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Abstract

Background: Antimicrobial resistance is a major problem in treatment and public health, which has been increasing
over the last few decades so we need to take a very serious strategy to overcome this challenge. We have previously
synthesized new series of (5-aryl-1,3,4-oxadiazol-2-yl) (pyridin-2-yl) methanol derivatives (4a-4f) in fairly high yields.
Here, we have evaluated the antibacterial activity of these derivatives against methicillin-resistant Staphylococcus

aureus.

Methods: The agar well diffusion and agar dilution methods were used for determination of inhibition zoon (1Z) and
minimum inhibitory concentration (MIC) of compounds during preliminary evaluation of antibacterial activity.

Results: The title compounds have exhibited significant antibacterial activity against methicillin-resistan

Staphylococcus aureus.

Conclusions: The results show that the synthesized compounds can be suitable options for preparation of selective
inhibitor antibiotics of methicillin-resistant Staphylococcus aureus.
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Introduction

Staphylococcus aureus is a common pathogenic bacteria that causes a
wide variety of human infections including, cellulitis, boils, infective
endocarditis, toxic shock syndrome, surgical site infections, endocarditis,
osteomyelitis and septic arthritis [1].The world spread use of antibiotics
play a major role in leading to emergence of drug-resistant pathogens such
as methicillin-resistant Staphylococcus aureus (MRSA). MRSA is a
major global health threat that become as a world concern and important
challenge in the pharmacy world. MRSA and other antibiotic-resistant
infectious bacteria has become broadly resistant to many types of
antibiotics and make medications ineffective. Because of this problem we
need to develop new antibiotic formulation to fight this epidemic.

Due to increasing of microbial resistance to existing antibiotics, new
chemical compounds have been synthesized by oxadiazol with different
aromatic substituted with a wide range of biological activities such as
antibacterial [2], antifungal [3], analgesic [4], anti-inflammatory [5],
antiviral [6], anticancer [7], antihypertensive [8], anticonvulsant [9] and
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anti-diabetic properties [10]. Research revealed that heterocyclic
compounds containing halogen atoms are unique option due to halogens
operation to act as hydroxy mimic agent. So substitution of halogens by
oxadiazol and pyridine substituents have impressive role in designing new
pharmacophores as antimicrobial agents. In our previous study, we
synthsised (5-aryl-1,3,4-oxadiazol-2-yl) (pyridin-2-yl) methanol, in a
one-pot reaction and evaluated their antimicrobial activity against some
patojenic microorganism [11,12]. Follow these study we continued our
research to evaluate the antibacterial activity of these antimicrobial agents
against MRSA.

Material and Methods

Chemistry:

A group of (5 aryl 1,3,4 oxadiazol 2 yl)(pyridin 2 yl)methanol derivatives
4a-4f (Ar: (a=4- CH2-Ph), (b=3-CH2-Ph), (c= 5-Naphthalen), (d=4-Br-
ph), (e=3-Br-ph), (f= ph))were synthesized using previously published
methods [11,12](Scheme 1).
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Scheme 1: Synthesis of (5-aryl-1,3,4-oxadiazol-2-yl)(pyridine-2-yl)methanol derivatives.
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Antibacterial Activity:
Agar Diffusion Method

Antibacterial activity of title compounds were tested against MRSA
ATCC 700698. This bacterium was obtained from Shiraz University of
Medical Sciences. The standardization of bacterial inoculum was done
following the to Clinical & Laboratory Standards Institute (CLSI).
Briefly, bacterial strain were inoculated into Mueller Hinton broth (MHB)
and then were incubated for 12 h at 35 oC to achieve the turbidity of 0.5
McFarland units. Standardized bacterial inoculum by concentrations of
1.5x108 cfu/mL (colony-forming units per milliliter, CFU/mL) colony
was used for antibacterial screening. The antibacterial activity of the
prepared compounds were screened using the well diffusion method [13-
15]. In the first, the compounds, Ceftizoxime and ciprofloxacin were
dissolved in dimethyl sulfoxide (DMSO) to get solutions with
concentration of 1mg/ml. Melted and sterilized Muller Hinton Agar
(MHA, Merck, Germany) (250 ml) was transferred into sterile Petri dish
and seeded with 100 pl inoculum, containing 1.5x108 cells/ml of bacteria.
After making wells in agar, 70 pl of compounds was transferred to each
well, and 70 pl of DMSO was inoculated into another well as a negative
control. In the last step the antibacterial potential of compounds was
determined by measuring the zone around each well in millimeters after
incubation for 24h. Ceftizoxime and ciprofloxacin used with the same
method as broad-spectrum standard antibacterial agents. Experiments
performed at least three times and data were expressed as meantstandard
deviation.

Determination of Minimum Inhibitory Concentration of Compounds

In the second step, the MICs of the title compounds plus reference drugs
were determined by agar dilution method. Experiments were performed
with eight different concentrations of title compounds, Ceftizoxime and
ciprofloxacin (1000, 500, 250, 125, 62.5, 31. 25, 15 and 7 pg/mL) to
prepare doubling serial dilutions. In both methods Negative and Positive
Control plate were prepared in the same way and Concentrations as
compounds. Agar dilution plates were incubated at 370C for 18h. The
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MIC was recorded as the lowest concentration of compound that inhibited
bacterial growth completely [16,17].

Results and Discussion

The emergence of Antibiotic resistance is occurring in all parts of the
world and menace the effectiveness of drugs to treat common infectious
diseases. This crisis is result of overuse and misuse of treatment by these
medications. The Centers for Disease Control and Prevention (CDC)
publishes list of bacteria which new antibiotics are urgently needed and
methicillin-resistant Staphylococcus aureus has classified in critical
group. This pathogenic bacterium has become resistant to most
antibiotics, but the remarkable point about this microorganism is its
resistance to all beta-lactam antibiotics such as penicillins and
cephalosporins [18]. This crisis make us to move towards the non-
benalactam antibiotics. We have previously demonstrated that the novel
synthesized oxadiazol compounds by our research group, possess
antimicrobial activity against Staphylococcus epidermidis, Bacillus
cereus , Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia
coli, Candida tropicalis and Candida albicans.In this study all the
synthesized compounds (4a-4f) were evaluated for their in vitro
antibacterial activity against methicillin-resistant Staphylococcus aureus
and the results were summarized in Chart 1and 2. The results revealed
that all tested compounds have significant antimicrobials activity against
Staphylococcus aureus with 1Z values in the range of 16 -25, All tested
compounds (4a-4f) inhibit the growth of MRSA but compounds 4a, 4b
and 4C have shown more promising antimicrobial activity with MIC
values of of 62ug/ mL. The antibacterial screening results demonstrated
that antibacterial activity of above compounds are notably more as
compared to standard drugs Ceftizoxime however, they showed poor
activity compared with ciprofloxacin (Figure 1). No zone of inhibition
was seen around the well containing DMSO (Negative control).

The results of the study revealed that the presence of lipophilicity moiety
like: 4-phenyl methyl (4a), 3-phenyl methyl (4b) and 5-naphthalene (4c)
increase the antimicrobial activity of compounds against MRSA.
Additionally, nitrogen atom of pyridine moiety enhance the antimicrobial
activities of title oxadiazol derivatives, which can be attributed to charge
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delocalization and conversion in chemical structure [19]. As mentioned  pharmaceutical fields
before, in addition to the high antimicrobial power of the tested  Continuation of study is required to evaluate the synergistic effect of
derivatives, the proposed one-step method for the synthesis of  synthesized compounds, and assess their safety and efficacy.

compounds, can provide an efficient and impressive method for other

with time efficiency and less energy input.

Figurel: Inhibition zone of compounds against methicillin-resistant Staphylococcus aureus in Img/ml concentration
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Chart 1: Antibacterial activity of 5-aryl-1,3,4-oxadiazol derivatives by Agar well diffusion (1mg/ml)
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Chart 2: In vitro antibacterial activity of (5-aryl-1,3,4-oxadiazol-2-yl) (pyridin-2-yl) methanol derivatives by agardilution method(ug/mL)
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Conclusion

The results show that these newly synthesized compounds could be good
option toward the development of non-B-lactam antibiotics for treatment
of infections caused by MRSA or enhancement of conventional
antibiotics activity against MRSA.
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