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Abstract

Aim: Colorectal cancer (CRC) impacts almost one million people worldwide each year,
with 500,000 deaths annually. In our country, CRC ranks as the third most prevalent
cancer in women and the fourth in men. Melatonin, a hormone with well-established
antioxidant and anti-cancer properties, is produced by the pineal gland. Agomelatine,
used to antidepressant therapies, also acts on melatonin receptors and may offer thera-
peutic benefits in cancer treatment. This study investigates the effects of melatonin and
agomelatine on the viability of human colorectal cancer cell lines (HCT-116 and Caco-2).

Materials and Methods: HCT-116 and Caco-2 cell lines were treated with melatonin
and Agomelatine, both dissolved in 96% ethanol, at doses of 0.1, 1, 5, and 10 mM for
a duration of 24 hours. Cell viability was measured using 3-(4,5-dimetiltiazol-2-il)-2,5-
difeniltetrazolyum bromide (MTT) assay. Statistical analyses were performed using IBM
SPSS Statistics 24.0, applying Bonferroni correction and the Mann-Whitney U-test, with
significance set at p<0.05. The half-maximal inhibitory concentration (LogICsq) was
calculated from the MTT assay results.

Results: All tested concentrations of melatonin and agomelatine significantly reduced
cell viability in both HCT-116 and Caco-2 cell lines (p<0.05).

Conclusion: The study concludes that agomelatine and melatonin have substantial cy-
totoxic and anti-tumor properties against human colorectal cancer cells.

@@@@ Copyright (© 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
ATl under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

Research into circadian rhythms has increased signifi-

Colorectal cancer (CRC) is the most common cancer
worldwide and ranks among the top three in cancer-related
mortality [1]. Current CRC treatments primarily involve
chemotherapeutic agents, which may be used alone or in
combination [2-4]. However, these treatments often come
with significant drawbacks, such as severe side effects and
the potential for developing resistance [5]. This under-
scores the urgent need for novel therapeutic approaches to
enhance treatment efficacy.

Circadian rhythms, which are roughly 24-hour biological
cycles, govern essential physiological processes such as the
sleep-wake cycle, reproductive functions, and immune re-
sponses. Disruptions in these rhythms have been linked to
the onset and progression of various cancers [6, 7]. More-
over, circadian rhythms can influence the effectiveness and
tolerability of treatments like radiotherapy and chemother-

apy [8].
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cantly, driven by the potential to prevent cancer and im-
prove treatment strategies, thereby enhancing the quality
of life for cancer patients [8, 9]. Melatonin, a hormone
predominantly secreted by the pineal gland but also found
in other tissues, plays a crucial role in regulating these
rhythms [10]. It has shown promising anticancer effects
across various types of cancer, including CRC, where it
has been found to inhibit tumor growth, reduce prolifer-
ation, and induce apoptosis in both in vitro [11, 12] and
in vivo models [13, 14]. Melatonin acts mainly through its
G-protein coupled receptors, MT; and MTy [10]. Notably,
lower levels of these receptors have been observed in CRC
tumor samples compared to normal mucosa [15], suggest-
ing that targeting these receptors with non-selective ago-
nists could offer new therapeutic possibilities for CRC.

Agomelatine, a melatonin analog employed as an antide-
pressant, exhibits potent agonistic action at MT; and MT,
receptors, as well as antagonistic activity at the serotonin
5-HTsc receptor [16]. It has been shown to synchronize
circadian rhythms, potentially through interactions with
MT; and MT; receptors [17, 18]. Given the role of sero-
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tonin in cancer progression, including CRC, and the po-
tential of serotonin receptor inhibitors as treatments [19],
agomelatine’s effects on circadian rhythms and receptor
interactions make it a promising candidate for CRC ther-
apy.

This study investigates the effects of melatonin and agome-
latine on the viability of human colorectal cancer cell lines
(HCT-116 and Caco-2).

Materials and Methods
Cell cultures

In this study, HCT-116 and Coca-2 cell lines were em-
ployed to investigate the effects of melatonin and agome-
latine on cancer cell viability. The cell lines were obtained
from ATCC and cultured in 25 cm? and 75 cm? flasks with
RPMI-1640 medium (Sigma-Aldrich, USA), supplemented
with 10% fetal bovine serum (FBS), 100 U/mL penicillin,
and 0.1 mg/mL streptomycin. The medium was refreshed
every two days. The cells were maintained in a 5% CO,
incubator (Panasonic, Japan) at 37 °C with a humidi-
fied atmosphere. Upon reaching confluence, the cells were
detached using a trypsin-EDTA solution (Sigma-Aldrich,
USA). Cell viability was assessed with 0.4% trypan blue
staining, and experiments were initiated when cell viability
was above 90%.

Preparation of melatonin and agomelatine

Melatonin (Sigma-Aldrich, USA) and agomelatine (Sigma-
Aldrich, USA) were dissolved in ethyl alcohol (ETOH;
Merck, Germany). To prepare working solutions, we cre-
ated 0.1, 1, 5, and 10 mM concentrations of each com-
pound in RPMI-1640 medium, following the evaporation
of the ETOH.

MTT assay

To evaluate cytotoxicity, cells were counted using a hemo-
cytometer after detachment with trypsin-EDTA. They
were then seeded into 96-well plates at a density of 1.5x10%
cells per well in 200 pL of RPMI-1640 medium. After al-
lowing cells to adhere at 37 °C for 24 hours in a COy in-
cubator, the wells were treated with 0.1, 1, 5, and 10 mM
concentrations of melatonin and agomelatine. These doses
were determined based on LogICsg values. The cells were
incubated for an additional 24 hours. Following treatment,
0.5 mg/mL of MTT solution in sterile PBS was added
to the wells, and the plates were incubated for 3 hours.
The reaction was stopped by adding dimethyl sulfoxide
(DMSO), and absorbance was measured at 550 nm using
a spectrophotometer (Synergy HTX, USA). Absorbance
values from control wells, representing 100% viability, were
used as a reference. The viability of treated cells was cal-
culated relative to the control. The MTT assay was per-
formed in triplicate on 10 separate occasions, and the log-
arithmic half-maximal inhibitory concentration (LogICsp)
values were determined using GraphPad Prism 6 software.

Statistical analysis

Data analysis was carried out using IBM SPSS Statis-
tics 24.0. Normal distribution of data was assessed us-
ing the Shapiro-Wilk test. The numbers of cell (1.5x10%
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cells per well in 200 nuL) to be used in the experiments;
8% deviation, type 1 error («) 0.05 and type 2 error (3)
(Power=0.80) were determined by power analysis. Com-
parisons between groups were performed with the Kruskal-
Wallis H test for quantitative variables. For significant dif-
ferences, pairwise comparisons were made using the Mann-
Whitney U test with Bonferroni correction. A p-value of
<0.05 was considered statistically significant. LoglCsg val-
ues for melatonin and agomelatine were calculated using
GraphPad Prism 6 based on the MTT assay results.

Results

The effects of melatonin and agomelatine on cell viability
were assessed after 24 hours of incubation with HCT-116
cells and are depicted in Figure 1A and Figure 1B, respec-
tively. Both melatonin and agomelatine, at concentrations
of 0.1, 1, 5, and 10 mM, statistically significantly reduced
cell viability in HCT-116 cells (p<0.05). Specifically, all
tested concentrations of melatonin led to a notable de-
crease in cell viability, while agomelatine also exhibited
a statistically significant reduction in viability across the

Table 1. LogICsg (mM) concentrations of melatonin and
agomelatinin calculated for HCT-116 and Caco-2 cells in

GraphPad Prizm 6 program.

Melatonin Agomelatinin

Cell type LoglCsy (mM) LoglICsy (mM)
HCT-116 0.28 0.17
Caco-2 -0.26 -0.62

A B

_ i 1 Control

g 80

’ Melatonin Agomelatine

Figure 1. % changes in the viability of HCT-116 cells

caused by melatonin (A) and agomelatinin (B) applied to
the cell line for 24 hours (Different letters indicate the
difference between two groups; a, b, ¢, d, p<0.05).

{%) Cell Viability (Caco-2)

Melatonin

Figure 2. % changes in the viability of Caco-2 cells caused
by melatonin (A) and agomelatinin (B) applied to the cell
line for 24 hours (Different letters indicate the difference

between two groups; a,b,c,d, p<0.05).
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same concentrations (p<0.05).

Similarly, Figure 2A and Figure 2B illustrate the effects of
melatonin and agomelatine on Caco-2 cells after 24 hours.
In these experiments, all concentrations of both substances
(0.1, 1, 5, and 10 mM) caused a statistically significant
reduction in Caco-2 cell viability (p<0.05).

The LoglICsg values for HCT-116 and Caco-2 cells, derived
from MT'T assays conducted after 24-hour treatments with
melatonin and agomelatine, are summarized in Table 1.
The LoglICsy values suggest that melatonin was more ef-
fective at lower concentrations in Caco-2 cells, whereas

agomelatine showed greater efficacy at lower concentra-
tions in HCT-116 cells.

Discussion

Colorectal cancer, being the most frequently diagnosed
malignancy globally, presents significant challenges due
to high mortality and morbidity rates [21]. While drug
therapies form the cornerstone of first-line chemotherapy
for colorectal cancer, their effectiveness often diminishes
in advanced stages [22]. Combination therapies, though
beneficial, can lead to increased cytotoxicity and side ef-
fects [23]. Drug resistance further complicates treatment,
highlighting the need for novel therapeutic approaches and
targets.

This study explores the potential of agomelatine, a mela-
tonin receptor agonist, in treating colorectal cancer. Our
findings indicate that agomelatine induces cell death by in-
hibiting proliferation in HCT-116 and Caco-2 cell models.
The anticancer efficacy of melatonin has been extensively
shown in diverse cancer cell lines [24-30]. For instance,
melatonin has been reported to possess anti-carcinogenic
properties without significantly impacting DNA synthe-
sis or cell growth [31]. Additionally, Hong et al. demon-
strated that melatonin activates cell death pathways in
HCT-116 cells [32], while Wei et al. found that melatonin
induces apoptosis in colorectal LoVo cancer cells through
dephosphorylation [33]. These findings support the notion
that melatonin could be a valuable treatment for colorectal
cancer by regulating carcinogenicity and impeding disease
progression [34]. Our study confirms that melatonin effec-
tively reduces cell viability in both HCT-116 and Caco-2
cells (Figures 1 and 2).

Although research on melatonin’s anticancer effects is
extensive, studies on agomelatine, its agonist, are rela-
tively limited. One study reported that both melatonin
and agomelatine induce autophagy in A172 and U87-MG
glioblastoma cells in a concentration- and time-dependent
manner, an effect significantly reduced by luzindole, a
melatonin receptor antagonist [35]. Moreno et al. sug-
gested that agomelatine might be beneficial in treating
drug-resistant colorectal cancer patients [36]. Our results
show that agomelatine significantly decreases cell viabil-
ity in HCT-116 and Caco-2 cells, similar to melatonin.
LoglICsg values indicate that agomelatine has comparable
cytotoxic activity to melatonin.

In summary, this study demonstrates that melatonin sig-
nificantly decreases the viability of HCT-116 and Caco-2
cells. Furthermore, agomelatine, as a melatonin recep-
tor agonist, exhibits substantial cytotoxic effects on these
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cancer cells, comparable to melatonin. These results sug-
gest that agomelatine could be an important candidate for
colorectal cancer treatment. In the future, it may be im-
portant to further investigate the mechanistic connections
between agomelatine and cancer at the cellular level.

Ethical approval
It is a cell study that does not require ethics committee
approval.
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