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Abstract:
Q-switched Nd:YAG laser has been ernployed to prepare colloidal solutions of silver nanoparticles. SEM
investigations as well as the surface Plasmon of UV-Vis spectra reveal formation of silver nanoparticles. Those
nanoparticles were exhibited antibacterial activity on some bacteria which live in human body. It is found that
higher concentration of silver nanoparticles of 50 pglml and small nanoparticles (less than 25 nm) would
increase the inhibition zone around the implanted bacteria and reach 15 nn fot Proteus, Remarkable increment
of antibiotics when silver nanoparticles added to improve the antimicrobial eflect against gram-negative and
gram-positive bacteria. It is also found that the most sensitive bacteria for silver nanoparticles was Proteus and
the minimum inhibition concentration of l5 Fglml was obtained for Staphylococcus.
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1. Introduction
Silver and gold nanoparticles have unique features reshaping can also be done through melting and
and extensive applications in diverse fields u]. fragmentation technique.
Studying these particular features have always been There are very broad band of bacteria live in the
of great interest to many scientists [2]. In fact, human body and causes different B?es of diseases,
nanoparticles display completely unique properties in infections and some time lead to fatal illness. There
comparison with their bulk size counterparts [3,4]. A are famous types of bacteria which commonly
large number of materials rtrich were considered to affected the human health. These t,?es are
be safe develop toxicity at nano size ranges which is Staphyktcoccus qureus, Escherichia coli, Bqcillus
mainly related to the increased specific surface area subtilis Pseudomonas aeruginosa, S. epidermidis,
and high reactivity of nano size materials [5]. The Proteus and Streptroccus.
broad antibacterial properties of silver nanoparticles As several pathogenic, bacteria have developed
encourage this material to be used in biomedical multi-resistance properties against various antibiotics.
applications [6]. The bactericidal of silver Therefore, great demands were emerged to enhance
nanoparticles is athibuted to tle presence of the antibiotics activity and overcome the bacteria
electronic effects due to the changes ofthe electronic resistance.
struct[e ofthe surface because ofsize reduction. The Microscopic examination remains the initial
antibacterial activity of silver nanoparticles can be diagnostic test in lhe processing of specimens in tle
used in medicine to reduce infections as well as clinical microbiology laboratory. The timely report of
prevent bacteria colonization on prostheses [7]. The a Gram stain result gives the physician important
advantages of using these inorganic oxides information about the presence and cause of
nanoparticles as antimicrobial agents are their greater infection, The Cram stain has a broad staining
effectiveness on resistant strains of microbial spectrum and classifies bacteria as either Gram-
pathogens, less toxicity and heat resistance [8,9]. positive or Gram-negative.
2. Theoretical background Aim ofthis paper is to prepare colloidal suspensions

The laser ablation process of pure silver sheet in of silver nanoparticles by laser ablation in liquid
liquid ambient is currurtly considered as the most medium and study their antibacterial activity,
significant prospective strategy to produce silver moreover, improve the antibacterial activity of some

nanoparticlesfl0]. This process has been activated familiar antibiotics when both silver nanoparticles
due to potential applications of silver nanoparticles and antibiotics mixed together.
especially in antibacterial and human health care [11]. 3. Experimental Setup
Many works have been carried out on using lasers to The experimental procedure ofthe work includes the
synthesize silver and gold nanoparticles [2-16] and following stages; Silver nanoparticles preparation,
Nd-YAG laser has a dominant role in precision bacteria inoculation and cultivation and finally
processing via laser ablation. This technique offers a culture incubation.
great possibility of controlling the nanoparticle Silver nanoparticles could be sl,nthesized by pulsed
features since we can easily conkol the experimental laser ablation of a piece of silver metal plates
conditions, such as nanoparticle host ambiance and (ounces: 99.999%) placed on the bottom of quaftz
laser parameters [17]. Controlled synthesis of vessel containing lml of double deionized distilled
nanoparticles in liquid media could produce a final water (DDDW). Q-switched Nd:YAG laser (Hufi
product in the form of a stable colloid of Co., Taiwan) of variable energy in the range 100

nanoparticles. The colloidal suspension of silver 1000 mj) was used. The laser beam was collected by
nanopafiicles consists of different silver nanoparticle l0 cm focal length focusing lens to obtain laser spot
sizes and this colloidal suspension has the following of I .2 mm diameter as shown in figure ( I ). This range
properties: Chemically stable, Nontoxic and of laser energy and spot size provide suitable laser
contamination, Very easy to handle, Resizing and energy density in the range (1-20 J/cm'?) to ablate
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silver nanoparticles [0]. The silver sheet is fully
immersed in the DDDW and liquid depth of 8 mm
above the sheet is adjusted. When the laser pulse
strikes the silver surface, spark plume is emerged and
strong shockwave is propagated in all directions. This
spark plume is followed by visible cloud of silver
particles which is expanded and dispersed slowly
within the liquid. This process can be recognized by
naked eyes.

Silver nanoparticles solution was prepared in this
work in concentration of about 36 pg/ml. The
antimicrobial activity of this solution was examined.
Different concenfations of (18, 9, 4.5 pglml) were
also prepared from this stock solution (36 pg/ml).
The absorption spectra were investigated using Uv-
Vis spectrophotometer (Biotech Co., UK). The
colloidal solutions were also tested against different
pathogens (Staplryluoccus, Streptococcus, Proteus,
Candkla albicans and Enterobqcter) as compared
with the effect of some antibiotics: amoxicillin(25
pg), chloramphenicol (30 pg )and streptomycin (10
pc).
Disk diffusion method was used to examine the
antimicrobial actiyity ofeach solution by adding 50pl
to a sterilized filter paper and then, it was placed in an
incubator (Uni medic4 China) at 370C (the average
temperature of human body) until dry. Oven (Suarez,
Brazil) to supply this temperature was used. lt is
found that Agar diffusion method was also used for
all concentrations and bacteria t)?es. Generally
bacteria require a relatiye humidity of70 to 80%.
Liquid specimens are usually inoculated by transfer
with a sterile pipette or syinge and needle. After
implantation of the inoculums, a wire loop is flamed
and cooled, or a sterile plastic disposable loop is
selected.
The antimicrobial effect of different antibiotics
(Amoxicillin and Penicillin) were tested using the
Kirby-Bauer method and the effect of combination of
Ag nanoparticles with these antibiotics were also
test€d to examine the effect of adding Ag
nanoparticles on antibiotic action (40 pl of Ag
nanoparticles in concentration of 50p g/ml was added
to each antibiotic disk).
4. Results & Discussion
Remarkable change of colloidal solution color fiom
yellow to brown can be recognized when the number
of laser pulses increased from 100 to 500 to prepare
silver nanoparticles as shown in figure (2). lt is found
that these sets of silver nanoparticles colloidal
solutions prepared by pulsed laser ablation are
chemically stable for long time (months). lt is also
found that Ag NPs prepared with high laser energy
and low concentration (low number of laser pulses)
exhibit weak antibacterial activity on different t,?es
of bacteria compared with antibiotics effect on the
same t,?e ofbacteria and no considerable differences
in the antimicrobial effect between the concentrated
and diluted solutions, therefore, there was a need to
use silver nanoparticles colloidal solutions of higher

rSSN: 1813 - 1662

concentration greater than 36 ;tglml. Furthermore,
silver nanoparticles with ditrerent shapes and smaller
sizes could have different antibacterial activity.
Effect of silver nanoparticles concentration in the
solution on Staphy lrxoccus, Slreplococcus, Proteus,
Candidq albicqns and Enlerobqcter were also studied
for 500 and 1000 laser pulses. The density of silver
nanoparticles (concenfation) could be easily
distinguished by naked eye. The dark brown color in
figure (3) represents high concentration of Ag NPs
prepared by 1000 laser pulses. Since high laser
energies (greater than 600 mj) were not shown
effective activity for different tlpes ofbacteria in our
investigation, lower laser energy of 400 mj was used
to prepare silver nanoparticle colloidal solution. This
energy was employed to produce silver nanoparticles
of smaller sizes compared with higher laser energy as

shown by the morphological investigation by SEM as

shown in figure (4). Figures (5) and (6) show the
surface Plasmon spectra of silver nanoparicles
colloidal solutions Fepared by different laser
energies and number oflaser pulses, respectively.
It is observed that some bacteria (Staplrylrcecus and
Enlerobacter) are greatly affected by silver
nanoparticles while others like Streptococcus nd
Proleus are not affected by Ag NPs and b€came
resistant to Ag NPs as given in table l, while these
bacteria are highly affected by antibiotics as shown in
figure (7). Therefore, combination of Amoxicillin (25
pg) and silver nanoparticles of 50 pglml
concentration prepared with 400 mj was examined on
ditrerent t,?es ofbacteria. Table (l ) explains that the
diameter ofthe inhibition zone varied between 17 to
40 mm and the antimicrobial effect has improved for
Staphylrcoccus liom 20 mm to 28 mm. Figure (8)
illustrate the inhibition zone in agar diffusion dish
around silver nanoparticles of50 pglml concentration
prepared with 400 mj laser energy for S/ap hylococcus
and Proleus with and without silver
nanoparticles.While tables (2) reveal that when Ag
Nanoparticles was combined with Steptouycin
antibiotic showed different efiects depending on
silver nanoparticles features, type of bacteria and the

E?e ofantibiotic used.
The antimicrobial effect of silver nanoparticles of
high€r concentration (60 pglml) has also studied.
Table (3) gives the diameter of inhibition zorc (DIZ)
for different ry?es of bacteria. Although Gram-
negative bacteria (Proteus ar,d Enlerobacler) were
affected by Ag-NPs more than Grarn-positive bacteria
(Slreptococcus and Staphylococcus), this table reveal
that all types ofbacteria are aflected with Ag NPs and
the highest effect ofAg NPs was obtained on Proreus
and it was l5 mm diameter which indicates that this
kind is more sensitiye to silver nanoparticles.
Moreover, the antibacterial activity could also be
determined by the minimum inhibition concentration
(MIC). It is found that Staphlycoccus has minimum
(MIC) of 0.46 pglml as given in table (4).
5. Conclusions
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Some bacteria (Stophylocrxcus, Streptoc%cus,
Proteus, Enterobqcter md Candida albbans) which
live in human body are affected by silver nanopaicles
prepared with laser ablation in liquid. The
antibacterial effect of silver nanoparticle depends on
their size and concentration. The antibacterial activity
of silver nanoparticles could be studied via inhibition
zone and the minimum inhibitory concentration
(MIC). The diameter of the inhibition zone was
different according to the t)?e of bacteria and lhe
concentrations of Ag nanoparticles. It is found that
Staphlycocus has minimum (MIC) of 0.46 pglml and
Proleus is more sensitive to silver nanoparticles with
(DlZ) l5 mm.
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Silver nanoparticles exhibit positive effect on some
antibiotic (synergism). It is found that Ag
Nanoparticles improve the amoxicillin effect on
Gram-positive bacteria like S.aureus and
Strcplococcus and also improve (S) effect on
S.aureus, Proteus alJ,d Enlerobdcter, While Ag
Nanoparticles increased the antibacterial effect of
Amoxicillin on Gram-negative bacteria like
Entercbacter.
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Table 1: The antimicrobial elfect of Ag NPs 50 Fglml concentration prepared with 400 mj using 1000
pulse (Ag). The antimicrobi al activi is measured in resence and absence of Amaicillin (AX) (25 pg).

Table 2: The antimicrobial effect of Ag NPs 50 pglml concentration prepered with ,100 mj using 1000
pulse (Ag). The antimi crobial actiYi is measured in resence and absence of Streptunyc in (S)(101t g).

Table 3: The antimicrobial effect of silver nano rticles solution at a concentration of 60pg/ml.

Table 4: The minimum inhibi concentration MI of silver na noparticles.

Pathogen Ag AX Ag+AX
Staphylcroccus l0 20 28

Slreptoc&cus R 29 36
Proteus R 17 27
Enterobacter 10 ,11 40

Pathogen Ag S Ag+s
Staphylcroccus t0 20 26

Slreptocrccus R. 22 28
Proleus R t0 16

Enterobacter t0 14 48

Pathogen (DIZ) in mm
Streptoc@cus t0

8Staph;,lrcoccus
t5Proleus

Candida qlbkqns 8

Pathogen (MlC) pg/ml
StreptocNcus 12

Staphyltxoccus 0.46
7.5

Enlerobacter 15

Candidq qlbkqns 3.7 5
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Figure (l): (Top) Q-slvitched Nd:YAG laser used to prepare silver nanoparticles. (Bottom) schematic
diagram ofthe experimental set up
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Figure (2): Effect of laser number of pulses or silyer nanopaarticle colloidal solution 100,200,300 and 500
in A,B,C and D, respectively prepared by Nd:YAG laser of 400 mj energy.

Figure (3): The colloidal solutions of silver nanoparticles prepared by Nd:YAG laser of 50J/cm2, 1000
pulse and 400 mj laser energy (left) and 500 mj laser energy (right).
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Figure (4): SEM of high concentrations silver nanoparticles 50 ,tglml (bottom) and 60 pglml (top)
produced by Nd:YAG laser of 400 mj,50 J/cml and lfi)O pulse.
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trigure (5): Effects of laser enerry on the silver nanoparticles colloidal solutions prepared by Nd:YAG
Iaser of 1000 pulses.
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Figure (6): The absorbance spectra ofsilver nanoparticle colloidal solution prepared with 700 mj las€r
energr and different number of laser pulses,

Figure (7): Agar dilTusion dish of Staphylococcus al,d Proteus bacteria treated with silver nanoparticles of
50 pglml concentration prepared with 400 mj laser energr (top) and different types of antibiotics

(bortom).

Elad ol rumber ot b3$ pulias
::o

50

119

I
\'9\ '
t, llo)

5

rl

-fr

:

I
'/



Tikrit Journal of Purc Science 19 (5) 2014 ISSN: 1813 - 1662

Figure (8): Agar diflusion dish ofSlaphylococcas and Proteas with and without silver nanoparticles of
concentration 50 pglml prepared nith 4500 mj laser energy
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