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Abstract

The growing scientific interest in oxidative stress and antioxidants stems from their well-
established role in mitigating free radical-induced cellular and tissue damage. Three Schiff
bases derived from isonicotinic acid hydrazide and furan-2-carboxaldehyde (INH-Furan),
pyrrole-2- carboxaldehyde (INH-Pyrrole), thiophene-2-carboxaldehyde (INH-Thio) have
been synthesized and characterized by FTIR, NMR and elemental analysis. The Antioxidant
potential were evaluated using DPPH, FRAP, Nitric oxide radical scavenging and Total
Antioxidant Capacity assays with ascorbic acid as reference. The compounds exhibited
concentration-dependent activities, showing strong radical scavenging effects. 1Cso values
ranked their activity as ascorbic acid > INH-Pyrrole > INH-Furan > INH-Thio. Molecular
docking against EGFR wild type and resistant mutants revealed favorable binding energies
supported by hydrogen bonding, Pi-Pi stacking, and salt bridge interactions. These findings
show that the Schiff bases are promising scaffolds for developing potent antioxidants and
EGFR inhibitors that can withstand drug resistance.
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1.0 Introduction

Human life activities are strongly tied to free
radicals, which are in charge of supplying
vitality to the cells, organs, and tissues [1].
Free radicals are continuously created and
scavenged by the human anatomy to sustain
active stability. Free radicals can protect the
body from diseases like bacteria and fungi
when it is in good health. Under normal
conditions, free radicals can shield the body
from infections like fungus and bacteria.
However, when it is unbalanced, excessive
free radicals damage cells, causing early
aging [2], HIV [3], renal disease [4],
pregnancy [5], cancer [6], and cataract [7]. It
is very important that the right levels of
natural antioxidants including glutathione,
vitamin C, and vitamin E are maintained by
the biological system to avoid major health
issues,

Antioxidants are chemicals that may work
together with free radicals and safeguard
cells from oxidative damage. They come in
both natural and synthetic forms. Strong
antioxidant qualities have been demonstrated
in a variety of compounds, however,

understanding of antioxidant mechanism and
the development of more effective and
harmless antioxidants remain a great
challenge.

Schiff bases represent a significant class of
chemical compounds as investigational tool.
They are compounds that have an azomethine
group (-C=N-) and obtained by the
condensation of an amine and a carbonyl [8-
9]. Their substantial biological activities,
such as antioxidant [10-16], antibacterial
[13], antifungal [17], antiviral [18],
anticancer [16, 19], antitumor [20, 21] and
anti-inflammatory [22] have drawn a lot of
attention in the medical and pharmaceutical
families. Simple synthetic techniques can be
used to add potentially active moiety to the
Schiff base skeletons. Schiff bases have high
radical scavenging action [23, 24]. Also, the
transmission of stimulus via the transduction
pathway due to the binding of epidermal
growth factor (EGF) to EGF receptor
(EGFR) on the cell surface can regulate the
cell ~proliferation, differentiation, and
migration [25].
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Figure 1: Most common oxidative stress related diseases [1]
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The EGFR family plays a critical role in vital
cellular processes and in various cancers and
IS a proven target in the treatment of cancer
[26, 27]. Some EGFR kinase inhibitors are
available for use such as efitinib, erlotinib,
lapatinib, and TAK-285 [28]. These
inhibitors are not only effective against the
wild-type EGFR but also the mutant-type
[29, 25]. Clinically, the efficacy of these
kinase inhibitors is often of limited duration
due to the kinase resistance to these drugs.
This resistance is as a result of the
substitution of threonine 790 with methionine
(T790M). Threonine 790 is often referred to
as the gatekeeper residue in the EGFR protein
because of its strategic location at the
entrance to a hydrophobic pocket in the back
of the ATP binding cleft, hence substitution
of this residue with methionine is believed to
cause resistance by steric interference with
the binding kinase inhibitors [30, 31].
Besides targeting T790M inhibition, some
irreversible inhibitors have been developed to
target CYS797, which is located at the
entrance to the adenosine triphosphate
binding cleft (28, 32]. Their mode of binding
is via covalent bonding interaction with the
CYS797. Concerns have been raised about
their selectivity with respect to kinases due to
their reactivity with other cysteine residues
[25, 29, 33]. It is there important to look for
more potent, noncovalent, irreversible
inhibitors against both the wild and
T790M/L858R double-mutated EGFR. Our
team is interested in the use Schiff base
molecule to study the properties of
antioxidants using nitric oxide radicals,
DPPH radicals, Ferric reducing antioxidant
Power and total antioxidant assay and as
inhibitors for the EGFR double mutant.
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2.0 Materials and Methods

Materials

Aldrich Chemical Ltd. provided all of the
chemicals and solvents that were available
for purchase. They are employed without
additional  purification and are of
spectroscopic or analytical quality. Melting
points are uncorrected and were calculated
using a Stuart SMP3 melting point
equipment. On a Digilab Win-IR Pro ATR
spectrometer of the FTS 7000 series, infrared
spectra were captured as particles using a
diamond ATR (attenuated total reflectance)
accessory by applying the thin-film
technique. DMSO-d6 solution was used to
record the 1H and 13C NMR spectra, which
are referred to the solvent peaks using a
Varian 300 MHz spectrometer. The Perkin-
Elmer 2400 CHNS/O analyzer was used to
perform elemental studies. Ascorbic acid
(99%), trichloroacetic acid (TCA), hydrogen
peroxide, potassium ferricyanide, iron(ll)
chloride,  methanol,  3-(2-pyridyl)-5,6-
diphenyl-1,2,4-triazine-4',4"-disulfonic acid
sodium salt (ferrozine), iron(l1l) chloride,
and hydrochloric acid (Germany).

2.1 Synthesis of Schiff bases

An ethanol (10 mL) solution of isonicotinic
acid hydrazide (10 mmol.) was mixed with a
solution of the corresponding aldehyde furan-
2-carboxaldehyde (INH-Furan), (pyrrole-2-
carboxaldehyde (INH-Pyrrole), or thiophene-
2-carboxaldehyde (INH-Thio) (10 mmol.) in
ethanol (10 mL). At 60°C, the reaction
mixture was stirred for 8 h with the addition
of glacial acetic acid (0.3 mL) after which it
was left to cool to room temperature.
Filtration was wused to collect and
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recrystallize the resultant precipitate from
ethanol.

2.2 Evaluation of antioxidant activities
DPPH radical scavenging assay

A decrease in the absorbance of DPPH was
used to quantify the synthetic compounds'
capacity to scavenge free radicals according
to the methods of [34] and [35] with some
modifications. The serial solutions of the
samples (25— 100 pg/mL) were prepared
using distilled water. Then 4 mL of each
solution was added to 1 mL of methanolic
solution of DPPH (0.01 mM). The resulting
mixture was thoroughly shaken and allowed
to stand for 30 min in a dark closet.
Absorbance was spectrophotometrically
measured at 517 nm. Methanol was used as
the blank and ascorbic acid was used for the
standard (serial diluted solutions of ascorbic
acids). All assays were done in triplicates.
The scavenging effect of the samples were
presented as percentage inhibition.
Scavenging Effect (%) = Do — D1/Do x 100
Where D, represents the absorbance of the
control and D1 the absorbance in the presence
of the sample of extract and standard.

2.3 Nitric oxide scavenging activity

Using spectrophotometry, the nitric oxide
scavenging activity was determined as
reported by [36] with some modification.
Aqueous sodium nitroprusside at
physiological pH has been documented to
produce nitrite ions [37]. This it does by
generating nitric oxide which interacts with
oxygen to produce the nitrite ions. Phosphate
buffered saline of pH 7.4 was prepared with
sodium nitroprusside (5 mM L1). The serial
dilute solutions of the samples (25— 100
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pug/mL) were made. The buffer was mixed
with 50 pL of each of the solutions of the
samples. The mixture was incubated at 25°C
for 30 min. Then 1.5 mL of the incubated
mixture was diluted with 1.5 mL of Griess
reagent (1% sulphanilamide, 2% phosphoric
acid and 0.1% N-1- naphthylethylenediamine
dihydrochloride). Absorbance was taken at
546 nm. Ascorbic acid was used as the
positive standard, while 10 mM sodium
nitroprusside and phosphate buffered saline
were used as the negative control.

2.4 Ferric reducing antioxidant Power
(FRAP)

The reducing power of samples were
determined using the modified method of
[39]. An aliquot of the samples (1.0 mL) at
various serially diluted concentrations (25,
50, 75 and 100 ug/mL) were mixed with
phosphate buffer (2.5 mL, 0.2M, pH (6.6)
and potassium ferricyanide [K3Fe(CN)6]
(2.5 mL, 1%). The mixtures were incubated
at 50 °C for 20 min. Trichloroacetic acid
(10%, 2.5 mL) was added to each of the
mixture and centrifuge at 1000 rpm for 15
min. A volume of 2.5 mL of each of the
resulting supernatants was mixed with 0.1%
of freshly prepared iron (111) chloride (0.5
mL) and distilled water (25 mL).
Absorbance was measured at 700 nm using
methanol as the blank. An increasing
absorbance value is an indication of the
reducing power of the samples/substance.
The reference drug used for the study was
ascorbic acid (vitamin C), also serially
prepared. Each of the experiments was done
in triplicate.
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2.5 Total antioxidant capacity (TAC)

The total antioxidant capacity of the samples
was determined using modified [40]. Each of
the samples were diluted serially (25, 50, 75
and 100 ug/mL) using ethanol/methanol. An
aliquot (0.4 mL) of the solution of the diluted
sample was mixed within a vial containing 4
mL of a reagent solution (0.6 M sulfuric acid,
4 mM ammonium molybdate, and 28 mM
sodium phosphate). A water bath was used to
incubate the vial at the temperature of 95 °C
for 90 min. The absorbance was taken at 695
nm against ethanol/methanol as blank after
the vial has been cooled to room temperature.
Assays of all the serially diluted solutions of
the samples were run in triplicate.

2.6 Molecular Docking Protocol
Flexible ligand with a rigid receptor docking
simulation was performed using Autodock

CordeliaU. D. etal

4.2.6 [41]. The choice of Autodock 4.2.6 was
borne out of the knowledge of its better
performance than Autodock vina in terms of
reproducing experimental binding energy
values [42]. Knowledge of the active sites of
the protein were obtained from previously
published articles with similar proteins [25].
Conformational space of the complex was
sampled using the Lamarchian Genetic
Algorithm. The number of evaluations was
2500000, 100 runs were performed and the
rest of the docking parameters were set to
default. The conformation with the lowest
free energy of binding for each of the ligands
and the corresponding protein structure was
chosen as the best inhibitor for the protein.
Autodock 4.2.6 presents the free energy of
binding as:

Final Internal Energy (van der Waals + Hydrogen bond + desolvation Energy ) +
( Final Total Internal Energy) + ( Torsional Free Energy) — (Unbound systems s Energy

Prior to the molecular docking simulations,
the molecular geometries of the inhibitors
were  optimization the B3LYP/ 6-
311+G(2d,p) density functional of theory
(DFT) method and the stability of the ligands
were checked by means of frequency
calculations, that they had no imaginary
frequency. The reason for performing the
geometry optimization was to ensure that the
molecular structures used were geometrically
stable structures. The DFT calculations were
done with the help of Gaussian 16 suites of
programs, provided by means of
computational resource on SEAGrid [43].
The interaction pictures were generated with
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the help of UCSF Chimera, alpha version
1.17 (build 42434) [44] and Discovery Studio
Visualizer v24.1.0.23298.

3.0 Results and discussion

Synthesized Schiff bases

INH-Pyrrole, INH-Furan and INH-Thio are
heterocyclic Schiff bases that were produced
by condensation of INH with Pyrrole-2-
carboxaldehyde, furan-2-carboxaldehyde),
and thiophene-2-carboxaldehyde in
reasonable yields (Scheme 1). The
compounds were purified from ethanol.
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Figure 2: Structure of the synthesized Schiff bases [45]

Tables 1 and 2 afford a summary of the compounds' analytical and spectroscopic data.
Table 1: Physical and Analytical data of Schiff bases

Sample Molecular | Mpt°C | % Microanalysis Calculated(Found)
weight yield
(g/mol)
C H N
INH-Furan | C11HoN3O. | 223-225 | 40 61.39(61.23) | 4.22(4.07) | 19.53(19.99)
INH-Pyrrole | C11H10N4O | 234-236 | 87 61.67(62.16) | 4.71(4.64) | 26.15(26.27)
INH-Thio | C11HgN3OS | 241-242 | 81 57.13(57.64) |3.92(3.85) |18.17(18.93)
Table 2: Characteristics IR and NMR bands of Schiff bases
Sample IR Bands (cm™) Chemical shift 5(ppm)
vNH vC=0 vC=N HC=N
oH oC
INH-Furan - 1644 1617 8.35 140.89
INH-Pyrrole 3056 1645 1594 8.29 141.48
INH-Thio 3028 1661 1593 8.68 140.94

The presence of a band in the IR spectra in
the range of 1593-1617 cm™ and a singlet at
8.29-8.68 ppm in the compounds' proton
NMR spectra certified the compounds'
formation. The elemental analysis supports
the composition of the compounds.
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3.1 Antioxidant assay

The antioxidant power in DPPH assay, nitric
oxide scavenging activity, ferric reducing
antioxidant power and total antioxidant
capacity methods were used to evaluate the
antioxidant effects of the synthesized test
antioxidants.
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3.2 The DPPH test

The concentration response curve for the
radical scavenging effect of the reference
positive control (ascorbic acid) and the test
synthetic antioxidant samples (1NH-Furan,
INH-Pyrrole and 1NH-Thio) is displayed in

CordeliaU. D. etal

Figures 3-5. Both the synthetic antioxidants
and ascorbic acid (reference positive
control), had  concentration-dependent
radical scavenging activities.

Table 3: DPPH Scavenging Activity (% Inhibition)

pg/mL
25 50 75 100
INH-Furan | 42.515+0.219 | 54.425+ 0.629 74.210+ 0.425 80.145+ 0.007
INH-Pyrrole | 42.705+0.049 | 55.475+0.219 72.830 + 0.000 78.495 + 0.006
INH-Thio 35.670 £0.028 | 42.705+0.077 | 54.525+0.205* | 68.220 + 0.141*
A. ACID 45.670+ 0.028 | 64.705+0.077 85.375+ 0.007 98.220 £ 0.141

The DPPH inhibition (%) of the standard
reference, the ascorbic acid was 98.200% at
100 pg/mL

while the next highest percentage inhibition
was INH-Furan (80.145%). High percentage
inhibition  number  indicates  strong
scavenging activity, meaning that a higher
amount of DPPH radical has been reduced by
an antioxidant and good activity [46]. The
ICso values of ascorbic acid and INH-Furan
were 1.1825 and 1.5334 pg/mL, respectively
(Figures 4 and 5). DPPH undergoes a
reduction reaction when it comes in contact
with a  hydrogen atom  donating
agent/compound. This is the parameter that
was measured and calculated to percentage
inhibition. The 1Cso values of INH-Furan,
INH-Pyrrole, INH-Thio and ascorbic acid
were 1.5334, 1.5077, 2.4744, and 1.1825
respectively. The interpretation of the 1Csp as
recorded in the study (Figure 5) showed that
a lower (significant, p < 0.05) concentration
of ascorbic acid was needed to affect free
radical neuralization reaction compared to
test antioxidant samples. DPPH* is a stable
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free radical which when in contact with
antioxidant readily accept an electron or H*
to be reduced to DPPH2. The degree of
colour change from the characteristic purple
colour of radical DPPH to light yellow colour
of the mixture is an indication of antioxidant
activity and what is measured [47, 48].

The result of the DPPH study indicates that
the radical-quenching potential of INH-
Furan, INH-Pyrrole may be comparable to
the reference antioxidant, ascorbic acid
(Table 3). While a larger amount of INH-
Thio is needed to achieve 50% of the
scavenging effect (ICso) compared to other
test antioxidant samples and the reference
drug, ascorbic acid.

A high DPPH value is an indication of strong
antioxidant activity. Thus, the ascorbic acid,
followed by the 1NH-Furan and then the
1NH-Pyrrole based on the obtained results
suggest they have effective scavenging effect
of free radicals while INH-Thio at 68.220%
may be classified to be moderate and less
active as an antioxidant compared to other
analytes. They all possibly have the potential
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health application in relation to protecting ability to do so may be as a result of the
against oxidative stress and related diseases. molecular structure.
The difference observed at the individual’s
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Figure 3: Comparative DPPH free radical scavenging effect of INH-Furan, INH-Pyrrole, INH-
Thio and ascorbic acid; Values are mean £ SEM, n =3
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Figure 4: Line graph representation of the Percentage DPPH free radical scavenging effect of:
A: INH-Furan, INH-Pyrrole, INH-Thio and ascorbic acid; Values are mean £ SEM, n = 3;
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Figure 5: ICso of the free radical scavenging effects of test samples (INH-Furan, INH-Pyrrole,
INH-Thio) and Ascorbic Acid; n=3; Significantly different at *p <0.05 compared with ICso of the
ascorbic acid; 1Cso of INH-Furan, INH-Pyrrole, INH-Thio and Ascorbic Acid: 1.5334, 1.5077,
2.4744, and 1.1825 respectively; RZ 0.9644, 0.9678, 0.9811 and 0.9912.

3.3 Ferric reducing potential antioxidant
scavenging activity (Absorbance)

Table 4 shows the absorbance of the
synthesized test samples (INH-Furan, INH-
Pyrrole, INH-Thio) and the ascorbic acid
after performing the FRAP activity at various
concentrations. Their absorbance values were
concentration-dependent. Absorbance
increased with increased concentration of the
analytes. Thus, indicating their increased
ability to donate more electrons to Fe3* and
effect the reduction of Fe®* to Fe?*, their
increased ability to reduce oxidized species.
Figures 6, 7 and 8 show the pictorial
representation of the FRAP activities of the
test samples compared to ascorbic acid and
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their 1Cso. The FRAP assay results
demonstrated that all the test samples
exhibited strong reducing potential at

increased concentrations (50 - 100 pg/mL)
compared to the low concentration (25
ug/mL). However, the reference drug,
ascorbic acid has a stronger reducing power
potential (Figure 7, 8) compared to the test
samples which is statistically different
(p<0.05). The reducing power activities of
INH-Furan, INH-Pyrrole, INH-Thio showed
no statistical difference among themselves
and across the different concentrations (Table
4, Figures 6 -8).
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Table 4: Ferric Reducing Antioxidant Power

pg/mL
25 50 75 100
INH-Furan | 0.037 + 0.001 0.157 £0.001 | 0.2345+0.001* | 0.377 £0.001*
INH-
Pyrrole 0.038 £ 0.001 0.155+0.001 | 0.241 £ 0.009* 0.379 £ 0.001*
INH-Thio | 0.032 +0.000 0.154 £ 0.000 | 0.233 +£0.001* 0.366 + 0.017*
A.ACID |0.159 £0.001 0.214 £ 0.000 | 0.443 +0.000 0.512 + 0.000

Values are mean £ SEM, n = 3; significantly
different at *p < 0.05 compared to ascorbic
acid

The reducing power activities of INH-Furan,
INH-Pyrrole, INH-Thio showed no statistical
difference among themselves and across the
different concentrations (Table 4, Figures 6 -
8). High concentrations of the test samples
are needed to induce strong reducing or
electron donating effects as a mechanism of
antioxidant activity compared to the
standard. For example, ascorbic acid showed

0.6

M INN-Furan
0.5
0.4

0.3

0.2

Absorbance

0.1

25 pg/mL

acid; Values are mean + SEM, n=3

INN-Pyrrole

greater antioxidant potential than the test
INH-Furan. INH-Furan at 100 pg/mL caused
reduction of Fe** complex to Fe?* absorbance
of 0.377 £ 0.001 compared to ascorbic acid
value of 0.512 + 0.000. The higher the
absorbance value the stronger its reduction
capacity, electron donating power, the better
an antioxidant potential [47, 49]. In relation
to FRAP antioxidant evaluation activity,
ascorbic acid is significantly stronger than
the test samples (Table 4; Figures, 6-7).

INN- Thio A. Acid

I

I
L III
o HER

50 pg/mL

75 pg/mL 100 pg/mL

Conc. pg mL™?
Figure 6: Comparative Reductive effect of INH-Furan, INH-Pyrrole, INH-Thio and ascorbic
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Figure 7: Line graph representation of Reductive effect of INH-Furan, INH-Pyrrole, INH-Thio
and ascorbic acid; Values are mean £ SEM, n=3

The ICsp value of INH-Furan, INH-Pyrrole,
INH- Thio and ascorbic acid were 456.0382,
451.929, 463.219, and 388.276 ug mL*!
respectively. Thus, the order of reducing
effect was ascorbic acid > INH-Pyrrole >
INH-Furan > INH- Thio (Figures 7 and 8).

600
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300

IC50 pg mL-1

200

100

0

INN-Furan INN-Pyrrole

This reflects what was observed in DPPH
scavenging effect I1Cso (Figure 5).
Compounds with effective reducing power
may offer protective effects against
oxidative-stress- mediated cellular damage.

INN- Thio A. Acid

Test samples

Figure 8: ICsp of the reducing effects of test samples (INH-Furan, INH-Pyrrole, INH-Thio) and
Ascorbic Acid; n= 3; Significantly different at *p < 0.05 compared with 1Csg of the ascorbic acid,;
ICso of INH-Furan, INH-Pyrrole, INH-Thio and Ascorbic Acid: 1456.038, 451.929, 463.219, and
388.276 ug mL* respectively; R2: 0.9884, 0.9928, 0.9915, and 0.9365

3.4 Nitric oxide scavenging radical
(%lInhibition)

Nitric oxide scavenging assay is a different
radical from DPPH* and its assay is used to

measure the ability of an antioxidant to
scavenge NO™* or its derivative [50]. It is a
different method or pathway for measuring
the antioxidant power of an agent. Thus,
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scavenging nitric oxide radical (NO*) profile
of a test compound could be used to evaluate
its oxidative stress reduction capability, and
prevention of reactive nitrogen species RNS.
Test sample(s) with good NO* scavenging

effect suggest strong anti-inflammatory,
vascular function protector and disease.
Results are shown in Table 5 and Figures 9-
11.

Table 5: Nitric Oxide Scavenging Activity (% Inhibition)

pg/mL
25 50 75 100
INH-Furan | 30.28 +£0.070 | 48.24+0.000 | 60.29+ 0.042* | 62.57+ 0.014*
INH- 36.365 52.345 62.48 + 68.845 +
Pyrrole 0.007 +0..021 0.000* 0.007*
28.565 60.40 £ 63.545
INH-Thio | 0.007 38.43+£0.014 | 0.028* 0.007*
A. Acid 38.77 £0.014 | 58.93+0.070 | 80.71 +0.255 | 90.695 + 0.219

Values are mean + SEM, n = 3; significantly different at *p < 0.05 compared to ascorbic acid
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The percentage of inhibition showed that
ascorbic acid (reference drug) is a
significantly (p< 0.05) stronger antioxidant
than all the test samples. This was also
observed in their ICso presentation (Figure

50 pg/mL

I

75 pg/mL 100 pg/mL

Conc. pg/L

Figure 9: Comparative Percentage Nitric oxide scavenging activity of INH-Furan, INH-Pyrrole,
INH-Thio and ascorbic acid; Values are mean £ SEM, n =3
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11). The ICso of all the analytes showed
antioxidant profile in relation to their ability
to scavenge NO* in the following order,
ascorbic acid (1.527) > INH-Pyrrole (2.034)
> INH-Furan (2.468) > INH-Thio (2.679). A
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low IC5¢ value indicates strong antioxidant no significant difference among them in their
effects. ability to scavenge NO*.

Comparing the percentage of inhibition
among the test samples showed that there was

INH-Furan INH-Pyrrolr INH-Thio A. Acid
100
o0/ = 12.691x + 16007
g0 R=009316
70
60
20 y = 10.892x + 23.115
40 R?=0.9051
30 y = 17.756x + 22.888
2 _
20 _10.758x+28.115 R%=0.9784
10 R2=0.9612
0
25 pg/mL 50 pg/mL 75 pg/mL 100 pg/mL

Figure 10: Line graph representation of Percentage Nitric oxide scavenging activity effect of INH-
Furan, INH-Pyrrole, INH-Thio and ascorbic acid; Values are mean + SEM, n = 3;

2.5 I I
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Figure 11: 1Cso of the Nitric oxide scavenging of test samples (INH-Furan, INH-Pyrrole, INH-
Thio) and Ascorbic Acid; n= 3; Significantly different at *p < 0.05 compared with 1Cso of the
ascorbic acid; 1Csp of INH-Furan, INH-Pyrrole, INH-Thio and Ascorbic Acid: 2.468, 2.034, 2.679,
and 1.527 ug mL™* respectively; R2: 0.9051, 0.9612, 0.9316, and 0.9784.

3.5 Total antioxidant capacity above are specific mechanisms that
The total antioxidant capacity (TAC) contribute to the result of TAC. The TAC
indicates the overall antioxidant ability of the result (Figure 12) reflects the results gotten
analytes (test samples and the reference, from DPPH, FRAP and NO assays. It follows

ascorbic acid) [51]. Other assays discussed
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the same pattern or order of ascorbic acid >
INH-Pyrrole > INH-Furan > INH-Thio.

98.235

74.235

m INH-Furan

= INH-Pyrrole

A. Acid

INH- Thio

Figure 12: Total antioxidant capacity of INH-Furan, INH-Pyrrole, INH-Thio and Ascorbic Acid

3.6 Molecular docking assay

Binding energy of the 3POZ with the
Schiff base inhibitors

The optimized structures of the Schiff base
inhibitors were converted into *mol2 format
and further used in molecular docking
simulation. The names and the optimized
structures are presented in Table 6. The
binding energy values of the Schiff base
inhibitors with the 3POZ receptor are given
in Table 7. The binding energy values of the

151

docked inhibitors are presented in kcal/mol
and the corresponding inhibition constant
(Ki) of the receptor-inhibitor in micromolar
(HM).

Our results suggest that INH-thiophene gave
the highest BE to 3POZ, among the tested
inhibitors. However, 1NH-Furan gave a
better binding with T790M, while 1NH-
pyrrole is more effective than other inhibitors
tested on the T790M/L858R double mutant.
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Table 6: The list of Schiff base inhibitors and their B3LYP/ 6-311+G(2d,p) level optimized
molecular geometries.

No Label Name Optimized Molecular Structures
1 1NH-furan N'-(furan-3-

ylmethylene)isonicotinohy

drazide

2 1INH-pyrrole N'-((1H-pyrrol-3-
yl)methylene)isonicotinoh

ydrazide

3 1NH-thio N'-(thiophen-3-
ylmethylene)isonicotinohy

drazide

Table 7: Binding energies and calculated inhibition constants of the Schiff bases with 3POZ and
its corresponding T790M mutant and T790M/L858R double mutant

No Inhibitor 3P0OZ T790M T790M/L858R
Binding Ki Binding Ki Binding Ki
Energy (UM) | Energy (UM) | Energy (LM)
(kcal/mol) (kcal/mol) (kcal/mol)

1 INH-furan -6.89 8.88 | -6.85 9.5 -5.79 56.96

2 INH-pyrrole | -7.27 472 |-6.50 17.11 | -5.87 50.15

3 1NH-thio -7.51 3.14 | -6.77 10.95 | -5.75 61.46

The effectiveness of the inhibitors was
observed to decrease from 3POZ to
T790M/L858R with the BE values of -7.51, -
6.85 and -5.87 kcal/mol for 3POZ, T790M
and T790M/L858R. Our results in Table 7
also show that the K; values are inverse of the
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BEs of the inhibitor-receptor complexes; the
higher the BE, the lower the corresponding Ki
values. We therefore used the Ki values as a
parameter to evaluate the effectiveness of an
inhibitor. Literature evidence shows that
Schiff bases are effective against EGFR
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protein [52] and therefore becomes necessary
to test the potency of our newly synthesized
Schiff base inhibitors with the wild type and
mutations of 3POZ. The inhibitors are bound
to the active site of 3POZ, which is known to
be located in the N-position of the A-loop,
adjacent to the a-helix C. The interaction
diagram in Figure 1 shows the binding of
1NH-thio in the active sites of 3POZ. The
important interactions that were observed are

Hydrogen bonding between the oxygen of
1INH-thio and the amino hydrogen of the
Leu788 at a distance of 5.00 A. Pi-Pi T-
Shaped interaction was found between the
ligand and PHES856, attractive charge
interaction with ASP855. Covalent and non-
covalent interactions were also observed, as
can be seen in Figure 13.

ARG
A776

ILE (ALA) PHE
A7) G A856
396 388
- 548
(EEDA 500
lA:788/ "
S 515
i
ILE P, A 58 AR
A744 ' AT66
. * % 599
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VAL ; < A:855/
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Figure 13: (a) 3D representation of the interaction of 1NH-thio in the active pocket of 3POZ,
showing hydrogen bond interactions. (b) 2D representation of the interaction of LNH-thio inhibitor
with 3POZ showing various covalent bonds such as Pi-Pi T-shaped interaction and salt bridge.

3.7 Binding energy of the Schiff base
inhibitors with the T790M mutant protein
Table 7 also shows the BE values of the
tested inhibitors with the T790M mutant. The
BE values are in the range -6.85 to -6.50
kcal/mol. They are lower than the BE with
the wild type 3POZ, except that LINH-furan is
-6.89 kcal/mol in the wild type, which is
highly comparable with the T790M mutant,
with a value of -6.85 kcal/mol. Some of the
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important ionic interactions of 1INH-pyrrole,
such as Pi-Anion and attractive interactions
were observed with ASP855. Other
interactions including salt bridge and Pi-
Sulphur interaction were noticed with
ASP855 and MET790 respectively. The
interaction diagram showing all the observed
interactions of 1NH-furan with the amino
acid residues of T70M are displayed in
Figure 14.
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Figure 14: (a) 3D representation of the interaction of 1NH-furan in the active pocket of T790M
mutant protein. (b) 2D representation of the interaction of 1NH-furan inhibitor with T790M
showing various covalent bonds such as Pi-Pi T-shaped interaction and salt bridge.

3.8 Binding energy of Schiff Base
inhibitors with the T790M/L858R mutant
The BE values for the T790M/L858R-ligand
complexes are given in Table 7. The BE
values are in the range -5.87 and -5.75
kcal/mol. These values are highly
comparable, indicating a similar mode of
interaction of the inhibitors with the residues.
Their corresponding K;j show significant
variations and show low binding interaction
compared to the 3POZ wild type. This is an
indication that the mutation of the T790 to
M790 and then L858 to R858 impacted
greatly on the functionality of the protein.
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The mutation further impacted greatly on the
mode of interaction of the amino acid
residues at the active site. The interaction
diagram showing all the observed
interactions of 1NH-pyrrole with the amino
acid residues of T790M/L858R mutant are
displayed in Figure 15. Hydrogen bonding
interaction was observed with ALA1013,
VAL774, LYS852, ARG776 and VALT769.
The active site residues involved in the
covalent interaction include CYS775,
ASN771, ASP770, and ASP1014.
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Figure 15: (a) The T790M/L858R mutant with 1INH-pyrrole at the active site. (b) 2D representation
of the interaction of 1NH-pyrrole

4.0 Conclusion and 1NH-pyrrole pyrrole (BE = -5.87 kcal/mol,
Three Schiff bases namely N'-(furan-2-ylmethylene)Ki = 50.15 puM) showed better binding to the
isonicotinohydrazide, (INH-Furan), N'-((1H-pyrrol-T790M  and  T790M/L858R  mutants,
2-yl)methylene) isonicotinohydrazide (INH-espectively. The observed decrease in the BE
Pyrrole), N'-(thiophen-2-ylmethylene) isonicotino values from the 3POZ wild type receptor
hydrazide (INH-Thio) have been successfully  indicates the structural impact of resistance
synthesized. These test samples possessed good mutations on the Schiff base binding. The
antioxidant activities comparable to the  synthesized Schiff bases demonstrated
reference/standard drug, ascorbic acid thus, significant antioxidant activity and promising
suggesting their possible use as supportive inhibitory potential against EGFR wild type and
adjunct in the management of diseases caused resistant mutants, highlighting their potential as
by oxidative stress disorder and preservatives in multifunctional therapeutic candidates.

food industry. However, this is subject to

toxicological profile. The molecular docking Declaration of Competing Interest

results show that the Schiff bases under study  The authors declare that there is no conflict of
demonstrate inhibitory potential against EGFR  interest regarding the publication of this
and its resistant mutant types. From the results, research paper.

1NH-thio binds (BE = -7.51 kcal/mol, Ki = 3.14

UM) best with 3POZ wild type receptor but

1NH-furan (BE = -6.85 kcal/mol, Ki = 9.5 uM)
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