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Melatonin Synergizes the Chemotherapeutic Effect
of Cisplatin in Ovarian Cancer Cells
Independently of MT1 Melatonin Receptors
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Abstract. Background/Aim: Melatonin (MLT), through the
interaction with membrane melatonin receptors MT1, can
improve the effectiveness of cytostatic agents, including
cisplatin (CP). The aim of this study was to examine the
synergistic effect of MLT and CP in three cell lines: IOSE
364, SK-OV-3 and OVCAR-3, as well as to assess the role of
MT1 receptors in this mechanism. Materials and Methods:
Using the SRB assay we investigated the effect of different
concentrations of CP and MLT on cell viability. Tests, using
luzindole - MT1 inhibitor, allowed us to assess the potential
involvement of MT1 in the mechanism of MLT action.
Results: MLT at certain concentrations demonstrated a
synergistic effect in combination with CP. The addition of
luzindole did not affect the action of MLT in combination
with CP. Conclusion: In summary, the synergistic effect of
MLT with CP seems to be independent of membrane MT1
receptors.

Ovarian cancer ranks sixth among female cancers and is one
of the main causes of death in women (1). Each year this
type of cancer affects twenty-five thousand female
inhabitants of Western Europe, mostly over 55 years of age.
Studies prove that it is more common in older, Caucasian
women with high material status, who had never given birth.
According to the SEER (The Surveillance, Epidemiology,
and End Results program of the National Cancer Institute)
in 2016 in the United States about 22,280 new cases of this
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cancer were registered. Despite advances in medicine,
precise surgical techniques and modern cytostatic drugs,
treatment outcomes continue to be poor. In advanced stages
of ovarian cancer, chemotherapy based on cis- and
carboplatin is recommended, but because of the serious sideeffects and resistance of cancer cells, it has a limited
therapeutic efficacy (1, 2). Several experiments suggest that
melatonin (MLT) may be a compound improving the
effectiveness of chemotherapeutic drugs, including cisplatin
(CP) (1, 2).
MLT is a pineal hormone that mainly regulates the
circadian rhythm of the human (3). Furthermore it may also
have anticancer properties in many types of cancers including
ovarian cancer (2). MLT has a remarkable pleiotropy of action
(4). It takes part in many physiological processes, including
the regulation of the circadian rhythm, the immune system,
hematopoiesis, and scavenging of free radicals (5, 6).
According to previous reports, one of the main
mechanisms underlying the antitumor activity of MLT is a
direct binding to melatonin membrane receptors. Two
subtypes of membrane receptors have been identified in
mammals: MT1 and MT2 (6, 7). Both belong to the G
protein-coupled receptor superfamily (7-9). Activation of
MT1 receptor in tumor cells inhibits cAMP production,
resulting in a decrease of protein kinase A (PKA), a decrease
in phosphorylation of the CREB transcription factor, and
consequently affects the expression of genes involved in the
proliferation, migration, or angiogenesis processes (10-12).
The MT1 receptor is differently stimulated by the
physiological (pico- and nanomolar) and pharmacological
(micro- and millimolar) concentrations of MLT. Research to
date suggests that the ability to bind MLT to MT1 receptor
depends on hormone concentration, exposure time and type
of cells (11, 13, 14). Genetic and immunohistochemistry
studies indicate that the MT1 receptor is commonly
expressed in the human body (11, 15-17), as well as in many
types of tumor cells, including ovarian cancer cells (18-22).
The exact mechanism of action of MLT, as an adjuvant agent
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supporting chemotherapy and the involvement of MT1
receptors in this process is not fully understood. The
literature indicates that MT1 receptor expression levels in
tumor cells may be modulated during cancer tumor
progression, possibly due to changes in the degree of cell
differentiation (4, 21).
Due to the high amphipathic properties of the MLT and its
ability to penetrate into the cell, it is possible that the
mechanism of action of MLT is independent of membrane
receptors, such as binding to nuclear receptors i.e.
RZR/RORα and RZRβ, affect the expression of genes that
play an important role in cell proliferation (23). Additionally,
the non-receptor activity of MLT is its ability to bind to
calmodulin directly. MLT binding to calmodulin causes its
degradation, which in consequence inhibits the cell cycle.
Furthermore, MLT is a powerful antioxidant. It prevents the
formation of DNA damage by neutralizing free radicals and
increasing the activity of antioxidant enzymes such as
superoxide dismutase or glutathione peroxidase (24-26).
In vitro studies indicate the various effects of MLT on
different cell lines. The few reports about the anticancer
activity of MLT in ovarian cancer are also inconsistent. In
the human ovarian adenocarcinoma line BG1, it was
demonstrated that MLT at nanomolar concentrations reduced
cell growth by 20-25% (27). MLT activities were also
examined in an in vitro model in combination with CP (2,
28). Both substances synergistically inhibited the viability of
SK-OV-3 tumor cells. An inverse relationship was observed
in normal epithelial cells (IOSE 364), where the MLT
showed a protective effect against CP-induced cytotoxicity
(2). In addition, Treeck et al. demonstrated the MT1 receptor
expression in ovarian cancer lines SK-OV-3 and OVCAR-3
(20). MT1 receptor expression was significantly higher in the
SK-OV-3 line than in the OVCAR-3 line, and treatment with
MLT increased expression of the MT1 receptor in both lines.
Despite the use of various experimental conditions, no effect
of MLT on the growth of the investigated lines was
observed. Melatonin signal transduction pathways in cancer
cells have not been definitively defined (29).
Based on current literature, the aim of this paper was to
investigate the potential synergistic effect of MLT with CP
on three cell lines: the line of normal ovarian epithelium
IOSE 364, the lines of ovarian cancer SK-OV-3 and
OVCAR-3 and assessment of the role of MT1 receptors in
this mechanism.

Materials and Methods

Cell lines. The study material consisted of three cell lines: the
normal ovarian epithelial line IOSE 364 and ovarian carcinoma
lines SK-OV-3 and OVCAR-3. The IOSE 364 cell line was obtained
from the Canadian Ovarian Tissue Bank (Vancouver, Canada)
courtesy of Professor Nelly Auersperg. The cells of this line were
derived from immortalized normal ovarian epithelial cells. The SK-
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OV-3 cell line was purchased from the ECACC (European
Collection of Cell Cultures) (Salisbury, UK). This line is derived
from ovarian adenocarcinoma and is characterized by moderate
aggressiveness. The OVCAR-3 cell line was purchased from LGC
Standards/ATCC (American Type Culture Collection, Middlesex,
UK). This line is derived from ovarian adenocarcinoma and is
characterized by high aggressiveness (30).
IOSE line 364 was cultured in the medium MCDB 105, and 199
(Sigma, Munich, Germany), at a 1: 1 ratio enriched with 5% FBS
(Lonza, Basel, Switzerland). The SK-OV-3 line was cultured in
McCoy’s 5A Medium (Sigma, Munich, Germany), enriched with
15% FBS (Lonza). OVCAR-3 line was cultured in Dulbecco’s
Modified Eagle’s Medium (Lonza) supplemented with 15% FBS
(Lonza) and 0.01 mg insulin/ml (Sigma). Additionally, media were
supplemented with 1% L-glutamine, penicillin and streptomycin
(Sigma). The cultures were made at 37˚C in 5% CO2.

Compounds. MLT (Sigma, Munich, Germany) was dissolved in a
solution of 96% ethyl alcohol. The MLT output solution was
diluted with the culture medium in order to obtain the following
concentrations: 0.1 mM, 0.5 mM, 1 mM and 2 mM. MLT tests
were performed with maximum light reduction. A solution of
cisplatin (Teva, Haarlem, Netherlands) with an output
concentration of 1 mg/ml was diluted with a culture medium to
obtain the following concentrations: 0.5 μg/ml, 2.5 μg/ml and 5
μg/ml. Luzindol (Sigma) was dissolved in DMSO (Sigma). In
order to obtain the concentrations of luzindole (1 μM, 10 μM and
50 μM), the output solution of luzindole was diluted with a culture
medium. Pre-incubation with luzindole lasted 30 min (before
incubation with MLT).

SRB test. Tested cells were seeded with 10,000 per well in a volume
of 100 μl medium on 96-well culture plates. Cells were incubated
with the tested compounds for 72 h. Subsequently, cells were fixed
with cold 50% trichloroacetic acid (TCA) solution (30 μl per 100 μl
medium) at 4˚C for 1 h. Cells fixed in the wells were rinsed in water
to remove TCA and medium. Then the plates were air dried. After
drying, 50 μl of a 0.4% solution of SRB dissolved in 1% acetic acid
solution was added to the wells and incubated for 30 min at RT.
Plates were washed 4 times in 1% acetic acid and then dried. 150 μl
of a 10 mM Tris solution was added to the wells and incubated for
30 min at room temperature. Measurements of absorbance were
made at 562 nm using Infinite M200 microplate reader (TECAN,
Morrisville, NC, USA). The test was performed in triplicate.

Coefficient of Drug Interaction (CDI). To evaluate the mechanism
of inhibition of survival of tested cells by MLT in combination with
CP Coefficient of Drug Interaction (CDI) was used (5): CDI=
AB/A*B (AB –ratio of the absorbance after using the MLT and CP
combination to the absorbance of the control group, not treated with
any compound, at 562 nm; A – ratio of the absorbance after using
the MLT to the absorbance of the control group, not treated with
any compound, at 562 nm; B – ratio of the absorbance after using
the CP to the absorbance of the control group, not treated with any
compound, at 562 nm). CDI value: <1 synergistic action, =1
additive action, >1 antagonistic action.

Statistical analysis. All experiments were performed at least three
times. Data collected were averaged and expressed as
mean±standard deviation (s.d.). For statistical analysis the student’s
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t-test, preceded by the normality test (Shapiro-Wilka) and the
homogeneity of variance (Levene) or the Mann-Whitney U-test, in
the case of the absence of normality and homogeneity of variance
(non-parametric equivalent of Student’s t-test) were used.
Statistically significant results were considered for which the
probability of a first-kind error was p<0.05. Statistical analysis was
performed using Statistica 10 (StatSoft, Poland).

Results

Survival evaluation of IOSE 364, SK-OV-3 and OVCAR-3
cells treated with MLT. Tested cell lines showed a MLT dosedependent decrease of cell survival (Figure 1). In line 364
IOSE the lowest percentage of live cells (61±5.8%) was
observed after incubation with MLT at a concentration of
2 mM. In the SK-OV-3 line there was a slight influence of
the concentrations of MLT (0.1 mM, 0.5 mM, 1 mM, 2 mM)
on cell survival (mean survival of 98%). In the OVCAR-3
line, the lowest cell survival was observed with the highest
concentration of MLT (2 mM) and was 74%±9.5. Statistical
analysis showed a statistically significant (p<0.001)
influence of MLT at a concentration of 0.5 mM on the
reduction of IOSE 364 and OVCAR-3 cell survival, and the
reduction of SK-OV-3 cell survival at the two highest
concentrations of MLT: 1 mM and 2 mM.

Survival evaluation of IOSE 364, SK-OV-3 and OVCAR-3
cells treated with MLT in combination with CP. In order to
investigate the effect of MLT in combination with CP on the
survival of the tested cell lines, four concentrations of MLT
(0.1 mM, 0.5 mM, 1 mM, 2 mM) and three concentrations
of CP (0.5 μg/ml, 2.5 μg/ml, 5 μg/ml) were used. The
experiment compared the viability of the cells after using CP
alone and after the combination of diffrent concentrations of
CP with MLT.
CP at a concentration of 0.5 μg/ml (therapeutic dose (29))
did not significantly decrease the survival of the tested cell
lines relative to the control line (KK) (Figure 2). The
addition of CP (0.5 μg/ml) to the lowest MLT concentration
of 0.1 mM reduced the survival of IOSE 364 and OVCAR3 cells in comparison with CP alone (0.5 μg/ml). In the case
of SK-OV-3 a slight decrease of survival was observed for
the combination of CP (0.5 μg/ml) with MLT at a
concentration of 0.5 mM. Higher concentrations of MLTs
used with CP (0.5 μg/ml) resulted in a further, significant
(p<0.001) decrease of cell viability compared to CP alone
(0.5 μg/ml) in all tested cell lines. The lowest cell survival
was observed for the combination of CP (0.5 μg/ml) with
MLT at concentrations of 1 mM and 2 mM. The percentages
of live cells for these concentrations were for the IOSE 364
line: 80%±8.1 and 55%±7.6, respectively, and for the
OVCAR-3 line: 89%±6.1% and 74%±8.1, respectively. SKOV-3 cells responded poorly to the concentrations of tested
compounds and their mean survival was 98%.

Increasing the concentration of CP to 2.5 μg/ml resulted
in a decrease, not statistically significant, in cell viability
relative to the control, which was, respectively, in the IOSE
364 cell line: 41±7.4%, in the SK-OV-3: 79±6.3% and in the
OVCAR-3: 77%±7.5 (Figure 3). In the IOSE 364 cell line
MLT at concentrations of 1 mM and 2 mM with CP caused
a significant (p<0.05) decrease in cell survival as compared
to the same CP (2.5 μg/ml). In the case of the SK-OV-3 cell
line MLT only at the highest concentration (2 mM) with CP
reduced cell survival (p<0.001) compared to CP (2.5 μg/ml)
alone, in contrast to the tumor cell line OVCAR-3, where
MLT already at a concentration of 0.5 mM with CP caused
a significant (p<0.01) decrease in cell survival in comparison
to CP (2.5 μg/ml) alone. In IOSE 364 and OVCAR-3 higher
concentrations of MLT administered with CP resulted in a
further, statistically significant (p<0.001), decrease in cell
survival as compared to CP (2.5 μg/ml) alone. The lowest
percentage of viable cells was observed after incubation of
CP (2.5 μg ml) with MLT at a concentration of 2 mM, and
the percentage of viable cells was, respectively, in the IOSE
364: 26±7.8%, in the SK-OV-3: 73 %±3.6 and in the
OVCAR-3 cell line: 43%±8.2.
Using CP at the highest concentration of 5 μg/ml resulted
in a decrease, not statistically significant, in cell viability
relative to the control, which was, respectively in the IOSE
line 364: 29%±7.7, in the line SK-OV-3: 51%±3.3, and in the
line OVCAR-3: 44%±10 (Figure 4). Significant decreases in
cell survival of the IOSE 364 and OVCAR-3 lines were
observed after the addition of CP (5 μg/ml) with MLT at the
two highest concentrations (1 mM and 2 mM), and the
percentage of live cells was, respectively, in the IOSE 364:
24 %±5.2 and 20%±5.7, and in the OVCAR-3 line: 35%±5.6
and 34%±8.1. In the SK-OV-3 cell line, a significant
(p<0.001) decrease in cell viability (36%±8.3) occurred after
the addition of CP (5 μg/ml) with MLT at 2 mM.
Evaluation of the effect of luzindol – melatonin receptor
antagonist, on the survival of IOSE 364, SK-OV-3 and OVCAR3 cells treated with MLT in combination with CP. In order to
verify the contribution of melatonin receptors MT1 to the action
of MLT in combination with CP in the tested cell lines,
luzindole - MT1 melatonin receptor antagonist was used. One
concentration of CP (2.5 μg/ml), two concentrations of MLT (1
mM and 2 mM) and three concentrations of luzindole (1 μM,
10 μM, 50 μM) were selected for this study. Pre-incubation of
cells with the three tested concentrations of luzindole did not
cause significant changes in the activity of different
combinations of MLT (1 mM and 2 mM) with CP (2.5 μg/ml).

Evaluation of interactions of MLT in combination with CP
on IOSE 364, SK-OV-3 and OVCAR-3 cell survival. In order
to evaluate the type of interactions occurring between MLT
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in vivo 31: 801-809 (2017)

Figure 1. Effect of MLT on IOSE 364, SK-OV-3, OVCAR-3 cell survival. The survival rate of tested cells lines depended on the applied dose of
MLT. (KK-control) ***vs. KK (p<0,001). Values are shown as the mean±s.d., n=3.

Figure 2. Effect of MLT and CP (0.5 μg/ml) on cell survival of IOSE 364, SK-OV-3, OVCAR-3 lines.**vs. 0,5 μg/ml CP (p<0.01), ***vs. 0,5 μg/ml
CP (p<0,001). Values are shown as the mean±s.d., n=3.

and CP in reducing the survival of treated cells, the drug
interaction coefficient was used (CDI) (5). A synergistic
effect was observed in the IOSE 364 cell line (CDI=0.84)
and in the SK-OV-3 cell line (CDI=0.81) using the
combination of the highest concentration of MLT (2 mM)
and CP (5 μg/ml), while in the OVCAR-3 line a synergistic
effect was observed at the two highest MLT concentrations
(1 mM and 2 mM) and CP at 2.5 μg/ml (CDI was 0.87 and
0.81, respectively). In all other combinations of MLT and CP,
the CDI value was close to one, which indicates an additive
effect between the tested compounds.
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Discussion

Ovarian cancer in advanced cases requires the use of platinumbased chemotherapy which has serious side effects (1, 2, 31).
Previous studies have shown that the combination of platinum
derivatives with different substances may be an effective
therapeutic strategy for the treatment of ovarian cancer (2, 3235). Among the compounds tested in combination with
cytostatics was MLT, which also exhibited antitumor activity
(2, 3, 36). MLT in combination with CP can have synergistic
anti-tumor effects on ovarian cancer cells, and decrease the
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Figure 3. Effect of MLT and CP (2.5μg/ml) on IOSE 364, SK-OV-3, and OVCAR-3 cell survival. *vs. 2.5 μg/ml CP (p<0.05), ** vs. 2.5 μg/ml CP
(p<0.01), ***vs. 2.5 μg/ml CP (p<0.001). Values are shown as the mean±s.d., n=3.

Figure 4. Effect of MLT and CP (5 μg/ml) on IOSE 364, SK-OV-3 and OVCAR-3 cell survival. *vs. 5 μg/ml CP (p<0.05), ** vs. 5 μg/ml CP (p<0.01),
***vs. 5 μg/ml CP (p<0.001). Values are shown as the mean±s.d., n=3.

toxicity of the chemotherapeutic agent on normal ovarian
epithelial cells (2). There are few studies on the mechanisms
of MLT activity and its interaction with CP in ovarian cancer.
The tested doses and concentrations of compounds are
selective and the results are ambiguous. Accordingly, we
evaluated the potential synergistic effect of MLT in
combination with CP on ovarian cancer cells and determined
the role of MT1 melatonin receptor in this mechanism.
The antitumor activity of MLT was investigated on
different cell lines. In the in vitro model the influence of MLT
alone (37-39) and in combination with drugs (40-42) was

assessed using a wide range of doses from physiological to
pharmacological (43). Data from literature show that the
antitumor effect of MLT may vary and depend not only on
the used concentration, but also on the type of cells and
culture conditions (44, 45). Many studies have been
conducted on MCF-7 breast cancer cells. The addition of
1 nM MLT to the MCF-7 cell culture resulted in the
inhibition of their growth, increased expression of proapoptotic proteins p53 and p21 and reduced their metastatic
potential due to increased expression of E-cadherin and
β1-integrin proteins (46). Additionally, the effect of MLT on
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tumor growth in mice implanted with human breast cancer
MCF-7 was also investigated. Administration of MLT to
animals resulted in a significant reduction of tumor mass and
decreased metastasis in comparison to the control group (47).
Farriol et al. have demonstrated an inhibitory effect of MLT
on the growth of CT-26 cells from mouse colorectal cancer
(48). MLT does not affect cell growth at low doses, as
opposed to high millimolar doses, after which significant
reductions of DNA synthesis have been observed (46, 48). In
turn, other researchers assessed the effects of MLT on HepG2
hepatocellular carcinoma by analyzing cell cycle inhibition,
apoptosis, and the signaling pathway of the mitogen activated
protein kinase (MAPK). MLT given to HepG2 cells at a
concentration of 1mM to 10mM resulted in dose- and timedependent decreases in the number of cells (49, 50).
In this present study we found that MLT at
pharmacological concentrations (0.1 mM-2 mM) after 72 h
of incubation reduced the survival of both the normal line
IOSE 364 and ovarian cancer cells SK-OV-3 and OVCAR3 in a dose-dependent manner. Petranka et al. demonstrated
that MLT at nanomolar concentrations after 48 h of
incubation reduced BG-1 ovarian adenocarcinoma cell lines
by 20-25% (27). Futagami et al. did not observe any
influence of MLT at physiological concentrations (0.001 nM1 μM) after 132 h of incubation on the growth of HTOA and
OVCAR-3 ovarian cancer cells (28). Treeck et al. showed
that MLT has no effect on cell viability of ovarian cancer cell
lines, SK-OV-3 and OVCAR-3 in the concentration range 1
nM - 100 nM and incubation time from 48 to 144 h (20). In
contrast, the studies of Kim et al. on normal ovarian
epithelial cells of OSEN and ovarian cancer cells SK-OV-3
showed that a 24 h incubation with physiological
concentrations of MLT (0.5-2 mM) resulted in a decrease in
the viability of ovarian cancer cells by approximately 15%
and a slight increase in the percentage of the viability of
normal cells (2). The heterogeneity of the obtained results
may be due to the different experimental conditions and the
use of different assays for cell survival. In many in vitro
studies, MLT was tested in combination with anticancer
drugs. It has been shown that MLT (10 nM-10 μM) in
combination with doxorubicin significantly inhibited the
growth and enhancement of apoptosis in hepatocellular
carcinoma cells HepG2 and Bel-7402 compared to cells
treated with chemotherapy alone. Induction of apoptosis was
associated with decreased expression of Bcl-2 protein and
increased expression of Bax protein and caspase-3 (5). Also
in the cell culture of lung carcinoma A-549 and laryngeal
carcinoma HEp-2, MLT at pharmacological concentrations
strengthened the effect of doxorubicin, thereby reducing the
number of cells and intensifying their apoptosis (51). Other
experiments have shown synergistic effects of MLT (50 μM1 mM), vincristine and ifosfamide in the Ewing’s sarcoma
cell line SK-N-MC, and the observed synergistic effect was
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a result of increased apoptosis. MLT in combination with
vincristine or ifosfamide caused a significant increase in the
activation of caspase-3, -8, -9 and proapoptotic Bid protein
(52). The effect of 1 mM MLT on the cytotoxicity and
apoptosis induced by three chemotherapeutic agents was also
determined: 5-fluorouracil, doxorubicin and cisplatin in the
rat pancreatic cancer cell line AR42J. MLT significantly
increased the cytotoxicity of the tested drugs (53).
We also assessed the effect of MLT (0.1 mM - 2 mM) in
combination with CP (0.5 μg/ml - 5 μg/ml) on the survival of
IOSE 364, SK-OV-3 and OVCAR-3 cell lines after 72 h
incubation and determined the type of interaction between
these compounds. CP in combination with MLT more
intensely decreased the survival of IOSE 364 cells, SK-OV-3
and OVCAR-3 lines than CP alone. As with the MLT alone,
the normal cell line IOSE 364 was the most sensitive to CP
and the most resistant was the ovarian cancer line SK-OV-3.
The value of the CDI (drug interactions coefficient) indicates
synergistic effects on the IOSE 364 and SK-OV-3 lines using
the combination of the highest concentration of MLT (2 mM)
and CP (5 μg/ml), whereas in the OVCAR-3 line there are
synergistic effects with a mean CP concentration (2.5 μg/ml)
and the two highest concentrations of MLT (1 mM and 2
mM). In all other MLT and CP combinations, the CDI value
indicated the additive effect between the substances which
were used. Kim et al. also investigated the effect of the MLT
and CP combination on the survival of ovarian normal-surface
epithelial cell line OSEN and SK-OV-3 ovarian carcinoma cell
line after 24 h of incubation (2). They observed a synergistic
effect between MLT (0.5 mM, 1 mM and 2 mM) and CP (80
μM=24 μg/ml) in the SK-OV-3 ovarian carcer cell line. In
contrast to the cancer cell line, MLT decreased cytostatic CP
activity in normal OSEN cells, demonstrating a protective
effect against damage caused by CP in normal cells. Futagami
et al. also studied the effect of MLT at the physiological
concentrations (maximum 1μM), in combination with CP (0.5
μg/ml) on the survival of ovarian cancer cells HTOA and
OVCAR-3. MLT increased sensivity to the CP of both ovarian
cancer lines (28). The results of both Kim et al. and Futugami
et al. indicate that MLT acts synergistically at selected
concentrations on SK-OV-3 and OVCAR-3 ovarian carcer cell
lines (2, 28). The differences in the obtained results may be
due to various experimental conditions and survival evaluation
methods, as in the case of tests with MLT alone. In this study,
it seemed particularly important to use different concentrations
of CP (0.5 μg/ml - 5 μg/ml) compared to the experiments of
Kim et al. and Futugami et al. (2, 28). Kim et al. used a very
high concentration of CP, significantly higher than the
therapeutic dose (0.5 μg/ml) (54). The observed differences in
the interaction of CP and MLT on normal cells and cancer
cells may also result (as in the case of MLT alone) from the
differences between cell lines and the high degree of
proliferation of immortalized normal cells - IOSE 364.
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Because of the discrepancies between our results and the
results of other research groups, it is difficult to accurately
determine the range of MLT concentrations that should be
used to support the action of the CP.
MLT can act on normal and cancer cells via membrane
receptors as well as by mechanisms independent of these
receptors (54). In our previous studies, we demonstrated the
expression of the MT1 receptor protein in all tested cell lines:
IOSE 364, SK-OV-3 and OVCAR-3 (12). The highest level of
MT1 receptor expression was observed in normal ovarian
epithelial cells IOSE 364, and the lowest in poorly
differentiated ovarian cancer cells OVCAR-3 (12).
Furthermore, in other types of cancer decreasing MT1 receptor
expression with histological grade has been demonstrated (21,
55, 56). Different levels of MT1 protein expression have been
seen, i.e. in breast cancer cell lines characterized by an
increasing degree of aggressiveness: MCF-7<SK-BR-3<MDAMB-231 (21). In order to investigate the contribution of MT1
receptor in the combined action of MLT with CP, we examined
the effect of melatonin receptor antagonists – luzindole on the
survival of IOSE 364, SK-OV-3 and OVCAR-3 cells treated
with MLT (1 mM and 2 mM) in combination with CP (2,5
μg/ml). However, the preincubation of cells with luzindole did
not significantly alter the effect of MLT in combination with
CP in the investigated cell lines, suggesting that MT1 receptor
had no significant role in this experiment. MLT in the
presented studies reduced cell survival only at high
pharmacological concentrations. Due to the high affinity of
MT1 receptor to MLT (Kd = 20-40 pmol) it can be assumed
that this effect is related to the lack of involvement of
melatonin membrane receptors in the cytotoxic activity of MLT
(57). What is important, many previous studies have shown
that MLT is safe in a very wide range of doses (58, 59). Similar
effects were observed in the human leukemia line HL-60,
where the inhibition of cell growth by pharmacological
concentrations of the MLT was also unchanged after the
addition of luzindol (10 mM) and paclitaxel (PTX) which in
general are inhibitors of G protein-coupled receptors. This may
indicate the lack of participation of the G protein-coupled
receptors in the above tests (60). These results are different
from the results obtained by Kanishi et al., where the effect of
MLT on endometrial cancer cells at physiological
concentrations was blocked by luzindole (61). However, the
results of Carbajo-Pescador et al. performed on liver cancer
cell line HepG2, showed that the concentration of MLT is not
the only determining factor (49). Preincubation with luzindole
(1 μM) resulted in partial inhibition of the effect of MLT, used
at high pharmacological concentrations (1 mM and 2.5 mM),
on HepG cell viability, indicating involvement of MT1 receptor
(49). Thus, it can be expected that the activation of the MT1
by the MLT is a complex process, probably dependent on many
factors: the dose of a MLT, the type of cells used and the level
of MT1 expression.

In summary, it was shown that the MLT in
pharmacological concentrations decreased the survival of
tested cell lines in a dose-dependent manner, the most in
normal cells IOSE 364, and the least in cancer cells SK-OV3. In addition, the MLT at the selected concentrations
showed synergistic effects in combination with CP, and this
effect appears to be independent of the MT1 membrane
receptors. The presented results and literature data suggest
the possibility of conducting further studies on MLT towards
its use as a cisplatin-adjuvant chemotherapeutic agent in
ovarian cancer. Although a great amount of research
indicates the effect of MLT on the effectiveness of selected
chemotherapeutics, there is still no complete explanation of
the mechanisms through which the pineal hormone may
increase the efficacy of cytostatics.
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