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Introduction: Breast cancer is the second most common cause of cancer-related deaths among women globally. 
Mitogen-activated protein kinases (MAPKs) are serine/threonine kinases with diverse cellular response functions. 
Additionally, p38 activation has been demonstrated in response to several external stimuli, including ultraviolet 
light, heat, osmotic shock, inflammatory cytokines, and growth factors. In this study, C₂₀H₁₃ClFN₃O compound’s 
cytotoxicity effect, apoptosis, and ‎cell cycle arrest in MDA-MB-231 and MCF-7 cells were evaluated.
Objectives: To evaluate the potential of C₂₀H₁₃ClFN₃O compound as a p38 MAPK inhibitor for treating breast 
cancer.
Materials and Methods:  This experimental study was conducted in-vitro to assess the ‎anti-proliferative and 
apoptotic effects of C₂₀H₁₃ClFN₃O compounds  on MDA-MB-231 and MCF-7 cells.
Results: The cytotoxicity assay showed that the half maximal inhibitory concentration of C₂₀H₁₃ClFN₃O in MCF-7 
cells was 5.355 µg, and in MDA-MB-231 cells was 1.419 µg. In the FITC-annexin V apoptosis by flow cytometry 
in MCF-7 cells, the compound led to an increased early apoptotic by 70%. In contrast, in MDA-MB-231 cells, 
the compound led to a 23% increase in the early apoptotic effect. Furthermore, ‎western blot results showed 
decreased p38 and NF-κB protein expression in both cell lines when treated with the compound.
Conclusion: In our study, the compound C₂₀H₁₃ClFN₃O that inhibits the p38 pathway shows promise as a new 
cancer treatment target. This study suggests that C₂₀H₁₃ClFN₃O could be a therapeutic target for breast cancer.
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Introduction 
Breast cancer is the most common 
malignancy in women worldwide, accounting 
for 25% of all cancers (1). Breast cancer is 
the most common cancer and the second 
leading cause of cancer-related death in 
women worldwide (2). Invasive breast 
cancer remains the leading cancer in women 
worldwide, accounting for approximately 
11.7% of newly diagnosed cases in 2020 (3). 
The incidence of new cancers in Iraq has 
been increasing, from 52.00 per 100,000 
people in 2000 to 91.66 per 100,000 people in 
2019. In 2019, breast cancer was the leading 
cause of death in Iraqi women, accounting 
for approximately one-third of all recorded 
cancer cases in the country. In addition, its 
incidence (22.58%) and mortality (6.22 per 
100,000 people) are also the highest among 
all cancers (4). Breast cancer is a clinically 
heterogeneous disease with high mortality 
and morbidity rates worldwide (5). This 
malignancy can be hereditary and is caused 
by radiation exposure, toxic environmental 

influences, alcohol consumption, and lifestyle 
(6). Metastasis (including migration and 
invasion) is the main cause of death in cancer 
patients (7). Therefore, it is very important 
to inhibit the migration and invasion of 
cancer cells (8). Breast cancer is divided into 
different subtypes based on the endocrine 
expression levels of progesterone receptor 
(PR), human epidermal growth receptor 
(HER2), and estrogen receptor (ER), which 
differ in morphology and clinical features (9). 
Approximately 15%-20% of breast cancers 
are triple-negative breast cancer (TNBC), 
which is negative for estrogen, progesterone, 
and HER2 receptors (10). Clinically, TNBC 
is characterized by poor prognosis, high 
proliferation and invasiveness of cancer cells, 
and rapid development compared with other 
types of breast cancer (11). The molecular 
mechanisms of TNBC are not yet fully 
understood (12). In addition, it is necessary 
to understand the molecular mechanisms 
of TNBC and explore effective therapeutic 
targets. 
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Mitogen-activated protein kinases (MAPKs) are Ser/
Thr kinases that have multiple functions in the response of 
cells to various stimuli, such as mitogens, osmotic pressure, 
heat shock, and proinflammatory cytokines. MAPKs 
play vital roles in various biological processes, including 
proliferation, gene expression, differentiation, mitosis, cell 
survival, and cell death (13). There are four major MAPKs 
in mammals: (1) ERK1/2, (2) c-Jun N-terminal kinase 
(JNK)1–3, (3) p38, and ERK5 (4). Researchers worldwide 
regularly study the key functions of ERK1 and ERK2 in cell 
proliferation and survival. JNK and p38 MAPK signaling 
pathways primarily involve cellular stress responses and 
apoptosis regulation (14).

Meanwhile, p38 activation has been demonstrated in 
response to several external stimuli, including ultraviolet 
(UV) light, heat, osmotic shock, inflammatory cytokines 
(TNF-alpha and IL-1), and growth factors (CSF-1). 
Moreover, the activation of p38 is contingent not only on 
the stimuli but also on the specific cell type (15). Meanwhile, 
P38 has little reactivity in its non-phosphorylated state, 
but it rapidly becomes activated upon phosphorylation 
of two Thr-Gly-Tyr motifs. Similar to other MAPKs, p38 
is activated by dual kinases called MKKs. Upregulation 
of MKK kinases leads to the activation of both p38 and 
JNK pathways (16). Cellular responses vary significantly 
depending on the particular cell type and the stimulus 
received. Due to these properties, the role of p38 in cancer 
development and treatment is complex. Elevated levels 
of p38 are associated with aggressiveness and adverse 
outcomes in breast cancer (17).

Likewise, nuclear factor kappa B (NF-κB) is a protein 
complex that plays a crucial role in cancer research because 
it regulates the transcription of many genes. Substances 
produced by these genes promote cell survival by inhibiting 
the apoptotic process in both healthy and malignant 
cells (18). It promotes DNA binding, dimerization, and 
interaction with inhibitors called inhibitors of kappa B 
(IKK) (19). Dimeric IKK consists of two kinase subunits, 
IKKα and IKKβ, which are similar. These inhibitors prevent 
NF-κB dimers (p50/p65) from entering the cytoplasm. 
However, upon phosphorylation and degradation of the 
IKK protein, NF-κB is released, allowing the dimers to 
enter the nucleus (20). Prior studies showed that NF-κB 
promotes cell cycle progression by regulating the function 
of genes associated with the cell cycle system. Expression 
of cyclin D1, a protein that plays a key role in regulating the 
cell cycle. It is a member of the cyclin family and is involved 

in the control of cell cycle progression. It is generated by 
NF-κB and is particularly important for mammary gland 
development and the development of breast cancer (21). 
This cell cycle regulator is important because it forms 
active complexes with its binding partners (cyclin-
dependent kinases 4 and 6). These complexes promote 
the transition from the G1 phase (gap 1) to the synthetic 
phase by adding phosphate groups to the retinoblastoma 
protein and inactivating it (21). Currently, the role of the 
NF-κB signaling pathway in cellular biological activity is a 
hot topic in cancer research. The NF-κB signaling pathway 
plays a crucial role in various physiological processes 
such as immune response, inflammation, and stress 
response, as well as in the regulation of cell differentiation, 
proliferation, and programmed cell death (apoptosis) 
(22). The NF-κB signaling pathway is frequently altered 
in solid tumors and hematopoietic malignancies, thereby 
stimulating the growth and survival of tumor cells. Recent 
studies have shown that NF-κB has a tumor suppressor 
function in certain cancers through the activation of Fas 
ligand by transcriptional processes (23). Studies have 
also demonstrated a complex interaction between NF-κB 
and p38 (24). The association between these two factors 
has been shown to be essential for the activation of the 
interleukin 6 gene (25). This gene’s protein product is often 
elevated in patients with metastatic cancer (26). Inhibition 
of the p38 protein reduces the expression of NF-κB-
targeted genes and decreases NF-κB-driven transcriptional 
(27). As there are few effective treatments for breast cancer 
and it is a major global health problem, there is an urgent 
need to focus on the discovery of new treatment options. 
One promising research approach is the development of 
p38 MAP kinase inhibitors as potential cancer treatments. 
These inhibitors show great potential in affecting specific 
signaling pathways involved in cancer development, 
making them promising candidates for treating the 
aggressive nature of breast cancer, especially in subtypes 
such as TNBC. Enhanced research and development in 
this area could lead to more effective treatment strategies, 
improving patient outcomes and reducing the global 
burden of breast cancer. The current study showed that 
the C₂₀H₁₃ClFN₃O compound effectively inhibited cell 
growth at lower concentrations, indicating less toxicity to 
healthy cells also, this study found the relationship between 
two biomarkers (p38 and NF-κB). Therefore, the findings 
provide unique directions for further investigation that 
can expand upon current work. 

Objectives
To evaluate the potential of the P38 MAP kinase1inhibitor 
2-(4 chlorophenyl)-4-(4-fluorophenyl)-5-pyridin-4-yl-
1,2-dihydropyrazol-3-one compound as a p38 MAP kinase 
inhibitor ‎for treatment against breast cancer by study the 
cytotoxicity effect, apoptosis and ‎cell cycle arrest of this 
compound in MDA-MB-231 and MCF-7 cells as a model 
‎for breast cancer as well as study the protein expression of 

Key point 

The compound C₂₀H₁₃ClFN₃O has the potential as a therapeutic 
target for breast cancer by inhibiting the p38 MAP kinase pathway. In 
our study, C₂₀H₁₃ClFN₃O shows significant cytotoxic effects, induces 
apoptosis, causes cell cycle arrest in the synthesis phase, and reduces 
the expression of p38 and NF-κB p65 proteins in MCF-7 and MDA-
MB-231 breast cancer cell lines.
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the p38 MAP kinase ‎and NF-κB p6 proteins after treating 
the breast cancer cells with C₂₀H₁₃ClFN₃O compound by 
western blot assay.

Materials and Methods
Chemicals and reagents
The C20H13ClFN3O compound (Santa Cruz Biotechnology), 
lapatinib (Macklin, Shanghai, ‎China). The following 
were obtained from Elabscience (USA); an annexin V/
PI detection kit, a cell cycle assay kit (red fluorescence)‎, 
SDS-PAGE gel kit, a trypan blue 0.4%‎, and a western blot 
detection kit.

High glucose (4.5 g/L) Dulbecco’s ‎modified eagle’s 
‎medium (DMEM) ‎with stable glutamine and 25 ‎mM 
‎HEPES, fetal bovine serum 10% (FBS), phosphate 
buffer saline (PBS), trypsin-EDTA 0.05 % solution, and 
antibiotic/antimycotic solution (10x) ‎were ‎obtained 
from (Capricorn Scientific, Germany). MTT reagent 

(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide) (Bidepharm, China).

Study design and settings
The study design was an in-vitro experiment for breast 
cancer cell lines to investigate the impact of C₂₀H₁₃ClFN₃O, 
a pharmacological compound, on breast cancer cell  lines 
MCF-7 ‎and MDA-MB-231 (RRID; CVCL_0062). This 
study aimed to explore its potential as ‎a therapeutic strategy 
for breast cancer treatment. As shown in Figure 1, the 
methodology involved ‎surveying to examine the inhibitory 
effect of a p38 MAPK inhibitor on ‎MCF-7 and MDA-
MB-231 cell lines. This method was conducted by treating 
the cells with ‎various concentrations of C₂₀H₁₃ClFN₃O 
and lapatinib, which served as a ‎reference compound. The 
current study also included determining cell apoptosis 
and cell ‎cycle assay using flow cytometry. Additionally, 
the molecular pathway of the interaction between p38 and 

Figure 1. Flow chart of the study.
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NF-κB was investigated by estimating protein ‎expression 
through western blot analysis after treating the cell lines 
with the C₂₀H₁₃ClFN₃Ocompound.

The in vitro experiment was conducted from October 
2023 to April 2024 in the Tissue Culture Postgraduate 
Laboratory of the Pharmacology and Toxicology 
Department at Mustansiriyah University. Additionally, 
flow cytometry work was performed in a private laboratory.

Cell lines
The current study utilized two cell lines: MCF-7 and 
MDA-MB-231. MCF-7 is a human breast cancer cell line 
that expresses estrogen, progesterone, and glucocorticoid 
receptors. MCF-7 source is the pleural effusion with 
metastatic breast cancer. Additionally, MCF-7 is considered 
a “luminal A” subtype of breast cancer (28).

The MDA-MB-231 cell line, derived from a pleural 
effusion of a patient with invasive ductal carcinoma, 
is frequently employed to represent advanced breast 
cancer. This cell line has negative expression of ER, PR, 
and E-cadherin. Due to the absence of the growth factor 
receptor HER2, these cells accurately represent TNBC 
(29).

Cell culturing
Conventional cell culture procedures were followed in 
all cell culture activities, including adherence to aseptic 
techniques to prevent contamination, sterilization of 
glassware, culturing, subculturing, cryopreservation, 
thawing, and maintaining cell cultures in a sterile 
environment. Disposable items and glassware used 
for tissue culture were autoclaved at 95°C and 1.2 bar 
pressure for 90 minutes. Cells were cultured in complete 
high-glucose DMEM (Capricorn Scientific, GmbH) 
supplemented with 10% FBS (Capricorn Scientific, 
GmbH) and 1% antibiotic/antimycotic (Capricorn 
Scientific, GmbH). Cells were seeded at a density of 2×103 
cells/mL in 75 cm3 culture flasks and kept in a constant 
temperature incubator (Hermle, Germany) at 37 °C and 
5% CO2. In addition, cells were sub-cultured to greater 
than 70% confluence by washing the cell monolayer with 
PBS (Capricorn Scientific, GmbH) and then incubating 
with 0.05% trypsin/EDTA (Capricorn Scientific, GmbH) 
for five minutes. Cells were allowed to detach. Trypsinized 
cells were re-suspended with a complete medium and 
isolated by centrifugation in a centrifuge (Hettich, 
Germany) (30).

Cell proliferation assay
The colorimetric MTT assay is a more convenient method 
to measure cell viability and proliferation (31). After 
trypsinization, cell suspensions were prepared and seeded 
in 100 µL 96-well plates at 3×103, 4×103, and 5×103cells/well 
and incubated for 24, 48, and 72 hours, respectively. On the 
day of dosing, C₂₀H₁₃ClFN₃O and lapatinib compound (as 
a reference) were dissolved in dimethyl sulfoxide (DMSO) 

(Thomas Baker, India) and serially diluted to produce 
C₂₀H₁₃ClFN₃O concentrations of 50 μg, 25 μg, 12.5 μg, 
6.25 μg, 3.125 μg, 1.5 μg, 1.5 μg, 0.75 μg, 0.32 μg, 0.15 
μg, 0.05 μg, and 0.025 μg. When the confluence reaches 
80–90%, it is generally considered the best time to treat 
the cell lines. During the logarithmic growth phase, cells 
are actively dividing and more responsive to treatment, 
allowing for a clearer assessment of treatment. To examine 
the effects on cell proliferation, viability, or other cellular 
functions, cells were exposed to different concentrations 
of C₂₀H₁₃ClFN₃O and lapatinib. After incubation, 15 μL 
of MTT (Bidepharm, Shanghai, China) diluted in PBS was 
added to each well and incubated at 37 °C for 4 hours. To 
avoid DMSO crystallization, each well on the plate received 
100 μL of solvent at room temperature and in complete 
darkness. The absorbance corresponding to a standard 
reference wavelength was measured using a microplate 
reader (Promega, USA) to measure the optical density at 
560 nm (32,33). Three replicates were performed for each 
treatment.
Annexin V/PI apoptosis assay
The apoptosis rate of the cell lines was determined using 
the annexin V fluorescein isothiocyanate (FITC) and 
propidium iodide (PI) apoptosis detection kit (Elabscience, 
USA).

MCF-7 and MDA-MB-231 cell lines were cultured 
overnight at a cell density of 1×104 per well in six-
well plates (two wells for each of the following groups; 
C₂₀H₁₃ClFN₃O‎, lapatinib, and normal control); normal 
control was cultured in DMEM. For the MCF-7 cell line, 
the cells were treated with 5.3 μg C₂₀H₁₃ClFN₃O and 12.5 
μg lapatinib compound. For the MDA-MB-231 cell line, 
the cells were treated with 1.4 μg C₂₀H₁₃ClFN₃O, 5.4 μg 
lapatinib compound (these concentrations were selected 
based on the results of the MTT test and represent the 
IC50 of each compound).

After 48 hours, MCF-7 and MDA-MB-231 cell lines were 
collected, rinsed twice in cold PBS, and then resuspended 
in 100 μL of binding buffer (1×104 cells/mL). 100 μL of 
MCF-7 and MDA-MB-231 cell lines were mixed with 5 
μL of annexin V-FITC and 5 μL of PI. The mixture was 
incubated at 4 °C for 20 minutes in a dark place. After 
dilution with 400 μL of binding buffer, the labeled cells 
were immediately analyzed by flow cytometry (Ex=488 
nm; Em=530 nm) (34,35). The stained cells were detected 
using (BD FACSVerse™), and the data were analyzed 
using FlowJo 10.2 software (TreeStar, Ashland, OR, USA) 
(35). Each experiment was performed in duplicate. 

Flow cytometry analysis of cell cycle
The basic method of cell cycle flow cytometric analysis is 
to utilize the changes in DNA content at each stage, which 
indicates the different stages of cell division (36). Then, 
5×105 MCF-7 and MDA-MB-231 cell lines were cultured 
in triplicate in six-well plates, divided into two wells of 
each group: C₂₀H₁₃ClFN₃O‎, lapatinib, and normal control. 
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After 24 hours, the cells were treated with 5.3 μg and 10 μg 
C₂₀H₁₃ClFN₃O, 12.5 μg lapatinib compound for the MCF-
7 cell line, and 1.4 μg and 2.8 μg C₂₀H₁₃ClFN₃O, 5.4 μg 
lapatinib compound for MDA-B-231 cell line. In addition, 
after 48 hours, MCF-7 and MDA-MB-231 cell lines were 
extracted with trypsin, fixed with 1.2mL of anhydrous 
ethanol, mixed thoroughly, and stored at -20 ℃ overnight. 
The fixed cells were centrifuged at 300× gravitational force 
for five minutes and the supernatant were discarded. Then, 
1 mL of PBS was added to re-suspend the cells and stored 
at room temperature for 15 minutes.

The re-suspended cells were centrifuged at 
300×gravitational force for five minutes and the 
supernatant was discarded. Reagents were added to 
resuspend the cells except 100 μL of RNase and incubated 
in a 37 °C water bath for 30 minutes. About 400 μL of PI 
reagent (50 μg/mL) was added to the re-suspended cells; 
mixed thoroughly and incubated at 2-8 °C in the dark for 
30 minutes. The amount of cellular DNA was determined 
by flow cytometry using a flow cytometer (USA). A 
histogram was created to display the results. 

p38 and NF-κB protein expressions in breast cancer cell 
lines by western blot 
To prepare cell lysates, cell lines MCF-7 and MDA-
MB-231 were seeded to 2 × 105 cells/well and cultured 
in triplicate in six-well plates, divided into two wells of 
each group; C₂₀H₁₃ClFN₃O, lapatinib and normal control; 
normal control was cultured in DMEM medium and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
a housekeeping protein. Plates were stored at 37 °C and 
5% CO2. After 24 hours, cells were treated with 5.3 μg 
and 10 μg C₂₀H₁₃ClFN₃O, 12.5 μg lapatinib compound 
for MCF-7 cell line and 1.4 μg and 2.8 μg C₂₀H₁₃ClFN₃O, 
5.4 μg lapatinib compound for MDA-B-231 cells. After 
72 hours, the cell lysis process was performed according 
to the method described in the western blot detection 
kit (Elabscience®, USA). The process required washing 
the cells three times with ice-cold PBS to remove CM. 
Subsequently, 200 μL of RIPA lysis buffer was added to each 

well of a 6-well plate, and the plate was placed on ice for 30 
minutes to initiate lysis. The cells were then removed from 
the bottom of the flask with an ice-cold plastic scraper, 
and the cell suspension was placed in a pre-cooled 1.5 mL 
Eppendorf tube. At the same time, the sample’s viscosity 
was reduced by sonication in an ice-filled water bath for 
1 minute, followed by centrifugation at 12,000 rpm for 10 
minutes at 4 °C. Finally, the liquid fraction was collected 
and stored in a -40 °C refrigerator.

Before electrophoresis, the protein concentration was 
determined to standardize the distribution of proteins in 
the gel wells. Excessive amounts of protein can overwhelm 
the immunodetection process and lead to nonspecific 
results. Various methods are used to measure the amount 
of protein. The bicinchoninic acid test (BCA) is commonly 
used for protein quantification in western blotting (37). 
The BCA procedure was performed as described in the 
western blot assay kit (Elabscience®, USA). The procedure 
began by dissolving 0.563 mg of BSA powder in 1 mL of 
PBS. The resulting solution was used as a standard protein 
stock solution and then diluted with PBS to different 
concentrations (0, 10, 50, 100, 200, 300, 400, and 563 μg/
mL). Subsequently, 20 μL of these amounts were added to a 
96-well plate in duplicate with unknown samples. The next 
step was to prepare an apple green BCA working solution 
by mixing reagent 1 (BCA reagent) with reagent 2 (copper 
salt solution) in a ratio of 50:1. Each well was then filled 
with 200μL of the BCA working solution. The plate was 
then shaken for 20 seconds and incubated in an incubator 
at 37 °C and 5% CO2 for 30 minutes. After incubation, the 
absorbance was measured at 560 nanometers (nm) using 
a microplate reader (37). The final step was to determine 
the protein concentration in each cell lysate by applying 
the following equation: 
Protein concentration ( μg/mL) = (ΔA562 - b) ÷ a × f

The obtained optic density (OD) data were then utilized 
to create the BSA standard curve, as depicted in Figure 2.
In which a; the slope of the standard curve, b; the intercept 
of the standard curve, ΔA562; OD Sample – OD blank, 

Figure 2. The standard curve for bicinchoninic acid. The linear plot was generated by blotting concentrations of BSA protein on the X-axis against the corresponding 
OD at 560 nm on the Y-axis. (A) MDA-MB-231‎, (B) MCF-7
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and f; dilution factor of the sample before the test.
Sample preparation; proteins were extracted from cells 

and quantified; 5× SDS loading buffer was added to the 
prepared sample in an Eppendorf tube (4:1 ratio), and the 
solution was subjected to 95 ℃ for five minutes using a 
dry block heater. The proteins are separated based on their 
molecular weight by SDS-PAGE (SDS-polyacrylamide gel 
electrophoresis). The gel provides a matrix through which 
proteins can travel when an electric current is applied. The 
proteins were transferred using semi-dry transfer from 
the gel onto a polyvinylidene fluoride membrane (PVDF); 
this process is facilitated by an electric current that drives 
the proteins out of the gel onto the membrane. To prevent 
the non-specific binding of antibodies to the membrane, a 
blocking buffer (non-fat dry milk) was employed to cover 
all potential binding sites. 

The membrane is incubated with a primary antibody 
specific to the target protein. After washing away, the 
unbound primary antibody, a secondary antibody that 
binds to the primary antibody is added, as shown in Table 1. 
The presence of the enzyme or fluorescent tag from the 
secondary antibody is detected using the ChemiDoc™ 
XRS+ imaging system (Bio-Rad Laboratories, France).

Statistical analysis 
All statistical analyses of (C₂₀H₁₃ClFN₃O) and lapatinib 
(C29H26ClFN4O4S) compounds were performed using the 
GraphPad Prism software 10.2.3. IC50 was done by using 
the nonlinear curve fitting software graph prism pad 
software. Apoptosis and cell cycle assay were conducted 
using data comparison between all groups within the same 

plate by one-way ANOVA with Tukey tests (GraphPad 
Prism software). The data of the western blot was analyzed 
using T-test. Values of P < 0.05 were considered statistically 
significant. 

Results
Cytotoxicity assay of p38 MAPK inhibitor compound and 
lapatinib in MCF-7 cell lines
The MCF-7 cells were treated with different concentrations 
(0.025 μg -50 μg) of (C₂₀H₁₃ClFN₃O) and lapatinib 
(C29H26ClFN4O4S) compounds. After 72 hours, an MTT 
assay was performed to analyze the degree of cytotoxicity 
of these compounds on MCF-7 cell lines. The half 
maximal inhibitory concentration (IC50) concentration of 
(C₂₀H₁₃ClFN₃O) compound in MCF-7 cells was 5.355 μg 
and for lapatinib was 12.56 μg (calculated using nonlinear 
regression analysis), as seen in Figure 3 and Tables 2 and 3.

At a concentration of 6.25 μg for C₂₀H₁₃ClFN₃O 
compound, there was ‎significantly decreased viability 
of MCF-7 cells at 24 hours. In contrast, at 72 hours, ‎ the 
viability of MCF-7 cells was reduced at ‎approximately 
0.75 μg, indicating that C₂₀H₁₃ClFN₃O compound could 
‎suppress the viability of MCF-7 in a dose-dependent 
manner, as illustrated in Figure 4.

Cytotoxicity assay of p38 MAPK inhibitor compound and 
lapatinib in MDA-MB-231 cell lines
The MDA-MB-231 cells were treated with different 
concentrations (0.025 μg-50 μg) of p38 MAPK inhibitor 
(C₂₀H₁₃ClFN₃O) and lapatinib (C29H26ClFN4O4S) 
compounds. After 72 hours, an MTT assay was 

Table 1. The primary and secondary antibodies for western blotting

Target protein ‎ Isotype ‎ Species ‎ Dilution ‎ Supplier ‎

Glyceraldehyde 3-phosphate dehydrogenase IgG ‎ Rabbit ‎ ‎1:1000 ‎ Elabscience, USA ‎

P38‎ IgG ‎ Rabbit ‎ ‎1:1000 ‎ Elabscience, USA ‎

Rabbit IgG ‎ IgG ‎‎(H+L)-‎HRP Goat anti-‎Rabbit ‎ ‎1:5000 ‎ Elabscience, USA ‎

Nuclear factor kappa-B IgG ‎ Rabbit ‎ ‎1:1000 ‎ Elabscience, USA ‎

Figure 3. Dose-response curves with IC50 for (A) C₂₀H₁₃ClFN₃O and (B) Lapatinib in MCF-7 cells treated for 72 hours with 0.025, 0.05, 0.15, 0.32, 0.75, 1.56, 3.12, 
6.25, 12.5, 25 and 50µg dose ranges. The dose-response was plotted over log-transformed concentrations. IC50 values were determined using nonlinear regression 
analysis (Prism Pad 10.2.3). Results represent the mean for triplicate data.
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performed to analyze the degree of cytotoxicity of these 
compounds on MCF-7 cell lines. The IC50 concentration 
of (C₂₀H₁₃ClFN₃O) compound in MDA-MB-231 cells 
was 1.419 μg, and for lapatinib, it was 5.446 μg (calculated 
using nonlinear regression analysis), as seen in Figure 5 
and Tables 4 and 5.

To investigate the effect challenging with C₂₀H₁₃ClFN₃O 
compound, MDA-MB-231 cells were treated with different 
concentrations 0.025 μg, 0.05 μg, 0.15 μg, 0.32 μg, 0.75 
μg, 1.56 μg, 3.12 μg, 6.25 μg, 12.5 μg, 25 μg and 50 μg 

Table 2. The average IC50 value, 95% confidence interval, and R2 for MCF-7 
cell line after 72 hours of C₂₀H₁₃ClFN₃O treatment

Incubation time IC50 (µg) CI at 95% (µg) R2

72 hours 5.355 1.973 to 14.54 0.9352

Table 4. The average IC50 value, 95% confidence interval, and R2 for MDA-
MB-231 cell line after 72 hours of C₂₀H₁₃ClFN₃O treatment

Incubation time IC50 (µg) CI at 95% (µg) R2

72 hours 1.419 0.6199 to 3.247 0.9512

Table 3. The average IC50 value, 95% confidence interval, and R2 for MCF-7 
cell line after 72 hours of lapatinib treatment in MCF-7 cell line

Incubation time IC50 (µg) CI at 95% (µg) R2

72 hours 12.56 9.046 to 17.43 0.9937

Table 5. The average IC50 value, 95% confidence interval, and R2 for MDA-
MB-231 cell line after 72 hours of lapatinib treatment

Incubation time IC50 (µg) CI at 95%(µg) R2

72 hours 5.446 4.612 to 6.430 0.9981

Figure 4. In vitro % cell death of the MCF-7 cells detected by MTT assay. (A) Dose-response curve of C₂₀H₁₃ClFN₃O compound, (B) Time response ‎curve of 
C₂₀H₁₃ClFN₃O compound. The results of MCF-7 cells post 24, 48 ‎and 72 hours treatment of 3.9, 7.8, 15.6, 31.25, 62.5, 125, 250 and 500 µM C₂₀H₁₃ClFN₃O 
compound. A microplate reader was measured. The absorbance is at 540 nm (reference wavelength 650 nm). The results represent ‎the mean absorbance ± SEM 

Figure 5. Dose-response curves with IC50 for (A) C₂₀H₁₃ClFN₃O and (B) Lapatinib in MDA-MB-231 cells treated for 72 hours with 0.025, 0.05, 0.15, 0.32, 0.75, 
1.56, 3.12, 6.25, 12.5, 25 and 50µg dose ranges. The dose-response was plotted over log-transformed concentrations. IC50 values were determined using nonlinear 
regression analysis (Prism Pad 10.2.3). Results represent the mean for triplicate data.

C₂₀H₁₃ClFN₃O compound for 24, 48 and 72 hours. And 
showed a reduction of 50% in cell viability at 12.5 μg after 
48 hours; however, at the concentrations 6.25 μg, 4.5 μg, 
and 0.75 μg C₂₀H₁₃ClFN₃O compound for 24, 48 and 72 
hours the difference was not statistically significant. The 
reduction in cell viability became more pronounced after 
72 hours with 1.5 μg C₂₀H₁₃ClFN₃O compound, as seen 
in Figure 6B.

MDA-MB-231 cell lines showed a slight 40% decrease in 
cell viability after 24 hours compared to 48 and 72 hours in 
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high concentrations. In contrast, the cell viability of MDA-
MB-231 cells was markedly decreased when treated with 
12.5 μg, 25 μg, and 50 μg C₂₀H₁₃ClFN₃O compound after 
72 hours (P˂0.05). Between the three groups, 72 hours 
showed a significantly higher percentage of cell death than 
24 and 48 hours (P ˂ 0.05), as seen in Figure 6A.

In conclusion, the results indicated that these values of 
IC50 of C₂₀H₁₃ClFN₃O compound in two types of breast 
cancer cell lines (MCF7 and MDA-MB-231; 5.3 μg and 
1.4 μg, respectively) are a good value because a low-
concentration of C₂₀H₁₃ClFN₃O compound can inhibit 
the half number of breast cancer cell viability as compared 
with the IC50 of lapatinib (12.5 μg and 5.4 μg) in MCF7 and 
MDA-MB-231 cell lines. 

Measurement of apoptosis by annexin V- FITC/ PI assay
To investigate the effects of the p38 pathway inhibitors on 
the ‎percentage of breast cancer cell lines apoptotic, FITC 

annexin V apoptosis by flow cytometry was used. Figure 7 
shows a 70% increase in apoptosis in MCF-7 cells treated 
with 5.3 μg of the compound C₂₀H₁₃ClFN₃O and a 40% 
increase in apoptosis in cells treated with 12.5 μg of the 
drug lapatinib, compared to the control group; this increase 
in apoptosis is statistically significant. Nevertheless, as 
seen in Figures 7A and B, the proportion of MCF-7 cells 
undergoing late apoptosis was lower in C₂₀H₁₃ClFN₃O 
compound at concentration 5.3 μg compared to that 
achieved by lapatinib (in which 30% of cells achieved late 
apoptosis). The proportion of apoptotic MDA-MB-231 
cells treated with 1.4 μg of C₂₀H₁₃ClFN₃O compound was 
significantly higher than that of the control group; early 
apoptosis increased by 23%, and late apoptosis increased 
by 71%, as seen in Figures 8A and B. Lapatinib at a 
concentration of 5.4 μg showed a high percentage of late 
apoptotic cells compared to the control group (75.1%), as 
seen in Figures 8A and B.

Figure 6. In vitro % cell death of the MDA-MB-231 cells detected by MTT assay. (A) Dose-response curve of C₂₀H₁₃ClFN₃O compound, (B) Time response ‎curve of 
C₂₀H₁₃ClFN₃O compound. The results of MDA-MB-231 cells post 24, 48 ‎and 72 hours treatment of 3.9, 7.8, 15.6, 31.25, 62.5, 125, 250 and 500µM C₂₀H₁₃ClFN₃O 
compound. A microplate reader was measured. The absorbance is at 540 nm (reference wavelength 650 nm). The results represent ‎the mean absorbance ± SEM.

Figure 7. Flow cytometry analysis in MCF-7 cell lines. Effect of (A) Control, (B) C₂₀H₁₃ClFN₃O, (C) Lapatinib on the percentage of apoptotic MCF-7 cell lines, the 
flow cytometry ‎charts illustrating the ‎percentage of live cells (Q4), early apoptotic cells (Q3), late apoptotic ‎cells (Q2) and necrotic cells (Q1) in MCF-7 cells. (D) 
The statistical bar of the percentage of apoptotic cells presented increased significantly when ‎C₂₀H₁₃ClFN₃O and lapatinib were added. The significant difference 
compared with untreated cells was p<0.05. The significance was assessed by the one-way ANOVA test.
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Flow cytometry analysis of cell cycle
To further explore the internal mechanism by which 
C₂₀H₁₃ClFN₃O compound ‎inhibits the proliferation of 
MCF-7 cells, the cell cycle distribution of ‎C₂₀H₁₃ClFN₃O 
compound-treated MCF-7 cells with 5.3 μg and 10 μg 
C₂₀H₁₃ClFN₃O compound for ‎‎48 hours showed an 
obvious cell cycle arrest at the S phase. In contrast, the 12.5 
μg ‎lapatinib compound demonstrated non-significant 
differences with a control group ‎‎(Figures 9A and B). 
The results suggest that the C₂₀H₁₃ClFN₃O compound 
‎effectively induces cell cycle arrest at the S phase with 
increased concentration (5.3 μg ‎and 10 μg).

The effect of the C₂₀H₁₃ClFN₃O compound on the ‎cell 
cycle in MDA-MB-231 cells showed an obvious cell cycle 
arrest at the S phase compared with ‎control (Figures 10A 
and B). The rate of MDA-MB-231 cell lines in the G1 ‎phase 
at 5.4 μg lapatinib was significantly higher (80%) compared 
with MDA-‎MB-231 cells control (61.5%); however, the 
percentage of G1 phase MDA-‎MB-231 cells treated 
with 1.4 μg C₂₀H₁₃ClFN₃O compound was significantly 
‎reduced (45%) compared with the control group. These 
results ‎indicated that the C₂₀H₁₃ClFN₃O compound 
induces synthesis phase arrest in MDA-‎MB-231 cells.‎

The western blot analysis of p38 and NF-κB protein 
expressions in breast cancer cell lines after treatment ‎with 
p38 MAPK inhibitor
P38 protein expression‎
The p38 protein expression in MCF-7 cell lines revealed 
a significant decrease in its expression relative to 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
after ‎treatment of the cells with 5.3 μg of C₂₀H₁₃ClFN₃O 

compound. Meanwhile, treatment with 12.5 μg lapatinib 
‎demonstrated non-significant differences with the control 
group, as seen in Figure 11.

The p38 protein expression in MDA-MB-231 cell lines 
revealed a significant decrease in its expression relative 
to GAPDH after ‎treatment of the cells with 1.4 μg of 
C₂₀H₁₃ClFN₃O compound. Meanwhile, treatment with 
5.4 μg lapatinib ‎demonstrated non-significant differences 
with the control group, as seen in Figure 12.

NF-κB p65 proteinexpression
As shown in Figures 13A and B, NF-κB p65 expression 
relative to ‎GAPDH was decreased in MCF-7 ‎cell lines 
treated with 5.3 μg (C₂₀H₁₃ClFN₃O)‎‏  ‏compound compared 
to the control ‎group (P < 0.05). While MCF-7 cell lines 
treated with 12.5 μg, lapatinib did not ‎affect the expression 
of NF-κB p65, suggesting that lapatinib has another 
pathway ‎to suppress the MCF-7 cell line. ‎

Western blot analysis of NF-κB p65 expression in MDA-
MB-231 cell lines ‎‎(Figures 14A and B) revealed that 1.4 
μg (C₂₀H₁₃ClFN₃O) and 5.4 μg lapatinib ‎compounds 
significantly decreased the NF-κB p65 expression relative 
to ‎GAPDH as compared to the control ‎group (P˂0.05), 
suggesting the relationship between p38 and NF-κB p65 
proteins. ‎

Discussion
Selecting MCF-7 and MDA-MB-231 cells in this study was 
to represent different subtypes of breast cancer (MCF-7 
as a model for hormone receptor-positive breast cancer, 
which is a common subtype of breast cancer and MDA-
MB-231 cells which lack ERs, progesterone receptors, 

Figure 8. Flow cytometry analysis in MDA-MB-231 cell lines. Effect of (A) Control, (B) C₂₀H₁₃ClFN₃O, (C) Lapatinib on the percentage of apoptotic MDA-MB-231 
cell lines, the flow cytometry ‎charts illustrating the ‎percentage of live cells (Q4), early apoptotic cells (Q3), late apoptotic ‎cells (Q2) and necrotic cells (Q1) in 
MDA-MB-231 cells. (D) The statistical bar of the percentage of apoptotic cells presented increased significantly when ‎C₂₀H₁₃ClFN₃O and lapatinib were added. 
The significant difference compared with untreated cells was P<0.05. The significance was assessed by the one-way ANOVA test.
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Figure 9. p38 MAPK inhibitor, C₂₀H₁₃ClFN₃O, induces cell cycle arrest at the S phase in ‎MCF-7 cells. (a) The cell cycle distribution of p38 MAPK inhibitor-treated 
MCF-7 cells was ‎measured by flow cytometry. (b) Statistical analysis of the cell cycle distribution of p38 MAPK ‎inhibitor treated MCF-7 cells. All data are expressed 
as the mean ± SD of three independent ‎experiments. The observed difference is statistically significant when compared to the control group, with a p-value of less 
than 0.05. The significance was assessed by the one-way ANOVA test.

Figure 10. p38 MAPK inhibitor, C₂₀H₁₃ClFN₃O, induces cell cycle arrest at the S phase in MDA-MB-231 ‎cells. (a) The cell cycle distribution of p38 MAPK 
inhibitor-treated MDA-MB-231 cells were ‎measured by flow cytometry. (b) Statistical analysis of the cell cycle distribution of p38 MAPK ‎inhibitor treated MDA-
MB-231 cells. All data are expressed as the mean ± SD of three ‎independent experiments. The observed difference is statistically significant when compared to 
the control group, with a p-value of less than 0.05. The significance was measured by a one-way ANOVA test. 
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and HER2, representing a more aggressive and difficult-
to-treat subtype of breast cancer), thereby allowing the 
evaluation of the compound’s effectiveness across a 
spectrum of breast cancer type. The involvement of p38 
MAPK in cancer is intricate, and the results are somewhat 
conflicting, contingent on various systems and situations. 
Nevertheless, an increasing body of research indicates 
the potential use of C₂₀H₁₃ClFN₃O for the treatment of 
cancer-related illnesses. Additional in-vivo and clinical 
research is necessary to gather further information about 

the possible therapeutic application of C₂₀H₁₃ClFN₃O for 
cancer treatment. This is based on the existing evidence 
that demonstrates the inhibitory effect of C₂₀H₁₃ClFN₃O 
on cancer cell proliferation, invasion, and migration in 
vitro. The p38 MAPK-signaling pathway is involved in cell 
proliferation, apoptosis, and cellular motility, promoting 
cell migration, tumor invasion, and metastasis. In breast 
cancer patients, high levels of p38 have been correlated 
with highly ‎invasive and poor prognostic breast cancer 
(38-40). Depending on the nature of the stimuli and the 

Figure 11. The effect of (C₂₀H₁₃ClFN₃O) compound on p38 expression in MCF-7 cells. (A) (C₂₀H₁₃ClFN₃O) compound induced decreasing in the p38 expression, 
and protein bands were measured by ImageJ software; GAPDH was used as the internal control. (B) Cells were treated with (C₂₀H₁₃ClFN₃O) compound for 48 
hours, and cell lysate was analyzed by western blot. At the bottom, the concentrations of (C₂₀H₁₃ClFN₃O) and lapatinib compounds are labeled in (µg). The T-test 
was conducted to examine the substantial disparities between groups.

Figure 12. The effect of (C₂₀H₁₃ClFN₃O) compound on p38 expression in MDA-MB-231 cells. (A) (C₂₀H₁₃ClFN₃O) compound induced decreasing in the p38 
expression, and protein bands were measured by ImageJ software; GAPDH was used as an internal control. (B) Cells were treated with (C₂₀H₁₃ClFN₃O) for 48 
hours, and cell lysate was analyzed by western blot. At the bottom, the concentrations of (C₂₀H₁₃ClFN₃O) and lapatinib compounds are labeled in (µg). The T-test 
was used to examine the substantial disparities between groups.
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cellular context, p38 can mediate a ‎wide variety of cellular 
responses. p38 induces apoptosis in some cells (41,42), 
but ‎prevents apoptosis in others (43,44). Likewise, p38 
exhibits opposing effects on ‎cell cycle regulation (45). 
p38 is involved in cell proliferation ‎and tumorigenesis. 
Conversely, several studies have implicated p38 as a 
‎negative regulator of cell proliferation (46). The reasons 
for such discrepancy in ‎p38’s role are still unclear. The role 
of p38 in TNBC progression is multifaceted and involves 
various pathways that contribute to cell proliferation, 

survival, apoptosis, inflammation and stress responses. 
In addition to the p38 MAPK pathway can crosstalk with 
another pathway in TNBC: c-Jun N-terminal kinase (JNK) 
pathway, NF-κB Pathway, Akt/PI3K pathway, ERK/MAPK 
pathway, stress response pathways, and hypoxia-inducible 
factor (HIF) pathway (47).

The role of NF-κB p65 inhibition in breast cancer 
suppression was NF-κB p65, which is known to promote 
the expression of anti-apoptotic genes; thereby, inhibiting 
NF-κB p65 can lead to increased apoptosis in cancer cells. 

Figure 13. The effect of (C₂₀H₁₃ClFN₃O) compound on NF-κB p65 expression in MCF-7 cells. (A) (C₂₀H₁₃ClFN₃O) compound induced decreasing in the NF-κB p65 
expression, and protein bands were measured by ImageJ software; GAPDH was used as the internal control. (B) Cells were treated with (C₂₀H₁₃ClFN₃O) compound 
for 48 hours, and cell lysate was analyzed by western blot. At the bottom, the concentrations of (C₂₀H₁₃ClFN₃O) and lapatinib compounds are labeled in (µg). The 
T-test was conducted to examine the substantial disparities between groups.

Figure 14. The effect of (C₂₀H₁₃ClFN₃O) compound on NF-κB p65 expression in MDA-MB-231 cells. (A) (C₂₀H₁₃ClFN₃O) compound induced decreasing in the 
NF-κB p65 expression, and protein bands were measured by ImageJ software; GAPDH was used as an internal control. (B) Cells were treated with (C₂₀H₁₃ClFN₃O) 
compound for 48 hours, and cell lysate was analyzed by western blot. At the bottom, the concentrations of (C₂₀H₁₃ClFN₃O) and lapatinib compounds are labeled 
in (µg). The T-test was conducted to examine the substantial disparities between groups.
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Also, inhibition can reduce inflammation and inhibition 
of proliferation. So inhibiting this pathway can slow 
down or halt tumor growth (48). NF-κB p65 controls the 
expression of genes involved in cell migration and invasion. 
Its inhibition can reduce the metastatic potential of breast 
cancer cells (49). Possible ways that p38 inhibition decreases 
the expression of NF-κB by inhibition of IKK activation 
because p38 MAPK activates IκB kinase (IKK), which 
phosphorylates IκBα (inhibitor of nuclear factor kappa 
B), leading to its degradation and subsequent activation of 
NF-κB. Inhibiting p38 MAPK can prevent this activation 
cascade. P38 MAPK interacts with other signaling 
pathways, such as JNK and ERK, which can indirectly 
affect NF-κB activity (50). The western blot findings in 
this study showed that the p38 protein was overexpressed 
in MCF-7 and MDA-MB-231 cells. After treating the 
MCF-7 cell with 5.3 μg C₂₀H₁₃ClFN₃O compound and 
treating MDA-MB-231 with 1.4 μg C₂₀H₁₃ClFN₃O 
compound, the expression of the p38 protein was 
decreased much greater than the downregulation by 
‎lapatinib. Additionally, NF-κB p65 protein expression was 
downregulated in MCF-7 and MDA-MB-231 cells after 
treatment with C₂₀H₁₃ClFN₃O compound. When p38 and 
NF-κB p65 protein were downregulated, the proliferation 
of MCF-7 and MDA-MB-231 cells was inhibited ‎in a 
time and dose-dependent manner, according to the MTT 
results. These findings suggest that the C₂₀H₁₃ClFN₃O 
compound exerts a powerful anti-proliferative effect on 
breast cancer cell lines via the downregulation of p38 and 
NF-κB p65 protein. The potential mechanisms by which 
the C₂₀H₁₃ClFN₃O inhibits p38 and NF-κB, by apoptosis 
induction could be increased apoptosis in breast cancer 
cells. Inhibition of metastasis by p38 MAPK inhibitors 
which reduce the metastatic potential of breast cancer cells 
by affecting cell migration and invasion and chemotherapy 
sensitization by inhibiting p38 MAPK, breast cancer cells 
can become more sensitive to chemotherapy agents, 
potentially overcoming resistance mechanisms (51,52). 
The cytotoxicity results presented ‎here agree with a 
previous study, which revealed that p38 MAPK inhibitors 
(SB203580 and SB202190) showed an anti-proliferative 
effect on MDA-MB-231 cells via downregulation of 
phosphorylation of ERK1/2 (ERK1/2 pathway has been 
known to regulate NF-κB activation as well (53), and 
increased Ser15 phosphorylation of mutant p53 (R280K) 
(the activation of wild-type p53 has been shown to inhibit 
NF-κB) (54). A previous study examined SB203580 in 
MDA-MB-231 cells, which was treated with LyeTx II, 
which is capable of increasing MDA-MB-231 aggressive 
breast cancer cell proliferation, SB203580 downregulate 
p38 and NF-κB pathways (55). A previous study that 
examined inhibitors of ERK1/2 (PD0325901), p38 MAPK 
(SB203580), and PI3K (LY294002) preferentially reduced 
breast cancer cell proliferation in MCF-7 cells (56). Chen 
et al used small molecule inhibitors to assess the effect 
of inhibiting p38 (p38α isoform) on breast cancer cell 

proliferation; they concluded that targeting p38 resulted 
in an antiproliferative effect on MDA-MB-468 cells (57).

Flow cytometry validated the observed cell cycle 
disruptions and examined the intracellular processes 
responsible for these abnormalities. The p38 MAPK 
protein functions as a suppressor of cell cycle advancement. 
The flow cytometry results on the cell cycle assay of this 
study showed that the compound C₂₀H₁₃ClFN₃O inhibits 
p38 and increases the apoptosis rate of MCF-7 and MDA-
MB-231 cells. In MCF-7 cells treated with 5.3 μg and 10 
μg C₂₀H₁₃ClFN₃O compound for ‎‎48 hours, there was an 
obvious cell cycle arrest at the S (synthesis) phase. 

It is worth mentioning that the effect of the 
C₂₀H₁₃ClFN₃O compound on the ‎cell cycle in MDA-
MB-231 ‎cells depended upon the dose increasing because 
‎the results revealed an increased percentage of cells in the 
synthesis phase ‎among ‎MDA-MB-231 cells at 1.4 μg and 
2.8 μg C₂₀H₁₃ClFN₃O compound compared with ‎control 
(Figure 10A and B). ‎The rate of MDA-MB-231 cell lines 
in the G1 ‎phase at 5.4 μg lapatinib was significantly higher 
(80%) compared ‎with MDA-‎MB-231 cells control (61.5%); 
however, the percentage of G1 (first gap phase) phase 
MDA-‎MB-231 cells treated with ‎‎1.4 μg C₂₀H₁₃ClFN₃O 
compound was significantly ‎reduced (45%) compared 
with the control group (P<0.05). These ‎results ‎indicated 
that the C₂₀H₁₃ClFN₃O compound induces S phase arrest 
in MDA-‎MB-231 cells. ‎

Additionally, the current study examined the FITC-
annexin V apoptosis by flow cytometry; it showed that 
treating the MCF-7 cells with 5.3 μg C₂₀H₁₃ClFN₃O 
compound led to increased early apoptotic by 70% 
(compared to 40% after treatment with 12.5 μg ‎lapatinib), 
while the efficacy of C₂₀H₁₃ClFN₃O compound was 
less than lapatinib in inducing late apoptosis (15% vs. 
30%) in MCF-7 cells. In MDA-MB-231 cells, only the 
C₂₀H₁₃ClFN₃O compound exerted a significant early 
apoptotic effect (23%), while lapatinib did not show a 
significant apoptotic effect compared to the control, 
C₂₀H₁₃ClFN₃O compound showed strong late apoptotic 
effect (71%). 

The intricate interplay between cell survival and cell 
death is multifaceted, and extensive research is being 
conducted to comprehend how tumor cells govern the 
pivotal junctures between these pathways. Numerous 
anticancer drugs that have demonstrated clinical efficacy 
have been found to elicit apoptosis in tumor cells (58), 
and this mechanism is thought to be a significant factor in 
their therapeutic activities. The specific pathways through 
which these drugs induce apoptosis in cancer cells have 
been reported to be diverse and contingent upon both the 
characteristics of the drug and the genetic background 
and origin of the tumor (59). The limitations of this study 
were only performed on cell lines (in-vitro) and was not 
examined on an animal model (in-vivo) and conducted 
on breast cancer cell lines and was not performed on 
normal breast cells to determine the cytotoxicity effect 
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of the C₂₀H₁₃ClFN₃O compound on healthy cells. Hence, 
suggestions for further studies on this subject by studying 
the cytotoxic activity of the C₂₀H₁₃ClFN₃O compound on 
normal cell lines, evaluating the cytotoxic activity of the 
C₂₀H₁₃ClFN₃O compound on other types of breast cancer 
cell lines. Study the effect of the C₂₀H₁₃ClFN₃O on other 
specific parameters involved in the migration activity of 
metastasis in breast cancer cells and evaluate the impact of 
the C₂₀H₁₃ClFN₃O compound in animal models (in-vivo) 
to assess its efficacy.

Conclusion 
The findings of this study indicate that p38 pathway 
inhibition by C₂₀H₁₃ClFN₃O in-vitro can decrease 
the expression of p38 MAPK and NF-kB p65, induce 
apoptosis, and suppress breast cancer cell growth. 
Overall, the p38 MAPK-signaling pathway plays a crucial 
role in facilitating the malignant growth, invasion, and 
metastasis of breast cancer. While the exact process is 
not yet understood, targeting an inhibitor of the MAPK-
signaling pathway is a new and promising approach for 
cancer intervention techniques. Our findings indicate that 
targeting the p38 MAPK-signaling pathway could be a 
promising therapeutic approach for treating breast cancer. ‎

Limitations of the study 
The current study has some limitations that include: 
1.	 1. This study was only performed on cell lines (in-

vitro) and was not examined on an animal model (in 
vivo), restricting the applicability of the findings to 
whole organisms. 

2.	 2. This study was only conducted on breast cancer 
cell lines and not performed on normal breast cells to 
determine the cytotoxicity effect of the C₂₀H₁₃ClFN₃O 
compound on healthy cells. 
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