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Abstract:
Sulfur-containing compounds have various biological functions, the most important of which are anti-
inflammatory and anticancer effects. This study provides the first evaluation of the biological potential of
a novel benzothiophene derivative, 3-iodo-2-phenylbenzo[b]thiophene (IPBT), with a special focus on its
cytotoxic, anticancer, cell migration, colony formation and anti-inflammatory properties. The EC50 values of
IPBT were determined in MDA-MB-231, HepG2, LNCaP, Caco-2, Panc-1, HeLa and Ishikawa cancer cell
lines (126.67, 67.04, 127.59, 63.74, 76.72, 146.75 and 110.84 respectively). The compound was found to
induce apoptosis by activating the expression levels of pro-apoptotic genes, BAX, CASP3, CASP8, CASP9,
and P53 in cancer cells and effectively inhibit cell migration and colony formation. IPBT, also significantly
reduced inflammatory responses (Nitric oxide production) in LPS-induced RAW264.7 macrophage cells
by proinflammatory genes (COX-2, iNOS, TNF-α , and IL-6). These findings suggest that IPBT may be a
promising candidate for cancer treatment as well as a therapeutic agent for controlling inflammation and
tissue repair.
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Introduction

Cancer remains one of the most concerning diseases and
major global public health challenges, with increasing in-
cidence and mortality rates worldwide (Hiremath et al.,
2019; Ma & Yu, 2007). In 2020, an estimated 19.3 mil-
lion new cases of cancer and almost 10 million deaths were
reported globally (Sung et al., 2021), making cancer the
second leading cause of death after cardiovascular disease
in many countries (Ma & Yu, 2007). These figures place
cancer as one of the leading causes of death worldwide (Cao
et al., 2015). At the cellular level, cancer results from the

failure of innate regulatory mechanisms that control cell
proliferation and homeostasis (Haberkorn, 2007). Instead
of responding appropriately to signals that regulate normal
cell behavior, cancer cells proliferate uncontrollably, lead-
ing to the accumulation of abnormalities in various cellular
regulatory systems that ultimately lead to cancer (Hanahan
& Weinberg, 2011).
This dysregulation is usually caused by genetic mutations,
aberrant activation of oncogenes, or disruption of homeo-
static signaling pathways. From a biological perspective,
these events enable cells to proliferate uncontrollably in
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inappropriate spatial and temporal contexts, activate onco-
genic pathways, inhibit appropriate differentiation, and in-
vade surrounding tissues, ultimately leading to metastasis
(Hegde & Chen, 2020; Pedraza-Fariña, 2007). Further-
more, tumor progression is not simply the result of intrinsic
cellular abnormalities but is shaped by tumor–immune in-
teractions. Some malignancies arise in chronically inflamed
tissues, while others may hijack immune mechanisms to
enhance their survival, growth, and metastatic potential
(Zhao et al., 2021). Cancer treatment is a complex and
ever-evolving medical challenge. While traditional methods
such as surgery, chemotherapy, and radiotherapy are still
commonly used, new techniques such as stem cell therapies,
targeted therapies, nanotechnology-based interventions, nat-
ural antioxidants, and strategies guided by ferroptosis have
emerged (Debela et al., 2021; Nie et al., 2022). However,
despite these advances, many challenges remain, highlight-
ing the need for research to increase the effectiveness of
treatment and enhance patient outcomes (Pucci et al., 2019).
Heterocyclic compounds play a significant role in modern
organic chemistry, especially in drug discovery and opti-
mization (Kalaria et al., 2018; Qadir et al., 2022). Among
these compounds, benzothiophene and thiophenes are no-
table as excellent molecular scaffolds for the development of
new drugs (Fakhr et al., 2009; Mishra et al., 2020; Rosada
et al., 2019; Singh et al., 2020). Their planar structure,
together with a sulfur atom with high electron density, en-
hances their interaction with enzymes and biological recep-
tors. In addition, their polar characteristics improve key
pharmacokinetic properties such as absorption, distribution
and bioavailability (Kalaria et al., 2018). Furthermore, thio-
phene derivatives have attracted much attention due to their
diverse biological activities (Singh et al., 2020), includ-
ing antioxidant (Shah & Verma, 2019), anti-inflammatory
(Haridevamuthu et al., 2022), antimicrobial (Mabkhot et al.,
2019), and anticancer properties (Archna et al., 2020; Gad
et al., 2020).
Their structural flexibility enables the synthesis of diverse
derivatives with desirable pharmacological profiles, fur-
ther enhancing their importance as valuable drug scaf-
folds. In this investigation, the anticancer and anti-
inflammatory activities of a novel derivative, 3-iodo-2-
phenylbenzo[b]thiophene (IPBT), were investigated. This
compound was selected based on its promising structural
features and remarkable biological efficacy in various ther-
apeutic areas. To provide a more comprehensive assess-
ment of its biological effects, PCR analysis, apoptosis assay,
colony formation assays, and cell migration assays were
performed. This study’s findings offer fresh perspectives

on the potential of benzothiophene derivatives as targeted
therapeutic agents, particularly in cancer treatment.

Results

Synthesis of 3-iodo-2-phenylbenzo[b]thiophene (IPBT)
A palladium-catalyzed Sonogashira cross-coupling reaction,
well recognized for its efficiency in forming carbon–carbon
bonds between terminal alkynes and halogenated aromatic
substrates, was employed for the synthesis of the target
compound IPBT derivative. Triethylamine (Et3N) served
as the base within a catalytic system comprising palladium
and copper catalysts. Specifically, 2-iodo thioanisole (1)
and ethynylbenzene (2) were reacted in the presence of
PdCl2(PPh3)2 and copper iodide (CuI) using triethylamine
as the reaction medium. After obtaining the intermediate
methyl(2-(phenylethynyl) phenyl) sulfane (3) (224 mg, 1
mmol), it was dissolved in dichloromethane (CH2Cl2, 5
mL), and iodine (I2, 761 mg, 3 mmol) was added. The
reaction was maintained under stirring at room temperature
for 120 minutes. The reaction was then quenched with a sat-
urated sodium thiosulfate (Na2S2O3) solution and extracted
with ethyl acetate (EtOAc). The combined organic layers
were dried over anhydrous magnesium sulfate (MgSO4), fil-
tered, and the solvent was removed under reduced pressure.
The crude residue underwent purification through column
chromatography, resulting in the isolation of the desired
IPBT compound as a white solid with a 98% yield (Fig. 1).

In silico assessment of IPBT drug properties
The pharmacokinetic potential and drug similarity of
the benzothiophene-derived IPBT were assessed using
Swiss computational ADME (absorption, distribution,
metabolism, and excretion) analysis (Deng et al., 2022).
The results of these analyses are presented in Fig. 2, while
Table 1 provides detailed numerical data. Computational
predictions indicate that IPBT can cross both the gastroin-
testinal and blood-brain barriers, as well as interact with
and penetrate the P-glycoprotein (P-gp) efflux system.

Cytotoxicity evaluation of IPBT derivative using the
MTT assay
The cytotoxic potential of the IPBT derivative was evalu-
ated in MDA-MB-231, HepG2, LNCaP, Caco-2, Panc-1,
HeLa, Ishikawa, and HUVEC cell lines following a 24-hour
exposure at concentrations ranging from 0 to 250 µM, using
the MTT assay (Table 2). The IPBT derivative exhibited a
dose-dependent inhibition of cell viability and demonstrated
significant cytotoxic effects across various cancer cell lines
(Fig. 3). EC50 values were calculated for each cancer cell

Figure 1. Synthesis of IPBT.
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Figure 2. Calculated ADME properties of 3-iodo-2-phenylbenzo[b]thiophene (IPBT) in the BOILED-Egg diagram and radar plot.

line to quantify its potency (Table 2). Importantly, the via-
bility of non-cancerous HUVEC cells remained above 50%
after 24 hours of treatment (Fig. 3).
After 24-hour treatment of the cells with the IPBT com-
pound, cytotoxicity was assessed via cell viability assays,
and the data were statistically analyzed to determine the
half-maximal effective concentration (EC50) values (Ta-

ble 2).

Inhibition of clonogenic potential

Colony formation assays were performed on MDA-MB-
231, HepG2, LNCaP, Caco-2, Panc-1, HeLa, and Ishikawa
cell lines to evaluate the long-term effect (14 days) of IPBT
on cancer cell growth. After treatment with IPBT at the

Table 1. Physicochemical and pharmacokinetic properties of IPBT.

Molecular formula C14H9IS

Molecular weight 338.19 g/mol

Log Po/w (XLOGP3) 5.25

Log S (ESOL) −5.88 (moderately soluble)

Log S (Ali) −5.59 (moderately soluble)

Log S (SILICOS-IT) −6.78 (poorly soluble)

GI absorption High

BBB permeant Yes

P-gp substrate Yes

CYP1A2 inhibitor Yes

CYP2C19 inhibitor Yes

CYP2C9 inhibitor Yes

CYP2D6 inhibitor No

CYP3A4 inhibitor No

Bioavailability score 0.55

PAINS 0 alert

Brenk 1 alert (iodine)

Leadlikeness 1 violation (XLOGP3 > 3.5)

Synthetic accessibility 2.58
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Table 2. 24-hour EC50 (µM) values of IPBT derivative.

Cell MDA-MB-231 HepG2 LNCaP Caco-2 Panc-1 HeLa Ishikawa HUVEC

EC50(µM) 126.67 67.04 127.59 63.74 76.72 146.75 110.84 -

- EC50 > 250 µM or inactive.

respective EC50 concentrations, the cells’ ability to form
colonies was assessed.
When colony numbers in the control groups were accepted
as 100%, the colonies formed in IPBT-treated MDA-MB-
231, HepG2, LNCaP, Caco-2, Panc-1, HeLa, and Ishikawa
cells were 43.91%, 10.83%, 7.29%, 47.29%, 40.30%,
58.65%, and 88.82%, respectively (Fig. 4.1, 4.2 and Ta-
ble 3).
IPBT treatment resulted in a significant reduction in colony
formation across all tested cell lines compared to the un-
treated control group (P < 0.05). These findings suggest
that IPBT effectively suppresses the proliferative capacity of
cancer cells and may hold promise as a potential anticancer
agent.

IPBT inhibits cell migration in the scratch assay

The effect of the IPBT derivative on cancer cell migra-
tion was evaluated using a wound healing assay (Fig. 5.1
and 5.2). The degree of wound closure was assessed at
0, 24, and 48 hours after treatment, and the remaining
wound area was quantified as a percentage relative to the
scratch width at 0 hours. As shown in Table 4, IPBT treat-
ment significantly inhibited the migration of MDA-MB-231,
HepG2, LNCaP, and Caco-2 cells compared to their respec-
tive control groups. The remaining wound areas in these cell
lines were 91.1%, 85.8%, 109.9%, and 95.3%, respectively,
while the corresponding control values were 64.0%, 94.2%,
45.0%, and 44.9% (see Fig. 5.1 and Table 4). These results
indicate that IPBT treatment led to a markedly higher per-

centage of remaining wound area, reflecting a suppression
of cell migration. Similarly, in Panc-1, HeLa, and Ishikawa
cell lines, the remaining wound areas after IPBT treatment
were 91.1%, 110.5%, and 127.1%, respectively, compared
to 40.4%, 90.3%, and 85% in the control groups (see Fig. 5.2
and Table 4). These findings collectively demonstrate that
the IPBT derivative exerts anti-migratory effects in various
cancer cell lines.

Flow cytometry analysis

Apoptosis induction in the cancer cell lines MDA-MB-231,
HepG2, LNCaP, Caco-2, Panc-1, HeLa, and Ishikawa were
evaluated using Annexin V-FITC/PI dual staining followed
by flow cytometry after treatment with the IPBT deriva-
tive at their respective EC50 concentrations for 24 hours.
According to the results, the IPBT derivative induced signif-
icantly higher levels of apoptosis compared to the untreated
control (Fig. 6.1 and Fig. 6.2). The percentages of apoptotic
cells are presented in Table 5.

Analysis of gene expression

The effects of IPBT on the expression levels of apoptosis-
related genes BAX, BCL2, CASP3, CASP8, CASP9, and
P53 were examined in the MDA-MB-231, HepG2, LNCaP,
Caco-2, Panc-1, HeLa, and Ishikawa cell lines. RT-PCR
analysis revealed that the anti-apoptotic gene BCL2 was
downregulated, with a percentage decrease observed across
all cell lines. In contrast, the pro-apoptotic genes BAX,
CASP3, CASP8, CASP9, and P53 showed increased expres-

Figure 3. Cytotoxic effects of IPBT were evaluated after a 24-hour treatment in the following cell lines: (a) MDA-MB-231, (b) HepG2, (c) LNCaP,
(d) Caco-2, (e) Panc-1, (f) HeLa, (g) Ishikawa, and (h) HUVEC, using the MTT assay. Cisplatin (16.5 µM) is used as a positive control. Statistical
significance was determined at *P < 0.05.
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Figure 4.1. Colony formation assay results for the following cell lines: (a) MDA-MB-231, (b) HepG2, (c) LNCaP, and (d) Caco-2. Following treatment with
the IPBT derivative, representative images show colonies stained with 1% crystal violet. Colony numbers were quantified based on triplicate independent
experiments, and statistical significance was determined at *P < 0.05.

Figure 4.2. Colony formation assay results for the following cell lines: (e) Panc-1, (f) HeLa, and (g) Ishikawa. Following treatment with the IPBT derivative,
representative images show colonies stained with 1% crystal violet. Colony numbers were quantified based on triplicate independent experiments, and
statistical significance was determined at *P < 0.05.

sion levels (fold change) relative to the untreated control
group. These results are quantitatively summarized in Ta-
ble 6. and visually illustrated in Fig. 7.

Evaluation of IPBT’s anti-inflammatory activity

To investigate the anti-inflammatory effects of the IPBT
derivative in RAW264.7 macrophage cells, cytotoxicity was
first assessed using the MTT assay after 24-hour treatment
with the compound. According to the results, the IPBT
derivative did not exhibit significant cytotoxic effects at con-

centrations ranging from 0 to 125 µM. Therefore, 125 µM
was selected as the maximum concentration for subsequent
anti-inflammatory analyses (Fig. 8).
To induce inflammation in RAW264.7 cells, the cells were
incubated with 1 µg/mL LPS for 1 hour. Following this, the
effect of the IPBT compound on nitric oxide (NO) produc-
tion was evaluated by treating the LPS-induced RAW264.7
cells with 125 µM of IPBT for 24 hours. Upon analysis,
the positive control (LPS) led to a 3.23-fold increase in NO
levels compared to the untreated control group. Conversely,

Table 3. Percentage of colony formation in different cell lines after IPBT treatment.

Cell MDA-MB-231 HepG2 LNCaP Caco-2 Panc-1 HeLa Ishikawa

Colony formation (%) 43.91 10.83 7.29 47.29 40.30 58.65 88.82
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Figure 5.1. Evaluation of cell migration using the scratch (wound healing) assay in (a) MDA-MB-231, (b) HepG2, (c) LNCaP, and (d) Caco-2 cell lines. The
relative scratch closure (%) was quantified based on triplicate independent experiments. Statistical significance was determined at *P < 0.05.

f5-2

Figure 5.2. Evaluation of cell migration using the scratch (wound healing) assay in (e) PANC-1, (f) HeLa, and (g) Ishikawa cell lines. The relative scratch
closure (%) was quantified based on triplicate independent experiments. Statistical significance was determined at *P < 0.05.

Table 4. Wound free area percentage in various cell lines following IPBT treatment.

Cell Line Control (48h) IPBT (48h)

MDA-MB-231 64.0% 91.1%

HepG2 94.2% 85.8%

LNCaP 45.0% 109.9%

Caco-2 44.9% 95.3%

Panc-1 40.4% 91.1%

HeLa 90.3% 110.5%

Ishikawa 85% 127.1%

2194-0509[https://doi.org/10.57647/pibm.2023.122315]

https://doi.org/10.57647/pibm.2023.122315


Ghazi Mahaleh et al. PiBM12 (2023) -122315 7/14

Figure 6.1. (a) MDA-MB-231, (b) HepG2, (c) LNCaP, and (d) Caco-2 cell lines after 24 hours of IPBT treatment, assessed by Annexin V-FITC/PI staining. PAX (11.4
µM) was used as the positive control. Statistical analysis was performed using one-way ANOVA. All IPBT-treated groups showed statistically significant differences
compared to the control (*P < 0.05, n = 3).

Figure 6.2. (e) PANC-1, (f) HeLa, and (g) Ishikawa cell lines after 24 hours of IPBT treatment, assessed by Annexin V-FITC/PI staining. PAX (11.4 µM) was used as
the positive control. Statistical analysis was performed using one-way ANOVA. All IPBT-treated groups showed statistically significant differences compared to the
control (*P < 0.01, n = 3).

Table 5. Apoptosis rates in various cell lines following IPBT treatment.

Cell MDA-MB-231 HepG2 LNCaP Caco-2 Panc-1 HeLa Ishikawa

Control (%) 9.23 3.45 5.55 4.73 6.53 7.55 6.88

Positive Control (%) 21.21 11.54 26.8 15.88 29.29 40.14 19.94

IPBT (%) 12.09 23.01 15.84 17.73 16.09 16.32 27.55
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Table 6. Comparative analysis of gene expression levels in various cell lines following IPBT treatment.

Cell MDA-MB-231 HepG2 LNCaP Caco-2 Panc-1 HeLa Ishikawa

BCL2 Decrease (%) 8.93 26.54 31.22 10.18 31.93 17.35 98.48

BAX Fold Increase 2.00 4.33 13.17 3.16 3.20 7.83 21.63

CASP3 Fold Increase 13.83 4.15 3.02 2.30 3.43 3.50 3.61

CASP8 Fold Increase 10.12 4.27 3.49 1.88 4.00 8.02 11.15

CASP9 Fold Increase 8.81 1.91 1.19 1.53 1.90 2.63 4.28

P53 Fold Increase 13.64 2.60 1.26 4.56 2.53 3.58 1.89

administration of the IPBT derivative led to an approxi-
mate 48.60% decrease in NO production compared to LPS.
In summary, IPBT significantly suppressed nitric oxide
(NO) production in stimulated cells, indicating a strong anti-
inflammatory effect (Fig. 9).
To evaluate the effects of the IPBT derivative on the mRNA
expression of inflammation-related genes, RAW264.7 cells
were first stimulated with LPS and then treated with 125
µM IPBT for 24 hours. Following treatment, the total RNA
was isolated and reverse-transcribed into cDNA. Gene ex-
pression levels were then analyzed using qPCR. According
to the results, LPS (used as a positive control) significantly
improved the expression of the pro-inflammatory genes
iNOS, COX-2, IL-6, and TNF-α , with fold increases of 2.02,
6.75, 2.14, and 2.76, respectively. Also, a 1.69-fold de-
crease in IL-10 gene expression was observed. Treatment
with the IPBT derivative markedly reduced the expression
of iNOS (64.52%), COX-2 (72.16%), IL-6 (81.50%), and
TNF-α (62.36%) compared to LPS alone. Moreover, the
anti-inflammatory gene IL-10 showed a notable increase
in expression by 38.50% following IPBT treatment. These

findings suggest that IPBT modulates inflammatory gene
expression by downregulating pro-inflammatory markers
while upregulating anti-inflammatory responses (Fig. 10).

Discussion

In this study, the anti-inflammatory and anticancer
activities of the IPBT derivative including its effects on
cytotoxicity, apoptosis induction, colony formation, and
cell migration were evaluated. The sulfur-containing
heterocyclic benzo[b]thiophene scaffold is known for its
diverse pharmacological properties, particularly its ability
to inhibit inflammation and cancer, and is considered a key
structure in drug therapies. The present results confirm the
therapeutic potential of IPBT derivative and demonstrate
how these scaffolds can contribute to the advancement of
research in the field of anticancer drug development. The
anticancer activity of IPBT was demonstrated through
cytotoxicity assays, which showed significant cytotoxic
effects in cancer cells. The apoptotic mechanism of this
compound can be explained by its effect on key regulators

Figure 7. Relative mRNA expression levels of BAX, BCL2, CASP 3, CASP8, CASP 9, and P53 genes in different cancer cell lines: (a) MDA-MB-231,
(b) HepG2, (c) LNCaP, (d) Caco-2, (e) Panc-1, (f) HeLa, and (g) Ishikawa. Statistical significance was considered at *P < 0.05.
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Figure 8. The cytotoxic effect of IPBT on RAW264.7 cells were evaluated
after a 24-hour treatment using the MTT assay. Statistical significance was
considered at *P < 0.05.

of programmed cell death, particularly the BCL2 family of
gene, since decreased expression of BCL2CASP is known
to induce apoptosis (de Vasconcelos et al., 2013; Keri et al.,
2017).
Upon evaluation of our results, the IPBT derivative
exhibited selective cytotoxicity against several cancer cell
lines, with EC50 values of 126.67 µM for MDA-MB-231,
67.04 µM for HepG2, 127.59 µM for LNCaP, 63.74 µM
for Caco-2, 76.72 µM for Panc-1, 146.75 µM for HeLa,
and 110.84 µM for Ishikawa cells. Notably, the compound
maintained over 50% viability in normal HUVEC cells,
highlighting its selective anticancer potential (Fig. 3).
Similarly, compound 17d, a benzo[b]thiophene–diarylurea
derivative, demonstrated potent antiproliferative activity
against HT-29 and A549 cells, with IC50 values of 5.91
µM and 14.64 µM, respectively (Zarei et al., 2020).
Furthermore, a series of uridobenzothiophene derivatives
were investigated as dual VEGFR/EGFR inhibitors. Most
of the synthesized compounds exhibited potent cytotoxic
activity against PanC-1, MCF-7, and HepG2 cell lines
(El-Metwally et al., 2018). Collectively, these findings
support the anticancer potential of thiophene-based
compounds. In line with these results, the IPBT derivative
effectively reduced the viability of various cancer cell types
while sparing healthy cells, further highlighting its promise
as a potential therapeutic agent.
Colony formation assays were performed to evaluate
the antiproliferative effects of the IPBT compound on
seven different cancer cell lines. Compared to the control
group, a significant reduction in colony formation was
observed following IPBT treatment. Specifically, colony
formation was reduced to 43.91% in MDA-MB-231,
10.83% in HepG2, 7.29% in LNCaP, 47.29% in Caco-2,
40.30% in Panc-1, 58.65% in HeLa, and 88.82% in
Ishikawa cells (Fig. 4.1, 4.2 and Table 3). These results
indicate a strong suppression of long-term cell survival and

anchorage-dependent growth, particularly pronounced in
MDA-MB-231, HepG2, and Panc-1 cells, supporting the
potent antiproliferative activity of this compound.
In a study, APTM, a thiophene derivative, significantly
inhibited the proliferation of HCT116 cells as demonstrated
by colony formation assays. (Kosmalski et al., 2022).
Similarly, another study investigated the effect of small
molecules based on benzo[b]thiophene 1,1-dioxide on
colony formation in MDA-MB-231 cells. Treatment with
compound 15 at concentrations of 0.5 − 6 µM resulted
in a significant reduction in clonogenic capacity (Zhang
et al., 2017). Taken together, these studies reinforce the
antiproliferative potential of thiophene and benzothiophene-
based compounds. In this study, the effect of the IPBT
derivative on cancer cell migration was examined using a
wound healing assay across seven cell lines at 24 and 48
hours. As shown in Table 4, IPBT treatment significantly
inhibited the migration of MDA-MB-231, HepG2, LNCaP,
and Caco-2 cells compared to their respective control
groups. The remaining wound areas in these cell lines were
91.1%, 85.8%, 109.9%, and 95.3%, respectively, whereas
the corresponding control values were 64.0%, 94.2%,
45.0%, and 44.9% (see Fig. 5.1 and Table 4). Similarly,
IPBT treatment also led to reduced migration in Panc-1,
HeLa, and Ishikawa cells, with remaining wound areas of
91.1%, 110.5%, and 127.1%, respectively, compared to
40.4%, 90.3%, and 85% in the control groups (Fig. 5.2 and
Table 4). Collectively, these findings demonstrate that the
IPBT derivative exerts anti-migratory effects across various
cancer cell lines.
These results align with previous studies reporting that
thiophene-based derivatives can inhibit cancer cell mi-
gration. For example, 2-thioxothiazolidin-3-carboxylates
significantly inhibited CXCL8 (interleukin-8)-induced
migration via antagonism of CXCR2 in a wound healing

Figure 9. Effect of IPBT on nitric oxide (NO) production in RAW 264.7
cells. NO levels were measured in the culture medium of RAW 264.7 cells
stimulated with LPS (1 µg/mL) following treatment with IPBT. Signifi-
cance was determined at *P < 0.05.
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Figure 10. mRNA expression changes of iNOS, COX-2, IL-6, IL-10, and TNF-α were assessed in RAW264.7 cells relative to the control group, with
statistical significance accepted at *P < 0.05.

assay (Xue et al., 2020). Similarly, thiophene[3,2-d]
pyrimidine tubulin inhibitors showed potent inhibition of
melanoma cell migration, with compound 5c demonstrating
significant effects in a wound healing assay (Caro et al.,
2020). Additionally, a benzothiazole derivative, N-formyl-
2-(5-nitrothiophen-2-yl) benzothiazole-6-carbohydrazide,
significantly inhibited prostate cancer cell migration
in a scratch-wound healing assay (Rodrigues et al.,
2013). Together, these findings support the anti-migratory
potential of IPBT and highlight the therapeutic promise of
thiophene-based compounds.
In the current study, the apoptotic potential of the IPBT
derivative was evaluated in seven different human cancer
cell lines. Compared with their respective control groups,
a significant increase in the population of apoptotic cells
was observed following IPBT treatment. The apoptosis rate
increased from 9.23% to 12.09% in MDA-MB-231, 3.45%
to 23.01% in HepG2, 5.55% to 15.84% in LNCaP, 4.73%
to 17.73% in Caco-2, 6.53% to 16.09% in Panc-1, 7.55%
to 16.32% in HeLa, and 6.88% to 27.55% in Ishikawa
cells. These results confirm that IPBT effectively induces
apoptosis in multiple cancer cell lines.
To explore the underlying molecular mechanisms, quan-
titative RT-PCR analysis was performed. A consistent
downregulation of the anti-apoptotic gene BCL2 was
observed in MDA-MB-231 (8.93%), HepG2 (26.54%),
LNCaP (31.22%), Caco-2 (10.18%), Panc-1 (31.93%),
HeLa (17.35%), and Ishikawa (98.48%) cells. In contrast,

pro-apoptotic genes including BAX, CASP3, CASP8,
CASP9, and P53 were significantly upregulated, indicating
activation of both intrinsic (mitochondrial) and extrinsic
apoptotic pathways (Fig. 4.1, 4.2 and Table 3).
Further research revealed that compound 8b, a
benzo[b]thiophene 1,1–dioxide derivative, effectively
induced apoptosis in cancer cells, accompanied by de-
creased intracellular ROS levels and loss of mitochondrial
membrane potential, suggesting activation of the intrinsic
apoptotic pathway (Romagnoli et al., 2021). Another
study found that the thiophene derivative 2-bromo-5-
(2-(methylthio) phenyl) thiophene significantly altered
CASP3, BCL2, and Bax levels, indicating apoptosis
induction (Li et al., 2021). In another study, the tetrahy-
drobenzo[b]thiophene compound BU17 induced G2/M
phase arrest and significantly increased CASP3 and CASP9
levels (Abdel-Rahman et al., 2021). Collectively, these
findings indicate that IPBT induces apoptosis through
mechanisms consistent with those of structurally related
compounds, highlighting its strong therapeutic potential,
particularly in cancers characterized by resistance to
apoptosis.
Finally, the anti-inflammatory properties of IPBT were
investigated in RAW264.7 macrophage cells by evaluating
nitric oxide (NO) production and cytotoxicity following
lipopolysaccharide (LPS) stimulation using the MTT assay.
RAW264.7 cells pretreated with 125 µM IPBT one hour
after LPS exposure showed a significant reduction in
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LPS-induced NO production. IPBT treatment reduced
nitrite accumulation by approximately 48.60% after 24
hours, whereas LPS stimulation alone increased NO
levels 3.23-fold compared to the untreated control group
(Fig. 9). Gene expression analysis further supported
these findings by revealing a marked downregulation of
key pro-inflammatory mediators: Inducible nitric oxide
synthase (iNOS) by 64.52%, cyclooxygenase-2 (COX-2)
by 72.16%, interleukin-6 (IL-6) by 81.50%, and tumor
necrosis factor-alpha (TNF-α) by 62.36%. In contrast,
expression of the anti-inflammatory cytokine interleukin-10
(IL-10) was upregulated by 38.50% (Fig. 10).
In line with our findings, previous studies have reported
similar anti-inflammatory effects of benzothiophene and
tetrahydrobenzothiophene derivatives. Newly synthesized
2-amino-4,5,6,7-tetrahydrobenzo[b]thiophene derivatives
were identified as NRF2 activators, demonstrating potent
anti-inflammatory activity by inhibiting NO production and
suppressing proinflammatory cytokines in LPS-stimulated
RAW264.7 macrophages (Maka et al., 2022). Similarly,
a separate study evaluated a series of 2-phenyl-4,5,6,7-
tetrahydrobenzothiophene derivatives for their in vitro
COX inhibitory potential. Compounds 4j, 4k, and 4q
exhibited high selectivity toward COX-2 and showed
anti-inflammatory efficacy comparable to celecoxib (Khatri
et al., 2017). In another study, thiophene derivatives
demonstrated strong anti-inflammatory activity, surpassing
conventional NSAIDs in in vitro, in silico, and in vivo
assays (Cruz et al., 2021).
These results suggest that IPBT, consistent with struc-
turally related benzothiophene derivatives, may exert
its anti-inflammatory effects through suppression of
pro-inflammatory gene expression and upregulation of
anti-inflammatory mediators, highlighting its therapeutic
potential in inflammatory conditions.

Conclusion
The comprehensive in vitro results presented in this study
indicate that IPBT is a promising compound for further de-
velopment of anticancer drugs. Its potent anticancer and
anti-inflammatory properties are supported by selective cy-
totoxicity, induction of apoptosis, and inhibition of cancer
cell migration. Based on the research results, IPBT appears
to be a potential lead compound. However, further research
is required to fully elucidate the underlying mechanisms of
action and to optimize the compound’s molecular structure
for enhanced therapeutic efficacy and effectiveness.

Method

Chemical reagent: 3-iodo-2-phenylbenzo[b]thiophene
(IPBT)
To the solution of the compound methyl(2-(phenylethynyl)
phenyl) (3) sulfane (224 mg, 1 mmol) in CH2Cl2 (5 mL),
I2 (761 mg, 3 mmol) was added and stirred at room tem-
perature for 120 min. Then, saturated sodium thiosulfate
(Na2S2O3) solution was added to the reaction mixture and
extracted with EtOAc. The combined organic extracts were
dried with anhydrous MgSO4. After filtration and removal

of solvent, the residue was purified by column chromatogra-
phy to obtain compound IPBT (98% yield) as a white solid.
1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.5 Hz, 1H),
7.82 (d, J = 8 Hz, 1H), 7.76− 7.71 (m, 2H), 7.55− 7.45
(m, 4H), 7.42 (dt, J = 8.5, 1.2 Hz, 1H). 13C NMR (100
MHz, CDCl3) δ 142.1, 141.9, 138.9, 134.6, 130.08, 128.9,
128.5, 126.3, 125.5, 125.4, 122.1, 79.5. HRMS calculated:
C14H9SI, 335.9481; found: 335.9470 (Fig. S1-4).

ADME/T analysis
To obtain the pharmacokinetic properties of the synthesized
derivative, ADME/T (absorption, distribution, metabolism,
elimination and toxicity) analysis was performed using
SwissADME software (Deng et al., 2022). In silico re-
sults were presented on the drug application of the tested
derivative, its passage through the gastrointestinal tract
(GI), blood-brain barrier (BBB) as well as transport via
P-glycoprotein (P-gp) based on the SwissADME in-house
radar and toxicity prediction models.

Cell cultivation and cytotoxicity assessment
MDA-MB-231 (human breast adenocarcinoma), HepG2
(human hepatocellular carcinoma), LNCaP (human prostate
adenocarcinoma), Caco-2 (human colorectal adenocarci-
noma), Panc-1 (human pancreatic carcinoma), HeLa (cervi-
metric Ad), HUVEC (human umbilical vein endothelial
cells), and RAW 264.7 (mouse macrophages) cells were
purchased from the Europeopean Collection of Cell Culture
of Cell Cultures (ECACCCC).
In this study, MDA-MB-231, HepG2, Caco-2, HeLa, and
Ishikawa cells were maintained in Dulbecco’s Modified Ea-
gle Medium (DMEM, Gibco), while LNCaP and Panc-1
cells were cultured in RPMI-1640 medium (Gibco). All
media were supplemented with 10% heat-inactivated fe-
tal bovine serum (FBS, Capricorn) and 1% penicillin-
streptomycin solution (Capricorn). Cells were incubated at
37 °C in a humidified atmosphere containing 5% CO2 as
previously described (Aguiar et al., 2016; Banerjee et al.,
2019).
Cells were plated at a density of 2×103 cells per well and
then treated with different concentrations (0, 6.25, 12.5,
25, 50, 125, and 250 µM) of IPBT derivative for 24 h.
After treatment the medium was removed, and refreshed
with medium containing MTT solution (0.5 mg/mL) and
incubated for 4 h in under standard incubation conditions
(Kouhestani et al., 2018). The medium was then removed,
and dimethyl sulfoxide (DMSO, Carlo Erba) was added to
each well to dissolve the formed formazan crystals. The ab-
sorbance was measured at 590 nm using a microplate reader
(Epoch, BioTek). The EC50 value was calculated using
GraphPad Prism version 10 (GraphPad Software, CA).

Colony forming ability analysis
Cells were seeded at a density of 1× 103 cells per well
in 6-well plates, and the colony formation assay was per-
formed as previously described (Liao et al., 2018). Cells
were incubated with the EC50 concentration of the IPBT
compound for 24 h. Then the culture media was refreshed,
and the cells were maintained for 1− 2 weeks to allow
colony formation. Subsequently, the cells were washed
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with phosphate-buffered saline (PBS; Gibco) and fixed with
100% methanol (Isolab) for 20 min at −20 °C. Cells were
then stained with 0.1% crystal violet (Merck) at room tem-
perature for 15 min. After staining, the cells were washed
2−3 times with PBS and imaged. Colony numbers were
quantified using ImageJ software version 1.6 (USA).

Wound healing assay
To assess the effect of the IPBT derivative on cell migra-
tion, a wound healing assay was carried out following a
previously established protocol (Mutlu et al., 2022). Briefly,
cancer cells (3 × 104 per well) were seeded into 6-well
plates and incubated for 24 hours to allow for monolayer
formation. A straight scratch was then introduced across
the cell layer using a sterile 200 µL pipette tip, followed
by washing with 1X PBS to remove debris. Cells were sub-
sequently exposed to the EC50 concentration of the IPBT
compound for 24 hours. After treatment, the medium was
replaced with fresh culture medium, and wound closure
was monitored at 0, 24, and 48 hours using a 10× objective
on an inverted microscope. The extent of cell migration
into the wound area was quantified using ImageJ software
(version 1.6).

Apoptosis detection
Apoptotic cell death was evaluated using the Annexin V-
FITC apoptosis detection kit (Elabscience), in accordance
with the manufacturer’s guidelines and previously published
protocols (Elmongy et al., 2022). Cancer cells were cul-
tured in 6-well plates at a density of 3×104 cells per well.
Following a 24-hour exposure to the EC50 concentration of
the IPBT compound, cells were collected and centrifuged
at 2000 rpm for 5 minutes. The cell pellet was then re-
suspended in 1X Annexin binding buffer and incubated

with Annexin V-FITC and propidium iodide (PI) for stain-
ing. Subsequently, cell populations including viable, apop-
totic, and necrotic cells were analyzed using flow cytometry
(CytoFLEX, Beckman Coulter).

Isolation of RNA, cDNA synthesis, and quantitative RT-
PCR analysis

Total RNA was isolated from the cultured cells using the Ge-
neAll® Hybrid-R RNA Isolation Kit in accordance with the
manufacturer’s instructions. The synthesis of complemen-
tary DNA (cDNA) was performed using the A.B.T. cDNA
synthesis kit, which includes an RNase inhibitor to protect
RNA integrity. Quantitative real-time PCR (qRT-PCR) was
then carried out using the StepOnePlusTM Real-Time PCR
System (Applied BiosystemsTM, Thermo Fisher Scientific,
USA) to evaluate the mRNA expression levels of P53, BAX,
BCL2, CASP3, CASP8, and CASP9, following the proce-
dure described in a previous study (Yılmaz et al., 2022).
β -actin served as the housekeeping gene for normalization.
The primer sequences used for amplification are presented
in Table 7.

Determination of Nitric Oxide production

Nitric Oxide (NO) production was measured according to
the Griess method, as previously described (Griess, 1879).
RAW 264.7 cells were cultured in DMEM medium without
phenol red and supplemented with IPBT at various concen-
trations (0, 6.25, 12.5, 25, 50, 125 and 250 µM). After 24
h, 100 µL of Grice reagent (Merck Millipore) was added to
100 µL of culture medium per well in a 96-well plate and
incubated for 10 min in the dark at room temperature. The
absorbance of the samples was then measured at 540 nm
using a microplate reader (Epoch BioTek).

Table 7. RT-qPCR primer sequences for target genes in IPBT experiments.

Gene Forward Primer Reverse Primer

β -actin CACCATTGGCAATGAGCGGTTC AGGTCTTTGCGGATGTCCACGT

P53 CCTCAGCATCTTATCCGAGTGG TGGATGGTGGTACAGTCAGAGC

BAX TCAGGATGCGTCCACCAAGAAG TGTGTCCACGGCGGCAATCATC

BCL2 ATCGCCCTGTGGATGACTGAGT GCCAGGAGAAATCAAACAGAGGC

CASP3 GGAAGCGAATCAATGGACTCTGG GCATCGACATCTGTACCAGACC

CASP8 AGAAGAGGGTCATCCTGGGAGA TCAGGACTTCCTTCAAGGCTGC

CASP9 GTTTGAGGACCTTCGACCAGCT CAACGTACCAGGAGCCACTCTT

Table 8. Sequences of primers employed in qRT-PCR for inflammatory gene assay.

Gene Forward Primer Reverse Primer

GAPDH CATCACTGCCACCCAGAAGACTG ATGCCAGTGAGCTTCCCGTTCAG

COX-2 GCGACATACTCAAGCAGGAGCA AGTGGTAACCGCTCAGGTGTTG

iNOS GAGACAGGGAAGTCTGAAGCAC CCAGCAGTAGTTGCTCCTCTTC

IL-6 TGGACCTTCCAGGATGAGGACA GTTCATCTCGGAGCCTGTAGTG

IL-10 CGGGAAGACAATAACTGCACCC CGGTTAGCAGTATGTTGTCCAGC

TNF-α GGTGCCTATGTCTCAGCCTCTT GCCATAGAACTGATGAGAGGGAG
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Analysis of inflammatory gene expression
The mRNA expression levels of inflammation-related genes
were determined according to the RT-PCR method de-
scribed in the previous sections. The GAPDH gene was
used as a housekeeping gene to normalize and evaluate the
relative expression of COX-2, iNOS, IL-6, IL-10, and TNF-
α genes. The sequences of the primers used in this study
are presented in Table 8.

Statistical analysis
Statistical analysis of the dose and control group com-
parisons was performed using GraphPad Prism software
version 10. In all analyses, a p value of less than 0.05
was considered as the level of statistical significance. In
RT-PCR data analysis, gene expression quantification was
performed using the 2∧∆∆CT method.
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Nitzsche, B., Höpfner, M., Lein, M., Jung, K., & Abramjuk,
C. (2013). N-formyl-2-(5-nitrothiophen-2-yl) benzothiazole-6-
carbohydrazide as a potential anti-tumour agent for prostate
cancer in experimental studies. Journal of Pharmacy and Phar-
macology, 65(3), 411–422. https://doi.org/10.1111/j.2042-
7158.2012.01607.x

Romagnoli, R., Preti, D., Hamel, E., Bortolozzi, R., Viola, G., Brancale, A.,
Ferla, S., Morciano, G., & Pinton, P. (2021). “Concise synthesis
and biological evaluation of 2-aryl-3-anilinobenzo[b]thiophene
derivatives as potent apoptosis-inducing agents ”. Bioorg.
Chem., 112, 104919. https://doi.org/10.1016/j.bioorg.2021.
104919

Rosada, B., Bekier, A., Cytarska, J., Płaziński, W., Zavyalova, O.,
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