiophenyl / furfuryl moiety, L; - Ls. Aminoantipyrine
was condensed with thiophene-2-carboxaldehyde, 3-methyl-thiophene-2-carboxaldehyde or furan-2-
carboxaldehyde (furfural) to obatain compounds L1, L>and Ls respectively.
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Figure 2: Aminoantipyrine-derived Schiff base ligands containing the isatin moiety, Ly - Ls. Aminoantipyrine was
condensed with nitro-isatin, bromo-isatin,or isatin, to obatain compounds Ly, Ls and Le respectively.

Antioxidant Study of the Schiff Bases

The Schiff bases were evaluated for their potential antioxidant activity by determining their
ability to scavenge DPPH (1,1’-diphenyl-2-picryl-hydrazil), nitric oxide and hydrogen
peroxide free radicals. The lipid peroxidation inhibition ability of the compounds was also
determined.

The DPPH free radical scavenging activity was determined by Blois method (Kedare and

Singh, 2011) using 1,1’-diphenyl-2-picryl-hydrazil. The reference antioxidant was ascorbic
acid (Vit. C), while the samples were prepared at concentration range of 25 - 100 pg/mL. The
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assay was carried out in duplicate and the mean values of the absorbance were used to
calculate the percentage radical scavenging activity of the compounds as expressed in
equation 1:

Absorbance - --Control — Absorbance - -- Sample

Absorbance - --Control

9¢ Scavenging - - -activity =

On the other hand, the nitric oxide scavenging activity of the Schiff base ligands was measured
by Griess reaction (Ali et al., 2020) using sodium nitroprusside solution while the Ruch method
(Ruch et al., 1989) was used to evaluate the ability of the compounds to scavenge hydrogen
peroxide free radicals. Similarly, the lipid peroxide inhibition ability of the compounds was
assessed by the reaction of thiobarbituric acid (TBA) with malondialdehyde (MDA) to give
thiobarbituric reactive substances which was measured by colorimetry method at 540 nm (Ito
etal., 2019, Ohkawa et al., 1979). All the assays were carried out in duplicate and the percentage
of free radicals inhibition of the compounds was calculated as expressed in equation 1.

Statistical Analysis

The ICso values for the compounds were calculated from the regression equations obtained
from Microsoft excel using the mean values for the percentage radical scavenging activity.
The two-way ANOVA for the percentage radical inhibition was done using Graph pad Prism
5.

DFT Study

The theoretical calculations for the compounds were done on Gaussian 09W software
package. The optimized geometry, vibrational frequencies, frontier molecular orbitals,
molecular electrostatic potential (MEP) contour maps and the quantum mechanical electronic
properties of the molecules were obtained using Becke’s three parameters hybrid exchange
correlation functional (B3LYP) with 6-31+G(d,p) basis set (Lee et al., 1988, Becke, 1993). The
electronic properties were determined for the compounds using time-dependent density
functional theory (TD-DFT) level in ethanol or methanol.

Docking Study

The six aminoantipyrine derived Schiff bases were subjected to docking studies for binding
affinity and non-bonding molecular interactions evaluation using PyRx AutoDock Vina
wizard (Eberhardt et al., 2021). The crystal structures of the target protein molecules were
downloaded from the protein data bank at rcsb.org (https:/ /www.rcsb.org/) with 3.20, 2.90,
2.79 and 2.50 A resolutions for cytochrome oxidase (PDB ID: 3mk7), myeloperoxidase (PDB
ID: 6wy7), NADPH oxidase (PDB ID: 8wej) and xanthine oxidase (PDB ID: 1fiq) respectively.
The structures were obtained in the .pdb format and subsequently processed using BIOVIA
Discovery Studio (DS) 2021 Visualizer (https://discover.3ds.com/discovery-studio-
visualizer-download) to eliminate unwanted ligands, heteroatoms and water molecules. In
addition, polar hydrogen atoms were added to the structure as required. The protein
molecules and the synthesized compounds were converted to Autodock format, and a flexible
ligand to rigid protein approach was employed.

All possible binding sites on the target protein were explored during the docking process. The
docking calculations were performed within a cubic grid range of dimensions 90 x 75 x 90
centered on the protein, encompassing the entire protein structure. A grid spacing of 1.00 A
was utilized to generate the grid maps using the autogrid module of AutoDock tools. Each
ligand underwent nine independent runs to ensure accuracy. Potential binding sites were
identified and energetically favourable binding conformations were elected using Autodock
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Vina (Eberhardt et al., 2021). The binding modes, along with their respective binding affinities
and RSB (upper and lower) values, were obtained to guide the selection of the highest scoring
binding conformation for each ligand. The binding mode with the best binding affinity was
chosen. The ligand-protein complexes were analyzed using DS Visualizer.

RESULTS AND DISCUSSION

The antioxidant activity of the aminoantipyrine-derived Schiff bases (Li: -Ls) has been
determined using DPPH, nitric oxide and hydrogen peroxide free radicals scavenging activity
as well as lipid peroxidation inhibition activity.

The standard antioxidant agent used for the study was ascorbic acid (vitamin C). The anti-
oxidant activity of the aminoantipyrine Schiff bases is illustrated in Figure 3 as ICsp values in
mg/L. The DPPH bioassay revealed that the Schiff bases containing the isatin nucleus (L4 -
Le) exhibited higher activity than the thiophenyl and furanyl nucleus (Li, L and Ls). In
addition, the presence of a nitro group in Ly significantly reduces (p < 0.001) the DPPH radical
scavenging ability of the isatin Schiff base, Ls, with ICso values of 50.01 mg/L and 35.18 mg/L
for Ly and L¢ respectively. Similar effect was observed for the NO, H>O» and lipid peroxide
bioassay studies (Figure 3). The free radical scavenging activity of the compounds is
concentration dependent as shown in the supplementary data / S19. The antioxidant activity
of L against NO and H>O; as well as lipid peroxidation is significantly higher than the anti-
oxidant activity of vitamin C. Similarly, the radical scavenging ability of the 2-methyl-
thiophenyl analogue, Lo, against DPPH and hydrogen peroxide free radicals was observed to
be significantly, at p < 0.001, higher than the inhibition produced by compounds L; and L.

(a) DPPH Assay (b) Nitric Oxide Assay
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Figure 3: Anti-oxidant activity for the aminoantipyrine Schiff bases, L1 - L. The half-maximal inhibitory
concentrations (ICsp) of the compounds are expressed as mg/mL for the (a) DPPH (b) Nitric oxide (c) Hydrogen
peroxide and, (d) lipid peroxidation assays.
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DFT Study

The optimized geometries for the compounds presented in the supplementary data / S20 were
obtained using DFT theory with B3LYP basis set and the quantum mechanical electronic
properties are presented in Table 2. Parameters such as the highest occupied molecular orbital
(HOMO), lowest unoccupied molecular orbital (LUMO) energies, the HOMO-LUMO energy
gap (E), global hardness () and softness (S), as well as the electron affinity (A) of the
compounds were determined. The values of the ionization potential (I), electrophilicity (),
chemical potential (j1) and the dipole moment of the compounds were equally calculated.
The energies of the highest occupied molecular orbital and the lowest occupied molecular
orbital are related to the ionization potential and the electron affinity of molecules according
to the Koopman’s theory (Reddy et al., 2016) as illustrated in equations 2 and 3. In addition,
the kinetic stability and chemical reactivity of conjugated systems could be inferred from the
energy gap between the HOMO-LUMO orbitals. A low HOMO-LUMO energy difference
indicates low kinetic stability and high chemical reactivity (Rana et al., 2021).

A:_ELUMO 2
I :_EHOMO 3

The HOMO-LUMO energy gap calculated for the isatin-derived Schiff bases, Ls - Ls, is smaller
compared with the thiophenyl or furanyl analogues. This suggests higher chemical reactivity
and low kinetic stability (Ovung and Bhattacharyya, 2021) for compounds L4 - Le. Similarly,
global hardness and softness have been used to predict the chemical reactivity of conjugated
molecules. Global hardness is calculated as:

AE

e 4
=

Low global hardness corresponds to high kinetic stability and low reactivity. The isatin-based
compounds have lower global hardness (1.515 - 1.495 eV) than the thiophenyl or furanyl
analogues (1.962 - 1.893 eV). Softness is expressed as the reciprocal of hardness. High values
of global softness indicate higher chemical reactivity for the isatin based compounds (Hoque
et al., 2018). Similarly, the values of electronegativity (x) obtained from the DFT calculations
are related to the chemical potential (1) of the molecules as illustrated in equation 5. The isatin-
based compounds have higher chemical potentials and are expected to be more reactive than
the thiophenyl or furanyl analogues. In addition, the chemical reactivity of the compounds is
also defined by high electrophilicity index (Mohamed et al., 2021) and dipole moment values
as indicated in Table 2. The electrophilicity index of the isatin-based compounds (L4 -Ls) is
higher than those of the thiophenyl and furanyl based compounds (Ls -L¢). It was also
observed that the presence of the electronegative groups (Br or NO) enhanced the
elecrophilicity of compounds Ls and Ls with electrophilicity values of 2.349 and 2.112 eV
respectively.

H==x 5
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Table 2: Electronic Properties of the Compounds.

(eV) Ly L, Ls L4 Ls Lo
HOMO -5.450 -5.395 -5.394 -5.645 -5.432 -5.374
LUMO -1.664 -1.591 -1.470 -2.655 -2.492 -2.344
AE 3.787 3.804 3.924 2.989 2.940 3.030
I 5.450 5.395 5.394 5.645 5.432 5.374
A 1.664 1.591 1.470 2.655 2.492 2.344
X 3.560 3.490 3.430 4.150 3.960 3.860
B -3.560 -3.490 -3.430 -4.150 -3.960 -3.860
n 1.893 1.902 1.962 1.495 1.470 1.515
S 0.528 0.526 0.510 0.669 0.680 0.660
Q 0.731 0.665 0.551 2.349 2.112 1.813
Dipole moment 5.240 4.455 4.945 18.048 12.070 8.928
(debye)

The plots of the frontier molecular orbitals (Figures 4, supplementary data / S21 and S22) for
the compounds revealed that the electron density are localized on the thiophenyl (Li, L),
furanyl (Ls) or the isatin (Ls - Ls) moiety and extend only unto the pyrazolonyl scaffolds of the
amioantypyrine moiety excluding the phenyl group.

Furthermore, an insight into the molecular recognition at the surface of the compounds was
achieved by studying the molecular electrostatic contour maps (MEP) obtained from the DFT
theory B3LYP hybrid functional with 6-31+G(d,p) basis set. MEP describes the distribution of
electron density within the surface of the compounds and helps to recognize the reactive sites
responsible for biological reactivity at the surface of the molecules (Abraham et al., 2019, Rana
et al., 2021).
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Figure 4: Frontier Molecular Orbitals for the thiophenyl, furanyl and isatin-based compounds, showing the
electron density domain and the HOMO-LUMO energy gaps for the compounds L; and L3 and Ls obtained from
thiophene-2-carboxaldehyde, furan-2-carboxaldehyde and, 1H-indole-2,3-dione (isatin) respectively.
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The region with the lowest MEP is sensitive to electrophilic attack while nucleophilic attack
occurs at the region of highest MEP. The electrostatic potential at the surface of the
compounds are represented with varying graded colours with red and blue corresponding to
regions with lowest and highest potential respectively (Truhlar, 1981). The MEP maps for the
compounds (Figure 5) show that the carbonyl oxygen of the aminoantipyrine, the hetero-
oxygen of the furanyl- and the oxygen atoms of the nitro-isatin moieties have the highest
molecular potential and as such are the most susceptible to nucleophilic attack. Similarly, the
methyl group was observed to be more favourable to electrophilic attack.
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Figure 5: Molecular electrostatic contour maps (MEP) maps for the compounds. The red and blue colours represent
regions of strong electrophilic and nucleophilic attacks respectively.

Docking Study

The aminoantipyrine Schiff base compounds were subjected to in-silico docking study in
order to understand their binding affinity and non-bonding interactions with amino acid
residues at the binding sites of different target antioxidant proteins. The binding energies of
the compounds against cytochrome oxidase (PDB ID: 3mk7), myeloperoxidase (PDB ID:
6wy7), NADPH Oxidase (PDB ID: 8wej) and xanthine Oxidase (PDB ID: 1fiq) are presented
in Table 3. The binding energies provide an insight into the binding affinities of the
compounds with the target proteins. The aminoantipyrine-based ligands exhibit a range of
binding affinities across different protein targets, with binding energies denoted in kcal /mol.
The docking study showed that the aminoantipyrine Schiff base series containing the isatin
nucleus (L4, Ls & L¢) have higher negative binding energies and are thus predicted to exhibit
higher binding affinity (Rana ef al., 2021) than either of the thiophenyl (L3, Ly) or furanyl (Ls)
analogues against 1fiq, 3mk7 and 6wy?7 proteins. Ligand Ls, however, exhibited the highest
binding affinity against the 8wej protein.
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Table 3: Binding Energies for the Ligands-Proteins Complexes (kcal /mol)a.

Ligands Binding energy
1fiq 3mk7 6wy7 8wej

L1 -6.2 -6.4 -7.3 -5.8
Lo -6.5 -65 -7.5 5.7
L3 -6.5 -6.2 -7.2 -6.8
Ls -7.5 -8.0 -8.4 -6.7
Ls 7.2 -74 -8.6 -6.5
Le -7.7 -7.7 -8.4 -6.4

aThe binding energies obtained for the interactions of the ligands with the various antioxidant
target proteins are expressed in kcal/ mol. Compounds Li-Ls formed four different complexes
with cytochrome oxidase (PDB ID: 3mk7), myeloperoxidase (PDB ID: 6wy7), NADPH
Oxidase (PDB ID: 8wej) and xanthine Oxidase (PDB ID: 1fiq) respectively.

Ligands L, Ls and Ls had the highest binding affinity for 1fiq, 3mk7 and 6wy?7 proteins with
binding energies of -7.7, -8.0 and -8.6 kcal respectively. The variations in binding affinity
across different proteins and ligands reflect the diverse interactions and potential efficacy of
the synthesized compounds, highlighting their suitability for further exploration in drug
development.

The Schiff base ligands exhibit various non-bonding interactions with different amino acid
residues at the binding site of the proteins. The binding of ligands Ls and Ls was predicted to
occur through interactions with both the hydrophobic (PHE, LEU and, ILE) and polar
uncharged (ASN and GLN) residues at the binding sites of 1f1q and 6wy7 respectively. On
the other hand, the ligand-protein interactions for the Ls-3mk7 and Ls;-8wej complexes were
achieved through binding with the hydrophobic (PHE, TYR and, LEU) and polar (THR, GLN
and, GLU) residues respectively. Hydrophobic interactions through ALA and LYS were also
observed for the Li:-8wej protein complex. The presence of hydrophobic interaction at the
protein active site enhances the ligand binding affinity and equally results in the formation of
a more stable ligand protein complex. The availability of various hydrophobic interactions at
the binding interface of the ligand-protein complexes thus suggests higher biological activity.
Similarly, the optimization of hydrophobic interaction at the active site of the binding
interface of target protein at the expense of hydrogen bonding could elicit improved binding
affinity of the ligands (Patil et al., 2010).
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Figure 6: Ligand - protein interactions of Le-1fiq complex showing the (a) binding residues and (b) bond lengths of
interactions at the active site interphase of the protein.

The ligand-protein complex for L¢-1fiq in Figure 6 shows that the structure of compound Ls
was stabilized through two conventional hydrogen bonding interactions with PHE A: 143 and
ASN: 146 at a distance of 2.74 and 3.03 A respectively. The PHE A: 143 residue was equally
involved in hydrophobic interaction with a bond length of 5.80 and 4.85 A. In addition,
hydrophobic interactions through pi-pi stacking with LEU A: 157, ILE A: 120 and, ILE A: 156
residues were observed. Hydrogen bonding provides specific interaction of the ligand with
the amino acid residues at the active site of the target protein (Glusker, 1998; Kortemme 2003).
More importantly it stabilizes the three dimensional architecture of the protein, thereby
enhancing the stability of the ligand-protein complex (Panigrahi, 2007). The 3D image of Le-
1fiq complex (supplementary data / S23) displays the solvent-accessible surface (SAS) with
areas exposed to the solvent coloured blue. These visualizations demonstrate how
hydrophobicity and solvent exposure influence ligand binding, contributing to the stability
and interaction dynamics of the ligand-protein complex.

Similarly, hydrophobic nonbonding interaction was responsible for the stabilization of the
ligand-protein complex formed between ligand Ls and 3mk7 protein (Figure 7). The ligand
binding was achieved through one conventional hydrogen bond interaction with TYR A: 339
within the binding pocket of the protein while pi-pi and pi-alkyl interactions occur between
the ligand's aromatic rings and the side chains of PHE A: 423 and LEU A: 427 residues at a
distance of 4.9 and 5.22 A respectively. The 3D representations of the ligand-protein complex
(supplementary data / S23) highlights the hydrophobic (blue) and hydrophilic (brown)
regions of the drug-protein complex. These surfaces indicate how the ligand fits into the
binding pocket, with hydrophobic areas anchoring the ligand and hydrophilic regions
supporting polar interactions. This effectively demonstrates the intricate molecular
interactions that secure the ligand within the protein, combining various bonds for a stable
binding conformation.
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Figure 7: Ligand - protein interactions of L4 - 3mk7 complex showing the (a) binding residues and (b) bond
lengths of interactions at the active site interphase of the protein.

Furthermore, the stabilization of the Ls-6wy7 complex was predicted to occur through
nonbonding interactions with polar uncharged (GLN) and hydrophobic (PHE and LEU)
residues at the binding site of 6wy7 protein (Figure 8). The nonbonding interaction formed
with GLN E: 340 occurred through pi-donor hydrogen bonding at a distance of 3.13 A while
the binding through the PHE E: 552 and LEU E: 361 residues was predicted to result from pi-
pi stacked and pi-alkyl interactions respectively. The 3D hydrophobicity surface (brown) of
the Ls-6wy7 complex indicates that the ligand is primarily nestled within the hydrophobic
regions. Similarly, the solvent accessibility surface (SAS) (blue) shows that part of the ligand
is exposed to the solvent, affecting its solubility and stability.
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Figure 8: Ligand - protein interactions of Ls-1FIQ complex showing the (a) binding residues and (b) bond lengths
of interactions at the active site interphase of the protein.

Nonbonding interactions through polar charged (GLU and ARG) and polar uncharged
(THR and GLN) residues were responsible for the stabilization of the Ls-8wej protein
complex (Figure 9). One conventional hydrogen bond was formed with THR A: 132 residue
at a distance of 2.37 A while the binding with the GLN: 130 residue occurred through both
pi-donor hydrogen and carbon hydrogen bonds. In addition, pi-anion interactions with
GLU A: 129 and pi-alkyl interactions with ALA A: 7 contribute to the ligand's positioning
and orientation. The ligand’s stable conformation was further maintained through pi-sigma
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interactions with ARG A: 59 and LYS A: 60 at a distance of 4.90 and 4.58 A respectively. The
3D structures of the drug-protein complex of ligand Ls; equally shows that the ligand is
primarily situated in the hydrophobic regions of the enzyme while the hydrophilic part is
exposed to the solvent. This pose is critical for ligand-protein binding, solubility and
interaction dynamics.

THR
A:l32
2.37 GLU
LYS . ARG
k A:129 A59
ﬁ 458 1.94 4.90
RN
3.12 o 3.52
3.26
ALA
GLN AT
A:130
Interactions
I:I Conventional Hydrogen Bond I:I Fi-Donor Hydrogen Bond

I:I Carbon Hydrogen Bond I:I Pi-Sigma
|:| Fi-Anion |:| Pi-Alkyl

Figure 9: Ligand - protein interactions of Ls-1FIQ complex showing the (a) binding residues and (b) bond lengths
of interactions at the active site interphase of the protein.

CONCLUSION

In conclusion, the radical scavenging activity and in-silico molecular interactions of six
aminoantipyrine-derived Schiff base compounds (Li-Le) containing the thiophenyl, furanyl or
isatin moiety have been evaluated. The isatin-based compounds (Ls - Le) exhibited higher
radical scavenging activity than the thiophenyl and furanyl-based compounds (L1 - Ls). This
was substantiated by the higher chemical reactivity obtained for the isatin based compounds
through the DFT calculations. Similarly, higher binding affinity was observed for the isatin-
based compounds through in-silico docking study. Specifically, the poses and stabilization of
the various ligand-protein complexes occurred through different non-bonding interactions
with the residues at the binding sites of the target proteins.
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