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ABSTRACT
Background: Breast Cancer continues to rank among all cancer types as the most dangerous 
malignancies, accounting for a significant portion of cancer-associated mortalities among 
women globally. Additionally, the number of breast cancer cases that are identified each 
year is rising globally. After surgery or radiation, the typical therapies entail chemotherapy 
which is followed by endocrine therapy. However, breast cancer is extremely resistant to 
therapies, which causes it to recur. As a result, emphasis is being placed on the development 
of complementary medicines with fewer adverse effects that are obtained from  plants. 
An isoquinoline alkaloid,  Protopine,  possesses an array of biological properties, including 
anti-tumor efficacy against several malignancies. Materials and Methods: In this work, the 
anti-carcinogenic property of Protopine against the MDA-MB-231 cells has been investigated. 
The impact of Protopine on cell growth, apoptosis, ROS accumulation, and apoptotic marker 
levels was investigated. Doxorubicin was employed as the positive control drug in the studies. 
Results: The effect of Protopine on cell growth demonstrated its cytotoxic property was elevated 
dose-dependently and IC50 concentration was selected for additional work. The AO/EB and 
DAPI staining was performed to examine morphological alterations concerning apoptotic cell 
death. Additionally, Protopine augmented the ROS accumulation and induced DNA damage 
in Protopine-treated cells. The caspase levels were also increased upon Protopine treatment. 
Discussion and Conclusion: The outcomes highlight that Protopine remarkably inhibited cell 
growth by augmenting the ROS levels, inducing DNA fragmentation and apoptosis, leading to 
cell death by caspase-dependent pathway. Thus, Protopine could be possibly employed as an 
effective anti-cancer alternative for breast cancer treatment.
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INTRODUCTION

Breast cancer is a prevalent and fatal tumor type that impacts 
women globally.1 It is the second leading reason for cancer-related 
mortality and the most prevalent malignancy in women.2 It is a 
lobule cancer of the breast tissues, milk ducts, and their inner 
lining. Based on the expression of the Estrogen Receptor (ER), the 
Progesterone Receptor (PR), and the Human Epidermal growth 
factor Receptor 2 (HER2), immunohistochemistry may classify 
invasive breast cancer into four main molecular subgroups.3 
Luminal A BC, which is characterized by ER+ and/or PR+ as well 
as HER2-, accounts for approximately 60% of breast cancer and 

is linked to a favorable prognosis.4 Thirty percent of breast 
cancers are Luminal B (ER+ and/or PR+, and HER2+) and have 
a poor prognosis, elevated ki67 (>14%), a proliferation marker.5 
Ten percent of breast cancer have HER2 (ER-, PR-, and HER2+) 
and have a bad prognosis.6 Finally, among the molecular subtypes 
of breast cancer, 15-20% are triple-negative (ER-, PR-, and  
HER2-). This subtype is more aggressive and has a worse prognosis 
than the others, and it typically affects younger women.7

According to estimates, wealthy countries identify breast cancers 
at a rate of 80%, compared to 40% in underdeveloped countries.8,9

Breast Cancer Care released statistics showing that 60,000 
individuals are detected with breast cancer annually and that 1 in 
8 people will suffer from it at some stage in their lifetime.10 There 
are numerous alternatives for treating breast cancer patients as 
a consequence of ongoing advancements in surgical procedures. 
A significant variety of naturally derived products  have been 
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associated with the prevention of breast cancer in the last few 
decades. Patients can experience the highest quality of life and 
the fewest side effects with efficient breast cancer treatment.11

Different types of variables (endogenous and exogenous) that 
have various effects induce breast cancer.12 The capacity to control 
distant metastases may boost long-term survival, according 
to a substantial amount of research.13 Treatment for breast 
cancer relies on one or more mechanisms that can be affected 
by substances that are currently in use as anticancer medicines, 
whether they are natural or synthetic. Breast cancer management 
comprises a variety of therapeutic modalities, including hormone 
therapy, surgery, radiation, and chemotherapy. Multidrug 
resistance continues to be a difficult barrier in the treatment of 
breast cancer, which ultimately causes mortality. As a result, it 
is important to fully comprehend and analyze the molecular 
causes of cancer resistance and develop new medications that are 
specifically tailored to accomplish it.14

In the northeastern region of Asia, some plants including those 
in the Papaveraceae and Fumariaceae families contain protopine, 
an isoquinoline alkaloid.15 Protopine also known as corydinine 
or fumarine, has a role as a plant metabolite. Protopine shares 
several biological properties with other natural alkaloids, 
including anti-arrhythmic, anti-hypertensive, negative inotropic, 
vasodilator, anti-oxidative and neuroprotective, hepatoprotective, 
anti-microbial, anti-viral, cytotoxic and anti-proliferative.16 
Moreover, it has been proven to possess antitumor effects 
against a variety of malignancies, including pancreatic, prostate, 
and colon cancer.17-19 Previous investigation has reported that 
the compound  demonstrated anti-invasive and anti-adhesion 
impacts on  MDA MB-231 cells  and decreased the integrins 
expression as well as intercellular adhesion molecule-1.20

Phytochemicals have long been intriguing prospects for the 
formulation of new anticancer candidates. Recently, a study on 
Protopine exhibited anti-adhesive and anti-invasion effects in 
MDA-MB-231 cells where the expression of EGFR, ICAM-1, 
αv-integrin, β1-integrin and β5-integrin were remarkably 
reduced.21 The study shed light on the inhibition of heterotypic cell 
adhesion, however, the mechanisms of Protopine against cancer 
metastasis remain an aspect to be elucidated.21 Hence, the major 
purpose of the current investigation is to assess the anticancer 
potential of an alkaloid, Protopine in MDA-MB-231 cells. Further, 
its apoptotic process and ROS production ability were analyzed 
to evaluate its anticancer mechanism. MDA-MB-231 cell lines 
were chosen in this investigation as they represent triple-negative 
breast cancer (an aggressive subtype), providing valuable insights 
into potential therapeutic strategies.22

MATERIALS AND METHODS

Materials

Protopine and other chemicals were procured from Sigma 
Aldrich. The culture consumables as well as media were obtained 
from Sigma Aldrich. Abcam provided the ELISA kits.

Methods
Sample Preparation

For cytotoxic studies, 1% DMSO solution was added to the 
known amount of Protopine to make 1 mg/mL and stored at 4ºC 
until used.

In vitro Antitumor Activity of Protopine
MDA-MB-231 Cell Maintenance

MDA-MB-231 cells were maintained in DMEM medium with 
additives such as Na2 CO3 (1.5 g/L), L-glutamine (2 mM), sodium 
pyruvate (1 mM), amino acids (0.1 mM), HEPES buffer (10 mM), 
glucose (1.5 g/L), fetal bovine serum (10%) and 100 units/mL 
penicillin, and 100 μg/mL streptomycin (1%).

Cytotoxicity Estimation by WST-8 Assay

Cells (3×103 cells/mL) were seeded into each well of 96-well 
plates to examine the cytotoxicity of Protopine. The test 
compound was introduced at diverse concentrations (4, 8, 16, 
32, 64, and 128 µg/mL). The mitochondrial activity in converting 
2-(2-methoxy-4-nitrophenyl)-4-nitrophenyl)-3-(4-nitrophenyl)-
5-(2,4-disulfophenyl)-2H-tetrazolium monosodium salt (WST-8) 
to formazan was evaluated to determine the cell viability 24 hr 
after incubation.23 The concentration which resulted in a 50% 
(IC50) growth decline was recorded.

Examination of Apoptosis by Acridine Orange/
Ethidium Bromide (AO/EB) Staining

To evaluate the apoptotic efficacy of Protopine against 
MDA-MB-231 cells, the dual staining method was employed 
following the previously published protocol.24 The AO/EB 
staining approach is used to visualize nuclear changes and 
differentiate between viable, apoptotic (early or late stages), 
and necrotic cells.24 The cells were added to a 6-well plate and 
subjected to Protopine treatment at IC50 concentrations for 24 hr. 
Immediately after the treatment, the cells were incubated for 5 
min in a solution containing the dyes AO and EtBr. The cells were 
then rinsed with PBS. The cells were studied using a fluorescent 
microscope.

Investigation of Apoptosis by DAPI 
(4’,6-diamidino-2-phenylindole) Staining

Using fluorescence microscopy, cell morphology was evaluated 
after DAPI labeling.25 The cancer cells were exposed to the 
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compound Protopine (IC50) and incubated for 24 hr. The cells were 
then rinsed with PBS, fixed with ice-cold ethanol resuspended in 
DAPI, and left for 15 min while being covered in aluminum foil. 
Then cells were washed with PBS, the cells were afterward studied 
using a fluorescent microscope.

Analysis of Reactive Oxygen Species (ROS) by 
Dichloro-Dihydro-Fluorescein Diacetate (DCFH-DA) 
Staining

The analysis of intracellular Reactive Oxygen Species (ROS) 
was conducted using 2′,7′-Dichlorodihydrofluorescein diacetate 
(DCFH-DA).26 Dichlorofluorescein is formed when an 
intracellular esterase hydrolyzes DCFH-DA, which permeates the 
cell membrane. DCF is quickly converted to dichlorofluorescein 
by peroxidase in the presence of intracellular ROS. MDA-MB-231 
cells were inoculated and subjected to Protopine treatment (IC50). 
The cells were collected after 24 hr, and three PBS washes were 
carried out. Cells were extracted (1-20×106/mL), combined 
with  DCFH-DA (10 mmol/L), and then incubated for 20 min 
at 37ºC. The cells were washed thrice with medium to entirely 
neutralize DCFH-DA. After that, fluorescent  microscopy was 
employed to quantify the levels of cellular ROS.

Examination of DNA Damage by COMET Assay

The comet assay was employed to quantify DNA damage, following 
the established technique outlined by Lu and Yang (2017).27 
Approximately, 10,000 cells from control, doxorubicin-treated, 
and protopine-treated cells (IC50 concentration) were separated 
into aliquots and put in tubes at first. After that, the tubes were 
centrifuged for 10 min at 800-g centrifugation at 4ºC. After 
discarding the supernatant, the cells were resuspended in 
agarose (0.7%), and 35 µL of this suspension was used to coat 
high-throughput comet assay slides. The silicon barrier between 
these slides allows for the concurrent layering of 10 various 
samples on each slide. The slides were then immersed in an 
ice-cold lysis buffer for an overnight period at 4ºC in the dark to 
lyse the adhering cells and permits DNA to unfold. After being 
immersed in the lysis buffer, the slides were located in a buffer 
for 30 min for DNA to unwind. After that, electrophoresis was 
conducted for 20 min at 1 V/cm. Then slides were stained with 
EtBr (15 µL), neutralized in a Tris solution, and dehydrated in 75% 
methanol before being seen under a fluorescence microscope.

Statistical Analysis

The values of each experiment were examined statistically using 
one-way ANOVA and a post hoc Tukey post-test after being 
conducted three times. The results are revealed as mean±SD, and 
the statistical criterion for significance was fixed at p<0.05.

RESULTS

Anticancer Activity of Protopine by WST-8 
Cytotoxicity Assay

The cytotoxic ability of Protopine toward MDA-MB-231 cells was 
assessed via WST-8 assay, and the outcomes are given in Figure 
1. Our findings indicated that Protopine treatment remarkably 
declined the proliferation of breast cancer cells dose-dependently. 
At the high dosage of Protopine, the cell growth was diminished 
to 25%. This outcome displays Protopine's substantial cytotoxicity 
towards MDA-MB-231 cells. The IC50 value for the cells was 
determined to be 32 μg/mL; therefore this concentration of 
Protopine was applied for further experiments.

Assessment of Apoptotic Induction by AO/EtBr 
Staining

In apoptosis, ROS buildup within the cells is responsible for cell 
membrane alterations. Dual AO/EtBr  labeling was employed 
in the current study to assess membrane deformation related 
to apoptosis in MDA-MB-231 cells treated with Protopine as 
indicated in Figure 2. DNA of cells with intact cell membranes 
can be stained with the AO dye, rather than EB dye, which can 
only stain cells without complete cell membranes. Even though 
EtBr-positive cells were present in the treated groups, showing 
late apoptosis or dead cells following Protopine exposure (IC50), 
AO-positive, yellowish, and greenish fluoresced cells were 
observed after Protopine treatment (IC50).

Assessment of Nuclear Damage by DAPI Staining

Nuclear fragmentation as determined by DAPI staining. One of 
the distinctive characteristics of the apoptotic mechanism of cell 
death is nuclear fragmentation. Employing the DAPI dye, cell 
morphological alterations, and apoptosis-related cell death were 
investigated. Protopine's ability to cause apoptosis was revealed 
by the fragmented apoptotic bodies as well as smaller nuclei in 

Figure 1:  The experiment displays the outcomes of a cell cytotoxicity assay 
utilizing WST-8 and Protopine in MDA-MB-231 cells in 96-well plates at 

various doses. Experiments were performed in triplicate to calculate the IC50 
value, and representative data for the dose that results in a 50% inhibition of 

cell growth are presented. 
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the Protopine-exposure cells as opposed to the healthy nucleus in 
the untreated cells (Figure 3A). The results therefore showed that 
Protopine increased the DNA damage in the cells and triggered 
cell death by apoptosis when compared with control.

Analysis of ROS Levels by DCFH-DA Staining
The ROS can damage cells in a variety of ways and affect both the 
apoptotic process and cell development. We thus investigated the 
ROS-generating capacity of Protopine by employing DCFH-DA 
labeling to ascertain the reason for the cytotoxicity noticed 
in MDA-MB-231 cells. The exposure to IC50 concentration 
of  Protopine and Doxorubicin resulted in increased green 

fluorescence, which shows that the treated cells generated higher 
levels of ROS (Figure 3B). Therefore, it was demonstrated that 
Protopine generated ROS in breast cancer cells, suggesting that 
Protopine triggered oxidative stress-mediated cell death in these 
cells.

Assessment of DNA Damage Via Comet Assay
Figure 4 depicts the effect of Protopine and Doxorubicin treatment 
on the level of DNA injury by comet assay in MDA-MB-231 
cells. The compound induced DNA alterations and significantly 
lengthened comet tails. The figure demonstrates that comet 
production increased in the treated cells while it was absent in 

Figure 2:  Effect of Protopine induces apoptotic induction in MDA-MB-231 
cells. The cells were subjected to Protopine (IC50) and Doxorubicin (10 

µM) treatment and untreated cells as controlled for 24 hr. The cells were 
then stained with dual-dye AO/EB and investigated using the fluorescent 

microscope. Red-stained cells represent the early stages of apoptosis, orange 
fluorescence reveals apoptotic cells and green fluorescence shows unaffected 

MDA-MB-231 cells.

Figure 3:  A) DAPI staining was employed to analyze apoptosis in 
MDA-MB-231 cells after 24 hr of treatment with Protopine (IC50). Control cells 

(a), cells treated with IC50 of Protopine (b), and DOX (c). B) A fluorescence 
microscopic picture of intracellular ROS generation triggered by Protopine 
cells stained with DCF-DA dye. Control cells (a) cells treated with Protopine 
(IC50), (b) and DOX (c). The representative microphotographs were captured 

during the study in triplicate and magnified 20X.

Figure 5:  Protopine inhibits MDA-MB-231 cell growth and induces apoptosis. 
Levels of caspase-3, 8, and 9 in cells were measured via ELISA. Results were 

computed using the mean±SD of 3 distinct investigations. One-way ANOVA 
was employed to examine the data. Treated groups vs. control group, *p<0.05 

and **p<0.001.

Figure 4:  Effect of Protopine on DNA damage of MDA-MB-231 cells was 
analyzed by comet assay. The cells were subjected to Protopine (IC50) and 

Doxorubicin (10 µM) treatment as a positive control for 24 hr. Results were 
computed using the mean±standard deviation of six distinct investigations. 

Treated groups vs. control group, *p<0.05 and **p<0.001. 
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the untreated cells. According to these results, Protopine and 
Doxorubicin treatment appeared to have damaged the DNA of 
breast cancer cells.

Estimation Of Caspase-3, -8, And -9 Levels in Cells

To investigate whether promotion or inhibition of apoptotic 
protein expressions including caspase-3, 8, and 9 are involved in 
Protopine and Doxorubicin-induced apoptosis on MDA-MB-231 
cells, the determination of these proteins was executed using the 
ELISA kit methods. The outcomes of the study into the influence 
of compound exposure on caspase 3, -8, and -9 levels are shown 
in Figure 5. Caspase levels were considerably elevated in treated 
cells after receiving an IC50 concentration of Protopine.

DISCUSSION

The most frequently occurring type of malignancy among 
women is breast cancer. Because researchers worldwide have 
been working on novel treatments, the most recent statistics 
on cancer reveal that women worldwide suffer from breast 
cancer at the highest incidences of morbidity and mortality.28 
Tumor formation is initiated by an imbalance between cellular 
proliferation and apoptosis. Extensive research has been 
conducted on inhibiting tumor cell growth and inducing cell death 
through the activation of the apoptotic pathway. This is because 
the apoptosis process is responsible for programmed cell death 
and is considered a promising approach for cancer treatment.29,30 
The stimulation of the apoptotic mechanism is employed 
in a range of cancer treatment options, according to several 
research. Several naturally occurring, plant-derived substances 
with exceptional  apoptosis-based cancer prevention efficacy 
are among them.31-33 This indicates that incorporating herbal 
substances to influence the apoptosis pathway can be an efficient 
strategy to develop anticancer treatments.34 Consequently, the 
current study's goal is to provide a better understanding of cell 
death and the molecular mechanism by which Protopine initiates 
apoptosis in MDA-MB-231 cells.

The tetrazolium salt WST-8 has been commonly employed to 
assess  cell viability. It is a water-soluble  tetrazolium salt that, 
when analyzed, converts into a formazan product. As a result, it 
has been utilized to evaluate cell viability with the least possible 
margins for error.35 It was established that Protopine exhibited a 
concentration-dependent tendency to reduce the growth of 
MDA-MB-231 cells. A similar dose-based growth reduction was 
reported when Protopine was tested against human osteosarcoma 
cells, cervical cancer cells, prostate cells, and breast tumor 
cells.18,19,36,37

The development of the immune system, cell homeostasis, and 
drug-stimulated cell death are all considered to be significantly 
influenced by apoptosis.38 As an outcome of studies demonstrating 
that some chemo-preventive therapies function to prevent 
cancer by modulating the  apoptotic process there is a chance 

for innovative medications that may be beneficial in managing 
cancer.39 A better understanding of the Protopine-induced cell 
death process was established by employing the AO/EB staining 
method to examine morphological alterations in connection to 
apoptosis.24 The viable cells fluoresced green owing to the ability of 
AO to penetrate the cell membranes, however, the apoptotic 
cells fluoresced orange because of shrinkage of the nucleus, 
demonstrating the initiation of apoptosis. A similar observation 
of cell shrinkage, nuclear fragmentation as well and condensation 
along with the appearance of apoptotic entities was found when 
protopine-containing plant extract was treated with lung tumor 
cells.40 One of the most apparent indicators of the apoptotic cell 
death process is the fragmentation of the nucleus. The  DAPI 
agent is usually utilized to assess apoptosis-linked cellular death 
and morphological alterations in cells.41 The fragmentation of 
DNA and abnormal cell size, causing cells to constrict and shrink, 
are two traits that indicate the start of apoptosis in cancerous 
cells.42 When compared to untreated cancer cells, cells with the 
IC50 concentration of protopine showed abnormal morphology, 
exhibiting shrinkage and an unclear nucleus shape. This is a result 
of DNA fragmentation of tumor cells, which leads to apoptosis. 
In previous studies, Protopine has been documented to induce 
similar chromatin condensation in prostate cancer cells.18 
Oxidative stress produced  by excessive ROS production harms 
cell structures as well as may trigger cell death processes.43-45 
The amount of ROS produced within the cells was determined 
by utilizing the ROS-sensitive DCFDA probe to ascertain if ROS 
participated in the Protopine-induced cell death. Increased green 
fluorescence in the  Protopine-treated cells suggested increased 
intracellular ROS generation.

The molecular basis for Protopine's apoptotic action was also 
revealed. The extrinsic and intrinsic pathways are the two main 
signalling pathways involved in apoptosis, and the important 
components involved are members of the caspase family. 
Representative caspases implicated in the extrinsic and intrinsic 
routes, respectively, include caspase-8 and caspase-9.46,47 The 
active forms of procaspases, caspase-8, and caspase-9, and 
caspase-3  were elevated in Protopine  treated breast tumor 
cells. These results suggest cell death via the caspase-dependent 
apoptotic route.

CONCLUSION

This study aimed to elucidate the anti-tumor effects of Protopine 
on MDA-MB-231 cells. An investigation was conducted to 
examine the effects of Protopine on cell proliferation, induction 
of apoptosis, buildup of ROS, and levels of caspase proteins. Our 
research indicates that Protopine's ability to kill cells is controlled 
by initiating apoptosis, a process that is supported by elevated 
levels of ROS and caspases, as well as the results of AO/EB and 
DAPI staining. An increased concentration of ROS leads to the 
disruption of cell membranes, ultimately ending in apoptosis. 
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In summary, the results demonstrate that Protopine effectively 
suppressed cell proliferation by increasing the amounts of ROS, 
triggering DNA fragmentation and apoptosis, ultimately resulting 
in cell death through a caspase-dependent pathway. Additional 
investigation into this theoretical framework, including the study 
of interactions between genes, the role of proteins, and signaling 
pathways has the potential to facilitate the development of a 
remarkably potent anti-cancer drug specifically designed for the 
treatment of breast cancer.
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SUMMARY

Protopine, an isoquinoline alkaloid derived from the Papaveraceae 
and Fumariaceae plant groups, exhibits potent anticancer activity 
against a wide range of cancer types, including breast cancer. This 
study provides evidence that Protopine effectively suppressed 
cancer cell growth by elevating levels of reactive oxygen species 
(ROS), inducing DNA breakage and apoptosis, ultimately leading 
to cancer cell death via a caspase-dependent pathway.
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