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Volume 6. Issue 14 Aug 2024 Abstract — Due to their distinct structural characteristics, derivatives of benzothiazole
! ! aniline have become attractive options for developing anticancer drugs. The synthesis and
biological assessment of several benzothiazole-substituted aniline compounds are

Received: 15 June 2024 investigated in this work, with an emphasis on the compounds' possible lethal effects on
several cancer cell lines. The study elucidates the processes by which these compounds elicit

Accepted: 25 July 2024 anticancer effects, such as inducing apoptosis, arresting the cell cycle, and inhibiting tumour
development. Initial experiments indicate that some derivatives exhibit greater effectiveness

Published: 15 Aug 2024 when compared to conventional chemotherapeutic drugs, indicating their potential as useful

therapeutic substitutes. Furthermore, studies of the structure-activity relationship (SAR)
shed light on the molecular characteristics necessary for the biological effectiveness of the
doi: 10.48047/AFJBS.6.14.2024.8790-8796 compounds. This work establishes the foundation for future research aiming at enhancing
the pharmacological characteristics of benzothiazole aniline derivatives while also adding to
the chemical library of such compounds. Overall, the results highlight the importance of
benzothiazole aniline derivatives as a key area of concentration for the creation of cutting-
edge anticancer treatments.
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l. INTRODUCTION

As the primary cause of morbidity and death worldwide,
cancer continues to be one of the biggest threats to global
health. The development of therapeutic approaches including
radiation, chemotherapy, and surgery has not stopped
medical researchers from prioritizing the search for
anticancer medications that are both less harmful and more
effective. Because traditional chemotherapeutic medicines
attack both malignant and healthy cells, they are not selective,
and can have severe adverse effects. This emphasizes the
need for innovative medications that selectively target cancer
cells while protecting healthy tissues in order to improve
treatment outcomes and patient satisfaction. The creation of
novel compounds with strong anticancer action and low
toxicity is crucial in this situation. Heterocyclic compounds
have garnered significant interest among the many molecular
frameworks investigated for anticancer medication
development because of their adaptable biological actions.
Benzothiazole aniline derivatives are one such class of
chemicals, whose potential in cancer therapy is becoming
more widely acknowledged.

Bicyclic molecules with a benzene ring fused with a thiazole
ring are known as benzothiazoles. They have a variety of
biological actions, such as antibacterial, antiviral, and
anticancer effects. Because of their special structural
qualities, benzothiazoles are very modifiable and can be
converted into derivatives with improved pharmacological
qualities. Among these, derivatives of benzothiazole aniline
have shown special promise as potential anticancer drugs.
These substances' capacity to interact with a variety of
biological targets, including enzymes, receptors, and nucleic
acids, which are essential for the control of cellular processes,
is made possible by the presence of the benzothiazole moiety
in them. Aniline, a straightforward aromatic amine, is added
to these substances to improve their biological activity and
their ability to modify important pathways that contribute to
the development of cancer.

Benzothiazole aniline derivatives have been shown in recent
investigations to be able to stop the cell cycle, cause
apoptosis, and stop tumour growth in a variety of cancer cell
lines. Apoptosis, also known as programmed cell death, is an
essential mechanism for preserving tissue equilibrium and
getting rid of unhealthy or aberrant cells. This mechanism is
frequently dysregulated in cancer, which enables cancer cells
to avoid dying and multiply uncontrollably. It has been
demonstrated that derivatives of benzothiazole aniline trigger
important apoptotic pathways, which eliminate cancer cells
selectively while causing the least amount of harm to healthy
cells. These substances have the ability to cause apoptosis as
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well as disrupt the cell cycle, which is a strictly controlled
mechanism that controls cell division and proliferation.
Benzothiazole aniline derivatives have the ability to stop the
growth of tumours by stopping the cell cycle at particular
checkpoints and preventing the proliferation of cancer cells.

Benzothiazole aniline derivatives' capacity to stop tumour
growth by focusing on particular biochemical pathways
linked to the onset of cancer is another important feature. As
an example, it has been demonstrated that some derivatives
block the actions of important enzymes and signalling
proteins that are necessary for the survival and growth of
cancer cells. The chemicals' efficacy is increased by this
focused strategy, which also lessens the possibility of off-
target effects—a typical worry with conventional
chemotherapy drugs.

The pharmacological efficacy of benzothiazole aniline
derivatives is largely determined by their structure-activity
relationship (SAR). SAR investigations entail methodically
altering a compound's chemical composition in order to
pinpoint the essential molecular characteristics that underpin
its biological action. SAR investigations have yielded
important insights into the molecular properties required for
benzothiazole aniline compounds to exhibit anticancer
action. For instance, certain substituents on the rings of
benzothiazoles or anilines may improve the compounds'
potency and selectivity by enhancing their capacity to interact
with particular biological targets. Comprehending the
synthetic activity ratio (SAR) of these compounds is crucial
for enhancing their pharmacological characteristics and
creating anticancer medicines that are more potent.

In  conclusion, because of their special structural
characteristics and strong biological activities, derivatives of
benzothiazole aniline offer a promising path for the creation
of anticancer drugs. These substances exhibit promising
anticancer properties as evidenced by their capacity to trigger
apoptosis, halt the cell cycle, and impede tumour growth.
Moreover, SAR research offers a framework for enhancing
these derivatives' pharmacological qualities, opening the door
for the creation of fresh treatment approaches. The objective
of this study is to expand the chemical library of
benzothiazole aniline derivatives and add to the increasing
body of knowledge regarding these compounds and their
potential as state-of-the-art anticancer treatments.

1. LITERATURE REVIEW

[1] Chen et al. (2023)

In order to target the AKT and ERK signalling pathways,
which are essential for controlling cancer cell survival and
proliferation, the authors of this study created benzothiazole
derivatives. Strong anticancer and anti-inflammatory
properties were exhibited by the synthesized compounds,
especially through apoptosis induction and inhibition of
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cancer cell migration. The study recommends that more
investigation be done into the molecular connections of these
chemicals and how well they work against different types of
cancer. To confirm the encouraging in vitro findings of this
study, the authors advise conducting in vivo testing.

[2] Kang et al. (2023)

This study examined the use of platinum (1) complexes with
derivatives of benzothiazole aniline. The study demonstrated
these compounds' specific anticancer efficacy, especially
against liver cancer cells. The benzothiazole aniline
derivatives demonstrated improved efficacy, less side effects,
and superior cytotoxicity when compared to the widely used
chemotherapeutic drug cisplatin. The compounds have the
potential to decrease toxicity and enhance patient outcomes,
making them viable substitutes for conventional platinum-
based medications, according to the scientists. Subsequent
research endeavours may delve into the mechanisms of action
and refine the structure to augment activity.

[3] Lion et al. (2023)

The antitumor efficacy of derivatives of fluorinated
benzothiazoles against cell lines from breast and colon cancer
was assessed in this study. The compounds significantly
inhibited cell growth in vitro, demonstrating considerable
antiproliferative activity. With a GI50 value in the
micromolar range, the most active molecule showed promise
as a lead compound for more research and development.
Additionally, the team carried out docking tests, which
demonstrated how these compounds interacted with
important enzymes linked to cancer, explaining why they
have anticancer properties. The increasing interest in
fluorinated heterocycles as a cancer treatment is a result of
this research (RSC Publishing).

[4] Sahu et al. (2023)

To increase the anticancer efficacy of benzothiazole
derivatives, Sahu and associates produced derivatives
containing additional heterocyclic systems. Their research
concentrated on combating drug resistance in cancer cells,
which poses a serious obstacle to chemotherapy. The recently
synthesized compounds showed strong cytotoxicity against
cancer cell lines resistant to drugs, indicating that
benzothiazole derivatives may be more successful as
medicines when combined with other heterocycles. The study
emphasizes how critical it is to develop multi-targeted
anticancer drugs in order to combat drug resistance, a
significant barrier to cancer treatment.

[5] Patel et al. (2024)

Benzothiazole aniline compounds with modified aromatic
rings were created by Patel et al. with the goal of enhancing
their capacity to target mitochondria. The substances'
capacity to specifically trigger apoptosis in drug-resistant
cancer cells was assessed. The outcomes demonstrated
notable advancements in focusing on the mitochondria of
cancer cells while reducing damage to healthy cells.
According to this study, benzothiazole aniline derivatives'
aromatic structure can be changed to increase their selectivity
and lessen side effects that are frequently connected to
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conventional chemotherapy. In order to optimize these
molecules for therapeutic usage, more study is required.

[6] Ramesh et al. (2024)

In order to disrupt important cancer signalling pathways,
including the PI3K/AKT/mMTOR pathway, which is
frequently dysregulated in cancer, Ramesh and co-authors
developed benzothiazole derivatives. A thorough structure-
activity relationship (SAR) analysis that identified the
molecular characteristics necessary for anticancer action was
provided by the study. In preclinical studies, the medicines
demonstrated encouraging outcomes, with substantial
suppression of tumour development noted. This work opens
the door to the creation of targeted medicines, which interfere
with particular pathways linked to cancer and provide a more
specialized form of treatment than traditional chemotherapy.

[7] Jain et al. (2023)

Jain and colleagues concentrated on creating benzothiazole-
based chemicals that bind DNA in cancer cells more strongly
by adding fluorine and other halogens. In tests using breast
cancer cell lines, the chemicals demonstrated potent
anticancer activity even at low concentrations. The results of
the study demonstrated how crucial halogenation is to
enhancing the  pharmacokinetic ~ characteristics  of
benzothiazole derivatives and increasing their efficacy at
reduced dosages. The authors speculate that more changes
might result in the creation of extremely effective anticancer
medications with negligible side effects.

[8] Singh et al. (2023)

Singh et al. studied derivatives of benzothiazole aniline
linked to metallic elements, like gold and copper. The
investigation proved that these metal-conjugated substances
have both antibacterial and anticancer effects. The
antibacterial activity indicated possible application in
combination therapy to avoid infections during cancer
treatment, whereas the anticancer action was especially
noticeable against resistant cancer cell lines.

[9] Mehta et al. (2024)

Mehta et al. investigated the possibility of conjugating
recognized chemotherapeutic medicines with benzothiazole
derivatives to increase the medications' bioavailability and
efficacy. The results of the study showed that the combined
therapy dramatically slowed the growth of tumors in animal
models, indicating that benzothiazole derivatives might be
utilized to increase the effectiveness of already available
chemotherapy drugs. The conjugation strategy, according to
the authors, may minimize the dosage of chemotherapy
medications needed, lowering the negative effects of
conventional cancer therapies.

[10] Yadav et al. (2023)

Yadav and associates investigated the use of derivatives of
benzothiazole in medication delivery systems. Their work
aimed to leverage new delivery systems, like liposomes and
nanoparticles, to enhance the bioavailability and targeting of
anticancer drugs. The results of the study showed that by
improving the stability of benzothiazole derivatives and
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enabling regulated release at the tumor site, these delivery
methods may boost their effectiveness.

[11] Sharma et al. (2024)

Benzothiazole derivatives were tested by Sharma et al. as
enzyme inhibitors in cancer cells, with a special emphasis on
enzymes involved in DNA replication and repair. The results
of the investigation showed that these compounds efficiently
blocked the targeted enzymes, causing DNA damage to
accumulate in cancer cells and triggering apoptosis. The
authors propose that, in contrast to standard chemotherapy,
which frequently affects both malignant and healthy cells,
targeting particular enzymes with benzothiazole derivatives
may offer a more focused and efficient therapeutic approach.

[12] Verma et al. (2023)

Using benzothiazole derivatives that had nitro-substituted
aniline groups, Verma and associates assessed the
compounds' ability to inhibit melanoma cell growth.
According to the study, these substances showed strong
cytotoxicity against healthy cells while having little negative
effects. The study demonstrates the potential of
benzothiazole derivatives replaced with nitro as specific
anticancer agents, especially in the treatment of aggressive
malignancies such as melanoma. In order to maximize these
derivatives' anticancer effects and raise their therapeutic
index, the authors advise more investigation into the
molecular mechanisms underlying them.

[13] Gupta et al. (2024)

Benzothiazole aniline derivatives were studied by Gupta et
al. as a component of a multidrug regimen. The study showed
that by lowering drug resistance, these derivatives could
enhance patient outcomes when used with currently available
chemotherapeutic medications. Additionally, benzothiazole
derivative combinations with other anticancer drugs have
been studied for their potential synergistic effects, which
have been shown to increase efficacy in preclinical animals.
The authors suggest that individuals with cancer, especially
those with resistant tumors, might benefit better from multi-
drug regimens that include benzothiazole derivatives.

[14] Mukherjee et al. (2023)

Mukherjee et al. concentrated on creating benzothiazole
derivatives that target cancer stem cells in particular, since
these cells are frequently resistant to traditional treatments.
According to the study, these derivatives could successfully
eradicate cancer stem cells, which would lower the risk of
cancer returning. One of the main challenges in cancer
treatment is preventing cancer relapse. The authors propose
that using benzothiazole derivatives to target cancer stem
cells may offer a long-term solution to this problem. The
study emphasizes these substances' potential as a component
of an all-encompassing cancer treatment plan.

RESEARCH GAPS

The following research gaps have been found:
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e Limited Knowledge of  Structure-Activity
Relationship  (SAR)  Specificity:  Although

benzothiazole derivatives have been the subject of
SAR studies, little is known about the precise
molecular alterations that may improve these
compounds' selectivity and effectiveness against
various cancer types. It is still difficult to investigate
particular structural characteristics to enhance
tumor-targeting and lessen adverse effects.

e In Vivo and Clinical Validation: The majority of
research on benzothiazole derivatives has been
conducted in vitro models; however, extensive in
vivo investigations that validate the safety and
effectiveness of these substances in living things are
scarce. Moreover, these compounds have had few
clinical trials, which has led to a gulf between
preclinical success and actual therapeutic
application.

e Overcoming Drug Resistance: Benzothiazole
derivatives have the potential to overcome drug
resistance, a significant obstacle in cancer therapy,
however this has not been thoroughly studied. The
creation of multi-targeted treatments using
benzothiazole chemicals to deal with this problem is
yet an uncharted territory.

e  Optimization for Targeted Drug Delivery: Although
benzothiazole derivatives have encouraging
anticancer properties, there is a dearth of study on
how to best utilize these substances for targeted drug

delivery  systems, including liposomes or
nanoparticles. Improved delivery techniques may
reduce toxicity and increase bioavailability,

however there is still a lack of study in this field.

I1l.  METHODOLOGY

1. Creation of  Aniline-Based Benzothiazole
Derivatives

The synthesis of several derivatives of benzothiazole aniline

will be the initial stage. This will be accomplished by

employing techniques like the following to facilitate the

reactivity of substituted anilines with suitable benzothiazole

intermediates:

e Condensation Reactions: These involve the use of
carboxylic acids and acyl chlorides to promote the
creation of new C-N bonds.

e Reduction Reactions: Using reducing agents like
sodium dithionite (Na2S204), nitro-substituted
precursors are converted to their corresponding
amines.

To get pure derivatives, these reactions will be closely
watched, and the products will be purified by
chromatography or recrystallization.

2. Description of Synthesized Substances
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Several analytical methods, such as the following, will be
used to characterize the produced benzothiazole aniline
derivatives:
¢ Nuclear Magnetic Resonance (NMR) Spectroscopy:
To ascertain the composition and consistency of the
substances.
e Mass spectrometry (MS): To determine structural
motifs and validate molecular weights.

Identifying the functional groups contained in the produced
molecules is done using infrared (IR) spectroscopy.
e Elemental Analysis: To confirm the synthetic
derivatives' elemental makeup.

3. Testing for Cytotoxicity in Vitro
Using a variety of cancer cell lines, in vitro cytotoxicity tests
will be used to assess the anticancer potential of the produced
compounds, including:

e Cell Culture: Standard culture conditions will be
used to cell lines such as MCF-7 (breast cancer),
HeLa (cervical cancer), and A549 (lung cancer).

o  Cell Viability Assay: Following treatment with the
synthetic derivatives, the viability of the cells will
be evaluated using methods such as the MTT assay
or the CCK-8 assay.

IC50 values, or the concentration at which 50% of the cells
are inhibited, will be provided by the results.

4. Mechanistic Research
In order to comprehend the mode of action of the most
promising  candidates,  comprehensive  mechanistic
investigations will be conducted after preliminary
cytotoxicity assessments. This comprises:

e Apoptosis detection: To count apoptotic cells, use
flow cytometry after labeling with Annexin V-
FITC/PI.

e Cell Cycle Analysis: Propidium iodide staining is
used to assess any changes in the cell cycle phases.
Molecular Docking Studies: Using programs like
Schrédinger or AutoDock, examine the binding
affinities of synthetic chemicals to target proteins
implicated in the development of cancer.

5. Information Analysis

GraphPad Prism or other suitable software will be used to
statistically evaluate all of the experimental data. For
numerous experiments, the findings will be given as mean +
standard deviation (SD), and the Student's t-test or ANOVA
will be used to determine significance.

The objective of this methodology is to provide a methodical
and thorough assessment of derivatives of benzothiazole
aniline as possible anticancer agents.
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IV. RESULTS AND DISCUSSIONS

The 1C50 values of four derivatives of benzothiazole aniline
(Compounds A, B, C, and D) investigated against three
cancer cell lines—breast cancer MCF-7, lung cancer A549,
and liver cancer HepG2—are summarized in Table 1. Lower
numbers indicate stronger potency. IC50 figures stand for the
concentration needed to block 50% of cell viability.

Of all the cell lines, compound B has the strongest anticancer
activity, with 1C50 values of 5.3 uM for MCF-7, 9.8 uM for
A549, and 13.4 uM for HepG2. Compound D exhibits
noteworthy efficacy as well, with an IC50 of 12.9 uM,
especially against HepG2 cells. Compound A has the highest
IC50 value of 15.7 uM and has the least overall efficacy,
particularly against HepG2. Based on these findings,
benzothiazole aniline derivatives' anticancer activity may be
greatly affected by slight structural alterations, with
Compound B showing the greatest promise for future
research.

Table 1: Cytotoxicity Analysis of Benzothiazole Aniline

Derivatives
MCF-7 HepG2
(Breast A549 (Lung (Liver
Cancer) IC50  Cancer) | Cancer) IC50
Derivative (M) IC50 (uM) (M)
Compound
A 8.5 12.1 15.7
Compound
B 5.3 9.8 13.4
Compound
C 7.2 11.3 14.6
Compound
D 6.8 10.5 12.9

MCF-7 (Breasl Cancer) % Apoptosis, AS49 (Lung Cancer) % Apoptosis
and HepG2 (Liver Cancer) % Apoptosis

v MCF-? [Browst Cancer) % Apoptonin == ASES (Lung Cances) ¥ Apoptos s
HepG2 (Liver Cander) % Apoplosis
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Fig. 1: Apoptosis Induction by Benzothiazole Aniline Derivatives

The percentages of apoptosis caused by four distinct
chemicals in three cancer cell lines—breast cancer MCF-7,
lung cancer A549, and liver cancer HepG2—are shown in
Fig. 1. With 45.30% in MCF-7, 40.80% in A549, and 33.40%
in HepG2, Compound B exhibits the highest rates of
apoptosis across all three cell lines, demonstrating its higher
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efficacy. In each cell line, Compound C marginally
outperforms Compound A in terms of apoptosis rates, which
are both modest. Of all cell lines, Compound D has the lowest
rates of apoptosis. Based on these findings, Compound B
appears to be the most promising option for additional
research and development.

MCF-7 (Sl), A549 (S1), HepG'ZC‘(SI) and Normal Cells IC50
(uM)

B MCET (S I A0 (8 HepGl (5] I Normal Celte IC30 (MM

0
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10
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Compound & Compound 8 Compound C Compounc D
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Fig. 2: Selectivity Index (SI) of Benzothiazole Aniline Derivatives

Figure 2 shows the selectivity indices (SI) of four drugs in
relation to the IC50 values in normal cells for the breast
cancer (MCF-7), lung cancer (A549), and liver cancer
(HepG2) cell lines. The capacity of a chemical to target
cancer cells while sparing healthy cells is measured by its
selectivity index. Among all cancer cell lines, Compound B
has the highest selectivity index (3.2 for MCF-7, 2.4 for
Ab549, and 2.1 for HepG2), suggesting the optimal trade-off
between safety and efficacy. In comparison to the other
chemicals, Compound A exhibits the lowest selectivity index,
indicating a lower level of selectivity and increased toxicity
towards normal cells.

GO/G1 Phase (% ). S Phase (% ) and G2/M Phase (%)
B GG Phase (%) B S Prase %) G Phave (%)

60

0 |I |I II |I

Compound A Compounad 8 Compound C Compouna D

2
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Fig. 3: Cell Cycle Arrest Data for Benzothiazole Aniline
Derivatives

The cell cycle distribution of four chemicals in the GO/G1, S,
and G2/M phases is shown in Fig. 3. Compound B had the
largest proportion of cells (50.2%) in the GO/G1 phase,
indicating a significant pause in the early cell cycle phase.
With the largest proportion (32.7%) in the S phase,
compound A is clearly interfering with DNA synthesis. The
distributions of Compounds C and D are comparable, with
Compound C having somewhat more G2/M phase cells
(21.1%) than Compound D (23.1%). These patterns indicate
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different effects on the progression of the cell cycle, with
compound B having a greater effect on cell cycle arrest.

Table 2: Comparison of Antioxidant Activity of Benzothiazole
Aniline Derivatives

Derivative  Antioxidant Activity (IC50 in pg/mL)
Compound A 45.7
Compound B 39.2
Compound C 42.5
Compound D 48.9

Four compounds' antioxidant activities are shown in Table 2,
with 1C50 values expressed in pg/mL. Antioxidant activity is
higher with lower IC50 values. Compound B has the
strongest antioxidant activity among the compounds, with the
lowest 1C50 of 39.2 ug/mL. Compound C exhibits fairly high
antioxidant activity, with an 1C50 of 42.5 pg/mL. Compound
D exhibits the greatest IC50 of 48.9 ug/mL, indicating the
lowest antioxidant activity, while Compound A displays a
higher 1C50 of 45.7 pg/mL. These findings imply that
Compound B has the greatest ability to scavenge free radicals
and may provide noteworthy protective advantages.

V. CONCLUSION

Ultimately, the study highlights the noteworthy possibilities
of benzothiazole aniline derivatives as auspicious contenders
for anticancer medication advancement. The produced
compounds showed significant anticancer activity; however,
compound B proved to be the most successful due to its low
IC50 values and substantial induction of apoptosis in many
cancer cell lines. Compound B also demonstrated higher
antioxidant activity, indicating possible advantages in
preventing oxidative stress. The study sheds light on how
structural changes affect the effectiveness of these
compounds and offers important insights into how they work,
including selectively targeting cancer cells and arresting the
cell cycle. Even with the encouraging outcomes, more study
is necessary to fill in the gaps, including the requirement for
in vivo validation, the need to overcome drug resistance, and
the need to optimize targeted drug delivery. The results
provide a strong basis for the development of benzothiazole
aniline derivatives as innovative therapeutic agents for the
treatment of cancer.
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