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Abstract—Multidrug resistant organisms have been taunting the
medical world for the last few decades. Even with new antibiotics
developed, resistant strains have emerged soon after. With the
advancement of nanotechnology, we investigated colloidal silver
nanoparticles for its antimicrobial activity against Pseudomonas
aeruginosa. This organism is a multidrug resistant which contributes
to the high morbidity and mortality in immunocompromised patients.
Five multidrug resistant strains were used in this study. The
antimicrobial effect was studied using the disc diffusion and broth
dilution techniques. An inhibition zone of 11 mm was observed with
10 pg dose of the nanoparticles. The nanoparticles exhibited MIC of
50 pg/ml when added at the lag phase and the subinhibitory
concentration was measured as 100 pg/ml. The MICg, value showed
to be 15 pg/ml. This study suggests that silver nanoparticles can be
further developed as an antimicrobial agent, hence decreasing the
burden of the multidrug resistance phenomena.
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1. INTRODUCTION

SEUDOMONAS AERUGINOSA, A gram negative

bacterium, is one of the bacteria found to be resistant to
multiple antibiotics. It rarely causes problems to healthy
individuals. However, in immunocompromised patients, it is
one of the most important opportunistic pathogen that
contributes to the high rate of morbidity and mortality [1]. The
spectrum of diseases caused by this bacterium continues to
expand from urinary tract infection to septicaemia,
osteomyelitis and endocarditis, posing new challenges as
resistance to current empirical therapy limits the available
treatment options[2].

Silver is currently regaining interest for its renowned
antibacterial properties. It has been used since ancient times
for treating a wide range of illnesses from burn wounds,
typhoid, anthrax to bacterial conjunctivitis in newborns [3].
Numerous studies have been conducted to uncover the
antimicrobial properties of silver in its various forms.
Currently, nanotechnology is gaining interest for its potential
application in many fields including nanoantibiotics [4].
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This technology as its name implies, mainly enhances the
potential of the material by manipulating the size to be in
nanoscale. The smaller the particle, the greater the surface area
for better interaction and contact with target sample.

Even though there have been numerous literatures reporting
various studies evaluating the antimicrobial effect of silver,
there has been minimal reports on its activity against the
multidrug resistant Pseudomonas aeruginosa. Kim Kuk et a
(2007) demonstrated antibacterial properties against yeast,
Escherichia coli and Staphylococcus aureus [5]. Other studies
have worked with Bacillus .megaterium, Saphylococcus
aureus, Escherichia coli, Proteus wvulgaris and Shigella
sonnei [6]-[7]. In this study, we evaluated the potential of
silver nanoparticles as an antimicrobial agent against
multidrug resistant P. aeruginosa.

Il.MATERIALS AND METHODS

A. Characterisation of silver (Ag) nanoparticles

Silver (Ag) nanoparticles were purchased from Nano
Silver Manufacturing Sdn  Bnd, Malaysia The
nanoparticles used are of sizes that ranged from 20-30
nm. Briefly, colloidal silver were placed on copper grid
and analysed by using Scanning electron Microscope
(SEM).

B.Bacterial Srains and Culture Media

Ten clinical isolates of P. aeruginosa strains comprising of
five multidrug resistant (MDR) strains were used in the study.
Four strains that were susceptible to common empirical

antibiotics  (imipenem  (IPM), ceftazidime (CAZ),
cefoperazone (CFP), gentamicin (GM) and ciprofloxacin
(CIP)) were used for comparison.

P. aeruginosa (ATCC 27853) as a control. Brain heart
infusion (BHI) and Muller Hinton (MH) agar were used as
culture media.

C.Antimicrobial susceptibility test

This method was a modification of the agar disk diffusion
method as described in Clinical and Laboratory Institute [8].
Approximately 108 CFU/ml of bacterial colonies were lawned
onto MH agar plates. Sterile discs containing 10 pg Ag
nanoparticles were placed onto the lawned agar plates. Disc
containing 10 pg gentamicin and water was used as a positive
and negative controls, respectively. The plates were incubated
overnight (18-24 hr) at 37°C. The diameter of zone of
inhibition around the disc was observed and recorded.
Experiments were conducted in triplicates and average
inhibitory zone diameter with its standard deviation was
determined.
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D.Bacterial growth curve and inhibition assay

Bacterial suspension equivalent to 0.5 McFarland’
Standard was pipetted into a 96 well-plate andtkinaptical

strains as compared to the Ag nanoparticles. Tsvs that

the Ag nanoparticles have antimicrobial activityimgt theP.
aeruginosa strains.

density for 24 hours at 3¢ was recorded using Spectra-

Max190 at wavelength 600 nm.
organism was plotted and the time taken for thetdvic to
reach mid—log phase and the time taken to readforssay
phase was recorded.

The minimum inhibition concentration (MIC) of thegA
nanoparticles was determined by broth microdilutiogthod.
Bacterial
pipetted into a 96 well-plate. The strains weraibated for 24
hr at 37C with a two-fold serial dilution of silver
nanoparticles (Figure 1) added at O hr (beginnirigg phase)
and after 4 hr (mid-log phase) of incubation. Reltey 24 hr
incubation, the suspension was visualized for tglari

E. Minimum bactericidal concentration (MBC)

Samples from wells used in broth microdilution gsHzat
did not exhibit any visible growth after the 24 ihcubation
was subcultured onto MH agar plates. The MBC wasrded
as the lowest concentration of the Ag nanopartitiasdid not
allow a single colony to grow on the agar aftetttfar 24 hr
incubation.

Ill. RESULTSAND DISCUSSION

Organisms that are resistant to three or more edasé
antibiotics are considered as multidrug resist&tidR). Table
| shows strains 19, 26, 38, 43a and 47 are MDRnsti@s they
exhibit resistance against carbapenems, cephalaspo
aminoglycosides and fluoroquinolone.
TABLE |

ANTIBIOTIC SUSCEPTIBILITY OF P. AERUGINOSA STRAINS
Antibiotic Class

Strains Carb- Cephalo- Aminogly- Fluoro-
apenem sporin coside quinolone
Antibiotics IPM CFP CAZ GM CIP
*
ATCC 29 30 33 21 34
27853
1 29 22 28 21 28
3 12 25 28 21 24
6 34 28 33 23 32
11 30 28 30 21 32
19 28 0 0 0 0
26 0 10 0 9 0
38 0 9 0 8 0
43a 9 0 0 16 0
47 21 12 0 12 0

* Interpretation according to CLSI; R = resistant: lintermediate; S =
sensitive,IPM: R<14 mm, [:14-15 mm, S >16 mm; CFP: R<16, 2%
S>20; CAZ: R <15, 1:15-17,S > 17; GM: R <13,13-14,S> 14; CIP: R <
16, 1:16-20, S > 20. Numerics in bold indicasistant.

Table Il shows the inhibition zone for all samplesre of
approximately 11.6 mm when the organism was testgihst
10 pg of nanoparticles. The results were similarMBR
strains and the susceptible strains. Gentamiciwmstia larger
inhibition zone amongst susceptible strains buteth@as a
slight reduction in the zone of inhibition amonge tMDR

A growth curve of the

suspension of 0.5 McFarland’'s Standards wa

TABLE I
ANTIMICROBIAL ACTIVITY OF AG NANOPARTICLES INCOMPARISONTO
GENTAMICIN
Antimicrobial activity
Strains Ag NP Gentamicin Water
(10 ug, (10 ug,
ATCC 11.5+0.6 16.7+1.2 -
27853
1 11.3+1.( 15.3 £ 0.¢ -
3 11.8+ 05 143+15 -
6 11.8+0.! 19+1.7 -
11 11.8+05 16 +0 -
19 11.8+1.( 10+ C -
26 11.5+0.6 10.3+0.6 -
38 11.5+0.6 10+0 -
43¢ 11.5+ 0. 123+ 1. -
47 11.8+05 110 -
AgNP: Silver Nanoparticles, Positive control: Gentein,

Negative control: Water Inhibition zone (mm) ValaéMean + SD

Using the broth microdilution method, the the Mi@lue
was 50 pg/ml when the Ag nanoparticles were intceduat 0
hr, and the MIC was 100 pg/ml it was introduceerrft hr of
incubation. Minimum bactericidal concentration fdhe
samples treated with the Ag nanoparticles at Ondr&hr are
100 pg/ml and 200 pg/ml, respectively. Fig 1(a)ileixttlarity
at Ag nanoparticle concentration of 50 pg/ml wiitig 1(b)
exhibit clarity at Ag NP concentration of 100 pg/ml
I[Experiments for all 10 samples were carried ouriplicates
and results obtained were reproducible and comsisfehe
different inhibitory and bactericidal concentratibetween the
four hours duration may be due to the bacteriatl lah the
specific time point. At 0 hr, the colonies werelag phase
where the bacteria concentration is low and therend
significant multiplication of the bacteria, wheresfter 4 hr of
incubation, the bacterial growth has reached migdbase. At
the mid-log phase there is exponential growth astiganisms
are actively replicating. Thus, the concentration sdver
nanoparticles needed to inhibit and kill the orgars is
higher.

200 pug/ml
10Cug/m -
50 ua/m >

25 pug/im
12.5 pg/ml
6.25 pg/ml _p,.

opgm

(a) :Ag NP added at 0 hr 1(b): Ag NP added after 4 h
Fig. 1 Broth microdilution assay on representasample to
determine minimum inhibitory concentration

r
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The growth curves of the organism in the preserfcAgo This study indicates the possibility of other padlyw that
nanoparticles were plotted. In this study, the ghopatterns of may contribute to its effect. The preliminary ddtam this
susceptible strains were similar to the MDR strgiigs 2 and study could be used to carry out further studies toa
3). Inhibition percentage is calculated when cdréeomple (O mechanisms of action of Ag nanoparticles.
pg/ml) reaches optimal concentration (stationargsgh which
is at 10.5 hr. 100% inhibiton was observed at the I1l. CONCLUSION

concentration ok 50 pg/ml. The presence of these particles Thig study has shown that silver nanoparticles have
at a concentration of 25 pg/ml inhibited bactegedwth by  sjgnificant antibacterial effect oR. aeruginosa regardless of
average of 84%. 50% growth inhibition (Mj§ was found to jts susceptibility to antibiotics. The data presehin this work

be at concentration of 15 pg/ml. It was also obeebrthat at are novel, thus could lead to new advances in dpwetnt of

the concentrations of 6.25, 12.5 and 25 ug/ml, gaicles antibacterial material that could overcome the ity
causes growth delay proportionate to the concéotratf Ag  resistance burden. However, further studies havebéo
nanoparticles (increased concentration, increasesWtt conducted on the toxicity level and possible advesffects
delay). Similar results have been reportedeocoli [9]. that could arise in the use of Ag nanoparticlesmgffective
antibacterial agent in the health care system.

1.6
14 el e ——————
12 o //’" - fﬁ* ——200 pg/ml ACKNOWLEDGEMENT
2 01 T o = 100g/mi This work was supported by the excellent fund patedi by
o6 Z /I/ jf’ ;:ij:zj:} Universiti Teknologi MARA (UiTM) 600RMI/ST/DANA
i o , ; —ssuym | 5/3/Dst (358/2011)].
== 6.25ug/ml
Opg/ml REFERENCES
Hour [1] Goossens, H. (2003). "Susceptibility of multi-dmegistant
. - Pseudomonas aeruginosa in intensive care unitsiltgefrom the
Fig. 2 The effect of Ag nanopartlcle§ on the gropdittern of European MYSTIC study groupt." Clinical Microbiojpgnd Infection
susceptible strain 9(9): 980-983.
[2] Kerr, K. G. and A. M. Snelling (2009). "Pseudomors&suginosa: a
16 formidable and ever-present adversary." JournaHa$pital Infection
14 o 73(4): 338-344.
12 // N ——200 pg/ml [3] Foran, S. M. (2009). Therapeutic Properties of Bilv An Historical
z ! v " —B—100 g/ml and Technical Review. Quanta.
- gi 78S P 50 pig/ml [4] Mudshinge, S. R., A. B. Deore, et al. (2011). "Naawticles: Emerging
T os I el =25 pg/ml carriers for drug delivery." Saudi Pharmaceuticalrdal 19(3): 129-
é 12 5 pg/ml 141.
* —8—6.25 pg/m [5] Kim, J. S., E. Kuk, et al. (2007). "Antimicrobiafffects of silver
ongimi nanoparticles." Nanomedicine: Nanotechnology, Bjpland Medicine
3(1): 95-101.
Hour [6] Bhupendra Chudasama, A. K. V., Nidhi AndhariyaVRMetha, R. V.

Upadhyay (2010). "Highly bacterial resistant silveanoparticles :

Fig. 3 The effect of Ag nanoparticles on the gropditern of MDR synthesis and antibacterial activities.”

Strain [7] Shahverdi, A. R., A. Fakhimi, et al. (2007). "Syedfs and effect of

) . . ) silver nanoparticles on the antibacterial actiwfydifferent antibiotics

The mechanism of drug resistance involvigaeruginosa against Staphylococcus aureus and Escherichid' dddinomedicine:
includes active efflux pumps, chromosomal and iitdec Nanotechnology, Biology and Medicine 3(2): 168-171.

beta-lactamases, plasmid-mediated ESBLs (EXtendESél Clinical and Laboratory Standards Institute (200®erformance

" standards for antimicrobial susceptibility testi\Wayne, P.A) 1995:
Spectrum Beta-Lactamases), and altered permealtitgs of 15th informational supplement. Document M100- S15.

protein porin OprD results in resistance to carbapes, [9] Ivan Sondi, B. S.-S. (2004). "Silver nanopartidssantimicrobial agent
i P f : a case study on E. coli as a model for Gram-megagacteria." Journal
speuﬁcglly Mﬁ[m]. On the oth_er hand, studles_ on the of Colloid and Interface Science: 177 - 162,
mechanism of action of Ag nanoparticles reporteat #ilver (10 Lisa A. Spacek, M. D., Ph.D.; Khalil G. Ghanem, M.[2011).
ions penetrate bacterial cell, denature ribosomessappress Pseudomonas aeruginosa, Unbound Medicine.
the expression of enzymes and proteins essentiaATd® [11] Yamanaka, M., K. Hara, et al. (2005). "Bactericidations of a silver
ducti hus leadi Il di . 11ilv&r h | ion solution on Escherichia coli, studied by endfiligring
pro uc_tl_on, thus leading to ce !srgptlon [ _ﬂ.v_ as also transmission electron microscopy and proteomicysigal Applied and
the ability to prevent DNA unwinding by binding them, environmental microbiology 71(11): 7589.
hence inhibiting the replication of bacteria [1Zargeting the [12] aatafsehtv_ K. 1. (2t904)-f"/§|n0m8;y ﬁnldt_cmvf\f‘,garﬂto“ '_"“'”gd'? tthe_
. PR . . erapeutic properties or silver chelation amic and tartaric
bacterial membrane also Igads to dissipation ofopronotive acids.” Journal of Antimicrobial Chemotherapy 542)6-548.
force [9]. The results obtained by our study havews that
both drug susceptible and resistant strains aectaf in the Navindra Kumari Palanisamy, is a senior lectureand microbiologist
same manner. This suggests that the mechanism ugf dgffliated to the Institute of Medical Molecular Bézhnology, Faculty of
resistance developed by. Beruginosa does not affect the Medicine, Universiti Teknologi MARA, Sungai Bulo#7000 Sungai Buloh,

. . Selangor, Malaysia.
action of Ag nanoparticles.

294



International Journal of Medical, Medicine and Health Sciences
ISSN: 2517-9969
Vol:6, No:7, 2012

Zaini Mohd-Zain is an Associate Professor and microbiologistafi to
the Institute of Medical Molecular Biotechnologyadtlty of Medicine,
Universiti Teknologi MARA, Sungai Buloh, 47000 Swduloh, Selangor,
Malaysia.

Athirah Nur Amirulhusni is a 2 Year medical student pursuing her
Advance Medical Science (AMS) Programme at Unitief&knologi MARA
(UiTM). She works on antimicrobial activity of sdv nanoparticles to gram
negative bacteria.

Rajkumar Durairaj is Associate Professor at the Department of
Mechanical and Material Engineering, Faculty of Eegring and Science,
Universiti Tunku Abdul Rahman (UTAR), Malaysia. @&rito joining UTAR,
he served as a teaching staff and research assiatatuniversity of
Greenwich, UK. He's research interest is in theaacé nanoparticles,
rheology and electronic materials. Rajkumar has@et and co-authored a
total of 50 technical papers published in peerewed journal and leading
international conferences. Rajkumar received BEBHlass Honours) in
Manufacturing Engineering and a PhD from the Ursitgrof Salford, UK
and University of Greenwich, UK, respectively. Heal registered Chartered
Engineer with Engineering Council (UK) and Senioerkber of the |IEEE
(Us).

Liew Jian Ping is a postgraduate student pursuing his Mastettkdrarea
of synthesis and rheological characterisation bfesinanoparticles based
dense suspension.

295



