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Abstract
Zn(II) complex of Schiff base derived from the condensation of 4-aminopyrimidine-2(1H)-one with
salicylaldehyde was prepared and characterized by various physico‐chemical and spectral methods for
structure determination. The cytotoxic activity of the Zn(II) complex was investigated in comparison with
5-fluorouracil (5-FU) against two different human brain tumor cell lines (T98G and U118), while primer
human dermal fibroblast cells (HDF) was used as control for biocompatibility. Then, the effectiveness of
electroporation (EP) on cytotoxic activities of these compounds has been examined. The cytotoxicities of
the 5-FU and new Zn(II) complex, alone or in combination with electroporation, were determined by MTT
assay. The Zn(II) complex showed good cytotoxicity against T98G and U118 brain tumor cell lines with
IC50 = 282.47 and 297.91 μM respectively, while it was safe on HDF healthy cells with IC50 = 826.72 μM.
The 5-FU exhibited less cytotoxicity compared to the Zn(II) complex against T98G (IC50 = 382.35 μM) and
U118 (IC50 = 396.56 μM) tumor cell lines. The combined application of Zn (II) + EP decreased the IC50
value by 5.96-fold in T98G cells and 4.76-fold in U118 cells. EP showed a similar effect in its combined
application with 5-FU, resulting in a decrease of the IC50 value of 4.22-fold in the T98G cells and 3.84-fold
in the U118 cells. In a conclusion, the Zn(II) complex exhibited an anticancer potential against both brain
tumor cell lines (T98G and U118) and EP greatly increased the cytotoxicity of Zn(II) complex and 5-FU on
these chemotherapy-resistant cells.

Highlights
Novel Zn(II) complex were synthesized and characterized by various physico‐chemical and spectral
methods.
The cytotoxic activity of the Zn(II) complex was investigated in comparison with 5-Fu against T98G,
U118 and fibroblast (HDF) cell lines.
Electroporation greatly enhanced the anticancer effect of Zn(II) complex and 5-Fu in brain
chemotherapy-resistant cells.
The application of the new Zn(II) complex alone or in combination with electroporation showed
higher cytotoxicity than 5-Fu in the treatment of T98G and U118 brain tumor cell lines.

Introduction
Schiff bases are known as compounds containing the azomethine functionality (-HC=N-). Schiff bases
are not only good α-donors but also very excellent π-acid ligands, as these could accept the electronic
density into empty π*-antibonding molecular orbitals of azomethine group from metal possessing low
oxidation states. The Schiff bases, with the aid of the phenolic group at o-position, can operate as
monobasic bidentate ligands in nature and form the basis of coordination chemistry with a range of
metal ions. Schiff bases are considered to be a versatile pharmacophore for the drug design and
development of numerous bioactive compounds. They serve a vital role in industrial, herbicidal,
antibacterial, antifungal and anticancer applications, especially when complexed with transition metals
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[1-4]. It is well known that various Schiff base complexes of Cu(II), Zn(II), and Ni(II) are used as antiinflammatory, anti-bacterial, anti-diabetic, chemo-sensors, anti-cancer, antipyretic and anti-HIV [5,6].
Cancer ranks the second among the causes of deaths worldwide and is still one of the major threats to
public health across the world. Chemotherapy (CT) is an effective method in the treatment of cancer;
however, when it is applied in a traditional way, it causes some serious side effects such as resistance to
drugs and the lack of selectivity where the normal body cells are also affected by the anti-cancer drugs
[7]. Glioblastoma is known to be the most common primary brain tumor and its incidence is on the rise
globally. Surgical resection is used in combination with chemo- and radio-therapy as the standard
treatment for patients with glioblastoma multiform (GBM); however, GBM has a poor prognosis and its
median survival time does not exceed two years [8]. This can be explained by the fact that it tends to
show an infiltrative growth pattern and resists the therapy, which leads to a high rate of recurrence and
finally a therapeutic failure [9]. Therefore, scientists have focused on finding alternative methods of
treatment and developing antitumor complexes targeting the tumor cells in a selected way with low
toxicity and high efficacy.
Various synthesized chemical compounds are used in cancer treatment, and in the clinical practice, 5fluorouracil (5-FU) commonly used as a first-line anticancer drug [10]. 5-FU considerably decreases
thymidine, and by doing so, prevents the RNA and DNA synthesis and shows its anti-cancer effect [11].
When the cancer cell is deficient in functional RNA and DNA, it cannot reproduce and make vital proteins,
resulting in cell death. By this means, 5-FU slows/stops the cancer cell growth in various oncologic
conditions. 5-FU is related to severe adverse effects in the clinical application [12]; therefore, it is
important to find new anticancer agents that have no severe side effects on normal cells. Zinc is the
second most plentiful trace element in the human body and an important micro-element that is essential
for human physiology [13]. Moreover, zinc has a neuromodulator function in the brain as well as its other
cellular functions [14]. Besides these functions, it has some beneficial therapeutic/preventive effects on
cancer. Recent research has revealed that Zn(II) derivatives could be potentially used as an anticancer
agent with low adverse effects and toxicity and different modes of action and cellular targets compared
to the traditional metal-based drugs [15,16].
The efficacy of a chemotherapeutic drug depends on its uptake into the tumor cell. In case a drug has a
poor permeability, a higher dose is required for an effective cytotoxicity to the tumor cell, and this causes
more adverse effects [17]. Electroporation (EP), a microbiology method where intense and short electric
pulses are applied to make the cell membrane temporarily more permeable, is used to increase the drug
entry into the chemo-resistant cancer cells [18]. Thanks to the permeability provided by EP, a lower dose
of an anticancer drug applied for a shorter time can be enough for an effective therapy, which minimizes
the adverse effects seen in chemotherapy. Electrochemotherapy (ECT) is a treatment method where the
tumor nodules are treated by EP after the drug is administered systemically or locally. ECT is effective in
cutaneous/subcutaneous melanomas and can be used in various malignant lesions [19]. Preclinical
studies have shown that ECT can be effective and tolerable in the soft tissues like brain [20].
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Herein, a new zinc(II) complex, [ZnL2]Cl2H2O, where L is the deprotonated forms of (E)-4-[(2hydroxybenzylideneamino)pyrimidin-2(1H)-one, was reported. The structure of the complex was
confirmed by various spectroscopic tools, such as FT-IR, NMR, UV-Vis, mass, spectrometry, elemental
analyses, magnetic susceptibilities and thermal analysis. After characterized of Zn(II) complex, we
examined the cytotoxic effects of 5-FU and Zn(II) complex alone or in combination with EP on U118 and
T98G human brain tumor cell lines. Furthermore, biocompatibility characteristics of the compounds were
determined in the healthy HDF cell line.

Materials And Methods
Chemical compounds and measurements
All chemical reagents and solvents were of analytical grade and were obtained from Sigma-Aldrich.
Microanalyses (C, H, N) data were obtained using a Carlo Erba model 1106 elemental analyzer. Infrared
spectra (4000-400 cm-1, KBr discs) were recorded on a Perkin Elmer 65 spectrometer. Magnetic
susceptibilities of the complex (Gouy’s method) were measured using a Sherwood Scientific magnetic
balance. Electronic spectra were measured on an Agilent-Carry 60 spectrophotometer using matched
quartz cuvettes were used for measurements. Nuclear magnetic resonance (NMR) measurements were
carried out on a Bruker-300 MHz spectrometer using DMSO-d6 solvent. Mass spectra of solid complexes
(70 eV, EI) were performed on a Bruker microflex LT MALDI-TOF MS spectrometer. Thermogravimetric
(TG) analyses were done under stream of nitrogen gas (10 °C/min) using a Shimadzu DT-50 thermal
analyzer.
Synthesis and characterization of Schiff base-Zn(II) complex
(E)-4-[(2-hydroxybenzylideneamino)pyrimidin-2(1H)-one (L) (0.34 g, 1.58 mmoL in 15 mL methanol) was
mixed with ZnCI2 (0.31 g, 3.15 mmol in 15 mL methanol). The resulted mixture was stirred and heated
under reflux for 5 h. The separated complex was collected by filtration, washed thoroughly with methanol,
ether. It was then crystallized in methanol/chloroform (1/2) and finally dried in a vacuum over fused
CaCl2. The structure of Zn(II) complex was shown in Fig. 1. Yield 82%, mp 305 °C. Color: White. Anal.
Calcd. for (C22H18N6O5Zn2Cl2) (FW: 648.08 g/mol) (%): C; 40.77, H; 2.79, N; 12.96. Found: C; 40.74, H;
2.75, N; 13.00. FT-IR (KBr, υ max (cm-1)): 3430, 3373, 3320 (OH), 3165 (NH), 3088, 3032 (Ar–CH), 2963,
2899 (Alip–CH), 1720 (C=O), 1636 (CH=N), 1655 (CH=Npyrimidine ring), 1564, 1537, 1454 (Ar–C=C), 1266
(C–O), 584-523 (M–O), 506, 470, 461 (M–N). 1H-NMR (300 MHz, DMSO-d6): δ (ppm) = 8.34 (s, H, N=CH),
8.04 (s, H, NH), 7.52-5.81 (m, 5H, Ar–H), 3.86 (d, Ar–Hpyrimidine ring). 13C-NMR (75 MHz, DMSO-d6): δ (ppm)
= 163.94 (C=O), 161.41 (CH=N), 156.29 (C–OH), 157.16 (C–N), 140.17-100.01 (Ar–C). UV-Vis bands
(λmax, nm) (ε, M-1 cm-1): 220 (3463), 230 (3504), 275 (3456), 335 (95), 430 (53), 495 (39). Mass
spectrum [ESI], m/z: 629.06 (calcd.), 629.16 (found) [M-H2O-H]+.
Cell lines and culture
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U118 (RRID: CVCL_0633) and T98G (RRID: CVCL_0556) originated a human brain glioma and HDF
(Human Dermal Fibroblast) were obtained from the American Type Culture Collection (ATCC, Rockville,
USA). The cells were kept in 75 cm2 flasks of Dulbecco’s Modified Eagle’s Medium (DMEM) containing
100 U/mL Penstrep and 10% FBS at 37 °C with 5% CO2, 95% air, and complete humidity.
Chemotherapy
Once the cells reached ~80% confluency, they were detached using trypsin/EDTA and counted by
hemocytometer and 0.4% Trypan Blue was used to determine the viability rate. All the experiments were
carried out at the viability rate of 90% or more. 1×104 cells for U118 and T98G and 5x103 cells for HDF
were plated into each well of 96 well-plate and incubated at 37 °C for 24 h. Then, the medium were
removed and 100 μL of Zn(II) complex and 5-FU solution (at the concentrations of 50, 100, 200, 300, 400,
and 500 µM) prepared in the culture medium were added to the wells, and the cells were incubated for 24
h again. The concentrations were kept the same in all the MTT tests. Only 100 μL of Dulbecco's Modified
Eagle Medium (culture medium) was added to the control wells [21].
Establishment of efficient electroporation (EP) protocols
Cell viability and PI uptake determine how efficient an EP protocol is. Cell viability refers to the ratio of the
cells able to remain undamaged and metabolically active after the electrical field is applied. After the
T98G and U118 cells reached a confluence of 70%-80%, they were removed using Trypsin/EDTA solution
(Invitrogen) and centrifuged for 5 min at 1000 rpm for precipitation. 10 μL propidium iodide (PI) was
added to the cell suspension (90 μL) with a density of 1x106 cell/mL and put into EP cuvettes with 4 mm
gap (BTX) for determining the cell electropermeabilization. Depending on how permeable the cells are,
propidium iodide permeates the cells and emits red fluorescent. With the purpose of determining the cell
mortality caused by the electric pulses, 400 μL cell suspension at the density of 1x106 cell/mL was added
into the 4 mm EP cuvettes, which were put separately into the chamber of BTX Gemini X2 EP device
(Harvard Apparatus, USA). Then, 8 square-wave pulses (electric field intensity: 0-1500 V/cm, frequency: 1
Hz, pulse duration: 100 μs) were applied to all cells except the control cells. After the electric field
application, the cells were left for incubation at room temperature for 15 min. A fluorescence microscopy
was used to observe the electropermeabilization and the MTT analysis method was used to determine
the cell viability.
Electrochemotherapy protocol
After reaching a confluence of 70%-80%, the T98G and U118 cells were harvested using 0.05% trypsin
and counted, then 1x106 cells/mL were suspended again in 400 µL of Dulbecco's Modified Eagle Medium
(DMEM) with/without 5-FU and Zn(II) complex in 4 mm EP cuvettes (BTX). 5-FU and Zn(II) complex were
added into the cell suspension before the EP at the concentrations of 25, 50, 100, and 200 µM. 8 squarewave electric pulses (frequency:1 Hz, pulse duration: 100 𝜇s) were applied to the T98G cells at 1000
V/cm and the U118 cells at 1250 V/cm in line with the ECT therapy clinical practices [22,23]. The EP
Page 5/18

parameters used in the ECT were optimized to reach a high level of permeabilization and a low level of
cellular mortality by EP alone using the PI uptake and MTT assay. The cells that were subjected to the
compound applications alone were also put in the EP cuvettes for the same duration and under the same
conditions, but no voltage was applied. All the experiments were carried out in 4 replications.
After the EP, the cells were left for incubation for 15 min at room temperature and seeded on the plates
with 96 wells and again left for incubation. After a 24 hours incubation, the ECT efficiency was assessed
based on a cell viability analysis carried out using an MTT assay [24].
MTT analysis
Zn(II) complex and 5-FU were applied to the cells alone or in combination with EP for 24 hours, and the
cell viability was measured using an MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assay. After the chemotherapy and ECT, the cells were seeded into the plates and incubated with 5% CO2
at a humidity of 95% for 24 h at 37 °C. After the incubation, the substance solutions in the wells were
taken, 90 μL DMEM and 10 μL MTT solution were added, and the cells were incubated again for another
4 h. After the second incubation, the growth medium with MTT was removed from the medium, and 100
μL dimethyl sulfoxide (DMSO) was added to the wells to dissolve the formazan crystals in the wells. The
optical density (OD) of the color intensity was measured using a spectrophotometer at 570 nm [25]. Only
the fresh medium was used as the control. Because light affects MTT, the experiments were carried out in
dark. The absorbance values of the groups subjected to the compounds were proportioned to the
absorbance value of the control, and % viability was computed using the formula below.

% Viability = (OD of the group subjected to the compound / OD of the control group) x 100
Median inhibitory concentration (IC50) refers to the concentration that exerts an inhibitory effect of 50%
on the cell proliferation. IC50 values were estimated via the regression equation created using the doseresponse curve. The cytotoxicity of the 5-FU and Zn(II) complex against the cancer cells and their safety
toward the normal cells were calculated using the ratio of the IC50 for the normal cells (HDF) to the IC50
for the cancer cells (T98G and U118). All the analyses were carried out in 3 parallels. Mean±standard
deviation was used to express the results.
Statistical analysis
Graph Pad Prism software (Graph Pad Software Inc., San Diego, USA) was used to conduct the statistical
analyses. The data are given as mean ± standard deviation (SD), and all of the experiments were carried
out in triplicate. p<0.05 was chosen as the statistical significance level.

Results And Discussion
Chemical
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The infrared spectra of the prepared Schiff base-Zn(II) complex were measured in KBr disc and
significant FT-IR spectral assignments were shown in the experimental section. Water molecules could be
estimated by the characteristic vibrational band at 3430, 3373 and 3320 cm−1 for Zn(II) complex as
coordinated labile solvent molecules. The shifts in the bands of some functional groups, such as HC=N,
C=O and N-H toward high wavenumber indicated that the ligands coordinated to zinc ion from their O and
N donor atoms [26,27]. For ligand, the υ(C–O) appeared at 1275 cm−1 while for complex it was shifted to
1266 cm−1 may be due to the coordination oxygen atom to metal ion [28]. The bands in the spectra of the
Zn(II) complex in the ranges 584-523 cm−1 and 506-461 cm−1 were attributed to ν(M–O) and ν(M–N)
stretching frequencies indicating coordination of the Schiff base to the respective metal ion [2,29].
The 1H and 13C NMR spectra of diamagnetic Zn(II) complex recorded in d6-dimethylsulfoxide (DMSO-d6)
solution using tetramethylsilane (Me4Si) as internal standard. The chemical shift observed for the OH
proton in the ligand (10.58 ppm) was not observed in the Zn(II) complex. Disappearance of the significant
singlet signal of phenolic OH in the ligand could interpret the complexation of the ligand with phenolic OH

via deprotonation. The 13C NMR spectra of the Zn(II) complex showed the presence of azomethine
(CH=N) downfield at 161.41 ppm and consistent with the 1H NMR peak at 8.34 ppm. This confirms the
presence of azomethine functionality. The same results were confirmed by the IR spectra. The aromatic
carbons were assigned to signals at 140.17-100.01 ppm. The signal for carbonyl carbon was observed
downfield at 163.94 ppm. All assignments support the structure of the synthesized compound.
The electronic spectra of the Zn(II) complex reveal intense absorption bands at 220-275 nm attributable
to π→π* transitions of the benzene rings. The absorption band at 335 nm for the complex was assigned
to n→π* transition of the azomethine groups and oxygen atoms. The bands observed at 430 nm and 495
nm in the spectra of the complex were assigned to charge transfer transitions. The new visible bands
could be evidence for the complex formation between ligand and Zn2+ ion. The presence of the ligand for
bidentate chelation in the Zn(II) complex may due to the presence of zinc ion for tetrahedral coordination
[30-32].
The [ZnL2]Cl2H2O complex decomposed from temperature 100 to 800 °C with two steps as follows. The
first step occurred within the temperature range of 100-420 °C with maximum temperature at 342 °C and
correspond to the elimination of one water molecule, chloride and a part of ligand molecule (C4H4) with a
found mass loss of 22.20 % (calc. 21.74 %). The second step represented the loss of the C18H12N6
molecule with a mass loss of 48.41% (calc. 48.14%) and the temperature range 420-800 °C. As a final
stage; it left air stable metal oxide as a residue.
Mass spectra showed the correct molecular ion as suggested by its molecular formulae. All the data for
the zinc complex are in agreement with those reported for similar complexes [33,34].
Optimal EP parameters
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A fluorescence microscopy was used to observe the electropermeabilization of the U118 and T98G cells
based on the PI uptake. Based on the fluorescent intensity of the PI in the cells, it was found that the
number of permeabilized cells increased with the increase in the strength of the electric field (Fig. 2).
Electric field intensities above 1 kV/cm for T98G and 1250 V/cm for U118 provided very good membrane
permeabilization. In order to determine the appropriate voltage for EP, it is necessary to evaluate cell
viability along with electropermeabilization.
To determine the cell mortality caused by the electric pulses, cells were exposed to the same values of
electric field intensities (0, 250V/cm, 500V/cm, 750V/cm, 1000 V/cm, 1250V/cm, and 1500 V/cm) used
in electropermeabilization and left for incubation. After 24 hours of incubation, cell viability was
determined by the MTT analysis method (Fig. 3).
The cell viability decreased proportionally to the amplitude of the electric pulses. As can be seen in Fig. 3,
a sharp decrease in cell viability was observed after 1000 V/cm in the T98G cell line, while a high level of
decrease in cell viability was observed in the U118 cell line after 1250 V/cm. In this study, based on the
results of the cell viability test and electropermeabilization analysis, the electric field intensities were
chosen as 1000 V/cm for T98G and 1250 V/cm for U118. These values are ideal for the ECT
(EP+compound).
Chemotherapy and electrochemotherapy
First of all, we examined the inhibitory effects of the Zn(II) complex and 5-FU alone at various
concentrations (50, 100, 200, 300, 400, and 500 μM) after a treatment of 24 hours. Second, we examined
the combined effect of EP + 5-FU or Zn(II) complex. The inhibition values (%) of the cells were computed
using the absorbance values measured by a spectrophotometer. MTT assay was used to determine the
inhibition in the proliferation of the cells. The IC50 values were calculated for each cell line and
summarized in Table 1.
Table 1
IC50 values of the Zn(II) and 5-FU in T98G, U118 and HDF cells
Compounds

T98G

U118

HDF

IC50 (µM)

IC50 (µM)

IC50 (µM)

Zn(II)

282.47

297.91

826.72

5-FU

382.35

396.56

868.7

Zn(II) + EP

47.41

62.54

-

5-FU +EP

90.43

103.31

-
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The lower the IC50, the higher the cytotoxicity. According to IC50 values, Zn(II) complex showed good
cytotoxicity against T98G and U118 brain cancer cell lines with IC50 = 282.47 and 297.91 μM respectively,
while it was safe on HDF healthy cells with IC50 = 826.72 μM. As seen in the Table 1, in general, Zn(II)
complex exhibited a better cytotoxicity than 5-FU, a standard chemotherapy drug, on both brain cancer
cell lines (T98G and U118).
The EP in combination with either drug caused a significant decrease in the IC50 values for both brain
cancer cell lines (p<0.0001). As seen in the Table 1 and Fig. 4, in ECT (EP + 5-FU or Zn), the newly
synthesized Zn(II) complex was found to have a higher anticancer activity against both brain cancer cell
lines (U118 and T98G) than 5-FU. ECT is a local treatment and not applied to the healthy cells normally;
therefore, in this study, EP was not applied to the healthy fibroblast cells (HDF).
Glioblastoma is known to be the most aggressive and malignant brain tumor. It has a heterogeneity in
terms of genotype and phenotype, and moreover, no precise treatment model has been developed yet.
Today, TMZ is the standard chemotherapeutic drug for the patients with glioblastoma; however,
glioblastoma cells resist TMZ chemotherapy [35]. Therefore, there is an urgent need for developing novel
treatment options with new drugs that offer a low toxicity but a high efficacy and selectively target the
tumor cells in brain tumors resistant to therapy. Zinc, an essential metal, functions as a cofactor of many
enzymes. The relationship between cancer and zinc deficiency has attracted the attention of researchers
who work on novel metal drugs. Previous studies suggest that Zn-containing compounds might be useful
in the treatment of cancer. Zn(II) complexes are able to kill cancer cells by means of triggering cell
apoptosis and targeting DNA or other components in the nucleus [36].
In the present study, Zn(II) complex was found to have a good cytotoxicity against both glioblastoma
cancer cell lines (T98G and U118), whereas it was found to be safe on the HDF healthy cells. Moreover,
the Zn(II) complex was found to show a better cytotoxicity than 5-FU (Table 1). The chemotherapeutic
drugs have to show the ability to kill the tumor cells but not the healthy cells. To this end, researchers
across the world have been putting effort into discovering and developing a chemotherapeutic drug that
features a high selectivity and kills tumor cells without harming the normal cells [37]. In study, the Zn(II)
complex displayed a powerful selectivity toward the glioblastoma cell lines. Metal complexes like Zn(II)
may enter the cancer cell, permeate the nucleus, mitochondria, cytoplasm, and exert their anti-tumor
effect. Previous studies mostly focused on DNA interactions, although TOPO-I-II, p53, nuclease were
reported to be the alternative targets [15]. We are of the opinion that there is a need for detailed studies to
determine the potential targets of Zn(II) complexes.
Chemotherapy plays a key role in the treatment of glioblastoma; however, chemotherapeutic resistance
decreases its effectiveness [38]. The drug resistance seen in cancer cells and the resistance of cell
membrane to the chemotherapeutic agents cause that the treatment takes a longer time and the side
effects increase due to the medication at high doses [39]. On the other hand, ECT offers an effective
treatment with very low doses of chemotherapy drugs in a short time and, by doing so, minimizes the side
effects associated with the treatment. Applying electrical impulses to the cells in combination with
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cytotoxic agents enhances the permeability of the cell membrane and thus facilitates the transport of the
chemotherapeutic agents to the cells [40]. The type, frequency, duration, amplitude and number of the
electrical pulses change the cell permeability and, accordingly, the effectiveness of ECT [40,41]. Therefore,
it is of great importance to choose the optimum electrical parameters for ECT. In this study, the optimum
EP parameters were found to be 1000 V/cm and 1250 V/cm (frequency: 1Hz, pulse duration: 100 μs, and
number of pulses: 8) for the T98G and U118 cell lines, respectively.
In the ECT treatment, Zn(II) complex displayed a high cytotoxicity against the T98G and U118 cells with
the IC50 values of 47.41 and 62.54 μM, respectively. Moreover, 5-FU+EP caused a significant decrease in
the viability of T98G and U118 cells with the IC50 values of 90.43 and 103.31 µM, respectively. These
results showed that EP increased the cytotoxicity of the 5-FU and Zn(II) complex in both cell lines.
However, the newly synthesized Zn(II) complex showed much higher anticancer activity in this treatment
method compared to the standard anticancer drug 5-FU. DNA is the most important target for anticancer
drugs in the cell [42]. ECT might have helped the Zn(II) complex and 5-FU to reach cells and damage the
DNA by means of enhancing the intra-cellular concentrations. The interaction between the agent and DNA
might result in DNA fragmentation and cell death. Thanks to the permeability provided by EP, a lower
dose of an anticancer drug applied for a shorter time can be enough for an effective therapy, which
minimizes the adverse effects seen in chemotherapy. In previous studies, it was reported that the
electrical pulses used in ECT also regulated the blood flow of tumor and caused a decrease in the blood
flow of tumor and partial oxygen pressure (pO2) [43]. As a result, the efficacy of anticancer agents
increases. Because anticancer agents stay inactive in the cells that have abundant oxygen [44]. Several
in-vitro and in-vivo studies on various chemotherapeutic drugs have shown that ECT is an effective
method [17,45].

Conclusion
A new zinc(II) complex was prepared and structurally characterized. The results showed that the
stoichiometry in the complex is 2:1 (metal:ligand). In vitro anticancer activities of the 5-FU and newly
synthesized Zn(II) complex were evaluated on the two human brain tumor cell lines (T98G, U118) and
biocompatibility characteristics were determined in the HDF fibroblast cell line by using the MTT assay.
Furthermore, we examined the effectiveness of EP on cytotoxic activities of these compounds in the
T98G and U118 cell lines. The results of the present study revealed that Zn(II) complex had an anticancer
potential against the T98G and U118 brain tumor cell lines, and EP increased the anticancer effect of
Zn(II) complex and 5-FU. Moreover, it was found that application of Zn(II) complex alone or in
combination with EP showed a higher cytotoxicity than 5-FU in these cell lines. This research could lead
to new treatment options for chemotherapy-resistant brain tumor cells. More in-vitro and in-vivo research
is needed for probable clinical translation.
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Figure 1
Preparation of Schiff base-Zn(II) complex

Figure 2
Fluorescence image of the cells obtained after the cells were subjected to the electric pulses of 0–1500
V/cm. The images were obtained by a fluorescence microscope at the magnification of 40x. Scale bar =
100 μm.
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Figure 3
Cell viability of the T98G and U118 cells 24 hours after the electroporation. The data obtained from 4
independent experiments are expressed in mean ± SD.
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Figure 4
IC50 values of 5-FU and new Zn(II) complex against T98G and U118 glioblastoma cells, alone or in
combination with EP (ECT), at 24 hours after treatment. (a) Comparison of the IC50 value of Zn(II) with 5FU in terms of statistical significance. (b) Comparison of the IC50 values of Zn(II)+EP with 5-FU+EP
statistically. (c) 5-FU+EP, 5-FU and Zn(II)+EP, Zn(II) were compared among themselves. Statistically
significant difference was observed between groups at different levels (***P<0.001, ****P<0.0001).
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