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ABSTRACT
Nanotechnology encompasses the understanding of the fundamental physics, chemistry, biology and technology of
nanometre-scale objects. The study of bactericidal nanomaterials is particularly timely considering the recent
increase of new resistant strains of bacteria to the most potent antibiotics. In this present study, deals with
antibacterial activity of green synthesized silver nanoparticles coated intravascular catheter (AgNPs-IVC) against
biofilm producing human pathogens by Zone of inhibition (ZOI) standard microbiology assay. AgNPs-IVC shows
excellent antibacterial activity against S. epidermidis and K. pneumoniae, ZOI around 42 mm and 36 mm. The
prepared AgNPs-IVC confirms moderate antibacterial activity against S. aureus, E. coli and P. aeruginosa, ZOI
around 31, 28 and 27 mm respectively. In addition, SPTT study reveals that the AgNPs-IVC showed a long duration
of activities up to Day 8th against K. pneumoniae and S. epidermidis. Hence, to the utilization of green synthesized
silver nanoparticles coated biomedical products to prevent biofilm formation and act as widespread antibacterial
materials.
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INTRODUCTION
Nanotechnology is novel approaches to research phenomena at atomic, molecular and macromolecular
scales, where properties differ significantly from those at a larger scale. This novel approach can be useful
to microbial biofilms control, which is formed when bacterial and/or yeast cells adhere to abiotic and
biotic surfaces.1 Nanomaterials have nanoscale dimensions about between 1-100 nm and frequently
exhibit new and significantly chemical, physical and biological changed proprieties2 and nanoparticles
have excellent catalysts, sensor and adsorbents due to their large specific surface area and high reactivity.3
The field that applied this technology to understand and transform biosystems can be defined as
nanobiotechnology.4 Nanoparticles can present a unique alternative as detection methods of bacterial
targets, in main nanosensors that could directly detect the presence of a particular pathogen agent or
indirectly detect them through the assessment of the pathogens metabolic activity.5
Several engineered and natural nanoparticles including titanium dioxide6, zinc7, silver8 and gold9 have
shown strong antimicrobial properties against human pathogens. Antimicrobial activity of nanoparticles
are well known, of all the nanoparticles, silver nanoparticles have been described as the one with the
highest level of toxicity for microorganisms and lowest toxicity for animal cells.10 The researcher reported
that the plant extract assists synthesized AgNPs have recently appeared as new antimicrobial agents due
to their high surface area to volume ration and unique chemical and physical properties.11,12 The
antibacterial activity AgNPs The improvement of impregnation of medical devices with silver
nanoparticles is that it protects both outer and inner surfaces of medical devices and there is the
continuous release of silver ions providing good antimicrobial activity.13,14 In general, silver nanoparticles
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exploited towards the development of potential antibacterial material. In this study we demonstrate
antibacterial activity of plant extract assisted silver nanoparticles coated Intravascular Catheters (AgNPsIVC) against Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Staphylococcus
epidermidis and Klebsiella pneumoniae.

EXPERIMENTAL
Microorganisms
The clinically isolated microorganisms (Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa, Staphylococcus epidermidis and Klebsiella pneumoniae) were obtained from Department of
Biotechnology, Dr. N.G.P Arts and Sciences College, Coimbatore, Tamilnadu, India.
Silver Nanoparticles and Chemicals
The spherical in shape with an average size of 30-60 nm green synthesized AgNPs15 was a kind gift (Dr.
Ranjithkumar R, Department Biotechnology, Dr. N.G.P. Arts and Science College, India). Also,
Ranjithkumar et al (2013) reported that the green synthesized silver nanoparticles coated textile shows
good antibacterial activity against human pathogens.8 Mueller-Hinton agar and other chemicals utilized
were of analytical grade and were obtained from a local source.
Preparation of AgNPs coated IVC (AgNPs-ICV)
Silver nanoparticles releasing intravascular catheters were made using the slurry-dipping technique. The
technique started with the preparation of stable slurry with 0.5g of AgNPs in the molten polyethylene
glycol (PEG). Appropriate slurry temperature (37oC) was determined by an optimization process based on
a trial-and-error approach to achieve optimum coating thickness, uniformity and stability of composite
coating as well as adequate infiltration of AgNPs particles into coating structure. PEG (2g) with a
predefined molecular weight was mixed with AgNPs (0.5g) in a glass vial. The mixture was heated at the
range of 60-70oC in a water bath to obtain a homogeneous slurry. The resulting slurry was homogenized
in a magnetic stirrer for 5 to 10 min. Each piece of the catheter (length 6mm) was dip-coated twice with
intermittent drying (suspension coating method).
The dip-coating procedure was carried out in sterile glass beakers on a shaker (120 rpm) for 30 min, with
a drying period of about 15 min between the two coating procedures, followed by drying at room
temperature. All coating steps were carried out under strict aseptic conditions. All samples were coated by
a thickness of about 3-10% of catheters outer diameters and the catheter samples were stored at 4oC for up
to 15 min. In order to increase AgNPs loading and prevent an excessive increase in catheter thickness, the
coating process was repeated four times for each sample. Subsequently, in order to slow down the release
rate of AgNPs from PEG coating and mitigate the friction effect between catheter surface and mucosa, the
second coating layer was formed on the catheter surface.
PVA was dissolved in DMSO to acquire a 10 w/w% solution. PEG-coated samples were submerged into
PVA solution three times for 1 min each. Thereafter, these samples were stored at 0oC or in a deep freezer
to implement one freeze–thaw cycle and physically crosslink the samples. The coated intravascular
catheters were left to dry on a clean bench for one week at room temperature to remove residual DMSO.
Antibacterial activity of AgNPs coated IVC
The method was performed by analyzing the antibacterial activity of catheter materials after dip-coating
with AgNPs. In this qualitative method the pre-measured size (length: 6mm) of all dip-coated catheter
materials were tested, all coated materials were placed on the surface of Mueller-Hinton agar plate which
had previously been seeded with an overnight broth culture of the test organisms. The plates were
incubated at 37°C for 24 to 48 h. The experiment was carried out in triplicate. Antibacterial activity was
expressed as the diameter of the zone of inhibition.
Persistence Test
Serial Plate Transfer Test (SPTT) was performed to determine the persistence of AgNPs content in the
biomaterial during the implantation period. The test was performed after the qualitative antibacterial
activity. The SPTT was a test used to assess both the presence of antibacterial activity and its duration.
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It has also been used in the detection of resistance in adherent bacteria after prolonged exposure16.
Briefly, using a sterile swab the overnight broth culture of the test organisms were swabbed on sterile
Mueller-Hinton agar (MHA) plates. Each biomaterial coated with the AgNPs was placed on the seeded
MHA plate and incubated at 37°C for 24h. The zone of inhibition was measured and the AgNPs coated
biomaterial was immediately transferred to the next MHA plate seeded with similar test bacteria. It was
ensured that the same material surface was in contact with the MHA surface. The process was continued
until no more inhibitory zone was observed for the biomaterial.

RESULTS AND DISCUSSION
Antibacterial activity of after dip-coating with synthesis AgNPs catheter materials shows good
antibacterial activity against test pathogen. In this present study, the antibacterial activity of IVC-AgNPs
was evaluated by using standard Zone of Inhibition (ZOI) microbiology assay. Earlier some researcher
indicates the organisms record frequently and isolated from catheter biofilms are S. epidermidis, S.
aureus, P. aeruginosa, K. pneumoniae and E. faecalis.17In this current experiment, plant assisted silver
nanoparticles coated biomedical product exhibit signification antibacterial properties against biofilm
producing pathogens and compare with the non-coated biomedical product, the diameter of inhibition
zones increased for the test pathogens S. epidermidis and K. pneumoniae.
Antibacterial nanoparticles such as chitosan and nanoparticles coated chitosan exhibit significant
antibacterial activity.18 The silver nanoparticles interact with multiple targets in the microbial cell, such as
cell members, enzymes and plasmids, simultaneously providing the bacteria least capacity to gain
resistance.4,8 In the present study, IVC-AgNPs biomaterial achieved maximum ZOI was found to be 42
mm and 36 mm for S. epidermidis and K. pneumoniae (Fig.-1).

UC: Uncoated Catheter DC: Drug-coated Catheter
Fig.-1: AgNPs-IVC against biofilm producing organisms a) S. epidermidis and b) K. pneumoniae

Whereas, the other three bacteria strains of S. aureus, E. coli and P. aeruginosa showed a zone of
inhibition of 31, 28 and 27 mm respectively, (Fig.-2). Conversely, no inhibition found in non-coated
biomaterial. The AgNPs-IVC showed inhibition zone against all the studied bacteria and we found the
AgNPs coated biomaterial has a superior antibacterial action against S. epidermidis and K. pneumoniae.
In SPTT study, IVC-AgNPs shows the long duration of activities up to Day 8th against K. pneumoniae and
S. epidermidis. Whereas, AgNPs-IVC sample exhibit continued inhibition of all tested biofilm producing
bacteria except P. aeruginosa and S. aureus. AgNPs impregnated IVC sample showed a zone of
inhibition to Day 5th against S. aureus (Fig.-3).
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UC: Uncoated Catheter DC: Drug-coated Catheter
Fig.-2: AgNPs-IVC against biofilm producing organisms a) S. aureus b) E. coli and c) P. aeruginosa

However, in this present experiment achieved that the AgNPs coated biomaterial received continued zone
of inhibition round 9 mm on Day 8th against S. epidermidis (Fig.-4).

Fig.-3: SPTT on AgNPs coated IVC

CONCLUSION
Nanotechnology has emerged due to the integration of biotechnology with nanotechnology for developing
biosynthetic and environmental-friendly technology for the biological application. In this present study,
concentrate on the control of biofilm producing bacterial on the biomedical product using silver
nanoparticles coated IVC (AgNPs-IVC). Results obtained from the present investigation reveals AgNPsIVC are potential antibacterial activity against tested pathogens particularly the diameter of inhibition
zones increased for the test pathogens S. epidermidis and K. pneumoniae. The present study clearly
explained biomedical product with a specific concentration of AgNPs showed a maximum activity against
biofilm producing organisms. To utilize these potential bioinspired silver nanoparticles may assemble or
coated on the biomedical product to prevent biofilm formation (Schematic-I).
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Fig.-4: AgNPs impregnated IVC on 8th Day against S. epidermidis

Scheme-1: Diagrammatic presentation of IVC coated AgNPs against biofilm producing human pathogen by dip
coating method
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