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Abstract:

This research was conducted to evaluate three main methods usually used to assess cellular DNA damage in genotoxicity 
assays. These methods were single cell gel electrophoresis (comet assay), micronucleus formation, and DNA fragmenta-

tion assay. Nanoparticles genotoxicity is a subject of compelling immediate action as a result of wide application of nanotech-
nology in many sectors which in contact with humane health. The mentioned methods were used to assess the genotoxicity of 
silver nanoparticles in vivo. Silver nanoparticles were synthesized by laser ablation of pure silver plate submerged in double 
distilled water. The synthesized nanosilver was characterized with UV-Visible spectroscopy and atomic force microscope. 
After its characterization, silver nanoparticles were injected subcutaneously in to BALB/c mice at 200 µg/ kg BW for two 
different periods of time, one week and two weeks in daily manner. After the end of injection the animals were sacrificed and 
their bone marrow cells, lymphocytes, and spleen cells were collected. DNA damage in these cells was assessed using the 
three mentioned methods. Results indicated that the three types of DNA damage assessment methods were capable to detect 
the genotoxicity of silver nanoparticles in the treated animals. Spleen cells were the less DNA damaged cells as indicated with 
the three assays in the first week of injection. Lymphocytes and bone marrow cells was effected in more aggressive manner.

Keywords: genotoxicity, silver nanoparticles, comet assay, micronuclei, DNA damage

Nanomaterials are invading now different consumption 
products and fields of applications resulting in the in-

crement of human exposure to these newly engineered ma-
terials (1, 2). As a result of its novel chemical and physical 
properties, Silver nanoparticles are class of such materials 
that have shown interesting characteristic in biomedicine, 
intending to use them in diagnosis and/ or therapy (3, 4). 
Antibacterial activity of silver nanoparticles are encourag-
ing to introduce them as an ingredient in the disinfectant 
agents or coat surfaces to prevent bacterial growth for sur-
face sanitation (5- 11), or even to use them in the therapy of 
chronic bacterial infections and as synergistic factor with 
antibiotic to overcome the traditional antibiotic resistant of 
some bacteria (12, 13). All these activities mandate to assess 
the potential risks of these materials on both environment 

and humane health (14-16). Therefore different particle siz-
es, shapes, doses and time of exposure was used to assess 
the cytotoxic, genotoxic and oxidative damage induced by 
silver nanoparticles in different type of cells (17-22).

Toxicity of silver nanoparticles was appeared to be result-
ed from silver ions that released from its surface.  Research-
ers suggested that the presence of silver nanoparticles in-
side the cells was behind the reactive oxygen species (ROS) 
generation in that cells. Thus, cytotoxicity and genotoxicity 
of SNP were suggested to be generated from ROS induced 
by the presence of silver nanoparticles in the cells (23-27). 
Relevantly, a need to assess this toxicity is an issue of great 
consideration. most of SNP toxicity assessments were con-
ducted using cancer cell lines or normal fibroblast cells (28-
30). Although the use of  those types of cell lines in these as-
sessments are very important as a criteria to have a general 
preliminary idea about the toxicological properties of silver 
nanoparticles, but stile it may not reflect precise mechanism 
and it needs more confirmative studies (31). Since cancer 
cell lines are far from being normal metabolic model, the 
use of normal fibroblast cell line may reflect more realis-
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tic events (32-36). The choice of the cell type to be used is 
a critical determinant in toxicology assays (37) From this 
point of view the in vivo studies can give the most realistic 
results to a great extent. 

The traditional genotoxic assay, Ames test, was not effec-
tive enough to generalize toxicological behavior for silver 
nanoparticles (38). Comet assay and micronucleus forma-
tion assay are more suitable to detect the genotoxicity of sil-
ver nanoparticles than Ames test (39). While the mentioned 
tests are capable of assessing toxicity of silver nanoparticles 
in vitro, there is scars knowledge about the genotoxicity 
behavior of silver nanoparticles in vivo. Comet assay was 
efficient to detect genotoxicity in a very similar manner in 
vitro and in vivo (40-42). This assay was widely used in the 
in vitro assessments of genotoxicity of different substances 
(43). The propidium iodide is well known staining proce-
dure used to indicate the apoptosis properties of cell nuclei 
, it was mainly used in the flowcytometry procedures to in-
dicate cell apoptosis. These fluorogenic stain is capable of 
intercalate with DNA when it across the cell membrane as a 
result of cell death due apoptosis, another use for this stain 
is to indicate DNA fragmentation appearance of cell nuclei 
under fluorescent microscope (44). Agarose gel electropho-
resis can be employed to detect DNA fragmentation as cell 
apoptosis let event, ladder appearance of DNA on agarose 
characterizes this cellular phenomenon. The degradation of 
internucleosomal DNA by endonucleases activated by cas-
pase-3 during apoptosis such as DNA fragmentation factor 
(DFF) is responsible for the degradation of internucleoso-
mal DNA (45-47). This assay was also used to determine the 
genotoxicity of different types of substances (48). Micronu-
cleus detection in mice bone marrow is one of the methods 
frequently used to detect the in vivo genotoxicity of several 
types of materials (49). The above mentioned tests as well 
as many other tests represent a battery of assays which may 
use individually or together to shade a light on the genotoxic 
effect of any substances. (50) 

In this research we tried to assess in vivo, the genotoxicity 
of silver nanoparticles synthesized by laser ablation method 
in doubled distilled water. This assessment carried out using 
three different tests commonly used to assess the cellular 
DNA damage. These tests are comet assay, micronuclei for-
mation assay and DNA fragmentation assay in agarose gel 
electrophoresis. The purpose was to determine the efficien-
cy of each one of them to detect silver nanoparticle genotox-
icity.  The animals BALB/c mice were injected subcutane-
ously with the synthesized SNP for two different period of 
time. The genotoxicity of SNP was assessed in bone marrow 
cells, lymphocytes and spleen cells with these three meth-
ods. We hypothesized that the use of these test collectively 
could confirm the event of DNA damage and genotoxicity 
in the treated animals in more realistic way. The rational of 
the tissue type to be tested stemmed from two reasons, the 
first one, was that these types of cells can be collected easily 
from the animals in suspensions; the second was that these 
organs may accumulate SNP and be the most damaged tis-
sues in the animals (51).   

Culture media preparation
RPMI 1064 culture media with 2 mM L-glutamine and 

HEPES  (USbiological, USA) was prepared,  100 μg/mL 
penicillin/streptomycin and 10% fetal bovine  serum (Cap-
ricorn, Germany) was added. This media was use to wash 
and cultivation of the cells isolated from mice (spleen cells, 
lymphocytes, and bone marrow cells). 
Synthesis of silver nanoparticles

For the synthesis of silver nanoparticles, a Q-switched 
Nd-YAG laser (type HUAFEI) operating at 1064 nm wave-
length was employed. After laser-based setup was con-
structed, silver particles from metallic silver plate (1 mm 
thick and high purity) submerged in double distilled water 
was ablated. The plate target was fixed on a magnetic holder 
at the bottom of a glass cell, and was rotated to avoid deep 
ablation. The maximum laser pulse energy delivered was 
320 mJ/plus with pulse width of 10 ns. The distance be-
tween target plate and laser source was 10 cm, diameter of 
laser spot on a targeted plate was 1 mm and the liquid vol-
ume was 10 ml. After firing of 500 laser pulses, a yellowish 
colloidal solution of silver nanomaterial was obtained.
Nonmaterial characterization

Ultra violate-visible optical absorption measurements 
were performed directly after silver nanopraticles synthesis 
to avoid the effect of growth and aggregation of nanopar-
ticles. The optical absorption spectra were recorded by UV-
visible double beam spectrophotometer (CECIL 7200, UK). 
The average particle size and shape of synthesized nanopar-
ticles were characterized with an Angstrom Advanced Inc 
AA3000 Typing mode 200 FEG atomic force microscope 
(Angstrom Technologies, USA). Concentration of the syn-
thesized nanoparticles was determined using atomic absorp-
tion spectroscopy (AAS model GBS 933, Australia).    
In vivo experiment design 

Thirty male BALB/c mice (28-32 g) were housed five per 
cage with free access to food and water and were main-
tained on a 12hr light/dark cycle (lights on at 7:00 am) at 
25 °C. All experimental procedures were performed in ac-
cordance with the recommendations of the Iraqi Center for 
Cancer and Medical Genetic Research for the Care and Use 
of Laboratory Animals. Animals were divided into three 
groups, ten mice in each group. Subcutaneous administra-
tion of silver nanoparticles was conducted in the back dor-
sal of the animals. The first group served as control and in-
jected with PBS, the second group received daily injection 
of 200 µg/ kg BW of silver nanoparticles for one week and 
the third group was injected daily with 200 µg/ kg BW of 
silver nanoparticles for two successive weeks.  At the end of 
the experiment (injection time), animals were sacrificed and 
blood samples were drawn by cardiac puncture and collect-
ed in heparinized tubes. Lymphocytes were isolated from 
the collected blood samples utilizing the density gradient 
centrifugation standard method.
Bone marrow cells isolation

The isolation of mice bone marrow cells was carried out 

Material and methods:
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according to the following steps. After mouse was sacrificed 
tissue was removed from legs with scissors and dissects 
away from the mouse body. Remaining tissue was cleaned 
from the pelvic and femoral bones and separated at knee 
joint. Both end of femoral bone was cut off,

 Using a 25g needle and a 5 ml syringe filled with RPMI 
medium, the bone marrow was expelled from both ends of 
the bone with a jet of medium directed into a 10ml screw 
cup tube. Collected cells were Centrifuge at 1500 rpm for 10 
minutes. Cells pellet was re-suspended in 10ml RPMI (10 % 
FCS). To disintegrate cells aggregates, cells were gently as-
pirate and expelled for more than once using an 18g needle 
attached to a 5 ml syringe.
Spleen cell isolation 

 Carried out according to the protocol described by Czu-
prynski and Brown (1998) (52). Anesthetized mouse placed 
on its back on the support platform. The mouse limbs were 
fastened to rubber bands fixed to the platform. Mouse abdo-
men was swabbed with 70% ethanol. A longitudinal ven-
tral midline incision was made. The connective tissue un-
derneath the skin was separated from the dermis and the 
cutaneous margins were fixed to the platform with pins. 
Spleen was drawn with a dissecting forceps and extracted 
carefully with scissor. The ectomized spleen was transferred 
to a Petri Dish contain 10 ml of RPMI-1640 media with 
glutamine, HEPS and 10% bovine calf serum .  The spleen 
tissue was mechanically disrupted by cutting the spleen into 
conveniently sized fragments. These fragments were tore 
and squeezed using sterile forceps and scissors to release 
spleen cells from normal tissue architecture. The cell sus-
pension produced in the previous step was passed through 
5 ml syringe cylinder packed with sterile gauze and trans-
ferred directly to centrifuge tubes. Tubes were centrifuged 
at 200 Xg (1500 rpm) for 7 min. the supernatant was gently 
decanted and the cell pellet was re-suspended with 5 ml of 
ACK lysing buffer (NH4Cl (0.15 M), KHCO3(1 mM), Na 
2EDTA (0.1 mM) pH 7.4, Roberts et al., (1998) (53) per 
spleen in order to remove red blood cells from the spleen 
cell population. The cells were incubated for 5 min at room 
temperature, with occasional shacking. After ACK incuba-
tion was completed, the tubes was filled to 10 ml with RP-
MI-1640(10%FBS) media and centrifuged again for 7 min. 
this wash process was repeated one additional time with 10 
ml of the same media after that cells was utilized in the as-
says. 
Single cell electrophoresis (Comet assay)

Comet assay was performed for the organs isolated cells 
according to Collins et, al (1996) (54). Ethedium bromide 
was used instead of SYBR green dye to detect DNA dam-
age. Slide was viewed by fluorescence microscopy (Micros 
MCX 500, Austria), each slide was divided to 50 microscop-
ic filed and each field was photographed with digital micro-
scopic camera (LW scientific, USA). The genomic damage 
in the cells nucleoid was assessed visually in each image 
photographed collectively from each slide. Total number of 
cells counted from each slide was between 80 to 120 cells, 
the number of tailed nucleoid was scored and calculated as 

a percentage of total number of cells counted in each slide 
according to the method of Collins et, al (1996) (55).
Micronucleus induction in cells isolated from organs

After organs cells isolation they separated over a micro-
scopic slide, air dried and fixed with -20 °C absolute ethanol 
(schulds, Spain). Fixed cells were stained with propidium 
iodide (5µg/ml) (sigma-alderch). The stained slides were 
observed under fluorescent microscope (Micros MCX 500, 
Austria). Each slide was divided to 50 microscopic fields; 
each filed was photographed with digital camera (LW Sci-
entific, USA). One thousand cells from each animal were 
scored for the appearance of micronucleus structure and 
their frequencies were recorded.
Agarose gel electrophoresis assay for DNA (ladder pat-
tern).

Isolated cell’s DNA extraction was carried out using KAPA 
Express Extract kit (KAPA Biosystem, South Africa) ac-
cording to the manufacturer instruction.  Agarose gel elec-
trophoresis for the extracted DNA was carried out accord-
ing to Narendra P. Singh (2000) (56) with 1.8% Agarose 
(USBiological, USA) in Tris borate, EDTA (pH8) buffer. 
Gels were imaged with Scie-Plas gel documentation sys-
tem (Scie-Plas, England). Molecular weight marker ladder 
(KAPA Biosystems, south Africa) was used to characterize 
the DNA fragmentation patron  
Statistical analysis 

 Analysis of variance (ANOVA) of the results was calcu-
lated in one and two way factorial design experiment. Sta-
tistically significant differences limits were (1% and 5%). 
These calculations were carried out according to program 
statistical package for social sciences SPSS, version 10 (57).

 

Characterizations of the synthesized silver nanoparticles 
In pulsed laser ablation method, the synthesized silver 

nanoparticles generated will posses different shape and size 
and that would depend upon the ablation process conditions 
and parameters (58). All the experiments in this research 
carried out with a single preparation of the synthesized 
nanoparticles, sufficient quantity was produced. Atomic 
force microscope (AFM) images for the synthesized silver 
nanoparticles, both topography and three dimension images, 
shows the globally spherical shape of the prepared particles 
(Fig. 1A and B), nanoparticles agglomeration was also in-
dicated. Granularity distribution chart obtained from AFM 
software (CSPM Angstrom Technologies, USA) indicated 
that 90% of the synthesized NPs diameter was 58nm and 
50% of them have 20nm diameter. The overall particle di-
ameter range for the preparation was 28.09nm (Fig.2). The 
UV-Vis spectrum for the synthesized NPs has a maximum 
absorbance at 417.40 nm (Fig.3), the narrow peak width at 
half maximum indicating that nanoparticles generated in the 
liquid was spherical (16). 

Results:
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Figure 1: Atomic force microscope image for the silver 
nanoparticles synthesized by laser ablation method. A, 
topography image; B, three dimension image. Image 
field is 1000nm. The image analyzed by C scanning 
probe microscope software for surface roughness and 
root mean square to indicate the nanoparticles formation.

Figure 2: Particle size distribution silver nanoparticles 
synthesized by laser ablation method in double distilled 
water, analyzed by the C scanning probe microscope 
software.

Figure 3: surface plasmon resonance for silver nanopar-
ticles synthesized by laser ablation method in double 
distilled water indicating peak absorbance of the 
nanoparticles. 

 

 

Single cell electrophoresis (comet assay) 
We have detected the genotoxicity of the synthesized 

nanoparticles in different types of organ cells derived from 
mice injected with SNP. In comet assay, the tailed cells 
were calculated visually as percentage of total counted cells 
that derived from each animal and each organ of the ani-
mal.  The bone marrow cells showed the highest percent-
age of tailed cells of total cells counted, they were 43.55% 
and 51.51% in one week and two weeks period of injection 
time respectively (Fig. 4 and 5). This increment was sig-

nificantly different from control group (p<0.01), also there 
was a significant different (P<0.05) among them. Tailed 
lymphocytes reached 35.88% and 40.17% in the injected 
animals after one and two weeks, these percentages differ 
significantly (P<0.05) between them (Fig. 4 and 6). Spleen 
cells produced the lowest DNA damage in the first week of 
injection, its tailed cells consist 12.35% with no significance 
to control treatment. After two weeks of SNP injection this 
percentage increased to 37.86% of total cells counted after 
(P<0.01) (Fig 4 and 7).

Figure 4: Percent of tailed cells appeared in single 
cell gel electrophoresis of spleen cells, lymphocytes 
and bone marrow cells for vehicle control, one week 
and two weeks period of time of mice injected silver 
nanoparticles.
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Micronucleus induction in cells isolated from organs:
In order to have a better judgment for the genotoxicity of 

SNP in vivo we conducted another familiar genotoxic specific 
assay. Micronuclei are good markers of genotoxic exposure in 
humans and their scoring has been extensively used to iden-
tify potential genotoxic agents (59). Micronucleus frequen-
cies in three cell types isolated from treated and vehicle con-
trol animals were calculated for each animal in each group. 
In bone marrow cells, micronucleus frequency in one week 
period of time did not increase significantly from vehicle con-
trol indicating no genotoxicity. After two weeks of daily in-
jections, the micronucleus formation increased 1.67 fold than 

the frequency on vehicle control animals (Table 1 and Fig 8). 
This significant increment (P <0.05) indicate genotoxicity.   

Micronucleus formation showed in lymphocytes significant 
increment from vehicle control animals up to 1.4 fold after 
one week (P<0.05), and the micronucleus frequency increased 
significantly after two weeks (P<0.05) up to 1.5 fold (Table 1 
and Fig 9). However, in spleen cells the situation was not the 
same, spleen cells showed significant micronuclei formation 
reached 2.1 fold of control after one week of injection. The 
level was significantly increased up to 2.7 fold in spleen cells 
after two weeks of daily SNP injections (P<0.001) (Table 1 
and Fig 10).   

Figure 5: Comet assay for the bone marrow cells extracted from untreated control, one week, and two weeks treated 
animals with SNP. A, untreated control; B, one week treated; C, two weeks treated.

Figure 6: Comet assay for the peripheral blood lymphocytes extracted from untreated control, one week, and two 
weeks treated animals with SNP. A, untreated control; B, one week treated; C, two weeks treated.

Figure 7: Comet assay for the spleen cells extracted from vehicle control, one week, and two weeks treated animals 
with SNP. A, vehicle control; B, one week treated; C, two weeks treated.
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group  Number of
treated animals

 Number of
 counted cells

 from each animal
 of the group

(Percent of Micronucleus in (mean ±S.E

Bone marrow  Lymphocytes  Spleen cells

 Vehicle
 control 5 1000 0.950±0.031 0.730±0.045 0.421±0.011

 One week 5 1000 ±0.007 1.0 *1.08±0.100 *0.903±0.044

Two weeks 5 1000 **1.594±0.112 *1.15±0.125 **1.147±0.088

Table 1: Percent of micronucleus in the spleen cells, lymphocytes and bone marrow cells of silver nanoparticles injected ani-
mals for one and two weeks period of time. 

Figure 8: Bone marrow cells of vehicle control, 
one week, and two weeks SNP treated animals. 
A & B vehicle control animals; C & D one week 
treated animals; E & F two weeks treated animals.

Figure 9: Micronucleus formation assay for lymphocytes of control un-
treated, A; one week, B; and two weeks, C; SNP treated animals. Cells was 
stained with propidium iodide fluorescent dye. 

Figure 10: Representative of micronucleus formation assay for spleen cells 
extracted from, (A), untreated animals; (B), one week; and (C), two weeks 
SNP treated animals. White arrows indicate some of the MN in the pictures 
field.  

Agarose gel electrophoresis assay for DNA (ladder pat-
tern).

In this assay, bone marrow cells indicated a DNA ladder 
profile (Fig. 11). The DNA ladder formation in one week 
treated animal did not have differences in this type of pro-
file compared to two weeks treated animals. Both of time 
treatments induce considerable genotoxicity effect in bone 
marrow cells as indicated in this assay.   In lymphocytes the 
DNA ladder profile was less intense. After the end of the 
electrophoresis, there was a single band formation in one 
and two weeks period of time treatment in SNP injected an-
imals. This may indicate the lowest events of genotoxicity 
induced by SNP in lymphocytes. This result correlates with 
the result obtained from comet assay and micronucleus 
formation in lymphocytes when they showed a minimum 
genotoxicity in both mentioned assays. Lymphocytes are 
an essential toll to assess the genotoxicity of different type 

of materials in vitro (55). They have been used by many 
researchers to determine the genotoxicity of different types 
of silver nanoparticles in both comet and micronucleus for-
mation assay in vitro (41). In spleen cells the results of this 
assay was the same as observed in the case of bone marrow 
cells (Fig. 13). The DNA ladder profile was obviously in-
dicated in spleen cells in this assay. This may indicate that 
this assay is sensitive for testing the genotoxicity in vivo in 
comparison with single cell gel electrophoresis and micro-
nucleus formation assay.  
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After the nanotechnology was recognized as a revolu-
tion in material science a new approach was conduct-

ed to introduce its intervention in many applications. This 
new technology was capability to enhance the efficiency 
of industry, energy, and health sectors to promote them to 
be more effective and economical. All these sectors are in 
direct contact with humane behavioral attributes, since the 
introduction of this technology to these applications was so 
fast; we think there is an urgent need to put essentials for 
an accurate and precise risk assessment system. Many re-
searches tried to establish and confirm criteria to have such 
risk assessment. Many of them proposed to use the already 
known toxicology assays. These assays have been used 
successfully in many protocols to test the toxicity of differ-
ent chemical compounds used for the development of new 
pharmaceuticals (60).  In vitro assays to determined geno-
toxicity of different types of nanoparticles were carried out, 
one time using immortalized cancer cell lines other time us-
ing peripheral blood lymphocytes as normal cells. Although 
these tests were so beneficial to reach basic understanding 
of the effect of these materials on cellular DNA, however 
the direct contact between the cells and the test material 
would be fare from being realistic as in the in vivo situa-
tion(61).  This assumption was clearly indicated when the 
toxicity of cadmium and gold nanoparticles tested in both 
2D and 3D spheroid cultures. Results disclosed directly that 

toxicity was significantly reduced in the 3D culture when 
compared to the 2D culture. The authors’ interpreted that 
tissue-like morphology of the conducted 3D culture was the 
major factor in diminishing nanoparticles toxicity. This 3D 
culture could be acted as an intermediate stage bridging in 
vitro 2D and in vivo (62).  Accordingly the considerable 
realistic fact which could be obtained from in vivo assays 
is substantial. Therefore we have demonstrated the geno-
toxicity of silver nanoparticles in vivo in different animal 
organs that may came in direct contact with the adminis-
trated nanoparticles. We used the most common and widely 
used assays to detect the DNA damage in the nanoparticles 
administrated animals (63). 

 We have noticed that each organ tested responded drasti-
cally different among the test used and other organs and. 
Using comet assay, it was clearly indicated that bone mar-
row cells DNA were effected intensively in both period of 
experiment time than lymphocytes and spleen cells, where-
as the later produced the lowest DNA damage. This could 
be due to the accumulation of silver nanoparticles in bone 
marrow (64). Another explanation for the elevated percent-
age of DNA damage in these cells could be referred to that 
these cells is continuously under go cellular divisions in or-
der to produce different types of blood cells. This property 
makes the DNA in these cells more venerable to damage 
compared to lymphocytes and spleen cells.  The Micronu-
cleus formation in the bone marrow cells was higher after 
one week and two weeks injection. Whereas lymphocytes 

Figure 11: A representatives of DNA fragmentation assay profile 
for bone marrow cells extracted from control, one week, and 
two weak SNP treated mice. Lane 1,2,3,4,5, and 6 one weak 
treated; lanes 7, 8, 9, 10, 11, and 12 control animals; lanes 13, 
14, 15, 16, 17 and 18 two weeks treated animals.

Figure 12: A representatives of DNA fragmentation assay profile 
for lymphocytes extracted from control, one week, and two 
weeks SNP treated mice. Lane 1, 2, 3, and 4, vehicle control 
animals; lanes 5, 6, 7, and 8 one weak treated; lanes 9, 10, 11, 
and 12 two weeks treated animals.

Figure 13: A representatives of DNA fragmentation assay pro-
file for spleen cells extracted from control, one week, and two 
weak SNP treated mice. Lane 1, 2, 3, 4 and 5 control animals; 
lanes 6, 7, 8, 9 and 10 one weak treated; lanes 11, 12, 13, 14, 
and 15  two weeks treated animals.

Discussion:
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and spleen cells formed micronuclei with less percentage 
compared to bone marrow cells as a result of their DNA 
damage by silver nanoparticles.  In our case,   Compar-
ing with comet assay, micronucleus formation assay seems 
equally sensitive in detecting cellular DNA damage in the 
situation of this study, in the cells of the organs under inves-
tigation.  DNA ladder formation assay was very indicative 
in this case to detect genotoxicity. Since this test is cost 
effective and takes less time and effort than both single cell 

gel electrophoresis and micronucleus formation assay, we 
recommend using this test to detect the genotoxicity of oth-
er types of nanoparticles on the cells selected in this study. 
In summary this study recognized that whether using single 
cell gel electrophoresis or micronucleus formation assay 
and DNA ladder formation assay, to detect genotoxicity of 
silver nanoparticles in vivo, all these assays would be suit-
able in serving this purpose. 
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التأثير السام لجسيمات الفضة النانوية المصنعة بطريقة الإزالة بالليزر النبضي 
على المكنون الوراثي داخل الجسم الحي

عامر طالب توفيق، حسام الدين محمد كاظم، ناهي يوسف ياسين، سبأ كامل خليل، أسيل فايق غيدان، رشا عبد الأمير 
حسين، أمنة يوسف عبد اللطيف

المركز العراقي لبحوث السرطان والوراثة الطبية / الجامعة المستنصرية

الخلاصة:
(تسمم  الوراثية  السمية  إختبارات  في  الخلوي  الدنا  لتحديد مدى تظرر  قياسيا  تستخدم  لتقيم ثلاث طرائق رئيسة  البحث  هذا  جرى 
المكنون الوراثي) , هذه ثلاث طرق هي الهجرة في المجال الكهربائي للخلايا المنفردة (فحص الكومت) وتكون النوى الدقيقة وفحص 
تقطع الحامض النووي DNA  المنقى من الخلايا المعزولة. ونظرا لدخول الجسيمات الناوية العديد من التطبيقات العملية التي لها 
مساس مباشر بحياة الإنسان فإنه من الضروري بمكان إيجاد ألية للتحري عن تظرر المكنون الوراثي الناتج عن المعاملة بالجسيمات 
النانوية . صنعت جسيمات الفضة النانوية بطريقة الإزالة بالليزر النبضي من قطعة فظة عالية النقاوة مغمورة في ماء مقطر لمرتين 
وجرى توصيف الجسيمات المصنعة بإستخدام المطياف الممتد من الضوء المرئي إلى الفوق البنفسجية وكذلك بمجهر القوى الذرية  . 
بعد التعرف على مواصفاتها حقنت الجسيمات النانوية المصنعة في الفئران البيضاء نوع BALB/c    تحت الجلد بجرعة مقدارها 
200 مايكروغرام لكل كيلوغرام من وزن الجسم ولمدتين زمنيتين مختلفة الأولى يوميا لمدة إسبوع والثانية يوميا لمدة سبوعين . بعد 
إنتهاء فترة التجريع جرى التضحية بالحيوانات وعزلت منها خلايا نخاع العظم والخلايا اللمفاوية وخلايا الطحال . قيم تظرر المادة 
الثلاث  الطرائق  أن  إلى  النتائج  أشارة   . أنفا  المذكورة  الثلاث  الطرق  بإستخدام  الحيوانات  المعزولة من  الخلايا  في   DNA الوراثية 
المستخدمة قادرة على تبيان حجم الظرر الحاصل في المكنون الوراثي للخلايا المعزولة من الفئران المحقونة بالفضة النانوية . كما 
أشارةالنتائج إلى أن المكنون الوراثي لخلايا الطحال كانت الأقل تظررا من بين الخلايا تحت الفحص خصوصا في الإسبوع الأول 
من الحقن عند إستخدام الفحوص الثلاثة في حين تظرر المكنون الوراثي لكل من خلايا نخاع العظم والخلايا المفاوية بشكل أكثر حدة 

بإستخدام الفحوص الثلاثة .


