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Abstract

Metal complexes of thiosemicarbazones have been receiving considerable atten-
tion in biological applications such as antimicrobial and anticancer therapies. In this
work, Co(Il), Zn(IT) and Mn(II) complexes of 2-hydroxy-5-methoxyacetophenone
thiosemicarbazone (HMAT) were synthesized for the first time and characterized
by EPR, FT-IR, NMR, UV-Vis spectroscopies, TG/DSC and elemental analysis.
X-ray powder diffraction analysis was carried out for Zn(II) complex. HMAT and
its Cu(I), Co(Il), Zn(Il) and Mn(II) complexes were tested as enzyme inhibitory
agents. All compounds are effective inhibitor of cytosolic carbonic anhydrase I and
IT isoforms (hCA I and II) enzymes. ICs, values of HMAT and its Cu(II), Co(I),
Zn(II) and Mn(II) complexes were determined as 93.35, 324.46, 25.67, 1.06 and
22.36 uM for CA I isozyme and 99.02, 86.64, 57.76, 10.34 and 36.48 pM for CA
IT isozyme, respectively. The evaluation of potential cytotoxic effects of the com-
pounds was performed against normal epithelial breast mammary gland CRL-4010,
estrogen-positive low metastatic MCF-7 and triple negative highly metastatic MDA-
MB-231 breast adenocarcinoma cell lines by MTT assay. The results showed that
the tested metal complexes have high cytotoxic effects than their ligand molecule.
In particular, the Cu(Il) complex displayed preciously high cytotoxic properties dif-
ferent from the others. Given these facts, the Cu(II) complex could be debated as
potential chemotherapeutic molecule against drug-resistant breast cancer cells. Min-
imum inhibitory concentrations of the compounds against the test organisms were
also detected for the microbiological analysis.
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Introduction

Aromatic thiosemicarbazone analogues were used in medicinal chemistry due to
their antiproliferative, antibacterial, antitumor, antifungal and antiviral activities
[1-6]. Thiosemicarbazones have antiparasitic and antibacterial effects against
many bacterial strains and this can be used in their identification [7]. As the
responsible moiety, the conjugated N-N-S system in the thiosemicarbazone scaf-
folds has been identified for the designated biological properties [8]. Especially
with this system, obtaining chelate metal complexes even more increases the bio-
logical activity [9]. Copper is a crucial nutrient required for important biological
processes [10] such as in redox reactions and required as an allosteric component
for many cellular enzymes in all organisms. For example in humans, the essen-
tial enzymes that require copper ion as a cofactor for their functions include Cu/
Zn superoxide dismutase (SOD), cytochrome c oxidase, ceruloplasmin, lysyl oxi-
dase (LOX) and tyrosinase [11]. The anticancer activity of copper complexes is
dependent on generation of highly reactive oxygen species (ROS) by ionic copper
due to its redox activation in the cytosol. By this way, free copper could cause
damage to cellular biomolecules such as lipids, proteins and nucleic acids. The
tumor cells in comparison with normal cells contain raised ROS depending on
reduced glutathione mediated antioxidant capacity. Therefore, they have become
more sensitive to pro-oxidant ionophoric copper. Accordingly, the copper com-
plexes increased intracellular copper ionophores, producing toxic levels of intra-
cellular ROS in cancer cells, but not in normal cells. The potential for copper
molecules to be used as hypoxia markers has been thoroughly evaluated in both
preclinical and clinical studies [11, 12]. Recently, it has been determined that
cancer cells showed greater copper uptake than normal cells [13]. The copper
transporter-1 is known to play a role in the cellular uptake of copper ions and
assessed as a new reporter for 64Cu PET imaging in cancer [14].

The carbonic anhydrase enzyme (CA, 4.2.1.1), which contains 7Zn* ions in its
active site and is commonly found in all organisms, catalyzes the reversible reac-
tion between CO, and H,O that yields H* and HCO;~ [15]. In mammals, there
are 17 isoenzymes of CA that are found in cytosol, membrane-bound, mitochon-
dria, extracellular space and saliva, with different catalytic activities and behav-
ior against inhibitors. Of these, CA I and II are cytosolic [16]. CAs have been
reported to participate in biological events such as respiration, acid—base and ion
homeostasis, tumorigenesis and urea formation [17]. CA I is the most abundant
protein in erythrocytes that does not contain hemoglobin and is expressed about
5-6 times more than CA II. Although it has been determined that the deficiency
does not cause any abnormality, it can be said that this is due to the presence
of CA II [18]. However, Zheng and colleagues reported that CA I expression
in breast cancer is increased, induces abnormal cell calcification, apoptosis and
migration, and may be a potential oncogene [19]. CA II remains a target for the
treatment of diseases such as glaucoma, edema, epilepsy and attitude sickness.
In addition, CA II has important roles in thyroid hormone synthesis. CAs have
become an interesting enzyme, especially after their inhibitors have been found
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to act diuretically [17, 20]. Today the carbonic anhydrases could be inhibited by
several compounds such as sulfonamides, sulfonates and sulfamides for cancer
and other metabolic disorder therapies. Generally, these chemical inhibitors target
the catalytic zinc ion in the enzyme cavity. In particular, indisulam and COU-
MATE-667 compounds are still under consideration as anticancer agents. Until
today, CA inhibitors were commonly used as diuretic and antiglaucoma agents,
but turn out that several of them showed significant antitumorigenic effects. How-
ever, most of the CA inhibitors show undesirable side effects due to the random
or the off target inhibition of CA isoforms [21]. Therefore, specific isozyme selec-
tive new compounds with fewer side effects still need to be developed.

Herein we report the synthesis and characterization of Co(II), Zn(Il) and Mn(II)
complexes of HMAT for the first time. We had synthesized the HMAT and its Cu(II)
complex in our previous work and presented their characterizations. In other part
of our study, we investigated the antimicrobial, anticancer and carbonic anhydrase
inhibition (CA I and II inhibitory) effects of HMAT and of its Cu(II), Co(Il), Zn(II)
and Mn(II) complexes. According to the results, the biological activities of the com-
pounds were evaluated.

Experimental
Chemistry

All chemicals were of analytical reagent grade. 'H, '3C NMR spectra were recorded
with a Bruker AC 400 (400 MHz) NMR spectrometer. For structural analysis of the
samples, they were measured in the range of 4000-500 cm™! using attenuated total
reflection-Fourier transformed infrared (ATR-FT-IR) spectrometer (PerkinElmer
100). UV-Vis absorption spectrum was obtained on Shimadzu UV-1800 double-
beam spectrophotometer. Thermogravimetric analysis (TGA, 25-900 °C) was per-
formed using Setaram thermal gravimetric analyzer at heating rate 10 °C/min and
nitrogen flow rate of 20 ml/min. XRD measurements were taken using Bruker axis
diffractometer (Bruker D8 ADVANCE) with Cu Ka radiation, operating at 40 kV
and 30 mA with a rate of 21 ml/min. EPR spectra of Mn(II) complex in polycrystal-
line form were investigated using JEOL JesFa300 X-band spectrometer at the 300
and 123 K temperatures, respectively. Carbonic anhydrase enzyme activity was
determined by using UV-Vis spectrophotometer—Optizen POP.

Synthesis of HMAT

HMAT was prepared according to our previous article [22]. The general procedure
is illustrated in Scheme 1.

Anal. Calcd. For C;jH;5N;0,S: C, 50.19; H, 5.48; N, 17.56%. Found: C, 49.91;
H, 3.59; N, 17.40%. "H NMR (400 MHz DMSO-d,): & (ppm): 12.62 (s, 1H, -OH),
7.1-6.92 (d, 2H, H,,), 3.59-2.38 (s, 3H, —CH;). FT-IR (cm™') v:, 3388, 3185,
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Scheme 2 Proposed structures of complexes

2359, 1646, 826, 539. '*C NMR (400 MHz, CDCl,): & (ppm): 181.1 (C,=S), 146.6
(C,=N), 154.0 (C5~0OH), 114.0-120.1 (C,,).

Synthesis of metal complexes

Cu(II) complex was prepared according to our previous article [23]. Co(II), Zn(II)
and Mn(II) complexes were synthesized for the first time in this study following
this general procedure: In an amount of 1:2 metal/ligand molar ratio, CoCl, 6H,0,
ZnCl, and Mn(NO;), 4H,0O in the minimum quantity of EtOH were added drop-
wise to the 3.0 mmol of HMAT in EtOH (60 mL) separately. After refluxing for 2 h,
the resulting solids were filtered and washed with anhydrous ether. Physical data of
HMAT and its Cu(Il), Co(II), Zn(II) and Mn(II) complexes are given in Table 1. The
proposed structures of complexes are shown in Scheme 2 considering similar struc-
tures in the related publications [24-27].
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Table 1 Physical data of HMAT

and its Cu(il), Co(Il), Zn(I) and  —omPOund Color Mp. (O Yield %

Mn(II) complexes HMAT Cream 186-188 52
Cu(Il) Dark green 187-189 47
Co(II) Brown 190-192 43
Zn(ID) Yellow 189-191 48
Mn(II) Dark red 191-193 41

Cu(ll) komplex:

Anal. Caled. For C,;H,,CICuN;0,S: C, 35.72; H, 3.30; N, 12.50%. Found: C,
35.75; H, 3.50; N, 12.78%. 'H NMR (400 MHz, DMSO-dg): 6 (ppm)): 7.29-6.90 (d,
2H, H,,), 6.59 (s, 2H, -NH,), 3.57-2.58 (s, 3H, -CHj;). FT-IR (cm™") v: 3487, 3261,
1523, 1262, 824, 526.

Co(ll) komplex:

Anal. Caled. Cy)H,,N40,S,Co: C, 45.03; H, 4.16; N, 15.75%. Found: C, 45.13; H,
421; N, 15.78%. %. "H NMR (400 MHz, DMSO-d¢: 6 (ppm): 7.29-6.75 (d, 2H,
H,,), 6.90 (s, 2H, -NH,), 3.62-2.52 (s, 3H, —-CH;). FT-IR (cm™Y v: 3522, 3099,
1537, 1217, 1031, 783, 590.

Zn(ll) komplex:

Anal. Calcd. Cy,H,,N¢O,S,Zn: C, 44.49; H, 4.11; N, 15.56%. Found: C, 45.03; H,
4.19; N, 15.68%. 'H NMR (400 MHz, DMSO-dg): 6 (ppm): 7.24 (s, 2H, -NH,),
6.93-6.84 (d, 2H, H,,), 3.78-2.35 (s, 3H, -CH;). FT-IR (cm™Y) v: 3486, 3192, 1540,
1215, 1030, 783, 585.

Mn(ll) komplex:

Anal. Calcd. C,jH,,NcO,S,Mn: C, 45.37; H, 4.19; N, 15.87%. Found: C, 45.53; H,
4.29; N, 15.98%. '"H NMR (400 MHz, DMSO-dg): ¢ (ppm): 7.63-7.29(d, 2H, H,,),
7.15 (s, 2H, -NH,), 3.73-2.34 (s, 3H, -CH;). FT-IR (ecm™ v: 3351, 3190, 1629,
1200, 1028, 783, 583.

Purification of CA |, Il and esterase activity assay

CA I and II enzymes were purified from human erythrocytes using the method
described earlier by Kuzu and co-workers [28]. Erythrocytes were obtained from
Agri State Hospital blood bank. Enzyme activity was measured spectrophotometri-
cally at 348 nm using 4-nitrophenyl acetate as substrate [29].
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Microbiological analysis

The following species of bacteria were used in the study for the microbiological
analysis: Staphylococcus aureus ATCC 25,923, S. Aureus ATCC 43,300 (Resist-
ant to methicillin), Enterococcus faecalis ATCC 29,212, Escherichia coli ATCC
25,922, Salmonella enteriditis ATCC 13,076, Pseudomonas aeuroginosa ATCC
2783, P. Aeuroginosa ATCC 2783 and Candida albicans ATCC90028 (yeast). Mini-
mum inhibitory concentrations (MICs) of HMAT and its Cu(II), Co(II), Zn(II) and
Mn(II) complexes against the test organisms were detected according to the recom-
mendations of the Clinical and Laboratory Standards Institute [30].

Cell viability assay

To evaluate the cytotoxic effects of HMAT and its Cu(II), Co(II), Zn(II) and Mn(II)
complexes on CRL-4010, MCF-7 and MDA-MB-231 cell lines, the cells were cul-
tured in complete DMEM (Dulbecco’s modified Eagle medium) (Sigma) and seeded
into 96-well plates (Costar, Corning Inc) at a density of 1 x 10* cells per well. After
overnight culturing, the cells were treated with the ligand and its complexes at a final
concentration of 0.78, 1.56, 3.12, 6.25, 12.5, 25 and 50 pM in 100 pl medium for
72 h. Control cells were treated with DMSO simultaneously. All doses of tested com-
pounds and control wells were performed in triplicate. At the end of treatment, 10 pL
thiazolyl blue tetrazolium bromide (MTT) was added to each well and incubated for
4 h. Then supernatants were discarded and DMSO was added to dissolve formazan.
The optical density values of each well were determined by spectrophotometer (Mul-
tiscan GO, Thermo Fisher Inc.) at 570 and 690 nm. The % cell viability of the sam-
ples was calculated by using the following formula: % cytotoxicity =(1—the mean
OD of experimental wells)/(the mean OD of control wells)x 100%. The ICs, values
of the ligand and its metal complexes for CRL-4010, MCF-7 and MDA-MB-231
cells were estimated separately from the data of generated dose-response curve.

Statistical analysis
The ICs, values of each compound were calculated by logarithmic mean of the per-
centage of inhibition concentrations, and 95% confidence interval (CI) values and

mean + standard errors (SEM) were determined by using the GraphPad Prism8
software.

Results and discussion
Characterizations of compounds
'"H NMR, FT-IR and TGA analyses of HMAT and its Cu(Il) complex have been

reported in our previous studies [22, 23]. Detailed characterization of the first syn-
thesized Co(Il), Zn(IT) and Mn(II) complexes is given below.
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Fig.1 '"H NMR spectra of Co(II), Zn(II) and Mn(II) complexes

In the 'H NMR spectra of Co(Il), Zn(Il) and Mn(II) complexes (Fig. 1), -OH
(12.62 ppm) and —NH signal (11.12 ppm) of HMAT (Fig. S1) [31, 32] were disap-
peared due to the coordination of the deprotonated phenolate component after the
complexation. The proton signal of the —-NH, of Co(II), Zn(II) and Mn(II) com-
plexes was appeared as a singlet at 6.90, 7.24, 7.15 ppm, respectively [33, 34]. The
protons in the aromatic ring have signals in the range of 6.75-7.63 ppm for the com-
plexes. A singlet was appeared at 3.62, 3.78, 3.73 ppm for the proton present in the
methoxy group [35], and a singlet appeared around 2.52, 2.35, 2.34 ppm was attrib-
uted to CH; proton of azomethine group [36] for Co(II), Zn(II) and Mn(II) com-
plexes, respectively.

13C NMR spectrum of HMAT is shown in Fig. S2. The signals for the carbon
atom of C=S group and C—OH were appeared at 181.1 and 154.0 ppm, respectively.
The signals at the range of 114.0-120.1 ppm can be attributed to aromatic carbons
(Car)- The obtained results are compatible with the studies [37, 38].

The FT-IR spectra of the complexes and HMAT are shown in Fig. 2a and
Fig. S3, respectively. v(O-H) and v(N-H) vibrations, which are the character-
istic peaks of thiosemicarbazone and disappeared in the complexes, have been
found at 3388 cm™' and 3185 cm™! for HMAT (Fig. S3), respectively [36].
v(-NH,) stretching frequencies have been found between 3522-3351 cm™! in all
complexes [36]. The band observed at 826 cm~! in HMAT which attributed to
v(C=S) was not seen in the spectrum of the complexes. A new group appeared
at higher energy (783 cm™') indicating coordination of sulfur atom to metal [39].
Other characteristic peak o(C=N) was observed at 1537 cm™! for Co(Il), 1540
for Zn(Il) and 1629 for Mn(II) [27]. After complexation, metal-O vibrations in
the complexes around 590 cm™! evidence the coordination through oxygen [40].
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Fig.2 FT-IR a and UV—Vis b spectra of Co(II), Zn(II) and Mn(II) complexes

In the UV-Vis spectra of HMAT (Fig. S4), the band at 305 nm was assigned
to =—mn* transitions of azomethine, while the absorption at 355 nm corresponds
to a n—m* transition of thioamide [22]. The absorption bands of the complexes
(Fig. 2b) appear at 295-298 nm owing to =—=n*, and the other one at 343-347 nm
corresponds to n—m* transitions. By comparing the frequency of HMAT and
the corresponding complexes, the electronic transitions of =—mn* are shifted to a
lower value due to the formation of the complexes and coordination of the ligand
to the metal.

TG/DSC curve of new synthesized Co(Il), Zn(II) and Mn(II) complexes is
represented in Fig. 3. The Co(II) complex is stable up to 200 °C, indicating the
absence of water. The first weight loss at 310 °C (Cald; 10.22%, Obs; 10.17%)
can be attributed disintegrated units of ligand molecules [41]. The other weight
loss due to the residue of the product can be seen in the range of 375 °C and
450 °C (Cald; 3.77%, Obs; 3.86%). The Zn(II) complex is stable up to 180 °C,
indicating the absence of water. The first weight loss at 225 °C (Cald; 10.11%,
Obs; 10.14%) can be attributed disintegrated units of ligand molecules. The other
weight loss due to the residue of the product can be seen in the range of 275 °C
and 375 °C (Cald; 50.77%, Obs; 50.86). The first stage of the TG degradation of
the Mn(II) complex was from 69-118 °C, which corresponded to the lost of lat-
tice water (Cald; 6.37%, Obs; 6.87). The other weight loss due to the residue of
the product decomposition can be seen in the range of 200 °C and 290 °C (Cald;
19.74%, Obs; 19.96%). The decomposition of the complexes to CoO, ZnO and
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Fig.3 TG/DSC curve of Co(II), Zn(II) and Mn(II) complexes
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MnO starts within the temperature ranging from 500 °C to 800 °C. As can be
seen in the DSC curve of Co(II), Zn(II) and Mn(II) complexes, a single peak
observed at 243.06 °C, 188.38 °C, 234.46 °C, respectively, indicates that com-
pounds were obtained in pure form.

EPR analysis of complexes

EPR, a nondestructive spectroscopic method, can be directly used to detect and
characterize the paramagnetic centers having unpaired electron(s) such as transition
metals [42]. Detailed EPR spectrum examination of Cu(Il) complex of HMAT was
done in our previous study [23]. The EPR spectrum of Zn(II) complex of HMAT
could not be studied since Zn(Il) is not paramagnetic. The EPR spectrum shown
in Fig. 4 recorded at 300 K has broadened isotropic EPR signal with the value
AH,,=64.13 mT. This can be interpreted as enhanced spin lattice relaxation due
to dipolar interaction and random orientation of Mn (II) ions [43]. In order to elimi-
nate unwanted effects and obtain the spectra with the highest resolution, powdered
complex was diluted in DMF and EPR spectra were recorded at 123 K. Due to the
hyperfine interaction between the unpaired electron and metal nuclear spins (*>Mn,
I1=5/2) of the complex, a hyperfine sextet was observed at the spectrum given in
Fig. 5. By considering the resonance condition g;,,=hv/gpH,, the g, value was
measured as 2.0036 which is very close to free electron spin value suggestive of the
absence of spin orbit coupling in the ground state. The average value of hyperfine
splitting for allowed transitions corresponding to Am;=0 was measured as 9.5 mT.
This value is consistent with octahedral coordination because in tetrahedral sites A;,
is 20-25% lower than octahedral sites. In addition to allowed transitions, between
each of the two main hyperfine lines a pair of low-intensity forbidden lines with an
average spacing of 2.3 mT is observed corresponding to Am;= +1 transitions [44].
This forbidden line is observed because of the mixture of the nuclear hyperfine lev-
els by the zero-field splitting factor of the Hamiltonian [45]. The measured values of
main line splitting from low to high field (8.8, 9.3, 9.5, 9.8 10.1 mT) and the doublet

P=1mwW
£=9.22 GHz

Mod Width = 0.1 mT
Sweep Width = 500 mT

Sweep Time =30 s
AHpp Time Constant = 0.03 s

Accumulation = 5

50 mT : Temperature = 300 K

|

CF:250.00 [mT]

Fig.4 Powder EPR spectrum of Mn(II) complex at 30 0 K temperature (Aprz 64.13 mT)
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a
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Fig.5 EPR spectrum of Mn(II) complex at 123 K temperature in frozen DMF solution

P =10 mW
ModWidth = 0.1 mT
g,=2.01684 Amp = 1000
f=0.203 GHz
Ac=10
T=123K

30 mT

CF: 320.00 [mT]

Fig.6 EPR spectrum of Co(II) complex in frozen DMF solution at 123 K temperature

splitting from low to high field (1.9, 2.2, 2.5, 2.4, 2.5 mT) are in good agreement
with the values given in the literature [46]. The magnetic moment was determined
as 5.93 B.M using the u=g;, [S(S + 1)]"? equation which supports the d° high-spin
Mn(II) complex [47].

EPR spectra of Co(II) complex were recorded at 123 K in frozen DMF solu-
tion using the JEOL JesFa300 X-band spectrometer (Fig. 6). An axially symmetric
spectral pattern was obtained at this temperature which supports the low-spin com-
plex with S=1/2 since for the high-spin complexes with S=3/2 very low tempera-
tures are necessary due to the short spin-lattice relaxation time [48]. The parallel
and perpendicular components of the spectroscopic splitting value were measured
as g,=2.1684 and g, =2.0535, and the order g,>g, > g, indicates the presence of
unpaired electron in dxz_y2 orbital [49].
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Fig.7 % Activity—[I] plots for HMAT and its Cu(Il), Co(II), Zn(II) and Mn(II) complexes having inhibi-
tion effect

Table 2 ICj, values of HMAT

3 c d IC5, CA T (M ICs, CA Il (uM
and its Cu(Il), Co(Il), Zn(Il) and oot s0 CAT(HM) 50 (M)
Mn(II) complexes on CA I and

| HMAT 98.35 99.02
CA 1II isoenzymes
Cu(Il) 324.46 86.64
Co(II) 25.67 57.76
Zn(II) 1.06 10.34
Mn(II) 22.36 36.48
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Carbonic anhydrase inhibition

In order to determine the effects of HMAT and its Cu(II), Co(II), Zn(II) and Mn(II)
complexes on enzymatic activity, activity measurements were taken at five differ-
ent concentrations. % Activity—[compound] graphs were drawn using the results
obtained by taking control measurement as 100% (Fig. 7). The concentration of sub-
stance causing 50% inhibition was calculated from the graph equation. Accordingly,
the Zn(IT) complex showed the strongest inhibitory effect for both CA T and CA II.
The results are summarized in Table 2.

Cytosolic CA II is the most widely spread isoenzyme and is found in almost all
tissues. The main role of CA II is to promote H* production and acid—base homeosta-
sis, pH balance and metabolic acidosis [50]. It has been reported that CA I plays an
important role in the formation of retinal and cerebral edema, and its inhibition may
be advantageous in the elimination of these conditions [51]. CA I has been shown to
be an indicator for differentiating autoimmune hemolytic anemia from other types
of anemia [52]. In addition, it has been reported that CA I and II are associated with
gastrointestinal tumors, and CA II may be a novel biomarker for gastrointestinal stro-
mal tumors [53]. It has been stated that CA enzymes are important therapeutic targets
and that both their inhibitors and activators are already used as drugs. Approximately
25 drugs have been developed that are used clinically and targeting CAs, utilized as
diuretics, antiglaucoma, anticonvulsant and anticancer [50]. Besides, CA inhibitors
have been shown to be antifungal and bacterial agents [54]. Previous studies have
identified natural and synthetic substances that have an in vivo or in vitro inhibitory
effect on CA, and have also reported that some metal ions inhibit the enzyme [51,
55-57]. Therefore, synthesis of new and potent CA inhibitors is important.

Microbiological analysis

HMAT and its Cu(Il), Co(II), Zn(II) and Mn(II) complexes have bacteriostatic activ-
ity on tested organism at different degrees (Table 3). Although antibacterial activity

Table 3 MIC values of HMAT and its Cu(II), Co(II), Zn(II) and Mn(II) complexes

Test organisms MIC (mg/ml)
HMAT Cu(l) Co(l) Zn(Il) Mn(II)
C. Albicans ATCC90028 Yeast 0.31 0.31 125 031 031
S. Enteriditis ATCC 13,076 Gram-negative 1.25 1.25 1.25 1.25 1.25
P. Aeuroginosa ATCC 2783 1.25 0.625 1.25 1.25  1.25
Klebsiella pneumoniae ATCC 70,060 1.25 125 125 125 125
E. Coli ATCC 25,922 2.5 2.5 125 25 1.25
E. Faecalis ATCC 29,212 Gram-positive  1.25 0.31 1.25 1.25 0.31
S. Aureus ATCC 25,923 2.5 2.5 125 25 2.5
S. Aureus ATCC 43,300 (Resistant to 2.5 2.5 2.5 2.5 2.5
methicillin)

@ Springer



Cytotoxic effects, microbiological analysis and inhibitory. ..

of HMAT on C. Albicans and gram-positive bacteria was not observed, Zn(II) and
Cu(Il) complexes have antibacterial effect on these microorganisms. The inhibi-
tory effects of the Mn(II) and Co(II) complexes on C. Albicans are particularly
noteworthy.

In previous studies [58-61], the in vitro antibacterial activity of the different
thiosemicarbazone complexes was shown against gram-positive and gram-negative
bacteria and also fungi in different concentrations. Noruzi et al. (2020) [62] were
detected a considerable antibacterial activity against gram-positive and gram-neg-
ative bacteria in particular MIC=31.25 pg/mL concentration of thiosemicarbazone
complexes. Similar to our study, they reported the fungal strains were resistant
against complexes except for cobalt complex.

Evaluation of anticancer activity on breast cancer cell lines

The cytotoxic properties of HMAT and its Cu(Il), Co(Il), Zn(Il) and Mn(II) com-
plexes against normal breast epithelium CRL-4010, low metastatic MCF-7 and
highly metastatic MDA-MB-231 cells were assessed by MTT assay (Fig. 8). By
all accounts, the ICy, values and their 95% confidence intervals (CI) of each com-
pound were calculated by GraphPad Prism8 software (Table 4). According to the
results, metal complexes have higher toxic properties than their ligand. Also, the
tested compounds were found to have weaker cytotoxic effects on normal cells than
on MCF-7 and MDA-MB-231 breast cancer cells. Among these metal complexes,
the Cu(Il) complex was found as the highest cytotoxic compound. In detail, the ICs,
value of HMAT on normal cells was 234.5 pM, while the ICs, value on cancer cells
was 210.2 uyM on MCF-7 and 110.7 uM on MDA-MB-231 cells. The ICs, values
of Co(Il), Zn(II) and Mn(Il) complexes were ranged at 115.3-228 pM on normal
cells, 46.77-103.4 uM on MCEF-7 cells and 36.92-71.82 uM on MDA-MB-231 cells.
Remarkably, the ICs, values of Co(II) complex were ranging from 0.8 to 2.6 uM
at the tested cell lines. By last result, the Cu(Il) complex was determined to have
30-120 times higher cytotoxic properties than the other compounds. For benchmark-
ing of these effects, the chemosensitivity (ICs, values) of the first and widely used
metal (platinum)-containing drug, cisplatin (cis-diammineplatinum(II) dichloride), is
known to be 97.86 pM for MCF-7 and 36.20 uM for MDA-MB-231 cell line. In this
direction, it could be generalize that the tested Cu(Il) complex was highly cytotoxic
113-fold to MCF-7 and 30-fold to MDA-MB-231 cells than cisplatin. In addition, the

CRL40/10 Cell Line 120 MCF-7 Cell Line MDA-MB-231 Cell Line
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Fig. 8 Cytotoxic properties of HMAT and its Cu(II), Co(Il), Zn(II) and Mn(II) complexes against normal
breast epithelium CRL-4010, low metastatic MCF-7 and highly metastatic MDA-MB-231 cells
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another prominent complex that we regard as significant was Zn(II) complex, due to
exert similar cytotoxic properties to cisplatin. In brief, it could be said that the our
synthesized metal complexes have at least as much cytotoxic effects as cisplatin.

Currently, the screening for effective chemotherapeutic agents for the treatment
of drug-resistant tumor cells is ongoing. In addition, the search for novel adjuvant
molecules that will increase the effect of existing drugs continues rapidly. For this
purpose, in this study we investigated the possible anticancer effects of HMAT and
its new metal complexes. In light with our findings, the metal complexes were more
cytotoxic than their ligand and had a higher cytotoxic effects against MCF-7 and
MDA-MB-231 breast cancer cell lines compared to normal breast epithelial cells.
With this aspect, our findings were clearly remarkable. A notable consequence was
that the Cu(Il) complex had an extremely high anticancer activity than the other
metal complexes. Copper is an essential nutrient which is important in several bio-
chemical processes and by this regard required by all living organisms. Copper is a
transition metal that could transform from the oxidized form (Cu?*) to the reduced
form (Cu*) of copper. Due to this redox activity in cytosol, copper is an essential
cofactor for many enzymatic processes and pathways. Also it could be considered
potentially toxic to the cells when it is in excess amount. This high redox activity of
copper could elevate reactive oxygen species (ROS) in the cytosol. When there is an
imbalance between the number of ROS formed and the neutralization of these by
antioxidant defenses, there is evidence that the toxicity of copper causes oxidative
stress. By this way, the intracellular oxidative stress could cause cellular damage
through the effects of ROS attack on macromolecules such as sugars, DNA, proteins
and lipids [63]. Due to these biological properties of the copper ion, it could be
extrapolated that why we find out higher cytotoxic properties in the copper complex.
Moreover, remarkably the Zn(I) complex showed approximately 2.8-fold higher
cytotoxic effects on MDA-MB-231 cells compared to MCF-7 cells and approxi-
mately 3.1-fold higher than normal breast epithelium cells.

Conclusion

The synthesis of thiosemicarbazone ligand containing 2-hydroxy-5-methoxyaceto-
phenone (HMAT) and its Cu(Il) complex has been included in our previous studies,
while Co(II), Zn(IT) and Mn(II) complexes were synthesized for the first time. In this
study, inhibition effects of synthesized thiosemicarbazone and its metal complexes
on CA I and II enzymes which are therapeutic target in the treatment of some dis-
eases were revealed. According to our results, we found that the Zn(Il) complex had
higher inhibitory effect against CA I and II enzymes among other metal complexes.
In this regard, it is thought that these synthesized substances may be promising for
the discovery of new and more potent CA inhibitors.

Copper complexes are promising new more effective drugs for the treatment of
patients with aggressive cancer and to overcome cisplatin resistance. Metallothera-
peutic drugs, such as cisplatin, cause undesirable side effects and resistance to cis-
platin hampered clinical use of these metallotherapeutic agents. Therefore, the stud-
ies are still continuing to discover new metallotherapeutic drugs such as copper
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complexes with strong anticancer activity for drug-resistant cancer treatment [64].
Considering cytotoxic properties of the compounds, in particular, the Cu(Il) com-
plex displayed preciously strong cytotoxic. Given these facts, the Cu(Il) and Zn(II)
complexes could be debated as potential chemotherapeutic molecule against drug-
resistant breast cancer cells. Microbiological findings indicate that synthesized prod-
ucts may become useful for the development of new antibacterial agents.
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