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Abstract

Silver nanoparticles are multifunctional nanoparticles with effective antibacterial
activity. In this present study, the synthesized AgNPs by reduction of silver nitrate
during exposure to betel leaf aqueous extract was confirmed by UV-Vis spectrum,
the SPR peak observed at 443nm. The characterization of AgNPs was carried out
using Fourier transform infrared spectroscopy, X-ray diffraction, Dynamic Light
Scattering, Scanning Electron Microscope and Energy-Dispersive Spectroscopy.
XRD analysis revealed that the particles were crystalline in nature with face-centered
cubic geometry. The distribution of the AgNPs observed that the particles obtained
are polydisperse mixtures in the size range from 70 to 80nm by using DLS analysis.
SEM image of AgNPs shown that relatively spherical in shape and uniform with high
agglomeration were noted. AgNPs coated IVC have shown the greatest antibacterial
activity against biofilm producing human pathogens such as E. coli, S. aureus, P.
aeruginosa, S. epidermidis and K. pneumoniae.
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Introduction

Bacterial biofilms are widely distributed and play important roles
in many environments. Generally, biofilms are bacterial communities
in which cells are embedded in a matrix of extracellular polymeric
compounds attached to a surface.! Bacterial surface components
and extracellular compounds in combination with environmental
and quorum-sensing signals are crucial for autoaggregation and
biofilm development in most bacterial species.>® Rinaudi &
Giordano* suggested the basic accepted model of biofilm formation,
environmental signals trigger the process and flagella are required for
the biofilm community to approach and move across the surface. The
initial steps of attachment are mediated by outer membrane proteins,
pili or lipopolysaccharides. After the formation of microcolonies, the
production of quorum-sensing signals is required for the formation
of a mature biofilm. Exopolysaccharides provide the architectural
form of biofilms and stabilize their 3-dimensional structure.* The
bacteria gain numerous advantages from living in biofilms, including
protection from predation, desiccation and exposure to antibacterial
substances.’ Biofilms contain great implication for public health, since
biofilm associated microorganisms exhibit dramatically decreased
susceptibility to antimicrobial agents. This may be as a natural
outcome of growth or due to transfer extrachromosomal elements to
susceptible organisms in the biofilm.®

Many urinary tract infections and bloodstream infection are
associated with indwelling medical devices and biofilm associated.
The most strategy for treating these infections may be deletion and
removal of the biofilm contaminated device. Urinary tract infections
and bloodstream infection are associated with indwelling medical
devices and biofilm associated. The most strategy for treating these

infections may be deletion and removal of the biofilm contaminated
device. Urinary catheter biofilms may initially be composed of
single species, but longer exposures inevitably lead to multispecies
biofilms.” Intravascular catheters (IVC) are used for the administration
of medications, parenteral nutrition, fluids and blood products to
monitor hemodynamic status and to provide hemodialysis.® Use of
IVC for patient care may be associated with increased risk of central
line associated bloodstream infection. Mermel (2000) study reported
around 80,000 central line associated bloodstream infection occur
among patients in US intensive care units each year.” Anaissie and
co-worker reported that the biofilms may form within three days after
catheter insertion.!

Nanotechnology is novel approaches to research phenomena
at atomic, molecular and macromolecular scales, where properties
differ significantly from those at a larger scale.!" Nanomaterials have
nanoscale dimensions about between 1-100nm and frequently exhibit
new and significantly chemical, physical and biological changed
proprieties'> and nanoparticles have excellent catalysts, sensor and
adsorbents due to their large specific surface area and high reactivity.'
Several engineered and natural nanoparticles including titanium
dioxide, zinc," silver'® and gold'” have shown strong antimicrobial
properties against human pathogens. Nanobiotechnology has arisen
due to assimilation of biotechnology with nanotechnology for
emerging biosynthetic and eco-friendly approach for synthesis of
nanoparticles.”® The novel method for synthesizing nanoparticles
utilizing biological resource and such a methodology is called as
“green chemistry.'” Shanmugavadivu and co-workers revealed
that green synthesis approaches of producing silver nanoparticles
using pomegranate peel extract have benefits over the conventional
techniques and they own potential antibacterial activity against human
pathogens.”® Antimicrobial activities of nanoparticles are well-known,
particularly, silver nanoparticles have been described as the one with
the highest level of toxicity for microorganisms and lowest toxicity
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for animal cells.?! Research studies on the biological synthesis silver
nanoparticles have recently appeared as new antimicrobial agents due
to their high surface area to volume ration and unique chemical and
physical properties.??>* In addition 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 continuous
release of silver ions providing good antimicrobial activity.?>2
Ansari and co-workers study demonstrated the anti-biofilm efficacy
of silver nanoparticles against methicillin resistance S. aureus and
methicillin resistance S. epidermidis isolated from wounds.?” Hence,
the present study was designed to enhance our knowledge of betel
leaf mediated green synthesized silver nanoparticles impregnated
intravascular catheters tried against biofilm producing bacteria such
as Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa,
Staphylococcus epidermidis and Klebsiella pneumoniae.

Materials methods
Materials

The chemical silver nitrate (AgNO,) was purchased from SD Fine
Chemical Pvt Ltd, Mumbai.

Preparations of the betel leaf extract

Apparently healthy betel leaves were collected from local market
and washed thoroughly in tap water to remove dirt and other attached
particles. The betel leaves extract was prepared by taking 20g of
thoroughly washed and finely cut betel leaf in a 250ml Erlenmeyer
flask with 100ml of sterile distilled water and then boiled the mixture
for 10min. The solution was then removed from the head source and
left at room temperature. Following this step the extract was then
filtered through a Whatman filter paper No.1. The extract was kept in
refrigerator at 4 °C for further experiments.

Biosynthesis of AgNPs from betel leaf

The aqueous solution of ImM concentration silver nitrate (AgNO,)
was prepared to synthesize silver nanoparticles from betel leaves. For
the experiment briefly, Sml of betel leaves aqueous extract was slowly
added to 100ml of aqueous solution of ImM concentration AgNO,
while stirring, for reduction into Ag ions. The formation of dark
brown colour was observed after 8h incubation at room temperature
and A max was taken using UV-Visible spectroscopy (UV-2600
series shimadzu UV-vis spectrophotometer from 200-800nm at a
resolution of 1nm). Then the silver nanoparticles solution was purified
by repeated centrifugation at 10,000 rpm for 20min to isolate Ag
nanoparticles free from other bioorganic compounds present in the
solution. After centrifugation the obtained particles were washed with
distilled water for 2 to 3min and kept it in Hot air oven for drying at
60°C for 2hours. The effectiveness and accuracy in results without
any contamination, each and every steps of the experiment were
maintained under sterility conditions.

Characterization of AgNPs

Several analytical techniques are available for the structural,
compositional analysis of the nanoparticles. The betel leaves aqueous
extract mediated bioinspired synthesized silver nanoparticles were
characterized by Fourier Transform Infrared Spectrometer (FTIR)
analysis obtained in the range from 4,000 to 400cm' on Tracer-100
shimadzu FT-IR spectrophotometer. The structural characterization
of the silver nanoparticles obtains by using X-ray diffractometer
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(SHIMADZU Lab X XRD-6000 serious) with a CuKa radiation
monochromatic filter in the range 10-80°. Debye-Scherrer’s equation
was used to determine the particle size of the silver nanoparticles
from the 20 values of the X-ray diffraction peaks. Debye-Scherrer’s
equation D=kA/Bcosd, Where, k - constant, A-wavelength of the X-ray,
B-full width half maximum of the XRD peak (radians), 0-Bragg’s angle
of the XRD peak. The particles size were arrived based on measuring
the time dependent fluctuation of scattering of laser light by the
nanoparticles using Dynamic Light Scattering (DLS). The obtained
data were analyzed using zetasizer software. The morphological
characterizations of the bioinspired synthesized silver nanoparticle
samples were done using Scanning Electron Microscope (SEM)
JEOL model 6390 and Energy-Dispersive Spectroscopy (EDS) used
for the elemental analysis or chemical characterization of a sample
were performed on Hitachi S-3400 NSEM instrument equipped with
a Thermo EDS attachments.

Assessing the biofilm forming capability of test
bacteria

The efficiency of test organisms to form biofilm capability was
determined using Microtitre plate (MTP) biofilm assay.?® Briefly, in
this method bacterial attachment to an abiotic surface is assessed by
measuring the stain taken up by adherent biomass in a 96-well plate
format by means of MTP assay. The test organisms such as E. coli, S.
aureus, P. aeruginosa, S. epidermidis and K. pneumoniae were grown
in 96-well Microtitre plate for 48 h. The cells remaining adhered to the
wells were subsequently stained with a dye that allowed visualization
of the attachment pattern. Both of all test organisms was inoculated
in a 5ml culture broth and grown to stationary phase and cultures
were diluted at 1:100. Subsequent, 100ul of each diluted cultures was
pipetted into eight wells in a fresh Microtitre plate. The plate was
covered and incubated at optimal growth temperature for 24-48h.
Four small trays were set up in a series and 1 to 2inches of tap water
was added to the last three. The first tray was used to collect waste,
while the others were used to wash the assay plates. Unbound bacteria
if any were removed from each Microtitre dish by briskly shaking
the dish out over the waste tray. In addition, 125ul of 0.1% crystal
violet solution was added to each well and staining was done for
10min at room temperature. The crystal violet solution was removed
by shaking each Microtitre dish out over the waste tray. The dishes
were washed successively in each of the next two water trays and as
much liquid as possible was shaken out after each wash. To remove
any excess liquid, each Microtitre dish was inverted and vigorously
tapped on paper towels. The plates were allowed to air-dry and
added 200ul of 95% ethanol to each stained well. The plates were
covered to allow solubilisation by incubating for 10 to 15min at room
temperature and the substances of each well were concisely mixed by
pipetting. Subsequent 125ul of the crystal violet-ethanol solution was
transferred from each well to a separate well in an optically clear flat-
bottom 96-well plate. The optical density (OD) of each of these 125ul
samples was measured at a wavelength of 550 to 580nm. Optical
density (OD) of stained adherent bacteria was determined with a
micro ELISA auto reader. The optical density values were considered
as an index of bacteria adhering to surface and forming biofilms.

Preparation of AgNPs coated IVC

AgNPs releasing intravascular catheters were made using slurry-
dipping technique. The technique started with the preparation
of stable slurry with 0.5g of bioinspired AgNPs in the molten
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polyethylene glycol (PEG) and appropriate slurry temperature (37°C)
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. 2g of PEG with a predefined
molecular weight was mixed with AgNPs (0.5g) in a glass vial. The
mixture was heated at the range of 60-70°C in a water bath to obtain
homogeneous slurry. The resulting slurry was homogenized in a
magnetic stirrer for 5 to 10min. Each piece of 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 at 120rpm for 30min, with a drying period of
about 15min 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 4°C for up to 15min. In order to increase AgNPs loading and
prevent 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, second
coating layer was formed on the catheter surface. PVA was dissolved
in DMSO to acquire a 10w/w% solution. PEG-coated samples were
submerged into PVA solution three times for 1min each. Thereafter,
these samples were stored at 4°C 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 antibacterial activity of catheter materials after dip-coating
with AgNPs was performed against biofilm producing bacteria. In
this qualitative method the pre-measured size length 6mm of catheter
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 48h.
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. 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 bioinspried 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

Biodiversity of plants and their potential secondary constituents,
plants and plant parts have gained attention in recent years as medium
for nanoparticles synthesis.” In the present study, the aqueous extract
of betel leaf was used as reducing agent for the synthesis of AgNPs
using ImM concentration of AgNO,. The crude aqueous extract was
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light brown colour however after addition of AgNO, the colour of
the reaction mixture turned dark brown colour which indicated the
formation of AgNPs after 6 h incubation period (Figure 1). Green
synthesis silver nanoparticles using aqueous seed extract of J.
curcas and no toxic chemicals are used as reducing and stabilizing
agent during the synthesis.® The synthesized AgNPs by reduction
of silver nitrate during exposure to betel leaves aqueous extract
was confirmed by UV-Vis spectral analysis, the surface plasmon
resonance peak observed at 443nm (Figure 2). Previously researcher
reported piper betel leaf petiole extract and ionic surfactants such as
cetyltrimethylammonium bromide and sodium dodecyl sulphate were
used to prepare the stable AgNPs and the obtained AgNPs are in the
size of 80nm.*!

Figure | Colour change of betel leaf extracts containing AgNPs before and
after synthesis ( A) Betel leaf extracts (B) ImM AgNO, (C) before synthesis
and (D) after 6h incubation.
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Figure 2 UV absorption spectrum of AgNPs.

Characterization of AgNPs

FTIR spectrum analysis of the reaction mixture has helped to
understand the nature of biomolecules involved in the formation of
silver nanoparticles.!' The FTIR Spectrogram (Figure 3) of the betel
leaf extract mediated bioinspired synthesized AgNPs has showed
prominent sharp absorption peaks located 3371.57, 1635.64, 1365.60
and 1219.01. The light peaks located 3788.19, 2808.36, 2646.34,
2183.42 and 2152.56. The absorption peak at 3371.57 cm™ may be
assigned to the 0-H stretch, function group of alcohols, phenols and
peak at 1635.64 cm™ is assigned to C=0 stretch function of amide
compound. Followed by absorption peat at 1365.60 and 1219.01cm’!
were assigned to S=O stretch and C-N stretch, functional group of
sulfones, sulfonyl and amines respectively. The light absorption peaks
at2808.36 and 2646.34 were assigned as C-H stretch functional groups
of alkenes and aldehydes. The peak at 2183.42 and 2152.56cm™! were
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close to C=C and C=C stretch functional groups of alkynes. Since,
the FTIR spectra analysis indicates various functional groups present
at different position. Millingtonia hortensis mediated biological
synthesis silver nanoparticles showed strong and light absorption
bands and indicated presence of functional biomolecules such as
alcohols, ethers, carboxylic acid ester, alkyl halide.’> Biological
components are known to interact with metal salts via these functional
groups and mediate their reduction to nanoparticles.*® Hence, the
existence of these functional groups is responsible for the stabilization
of synthesized silver nanoparticles and also acts as reducing and
capping agent. %
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Figure 3 FTIR spectrum of AgNPs.

Analysis through X-ray diffraction was carried out to confirm
the crystalline nature of the silver nanoparticles. *** The bioinspired
silver nanostructure by employing betel leaf extract was further
confirmed by the characteristic peaks observed in the XRD image
(Figure 4). XRD pattern of silver nanoparticles showed numbers of
Bragg reflections that may be indexed on the basis of the face-centered
cubic structure of silver. A comparison of obtained XRD spectrum
with the standard confirmed that the silver particles formed in present
experiments were in the form of nanocrystals, as evidenced by the
peaks at 20 values of 38.01, 44.20, 64.37 and 77.34 corresponding to
(111), (200), (220), and (311) Bragg reflections, respectively, which
may be indexed based on the face-centered cubic structure of silver
(JCPDS file nos. 04-0783). X-ray diffraction results clearly show that
the silver nanoparticles formed by the reduction of Ag" ions by the
betel leaf extract are crystalline in nature. It was found that the average
size from XRD data and using the Debye-Scherrer equation was
approximately 15nm. The average particle size of silver nanoparticles
synthesized by the present green method can be calculated using the
Debye-Scherrer equation.’** The size distribution of the betel leaf
extract mediated synthesized AgNPs is depicted in Figure 5. The
distribution of the silver nanoparticles observed that the particles
obtained are polydisperse mixtures in the size range from 70 to 80nm.
The average size of the synthesized silver nanoparticles is around
74nm. The time-dependent fluctuations in the intensity of scattered
light that occur are analyzed using an autocorrelator which determines
the autocorrelation function of the signal.*

Generally, the sizes and shapes of metal nanoparticles are influenced
by a number of factors including pH, precursor concentration,
reductant concentration, time of incubation and temperature as well
as method of preparation of nanoparticles.’” Umoren et al. observed
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red apply fruit extract reduced silver nanoparticles size distribution
around 50 to 300 nm and found average size of 150nm. Silver
nanoparticles in the size range of approximately 50 to 150nm are
synthesized by the supernatant of Salmonella typhirium when it is
added to silver sulfate.® SEM analysis shows high-density silver
nanoparticles synthesized by betel leaf extract. The particles shape
distributions of the silver nanoparticles was observed at different
magnifications (Figure 6). It was shown that relatively spherical and
uniform silver nanoparticles with high agglomeration were noted. The
large silver particles may be due to the aggregation of the smaller
ones, due to the SEM measurements. Preetha et al.’? study obtained
high density spherical in shape and uniform silver nanoparticles
with diameter of 13 to 61 nm synthesized by using cannonball leaf
extract.® The nanoparticles were not in direct contact even within the
aggregates, indicating stabilization of the nanoparticles by a capping
agent.* In present study, betel leaf extract reduced AgNO, to AgNPs
shown that relatively spherical and uniform with high agglomeration.
Figure 7 shows the EDS photographs of silver nanoparticles, all the
peaks of Ag are observed and assigned. Some impurity peaks were
detected below 1 keV, corresponds to oxygen, Cl, Na and Ca, which
were probably related to the presence of crystalline biomolecules in
the extract."!
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Figure 4 XRD spectrum AgNPs.
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Figure 5 Dynamic Light Scattering measurements of AgNPs.

Figure 6 SEM micrograph of silver nanoparticles
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Figure 7 EDS spectrum of AgNPs
Biofilm formation by MTP method

The biofilm is considered as major target for the pharmacological
development of drug.* The biofilm index for all the test pathogens
were observed in MTP assay (Figure 8). The biofilm index of the
test pathogens and OD values were articulated based on the biofilm
classification described by Christensen and co-worker.?® The test
pathogens considered as strong biofilm producers in MTP assay were
E. coli (0.294), S. aureus (0.292) and P. aeruginosa (0.264). Moderate
biofilm formation was observed 0.196 OD for S. epidermidis and
0.195 OD for S. epidermidis respectively (Table 1). The dissimilarity
in OD values was due to the amount of crystal violet dye absorbed by
the pathogens in the microtitre well.

P. @eruginos

S. epidermidis

K. pneumoniaée

Figure 8 Biofilm forming capability of test bacteria on MTP assay.
Table | Screening test bacteria for biofilm formation by MTP method

Test Bacteria  Biofilm formation (OD 570, )*Biofilm index

E. coli 0.294 High
S. aureus 0.292 High
P aeruginosa  0.264 High
S. epidermidis  0.195 Moderate
K. pneumoniae  0.196 Moderate

Antibacterial activity of AgNPs coated IVC

In this study antibacterial activity of AgNPs coated IVC was
evaluated by using standard Zone of Inhibition (ZOI) microbiology
assay. Antibacterial activity of after dip-coating with bioinspired
synthesis AgNPs catheter materials shows good antibacterial activity
against all five test pathogen. Bacterial biofilm formation is considered
to be a two-step process®* bacterial attachment to the foreign
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surface and formation of a complex biofilm structure which depends
mainly on the synthesis of polysaccharide intercellular adhesion
(PTA) encoded by the ica ADBS locus which plays a crucial role in
mediating the biofilm formation.**¢ In the present study, the betel
leaf mediated bioinspired synthesized silver nanoparticles coated IVC
samples exhibited maximum ZOI was found to be 4lmm and 35mm
for K. pneumoniae and S. epidermidis (Figure 9). However, the other
three bacteria strains of E. coli, S. aureus and P. aeruginosa showed
zone of inhibition of 25, 24 and 22mm respectively (Figure 10). A
previous study on the effect of silver nanoparticles on Pseudomonas
putida biofilms showed at different stages of maturity.’ In current
study, we found that bioinspried silver nanoparticles dip-coated
biomaterial have higher antibacterial action against S. epidermidis
and K. pneumoniae.

UC: Uncoared Catherer DC: Drug coaned Catherer

Figure 9 AgNPs coated IVC against (A) K. pneumoniae, and (B) S. epidermidis

UC: Uncoated Catheter DC: Drug coated Catheter

Figure 10 AgNPs coated IVC (A) E. coli (B) S. aureus and (C) P. aeruginosa
Persistence test

Control of biomedical bacterial strains using biogenic AgNPs
have been reported extensively.*® In SPTT study, silver nanoparticle
impregnated with IVC showed a long duration of activities up to
Day 7" against K. pneumoniae (Figure 11). Bioinspired synthesized
silver nanoparticles coated IVC sample exhibited continued inhibition
of all tested biofilm producing bacteria except P. aeruginosa and S.
aureus. AgNPs impregnated IVC the zone of inhibition fell steeply
and declined to zero on 3™ Day against S. aureus. The AgNPs coated
biomaterial achieved continued zone of inhibition round 8 mm on 7
Day against K. pneumoniae (Figure 12). Previously study by Monzon
et al. reported that increasing age of S. epidermidis biofilms was
significantly associated with reduced efficacy of several antimicrobial
agents, including cephalothin, clindamycin, erythromycin,
vancomycin, and teichoplanin.* In current study, AgNPs impregnated
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with IVC showed the zone of inhibition for £. coli fell steeply and
declined to zero on 5% Day. Franck et al. study reported that the
silver nanoparticles impregnation of medical polymers exhibited
zone of inhibition was seen for 10 days against clinically isolate S.
epidermidis.®® On another study reported by Zhang and co-worker
revealed that silver nanoparticles treated cotton fabric showed
99.01% bacterial reduction of S. aureus and bacterial reduced of E.
coli while the silver content about 88.77%.>' Similarly, our present
study, showed bioinspired AgNPs coated IVC sample exhibit good
antibacterial activity against the test pathogens.

4o -

35

w
o
|

25 o

L

Zone of Inhibition (mm)

15 4

Figure 11 SPTT against biofilm producing organisms.

TUC: Uncoated Catheter DC: Drug coated Catheter

Figure 12 AgNPs impregnated IVC on 7th Day against K. pneumoniae.

Conclusion

Nanotechnology has emerged due to integration of biotechnology
with nanotechnology for developing biosynthetic and environmental-
friendly technology for synthesis of nanomaterials for biological
application. In this present chapter, concentrates on the control of
biomedical product biofilm forming bacterial strains using bioinspired
synthesized silver nanoparticles around. The betel leaf mediated
synthesis silver nanoparticles shown around 70 to 80nm and spherical
in shape. Results obtained from the present investigation revealed the
betel leaf mediated bioinspired synthesized silver nanoparticles coated
IVC biomedical product exhibit potential antibacterial assets against
all tested pathogens, particularly the diameter of inhibition zones
increased for the test pathogens S. epidermidis and K. pneumoniae.
In addition, persistence test, silver nanoparticle impregnated with
IVC exhibited a long duration of activities up to Day 7™ against
K. pneumoniae. In current study suggests biomedical product with
specific concentration of AgNPs showed a maximum activity against
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biofilm producing organisms. To utilize these potential bioinspired
silver nanoparticles may assembled or coated on biomedical product
to prevent biofilm formation.
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