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Abstract: (1) Cisplatin (CDDP) is used in melanoma chemotherapy, but it has many side effects.
Hence, the search for natural substances that can reduce the dose of CDDP, and CDDP-related toxicity,
is highly desired. Coumarins have many biological properties, including anticancer and antiprolifer-
ative effects. (2) An in vitro 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
assay on two human melanoma cell lines (FM55P and FM55M2) examined the antitumor properties of
CDDP and five naturally occurring coumarins (osthole, xanthotoxin, xanthotoxol, isopimpinellin, and
imperatorin). The antiproliferative effects produced by combinations of CDDP with the coumarins
were assessed using type I isobolographic analysis. (3) The most potent anticancer properties of
coumarins were presented by osthole and xanthotoxol. These compounds were characterized by the
lowest median inhibitory concentration (IC50) values relative to the FM55P and FM55M2 melanoma
cells. Isobolographic analysis showed that for both melanoma cell lines, the combination of CDDP
and osthole exerted synergistic and additive interactions, while the combination of CDDP and xan-
thotoxol exerted additive interactions. Combinations of CDDP with xanthotoxin, isopimpinellin,
and imperatorin showed antagonistic and additive interactions in two melanoma cell lines. (4) The
combination of CDDP and osthole was characterized by the most desirable synergistic interaction.
Isobolographic analysis allows the selection of potential candidates for cancer drugs among natural
substances.

Keywords: melanoma; cisplatin; coumarins; drug interaction

1. Introduction

Cancer, with over 11 million deaths annually, is the leading cause of death in economi-
cally developed countries and the second leading cause of death in developing countries [1].
The incidence of malignant melanoma, the most dangerous form of skin cancer, is increas-
ing worldwide. The severity of the problem is not only the increased morbidity, but also
the ineffectiveness of current treatment options [2].

Platinum-based chemotherapeutic drugs are widely used to treat cancer. Cisplatin
(CDDP) is used to treat many types of cancers, including ovarian, testicular, bladder,
lung, and head and neck cancer [3]. CDDP is also used to treat melanoma, especially
in combination with other drugs such as anvirzel [4,5]. CDDP binds to genomic DNA
(gDNA) or mitochondrial DNA (mtDNA) to form platinum-DNA adducts and blocks DNA
replication, leading to necrosis or apoptosis [6]. Unfortunately, CDDP therapy is fraught
with side effects. The main toxicities resulting from CDDP therapy are neurotoxicity,
nephrotoxicity, hepatotoxicity, and ototoxicity [7–11].
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At present, novel structural analogues of platinum, which can reduce the side effects
of CDDP and resistance to chemotherapeutics, as well as improve the effectiveness of
anticancer activity, are designed, synthesized, and tested [12,13]. So far, carboplatin and
oxaliplatin have been approved and licensed for the treatment of various cancers [14].

Although surgical excision is the fundamental treatment for malignant melanoma of
the skin, chemotherapy is used as an adjuvant treatment, especially if melanoma undergoes
invasion in the form of metastases. In such a clinical situation, chemotherapy for melanoma
remains an oncological challenge. Dacarbazine is considered the gold standard regimen
for melanoma. However, in the treatment of melanomas, several active agents, e.g., CDDP,
vinblastine, vemurafenib, and temozolomid, are also used [15]. Due to the numerous side
effects induced by synthetic chemotherapeutic drugs, natural substances with anticancer
properties and their combinations with known chemotherapeutic agents, which produce
synergistic and additive effects, are sought.

So far, the antitumor activities of many combinations of CDDP with compounds
of natural origin, including thymoquinone [16], baicalein [17], fucoxanthin [18], genis-
tein [19], curcumin [20], quercetin [21], and many others [22], have been investigated.
These compounds in combination with CDDP increase the sensitivity of cancer cells to
chemotherapy.

Naturally occurring coumarins are the largest group of benzopyrone derivatives
(1,2-benzopyrones or 2H-1-benzopyran-2-ones), widespread in plant species belonging
to various families, including Apiaceae, Rutaceae, Asteraceae, Fabaceae, Oleaceae, Moraceae,
and Thymelaeaceae [23]. These compounds are classified into different groups: simple
coumarins such as osthole (OST), furanocoumarins (e.g., xanthotoxin (XIN), xanthotoxol
(XOL), isopimpinellin (ISO), and imperatorin (IMP)—Figure 1), pyranocoumarins (e.g.,
visnadin, xanthyletin, and seselin), dicoumarins, and pyrone-substituted coumarins, such
as alternariol, gravelliferone, coumestrol, warfarin, dicumarol, and novobiocin [24].
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In the last few years, there has been an increased interest in naturally occurring
coumarins due to their various biological and pharmacological properties and their low tox-
icity. It has been shown that they possess anticancer [25], antibacterial [26], antifungal [27],
anti-inflammatory and antiviral [28], anticonvulsant [29], antihyperglycemic [30],
triglyceride-lowering [31], antioxidant [32], bronchodilator [33], and vasodilator [34] ef-
fects. The molecular modeling of coumarins and various types of substitutions in their
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nuclei, represented by benzo-α-pyrone, may open new directions in the search and de-
sign of new, more potent compounds as effective adjuvants for the treatment of various
diseases [35]. The interest in coumarins as potential anticancer agents in the treatment
of tumors results from both in vitro and in vivo studies reporting that these compounds
are effective in preventing the proliferation of bladder cancer [36], colon cancer [37], lung
cancer [38], leukemia [39], and breast cancer [40] through different mechanisms of action,
including cell cycle arrest, modulation of estrogen receptors, inhibition of DNA-associated
enzymes such as topoisomerase [41], inhibition of angiogenesis, several types of heat shock
proteins, and activity of enzymes involved in the pathophysiology of cancer, such as telom-
erase, monocarboxylate transporters, carbonic anhydrase, aromatase, and sulfatase [42],
as well as modulation of different signaling pathways, such as the regulation of mitogen-
activated protein kinase expression, signal transducers, and activators of transcription 3,
phosphatidylinositol-3-kinase/AKT, and nuclear factor kB [43]. It is worth noting that
some coumarins and their synthetic derivatives have shown promising activity against
several types of cancer in clinical trials [44].

2. Results

CDDP and the tested coumarins (OST, XIN, XOL, ISO, and IMP) inhibited the pro-
liferation of human melanoma cells (FM55P and FM55M2) in a concentration-dependent
manner when applied separately (Figure S1). Of note, neither phosphate buffered saline
(PBS) nor dimethyl sulfoxide (DMSO) (used as solvents in the respective control groups)
affected the viability of melanoma cells (data not shown). In the present study, the experi-
mentally derived median inhibitory concentration (IC50) values for CDDP, OST, XIN, XOL,
ISO, and IMP are presented in Table 1.

Table 1. Antiproliferative effect of cisplatin (CDDP) and 5 naturally occurring coumarins (osthole
(OST), xanthotoxin (XIN), xanthotoxol (XOL), isopimpinellin (ISO), and imperatorin (IMP)) adminis-
trated singly in the FM55P and FM55M2 melanoma cell lines.

Drug FM55P
IC50 (µM ± S.E.)

FM55M2
IC50 (µM ± S.E.)

CDDP 1.49 ± 0.30 1.70 ± 0.35
OST 67.26 ± 16.35 2 89.58 ± 16.30 1

XIN 182.64 ± 30.59 1 179.74 ± 19.19 2

XOL 93.09 ± 10.68 2 66.27 ± 12.57 1

ISO 156.81 ± 19.08 1 129.36 ± 19.05 2

IMP 151.58 ± 9.85 2 180.53 ± 7.56 2

1 Parallel to CDDP; 2 nonparallel to CDDP.

Next, the antiproliferative effects of each of the tested coumarins administered in
combination with CDDP to the FM55P and FM55M2 melanoma cell lines were determined.
Incubation of the FM55P and FM55M2 cells with different concentrations of both drugs,
based on the established IC50 values, resulted in a concentration-dependent reduction in
cancer cell viability. The test for the parallelism of the concentration–response lines between
CDDP and the tested coumarins confirmed that the log-probit lines of these compounds
were either nonparallel or parallel to one another (Figure S2).

Isobolographic analysis of the interactions between CDDP and the tested coumarins
(OST, XIN, XOL, ISO, and IMP) revealed that in vitro interactions were synergistic, additive,
or antagonistic, depending on the coumarins used. In both cell lines, the FM55P and
FM55M2 interactions of CDDP with ISO and XIN were antagonistic, while those of CDDP
with XOL and IMP were additive (Tables 2 and 3, Figure 2). In the FM55P cell line, the
interaction of CDDP with OST was additive, but in the FM55M2 cell line, the combination
of CDDP with OST was synergistic (Tables 2 and 3, Figure 2).
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Table 2. Isobolographic analysis of interactions for parallel concentration-response effects in melanoma cell lines.

Cell Line Drug Combination IC50 exp
(µM ± S.E.) nexp

IC50 add
(µM ± S.E.) nadd Interaction

FM55P CDDP + ISO 190.65 ± 34.95 *** 96 79.15 ± 9.69 140 Antagonistic
FM55M2 CDDP + XOL 32.24 ± 3.64 96 33.99 ± 6.46 140 Additive
FM55P CDDP + XIN 174.95 ± 35.28 * 96 92.07 ± 20.45 140 Antagonistic

FM55M2 CDDP + OST 24.73 ± 3.34 * 96 45.64 ± 8.32 164 Synergistic

* p < 0.05 and *** p < 0.001 vs. the respective IC50 add values. IC50 exp—experimentally-derived IC50; nexp—number of items for experimental
mixture that ranged between 4th and 6th probit; IC50 add—theoretically additive IC50; nadd—number of items calculated for additive
mixture.

Table 3. Isobolographic analysis of interactions for nonparallel concentration–response effects in melanoma cell lines.

Cell Line Drug
Combination

IC50 exp
(µM ± S.E.) nexp

L-IC50 add
(µM ± S.E.) nadd

U-IC50 add
(µM ± S.E.) Interaction

FM55P CDDP + IMP 203.35 ± 55.54 96 14.83 ± 18.64 116 138.36 ± 20.99 Additive
FM55M2 CDDP + IMP 160.55 ± 29.29 96 37.86 ± 10.04 140 143.99 ± 11.10 Additive
FM55M2 CDDP + ISO 160.53 ± 34.71 * 96 43.96 ± 15.76 140 87.10 ± 19.07 Antagonistic
FM55P CDDP + XOL 39.00 ± 6.20 72 20.29 ± 9.57 116 73.96 ± 10.46 Additive

FM55M2 CDDP + XIN 106.52 ± 21.62 96 90.30 ± 21.05 140 91.57 ± 21.05 Additive
FM55P CDDP + OST 26.03 ± 9.71 96 23.66 ± 10.85 164 45.09 ± 11.98 Additive

* p < 0.05 vs. the respective IC50 add values. L-IC50 add, IC50 add for the lower line of additivity; U-IC50 add, IC50 add for the upper line of
additivity. For more details see the legend to Table 2.
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Figure 2. Isobolograms showing additive and synergistic interactions between cisplatin (CDDP) and osthole (OST) for the
human melanoma cell line FM55P (a) and for cell line FM55M2 (b), respectively. Isobolograms showing antagonistic and
additive interactions between cisplatin (CDDP) and xanthotoxin (XIN) for the FM55P cell line (c) and the FM55M2 cell
line (d), respectively. Isobolograms illustrating additive interaction between cisplatin (CDDP) and xanthotoxol (XOL) for
both FM55P and FM55M2 cell lines (e,f). Isobolograms showing antagonistic interaction between cisplatin (CDDP) and
isopimpinellin (ISO) for both FM55P and FM55M2 cell lines (g,h). Isobolograms illustrating additive interaction with a
tendency toward antagonism between cisplatin (CDDP) and imperatorin (IMP) for both FM55P and FM55M2 cell lines
(i,j). The median inhibitory concentrations (IC50) for CDDP and the tested coumarins (OST, XIN, XOL, ISO, and IMP) are
plotted on the x- and y-axes, respectively. The solid lines on the x- and y-axes represent the S.E. for the IC50 values for
the studied drugs, when administered alone. The lower and upper isoboles of additivity represent the curves connecting
the IC50 values of CDDP and the tested coumarins administered alone, if their concentration-response relationships were
nonparallel. For collateral concentration-response relationships between CDDP and the studied coumarins, the isobole
represents the straight diagonal line connecting the IC50 values. The dotted line starting from the point (0,0) corresponds
to the fixed ratio of 1:1 for the combination of CDDP with each of the tested coumarins. The points A’ and A” depict
the theoretically calculated IC50 add values for both lower and upper isoboles of additivity. The point M represents the
experimentally derived IC50 exp value for a total dose of the mixture expressed as proportions of CDDP and each of the
tested coumarins that produced a 50% antiproliferative effect in the FM55P and FM55M2 cell lines, as measured in vitro by
the MTT assay. * p < 0.05 and *** p < 0.001 vs. the respective IC50 add values.
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3. Discussion

All the tested coumarins have antiproliferative activity in various cancer cell lines. For
example, OST induces apoptosis and inhibits proliferation in bile duct cancer [45], stomach
cancer [46], kidney cancer [47], and lung cancer [48]. The IC50 values of OST oscillate
from about 75 µM for human ovarian cancer cells [49] to 46.2 µM for lung cancer cells,
42.4 µM for breast cancer cells, 24.8 µM for prostate cancer cells, and 23.2 µM for the human
squamous carcinoma cell line A-431 [50]. XIN has antiproliferative activity (10 µg/mL)
in the MCF-7 breast cancer cell line [51]. The IC50 values of XIN range from above 50 µM
for human lung and colon cancer cell lines to 46.8 µM for prostate cancer, 44 µM for the
melanoma cell line A375, and 37.8 µM for human squamous carcinoma [50]. Likewise, XOL
is cytotoxic for the breast cancer cell line MCF-7, and the IC50 for this compound amounted
to 11.92 mg/mL [52]. The IC50 for XOL is about 25 µM for lung cancer, 37.3 µM for prostate
cancer, and above 50 µM for the human squamous carcinoma cell line A431 and melanoma
cell line A375 [50]. The IC50 values of IMP range from 12.3 µg/mL for central nervous
system cancer, 13.7 µg/mL for ovarian cancer, 14.5 µg/mL for melanoma SK-MEL-2 cell
line, 16.4 µg/mL for lung cancer, to 19.4 µg/mL for colon cancer [53].

In this study, we evaluated the antiproliferative effects of a simple coumarin (OST)
and some selected furanocoumarins (IMP, ISO, XIN, and XOL) to ascertain which of the
naturally occurring compounds can be used in the treatment of melanoma. Of note,
all the tested coumarins produced antiproliferative effects in both melanoma cell lines,
finally resulting in the calculated IC50 values. It was observed that the most favorable
coumarin was OST, offering 50% anticancer effects with the lowest concentrations, while
the highest IC50 values were documented for IMP, XIN, and ISO in both melanoma cell lines
(Table 1). Considering the IC50 values for the studied coumarins, only OST and XOL can
be recommended for further characterization of interaction between CDDP and coumarins.
CDDP is considered a gold standard in experimental in vitro studies because of referential
comparison of the anticancer activity of the compounds tested in this study.

The results of our research indicate that the combination of CDDP and OST is charac-
terized by the most desirable synergistic interaction. The other tested coumarins (belonging
to a furanocoumarin group) mostly showed antagonist interactions in combination with
CDDP. The exception was XOL, which showed an additive interaction with CDDP and
IMP, producing additivity with a slight tendency toward antagonism when combined with
CDDP. The results presented here indicate clearly that some of the tested coumarins (OST
and XOL) can be used in combination with CDDP because of synergistic and additive
interactions. By contrast, ISO, IMP, and XIN should not be recommended as add-on drugs
with CDDP. These furanocoumarins produced an antagonistic or additive interaction with
a tendency toward antagonism in human melanoma cell lines (FM55P and FM55M2). It
should be highlighted that the isobolographic analysis of interaction has been used several
times to assess the interactions of various chemical substances with cancer cells [54–57].

In our study, we used two melanoma cell lines to observe any differences in the
antiproliferative activity of the tested coumarins. The first melanoma cell line (FM55P) was
derived from the primary tumor of the skin, while the second line (FM55M2) was derived
from the metastases of melanoma. We confirmed that CDDP when combined with OST
exerts a synergistic interaction in terms of anticancer effects on FM55M2. The combination
produced a synergistic interaction in the metastatic cell line FM55M2. Although the
combination of CDDP and OST exerted an additive interaction with respect to anticancer
effects on the primary melanoma cell line FM55P, this combination can be recommended as
a treatment option, especially if we are not sure whether melanoma metastases appear. The
synergy observed in the human melanoma metastatic cell line (FM55M2) is very beneficial
as a treatment option. By contrast, antagonistic interactions in terms of anticancer effects
are not recommended because drugs should be used in higher doses/concentrations to
eliminate 50% of neoplasmic cells. In such a case, under clinical conditions, patients should
receive higher drug doses, and thus, adverse effects may occur more frequently than
expected.
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Both interactions, synergy and antagonism, may also be explained in light of their
molecular mechanism(s) of the antiproliferative effects influencing the cell cycle. Generally,
if two drugs synergistically inhibit proliferation, they probably affect various different
phases/sites of the cell cycle, finally contributing to faster apoptosis of the affected cells. In
oncology, this effect is highly desired by patients and doctors. By contrast, antagonistic
interaction between two anticancer drugs is not favorable, because one of the drugs, in
its anticancer activity, probably competes with and reduces the effects produced by the
second drug. Another explanation is also possible while considering the fact that one drug
can affect different phases of the cell cycle. In such a case, one of the drugs used in the
mixture stops/blocks the cell cycle, making the second drug ineffective. If the first drug
switches the cell cycle off, the second drug cannot exert its anticancer action, especially
if its molecular mechanisms are associated with the transition of cancer cells to another
phase of the cell cycle. Thus, one drug can block the activity of the second drug, making the
mixture less active than particular drugs when used alone. XIN and ISO are the coumarins
that produced antagonistic effects in both melanoma cell lines, primary and metastatic
melanoma. XOL and IMP produced additive interaction in both cell lines, primary and
metastatic melanoma.

The results presented here (indicating that various coumarins produce various inter-
actions in various cell lines) are a good example illustrating that the screening test can
select the most active anticancer agents among the naturally occurring coumarins tested,
which can be useful in the treatment of melanoma. This screening among the five naturally
occurring coumarins allows us to find the most promising agent, OST. We are fully aware
of the fact that translation of the results from this in vitro study to clinical conditions is
not so fast as one would expect, but it provides us with the hope that confirmation of
this synergistic interaction in other human melanoma cell lines brings us a new option
for the treatment of metastatic melanoma in the future, and this study can contribute to
bettering our knowledge on melanoma treatment. More advanced studies are required
to confirm whether OST can be used as an add-on drug in the treatment of melanoma in
in vivo preclinical studies.

The antitumor activity of various naturally occurring compounds belonging to
flavonoids, alkaloids, polyphenols, glycosides (including, coumarins), and carotenoids has
been demonstrated earlier [16–21]. These compounds exhibit different molecular mecha-
nisms affecting various pathways, including NF-κB, Nrf2, Akt, MAPKs, p53, and apoptotic
pathways. Additionally, naturally occurring compounds often attenuate CDDP toxicity
through their antioxidant and anti-inflammatory effects [22]. Considering the molecular
mechanism(s) of action of the most promising combination of CDDP and OST, it should be
stressed that the antitumor activity of coumarins is mainly related to the induction of apop-
tosis through the caspase-dependent mechanism [58]. As regards OST, it was observed that
the drug produced upregulation of the ratio of Bax/Bcl-2 proteins and inhibited Akt kinase
activity [59]. With respect to CDDP, the drug binds to genomic and mitochondrial DNA,
forming platinum–DNA adducts and blocking DNA replication, which consequently leads
to necrosis or apoptosis [6]. Thus, it is highly likely that the synergistic interaction between
CDDP and OST in terms of their antiproliferative effects in the FM55M2 melanoma cell
line resulted from diverse molecular mechanisms of action of the tested drugs.

It should be stressed that in this study, we did not determine the cytotoxicity of the
tested coumarins on normal (healthy) cells. However, some reports revealed that IMP, ISO,
XIN, XOL, and OST do not exert cytotoxic effects on normal skin cells [58,59]. Thus, it
can be assumed that combination of OST with CDDP can enhance the cytotoxic effect of
the latter drug. Numerous experimental studies have indicated that various coumarins
increase the sensitivity of cancer cell lines to CDDP therapy.

Another fact should be emphasized while explaining the rationale of combining
coumarins with CDDP. It is thought that the resistance of cancer to chemotherapy is one of
the major causes of treatment failure and is responsible for over 90% of deaths in cancer
patients receiving traditional chemotherapeutics and/or novel target drugs [60]. The over-
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expression of multi-drug efflux pumps located in the membrane of cancer cells, including
P-glycoprotein (P-gp), was found to be one of the principal mechanisms of multidrug
resistance (MDR) [61]. The need for combination of chemotherapy with coumarins is
highlighted by the fact that coumarins have been shown to play an important role in MDR
inversion [62]. For instance, bergapten and XIN synergistically increased the cytotoxicity of
CDDP, daunorubicin, or mitoxantrone in the resistant cancer cell lines due to their effects
on the MDR downregulation and/or physical inhibition of the ABC efflux pump activ-
ity [63]. OST in combination with CDDP markedly inhibited cell proliferation and induced
apoptosis in CDDP-resistant cervical cancer cells, such as SiHA/CDDP and CaSki/CDDP
compared to CDDP alone treatment [64]. An in vivo study also revealed that OST in combi-
nation with CDDP reduced tumor growth and tumor weight in SiHA/CDDP cell-derived
xenografts [64]. It has been shown that OST reverses chemoresistance of the studied cancer
cells to CDDP through repressing NRF2 expression [64], an oncogenic transcription factor,
which has been proven to promote cancer resistance to chemotherapy by regulating down-
stream MDR-associated protein and drug transporters [65]. Moreover, it has been found
that CDDP combined with OST significantly blocks the phosphatidylinositol-3 kinase/AKT
signaling pathway, which mediates cell proliferation, cell cycle, and apoptosis [64].

4. Materials and Methods

Cell culture. Primary malignant melanoma cells FM55M2 and FM55P were purchased
from the European Collection of Authenticated Cell Cultures (ECACC; Salisbury, UK) and
cultured in RPMI 1640 medium (Sigma-Aldrich, St. Louis, MO, USA) containing 10% fetal
bovine serum (FBS; Sigma-Aldrich, St. Louis, MO, USA) and 1% penicillin/streptomycin
(Sigma-Aldrich, St. Louis, MO, USA) in a 37 ◦C incubator with 5% CO2. The cells grew to
80% confluence.

Cell treatments. Cell viability was determined using the MTT assay. Cisplatin (CDDP;
Sigma-Aldrich, St. Louis, MO, USA) was dissolved in phosphate buffered saline (PBS) with
Ca2+ and Mg2+. The examined coumarins, osthole (OST), xanthotoxin (XIN), xanthotoxol
(XOL), isopimpinellin (ISO), and imperatorin (IMP) (all from Sigma-Aldrich, St. Louis,
MO, USA), were dissolved in DMSO as stock solutions. The drugs were dissolved to the
respective concentrations with culture medium before use. PBS and DMSO had no effect
on cell proliferation. Briefly, the FM55M2 and FM55P cells were seeded on a 96-well plate
at a density of 104 cells/well and treated with different concentrations of CDDP and five
coumarins (OST, XIN, XOL, ISO, and IMP) for 72 h.

MTT assay. Inhibition of cancer cell proliferation was evaluated by an MTT assay.
After treatment with the examined drug and naturally occurring coumarins, the cells were
incubated at 37 ◦C for 3 h with 10 µL of MTT solution (5 mg/mL, Sigma-Aldrich, St. Louis,
MO, USA). Then, 100 µL of stop solution (10% SDS, 0.01 M HCl) was added to dissolve the
crystals in each well. Following a 12 h incubation, the optical densities were determined
at 570 nm with a microplate spectrophotometer (Ledetect 96, Labexim, Lengau, Austria).
Each treatment was performed in triplicate, and each experiment was repeated 3 times.

Isobolographic analysis. Isobolographic analysis is a statistical method allowing the
characterization of pharmacodynamic interaction between drugs and chemical substances.
This method was performed as described previously [66–68]. First, the percentage of
inhibition of cell viability with increasing concentrations of CDDP, and 5 naturally occurring
coumarins, OST, XIN, XOL, ISO, and IMP (when administrated singly in the melanoma cell
lines FM55P and FM55M2), was measured. Then, the concentration–response effects for
each investigated anticancer compound (i.e., CDDP, OST, XIN, XOL, ISO, and IMP) were
fitted with log-probit linear regression analysis as described by Litchfield and Wilcoxon [69].
The test for the parallelism of concentration–response effect lines for CDDP and each of the
naturally occurring coumarins was performed. The types of interactions between CDDP
and OST, XIN, XOL, ISO, and IMP in both melanoma cell lines, FM55P and FM55M2, were
isobolographically analyzed according to the methodology described elsewhere [66,67,70].
From the experimentally denoted IC50 values for the drugs administered alone, median
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additive inhibitory concentrations for the mixture of CDDP with one of the investigated
coumarins (OST, XIN, XOL, ISO, and IMP) at the fixed ratio of 1:1 (IC50 add) were calculated,
as described earlier [66]. The experimentally derived IC50 exp values for the mixture of
CDDP with each of the studied coumarins (at the fixed ratio of 1:1) were determined based
on the concentrations of the mixtures of CDDP with one of tested coumarins, inhibiting
50% of cell viability in the melanoma cell lines (FM55P and FM55M2) measured in vitro by
the MTT assay. Log-probit analysis was used to determine the experimentally derived IC50
and IC50 exp values for CDDP and the tested coumarins (OST, XIN, XOL, ISO, and IMP)
when the drugs were administered alone or in combination for the fixed ratio of 1:1 [69].
The difference between the experimentally derived IC50 exp values for the mixture of CDDP
with the tested coumarins and the theoretically additive IC50 add values was statistically
verified by using the unpaired Student’s t-test, as recommended elsewhere [70].

5. Conclusions

In conclusion, the synergistic interaction of CDDP with OST observed isobolographi-
cally in the human metastatic melanoma cell line (FM55M2) is worthy of recommendation
for further intensive investigations to reveal the molecular mechanism(s) of action involved
in this interaction. On the other hand, the antagonistic interaction or additive interaction
with a tendency toward antagonism between CDDP and ISO, IMP, and XIN should be
explained in further in vitro experiments.
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