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Abstract: The rise of antibiotic-resistant strains is an important public health problem and thus 
the development of an alternative to antibiotics is imminent. The Ruthenium–Schiff base 
with benzimidazole (RU–S2), a co-ordinate compound is novel and first of its kind to be synthesized 
in such combination. The aim of the experiment is based on the synthesis of RU–S2 and to study 
its antibacterial activity against the pathogenic resistant strains of Staphylococcus aureus like 
Vancomycin-resistant Staphylococcus aureus (VRSA) and Methicillin-resistant Staphylococcus aureus 
(MRSA). The antibacterial activity was studied using growth curve analysis based on turbidimetry 
which was confirmed by the fluorescence live/dead cell microscopic imaging of the bacteria 
after treatment with RU–S2. Lastly, the cytotoxicity test was performed by 3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay against human normal and cancer epithelial cell lines 
to understand the toxic effects of RU-S2 at 160 µg/ml concentration. The concentration 160 µg/ml 
of RU–S2 was very effective against those resistant strains and also nontoxic in this concentration. 
Thus RU-S2 can be used as an efficient alternative to antibiotics that have promising antibacterial 
efficacy against the pathogenic strains with no toxicity and biocompatibility towards human cells. 
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INTRODUCTION 
Worldwide multidrug-resistant bacterial infections are rapidly emerging, which endangered 

the efficacy of the present antibiotics, modified medicines and even the definition of antibacterial drugs 
(Ventola 2015). The antibiotic resistance is majorly caused by abuse or incompletion of prescribed 
dosage and overuse of the antibiotics (Gould and Bal 2013). The infections caused by the resistant 
bacterial strains are significantly problematic as it has prolonged the admission time of patients 
in hospitals, increased the mortality rate, and caused a surge in medication cost (Wang and Ruan 2017). 
In hospitals, S. aureus and its resistant strains, such as Vancomycin-resistant Staphylococcus. aureus 
(VRSA) and Methicillin-resistant Staphylococcus. aureus (MRSA), are some of the major threats 
to treatment. Whereas patients with these infections sometimes are also exposed to nosocomial 
infections and become more vulnerable. To overcome these threatening antibiotic resistant bacterial 
infections, medical research and treatments need to find alternatives to conventional antibiotics 
(Sillankorva et al. 2019). 

Transition metals like silver, nickel, and cobalt are already in use by researchers to synthesize 
various compounds with combinations of other chemicals to form antibacterial agents. 
But the limitation of these compounds is the toxicity and dosage amount. Recently, scientists are 
focusing on another transition metal to use as an antimicrobial agent which is ruthenium. This metal 
has the ability to effectively bind DNA, whereas toxicity against eukaryotic cells was significantly 
lower than other metals used in earlier studies (Liu et al. 2018, Brabec and Nováková 2006). Ruthenium 
is also used as an alternative treatment in cancer chemotherapy with some antibacterial efficacy (Brabec 
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and Nováková 2006, Liu et al. 2018). Further, the reports on benzimidazole have shown that it has some 
antibacterial and antifungal properties (Özkay et al. 2011). But to date, according to the best of our 
knowledge, no compound has been designed in combinations with ruthenium, schiff base  
and benzimidazole together to be used as an antibacterial agent. 

Thus, a scope to develop an efficient solution to treat S. aureus and it’s resistant variants has led 
us to develop a novel ruthenium-schiff base with benzimidazole coordination compound (RU–S2), 
which is first of its type in such combination to be synthesized and used as antibacterial agents.  
The synthesized RU–S2 was tested against VRSA and MRSA to study its antibacterial activity.  
The activity of this compound was further confirmed by microscopic analysis using live/dead cell assay. 
Lastly, the cytotoxicity against the human normal and cancer prostate cells was observed using MTT 
assay. 

MATERIALS & METHODOLOGIES 

Chemicals, reagents, and Synthesis of RU–S2 
For synthesis, all chemicals are graded according to the American Chemical Society purity were 

purchased from Sigma-Aldrich (St. Louis, MO, USA), unless otherwise stated. Bacterial media  
and assay kits were obtained from HiMedia Laboratories (Pvt. Ltd., India). 

1-(1-H-benzimidazole-2-yl)-N-(1H-benzimidazole-2-ylmethyl) methanamine (benzimidazole) 
and the schiff base was synthesized according to Kopel et al. (Kopel et al. 2014, Kopel et al. 2015).  
In a separate beaker, 0.252 g of Ruthenium chloride was dissolved in 40 ml of MeOH. Then 0.16 g 
benzimidazole was dissolved in 10 ml MeOH and added in stirring condition until a brown precipitate 
was formed. Thereafter, Schiff base 0.094 g was added followed by triethylamine. Brown solution  
with dark solid was heated under reflux for 24 hours (h). After cooling, dark solid was collected  
on a frit, washed with MeOH and dried at 40 °C. The yield was 0.30 g (Kopel et al. 2014). 

Bacterial Culture 
In this research, two different bacterial strains were used. Resistant strains of Staphylococcus 

aureus, named VRSA Czech Collection of Microorganism (CCM) 1767, and MRSA ST239:SCCmec 
III. All bacterial strains were cultured in Muller Hinton Broth for overnight in the incubator at 37 °C  
on shaking conditions.  

Antibacterial effects of RU–S2 via growth curve analysis 
Antibacterial activity of the RU-S2 compound was studied by turbidimetry, measuring  

the absorbance (A600) at 600 nm (van Sorge et al. 2013, Li et al. 1993) for 24 h against MRSA  
and VRSA. The activity of RU–S2 compound was measured by standard microdilution methods using 
different concentrations like 10 µg/ml, 20 µg/ml, 40 µg/ml, 80 µg/ml and 160 µg/ml. The different 
concentrations of the compound were added to bacterial cultures (0.5 McFarland and final dilution 
1:100 with the MH medium) by multichannel pipet system in the 10x10 Honeycomb optical microplate 
well systems (Oy Growth Curves Ab Ltd Finland) in the microplate wells. The specially designed 
honeycomb plate was then incubated in growth curve analyzer, Bioscreen C MBR (Oy Growth Curves 
Ab Ltd Finland) for 24 h at 37 °C (Stasiak-Różańska et al. 2014, Hogenkamp et al. 2007). The viability 
percentage of the VRSA and MRSA was studied after treatment with RU–S2 for 24 h at 37 °C.  
The control was without treatment. 

Live/dead assay and microscopic imaging of bacteria in the presence of RU–S2 
Bacterial samples were treated with RU–S2 for microscopic live and dead cell visualization was 

done by two different kinds of fluorescent dye. We have used SYTO 9 and propidium iodide for cell 
staining, the. 0.5 µl of SYTO9 and 2 µl propidium iodide were mixed with 10 µl respective bacterial 
samples and incubated for 1–2 minutes. For imaging, an inverted Olympus IX 71S8F3 fluorescence 
microscope (Olympus Corporation, Tokyo Japan) was used, which is equipped with Olympus UIS2 
series objective LUC planFLN 40X (N.A. 0.6, WD 2.7-4 mm, F.N.22) and a mercury arc lamp X-cite 
12(120 W; Lumen Dynamics, Mississauga, ON, Canada).  
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In vitro cytotoxicity testing assay 
The MTT assay was performed using PNT1A (normal prostate cancer cells) and Du–145 

(prostate cancer cell line). The cells were cultured and maintained in RPMI-1640 medium with 10% 
fetal bovine serum, supplemented with penicillin (100 µg/ml) and streptomycin (0.1 mg/ml). 
In a microtiter plate, each well filled with 5000 cells supplemented with 50 µl medium and the plate 
was incubated for 24 h at 37 °C with 5% of CO2 aeration to ensure the cell growth. Once confluent 
in each well, cells were treated with RU–S2 in different concentrations and incubated for 24 h. The old 
medium was removed 24h post-treatment and 100 µl of fresh medium mixed with MTT (10 µl; 5 mg/ml 
in PBS) was added and incubated for 4 h at 37 °C with 5% CO2. Thereafter, MTT containing medium 
was replaced with 100 µl of 99.9% dimethyl sulphoxide (v/v) for dissolving the formazan crystals. 
The absorbance was taken 570 nm by Infinite m200 PRO reader (Tecan, Männedorf, Switzerland). 

RESULT AND DISCUSSION 
Ruthenium, Schiff base and benzimidazole were used to synthesis the RU-S2 compound. 

The synthesized compound was incubated with VRSA and MRSA to study the antibacterial efficacy. 
The antibacterial activity of RU–S2 has been determined by using growth curve and their viability 
percentage as shown in figure 1 and figure 2, which was further confirmed by live/dead cell imaging 
of VRSA and MRSA as shown in Figure 3. In vitro cytotoxicity was checked by MTT assay against 
human epithelial cells as shown in Figure 4. 

Figure 1 Growth curves after application of different concentrations of RU-S2 on VRSA and MRSA 
(concentration of the compounds 10 µg/ml, 20 µg/ml, 40 µg/ml, 80 µg/ml, and 160 µg/ml) 

Legend: growth curves of VRSA and MRSA: growth curve of VRSA in left (Figure 1A) denoting untreated VRSA as control 
and VRSA treated with different concentrations of RU-S2; where growth curve of MRSA in right (Figure 1B) denoting 
untreated MRSA as control and MRSA treated with different concentrations of RU-S2 

Figure 2 Viability percentage of VRSA and MRSA treated by different concentrations of RU-S2 

Legend: Viability percentage of VRSA and MRA: viability percentage of VRSA in left (Figure 2A) denoting untreated VRSA 
as control and VRSA treated with different concentrations of RU-S2; where viability percentage in the right (Figure 2B) 
denoting untreated MRSA as control and MRSA treated with different concentrations of RU-S2 
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Antibacterial effects of RU–S2 using growth curve analysis along with viability percentage 
The antibacterial activity of RU–S2 was investigated against VRSA and MRSA by growth curve 

analysis. We incubated different concentrations of the compound, such as 10 µg/ml, 20 µg/ml, 30 µg/ml, 
40 µg/ml, 80 µg/ml, and 160 µg/ml on the bacterial populations but the bacterial growth curve analysis 
showed that the highest activity of RU-S2 against MRSA and VRSA was obtained at 160 µg/ml 
(Figure 1). Whereas the viability percentage showed that the activity of the RU–S2 was highest  
at 160 µg/ml with viability percentage less than 1%, while treatment with other concentrations till  
20 µg/ml showed less than 50% viability and concentration lower like 10 µg/ml showed almost  
no activity (Figure 2). 

Live/dead cell imaging of bacteria treated with RU-S2 
The antibacterial activity further confirmed by treatment of RU–S2 against VRSA and MRSA 

and staining the samples with SYTO 9 and propidium Iodide followed by observation of the samples 
using an inverted fluorescence microscope. The images in figure 3 clearly reveal a high number of dead 
bacterial cells (red fluorescence) in treated samples compared to the control showing a high number  
of green fluorescence (live bacterial cells). 

Figure 3 live/dead cell imaging treated with RU-S2 stained with SYTO9 (live cell) and Propidium Iodide 
(Dead cells) 

 
Legend: (A)Merged image of untreated VRSA as control; (B) Merged image of VRSA treated with RU-S2; (C) Merged image 
of untreated MRSA as control; (D) Merged image of MRSA treated with RU-S2. Where green cells are denoting living cells 
and red cells are denoting dead cells. Scale bar is 5µm  

In vitro cytotoxicity testing assay 
The cytotoxicity test was performed by using normal prostate epithelial cells (PNT1A)  

and prostate cancer cells (Du–145) (Figure 4). 

Figure 4 In vitro cytotoxicity testing 

 
Legend: (A) PNT1A cells high viability percentage; (B) Du-145 cells with high viability percentage 

The cells were treated with different concentrations of RU-S2 and the absorbance was measured 
after the MTT assay was performed. The results showed no reduction in viability which confirms  
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that the synthesized RU-S2 was completely non-toxic and biocompatible towards human cells 
(Figure 4). 

CONCLUSION 
In the present study, RU–S2 was synthesized using ruthenium, schiff base and benzimidazole. 

The antibacterial property of RU–S2 was studied against multidrug-resistant strains of S. aureus 
which are VRSA and MRSA by growth curve analysis and viability percentage which showed high 
antibacterial activity at 160 µg/ml. The antibacterial activity was further confirmed and supported 
against MRSA and VRSA by the presence of a significantly high number of dead cells with red 
fluorescence obtained after treatment with RU–S2 while almost no dead cells were seen in control 
samples without treatment. Lastly, the cytotoxicity of RU–S2 against human prostate cancer and normal 
epithelial cells using MTT assay showed no sign of toxicity in vitro. Thus hereby we report that RU–
S2 compound can be a promising candidate for an alternative to the antibiotic with no toxicity 
at reported concentrations and biocompatibility towards human cells and requires further research. 
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