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Introduction  

The human genome is stably exposed to agents that 
damage DNA. Mechanisms that damage DNA and lead 
to a perplexing array of DNA lesions are harmful to the 
human genome and also cancer development. However, 
acute effects arise from disturbed DNA, halt cell-cycle 
progression and causes cell death. So induction of DNA 
damage in cancer cells can be recognized as a 
therapeutic strategy for killing cancer (Bohr 2002; 
Fenech 2010) . Three main mechanisms, which induce 
DNA damage are (1) environmental agents such as 
ultraviolet light (UV) (2) normal cellular metabolism 
products which vocalize a continuous source of damage 
to DNA accuracy ; and (3) chemical agents which bond 
to DNA and tend to cause spontaneous disintegration of 
DNA (Hoeijmakers, 2001). Recently drug delivery 
technologies are used for in vitro cancer therapy studies 
and nanoparticles are used vastly for this purpose 
(Ahmad et al. 2010; Alexis et al. 2010; Yu et al. 2010; 
Rahimi et al. 2010). So, the risk of human, in particular 
DNA exposure to these materials is rapidly increased 
and reliable toxicity test systems are urgently needed. 
Currently, nanoparticle genotoxicity testing is based on 

in vitro methods established for hazard characterization 
of chemicals (Donner et al., 2010, Fubini et al., 2010, 
Landsiedel et al., 2010, Warheit and Donner, 2010). 
Comet assay is one of the important and well applied in 
vitro methods in genotoxicology and DNA damage 
studies. It is an in situ method in which embedded cell 
on agarose base is lysed and electrophoresed on neutral 
or alkaline conditions. Acridine orange/ethidium 
bromide is used for staining of its DNA. Comet 
metaphor which is risen from astronomy and visually 
appropriate image obtained with this technique looks 
like a ‘‘comet” with a distinct head consisting of intact 
DNA, and a tail including damaged or broken pieces of 
DNA (Collins et al. 2008; Fucic 1997; Collins et al. 
1997; Liao et al. 2009). The comet assay developed as 
microgel electrophoresis technique for the first time 
(Ostling and Johanson, 1984). In this technique, 
embedded cells in agarose gel were placed on a 
microscope slide. They are lysed by detergents and high 
salt treatment and the released chromatin is 
electrophoresed under neutral conditions (pH of 9.5). 
DNA then is stained with a fluorescent dye (ethidium 
bromide), resulting a comet with head and tail. Two 
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versions of Comet assay are currently in use; one 
introduced by Singh et al known as the ‘‘single cell gel 
electrophoresis (SCGE)’’ technique (Singh et al., 1988), 
in which alkaline electrophoresis is used (pH.13) for 
analysis of DNA damage and, is capable of detecting 
alkali labile sites and DNA single-strand breaks in 
individual cells. However many investigators refer to 
this method as the ‘‘Comet assay’’. Subsequently, Olive 
et al developed versions of the neutral technique of 
Ostling and Johanson, with minor changes including 
lysis in alkali treatment followed by electrophoresis at 
either neutral or mild alkaline (pH 12.3) conditions 
(Olive et al., 1990a, Olive et al., 1990b). In comparison 
with other genotoxicity tests, most important advantages 
of the comet assay are: ability of the assay for DNA 
damage identifying at the single cell level, its sensitivity 
for detecting low levels of DNA damage, requirement of 
small numbers of cells per sample, its ease of 
application, low cost, flexibility of the assay as it can be 
used to evaluate various types of DNA damage, 
modifiability for adaptation to a variety of experimental 
requirements (Olive et al., 1990b) and need of the short 
time period for performing the assay as compared. 
However the fact that it is successful at demonstrating 
DNA damage is enough to justify its use in many studies 
to investigate DNA damage and repair in a wide range of 
tumor cells with a variety of DNA-damaging agents and 
it is no wonder that the comet assay has been used in a 
wide variety of the toxicity studies (McKenna et al., 
2008, Karlsson, 2010, Eskandani et al., 2010). However 
here, we present an overview of comet assay as one of 
the toxicity test methods for nanoparticle’s risk 
assessment. 

 

The SCGE methodology 

The basic procedure of comet assay was described in 
detail previously (Olive et al., 1990a, Olive et al., 1990b, 
Phillips and Arlt, 2009, Singh et al., 1988). As schema 
views, cells are mixed with 0.5% low-melting point 
agarose and then placed on a microscope slide pre-
coated with 1% normal agarose. When the agarose has 
solidified, an additional layer of agarose is added. The 
last layer eliminates in some described SCGE method. 
Then, the cells are lysed in a detergent solution for 1-14 
h. To allow the DNA unwinding, the slides are put into 
an alkaline or neutral buffer in an electrophoresis 
chamber for 20 min and then the electrophoresis is 
carried out. Then electrophoresis slides are rinsed with 
neutralization buffer or PBS and cells are stained with a 
fluorochrome dye (Fig.1.). 

Cell suspension preparation   
Since the comet assay is designed to evaluate DNA 
damage in individual cells, clearly the cells or tissues for 
their evaluation will need to be assayed in a way that 

allows distinction between the cells. Virtually any 
eukaryotic cell can be processed for the analysis of DNA 
damage using this assay. The existence of various 
methods for generating single cell suspensions is 
documented in papers covering a wide range of 
biological fields. The obvious concern for measuring 
DNA damage and rejoining strand break in tissues from 
animal or clinical samples is that the samples should be 
isolated and processed without allowing additional repair 
or creating additional strand breaks (Rojas et al., 1999). 
a) Whole Blood: 75 µL of LMPA (0.5%; 51ºC) mixed 
with 5-15 µL heparinized whole blood is added to the 
pre-coated slide. It is possible that as described in 
hematology procedure addition of equal amount of 0.5% 
LMPA, blood be diluted with PBS. (DMSO is added in 
the lysing solution to scavenge radicals generated by the 
iron released from hemoglobin when whole blood or 
animal tissues are used. Therefore, it is not needed for 
other situations) 

b) Monolayer and suspend Cultures: In the monolayer 
types of cultured cells, the media must be removed and 
0.005% Trypsin is added to detach the cells from the 
flask surface at 37° C for 5 minutes. Trypsination is 
omitted in the suspend method. (Very low concentration 
of Trypsin (0.005%) is used because higher 
concentrations increase DNA damage.) Then equal 
amount of medium (with FBS) is added to quench 
Trypsin. The suspend cells is centrifuged (900g, 6 min) 
and supernatant is removed. Sequentially, very small 
amount of PBS is added to sediment cells. So ~10,000 
cells in 10 µl or less volume per 75 µl LMPA is 
dissolved and the process is continued accordingly. 

Slide preparation 
In the slide preparation the aim is to obtain uniform gels 
sufficiently to ensure easily visualized comets with 
minimal background noise. For this purpose, a layer of 
agarose is prepared by dipping a fully frosted and chilled 
microscope slide in to high melting point agarose 
(formation of flat layer of agarose on the slide surface is 
vital for imaging and for avoiding to miss-focusing 
because of multi-surface gel features ). However after 
cleaning the other side of the slide, it is vital to solidify 
quietly agarose-surfaced slide. Then, the cells are 
suspended in low-melting point (LMP) agarose at 37º C 
are dropped on first solidified agarose layer. An 
appropriate sized coverslip is used to flatten out each 
molten agarose layer, and the slides are often chilled 
during the process to enhance gelling of the agarose. The 
important parameters for ensuring a successful analysis 
are the cells concentrations in the agarose for avoiding 
significant proportion of overlapping comets, especially 
at high rates of DNA migration, and the concentration of 
the agarose. Higher agarose concentrations can affect the 
extent of DNA migration. 
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Viability Assay 
Before cells preparation to comet assay, the minimum 
viability required of the cells must be approved. For this 
purpose some easy and comfortable methods such as 
viability assay using Trypan blue dye and MTT assay 
were described in previous papers (Fitzgerald and 
Hosking, 1982, Plumb, 2004, Stoddart, 2011, Supino, 
1995). In the simple viability assay, 10 µL of at least 
106cells/ml is placed in a microcentrifuge tube and 
consequentially 10 µL of Trypan blue dye is added to the 
tube. After about two minutes a drop of the prepared 
cells is placed on microscopic slides and a coverslip is 
put on the cells. 100 cells per each slide are scored in the 
final step and the number of viable cells (shiny) versus 
dead cells (blue) is recorded. (If the rates of viable cells 
become lower than 80%, cell preparation must be 
repeated AGAIN). 

Cell lysis and Alkali (pH > 13) unwinding  
After the gel containing cells has solidified, the slides are 
dipped in a lysis solution consisting of high salts and 
detergents generally for at least 4 h. There are not many 
significant differences among the various alkaline lysis 
methods, all of which employ high salt/detergent lysis 
for a variable period (1–24 h). The most known reagent 
of the lysis solution that has been used includes 1% 
Triton X-100, 2.5 mM NaCl, 0.1 mM Na2EDTA, 10 
mMTris, pH 10. However, in rare some cell types may 
require the second detergent for complete lysis, and this 
is based on case by case. To maintain the stability of the 
agarose gel, lysis solution is chilled prior to use. The 
liberated DNA can be incubated with proteinase K (PK) 
between lysis and alkali unwinding to remove residual 
proteins or probed with DNA repair enzymes/antibodies 
to identify specific classes of DNA damage (e.g. 
oxidative damage). In order to avoid more DNA 
damages, all steps must be carried out in dark room. 
However, after lysis of the cells the slide must be 
washed three times in 0.4 M Tris-HCl, pH 7.5 
(Naturalization buffer) at 4°C.  Prior to electrophoresis 
to formation of a comet picture and also production of 
single-stranded DNA, the slides are incubated in alkaline 
(pH > 13) electrophoresis buffer, knowing alkali 
unwinding step. The alkaline solution developed by 
Singh et al. consists of 1 mM EDTA and 300 mM 
sodium hydroxide, pH > 13.0 (Singh et al., 1988). 

Electrophoresis, Comet staining and scoring 
After alkali unwinding, all chromatin, especially the 
single-stranded DNA is subjected in the thin layer gel to 
electrophoresis under alkaline conditions to form 
comets. During electrophoresis, the alkaline buffer pH, 
which is used during alkali unwinding has same pH > 13 
buffer which is used during alkali unwinding. Since 
DNA migration of only a minor distance is required in 
the comet formation, thus only very short electrophoresis 
running time (10–20 min) and low voltages (0.5–5.0 

V/cm) are needed. However comet electrophoresis 
differs from conventional DNA electrophoresis. The 
electrophoretic conditions are 25 V and 300 mA. 
However, the optimal voltage/amperage depends on the 
extent of DNA migration seen in the control cells, and 
range of migration under evaluation among the treated 
cells. After electrophoresis, the slides should be stained 
with 25μl of 0.6 μM Ethidium Bromide for visualization 
of the comet and followed by slipping a coverslip on the 
vision window. Then comets are detectable with the 
fluorescent microscope. (Fig.2.) However, Nadin et al. 
carried out for first time a procedure to stain the comet 
with silver to avoid toxicological effects of Ethidium 
bromide as a carcinogen material. Surprisingly, they 
contended that their silver staining method significantly 
increases the sensitivity/reproducibility of the comet 
assay in comparison with the fluorescent staining that is 
very questionable (Nadin et al., 2001).  

 

 

Fig.1. Schematic images to represent the procedure of the 
alkaline comet assay. A shows slide preparation. B panel shows 
cell lysation, Unwinding and micro electrophoresis. C shows 
comet visualization and scoring procedures. 
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However, 100 cells is always selected randomly for the 
analysis of comet quantity and analyzed under 
fluorescent microscope by quantifying the DNA damage 
(%tail DNA/head DNA) through using softwares 
analyzing comet image such as CASP & Comet IV, or 
manually with consideration and classification of the 
comet with damage range from 0 to 4 using following 
formula. In this formula DD is the rate of the DNA 
damage, whereas n0- n4 are the type of the comet 
including 0-4 types. Finally, Σ is the sum of the scored 
comet including types 1-4 also '0' type comets. 
 

DD = (0n0 + 1n1 + 2n2 + 3n3 + 4n4)/ (Σ/100) 
 
Nanoparticle-based drug delivery 

Nanomaterial is a material which has the minimum 
length<100 nm in size. They have many different forms 
such as tubes, rods, wires or spheres, with more 
complicated structures such as nano-onions and 
nanopeapods (Cheng, 2004, Kokubo et al., 2003, 
Pramod et al., 2009). Even though, they have novel 
physico-chemical properties and medical applications, 
such as faming as drug delivery machine directed 
specific drugs to the site of tumors, they also may be 
responsible for unfavorable biological side effects 
(Dhawan and Sharma, 2010, Singh et al., 2009, Jang et 
al., 2010, Sohaebuddin et al., 2010). Biodegradable 
polymers have been studied over the past few decades 
for the construction of drug delivery systems, in view of 
their applications and limitation in controlling the release 
of drugs, stabilizing adjective molecules (e.g., peptides, 
proteins, or DNA) from degradation, and site-specific 
drug targeting (Dolatabadi et al., 2011). Additionally, a 
vesicular system in which the drug is encapsulated by a 
polymer membrane is nanocapsules, whereas 
nanospheres are matrix systems in which the drug is 
physically dispersed. Typically, in the drug delivery 
systems the drug can be dissolved, entrapped, absorbed, 
attached and/or encapsulated into/onto a nano-matrix 
(Dolatabadi et al., 2011). Depending on the method of 
preparation nanoparticles, nanospheres, or nanocapsules 
can be constructed in order to possess different 
properties and release characteristics for the best 
delivery or encapsulation of the therapeutic agent (Beaux 
et al., 2008, Yang and Webster, 2009, Hammond, 2011). 
Some characteristics having importance for drug 
delivery using nanoparticles are the properties of the 
nanoparticle surface, drug loading ability, drug releasing 
preference and finally the properties of the nanoparticle 
in target therapy (Suri et al., 2007). Also, the size can 
influence drug loading, drug release and stability of 
nanoparticles. The size of the nanoparticles determine 
the in vivo biological fate, toxicity, and targeting. Indeed, 
nanoparticles can be recognized by the host immune 
system as antigen and cleared by phagocytes from the 

blood circulation, when they used intravenously (Li and 
Liu, 2004, Petros and DeSimone, 2010). 

 

 
Fig. 2. Comet images ×40 taken by fluorescent microscope with 
Nikon camera; Acquisition with Photoshop CS4.Comet images 
evaluated by CASP software and categorized from A - E to show 
grade ‘0’ to ‘4’ with red and green curve for head and tail DNA, 
respectively. 

Nanoparticle hydrophobicity (e.g. opsonins) determines 
the level of blood components that bind to the surface of 
nanomaterial, yet the size of the nanoparticle has vital 
role in drug delivery. To increase the success rate of 
drug targeting, it is necessary to minimize the 
opsonization in contrast, prolonging the in vivo 
circulation of nanoparticles (Owens and Peppas, 2006). 
However, by coating nanoparticles with hydrophilic 
polymers/surfactants or formulating nanoparticles with 
biodegradable copolymers owning hydrophilic 
characteristics, such as polyethylene glycol (PEG), 
polyethylene oxide, polyoxamer, poloxamine, and 
polysorbate 80 (Tween 80) the time of intravenously 
circulating increases , hence  the impressments of the 
nano-drug delivery system become higher (Arayne et al., 
2007). On the other hand, a successful nano delivery 
system should have a high drug-loading capacity. Also, 
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it is revealed that when the macromolecules, drugs or 
protein are used in nanoparticles, they show the greatest 
loading efficiency in the isoelectric point of the 
nanoparticles near to the pI of consignments (Calvo et 
al., 1997). Indeed, the other factor that defines the 
efficiency of the drug delivery system is the potentiality 
of nano-carrier in drug releasing ratio. It is demonstrated 
that the drug release rate depends on some physico-
chemical features of both drugs and nanoparticle 
including drug solubility, desorption of the surface-
bound or absorbed drug, nanoparticle matrix erosion or 
degradation, drug diffusion through the nanoparticle 
matrix and finally the combination of erosion and 
diffusion processes. Hence, solubility, diffusion, and 
biodegradation of the particle matrix control the release 
process (Zhang et al., 2003, Frank et al., 2005, Efentakis 
et al., 2007). Aside from these features, the most 
important aspect of drug delivery systems is targeted 
properties of the nanoparticles. Targeted delivery can be 
actively or passively achieved. In active targeting, 
therapeutic agent or carrier system conjugates to a tissue 
or cell-specific ligand (Lamprecht et al. 2001). But in 
passive, targeting is achieved by incorporating the 
therapeutic agent into a macromolecule or nanoparticle 
that reaches the target organ. However, the most 
important view in drug delivery systems is the non-
toxicity of the nanoparticles having used in targeted 
delivery to raise the efficiency of nonmaterial therapy 
and also to decrease the biological side effect of such 
intelligent and targeted nano-structure materials.  

 

Toxicity of advanced materials 

There are some limited information indicating that 
nanoparticles induce cytotoxicity, oxidative stress and 
inflammatory responses (Park and Park, 2009, Reddy et 
al., 2010, Neubauer et al., 2008). However, some of 
these investigations failed to see minor cellular changes 
that may arise at lower concentrations, which may not 
result in cell demise but could relate to human health 
risks. Indeed, due to drug delivery purposes 
nanoparticles joins also to physico-chemical features 
such as metal contaminants and charged surfaces, and 
may well have unpredictable genotoxic properties. Due 
to the fact that genotoxins can cause genetic alterations 
and many cancers in the absence of cell death, DNA is 
the most important macromolecule that mostly faces this 
overlooking. DNA damage could not only trigger cancer 
development, but also can have an impact on fertility and 
the health. Hence, a main area presiding over health risk 
assessment of new pharmaceuticals and chemicals agents 
such as nanoparticle is genotoxicology. As a result, 
genotoxicity testing and evaluation of the carcinogenic 
or mutagenic potential of new substances is a main part 
of preclinical safety testing of novel pharmaceutical 

nanoparticles.  Nanoparticles can affect mechanisms 
leading to penetration of the nanomaterials to the cells 
and subsequently the nucleus, inducing DNA damage. 
Nanomaterials may be able to penetrate directly into the 
nucleus through diffusion across the nuclear membrane 
(if they are small enough), transport through the nuclear 
pore complexes, and finally may become surrounded in 
the nucleus following mitosis when the nuclear 
membrane is dissolved during cell division and then 
reorganized in each next generation cells (Feldherr 1998; 
Macara 2001; Moroianu 1999). If the nanomaterials 
locate within the nucleus, they will then interact directly 
with DNA molecule or DNA-related proteins and may 
cause physical damage to the intelligent and inheritance 
material.  

Due to the anticipated development in the field of 
nanomaterials, trustworthy toxicity of these nanoscale 
agents, based on drug delivery systems, and the 
increasing risk of the exposure to nanomaterials must 
have been investigated. Therefore nowadays a 
meticulous defy is to declare safety and usefulness for 
nanoscale biomedical systems to characterize their 
toxicological properties requiring unique measurement 
protocols and criteria for healthful versus harmful 
exposure results. 

 

Comet assay and genotoxicity of nanoparticles used 
in drug delivery system 

Revealing of the genotoxicity and cytotoxicity properties 
of nanoparticles based drug delivery systems on the 
different parts of cells may enhance their usefulness in 
targeting therapeutic approaches in many aspects. Ever 
since many techniques have been developed to 
investigate toxicological effect of nanoparticles, 
genomically. Additionally, cellular in vitro 
poisonousness   assays   such    as    ROS production 
assays, cell viability assays and cell stress assays 
(studying the protein/gene expression, inflammatory 
markers, Cell visualization, internalization, and organelle 
interaction) have been used to evaluate toxicity of 
nanomaterial (Jones and Grainger, 2009). Genotoxicity 
tests detect DNA damage with some special techniques 
such as comet assay, Chromosome aberration test, HPRT 
forward mutation assay, g-H2AX staining, 8-
hydroxydeoxyguanosine DNA adducts, micronucleus 
test and Ames test (Singh et al., 2009). In order to 
evaluate genotoxicity of nanomaterials, the most often 
used technique is the single-cell gel electrophoresis 
assay (Comet test). As best our knowledge with 20 
studies, 14 have positive result, and 6 the negative 
outcome. Comet assay has been used for evaluation of 
the genotoxicity of some nanoparticles included in drug 
delivery systems such as single-walled carbon nanotubes 
(SWCNT), C60 fullerenes, titanium dioxide (TiO2), 



 

92   | 

Vandghanooni and Eskandani 

BioImpacts, 2011, 1(2), 87-97 Copyright © 2011 by Tabriz University of Medical Sciences 

Carbon black particles, and other nanoparticles that are 
described in table 1. Briefly, some nanoparticles that 

their genotoxicity evaluated with comet assay describe 
flowing. 

 

Table 1. Genotoxicity evaluation of nanoparticles that have use in drug delivery systems with comet assay 

Reference Result In vivo/In vitro Properties Material 
(Dhawan et al., 
2006) 

Comet positive Human lymphocytes Aqueous suspensions of colloidal C60 fullerenes 
(‘‘EtOH/nC60 suspensions’’) and (‘‘aqu/nC60 
suspensions’’) 

Fullerenes  

 
(Kisin et al., 
2007) 

Comet positive V79 cells Size 0.4 -1.2 nm, length of 1–3 mm surface area 
of 1040 m2/g, 99.7 wt% carbon ,0.23 wt% iron 
levels 

Single-walled 
carbon nanotubes 
(SWCNT) 

 
(Wang et al., 
2007) 

 
Comet positive 

Human B-cell 
lymphoblastoid WIL2-NS 
cells 

(99% purity, sonicated, size distribution 6.57 nm: 
100%, 8.2 nm: 80.4% and 196.5 nm: 19.4% 

Titanium dioxide 
(TiO2) 

(Nakagawa et 
al., 1997) 

Comet positive 
After irradiation 

L5178Y mouse lymphoma 
cells 

Average size 21 nm, particles suspended in 
EBSSfpr irradiation 

Titanium dioxide 
P25 

(Mroz et al., 
2008) 

 
Comet positive 
 

A549 (a type II alveolar-like 
human lung 
adenocarcinoma cell line) 

Primary diameter 14 nm, suspended at 100 
mg/mL in serum-free Dulbecco’s Modified 
Eagle’s Medium (DMEM) and sonicated for 20 
min 

Carbon Black 

(Gurr et al., 
2005) 

Comet positive Human bronchial epithelial 
cells (BEAS-2B, cultured in 
LHC-9 medium) 

Anatase TiO2 particles, size 10 and 20 nm, 
sterilized, suspended in sterilized phosphate-
buffered saline (PBS) (10 mg/mL). 

Titanium dioxide 
(TiO2) 

 
(Jacobsen et 
al., 2007) 

 
Comet positive 

 
FE1 MutaTMMouse lung 
epithelial cells 

Printex 90, size 14 nm, surface area: 295 m2/g, 
sonicated  using a Branson Sonifier S-450D in 5 
mL medium 
 

Carbon Black 

 
(Dunford et al., 
1997) 

 
Comet positive 

MRC-5 human fibroblasts Size 20–50 nm, extracted from over-the-counter 
sunscreens, determines their anatase and rutile 
by X-ray diffraction. ZnO contained in some 
samples. 

 
Titanium dioxide 
(TiO2) 

 
(Zhong et al., 
1997) 

 
Comet negative 

V79 Chines hamster lung 
fibroblasts and in Hel 299 
human embryonic lung 
fibroblasts 

 
Particle size 37 nm (99% carbon) autoclaved, 
sonicated in MEM 

Carbon black 

 
(Wang et al. 
2007b; Wang 
et al. 2007c) 

 
Comet negative 

 
WIL2-NS human B-cell 
lymphoblastoid cells 
 

99% purity, particle size distribution 7.21 nm, 
100%; 9.08 nm, 71.4% and 123.21 nm, 28.6% 
suspended in culture medium vortexed  and 
sonicated for 10 min in an ultrasonic water bath. 

SiO2 

(Barnes et al., 
2008) 

Comet negative 3T3-L1 fibroblasts Size 30,80,400 nm, characterized with TEM and 
DLS 

Amorphous silica 

(Pacheco et 
al., 2007) 

Comet positive MCF-7 The LUDOX CL colloidal silica suspension in water 
was adjusted to a pH of 7 with 0.1mol/L NaOH 

Amorphous silica 

(Gopalan et 
al., 2009) 

Comet positive PBL; human sperm cells Size  40–70 nm Anatase TiO2 
and ZnO 

(Karlsson et 
al., 2008) 

Dose-dependent 
increase in DNA 
damage induced 
byTiO2>carbn 
nanotubes. 

A549 type II lung epithelial 
cells 

TiO2 particles (a mix of rutile and anatase) TiO2, carbon 
notubes 

(Jin et al., 
2007) 

Comet negative A549 cells Size 50 nm SiO2 doped with 
luminescent dyes 
(RuBpy and TMR) 
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Reference Result In vivo/In vitro Properties Material 
(Hoshino et al., 
2004) 

Increase in comet 
tail length after 2 
h, but did not 
persist at 12 h 

WTK1 cells Size 18.03±6.76 nm QD-COO 

(Jacobsen et 
al., 2008) 

C(60) and SWCNT 
did not increase 
the level of strand 
breaks SWCNT 
and C60 are less 
genotoxic than CB 

FE1Muta Mouse lung 
epithelial cell line 

-99.9% pure [0.7 nm] 
-0.9–1.7 nm diameter,1 mm length 
-14 nm 

- C60 
- SWCNT 
- Carbon Black 
(CB) 

(Kafil and 
Omidi, 2011) 

Somewhat comet 
positive 

A431 cells linear and branched polyethylenimine Cationic polymer 

(Omidi et al., 
2008) 

Comet negative A549 cells Oligofectamine (OF) Cationic lipids 

 
Cationic polymers and lipids 

Cationic polymers (at physiological pH; polycations or 
polycation-containing block copolymers), are a series of 
polymers which can be made of a variety of polymers 
including polyethyleneimine (PEI), chitosan, Poly 
ethylene glycol-based polymers. Cationic polymer can 
be combined with polynucleic acids (e.g., DNA or RNA) 
to form a particulate complex, such as 
interpolyelectrolyte complexes (IPECs) or block 
ionomer complexes (BICs) and so, is able to transfer the 
genes into the targeted cells (El-Aneed, 2004). 
Polyethylenimines (PEIs) are series of   synthetic 
cationic polymers, well-known as an efficient non-viral 
nucleic acid vector bearing a high cationic charge 
density which provides to condense and compact the 
carried DNA into complexes (Boussif et al., 1995). 
Different types of polyethylenimine (PEI), viz., branched 
(25 and 800kDa) and linear (25kDa), have been 
successfully used as transfection agents (Demeneix et 
al., 1998). The most other important series of polymeric 
based nanoparticles that have application in drug carrier 
and gene therapy systems are cationic lipids. It is 
composed of three basic domains: a positive charged 
head group, a hydrophobic chain, and a linker which 
joins the polar region to the non-polar (Gao and Hui, 
2001). The polar and hydrophobic domains of cationic 
lipids may have remarkable effects on both transfection 
and toxicity levels. The most obvious difference between 
cationic polymers and cationic lipids is in that cationic 
polymers do not contain a hydrophobic moiety and are 
completely soluble in water (Elouahabi and Ruysschaert, 
2005). The straight facing of the cationic polymers and 
lipids are sufficient to the host genome and vast usage of 
the mentioned polymers in gene/drug delivery to the 
researchers that consider their side cell/geno-toxcicity 
effect. Recently Omidi et al evaluated genotoxic impacts 
of linear and branched polyethylenimine nanostructures 
in A431 cells (Kafil and Omidi, 2011). Using comet 
assay, they reported that these types of the nanostructure 
induce DNA damage to some degree. In addition, they 

evaluated the genotoxicity of Oligofectamine (OF) 
nanosystems – a type of the cationic lipid – in human 
alveolar epithelial A549 cells. Surprisingly, they found 
no genomic damage detected by the comet assay (Omidi 
et al., 2008).  

 

Fullerene 

A fullerene is in the form of a hollow sphere, ellipsoid, 
or tube that is composed completely of carbon. 
Fullerenes structurally are similar to graphite, which is 
composed of stacked graphene sheets of linked 
hexagonal rings, yet they may also contain pentagonal or 
sometimes heptagonal rings. Spherical fullerenes also 
called buckyballs and cylindrical ones are called carbon 
nanotubes or buckytubes. Fullerenes attract attention due 
to their radical scavenging and anti-oxidant properties. 
Currently they are used in targeted drug delivery, 
polymer modifications, energy application and cosmetic 
products (Wang et al., 2004). 

 C60 fullerene 
A Buckminsterfullerene or C60 fullerene (C60) is a 
spherical molecule and the smallest one with the formula 
C60 (Wang et al., 2004). It is used in some studies as 
targeted drug delivery carrier (Aschberger et al., 2010). 
To evaluate the genotoxic effects of the C60 fullerenes, 
Dhawan et al (2006) assessed C60 fullerenes free of toxic 
organic solvents prepared by either ethanol to water 
solvent exchange (‘‘EtOH/nC60 suspensions’’) or by 
mixing in water (‘‘aqu/nC60 suspensions’’) using the 
comet assay on human lymphocytes. Results showed a 
strong correlation between the genotoxic response and 
nC60 concentration, and also genotoxicity observed at 
concentrations as low as 2.2 mg/L for aqu/nC60 and 4.2 
mg/L for EtOH/nC60 (Dhawan et al., 2006). 

Single-walled carbon nanotubes (SWCNT) 
Carbon nanotubes are nanomaterials made up of thin 
graphitic sheets formed tubular structure. Two main 
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types of carbon nanotubes including single-walled 
carbon nanotubes  (SWCNTs) with a single tube of 
carbon (0.4–2 nm) and multiple-walled carbon 
nanotubes (MWCNTs) composed of several concentric 
tubes (2–100 nm) (Ji et al., 2010). CNTs have some 
applications in nanomedicine: they provide appropriate 
substrate for growth of cells in tissue renewal; they can 
also be used as nanocarriers for a diversity of therapeutic 
or diagnostic agents, and finally as vectors for gene 
transfection (Chen et al., 2006). Consequently, many 
studies have been performed concerning the toxicity of 
these nanoparticles used with different techniques. Kisin 
et al. examined the genotoxicity of SWCNT with 
diameters between 0.4 and 1.2 nm in V79 cells with 
comet assay technique. Results showed the significant 
DNA damage after only 3h of incubation with 96 
mg/cm2 of SWCNT (Kisin et al., 2007). 

 

Titanium dioxide (TiO2) 

Titanium dioxide (TiO2) is one of the promising 
materials being considered for various applications. 
Usually, it is used as a material in the memristor, a new 
electronic circuit element and other applications related 
to solar cells (Sohaebuddin et al., 2010, West and Halas, 
2003). Additionally the use of TiO2 as drug carrier in 
nanomedicine has been considered in different aspects. 
Recently, the effect of textural specifications of 
nanoporous TiO2 matrices was assessed on the drug 
delivery activities by M. Signoretto et al.  They 
demonstrated that nanoporous can be used as matrix for 
the continued release of a drug; they showed also a close 
association between the pores dimension of TiO2 and the 
drug release (Signoretto et al., 2011). In addition, several 
investigations have been performed on the genotoxicity 
effect of TiO2 on various cell lines. Wang, Jing J et al 
evaluated the genotoxicity of TiO2 nanoparticles on 
cultured human B-cell lymphoblastoid WIL2-NS cells 
with comet assay procedure. At a concentration of 65 
mg/mL, the nanoparticles induced significant 
genotoxicity after an exposure of 24 h in cultured human 
B-cell lymphoblastoid WIL2-NS cells (Wang et al., 
2007). Also in another study Nakagawa et al. reported 
comet positive results in L5178Y mouse lymphoma cells 
exposed to Titanium dioxide P25 (Nakagawa et al., 
1997). 

 

Carbon Black  

Carbon Black (CB) is a family of small particles 
consisting carbon fractal aggregates. Carbon black is 
chemically and physically distinct from soot and black 
carbon. The basic building units of CB are nano-sized 
particles formed by stacked graphene layers exhibiting 

random orientations about the staking axis and also 
parallel to the layers in translation (turbostratic structure) 
(Sanjinés et al.). Due to their electrical properties, 
carbon blacks are widely used as conducting fillers in 
polymers. CB/polymer composites have wide range of 
applications including graded semiconductors for 
optoelectronic applications, conducting electrodes, solid 
electrolytes for batteries, anti-reflection coatings, room 
temperature gas sensors, electrical switching devices, etc 
(Chung, 2004). The potential use of carbon black for 
delivery of molecules was reported by Prerona 
Chakravarty in to the cell, in 2010. Their initial results 
suggest that interaction between the laser energy and 
carbon black nanoparticles may generate photoacoustic 
forces by chemical reaction in order to create transient 
holes in the membrane for intracellular delivery 
(Chakravarty et al., 2010). Also in the study about the 
genotoxic effect of carbon black with comet assay, N.R. 
Jacobsen   reported  75 mg/mL particles induced in FE1 
MutaTM mouse lung epithelial cells within 3 h, a 
significant increase in DNA strand breaks(p = 0.02) 
detected in the alkaline Comet assay (Jacobsen et al. 
2007). In another study, Mroz et al. reported positive 
comet assay result of Carbon black in A549 human 
adenocarcinoma cells (Mroz et al., 2008).  

 

Silica nanoparticles 

The non-metal oxide of silicon (silica) exists in two main 
forms; amorphous, which has no long range order, and 
crystalline, where oxygen and silicon atoms are in a 
fixed, ordered periodic arrangement (Greenberg et al., 
2007). Mesoporous silica is a form of silica which is a 
recent development in nanotechnology. The most 
common types of mesoporous nanoparticles are MCM-
41 and SBA-15, their main component is amorphous 
silica. Research continues on the particles, which have 
applications in catalysis, drug delivery and imaging. 
Many studies have been performed about use of silica 
nanoparticles as drug delivery vehicles (Vallet-Regi et 
al. 2007; Vivero-Escoto et al. 2010; Trewyn et al. 2008).  
For example, Yufang Zhu et al reported the potential of 
PEGylated hollow mesoporous silica (HMS-PEG) 
nanoparticles as drug vehicles for drug delivery (Zhu et 
al., 2011). Recently, three surfactant-templated 
mesoporous silica nanoparticles (Surf@MSNs) were 
developed as anticancer drug delivery systems. The 
Surf@MSNs exhibit the high drug (surfactant) loading 
capacities, the sustained drug (surfactant) release profiles 
and the high and long-term anticancer efficacy (He et al., 
2010).Crystalline silica has been shown to be both 
cytotoxic and genotoxic on in vitro testing by some 
studies (Fanizza et al. 2007; Wang et al. 2007b). Other 
groups have found that high doses of crystalline silica 
are necessary to produce detectable genotoxicity using 
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the single cell gel electrophoresis (Cakmak et al., 2004). 
Also in  the other study performed by Barnes Clifford A. 
et al the comet assay results indicated no significant 
genotoxicity at either 4 or 40 μg/ml doses for any of the 
tested amorphous silica samples in 3T3-L1 fibroblasts 
(Barnes et al., 2008). Alternatively, this study is in 
contrast to the results of Pacheco et al.  They used MCF-
7 as model systems for genotoxicity testing with comet 
assay (Pacheco et al., 2007). 

 

Conclusion 

Based on the best of our knowledge, this article is the 
first review on the application of comet assay in 
genotoxicity of nanoparticles used in the drug delivery 
systems. Application of the advanced nanomaterials in 
wide range of the biomedical researches and applications 
such as drug delivery system compel the researcher to 
work within these materials discreetly because of their 
probable toxicity effects on the inherent material. 
However risk appraisal of nanomaterials, challenges 
some of the present DNA damage assessment methods 
due to the unique nature of material at nano-scale. 
Considering large number of studies on the genotoxic 
effect of the nanomaterials and high potential of comet 
assay in precise DNA damage detection, using alkaline 
single cell gel electrophoresis is a very useful tool for 
diagnosis of the nanoparticle genotoxicity that is used in 
drug delivery system and also are highly recommended 
to reduce side effect of these types of therapies. 
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