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ARTICLE INFO ABSTRACT

Keywords: The aim was to investigate the in vitro antimicrobial, antioxidant, cytotoxic activities and pBR322 Plasmid DNA

Am?mi_cr"bial interaction potentials of newly synthesized Schiff bases and their copper complexes. Cytotoxic activities of these

[C\ntlox‘c.laflt compounds were determined by MTT methods in human breast cancer (MCF-7), human cervical cancer (HeLa)
ytotoxicity

and mouse fibroblast (L929) cell lines. The determination of changes in oxidant and antioxidant load of the cell
after application of these compounds were investigated with the aid of Rel Assay Diagnostics kits. It was found
that the some of the compounds had moderate antimicrobial activity, and oxidative stress index. According to
plasmid DNA interaction studies, synthesized complexes modified the tertiary structure of pBR322 plasmid DNA.
The compound Bis-Napht showed the highest cytotoxic activity in HeLa, MCF-7 and L929 cells at an IC50 dose of
3+£1pM,5=+1pM and 3 + 1 uM respectively. Compound Bis-Sal was determined to have lower cytotoxic
activity in L-929 cells at an IC50 dose of 106 + 9 uM at 24 h compared to other compounds. Ligand compounds
and their metal complexes were optimized on the B3LYP, HF, and M06-2x methods with the 6-31+-+g(d,p) basis
set. Afterwards, their activities were compared against crystal structure of the BRCT repeat region from the
breast cancer associated protein, (BRCA1) (PDB ID: 1JNX) and crystal Structure of CDK2 receptor of cervical
cancer cell proteins (PDB ID: 4BGH). To examine the interactions occurring in more detail, Protein-Ligand
Interaction Profiler analysis was performed and all chemical interactions that occurred were determined.

DNA interaction
Molecular docking
ADME/T

in both many biological processes, enzyme regulation, and in the
structural and functional development of proteins [9]. Further, it has
been displayed to have redox features suitable for the formation of

1. Introduction

Schiff bases and their metal complexes, which have numerous ad-

vantages, are considered an important class of compounds that are
widely studied due to their chemical, biochemical and electrochemical
properties [1-4]. Schiff base ligands are characterized by the formation
of an imine bond by the condensation of an amino and carbonyl com-
pounds [5]. These compounds are mono or polydentate systems that
include different donor sites and able to coordinate several transition
metal ions by coordinative interactions with some or the entire donor
atoms present in the molecular structure [6-8].

The copper ion, which is an important trace element in the human
body and has biological properties, plays a critical and significant place

complexes that damage DNA efficiently, and because of being fourth
period element, it is remarkably less toxic to humans than higher period
elements such as platinum [10]. Thus, copper complexes derived from
Schiff base ligands were selected as excellent starting points to achieve
the main aim of this study.

Cancer is one of the important health problems with increasing
incidence and limited treatment options [11,12]. Due to the inadequacy
of the methods and drugs used in cancer treatment, the serious side ef-
fects and cost of treatment methods, studies on synthesizing effective
compounds in cancer treatment are intensified [13,14]. Breast cancer is
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Scheme 1. Synthesis of Schiff bases and their copper complexes.

one of the most common cancer types, accounting for >18% of all
cancers. Differential responses among individuals in breast cancer pa-
thology, it is difficult to treat because there are different classes of tu-
mors that exhibit and this type of cancer among women leading cause of
death. The MCF 7 cell line is a suitable model cell line for breast cancer.
It is preferred worldwide in anticancer activity studies and drug design
studies. Cervical carcinoma is also one of the common cancers in

women. The papilloma viruses play a significant-causative roles in the
development of this disease and surgery, chemotherapy, hormonal
therapy, radiation therapy are effective treatment methods [15]. The
patients treated with chemotherapy are exposed to treatment-related
sudden and long-term toxicities. Chemotherapy is a treatment with a
large number of drugs to kill cancer cells. In cases where the disease
progresses, chemotherapy and radiotherapy or  different
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chemotherapeutic agents are used in combination. The ideal drug is
expected to kill only cancer cells without harming normal cells, but this
property is not present in most drugs currently used in clinical practice.
Because there is not much difference in terms of quantity between ma-
lignant cancer cell and normal human cell. For these reasons, there is a
need for the discovery and/or synthesis of new alternative agents for the
treatment and prevention many types of cancer [14]. Toxicity studies
have been carried out in cancer cell lines using anticancer drugs,
different nanoparticles or various drugs [16]. Apart from examining
various diseases and disease agents in detail, cell cultures are also very
important in terms of developing vaccines suitable for viruses, devel-
oping tissue and gene therapies, and observing in detail the personalized
treatment methods and individual drug dosing. With all these advan-
tages they provide, cell cultures have very positive effects in health
sciences, enabling the further development of today’s medicine and it is
believed that they will be useful in the treatment of many diseases in the
future [17].

In present study, we aimed to determine the antioxidant or oxidant
level-modifying properties of the compounds Bis-Sal, Bis-Sal-Cu, Bis-
Napht and Bis-Napht-Cu in cells, antimicrobial activities on 4 different
microbial strains, and define the cytotoxicity of these compounds on 2
different cancer cell lines and one healthy cell line. 1929 cell line con-
sisting of mouse fibroblast cells was used in our study to compare the
effects of the compounds used on healthy cells. Further, in this study we
report a brief overview of these compounds’ ability to modify the form I
and II bands of pBR322 plasmid DNA with the electrophoretic mobility.
The comparison of the activities of the compounds with the theoretical
calculations was made. Two different programs were used for compar-
ison. First, ligand compounds and their metal complexes were optimized
on the B3LYP, HF, and M06-2x [18-20] methods with the 6-31++g(d,p)
basis set. Afterwards, their activities were compared against Crystal
structure of the BRCT repeat region from the breast cancer associated
protein, (BRCA1) (PDB ID: 1JNX) [21] and Crystal Structure of CDK2
receptor of cervical cancer cell proteins (PDB ID: 4BGH) [22]. In order to
examine the interactions occurring in more detail, Protein-Ligand
Interaction Profiler analysis [23] was performed and all chemical in-
teractions that occurred were determined.

2. Material and methods

All commercial solvents and reagents were provided from Sigma-
Aldrich and used without further purification. The progress of the re-
actions was followed by TLC (Thin Layer Chromatography) on silica gel
60 F254 aluminum sheets. FTIR (Fouirer Transform Infrared Spek-
trofotometre) spectra were recorded using a ThermoFisher Scientific
Nicolet IS50 FTIR spectrometer. TGA (Thermogravimetric analysis) of
compounds was performed using PerkinElmer TGA-8000 Thermogra-
vimetric Analyzer (TGA 800). 'H NMR and '3C NMR (APT) spectra were
recorded on Bruker Avance II 400 MHz NMR spectrometer (chemical
shift in ppm downfield from TMS (tetramethylsilane) as an internal
reference). The mass spectra were obtained at MALDI-TOF/MS (Ultra-
fleXtreme, Bruker). Molar conductivity (10 mol L) of the complexes
in DMSO (dimethyl sulfoxide) were measured by the Hanna Instruments
conductivity meter. Elemental analysis (C, H and N) of the synthesized
compounds were performed by Leco/Truespec Micro. The FS5 Spec-
trofluorometer (Edinburg Instruments) was used for obtaining electronic
spectra measurement. The molar magnetic susceptibilities were
measured on powdered samples using Gouy method.

2.1. Synthesis of ligands

Salicyaldehyde or 2-hydroxy-1-naphthaldehyde (10 mmol) dissolved
in methanol was added to 3,5-bis(trifluoromethyl)benzylamine (10
mmol) in methanol in the presence of glacial acetic acid (3—4 drops). The
reaction mixture was refluxed for 6 h, and reaction progress was
monitored by TLC. After completion of the reaction, the reaction
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mixture was concentrated under reduced pressure, and obtained yellow
solid filtered, washed with cold ethanol, and dried. The crude product
was recrystallized from ethanol to afford the corresponding compounds
(Scheme 1). The FT-IR, *H NMR and '3C NMR (APT) and MS spectra for
ligands are shown in Figs. S1-S8.

2.1.1. 2-[E-({[3,5-bis(trifluoromethyl)phenylimethyl}imino)methyl]
phenol (Bis-Sal)

FT-IR (0max, cm 1): 3078.22 (ar-H), 1633.61 (C=N), 1278.56
(C—0). 'H NMR (400 MHz, DMSO-dg, & ppm): 4.96 (s, 1H, CHy),
6.86-6.92 (m, 2H, arH), 7.31-7.35 (m, 1H, arH), 7.49 (dd, 1H, J; = 4.0,
Jo = 4.0 Hz, arH,), 7.99 (s, 1H, arH), 8.06 (s, 2H, arH), 8.75 (s, 1H, CH),
13.02 (s, 1H, OH). APT (13C NMR) (100 MHz, DMSO-dg): 61.23 (CHJ),
116.89 (CH), 119.15 (C), 119.27 (CH), 119.69 and 122.40 (dc.f, J =
280.0 Hz), 121.35 (t, CH, J = 3.5 Hz), 125.17 and 127.82 (d¢.p, J =
265.0 Hz), 129.10 and 129.13 (d, 2CH, J = 3.5 Hz), 130.34-131.32 (qc.
cr3, J = 3.3 Hz), 132.28 (CH), 133.08 (CH), 142.80 (C), 160.43 (C),
168.14 (-N = CH). MALDI-TOF/MS: 348.0657 ([M + 11M).

2.1.2. 1-[E-({[3,5-bis(trifluoromethyl)phenyl]methyl}imino)methyl]
naphthalen-2-ol (Bis-Napht)

FT-IR (Vmax, crnfl): 3046.35 (ar-H), 1629.71 (C=N), 1277.68
(C—0). 'H NMR (400 MHz, DMSO-de, & ppm): 5.03 (d, 2H, J = 4.0 Hz,
CH,), 6.78 (d, 1H, J = 8.0 Hz, arH), 7.20-7.24 (m, 1H, arH), 7.43-7.48
(m, 1H, arH), 7.65 (dd, 1H, J; = 0.8, J, = 0.8 Hz, arH), 7.75 (d, 1H, J =
8.0 Hz, arH), 8.02 (s, 1H, arH), 8.14 (d, 1H, J = 8.0 Hz, arH), 8.17 (s, 2H,
arH), 9.38 (d, 1H, J = 8.0 Hz, CH), 11.23 (s, 1H, OH). APT (}3C NMR)
(100 MHz, DMSO-dg): 55.32 (CHy), 107.05 (C), 119.42 (CH), 119.65
and 122.36 (d¢c.p, J = 271.0 Hz), 121.75 (t, CH, J = 3.5 Hz), 123.04 (CH),
124.60 (CH), 125.08 and 127.79 (dcr, J = 271.0 Hz), 126.18 (C),
128.34 (2CH), 129.33 (2CH), 130.42-131.40 (qc.cr3, J = 3.3 Hz),
134.33 (C), 137.34 (CH), 142.15 (C), 161.17 (-N = CH), 179.91 (Q).
MALDI-TOF/MS: 398.164 ([M + 111).

2.2. Synthesis of metal complexes

CuCly-Ho0 (1 mmol) in methanol was added dropwise to corre-
sponding ligand (2 mmol) in methanol, and the resultant mixture was
stirred at room temperature for 1.5 h. The obtained corresponding solid
compound after keeping overnight was filtered and washed with cold
methanol, and then dried in air. The FT-IR and MS spectra of the com-
plexes are given in Figs. S9-512.

Bis-Sal-Cu

FT-IR (Vmax, cm_l): 3092.40 (ar-H), 1610.12 (C=N), 1283.07
(C—0), 578.70 (M—-0), 463.91 (M—N). MALDI-TOF/MS: 817.953 ([M
+ 2 + Na] ™).

Bis-Napht-Cu

FT-IR (omax, em™): 3076.20 (ar-H), 1618.78 (C=N), 1279.32
(C—0), 565.46 (M—0), 497.25 (M—N). MALDI-TOF/MS: 917.933 ([M
+ 2+ Nal™).

2.3. Cell culture growing and cytotoxicity assay

Mouse fibroblast cell (1L929), Human cervical cancer cell (HeLa),
Human breast adenocarcinoma cell (MCF7) lines were used. Used as a
healthy cell line in the study, L929 is generally used for control purposes
in studies. Dulbecco’s modified Eagle’s medium (DMEM), Fetal bovine
serum and trypsin-EDTA were supplied from Gibco (Invitrogen). r-glu-
tamine- penicillin—streptomycin solution was from Sigma-Aldrich. The
cell lines were maintained in DMEM (Invitrogen) supplemented with
10% FBS, 2 mM L-glutamine, 100U/mL penicillin, and 100 pg/mL
streptomycin and kept in a humidified atmosphere at 37°C incubator
with 5% CO; in air. To determine the effects on cell viability of the
compounds Bis-Sal, Bis-Sal-Cu, Bis-Napht, and Bis-Napht-Cu, cells were
plated on to 96-well plates (1 x 10* cells/well) for 24 h. The morphology
of the cells after the applied dose was examined on the device at 20x
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magnification (ZEISS Axio). The in vitro cytotoxicity of the extract was
evaluated in the colorimetric 3-(4,5-dimethylthiazolyl-2)-2,5-diphe-
nyltetrazolium bromide (MTT) assay. The MTT assay is used to measure
cellular metabolic activity as an indicator of cell viability, proliferation
and cytotoxicity. This colorimetric assay is based on the reduction of a
yellow tetrazolium salt (MTT) to purple formazan crystals by metabol-
ically active cells. The different concentrations of all compounds (0.1, 1,
10, and 100 uM) prepared in 1% DMSO-growth medium was added on to
the cell culture in 96 well plate during 24 h. Each dilution concentration
was performed in triplicate. After 24 h, 10 uL of 12 mM MTT (Vybrant,
Invitrogen) solution were added into wells and incubated inside a 5%
CO;, store at 37 °C for 4 h. In order to determine the cytotoxic activity of
the cells, the absorbance of violet color occurred at the end of 4th hour
was measured at 570 nm in a microplate reader (Epoch, USA). As a result
of MTT experiments, IC50 values were calculated using Graphpad pro-
gram and then graphics were created. The selectivity index (SI) of
compounds was calculated by obtaining the ratio of IC50 in the healthy
cell line/IC50 in the cancer line [24].

2.4. Antimicrobial activity assay

Antimicrobial activity values were determined by the minimum in-
hibition concentration (MIC) of compounds against microorganisms
with the “Microdilution Broth Method” [25]. Microorganism strains
used in the study; Staphylococcus aureus, Pseudomonas aeruginosa,
Escherichia coli, Candida albicans. Mueller Hinton Broth (Accumix®
AM1072) for bacterial strains, Saboraud Dextrose Broth (Himedia
MEO033) for Candida albicans was used. The wells on the 11th row were
used as sterile control and the wells on the 12th row were used as
propagation control. Microorganisms propagated in blood agar broth
medium were taken with a loop and a suspension was prepared with
these microorganisms at McFarland 0.5 turbidity. Each well was sup-
plemented with 50 pL bacterial suspension as to have 5 x 10° CFU/mL
for bacteria and 0.5-2.5 x 10° CFU/mL for Candida albicans. Bacteria-
supplemented plates were incubated at 37 °C and C. albicans- supple-
mented plates were incubated at 35 °C for 16-24 h. Herein, the first
wells in which the appearance of the bacterial colony decreased was
accepted as the MIC value. The test was repeated 3 times and the same
results were obtained.

2.5. Antioxidant activity assay

To determine of changes in the total antioxidant- oxidant load of the
cell lines after administration of the compounds with 10 uM, cells were
plated on to 24-well plates (1x10* cells/well) for 24 h. After applying 10
uM compound to the cell cultures for 24 h, cell pellet was obtained and
homogenization was performed. Homogenates were centrifuged at
3000 rpm for 15 min after homogenization. Supernatants obtained from
centrifugation were used for biochemical analyses [26]. After the ho-
mogenate was filtered, the manufacturer’s protocol was followed in
accordance with the procedure of TAS/ TOS kits. Total antioxidant
levels (TAS), total oxidant levels (TOS) and oxidative stress index (OSI)
values were determined by triplicate experiments with the aid of
commercially available Rel Assay Diagnostic kits [27,28]. Trolox stan-
dard was used for TAS analyses, hydrogen peroxide standard was used
for TOS analyses. Oxidative stress index (OSI) was calculated with the
aid of the following equation:

0SI (AU) = TOS, pmol H,0, equiv/L
~ TAS, mmol Trolox equiv./L X 10

2.6. The assay of interaction with pBR322 plasmid DNA

The interaction of the compounds Bis-Sal, Bis-Sal-Cu, Bis-Napht, and
Bis-Napht-Cu with pBR322 plasmid DNA was studied by agarose gel (%
1.5) electrophoresis according to the protocol modified by Bogatarkan
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et al. [29]. The 40 pL aliquots of increasing concentrations of the com-
plexes, ranging from 1.0 to 100 uM, were added to 1 uL of plasmid DNA
(concentration of 0.5 ug/mL) in a buffer solution containing TE buffer
(pH = 7.4). The samples were incubated at 37 °C for 24 h in the dark,
and then 10 pL aliquots of drug-DNA mixtures were mixed with loading
buffer and loaded into 1.5% agarose gel with ethidium bromide. Elec-
trophoresis was carried out under TBE buffer (pH = 8.0) for 5h at 40 V.
The gel was then viewed with a UV transilluminator and the image was
captured as a photograph (Syngene).

2.7. Statistical analysis

SPSS 23.0 (IBM Corparation, Armonk, New York, United States)
program was used for statistical data analysis. The data were analyzed at
95% confidence level, and if the p value was <0.05, it was considered
significant. Results are given as mean + SD. The statistical significance
levels of the doses are given on the figures (*p < 0.05, **p < 0.01 and
**¥p < 0.001).

2.8. Theoretical calculations

Theoretical calculations provide important information about the
chemical and biological properties of compounds. Many quantum
chemical parameters are obtained from theoretical calculations. The
calculated parameters are used to explain the chemical activities of the
compounds. Many programs are used to calculate compounds. These
programs are Gaussian09 RevD.01 and GaussView 6.0 [30,31]. By using
these programs, calculations were made in B3LYP, HF, and M06-2x
[18-20] methods with the 6-31++g(d,p) basis set. As a result of these
calculations, many quantum chemical parameters have been found.
Each parameter describes a different chemical property of compounds,
the calculated parameters are calculated as follows. [32,33].

JE 1 1
r=—\5c :E(IJFA) = *E(EHOMO + Erumo)
o(r)

(Enomo — ELumo)

N —

&E 1
1= (), 300 = -

o= 1/nw=y"2ne=1/w

A technique exists for contrasting the biological actions of the ligand
and its metal complexes with those of enzymes. Molecular docking is the
most typical of them. Metal complexes can be compared using a few of
these molecular docking techniques. The HEX software is employed in
this investigation. These enzyme proteins interact with the ligand and its
metal complexes to boost their biological activity [34]. Compounds’
biological activities were compared to those of enzymes using molecular
docking calculations. Using the optimized compound’s structure and the
Gaussian software, a file with the.pdb extension was produced [31]. At
HEX 8.0.0, the enzyme and compound files were examined [35]. For
docking, the following variables are used: Correlation typeshape only,
3D FFT mode, 0.6-dimensional grid, 180-degree receptor and ligand
ranges, 360-degree twist range, and 40-degree distance range. The
interaction between the chemicals and the proteins was also thoroughly
examined using the Protein-Ligand Interaction Profiler (PLIP) service
[36,37]. The interaction between the chemicals and the proteins was
also thoroughly examined using the Protein-Ligand Interaction Profiler
(PLIP) service.

3. Results and discussion
3.1. Synthesis

The two novel Schiff base ligands were synthesized by condensation
of salicylaldehyde and 2-hydroxy-1-naphthaldehyde with 3,5-bis
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Table 1
Analytical and physical data for ligands and their metal complexes.

Polyhedron 242 (2023) 116487

Comp. Molecular Formula (g/mol) Color Yield (%) Ap* Hets (BM) Found (caled.) %

C H N
Bis-Sal C16H11F6NO, 347.26 Yellow 89 - - 55.13 (55.34) 3.36 (3.19) 4.21 (4.03)
Bis-Napht CaoH13F6NO, 397.31 Light Yellow 84 - - 60.64 (60.46) 3.19 (3.30) 3.43 (3.53)
Bis-Sal-Cu C32H24F12N204Cu, 792.070 Olive 77 23.54 1.89 48.26 (48.52) 3.15 (3.05) 3.38 (3.54)
Bis-Napht-Cu C4oHagF12N20,4Cu, 892.188 Dark Yellow 81 24.01 1.91 53.63 (53.85) 3.02 (3.16) 3.10 (3.14)

*(Ohm ! em? mol ™).

Absorbance/100

200 250 300 350 400 450 500 550 600
Wavelength/nm

Fig. 1. Electronic spectra of ligands and their Cu(II) complexes.

(trifluoromethyl)benzylamine following by previously reported method
[2,5]. The copper(II) complexes was prepared by the reaction of ob-
tained ligands with CuCly-2H20 in methanol, according to early
described procedure [2,4] (Scheme 1). The ligands and their metal
complexes were found to be stable in air at room temperature, and are
soluble in most common organic solvents such as CHyCl,, CHCl3,
acetone, DMSO, DMF. The physical and analytical data for all synthe-
sized compounds were summarized in Table 1. The reaction of Bis-Sal
and Bis-Napht with CuCly-2H50 in 1:2 ratio (M:L) leads to the formation
of 1:2 (M:Ly) complexes.

The spectral and analytical data of the obtained compounds were
consistent with their proposed structures. Many attempts were made to
crystallize complex compounds, such as different solvent systems,
soaking in solvent at room temperature, evaporation under reduced
pressure, but unfortunately, the crystal structure could not be achieved
as a result of the trials.

3.2. Spectroscopic analysis

3.2.1. Molar conductivity

The molar conductivity measurements were performed at room
temperature in 5 x 107 M concentration using DMF as solvent. The
ligands were not electrically conductive, while the corresponding cop-
per complexes were found to be non-electrolytic in nature with low
values of 23.54 Ohm~! cm? mol™?! (for Bis-Sal-Cu) and 24.01 Ohm™!
cm? mol ! (for Bis-Napht-Cu) [38].

3.2.2. Electronic spectra and magnetic behavior

The UV-Vis spectra of the ligands and their Cu(II) complexes in
DMSO are shown in Fig. 1. The UV-Visible spectra of the synthesized
ligands and their Cu(II) complexes allow for the first explanation to be
deduced that the electronic transitions of the complexes shift smoothly
compared to their corresponding ligands. These shifting can be attrib-
uted to the rigidity from the two aromatic units after the coordination

reaction, and therefore the energy required for electron transition from
the ground state to the excited state is decreased. Eventually, the ab-
sorption of the Schiff base ligands are red shifted after coordination with
Cu(I) ion.

The n — n* transition of the compound Bis-Sal was observed around
341 nm, while the 1 — n* transition of the compound Bis-Napht occurred
at 355 nm in UV-Vis. Likewise, the n — 7* transitions of the ligands
appeared around 412 nm and 415 nm which originated from azome-
thine (C=N) chromophore group, respectively. The novel bands occured
higher wavelenght in the UV-Vis spectra of the synthesized Cu(II)
complexes could be attributed to the ligand-metal charge transfer band
(LMCT) confirming the coordination of its nitrogen and oxygen atoms to
the metallic ions. The compound Bis-Sal-Cu exhibited three bands which
are 306 nm, 370 nm and 518 nm, while the novel bands of the com-
pound Bis-Napht-Cu appeared at 322 nm, 387 nm, and 524 nm. Further,
the magnetic moment values of Bis-Sal-Cu and Bis-Napht-Cu, deter-
mined as 1.89 BM and 1.91 BM, were found within the suggested range
for octahedral geometry.

3.2.3. FTIR analysis

The FT-IR spectra of the ligands and their Cu(Il) complexes were
recorded in the range of 400-4000 cm ! to demonsrate the presence and
changing of functional groups. The disappearance and shifting of posi-
tion and intensities of some spectral peaks were predicted to happen
during the complexation process. The sharp bands observed at 1633.61
em ™! and 1629.71 ecm™! for the ligands Bis-Sal and Bis-Napht, respec-
tively attributed to azomethine group (-C=N-). These bands in the
corresponding Cu(II) complexes were detected at lower wavenumber,
with values of 1610.12 cm™! for Bis-Sal-Cu and 1618.78 cm-1 for Bis-
Napht-Cu due to the donation of lone pair of electrons of nitrogen
atom to copper ion [39,40].

The presence of strong bands in the range of 1115.58 and 1167.73
cm ! assigned to v(—CFj3) stretching vibrations, proved the presence of
CF3 bond in all obtained compounds [41]. The phenolic hydroxyl bands
are generally found at about 3500 cm-1, but v(-OH) weak bands were
not seen in FT-IR spectra of our ligands since it could be the formation of
intramolecular hydrogen bond. However, the high intensity band at
1278.56 cm ! for the compound Bis-Sal and 1277.68 cm™! for the
compound Bis-Napht related to phenolic C—O linkage were found
higher wavenumbers for the corresponding Cu(II) complexes. These
results suggest that the absence of hydrogen of hydroxyl group and the
shifting C—O bands proved the involvement of deprotonated phenolic
groups in bond formation with the copper atom. Moreover, the presence
of new bands in the spectra of these complexes occured between 578.70
and 565.46 cm ™' and 463.91-497.25 cm ™! are assigned to M—O and
M-—N vibration bands, respectively [42]. The FT-IR spectra of ligands
and Cu(II) complexes are given in supplementary file.

3.2.4. NMR analyses

The 'H NMR signals attributed to phenolic hydroxyl group in the
compounds Bis-Sal and Bis-Napht were resonated at 13.02 ppm and
13.20 ppm, respectively. The aromatic —-CH proton peaks were observed
in the range of 6.78 ppm and 8.17 ppm. Further, the -CH; protons were
resonated at 4.96 ppm for compound Bis-Sal and 5.03 ppm for com-
pound Bis-Napht. The formation of the azomethine (N = CH) proton is
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Fig. 2. TGA analysis curve of ligands and Cu(II) complexes.

the most important proof in Schiff base synthesis [43]. This proton in the
structure of the synthesized ligands was resonated 8.75 ppm (compound
Bis-Sal) and 9.38 ppm (compound Bis-Napht) and supports the forma-
tion of the structures. Besides, in 13C NMR (APT) of the synthesized li-
gands, the aromatic carbon signals were demonstrated in the region of
107.05-179.91 ppm. The peaks at 160.43 ppm and 161.17 ppm,
respectively, proving the presence of the azomethine carbon atom in the
ligands supported the formation of the proposed structures. The carbon
peaks of CHy linked to phenyl ring and azomethine group were observed
at 61.23 ppm (for Bis-Sal) and 55.32 pp (for Bis-Napht). Additionally,
the carbon atoms of CF3 groups for both compounds were resonated as
doublet in the region of 119.65-127.82 ppm. The aromatic carbons
linked to CF3 groups were found as quartet for Bis-Sal (130.83 ppm) and
Bis-Napht (130.91 ppm).

3.3. TGA analysis

The thermal stability of ligands and their Cu(II) complexes were
performed by a PerkinElmer TGA-8000 thermogravimetric analyzer.
Samples were heated (50-500 °C for ligands and 50-1000 °C for com-
plexes) at a rate of 10 °C/min under an Ny(g) with a flow rate of 20 mL/
min. It was observed that the compound Bis-Sal was thermally stable up
to 120 °C, coinciding with its melting point in the TGA curve, and
decomposition occurred with a material loss of 96.6% between 122 °C
and 241 °C. Likewise, the decomposition took place in the range of
171 °C and 316 °C with a loss of 96.2%, while the compound Bis-Napht
was thermally stable up to 170 °C. The copper complexes displayed
higher thermal stability than the corresponding ligands. The TGA curve
of the compound Bis-Sal-Cu was found to be stable up to 233 °C, then the
decomposition started from 234 °C to 319 °C with loss of 88%, and a
second curve was observed in the range of 320 °C and 422 °C resulting in
a mass loss of 4.6%. The compound Bis-Napht-Cu was completed by a
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Fig. 3. SEM images of the synthesized compounds.

Table 2
Comparison of IC50 values of the synthesized compounds in cell lines.

IC50 (uM + SD)

Compounds HELA cell line MCF-7 cell line L929 cell line
Bis-Sal 35+ 1M 36 +1uM 106 + 9 uM
Bis-Napht 3+1uM 5+1uM 34+ 1uM
Bis-Sal-Cu 16 + 2 uM 17 + 2 uM 13+ 5uM
Bis-Napht-Cu 2+1uM 16 £1uM 16 + 6 yM
Cisplatin 26 + 2 uM 32+ 3uM 229 + 5uM

total decomposition in the temperature between 280 and 358 °C, with
88 % weight loss. The amount of mass remaining without decomposition
can be interpreted as the residues of the metal ion present in the com-
plexes in Fig. 2.

3.4. SEM analysis

The SEM analysis were performed using a JEOL JCM-7000 Neo-
scope ™. The scanning electron micrographs revealed the morphology of
the Schiff bases and their Cu(II) complexes (Fig. 3A-D). The SEM
micrograph of the Bis-Sal and Bis-Napht exhibited irregular broken rock

shape morphology where the particles of about micrometer size were
also randomly distributed over these rock shape structures. Moreover,
according to the surface morphology of the complexes demonstrated
threadlike images.

3.5. Cytotoxic activity results

In present study, cytotoxic activities of the compounds Bis-Sal, Bis-
Sal-Cu, Bis-Napht, and Bis-Napht-Cu were evaluated in Table 2 and
Fig. 4. The percentages of survival of cells after administration of the
compounds were calculated and compared with each other. ICsg doses of
compounds applied to cells were found to be more effective in MCF 7
cells. The compound Bis-Napht showed the highest cytotoxic activity
with an IC50 dose of 5 + 1 uM amongst the compounds performed to
MCF 7 cells. The compound Bis-Napht-Cu exhibited the highest cyto-
toxic activity with an IC50 dose of 2 + 1 uM on HeLa cells. All com-
pounds, except for the compound Bis-Sal, demonstrated cytotoxic
activity on L929 cell line. It was determined to have lower cytotoxic
activity in L-929 cells at an IC50 dose of 106 + 9 uM at 24 h compared to
other compounds. Further, it was clear that the compound Bis-Napht
showed the highest cytotoxic activity with IC50 dose that very lower
than 10 uM on both three cell lines. The other compounds were
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Fig. 4. Determination of the cytotoxic activity of compounds in MCF-7, HeLa and L929 cell lines. Activities of compounds after 24-hour incubation at concentrations

ranging from 0.1 to 100 pM (* P < 0.05; **P < 0.01).

Table 3

The selectivity index (SI) of compounds at 24 h treatment.
Compound L929/MCF 7 L929/HeLa
Bis-Sal 3.0+0.7 3.0+0.8
Bis-Napht 0.6 + 0.1 1.0 £ 0.1
Bis-Sal-Cu 0.8 + 0.2 0.8+ 0.3
Bis-Napht-Cu 1.0+ 0.8 8.0+1.1
Cis-platin 7.0+ 1.3 82+1.5

generally found to be higher than 10 pM on cell lines in Table 2. In some
studies in the literature, copper ions from salt solutions or metal com-
plexes have been shown to be toxic in some in vitro cell culture studies
[43-45]. However, according to the results of the study, in the case of
copper, cytotoxicity is also related to the local concentration of the
released ions and the exposure time. In addition, local biological effects
of ions, when pure metals or alloys are used as biomaterials in the body,
their synergistic and antagonistic effects and interactions between
externally added copper ions and ions and molecules in the cell have not
been fully explained. Therefore, it would be a different study to show the
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Fig. 5. Morphological changes of cells after 24 h of incubation with 10 pM dose of all compounds.

Table 4
MIC values on some microbial strains of the synthesized compounds.

MIC values (mg mL™')

Compound E. coli S. aureus P. aeroginosa C. albicans
Bis-Sal >5 >5 >5 >5
Bis-Napht 0.63 1.35 1.35 0.63
Bis-Sal-Cu 0.31 0.31 0.63 0.63
Bis-Napht-Cu 0.31 0.16 0.31 0.15

effect of copper ions used in the newly synthesized compounds used in
the study in cells, and it was never mentioned in this study.

As a matter of fact, it is accepted by the NCBI cancer institute that
compounds with IC50 values above 10 pM do not have a significant
anticarcinogenic effect. So advanced anticancer analyses were not
conducted since IC50 values of compounds on cell lines were higher
than 10 uM threshold. However, by using IC50 values, it is possible to
compare the compounds on 3 cell lines to determine to provide which
cell lines are more affected by using Selectivity Index (SI) (Table 3). The
SI value of the compound Bis-Napht-Cu was the highest. These results
suggest that the compound Bis-Napht-Cu is more cytotoxic towards

Table 5

TAS, TOS and OSI values from MCF-7, HeLa and 1929 cell lines that are treated
with all compounds during 24 h (Values are presented as mean =+ SE; Experi-
ments were made in triplicate).

Mean + S.E. MCF-7 HeLa 1929

TAS values  Control 0.41 + 0,01 0.50 + 0.01 0.40 + 0.01
Bis-Sal 0.40 + 0,01 0.50 + 0.01 0.40 + 0.01
Bis-Napht 0.38 + 0,01 0.48 + 0.02 0.38 + 0.01
Bis-Sal-Cu 0.36 + 0,02 0.45 + 0.02 0.36 + 0.01
Bis-Napht-Cu  0.33 + 0,01% 0.45 + 0.02 0.34 + 0.02

TOS values  Control 0.74 + 0.03 0.84 + 0.04 0.71 + 0.03
Bis-Sal 0.73 + 0.02 0.80 + 0.04 0.72 + 0.02
Bis-Napht 0.75 + 0.03 0.84 + 0.05 0.71 + 0.03
Bis-Sal-Cu 0.78 + 0.03 0.86 + 0.06 0.74 + 0.05
Bis-Napht-Cu  0.78 + 0.04 0.89 + 0.05° 0.76 + 0.06

OSI values Control 0.22 + 0.01 0.17 + 0.01 0.18 + 0.01
Bis-Sal 0.18 + 0. 0.16 + 0.01 0.18 + 0.01
Bis-Napht 0.20 + 0.01 0.18 + 0.01 0.19 + 0.01
Bis-Sal-Cu 0.22 + 0.01 0.19 + 0.01 0.21 + 0.01
Bis-Napht-Cu  0.24+0.01%  0.20+0.01" 0.22+0.01%
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Fig. 6. Visualization of gel electrophoretic pattern of pBR322 plasmid DNA when incubated with 100 pM concentrations of all compounds. The colourful image is a
direct agarose gel electrophoresis image, and the black cloured image is taken from the gel imaging system (SynGene).

Table 6
The calculated quantum chemical parameters of compounds.
Enomo Erumo 1 A AE n B x Pi ® € dipol Energy

B3LYP/6-31 g LEVEL
1 —6.6666 —2.4153 6.6666 2.4153 4.2513 2.1256 0.4704 4.5409 —4.5409 4.8503 0.2062 5.0712 —37042.4458
2 —5.9675 —2.2602 5.9675 2.2602 3.7073 1.8537 0.5395 4.1138 —4.1138 4.5650 0.2191 4.2516 —117818.8187
3 —6.1678 —2.3761 6.1678 2.3761 3.7917 1.8958 0.5275 4.2719 —4.2719 4.8131 0.2078 5.1326 —41222.1873
4 —5.9814 —2.3152 5.9814 2.3152 3.6662 1.8331 0.5455 4.1483 —4.1483 4.6937 0.2131 5.3301 —126178.9933
HF/6-31 g LEVEL
1 —8.8693 0.9192 8.8693 —0.9192 9.7886 4.8943 0.2043 3.9751 —-3.9751 1.6143 0.6195 4.7386 —36847.0315
2 —5.7490 0.6025 5.7490 —0.6025 6.3515 3.1757 0.3149 2.5733 —2.5733 1.0425 0.9592 4.9500 —117386.3615
3 —8.0291 0.9247 8.0291 —0.9247 8.9537 4.4769 0.2234 3.5522 —3.5522 1.4093 0.7096 4.2694 —40999.6618
4 —7.5763 0.6291 7.5763 —0.6291 8.2054 4.1027 0.2437 3.4736 —3.4736 1.4705 0.6801 4.8927 —125694.9447
MO062X/6-31 g LEVEL
1 —7.9866 —-1.2621 7.9866 1.2621 6.7245 3.3623 0.2974 4.6243 —4.6243 3.1801 0.3145 4.9288 —37028.4866
2 —7.0851 —1.3924 7.0851 1.3924 5.6927 2.8463 0.3513 4.2388 —4.2388 3.1562 0.3168 6.0896 —117789.1749
3 —7.3811 —1.2305 7.3811 1.2305 6.1506 3.0753 0.3252 4.3058 —4.3058 3.0143 0.3317 4.6253 —41206.5560
4 —7.1047 —1.4507 7.1047 1.4507 5.6540 2.8270 0.3537 4.2777 —4.2777 3.2363 0.3090 4.3307 —126145.9609

HELA cancer cell lines and is more selective than other compounds.
Besides, the compound Bis-Napht-Cu exhibited moderate selectivity
index on the MCF7 cell line. The compound Bis-Sal showed almost the
same selectivity index values on both MCF-7 and HeLa cells in Table 3.
In this study, we used cisplatin as a positive control in MTT experiments.
Although cisplatin is not similar in structure to the synthesized com-
pounds, we have included it in the Tables 2 and 3. Cisplatin, which is
effective in low concentration, is a highly effective drug in chemo-
therapy. It is seen that cisplatin is used as a positive control in our
previous studies on this subject [46].

Morphological analyzes were performed 24 h after the administra-
tion of all synthesized compounds at a dose of 10 uM to three cell lines in
Fig. 5. It was found that the compound Bis-Napht- Cu was found to
significantly alter the morphology in HeLa cell line. Also the compound
Bis-Napht was found to significantly alter the morphology in all the cell
lines compared to the control group in Fig. 5. In morphological analyses,
the compounds were placed in the medium at a concentration of 10 uM,
cell separation and structural integrity were evaluated. At this point, it
was determined that the Bis-Napht-Cu compound was more effective on
Hela cells. It seems that the Bis-Napht compound may cause the com-
pounds to weaken intercellular communication in both MCF-7 and HeLa
cells. In order to compare whether the effect studied with wide ranges on
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cell viability shows morphologically on the cell, single-dose control cell
images were examined.

3.6. Antimicrobial activity results

Antimicrobial activity of the compounds is provided in Table 4. It is
reported to be significant when the antimicrobial activity values of the
studied materials are 0.1 mg mL™" or less, moderately effective in the
range of 0.1 < MIC < 0.625 mg mL ™}, and weakly effective when the
MIC value is >0.625 mg mL~! [37,47]. The Bis-Sal-Cu and Bis-Napht-Cu
compounds have been found to be moderately effective on all micro-
organisms we have tried in this study. In addition, the compound Bis-Sal
did not show any antimicrobial activity in Table 4. However, there are
many microorganisms that the antimicrobial activities of these chem-
icals can be investigated. By looking at their effects on other microor-
ganisms, the antimicrobial effect of these compounds can be revealed
more clearly.

3.7. Oxidant and antioxidant capacities of compounds

Antioxidant potentials of compounds generally come from their anti-
scavenging activity on reactive oxygen species. Antioxidant substances
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Bis-Napth-Cu

Fig. 7. Representations of optimized structures, HOMO, LUMO, and ESP of compounds.

Table 7
Eiotal energy value for all compound in molecular docking.
1JNX 4GBH
Bis-Sal —246.48 —266.86
Bis-Napht —301.35 —337.58
Bis-Sal-Cu —269.52 —290.82
Bis-Napht-Cu —397.73 —370.47

eliminate harmful reactions of free radicals and thus prevent degener-
ative diseases [26]. TAS values of the cells applied the compounds are
found generally low and statistically nonsignificant compared to control
group generally (P > 0.05). Although the antioxidant capacity of the cell
cultures to which the compound BS was applied decreased, it was
determined that the differences were insignificant (P > 0.05) in Table 5.
When the capacity of the test compounds to change the total oxidant
levels (TOS) of cell cultures was evaluated, it was observed that the
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oxidant level increased in general 24 h after the application of the
compounds except for the compound Bis-Sal. Also, the increases of TOS
are statistically non-significant (P > 0.05) except for Bis- Napht-Cu
compound in all cell line applications in Table 5. On the other hand,
statistically insignificant increases were determined in OSI values from
almost all experimental groups compared to control group in Table 5.
Oxidative stress index is expressed as the ratio between total oxidant
levels and total antioxidant levels. As for groups which increased OSI
values significantly compared to values from control group, this can be
explained as cellular damage is occurring in the cell metabolism due to
increased formation and amounts of lipid peroxidation and reactive
oxygen species.

3.8. Interaction with pBR322 plasmid DNA and compounds

Nowadays it is accepted that the antineoplastic activity of the drug is
based on its interaction with cellular DNA. Because if the cell cannot
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Fig. 8. Presentation interactions of all compounds with breast cancer protein.

remove the DNA damage, by the time the cells die by one of metabolic
pathways [29,48]. In this research the effect of the compounds binding
on pBR322 plasmid DNA tertiary structure was investigated by their
ability to modify the electrophoretic mobility of supercoiling of closed
circular pBR322 plasmid DNA by using electrophoresis technique on
agarose gels. There are normally 2 forms of pBR322 plasmid DNA. Form
I intacs covalently closed circular form and run fast. If modifying occurs
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on one chain, the supercoiled form will relax to generate a slower-
moving open circular form II If both double chains are cleaved by any
factor, linear form III that migrates between form I and form II will be
presented. Within the scope of this study, pBR322 plasmid DNA was
treated with 4 different doses of compound in the range of 0.1-100 uM at
37 °C for 24 h. No interaction between plasmid DNA bands was detected
at other low doses except the 100 uM dose and there were 2 bands as
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Fig. 9. Presentation interactions of all compounds with cervical cancer protein.

Form I and II on the gel. But after exposure of plasmid DNA with com-
pounds at 100 uM dose for 24 h, the linear third band was appeared. In
the visualization of the plasmid DNA incubated with high concentration
(100 uM) compounds, it was observed that the form I and form II bands’
density decreased, while the form III band appeared between these 2
bands placed on the gel in Fig. 6. This electrophoretic visualization
pattern of pBR322 plasmid DNA forms is consistent with previous re-
ports [29,49]. This situation can relate with the unwinding of super-
coiled DNA to open circular and linear DNA. Except for the compound
Bis-Sal, the other compounds almost the same banding pattern in
Fig. 6. All the form I, II and III bands were observed at just 100 uM high
concentrations of the compounds Bis-Sal-Cu, Bis-Napht, and Bis-Napht-
Cu application on pBR322 plasmid DNA.
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3.9. Theoretical calculations

Theoretical calculations are an important method used to predict the
activities of compounds quickly and easily. As a result of the first
Gaussian calculations, many parameters are calculated. Each calculated
parameter provides information about many different properties of
compounds. Among these parameters are two parameters that deter-
mine the activities of the compounds, which are HOMO and LUMO.
These two calculated parameters are widely used to compare the ac-
tivities of compounds [32]. HOMO parameter of compounds shows the
ability of compounds to donate electrons, and the compound with the
most positive numerical value of this parameter has the highest activity
[50]. On the other hand, the numerical value of the LUMO parameter of
the compounds indicates the acceptability of the compounds, which the
numerical value of the parameter with the most negative value has the
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Table 8
Hydrophobic Interactions of protein and metal complex of compounds.

Index Residue AA Distance Ligand atom Protein atom

Breast cancer protein-Bis-Napht-Cu

1 1742X ASN 3.90 2030 870
2 1746X HIS 3.51 2031 898
3 1844X LEU 3.81 2005 1709
4 1846X GLN 3.11 1994 1729
5 1848X GLN 4.00 1991 1743
6 1849X GLU 3.88 1995 1754
Cervical cancer protein-Bis-Napht-Cu

1 61A PRO 3.23 2809 507
2 61A PRO 2.89 2832 508
3 113A GLN 3.81 2835 1021
4 291A LYS 3.49 2788 2612

In table: ASN: Asparagine, HIS: Histidine, LEU: Leucine, GLN: Glutamine, GLU:
Glutamate.

Table 9
Hydrogen Bonds of Breast cancer protein-Bis-Napht-Cu.

Polyhedron 242 (2023) 116487

higher activity [51]. As a result of the calculations, considering the
values of the calculated parameters, it is seen that the compound Bis-
Napht has a more positive value than the other compounds according
to the numerical value of the HOMO parameter. On the other hand,
according to the numerical value of the LUMO parameter of the com-
pounds, it is seen that the Bis-Napht-Cu metal complex at the B3LYP
level has higher activity in the others. All parameters obtained from the
calculations are given in Table 6.

Moreover, another calculated parameter is the AE energy gap
parameter, which is known to have high activity if the numerical value
of this parameter is low [50]. Another parameter is electronegativity,
which shows the ability of compounds to attract electrons, the numerical
value of this parameter is known to have the highest activity of the
smallest compound [51].

It should be well known that absolute hardness and softness are
important properties for measuring molecular stability and reactivity.
As said in the study by Kaya et al. [52], the term chemical hardness
showed that the electron cloud of atoms, ions or molecules refers to the

Index Residue AA Distance H-A Distance D-A Donor angel Protein donor? Side chain Donor Atom Acceptor Atom
Staphylococcus aureus -metal complex
1 291A LYS 2.29 3.22 147.83 \/ \/ 2614 [N3 + ] 2804 [02]
In table: LYS: Lysine.
Table 10
Water Bridges of Breast cancer protein-BN-Cu.
Index Residue AA Dist. H-A Dist. D-A Donor angle Water angle Protein donor? Donor atom Acceptor atom Water atom
1 113A GLN 3.09 2.98 108.38 90.69 \/ 1024 [N3] 2844 [02] 2724
In table: GLN: Glutamine.
Table 11
n-Cation Interactions of Cervical cancer protein-BN-Cu.
Index Residue AA Distance Offset Protein charged? Ligand group Ligand atoms
1 291A LYS 3.09 1.27 \/ Aromatic 2788, 2789, 2790, 2791, 2793, 2795
In table, LYS: Lysine.
B Protein
Ligand
Water
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Fig. 10. Presentation interactions of Breast cancer protein with Bis-Napht-Cu.
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Fig. 11. Presentation interactions of cervical cancer protein with Bis-Napht-Cu.

resistance to deformation or polarization under small perturbation of a
chemical reaction. However, a molecule with a hard property has a large
energy gap, whereas a molecule with a soft property has a small energy
gap.

Therefore, molecules with the lowest values of spherical hardness. It
is known to have higher activity than other molecules. It takes place in
the part of a molecule that has the greatest softness and lowest hardness.
It is known that the molecule with the lowest value of spherical hardness
(hence the highest value of spherical softness) has the highest activity
[53]. It is well known that the interaction that will occur can occur in the
part of the molecule where the local property of softness (S) has the
highest value [54].

Although many parameters have been obtained from the calcula-
tions, few of the obtained parameters have visual representations. The
parameters obtained from the visuals are given in Fig. 7. Here, the
optimized structures of compounds are given in the first image. The
second and third images show the locations of the HOMO and LUMO
orbitals of the compounds. in the last image is the molecular electro-
static potential map of the compound. In this image, the red colored
regions are the regions with the highest electron density. However, the
blue colored regions are the regions with the lowest electron density
[55].

Theoretical calculations are common methods used to compare the
activities of compounds. The most used method among these calcula-
tions is molecular docking, which analyzes the interactions of com-
pounds with various proteins in the calculations made by these methods.
These interactions are generally chemical interactions [56]. As these
interactions increase, it is seen that the activities of the compounds or
their metal complexes increase. E total energy value of the calculated
parameters of the studied compounds as a result of the calculations is a
parameter used to compare the activities of the compounds [57]. It is
known that the molecular activity with the most negative numerical
value of this parameter is the highest. The interaction of molecules with
proteins is very important. Because molecules enter the active centers of
the proteins and interact with the proteins there, forming strong in-
teractions with those proteins. In this way, they inhibit those proteins.
therefore, the more interaction that molecule has with the protein, the
more its activity increases. E total energy values of compounds calcu-
lated against various proteins are given in Table 7 and Figs. 8-9.

As a result of these molecular docking calculations, the activity of
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metal complex was compared. The chemical interactions occurring in
this comparison cannot be seen in detail. Therefore, PLIP analysis was
performed for more detailed analysis. When the activity comparison
between ligand compounds and its metal complexes is made, it is seen
that the activities of metal complexes are higher than ligand compounds
[58-61]. Many studies support this situation. PLIP analysis of it was
performed, the interactions of ligand and its metal complexes with this
analysis are given in Tables 8-11.

In PLIP analysis, all chemical interactions of compounds are deter-
mined. The interaction pictures obtained as a result of this analysis are
given in Figs. 10 and 11.

4. Conclusion

In this paper we have reported on the synthesis of two novel Schiff
base derivatives and their copper (II) complexes. These Schiff base li-
gands, coordinated through the nitrogen atom of the azomethine moiety
and the oxygen atom of the phenolic function, give the target complexes.
The molecular structures of the ligands and complexes were character-
ized and confirmed by elemental analysis, FTIR, NMR (*H and 0,
molar conductance, UV-Vis, SEM and thermal analysis data.

It was found that these compounds were effective in MCF-7, HeLa
cell lines at different levels. In addition, they had cytotoxic effects on
normal 1929 cells as well as cytotoxic effects on cancer cells. Consid-
ering the antioxidant investigation assays, these compounds generally
caused low antioxidant and oxidative load in almost all cell lines, and
therefore they did not change the oxidative stress index of all three cell
lines. The results of the interactions between the compounds and
PBR322 showed that these complexes were able to induce moderate
conformational changes in DNA and DNA damage at higher doses. It was
concluded that the compounds exhibited moderate antimicrobial ac-
tivity against the target bacterial strains. Theoretical calculations were
also performed to compare the ligands and complexes using the pa-
rameters obtained as a result of this calculation. The results indicated
that the activities of the metal complexes are higher than those of the
ligand compounds.

The addition of the trifluoromethyl (-CF3) group to compounds has
become increasingly popular and has served as a promising lead opti-
mization strategy to improve protein-ligand interactions for biological
investigations [62,63]. Previous studies have demonstrated that the
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introduction of -CFj3 to specific ligand sites has led to the development of
inhibitors in drug discovery studies [64,65]. In our study, since the
positions of the CF3 groups are fixed, and although these groups appear
to be in the active site in molecular docking studies, it has been observed
that there is no direct interaction with proteins. As can be seen from the
docking results, the interactions were mostly through naphthol and
phenol groups. Therefore, in order to better understand the effect of
trifluoromethyl group on activity, it can be improved by changing its
position and number.
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