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ABSTRACT. The influence of 5 new Platinum(lV) (Pt(IV)) compés with S-alkyl
derivatives of thiosalicylic acid (C1-benzyl, C24imgd, C3-ethyl, C4-propyl and C5-
butyl) was studied on 16 strains of bacteria. Aatirial activity was tested using
microdilution method with resazurin while antibiafi activity was observed by tissue
culture plate method, using doxycycline as a pasitiontrol. The results were expressed
as minimum inhibitory concentration (MIC), minimuvactericidal concentration (MBC)
and biofilm inhibitory concentration (BIC). The bba®sult on Gram positive bacteria
exhibited C1 and MIC was <7.81ug/ml agaifsphylococcus aureus ATCC 25923.
Bifidobacterium animalis subsp.lactis (probiotic) was sensitive to C2 (MIC at 15.625
ug/ml). The highest sensitivity of Gram negative teaa was observed iEscherichia
coli ATCC 25922 treated with C1, C2, C3 and C4pPnmoteus mirabilis ATCC 12453
treated with C1, and iRseudomonas aeruginosa treated with C2, C3 and C5 (all MICs at
250 pg/ml). The C2 complex were more efficient as aofibh agents and the best
results were obtained with C2 acting agaistaureus and S. aureus ATCC 25923
biofilms. In conclusion, we noticed that the testsoimpounds exhibited promising
properties as antibacterial and antibiofilm agents.
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INTRODUCTION

The interest in determining the influence of newtaheomplexes on microorganisms
is increasing due to the growing resistance of g@ethic bacteria. Studies on antimicrobial
activity of platinum (Pt(IV)) complexes have beeonducted, showing wide influence on
microorganisms but being more or less effective.

# A large part of this manuscript was presenteti@Second International Electronic Conference odibieal
Chemistry (ECMC-2); November 2016; www.sciforum/oebhference/ecmc-12.
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Saphylococcus aureus, as Gram positive bacteria ai@higella flexneri, as Gram
negative were a part of LAHASANI (2007) investigation of the antibacterial activity the
ligand and their metal complexes, which were bithet&quare planar Pd (Il) and octahedral
Pt (IV) complexes with novel spherical aramidesapanrticles containing flexible linkages
ligands were tested for antimicrobial activity LHISSEINY and HissaN, 2013). In this
investigation, Pt complexes as polymeric nanogadishowed high potency as antitumor and
antimicrobial agents. Different polymers with Pt{INARTOP et al., 2013) exhibited a
moderate activity against selected microorganisRidV) complexes with unsymmetrical
tetradentate schiff basesH&lazy and QAFAR, 2012) have been tested Bacillus subtilis, S
aureus, Escherichia coli, Salmonella typhi, also yeast and fungi. They have proven to act as
antimicrobials. Other studies of platinum (Pt(Iépmplexes include Pt(1V) chelate €HAzy,
2012), Pt(IV) dithiocarbamate complexes AiNAv et al., 2006), thiodiamines with Pt(IV)
(MiSHRA and KausHIK, 2007), etc.

The goal of this study wa vitro testing of new synthesized Pt(IV) complexes
(labeled as: C1 for Pt(S-bz-thiosalL2 for Pt(S-met-thiosal) C3 for Pt(S-et-thiosal) C4 for
Pt(S-pr-thiosal and C5 for Pt(S-bu-thiosg)) in order to obtain information on their
antimicrobial activity and for the first time thentdbiofilm activity of any of Pt(IV)
complexes.

MATERIALS AND METHODS

Chemicals

Ammonium sulphate was purchased from Zorka Phasahdc, Serbia), magnesium
sulphate from Merck-Alkaloid (Skopje, FYRM), whifmtassium dihydrogen phosphate and
sodium dihydrogen citrate were purchased from Kem{Kagreb, Croatia). Dimethyl
sulfoxide (DMSO) was purchased from Acros Orgaridew Jersey, USA). Resazurin was
obtained from Alfa Aesar GmbH & Co. (KG, Karlsruh@ermany). Crystal violet stain was
obtained from Fluka AG (Buchs SG, Switzerland) rieut liquid medium, a Mueller—Hinton
broth was purchased from Torlak (Belgrade, Serbaa), antibiotic, doxycycline, from
Galenika A.D. (Belgrade, Serbia).

The synthesis of complexes

The platinum(lV) complexes with an S-alkyl derivas of thiosalicylic acid [PtGl
(S-R-thiosalj] were obtained by reacting potassium heksahlofatoata (IV) and S-alkyl
derivatives of thiosalicylic acid (R= benzyl, metthyethyl-, propyl- or butyl) in a molar ratio
of 1:2 with the addition of aqueous lithium hydrd&i (Scheme 1). S-alkyl derivatives of
thiosalicylic acid were synthesized according te grocedure described byi§H et al.,
(2011)

S-alkyl derivatives of thiosalicylic acid (for Clbzyl, C2-methyl, C3-ethyl, C4-
propyl and C5-butyl) in amount of 0.6 mmol was dpwadded to the solution of 0.2 mmol
(0.1 g) potassium-hexachloroplatinum(IV) with 10 eldistilled water. The reaction mixture
was heated in a water bath with stirring for 3 luriBg this period, small portions from a
solution of LIOH (0.6 mmol with 10 ml of distillediater) were added. The precipitate of the
complex was separated by filtration, rinsed witstided water and dried in air.
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Scheme 1. Synthesis of the platinum complexes\itf) S-alkyl derivatives of thiosalicylic acid.

Determination of antibacterial and antibiofilm activity

Test microorganisms

The antibacterial activity was tested against 1@irs$ of bacteria (Table 1) and
antibiofilm activity against 4 bacterial strainsafile 2). All clinical isolates were a generous
gift from the Institute of Public Health, Kragujey&Serbia. The ATCC strains were provided
from a collection held by the Microbiology Laboratp Faculty of Science, University of
Kragujevac.

Suspension preparation

The suspensions were prepared by direct colonyadethhe turbidity of the initial
suspension was adjusted using 0.5 McFarland demsies (DEN-1, BioSan, Latvia). The
initial suspensions were additionally diluted id@0 ratio in sterile 0.85% saline.

Microdilution method

Antibacterial activity was tested by determining thinimum inhibitory concentration
(MIC) and the minimum bactericidal concentrationB®) using microdilution method with
resazurin (8RKER et al., 2007). The tested compounds were first dissolvedimethyl
sulfoxide (DMSO) (10% of total volume) and thenoimtutrient liquid medium (up to 100%
of total volume). The stock concentrations of téstempounds were 2000 pg/ml. Next, serial
twofold dilutions were made in a concentration &arigpm 1000 pg/ml to 7.81 pg/ml in
sterile 96-well microtiter plates containing nuttiebroth. After that, 10 ul of diluted
suspensions were added to appropriate wells. il pl resazurin solution, as an indicator
of microbial growth, was added to each well. Resazis a blue non-fluorescent dye that
becomes pink and fluorescent when reduced to rissdoy oxidoreductases within viable
cells. The inoculated plates were incubated at ¥36t@4 h. MIC was defined as the lowest
concentration of tested substance that preventsazuein color change from blue to pink.
Minimum bactericidal concentration was determingdolating 10 pl of samples from wells,
where no indicator color change was recorded, driemti agar medium. At the end of the
incubation period the lowest concentration with growth (no colony) was defined as
minimum bactericidal concentration (MBC).

Doxycycline, dissolved in nutrient liguid mediumasvused as a positive control.
Solvent control test was performed to study anceftsf 10% DMSO on the growth of
microorganisms. Each test included growth contnodl aterility control. All tests were
performed in duplicate and MICs were constant.
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Tissue culture plate method (TCP)

The TCP assay described byRISTENSENet al. (1985)is the most widely used test
for detection of biofilm formation. We screened sthains for their ability to form biofilm by
TCP method with some modifications. Each test idetubiofilm formation control. Bacterial
biofilm formation properties were well described®yf ooLE et al. (2000).

The tissue culture 96-well plates (Sarstedt AG &,@&ermany) were prepared by
dispensing 100 ul of nutrient broth, Mueller—Hintanoth for bacteria, into each well. A 10 pl
of fresh bacterial suspension was added to eadh ed inoculated plates were incubated at
37 °C for 24 h for Gram negative bacteria and 48rtGram positive bacteria. A 100 ul from
the stock solution of tested complexes (concewinatif 2000 pg/ml) was added into the first
row of the plate. Then, twofold, serial dilutionseene made for each next row using a
multichannel pipette. After 24 h, the incubatiomtamt of each well was gently removed by
tapping the plates. The wells were washed with |2D6f saline buffer (0.15 M ammonium
sulfate, 0.1 M potassium dihydrogen phosphate, 2.8Bsodium dihydrogen citrate and
0.001 M magnesium sulphate) to remove free-floatiagteria. Biofilms formed by adherent
cells in plate were stained with crystal violet1d@. w/v) and incubated at the room
temperature for 20 minutes. Excess stain was rinffelly thorough washing with deionized
water and plates were fixed with 200 pl of ethaamdtone solution (4:1). Optical densities
(OD) of stained adherent bacteria were determinégd & micro ELISA plate reader at
wavelength of 630 nm (OD630 nm). Biofilm inhibitocpncentration (BIC) was defined as
the lowest concentration of each complex wherebib&lms were dispersed. Only broth or
broth with dissolved complexes served as contrahieck sterility and non-specific binding
of the media. All tests were performed in duplicate

RESULTS AND DISCUSSION

Antibacterial activity

The test results ah vitro antibacterial activity of Pt(IV) complexes are ggated in
Table 1. The detected values were in range frositlesn 7.81 up to more than 100§/ml.
For comparison, MIC and MBC values of doxycyclime also listed. Gram positive bacteria
showed higher sensitivity than Gram negative bacter

Significant sensitivity of Gram positive bactenmathe presence of Pt(IV) complexes,
was observed iBifidobacterium animalis subsp lactis, B. subtilis, S. aureus and S. aureus
ATCC 25923. The best result was obtained with Cth WMIC onS aureus ATCC 25923 was
<7.81 pg/ml. B. animalis subsp lactis (probiotic) showed high sensitivity in relation @i
(MIC at 62.5ug/ml) and even higher sensitivity in relation to G2C at 15.625.g/ml). MIC
for the Gram-negative bacteria was in the rangenf@b0 to>1000 ug/ml. The highest
sensitivity was observed IB. coli ATCC 25922 in relation to C1, C2, C3 and ®4pteus
mirabilis ATCC 12453 in relation to C1 arfeseudomonas aeruginosa in relation to C2, C3
and C5 (all MICs at 250g/ml).

Comparing the results obtained for the Pt(IV) coemps with the results of
corresponding ligands from which they were syn#esti (RDIC et al., 2012) it can be
concluded that these complexes had better antift@chetivity than the ligands. &6Azy and
GAAFAR (2012) tested synthetized Pt(IV) complex on 1thpgénic bacteria and had high
efficiency against all the strains, includiSgimonella sp., S. aureus andB. subtilis, while the
Pt(IV) dithiocarbamate complexes investigated by et al. (2006) were less active
againstE. coli, B. subtilis andP. aeruginosa.



Table 1. Antibacterial activity of Pt(IV) complex€4 to C5 and positive control (doxycycline), MI@lwes (ug/ml) — mean inhibitory activity,
MBC values (pg/ml) — mean bactericidal activity.

C1 C2 C3 (o7} C5 Doxycycline
Species MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
Lactobacillus plantarum 500 1000 500 1000 500 1000 500 1000 500 1000 0.4m1 7
Bifidobacterium animalis subsplactis 625 125 125 250 125 250 250 250 250 250 31.25 62.5
Bacillus subtilis IP 5832 500 500 500 >10001000 1000 1000 1000 1000 1000 1.95 15.63
B. subtilis 625 500 250 500 31.25 500 625 500 625 500 0.11 1.95
B. subtilisATCC 6633 1000 1000 10001000 1000 1000 1000>1000 1000 >1000 1.95 31.25
Saphylococcus aureus 625 125 625 500 250 500 250 500 250 500 0.45 7.81
S aureus ATCC 25923 <7.81 625 125 250 125 500 125 250 125 250 0.22 3.75
Enterococcus faecalis 1000 1000 500 500 100 1000 1000 1000 1000 1000 7.81 625
Escherichia coli 1000 1000 500 500 500 1000 500 1000 500 1000 7.8.631
E. coli ATCC 25922 250 500 250 500 250 500 250 500 250 500 15.63 31.25
Proteus mirabilis 1000 1000 1000 1000 1000 1000 10001000 1000 1000 250 500
P. mirabilisATCC 12453 250 500 500 500 500 500 1000 1000 1000 1000 15.63 62.5
Pseudomonas aeruginosa 500 >1000 250 1000 250 1000 500 >1000600 >1000 250 1000
P. aeruginosa ATCC 27853 1000 1000 1000 1000 1000 >1000 1000 >1000 1000 >1000 62.5 125
Salmonella enterica 1000 1000 500 500 500 1000 500 1000 500 1000 153@35

Salmonella typhimurium 1000 1000 500 500 500 1000 500 1000 500 1000 15.63 125
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Antibiofilm activity

Biofilm appears when microbial cells get attachedhe surface and get embedded in
the extracellular polymeric substances (EPS)NDAN, 2002). Biofilms are making various
problems in food industry, medicine and everyd&s. [Antibiofilm examinations are a step
forward in preclinical testing in microbiology. Bacia which are in biofilm structure are
different than planktonic cells and are generalbyr@resistant to antimicrobial agentgus,
2001), so we decided to perform the test on 4 r&raf bacteria to obtain thi& vitro
antibiofilm activity of Pt(IV) complexes. The ressilare presented in Table 2. The best results
were obtained with C2 acting agailsstureus andS. aureus ATCC 25923 biofilm and it was
noticed that obtained values were lower than astitbivalues which is important to notice
because this is the first antibiofilm testing astkind of complexes.

Table 2. Antibiofilm activity of Pt(IV) complexesito C5 and positive control (doxycycline),
BIC values (ug/ml) — biofilm inhibitory concentrafi, nt — not tested.

C1 C2 C3 C4 C5 Doxycycline

Species BIC

Saphyl ococcus aureus 250 62.5 125 500 125 250
S aureus ATCC 25923 500 62.5 1000 250 1000 250
Proteus mirabilisATCC 12453 1000 >1000 1000 nt 1000 nt
Pseudomonas aeruginosa 1000 1000 1000 1000 1000 2000

CONCLUSIONS

The Pt(IV) complexes showed a significant acthatyainst the tested bacteria. The
strongest antibacterial and antibiofilm activity smabserved again§ aureus andS. aureus
ATCC 25923. Since these bacteria can cause diffenedical problems, the potential use of
Pt(IV) complexes should be the subject of fututelis.
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