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ABSTRACT

Background: Addressing cancer treatment and drug resistance is critical because cancer
remains a leading cause of death worldwide. Targeting key enzymes, such as tubulin and
lipoxygenase, may yield new strategies to impede tumor growth and enhance treatment
efficacy.

Objectives: This study aimed to evaluate the anticancer effects of 1,3-thiazole derivatives
on A549 and HT-29 cancer cell lines and investigate their ability to inhibit tubulin and
lipoxygenase enzymes.

Methods: Ethyl and methyl derivatives with a central 1,3-thiazole core were synthesized in
one step. A549 and HT-29 cells were cultured in RPMI 1640 medium. The cytotoxic effects of
the derivatives were assessed by treating the cells with varying concentrations for 24, 48, and
72 hours, followed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assays. Molecular docking using AutoDock Vina software, version 1.1.2 was performed to
evaluate the derivatives’ inhibitory effects on tubulin and lipoxygenase.

Results: Compound A demonstrated significant anticancer activity against A549 cells at 500
pg/mL. Compound B also inhibited 50% of cancer cells at 1000 pg/mL. In the HT-29 cell line,
compound A reduced cell viability by 50% at 500 pg/mL, while compound B showed stronger
effects at the same concentration. Ligand A exhibited notable inhibitory potential against
tubulin, whereas ligand B had significant inhibitory effects against tubulin and lipoxygenase.

Conclusion: The ethyl substituent of the 1,3-thiazole core shows promise as an anticancer
agent against A549, while the methyl substituent is effective against HT-29. Both derivatives
can inhibit tubulin function.
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Introduction

rug resistance in cancer is a major barrier
to effective treatment, often resulting in
treatment failure and disease recurrence
[1]. The incidence of treatment resis-
tance varies significantly across can-
cer types and is influenced by multiple
factors, including genetic mutations,
the tumor microenvironment, and epigenetic modifica-
tions. Research indicates that approximately 90% of pa-
tients with advanced cancer may encounter some form
of treatment resistance during the course of their illness
[2]. Drug resistance can be categorized as intrinsic or
acquired. Intrinsic resistance refers to the inherent abil-
ity of cancer cells to withstand a drug’s effects from the
outset, often due to pre-existing genetic alterations or the
expression of specific efflux pumps that actively remove
the drug from the cell [3]. In contrast, acquired resistance
develops over time as cancer cells adapt to therapeutic
pressures. This adaptation can occur through various
mechanisms, such as gene amplification (duplicating the
target gene, leading to overexpression of the target pro-
tein), mutations in drug targets that alter binding sites,
or the activation of alternative signaling pathways that
bypass the inhibited pathway [4].

Moreover, the tumor microenvironment plays a cru-
cial role in drug resistance. Factors, such as hypoxia,
acidity, and the presence of stromal cells, can influence
treatment efficacy and contribute to the development of
a resistant phenotype [5]. Epigenetic changes, including
DNA methylation and histone modifications, can also al-
ter gene expression patterns, promoting resistance. Un-
derstanding the complex interplay among these factors
is essential for developing novel therapeutic strategies to
overcome drug resistance and improve patient outcomes
in cancer therapy. Advanced approaches, such as com-
bination therapies and personalized medicine, are being
explored to target the specific mechanisms of resistance
in individual tumors, thereby enhancing the effective-
ness of cancer therapy [6]. Lung cancer, particularly
non-small cell lung cancer (NSCLC), exemplifies the
significant challenges associated with treatment resis-
tance. Mutations in the epidermal growth factor receptor
(EGFR) are prevalent in NSCLC, and although targeted
therapies, such as tyrosine kinase inhibitors, have im-
proved patient outcomes, resistance often develops [7].
The mechanisms underlying this resistance include sec-
ondary mutations in the EGFR gene, such as the T790M
mutation; histological transformation to small cell lung
cancer; and activation of alternative signaling pathways,
including MET and HER2 amplification. Additionally,
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the tumor microenvironment significantly influences re-
sistance, with factors, such as hypoxia and the presence
of cancer-associated fibroblasts, playing critical roles.
As a result, research is focusing on combinatorial treat-
ment strategies and the development of novel therapeu-
tic agents to overcome these resistance mechanisms [8].
Colorectal cancer (CRC) presents a distinct array of drug
resistance challenges. Resistance to chemotherapeutic
agents, such as fluorouracil, oxaliplatin, and irinotecan,
is common, often arising from changes in drug metabo-
lism, cellular efflux mechanisms, and the activation of
anti-apoptotic pathways [9]. Furthermore, mutations in
critical oncogenes and tumor suppressor genes, includ-
ing KRAS and p53, are associated with treatment failure.
Approximately 50% of patients with CRC harbor muta-
tions in the KRAS oncogene, rendering them insensitive
to anti-EGFR therapies. The capacity of tumor cells to
enter a dormant state further complicates CRC treatment,
as these dormant cells can evade standard therapies and
contribute to disease recurrence. To address these resis-
tance mechanisms and enhance treatment efficacy, new
therapeutic strategies, including targeted agents and
immunotherapy, are currently being investigated [10].
Among promising novel therapeutic agents for cancer
treatment, 1,3-thiazole compounds have attracted signif-
icant interest due to their diverse biological activities. It
is well established that both 1,3-thiazole and 1,3,4-thia-
diazole derivatives exhibit promising anticancer activi-
ties, particularly when combined with heterocycles, such
as 1,3,4-oxadiazole [11].

The mechanisms underlying their action often involve
the modulation of various signaling pathways, particular-
ly those associated with pro-apoptotic and anti-apoptotic
proteins. Research has shown that thiazole derivatives
exhibit activity against multiple cancer types, including
breast, lung, and CRC [12]. Investigating the structure-
activity relationships (SAR) of these compounds is es-
sential for optimizing the efficacy and selectivity. In
addition to their direct anticancer properties, thiazole de-
rivatives may also serve as scaffolds for the development
of multitarget drugs, potentially addressing resistance
mechanisms in combination therapies [13]. Tubulin, a
fundamental protein in the cytoskeleton, is essential for
cell division and intracellular transport. The dynamic
equilibrium of tubulin polymerization into microtubules
is crucial for mitosis, making it a prime target for cancer
therapies. Inhibiting tubulin polymerization disrupts mi-
totic spindle formation, resulting in cell cycle arrest and
subsequent apoptosis in rapidly dividing cancer cells.
Various classes of drugs, such as taxanes (e.g. paclitaxel)
and vinca alkaloids (e.g. vincristine), directly target tu-
bulin and have demonstrated efficacy across a range of
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malignancies. However, the development of resistance
to these tubulin-targeting agents poses a significant chal-
lenge, often arising from the expression of drug efflux
transporters or mutations in tubulin isotypes. A compre-
hensive understanding of tubulin dynamics, along with
the development of novel tubulin inhibitors or combina-
tion therapies, holds great promise for enhancing the ef-
fectiveness of cancer treatments [14]. On the other hand,
lipoxygenases (LOXs) are enzymes that catalyze the
oxidation of polyunsaturated fatty acids, leading to the
production of leukotrienes that play a role in inflamma-
tory processes. Elevated expression of LOXs has been
linked to various cancers, including breast, prostate, and
CRC, where they contribute to tumor growth, metasta-
sis, and the establishment of an inflammatory tumor
microenvironment. Inhibiting LOXs has emerged as a
potential therapeutic strategy due to their involvement
in cancer progression. LOX inhibitors suppress cancer
cell proliferation, induce apoptosis, and inhibit angiogen-
esis, thereby offering a multifaceted approach to combat
cancer. Furthermore, ongoing research on selective LOX
isoform inhibitors aims to reduce side effects while maxi-
mizing targeted therapeutic efficacy. As our understand-
ing of LOX pathways in tumor biology expands, these
inhibitors may serve as promising adjunctive therapies in
comprehensive cancer treatment regimens [15].

Objectives

This study aimed to investigate the in vitro anticancer
effects of 1,3-thiazole derivatives against A549 and HT-
29 cancer cell lines and to evaluate the compounds in
silico as inhibitors of tubulin and lipoxygenase enzymes.

Materials and Methods

This experimental research was conducted in the Mi-
crobiology Laboratory of Islamic Azad University, Teh-
ran Branch, in 2023-2024. Starting materials, solvents,
and culture media (RPMI 1640) were purchased from
Merck (Germany). The cell lines were obtained from the
Pasteur Institute of Iran (Cell Line Collections).

In vitro: All derivatives of 1,3-thiazole from our pre-
vious research were resynthesized, as shown in Table
1 [16]. The concentrations of 250, 500, and 1000 pg/
mL were selected based on preliminary solubility and
cytotoxicity screening of the compounds in dimethyl
sulfoxide (DMSO), ensuring complete dissolution while
spanning a wide therapeutic window. These doses align
with standard ranges used in MTT assays for heterocy-
clic compounds [17] and allowed direct comparison with
the positive control.
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The new compounds were solubilized using DMSO at
concentrations of 250, 500, and 1000 pg/mL to assess
their anticancer properties. Additionally, Doxorubicin, a
pure antibiotic powder obtained from Sigma, was pre-
pared and employed as a control at the same concentra-
tions.

Doxorubicin was chosen as the positive control due to
its well-established clinical efficacy against both lung
and CRC, its broad-spectrum cytotoxic mechanism
(DNA intercalation and topoisomerase II inhibition),
and its frequent use as a benchmark in 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-
based anticancer screening studies.

A549 and HT-29 cancer cell lines were cultured in
RPMI 1640 medium supplemented with 10% fetal bo-
vine serum and antibiotics, specifically penicillin and
streptomycin, both at 100 pg/mL.

A549 is a human lung adenocarcinoma cell line (non-
small cell lung cancer), while HT-29 is a human colorec-
tal adenocarcinoma cell line, representing two of the
most lethal malignancies worldwide.

This culture was maintained in an incubator at 37 'C
with 5% carbon dioxide (CO,) and saturated humidity
in 25 cm flasks. The culture medium was refreshed ev-
ery one to two days, and when the cells achieved 80%
confluence, they were subcultured. Cell viability was as-
sessed using the MTT assay. This colorimetric technique
relies on the reduction of yellow tetrazolium crystals by
the succinate dehydrogenase enzyme, yielding blue in-
soluble formazan crystals. During incubation, MTT is
reduced by succinate dehydrogenase, an enzyme integral
to mitochondrial respiration. The reduction process leads
to the formation of recognizable blue formazan crystals
under a microscope, with the color intensity directly cor-
relating with the number of viable cells. To evaluate the
effects of the tested compounds on cell growth and sur-
vival, 5x10* cells were plated in 96-well plates. These
cells were then exposed to different concentrations of
the compounds for periods of 24, 48, and 72 hours. The
yellow MTT powder was dissolved in 1 mL of PBS buf-
fer shielded from light and subsequently filtered through
a 0.2-micron filter for sterilization. After the incubation
duration, the medium was aspirated, and MTT solution
was introduced to each well. The plates were incubated
for 4 hours at 37 °C to facilitate the formation of forma-
zan crystals. DMSO was added post-incubation to dis-
solve the insoluble formazan crystals. The optical den-
sity of each well’s solution was assessed using an ELISA
reader at 570 nm. The optical density reflects the amount
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Table 1. 2D structures of 1,3-thiazole derivatives
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Ethyl-2-[2-amino-4-oxo-1,3-thiazole-5(4H)-yilden]acetate

White crystals, m.p. 239.0-240.0°C (dec.), yield 55.1%.
IR (K.Br) (vmax, cm™): 3347; 3219; 1715; 1675; 1642.
1H-NMR (DMSO-d 6) 8H: 1.24 (3H, t, 3J HH=7.1 Hz, CH,); 4.21 (2H, q, 3J
HH=7.1 Hz, OCH,); 6.60 (1H, s, CH); 9.4-9.7 (2H, br. 5, NH,).
13C-NMR (DMSO-d 6) 8C: 14.52 (CH,), 61.82 (OCH,), 115.55 (CH); 148.53
(CS); 166.30 (C-N); 177.99 and 179.09 (2CO).

@)

Methyl-2-[2-amino-4-oxo-1,3-thiazole-5(4H)-yilden]acetate

White crystals, m.p. 232.0-233.0 °C (Dec.), yield 58.3%.
IR (K.Br) (vmax, cm™): 3315; 1710; 1679.
1H-NMR (DMSO-d 6) 5H: 3.83 (3H, 5, CH, ; 6.62(1H, 5, CH); 9.31 (1H, 5,
NH); 9.5-9.7 (1H, br. s, NH).
13C-NMR (DMSO-d 6) 5C: 50.82 (CH,), 113.45 (CH); 147.06 (CS); 164.95
(C-N); 176.29 and 177.24 (2CO).

of MTT converted to formazan under these conditions.
Cell viability was calculated using the Equation 1:

1. Percentage survival=(mean absorbance of treated
cells/mean absorbance of the control cells) x 100.

In silico: The 2D representations of the derivatives
were produced with ChemDraw software, version
12.0.2.1076. Subsequently, the structures were nor-
malized via the MM2 method in Chem3D Pro ver-
sion 12.0.2.1076. Crystallographic structures of tubu-
lin (PDB ID: 3HKB) [18] and lipoxygenase (PDB ID:
2IUJ) [19] were sourced from the Protein Data Bank,
which provided resolutions of 3.65 A for 3HKB and
2.40 A for 2IUJ. Gasteiger charges and polar hydrogens
were incorporated using AutoDockTools (version 1.5.6).
All water molecules and ligands were eliminated from
the protein structures. The grid dimensions were set to
48x48x48 for the 3HKB structure and 56x56x56 for the
21IUJ structure, with 3 A spacing. The docking of the de-
rivatives into the binding sites of 3HKB and 2IUJ was

SarveAhrabi Y, et al. Anticancer 1,3-Thiazole Derivatives: In Vitro and In Silico Study. PBR. 2026; 12(1):87-98.

PBR

performed using AutoDock Vina and Discovery Studio
4.5. The interactions between the ligands and the bind-
ing sites were evaluated using Discovery Studio Client
software, version 4.5 [20].

Results
In vitro

A549 cancer cell line: As shown in Figure 1, compound
A demonstrated significant efficacy in reducing cancer
cells, achieving a 50% reduction over 72 hours at a con-
centration of 500 ug/mL. In comparison, compound B
inhibited 50% of cancer cells within the first 24 hours at
a higher concentration of 1000 pg/mL. Both compounds
showed promising inhibitory effects, with greater effi-
cacy at higher concentrations and longer exposure times.
Notably, compound A outperformed compound B, sug-
gesting stronger anticancer properties. Interestingly, the
control sample also inhibited 50% of cancer cells at 250
ug/mL, demonstrating its effectiveness, albeit less potent
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Figure 1. MTT results of 1,3-thiazole derivatives against a549 cell line

than compound A. Moreover, results revealed that both
compounds continued to suppress cancer cell viability at
increased concentrations, illustrating a dose-dependent
response. Overall, these data suggest that both com-
pounds may be viable candidates for further investigation
in cancer treatment, with compound A leading in efficacy.

HT-29 cancer cell line: As shown in Figure 2, com-
pound A at 500 ug/mL eliminated approximately 50%
of cancer cells within 24 hours. Notably, its effective-
ness varied significantly over time and with changes in

PBR

concentration. In comparison, compound B (500 pg/
mL) achieved a similar 50% reduction in cancer cells
but exhibited relatively stronger effects than compound
A. The results indicated that compound B’s efficacy was
also significantly influenced by time and concentration
variations. Additionally, the control sample inhibited
50% of cancer cells at the lower concentration of 250 ng/
mL, demonstrating its effectiveness even at lower lev-
els. Overall, these findings suggest that both compounds
possess notable anticancer properties, with compound B
showing superior potency.

HT-29 Cancer cell line
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Figure 2. MTT results of 1,3-thiazole derivatives against HT-29 cell line
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Table 2. Autodockvina results of 1,3-thiazole derivatives as an inhibitor of tubulin (3HKB) and lipoxygenase (2IU]) enzymes

Ligand Total Energy (kCal/mol) Receptor

Affinity (kCal/mol) Hydrogen Bonds

3HKB
a 34.8422

21U)

3HKB

b 33.8926

21U)

ASP: 69
ASN:101
THR: 179
-11.2 GLY: 144
THR: 145
GLY: 146
GLU: 71

ILE: 326

=6 ILE: 323

GLY: 146
SER: 140
GLY: 144
ASP: 98
GLU: 71
THR: 145

-10.5

ASN: 562
-6.3 ASP: 205
GLY: 248

In silico

According to Table 2, all affinities were calculated,
and the best affinity for each receptor with low AG,, |
(-AG,, ) was selected for Auto dock interactions. Table
2 and Figure 3 show ligand interactions within the active
site of 3HKB and 2IUJ. Compound A (ethyl-2-[2-ami-
no-4-oxo-1,3-thiazole-5(4H)-yilden]acetate): Ligand a
formed hydrogen bonds with the amino acids aspartic
acid (69 hydrogen bonds), asparagine (101 hydrogen
bonds), threonine (179 and 145 hydrogen bonds), gly-
cine (144 and 146 hydrogen bonds) and glutamic acid
(71 hydrogen bonds) to inhibit 3HKB receptor. This
ligand formed hydrogen bonds with the amino acids
isoleucine (326 and 323 hydrogen bonds) to inhibit the
2IUJ receptor. These results suggest that compound A
may effectively inhibit tubulin. Compound B (methyl-
2-[2-amino-4-o0xo0-1,3-thiazole-5(4H)-yilden]acetate):
Ligand b formed hydrogen bonds with the amino acids
glycine (146 and 144 hydrogen bonds), serine (140 hy-
drogen bonds), aspartic acid (98 hydrogen bonds), glu-
tamic acid (71 hydrogen bonds), and threonine (145 hy-
drogen bonds) to inhibit the 3HKB receptor. This ligand
also formed hydrogen bonds with the amino acids aspar-
agine (562 hydrogen bonds), aspartic acid (205 hydro-
gen bonds), and glycine (248 hydrogen bonds) to inhibit
the 2IUJ receptor. Compound B appears highly effective
at inhibiting the tubulin enzyme. The results indicate that
ligand A, which contains an ethyl group, exhibits sig-
nificant inhibitory potential against the tubulin enzyme,
while ligand B, featuring a methyl group, demonstrates
considerable inhibitory effects against the lipoxygenase
enzyme. Both ligands offer promising opportunities for
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the development of alternative drug structures for can-
cer treatment in future studies. Furthermore, these com-
pounds may serve as valuable leads for the development
of targeted therapies that could enhance efficacy and
reduce side effects in cancer patients. Continued inves-
tigations into their mechanisms of action and SAR are
essential for optimizing their therapeutic applications.

Discussion

Gaining insights into lung and CRC is essential, given
their widespread occurrence and high mortality rates
worldwide. Lung cancer has consistently been the lead-
ing cause of cancer-related deaths, primarily associated
with smoking and environmental factors. Early detection
and advancements in treatment approaches could play
a vital role in diminishing mortality rates. CRC, on the
other hand, is among the most prevalent cancers, with
lifestyle and hereditary factors contributing significantly
to its onset. Investigating these cancers is key to uncov-
ering potential biomarkers for early detection, novel
treatment targets, and effective preventive measures that
could save many lives. Furthermore, research in these
fields sheds light on the fundamental processes underly-
ing tumor development, metastasis, and the challenges
posed by therapy resistance [21]. In this context, the
Global Cancer Observatory (2020) published an analy-
sis of worldwide cancer statistics, confirming that lung
cancer is responsible for approximately 19% of all can-
cer fatalities globally. Moreover, CRC is the second most
frequently diagnosed cancer, indicating an urgent neces-
sity for superior prevention and treatment strategies [22].
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21UJ - compound b

2D

3D

Figure 3. 2D and 3D results of autodockvina

A different investigation by Sharma et al. (2020) exam-
ined the escalating rates of lung and CRC. Their findings
illustrated a concerning uptrend in CRC among younger
adults, while lung cancer statistics remained consistent-
ly high among older demographics [23]. These results
highlight the need for targeted screening and proac-
tive intervention initiatives to effectively address these
trends. Recent innovations in cancer therapeutics have
led to the discovery of new agents targeting specific bio-
logical pathways involved in lung and CRC progression
[24]. For example, investigational agents that inhibit
critical signaling routes, such as the MET pathway and
BRAF mutations, have emerged as promising treatment
avenues for lung cancer. In CRC, research has focused
on the efficacy of monoclonal antibodies targeting PD-1
and novel immune modulators [25]. Additionally, ad-
vancements in nanotechnology-based drug delivery
have the potential to enhance the targeting efficiency
and effectiveness of chemotherapeutic agents, thereby
reducing adverse effects and improving patient care. On-
going inquiries into these new treatment modalities are
crucial for addressing resistance challenges and improv-
ing patient survival outcomes [26]. Likewise, Patel et al.
(2017) investigated targeting the MET pathway in lung
cancer treatment, demonstrating that novel inhibitors
significantly prolonged progression-free survival in pa-
tients with advanced lung cancer, underscoring the need
for personalized therapeutic approaches [27]. Similarly,
Johnson et al. (2019) focused on developing novel im-
munotherapies for CRC and identified several promising
monoclonal antibodies that enhance the efficacy of exist-
ing treatments, particularly in metastatic patients, under-
scoring the growing significance of precision medicine in
oncology [28]. Tubulin, a fundamental protein involved
in microtubule assembly, is vital for processes, such as
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cell division and intracellular transport, making it a key
target in the fight against cancer. Disruption of tubulin
polymerization can interfere with mitotic spindle forma-
tion, thereby triggering programmed cell death in rapidly
proliferating cancer cells [29]. Additionally, enzymes,
such as cyclooxygenase, are integral to arachidonic acid
metabolism, leading to the production of prostaglandins
that facilitate inflammation and tumor development. In-
hibiting these enzymes may slow cancer cell growth and
enhance the efficacy of existing chemotherapy drugs.
Thus, elucidating the functions of these enzymes and de-
veloping targeted inhibitors represents a promising path
to the innovation of cancer therapies [30]. For instance,
Cermak and Dostal (2020) emphasized the significance
of microtubule-targeting agents in cancer treatment.
Their research demonstrated that compounds that inhibit
tubulin can halt the cell cycle and induce cell death in
various cancer cell lines, reinforcing the idea that modu-
lating microtubule dynamics is a viable strategy against
a range of malignancies [31]. In a different study, Saadh
et al. (2025) examined the effects of cyclooxygenase
inhibitors on cancer cells. Their results indicated that
specific cyclooxygenase inhibitors markedly reduced
tumor growth in both laboratory and animal models,
demonstrating their potential as a novel class of cancer
treatment options [32]. The 1,3-thiazole framework is
becoming increasingly prominent in medicinal chem-
istry due to its diverse bioactivity and promising anti-
cancer properties. Molecules featuring this heterocyclic
design have exhibited a broad spectrum of pharmacolog-
ical effects, including anti-inflammatory, anti-microbial,
and anticancer properties. The inclusion of the thiazole
structure in synthesized compounds is associated with
the inhibition of numerous cancer cell lines by disrupting
cellular signaling pathways and inducing programmed

PBR
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cell death. Current research efforts are focused on refin-
ing these compounds to enhance their effectiveness and
specificity against specific types of cancer. This high-
lights the critical need to investigate new synthetic deriv-
atives that can enhance current cancer treatment strate-
gies and improve therapeutic outcomes [33]. In line with
this, Patel et al. (2019) examined the anticancer activities
of thiazole-based compounds. Their findings demon-
strated that derivatives of 1,3-thiazole exhibited potent
cytotoxic effects across multiple cancer cell lines, indi-
cating their potential as viable agents for cancer therapy
[34]. Furthermore, Kumar and Singh (2020) focused on
the development and assessment of thiazole derivatives.
Their research revealed that certain thiazole compounds
effectively inhibited cancer cell growth by modulating
apoptotic pathways, reinforcing the therapeutic promise
of these synthetic molecules in the fight against cancer
[34]. In this study, the results obtained from the A549
and HT-29 cancer cell lines provide compelling evidence
for the anticancer potential of compounds A and B. In
the A549 cell line, compound A demonstrated a remark-
able ability to reduce cancer cell viability by 50% over
72 hours at a concentration of 500 pg/mL. This finding
aligns with the study of Zhang et al. (2019), who report-
ed that a similar thiazole derivative exhibited significant
cytotoxicity against lung cancer cells, reinforcing the
notion that compounds targeting microtubule dynamics
can effectively induce cell death in aggressive cancer
types [35]. In contrast, compound B achieved a compa-
rable 50% reduction in cancer cells within 24 hours at
a higher concentration of 1000 pg/mL, suggesting that,
while both compounds are effective, compound A may
possess superior potency. Furthermore, in the HT-29 cell
line, compound A demonstrated efficacy again, achiev-
ing a 50% reduction in cancer cells at 500 pg/mL within
24 hours. However, compound B showed a greater po-
tency at the same concentration, indicating its potential
for faster action against CRC. This observation is consis-
tent with the findings of Lee et al. (2020), who reported
that certain thiazole derivatives showed rapid cytotoxic
effects on CRC cells, suggesting that time-dependent ef-
ficacy is a critical factor in therapeutic outcomes [36].

The differential anticancer activity observed between
the ethyl (compound A) and methyl (compound B) de-
rivatives highlights the critical role of alkyl chain length
at the ester moiety. The ethyl group in compound A like-
ly enhances lipophilicity (logP~0.3 units higher than that
of the methyl group, calculated using ChemDraw), fa-
cilitating better membrane penetration and accumulation
in A549 lung cancer cells. In contrast, the methyl group
in compound B may form stronger hydrogen bonds with
lipoxygenase residues (e.g. Asn562), as evidenced by the
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docking score and interaction profile, contributing to its
superior activity in HT-29 colorectal cells. These find-
ings suggest that minor structural modifications in the
ester side chain can dramatically alter cellular uptake,
target affinity, and therapeutic specificity.

From an In Silico perspective, the molecular docking
results provide valuable insights into the mechanisms of
action of these compounds. For instance, compound A
(ethyl-2-[2-amino-4-oxo0-1,3-thiazole-5(4H)-yilden]ac-
etate) formed multiple hydrogen bonds with key amino
acids in the active site of the 3HKB receptor, indicating a
strong interaction that likely contributes to its inhibitory
effects on tubulin. This finding is supported by Kumar
et al. (2021), who demonstrated that similar compounds
can bind to tubulin, disrupting its polymerization and
enhancing apoptosis in cancer cells [37]. On the other
hand, compound B (methyl-2-[2-amino-4-oxo-1,3-thi-
azole-5(4H)-yildenJacetate) also exhibited significant
binding interactions with the 3HKB receptor. However,
its interaction with the lipoxygenase enzyme highlights
its potential as a dual-action therapeutic agent. is consis-
tent with previous findings suggesting that compounds
targeting both tubulin and lipoxygenase could syner-
gistically enhance anticancer effects while minimizing
side effects [38]. However, the novelty of the present
study lies in the one-step synthesis of ethyl and methyl
2-[2-amino-4-o0xo0-1,3-thiazol-5(4H)-ylidene]acetate de-
rivatives and their cell line-specific efficacy profiles: the
ethyl derivative (compound A) showed superior activity
against lung adenocarcinoma (A549), while the meth-
yl derivative (compound B) was more potent against
colorectal adenocarcinoma (HT-29). To the best of our
knowledge, this structure-dependent selectivity has not
been previously reported for this scaffold and may guide
the design of tissue-specific thiazole-based therapeutics.

Conclusion

This study established that compounds A and B exhibit
significant anticancer activity against A549 and HT-29
cell lines, with compound A showing greater potency
in the A549 line and compound B demonstrating rapid
efficacy in the HT-29 line. Molecular docking analysis
revealed that both compounds effectively interact with
critical receptors involved in cell proliferation, suggest-
ing distinct mechanisms of action. These findings indi-
cate the potential of these compounds as candidates for
developing targeted cancer therapies, warranting further
investigation into their SAR and in vivo efficacy.
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