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Abstract

Gold and silver nanoparticles colloids were produced by irradiating a metallic target
plates with a thickness of Imm immersed in distilled water with a pulsed laser beam. The
size and size distributions of the metals nanoparticles were examined by the transmission
electron microscope TEM analysis. The nanoparticles concentrations were also
characterized by atomic absorption spectroscopy AAS measurement.
Antibacterial properties of silver and gold nanoparticles are attributed to their total
surface area, as a larger surface to volume ratio of nanoparticles provides more efficient
means for enhanced antibacterial activity.
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INTRODUCTION

aser ablation of bulk target immersed in liquid environment which is simple

method, recently has attracted much attention for nanoparticles formation[1-4] .

Nanomaterials display unique, superior and indispensable properties and have
attracted much attention for their distinct characteristics that are unavailable in
conventional macroscopic materials. Their uniqueness arises specifically from higher
surface to volume ratio and increased percentage of atoms at the grain boundaries. They
represent an important class of materials in the development of novel devices that can be
used in various physical, biological, biomedical and pharmaceutical applications[5-8].
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Synthesis of nano sized drug particles with tailored physical and chemical properties
is of great interest in the development of new pharmaceutical products[9]. Emergence of
new resistant bacterial strains to current antibiotics has become a serious public health
issue, which raised the need to develop new bactericidal materials. However, the
phenomenon of enhanced biological activity and certain material changes resulting from
nanoparticles is not yet understood fairly. Investigations have shown encouraging results
about the activity of different drugs and antimicrobial formulation in the form of
nanoparticles[10].

Silver is a nontoxic, safe inorganic antibacterial agent used for centuries and is
capable of killing about 650 type of diseases causing microorganisms[9]. Silver has been
described as being ‘oligodynamic’ because of its ability to exert a bactericidal effect at
minute concentrations. It has a significant potential for a wide range of biological
applications such as antifungal agent, antibacterial agents for antibiotic resistant bacteria,
preventing infections, healing wounds and anti-inflammatory[11]. Silver ions (Ag+) and
its compounds are highly toxic to microorganisms exhibiting strong biocidal effects on
many species of bacteria but have a low toxicity towards animal cells. Therefore, silver
ions, being antibacterial component, are employed in formulation of dental resin
composites, bone cement, ion exchange fibers and coatings for medical devices[12,13].

The implication of microbial infection as a causative agent in arthritis was the
stimulus for the investigation of the antimicrobial properties of gold complexes. The
early work by Robert Koch demonstrated that gold compounds were active against the
tubercle bacillus. Subsequent extensive work in the 1930's and 1940's
demonstrated that a variety of gold compounds were active against a broad spectrum of
microorganisms. Activity in invitro test systems was demonstrated against both Gram
negative and Gram positive bacteria, a number of strains of mycoplasma, and the
protozoan Leishmania. Gold complexes were also able to modify the course of a number
of in vivo infections in a variety of animal hosts. Many of these early studies were
flawed, however, and the lack of evidence for the role of an infectious agent in
rheumatoid arthritis meant that this work was not pursued. Since then there has been little
novel work on the antimicrobial activity of gold complexes. There are indications that the
antiarthritic gold complexes may suppress Helico bacteria infections in the gastric
mucosa , a causative agent for peptic ulcers, and that gold phosphine complexes in vitro
are cytocidal towards Pseudomonas putida (14,15).

The present study was conducted to synthesize gold and silver nanoparticles by laser
ablation of bulk target immersed in liquid environment which is simple method, and
estimation of mean size and distribution of their nanoparticals by TEM techniques and
U.V-Vis absorption spectroscopy. The ultimate objective was to study the interaction
between bacteria and nanoparticles of gold and silver.

Materials and methods
Nanoparticles Preparation

Gold and silver nanoparticles colloids were produced by irradiating a metallic target
plates with a thickness of 1mm immersed in distilled water with a pulsed laser beam. The
ablation was performed with the (1064 nm) of a Nd:YAG laser (HUAFEI) operating at
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10 Hz repetition rate, with a pulse width of 10 ns. The beam was focused on the surface
of the target through a lens with 11cm of focal length. The spot size was about 1.5mm in
diameter(16). The size and size distributions of the metals nanoparticles were examined
by the transmission electron microscope TEM analysis, using a CM10 pw6020, Philips-
Germany.

UV-vis absorption spectroscopy measurements were carried out on a double beam,
CECIL C. 7200 (France) spectrophotometer. The nanoparticle concentrations were also
characterized by Atomic absorption spectroscopy AAS measurement (model GBS 933,
Australia), was carried out for the prepared samples.

Antibacterial susceptibility test

The concentrations of silver (11,14,17,20)PPM and gold(11,14,15)PPM nanoparticles
were prepared by sterile deionized water by autoclave. The agar diffusion method was
used to notice the effect of the concentrations of both silver and gold against bacteria
(Pseudoronas aeruginosa No.1 isolated from urinary tract infactions (UTI) ,P.aeruginosa
No.2 ,Streptococcus sp No.1 isolated from Nosal swao,Strepto coccus sp No.2 isoleted
from sputum, Echrichia coli isolated from UTI and Staphylococcu sp ) according to
Mcltosh,R.M.(17,18).The evaluation depended on measuring the diameter of inhibition
zone of bacterial growth by millimeter.

Results and discussion:-

This research addresses on preparation of pure noble metals of Au and Ag
nanoparticles and investigation of the effects on antibactiral activity.

Fig. 1(A and B), shows the extinction spectra of colloidal solutions of Ag and Au
samples, respectively. The Nd-YAG laser of 1064 nm was utilized as an ablation source.
The pulse energy at the target surface was varied in the range (300-600 mJ) and the beam
was focused to have a diameter near the outer edges of the target of 1.27 and 0.85 mm for
Ag and Au, respectively. The metal plate was fixed in a glass vessel filled with 1 ml
DDDW thus the smokelike colloids above the metal plate was observed. The plate was
located at 8 and 7 mm from the liquid surface for Ag and Au, respectively. Laser ablation
listed for 15 pulses and the solution gradually turned to colored with the increase of the
number of laser pulses. Fig. 1(A) shows the Absorbance peaks that occurred at around
400 nm is the characteristic SPE signature of Ag nanoparticles''®. Fig 1-B shows broad
band with the Absorbance peak around 526 nm with the peak  position remaining
practically constant, that indicates the production of gold nanoparticles'"”. We observed a
faint pink coloration of the solution after several pulses of the experiment. In the
absorption spectra of the solutions, the surface plasmon related peak could be clearly
distinguished. This peak was around 520-530 nm, which was consistent with the
presence of small 3-30 nm particles in the solution®”, which also confirmed by TEM.
Figure 2(A and B) shows the TEM images and corresponding size distributions of silver
and gold nanoparticles, produced by laser ablation of silver plate immersed in pure water.
The nanoparticles thus produced were calculated to have the average diameters of 14 nm.
It is observed that the average diameter and size distribution was increased with the
increase of the laser energy. The origin of the surface morphology of the irregularly
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shaped particles sizes and the size distribution broadens can be explained by absorption
by defects and thermally induced pressure pulses which cause cracking®".

Figures(3) and (4) showed the zone inhibition on nutrient agar plates as a function of
concentrations of silver(11,14,17,20)ppm and gold (11,14,15)ppm nanoparticles .The
zone inhibition increased significantly with increasing the concentration of silver and
gold nanoparticels .

Bactericidal behavior of nanoparticles is attributed to the presence of electronic effects
that are brought about as a result of changes in local electronic structures of the surfaces
due to smaller sizes. These effects are considered to be contributing towards
enhancement of reactivity of silver nanoparticles surfaces. lonic silver and gold strongly
interacts with thiol groups of vital enzymes and inactivates them. It has been suggested
that DNA loses its replication ability once the bacterium are treated with silver
ions[14,22,23]. Two dimensional electrophoresis and proteins identification analysis of
antibacterial action of silver nanoparticles have disclosed accumulation of envelope
proteins precursors. Silver nanoparticles destabilize plasma membrane potential and
depletion of levels of intracellular adenosine triphosphate (ATP) by targeting bacterial
membrane resulting in bacterial cell death[24]. Compounds of silver such as silver nitrate
and silver sulfadiazine are used to prevent bacterial growth in drinking water, sterilization
and burn care. It is economical to consolidate silver in polymers, composites, fabrics and
catheters for antibacterial functionality[25,26].

Bacterium have different cell well structures on the basis of which these are classified
as Gram negative or Gram positive. The structural difference lies in the organization of
peptidoglycan, which is the key component of cell wall structure. Gram-negative
bacterium exhibit a thin layer of peptidoglycan (about 2-3 nm) between the cytoplasmic
membrane and the outer cell wall. Outer membrane of E. coli cells is predominantly
constructed from tightly packed lipopolysaccharide (LPS) molecules, which provides an
effective permeability barrier[27]. The overall charge of bacterial cells at biological pH
values is negative because of excess number of carboxylic groups, which upon
dissociation makes the cell surface negative. The opposite charges of bacteria and
nanoparticles are attributed to their adhesion and bioactivity due to electrostatic forces. It
is logical to state that binding of nanoparticles to the bacteria depends on the surface area
available for interaction. Nanoparticles have larger surface area available for interactions,
which enhances bactericidal effect than the large sized particles; hence they impart
cytotoxicity to the microorganisms[28]. The mechanism by which the nanoparticles are
able to penetrate the bacteria is not understood completely, but studies suggest that when
E. coli was treated with silver or gold , changes took place in its membrane morphology
that produced a significant increase in its permeability affecting proper transport through
the plasma membrane, leaving the bacterial cells incapable of properly regulating
transport through the plasma membrane, resulting into cell death[29]. It is observed that
nanoparticles have penetrated inside the bacteria and have caused damage by interacting
with phosphorus and sulfur containing compounds such as DNA and proteins. Silver
tends to have a high affinity to react with such compounds [26,30 ].

In our study, it is may be that DNA may have lost its replication ability and cellular
proteins become inactive after treatment with silver or gold nanoparticles. Another reason
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would be the release of silver or gold ions from nanoparticles, which will have an
additional contribution to the bactericidal efficacy of nanoparticles.

Heavy metales are toxic and react with proteins,therefore they bind protein molecules'”,
heavy metales strongly interacts with thiol groups of vital enzymes and inactivates
them °/.In addition,it is believed that Ag and Au bind to functional groups of
proteins,resulting in protein deactivation and denaturation “°*?. as a result cellular
metabolism is inhibited causing death of microorganism[4]. High activity of silver
nanoparticles is attributed to species difference as they dissolve to release Ag®,Au’, Ag*
Au” clusters, whereas other silver and gold sources such as silver nitrate and silver
sulfadiazine and [Au(SCN)(PMe)3] release Ag" and Au® only. It is believed that silver
and gold nanoparticles after penetration into the bacteria have inactivated their enzymes,
generating hydrogen peroxide and caused bacterial cell death[14,30].

Experimental observations of previous study have explained significantly the
antibacterial behavior of silver and gold nanoparticles. When E.coli was treated with
highly reactive metal oxide nanoparticles, an inhibitory effect took place[14,30]. Silver
nanoparticles after adherence to the surface of the cell membrane disturbed its respiration
as Ag+ interact with enzymes of the respiratory chains of bacteria[33,34]. It is observed
in our study that a degradation of the membrane structure of E. coli took place. Metal
depletion causes formation of irregular-shaped pits in the outer membrane of bacteria
which is caused by progressive release of LPS molecules and membrane proteins. In
addition, it is believed that silver binds to functional groups of proteins, resulting in
protein denaturation[14,30]. Complete bacterial inhibition depends upon the
concentrations of silver nanoparticles and on the number of bacterial cells. It reflects that
silver and gold nanoparticles have an excellent biocidal effect and potential in reducing
bacterial growth for practical applications.
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Figure(1): Absorbance spectra of silver nanoparticles (A), and gold nanoparticles
(B), obtained by laser ablation of metal plates immersed in DDDW with laser energy
of 600 mJ, laser shots of 15 pulses and wave length is 1064 nm of Nd-YAG.
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Figure(2): TEM images and size distributions of silver (A), and gold nanoparticles
(B), produced by laser ablation of metal plats immersed in pure water, (A=1064 nm
and laser shots of 15 pulses).
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Figure(3) Antibacterial characterization by zone inhibition as a function of silver
nanoparticles concentration on nutrient agar plates after 24 h incubation time.
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Figure(4).Antibacterial characterization by zone inhibition as a function of gold
nanoparticles concentration on nutrient agar plates after 24 h incubation time.
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