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ABSTRACT
Background: Considering the resistance of melanoma to standard treatment protocols, the possibility of metastasis 

and the high mortality risk, the selection of new alternatives seems to be necessary. Compounds of natural origin 

are a promising option in anti-cancer therapy. One of them — sanguinarine has a wide spectrum of pro-health 

properties. Thus, the study aimed to assess the effect of the alkaloid on selected melanoma cellular models.

Material and methods: Two types of melanoma cell lines were used in the study — A375 and RPMI-7951.  

The cells were treated with sanguinarine at concentrations ranging from 0.1 to 2 µM for 24 and 48 h. The 

influence of the alkaloid on such processes as cell death, cell cycle, organization of the main cytoskeletal 

proteins and migration potential was assessed. In addition, the sensitivity of selected cell lines to sangui-

narine was evaluated based on the MTT assay.

Results: The results showed that sanguinarine caused a dose-dependent decrease in cell survival compared 

to the untreated control. Further studies confirmed that it resulted from the pro-apoptotic and anti-prolifer-

ative action of the alkaloid. There were also significant changes in the organization of cytoskeletal proteins 

and the number of cells visible after fluorescent labelling. Moreover, in A375 cells, characteristics of entosis 

and mitotic catastrophe were noted. Sanguinarine-induced impaired cell migration was also confirmed. 

Conclusion: According to the authors’ knowledge, they are the first to present the influence of sangui-

narine on the basic life processes of the RPMI-7951 cell line and supplement the knowledge regarding the 

A375 melanoma cells. The present results confirm the anticancer properties of the alkaloid (cytotoxicity, 

anti-migratory and pro-apoptotic effect).
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Introduction

Nowadays, cancers are one of the leading causes 
of death, second only to cardiovascular diseases. The 
rise in their occurrence is a severe diagnostic problem. 
Melanomas — malignant cancers originating from me-
lanocytes are the most rapidly increasing malignancy 
in the population, which follow lung cancer in mortality 
rate. Early recognition and excision of affected tissue 
are key to positive outcomes [1]. Out of many different 
Melanoma subtypes, three are considered the most 
common: Superficial Spreading Melanoma (SSM, the 
most common type), Nodular Melanoma (NM), and Len-
tigo Maligna Melanoma (LMM) [2, 3]. Melanomas in the 
vertical growth phase show metastatic capability, which 
makes them more difficult to cure once the process has 

begun. If surgery cannot be performed, for example, 
in metastatic disease, radiotherapy, phototherapy, or 
chemotherapy can be applied [1, 3]. The effect of these 
therapies might vary as they can impair quality of life 
and further recovery. Thus, alternative therapies are 
sought. One of the possibilities is the use of alkaloids, 
for example, sanguinarine [4, 5].

Alkaloids are plant metabolites used both in natural 
medicine as well as in conventional therapies. Apart 
from their widely known uses as antibacterial, antifungal, 
or anti-inflammatory agents, they are tested for their 
anticancer properties as they target multiple signalling 
pathways and influence the ability of cancer cells to 
proliferate and differentiate [6, 7]. Studies show that 
alkaloids are effective against many types of cancers, 
for example, lung, colon, breast, and skin [5]. 
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Sanguinarine (SAN) is a benzo phenanthridine 
alkaloid found in multiple herbs, most commonly in 
Sanguinaria Canadensis. As with many alkaloids, it also 
exhibits antioxidant, anti-inflammatory, proapoptotic, 
and antiproliferative activities in many types of cancer, 
as shown in both in vitro and in vivo studies [5, 7]. For 
example, studies on non-small cell lung cancer have 
shown that SAN caused growth inhibition, reduced 
colony-forming abilities, and increased apoptotic cell 
population [7, 8]. Moreover, the use of the alkaloid in 
melanoma has been widely studied in recent years. Its 
antineoplastic potential makes it an attractive alternative 
to conventional therapy, which may lack efficiency [4, 
5]. Sanguinarine is toxic to most cells, which may be 
due to DNA intercalation, inhibition of ion pumps and 
interaction with cytoskeletal components. At higher 
doses or in direct contact with skin it can cause tissue 
necrosis, but used at low doses, SAN exhibits specificity 
to cancer cells [9, 10].

The study aimed to determine the effectiveness and 
optimal concentration of sanguinarine on the A375 and 
RPMI-7951 melanoma cell lines. To the authors’ knowl-
edge, they are the first to show the impact of SAN on 
the RPMI-7951 cell line.

Material and methods

Cell culture, treatment and MTT assay

The research material was two human melanoma cell 
lines (A375 and RPMI-7951) obtained from ATCC (Amer-
ican Type Culture Collection). The cells were cultured as 
monolayers using DMEM (Dulbecco’s Modified Eagle 
Medium, Lonza) and EMEM (Eagle’s Minimum Essential 
Medium, Lonza), respectively. The culture media were 
supplemented with 10% foetal bovine serum (FBS, Sigma 
Aldrich) and antibiotics (penicillin/streptomycin, Sigma-Al-
drich). The cell culture was carried out in an incubator 
under optimal growth conditions: constant humidity of 
95%, a temperature of 37°C, and an air atmosphere with 
5% CO2 concentration. A375 and RPMI-7951 cells were 
treated with SAN in doses: 0.1, 0.5, 1, 1.5, and 2 μM.  
24 and 48 h after treatment, an MTT cytotoxicity assay was 
performed. Based on the results, three alkaloid concen-
trations were selected for further analysis - 0.1, 0.5, and 
1 μM. The cells were incubated with the compound for 
24 and 48 h. The control consisted of cells grown under 
identical conditions without sanguinarine.

Cell death and cell cycle analysis

A375 and RPMI-7951 cells grown in 12-well plates 
were detached using trypsin. To analyse cell death 
the cell pellet was resuspended in 100 μl ABB (Annex-
in-binding buffer) supplemented with 5 μl AV (Annexin 

V) and 1 μl PI (propidium iodide) and incubated in the 
dark for 20 min at room temperature (Life Technologies; 
Thermo Fisher Scientific, Inc). In turn, for cell cycle anal-
ysis the cells were fixed in Cytofix/Cytoperm Fixation 
Permeabilization Solution (30 min, RT, BD Biosciences), 
washed with Perm/Wash Buffer (BD Biosciences) and 
centrifuged (5 minutes, 300 x g). After discarding the 
supernatant, the cell pellet was resuspended in 80% 
ice-cold ethanol and placed at -20°C for a minimum 
of 24 h. The samples were centrifuged, and the super-
natant was removed. After washing with PBS, the cell 
pellet was resuspended in 200 μl FxCycle™ PI/RNase 
Staining Solution (BD Biosciences) and incubated for 
30 minutes in the dark. In both methods, the last step 
was analysis in a flow cytometer (Guava EasyCyte 
6HT-2L Cytometer (Merck KGaA) and FlowJo software 
(version 10.07; FlowJo LLC).

Organization of main cytoskeleton proteins

Actin filaments and vimentin were labelled in the 
control and SAN-treated cells (0.1, 0.5, and 1 μM) with 
different exposure times: 24 h and 48 h. In the first step, 
cells were fixed in 4% paraformaldehyde for 20 minutes 
and washed with PBS (3x 5 min, RT). The next step 
was the permeabilization of the cell membrane using 
a 0.25% Triton X-100 solution. The cells were incubated 
for 20 minutes in a 4% BSA solution (Sigma-Aldrich) 
to block the background and eliminate non-specific 
antibody binding. After this time, the mouse primary 
anti-vimentin antibody (Invitrogen) was applied at 
a 1:100 dilution and incubated for one hour. After wash-
ing with PBS (3x 5 min, RT), the research material was 
incubated for an hour with the anti-mouse secondary 
antibody conjugated with Alexa Fluor 594 (Invitrogen). 
F-actin was stained with phalloidin conjugated to Alexa 
Fluor 488 (Invitrogen) at a dilution of 1:40 (20 min). To 
visualize cell nuclei, cells were stained with DAPI (Sig-
ma-Aldrich) for 10 minutes and washed with PBS (3x 
5 min, RT). In the last stage, slides with preparations 
were sealed in Aqua-Poly/Mount medium (Polyscienc-
es) and analysed using a laser scanning confocal mi-
croscope C1 (Nikon) with an immersion objective and 
a magnification of 60x. The Nikon EZ-C1 3.80 program 
was used for computer image analysis.

Analysis of transwell migration assay

To assess migratory abilities, control and SAN-treat-
ed cells (24 h and 48 h) were detached with trypsin and 
seeded at a density of 100 000/transwell for another day 
on inserts with 0.8 μm pores in medium with 1% FBS 
(upper compartment) placed in a 24-well plate in medi-
um supplemented with 15% FBS (lower compartment). 
Next, the cells were fixed using 4% paraformaldehyde 
and 80% methanol. The cells from the lower chamber 
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were labelled with 0.4% crystal violet, while cells that 
did not migrate to the other side of the membrane were 
removed (upper chamber). The inserts were photo-
graphed using an Eclipse E800 microscope (Nikon) 
equipped with a DS-5Mc-U1 CCD camera (Nikon) and 
an image analysis system NIS-Elements (version 3.30; 
Nikon).  Cells were counted and their number was 
compared to the control group.

Statistical analysis of data

Statistical analysis of the obtained results was carried 
out using two tests: the non-parametric Wilcoxon test of 
two groups of variables (MTT assay) and non-parametric 
2way ANOVA with Dunnett’s multiple comparisons tests 
(cell cycle), Kruskal–Wallis with Dunn’s post hoc test (cell 
death and transwell migration assay). The level of signifi-
cance was p < 0.05, and statistically significant differenc-
es are marked with “*”. GraphPadPrism 8.01 (GraphPad 
Software) was used to perform the analyses.

Results

Assessment of  cytotoxicity – MTT assay

The effect of sanguinarine on the survival of human 
melanoma cells of the A375 and RPMI-7951 lines was 
assessed using the MTT test after 24 and 48 hours of ex-

posure. Five concentrations of sanguinarine were used 
in the experiments: 0.1, 0.5, 1, 1.5, and 2 μM. The alka-
loid used in the study showed a dose-dependent effect 
on the survival and proliferation of the cells. Statistically 
significant differences were observed compared to the 
control for all doses (p < 0.05; Fig. 1A-D). The results 
indicate that the RPMI-7951 cell line is more sensitive 
to the selected alkaloid for both incubation times (Fig. 
1C, D). Three concentrations were selected for further 
research - 0.1, 0.5. and 1 μM, and two incubation times: 
24 h and 48 h (Fig. 1).

Cell death and cell cycle analysis

Flow cytometry was applied to assess cell death and 
changes in the distribution of cell cycle phases. In the 
case of A375 cells, a statistically significant decrease 
in the percentage of viable cells was demonstrated for 
1 µM compound concentration after 24 h exposure 
(from 90.97% in CTRL to 86.79%). There was also an 
increase in the population of necrotic cells for 24 h ex-
posure (from 8.03% in CTRL to 10.77% in 1 µM SAN) 
and apoptotic cells for 48 h treatment (from 1.08% for 
CTRL to 5.48%  for 0.5 µM SAN) (Fig 2A, B). In turn, 
for RPMI-7951 cells after 24 h incubation with 1µM 
SAN, a decrease in the percentage of viable cells was 
observed from 93.51% for CTRL to 80.9% and for 48 h 
from 92.1% to 33.57%. An increase in apoptotic cells 
population​​ in comparison to untreated control was 

Figure 1. Analysis of sanguinarine (SAN) cytotoxicity on A375 (A, B) and RPMI-7951 (C, D). The effect of sanguinarine 
on the survival of human melanoma cells of the A375 and RPMI-7951 lines was assessed using the MTT test. The cells 
were treated with 0.1, 0.5, 1, 1.5, and 2 μM after 24 and 48 hours of exposure. *indicate statistically significant differences 
compared to control cells (p < 0.05; the non-parametric Wilcoxon test of two groups of variables)
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Figure 2. The effect of sanguinarine (SAN) on cell death of A375 cells. The cells were treated with 0.1, 0.5 and 1 mM 
SAN for 24 h (A) and 48 h (B). The cell death was analysed using a flow cytometer. The figure presents the percentage 
of live, apoptotic, and necrotic cells. *indicate statistically significant differences compared to control cells (p < 0.05; 
the non-parametric Kruskal-Wallis with Dunn’s post hoc test)

Figure 3. The effect of sanguinarine (SAN) on cell death of RPMI-7951 cells. The cells were treated with 0.1, 0.5 and 1 mM 
SAN for 24 h (A) and 48 h (B). The cell death was analysed using a flow cytometer. The figure presents the percentage 
of live, apoptotic, and necrotic cells. *indicate statistically significant differences compared to control cells (p < 0.05; 
the non-parametric Kruskal-Wallis with Dunn’s post hoc test)

observed after exposure to 1 µM SAN after 24 h (from 
5.56 to 17.45%) and 48 h of exposure (from 7.53 to 
65.84%) (Fig. 3A, B). 

Cell cycle analysis showed significant differences 
for the G2/M phase at 1µM SAN (24h; from 35.18% in 
CTRL to 41.83%) and G0/G1 (48h) for A375 at 0.1µM 

SAN and 1µM SAN (from 51.61% in CTRL to 61.37% and 
62.19%, respectively) (Fig.4 A, B). In turn, incubation of 
the RPMI-7951 cells with SAN for 24 h resulted in chang-
es in the G0/G1 phase for the applied dose of 0.1 and 
0.5 µM (from 48.72% in CTRL to 36.41% and 57.01%, 
respectively) and the S phase for 0.5 µM SAN (from 
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Figure 4. The effect of sanguinarine (SAN) on the cell cycle of A375 and RPMI-7951 cells. The cells were treated with 
0.1, 0.5 and 1 mM SAN. The graphs presented A375 after  24 h treatment (A), 48 h (B) and RPMI-7951 after 24 h (C) and 
48h (D). The cell cycle was analysed using a flow cytometer. *indicate statistically significant differences compared to 
control cells (p < 0.05; non-parametric 2way ANOVA with Dunnett’s multiple comparisons test)

5.57% in CTRL to 25.78%). In turn, 1 μM dose of the 
alkaloid (48h) caused the greatest changes in the per-
centage of cells in the cell cycle phases (G0/G1 – from 
65.35% in CTRL to 29.62%; S – from 1.45% in CTRL to 
7.72%) (Fig. 4C, D).

Organization of main cytoskeletal proteins

In the case of F-actin labelling, a very slight long-
term decrease in fluorescence intensity was observed 
in cells treated with increasing SAN doses (Fig. 5A–D). 
Control A375 cells for both incubation times with SAN 
(24 and 48 h) were characterized by a regular form of 
peripherally arranged actin filaments distributed within 
the entire cell. No significant changes in microfilaments 
were confirmed after treatment with 0.1 SAN for both 
24 and 48 h. However, the entosis was noticed after 
exposure to 0.1 μM SAN. The cells of the A375 line are 
characterized by a well-developed network of intermedi-
ate filaments. Occasionally, a stronger signal of vimentin 
fluorescence was noted in different areas of the cyto-
plasm, with visible fibres in giant cells. However, in the 
case of both incubation times, no significant changes 
in vimentin fluorescence intensity of cells treated with 
the tested alkaloid were observed compared to control 
cells (Fig. 5E–H).

In the case of the second cell line, dose-dependent 
changes in the organization of F-actin were also ob-
served. RPMI-7951 untreated cells showed a charac-
teristic regular pattern of microfilaments. Single stress 
fibres were visible. With higher concentrations of SAN, 

the number of stress fibres and point aggregates of this 
protein increased. In large cells, F-actin was dispersed 
in the cytoplasm. Moreover, the fluorescence intensity 
decreased slightly and destabilization of the actin cyto-
skeleton was evident in the shrunken cells. 1 μM SAN 
induced the highest decrease in F-actin intensity and its 
reorganization (after 24h and 48h). In addition, after 48h, 
microfilaments were more often concentrated mainly 
around the nucleus (Fig. 6A–D; M–P). After staining with 
vimentin, the highest fluorescence intensity was ob-
served in RPMI-7951 control cells. The vimentin network 
was most prominent in cells with high cytoplasmic con-
tent. In addition, vimentin formed a distinct ring around 
the nucleus, which was particularly visible in large cells.  
A dose-dependent decrease in fluorescence intensity 
was also observed. In some partially shrunken cells, 
a concentration of vimentin was seen at the periphery 
of the cell membrane (Fig. 6E–H). Furthermore, with 
the use of increasing concentrations of SAN on RPMI-
7951 and A375 cells, there was a decrease in the overall 
number of cells in comparison to the control, as well as 
a dose-dependent increase in intercellular spaces and 
impaired cell-cell contact, were observed (Fig. 5, 6). 

Analysis of transwell migration assay

The migration potential was assessed using the 
transwell migration assay. In A375 cells both incubation 
times induced a reduction in the number of cells with 
high migratory abilities. Statistically significant changes 
were noted for 0.5 and 1 µM doses after 24 h exposure, 
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Figure 5. The effect of sanguinarine (SAN) on the F-actin and vimentin organization of A375 cells. The cells were treated 
with 0.1, 0.5 and 1 mM SAN for 24 h (A–L) and 48 h (M–Z). Immunofluorescent labelling of F-actin (green), vimentin 
(red), and nuclei (blue), Bar = 10 μm

Figure 6. The effect of sanguinarine (SAN) on the F-actin and vimentin organization of RPMI-7951 cells. The cells were 
treated with 0.1, 0.5 and 1 mM SAN for 24 h (A–L) and 48 h (M–Z). Immunofluorescent labelling of F-actin (green), 
vimentin (red), and nuclei (blue), Bar = 10 μm
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Figure 7. The effect of sanguinarine (SAN) on the migration potential of A375 and RPMI-7951 cells. Transwell migration 
assay. The representative images of the results obtained in Transwell migration assay, Bar = 50 µm (A, B). The average 
number of A375 (C) and RPMI-7951 (D) cells with high migratory potential in comparison to control cells. *indicate 
statistically significant differences in comparison to control cells (p < 0.05; Kruskal-Wallis with Dunn’s post hoc test)

and for all concentrations after 48 h incubation. At the 
highest dose, the number of cells that crossed the insert 
membrane was 82.6 (24 h) and 63.4 (48 h) (Fig. 7A, 
C). In the case of RPMI-7951, only the highest dose of 
SAN resulted in a statistically significant reduction in the 
migration potential of cells. 102.4 and 96.5 cells were 
observed after 24 h and 48 h incubation, respectively 
(Fig. 7B, D). 

Discussion

Nowadays, the most common oncological diseases 
include breast, lung, colorectal, liver, and prostate can-
cer. Melanoma is the most malignant cancer occurring 
in the skin. The number of melanoma cases is increas-
ing. Despite highly developed medicine, melanoma still 
belongs to the group of cancers that are most resistant 
to standard oncological treatment [11]. For this reason, 
phytochemicals or their derivatives that could be offi-
cially implemented in anti-cancer therapies are sought. 
The possibility of creating such drugs is demonstrated 
by paclitaxel and vincristine, which are compounds 
of plant origin used in anticancer therapy [12]. These 
include sanguinarine, which is representative of plant 
alkaloids. It has been proven that it has antibacterial and 
anti-inflammatory properties and what is important in the 
context of oncological therapy — the anti-cancer effect. 

There are few literature reports on the effect of 
SAN on the A375 and RPMI-7951 cell lines. Thus, the 
presented study aimed to evaluate how the alkaloid 

impacts the basic life processes of two melanoma cell 
lines A375 and RPMI-7951.

The results of the MTT assay in A375 and RPMI-
7951 melanoma cells showed a dose-dependent sen-
sitivity to the alkaloid after 24 and 48 hours of exposure. 
This effect is in line with the research of Hammerová 
et al. (2011)., who also studied the impact of SAN on 
the A375 cell line. The cells were treated with SAN in 
the concentration range of 0.1–3 μg/ml. The authors 
demonstrated that the metabolic activity of cells de-
creased with the increase in the concentration of the 
compound [13]. Similar results were obtained by Co-
jocaru et al. (2006), who assessed the cytotoxic effect 
of SAN on cells of the C32 amelanotic melanoma cell 
line. The doses of alkaloid used were 0.5, 1, and 2 μM 
and generated a dose-dependent decrease in cell 
survival [14]. In turn, Tuzimski et al. (2021)  tested SAN 
on three types of melanoma cells – A375, G361, and 
SKMEL3. They reported that the IC50 for the alkaloid 
was estimated to be less than 0.55 µg/mL for selected 
lines, and the A375 cells were the most sensitive [15]. 

The results obtained in this study do not allow us to 
draw a clear conclusion that it is apoptosis or necrosis 
that causes the death of the A375 cells treated with 
selected doses of SAN. However, cells presenting other 
types of cell death such as entosis and possibly mitotic 
catastrophe have been noted. Nevertheless, the lack of 
literature data does not allow us to state that alkaloid 
directly induces these processes. In the case of the 
second line, RPMI-7951, the highest concentration of 
SAN (1 µM) induced a very high percentage of apoptotic 
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cells, especially after 48 h of exposure. Studies by Ham-
merová et al. (2011) on the A375 cell line showed that 
treatment of cells with SAN in the doses of 0.1–3 μg/ml 
results in a decrease in the level of the anti-apoptotic 
protein Bcl-xL. Moreover, SAN at 0.1μg/ml, 0.5 μg/ml, 
and 1 μg/ml concentrations reduces the level of XIAP 
protein, which is an inhibitor of apoptosis [13]. On the 
other hand, studies by Kemeny-Beke et al. (2006) on 
human primary OCM-1 lines have shown that SAN 
(1,4 and 8 μg/ml) causes cell death by apoptosis and 
necrosis [16]. In turn, Serafim et al. (2008), who tested 
SAN on K1735-M2 mouse melanoma cells, reported 
that the alkaloid induces apoptosis via mitochondrial 
changes and DNA damage [17]. 

In A375 cells, the cell cycle analysis showed the ar-
rest in G2/M (24 h treatment) or G0/G1 (48 h treatment) 
phase, especially for 1 µM SAN. In turn, RPMI-7951, 
as in the case of apoptosis, turned out to be more 
sensitive to the action of the alkaloid. For the highest 
concentration of SAN, the G0/G1 fraction was signifi-
cantly reduced. Studies conducted on the effect of SAN 
(1.25–20 μM) on a mouse model of melanoma — the 
K1735-M2 cell line, also indicate the anti-proliferative 
action and the cell cycle arrest in the subG1 phase [17]. 
The anti-cancer potential of sanguinarine manifested 
by the ability to block the cell cycle has also been con-
firmed in studies on other types of cancer. Adhami et 
al. (2004) showed that in prostate cancer cells of the 
LNCaP and DU145 cell lines, the 0.2–2 μmol/L doses of 
sanguinarine, cause a dose-dependent decrease in the 
expression of cyclins D1, D2, and E, as well as CDK 2, 
4, and 6. The authors claim that this causes a blockade 
of the G1-S transition in the cell cycle, which results in 
sanguinarine-induced arrest of the G0-G1 phase and 
consequently leads to cell death18. In turn, Zhang et al. 
(2017) applied sanguinarine at concentrations of 5, 10, 
and 30 μmol/L in gastric cancer cells. The researchers 
observed that the tested compound inhibits cell viability 
and induces cell apoptosis and S-phase arrest [19].

Microscopic analysis of A375 and RPMI-7951 cells 
treated with SAN provided information about the effect 
of the test compound on the morphology and the main 
cytoskeletal proteins of melanoma cells. The applied 
compound caused a dose-dependent decrease in 
the number of cells and impaired intercellular inter-
actions. In the case of A375, shrunken cells with con-
densed cytoplasm, entosis, and cells with large nuclei 
or micronuclei with mitotic catastrophe characteristics 
were noted. In turn, morphological changes in RPMI-
7951 were also manifested by shrunken cytoplasm and 
chromatin condensation in nuclei. A small population 
of oval and shrunken cells after treatment with 1 µM 
SAN was observed, which may be due to the intense 
cell death-inducing effect. Kemeny-Beke et al. (2006), 
using human primary cells of the OCM-1 line, reported 

that the concentration of 8 μg/ml of sanguinarine in-
duces the formation of swollen and enlarged cells, as 
well as shrunken cells with apoptotic morphology [16]. 
Similar results were obtained by Cojocaru et al. (2016) 
on C32 amelanotic melanoma cell line [14].  In turn, 
Serafim et al. (2008) showed that 8 μM initiates round-
ing of K1735-M2 mouse melanoma cells and changes 
in the cell nucleus with clearly noticeable chromatin 
condensation [17]. The effect of the alkaloid on cell 
morphology can also be observed in other cancers. Lee 
et al. proved that SAN in the doses of 0.5, 1, and 2 μM 
causes a dose-dependent decrease in the survival of 
HT-29 colorectal cancer cells. The authors indicate the 
presence of rounded and shrunken cells, as well as 
cells with a degraded and fragmented cell nucleus [20]. 

There are no literature data on the effect of SAN on 
the elements of the cytoskeleton of A375 and RPMI-
7951 cells. For both melanoma cell lines used in the 
present study, depolymerization of F-actin fibres and the 
presence of stress fibres were observed. Cells, where 
F-actin is present in the form of small aggregates and 
short polymers, were also noted. A dose-dependent de-
crease in vimentin fluorescence intensity was observed 
with RPMI-7951. Despite the lack of results referring 
explicitly to the vimentin network of A375 cells in this 
work, literature data indicate the influence of SAN on this 
protein of intermediate filaments. Similar observations 
regarding the effect of SAN on the cellular cytoskeleton 
have been reported in experiments on other cancer 
cell lines. Studies on liver cancer cells evaluating the 
anti-proliferative and EMT-reversing effects of the al-
kaloid have shown that the tested compound inhibits 
the expression of vimentin, which is a marker of the 
epithelial-mesenchymal transition [21].

The last stage of the research was the assessment 
of the migration potential of the cells. In both cases, the 
greatest reduction in migratory abilities was observed 
for the highest dose of SAN (1 μM), both for 24 and 48 h 
incubation periods. In the authors’ opinion, fewer cells 
that crossed the insert in the transwell migration assay 
correlate with reduced fluorescence intensity of the 
F-actin network, changes in cell shape to more oval, and 
widening of intercellular spaces. Unfortunately, there are 
no literature reports in the context of the influence of 
SAN on melanoma cell migration. However, numerous 
reports of sanguinarine’s anti-migration properties refer 
to other cell lines, including breast, lung, and colorectal 
[22, 23]. Scientists explain this effect based on changes 
in the wnt/b-catenin pathway, reduction in the level of 
metalloproteins and EMT markers (N-cadherin, vimen-
tin, and Snail), or VEGF inhibition [23, 24]. 

Due to the high malignancy of melanoma, the fre-
quency of its occurrence, and resistance to standard 
oncological treatment, new therapeutic strategies are 
of great importance. This study’s results on the effect 
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of sanguinarine on human melanoma cells of the 
A375 and RPMI-7951 cell lines confirm the anti-cancer 
properties of the alkaloid (cytotoxicity, anti-migratory, 
and pro-apoptotic action).  In addition, it was observed 
that RPMI-7951 cells were more sensitive to SAN than 
A375, which was manifested by a higher percentage of 
apoptotic cells at both incubation times. To the authors’ 
knowledge, it is the first report on the compound’s ef-
fect on RPMI-7951 lines. However, further research is 
needed to verify its effectiveness and safety.
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