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ABSTRACT

Antimicrobial activity of a Ruthenium (lll) complexith N-phenyl-5-chlorosalicylideneimine ligandsvieabeen
studied against Gram-positive and Gram-negativéhpgénic bacterial strains by using disc diffusioathod. The
compound showed significant in vitro antimicrobadtivities againstcommunity acquired methicillin-resistant
Staphylococcus aureushospital acquired methicillin-resistant Staphylocas aureus, methicillin-sensitive
Staphylococcus aureus, Bacillus cereus ATCC 11B&gijllus subtilis ATCC 6633 and Enterococcus faiscal
ATCC 29212. The minimal inhibitory concentratioues of the compound were found to be in the rarfdd. 72—
23.44 ug/mL. Additionally, minimal bactericidal concentiat values and considerable sensitivity pathogenic
Gram—positive microorganisms on Ru(lll) compoundhiagt led to conclude the complex have prospective
antibiotic properties. The compound has no actiinityitro against Gram-negative bacteria Klebsieflaeumonia,
Enterobacter species, Pseudomonas aeruginosa, Esletaecoli ATCC 25922 and Salmonella typhimuriufiCGC
14028.
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INTRODUCTION

Metal complexes are of great importance in thettneat of many diseases of which cancer and vaiitfestions
are in the focus of interest. It is intriguing tlatystematic study of metal complexes as anticaagents began
with Rosenberg's examination on platinum-inducddnfentous growth in Escherichia coli since cispldtias
become the most widely used non-organic drug irtréegment of many solid cancers [1]. Only few iplat-based
compounds such as carboplatin and oxaliplatin mimical use, although more than 2000 platinutmpounds as
potential drugs never reached advanced clinicalstf2,3]. In recent decades, ruthenium complexegarticularly
investigated due to their reactivity against priyneancer and metastatic lesions as potential dangidates [4-7].
Along with anticancer drugs, the development of ratibiotics is a permanent challenge, mainly sipathogens
quickly and continually are developing resistannette drugs. The capability to react with DNA midet, at least,
one common property for anticancer and antimiclosaigents. That is a reason why the antimicrobiéviyg of
many anticancer agents is investigated. Many ocgamilecules exhibit activity against bacteria, wtttheir metal
complexes are known to demonstrate improved effécubstituted sulphonamides which are considevdaktthe
most widely used antimicrobial agent with excellantivities are illustrative example; the coppemptexes with
sulphonamide are more reactive towards bacterdarasult of the higher liposolubility compared ted ligand [8].
Schiff bases are organic molecules derived frormamand carbonyl compounds which contain azometirioep.
Considerable interest in these ligands and thetalne®mplexes is a result of high stereo-chemitdilbility and
abilities to form thermodynamically stable metalngexes. From kinetic point of view, these comptexe
generally stable toward hydrolysis which is als@ af the requirements for potential drugs. Manyiffdiases,
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present in different natural, semi-synthetic andtlsgtic compounds, demonstrate their biologicalvagtsuch as
compounds derived from salicylaldehyde and differemines. Chlorosalicylideneimines are reported to
demonstrate activity against several strains irinlyé. coliandS. Aureug9,10]. The nature of the substituents on
salicylaldehyde ring shows the impact on the amfiobial activity of the Schiff base [11]. As a résaf the
biological activity of these molecules the antiroigial properties of their metal complexes are suthjé growing
interest. These metal complexes generally exhigitificant activity against Gram-positive bactergspeciallyS.
aureus Co(ll) and Zn(ll) complexes with salicylideneimirligandsexhibit considerable inhibition of bacterial
growth although for relatively high concentratiasfanetal compound in the range of 0.2-3 mg/mL [B2,Ru(lll)
compounds with tetradentate Schiff bases deriveth fsalicylaldehydeshowed two times less activity than the
reference drug streptomycin at relatively high @ncations of Ru(lll) of 20 mg/mL [14]. The role ofetals in the
antimicrobial activity of their complexes have Istikmained unclear, however complexes of those Imethich
demonstrate significant activity towards DNA alémw significant antimicrobial activity.

As a part of our research of Ru(lll) compounds thaght be potential candidates for anticancer amtdrécrobial
drugs we started testing of vitro activity of a Ru(lll) complex containin{y-phenyl-5-chlorosalicylideneimine
ligands against strains of Gram-positive and Gramgative bacteria and herein we briefly report oe th
antimicrobial activity.

MATERIALS AND METHODS

Synthesis of Ru(lll) complex

Sodium dichloro-bidfl-phenyl-5-chlorosalicylideneiminatd;OJruthenate(lll), hereinafter Na[RugN-Ph-5-Cl-
salim)] was synthesized from Rughnd freshly prepared N-phenyl-5-chlorosalicylidemire according to the
procedure previously reported [15]. Purity was &leeicby CHN elemental analysis and IR spectroscopy.

Bacterial Cultures

The pathogens were collected from the Microbioldgboratory of the Institute of Public Health of Gam
Sarajevo. Antimicrobial activity of Ru(lll) complewas tested against community acquired methicilisistant
Staphylococcus aureU€AMRSA), hospital acquired methicillin-resistaStaphylococcus aureudHA-MRSA),
methicillin-sensitiveStaphylococcus aure#1SSA), Bacillus cereusATCC 11778 Bacillus subtilisSATCC 6633,
Enterococcus faecaliaTCC 29212 Klebsiella pneumoniaéESBL strains)Enterobacter specief®seudomonas
aeruginosaEscherichia colATCC 25922 an&almonella typhimuriumPTCC 14028.

Drug Susceptibility Testing

Antibacterial in vitro screening was performed witihe disc-agar diffusiormethod [16,17]. Whatman 3MM
chromatography paper of uniform size were impregphalby equal volume (5@L) of DMSO solutions of
Na[RuChk(N-Ph-5-Clsalim)] and reference antibiotics vancomycin and gentano€ the same concentrations (1.5
mg/mL) giving 75 pg/disc. Experimental and control antibiotic discerev placed in Petri dishes seeded with
organism in nutrient Mueller-Hinton agar mediuntimicrobial activity was determined after 24 heuof
incubation at 37°C and was expressed in mm of diamma&f zone of inhibition. As a control, discs eithwith
dimethylsulfoxide or with ligand, N-phenyl-5-chi@alicylideneimine, had no inhibitory effect undéetsame
experimental conditions.

Minimal inhibitory concentration and minimal bacigidal concentration
Extended study of microbiological activity was merhed by determining minimum inhibitory concentoati(MIC)
and minimum bactericidal concentration (MBC) valu€be MIC values of Ru(lll) compound was determirmd
serial dilution technique. Decreasing concentratibthe Ru(lll) compound, varying from 750-5.86 md)/, were
prepared in serial two fold dilution using stockusimn of Na[RuCH(NPh-5-Cl-salimj] in DMSO (1.5 mg/mL). Into
each tube containing the Ru(lll) solution and rarttibroth (trypticose-soya), the bacterial suspangi0 uL) of
turbidity 0.5 McF was inoculated and incubation \pasformed for 24 hours at 37°MBC values were determined
by applying 10 pL from each tube (used to deternvih€) on agar plates using a calibrated loop anghting the
number of bacterial colonies found after 24 hodrscubation at 37 °C. The MBC value is expressetha lowest
concentration of the complex compound that reduigile growth of bacteria. The MIC and MBC werendacted
in triplicate.

RESULTS

Sodium dichloro-bidf{l-phenyl-5-chlorosalicylideneiminatd;OQjruthenate(lll), has been previously described as a
moderate CT DNA intercalating metal complex [16]iethis a reason why its antimicrobial activity wesamined

in the present study. Ruthenium is tightly coortidaby two chlorine atoms and two Schiff bases ghou
azomethine nitrogen and phenolic oxygen. The straaf compound is shown in Figure 1.
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Figure 1. Structure of Na[RuCL(N-Ph-5-Cl-salim})]

The complex is stable in air, insoluble in watesluble in acetonitrile, DMF, acetone, ethyl alcqhbIMSO,
CH,CI,. After initial dissolution in an organic solvenuch as DMSO, Na[Ru@N-Ph-5-Cl-salim)] shows
considerable resistance to hydrolysis in spitdhefgresence of two chlorine atoms directly bounditbenium.

The initial test of antimicrobial activity was perfmed by disk diffusion method. The Ru(lll) compduexhibits
activity against Gram-positive bacteria having @yauniform zone of inhibition (20-21 mm) for défent MRSA
strains,Bacillus cereus, Bacillus subtilis and Enterococtasscalis,while the reference antibiotics vancomycin and
gentamicin show different zone of inhibition undlee same experimental conditioda[RuCh(N-Ph-5-Cl-salim)]
had no antimicrobial activity for any Gram-negatbagcteria that have been tested.

For further evaluation of the antimicrobial actwif Ru (IIl) compound we determined the MIC and ®IBalues.
The lowest MIC and MBC, 11.72 pg/mL and 23.44 pghmgpectively, were found for CA-MRSBacillus cereus
andBacillus subtilisstrains, while the Ru(lll) compound has demonsttdower efficiency to methicillin-sensitive
Staphylococcus aureuBiameter of zone of inhibition, MIC and MBC vakiare given in Table 1.

Table 1. Antimicrobial activity of Na[RuCl,(N-Ph-5-Cl-salim),]

Diameter of zone of inhibition (mm) Ru(lll) complex
Tested microorganisms Ru(lll) comp. Vancomycin Gentamicin| MIC MBC
(75pg/disc)  (75pg/disc)  (75pg/disc) | (ug/mL)  (ug/mL)

CA-MRSA 20 34 24 11.72 23.44
HA-MRSA 21 30 0 23.44 46.88
MSSA 20 30 24 46.88 93.75
Bacillus cereuATCC 11778 21 30 36 11.72 23.44
Bacillus subtilisATCC 6633 20 29 32 11.72 23.44
Enterococcus faecali®TCC 29212 22 25 30 23.44 46.88
Klebsiella pneumoniaéESBL strains) 0 - 23 375.00 750.00
Enterobacter species 0 - 20 375.00 750.00
Pseudomonas aeruginosa 0 - 19 375.00 750.00
Escherichia coliATCC 25922 0 - 22 375.00 750.00
Salmonella typhimuriuPATCC 14028 0 - 19 375.00 750.00

Number of surviving Gram-positive bacteria aftexatment with Na[RuGINPh-5-Cl-salim)] during twenty-four
hour incubation at 37 °C indicates a significamts#vity to the Ru(lll) complex. The special sensty to the drug

shows community acquired methicillin-resist&&phylococcus aureushile Ru(lll) complex has lower efficiency
against methicillin-sensitivBtaphylococcus aure$able 2.).

Table 2: Number of surviving bacterial colonies fordifferent concentrations of Na[RuCk(N-Ph-5-Cl-salim))]

Concentration of Na[RUCL(N-Ph-5-Cl-salim),] (ug /mL)
5.86 11.72 23.44 46.88 93.75
Number of surviving bacterid colonies

Gram-positive bacteria

CA-MRSA 35 6 0 0 0
HA-MRSA 100 18 4 0 0
MSSA 200 75 23 6 0
Enterococcus faecali&aTCC 2921 80 25 3 0 0
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DISCUSSION

Many metal complexes that have the ability to bisldA show antimicrobial activity. DNA molecule, wiicis
especially important for the functioning of biologl systems, is considered that might be a prirtanget for both
anticancer and antimicrobial agents. DNA is ablébited metal complexes by covalent and noncovalemidb.
Covalent binding usually needs the presence ofydasiving groups in metal complex and activatignhlydrolysis.
Non-covalently mode of interaction can occur byeitisg extended planar aromatic systems from ligebetween
base pairs of DNA, which is known as intercalatibloreover, metal complexes might be non- covalebdynd in
major or minor groove of DNA that might be enhand®d hydrogen bonding, electrostatic and hydrophobic
interactions. Ruthenium complexes prefer major gesothat are rich with guanine-cytosine bases. RBge
Bolhuis et al. have been reported on antimicrobietivity of ruthenium-based intercalators [Ru(phepyf”,
[Ru(bpy)dpqaCF*, [Ru(2,9-Mephen)dppzf*, the compounds based on intercalative phenantieraind bipyridine
type of molecules, and have shown the antimicroddtivity correlates with intercalating capabiliy ligands, but
not unavoidably with the intercalative ability oetal complexes [18].

The studied complex, Sodium dichloroldNgphenyl-5-chlorosalicylideneiminat;O] ruthenate(lll) is described as
a moderate CT DNA intercalating agent with bindaegstant,, of order 10 M. By comparing the MIC values of
[Ru(phen)dpqF*, [Ru(bpy}dpgCF’, [Ru(2,9-Mephen)dppzf* with MIC values of titled complex, we found that,
although weaker intercalating DNA agent, Na[R(RPh-5-Cl-salim)] demonstrates comparable or even
improved antimicrobial activity in comparison wiffRu(phen)dpgf* and [Ru(bpy)dpqCf*. MIC values of
[Ru(phen)dpgf* and [Ru(bpy)dpqCF* against some MRSA strains are in the range 16-64 mnd forB. subtilis

64 mg/L [11], while the MIC values of Na[Ru{N-Ph5-Cl-salim)] against different MRSA strains are in the range
11.72-46.88 mg/L. On this basis we find that in ¢hse of Na[RUG[N-Ph-5-ClI-salim)] DNA is not the only or the
most important target for antimicrobial activityee this activity might also be the result of bimglto other targets
such as proteins or ribosomes.

It is known that antimicrobial agents can inhitetlavall synthesis, proteins and nucleic acids sgaés. Regardless
of the possible targets and mechanisms of the amtibyial action, the drug diffusion through thelaedll is usually
major barrier for potential drug activity into theell. Lipid membranes of bacteria, formed of pepgigcan
polymer, favors diffusion of lipid-soluble mategaktherefore the liposolubility is an importanttfacin the control

of antimicrobial activity. Although two chlorine@ns directly bound to Ru(lll) in the structure iease the polarity
of the Na[RuCJ(N-Ph-5-Cl-salim)] species by reducing liposolubility, this compleas demonstrated activity
against Gram-positive bacteria straBtaphylococcus aureuBacillus subtilis Bacillus cereusand Enterococcus
faecalis Number of survival bacteria-concentration of céempcurve presents a similar convergence of CA-MRSA
HA-MRSA andE. faecalisstrains toward zero for concentrations of Na[R(KLIPh-5CI-salim)] just above 10
ug/mL (Figure 2.).
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Figure 2: Number of surviving bacterial coloniesss. Na[RuCl(N-Ph-5-Cl-salim),] concentration

CONCLUSION

Ruthenium complexes are known to exhibit DNA bigdability that is the main reason for their testagypotential
anticancer and antimicrobial drugs. The synthetmdi®m dichlorobisN-phenyl-5-chlorosalicylideneiminato-
N,Qlruthenate(lll), which has moderate capability tmrcovalently bind CT DNA, has been shown in thespnt
work significantin vitro antimicrobial activity againsGram-positive bacteria strainStaphylococcus aureus
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Bacillus subtilis Bacillus cereusand Enterococcus faecalidhe compound especially showed promising activity
againstcommunity acquired methicillin-resistaStaphylococcus aureusith MIC value of 11.72 mg/L. The low
MIC values, also for other strains of Gram-positdaeteria and degree of zone of inhibition, whieaah values of
up to 70% of reference antibiotics vancomycin arhtgmicin, recommend Sodium dichlorobigjhenyl-5-
chlorosalicylideneiminatdN, Olruthenate(lll) for further testing and redesigniag a prospective antibiotic of
narrow spectrum for treatment of infectious caubgdS. aureus.B. subtilis B. cereusand E. faecalis.The
redesigning specifically refers to the nature ofabligands and substituents on salicylaldehyde nivhich are
known to might affect the activity of an antimiciabagent. On the basis of presented results dentin will be
also focused on the antimicrobial activity of tieéated Ru(lll) complexes with Schiff bases that laeeng prepared

in our laboratory.
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