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INTRODUCTION 
According to the GLOBOCAN 2022 report, breast 
cancer is the most commonly diagnosed cancer 
among women globally, with approximately 2.3 
million new cases, accounting for 11.6% of all cancer 
diagnoses. It is also the leading cause of cancer-
related death among women, resulting in an 
estimated 665,000 deaths worldwide, which 
represents 15.4% of all cancer deaths in females. 
Higher incidence rates are observed in transitioned 
countries than those in transitioning countries;  

 
however, transitioned countries have lower mortality 
rates, partly due to better detection practices (1). 
Despite advancements in therapy options and early 
detection, breast cancer continues to be a significant 
public health challenge. Particularly triple-negative 
breast cancers are of critical importance due to their 
aggressive nature and limited treatment options, 
making targeted research and the development of 
potential therapeutic strategies essential. 
Aconitine, a dominant alkaloid found in the Aconitum 
plants, has been widely studied for its potent 

ABSTRACT 
Purpose: Aconitine, a potent alkaloid from Aconitum plants, has shown promising anticancer properties. 
The aim of the study is to investigate the effects of aconitine on lateral migration, and matrix 
metalloproteinase (MMP) activity in MDA-MB-231 triple-negative breast cancer cells. 
Material and Methods: A WST-1 viability assay was conducted to determine the effect of aconitine on 
the viability of MDA-MB-231 cells. Following treatment with non-cytotoxic doses of aconitine, lateral 
migration was evaluated through wound healing assays. Additionally, gelatin zymography was conducted 
to analyze MMP-2 and MMP-9 activity and secretion levels. 
Results: Aconitine concentrations up to 200 μM did not significantly affect cell viability for up to 72 hours, 
whereas higher doses (400-600 μM) reduced viability in a time-dependent manner. Aconitine at 200 μM 
showed a trend towards decreased lateral motility, with a significant reduction at 9 hours post-treatment. 
Gelatin zymography revealed no alterations in MMP-2 and MMP-9 activity or secretion levels following 
aconitine treatment. 
Conclusion: Aconitine demonstrates limited efficacy in modulating the migratory capacity of MDA-MB-
231 cells and does not affect gelatinase activity. Further investigation into underlying mechanisms is 
necessary, potentially leading to novel therapeutic strategies for triple-negative breast cancer. 
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pharmacological and toxicological properties. Despite 
its narrow therapeutic index, aconitine is utilized in 
traditional Chinese medicine for various conditions 
such as joint pain, gastroenteritis, and rheumatoid 
arthritis due to its antipyretic, analgesic, and anti-
inflammatory activities (2). Recent research has 
increasingly focused on its potential applications and 
risks in cancer therapy. Studies have demonstrated 
that aconitine exhibits promising anticancer 
properties by inhibiting cell proliferation, inducing 
apoptosis, and disrupting cancer cell signaling 
pathways (3). Despite its potential benefits, the high 
toxicity of aconitine poses significant challenges for 
its therapeutic application. The narrow therapeutic 
window and severe cardiotoxic effects necessitate 
careful consideration and rigorous research to 
harness its anticancer potential safely (2).  
Matrix metalloproteinases (MMPs) are a family of 
calcium- and zinc-dependent endopeptidases that 
play a crucial role in turnover of extracellular matrix 
(ECM) remodeling and degradation. These enzymes 
are capable of cleaving various ECM components, 
including collagens, elastin, and proteoglycans. 
Moreover, MMPs can activate growth factors and 
cytokines, further supporting tumor growth and 
progression (4). They also promote tumorigenesis 
including inflammation, epithelial-mesenchymal 
transition, angiogenesis, cell migration and 
metastasis (4–7). Notably, gelatinases, MMP-2 and 
MMP-9 have been implicated in the degradation of 
type IV collagen, a major component of the basement 
membrane, thereby promoting tumor cell invasion 
(4,5). These findings highlight the potential of MMP 
inhibitors as promising anti-metastatic therapeutic 
agents in cancer treatment. 
The aim of this study was to explore whether 
aconitine affects the lateral migration of MDA-MB-231 
breast cancer cells and its role in modulating the 
secretion and activity of MMP-2 and MMP-9. This 
study seeks to enhance our understanding of 
aconitine's potential as a therapeutic agent in 
targeting metastasis-related processes in aggressive 
breast cancer phenotype. 
 
MATERIAL AND METHODS 
Ethical Considerations 
Ethical approval was obtained from the Health 
Sciences Research Ethics Committee of Izmir 
University of Economics, Izmir, Turkey (Date: 
12.08.2024, No: B.30.2.İEÜSB.0.05.05-20-317). 
 

Cell Culture  
Triple-negative human breast cancer cell line MDA-
MB-231 (obtained from ATCC) was cultured in 
Dulbecco’s Modified Eagle Medium (DMEM) (Gibco) 
supplemented with 4 mmol/L L-glutamine and 5% 
fetal bovine serum (FBS) (Gibco) but devoid of phenol 
red and antibiotics. These cells were maintained at 
37°C in a humidified incubator with a 5% CO2 
atmosphere. The media were changed every 2-3 
days, and when the cells reached 70-80% 
confluency, they were detached using 0.25% Trypsin-
EDTA (Gibco) for subculturing or experimentation. 
 
Pharmacology 
Aconitine (purchased from Sigma-Aldrich) was 
initially prepared as a 13 mM primary stock solution 
in ethanol (EtOH) and stored at -20°C until use. An 
intermediate stock solution of 2 mM aconitine was 
prepared by diluting the primary stock solution with 
the culture medium. The ethanol concentration 
corresponding to the highest dose of aconitine used 
in the experiment was utilized as the solvent control. 
During the experiments, the culture media were 
refreshed every 24 hours, regardless of whether or 
not they contained the added agent. 
 
Cell Viability 
WST-1 colorimetric assay was performed in order to 
assess the effect of aconitine on cell viability. In brief, 
1 × 104 MDA-MB-231 cells were seeded into a 96-
well plate and incubated for 24 hours for adherence. 
Cells were subsequently treated with varying 
concentrations of aconitine (50µM - 100µM - 200µM - 
400µM - 600µM) and corresponding solvent control 
(4.6 % EtOH) or left untreated for 24, 48 or 72 h. At 
each time point, 10 µL of WST-1 reagent (Roche 
Diagnostics, Basel, Switzerland) was added to each 
well, and the plates were incubated for an additional 
2 hours at 37°C in a humidified atmosphere with 5% 
CO2. Absorbance was measured at 450 nm, with 
background correction at 620 nm. The percentage of 
cell viability was calculated using the formula: Cel 
viability (%) = A treated cells/A untreated control × 
100 (where A is absorbance). 
 
Lateral Motility 
The motility behavior of MDA-MB-231 cells was  
evaluated with wound healing assay as described 
previously (8). Briefly, 3x105 cells were plated in a 24-
well plate and the next day pre-treated with aconitine  
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(200 μM), solvent control (0.77 % EtOH) or left 
untreated for 24h.  A wound across the cell monolayer 
was created with a sterile 200μl micropipette tip. 
Following the wound creation, the cells were washed 
with phosphate-buffered saline (PBS) to remove any 
debris, and then the media with 1% FBS with agent 
or solvent was added to the wells. The migrated cell 
area was monitored at specified time intervals (0, 6, 9 
and 24 h) using a microscope, and images were 
captured over time for the wound closure analysis.  
Wound widths were measured using Image J 
program MRI wound healing tool and lateral motility 
was calculated using the following equation:  
Motility index, MoI (%) = [1- (wound width at given 
time/initial wound width)] x100. 
 
Gelatin Zymography 
MDA-MB-231 cells were treated with 200 μM 
aconitine or solvent control (0.77 % EtOH) in 
complete medium for 48 hours. Following this 
treatment, the cells were transferred to serum-
reduced (1% FBS) media containing either the agent 
or the solvent for an additional 24 hours. After the 
incubation period, the media were collected, and 
loaded together with a molecular weight marker 
(PageRuler Pre-stained Protein Ladder, Thermo 
Fisher Scientific, USA) into 1 mg/mL gelatin 
copolymerized SDS-PAGE gels, which were then 
electrophoresed at 4 °C. The zymogram gels were 
then washed with 2.5% Triton X-100, and 
subsequently incubated in a development buffer 
composed of 50 mM Tris-base, 50 mM NaCl, 1 mM 
CaCl₂, and 0.05% Brij 35 (pH 7.6) at 37 °C for 48 
hours. The gels were stained using Coomassie Blue 
R-250 solution and destained in a solution of 40% 
methanol and 10% acetic acid. The band locations for 
MMP-2 and MMP-9 in the gel were validated using 
recombinant MMP-2 and MMP-9 proteins, as 
previously reported (8). Gel images were captured 
using the UVP gel documentation system (UVP Ltd., 
UK), and band densities were analyzed with the UVP 
Bioimaging system utilizing LabWorks 8.20 Image 
Acquisition Software (UVP Ltd., UK). The levels of 
gelatinolytic activity were expressed as protease 
activity calculated using the formula: [area (mm²) x 
optical density / μg protein]. 
 
Statistical Analysis 
Data analyses were conducted using Graph Pad 
Prism 10.2.3 software (Graph Pad Inc, US). Data 
were represented as means ± standard deviations 

(SD). We performed the experiments in duplicate 
(technical replicates) and calculated the mean of 
each technical replicates. The mean value from each 
independent replicate was then used in our final 
statistical analysis. Consequently, our statistical 
calculations were based on the three mean values 
obtained from each independent replicate, rather than 
pooling all technical replicates together. First, the 
normality of the data distribution was confirmed with 
the Shapiro–Wilk test. Next, statistical significance 
was assessed with either two-way ANOVA, or, for 
unequal group sizes, the mixed-effect analysis. Tukey 
test or Dunnett’s tests were utilized for the multiple 
group comparisons. Statistical significance was 
defined as follows: *p < 0.05; **p < 0.01 
 
RESULTS 
The effect of aconitine on MDA-MB-231 cell 
viability 
We initially investigated the impact of varying 
concentrations of aconitine on the viability of MDA-
MB-231 cells. The data revealed that after 24 hours, 
400 μM aconitine treated-MDA-MB-231 cells 
exhibited a notable but not statistically significant 
reduction in viability (12.9% reduction) compared to 
the solvent control group (p > 0.05; n = 3; Figure 1). 
As the treatment duration increased to 48 and 72 
hours, further declines in viability were observed in 
response to aconitine concentrations. In this context, 
significant decreases in viability were observed at 400 
μM aconitine after both 48 h (31.9 % reduction, p < 
0.05; n = 3) and 72 h (50.5 % reduction, p < 0.05; n = 
2), as well as at 600 μM aconitine after 48 h (46.1 % 
reduction, p < 0.01; n = 3) and 72 h (76 % reduction, 
p < 0.05; n = 2) of exposure (Figure 1). Notably, 
treatment with aconitine at concentrations of up to 
200 μM for periods up to 72 hours did not significantly 
affect the viability of MDA-MB-231 cells (p > 0.05; n = 
4; Figure 1). Consequently, aconitine treatments were 
restricted to non-cytotoxic doses of 200 μM 
administered for a maximum of 72 hours, for further 
analysis.  
 
Aconitine decreases MDA-MB-231 cell motility in 
time dependent manner 
Next, we conducted a wound-healing lateral migration 
assay to evaluate the effect of 200 μM aconitine on 
the motility of MDA-MB-231 cells. As reported 
previously (8), we again confirmed the high motility 
capacity of MDA-MB-231 cells, as evidenced by an 
increase in the motility index (MoI) of the untreated 
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control group over time, as follows: 33% at 6 h, 52% 
at 9 h, and 99% at 24 h (n = 3; Figure 2a and b). The 
solvent control (0.77% v/v EtOH) showed no 
significant effect on cell motility (p > 0.05; n = 3; 
Figure 2A and B). 
Importantly, treatment with aconitine (200 μM) 
showed a trend towards decreased lateral motility, 
with MoI values of 25% (n = 3) at 6 h, 36% (n = 2) at 
9 h, and 95% (n = 3) at 24 h, compared to the control 
groups (Figure 2A and B). Although this trend was not 
statistically significant overall (p > 0.05), the MoI value 
at 9 h was significantly decreased in aconitine-treated 
cells compared to the untreated control group (n = 2; 
p < 0.05; Figure 2A and B). These results suggest that 
aconitine slightly inhibits the lateral motility of MDA-
MB-231 cells in a time-dependent manner. 
 
Aconitine did not alter the activity and secretion 
levels of MMP-2 and MMP-9 in MDA-MB-231 cells 
We also performed the gelatin zymography to 
investigate whether aconitine affects gelatinase 
activity and secretion in MDA-MB-231 cells. Gel 
analysis revealed that treatment with non-cytotoxic 
doses of aconitine (200 μM) did not alter the activity 
and secretion levels of either MMP-2 or MMP-9 
(Figure 3A and B). This suggests that the inhibitory 
effect of aconitine on cellular motility may occur 
through an MMP-independent mechanism. However, 
this conclusion is based on a single biological repeat, 
and therefore, further replications are needed to 
confirm our result. 

DISCUSSION 
Triple-negative breast cancer (TNBC) presents 
significant therapeutic challenges due to the absence 
of hormone receptors, highlighting an urgent need for 
novel therapeutic strategies. The use of MDA-MB-
231 cells, a well-established model for aggressive 
TNBC, can contribute insights into potential 
treatments. This study focused on the anti-migratory 
effects of aconitine, a potent alkaloid derived from the 
Aconitum plant, on the highly metastatic and 
aggressive TNBC MDA-MB-231 cell line. Our key 
findings are: i) Up to 200 μM of aconitine had no effect 
on MDA-MB-231 cell viability, ii) Aconitine exhibited a 
slight inhibitory effect on cellular motility, though 
overall results were not statistically significant, and iii) 
Non-cytotoxic doses of aconitine did not alter 
gelatinase secretion and activity in MDA-MB-231 
cells. These suggest that aconitine may have only 
limited efficacy in modulating pathways associated 
with TNBC metastasis. 
Aconitine has been characterized as a proarrhythmic 
agent that can open tetrodotoxin-sensitive Na+ 
channels, leading to persistent activation, a 
continuous influx of Na+, prolong the action potential 
and inducing cardiac arrhythmias (9-11). However, 
recent studies indicate that aconitine may exert 
effects beyond Na+ channel activation. Studies have  
demonstrated the aconitine and its derivatives can 
inhibit tumor growth by affecting various signaling 
pathways and inducing apoptosis in multiple cancer 

 
Figure 1. Effect of aconitine on MDA-MB-231 cell viability. MDA-MB-231 cells were treated with varying 
concentrations of aconitine (50µM - 600µM) or solvent control (4.6% EtOH) for 24, 48, and 72 hours. Cell viability 
was assessed using the WST-1 assay. Each bar presented as mean ± SD. *p < 0.05, **p < 0.01 compared to solvent 
control 
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types, including pancreatic cancer (12),  melanoma 
(13), and hepatocellular carcinoma (14).  
Despite these findings, relatively few studies have 
reported on the effects of aconitine on cancer cell 
migration and invasion (15-19). For instance, 
aconitine has been reported to inhibit migration in 
MHCC97 hepatoma carcinoma cells (15).  
Conversely, another study revealed that aconitine 
increased the motility of MAT-LyLU prostate cancer 
cells by 15%, but had no effect on  AT-2 prostate 
cancer cells (16).  Meanwhile, Feng et al. showed that 
the aconitine derivative, hypaconitine, reversed 
induced TGF-β1 induced epithelial-mesenchymal 
transition (EMT) and suppressed migration and 
invasion in A549 lung cancer cells (17). Guo et al.  

found that co-treatment of aconitine with osthole and 
psoralen inhibited cancer cell invasion, primarily by 
modifying the TGF-β/Smad signaling pathway and 
decreasing the levels of NF-κB and RANK expression 
in MDA-MB-231BO breast cancer cells metastatic to 
bone (18). Notably, in A2780 ovarian cancer cells, 
aconitine decreased protein expression levels of 
MMP-2 and MMP-9 and cellular migration in dose 
dependent manner (19). Our investigation into the 
effect of aconitine on migration and gelatinases in 
TNBC cells uncovered a slight inhibition of lateral 
migration in MDA-MB-231 cells without a 
corresponding effect on the extracellular activities of 
MMP-2 and MMP-9. 
 
 

 
Figure 2. Impact of aconitine on lateral motility of MDA-MB-231 cells. A) Representative images of wound healing 
assay at 0, 6, 9, and 24 hours post-wounding (4x magnification). Cells were treated with 200 μM aconitine, solvent 
control (0.77% v/v EtOH), or left untreated. B) Lateral motility expressed as percentage of Motility Index (MoI%). Data 
are presented as mean ± SD. **p < 0.01 compared to untreated control 
 

 
Figure 3. Effect of aconitine on MMP-2 and MMP-9 activity in MDA-MB-231 cells. A) Representative zymogram image 
showing gelatinase activity in conditioned media from MDA-MB-231 cells treated with 200 μM aconitine or solvent 
control (0.77% EtOH) for 72 hours. B) Quantification of band intensities is shown. Data are from a single biological 
repeat. MWM: Molecular Weight Marker 
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Limitations  
While our study provides valuable insights into the 
effects of aconitine on MDA-MB-231 cells, it is limited 
by insufficient replication of viability, motility and 
gelatin zymography assays, as well as the lack of 
invasion assays. These limitations necessitate further 
investigation to confirm the reliability of these results 
and clarify the potential therapeutic application of 
aconitine for TNBC. Additionally, since the effect of 
aconitine on cell viability was observed only at high 
doses (600 μM), we used an ethanol concentration of 
4.6%, corresponding to this dose, even though it is 
relatively high. However, for the main experiments 
(zymography and motility), we applied ethanol 
concentrations (0.77 %) within the recommended 
range of 0.1-1%. 
 
CONCLUSION 
Overall, our findings suggest that aconitine may have 
limited efficacy in modulating the migratory capacity 
of the MDA-MB-231 TNBC cells, and does not affect 
the gelatinase activity. Future investigations should 
focus on four areas: i) exploring the molecular 
mechanisms underlying the effects of aconitine on 
migratory pathways, including the role of protease 
regulators, ii) conducting invasion assays to fully 
understand aconitine's impacts on metastatic 
behavior, iii) examining potential synergistic effects of 
aconitine with other anti-cancer compounds, and iv) 
conducting in vivo studies to elucidate the anti-
metastatic potential of aconitine in a more complex 
physiological context. 
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