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Introduction
Melanoma is a skin cancer that is caused by melanocytes, 
which are mainly located in the epidermis layer of 
the skin. In addition, it is also found in the eyes, ears, 
gastrointestinal tract, oral mucosa, and genital system. 
Melanoma is the cause of the largest number of skin 
cancer deaths worldwide; however, it includes only 4% 
of skin cancers. Early diagnosis of melanoma with less 
thickness is the best way to reduce the mortality of this 
tumor.1 Currently, the incidence of melanoma is steadily 
increasing.2

According to the staging of melanoma, treatment 
methods differ and include incisional biopsy at stages I and 
II and chemotherapy with dacarbazine and temozolomide 
at stage VI.3 Unfortunately, the existing treatments have a 
poor prognosis, while the disease progresses to the upper 
stages. This informs us to seek help from other treatments 
such as photodynamic therapy, immunotherapy, 
chemotherapy, and target therapy.4 In the past years, 
melatonin (MLT) was one of the elements that had been 
considered for melanoma treatment. MLT is a hormone 
secreted by the pineal gland that has a role in the 

regulation of circadian and seasonal rhythms.5 Further, 
MLT has various effects on the endocrine, nervous, and 
immune systems.6

According to the rhythmic production of MLT, it has 
been shown that cell proliferation in the mammalian bone 
marrow and the lymphoid system follows a diurnal and 
seasonal rhythm,7 and lymphocytic subset proliferation,8 
natural killer (NK) cell activity,9 and cytokine 
production10 are also rhythmic. Furthermore, considering 
that MLT reaches its highest level at night, the circulating 
lymphocytes of deer mice,11,12 tropical palm squirrels,13 
and humans14 also reach their highest levels at night. 
Different studies suppressed the production of MLT in 
several ways and showed that in pinealectomized mice, 
the size of the thymus was 70% smaller than the thymus 
of control mice15,16 after 2 weeks, or in the BALB/c mouse 
that had been exposed to light from birth, the cortex of 
the thymus was devoid of lymphocytes and lymphoblasts 
were absent.17 In addition, among the in vivo effects of 
MLT, we can mention the increase in the weight of the 
thymus of Gerbil rats after the daily afternoon injection of 
MLT,18 spleen hypertrophy, and an increase in interferon-
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Abstract
Background: Melanoma is one of the most complex and invasive cancers in the world, accounting 
for the most deaths among skin cancers. This study investigated the effects of melatonin (MLT)-
treated RAW264.7 cell lines on A-375 human melanoma cell lines.
Methods: RAW264.7 and A-375 cells were cultured and passaged separately and then treated 
with 0 μM, 50 μM, 75 μM, 100 μM, 150 μM, and 200 μM concentrations of MLT. In addition, 
the survival rate of these cells was checked by trypan blue staining. A-375 cells were exposed 
to RAW264.7 cells treated with MLT for 24 hours, and their viability was evaluated with trypan 
blue. 
Results: After the colonization of RAW264.7 cells and treatment with different concentrations 
of MLT for 24 hours, it was observed that the growth and differentiation of RAW264.7 cells 
decreased at concentrations of 150 μM and 200 μM. In the case of A-375 cells, after 24 hours 
of treatment with different concentrations of MLT, the growth of malignant cells was inhibited 
in a dose-dependent manner. When MLT-treated RAW264.7 cells were placed in the vicinity of 
A-375 cells for 24 hours, the density of RAW264.7 cells was low at concentrations of 150 and 
200 μM MLT, and the growth of A-375 cells was inhibited accordingly. The same results were 
obtained when cell viability was measured by MTT.
Conclusion: Our findings revealed that MLT, at concentrations of 150 μM and 200 μM, inhibited 
the growth of A-375 cells by inhibiting the growth and reducing the differentiation of RAW 
macrophages. Therefore, this substance can be used in the mentioned concentrations to treat 
melanoma. It is also possible to examine the effect of MLT on melanoma cell line in different 
periods.
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gamma (IFN-γ) in Syrian hamsters.19 Other effects of 
MLT on the immune system include the activation of 
T-cells, B-cells, NK cells, and monocytes and the release 
of some cytokines, such as IFN-γ, interleukin-1 (IL)-1, IL-
2, IL-6, and IL-12.20-25 

In this study, the immune feature of MLT is of interest, 
especially since studies recently conducted on the effects 
of MLT on melanoma have shown that MLT has an 
inhibitory effect on the growth of melanoma cells.

Materials and Methods
Cell Culture
RAW264.7 Cell Line Culture
The RAW264.7 cell line was obtained from the Tehran 
Pasteur Cell Bank in flasks. After observing the flask 
with an inverted microscope and ensuring the health of 
the cells, the flask was transferred to the CO2 greenhouse 
and incubated at 37˚C. After 3 days, with changing the 
environment color, the flask was transferred to the 
sterilized class II laminar hood, and the supernatant was 
centrifuged at 1200 rpm for 5 minutes. Next, the cell 
mass was dissolved in a 1 cc high glucose Dulbecco’s 
modified eagle medium (DMEM), and the number of 
living cells was counted by trypan blue. Finally, the cells 
were cultured in the new medium containing 90% high 
glucose complete DMEM, 10% fetal bovine serum (FBS), 
1% Pen-Strep antibiotic (penicillin + streptomycin), and 
2% L-glutamine in a greenhouse with 5% CO2 and 95% 
humidity at 37 ̊ C. Cell passage was performed after filling 
80% of the flask space.

A-375 Cell Line Culture
A-375 cells were obtained as a frozen vial from the liquid 
nitrogen tank of the Pasteur Institute of Tehran. Then, 
to defreeze the cells, first, the cryotube was transferred 
inside the sterilized class II laminar hood. After the 
cryotube reached the same temperature as the ambient 
temperature, 2 cc of the RPMI medium was added to 
the cell suspension. After centrifuging at 2000 rpm for 5 
minutes, the supernatant was removed, and 1 cc of RPMI 
medium was added to the cell mass. The rate of survival 
was determined with the trypan blue staining method. The 
cells were transferred to a complete medium containing 
90% RPMI, 10% FBS, and 1% Pen-Strep and incubated in 
a greenhouse with 5% CO2 and 95% humidity at 37 ˚C. 
Finally, cell suspension with a volume of 190% FBS and 
10% dimethyl sulfoxide (DMSO) was transferred to a cell 
cryotube and frozen at -80°C, and stored in a nitrogen 
tank. 

3-(4, 5-Dimethylthiazolyl-2)-2, 5-Diphenyltetrazolium 
Bromide Toxicity Assay 
3-(4, 5-Dimethylthiazolyl-2)-2, 5-Diphenyltetrazolium 
Bromide Toxicity Assay for RAW264.7 Cells
After incubating the cells for 24 hours in 24-well plates, 
each well containing cell was treated with a different 
concentration of 0 µM, 50 µM, 75 µM, 100 µM, 150 µM, and 

200 µM MLT (MLT powder was prepared as a suspension 
in a high glucose DMEM without FBS and sterilized with 
a 0.2 μm filter). Then, the desired dilutions were prepared 
and incubated for 24 hours in the greenhouse with an 
atmosphere of 5% CO2 and 95% humidity at 37 °C. The 
morphological characteristics of the cells after 24 hours 
of treatment with MLT were examined and recorded with 
an inverted microscope. The supernatant was removed, 
and the MTT solution with a concentration of 50 mg/
mL was added to the treated cells at a ratio of 1:10 with 
a fresh medium. The cells were incubated for 4 hours at 
37 °C, then an equal concentration of DMSO was added, 
and the resulting suspension was transferred to the 96-
well plates after several times of pipetting. Finally, the 
light absorption created at the wavelength of 540 nm was 
read by an enzyme-linked immunosorbent assay (ELISA) 
reader.

The selection of different concentrations of MLT 
was based on an article by Ban et al, who did the 
microarray analysis of the gene expression profile in 
lipopolysaccharide (LPS)-stimulated RAW264.7 cells in 
response to melatonin treatment. For this purpose, they 
treated the above-mentioned cells with concentrations of 
0 µM, 50 µM, 100 µM, and 500 µM MLT. 

3-(4, 5-Dimethylthiazolyl-2)-2, 5-Diphenyltetrazolium 
Bromide Toxicity Assay for A-375 Cell Lines
The A-375 cells were transferred to 48-well plates and 
incubated. Then, 6 wells containing malignant cells were 
treated with different concentrations of 0 µM, 50 µM, 75 
µM, 100 µM, 150 µM, and 200 µM MLT and incubated 
for 24 hours in the greenhouse with an atmosphere of 
5% CO2 and 95% humidity at 37 °C. The morphological 
characteristics of the cells after 24 hours of treatment 
with MLT were examined and recorded with an inverted 
microscope. Subsequently, they were centrifuged at 2000 
rpm for 5 minutes. The supernatant was removed from 
the surface of the cells. The resulting suspension was 
transferred to 96-well flat-bottom plates, and the MTT 
solution with a concentration of 50 mg/mL at a ratio of 
1:10 was added and then incubated for 4 hours at 37 °C. 
An equal concentration of DMSO was added after several 
times of pipetting, and finally, the light absorption created 
at the wavelength of 540 nm was read by the ELISA reader.

3-(4, 5-Dimethylthiazolyl-2)-2, 5-Diphenyltetrazolium 
Bromide Toxicity Assay for A-375 Cell Lines After Exposure 
to Melatonin-treated RAW264.7
We had RAW264.7 cells in high glucose DMEM after 24 
hours of treatment with 0 µM, 50 µM, 75 µM, 100 µM, 150 
µM, and 200 µM concentrations of MLT. On the other 
hand, we had A-375 cell lines floating in high glucose 
DMEM after centrifugation. The floating A-375 cells were 
added to wells containing RAW264.7 cells treated with a 
certain concentration of MLT, so that the number of A-375 
cells was equal to that of RAW264.7 cells. The cells were 
cultured together for 24 hours. Then, the morphological 
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characteristics of the floating A-375 cells after exposure 
to MLT-treated RAW264.7 were examined and recorded 
with an inverted microscope. The non-adherent A-375 
cells were slowly isolated, and after counting with trypan 
blue, an MTT toxicity assay was performed for the 
A-375 cell lines. Next, an equal concentration of DMSO 
was added, and after several times of pipetting, the light 
absorption created at the wavelength of 540 nm was read 
by the ELISA reader.

Measurement of the Production of Myeloperoxidase 
From the Supernatant of RAW264.7 Cells
MPO plays a key role in the innate immune system and 
regulates inflammation through the production of active 
species and the oxidation of vital molecules such as lipids 
and proteins. Therefore, it is possible to understand the 
function of the cells to some extent by measuring MPO in 
the immune cells under the influence of a specific disease.

After the treatment of RAW264.7 cells with different 
concentrations of MLT, the supernatant of RAW264.7 
cells was separated and centrifuged at 2500 rpm for 15 
minutes. From the supernatant of each concentration, 
10 µL was separately transferred to flat-bottom 96-
well plates. In addition, 80 µL of a 0.75 µM H2O2 
solution was added to the supernatant. Then, from 
the 3,3’,5,5’-tetramethylbenzidine solution (2.9 mM of 
3,3’,5,5’-tetramethylbenzidine was dissolved in 14.5% of 
DMSO), 110 µL was added to each sample. The samples 
were incubated for 5 minutes at 37 °C. Subsequently, 50 µL 
of H2SO4 was added to all samples. After several times of 
pipetting of the resulting suspension, the light absorption 
was read at a wavelength of 450 nm by the ELISA reader.

Measurement of the Production of Nitric Oxide in the 
Supernatant of RAW264.7 Cells by the Grease Method
NO measurement of RAW264.7 cells under treatment 
with different concentrations of MLT can, to some extent, 
indicate the kind of cell activity. Therefore, the steps were 
as follows:

After treating RAW264.7 cells at different 
concentrations of MLT, separating the supernatant of 
RAW264.7 cells, and centrifuging it at 2,500 rpm for 
15 minutes, the supernatant of each concentration was 
diluted 1:1 with a high glucose DMEM. The same volume 
of the grease reagent (0.5% sulfanilic acid, 0.002% 1-N 
naphthyl-ethylene diamine dihydrochloride, and 14% 
glacial acetic acid) was added for each sample. All the 
samples were slowly pipetted, and light absorption was 
read at the wavelength of 570 nm by the ELISA reader.

Statistical Analysis
The Kolmogorov-Smirnov test was used to determine the 
normality of the tests. Considering that not all the data had 
a normal distribution, instead of the analysis of variance 
test, the Kruskal-Wallis test was utilized to compare 
multiple data and to compare two data with Ben Freddie’s 
adjustment. Each experiment was repeated at least three 

times, and the results were reported as means ± standard 
deviations (SD). The obtained data were evaluated 
using Minitab software (version 17) and Kruskal-Wallis 
and Mann-Whitney tests. The results were considered 
significant at P ≥ 0.05.

Results
The morphological characteristics of the RAW264.7 
macrophage cell line in the DMEM revealed that the cells 
grew in layers and formed colonies, which is the best 
time to re-cultivate the cells. The differentiation of the 
cells appeared after 8–12 days. The cells became spindle-
shaped to pyramidal, and processes appeared on the cell 
surface. At this time, the cells were highly sensitive to 
separation from the flask and underwent apoptosis in less 
than 5 days (Figure 1).

MLT at concentrations of 0 μM, 50 μM, 75 μM, 100 μM, 
150 μM, and 200 μM was added to each well containing 
RAW macrophage cells and incubated in the greenhouse 
under special conditions (as mentioned earlier) for 24 
hours. In the morphological examination of the cells 
at different concentrations of MLT, the cells showed 
differences both in terms of number and appearance. 
Cell line morphology studies demonstrated that 24 hours 
of MLT treatment increased the number of cells and 
caused differentiation at lower concentrations of MLT. 
At concentrations of 50 μM and 75 μM, differentiation 
was observed in the form of processes and protrusions on 
the surface of the cells, but at higher concentrations, this 
result was the opposite (Figure 2).

After adding MLT at different concentrations (0 μM, 

Figure 1. Morphology of the RAW264.7 Macrophage Cell Lines Under 
the Light Microscope. Note. The RAW264.7 cells were grown as colonies 
in the DMEM. After 8–12 days, their differentiation appeared, the cells 
became spindle-shaped and pyramidal, and the processes were created 
on the cell surface
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50 μM, 75 μM, 100 μM, 150 μM, and 200 μM) to 6 wells 
containing A-375 cells and incubating in the greenhouse 
under special conditions, the inhibitory effects of MLT 
on the growth of malignant cells were observed after 24 
hours, which increased depending on the concentration of 
MLT, so that there was maximum cell growth inhibition 
at a concentration of 200 μM. Compared to the control 
cells, there were no significant apparent changes with 
concentration increasing (Figure 3).

After the treatment of RAW264.7 cells with MLT and 
examination of cell morphological characteristics, the 
survival rate of the cells was evaluated with the MTT 
test. The results showed that MLT inhibited the growth 
of RAW264.7 cells in a dose-dependent manner, so 
that there was the lowest number of RAW264.7 cells at 
a concentration of 200 μM. As mentioned, MLT at low 
concentrations (50 μM and 75 μM) increased the number 
and differentiation of RAW264.7 cells, which is in line 
with the results of the MTT test (Figure 4).

When the A-375 cells were exposed to MLT for 24 
hours, the results demonstrated that during 24 hours 
of incubation, the survival rate of A-375 cells reduced 
with an increase in the MLT concentration, so that the 
percentage of viability decreased from about 46% at the 
concentrations of 0 μM and 50 μM to less than 42% at 
the concentrations of 150 μM and 200 μM, which was a 
significant difference (Figure 5).

Based on the findings of this study, the proximity 
of A-375 cells with RAW264.7 cells treated with 
different concentrations of MLT determined that at 
low concentrations, the number and differentiation of 

RAW264.7 were higher and, consequently, there were 
more A-375 cells. By increasing the concentration to 
100 μM, 150 μM, and 200 μM, the density of RAW 
cells decreased, followed by the number and density 
of A-375. This result was visible when checking the 
survival percentage of melanoma cells with the MTT test 
(Figure 6).

Measurement of the Production of Myeloperoxidase in 
the Supernatant of RAW264.7 Cells
MPO activity was evaluated in the supernatant of RAW 
cells, and the results indicated that the concentration of 
MLT effective on RAW cells could decrease the level of 
MPO activity. In other words, the lowest level of activity, 
compared to the control group, was observed at the 
treatment concentration of 200 μM (Figure 7).

Measurement of the Production of Nitric Oxide in the 
Supernatant of RAW264.7 Cells by the Grease Method
The amount of NO production in the RAW group was 
measured in the supernatant of the cells. The results 
confirmed that the amount of NO production in the RAW 
cell line exposed to different concentrations of MLT was 
lower than in the control group, but it was not significant 
(Figure 8).

Discussion
Despite recent advances in disease diagnosis and treatment, 
cancer is one of the most important causes of death in 
the world, and skin cancer is one of the most common 
cancers. Melanoma is one of these malignant skin cancers, 

Figure 2. Morphology of RAW Macrophage Cells Under the Inverted Phase Microscope 24 Hours After Treatment With Different Concentrations of Melatonin. 
Note. The number of macrophage cells increased and differentiated at low concentrations of melatonin (50 μM and 75 μM), but their number and differentiation 
gradually decreased at higher concentrations
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which is the most invasive and deadly type of skin cancer, 
and its prevalence increases gradually.2 Due to challenges 
in the treatment of melanoma and the need to use new 
treatments for this disease over the past years, MLT has 
been considered an effective substance in the treatment 
of melanoma. MLT is a hormone secreted by the pineal 
gland that is involved in regulating circadian and seasonal 
rhythms5; of course, this hormone has different effects on 
the endocrine, neural, and immune systems.6 According 
to the positive effects of MLT in melanoma treatment 
in recent studies, this study evaluated the effects of this 
hormone on the A-375 human melanoma cell line.

Various studies have investigated the inhibitory effects 

of MLT on several cell lines of human melanoma. For 
example, it inhibits the in-vitro proliferation of the M-6 
human melanoma cell line26 and, at certain concentrations, 
suppresses the proliferation of all 4 melanoma cell lines 
(SBCE2, WM-98, WM-164, and SKMEL-188). In another 
study, it was shown that MLT reduces the growth of SK-
ML-1 human melanoma cells.27 The results of our study 
are also consistent with those of these studies. In our study, 
when A-385 cells were exposed to MLT at concentrations 
of 0 μM, 50 μM, 75 μM, 100 μM, 150 μM, and 200 μM for 
24 hours, the growth of malignant cells was inhibited in 
a dose-dependent manner, so that maximum inhibition 
was at 200 μM concentrations (Figure 3 and 5).

Figure 3. Morphology of A-375 Cell Lines Under a Light Microscope After 24 Hours of Melatonin Treatment. Note. When melatonin was added to the medium 
of A-375 melanoma cells, it inhibited cell growth, and this inhibitory effect had a direct relationship with the melatonin concentration

Figure 4. Effects of Different Concentrations of Melatonin on the Survival 
of RAW Cells by the MTT Test. Note. Interestingly, RAW macrophages at 
lower concentrations (50 μM and 75 μM) could increase the number of 
cells. Thus, the light absorption percentage of the cells in the control well 
is 0.88, while this number is higher than 0.95 at the concentrations of 50 
μM and 75 μM of melatonin. However, with the increase in melatonin 
concentration, the survival percentage of these cells decreased until it 
reached below the control well at 200 µM .

Figure 5. The Effect of Different Concentrations of Melatonin on the A-375 
Cell Line With the MTT Test. Note. MTT: 3-(4, 5-Dimethylthiazolyl-2)-2, 
5-diphenyltetrazolium bromide. By increasing the concentration of 
melatonin in each of the wells containing A-375 cells, the growth of 
melatonin cells was inhibited, so that the percentage of survival decreased 
from 0.45% at the 0 μM concentration of melatonin to less than 0.42% at 
concentrations of 150 μM and 200 μM
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In a study conducted on male and female athymic 
mice that have been inoculated with a large number of 
melanoma cells and MLT (5 μg/g body weight/day) was 
orally administered (plus 0.5% ethanol), the size of their 
tumors was significantly decreased after 40 days. The size 
of the testes, ovaries, and adrenal glands was decreased as 
well. Therefore, it has been shown that oral MLT intake 
significantly inhibits melanoma growth and reduces the 
size of gonads and adrenals.21 Alvarez et al, investigating 
the effects of MLT on the melanoma B16-F10 cell line in 
murine, both in cell culture and in vivo models, found 
that the antiproliferative effect of MLT reduced the 
growth rate and migration ability of malignant cells.22 
In another study, it was reported that MLT inhibits the 
growth of rodent melanoma cells at low concentrations 
(0.1–10 nM), but it has no effects on melanogenesis. 
However, at high concentrations ( ≥ 0.1 μM), it prevents 
melanogenesis induction but does not affect cell growth23. 
Furthermore, MLT significantly inhibits both PG19 and 
B16BL6 mouse melanoma cell lines at its physiological 

concentrations (10 μM to 0.1 pM).24

In a study, it was revealed that MLT could inhibit 
the growth of melanoma and breast cancer cells in a 
dose- and time-dependent manner.25 Ying investigated 
the potential oncostatic properties of MLT and its 
binding characteristics and functional effects on the 
M-6 melanoma cell line. They demonstrated that the 
in-vitro proliferation of M-6 cells was significantly 
inhibited by MLT, its analogs 6-chloromelatonin, and 
2-iodomelatonin (at concentrations ranging from 10(-9) 
to 10(-4) M).26 In another study, evaluating the effects of 
MLT on 4 melanoma cell lines (SBCE2, WM-98, WM-164, 
and SKMEL-188) at different concentrations, it was found 
that MLT suppressed the proliferation of all cell lines at 
pharmacological concentrations (10-3-10-7 M).27 Cabrera 
et al reported that MLT reduced the growth of the SK-
MEL-1 human melanoma cell line. The antiproliferative 
effect was associated with changes in the progression of 
the cell cycle phases and an increase in the activity of the 
main melanogenesis regulatory enzyme, tyrosinase.28

Several studies have shown that macrophages do not 
only phagocytosis or clearance of dead cells, but in the 
melanoma microenvironment, they are involved in all 
stages of melanogenesis. In the early stages of cancer, 
macrophages form an inflammatory microenvironment 
and then suppress the anti-cancer activity of the 
immune system, stimulating angiogenesis, enhancing 
the migration ability of malignant cells, and finally 
participating in the process of metastasis.29 According to 
the benefits of macrophages to melanoma, understanding 
signal pathways and involved proteins can help target 
therapy against disseminated melanoma.30

As mentioned, MLT has positive effects on melanoma. 
Among the immune system elements are macrophages, 
which are not excluded from these effects. For example, 
MLT helps spleen macrophages to antigen presentation 
to T-cells in mice,31 and testicular macrophages enhance 
the capacity of phagocytosis in mice by increasing the 
free intracellular Ca level.32 Moreover, in a type of mouse, 
increasing the levels of MLT in the blood circulating 
at night is associated with increases in the phagocytic 

Figure 6. The Effects of Different Concentrations of Melatonin on the 
A-375 Cell Line After Exposure to RAW Cells by the MTT Test. Note. MTT: 
3-(4, 5-Dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide. When 
placing A-375 melanoma cells in the vicinity of RAW macrophages treated 
with melatonin, it showed that the growth of melanoma cells gradually 
decreased with an increase in the concentration of melatonin. However, at 
lower concentrations (e.g., 50 μM and 75 μM), this inhibitory effect did not 
exist but had a positive effect on the growth and density of malignant cells

Figure 7. The Effect of Different Concentrations of Melatonin on MPO 
Activity. Note. MPO: Myeloperoxidase. Melatonin at a concentration 
of 100 μM could increase the MPO activity of the supernatant of RAW 
macrophage cells. However, at higher concentrations (e.g., 150 μM and 
200 μM), it reduced this amount

Figure 8. The Effect of Different Concentrations of Melatonin on NO 
Production. Note. NO: Nitric oxide. Melatonin could inhibit the production 
of NO from the supernatant of RAW macrophage cells, but not significantly
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activity of peritoneal macrophages.33,34 Nonetheless, it has 
been shown that the effects of MLT on macrophages are 
negative. MLT inhibits the expression of various genes in 
RAW264.7 macrophages treated with LPS, including IL-
1β and IL-6.35 In this study, RAW macrophages are used, 
which are monocyte/macrophage-like cell lines that have 
been commonly utilized in studies for more than 40 years. 
These cell lines can perform pinocytosis and phagocytosis, 
and they increase the production of NO and phagocytosis 
by stimulating LPSs. Additionally, they can kill the target 
cells through antibody-dependent toxicity.36-38 Therefore, 
in our study, the A-375 melanoma cell line was exposed to 
MLT-treated RAW macrophages.

Our study investigated the effects of MLT-treated RAW 
macrophages on the A-375 melanoma cell line. After 
treatment of RAW macrophages with MLT for 24 hours 
at concentrations of 0 μM, 50 μM, 75 μM, 100 μM, 150 
μM, and 200 μM, they were placed in the vicinity of A-375 
cells. It was shown that, at low concentrations (50 μM and 
75 μM), MLT increased the proliferation of RAW264.7 
cells and thus the density of A-375 cells. However, at 
higher concentrations of MLT (150 μM and 200 µM), 
in which the growth and proliferation of macrophages 
were inhibited by MLT, the growth of malignant cells was 
inhibited as well (Figure 6).

A number of studies on the effects of MLT on 
macrophages have reported that this effect is inhibitory. 
MLT inhibits the production of NO in bacterial LPS-
stimulated macrophages by inhibiting the expression of 
the inducible isoform of NO synthase.39,40 Another study 
showed that MLT in LPS-treated RAW264.7 macrophages 
could inhibit the expression of various genes, such as IL-
1β and IL-6.36 In this study, RAW264.7 macrophages 
were treated at concentrations of 0 μM, 50 μM, 75 μM, 
100 μM, 150 μM, and 200 μM MLT for 24 hours, and 
the results revealed that low concentrations of MLT 
increased the growth and differentiation of RAW264.7 
cells, but with increasing the concentration, their growth 
and differentiation were inhibited, so that the maximum 
inhibition was obtained at 200 μM (Figure 2 and 4). 
Additionally, our results demonstrated that MLT reduced 
the production of NO from the supernatant of RAW264.7 
cells at concentrations of 50 μM to 200 μM. Nonetheless, 
this reduction was not significant (Figure 8), which is 
consistent with the findings of the above studies.

As mentioned, MPO had a key role in the innate 
immune response.38 Galijasevicet al concluded that MLT 
inhibits the MPO in different ways (e.g., by changing the 
peroxidation to catalase-like activity and converting it to 
inactive form).41 MLT reduces the MPO activity in blood 
vessels by limiting hydrogen peroxide (a co-substrate of 
MPO) and reducing the vascular wall infiltration of the 
MPO-secreting leukocytes.38 Our study results are also in 
line with the findings of these studies, so that the MPO 
activity was reduced at concentrations of 0 μM to 200 μM 
of MLT. The activity of MPO increased surprisingly at a 
concentration of 100 μM (Figure 7).

Conclusion
Our findings revealed that, at concentrations of 150 μM 
and 200 μM, MLT inhibited the growth of A-375 cells by 
inhibiting the growth and differentiation of RAW264.7 
cells. Therefore, it can be used to treat melanoma at the 
mentioned concentrations. 
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