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In vitro and in silico Analysis Protosappanin B Exerts
Anti-Tumor Activity on Breast Cancer Cells via Activating

Pro-Apoptotic Caspase Enzymes
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ABSTRACT

Background: Breast cancer is the most common cancer and the second leading cause of
cancer-associated mortality in women globally. Breast cancer can metastasize or recur because
of drug resistance and toxicity. Objectives: The present work focuses on assessing the impact
of in vitro and in silico analysis Protosappanin B on the growth and apoptosis of MDA-MB-231
cells. Materials and Methods: The effect of different concentrations of Protosappanin B on the
MDA-MB-231 cells was investigated using the WST-1 assay. The Protosappanin B was assessed
by analyzing the Lactate Dehydrogenase (LDH) amount that leaked into the growth medium.
The analysis of apoptotic cells was done by using the dual staining method. The activities of
the pro-apoptotic caspase-3, -8, and -9 enzymes in the cells were examined using respective
assay kits and in silico Molecular docking studies. Results: The WST-1 assay results demonstrated
that the Protosappanin B treatment at different dosages effectively inhibited MDA-MB-231
cell viability. The Protosappanin B effectively increased the LDH activity. The dual staining
assay confirmed that Protosappanin B induced apoptosis in MDA-MB-231 cells. The activities
of the caspase-3, 8, and -9 enzymes were remarkably elevated in the MDA-MB-231 cells after
Protosappanin B treatment. Conclusion: The present study showed that Protosappanin B inhibits
the viability of MDA-MB-231 cells and triggers their apoptosis via activating the pro-apoptotic
caspase enzymes. Additionally, we confirmed the interactions of Protosappanin B with caspase
enzymes through the molecular docking analysis. The computational study revealed that there
are interactions between the Protosappanin B and caspase enzymes such as caspase-3 (-5.9 kcal/
mol; RMSD = 1.762 A), caspase-8 (-5.9 kcal/mol; RMSD = 2.805 A), and caspase-9 (-6.4 kcal/mol;
RMSD = 1.731 A). Overall, the results from the in vitro and in silico analysis strongly described that
Protosappanin B induced the caspase-3, -8, and -9 and increased the apoptosis which reduced
the cell proliferation of MDA-MB-231 cells. These findings clearly show the anticancer activity of
Protosappanin B against breast cancer. The study involves nursing care for laboratory animals,
including ethical approval, health screening, tumor induction, administration of Protosappanin
B, pain management, hydration, nutrition, and housing. Data collection involves accurate
record-keeping, statistical analysis, and post-study care. Key nursing interventions include
vigilant monitoring, ethical treatment, supportive care, and accurate data collection.
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Breast cancer is the most common cancer and the second-leading
cause of cancer-associated mortality in women worldwide. 2.1
million women were diagnosed with breast cancer and over
600,000 died from it globally in 2018, making it a significant
issue in women's health.! It ranks fifth in causing tumor-related
deaths, following lung, stomach, liver, and colorectal cancers.
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The available therapies for breast cancer encompass surgery,
chemotherapy, and radiation therapy in clinical settings. These
therapies are associated with several side effects and cancer
can spread or recur because of drug resistance.? Breast cancer
is categorized into many molecular subtypes depending on the
presence or absence of three receptors, such as the Estrogen
(ER), Progesterone (PR), and Human Epidermal growth factor
Receptor 2 (HER2) receptors. Triple-Negative Breast Cancer
(TNBC) is a distinct subtype of breast cancer characterized by the
absence of ER, PR, and HER-2 expressions. This particular type
of breast cancer is characterized by strong metastatic potential,
aggressive characteristics, and a lower prognosis, resulting in
adverse clinical results.” TNBC is distinguished by a considerably
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elevated incidence of metastasis and mortality, causing 15-20% of
all breast cancer cases.

Patients with the TNBC subtype have a 10-20% chance of
experiencing lower survival durations because of the high
malignancy, recurrence rate, and metastasis. Tumors from
TNBC can spread to internal organs within one to three years of
diagnosis, with 40% of metastases occurring in the lungs.” This
cancer type is linked to increased metastasis, higher relapse rates,
and a poor survival rate. Breast cancer treatment typically involves
a combination of therapies, including surgery, radiation therapy,
and medicines such as hormone therapy and chemotherapy.
TNBC tumors are unresponsive to endocrine therapy because of
the absence of receptors, resulting in the absence of a standardized
treatment for TNBC.® Thus, there is a pressing clinical need to
explore new and efficient treatment methods for TNBC.

Apoptosis is a crucial therapeutic target that helps regulate the
balance between cell life and death. A failure of the regulatory
mechanisms of apoptosis can result in autoimmune diseases
or the development of cancer. Tumor cells are typically
responsive to apoptosis at first but can develop resistance
to drugs due to dysfunction in apoptosis and the increased
presence of anti-apoptotic genes.” Cancer cells cannot typically
trigger apoptosis, leading to resistance to anti-cancer drugs.
Inducing various apoptotic signalings in tumor cells could
potentially address drug resistance and enhance responsiveness
to chemotherapy.® Discovering and developing methods and
drugs to treat drug-resistant tumors is crucial for protecting
health as well as lives. Conventional chemotherapy is linked to
significant toxicity, and tumor cells develop resistance to drugs.
Natural products have several advantages over chemotherapy,
such as chemical diversity, targeting various sites, low toxicity,
and overcoming drug resistance. Plant-based compounds have
demonstrated efficacy as novel anti-cancer medicines.’

Protosappanin B, a significant compound found in Caesalpinia
sappan, is known for its diverse biological properties.'” Currently,
there is limited literature on the activities of Protosappanin
B. Some studies have reported its antibacterial, antioxidative
and antitumor properties. Additionally, research on its
pharmacokinetics and bioavailability has been carried out in
rodents.'"”> However, only limited literature has explored the
anti-cancer properties of Protosappanin B. The present work
aimed to examine the impact of Protosappanin B on the viability
and cell death of invasive breast cancer subtype MDA-MB-231
cells.

The research involves pre-study preparations, including ethical

approval, baseline health assessments, tumor induction,
administration of Protosappanin B, and general care and
monitoring. Animals are monitored for adverse reactions,
vital signs, behavioral changes, and tumor size measurement.

Supportive care includes pain management, hydration and
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nutrition, and maintaining clean housing conditions. Blood and
tissue samples are collected for analysis. Data collection and
documentation involve accurate record-keeping and statistical
analysis. Post-study care includes recovery, euthanasia, and
ethical considerations. Results are compiled and analyzed, with
findings prepared for publication to contribute to the scientific
understanding of potential anti-cancer therapies targeting
pro-apoptotic pathways. Key nursing interventions include
vigilant monitoring, ethical treatment, supportive care, and
accurate data collection

MATERIALS AND METHODS

Chemicals

The following chemicals, including Protosappanin B, Fetal Bovine
Serum (FBS), Dulbecco's Modified Eagle Medium (DMEM), and
other materials, were purchased from Sigma-Aldrich, USA.

Cell culture

DMEM was utilized to culture the MDA-MB-231 cells. The
medium was grown at 37°C in a humidified air environment
with the addition of 10% FBS and 1% antibiotics. The cells were
trypsinized after they reached 80% confluency and employed in
the additional experiments.

WST-1 cell viability assay

Cells were grown in 96-well plates at 1x10°¢ cells/well for the
cell viability assay and then incubated for 24 hr. The cells were
grown at 37°C for 24 hr and then treated with Protosappanin B at
different dosages (2.5, 5, 25, 50, 100, 150, and 200 uM/mL). After
24 hr of treatment, fresh medium was used, and WST-1° (10 pL)
reagent was mixed in each well for 3 hr at 37°C. The inhibition
percentages were calculated by measuring absorbance with an
ELISA reader at 460 nm to assess cell viability.

LDH activity assay

The cytotoxicity of Protosappanin B was assessed by analyzing
the quantity that was released into the medium. After 24 hr
growth of control and treated cells, the media was centrifuged
at 5000 rpm to collect cell-free supernatants. A commercial
kit was utilized to assess the LDH activity. The assay relies on
the simultaneous decrease of NAD and the transformation of
lactate into pyruvate with the help of LDH. The process outlined
above leads to the generation of NADH, which then induces a
modification in absorbance at 340 nm. Aliquots of medium were
placed on a microtiter plate to determine the absorbance using a
spectrophotometer.

Analysis of apoptosis by dual staining method

The cells with apoptosis were detected using the dual staining
technique. Breast cancer cells were loaded in wells at 1x10° cells/
well and allowed to proliferate for 24 hr. MDA-MB-231 cells
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were treated with Protosappanin B at its IC, and positive control
cisplatin (cis) for 24 hr. The cells were then washed with PBS
before being stained with a 1:1 mixture of AO and EtBr dye for 30
min and examined using a fluorescent microscope.

Measurement of Caspase-3, -8, and -9 activity

To confirm the capacity of Protosappanin B to induce apoptosis,
various apoptotic effectors were examined. The commercial kits
were employed to measure the caspase-3, -8, and -9 activities in
control cells and Protosappanin B- at its IC,  and positive control
cisplatin (cis) treated MDA-MB-231 cells.

Preparation of protein structure and Ligand

The 3-Dimensional structure (3D) of the described targets such
as caspase-3 (PDB ID: 3DEI), caspase-8 (PDB ID: 3KJQ), and
caspase-9 (PDB ID: 3V3K) were obtained from the Protein Data
Bank. The water molecules and associated ligands were removed
for the retrieved caspase enzymes using the Discovery Studio
Visualizer v19.1.0.18287 (www.accelerys.com). The structure of
the chemical compound Protosappanin B was downloaded from
the PubChem compound database and saved in the structured
data file format with the 3D atomic coordinates and converted
into PDB format using Discovery Studio Visualizer v19.1.0.18287
(www.accelerys.com).'*"

Molecular docking and Visualization

We used PyRx software and implemented Autodock Vina after
preparing Protosappanin B as ligand, and caspase-3 (PDB ID:
3DEI), caspase-8 (PDB ID: 3K]Q), and caspase-9 (PDB ID: 3V3K)
as targets.”” The prepared targets and ligands were converted into
PDBQT format. The grid box size of caspase-3 (x = 57.15 A, y =
49.97 A,2=49.35 A), caspase-8 (x=45.01 A,y =53.95A,2=44.54
A), and caspase-9 (x =57.13 A,y =51.55 A, and z = 57.16 A) were
assigned and identified the interactions between Protosappanin B
and caspase enzymes. The Autodock Vina utilizes a new scoring
algorithm for the docking process.*!

New scoring mechanisms,
= tha‘tj (Tij)r
i<j
C- Sum of intermolecular and intramolecular distance; Y -
Over all of the pairs of atoms; f,, Symmetric set of interaction
functions; T Interatomic distance

The results were visualized in 3D using Discovery Studio
Visualizer v19.1.0.1828 (Dassault Systémes BIOVIA, Rue Marcel
Dassault, Vélizy-Villacoublay-78140, France, www.accelerys.
com (accessed on 18 March 2024). Likely, the 2D diagram was
visualized by importing the docked data into LigPlot" v.2.2.

Statistical analysis

The mean+SD of three separate tests was utilized to depict the
obtained data. A one-way ANOVA was utilized for the statistical
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study. Tukey's post hoc assay was utilized to assess the variability
among the different sets of variables. A p-value below 0.05 was
fixed and significant.

RESULTS

Protosappanin B inhibits the viability of breast
cancer MDA-MB-231 cells

The effect of Protosappanin B on the growth of MDA-MB-231 cells
was assessed by a WST-1 assay (Figure 1). The cells were treated
with several dosages (2.5-200 pM/mL) of Protosappanin B for
24 hr. Protosappanin B treatment demonstrated dose-dependent
inhibition of MDA-MB-231 cell viability, as indicated by the
WST-1 assay results (Figure 1). The IC, concentration of
Protosappanin B was 50 uM/mL. The results indicated that
Protosappanin B has a stronger inhibitory activity on the viability
of MDA-MB-231 cells.

Protosappanin B promotes LDH enzyme release in
MDA-MB-231 cells

The cells were exposed to several doses of Protosappanin B
(5-200 uM/mL) for 24 hr to measure LDH activity. The results
demonstrated that Protosappanin B significantly enhances LDH
activity in a dosage-dependent manner, as illustrated in Figure 2.
The LDH activity elevates in response to cell injury with 50 uM/
mL and above concentrations of Protosappanin B. The present
findings demonstrate that Protosappanin B and positive control
can affect cell damage and induce cell death.

Protosappanin B induces apoptosis in the
MDA-MB-231 cells

Cellular apoptosis is characterized by variations in cell
morphological alterations. In this work, AO/EtBr dual staining was
utilized to assess morphological alterations in the MDA-MB-231
cells caused by apoptosis (Figure 3). EtBr, a red fluorescent dye,
can accurately penetrate the damaged nucleus of apoptotic cells.
Only normal, non-apoptotic cells allowed the entry of green
fluorescent AO dye. The results showed that non-apoptotic
cells were identified as viable cells as they exhibited intense
green nucleus fluorescence. Conversely, the MDA-MB-231 cells
exposed to Protosappanin B for at dosages of 50 uM/mL value
and positive control showed the presence of more apoptotic cells
as they exhibited more orange and red fluoresced cell morphology
(Figure 3). Orange fluorescence shows early apoptosis, while the
red fluorescence of fragmented nuclei suggests late apoptosis.

Protosappanin B causes apoptosis in MDA-MB-231
cells by activating caspase expression

The pro-apoptotic enzymes caspase-3, -8, and -9 in MDA-MB-231
cells were tested, and the findings are described in Figure 4. The

findings demonstrate the influence of Protosappanin B treatment
on the activities of caspases in breast cancer cells. Levels of
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Figure 1: Effect of Protosappanin B on the viability of breast cancer MDA-MB-231 cells. The effect of
Protosappanin B treatment on MDA-MB-231 cell viability was assessed by the WST-1 cell viability assay.
The MDA-MD-231 cells treated with various dosages (2.5-200 pM/mL) of Protosappanin B for 24 hr
showed a remarkable decrease in viability. Values are presented as the mean=SD of the triplicate assays.
The data were analyzed by one-way ANOVA and Tukey's post hoc test. The values do not share a common
superscript and significantly differ at p<0.05 from the control.
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Figure 2: Effect of Protosappanin B on the LDH enzyme activity in the MDA-MB-231 cells. The results
demonstrated that Protosappanin B and positive control for 24 hr treatment significantly increases LDH
activity in a concentration-dependent manner. Values are presented as the mean+SD of the triplicate
assays. The data were analyzed by one-way ANOVA and Tukey's post hoc test. The values do not share a
common superscript and significantly differ at p<0.05 from the control.

caspase activities are significantly increased in cells after exposure
to 50 uM/mL value of Protosappanin B and positive control drug
(Figure 4). These findings proved that Protosappanin B can trigger

apoptosis in breast cancer cells via activating caspase enzymes.

In silico analysis of Protosappanin B

The molecular docking analysis was performed for the

Protosappanin B and caspase-3, caspase-8, and caspase-9 and
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the resulting binding affinity, RMSD, interacting residues, and its
bond types were listed in Table 1.

Protosappanin B and Caspase-3

Protosappanin B formed two hydrogen bonds with the residues
TRP214, and GLN217, and a pi-pi stacked bond formed with
the PHE247. Also, the carbon-hydrogen bond formed with the
GLU248 residue. Additionally, Protosappanin B - caspase-8
complex surrounded by hydrophobic residue GLU246 with
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the binding affinity of -5.9 kcal/mol and the RMSD = 1.762 A
(Figures 5A, B, and Table 1).

Protosappanin B and Caspase-8

The caspase-8 residues such as ARG258, and GLY318 interacted
with Protosappanin B via two hydrogen bonds respectively, and a
pi-sulfur bond formed with the CYS360 residue. Also, the alkyl,
Pi-alkyl, and pi-pi-T-shaped bond formed with the ILE257 and
HIS317. Additionally, the hydrophobic residues such as LEU254,
LYS253, HIS255, SER256, and TYR324 have surrounded the
caspase-8-Protosappanin complex with the binding affinity of
-6.7 kcal/mol; RMSD = 2.805 A (Figure 5. C, D and Table 1).

Protosappanin B and Caspase-9

The Protosappanin B interacted with the residues such as
ARG146, PHE399, and THR402 using three hydrogen bonds. The
pi-alkyl and pi-cation bond formed with the residues ARG146
and LYS401. The hydrophobic residues such as GLY147, ASN 148,
ALA152, TYR153, ILE154, LEU155, SER156, and SER403. The
estimated binding affinity and RMSD for the caspase-9 and

Control

protosappanin B

Protosappanin B complex was -6.4 kcal/mol and 1.731 A (Figures
5E, F and Table 1).

The LigPlot interactions also evidence that there were interactions
between the Protosappanin B and caspase-3, -8, and -9 respectively
(Figure 6). The results described that Protosappanin B interacted
with the caspase-3 via four hydrogen bonds with the residues
ASN208, TRP214, GLN217, and GLU248 (Figure 6A). Likely,
Protosappanin B interacted with the caspase-8 via five hydrogen
bonds with the four residues such as LYS253, SER256, ARG258,
and GLY318(2) (Figure 6B). Also, the caspase-9 residues such
as ARG146, TYR153(2), PHE399, and THR402 interacted with
Protosappanin B using 5 hydrogen bonds (Figure 6C).

DISCUSSION

TNBC is an aggressive cancer that becomes resistant to
therapy because it lacks ER, PR, and HER-2 receptors. Therapy
resistance is the primary challenge in treating TNBC, despite
the existence of several effective medicines.”? Although survival
rates have improved due to breakthroughs in early detection
technologies, there is a strong focus on creating novel and potent

cisplatin

Figure 3: Effect of Protosappanin B on the apoptotic cell death in the MDA-MB-231 cells. The MDA-MB-231 cells treated for 24 hr with Protosappanin
B at concentrations of IC_ and positive control showed the presence of more apoptotic cells in both early and late apoptotic stages, as they exhibited
more orange and red fluoresced cell morphology.

Table 1: The list of caspase enzymes, PDB ID, binding affinity (kcal/mol), RMSD (A), interacted residues, and their bond types were tabulated.

Targets Name Targets Binding affinity RMSD
PDB (Kcal/mol) (A)
Caspase-3 3DEI -5.9 1.762
Caspase-8 3KJQ -6.7 2.805
Caspase-9 3V3K -6.4 1.731

Type of interacted bonds

Note: pps — pi-pi-stacked; pa- pi alkyl; pc- pi cation; ch- carbon hydrogen bond; ppt -pi-pi-T-shaped; ps - pi-sulfurs.

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 4, Oct-Dec, 2025

Hydrogen Hydrophobic Other bonds
bond residues
TRP214, GLU246 PHE247vrs,
GLN217 GLU248"
ARG258, LEU254, LYS253, CYS3607,
GLY318 HIS255, SER256, ILE257% P>

TYR324 HIS317¢#»*
ARG146, GLY147, ASN148, ARG146r,
PHE399, ALA152, TYR153, LYS401%2,
THR402 ILE154, LEU155,

SER156, SER403

1487



Zhang and Deng.: Protosappanin B Inhibits Cell Proliferation MDA-MB-231 Cells

150+ 40+
— -1 —
304
© . 100 -
o J 100 3 J
s E g E 2.
62 52
8~ 50- 8~
10+
T 0- T
Control protosappanin B cisplatin Control protosappanin B cisplatin
Concentration (uM/mL) Concentration (uM/mL)
250
200-
o
& 3 150-
s E
o2
& 2 1004
o
504
0- T
Control protosappanin B cisplatin

Concentration (uM/mL)

Figure 4: Effect of Protosappanin B on the caspase enzyme activities in the MDA-MB-231 cells. The results showed that the caspase-3,
-8, and -9 activities were significantly increased in MDA-MB-231 cells after for 24 hr treatment with positive control and IC, of
Protosappanin B. Values are presented as the mean+SD of the triplicate assays. The data were analyzed by one-way ANOVA and Tukey's
post hoc test. The values do not share a common superscript and significantly differ at *p<0.05 from the control.

chemotherapeuticagentsforbreast cancer treatment. Newresearch
should prioritize finding innovative and efficient treatments for
TNBC. Apoptosis is a crucial cell-death mechanism that serves
as a promising and optimal target for cancer treatment.”® This
work aimed to assess the impact of Protosappanin B on inducing
apoptosis in invasive breast cancer cells.

Cell viability measurement is a crucial step in several cell culture
methods that assess the quantity of healthy cells.** Cellular
dehydrogenases can convert WST-1 into a water-soluble formazan.
The formazan generated by WST-1 is highly soluble, resulting
in an expanded linear range and increased sensitivity. Adding
WST-1 once can demonstrate the impact of the sample agents
at various time intervals.” Studying cellular viability is a crucial
method for evaluating how cells respond to external stimuli. The
WST-1 test allows for the evaluation of several samples without
producing radioactive leftovers and demonstrates increased
accuracy, which is now crucial in studying cellular viability.?® In
this work, the influence of Protosappanin B on the MDA-MB-231
cell growth was investigated by the WST-1 technique at 24 hr. The
findings showed that Protosappanin B treatment demonstrated
dose-dependent inhibition of MDA-MB-231 cell growth.

Apoptosis is a major cell death mechanism in multicellular
species that can be utilized as a therapy option for cancer.
Deviant changes in the usual function of this mechanism can
lead to abnormal cell proliferation and unregulated cell division,
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potentially causing normal tissue to develop cancer.”” Avoiding
apoptosis is a critical characteristic of cancer development and
leads to resistance against anticancer treatments. The molecular
characteristics of apoptotic cells include cell shrinkage, chromatin
aggregation, mRNA degradation, and the creation of apoptotic
bodies. Excessive programmed cell death results in tissue
shrinkage, while insufficient programmed cell death is linked to
unregulated cell growth, as seen in malignancies.?® Normal breast
cells maintain cell homeostasis through a balance between cell
growth and apoptosis mechanisms. Disruption of the equilibrium
can result in unrestricted cell growth, therapy resistance, and
tumor recurrence due to an overactive antiapoptotic pathway
or deficiency in the Pro-apoptosis pathway.” In this work, the
apoptosis in MDA-MB-231 cells was studied by an AO/EtBr dual
staining assay. The results showed that Protosappanin B treatment
resulted in more apoptotic cells in both early and late apoptotic
phases, as they exhibited more orange and red fluoresced cell
morphology. Hence, it was clear that Protosappanin B can trigger
apoptosis in breast cancer cells.

LDH can be a target for cancer therapy. The LDH enzyme
complex is made up of four subunits, including two distinct
isoforms: LDH-A and LDH-B.* LDH-A is essential in the
glycolytic process because of its increased attraction to pyruvate.
It facilitates the pyruvate transformation into lactate by oxidizing
NADH to NAD+. Conversely, LDH-B has a higher affinity for
lactate and promotes the transformation of lactate to pyruvate by

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 4, Oct-Dec, 2025
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Figure 5: The docking pose of the determined targets caspase-3 (A, B), caspase-8 (C, D), and caspase-9 (E, F). The
docking pose for the Protosappanin B and caspase enzymes complex was selected based on the binding affinity
and RMSD < 3.0 A.
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Figure 6: The LigPlot interactions for the chemical compound Protosappanin B with caspase enzymes. (A) caspase-3, (B)
capase-8, (C) caspase-9.

converting NAD+ to NADH.” LDH activity is linked to several
malignancies and increased enzyme activity is connected to a
more advanced stage of the disease. Multiple pieces of evidence
indicate a clear link between the various LDH isoenzyme activities
and the advanced stage and prognosis of breast cancer.” In this
work, the results demonstrated that Protosappanin B significantly
enhances LDH activity in a dosage-dependent manner. LDH
activity elevates in response to cell injury with Protosappanin B
treatment. The present findings demonstrate that Protosappanin
B can affect cell damage and induce cell death. Suppression of
LDH-A and LDH-B leads to the diminished growth and invasion
of breast cancer cells. This is likely caused by decreased lactate
levels in the extracellular milieu around breast cancer cells.”

Targeting pathways that trigger apoptosis is a promising approach
for tumor treatment.® Various cellular signaling pathways
participate in controlling various stages of apoptotic cell
death. Apoptosis operates through two primary mechanisms:
mitochondria-regulated (intrinsic) and death receptor-regulated
(extrinsic) mechanisms. Proteases play a crucial role in the
programmed cell death process by cleaving cellular substrates
and linked with apoptosis.* The caspase-8 and -9 activation is
associated with initiating the apoptotic pathways. Many drugs
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used to treat cancer trigger apoptosis via the mitochondrial
mechanism.” Mitochondrial membrane potential alterations
are a crucial sign of the beginning of apoptosis.*® The changed
membrane potential leads to the cytochrome ¢ release, which
then promotes the caspase-3 and caspase-9 activation. Activated
caspases trigger caspase-3, which serves as the apoptotic
executioner.®* In this study, the activities of the pro-apoptotic
enzymes caspase-3, -8, and -9 were assessed using assay Kkits.
The findings clearly showed that Protosappanin B treatment
effectively activated the caspase-3, -8, and -9 activities in the
MDA-MB-231 cells. These findings proved that Protosappanin B
can trigger apoptosis in breast cancer cells via activating caspase
enzymes.

The nursing care and maintenance of laboratory animals
include ethical approval, health screening, tumor induction,
administration of Protosappanin B, general care and monitoring,
pain management, hydration and nutrition, and housing. Blood
samples and tissue samples are collected to monitor biochemical
markers, liver and kidney function, and evaluate systemic effects
of Protosappanin B. The study's findings will contribute to the
understanding of potential anti-cancer therapies targeting
pro-apoptotic pathways.
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CONCLUSION

The present study proved that Protosappanin B inhibits the growth
of MDA-MB-231 cells and triggers their apoptosis. Moreover,
these activities are associated with increasing LDH release by
cell damage and activating the pro-apoptotic caspase enzymes
in the MDA-MB-231 cells. These findings prove the anticancer
effects of Protosappanin B against breast cancer. Further research
is still required to determine the pathways through which
Protosappanin B produces these apoptotic effects. The current
study indicates that it could be a promising and natural treatment
candidate for breast cancer.
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SUMMARY

The present work focuses on assessing the impact of
Protosappanin B on the growth and apoptosis of MDA-MB-231
cells. Protosappanin B on the MDA-MB-231 cells was investigated
using the WST-1 assay, LDH enzyme activity, dual staining AO/
EB and the caspase enzyme activities in the MDA-MB-231 cells.
Additionally, we interactions of Protosappanin B with caspase
enzymes through the molecular docking analysis. Overall, the
results from the in vitro and in silico analysis strongly described
that Protosappanin B induced the caspase-3, -8, and -9 and
increased the apoptosis which reduced the cell proliferation of
MDA-MB-231 cells.
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