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Abstract:

his study describes utilization of large silver nanoparticles (above one hundred nanometer in diameter) synthesized by

plus laser ablation method in liquid (PLAL) in growth inhibition and apoptosis induction of cancer cells. Two different
types of cancer cell lines and two different types of transformed cell lines were used. These cell lines were Rabdomyosarcoma
(RD), glioblastoma (AMGM), rat embryo fibroblast transformed cell line (REF) and green monkey kidney transformed cell
line (VERO). Cells were challenged with diluted concentration of silver nanoparticles they were 62.5ug/ml, 30.25ug/ml, and
15.12ug/ml. The synthesized silver nanoparticles was characterized it had surface plasmon resonance peak at 411nm and par-
ticle size distribution average diameter of 193.19 nm. Growth inhibition assay revealed that these relatively large nanoparticles
are lethal toward cells under investigation; this lethality was concentration dependant during 24 hours of incubation at 37°C.
According to acridine orange/propidium iodide mixed fluorescent staining assay, the used concentrations were able to induce
apoptosis in all cells tested. However, the highest concentration was able to induce highest apoptosis percentage in the treated
cells. This was confirmed by DNA fragmentation assay as well. In conclusion this study determined that above-one hundred

nanometer size silver nanoparticle is capable of inducing apoptosis in cancer cell lines.
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Introduction:

Nanotechnology and nanobiotechnology are now almost
an equal terms in the sense of utilizing nanomaterial
synthesized by physical or chemical procedures in biological
applications. Inorganic nanoparticles demonstrate substances
that possess suitable characteristics to apply them in many bi-
ological applications (1). Silver nanoparticles as well as gold,
zinc oxide, and titanium nanoparticles conceders to be one
of most important inorganic nanomaterials that have been
investigated in the field of biological applications. Their an-
tibacterial, antifungal, and anticancer activity was postulated
thoroughly and proved to be suitable as potential therapies in
this regard (2-4). The toxicity issue have been raised in the
face of this potentiality, since these materials are inorganic
and not biodegradable they may accumulates in different
body organs such as liver spleen and kidney, hens may cause
an unexpected undesirable complications. Addressing the
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toxicity issue researches stated that silver nanoparticles tox-
icity was highly correlated with its exposure concentration,
nanoparticle shape, and nanoparticle size (5). The higher the
exposed concentrations were the higher toxicity they induces
both in vitro and in vivo experiments, furthermore the small-
est the particles were the higher the toxicity they could in-
duce (6). The direct correlation between toxicity and elevated
concentrations of silver nanoparticles was supported by the
theory of nanoparticle ability to induce reactive oxygen spe-
cies (ROS) in the exposed cells. These radicals can cause
wholesome cellular damage to active proteins molecules and
genetic material of the exposed cell (7). At the same time the
correlation between nanoparticle size and toxicity stemmed
from the ability of smaller particles to penetrate deeper and
faster into the cellular compartment mainly into the nucleus
and other compartments which results in wholesome destruc-
tion of the cellular functions (7). The smallest the nanopar-
ticles are the greater surface area they contain the more ROS
they induce and the more metallic ions they produce. This
was true for silver nanoparticles with size below one hun-
dred nanometer in diameter. Accordingly the use of above
one hundred nanometer in diameter of silver nanoparticles
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may reduce the potential toxicity since large diameter will re-
duce surface area (8). In Iraq different attempts were made to
penetrate this new field and brought the academic researches
attention to it. Synthesis of silver nanoparticles by up-down
method was first carried out in the University of Technology.
Laser ablation in liquid environment of metallic silver was
successfully conducted to produce sub-one hundred nanome-
ter silver nanoparticles. Particle size distribution of the pro-
duced nanoparticles was precisely characterized with electron
microscope (9). The antibacterial activity of silver nanopar-
ticles produced and characterized by the same method was
described for the first time in Iraq at the same University (10).
Later on number of studies appeared in the Iraq Academic
scientific journals describe syntheses of silver nanoparticles
with different methods to demonstrate their antibacterial ac-
tivity (11, 12, 13). Another study carried out by a group in Al-
Mustansiriyah University demonstrates the cytotoxic effect
of silver nanoparticles toward L20B cell line. Unfortunately
this study was limited to the cytotoxic effect only and did
not detect the induction of apoptosis or necrosis in the tested
cell line (14). In detailed previous research, our laboratory
have tested the toxicity of silver nanoparticles ranged in size
between 8 to 66 nm with particle size average of 26.77 nm
in the prepared solution toward glioblastoma cell line (type
of brain tumor). That study showed the ability of the synthe-
sized nano silver to induce apoptosis in the tested cell line.
At that time, the toxicity of the prepared silver nanoparticles
toward normal cell was assessed in vivo. Mice were injected
with silver nanoparticles in concentrations which were found
to be lethal to brain tumor cells. Mice brains histopathologi-
cal assessment revealed that the prepared silver nanoparticles
were unable to induce brain damage (15). In concluding to
that work we have prepared silver nanoparticles by the same
method and almost with the same concentration but with
larger particle size and assessed its toxicity toward two can-
cer cell lines and two normal cell lines (transformed cell line
adapted to in vitro cultivation). The aim was to determine the
effect of larger particle size (above one hundred nanometer)
on growth inhibition and apoptosis induction in these cells.

Materials and Methods:

Synthesis and characterization of silver nanoparticles

The syntheses and characterization of silver nanoparticles
was carried out according to Albakri etal. (10) and Tawfeeq
(15). The only modification was a less laser energy (400 mJ/
pulse) used. Time between pulses shooting was elongated to
allow the formation of larger particles and to let the aggrega-
tion of large particles.
Cancer cell line

Four cell lines were use d in this study all of them were
provided by the Iraqi Center for Cancer and Medical Genetic
Research (ICCMGR). These cell lines were rhabdomyosar-
coma (RD) originally brought from General Public Health
Laboratory (GPHL) of the Ministry of Health in Iraq. This
cell line establishment and characterization was described

by Johnston and Siegel (1990) (16) human glioblastoma
(AMGM) which is cell line originally derived from Iraqi pa-
tient with brain tumor, it was adapted to in vitro cultivation
as a stable cell line by Dr. Ahmed Majeed Al-Shimmari in the
department of experimental therapy ICCMGR., rat embryo
fibroblast (REF) is an embryonic transformed cell line adapt-
ed to in vitro cultivation in the same department at ICCMGR
and kindly provided by Dr.Ahmed Al-Shimmary, and African
green monkey kidney cell line (VERO) (17). Rabdomyosar-
coma cells (RD) were maintained in MEM with L-glutamine
and HEPES buffer (USBiological, USA) supplemented 100
Uml-1 penicillin, and 100 pg ml-1 streptomycin (SDI, Iraq)
10 ml and 10% fetal calf serum. The rest of the cell line
(AMGM, REF, and VERO) were maintained in RPMI-1064
medium with 10% fetal calf serum and supplemented with
2 mM glutamine, 100 Uml-1 penicillin, and 100 pg ml-1
streptomycin (SDI, Iraq). All cells were cultivated and ex-
posed to silver nanoparticles in a humidified atmosphere of
95 % air and 5 % CO2 at 37 °C.
MTT assay
Cell viability was determined with Cell Viability QMTT

Assay kit (USBiological, USA) as described elsewhere in
details (Tawfeeq, (15)). Three concentrations of silver nano-
particles were used in this study; they were 60.5, 31.25, and
15.12pg/ml. Suitable growth media free of silver nanopar-
ticles was used in untreated control cells treatments. The
treated cells were incubated fro 24 hr at 37°C.

Acridine orange and Propidium iodide (AO/PI)
The method described by Martin and Lenardo (2001) was
conducted (18).
DNA fragmentation assay

Conducted exactly as described by Tawfeeq (15).
Statistical analysis

One way analysis of variance (ANOVA) was determined
and the significant differences were calculated on probability
level of 0.05 and 0.01(19).

Results:

he peak absorbance of UV-Vis spectra for the prepared

silver nanoparticle was at 411.46 nanometer and its
value was 0.3440. This is typically representing the surface
plasmon resonance for the synthesized silver nanoparticles
(Figure 1). The synthesized nanoparticles shape as imaged
by atomic force microscope was almost spherical irregularly
and aggregated in the liquid which induces the formation of
large particles size (Figure 2). The average diameter of these
nanoparticles was 193.91 nm as
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Figure 1: Surface plas-
mon resonance of the
prepared silver nanopar-
ticles
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Determined by atomic force microscope (AFM) device
software (Table 1). These results refer to the formation of
above one hundred nanoparticle size in diameter in the con-
ducted method of silver nanoparticle formation.

Cytotoxic assay revealed that the prepared silver nanopar-
ticles were able to inhibit the growth and propagation of all
cell lines under investigation with different percentages (Fig-
ure 4). The three concentrations used of silver nanoparticle
inhibition these cell lines in concentration dependant manner.
Among cancer cells AMGM was the most effected cells they
inhibited significantly (P< 0.01) by 51.96% when treated
with 61.5ug/ml. inhibition of these cells were less and did not
differ significantly (P<0.01) when 31.25 and 15.12 pg/ml of
nanosilver was used (14.41% and 13.49% respectively). Rab-
domyosarcoma cells were less effected cells by this treatment
not among cancer cells but also among normal transformed
cells (REF and VERO). It inhibited only by 24.89% when
the highest concentration used. That inhibition significantly
differed (P<0.01) from the treatment of these cells with the
two remaining concentrations 31.25 and 15.12pg/ml of silver
nanoparticles which was 8.75% and 10.46% respectively. The
normal transformed cells REF was inhibited by these large
silver nanoparticles in similar way as cancer cells. The three
concentrations used 60.5, 31.25 and 15.12pg/ml inhibited
REF cells by 32.80%, 28.91%, and 14.39% respectively.

Figure 2: Atomic force microscopy analysis for the prepared
silver nanoparticles deposited over the surface of glass slide,
Aj; a topography image, B; three dimension image.
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In this cell line the lower concentration inhibition differed among silver nanoparticles concentrations used and in re-
significantly (P<0.01) than the two highest concentration.  lation with REF cells. The three concentrations inhibitions
The inhibition of VERO cells differed significantly (P<0.01)  were 51.69%, 35.41%, and 18.21% respectively

Table 1: size distribution chart for the prepared silver nanoparticles as determined with atomic force microscope soft-
ware.

Avg. Diam eter:193.91 am ==10% Diameter:80.00 am
==50% Dhameter:160.00 am ==9%% Dhameter:340.00 am

IDim:ﬁa{nm} Volume(%0) |Cumulation(*s) Diameter(nm)|Volume (%) | Cumulation(%) Diameter(nm) Volume(%e) | Cumulation(%o)
40,00 031 0.31 220.00 4.72 66.98 400.00 0.63 94.03
60.00 1.89 220 240.00 6.92 73.90 420.00 0.94 9497
80.00 755 9.75 260.00 4,72 78.62 440.00 0.63 95.60
100.00 849 18.24 280.00 3.77 §2.39 460.00 157 97.17
120.00 7123 2547 300.00 252 8491 480.00 1.57 98.74
140.00 10.38 35.85 320.00 3.14 88.05 520.00 0.31 99.06
160.00 9.43 4528 340.00 1.57 89.62 540.00 0.31 99.37
180.00 11.32 56.60 360.00 189 91.51 580.00 031 99.69
200.00 5.66 62.26 380.00 1.89 93.40 600.00 0.31 100.00
60.00%
50.00%
%
0 40.00%
£
T 30.00% W 62.5 pg/ml
] B 31.25 pg/ml
> 20.00%
& 9 15.12 pg/ml
10.00%
0.00%
RD REF Vero AMGM
Type of cell line
Figure 3: Growth inhibition induced by silver nanoparticles in four different types of cell lines when incubated
at 37°C for 24 hr.

The apoptosis induction was followed in the treated cells  centages when treated with the three concentrations of silver
for all concentrations of silver nanoparticles conducted in this ~ nanoparticles for 24 hr. Whoever, These apoptotic percent-
study. Figures (4 to 7) demonstrate that all cell types were  ages did not differ significantly among cell lines types
venerable to the induction of apoptosis with different per-
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Figure 4: Rabdomyosaecoma cells exposed to three
different concentrations of silver nanoparticles for 24
hours. A, control untreated cells; B, cells treated with
15.12 pg/ml; C, cells treated with 30.25 pg/ml; D cells
treated with 62.5 pg/ml.

Figure 5: Glioblastoma cells exposed to three different
concentrations of silver nanoparticles for 24 hours at
37 C. A, control untreated cells; B, cells treated with
15.12 pg/ml; C, cells treated with 30.25 pg/ml; D cells
treated with 62.5 pg/ml.

Figure 6: Rat embryo fibroblast transformed cells (REF)
exposed to three different concentrations of silver nano-
particles for 24 hours. A, control untreated cells; B, cells
treated with 15.12 pg/ml; C, cells treated with 30.25 pg/
ml; D cells treated with 62.5 pg/ml.

VERO
REF
Cellline type

AMGM

RD

50 40 30 20 10 0
Apoptotic cells percent of total cells

Figure 7: African green monkey kidney transformed
cells exposed to three different concentrations of silver
nanoparticles for 24 hours. A, control untreated cells;
B, cells treated with 15.12 pg/ml; C, cells treated with
30.25 pg/ml; D cells treated with 62.5 pg/ml.

<« Figure 8: percentage of apoptotic
cells induced in the cell lines under
investigation after treatment with
silver nanoparticles at 62.5ug/ml for
24 hours at 37C.
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At the highest concentration of silver nanoparticles used
the apoptotic cells percent of RD, AMGM, REF, and VERO
cells 31.49%, 39.11%, 35.89%, and 36.45% respectively. In
order to further emphasize the apoptotic induction status in
the treated cells, DNA fragmentation assay was conducted
for the cells treated with the highest concentration of silver
nanoparticles for 24 hr (Figure 8). The ladder patrons were
evident in all treated cells. That clearly indicates the capabil-
ity of the prepared large silver nanoparticles to the indices of
apoptosis in both cancer cell (RD and AMGM) and normal
transformed cells (REF and VERO).

Discussion:

Many researchers emphasized that inorganic nanopar-
ticles may induce health problems as a result of its
toxicity (20, 21, 22). The mechanism of toxicity induced by
silver nanoparticles was described to be as Trojan-horse type
mechanism. Their presence in the cytosol of the activated
cells, but were not in the dead cells indicate its ionization
in the cells and cause cyto-toxicity (23). The released ions
interact with several vital macromolecules such as enzymes,
DNA and RNA inducing oxidative damage, mitochondrial
damage resulting in cellular toxicity (24).

h

Figure 8: Apoptosis induced in cell
lines under investigation treated
with 60.5 pg/ml silver nanoparti-
cles indicated by DNA fragmenta-
tion assay. a and e lanes, treated and
control untreated RD cells; b and f
lanes, treated and control untreated
AMGM cells; d and g lanes; treated
and untreated control cells; ¢ and g
lanes, treated and control untreated
REF cells; d and h lanes, treated and
control untreated VERO cells.

In previous study our lab has proved that below one hun-
dred nanometer particle size of silver nanoparticles induced
apoptosis in human glioblastoma cancer cell line (brain tu-
mor). The concentrations of silver nanoparticles used at that
study did not harm mice brains as investigated in vivo (15).
Therefore we tried to have more understanding for this toxic-
ity issue as related to particle size, since the below one hun-
dred nanometer silver nanoparticles did not affect normal

cells of mice brain. Although we undertake in vitro assays
in this study, the results indicated that above one hundred
nanometer particle size of silver nanoparticles still capable of
inhibit cancer cells growth and induce apoptosis. Both nor-
mal transformed cell lines (Vero and REF) and cancer cells
effected almost equally in all concentrations of silver nano-
particles used. These results urge the testing of these nano-
particles in vivo.
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