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Abstract

Objective: Cancer is a complicated disease and ranks near the top among the causes of death across the world.
Electrochemotherapy (ECT) is a local treatment method in which chemotherapy and electroporation (EP) are used in
combination to facilitate the entry of drugs into cells. The purpose of the study is to examine the cytotoxicity of the
cytosine-based ligand and its cobalt and ruthenium complexes in MCF-7 cancer cells and L-929 healthy cells, and to
determine the effects of EP on the anticancer activities of these compounds.

Methods: In the present study, firstly, the cytotoxic activities of the ligand and its cobalt (Co) and ruthenium (Ru)
complexes were examined against MCF-7 cancer cells and L-929 healthy cells. Then, the effects of EP on the anticancer
activities of these compounds were examined in MCF-7 cancer cells. Cytotoxicity activities of the compounds were
determined by MTT viability test.

Results: Co(II) and Ru(I) compounds showed the best cytotoxicity against MCF-7 cancer cells, while they displayed low
cytotoxicity against the L-929 healthy cells. EP increased the cytotoxicity of the compounds significantly (p<0.05). A
statistically significant decrease was observed in the percentages of cell viability of ligand+EP, Co(II)+EP, and Ru(II)+EP
treatment groups compared to those of the compounds-alone and control groups (p <0.05).

Conclusion: The results of the present study demonstrated that Co(II) and Ru(II) complexes may contribute as potential
chemotherapeutic agents for the treatment of breast cancer and ECT can reduce the side effects of agents by providing
treatment with a lower doses of compounds.
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Elektroporasyonun MCF-7 kanser hiicrelerinde 4-aminopirimidin-2- (1H)-on ana
maddesinden sentezlenen ligand ile Kobalt (II) ve Rutenyum (II) komplekslerinin
sitotoksisiteleri iizerindekKi etkisi

0z

Giris: Kanser komplike bir hastaliktir ve diinya c¢apinda 6liim nedenleri arasinda ilk siralarda yer almaktadir.
Elektrokemoterapi (ECT), ilaglarin hiicrelere girisini kolaylastirmak i¢cin kemoterapi ve elektroporasyonun (EP) birlikte
kullanildig1 lokal bir tedavi yontemidir. Bu ¢alismanin amaci, sitozin ana maddesinden sentezlenmis ligand ile onun

kobalt ve rutenyum komplekslerinin MCF-7 kanser hiicreleri ve L-929 saglikli hiicrelerdeki sitotoksisitelerini incelemek
ve EP'nin bu bilesiklerin antikanser aktiviteleri tizerindeki etkilerini belirlemektir.

Yontemler: Bu calismada ilk olarak, ligand ile kobalt (Co) ve rutenyum (Ru) komplekslerinin sitotoksik aktiviteleri MCF-
7 kanser hiicreleri ve L-929 saglikl hiicrelere karsi incelendi. Daha sonra, EP'nin bu bilesiklerin antikanser aktiviteleri
lizerindeki etkileri MCF-7 kanser hiicrelerinde belirlendi. Bilesiklerin sitotoksisite aktiviteleri MTT canlilik testi ile
degerlendirildi.

Bulgular: Co(II) ve Ru(II) bilesikleri, MCF-7 kanser hiicrelerine karsi iyi sitotoksisite gosterirken, L-929 saglikli hiicrelere
kars1 diisiik sitotoksisite sergilediler. EP, bilesiklerin sitotoksisitesini dnemli 6l¢iide artirdi (p <0.05). Ligand + EP, Co(II)
+ EP ve Ru(Il) + EP tedavi gruplarinin hiicre canlilig1 ylizdelerinde, sadece bilesik uygulanan ve kontrol gruplarininkine
kiyasla istatistiksel olarak anlamli bir diisiis gozlendi (p <0.05).

Sonug: Bu calismanin bulgulari, Co(I1) ve Ru(Il) komplekslerinin meme kanserinin tedavisi icin potansiyel kemoterapotik
ajan olarak katkida bulunabileceklerini ve ECT'nin daha diisiik doz bilesiklerle tedaviyi saglayarak ajanlarin yan etkilerini
azaltabilecegini gostermistir.

Anahtar kelimeler: Meme kanseri, kobalt, rutenyum, sitotoksisite, elektroporasyon.

INTRODUCTION

Cancer, one of the major health challenges of our
age, ranks near the top among the causes of
death across the world!. The number of cancer
cases increases with each passing day, and
proactive solutions fall short of being sufficient.

cancer cells to the chemotherapy drugs poses an
important clinical obstacle to cancer
treatment®. This in return leads to the use of
drugs at high doses and the prolongation of the
treatment, increasing the side effects.
Therefore, there is a need for finding different

Various methods are used in cancer treatment,

such as surgery, chemotherapy, radiation
therapy, immunotherapy, and stem cell
transplantation?. Chemotherapy, the most

known among these methods, is a cytotoxic
drug treatment. Chemotherapy is a treatment
method in which some anti-cancer agents are
used to prevent or eliminate the abnormal
proliferation of cells in cancerous tissues.
However, due the fact that the standard
chemotherapy has a low efficacy and many side
effects, there is a need for finding new drugs or
increasing the standard cytostatic activity3.
Breast cancer, a form of cancer that is very
common, is the primary cause of cancer-related
deaths among women#*. The resistance of breast

treatment methods and developing new anti-
cancer agents in order to increase the lifespan
and life quality of breast cancer patients.

Considering fascinating biological activities of
the Cobalt (Co) and Ruthenium (Ru) complexes
and the Schiff base ligand, this study was
designed to investigate their anti-cancer
activities against breast cancer. Cobalt is
classified as metal and its distribution is widely
observed in biological structures like body and
cell. The cobalt complexes’ interaction with
DNA has drawn a great deal of attention among
scholars due to their therapeutic reagents®.
Cobalt complexes have also been tested in terms
of their potential for being a hypoxia-activated
anticancer prodrug which can kill the cancer
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cells by releasing toxic ligands’. Ruthenium
compounds also have a potential for being a
drug candidate. They provide a reduced toxicity
and it is possible to tolerate them in vivo.
Ruthenium compounds have several oxidation
states, various action mechanisms, and kinetics
of ligand substitution, and these properties
make them an alternative to be considered in
the biological field®. In recent studies,
ruthenium compounds were examined to find
whether they can prevent tumor growth. These
studies mainly focused on the ruthenium
complexes’ interactions with RNA, DNA,
albumin, cytochrome ¢, and transferrin?10,
These compounds were examined in terms of
their cytotoxicity in the breast cancer cells when
used with chemotherapy -
electrochemotherapy.

Electrochemotherapy (ECT) is a local therapy
technique in which chemotherapy and electric
pulses are used in combination to facilitate the
entry of drugs into cellsll. When electric
impulses are given to the cell, a transmembrane
voltage is generated on the cell membrane. If
this voltage exceeds a critical value, some
temporary small pores are formed in the cell
membrane, causing a significant rise in
permeability and electrical conductivity of the
membrane!?. In this way, the entry of
chemotherapy agents into cells can be
facilitated and their cytotoxicity can be
increased. In ECT, in general, a drug with weak
permeation is absorbed by the cancer cells and
consequently, demonstrates the action only in
the cancer cells, which significantly reduces
various side effects seen in standard systemic
chemotherapy. In the literature, to the best of
my knowledge, there is no research in which
ECT and the anticancer drugs produced using
complexes are applied in combination to the
breast cancer cells. In the light of this
information, the aim of the research is to
investigate the cytotoxicity of the cytosine-
based ligand and its cobalt and ruthenium
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complexes in MCF-7 cancer cells and L-929
healthy cells, and to determine the
electroporation's effects on the anti-cancer
activity of these compounds in the MCF-7
cancer cell line.

METHODS
Cell preparation

Human breast adenocarcinoma cells (MCF-7)
(Passage No. 6) and healthy fibroblast cells (L-
929) (Passage No. 7) were used in the study. The
cell lines were provided from Inonu University's
Biochemistry Department, Faculty of Science
and Letters. The cells were allowed to grow in
Dulbecco’s modified Eagle’s medium (DMEM
D5796, Sigma) which included 1% penicillin
streptomycin (P4333-20ML, Sigma) and 10%
fetal bovine serum (FBS F7524, Sigma) in 75
cm2 culture flasks. Both cell lines were
incubated at 37 °C, 5% CO2 and 70-80%
humidity cell culture. Cell culture investigations
were conducted in a Biosafety Cabinet (ESCO,
USA). The Gene Pulsar Xcell ™ (Bio-Rad,
Hercules, CA, USA) equipment was used in ECT
experiments at the Eastern Anatolia High
Technology Application and Research Center
(DAYTAM). Since the experiments are
performed on cell lines, there is no need for an
ethics committee.

Drug
A new Schiff base ligand (C12ZH11N303) and its
Ru(ll) and Co(II) complexes [RuCl(p-

cymene)L], [CoCI'L(H20)2]-2H20 were used in
this study, which were synthesized from the
basic material cytosine (4-aminopyrimidine-2
(1H) -one) and described previously (Figure
1)13. To prepare a stock solution, cytosine and
compounds were dissolved in the RPMI-1640
medium (Sigma, USA). For chemotherapy and
ECT treatment, cells were subjected to different
concentrations of cytosine, ligand, Ru (II), and
Co (II) complexes.
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Figure 1. The structures of ligand and its Cobalt(II) and
Ruthenium(II) complexes?3

Chemotherapy

Cells were planted in 96-well plates at a density
of 1x104 cells per well and incubated for 24
hours in an incubator containing 5% COZ2. Then,
media fluids of the wells were removed and
compounds (cytosine, ligand, Co (II) or Ru (II))
were added to each well at the concentrations of
100, 200, 300, 400, and 500 uM, and the cells
were incubated for another 24 hours. The cells
in the control wells were only added 100 pL of
medium4. Cytotoxicity activities of compounds
on both cell lines (MCF-7 and L-929) were
determined using the MTT assay after 24 hours
of incubation.

Electrochemotherapy (ECT)

The anticancer effect of compounds alone or
compounds plus EP was investigated in MCF-7
cells (Passage No. 6). Eight square wave pulse
sequences at 1 Hz frequency with 100-
microsecond pulse duration and 800 V/cm
electric field were applied to the compound + EP
group cells. It has been shown in previous
studies that these applied ECT parameters are
the most suitable values for electroporation of
cells’>. Gene Pulser Xcell ™ (Bio-Rad, Hercules,

CA, USA) was used for ECT applications. Before
electroporation, compounds were added to the
cell suspensions (1 x 106 cells/ml) at 200 uM
concentration and 400 pupl of each cell
suspension was put into 4 millimeters (mm) EP
cuvettes (Bio-Rad). The control cells were put
into 4 mm EP cuvettes in the same
circumstances as the test cells, but there was no
electric field applied. After the EP, cells were
incubated for 20 min at room temperature, then
transferred to 24-well plates and allowed to
incubate for 24 hours at 37 °C humid
environment. Viability of cells was evaluated by
MTT assay.

MTT cell viability assay

The 3 (4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay
(Invitrogen, GIBCO, USA) was used to determine
the viability of the cells following chemotherapy
and ECT treatment!4. 50 mg MTT was dissolved
in 10 mL Dulbecco Phosphate Buffered Serum
and covered with aluminum foil to prevent light,
and stored at +4 ° C until use. The culture plates,
which had been incubated for 24 hours after
adding the compounds, were taken and the
medium liquid was discarded from the wells.
Then each well was added 90 pL media and 10
uL MTT solution and the plates were incubated
for 4 hours at 37°C in a 5% CO2 medium. After
4 hours of incubation, the MTT solution was
discarded and 100ul dimethylsulphoxide
(DMSO) was put in each well and mixed to
dissolve the crystals of formazan that have
developed in the wells. The color density
formed in the wells was determined at 540 nm
with a spectrophotometer (Thermo Fisher
Scientific, FI-01620 Vantaa, Finland). For each
compound, the concentration causing 50%
inhibition (IC50) was calculated from dose-
response curves by the regression equation.
The IC50 value of each compound was reached
after 4 independent experiments.
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Statistical Analysis

Statistical analyzes were performed using the
Graph Pad Prism program (Graph Pad Software
Inc., San Diego, USA). All of the experiments
were repeated three times, and the results are
shown as mean #* standard deviation. The
results were analyzed by one-way ANOVA
followed by Tukey multiple comparison tests, or
by a two-independent sample t test
(Nonparametric) where it was appropriate.
Probability values of p <0.05 were defined as
statistically significant.

RESULTS
Chemotherapy with compounds

Human breast cancer cell line MCF-7 and
healthy fibroblast cell line L-929 were used to
examine the cytotoxicity of the synthesized
complexes on normal healthy cells and cancer
cells. Cells were treated with six various doses
(0 uM, 100 pM, 200 uM, 300 puM, 400 puM, and
500 uM) of cytosine, ligand (L), and ligand's
complexes Ru (II) and Co (II) for 24 hours. The
MTT assay was employed to determine the
inhibition of cell proliferation and the IC50
values of the compounds were computed for all
cell lines (Table I).

Table I: IC50 values of the cytosine, ligand and ligand's
Ru(II), Co(II) complexes in the L-929 and MCF-7 cells for
24 hours’ incubation.

L-929 MCF-7
Compounds
ICs0 (1M) ICs0 (1LM)
Cytosine 1340.2 956.45
Ligand 964.5 758.22
Co(1II) complex 1008.7 521.21
Ru(II) complex 1213.3 470.89
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The cytotoxic effects of the compounds were
evaluated according to their IC50 values. High
IC50 values indicate low cytotoxicity, while low
IC50 values indicate high cytotoxicity. Co (II)
and Ru (II) compounds showed best
cytotoxicity against MCF-7 cancer cells with
IC50 = 521.2 uM and IC50 = 470.9 uM, while
they displayed low cytotoxicity against L-929
healthy cells with IC50 = 1008,7 uM and IC50 =
1213.3 uM, respectively. The main material
cytosine showed low cytotoxicity with IC50 =
956.45 uM in the MCF-7 cancer cells and IC50 =
1340.2 uM in the L-929 cell line. Ligand also
demonstrated a cytotoxic effect in both cell
lines, but was not as effective as its Co (II) and
Ru (II) complexes.

Agents used for chemotherapy must have the
ability to Kkill cancer cells without damaging
healthy cells. Therefore, researchers are trying
to discover and develop chemotherapeutic
agents that will show effective cytotoxicity
against cancer cells and compatible with normal
cells. In the present study, L-929 healthy
fibroblast cells were treated with various doses
of cytosine, ligand, Ru(Il), and Co(II) complexes
for 24 hours. The compounds started to cause
inhibition in healthy L-929 cells after 200 uM
concentration. For this reason, a 200 uM
concentration of cytosine, ligand, Co(II), and
Ru(II) compounds were used for ECT studies.

Efficiency of electrochemotherapy

Cell viability percentages of the agent (cytosine,
ligand, Co or Ru) and agent+electroporation
groups were measured by MTT test after 24
hours of incubation, and the results are shown
in Figure 2 as mean # standard deviation.
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Figure 2. Percentages of cell viability of MCF-7 cancer
cells at 24 hours after treatment. *: Significant compared
to the control group (p < 0.05); +: Significant compared to
compound-alone treatment group (p < 0.05). Data from
five independent experiments were presented as mean *
SD.

A statistically significant decrease was observed
in the percentages of cell viability of ligand,
Co(II), and Ru(II) therapy groups compared to
the control group (p <0.05). As seen in Figure 2,
combined therapy of compound and EP led to a
significant reduction in viability of MCF-7
cancer cells (p<0.05). The ligand and its
complexes showed better anticancer activity
than cytosine in ECT, as in chemotherapy.
Ligand+EP showed mild cytotoxicity, while
Co(Il)+EP and Ru(I[)+EP  demonstrated
promising anticancer activity by reducing the
viability of MCF-7 cells to 36,56% and 29.73%,
respectively.

DISCUSSION

Schiff bases and metal compounds have been
frequently used in medicinal chemistry and
drug design and development!é. Cobalt (Co),
one of the important trace elements found in all
animals, has a significant part in many activities
that have biological importance, and is mostly
found in the form of cobalamin, also known as
vitamin B1217. There is a need for different
forms of vitamin B12 in order for red cells to
form properly as well as for having a DNA
regulation and synthesis and maintaining the
normal functions of brain and nerves. Co comes
to forefront in this regard since it has a lower
toxicity to human beings than the non-essential
metals such as platinum. Ruthenium (Ru)

compounds also have a potential for being a
drug candidate. In the researches examining its
anti-tumor potential, it was reported that the
complex highly inhibited the functions of
topoisomerase II, and this is significant for
mitotic chromosome scaffold to structurally
organize during the cell replication8. Previous
researches also reported that some of the Ru
compounds were capable of inhibiting the DNA
replication, producing a mutagenic effect,
inducing SOS repair, binding to DNA, and
reducing the synthesis of RNA819, These
advantages motivated many researchers to
examine the compounds that contain Co and Ru
as alternatives to the platinum-based anti-
cancer drugs. Considering the fascinating
biological activities of Ru(Il) and Co(II)
complexes and the ligand, this study was
designed to investigate their anti-cancer
activities against breast cancer. It was found
that Co(II) and Ru(II) compounds showed best
cytotoxicity against MCF-7 cancer cells with
IC50 = 521.2 uyM and IC50 = 470.9 uM, while
they displayed low cytotoxicity against L-929
healthy cells with IC50 = 1008.7 uM and IC50 =
1213.3 pM, respectively. These results are
consistent with the findings of previous studies
of Co(I) and Ru(Il) on different cell lines20.21,
Lida et al.20 reported that Ru-arene compounds
are potential anticancer agents that prevent
metastasis and progression by inhibiting
several pathways for various cancer types.
Dhahagani et al.2l examined the Schiff base
complex of Co(Il) that contains 4- (4-
aminophenyl) morpholine derivatives and
found that it displayed very weak activities
against the hepatocellular carcinoma cells
(HepG2). Furthermore, it was reported that the
Co(Il) complexes that contain 2,6-bis (2,6-
diethylphenyliminomethyl) pyridine displayed
good cytotoxicity in the HelLa and HCT-15
cells?2. The biological characteristics of ligands
significantly affect the activities of complex
compounds and therefore, they should be taken
into considerations in developing a cancer
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drug?3. The most important goal for anti-cancer
agents in the cell is DNA. DNA contact with
Ru(II) and Co(II) metal complexes may cause
the deterioration of DNA and the death of cells.
It is a common acceptance that Ru(Il)
complexes’ cytotoxicity is associated with their
capacity to bind DNA10.

Electrochemotherapy combined with a variety
of medications has been shown to be successful
in a number of in vitro and in vivo studies.
Fiorentzis et al.24 reported that the effects of
cisplatin and bleomycin were risen 3-15 times
and 8-70 times, respectively, in human uveal
melanoma cells by electrochemotherapy. ECT is
also used in locally treating the
cutaneous/subcutaneous metastatic breast
cancers2>. Not only the small tumors but also the
large ones caused by breast cancer have been
treated by ECT effectively up to now.
Wichtowski et al.26 asserted that ECT has high
efficiency in treating cutaneous breast cancer
metastases. Esmeyekaya et al.2? reported that
the EP applications caused an increase in the
absorption of tamoxifen into MCF-7 cells and
decreased the minimum tamoxifen dose which
is required for breast cancer treatment.
Electroporation applications increase the
absorption of compounds into the cell, and by
doing so, considerably enhance their anti-
cancer effect?8. In this study, EP increased the
cytotoxicity of the compounds significantly
(p<0.05). A statistically significant decrease was
detected in the percentages of cell viability of
ligand+EP, Co(II)+EP, and Ru(II)+EP treatment
groups compared to the compounds-alone and
control groups (p <0.05). The eight-square-
wave pulse sequence with an electric field of
800 V/cm (1 Hz frequency and 100
microseconds pulse duration) may have
increased the cytotoxicity of the compounds by
increasing the permeability and electrical
conductivity of the MCF-7 cells membrane.
Because, if the applied electric field surpasses a
critical level, some temporary pores are formed
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in the cell membrane and it causes a significant
enhancement in the permeability and electrical
conductivity of the membranel2. In this way, the
entry of chemotherapy agents into cells can be
facilitated and their cytotoxicity can be
increased. In addition, when the tumor tissues
are subjected to electric impulses, the blood
circulation of the tumor decreases by up to 80%
and becomes normal in 24 hours, allowing the
drug to remain in the tumor tissues for a
prolonged period of time and show its effect?°.
In the previous researches, it has been revealed
that the chemotherapeutic drugs mainly focus
on dividing the cancer cells while not dividing
the normal cells in the vicinity?°. In their study
examining the differences between malignant
melanoma and normal primary cells in terms of
their capacity of repairing membrane, Frandsen
et al.3% reported that the normal primary cells
exhibited a better membrane repair capacity
and asserted that this finding might explain why
other therapy methods where the plasma
membrane is made permeable affect the
malignant cells more than the normal ones in
cancer treatments. ECT can be preferred as a
primary local treatment in patients with breast
cancer who cannot be treated with other
treatment methods.

CONCLUSION

The compounds of Cobalt(II) and Ruthenium(II)
show promise in developing novel anti-cancer
drugs since they exhibited remarkably cytotoxic
effect and showed a better affinity with the
MCF-7 cancer cells than the L-929 healthy cells.
They are aqueous-soluble, which makes them
show promise in terms of anti-cancer activity.
Moreover, Ru(II)+EP and Co(II)+EP
demonstrated promising anticancer activity by
reducing the viability of MCF-7 cells to 36.56%
and 29.73%, respectively. In the therapy of
MCF-7 cancer cells, using compounds in
combination with EP was far more effective
than using compounds alone.
Electrochemotherapy can reduce the side
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effects of drugs in breast cancer patients by
providing treatment with a lower dose of
medicines and in a short period time. More
research with different drugs and cell lines is
needed to reach more conclusive results.
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