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Summary

In vitro cytotoxicity and xanthine oxidase inhibition capabilities were investigated for five palladium (II) chelate complexes. The
palladium complexes were synthesized by starting from S-alkyl-thiosemicarbazones where the alkyl component is methyl, ethyl,
propyl or butyl. The solid complexes are characterized by elemental analysis and spectroscopic techniques (UV-visible, IR and
1H NMR). In order to be able to verify the N2O2-type thiosemicarbazidato ligand (L2—) structure in the square planar geometry,
complex 1 has been studied as a representative by using single crystal X-ray crystallography. The in vitro cytotoxic activity
measurements were carried out in HepG2 and Hep3B hepatocellular carcinomas, HCT116 colorectal carcinoma, and 3 T3 mouse
fibroblast cell lines. The palladium complexes exhibited notable cytotoxic activities in all cell lines at lower M concentrations
compared to the standard chemicals, cisplatin and allopurinol. ICs, values were determined between 0.42+0.01 and 12.01 +
0.37 pg/ml in examining the antixanthine oxidase abilities of the complexes. Two complexes with S-methyl group exhibited a
high inhibition activity on the xanthine oxidase. The results indicated that these complexes could be used as active pharmaceu-
tical ingredients.
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Introduction

Synthesis and characterization of palladium complexes are
subject of current interest due to their biological activities
beside their interesting structural features such as catalytic
[1-3] and optical sensing [4]. Complexes of ON, ONS, and
ONN-chelating Schiff bases and especially thiosemicarbazone
ligands have been extensively used in examining the biological
properties of palladium compounds. Prominent biological prop-
erties of compounds of these classes are antimicrobial [5, 6],
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antitumor [7, 8], and antiviral [9] activities, beside cytotoxicity
on detrimental cells of mammalian [10-12] and abilities of
DNA binding [13, 14].

In last decade, enzyme inhibition has been added among
these investigated properties of palladium complexes with bi-
and tri-dentate ligands [15—18]. Possible correlation between
enzyme activity and diseases is an important reason for in-
creasing interest in inhibition researches. For example, some
studies have shown that the effect of the Triapine (3-
aminopyridine-2-carboxaldehyde-thiosemicarbazone) is me-
diated by the inhibition of ribonuclease reductase enzyme
and by the disruption of DNA synthesis [19, 20]. The relation-
ship between enzyme inhibition and other therapeutic effects
are not always meaningful, but in order to reveal potential
biological effects of a new molecule, the biological activities
such as antitumor and antiviral are frequently published with
interaction results between test molecules and enzymes.

Xanthine oxidase (XO) is an enzyme with versatile func-
tions. The elevated levels of xanthine oxidoreductase (XOR)
(XOR =xanthine dehydrogenase + xanthine oxidase) were
observed in the plasma of patients with different types of
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cancer [21]. An increased XO activity was also reported in
human laryngeal well- differentiated squamous cell carcino-
mas [22]. Similarly, XOR level was found to be relatively high
in some breast cancer cell lines, and therefore a potential role
of XO was suggested for suppressing breast cancer pathogen-
esis [23]. Furthermore, XO can form oxidative agents such as
hydrogen peroxide (H202) and superoxide (O2 *—) by reduc-
ing oxygen molecule (O2). It is vitally important to check the
XO level to prevent possible damages arising from these re-
active chemical species. In this regard, it is expected to find a
XO- inhibitor for designated treatment, for example for cancer
diseases, instead of chemicals with many side effects like al-
lopurinol [24, 25].

In recent years several uniformity observed between plati-
num (II) and palladium (II) complexes were thought to be an
anti-cancer agent candidate [26, 27]. However, palladium (II)
complexes are 105-fold faster than platinum (II) complexes
and have better solubility. Therefore, in recent years investi-
gators have focused on synthesizing new palladium com-
plexes for treatment of several cancer types.

As mentioned above, many palladium complexes have
been investigated in a number of studies in the context of
cytotoxicity against non-normal mammalian cells and for
some additional biological effects. However, palladium com-
plexes with N202-type Schiff ligand based on
thiosemicarbazide have not been investigated yet with enzyme
inhibition and cytotoxicity properties together. We present
synthesis and characterization of five palladium (II) chelate
complexes with tetra dentate thiosemicarbazidato ligands
(Fig. 1). To explicate the usefulness of the complexes as med-
icine, their xanthine oxidase (XO) inhibition capabilities were
determined, and these complexes were applied on HepG2 and
Hep3B human hepatocarcinoma cells, HCT116 human colon
cancer. Mouse fibroblast cells (3 T3) were used to recognize
the effect of these test samples on healthy cells.
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Fig. 1 The palladium (II) complexes. R, RL: CH;, CH; (1); CH;, C,Hs
(2); CH3, C3H; (3); CH3, C4Ho (4); C¢Hs, CH; (5)

d
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Material and methods
Apparatus, method

Analytical data were obtained with a Thermo Finnigan Flash
EA 1112 analyzer. Infrared spectra of the compounds were
measured using an ATR unit in 4000-600 cm ™' range by
using an Agilent Carry 630 FTIR-ATR spectrophotometer.
UV-visible spectra were obtained an UV-2600 (Shimadzu)
UV/visible spectrophotometer. 1H- NMR was recorded
Varian UNITY INOVA 500 MHz NMR spectrometer.

For X-ray analysis, a dark orange-cube-like crystal, ap-
proximate dimensions 0.200 mm x 0.200 mm x 0.200 mm,
was used for the X-ray crystallographic analysis. The X-ray
intensity data were measured on a Bruker D8 VENTURE
system equipped with a multilayer monochromator and a
Mo K« Sealed Tube (A=0.71073 A). Data were corrected
for absorption effects using the multi-scan method
(SADABS) [28]. The ratio of minimum to maximum apparent
transmission was 0.797. The structure was solved and refined
using the Bruker SHELXTL Software Package [29, 30].

Synthesis of starting materials

The S-alkyl-thiosemicarbazones were prepared according to
literature [31]. Melting point (°C), yields (%), elemental anal-
ysis, IR (cm "), UV-Vis (CDCI3) and 1H-NMR (500 MHz,
ppm) data of the thiosemicarbazones are given below by in-
dicating S-alkyl group and acetyl acetone (acac) moiety.

S-methyl, acac: 169. 70. Anal. Calc. for C;H;3N50S
(187.26 g/mol): C, 44.90; H, 7.00; N, 22.44; S, 17.12.
Found: C, 44.76; H, 6.88; N, 22.19; S, 16.70%. UV-Vis:
240 (4.4), 255 (4.4), 358 (3.8). IR: v,((NH,) 3327,
v{(NH,) 3341, v(OH) 3260, 5(NH,), v(C=N"), v(N* =
C) 1637-1539, v(C-S) 738. '"H NMR: 9.39, 8.95 (cis/
trans ratio:1/3, s, 2H, NH>), 7.70 (s, 1H, OH), 3.73 (s,
1H, CH-), 2.59 (s, 3H, S-CH3), 2.08 (s, 3H, C-CHj3), 1.73
(s, 3H, C-CH;).

S-ethyl, acac: 145. 55. Anal. Calc. for CgH;5sN3;0S
(201,28 g/mol): C, 47.74; H, 7.51; N, 20.88; S, 15.93.
Found: C, 47.61; H, 7.34; N 20.55; S 15.69%. UV-vis:
215 (4.58), 256 (5.04), 351 (3.6). IR: v,((NH,) 3171,
v{(NH,) 3093, v(OH) 3242, 5(NH,), v(C=N"), v(N* =
C): 1638-1557, v(C-S) 782. '"H NMR: 9.39, 8.83 (cis/
trans ratio:2/1, s, 2H, NH,), 7.78, 7.54 (cis/trans ratio:1,
s, 1H, OH), 3.28 (m, 2H, S-CH>-), 3.17 (s, 1H, CH-), 2.08
(s, 3H, C-CH3), 1.76 (s, 3H, C-CHj3), 1.29 (t, 3H, -C-
CH;).

S-propyl, acac: 139. 60. Anal. Calc. for CoH;;N50S
(215,31 g/mol): C, 50.20; H, 7.96; N, 19.52; S, 14.89.
Found: C, 49.94; H, 7.74; N 19.37; S, 14.65%. UV-vis:
216 (4.45), 256 (4.89), 298 (2.6). IR: v,((NH,) 3153,
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v{(NH,) 3101, v(OH) 3246, 5(NH,), v(C=N"), v(N* =
C): 1638-1550, v(C-S) 767. 'H NMR: 9.39, 8.83 (cis/
trans ratio:2/1, s, 2H, NH.), 7.78, 7.54 (cis/trans ratio:1,
s, 1H, OH), 3.28 (m, 2H, S-CH>-), 3.12 (s, 1H, CH-), 2.07
(s, 3H, C-CH3), 1.7 (s, 3H, C-CH3), 1.61 (m, 3H, -C-
CH;3), 0.97 (m, 2H, C-CH,).

S-butyl, acac: 130. 45. Anal. Calc. for C;oH;oN;0S
(229,34 g/mol): C, 52.37; H, 8.35; N, 18.32; S, 13.98.
Found: C, 51.88; H, 8.18; N, 18.18; S 13.69%. UV-vis:
215 (4.57), 256 (5.07), 303 (2.47). IR: v,«(NH,) 3178,
v¢(NH,) 3083, v(OH) 3240, 5(NH,), v(C=N"), v(N* =
C): 1638-1558, v(C-S) 733. 'H NMR: 9.39, 8.82 (cis/
trans ratio:2/1, s, 2H, NH.), 7.77, 7.54 (cis/trans ratio:1,
s, 1H, OH), 3.27 (m, 2H, S-CH>-), 3.08 (s, 1H, CH-), 2.1
(s, 3H, C-CHj3), 1.77 (s, 3H, C-CH3), 1.59 (m, 2H, C-
CH,), 1.4 (m, 2H, C-CH.,), 0.9 (m, 3H, C-CHj;).
S-methyl, benzoyl-acac: 94. 60. Anal. Calc. for
C1,H5N50S (249,33 g/mol): C, 57.81; H, 6.06; N,
16.85; S, 12.85. Found: C, 57.75; H, 6.00; N, 16.74; S,
12.67. UV-vis: 247 (4.89), 321 (4.52), 386 (5.03). IR:
v,s(NH») 3301, v{(NH,) 3196, v(OH) 3421, 6(NH,),
v(C=N"), v(N? =C) 1685-1543. '"H NMR: 7.96-6.65
(m, 5H, aromatic), 6.60, 6.51 (cis/trans ratio:1/3, s, 2H,
NH,), 6.45 (s, 1H, OH), 5.8 (s, 1H, CH-), 2.44 (s, 3H, S-
CH;), 2.29 (s, 3H, C-CHj;).

Synthesis of palladium(ll) complexes

The palladium(Il) complexes (1-5) were prepared by mixing
the starting materials in ethanol with a freshly prepared
Li2[PdCI4] in equimolar amounts (I mmol). The reaction
mixture was stirred for 2 h at 50 °C. After addition of
triethylamine (0.1 mmol) precipitated solids were filtered
off, washed with ethanol and dried.

The m.p. (°C), yields (%), elemental analysis, characteristic
UV-vis [Amax (log ¢), nm (dm® cm ' M ")], and characteris-
tic IR (cm ') bands, and 1H NMR (CDCI3, ppm) data of 1-5
are given below.

1: 230. 25. Anal. Calc. for C4H,sN30,SPd (395,77 g/
mol): C, 42.49; H, 3.82; N, 10.62; S, 8.10. Found: C,
42.25;H, 3.78; N, 10.48; S, 7.92%. UV-Vis: 240 (5.14),
328 (5.09), 474 (4.9), 519 (4.6). IR: v(C=N") 1606,
v(N? =C) 1572, v(N* =C) 1560, v(C-0O) 1141,1116,
v(C-S) 755. '"H NMR: 8.16 (s, 1H, N=CH), 7.50 (m,
2H, ¢,d), 7.35 (d, J= 8.79,1H, a), 6.76 (t, J=6.35, J=
15.62, 1H, b), 5.24 (s, 1H, =CH), 2.78 (s, 3H, S-CH3),
2.42 (s, 3H, C-CHj3), 2.26 (s, 3H, C-CHj3).

2: 216. 25. Anal. Calc. for C;sH;7N30,SPd (409.8 g/
mol): C, 43.96; H, 4.18; N, 10.25; S, 7.82. Found: C,
43.87; H, 4.04; N, 10.02; S, 7.56%. UV-Vis: 240 (5.01),
328 (4.95), 474 (4.74), 522 (4.46). IR: v(C=N") 1607,

v(N? =C) 1574, v(N* =C) 1558, v(C-0) 1137,1114,
v(C-S) 762. '"H NMR: 8.23 (s, 1H, N=CH), 7.51 (m,
2H, ¢,d), 7.38 (d, J= 8.78,1H, a), 6.75 (t, J=6.34, J=
15.61, 1H, b), 5.26 (s, 1H, =CH), 3.29 (m, 2H, S-CH.),
243 (s, 3H, C-CHj), 2.3 (s, 3H, C-CHj), 1.46 (t, J= 15,
3H, C-CHj).

3: 170. 22. Anal. Calc. for C¢H;9N;0,SPd (423.82 ¢/
mol): C, 45.34; H, 4.52; N, 9.91; S, 7.57. Found: C,
45.23; H, 437; N, 9.78; S, 7.46%. UV-Vis: 240 (5.07),
328 (5.01), 475 (4.8), 522 (4.46). IR: v(C=N") 1606,
v(N? =C) 1576, v(N* =C) 1561, v(C-0O) 1140,1115,
v(C-S) 759. '"H NMR: 8.23 (s, 1H, N=CH), 7.50 (m,
2H, ¢,d), 736 (d, J= 9.27,1H, a), 6.74 (t, J=6.34, J=
15.61, 1H, b), 5.24 (s, 1H, =CH), 3.26 (t, J= 6.84,
J=14.16, 2H, S-CH,), 2.41 (s, 3H, C-CH3), 2.3 (s, 3H,
C-CHj3), 1.85 (m, 2H, C-CH,), 1.09 (t, J= 7.32,
J=18.06, 3H, C-CHj).

4: 151. 20. Anal. Calc. for C,;H,;N30,SPd (437.85 g/
mol): C, 46.63; H, 4.83; N, 9.60; S, 7.32. Found: C,
46.55; H, 4.65; N, 9.48; S, 7.16%. UV-Vis: 240 (5.08),
329 (5.03), 474 (4.83), 520 (4.52). IR: v(C=N") 1607,
v(N? =C) 1575, v(N* =C) 1558, v(C-0) 1142,1117,
v(C-S) 760.'"H NMR: 8.23 (s, 1H, N=CH), 7.50 (m,
2H, ¢,d), 7.35 (d, J= 9.27,1H, a), 6.75 (t, J=6.34, J=
15.62, 1H, b), 5.22 (s, 1H, =CH), 3.27 (t, J= 6.84,
J= 14.16, 2H, S-CH,), 2.41 (s, 3H, C-CHj), 2.27 (s,
3H, C-CHj), 1.83 (m, 2H, C-CH,), 1.12 (m, 5H, CH,-
CH;).

5: 180. 28. Anal. Cale. for CioH,;N50,SPd (457.84 g/
mol): C, 49.84; H, 3.74; N, 9.18; S, 7.00. Found: C,
49.75: H, 3.59; N, 9.01; S, 6.71%. UV-Vis: 241 (5.21),
292 (5.02), 331 (4.94), 490 (4.45), 528 (4.24). IR:
v(C=N") 1607, v(N* =C) 1579, v(N* = C) 1566, v(C-
0) 1139,1120, v(C-S) 744. "HNMR: 8.1 (s, 1H, N=CH),
7.91 (m, 2H, e,), 7.4 (m, 2H, ¢,d), 7.32 (m, 3H,
fgh), 727 (d, J= 8.79,1H, a), 6.76 (t, J=8.3, J=16.11,
1H, b), 5.82 (s, 1H, =CH), 2.73 (s, 3H, S-CH};), 2.46 (s,
3H, C-CH;).

Cytotoxicity assay

The MTT is a colorimetric assay based on the ability of living
cells the reducing 3-[4,5-dimethylthiazol-2-y1]-2,5 diphenyl
tetrazolium bromide to formazan. The Mossman’s method,
that is a version of MTT, modified by our laboratory, was used
to determine the cytotoxic effects [32]. Stock solutions of
these compounds were set at 5 mg/ml in (Dimethyl sulfoxide)
DMSO. Each of the compounds were arranged in different
concentrations (10 ug/ml, 7 ug/ml, 5 pg/ml and 3.5 pg/ml)
for assessment of inhibitory concentration 50 (ICsq = the con-
centration of the compound that inhibited 50% cells) value.
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After then, 10 pnl was added to 96 well plates each one as
triplicate.

HepG2, Hep3B, HCT116 and 3 T3 cells were plated in 96
multi-well culture plates as 10%cells/well and incubated at
37 °Cin 5% CO2 atmosphere for 72 h, respectively. 3 T3 cells
were used as healthy control cells. Cisplatin and allopurinol
(chemotherapy drugs) were used as negative control. MTT
was added to wells as 10 pl after the incubation time and
incubation continued for 3 h at 37 °C. At the end of the incu-
bation, cells were lysed by addition of 100 ul of DMSO. The
optical density (OD) of formazan was measured with 560 nm
test wavelength and a 620 nm reference wavelength by ELISA
multi-well spectrophotometer (Diagnostics Pasteur LP 400).
The absorbance of negative control was subtracted from all
Palladium added group results. Cytotoxicity index (CI) was
calculated with the following formula compared to control:

%CI (Cytotoxicity index)
= 1-OD treated wells/OD control wells x 100.

Also, IC5o was calculated from dose- response curves. These
experiments were repeated at least 3 times independently.

Xanthine oxidase inhibitory activity

XO inhibitory activity was determined spectrophotometrically
via using xanthine as the substrate [33]. The assay mixture,
consisted of samples, phosphate buffer (pH:7.5) and xanthine
oxidase enzyme solution (0,1 U/mL in phosphate buffer,
pH:7.5) which were prepared immediately before use. After
preincubation at 25 °C for 15 min, the reaction was initiated
by substrate solution. The assay mixture was incubated for
30 min. Then, the reaction was stopped by HCI. Absorbance
value was measured at 290 nm using UV spectrophotometer.
XO inhibitory activity was expressed as the percentage of
inhibition of XO in the above assay system calculated as:

Inhibition (%) = (1-[B/A]) x 100

Where A represents the activity of the enzyme without sample
and B the activity of XO in the presence of the sample.
Allopurinol was used as the positive control. For XO enzyme
inhibition, the results are given as half maximal inhibitory
concentration (ICsg) values, calculated from the regression
equations prepared from the concentrations of samples.
Inhibition types for the palladium complexes were calculated
by Lineweaver Burk curves for XO enzyme [34].
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Results
Synthesis and structural characterization

The S-alkyl thiosemicarbazones were condensed with
salicylaldehyde by template effect of the palladium(Il) ion.
The complexes, 1-5, in the expected compositions were com-
prised of the reactions in ethanol (Fig. 1). The complexes are
soluble in alcohol and chlorinated hydrocarbons.

The electronic absorption bands of the thiosemicarbazones
were recorded in 10> M chloroform solution. In the spectra,
the expected m— m* and n— 7* bands of the
thiosemicarbazone molecules are at 240, 292 and in the range
0f 328-331 nm. The electronic spectra of the complexes, 1-5,
at 10°° M concentration included a quite broad band having
the peak at 474490 nm and a shoulder at 519-528 nm in
addition to the band originating from the reactant
thiosemicarbazone. The spectra do not clearly show the com-
mon bands of a square plane geometry. However, the peak and
shoulder values are in the wavelengths which can be attributed
to the 1Alg — 1A2g and 1Alg — 1Eg transitions of D4h
symmetry.

The S-alkyl thiosemicarbazones can be defined by observ-
ing the infrared spectrum bands attributable to imine and
thioamide groups, vas(NH2), vs(NH2), 6(NH2), v(C=N1),
and v(N2 = C). In the region of 1685-1539 cmfl, the bands
arising from the imine and thioamide groups were fundamen-
tally altered after complex formation, and vibrations of OH
and NH2 groups between 3421 and 3093 cm — 1disappered
because of deprotonation of phenolic hydroxyl and condensa-
tion of NH2 group on thioamide. The formation of the
palladium(Il) complexes can also be checked by 1H NMR
spectra. Proton signals of phenolic OH and NH2 haven’t been
observed like in the infrared spectrum.

A singlet signal equivalent to one proton indicated the for-
mation of new imine group (N4 = CH) and therefore comple-
tion of the template reaction. IH NMR spectra of 1-5 showed
expected chemical shifts for the phenyl, acetyl and S-alkyl
protons.

X-ray crystallographic analysis of complex 1 was per-
formed to prove the dibasic thiosemicarbazidato ligand struc-
ture and square planar complex geometry. For X-ray analysis,
a dark orange-cube- like crystal, approximate dimensions
0.200 mmx 0.200 mm x 0.200 mm, was chosen and data
was collected using the multi-scan method (SADABS) [28].
The ratio of minimum to maximum apparent transmission was
0.797. The structure was solved and refined using the Bruker
SHELXTL Software Package [29, 30]. ORTEP diagram of
complex 1 is shown in Fig. 2. Refinement data and coordina-
tion bond lengths and angles are given in Tables 1 and 2.
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Fig. 2 ORTEP diagram of
complex 1 excluding hydrogens

In the complex structure, palladium(Il) ion is coordinated
by two oxygen atoms and two nitrogen atoms of the
thiosemicarbazidato ligand with the donor set consisting of
the O1, N1, N2, and O2 atoms. This N202 chelating ligand
forms by template reaction to form a square plane geometry
around the metal center. The chelate complex includes one
five-membered and two six-membered chelate rings. The cen-
tral atom has a distorted square-planar environment according
to cis and trans angles of the coordination bonds (Table 2).
O1-Pd-N3 and O2-Pd-N1 angles with the values approximate-
ly 175° indicate palladium atom slightly above square base.
While the bond lengths of the palladium center with O1, POI,
and N1 are in very close values, Pd-N3 bond is longer

(ca.0.3 A).
Cytotoxicity results

The in vitro cytotoxic activity measurements were carried out
using HepG2 and Hep3B hepatocellular carcinomas and
HCT116 colorectal carcinoma cell lines. The cytotoxic activ-
ity of each of test chemicals, complexes 1-5, were found
different in every cancer cell line. The ICs( values for all cell
lines are 3—7 fold lower compared with cisplatin and allopu-
rinol. Besides, the repeated measurements revealed that the
test chemicals had a relatively higher cytotoxic effect on
Hep3B cells than HepG2 cells (Table 3).

In experiments, cells of HepG2, that are proliferated in
colonies, were observed. Especially increase in granulation
and round shaped cells, loss of typical cell morphology with
the collapse of cell colonies were seen in HepG2 cells treated
with complexes 1-5. A remarkable decrease in the number in
Hep3B cells, spread out on the surface, was observed after
treatment with the palladium (II) complexes,. It was noted that
the cells were overgrown and palladium residues are predom-
inant in overgrown cells, which seem like small islets in treat-
ment with high dose of the test chemicals (Fig. 3).

The HCT116 group of cells were spread over the surface.
In contrast to the increase in volume and fusiform shape of
some of the HCT116 cells in which the palladium(Il) com-
plexes were applied, some cells showed shrinkage and round-
ed shape. It is notable that the numbers of cells and connec-
tions between cells have decreased. Mouse fibroblast cells,
3 T3 cells were not only overgrown, also they diffused in more
than one layer. So it was not possible to properly focus on one
of the surfaces, and clear photos could not be captured. The
palladium accumulation in 3 T3 fibroblast cells was very low,
and the number of living cells decreased in comparison with
the control group (Fig. 4).

After 72 h treatment of palladium(II) complexes, cell via-
bility was determined with MTT. According to the results
Hep3B and HCT116 cells were affected more than HepG2
and 3 T3 cells were. Complexes 1, 2 and 4 are determined
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Table 1 Summary of crystal and
refinement data for 1

1

Empirical formula
Crystal colour, habit
Crystal size (mm)
Formula weight
Temperature (K)
Wavelength (A)
Crystal system

Space group

Cell dimensions (A, °©)

Cell volume (A?)

Cell Formula units (Z)
Density (calculated)
Absorption coefficient(mm ")
Fooo

h, k, 1 ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness of fit indicator
Final R indices

Largest diff. peak and hole

C14HsN3O,PdS

dark orange cube

0.200 % 0.200 x 0.200
395.75

304(0) K

0.71073

monoclinic

P12l

a=9.246(4)
b=12.555(6)
c=13.081(6)

=90

3=95.957(16)

v=90

1510.3(12)

4

1.741

1.374

792

—13<=h<=10
-17<=k<=17
-18<=1<=18

17,567

4036 [R(int) = 0.0315]
4036/0/193

1.160

3416 data; I>20(I) R1 =0.0384, wR2=0.1073
All data R1=0.0497, wR2=0.1228
00.759 and — 1.026 A

more effective on cell survival at Hep3B and HCT116 cells.
Cell viability of 3 T3 cells are found to be higher than 70%,
partially similar to HepG2 in all experimental groups (Fig. 5).

Enzyme inhibition results

The xanthine oxidase inhibition values of complexes 1-5 are
given in Table 4. All samples exhibited an increase anti-

Table 2 Selected bond lengths (A) and angles (°) for 1

Bond Distance Bond Angle

Pd-O1 1.989(3) O1-Pd-N1 94.55(14)

Pd-02 1.989(3) 0O1-Pd-N3 175.66(15)

Pd-N1 1.989(3) 02-Pd-O1 89.66(14)

Pd-N3 1.926(4) 02-Pd-N3 94.58(15)
02-Pd-N1 175.79(14)
N1-Pd-N3 81.21(15)
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xanthine oxidase activity in a dose dependent manner. The
inhibition mechanisms of the palladium complexes were
uncompetitive.

Table 3  The effect of palladium complexes on different cancer cell
lines
Compounds 1Cs values in pg/ml

HEP3B HEPG2 HCTI116 313"
1 4.02 7.46 3.01 7,09
2 3.61 6.73 5.56 6.18
3 4.36 6.29 2.73 5.86
4 3.55 6.34 277 5.92
5 3.62 6.98 492 6.20
Cisplatin 22.05 18.34 21.25 11.98
Allopurinol 17.44 13.04 8.64 11.33

Proliferation was evaluated by MTT. ICs, values were taken after 72 h
*Healthy cell line
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Fig. 3 Treatment of palladium(Il)
complexes low to high
concentrations on HepG2 and

Hep3B hepatoblastoma cell lines Control
are seen. Magnification: X100 -

B
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The highest anti xanthine oxidase activity was found for  values, 4.09 and 3.87 pug/ml, representing an average XO
complexes 1 and 5, which have the ICs, values, as 0.42 and  inhibition efficiency. Complex 4 has a relatively low inhibi-
0.66 pg/ml, respectively. Complexes 2 and 3 gave the IC5y  tion capacity with 12.01 pg/ml compared to the others.
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Fig. 4 Demonstration of
palladium (II) complexes between
HCT116 colon cancer and 3 T3
fibroblast cells according to lower
to higher concentrations.
Magnification: X100
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Fig. 5 Cell viability of all colon 120
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were quantified by trypan blue 100
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Discussion

Recently, the use of inorganic substances with antitumor ef-
fects in cancer therapy has been of interest [35].
Thiosemicarbazones among them have an effective therapeu-
tic activity against bacterial and viral infections, tuberculosis,
leprosy and cancer. Biological activities have also been ob-
served to vary depending on the aldehyde or ketone group
they have [36]. Biological activity in such systems generated
by changes in the metal atom itself, by displacement reactions
involving more unstable extra planar ligands, or with substit-
uents attached to the ring system [37]. At the same time, re-
search shows that the biological activities of ligands are in-
creased by complexity of metal formation [38]. The cytotoxic
effects of thiosemicarbazones like iron, zinc, copper, nickel,
palladium, platinum, ruthenium, and other metals were ob-
served on standard tumor cell lines of in various studies The
mechanisms behind these are still being investigated and un-
clear, but there is a therapeutic benefit of this selective effect
on normal and cancer cells [39, 40].

From this point of view, five of new palladium (II) com-
plexes with N202-type thiosemicarbazidato ligand were syn-
thesized and characterized. The cytotoxicity and xanthine ox-
idase (XO) inhibition features of the complexes were exam-
ined in order to understand their influences on vital continuum
and to determine their possible use as medicine.

Our findings showed that palladium (II) complexes appar-
ently caused cell death, as in all other studies. The cytotoxicity
tests of complexes 1-5 exhibited lower IC50 values for hep-
atoma cancer cells compared with cisplatin and allopurinol
that are used as chemotherapy drugs. The higher cytotoxicity
on Hep3B cells than HepG2 cells are extremely important
when considering the differences between the two cell lines.
Because, HepG2 is hepatitis B virus negative, wild-type p53
and nontumorigenic, but Hep3B is hepatitis B virus positive,
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p53 deficient and tumorigenic. [41-43]. The effectiveness of
complexes 1-5 at low doses on tumorigenic cells and at rela-
tive high doses on non-tumorigenic cells (HepG2) may be
indicative of therapeutic significance of these chemicals due
to the low possibility of affecting normal cells (3 T3). These
selective and protective effects are significant in cancer treat-
ment. Since it is known that palladium compounds are hepa-
totoxic, the dose differences between the two cell lines are
even more noteworthy. Complexes 1-5 were also effective
at low doses in tumorigenic HCT116 cells as well, which
indicates a potential benefit in the treatment of colorectal
cancers.

Beneficial biological effects such as antitumoral and anti-
viral activities are frequently evaluated by the results of inter-
actions between tested molecules and some enzymes. The
relationship between enzyme inhibition and other therapeutic
effects is not always meaningful. However, antitumoral and
antiviral activities are frequently assessed by the results of
interactions between the molecules and enzymes tested
to demonstrate the potential biological effect of a new
molecule. Reactive oxygen species (ROS) and free radi-
cals that enter the tissues can damage important biological
molecules such as DNA, proteins, carbohydrates and
lipids. Free radicals can come from outside the body as
well as they can be formed as a natural consequence of
human metabolism. Endogenous production of free radi-
cals takes place in different ways. Many factors, such as
oxygen metabolism in living cells, environmental pollut-
ants, radiation, pesticides, chemotherapy, medical treat-
ment such as radiotherapy, and contaminated water, inev-
itably lead to the formation of oxygen-derived free radi-
cals. Reactive oxygen species are also produced in the
body because of many enzyme activities such as
lipoxygenase, cyclooxygenase, xanthine oxidase (XO),
myeloperoxidase and cytochrome P-450 [44].
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Table 4 The xanthine oxidase
inhibitor activity of different Chemical Compounds and Standard Concentration (pg/ml) Inhibition (%)* ICs (ng/ml)*
concentrations Pd(II) complexes
1 1 82.63 + 0.64 0.42 +£0.01
0.5 79.63 £ 0.29
0.25 37.22 +3.67
0.1 23.11 £ 0.84
0.01 8.39 +£ 0.42
2 5 5897 +2.27 4.09 £0.19
25 3427 £ 1.34
1 16.99 +2.47
0.5 8.33 +£1.82
0.01 6.15+ 122
3 5 60.76 + 1.68 3.87 £0.13
1 27.23 + 1.10
0.5 16.60 + 0.39
0.25 4.67 £ 1.62
0.1 1.72 £ 1.70
4 10 41.09 £ 0.94 12.01 +£0.37
5 28.09 +2.03
1 16.20 £ 0.71
0.5 7.87 £ 1.49
0.25 321 +£1.12
5 1 66.34 +3.20 0.66 + 0.04
0.5 48.46 + 1.49
0.25 28.45 +2.69
0.1 14.63 £2.23
0.01 5.62 £2.20
Allopurinol 2.5 79.47 £ 0.66 1.06 + 0.05
1. 69.09 + 1.01
0.5 47.09 + 1.67
0.25 20.97 + 3.05
0.1 7.73 £ 1.01
*Mean + SD

By study, some significant data related to the role of XO inhi-
bition on cytotoxicity was provided. The XO inhibition of com-
plexes 1-5 is extraordinary enough at very small concentrations
while the toxic effect was seen at higher concentrations (similarly
allopurinol effect). Allopurinol used as standard is frequently pre-
ferred as XO inhibitor, but it shows adverse effects such as fatal
liver necrosis, nephropathy, allergic reactions and renal failure [45].
For this reason, it is important to discover new inhibitor agents,
which have no adverse effect. The new palladium complexes,
especially 1 and 5, having IC50 values lower than the allopurinol
standard are powerful candidates as XO enzyme inhibitors. Since
the inhibitory activity of the complexes, 1 and 5, are higher than
that of allopurinol, we can postulate that the possible side effects of
these compounds would be lesser than the known effects of allo-
purinol due to the efficacy at relative low concentration.

The structure-activity relationship was clearly seen by
means of the highest inhibition values of S-methyl derivatives
(1 and 5), the decrease of activity in S-ethyl (2) and propyl (3)

derivatives and lastly the lower ICs, value of complex 4 with a
butyl group. The inhibition capacity of this complex series
seems to depend on the alkyl chain length on the sulfur atom.
As known, the molecules with sulfur atoms exhibit remark-
able XO inhibitory activity [46]. For the examined test
chemicals, it can be considered that the longer alkyl chains
reduce the mentioned function of the sulfur atom.

The new palladium complexes have met expectations with
both cytotoxicity and enzyme inhibition performances. As a
result, it was clearly seen that these complexes have sufficient
activity to be used in drug development investigations.
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