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ABSTRACT:

Oxidative stress occurs when the body accumulates reactive oxygen species (ROS), which can be generated
through enzymatic reactions or when oxygen interacts with cellular molecules. Antioxidants are frequently
employed to impede, postpone, or minimize oxidative stress within the human body. These antioxidants supply
electrons to free radicals, thereby counterbalancing their harmful effects. Compounds containing thiourea groups
have attracted attention due to their diverse pharmaceutical properties, including their roles as antioxidants. This
study aims to determine the antioxidant potential of the N-benzoyl-N’-naphthylthiourea (BNTU) and its four
derivatives. This research evaluates the antioxidant activity of BNTU and its derivatives using the scavenging
method of DPPH radicals. A docking study revealed potential interactions between binding models (human
ROS1 kinase, PDB ID 3ZBF) and the antioxidant properties of the target compounds. Based on the results of the
DPPH test, it was found that the antioxidant activity (ICsq) for 4ACFBNTU was recorded at 189.6 ppm, whereas
3CFBNTU showed a measurement of 294.5 ppm. Conversely, BNTU, 4TBBNTU, and 4OCBNTU displayed
ICso values surpassing 400 ppm. As for the Antioxidant Activity Index (AAI), The BNTU and its derivatives
have AAI values < 0.56. The docking results obtained are consistent with the conclusions drawn from the
antioxidant investigation. The four derivatives of BNTU have better antioxidant activity than the lead compound.
Among them, 4CFBNTU exhibits the best antioxidant activity, although its antioxidant properties are relatively
weak.
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INTRODUCTION:

Oxidative processes play crucial roles in the metabolism
of all living organisms. Nevertheless, the generation of
free radicals during chain reactions within the oxidation
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© RJPT All right reserved When there is a discrepancy between the generation of

reactive oxygen/nitrogen species (ROS/RNS) and the
mitigating antioxidant actions of associated enzymes,
oxidative stress arises!3. Oxidative stress is a primary
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factor in cell damage through oxidation. It depends on
both the rate at which oxidative damage occurs (input)
and the rate at which it is effectively repaired and
eliminated (output)*. ROS, comprising free radicals like
superoxide anion radicals, hydroxyl radicals, singlet
oxygen, and non-radical species such as hydrogen
peroxide, represent diverse forms of activated oxygen.
They are frequently produced as oxidation byproduct of
biological reactions®.

Oxidative stress manifests when there is an excess of
ROS in the body, which can arise from enzymatic
processes, oxygen interaction with cellular molecules, or
external sources like airborne pollutants, ozone, and
industrial chemicals. ROS disturbs normal cell function
by harming vital biomolecules such as proteins, lipids,
and DNAZ2®. This damage can progressively lead to
various conditions, including cancer, inflammation,
neurodegenerative diseases, cardiovascular disorders,
and diabetes mellitus. The advancement of these
ailments can be alleviated through antioxidant
intervention?3$,

Antioxidants contribute to various essential biological
functions, including immune response, safeguarding
tissues from damage, reproductive processes, and
growth or development. They help maintain cellular
functionality amidst disruptions to homeostasis, such as
those induced by septic shock, aging, and oxidative
stress-related ~ mechanisms’®.  Antioxidants  are
compounds that assist in neutralizing free radicals and
prevent their generation®®. Antioxidants are used
extensively in inhibiting, delaying, or reducing oxidative
stress within the human body!. They are categorized
based on their origin as either endogenous agents
(produced by the body itself) or exogenous agents
(originating from outside the body). Antioxidants work
by scavenging free radicals, inhibiting pro-oxidant
enzymes, and chelating metals. Antioxidants donate
electrons to free radicals, consequently neutralizing their
harmful effects2,

Polyphenols are indeed recognized as a prominent group
of antioxidant compounds. Nevertheless, various other
compounds can function as antioxidants. These
encompass compounds containing aromatic rings
adorned with additional electron-donating substituents
aside from hydroxy and dimethylamino groups®.
Recently, compounds containing thiourea groups have
gained attention due to their diverse pharmaceutical
properties, including their roles as anticancer**" and
antioxidant agents®'®. Thiourea (TU) is an organic
compound with the SC(NH), formula. It contains two
nitrogen atoms, which can have either identical or
different substituents, and acts as an active source of
nitrogen atoms'®. Thiourea pharmacophores possess

specific binding regions, consisting of a hydrogen-
binding area (NH), a complementary region (S), and an
extra binding area (1,3-substituent)?%%,

Many researchers have extensively explored studies on
thiourea derivative compounds as antioxidants. Huong et
al. analyzed the antioxidant capabilities of DPTU (1,3-
diphenyl-2-thiourea) and BPTU (1-benzyl-3-phenyl-2-
thiourea) compounds using color change measurements
of 2,2-diphenyl-1-picrylhydrazyl (DPPH') and 2,2’-
azinobis(3-ethylbenzothiazoline-6-sulfonate) (ABTS™).
The results indicated that DPTU exhibited better free
radical scavenging ability than BPTU?. Oleiwi et al.
synthesized ten new thiourea derivative compounds
based on 4-methoxybenzoyl chloride as antioxidants
using the DPPH method, with 1Csg values ranging from
5.8 to 126.9 pg/mL. Compound 8 showed the best
antioxidant activity?®. Maryoosh and Al-Jeilawi also
synthesized eight new derivatives containing the
thiourea moiety, and overall, all synthesized compounds
demonstrated good antioxidant activity. Among
compounds (1), (VIII), (111), and (V), each exhibited the
highest antioxidant activity with ICso values of 34.75,
36.89, 37.55, and 45.5 ppm, respectively, while the
remaining compounds showed moderate activity®®.
Sudzhaev et al. synthesized various thiourea derivatives,
including 1-(2-aminoethyl) thiourea, N,N'-
(iminodiethane-2,1-diyl)bis(thiourea), and 1-[1-methyl-
2-(phenylamino)ethyl] thiourea. These compounds were
then assessed for their antioxidant properties using
cumene oxidation reactions. The derivatives may
decrease  cumene autoxidation by  scavenging
cumylperoxy radicals and influencing the catalytic
decomposition of cumyl hydroperoxide?*. Thiourea and
its derivatives have also been proven effective as
scavengers of Oz~ and OH- radicals?>%,

The studies mentioned above indicate the significant
potential of thiourea derivatives in capturing free
radicals and displaying antioxidant properties. However,
the antioxidant potential of thiourea derivatives such as
N-benzoyl-N’-naphthylthiourea  (BNTU) and its
derivatives have yet to be extensively studied. In this
study, the antioxidant ability of BNTU and its four
derivatives was evaluated for their antioxidant activity
using experimental methods (DPPH" radical scavenging
assay) and predicted for their antioxidant activity in
silico using molecular docking methods. A common
approach to assess antioxidant activity involves
measuring the scavenging activity of DPPH radicals,
owing to its high sensitivity, cost-effectiveness, and
quick results'®. Computational molecular docking has
become an effective strategy for forecasting molecular
targets and supporting experimental results?,
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MATERIALS AND METHODS:

Materials:

Chemicals:

All chemicals utilized in the study, including DPPH
(1,1-diphenyl-1-picrylhydrazyl), BHT (butylated
hydroxytoluene), vitamin C (ascorbate), and absolute
ethanol for analysis, were procured from Sigma
Chemical Company (St. Louis, MO, USA). These
chemicals were of analytical grade and sourced from
Sigma, Merck, and Aldrich. The test compounds used
were synthesized products, namely N-benzoyl-N'-
naphtylthiourea, N-(4-trifluoromethylbenzoyl)-N -
naphtylthiourea, N-(3-trifluoromethylbenzoyl)-N -
naphtylthiourea, N-(4-metoxybenzoyl)-N -
naphtylthiourea, N-(4-tert-butylbenzoyl)-N -
naphtylthiourea (Table 1).

Instrumentations:

Antioxidant activity was analyzed using a microplate
reader spectrophotometer (Spektrostar Nano). 1Csg
values were determined using GraphPad Prism 8
software. The hardware utilized in the study comprised
the HUAWEI-IM01SOUS equipped with an AMD
Ryzen 7 3700U processor featuring Radeon Vega
Mobile Gfx. The operating system employed was
Windows 10 Home Single Language. The following
software programs were utilized: ChemOffice 2020
(comprising ChemDraw 20.0 and Chem3D 20.0) for
molecular modeling and energy minimization, PyRx-
virtual screening tool software for the docking process,
and Discovery Studio Visualizer 2020 for the
visualization and examination of docking results.

Table 1. The structure of BNTU and derivatives

o}

|
aae

—t R
SO

N-benzoyl-N"-naphtylthiourea

NO | Compound R Compound name
code

1 BNTU H N-benzoyl-N -
naphtylthiourea

2 4CFBNTU 4-CF; N-(4-
trifluoromethylbenzoyl)-N -
naphtylthiourea

3 3CFBNTU 3-CF; N-(3-
trifluoromethylbenzoyl)-N’-
naphtylthiourea

4 40CBNTU 4-OCHjs N-(4-metoxybenzoyl)-N -
naphtylthiourea

5 4TBBNTU 4- N-(4-tert-butylbenzoyl)-N -

C(CH3)3 naphtylthiourea

Investigating antioxidant activity:
DPPH assay:
The test sample (BNTU and four derivatives) was
dissolved in a 98% ethanol solvent to create various
concentrations of the sample solution (400, 200, 100, 50,
and 25 ppm). The standard (positive control) sample
(BHT and ascorbic acid) was dissolved in a 98% ethanol
solvent to create various concentrations of the sample
solution (50; 25; 12.5; 6.25; and 3.125 ppm for BHT);
(6.25; 3.13; 1.56; 0.78; and 0.39 ppm for Ascorbic acid).
In a 96-well microplate, various dilutions of the test and
standard samples (100 uL) were prepared, and then 100
pL DPPH (0.2 mM) was added to each well. After
incubating for 30 minutes in the dark at room
temperature, the absorbance was determined at a
wavelength of 517 nm using a microplate reader. For
control purposes, the absorbance of the DPPH radicals
without antioxidants was determined using 98% ethanol
as the blank reference. Following this, The absorbance
measurements were compared to the blank controls. The
Radical Scavenging Antioxidant (RSA) percentage was
determined using the following formula; 1.26:27

Control absorbance — Sample absorbance

% RSA = x 100%

Control absorbance

@)

The results were expressed as ICsy (the concentration
ppm of BNTU and its derivatives that scavenge 50 % of
DPPH- radical)®®. I1Csy values were calculated using
GraphPad Prism 8.0. The antioxidant activity was
quantified using the antioxidant activity index (AAl),
calculated as follows as; 2%

Final concentration of DPPH (ug.mL™?)

AAl =
IC50 (pg.mL?)
)

Molecular docking studies:

The chemical structures of BNTU and its derivatives (as
presented in Table 1) were depicted in 2D and 3D
formats utilizing the ChemOffice 2020 program
(ChemDraw 20.0 and Chem3D 20.0). Subsequently, the
minimum energy (Etot) was determined using the
MMF9 method, and the data were saved in mol2 format
[SYBYL2 (*.mol2)]. Molecular docking was performed
on the BNTU and its derivatives against the human
ROS1 kinase receptor. The human ROS1 Kkinase
receptor with PDB ID: 3ZBF from the Protein Data
Bank was visualized by BIOVIA Discovery Studio
Visualizer. Molecular docking was performed using
AutoDock Vina within the PyRx Virtual Screening Tool
software. The validation of the docking protocol was
carried out by redocking the native ligand from the
3ZBF receptor®!. Molecular docking was validated using
the Pyrx-vina tool, which involves setting up a site for
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ligands to bind to the receptor. This can be achieved by
positioning the grid box either on the active site of the
receptor or by encompassing the entire molecule. The
grid box was adjusted according to the specified
coordinates (center X, y, z)%2. The RMSD values were
obtained during the validation process of the docking
method, with a value less than 2 A signifying a
successful docking result®. The interactions between the
receptor molecules, BNTU, and derivatives were
examined using BIOVIA Discovery Studio Visualizer.

RESULT:

Antioxidant activity using the DPPH method:

The antioxidant activity of BNTU and its derivatives is
represented as 1Cso. The reported ICso was calculated
from a plot between sample concentration and % RSA.
The percentage of antioxidant activity increases with the
rising concentration of the sample because at higher
concentrations (Figure 1), more antioxidant compounds
donate hydrogen atoms to the DPPH radical, forming
stable DPP-H compounds. Therefore, there is a decrease
in color intensity from purple to yellow®. The DPPH
radical scavenging activity of the test sample was
measured and compared with that of BHT and ascorbic
acid (Figure 2) to evaluate the in vitro antioxidant
activity of BNTU and its derivatives.

DPPH assay
80+
-e- 4TBBTU

60 —+ 40CBNTU
< -®- 4CFBNTU
Z 404 - 3CFBNTU
= -A&- BNTU

20+

0 T T T T 1

0 100 200 300 400 500

Concentration (ppm)

Figure 1. The radical scavenging antioxidant of BNTU and
derivatives
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Figure 2. Radical scavenging antioxidant and 1Cs, of BHT and
ascorbic acid

Concentration (ppm)

The absorbance of the test sample-DPPH mixture was
measured at 517 nm in darkness to avoid light-induced
duplication of the DPPH free radicals, which could
impact the accuracy of the reading?®. According to the
DPPH test results, BHT and ascorbic acid, used as
standard compounds  (positive  controls), have

antioxidant capacity (I1Cso) values of 16.45 ppm and 3.27
ppm, respectively. Meanwhile, the test compounds
4CFBNTU and 3CFBNTU have ICsp values of 189.6
ppm and 294.5 ppm, respectively. Conversely, BNTU,
4TBBNTU, and 40CBNTU show ICs values exceeding
400 ppm or fall outside the concentration range of the
prepared sample solutions. A smaller 1Csy value
indicates stronger antioxidant potency and vice versa.
4CFBNTU has the highest 1Cso value compared to the
lead compound and other BNTU derivatives. However,
its value is not higher than that of the standard
compounds BHT and ascorbic acid (Table 2).

The Antioxidant Activity Index (AAI) values are used to
classify antioxidant properties. If AAl < 0.56, it
indicates weak antioxidant activity; when AAI ranges
from 0.5 to 1, it suggests moderate antioxidant activity;
AAIl between 1 and 2 indicates strong antioxidant
activity, and AAI > 2 signifies very strong antioxidant
activity®. The AAI values for the test compounds can be
seen in Table 2. The BNTU and its derivatives have AAI
values < 0.56, categorizing them as having weak
antioxidant properties.

Table 2. Antioxidant (DPPH scavenging) activity of BNTU and its
derivatives, and standard substance presented as ICs, values
(ppm) and appropriate AAI values 1Csy

Compounds 1Cs (ppm) AAI
BNTU > 400 <0.56
4TBBNTU > 400 < 0.56
40CBNTU > 400 <0.56
4CFBNTU 189.6 0.42
3CFBNTU 2945 0.27
BHT 16.45 4.79
Ascorbic acid 3.27 24.09

Molecular docking:

Docking validation was performed using the re-docking
technique. Following the docking process, the ligand
was preserved and compared against  the
crystallographic ligand®. The visualization overlay of
ligand results from redocking with the native ligand
from crystallography is presented in Figure 3. The
ligand redocked exhibits a comparable orientation to the
crystallographic ligand®. The validation of molecular
docking involves the utilization of grid box
configurations. The grid box parameters were set to X =
35.6845; Y = 11.4127; Z = 1.5107, with dimensions (A)
at X = 49.7954, Y = 62.9755, and Z = 57.9121. The
measurement provided Root Mean Square Deviation
(RMSD) values for the ligands, with RMSD < 2 A,
indicating their eligibility for the subsequent process®%’.

Docking simulations were conducted using the PyRx-
Virtual Screening Tool software to analyze the
interaction between Human ROS1 Kinase Receptor and
BNTU, and its derivatives are shown in Table 3.
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Figure 3. Overlay of redocking ligands (red) with native ligand
from crystallography (blue) at 3ZBF receptor

Based on Table 3, it is known that the BNTU derivatives
have lower binding affinity than BNTU as a lead
compound. Crizotinib, as the native ligand, has a
binding affinity of -8.23 kcal/mol, which is higher
compared to 4OCBNTU (-7.73 kcal/mol) and
4TBBNTU (-7.60 kcal/mol). However, its affinity is the
same as 3CFBNTU (-8.23 kcal/mol) and higher than
BNTU (-7.40 kcal/mol). The in silico prediction
suggests that 4ACFBNTU is predicted to have the highest
antioxidant activity. Therefore, it can be concluded that
4CFBNTU has a better binding affinity for the Human
ROS1 kinase.

Table 3. Docking result of test compounds with Human ROS1
kinase receptor (3ZBF) active site

No. | Compounds | Binding Amino acid residues
affinity
(kcal/mol)
1 4CFBNTU -8.33 % Leu 1951, Val1959,
0,06 Leu2086, Alal978, Leu2026,
Gly2032, Met2029
2 3CFBNTU -8.23 Leu1951, Val1959, Leu2086,
0.21 Alal978, Gly2101, Asp2102,
Leu2026, Lys1980
3 40CBNTU -7.73 + Leu1951, Val1959, Leu2086,
0.21 Alal978, Gly2101, Asp2102,
Leu2026, Lys1980
4 ATBBNTU -7.60 £ Val1959, Gly1952, Asp
0.10 2033, Lys1980
5 BNTU -7.40 Val1959, Leu2086, Alal978,
0.17 Gly2101, Lys1980
6 Crizotinib -8.23 Leu 1951, Val1959,
(native 0.06 Leu2086, Ala1978, Glu1961
ligand)

Figure 4. Three-dimensional comparison of docking results from
BNTU and derivatives at Human ROS1 Kinase Receptor binding
site

DISCUSSION:

The antioxidant activity of BNTU and its derivatives is
assessed using an ethanol solution of DPPH reagent. The
DPPH method is employed to investigate the antioxidant
effects of test compounds and their capability to
diminish free radical activity. The activity is quantified
by observing the reduction in absorbance of the sample
compared to the standard DPPH solution®®. DPPH
represents a stable free radical capable of receiving an
electron or hydrogen radical, leading to its
transformation into a diamagnetic molecule®. The
DPPH assay assesses the capacity of antioxidants to
counteract the stable radical DPPH by reacting with
suitable reducing agents. This pairs electrons, causing
the solution to undergo a color change proportionate to
the number of electrons absorbed®*“°. Vitamin C was
chosen as a standard because of its widely recognized
antioxidant properties, attributed to its hydroxyl groups
that stabilize free radicals, thereby enhancing its own
considerable inhibitory capacity®®. Ascorbic acid
demonstrates a robust ability to eliminate DPPH (3.27
ppm). The outcome of the DPPH assay is expressed as
the quantity of antioxidants required to decrease the
initial concentration of DPPH radicals by 50% (ICs)
within 30 minutes. Consequently, lower ICsy values
indicate higher antioxidant activity*!.

BNTU derivatives differ in the substituents attached to
the benzoyl group side chain. Oleiwi et al. (2023) found
that the compound with the third highest antioxidant
activity among the thiourea derivatives based on 4-
methoxybenzoyl chloride is the one with a naphthyl
group attached to the thiourea group?. BNTU and its
derivatives also contain a naphthyl group attached to the
thiourea group. Research on antioxidant activity by
Sudhamani et al. (2019) on urea and thiourea derivatives
of 4-hydroxytryptophan indicates that compounds 3a,
3g, 3h, and 3l demonstrate significantly higher
antioxidant activity compared to other synthesized
compounds. The presence of electron-withdrawing
groups such as chloro and fluoro groups on the phenyl
ring of urea and thiourea derivatives may be the reason
for their elevated activity*>. 4CFBNTU has an electron-
withdrawing group in the benzoyl group in the thiourea
moiety (Fluor group), so the electrons are attracted
toward the phenyl ring. As a result, the proton in the
thiourea group is easily donated.

The BNTU and its four derivatives were docked into the
active site of Human ROS1 Kinase (PDB id: 3ZBF).
This was carried out to examine how these compounds
interact with the receptor (Human ROS1 Kinase) and
estimate their inhibitory activity as well as the free
binding energy AG®, measured in kcal/mol. This energy
encompasses hydrogen bonding, phi-sigma interaction,
phi-alkyl interaction, Van der Waals forces, and other
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types of interactions. The predicted interactions between
Human ROS1 kinase protein residues and BNTU and its
derivatives can be observed in Figure 4. The substituents
attached to the benzoyl group of BNTU significantly
influence its binding affinity with the active site of the
Human ROS1 Kinase receptor. 4CFBNTU, 3CFBNTU,
and 40CBNTU exhibit interactions similar to crizotinib
compared to 4TBBNTU and BNTU. However,
4CFBNTU has the highest docking score among them.
This correlates with the results of antioxidant activity
testing using the DPPH method. It is likely also due to
the presence of the -CFs group, which is a powerful
electron-withdrawing group. Low binding affinity
suggests stability and alignment in the binding process
with Human ROS1 Kinase Receptor compared to other
compounds®. In summary, 4CFBNTU shows the most
promising inhibitory activity (theoretically) at the active
site of Human ROS1 kinase. Once its inhibitory effects
are confirmed through in vitro experiments, 4CFBNTU
could be further developed as a Human ROS1 kinase
inhibitor.

CONCLUSION:

The four derivatives of BNTU exhibit better antioxidant
activity than the lead compound. Among them,
4CFBNTU exhibits the best antioxidant activity,
although its antioxidant properties are relatively weak.
The docking results obtained are consistent with the
conclusions drawn from the antioxidant investigation.
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