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Abstract 

Background: Malignant Melanoma (MM) is one of aggressive skin tumors that had increase 

in incidence during the past two decades. Curcumin is a natural product that had been utilized 

for a variety of maladies like rheumatic, cardiac, neurological and numerous other disorders 

while arsenic trioxide ‘ArT’ (not approved for treatment of MM) is well known cytotoxic 

agent. NF-kB is a specific complicated pertinacious element that participates in controlling of 

DNA transcription, regulating cytokine expression and, hence, cell survival. It was found that 

high level of NF-kB is highly associated with occurrence of MM. Induction of programmed 

cell-death (apoptosis) is another target, through which; destruction of tumor cells can be 

triggered. 
Aim of the study: to demonstrate the effectiveness of curcumin on expression of NF-kB and 

induction of apoptosis as compared to the use of arsenic trioxide on B16 cell line. 

Material and Methods: in this study we utilized B16 cell lines that divided into four 

categories (curcumin treated, ArT treated, curcumin combined with ArT, and control 

categories). The first 3 categories where treated with serial concentrations of each drug (at 

concentrations of 1, 2, 4, 8, 16, and 32 µg/ml), then the supernatant of 96 well of cell culture 

plate was used for ELISA detection of NF-kB level while cell pellet was used for detection of 

percentage of apoptotic cells. 

Results: there was significant reduction of NF-kB level when curcumin was used from 

390±2.646 pg/ml to 223.67±11.02 (at P<0.001) while ArT reduced NF-kB from 356+27.683 

to 231.67+10.07 pg/ml (at P<0.001). The percentages of apoptotic cells elevated with using 

of curcumin from 37.4±0.8 to 99.93+0.06% (at P<0.001), while ArT increase in percentages 

of apoptotic cells from 11.1±0.2% to 99.17+0.17% (at P<0.001).  

Conclusion: Curcumin had very potent concentration dependent anti-cancer effects against 

B16 MM cell line. ArT had similar concentration dependent anti-cancer activity but to less 

extent effect than curcumin against B16 melanoma cell line. Combination of curcumin with 

ArT had no significant potentiation effect for activity of curcumin on reduction of NF-kB 

level or increase in the percentage of apoptotic cells. 

Keywords: curcumin, arsenic trioxide, NF-kB, flow cytometry, apoptotic cell, B16 cell line. 

Introduction 

Melanocytes are particularized cells that 

derived from neural-crest that is 

paramount for the skin homeostasis; they 

are accountable  for protection of 

keratinocytes from exposure to detrimental 

UV radiation (1). MM is one of malignant 

tumors that carry a high mortality rate 

(about 75% of skin cancer-linked  deaths) 
(2) with high resistance rate for treatment 
(3). MM became the 5th and 7th most 

commonly seen malignancy in males and 

females respectively.  Males are somewhat 

have higher risk for MM  (2.9%) than  

females (about 1.9%) (4). NF-kB 

“abbreviation of nuclear factor kappa-

light-chain-enhancer of activated B cells” 
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is a specific complicated pertinacious 

element that participate in controlling of 

DNA transcription, regulating cytokine 

expression and, hence, cell survival (5). 

Abnormal function or uncontrolled 

generation of NF-kB can be highly 

associated with MM, (6). 

Curcumin is a fat-soluble yellow 

pigmented substance derived from the 

rhizomes of “Curcuma longa L” 

oftentimes utilized as a yellow coloring-

agent and flavoring-agent in foods (7). 

Curcumin can affect a lot of cellular and 

extracellular target-area s such as 

regulatory cytokines, wide range of 

kinases for numerous protein, multiple 

transcriptional-inducing factors, variable 

adhesion directing molecules, diverse 

inflammatory specialization mediators and 

free O2 species-enzymes (8). As a new 

proved fact, curcumin appears to be 

completely clog TNF-provoked NF-kB 

over-expression by way of the retarding 

phospho-activation of NF-kB, leading to 

subsequent suppressing of cell surviving, 

proliferative in addition to inflammatory-

provoked gene assembly (9). In addition, 

curcumin has been shown in vitro studies 

to inhibit both malignant melanoma cell 

migration and invasion, and induce 

apoptosis by down-regulation of “JAK-

2/STAT3” signaling pathway (10). A 

remarkable cross-talk relating Notch-1 and 

NF-kB passageway was found to be there, 

for which, down-regulation by both 

curcumin and the curcumin-provoked  

reduction in Notch-1 levels, subsequently, 

resulting in down-expression of tumor- 

induced gene-generation (11).  

Arsenic trioxide (ArT) is one of oldest 

cytotoxic medicinal substance regarded as 

an inorganic compound with a chemical 

formula of “As2O3”. ArT is an old 

traditional remedy utilized by Chinese 

people since ages and , nowadays, it is 

therapeutically utilized in treating acute 

pro-myeloid leukemia (12). It is obviously 

that ArT has two main mechanisms of 

action recognized (for both in vivo and in 

vitro studies) include promoting cellular 

differentiation at low potion of ArT and 

enhancement of spontaneous apoptotic 

machinery at high potion of ArT (13). It was 

found that degradation of what is called 

the fusion-dependent protein is most 

distinctly possible mechanism by which 

ArT provokes cellular differentiation to 

normal morphology in malignant white 

blood cells allows malignant pro-

myelocytes to transcend their maturations’ 

prohibition (14). Extracellular signal-linked 

protein kinases [ERKs] are stimulated after 

exposure to various concentrations of ArT 

which eventually prevents malignant 

transformation, while  ‘JNKs’ are 

activated by higher levels of ArT which 

plays a vital role in pro-apoptotic 

pathways while the virtual effect of ArT 

on suppression of NF-kB directly was not 

well demonstrated (15).  ArT can efficiently 

activate nicotinamide adenine di 

nucleotide phosphate (NADPH) oxidase 

which is highly impactful for the 

production of superoxides which 

ultimately generating H2O2 enhancing 

directed pro-apoptotic action imposed on 

the mitochondria (16)  

Materials and methods  

The study was done in specialized research 

laboratory for cell culture at University of 

Babylon/College of Medicine/Department 

of Pharmacology under almost full aseptic 

conditions and optimum environment. The 

design of this study was planned to expose 

B16 MM cell line to serial concentrations 

(1, 2, 4, 8, 16, and 32µg/ml) of the 

curcumin, ArT, and their combinations. 
Regarding ArT, it was already water 

soluble, while curcumin is lipid soluble, so 

that curcumin was converted to water 

soluble stock solution by using 10% 

solution of (DMSO) which made curcumin 

highly water soluble. Preparation of proper 

target for these drugs involved using of 

optimal in vitro cells that had high 

resemblance to the cancer cell in vivo. 

This required the utilization of B16 cell 
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line as an in vitro model. The cultured 96 

well plate, then, was treated with 

curcumin, ArT, and their combinations. 

Each concentration of each drug was 

added to 3 wells (each well containing at 

least 1x104 cells) of the tissue culture 

plate. The experiment was repeated in 6 

different plates to increase the sample size 

(no. = 6). The content of each well was 

centrifuged after 48 hours of incubation 

and then the supernatant was used to 

estimate the level of NF-kB by ELISA 

technique while cell pellet refrigerated 

until used for detection of percentage of 

apoptotic cells by flow cytometry. 

Results 

There was significant dose dependent 

reduction in the level of NF-kB mostly 

noted for curcumin when was used as 

compared to ArT. Combination of both 

drugs did not potentially affect the efficacy 

of curcumin as shown in table (1).  

There was significant dose dependent 

elevation in percentage of apoptotic cells 

mostly noted for curcumin when was used 

as compared to ArT. Combination of both 

drugs did not potentially affect the efficacy 

of curcumin as shown in table (2). 

Discussion 

Effect of treatment with serial 

concentrations of curcumin, arsenic 

trioxide, and their combinations on NF-

kB level in B16 cell line: 

NF-kB, nowadays, became the target-area 

of interest for many researchers for 

treatment of numerous types of cancers 

include MM (17). The degree of NF-kB 

level reduction was smooth, dose 

dependent, notably for curcumin alone or 

in combination with ArT as shown in in 

table (1). Certain study showed that 

curcumin prohibits the activation of NF-

kB, and subsequently decrease cell growth, 

by induction of oxidative stress in the 

mitochondria (18).  

Arsenic trioxide in a study done to 

demonstrate its effect on breast cancer 

showed significant reduction of NF-kB in 

low doses (less than 10µg/ml) (19). 

Table 1. Effect of treatment with serial concentrations of curcumin, arsenic trioxide, and their 

combinations on NF-kB level compared to control category. 
Treatment categories Drug(s) concentration NF-kB pg/ml (mean± SD) 

Cur 1 µg/ml 390+2.646 

2 µg/ml 335.00+21.66 

4 µg/ml 247.33+20.60* 

8 µg/ml 263.33+19.86** 

16 µg/ml 297.33+4.04** 

32 µg/ml 223.67+11.02** 

ArT 1 µg/ml 356+27.683 

2 µg/ml 328.33+2.52 

4 µg/ml 304.33+6.51 

8 µg/ml 264.33+8.51** 

16 µg/ml 232.67+16.62** 

32 µg/ml 231.67+10.07** 

Cur + ArT 1 µg/ml 364+33.181 

2 µg/ml 326.00+26.06 

4 µg/ml 290.67+4.51* 

8 µg/ml 255.67+8.62** 

16 µg/ml 248.67+33.56** 

32 µg/ml 184.67+23.97** 

Control  group 362 ± 35.2 

Data were presented as (mean±SD)   

* Significant (p>0.05) as compared with control category. 

 ** Highly significant (p<0.01) as compared with control category. 
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No significant difference was observed in 

reduction of NF-kB level on B16 cell line 

when curcumin utilized solely or in 

combination with ArT in comparability to 

using of ArT solely, with few exceptions 

as shown in table (1). 

In another study, curcumin and ArT 

possessed significant additive effect on 

specific concentration was due to mainly 

by activation of oxidative stress of both 

drugs at low concentration (20) and by 

prohibition of ERK, that eventually causes 

reduction in level of NF-kB at somewhat 

higher doses (20). 

Effect of treatment with serial 

concentrations of curcumin, arsenic 

trioxide, and their combinations on 

percentage of apoptotic cells in B16 cell 

line: 

The lower doses of curcumin showed 

superior significant difference in induction 

of apoptosis when compared to ArT, 

whereas the difference became not 

statistically impactful at higher doses as 

shown in tables (2). 

These effects were mainly explained by 

another study suggested that curcumin 

exhibits high inducing effect on pro-

apoptotic caspase pathway at lower doses 

while ArT induced reactive oxygen species 

activity in higher doses (21) i.e. curcumin 

potentiate apoptotic pathway by 

stimulation of caspases, JNK activation, 

and Foxo3a nuclear translocation while 

ArT causes disruption of mitochondrial 

function by free oxygen radical formation 
(21, 22). 

Table 2. Percentage of apoptotic cells in B16 cell line treated with curcumin, arsenic trioxide 

and their combinations compared to control category. 
Treatment categories Drug(s) concentration Percentage of apoptotic cells 

Cur 1 µg/ml 37.4±0.8* 

2 µg/ml 77.74±2.17** 

4 µg/ml 95.34+2.56** 

8 µg/ml 97.20+1.68** 

16 µg/ml 99.52+0.32** 

32 µg/ml 99.93+0.06** 

ArT 1 µg/ml 11.1±0.2 

2 µg/ml 18.64±1.81 

4 µg/ml 30.72+1.88* 

8 µg/ml 51.39+0.83** 

16 µg/ml 98.22+0.78** 

32 µg/ml 99.17+0.17** 

Cur +ArT 1 µg/ml 46.6±0.7** 

2 µg/ml 97.14±0.76** 

4 µg/ml 98.37+2.55** 

8 µg/ml 99.51+0.30** 

16 µg/ml 99.80+0.29** 

32 µg/ml 99.87+0.21** 

Control  group 6.693±0.544 

Data were presented as (mean±SD) 

* Significant (p>0.05) as compared with control category. 

** Highly significant (p<0.01) as compared with control category. 
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Figure 1. Flow cytometric histograms showed the percentage of apoptotic cells for some 

treatment categories at variable concentrations. 
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