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Introduction
Melatonin is a neurohormone secreted by the pineal gland 

during dark period of the night. It regulates circadian rhythms 
including sleep patterns. Melatonin hormone participates on 
human circadian rhythm. The duration of elevated nocturnal 
melatonin levels is commensurate to the length of darkness 
(1,2). Melatonin is a beneficial supplement in the treatment of 
central nervous system disorders. Melatonin as a potent an-
tioxidant, regulates a large number of molecular pathways, 
including oxidative stress, inflammation, apoptosis, and cell 
death (3). The circadian clock system controls daily rhythms in 
physiology, metabolism, and behavior in mammals. Circadian 
rhythms are affected by endogenous factors for example Clock 
genes (including Clock, Bmal1, Per and Cry). The products of 
these genes stimulate the suprachiasmatic nucleus of the an-
terior hypothalamus in human brain (4). Clock protein encoded 
from Clock gene acts as a transcriptional factor. It activates oth-
er clock genes. It promotes chromatin opening and regulates 
DNA accessibility of other transcription factors (5). 

Cell viability is one of the basic methods to figure out the 

viability of cells in culture. The results can be used in evalua-
tion of the effects of substances on relevant cells. There are a 
number of methods for the detection of cell viability such as flu-
orescence- or non-fluorescence based methods. Many of these 
methods require expensive commercial kits, fluorescence dyes/
antibodies etc. Trypan blue assay in cell viability is the cheap-
est and easiest one (6). Gene expression is a term, used for a 
genes’ activation in the synthesis of a functional gene product. 
Reverse transcription polymerase chain reaction (RT-PCR) is a 
laboratory technique which is used for gene expression analy-
ses (7,8).

In this study, we aimed to look for the cell viability changes 
on neuroblastoma cell line in different melatonin concentration 
by using trypan blue assay. Also we analyzed the expression 
differences of Clock genes on real time polymerase chain re-
action (RT-PCR). The cell viability ratios were found as lower 
than control in high concentrations’ melatonin applications. In 
low melatonin concentrations, no differences in cell viability 
was observed. In high concentration melatonin uses, melatonin 
increased Clock and Bmal1 gene expressions.
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ABSTRACT
Aims:Circadian rhythm of human body is regulated by melatonin which affects through to 
hypothalamic area of brain. Human clock genes (Clock, Bmal1, etc.) also actively participate in 
the circadian rhythm. Cell viability techniques reflect the number of living cells in a population. 
In this manuscript, human neuroblastoma cell viability was found in melatonin usage. The 
clock gene expression differences on the same panel were analyzed. 
Methods:In cell viability studies, MTT and trypan blue assays were used with melatonin 
solutions (in 0.25mM, 0.50mM, 1mM concentrations) on neuroblastoma cells. In the expressions 
studies, Clock, Bmal1, Per and Cry genes were studied for gene expressions by using melatonin 
on RT-PCR.
Results:The melatonin’ LD50 was found as 1.2 mM on human neuroblastoma cells. We found 
that, 81±1.2%, 80±0.9%, 73±1.2%, 73±1.1% cells were viable in control, 0.25mM,0.50 mM, 1mM 
melatonin concentrations respectively. In high melatonin concentrations (0.5mM and 1mM), 
Clock and Bmal1 expressions were found higher than control (p<0.05).  In low melatonin 
concentration (0.25mM), no difference in expression was found on Clock and Bmal 1 genes 
(p≥0.05). No difference in expressions was found in Per and Cry genes by using melatonin 
(p≥0.05). 
Conclusions:Melatonin in high concentrations decreased neuroblastoma cell viability. In the 
same concentrations, melatonin increased the Clock and Bmal1 genes’ expressions. Melatonin 
in low concentration did not chanced cell viability. In the same concentration, no effect on 
Clock and Bmal1 genes’ expressions were observed. We observed no relationship between Per 
and Cry genes’ expressions and melatonin usage. 
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Melatonin hormone stimulates human clock genes on 
neuroblastoma (SH-SY5Y) cell line
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Methods
This study is designed due to Ethical Board Decision of Gül-

hane Military Medical Academy-2014-44.  

Preparation of Melatonin Solutions

Melatonin was delivered from Sigma Aldrich Co. (M5250 
powder form). Physiological saline solution was used for di-
lution of melatonin. The melatonin solutions were prepared in 
different concentrations (0.25 mM, 0.50 mM, 1.0 mM, 1.25 mM, 
1.50 mM, 1.75 mM, 2.0 mM).

MTT Cell Proliferation Assay

For cell viability and cell proliferation, MTT (3-[4,5-dimeth-
ylthiazol-2-yl]-2,5- diphenyltetrazolium bromide; thiazolyl blue) 
assay was applied in the different concentration of Melatonin 
after the 24-hour incubation (Sigma-Aldrich/In Vitro Toxicology 
Assay Kit, MTT based). According to the instruction manual, 
we noticed to do analyses with 3x104 cells in each cell culture 
flask. Melatonin solutions (50µl in each) were added in neuro-
blastoma culture flasks. The MTT cell proliferation experiments 
were done three times for obtain proper results. In cultured 
cells, Lethal Dose 50 (LD50) was found with Melatonin applica-
tion (9) (Figure 1).

Neuroblastoma Cell Culture

In our study, human neuroblastoma cell line [SH-SY5Y-
ATCC® CRL-2266™] was obtained from Health Sciences Uni-
versity, Gülhane Health Science Institute, Cancer Research 
Center. The SH-SY5Y neuroblastoma cell line is a well-char-
acterized neuronal cell line with different functional qualities. 
Naturally, these cells have dopaminergic and adrenergic prop-
erties (10). Cell cultures of cell line was applied due to classical 
standards (11). The cell line was incubated in RPMI-8226 1640 
(Sigma-Aldrich-R8758) including 10 % (v/v) FBS (BiochromAG, 
Germany) and 1% (v/v) penicillin and streptomycin (Biological 
Industries, Israel) (37˚C, 5% CO2) (Heraus incubator, Henau, 
Germany) (9). In working conditions, 0.25 mM, 0.50 mM and 
1.0 mM melatonin solutions were chosen. We arranged five cell 
culture groups; one for control, three for melatonin treatment 
groups (0.25 mM, 0.5 mM and 1.0 mM melatonin solutions). In 
control group, only RPMI-1640 (Sigma R8758) as a cell culture 
medium was used. For study groups, 2 ml of melatonin solution 
in each was used for one culture flask. The cells were exam-
ined immediately after the applications and 24 hour later. The 
changes in cell morphology were noted. The cells were photo-
graphed for morphological analyses.

Cell viability assay with trypan blue

Trypan blue (Sigma Aldrich Co. 302643) as a stain was used 
in procedure for viable cell counting. Trypan blue was diluted at 
0.8 mM in PBS. It was mixed with the cells 1:1. In this method, 
live (viable) and dead (non-viable) cells were counted on hemo-
cytometer (12). Trypan blue cell viability assay was applied in 
the different concentration of Melatonin (in 0.25 mM, 0.50 mM, 
1.0 mM) after the 24-hour incubation. The cell viability experi-
ments were done three times for obtain proper results (Figure 
2).

RNA isolation and cDNA synthesis

All of the culture flasks were harvested by Trypsin-EDTA 
solution (Sigma Aldrich Cat No: T4049) 24 hours later. RNA 
isolation procedure was performed on the harvested cells ac-
cording to manufacturer’s protocol (NucleoSpin RNA-Machen-
ery Nagel). For cDNA synthesis, RT- PCR was used as 42° for 
60 minutes; 70° for 5 minutes according to the manufacturer’ s 
protocol (Fermentas, Revert Aid cDNA synthesis kit). c-DNA’ s 
were controlled on 2% agarose gel. 

Reverse transcription-polymerase chain reaction-RT 
PCR

The gene expression levels of Clock/ Clock Circadian Reg-
ulator (OMIM: 601851), Bmal1/ARNTL/Aryl Hydrocarbon Re-
ceptor Nuclear Translocator Like (OMIM: 602550), Per/Per1/
Period Circadian Regulator 1 (OMIM: 602260) and Cry1/ Cryp-
tochrome Circadian Regulator 1 (OMIM: 601933) were select-
ed and analyzed (8). The primer lists were found in primer bank 
(http://pga.mgh.harvard. edu/cgi-bin/primerbank). The obtained 
cDNAs from all groups were used as template for RT-PCR. RT-
PCR conditions: 95˚Cº 10’’, 56˚ 15’’, 72˚C 15’’- 45 cycle (Roche 
Light Cycler 1.5). For internal control β-Actin gene was used 
[beta-actin housekeeping gene (5’-GTC CCT CAC CCT CCC 
AAA AG-3’ (forward) and 5’-GCT GCC TCA ACA CCT CAA 
CCC-3’ (reverse)]. Each RT-PCR reaction is performed in 20 
µl (10 µl 2x SYBR, 5 µl c DNA, 0.5 µl primer, 3 µl d H2O). Each 
sample was studied for three times for proper statistical results. 
Results were analyzed by “Roche Light Cycler1.5 software” 
(Table 1). 

Statistical Analyses

Mean values and standard deviations were obtained, in cell 
viability assay. For evaluating the results of RT-PCR analyses, 
Student T test was used in the comparison of groups. In these 
analyses, MS Excell was used. 

Figure 1. The graph represents MTT results in neuroblastoma cells 
[SH-SY5Y-ATCC® CRL-2266™] after melatonin treatment (LD50 was 
found as 1.2 mM).

Figure 2. The graph represents cell viability ratios (in %) in different 
melatonin solutions on neuroblastoma cells.
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Results
In our experiment, LD50 value of melatonin was found as 

1.2±0.1 mM in human neuroblastoma cells [SH-SY5Y-ATCC® 
CRL-2266™] by using MTT cell proliferation assay (Figure 1). 

In our study, we used 0.25 mM, 0.50 mM and 1.0 mM mel-
atonin concentrations. The concentrations which are close to 
LD50 were accepted as “high melatonin concentration group” 
(0.50 mM and 1.0 mM). The lowest melatonin concentration 
(0.25 mM) was accepted as “low melatonin concentration 
group” in our experiment. 

Cell viability assay results were found as 80±0.9% in 0.25 
mM, 73±1.2% in 0.5 mM and 73±1.1% in 1.0 mM melatonin 
solution applied groups. In control group, 81±1.2% was ob-
served as cell viability ratio. In high melatonin concentration 
group, the cell viability ratio results were found statistically sig-
nificant (p<0.05).  In low concentration group, the cell viability 
ratio was found statistically insignificant (p≥0.05). (Figure 2). 

Gene expression results were found as approximately three 
and four times increased in Clock and Bmal1/ARNTL1 genes 
in high melatonin concentration group. The results were found 
statistically significant (p<0.05). In Clock and Bmal1/ARNTL1 
genes, no increase or decrease was found in low melatonin 
concentration group. This result was found statistically insignif-
icant (p≥0.05) (Table 1, Figure 3). 

In Per gene, no increase or decrease was found in all mel-
atonin concentrations (0.25 mM, 0.5 mM and 1 mM mela-
tonin solution). This result was found statistically insignificant 
(p≥0.05) (Figure 2).  In Cry1 gene, no increase or decrease was 
found in all melatonin concentrations. This result was found 
statistically insignificant (p≥0.05) (Table 1, Figure 3).   

Discussion
Melatonin is a hormone found naturally in the body. Melatonin 

is a hormone that regulates sleep–wake cycles. It is primar-
ily released by the pineal gland. As a supplement, it is often 
used for the short-term treatment of trouble sleeping such as 
from jet lag or shift work (13). Circadian rhythms, endogenous-
ly generated in suprachiasmatic nuclei, seem to be under the 
direct influence of melatonin (14). Scientists work on the pos-
sible antidepressant effects of melatonin in these days (15). 
So, the effect of melatonin on neurons is still interesting. Here, 
melatonin’s role on neuron cell viability was analyzed. Human 
neuroblastoma cell line was selected as a model. Cell-based 
assays are the main stay in drug discovery projects, where 
collections of compounds are screened to assess effects on 
cell viability, cell proliferation or show direct cytotoxic effects 
that eventually lead to cell death. Assessing cell viability is a 
key step in daily cell manipulation and often a requirement 
for subsequent processing and analysis (16). The trypan blue 
assay is used to determine the number of viable cells pres-
ent in a cell suspension. It is based on the principle that live 
cells possess intact cell membranes that exclude certain dyes, 
whereas dead cells do not (17). In our study, high melatonin 
concentrations (0.50- 1.0 mM melatonin concentrations) de-
creased neuroblastoma cell viability ratios. Despite of this, cell 
viability ratio was found as similar as in control group in low 
melatonin concentrations (0.25 mM melatonin concentration) 
(Figure 1).  Previous studies have shown that melatonin also 
affects survival, proliferation, and apoptosis of the cells (18). It 
was demonstrated that melatonin application in neuronal cell 
culture cause anti-apopitotic affect. Melatonin’s antioxidant ef-
fect probably causes neuroprotection of melatonin. It inhibits 
apopitosis in neurons (19-22). Our findings in low concentration 
group sported literature findings. In high concentrations of mel-
atonin, neurotoxicity may be caused decrement ratio in neuron 
cell viability in our experiments (Figure 1).

Rhythmic variations in physiological and behavioral process-
es are mediated by both endogenous and exogenous factors. 
Clock genes and its’ protein products are important in circa-
dian rhythmic variations as endogenous factors (23). The ex-
pressions of Clock genes occur in all tissues, but especially 
in the suprachiasmatic nuclei of the hypothalamus, which reg-
ulate circadian rhythms in brain. Melatonin probably acts on 
the suprachiasmatic nuclei directly influencing the circadian 
Clock mechanisms (24, 25). Clock genes are associated with 
neurological functions and disorders. So, these genes may be 
potential targets for melatonin in a neuron cell (24-26). In new 
studies, it was found that melatonin effects on both fragile X 
mental retardation protein (FMRP) and reactive oxygen spe-
cies (ROS). Melatonin regulates the GABAergic signal system 
in neurons. FMRP protein is important in memory functions 
and its’ expression reduces in neurodegenerative disorders. 

Table 1. The gene expression results of control and study groups.

Control
0.25 Mm 

Melatonin 
Solution

P value 0.5 mM Melatonin 
Solution P value 1.0 Mm Mela-

tonin Solution P value

Clock 0.005 ± 0.01 0.007 ± 0.01 ≥0.05 0.022 ± 0.01 <0.05 0.023 ± 0.01 <0.05
Bmal1/ ARNTL 0.020 ± 0.01 0.025 ± 0.01 ≥0.05 0.112 ± 0.02 <0.05 0.092 ± 0.03 <0.05
Per1 0.015 ± 0.04 0.015 ± 0.01 ≥0.05 0.019 ± 0.02 ≥0.05 0.015 ± 0.01 ≥0.05
Cry1 0.121 ± 0.01 0.123 ± 0.02 ≥0.05 0.121 ± 0.02 ≥0.05 0.130 ± 0.01 ≥0.05

Figure 3. The graph represents gene expression analyses of Melatonin 
applied groups. Group 1 indicates 0.25 mM, group 2 indicates 0.50 mM, 
and group 3 indicates 1.00 mM Melatonin solutions. (In Per1 gene, no 
expression difference was observed in 0.25 mM and 1.00 mM Mela-
tonin solutions. In Cry1 gene, no expression difference was observed in 
0.50 mM Melatonin solutions.

Group 1 Group 2 Group 3
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Reduced FMRP expression may result in synaptic dysfunction. 
Melatonin may prevent synaptic dysfunction through FMRP 
regulation (27). Here, we looked for the gene expressions of 
Clock genes in melatonin usages on neuroblastoma cells. 

The protein encoded by Clock gene plays a central role in 
the regulation of circadian rhythms as a transcription factor. 
Clock as a protein belongs to a basic helix-loop-helix family 
and contains DNA binding histone acetyltransferase activity. It 
forms a heterodimer with Bmal1/ARNTL. Bmal1 protein encod-
ed by this gene is a basic helix-loop-helix protein that forms 
a heterodimer with Clock protein. This huge molecule (Clock/
Bmal1) binds E-box enhancer elements upstream of Period 
(Per1, Per2, Per3) and Cryptochrome (Cry1, Cry2) genes and 
activates transcription of these genes. Per and Cry proteins 
heterodimerize and repress their own transcription by interact-
ing in a feedback loop with Clock/ARNTL complexes (26, 28). 
In our experiments, melatonin increased the gene expressions 
of Clock and Bmal1 genes in high concentration group (Table 1, 
Figure 3). In low concentration group, no affect was observed in 
Clock and Bmal1 genes (Table 1, Figure 3). 

These are the preliminary results which represents the role of 
melatonin in the transcription of these two genes on neuroblas-
toma cells. Guissoni Campos et al. explained recently that the 
highest expression of Per seen in the daytime analysis coincid-
ed with the highest expression of melatonin receptors in neu-
ron and glia in primate cerebellum (29). Hiragaki et al. reported 
that melatonin signaling may be important for the regulation of 
clock gene expression in the inner or ganglion cells layer, but 
not in photoreceptors (30). Jilg et al. pointed out that melatonin 
shapes time-of-day-dependent learning efficiency in parallel to 
consolidating expression patterns of clock genes in the mouse 
hippocampus (31). These findings belong to “in vivo” studies 
on different animals including primates and mice. The findings 
observed in our experiments belong to “in vitro” studies. The 
increment values in Clock and Bmal1 gene expressions on 
neurons support the literature findings. So, the relationship be-
tween melatonin and Clock genes seems important for further 
studies. 
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