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MAIN POINTS

• Antiproliferative effect of
Ramelteon: It reduced cell vi-
ability in tumour cell lines (A2780,
MCF-7, Caco-2, LNCaP).

• Ramelteon exhibited anti-genotoxic
properties by suppressing DNA
damage.

• Clinical potential: The demon-
stration of anti-cytotoxic and anti-
genotoxic effects of Ramelteon
across different tumor cell lines
suggests that it may be a candidate
for cancer therapy; however,
advanced in vitro and in vivo
studies are required to elucidate
the underlying mechanisms.
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ABSTRACT

Aim: To describe the various methods used to treat cancer, one of the diseases with the high-
est mortality rates worldwide. Among these methods, the use of agents exhibiting antioxidant
activity has increased significantly. Ramelteon, a melatonin receptor agonist, stands out for its
antioxidant and anti-inflammatory properties. In this study, we investigated the cytotoxic and
genotoxic effects of Ramelteon in different human cancer cell lines.
Materials and Methods: In the study, Ramelteon was applied at concentrations of 5, 10, 25,
50, 100, and 500 µM to human ovarian (A2780), breast (MCF-7), colon (Caco-2), and prostate
(LNCaP) cancer cell lines, which were exposed and incubated for 24 hours. The MTT assay was
used to measure changes in viability. After obtaining data on dose-dependent effects, inhibitory
concentration values were determined. Genotoxicity was examined using the Comet assay at
the determined effective dose. Intergroup comparisonswere performed using the Kruskal-Wallis
H test. When statistically significant differences were found between groups, multiple compar-
isons were performed using the Bonferroni-corrected Mann-Whitney U tests (p<0.05).
Results: Ramelteon significantly reduced cell viability (p<0.05) and exhibited genotoxic effects
in the A2780, MCF-7, Caco-2, and LNCaP cell lines (p<0.05).
Conclusion: Research findings indicate that Ramelteon exhibits anticancer potential in A2780,
MCF-7, Caco-2, and LNCaP cell lines, suggesting that the drug may be considered a promising
candidate for the development of new cancer treatment strategies.
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INTRODUCTION

Whena cell reaches a certain level ofmaturity, it divides topro-
mote growth and development. When this process proceeds
normally, the organism remains healthy; however, if control
of cell division is lost for various reasons, cancer can develop
[1]. Results indicate that anti-inflammatory and antioxidant
compounds used to reduce inflammation closely associated
with carcinogenesis promote programmed cell death (apop-
tosis) [2-4]. Therefore, the search for effective cancer treat-
ments has led to speculation about the therapeutic potential
of certain agents with anti-inflammatory properties. Investi-
gating the anticancer potential of pharmacological agents cur-
rently in clinical use offers significant strategic and transla-
tional advantages, particularly with regard to compounds ex-

hibiting anti-inflammatory and antioxidant properties. The
pharmacokinetic and safety profiles of these agents are well
understood; thus, safety concerns can be significantly reduced
in early-phase clinical trials [5]. Because chronic inflamma-
tion and oxidative stress drive tumor growth and spread (for-
mation, progression, and metastasis), these drugs may fun-
damentally affect the core determinants of anticancer biol-
ogy [6].

Melatonin, which has demonstrated anti-inflammatory and
antioxidant effects and is produced endogenously, has been
studied extensively and shown to exert anticancer effects in
multiple reports. Other findings indicate that melatonin pro-
motes autophagy and induces apoptosis, in addition to ex-
hibiting anticancer effects [7-9]. Currently, exogenous forms
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of melatonin are used as receptor agonists in pharmacological
treatments. Themost important characteristics of these phar-
macological agents that distinguish them frommelatonin are
their higher receptor affinity, their greater absorption, and
their longer half-life [10]. Ramelteon, a tricyclic synthetic
analog of melatonin, is used as a hypnotic agent for the treat-
ment of insomnia. Approved for use in 2005, this agent has
a higher affinity for melatonin receptor types 1a (MT1) and
1b (MT2) thanmelatonin [11]. Short- to intermediate-acting
Ramelteonbinds toMT1andMT2 receptors in the suprachi-
asmatic nucleus, the central circadian pacemaker [12]. Other
studies indicate that its half-life is approximately 1–2.6 hours,
which is longer than melatonin’s half-life of 30 minutes [13,
14]. Research findings indicate that Ramelteon also con-
tributes to memory development by increasing neuronal ac-
tivity during wakefulness [15]. In addition, Ramelteon has
been shown to reduce postoperative delirium, which is com-
monly encountered in elderly patients with esophageal cancer
[16]. Published studies have shown that Ramelteon reduces
the viability of neuroblastoma andprostate cancer cell lines by
50% [17]. Another study also suggests that Ramelteon, with
its melatonin-like activity, has the potential to be a candidate
for the treatment of recurrent endometrial cancer [18].
Although Ramelteon has been reported to be clinically reli-
able and to provide indirect benefits in oncology practice, and
the literature indicates its efficacy in certain cancer types, a de-
tailed review of these studies reveals that its effects on other
cancer types havenot yet been investigated. This study investi-
gates the effects of Ramelteon on several cancer types, includ-
ing ovarian, breast, colon, and prostate cancer.
In this context, we aimed to investigate the effect of
Ramelteon on ovarian, breast, colon, and prostate cancer cell
lines.

MATERIALS ANDMETHODS

Cell culture

The present study was conducted in the Department of
Physiology, Faculty of Medicine, Inonu University. Ovarian
(A2780), breast (MCF-7), colorectal (Caco-2), and prostate
(LNCaP) cancer cell lines were utilized in this study. The
cells weremultiplied under suitable conditions [19]. Cultures
weremaintained at 37°Cwith 5%CO2 in an incubator (Esco,
Singapore) and were provided with fresh media every three
days. When the cells became confluent, they were harvested
from the flasks using trypsin-EDTA and stained with 0.4%
trypan blue. The number of viable cells was determined by
counting using an inverted microscope, and the experiment
was initiated only when cell viability was 90% or greater [20,
21]. For the cell viability experiments, 1.5 × 105 cells were
plated into a 12 × 8–well plate. Following a 24-hour incuba-
tion period, the cells within the plate were exposed to culture
medium, dimethyl sulfoxide (DMSO), and Ramelteon. Post
hoc power analysis indicated a calculated power [1-beta] of

approximately 1, with a type I error (alpha) of 0.05, a sample
size of 10, and an effect size of 7.7 for cell viability.

MTT assay method
Following cell seeding,Ramelteonwas prepared in 1%DMSO
and added to thewells at final concentrations of 5 µM, 10µM,
25 µM, 50 µM, 100 µM, and 500 µM [17, 18]. The control
group received only the cells’ own medium, while the solvent
group received the samemedium containing 1%DMSO. The
cells were then incubated for an additional 24 hours, and cell
proliferation was determined using 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT). MTT pene-
trates the cell membrane of viable cells and, after various en-
zymatic reactions, is reduced to form a blue-violet product
[22, 23]. The MTT assay is employed for cell viability test-
ing precisely because this reaction is restricted to metaboli-
cally active cells. Spectrophotometric measurement of the re-
sultant color allows correlation of absorbance with the num-
ber of living cells. For analysis, MTT was dissolved in phos-
phate buffer of 0.5 mg/mL and sterilized via filter. Cell cul-
turemedia andRamelteonwere removed from the plates, and
50 µL of MTT solution was added to the wells, which were
then incubated for 3 hours. After incubation, theMTT solu-
tion was removed from the wells, and 100 µL of DMSO was
added [24, 25]. The light intensity from the cells in the wells
was measured at a wavelength of 550 nm using a BioTek Syn-
ergy HTX plate reader (Netherlands) [26]. The average ab-
sorbance values obtained from the controlwellswere accepted
as 100% viability, and the results were obtained by comparing
the absorbance value obtained from the control group with
the average [27]. The absorbance values obtained from the
ramelteon and solvent groups were also compared with the
control group to calculate the % cell viability [25]. The ex-
perimental design of the study is shown in Figure 1. These
study steps were repeated at least 10 times on different occa-
sions. After the effects of Ramelteon on cell viability were
determined by the MTT assay, the inhibitory concentration
50 (IC50) values of these compounds were calculated using
GraphPad Prism 8 software and subsequently used for the
Comet assay.

Single-cell gel electrophoresis comet assay methods
Comet analysis, also known as single-cell gel electrophore-
sis, is widely used to assess DNA damage (genotoxicity) [26].
Comet analysis was performed using the method developed
by Devlin et al. [27]. In the first step, microscope slides
were coated with 0.65% high-melting-point agarose prepared
in phosphate buffer and then incubated in the dark for one
day. Ramelteon at the determined IC50 concentrations was
prepared and used to incubate A2780, MCF-7, Caco-2, and
LNCaP cells. The cells were then spread onto slides prepared
with low-melting-point agarose, and the slides were covered
with coverslips. The protocol began by storing the prepared
slides in the dark at +4°C for 20−25 minutes. After remov-
ing the coverslips, the slides were lysed for 1 hour at +4 °C
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Figure 1. MTT and Comet Assay experimental design (DMSO: dimethyl sulfoxide, IC50: Inhibitory concentration 50, MTT: 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide)

in the dark using a cold lysis buffer (2.5 M NaCl, 100 mM
EDTA, 10mMTris, pH 10) containing 1%TritonX-100 and
10% DMSO. Post-lysis, the slides were placed in a horizon-
tal electrophoresis tank (Bio-Rad, USA) filled with cold elec-
trophoresis buffer, and electrophoresis was performed in the
dark. Neutralization was then carried out three times, for 5
minutes each, at+4 °Cusingneutralizationbuffer (0.4MTris,
pH 7.5). The slides were then stained with 50 μL of ethid-
ium bromide and incubated for 20–30minutes. Imaging was
performed using a Leica fluorescence microscope, and scor-
ing was performed with Comet IV software. At least 25 cell
images per slide were randomly selected for analysis, allowing
determination of head intensity and length, tail intensity and
length, and olive tail moment for each experimental group.
Analyzing the changes in these five parameters was key to as-
sessing the presence and degree of DNA damage [25]. Figure
1 shows the experimental design of the study.

Statistical analysis
Data analysis was performed using IBM SPSS Statistics for
Windows, version 24.0 (Armonk, NY: IBMCorp.). Normal-
ity was confirmed by the Kolmogorov–Smirnov test. Based
on the study results, comparisons between groups were con-
ducted using a one-way ANOVA. When significant differ-
ences were identified among the groups, post hoc pairwise
comparisons were performed using the Bonferroni test. All
p-values < 0.05 were considered statistically significant. Based

on the MTT assay results, the IC50 values of Ramelteon for
all cell lineswere determinedusingGraphPadPrism8. Figures
for the study were generated using the BioRender platform.

RESULTS

Investigation of the effects of Ramelteon on cell viability

Cell viability (%) of cancer cell lines treated with Ramelteon
at different concentrations after 24 hours of incubation is
shown in Figure 2 and Table 1. Exposure of A2780 cells to
Ramelteon reduced cell viability compared with the control,
and this effect was most pronounced at 50, 100, and 500 µM
(p = 0.001) (Figure 2A). Similarly, 24-hour Ramelteon expo-
sure significantly decreased cell viability in theMCF-7 cell line
at all tested doses compared with the control (p = 0.001) (Fig-
ure 2B). As shown in Figure 2C, Ramelteon also reduced cell
viability in the Caco-2 cell line at all doses except the 5 μM
dose (p = 0.02). Furthermore, in LNCaP cells, a statistically
significant reduction in viability was observed at the higher
doses (100 and 500 µM) (p = 0.02) (Figure 2D). Addition-
ally, numerical data related to cell viability are presented in
Table 1. Table 2 summarizes the IC50 values determined by
theMTT assay for A2780,MCF-7, Caco-2, and LNCaP cells
after 24 hours of Ramelteon treatment. These IC50 findings
collectively demonstrate that Ramelteon reduces cell viability
by 50% in various cancer cell lines at the lowest tested concen-
tration (Table 2).
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Figure 2. Dose-dependent cell viability results of A2780, MCF-7, Caco-2 and LNCaP cells after 24 h incubation of Ramelteon agents. Each data point
is the average of 10 viability measurements. (*) shows p<0.05. (A, A2780 Cell Lines; B, MCF-7 Cell Lines; C, Caco-2 Cell Lines; D, LNCaP Cell Lines).

Figure 3. Comet assay images obtained from various cancer cells treated with Ramelteon.

Investigation of the effects of Ramelteon on DNA damage

The extent of DNA damage in cancer cell lines after
Ramelteon treatment was quantified using the Comet assay,
and the results are presented in Figures 3, 4 and Table 3. The
microscopic data (Figure 3) provide qualitative evidence that

Ramelteon induced comet formation in the cell lines. Comet
assay results showed that Ramelteon significantly increased
both head intensity (Figure 4A) and head length (Figure 4B)
in A2780, MCF-7, Caco-2, and LNCaP cells (p = 0.004). In-
terestingly, the critical DNA damage parameters tail intensity
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Figure 4. Comet assay obtained from various cancer cells treated with Ramelteon. (*) shows p<0.05.

Table 1. Cell viability results calculated for A2780, MCF-7, Caco-2 and
LNCaP cells after a 24-hour incubation with ramelteon compounds.

Cell Viability (%)

Groups A2780 MCF-7 Caco-2 LNCaP

Control 100.00±13.11 100.00±9.85 100.00±15.16 100.00±4.01
Solvent 94.94±13.05 93.94±6.62 95.23±5.12 96.51±10.59
5 µM 82.23±6.71 72.38±6.80* 78.80±14.38 102.30±8.84
10 µM 91.25±2.01 75.04±9.29* 67.96±12.46* 98.51±6.66
25 µM 85.36±11.89 77.83±8.30* 69.31±10.52* 95.13±8.87
50 µM 67.92±15.61* 73.59±13.63* 73.54±12.24* 83.40±7.57
100 µM 61.44±11.24* 60.06±12.28* 59.63±10.55* 77.86±2.51*
500 µM 8.83±1.93* 18.11±6.56* 56.86±10.01* 11.47±0.80*
Each data point is the average of 10 viability measurements. (*) shows p<0.05.

Table 2. IC50 (μM) concentrations calculated for A2780, MCF-7, Caco-2
and LNCaP cells in the GraphPad Prism 8 program of 24 h incubation of
compounds Ramelteon.

IC50 Concentrations

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP
114.8 111.3 186.6 205.2

(Figure 4C), tail length (Figure 4D), and olive tail moment
(Figure 4E) were assessed.
The tail moment (Figure 4E) was observed to decrease sig-
nificantly in all four cell lines following Ramelteon exposure
compared with the control (p=0.004). Additionally, numeri-

cal data related to DNA damage are presented in Table 3.

DISCUSSION
Studies concerning the antineoplastic effects of melatonin
and its analogues have proliferated recently [28]. The an-
ticancer potential of melatonin has been documented; this
stems from its ability to inhibit cancer cell proliferation, in-
duce apoptosis, and increase DNA damage [28]. Numerous
experimental studies have demonstrated that melatonin has
oncostatic effects in several cancers, including breast, ovar-
ian, prostate, oral, stomach, and colorectal cancer [29]. The
mechanisms involved include numerousmolecular pathways,
such as antioxidant activity, modulation of MT1 and MT2,
and control of crucial tumor behaviors. These behaviors in-
clude apoptosis, metabolism, angiogenesis, invasion, inhibi-
tion of metastasis, and induction of epigenetic alterations
[30-32]. Melatonin receptor agonists (such as Agomelatin,
Tasimelteon, and Ramelteon) are prominent not only are
significant therapeutic options for sleep disorders but also
for their antioxidant, anti-inflammatory, and antiprolifera-
tive effects [33]. In this context, Ramelteon, a selective ag-
onist of the MT1 and MT2 melatonin receptors, was re-
cently approved for the treatment of insomnia character-
ized by difficulty falling asleep [34]. A review of the liter-
ature revealed that Ramelteon reduced cell viability in neu-
roblastoma, prostate cancer [17], and endometrial cancer
cells, and that it exerted its effects via MT1/MT2 receptors
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Table 3. The extent of DNA damage in A2780, MCF-7, Caco-2 and LNCaP cancer cell lines head density, head length, tail density, tail length and olive
tail moment were calculated for each experimental group after Ramelteon treatment.

Head Intensity

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP

Control 2166.84±126.35 2136.180±181.74 2144.05±106.06 2577.52±98.03
Solvent 1941.62±190.47 1731.120±165.610 1827.41±98.22 1737.21±100.78
Effective Dose (IC50) 553.62±66.37* 494.240±44.110* 763.98±72.05* 727.12±36.45*

Head Length

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP

Control 107.75±1.7 120.880±7.37 104.96±2.88 120.24±3.29
Solvent 107.38±3.04 112.300±8.7 102.04±6.3 117.96±5.24
Effective Dose (IC50) 47.23±2.14* 36.45±1.75* 50.32±2.05* 43.84±2.92*

Tail Intensity

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP

Control 67.19 ±31.12 122.120±15.79 239.71±4.89 80.76±5.36
Solvent 73.04±32.17 112.200±14.65 219.78±8.27 92.38±6.28
Effective Dose (IC50) 1455.57±96.61* 1233.570±36.870* 1301.15±85.37* 1297.98±48.64*

Tail Length

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP
Control 19.12±4.52 21.16±4.49 31.34±7.3 24.75±3.31
Solvent 21.91±3.36 20.8±5.74 29.11±6.01 25.08±5.20
Effective Dose (IC50) 57.85±5.15* 64.61±4.14* 137.52±10.64* 108.50±5.74*

Olive Tail Moment

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP

Control 2.23±0.9 4.91±1.13 8.88±1.99 3.36±1
Solvent 2.29±0.8 4.39±1.12 6.07±1.05 2.25±1.3
Effective Dose (IC50) 19.01±2.83* 12.62±2* 46.16±4.64* 36.65±4.84*

[18]. Studies have reported that Ramelteon exhibits ther-
apeutic effects on inflammation, apoptosis, oxidative stress
markers, and DNA damage [35, 36]. Ramelteon’s anticancer
mechanism primarily revolves around the drug’s agonistic
effect on melatonin receptors (MT1 and MT2), although
receptor-independent pathways have also been reported [37].
When MT1 and MT2 receptors are overexpressed in cancer
cells, Ramelteonbinding suppresses adenylate cyclase activity,
thereby reducing cyclic adenosine monophosphate levels and
slowing cell proliferation [18]. Furthermore, it has been sug-
gested that Ramelteonmay indirectly affect antioxidant path-
ways (e.g., the nuclear factor erythroid 2-related factor 2 sig-
naling pathway), thereby reducing oxidative stress and DNA
damage by exhibiting melatonin-like effects [38]. It has been
shown that at high concentrations, Ramelteon can directly
trigger mitochondrial dysfunction independent of the recep-
tor by disrupting the balance of the Bcl-2 family proteins, ac-
tivating apoptotic pathways, and thereby exerting cytotoxic
effects [39]. All of these mechanisms support Ramelteon’s
potential to regulate metastasis, angiogenesis, and the cell cy-
cle in different cancer cell types. Additionally, among other
literature data, it has been reported that Ramelteon reduces
cellular cytotoxicity in neuroblastoma cells in which an is-
chemic model has been established [35] and in which a neu-
rodegenerative disease model associated with mitochondrial

dysfunction and oxidative stress has been created [39, 40].
These preclinical findings necessitate a clinical re-evaluation
of Ramelteon’s effects in different disease models andmay ex-
pand opportunities to develop new strategies for drug repo-
sitioning and cost considerations. Thus, drugs in this class
may have synergistic effects with existing treatment regimens,
improve side-effect profiles, and increase patient tolerability
[5, 6]. In this regard, the existing literature is largely lim-
ited to toxicity and protective models and to studies using
a single cell line; the direct antitumor activity of Ramelteon
across different cancer types, in multiple human cell lines,
in dose-response analyses, and especially in vivo tumor mod-
els remains insufficiently elucidated. Our study aims to in-
vestigate the effects of Ramelteon on cell lines derived from
ovarian, breast, colon, and prostate cancers, which are among
the most common cancers from an epidemiological perspec-
tive. In conclusion, Ramelteon has been shown to reduce cell
viability significantly in ovarian, breast, colon, and prostate
cancer cell lines, and to exhibit protective effects on DNA
integrity, as demonstrated by comet assay analyses. In par-
ticular, the increase in head diameter and head density and
the decrease in tail length, tail density, and olive tail moment
suggest that Ramelteon exhibits both anti-cytotoxic and anti-
genotoxic profiles. In this context, considering our findings
alongside published literature, we predict that Ramelteon,
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which exhibits antioxidant and anti-inflammatory properties,
may also have anticancer properties and be a suitable can-
didate for cancer treatment. However, a more detailed un-
derstanding of the mechanisms of action and their valida-
tion in different in vivo models are necessary for the clinical
evaluation of Ramelteon’s anticancer potential. In this con-
text, Ramelteon’s current safety profile and pharmacokinetic
properties allow for the evaluation of the drug’s repositioning
strategy in oncological applications.

CONCLUSION
In our study, the antiproliferative and genotoxic effects of
Ramelteon, a melatonergic agonist, on four human cancer
cell lines (A2780, MCF-7, Caco-2, LNCaP) were evaluated
collectively for the first time. The findings revealed that
Ramelteon reduced cell viability in a dose-dependent man-
ner across all cell lines. Ramelteon has shown protective ef-
fects against genotoxicity by suppressing DNA damage. In
this context, our study demonstrates that Ramelteon exhibits
anti-cytotoxic and anti-genotoxic effects in different tumor
cell lines, suggesting that Ramelteon may be a potential ther-
apeutic agent for cancer treatment. However, in order to clar-
ify the mechanisms of this effect, comprehensive in vitro and
in vivo studies involving advancedmolecular-level analyses are
required.
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