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ABSTRACT

Pseudomonas aeruginosa as one of the leading canisgssocomial infections is a gram negative baatarand
an opportunistic pathogen. Since this bacteriumhighly resistant to drugs, several new methods haeen
investigated to fight against it. Applying nanojelgs of silver is one of the most effective waytactkle bacterial
infections. In this research, the antibacterial pesties of nano- silver, with two different sizess evaluated for
anti-Pseudomonas aeruginosa activity. In this agslk, the powdered nanoparticles of silver with @apgmate
diameters of 20 nanometers (Pishtazan Inc. Masheh) and 5 nanometers (Department of Chemistry in
Maragheh University) were evaluated for antibaaeéractivity. The concentration of these nanopaeciwas
identified by (atomabsorbtion) spectroscopy metimthe Faculty of Chemistry in Tabriz Universityath. Then,
the anti-Pseudomonas characteristics of nanopasiclwere investigated by MIC (Minimum Inhibitory
Concentration), MBC (Minimum Bactericidal Concerima) identification, disc diffusion and well diffion
methods. In this study, was investigated and coetpdhe anti-bacterial effects of nanoparticles d¥es on
Pseudomonas aeruginosa PAO1 and 20 clinical strésotated from Imam Reza Hospital in Tabriz, Irdthe
findings revealed that the MIC and MBC of 20nm rarticles were 625 ppm and 1250 ppm respectivaly fo
Pseudomonas aeruginosa PAO1. On the other hand/itBeand MBC of 5 nm nanoparticles were 75 ppm 256
ppm respectively for Pseudomonas aeruginosa PA@dording to these findings, the MIC and MBC idéadiffor
clinical Pseudomonas aeruginosa strains under stalibyng with the PAOL strain failed to show a sigaift
difference. Yet the amount of inhibition for then20 nanoparticles in the density of 20000 ppm aoficdil
Pseudomonas aeruginosa and PAOL strains was libmei#r with the disc diffusion method and 10 miiens for
the well diffusion method with the same concerdratirfhe amount of inhibition of 5Snm nanoparticlegtie 250-
ppm density with disc diffusion and well diffusiorethods were 10 and 9 millimeters respectively.ulRes
demonstrated that Pseudomonas aeruginosa is sensdinanoparticles of silver. Furthermore, theilatterial
effect of nanopatrticles of silver increases asrtsée decreases. Besides, equality of MIC and MB@umerous
clinical cases reveals that there is no resistaagainst nanoparticles of silver in drugs resistamathogenic
bacteria.
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INTRODUCTION

Pseudomonas aeruginogagram negative and aerobic organism that mdvwesigh 2- 3 polar flagella. It could be
found in soil and watePseudomonas aeruginogan opportunistic nosocomial pathogen that cinflect patients
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hospitalized in intensive care unit, burns, anceotimits of hospital with secondary acquisitiveettfons. Besides,
it is the major cause of infection in Cystic fibiwsases. This organism produces several pigmerds as

Pyocyanin (blue), Pyoverdine (green), Pyorubin Y@t pyomelanin (black) in the culture medium. Phesence
Aminoacetophenone in its colony makes it smell {ikapes or jasmine. One of the most important eiroé factors
in this bacterium is Exotoxin A [1]. The belief th@notechnology has commenced a new era in sa@&urebining

engineering, biology, chemistry, medicine, and pts/$s generally accepted among scientists. Stutiee shown
that the smaller the size of the nanoparticlesegithem novel activities. These characteristia liacreased the
rate of using nanomaterials dramatically so asowaraspects of life including electronic systerighiting microbes

and diagnosis and treatment of diseases have lffeeted by them [2,3].

Nanoparticles are particles with a diameter of ald6 meter. This extremely tiny size gives them unigbgsical,
chemical, mechanical, magnetic and electric charatics and let them enter the cells freely aridrfere in their
natural activities [4]. Nanoparticles have histalig been categorized in two metallic and nonmietalategories.
Metallic nanoparticles have long been used in itsdes and bactericides. They are also known agelno
developments in modern pharmacological sciencedlaid high potentials have drawn the attentiorstoidies in
biology, pharmacology, and several specific treatnpeocedures. These particles have the lowest tfvexicity
in the cycle of life and ecosystem[5].

Silver is one of the most common and useful metats possesses various antibacterial potentialsida vange of
health problems like burning infections, typhoidttaax and conjunctivitis in kids have always bémmated with
silver [6].

Different mineral antibacterial materials like ceppmnd silver were used to treat microbial infetsidong before
modern chemotherapy was introduced to new careemgst Recent advancements in the nanotechnology and
nanoparticles have developed organic and minerabperticles and this have increased their use dustry,
medicine, artificial textiles and food packaging. [7

Nanopatrticles have a better and different qualitmpared to other forms of the same element. I Iiit of them
can have a great deal of antibacterial effect. @toee, nanoparticles of silver have a strongerbawterial effect
compared to silver itself [8,9].

The inhibitory effect of the nanoparticles of silveay come from their interference in the biologjimechanisms of
the bacteria: 1) these nanoparticles penetrateahtavall of the bacteria and change it. This ims®s penetrability
of cell membrane and interrupt the control of matentake and output from the cytoplasm. 2) Théleacterial

mechanism of nanopatrticles of silver is associttetie free radicals. 3) Their joining with the DNi&ées not let it
replicate and inhibit cell division ending in theath of the cell. 4) Besides, the silver ion cdsttbe enzymes of
the respiratory cycle. 5) Silver ions have a gteatlency toward joining to the thiol groups of th&al enzymes
thanks to the presence of phosphorus [10-12].

Considering the mechanism of the function of silmanoparticles, it could be said that they haveaathges over
antibiotics. Here is a list of those advantagesbdgteria do not gain resistance against nanofestf silver,
because they affect several sites and differengreeg. 2) Nanoparticles of silver are effective owide range of
bacteria. 3) Nanoparticles of silver have no bddatfon human cells because; human cells are sodisorms. 4)
Unlike antibiotics that transform after interacti@nth the cell and lose their power, nanopartiakdssilver are
released after affecting the microbe and influestber microorganisms [13].

Pseudomonas aeruginogaone of the major causes of nosocomial infestiamd has a great potential in becoming
resistant to drugs. This bacterium is also of nwmgrantibiotic resistant factors due to plasmid eimbmosomes
making it very difficult to treat by antibiotics. ddeover, new antibiotics have failed to reduce aliyt and
morbidity caused by this bacterium. Low penetripitif outer membrane and the presence of varioug dfflux
pumps are two of the reasons for its resistantbatovarious antibiotics lose their effectivenegaiast it.

Obijectives

The present study aims to investigate the effe€teamoparticles of silver in clinical and standesiains of

Pseudomonas aeruginosad determination of nanoparticles of silver Mi&ZlaMBC forPseudomonas aeruginasa
Materials and methods
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Nanoparticles: The present study used two types of powderedpwtioles of silver with an approximate size of 20
nm bought from the Pishtazan Nanotechnology Co §hdd, Iran) and nanoparticles of 5nm synthesizethéy
Chemistry Department of Maragheh university (Maety Iran) .

Bacteria and Media: The Pseudomonas aerugino$BAO1) was obtained from Biotechnology Researcht€le

Tabriz University of Medical Sciences (Tabriz,nya, and 20 clinical strains ¢fseudomonas aeruginoseere

isolated from different samples in Imam Reza He@dmif Tabriz (Tabriz, Iran). In order to identiflye bacteria, the
necessary experiments including Gram Staining |lasgaest and the oxidase test were conducted.eMidihton

agar growth medium was used in well diffusion arstt diffusion methods and the nutrient broth waesdug micro

dilution method.

The antibacterial effects evaluation of Nano silver

A) Determination of MIC and MBC:

First 0.08 g of each size of the nanoparticlesg2® 5 nm) were weighed and then solved in 2 nnludfient broth.
Then serial dilutions of 312, 625, 1250, 2500, 500W000, 20000, and 40000 ppm were prepared. Tteep,| of
microbial suspension d?*seudomonas aeruginosgualing 0.5 McFarland (1.5X3@FU) was added to each tube.
In this way, fixed amounts of bacteria are expogeudarious densities of nanoparticles of silvereThbes were
kept for 24 hours in an incubator with shaker &tCG37 Then, 10 microliters of each tube was dilured5 ml of
physiology serum and sub cultured in Muller-Hinegar and incubated at 37° C for 24 hours. Afteulation, the
bacterial colonies were evaluated for determinatibthe MIC and MBC of nanosilver. The concentratio which
99.99% of the bacteria were dead was taken as B€ Ehdthe latest transparent tube was considered to ée th
MIC.

B) The antibacterial effects evaluation by well difarsand disc diffusion:

In order to evaluate the sensitivity of bacterianemoparticles of silver through well diffusion adidc diffusion,
first thePseudomonas aeruginosas grown overnight in nutrient broth, bacterierevcollected by centrifuge, and
resuspended in PBS for preparation of 0.5 McFarkmehl bacterial suspension. After dripping theilsted swap

in the microbial suspension, the extra solutioextracted through pressing swap into the side efttibe and the
plate surface of Miller-Hinton agar was inoculatbree times with a 60° by this swap. Then, 20 nlitens of
20nm nanoparticles with 5000, 10000, 20000 and @0pPm concentrations and 20 microliters of 5 nm
nanoparticles with 625, 1250, 2500, 5000 ppm comatans were separately inoculated to the growsdiom in a
pointed manner. The distance between inoculatedtpdiom each other was at least 15 mm. the plaes
incubated for 24 hours at 37° C . finally, the deten of the inhibited zones was measured.

In the disc diffusion method, four blank discs wergted on inoculated Miller-Hinton agar in a stamdform.

Then 30 microliters of each dilution of nanopadglwere poured on each blank disc. The plates weubated for
24 hours at 37° C and the diameter of the inhibitenes was measured. All above-mentioned stagesrepeated
three times and the mean of the results were redord

RESULTS

Results showed the MIC and MBC of silver nanopketigwith 20 nm size) were 625 ppm and 1250 ppmthad
MIC and MBC of silver nanoparticles (with 5 nm giagere 75 ppm and 156 ppm for all of clinical ideth
Pseudomonas aeruginosadPAO1strains. The MIC and MBC results obtained for ickh isolatesPseudomonas
aeruginosaand PAOL strains, showed no significant differefiggl, 2 and table 1).

Figl. TheMIC and MBC of silver nanoparticleswith 20 nm size micro dilution method

426



Tanomand A. et al Int J Med Res Health Sci. 2016, 5(11):424-430

Fig2. The MIC and MBC of silver nanoparticleswith 5 nm size micro dilution method

Table 1. Therate of MIC and MBC of nanoparticles of silver for 20 strains of Pseudomonas aeruginosa and the PAO1 strain

Strains ofPseudomonas aeruginoga20 nm nanoparticles of silver 5 nm nanopatrticlesiloer
under study MIC(ppm) MBC(ppm) MIC(ppm) MBC(ppm)

1 625 1250 78 156
2 62t 125C 312 62E

3 625 1250 78 156
4 1250 2500 156 312
5 2500 5000 78 156
6 1250 2500 39 78
7 312 625 312 625
8 62t 125C 78 15€

9 1250 2500 78 156
10 2500 5000 78 156
11 625 1250 312 625
12 312 625 78 156
13 625 1250 78 156
14 250( 500( 78 15€
15 312 628 39 78
16 625 1250 78 156
17 625 1250 156 312
18 625 1250 78 156
19 125(C 250(¢ 78 15€
20 62t 125C 15€ 312

Besides, results from the well diffusion method desirated that the increase in the density of namiofes of
silver increases the diameter of the inhibited dhomone of the bacteria. The average size of itgdbgrowth zone
in Pseudomonas aeruginogarepresented in Fig 3.
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Fig 3. The comparison among theinhibited growth zone through well diffusion in different concentration of nanoparticles between
Pseudomonas aeruginosa PAO1 and clinical Pseudomonas aeruginosa (1. 40000, 2.20000, 3.10000, 4.5000 ppm)

Moreover, the results from disc diffusion methokkelithe ones from the well diffusion method showt ttre

increase in the density of nanoparticles of siimereases the diameter of the inhibited growth zdmee mean of
the inhibited growth zone ¢fseudomonas aeruginofar the prepared concentrations are representEjure 4.
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Fig 4. The comparison among theinhibited gr owth zone through disc diffusion in different concentration of nanoparticles between
Pseudomonas aeruginosa PAO1 and clinical Pseudomonas aeruginosa. (1. 5000, 2. 2500, 3.1250, 4.625)

DISCUSSION

Nowadays, nosocomial infections have become awsepomblem in the health and hygiene as the hdstitain to
develop.Pseudomonas aeruginoss one of the most important causes of nosocoimfektion that has a high
potential of gaining resistance against drugs tberxeral antibiotics lose their effectiveness dayday. Using
nanoparticles against bacterial infections hasgmde be one of the most effective methods. Thegmtestudy used
the bactericidal effects of nanopatrticles of roltdlger. Considering the results from microdilutiorethod, it could
be said that nanoparticles of silver could inhibié¢ growth ofPseudomonas aeruginosa low densities. This
concords with the results from Sondi et. al. wogkon Escherichia coli[14]. They also concord with the studies
conducted by Athirah et. al. on drug resistas¢udomonas aeruginodé].

In both well diffusion and disc diffusion methodesults revealed that the increase in the condemraf the

nanoparticles of silver enlarges the diameter ef itthibited growth zone of thBeseudomonas aeruginas@he

reason for this may be the inhibited dispersiorsatid environment for nanoparticles of silver sWiftonnect to
each other and do not contact with the microbes.tive diameter of the inhibited growth zone gredipends on
the dose of nanoparticles of silver used. This oo with the results from Kim et. al. studyiggcherichia coli

Staphylococcus aureasd the yeast in 2007 [10].

The study conducted by Humberto et.al. in 2010nhéitory effect of nanopatrticles of silver werevestigated on
the Pseudomonas Aeruginosad Escherichia coliresistant to Ampicillin and th8treptococcus pyogensssistant
to Erythromycin. They approved of the bacteriostatifects of nanoparticles of silver on bacteRaeudomonas
aeruginosahas several antibiotic resistant factors duestpliasmid and chromosome making its antibiotictinest
very difficult. Thus, new antibiotics failed to gtahe mortality and morbidity it causes. The lowngeability of
exterior membrane of the bacteria and the presehceug efflux pumps are among the mechanisms oguits
drug resistance [15]. Furthermore, in 2005, Mosoatal investigated the bactericidal effects afaparticles of
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silver on four gram-negative bacteria includiRgeudomonas aeruginosa, Vibrio cholerae, Eschexichili and
Salmonella They discovered that nanoparticles of silverksti the cell membrane of the bacteria degenetste t
membrane and disrupt the penetrability of membtaraigh releasing silver ion [16].

CONCLUSION

Nanopatrticles of silver have similar bactericidéiéet on standard and clinicRlseudomonas aeruginaddoreover,
they have similar effects on the drug resistant@mg sensitive bacteria.
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