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Curcumin and vinblastine induce apoptosis and impair migration in human 

cutaneous melanoma cells 

Curcumina e vimblastina causam apoptose e prejudicam a migração celular em células de 

melanoma cutâneo humano 

La curcumina y la vinblastina inducen la apoptosis y alteran la migración en células de melanoma 

cutáneo humano 
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Abstract  

Cancer is an important cause of lethality, and melanoma is associated with less than 10% of survival. The traditional 

treatment includes the use of vinblastine, and it is associated with side effects. Curcumin is extracted from Curcuma 

longa rhizomes, and studied in many diseases, producing a variety of effects. We investigated the role of various 

cellular pathways concerning apoptosis, cell cycle enzymes in melanoma cell line SK-MEL-28, after treatment with 

curcumin, vinblastine, or a combination of both, for 24 hours. After this, we performed cell cycle, apoptosis, wound 

healing assay, comet assay on cells, and evaluated nitrite accumulation (nitric oxide (NO•) byproduct). Curcumin 

increased cells in apoptosis and reduced the number of cells in the G1 phase. Vinblastine increased the production of 

nitrite, and cells in early apoptosis, mainly through the inducement of DNA damage. Cell migration was impaired in 

all tested groups. In conclusion, curcumin impaired migration, producing NO•, and promoting apoptosis of tumoral 
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cells. Vinblastine also impaired cell migration and increased levels of NO•. Curcumin might be included as an 

adjuvant in the treatment of melanoma, and help treatment of melanoma, and further studies are needed, especially 

regarding the synergistic effect of curcumin and vinblastine in the treatment. 
Keywords:  Melanoma; Curcumin; Apoptosis; Migration. 
 

Resumo  
O câncer é uma importante causa de letalidade, e o melanoma está associado a menos de 10% de sobrevida. O 

tratamento tradicional inclui o uso de vimblastina e está associado a diversos efeitos colaterais. A curcumina é uma 

substância extraída dos rizomas da planta Curcuma longa, e estudada em muitas doenças, produzindo uma ampla 

variedade de efeitos. Nós investigamos o papel de várias vias celulares relacionadas à apoptose, enzimas do ciclo 

celular na linhagem celular de melanoma SK-MEL-28, após tratamento com curcumina, vimblastina ou uma 

combinação de ambos, por 24 horas. Após isso, avaliamos ciclo celular, apoptose, migração celular, ensaio cometa 

nas e avaliamos o acúmulo de nitrito (subproduto de óxido nítrico (NO•). A curcumina aumentou as células em 

apoptose e reduziu o número de células na fase G1. A vimblastina, por sua vez, aumentou a produção de nitrito e 

células em apoptose precoce, principalmente através da indução de danos no DNA. A migração celular foi 

prejudicada em todos os grupos testados. Em conclusão, a curcumina prejudicou a migração, produzindo NO• e 

promovendo a apoptose de células tumorais. Assim, A vimblastina também prejudicou a migração celular e aumentou 

os níveis de NO•. Assim, a curcumina pode ser incluída como adjuvante no tratamento do melanoma e auxiliar no 

tratamento do melanoma, sendo necessários mais estudos, principalmente quanto ao efeito sinérgico da curcumina e 

da vimblastina no tratamento. 
Palavras-chave: Melanoma; Curcumina; Apoptose; Migração. 
 

Resumen  
El cáncer es una causa importante de letalidad y el melanoma se asocia con menos del 10% de supervivencia. El 

tratamiento tradicional incluye el uso de vinblastina y se asocia con efectos secundarios. La curcumina se extrae de los 

rizomas de Curcuma longa y se estudia en muchas enfermedades, produciendo una variedad de efectos. Investigamos 

el papel de varias vías celulares relacionadas con la apoptosis, las enzimas del ciclo celular en la línea celular de 

melanoma SK-MEL-28, después del tratamiento con curcumina, vinblastina o una combinación de ambos, durante 24 

horas. Después de esto, realizamos el ciclo celular, la apoptosis, el ensayo de cicatrización de heridas, el ensayo de 

cometa en las células y evaluamos la acumulación de nitrito (subproducto de óxido nítrico (NO•)). La curcumina 

aumentó las células en apoptosis y redujo el número de células en la fase G1. La vinblastina aumentó la producción de 

nitrito y células en apoptosis temprana, principalmente a través de la inducción de daño en el ADN. La migración 

celular se vio afectada en todos los grupos analizados. En conclusión, la curcumina perjudicó la migración, 

produciendo NO• y promoviendo la apoptosis de las células tumorales. La vinblastina también perjudicó la migración 

celular y aumentó los niveles de NO•. La curcumina podría incluirse como adyuvante en el tratamiento del melanoma 

y ayudar al tratamiento del melanoma, y se necesitan más estudios, especialmente en relación con el efecto sinérgico 

de la curcumina y la vinblastina en el tratamiento.   
Palabras clave: Melanoma; Curcumina; Apoptosis; Migración. 
 

1. Introduction  

Cancer has a high worldwide incidence and lethality (Sung et al., 2021). Melanoma skin cancer is associated with 

high metastasis and prognostic with metastatic disease is reserved, less than 10% survival (Gershenwald et al., 2017). With this 

in mind, it’s important to evaluate adjuvant substances, which might help during the treatment. Curcumin (CUR), also known 

as diferuloylmethane, is a substance extracted from Curcuma longa rhizomes, and extensively studied in many cancer diseases 

(Willenbacher et al., 2019). It interacts with a high range of proteins and pathways, producing different effects, like inhibition 

of cell proliferation, invasion, and metastasis (Hassanalilou et al., 2019). CUR causes tumoral inhibition by inducing cell cycle 

arrest and apoptosis in breast cancer cells (Hu et al., 2018). CUR also modulates production of nitric oxide (NO•) and DNA 

cell damage, as indicated by previous works (Longobardi et al., 2021).  

Nitric oxide is a free radical inorganic signaling molecule that is generated via multiple mechanisms, and in 

melanoma cell lines, the inducible NO• synthase (iNOS) is overexpressed (Grimm et al., 2013; Joshi et al., 1996). Antitumor 

effects of NO• were also recorded in different human and animal tumors (Choudhari et al., 2013; Vahora et al., 2016), as 

higher levels of NO• tend to be cytotoxic to cancer cells. This is achieved by the formation of peroxynitrite, which acts as an 
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inducer of apoptosis and other toxic species during immune surveillance.  

Vinblastine (VIN) is a chemoterapeutic agent used in treatment of melanoma and other diseases, inhibiting 

angiogenesis and targeting celular tubulins (Mhaidat et al., 2016), impairing tumoral development and reducting metastatic 

dissemination. Although vinblastine is a common drug used to treat many types of cancer, it is associated with many side 

effects, like nausea, vomiting, and headaches (Lee et al., 2015). 

Considering the high incidence and lethality of melanoma, the necessity for new adjuvant substances is evident. Thus, 

the present study investigates the role of cellular pathways regarding apoptosis, cell cycle, DNA damage, cell migration, and 

NO● accumulation in melanoma cell line SK-MEL-28 treated with CUR and/or VIN. 

 

2. Methodology  

2.1 Cell line and cell culture 

SK-MEL-28 human melanoma cell line (ATCC® HTB-72™) was maintained in DMEM (Dulbecco's Modified Eagle 

Medium; Life Technologies) culture medium plus 100 IU/mL penicillin, 100 μg/mL streptomycin and 10% cell culture tested 

fetal bovine serum (FBS). The cells were incubated in a cell culture incubator at 37°C, 5% CO2 atmosphere, and 95% 

humidity. The culture medium was renewed 2 to 3 times per week. 

 

2.2 Preparation of the CUR solution 

A previous study (manuscript in preparation) evaluated the concentration that caused 50 % inhibition of cell viability 

(IC50) of curcumin as 40 µM, and therefore that concentration was used in subsequent assays. To compare the effects of CUR 

to treatment, we used vinblastine (VIN) at 20 nM (Selimovic et al., 2013), and a combination of CUR and VIN (40 µM and 20 

nM, respectively). The quantity of DMSO in the medium was less than 0.1%. 

 

2.3 Wound healing assay 

SK-MEL-28 cells were cultured in a 12-well plate. After cells reached almost 100% confluency, the supernatant was 

removed, and yellow pipette tips were used to scratch the cell surface. The cells were washed with PBS to remove debris and 

treated with DMEM (negative control), CUR, VIN, and CUR+VIN for 24h. The scratched area was photographed with a 

microscope at 0 h and 24 h of treatment. The experiment was repeated twice. The quantification of the results represents three 

times for cell scratch assays. The area of the scratch of the negative control (DMEM) was set as 100%, and areas of scratches 

of treated wells were proportionally compared to control, using ImageJ software. 

 

2.4 Cell cycle determination 

SK-MEL-28 cells were cultured in 12-well plates (2 × 104 cells/well). After the treatment with DMEM (negative 

control), CUR, VIN, and CUR+VIN, supernatants were discarded, and cells were removed from the wells with a 

trypsin/EDTA solution (0.2%/0.02%). The action of the trypsin was neutralized with the addition of a culture medium with 

10% FBS. Subsequently, the samples were centrifuged (1,500g), the supernatant was discarded, and the samples were then 

fixed and permeabilized by adding 75% ice-cold ethanol. After that, samples were centrifuged, and the pellet was resuspended 

with 500 μL of DNA-staining solution with PBS (0.1% Triton, 0.5% Tween, 10 µg/mL propidium iodide). The samples were 

incubated for 1 h and analyzed in a flow cytometer. 
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2.5 Evaluation of apoptosis by quantification of annexin and propidium iodide by flow cytometry 

For apoptosis assays of SK-MEL-28 cells in the presence of CUR, VIN, or CUR+VIN cultured in 12-well plates 

(2 × 105 cells/well) were used. After the treatment period, the supernatant was discarded, the cells were removed from the wells 

with a trypsin/EDTA solution (0.2%/0.02%). The action of trypsin was neutralized with the addition of a medium with 10% 

FBS. Subsequently, cells were centrifuged, supernatants discarded, and cell pellets were resuspended with 200 μL of binding 

buffer (10 mM HEPES, 140 mM NaCl, 2.5 mM CaCl2 and 1 μL Annexin-V; BD Biosciences, CAT: 559763). The samples 

were incubated on ice for 30 min, plus propidium iodide and immediately analyzed in a flow cytometer. 

 

2.6 Nitrite in supernatants 

The accumulation of nitrite (a stable end product of NO•) in supernatants of control and treated (CUR, VIN, and 

CUR+VIN) cells was determined using the Griess reagent in 96-well plates. The supernatant was mixed with an equal volume 

of Griess reagent (1% sulphanilamide, 0.01% naphthyl ethylenediamine dihydrochloride, and 2.5% phosphoric acid). The color 

developed after 15 min incubation was measured at 540 nm. Absorbance in the untreated control was set to 100%, and 

absorbance in other wells was proportionally calculated to control. 

 

2.7 Alkaline Comet Assay 

The alkaline comet assay was performed (Singh et al., 1988) and subsequently stained with silver nitrate technique 

(Nadin et al., 2001). Briefly, the samples were initially resuspended in 0.7% low melting point agarose and placed on glass 

slides previously covered with 1% agarose, and the slides were dipped into a lysis solution at 4 ° C. In the electrophoresis 

stage, the slides were placed in a horizontal vat and covered with a solution of 1 mM EDTA and 300 mM NaOH (pH> 13) for 

20 min. Then, an electric current of 300 mA at 25 V was applied for 20 min. After electrophoresis, the slides went through the 

stages of neutralization, fixation, and subsequent staining with silver nitrate. For the analysis, a standardized damage score was 

used, ranging from the lowest damage (0) to the maximum damage (4), and the results were expressed as a damage index 

relative to the control. The samples were processed in duplicates, and all slides were analyzed by at least two trained observers. 

 

2.8 Statistical analysis 

Data were analyzed by Graph Pad Prism software (version 6 Prism), one or two-way ANOVA, followed by Tukey’s 

post-hoc test. Differences between mean values were considered significant at p ≤ 0.05.  Data are shown as mean values ± SD, 

a representative for three independent experiments. 

 

3. Results  

3.1 CUR and CUR+VIN impair migration of SK-MEL-28 cells 

To verify if CUR and VIN could alter cell migration, a wound-healing assay was performed. CUR or VIN 

significantly reduced wound area (Figure 1), through inhibition of cell migration. The scratches were significantly (p<0.05) 

wider in the CUR and VIN treatments (Figure 1). These results suggest that curcumin significantly inhibited the migration of 

SK-MEL-28 cells. 
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Figure 1. Wound healing assay. 

 

Wound healing assay demonstrated decreased migration of SK-Mel-28 cells after exposure to CUR (40 µM) for 24 h, or VIN (20 nM). Data 

are shown as mean ± SD, “*”represents a significant difference of P ≤ 0.05. (B) Representative images of wound healing assay following 

exposure of CUR, VIN, and CUR+VIN on SK-MEL-28 cells for 24 hours. wound healing capacity. Magnification, x400. CUR: curcumina; 

VIN: vinblastine; CUR+VIN: curcumin+vinblastine. Source: Authors. 
 

3.2 CUR induces cell cycle arrest in the G1-phase of SK-MEL-28 cells 

To determine whether treatments might influence the proliferation of SK-MEL-28, frequencies (%) of cells in 

different phases of the cell cycle were determined by flow cytometry (Figure 2A). CUR at a concentration of 40µM decreased 

percentages of cells in G1 compared to untreated controls. Percentages of cells in S and G2-phase did not change. 
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Figure 2. Assessment of cell cycle and apoptosis. 

 

(A) Cell cycle arrest effects of CUR, VIN, and CUR+VIN in SK-MEL-28 cells for 24 hours. Graphs represent the percentage of cell cycle 

distribution at the G1, S and G2 phases.. Data are presented as the mean ± SD. “*” and “**” represent a significant difference of p<0.05 and 

**p<0.01, respectively. (B) . Evaluation of apoptosis after 24 h of treatment with CUR, VIN, or CUR+VIN in SK-MEL-28 cells for 24 

hours. Quantification by flow cytometry of the percentage of cells in apoptosis and cell death. Source: Authors. 
 

3.3 CUR and CUR+VIN induce apoptotic death in SK-MEL-28 cells 

For evaluation of apoptosis-like cell death, Annexin V and Propidium Iodide (PI) were markers. Vinblastine caused 

an accumulation of cells in early apoptosis when compared to untreated controls. 40 µM of CUR during 24 h in SK-MEL-28 

cells promoted early apoptosis (Annexin+/PI− cells) compared to control samples. Also, there was an increase in cells in late 

apoptosis (Annexin+/PI+cells) in cells treated with CUR+VIN. Regarding cell death, there was a significant increase in dead 

cells in cells treated with CUR (40µM) (Figure 2B). 

 

3.4 CUR and VIN increased accumulation of nitrite in cell culture medium 

Since nitric oxide is a very unstable molecule, we evaluated the accumulation of nitrite in supernatants, since this 

substance is stable. After 24h of treatment with CUR, VIN or CUR+VIN, supernatants of these cells were collected and nitrite 

accumulation was measured and compared proportionally to untreated control cell supernatants. In this sense, CUR and VIN 

significantly increased nitrite in supernatants, compared to untreated controls (Figure 3A). 
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Figure 3. Nitrate in the supernatant and DNA damage 

 

(A) Accumulation of nitrate in the supernatant of cells treated with CUR, VIN, or CUR+VIN for 24 hours. (B) DNA damage of SK-MEL-28 

cells treated with CUR, VIN, or CUR+VIN for 24 hours. Data are shown as mean ± SD, a representative for three independent experiments, 

“*” and “**” represent a significant difference of p <0.05 and p <0.01, respectively. CUR: curcumina; VIN: vinblastine; CUR+VIN: 

curcumin+vinblastine. Source: Authors. 
 

3.5 VIN and CUR+VIN increased DNA damage 

To evaluate DNA damage in melanoma cells treated and untreated, a comet assay was performed. We detected a 

significant increase in DNA damage in cells treated with VIN and CUR+VIN (Figure 3B). 

 

4. Discussion  

In 2019, cancer was the second leading cause of death in the world, overcame only by cardiovascular disease (Global 

Burden of Disease Collaborative Network, 2020). In this context, cutaneous melanoma, despite its low incidence, is a 

malignant neoplasm with a high degree of metastasis, and low responsiveness to traditional treatments. Recently, several 

substances used in traditional cookery are being studied as possible adjuvants in the treatment of cancer. Thus, curcumin 

(CUR), a compound extracted from the rhizomes of Curcuma longa, has been studied in tumor cell cultures of various origins 

in which it has reduced tumor cell viability and caused cell death by apoptosis, modulating cell signaling pathways (Hu et al., 

2018), like in breast cancer, oral cancer, and skin cancer (Paul, Sa, 2021). Our results indicate a possible beneficial effect of 

curcumin in the SK-MEL-28 melanoma cell line. 

Studies in human oral (Zhen et al.,2014), colorectal (Pricci et al., 2020), and cervical (Ghasemi et al., 2019) cancers 

have shown that CUR induces G2-phase cell cycle arrest. Our results show that CUR treatment resulted in the accumulation of 

cells in the G2/M phase with the reduction from the G0/G1 phase, so curcumin might have caused cell-cycle arrest at the G2/M 
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phase, even though there was no statistical significance. Our results suggest that curcumin could block cells in the S phase, 

thus preventing DNA from replicating properly, and inhibiting tumor growth. It has been reported that anticancer agents can 

arrest the cancer cell cycle regulation at the G0/G1, S, or G2/M phase which leads to the induction of apoptosis (Garrett, 

Collins, 2011), so we hypothesize that just as happened with VIN, CUR might have promoted the same cell cycle arrest effect 

in these cells. 

To determine if CUR concentration was only preventing stopping the cell cycle, or also causing cell death, we 

performed an apoptosis assay by flow cytometry. We detected a significant increase in cells in late apoptosis when treated with 

40 μM CUR for 24 h (**** p<0.001). Also, cells in early apoptosis increased too when treated with VIN. These results 

indicate cells died when treated with CUR or VIN. 

There was an increase in cells in late apoptosis when treated with a combination of CUR and VIN, so we may 

hypothesize this combination would also be beneficial to cells. The beneficial effects of the combination of CUR and 

commonly used cancer therapies might be due to synergistic effects, promoting tumoral cell apoptosis through many pathways 

(Tan & Norhaizan, 2019). 

In our study, curcumin-induced cell cycle arrest and apoptosis when SK-MEL-28 cells were treated for 24 hours with 

40 μM of curcumin. Moreover, it induced cell cycle arrest and reduced tumoral cell migration. CUR and VIN impaired cell 

migration in the scratch assay. The same effect was detected in human osteosarcoma cells treated with vinblastine (Wang et al., 

2019). VIN impairs microtubule growth, necessary for cell migration (Dhamodharan et al., 1995). CUR also impairs cell 

microtubule, inducing arrest at pause state (Banerjee et al., 2010). This emphasizes the importance of the evaluation of CUR in 

the treatment of melanoma.  

To verify if DNA damage could be involved in this apoptosis induction, we performed the alkaline comet assay. 

Previous studies indicate detrimental effects of VIN in DNA, thus favoring tumoral apoptosis (Tiburi et al., 2002), since cancer 

is frequently linked to mutations of p53, a known tumor suppressor, mainly through DNA repair and apoptosis (Liu et al., 

2014). This way, VIN might have damaged DNA, and promoted apoptosis. 

Since nitric oxide (NO•) is an important substance in the tumoral microenvironment, we measured this substance 

next. NO• has a very short living and reacts with a wide array of substances, its measurement is challenging, so we measured 

one of its byproducts, the nitrite. NO• is a signaling molecule, and its importance relies on free radical formation and activation 

of signaling pathways (Yarlagadda et al., 2017). Higher levels of NO● may induce DNA damage and cause apoptosis, but 

lower levels are linked to chemoresistance (Choudhari et al., 2013; Vahora et al., 2016). We detected an increase in nitrite 

production in cells treated with VIN and CUR. This might indicate an increase in the production of NO• (and its byproduct 

nitrate). We may hypothesize this increase might be toxic to cancerous cells, promoted DNA damage, and cell death.  

 

5. Final Considerations   

CUR has important effects, impairing cell migration, producing NO●, and promoting apoptosis of tumoral cells. This 

indicates CUR might be evaluated as adjuvant compound in treatment of melanoma. In addition, VIN also impaired cell 

migration and increased levels of NO●. This synergistic effect of CUR and VIN can help in the treatment of melanoma. This 

sinergism should be studied in next experiments. 
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