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Abstract

Background: Benzothiazole (BTA) is a potent organic compound with numerous biological and medicinal effects, making it a
valuable tool for drug development. The purpose of the study: This study aims to produce a heterocyclic compound belonging
to benzothiazoles, which are known for their great medical effectiveness, and to test their biological effectiveness against
cancer cell growth. Methods: The exposure to A2 compound (1-(benzo[d]thiazol-2-yl) pyrazolidine-3,5-dione) was 72 hours,
followed by adding 200 pL of crystal violet stain solution to each well and incubating at 37°C for 30 minutes. A molecular
docking experiment was conducted using the crystallographic framework of the epidermal growth factor receptor (EGFR) to
evaluate the binding strength of the compound to this receptor. The lethal dose (LD50) was determined using the Miller and
Tainter method. Results: Even at a lower concentration of 6 ng/ml A2 compound appears to have greater cytotoxicity against
SKG-T4 cells and AMGMS, while lower cytotoxicity to inhibition of rat embryo fibroblasts (REF) in exposure time at 72 h
and has good affinity at the active site of EGFR due to the formation of hydrogen bonds with critical amino acids, in acute
toxicity experiments, the LD50 of compound A2 was determined to be 52.31 mg/kg.

Conclusion: The A2 compound, although present in a reduced amount, shows elevated cytotoxic effects on SKG-T4 cells and
AMGMS, but shows decreased cytotoxicity toward REF cells after 72 hours. Furthermore, it shows a robust attraction to the
active site of the EGFR.
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Introduction

Heterocyclic compounds are substances that comprise an
important family of molecules of organic compounds that
possess strong biology and medicinal effects. Due to their
enormous pharmacological description, heterocyclic mol-
ecules, either alone or in fusion form, are continually utilized
by scientists to create novel medications. Among oxygen,
nitrogen, and sulfur (1). Many naturally occurring products
contain benzothiazole (BTA), and the natural compounds
in question have medicinal and pharmaceutical applications
because of a fused benzo-heterocycle (2). The BTA is made
up of a benzene ring and a thiazole ring. (3). A heterocyclic
molecule of the aromatic class is benzothiazole (BTA). BTA
derivatives are used for biological functions including, but
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not limited to, anticancer (4). anti-inflammatory (5), antivi-
ral (6), antibacterial (7), antiproliferative (8), anti-diabetic
(9), anticonvulsant (10), anti-tubercular (11), antimalarial
(12), antileishmanial (13), antifungal (14), BTA derivatives
reveal amazing and ubiquitous biological and pharmacologi-
cal activity against various kinds of tumors and cancer cell
lines (15); such as HeLa (human cervical carcinoma cell
line) (16), SW480 (human colon carcinoma cell line) (17),
HepG2 (human hepatic cancer cells) (18), mammary and
ovary cell carcinoma lines (19), and the intestines, excluding
small-cell pulmonary cell types (20). Cancer is the leading
cause of death worldwide. Cancer is assumed to be a pro-
cess of several phases of tumorigenesis, including numerous
physiological cell processes such as cell signaling and death
(21). These malignant tumor cells are varied, different cells
with fast-proliferating characteristics (22). Malignant tumors
(cancer) can infiltrate or spread to other sections of the body
via the circulation and lymphatic system Risk indicators for
the growth of squamous-cell carcinoma include poor income
level (23), intake of alcohol, cigarettes, and hot drinks (24)
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The aim of this study is to investigate the anticancer poten-
tial of a novel benzothiazole-derived compound through a
comprehensive set of studies, including in vitro, in vivo, and
molecular docking analyses. The research focuses on eval-
uating the compound’s efficacy against various cancer cell
lines and exploring its effects at the molecular level. These
combined approaches aim to provide a deeper understanding
of the compound’s biological activity and its potential as a
therapeutic agent for cancer treatment.

Materials and Methods

Chemicals

All reagents and solvents utilized in this study were of re-
agent-grade quality and were sourced from Sigma-Aldrich
and Fluka. The melting points were measured using open
capillary tubes with a Stuarts SMP30 melting point apparatus
(Germany), and the values were reported without correction.
Infrared spectra (FT-IR) were recorded on a SHIMADZU
FT-IR8400S spectrophotometer at the Department of Chemis-
try, College of Science, Mustansiriyah University.

Synthesis of 2-hydrazino-1,3-benzothiazole (A1)

A mixture of 0.01 moles (0.5 g) of 2-mercaptobenzothia-
zole and 0.01 moles (1.67 g) of hydrazine was refluxed in 15
ml of ethanol for three hours. After the mixture was cooled
to produce a precipitate, the excess hydrazine was removed
by filtering and rinsing it with cold water filtering and recrys-
tallizing the precipitate from ethanol after the solvent was
evaporated (25).

Synthesis of 1-(1,3-benzothiazol-2-yl) pyrazolidine-3,5-
dione (A2)

In a round-bottom flask, 0.006 moles (1 g) of compound A1l
was combined with 0.006 moles (0.76 g) of diethyl malonate,
0.015 moles of acetic acid, and 30 ml of absolute ethanol.
It refluxed for around 11 to 12 hours. Compound (A2) was
obtained by filtering and recrystallizing the precipitate from
ethanol after the solvent was evaporated (26).

Cell culture and maintenance

Three cell lines were used in this study: SKG-T4 (esopha-
geal cancer cells), AMGMS5 (glioblastoma cell line), and
REF (rat embryo fibroblasts). These cells were maintained
locally at the Experimental Therapy Department, Iraqi Cen-
ter for Cancer and Medical Genetic Research, Mustansiriyah
University. The cell cultures were supplemented with 2 mM
GlutaMAX (Invitrogen Products) and 10% fetal calf serum
100 mg/ml streptomycin sulfate and 100 U/ml penicillin
(Sigma).). Each cell line was cultivated in an incubator with
5% CO2 and a dryer environment at 37°C. The cells were
routinely subcultured twice a week in RPMI-1640 medium
supplemented with 3.0 mM L-glutamine and 10% fetal bo-
vine serum to maintain exponential growth.

Compound preparation

Chemicals’ solubility was assessed independently, while
their cytotoxicity was evaluated through in vitro assays The
solubility of the manufactured substance was approved by

the specified procedure. (28). The A2 compound was dis-
solved in (DMSO) and diluted with medium RPMI-1640 to
preparation solutions, prepared at concentrations of 1, 4, 5, 6,
8,10, 15, 25, 50, 85 uM.
Cytotoxicity assay

When the cells were monolayers in the falcon tissue culture
flask, they were detached using tripsin-versinTM ml for 5
min to collect a single cell. Add 15 ml of the culture medium
to the falcon that collects single cells. Transfer about 200uL
from cells to 96-well plates, then seal and incubate at 37°C.
After 24 h, the medium was withdrawn and 200 pL of synthe-
sized chemical compound preparation solutions from C1 to
C10 were added to the 96-well plates. About 200uLof freshly
prepared media was given as a control. The same amount of
DMSO is used as a positive control. Each concentration was
carried out in triplicate. The total exposure to the chemical
compounds were 72 hours. After 72 hours, 200 plof crystal
violet stain solution was added to each well and incubated
at 37°C for 30 minutes. After that, the dish became purple
when it was cleaned with tap water. After that, the plates were
tested using a microplate reader at 495 nm (Biochrom, UK).
Thus, the inhibitory rate was calculated after that by applying

abC. —abT.

0
hC X 100%

growth inhibition % =
Were, ab C. indicate mean absorption of control and ab T.
absorption of chemical compound (29).
Molecular modeling

Using the binding affinity scoring approach, molecular
docking analyzes protein-protein or ligand-protein interac-
tions and scores the results, highlighting the bonds in the
interaction. (30). The crystallographic structure of the epi-
dermal growth factor receptor (EGFR) was obtained from
Protein Data Bank (code: 8JFQ, Resolution: 1.60) (31) and
was considered a target for the simulation of the binding. The
docking study was done using the MOE 2014 program to
examine the free energy and docking mode of the proposed
compound to EGFR. At first, the protein’s structure remained
protonated, and hydrogen atoms were removed. Next, the
protein’s binding pockets were identified, and the energy
was reduced to a minimum, using the default protocol. The
2D structures of the synthesized molecule and the reference
compound, 2-morpholinoethane-1-sulfonate, were generated
using the ChemDraw 20.0 application, then copying the mdb
file allowed the database to be constructed. This molecule
was supplemented with polar and nonpolar hydrogens, cre-
ated a three-dimensional structure, and saved as a mdb file.
Animals

After a seven-day acclimation period to the laboratory envi-
ronment, laboratory mice weighing 25-30 g and aged 10-12
weeks were used. Food and tap water were provided to the
animals according to the ICCMGR protocol. The light and
dark cycles were shorter than the standard 12:12 LD period.
The temperature was maintained at 65-75°F (18-23°C) with
40-60% humidity.

38 Iraqi j. cancer med. genet.

Volume 17 - Number 1 (June 2024)



Anticancer Activity of a Novel Benzothiazole Compound

Examination of Acute Toxicology

Miller and Tainter’s standard procedure were followed for
the acute toxicity tests (32). Using the probit analysis tech-
nique, male albino mice were divided into six groups of six
animals each for LD50 determination. The A2 compound
was administered intraperitoneally at doses of 65, 60, 55, 50,
45, and 40 mg/kg using an injection syringe. Toxicity signs
and mortality were monitored over 24 hours, and the lethal
dose for fifty percent (50%) of the animals (LD50) was de-
termined. The animals were continuously monitored for the
first two hours, followed by checks every four hours. Obser-
vations included instances of animals succumbing to toxicity,
while others survived for the full 24-hour period. The LD50
was determined through both quantitative scientific methods
and visual assessment First, the percentage of deaths was de-
termined. by the ratio was adjusted to 0 % and 100 % (33)
(34).
to 0% death % 100 x (0.25/n)
to 100% death %4 100 x [(n- 0.25)/n]
where n is the overall number of animals in each group.
Statistical analysis

In this investigation, we employed Student’s t test and Anal-
ysis of Variance (ANOVA) to determine variations in con-
centrations between SKG-4, AMGMS, and RFE cell lines.
The probability p was established. p is less than 0.05. Using
Graph Pad Prism V9.5.1, this statistical test was performed.

Results

preparation of 1-(benzo[d]thiazol-2-yl) pyrazolidine-3,5-
dione

The compound 2-hydrazino-1,3-benzothiazole (Al) was
prepared from a reaction of 2- mercaptobenzothiazole with
hydrazine (35). The 1-(benzo[d]thiazol-2-yl) pyrazoli-
dine-3,5-dione (A2) was synthesized from cyclization of hy-
drazine compound (A1) with diethyl malonate in previous
study (m.p. =170 °C) (26) Scheme (1).

H
N N N N O
N,H H CH,(COOC,Hy),
@: D-sH —2 > @: HN—NH, — ©:S:>N)/;/[/
s s

(A1) °
(A2)

Scheme (1): Synthesis of compounds A (1 and 2)

Cytotoxic activity

The cytotoxicity of compound A2 was evaluated in vi-
tro against three cell lines: SKG-T4, AMGMS, and REF
(Figure 1). Our findings demonstrate that A2 exhibits
significant cytotoxicity towards SKG-T4 cells, with 97%
inhibition observed at a low concentration of 6 ug/ml af-
ter 72 hours of exposure. In AMGMS cells, the inhibition
reached 94%, while for REF cells, it was 45%. Cytotoxic
effects at varying concentrations (1, 4, 5, 6, 8, 10, 15, 25,
50, 85 pg/ml) over a 72-hour period were as follows: for
SKG-T4 cells (51%, 50%, 82%, 97%, 93%, 81%, 93%,
91%, 90%, 93%), for AMGMS cells (47%, 52%, 79%,
94%, 91%, 81%, 83%, 85%, 86%, 84%), and for REF
cells (30%, 32%, 34%, 45%, 41%, 36%, 36%, 43%, 39%,
37%).

P<0.0001

] mm SKG-T4
e AMGMS
‘ “ ‘ ‘ mm REF
o II l| II l| II l| T l| l|
1 4 5 8
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concetrations(uM)

growth inhibition %
;

Figure (1): The cytotoxic effects of compound (2) on
cancer cell lines SKG-T4, AMGMS5 and REF were ob-
served when varying doses were synthesized and ex-
posed for 72 hours.

Docking Study

Molecular docking studies were conducted to evaluate
the interaction between the reference ligand and the syn-
thesized compound (A2) with the active site of EGFR.
The docking score for the reference ligand, as shown in
Table 1, was -8.139 kcal/mol. The sulfite group of 2-mor-
pholinoethane-1-sulfonate formed hydrogen bonds with
three amino acids: GLN 1020, LEU 703, and SER 768,
along with an ionic bond with ARG 831. Furthermore, the
morpholine ring established a hydrogen bond with ARG
776 (Figure 2).

Table 1: The interactions occurring between the reference ligand and the active site of the EGFR receptor.

Ligand  Receptor Interaction Distance (A) E (kcal/mol)
O 14 NE ARG 776 (A) H-acceptor -2.0 3.20
O 22 CB GLN 1020 (A) H-acceptor -1.5 3.39
O 23 N LEU 703 (A) H-acceptor -4.6 2.95
O 24 CA SER 768 (A) H-acceptor -0.8 3.22
O 24 NH2 ARG 831(A) Ionic -1.6 3.57
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The docking analysis of the novel compound A2 with the
EGFR receptor revealed two favorable binding poses with
minimal binding energy. The first pose showed a docking
score of -7.214 kcal/mol, characterized by hydrogen bond
interactions between the carbonyl group of A2 and the amino

pose exhibited a docking score of -6.784 kcal/mol, where
hydrogen bond interactions were observed between the car-
bonyl group of A2 and the amino acid GLY 874, in addition
to interactions between the thiazole ring and ARG 836, as
well as the carbonyl group and GLY 874.

acids ARG 836 and LYS 860 (Figure 3, Table 2). The second

Table 2: The interactions occurring between the compound A2 and the active site of the EGFR receptor.

Ligand-receptor interaction distance E (kcal/mol)
Pose 1
O 22 NH2 ARG 836 (A) H-acceptor -1.2 3.19
O 23 NZ LYS 860 (A) H-acceptor -6.8 2.99
Pose2
cC 16 O GLY 874 (A) H-donor -0.5 3.30
N 13 NHI ARG 836 (A) H-acceptor -6.3 3.01
O 23 N GLY 874 (A) H-acceptor -2.5 3.03
Ok« nim Omamiomier OH marr
) basic - backbone acceptor sohvent contact ©l+ arene-cation
J greasy ly“' ha:kbcl:'\gaaf:nnr /_n-r?:el:; contact
contour ® exposure ) exposure (A)
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of pose2 of the A2 compound ligand attached to the active site of EGFR.
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Acute toxicity of 1-(benzo[d]thiazol-2-yl) pyrazolidine-3,5-
dione

The results of the LD50 estimate for the acute toxicity studies
were tabulated. As shown (Table 3, Figure 4), use the Miller
and Tainter equation to calculate the fatal dose (36). The tox-
icity measurements were carried out and at doses equivalent

Table 3: Conversion table for the dosage to probits.

to (40, 45, 50, 55, 60, 65) mg/kg, respectively, the percentage
mortality recorded was (0, 10, 20, 40, 50, 100) %. A slope that
at probit 5 extended to a value of 1.719 on the x-axis was ob-
tained when a plot of log dose (on the X-axis) vs. probability
units (on the Y-axis) was created. Consequently, it was found
that the LD 50 of the A2 compound was 52.31 mg/kg.

(dose) Logarithmic )
Groupe (n) (Md) (dead%) (%ocorrected) (probits)
(mg/kg) dose
1 6 40 1.602 0 0 4.16 3.25
2 6 45 1.653 1 16 16 4.01
3 6 50 1.699 2 33 33 4.56
4 6 55 1.740 4 66 66 5.41
5 6 60 1.778 5 83 83 5.95
6 6 65 1.813 6 100 95.8 6.75
100_ v
1 LD=52.31mg/kg

_ 80 o

2 J

2 60 . A

2 i Figure 4: The graph representing

S dose-response in measures of prob-

a ability units.

20 ®
L T T T T 1
1.65 1.70 1.75 1.80 1.85
| dose
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Discussion

The in vitro experiments of the current study indicated
that the chemical compound (A2) had potential anticancer
properties, at a lower concentration 6 pug/ml appears and ap-
peared to have higher cytotoxicity against the exposure time
of SKG-T4, AMGMS, REF cell lines at 72 h with a 97%,
94%, and 45% inhibition rate, respectively. AMGMS5 human
glioblastoma cancer cell lines are considered a type of can-
cer characterized by resistance to chemotherapy, especially a
subset of cancer patients with the methylated MGMT gene.
and this is associated with switching from methylated to an
undesired nonmethylated MGMT state (37) Therefore, this
compound(A2) can be used as a chemotherapy treatment for
this type of cancer. In the study by Kumbhare et al. (2012),
test in vitro cytotoxicity of their synthesized compound com-
pared to etoposide, the benzothiazole compound 3 showed
the strongest antiproliferative efficacy against the human
monocytic cell line U-937 cell line, and its IC50 values were
greater than the standard compound etoposide’s IC50 values
(17.94 £0.89), (18.69 £ 0.94), and (2.16 £ 0.11 mM)) against
human monocytic cell lines (U-937and THP-1) and mouse
melanoma cell line( B16-F10) cell lines, respectively (16.23
+ 0.81 mM), (4847.73 + 2.39 mM), and (34.58 £+ 1.73 mM)
respectively. (38). In another study by Gabr et al. (2014),
The creation of new benzothiazole compounds targeting 60
types of tumor cells at a single dose of 10 mM, they found
the two most effective derivatives, 32 and 33, showed mi-
cromolar and submolar doses against each of the 60 types of
tumor cells with GI50 values in the low micromolar to sub-
micromolar range. The moiety enhanced both compounds’
antitumor properties. (39).

In the docking model, as demonstrated in compound 17,
the results of the coupling energy research indicated that
concurrent EGFR/HER?2 inhibitors should require at least
one hydrogen-bonded interaction with the active site of the
EGEFR receptor to reduce the expression of TS (40).). In an-
other study Abdellatif et al. (2020), compounds 39 and 40
demonstrated a binding pattern like lapatinib as the reference
ligand, according to the active site of EGFR, as they satis-
fied crucial contacts where the hydrogen bond with Lys745
was created, compounds 39 and 40 (41).). In the study of
Mokhtar et al. (2020), molecular modeling studies were also
conducted for the synthesized compounds, including dock-
ing into the active site of EGFR and surface mapping. The
results showed that the superior binding of the hydrazone de-
rivatives 39 and 40 with EGFR suggested that they are good
candidates for targeted antitumor therapy through inhibition
of EGFR kinase, which is important, was entirely contained
within the cavity of the active enzyme site and deeply buried
within it. This contributed to their increased inhibitory action
against the EFGR enzyme (42). In another study of Samia
et al (2023), M they found that the compound 2a inside the
binding pocket of the EGFR receptor (S = -6.20 kcal mol-1
and RMSD = 1.44 A) was found to form two H-bonds with

MET793 and LYS745 amino acids at 3.16 and 3.74 A, re-
spectively (43). The study of Aziz et al. (2022), Compound
5g which had an affinity value of -81.06 kcal mol—1 and four
H bonds. Threonine854 (2.78 A), the main amino acid, and
the carbonyl group of the acetamide linker produced one H-
bond. Methionine 793 (2.02 A) and the carbonyl group at
position-4 of thiazolidine-2,4-dione created one H-bond (44).
Abd El-Meguid et al. (2021), Their studies showed that nega-
tive energy scores for benzo[d]thiazole targets 5, 6, and 7
were 13.55, 13.25 and -12.83 kcal/mol, indicating that their
benzo[d]thiazole scaffold fits in the active site of EGFR by
hydrophobic arene-arene and hydrogen bonding (45).). The
results of the study conducted by Tarfah et al. (2023) showed
that the thiazolyl pyrazolines that were tested demonstrated
good activity due to their ability to interact with key amino
acids at the binding site, as demonstrated by their binding
pattern and docking score. These values ranged from -11.14
to -10.64 kcal/mol, which is like erlotinib’s (S = -10.86 kcal/
mol) (46). In the study by Raghu et al. (2023), the deriva-
tives of thiazole 4i and 4j have docking scores that are higher
than the docking score of 8.21 kcal/mol of the commonly
prescribed the drug Osimertinib, according to docking inves-
tigations. Three hydrogen bonding contacts were observed
between the most active molecule, 4i, and important amino
acids, including Cys-781, Gly-857, and Thr-903(47). All
docking activities, from the best contact to those with modest
binding, showed an underlying mechanism of action; current
docking study results suggested that the integration of a car-
bonyl group with a thiazole ring enhances binding affinity
at the active site of EGFR due to the formation of hydrogen
bonds with critical amino acids such as ARG 836 and GLY
874.

Acute toxicity was observed with the A2 molecule, result-
ing in 100% of the animals dying at 65 mg/kg.
Conclusions

Compound A2 demonstrated promising anticancer activ-
ity against the SKG-4, AMGMS, and REF cell lines in vitro,
showing the highest activity against SKJ-T4 and AMGMS5
cells at a low concentration of 6 pg/ml, compared to REF
cells. The presence of a pyrazole ring in compound A2 allows
it to bind to multiple sites on the EGFR receptor. This study,
the first of its kind in Iraq, highlights the potential of com-
pound A2 as a target for cancer diagnosis and treatment. The
authors recommend further investigation into the molecular
pathways through which this compound affects cancer cell
growth.
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