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In this study, a new Schiff base ligand and its two M(II) complexes [CoCl-L(H,0),]-2H,0, [RuCl(p-
cymene)L] were synthesized. The structural features were confirmed from their micro analytical, IR, UV-
Vis., 'H-3C NMR, TGA, X-ray diffraction analysis, mass spectral data and magnetic susceptibility measure-
ments. The Co(Il) and Ru(Il) complexes displayed an octahedral geometry. In vitro anticancer activities of
the Schiff base, Co(Il) and Ru(Il) complexes were evaluated on the human colon cancer cell line (Caco-2)
and biocompatibility characteristics were determined in the L-929 (normal fibroblast cells) cell line by
using the MTT assay. Furthermore, we examined the effectiveness of electrochemotherapy (ECT) on cy-
totoxic activities of these compounds in Caco-2 cancer cell line. According to the findings of the study,
Co(Il) and Ru(Il) complexes showed considerable anticancer properties in the Caco-2 colon cancer cells;
however, the ligand did not show significant anticancer activity. It was determined that the combined ap-
plication of electroporation (EP)+complexes were much more effective than the application of complexes
alone in the treatment of Caco-2 colon cancer cells. In a conclusion, the Co(Il) and Ru(Il) complexes,
which showed significant anticancer activity in Caco-2 colon cancer cells, increased cytotoxicity levels by
2.07 and 2.12, respectively in their combined applications with EP. These complexes can be developed as
chemotherapeutic agents for colon cancer treatment and can yield promising results when used in ECT.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Schiff bases constitute one of the most important classes of bi-
ologically active ligands due to their facile synthesis and good sol-
ubility [1]. They also connect with several transition metal atoms,
forming important and stable complexes in many respects. Schiff
bases containing donor atoms (e.g., N, O) play an important role
in the transformation mechanism of some reactions in biologi-
cal systems in neutral biological systems, especially thanks to the
azomethine groups in their structure [2]. Their biological activ-
ities depend upon the type of substituent attached to the aro-
matic ring. Schiff bases have important biological activities such as
antioxidant, antibacterial, antifungal, anticancer, and antidiabetic.
Transition and non-transition metal complexes of azomethine moi-
eties have biological and pharmacological properties, important in
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catalysis, medicine, design of highly valuable materials, analytical
chemistry as model compounds for structure and function of met-
alloproteins [3-7]. Cobalt complexes as potential anticancer agents
have been the focus of interest for many researchers in the past
decade. This effect was mainly attributed to its active role in the
active center of vitamin B12, which regulates DNA synthesis. Also,
cobalt is contained in the co-enzyme of vitamin B12, which is used
as a vitamin supplement [8,9]. Ruthenium complexes are used as
potential drug candidates in different biological studies, includ-
ing anticancer, antimetastatic, antibacterial, and antifungal. More-
over, ruthenium complexes are interesting also as potential pho-
tochemotherapeutic anticancer agents [9-12].

Cancer continues to be a major threat for humans as the dead-
liest disease in the whole world. Colorectal cancer is the third
most common cancer type among humans [13]. Treatment meth-
ods such as surgery, radiotherapy and chemotherapy are generally
used in colon cancer. The anticancer drugs used in chemotherapy
provide treatment with their effects on the life cycles of the can-
cer cells. These drugs are effective if they pass through the plasma
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membrane, and achieve their intracellular targets like the DNA
[14]. The resistance of the cell membrane against chemotherapy
drugs is one of the most important factors preventing the success
of cancer treatment [15]. Also, sometimes cancer cells can resist or
develop resistance to these drugs [16]. For these reasons, although
it is known that it has many side effects, long-term and high-dose
anticancer drugs are used for effective treatment. Low effective-
ness of medication in combination with a variety of side effects
associated with chemotherapy causes a need to improve the thera-
peutic techniques and evaluation of new drugs. Today, Schiff bases
and metal complexes with chemotherapeutic effects have become
an area where medical chemists work intensively. In addition to
the ligand effect, the choice of metal ion plays an important role
in the target molecule to be selected, especially in the design of
chemotherapeutic agents. These compounds show good selectivity
against tumor cells, resulting in induction of apoptosis in cancer
cells [17].

Electroporation (EP) is the process of increasing membrane per-
meability by applying electrical pulses to a biological cell or tissue
for a short time and with a density that exceeds the capacitance of
the cell membrane [18]. This method facilitates the entry of ions
and molecules (weak or no permeant drug) into the cell, by creat-
ing temporary nanometer-sized small pores in the cell membrane
[19]. In cancer treatment, the use of the agent combined with EP
to increase the cytotoxic effect is called electrochemotherapy (ECT)
[20]. Reversible EP (<1500 V/cm) can be used for the transfer of
chemotherapeutic drugs to cells without damaging the cell viabil-
ity [21]. Usually, square-wave electrical pulses with a duration of
100 ps, at 1 Hz or 5 kHz frequency, 1000-1300 V/cm electrical field
are used for ECT [18,22]. If the electrical field is applied when the
extracellular concentration of the chemotherapeutic agent is at the
highest level, the cytotoxicity may increase significantly by increas-
ing the passage of the drug through the membrane. In this way,
effective treatment will be achieved with a lower dose of the anti-
cancer agents in a shorter time, and the side effects of chemother-
apeutic agents are minimized [19]. Nowadays, ECT is mostly inves-
tigated for tumors located in the skin and deep under the skin, and
for tumors in internal organs [23].

The design and development of new chemotherapeutic Schiff
bases and metal complexes are now taking attention of medici-
nal chemists and works in this area is intensifying. Due to their
interesting biological activities and our current concern [12,24],
we synthesized and characterized the Schiff base ligand, Co(II)
and Ru(Il) complexes to obtain coordinated compounds with ef-
fective antitumor and anticancer activity. The anti-cancer activi-
ties of these compounds were investigated. We have investigated
the relationship between co-ligand structure and the cytotoxici-
ties of these complexes for human colon cancer cell lines as well
as 1929 normal cell lines. Furthermore, their ECT efficiency was
evaluated.

A search through the literature reveals that no work has been
done on the Co(Il) and Ru(Il) complexes and Schiff base formed
by the condensation of 4-aminopyrimidine-2-(1H)-one with 2-
hydroxy-3-methoxy benzaldehyde.

2. Experimental
2.1. General materials and methods

2-hydroxy-3-methoxy benzaldehyde, 4-aminopyrimidine-2-
(1H)-one, CoCl,-6H,0, [RuCly(p-cymene)],, and ethanol, dimethyl
sulfoxide (DMSO), acetone, dimethylformamide (DMF), chloroform,
methanol, diethyl ether used in this study were purchased from
Sigma-Aldrich and used without purification. Infrared spectra were
performed by using Perkin Elmer FT-IR- 65 spectrometer (in the
region 4000-400 cm~! used by KBr pellets). 'H (proton) and 13C
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(carbon) NMR spectra were mentioned on a Bruker 300 MHz
spectrometer in DMSO-dg as the solvent. The microanalysis (C, H,
N) were determined using a Vario III CHN analyzer. Mass spectra
were performed with an Agilent technologies AB Sciex 3200 QTrap
spectrometer. X-ray diffraction analysis was performed by an
Ultima IV X-ray diffractometer with Rigaku (CuKoe=1.540562 A°).
UV-Visible spectra were performed used through Shimadzu-UV-
1800 spectrophotometer. Thermogravimetric analysis (TGA) was
measured by an Universal TGA Q50 instrument at a heating rate
of 10 °C/min between 50 and 900 °C.

The 1-929 and Caco-2 cell lines were used as models in our ex-
periments. The Caco-2 cells (Passage No. 4) were provided from the
Eastern Anatolia High Technology Application and Research Center
(DAYTAM). The L-929 cell line (Passage No. 7) was obtained from
the Biochemistry Department, Faculty of Science and Letters, In-
onu University. The cells were seeded into 150 mL flasks by us-
ing Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma) growth
medium, to which 1% penicillin-streptomycin and 10% fetal bovine
serum (Invitrogen, Carlsbad, CA) were added. The development of
the cells was performed at 37 °C with 5% CO, and 95% humidity
incubator (Esco, Singapore) medium. Biosafety Cabinet (ESCO, USA)
was used for cell culture studies. ECT studies were performed in
DAYTAM with Flow Cytometry (Becton-Dickinson) and Gene Pulsar
Xcell ™ (Bio-Rad, Hercules, CA, USA) devices.

2.2. Synthesis and characterization of ligand
(4-(2-hydroxy-3-methoxy benzylidene)amino)pyrimidine-2-(1H)-on)
L

4-aminopyrimidine-2-(1H)-one (1.0 mmol) was dissolved in
methanol (20 mL). It was taken up with 2-hydroxy-3-methoxy
benzaldehyde (1.0 mmol) dissolved in methanol (20 mL). The re-
action mixture was refluxed for 5 h. The reaction result was de-
termined by monitoring by TLC. Excess solvent was removed in
the resulting rotary evaporator. The resulting product, washing sev-
eral times with diethyl ether then was crystallized in methanol-
chloroform (1/2 ration) mixture.

Ligand: Yield: 84%. m.p.: >260 °C. Color: Dark white. Anal.
Calcd. for C;3Hq1N3O3 (FW: 245.23 g/mol) (%): C; 58.72, H; 4.52, N;
17.13. Found: C; 58.76, H; 4.55, N; 17.10. FT-IR (KBr, v cm~'): 3358
(OH), 3199 (NH), 3095 (Ar.-CH), 2925 (AL-CH), 1716 (C = 0), 1672
(CH=N), 1610 (CH=N pyrimidine), 1541, 1490, 1413 (C = C), 1230
(C-0), 1107 (OCHs). 'H NMR (300 Mz, DMSO-dg): § (ppm) =11.40
(s, 1H, Ar.-OH), 8.01 (s, 1H, NH), 8.85 (s, 1H, N=CH), 7.30-6.50
(m, 5H, Ar.-H), 3.69 (s, 3H, OCH;). 3C NMR (75 Mz, DMSO-dg):
8 (ppm) = 159.70 (CH=N), 156.30 (C = 0), 151.30 (C-OH), 149.10-
110.50 (Ar.-C), 54.30 (OCH3). UV-Vis. (EtOH, Amax, nm): 219, 247,
255, 261, 277, 283, 291, 297, 350, 360.

2.3. Synthesis and characterization of cobalt(ll) and ruthenium(1l)
complexes

Schiff base (2.0 mmol) was dissolved in methanol (20 mL).
CoCl,'6H,0 (2.0 mmol) dissolved in methanol (10 mL) was added.
The solution was refluxed for 4 h. The reaction was completed fol-
lowing the reaction by TLC. The precipitate formed was filtered,
washed with diethyl ether, methanol and dried under vacuum. The
methods of preparation for ruthenium (II) complex were similar to
that of cobalt (II) complex except that CoCl,-6H,0 was replaced
with [RuCl,(p-cymene)], (1.0 mmol).

[CoCl-L(H;0),]-2H,0: (FW: 41038 g/mol) Anal. Calcd. for
(C12H1gN305CoCl): C; 35.08; H; 4.38, N; 10.23. Found: C; 35.10,
H; 4.35, N; 10.27. FT-IR (KBr, v cm~!): 3425 (OH,), 3172 (NH),
3077 (Ar.-CH), 2998, 2929 (AL-CH), 1717 (C = 0), 1658 (CH=N),
1605 (CH=N pyrimidine), 1537, 1513, 1465 (Ar.-C = C), 1208 (C-
0), 1106 (OCH3), 857 (H,0), 576, 544 (M-0), 506, 457 (M-N). UV-
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Vis. (EtOH, Amax, nm): 224, 249, 274, 288, 295, 327, 386, 614, 648,
677. ESI-MS (m/z): 411.38 (Cald.), 411.02 (Found) [M + H]*. Color:
Light blue.

[RuCl(p-cymene)L]: (FW: 514.87 g/mol) Anal. Calcd. for
(CyoHy4N303RuCl): C; 51.27; H; 4.66, N; 8.15. Found: C; 51.35,
H; 4.67, N; 8.20. FT-IR (KBr, v cm~1): 3115 (NH), 3095 (Ar.-CH),
2918 (Al.-CH), 1722 (C = 0), 1653 (CH=N), 1609 (CH=N pyrimi-
dine), 1573, 1541, 1490 (Ar-C = C), 1220 (C-0), 1106 (OCH3), 885
(H,0), 587, 532, 523 (M-0), 455 (M-N). 'H NMR (300 Mz, CDCl3):
6 (ppm)= 8.10 (s, 1H, NH), 8.30 (s, 1H, N=CH), 7.22-6.90 (m, 9H,
Ar.-H), 3.73 (s, 3H, OCH3), 1.24-1.18 (d, 6H, CH3 of p-cymene), 2.32
(s, 3H, CH5 of p-cymene), 2.86-2.83 (m, 1H, CH of p-cymene). 13C
NMR (75 Mz, CDCl3): § (ppm)= 161.70 (CH=N), 157.23 (C = 0),
151.70 (C-OH), 148.40-104.80 (Ar.-C), 56.10 (OCH3), 21.08 (CHj3
of p-cymene), 23.32 and 22.10 (CH3 of p-cymene), 33.54 (CH of
p-cymene). UV-Vis. (EtOH, Amax, nm): 221, 237, 247, 269, 286, 317,
350, 400. ESI-MS (m/z): 512.87 (Calcd.), 512.47 (Found) [M-2H] 2.
Color: Tile red.

2.4. In vitro anticancer activity

2.4.1. Chemotherapy

Cell counting device was used for counting the cells, and the
viability rate was determined by using 0.4% trypan blue. All ex-
periments were done when the viability rate was above 90%. Cell
seeding was made to 96 wells plate as 1 x 10* cells in each well.
The seeded cells were incubated for 24 h at 37 °C with 5% CO,.
After 24 h, the fluids were removed, 100 pL of the 10; 25; 50; 100;
200; 300; 400; 500 and 600 uM of the synthesized compounds
solution prepared in the culture medium was added to each well,
and was left for 24 h incubation again. The same concentrations
were used in all MTT tests. Only 100 pL culture medium (DMEM)
was added to the cells in the control wells [25-27].

2.4.2. Determination of appropriate electrochemotherapy parameters

The purpose of trying to find the optimum ECT parameters was
to determine the voltage values with sufficient power and time
to provide the best permeability without too much damaging the
cell viability [28]. When the Caco-2 cells that were left to develop
in the incubator to be used in determining the ECT parameters
became 60-70% confluent, they were removed with Trypsin-EDTA
(Invitrogen), precipitated by centrifuging at 1000 rpm for 5 min.
10pL propidium iodide (PI) was added to 90 uL of cell suspension
at a density of 1 x 108 cell/mL and loaded into a 0.4 cm gap EP
cuvettes (Bio-Rad, Hercules, CA, USA) that were used to determine
cell electropermeabilization. Depending on the cell permeability, PI
enters the cell and emits red fluorescent. To determine the cell
mortality due to the electrical field, 400 pL cell suspension with
a density of 1 x 108 cell/mL was transferred to 0.4 cm EP cuvettes.
All the cuvettes were placed individually in the EP device cham-
ber (Bio-Rad, Hercules, CA, USA), and the electrical field applica-
tion was made. The cells were subjected to 8 square wave pulses
having electric field intensity ranging from 0 to 1250 V/cm with a
frequency of 1 Hz and pulse duration of 100 ps, which correspond
to the parameters used in ECT clinical practice [18,29]. The cells
that were used to determine the electropermeabilization were in-
cubated with PI at room temperature for 15 min after the electri-
cal field application. The electropermeabilization of the cells was
measured with flow cytometry (Becton-Dickinson). To determine
the cell mortality because of the electrical field, both short-term
(20 min incubation) and long-term (24 h incubation) cell viability
were examined. The short-term examination was carried out with
the cell counting device, and the long-term examination was done
with the MTT assay method.
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2.4.3. Electrochemotherapy protocol

Caco-2 cells were cultured in the incubator at 37 °C, 90% hu-
midity, and 5% CO, when the cells became 60-70% confluency,
they were centrifuged at 1000 rpm for 5 min and resuspended at
a density of 1 x 10% cells/mL in DMEM finally containing Co(II) or
Ru(Il) complexes at 200 pM. 400 pL of the cell suspension mixture
was transferred to 0.4 cm EP cuvettes (Bio-Rad, Hercules, CA, USA)
and subjected to the electric field. 8 square wave pulses having
electric field intensity 1125 V/cm with a frequency of 1 Hz (dura-
tion of each electric pulse was 100 ps) were applied to cell sus-
pensions. The optimum EP parameters used in this study for the
Caco-2 cell line were determined as a result of cell viability test
and flow cytometry analysis after electroporation at different elec-
trical fields (0-1250 V/cm). The cells that underwent only com-
pound applications were also placed in EP cuvettes under the same
conditions and times, but the voltage was not applied. Each exper-
iment has been replicated four times. After electroporation appli-
cation, 850 mL growth medium and 150 pL suspension were added
to each well of the 24 well cell culture plates and left for incuba-
tion. After 24 h of incubation, the efficiency of ECT was evaluated
by analyzing cell viability with the MTT assay [30].

2.4.4. MTT assay

The cytotoxicity of the synthesized compounds was
evaluated by wusing MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. The cells that underwent
chemotherapy and ECT were seeded to the plates and left in the
incubator containing 5% CO, and 95% humidity at 37 °C for 24 h.
At the end of the incubation, the substance solutions in the wells
were taken, 90 uL DMEM and 10 pL MTT solution were added
to each well, and re-incubated in the incubator for another 4 h.
After the 4 h incubation, the growth medium with MTT was
removed from the medium, and 100 uL DMSO was added to each
well to dissolve the formazan crystals formed in the wells. The
optical density (OD) of the color intensity forming in the wells
was measured at 570 nm with Microplate Reader [31]. Only fresh
medium was used as the control group. Since the MTT is affected
by light, the experiments were conducted in a dark environment.
The absorbance values obtained from the MTT assay of the groups
in which the synthesized compounds were applied were pro-
portioned to control absorbance value, and% viability value was
calculated with the following formula.

% Viability
= (Synthesis compound applied group OD/Control group OD)
=100

With the help of the graphic, the material concentration (ICsg),
which provided 50% inhibition, was calculated by drawing inhibi-
tion percentage against material concentration. All analyses were
studied as three parallels, and each parallel experiment contained
repetitions between 6 and 8. The results are expressed as mean =+
standard deviation.

3. Result and discussion
3.1. Chemistry

All the compounds (Schiff base, cobalt and ruthenium metal
complexes) found to be thermally stable at room temperature and
soluble in methanol, ethanol and water. The solubility of these
compounds in water is important for green chemistry and they are
environmental friendly.

The FTIR spectrum of the Schiff base was compared with Co(II)
and Ru(Il) complexes in order to confirm the binding mode of
the ligand. Schiff base important characteristic bands at around
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OCII;

Scheme 1. The proposed structures of Schiff base ligand and its Co(II), Ru(Il) complexes.

3200, 1672, 1610, 1230 and 1107 cm™! region which are ascribed to
v(OH), v(C = N), v(C = N, pyrimidine ring), v(C-OCH3) and v(C-0),
respectively. The v(CH=N) linkage band was altered towards lower
wavenumber values by 14-19 cm~! in the spectra of the metal
complexes, confirming bonding of azomethine nitrogen to cobalt
and ruthenium metal atom [24,32-35].

The FT-IR spectra of Co(Il) and Ru(Il) complexes were assigned
through comparing the spectra Schiff base. The absence of the
Schiff base ligand’s phenolic hydroxyl (-OH) band in the region of
3358 cm~! in the metal complexes confirming the coordination
of phenolic group with the metal center in the complexes [36-
38]. The formation of metal complexes was also proved through
the emergence of new weak bands, Co(Il) and Ru(ll) complexes,
non-ligand bands in the range of 587-523 cm~! and 506-455
cm~!. These new frequencies were attributed to the v(Co/Ru-0)
and v(Co/Ru-N) vibrations respectively [36,39,40]. The significant
bands of ligand and its Co(Il) and Ru(Il) complexes were given in
experimental section.

Co(Il) complex exhibited a strong absorption band in the region
3425, 857 cm~! ascribed to v(OH) of water, which confirmed the
presence of coordinated and a lattice water molecule. The event of
water molecules in the structure of the complex was further con-
firmed by microanalysis and thermal analysis [41]. Single crystals
for Co(Il) and Ru(Il) metal complexes could not be obtained from
any solvent. The geometric structures of these complexes have
been proposed based on analytical and spectral data. The proposed
structures for Schiff base and Co(II), Ru(Il) complexes are given in
Scheme 1.

Electronic spectra of the Schiff base, Co(Il) and Ru(Il) complexes
performed in the ethanol solution. The electronic spectrum exhib-
ited high absorption bands in the 219-387 nm region may be at-
tributed to the m—nm* and n—x* transition of aromatic ring and
azomethine group (C = N) groups/intramolecular charge transfer
(CT) involving the whole molecule. The absorption band positions
in the electronic spectrum of Co(Il) complex was observed at broad
absorption (614-648 nm) bands. These bands can be attributed to
L—M charge-transfer [42-44]. The value of the magnetic moment
of Co(ll) complex recorded at 4.33 B.M., which is indicating for

octahedral geometry around the Co(Il) ion [32,39,45]. The spectra
of the Ru(Il) complex showed intense bands in the range of 400-
317 nm, which can be attributed to charge transfer from ligand to
metal (MLCT) [36,37,42]. The electronic spectra of Ru(ll) complex
are reliable to the octahedral geometry.

The proton NMR spectra of the Schiff base ligand and Ru(II)
complex mentioned in DMSO-dg. The phenolic OH signal of lig-
and was observed at 12.2 ppm. The singlet signal wasn’t occurred
on the spectra of Ru(ll) complex. The disappearance of this sig-
nal confirmed the bonding of the phenolic oxygen atom with the
metal ion by deprotonation [34,37,46-48].

Thermal analysis results of Schiff base ligand are given in
Table 1 and mass analysis results are given in the experimental
part.

3.2. Powder X-ray diffraction analyses

X-ray diffractometer (UltimalV-Rigaku, CuK,=0.1540562 nm)
was used to test the structural properties of the complexes. Pro-
vided list showing working parameters of XRD; scanning mode:
2Theta/Theta, scanning type: continuous scanning, operating cur-
rent: 30 mA, operating voltage: 40 Kv, scan step: 0.02°, scanning
range: 10-90°. Fig. 1 provide XRD spectrums of Co(Il) and Ru(Il)
complexes. Table 2 and Table 3 give crystal parameters (FWHM,
grain size, diffraction angle detected) of the complexes.

3.2.1. XRD results of co(ii) complex

Fig. 1 shows the XRD phase behavior of the Co(Il) complex. The
peak (with high intensity, 590 (a.u)) at a 28.2° diffraction angle
was observed. We produced the complex for the first time, so; is
not available in the literature. But; Structural parameters of a sim-
ilar complex were given in previous studies [47,49]. Using Scherer
formula, grain sizes of the complex can be calculated;

gA

R= FCost (1)

) shows X-ray wavelength, 8 shows Bragg's diffraction angle,
g = 0.94 shows constant, F shows full width of half maximum
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Table 1
TGA data of Co(1I) and Ru(Il) complexes.
Complexes Decomp.  The temperature Wt. loss (mg) Decomp.
stages range in TG ( °C)  Calcd. (Found) assignment
[CoCl-L(H,0);]-2H,0 1 50-120 8.77 7.84 2H,0
2 120-220 8.77 8.96 2H,0
3 220-330 3446  34.04 C;HgOCI
4 330-850 29.72 2953  CsH4ON;
Residue >850 1825 1828  CoO
[RuCl(p-cymene)L] 1 240-285 15.81 16.12  C;HgOCl
285-350 4156  41.03  Cy3H140N,
3 350-700 23.01 2340 C;H40ON
Residue >700 19.62 19.62 Ru metal
a) b)
600 i T T T T i T T T T
— —. 1000+ -
= =
c % 1
>
800 4
> P
© 400 B ©
+= = 600 L+Ru(ll 7
2 L+Co(ll) 2 u(ln)
S S
> > 400 ol
= 2004 =
7 n
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o) o 200 1 B
—
€ £
0 : . ; . : O T T .T U
20 40 60 80 20 40 60 80
26° 26°
Fig. 1. XRD phase of Co(II), Ru(Il) complex.
Table 2 Table 4

Grain size value of the Co(Il) complex.

Full Width Half Maximum (F) (°) 26 (°)  Grain Size (R)(nm)
0.58 28.2 14.41
Table 3

Grain sizes of the Ru(Il) complex.

20 (°)  Full Width Half Maximum (F)(°)  Grain Size (R)(nm)
10.3 0.16 51.91

13.6 0.14 59.37

15.9 0.07 118.82

37.2 0.09 93.42

intensity. The average grain sizes (R) of the complex were calcu-
lated from the highest peak intensity. Grain size values of the Co(1I)
complex are given in Table 2. The grain size of the related peak of
the complex was found to be 14.41 nm.

3.2.2. XRD results of ru(ii) complex

Fig. 1 shows the XRD phase behavior of the Ru(Il) complex. Four
distinct peaks (with high intensity) were observed from the mea-
surement. These peaks are given in following; 10.3° (intensity 1023
(a.u)), 13.6° (intensity 461 (a.u)), 15.9° (intensity 243 (a.u)), 37.2°
(intensity 235 (a.u)). The highest intensity was found at the peak
of 10.3°, while the lowest intensity was found at the peak of 37.2°.
The measurement proves that the complex has a polycrystalline
phase. The orientation of the detected peaks cannot be given be-
cause the complex is synthesized for the first time and is not avail-
able in the literature. By formula 1, we calculated grain sizes of our
complex, as shown in Table 3. We had the highest grain size to be
118.82 nm at 15.9° diffraction angle, the lowest grain size to be
51.91 nm at 10.3°.

ICso values of the ligand and its Co(Il) and Ru (II) complexes
in Caco-2 and L-929 cells.

Compounds Caco-2 ICso (uM)  L-929 ICsq (M)
L 803,65 964,46

Co(II) complex 609,6 1008,73

Ru(ll) complex 510,26 1213,83

3.3. Anticancer activity

3.3.1. MTT assay results

Nine different concentrations of the synthesized ligand and its
Co(Il) and Ru(Il) complexes (10; 25; 50; 100; 200; 300; 400; 500;
600 uM) were treated with the Caco-2 and 1-929 cells for 24 h,
and their absorbances were measured spectrophotometrically. The
percent inhibition values of the Caco-2 and L-929 cells were cal-
culated by the measured absorbances. The inhibition that occurred
in cell proliferation was determined by the MTT assay. Whether
the test agents had cytotoxic effects on colon cancer and mouse
fibroblast cells was tried to be determined by calculating the ICsq
values (Table 4).

The cytotoxic effects of the chemical test agents applied in vitro
to Caco-2 and 1-929 cells were determined according to ICsq val-
ues. Low IC59 shows high cytotoxicity, and high IC5y shows low
cytotoxicity. According to ICsqy values, the Ru(Il) complex of the lig-
and showed the best cytotoxic effect. This complex also had a very
low cytotoxic effect on the L-929 normal cell line. The Co(Il) com-
plex had anticancer effects similar to the Ru(Il) complex; however,
was not as strong as it. The ligand, on the other hand, had the
lowest anticancer activity with the highest ICsy value in both cell
lines. The Ru(Il) complex at 10 pM to 400 pM concentration range,
and the Co(IlI) complex at 10 uM - 300 uM concentration range did
not produce significant cytotoxic effects in L-929 cells. Higher con-
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Fig. 2. Percentage of electropermeabilizated Caco-2 cells 20 min after the treat-
ment. The data is given as the mean + SD of three independent experiments.
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Fig. 3. Cell viability of Caco-2 cells at 20 min and 24 h after electroporation treat-
ment. Data from four independent experiments are presented as mean =+ SD.

centrations began to affect L-929 normal cells. For this reason, ECT
studies were continued with 200 pM doses of Co(Il) and Ru (II)
complexes.

3.3.2. Optimal electric field parameters

The electropermeabilization of Caco-2 cells was determined by
Flow Cytometry according to PI uptake. The permeability percent-
ages of the Caco-2 cell membrane against different electrical fields
(0-1250 V/cm) are given in Fig. 2.

With the increasing intensity of the electrical field pulses ap-
plied, there was a gradual increase in cell permeability. However,
the permeability increased sharply at 875 V/cm and reached a
45% permeability rate at 1125 V/cm. No significant change was ob-
served in the permeabilized cells after 1125 V/cm. The change in
the cell viability rate (%) against different electric field applications
was analyzed after 20 min and 24 h incubation, and the results are
presented in Fig. 3.

The low electrical field applications up to 625 V/cm did not
cause a significant decrease in cell viability. At 1125 V/cm, cell vi-
ability was approximately 77% in both short-term and long-term
analysis results. As seen in Fig. 3, sharp decreases were observed
in cell viability after 1125 V/cm. The optimum electroporation con-
ditions of the Caco-2 cell line used in the study were determined
as 1125 V/cm (1 Hz, 100 ps and 8 pulses) as a result of the cell vi-
ability test and flow cytometry analysis. This value is ideal for ECT
(compound + EP) treatment of Caco-2 cancer cells.

3.3.3. Cell viability due to electrochemotherapy

Complex-alone and complex+EP application groups’ cell viabil-
ity percentages after 24 h incubation were determined by the MTT
assay, and the data are given in Fig. 4.
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Fig. 4. Cell viability of Caco-2 cancer cells due to chemotherapy (complex-alone)
and ECT (complex+EP) treatments after 24 h incubation. Data from four indepen-
dent experiments are presented as mean + SD.

As seen in Fig. 4, the combined application of the
complexes+EP (ECT) caused a significant decrease in Caco-2
cancer cell viability (%). There were great differences in terms of
cell viability between complex (Co or Ru) alone and complex (Co
or Ru)+EP groups. However, the resistance of the cell membrane
against chemotherapy drugs and the drug resistance, which devel-
ops in cancer cells, causes that the treatment is prolonged, and the
side effects are increased in patients by causing high-dose drug
use [50]. Since ECT offers a short and effective treatment with
very low drug doses of chemotherapeutic agents, it can minimize
their negative side effects. The application of electrical impulses to
the cells together with cytotoxic agents increases the permeability
of the cell membrane and facilitating the transport of the agents
into the cell [15]. The effectiveness of ECT depends on different
parameters such as the type, number, duration, frequency and am-
plitude of the applied electrical pulses because these parameters
can change the cell permeability and infrastructure [15,51]. For
this reason, it is very important to determine appropriate electrical
parameters before ECT. The optimum EP parameters used in this
study for the Caco-2 cell line were determined as 1125 V/cm
(1 Hz, 100 ps duration and 8 pulses) as a result of cell viability
test and flow cytometry analysis after electroporation at different
electrical fields (0-1250 V/cm).

In the present study, Co(Il) and Ru(Ill) complexes had similar
cytotoxic effects in Caco-2 cells in both chemotherapy and ECT
methods. However, their cytotoxicity increased dramatically in ECT
treatment. It was observed that the application of Co(Il) and Ru(Il)
complexes together with EP reduced cell viability to an average of
36.35%, and 39.27%, respectively. These results show that EP in-
creases the cytotoxicity of Co(Il) and Ru(Il) complexes in Caco-2
cells. DNA is the most important target of anticancer agents in the
cell [52]. The interaction of DNA with metal complexes may cause
DNA fragmentation and cell death. ECT may have made it easier
for the complexes to access Caco-2 cells, and damage the DNA by
increasing intracellular concentrations.

It was shown that the electrical pulses applied in ECT also
regulated the tumor blood flow. As a result of electrical pulses,
the blood flow in tumors and partial oxygen pressure (p0O2) de-
creases [53], which, in turn, increases the effectiveness of anti-
cancer drugs. Because anticancer drugs remain inactive in cells
with abundant oxygen [54]. Many in-vivo and in-vitro studies con-
ducted on different chemotherapeutic drugs showed the effective-
ness of ECT [18,19,22,54,55]. Esmekaya et al. [19] showed that
the cisplatin + EP treatment is much more effective than cis-
platin treatment alone. They suggested that cisplatin cytotoxicity
increased in ECT, and that treatment could be provided with low-
dose cisplatin in neuroblastoma treatment. Mittal et al. [56] re-
ported that ECT enhances the effect of curcumin, and further stud-
ies were needed to increase the use of ECT with curcumin and var-
ious other drugs or vaccines in clinical practice. Although there are
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many studies like these, no studies were examining the effect of
ECT on ligand and metal complexes.

4. Conclusion

A new Schiff base and its two complexes [CoCl-L(H,0),]-2H-0,
[RuCl(p-cymene)L] were synthesized. Geometric structures of
newly synthesized metal complexes were determined based on the
results of FT-IR, UV-Vis., 'H (proton), 13C (carbon) NMR, CHN mi-
croanalysis, mass spectrum, magnetic susceptibility and thermal
analysis. All spectroscopic data supports the formation of an octa-
hedral structure to the Co(Il) and Ru(Il) metal complexes. In vitro
anticancer activities of the newly synthesized compounds were
evaluated on the human Caco-2 cancer cell line and biocompat-
ibility characteristics were determined in the L-929 normal cell
line by using the MTT assay. Furthermore, we examined the effec-
tiveness of ECT on cytotoxic activities of these compounds in the
Caco-2 cancer cell line. Co(Il) and Ru(ll) complexes showed con-
siderable anticancer properties in Caco-2 colon cancer cells; how-
ever, the ligand did not show significant anticancer activity. In ad-
dition, these compounds demonstrated a low cytotoxic effect on L-
929 normal cell line. It was determined that the combined applica-
tion of EP+Complex was much more effective than the application
of complexes alone in the treatment of Caco-2 colon cancer cells.
These synthesized complexes can be developed as chemotherapeu-
tic agents for colon cancer treatment and can yield promising re-
sults in combined applications with EP. Further studies are needed
to expand the application of ECT with different complexes, drugs
and vaccines.
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