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Summary 
The comet assay, or single-cell gel electrophoresis (SCGE), is 
a sensitive, rapid, relatively simple and inexpensive method for 
detecting DNA strand breaks in individual cells. It is used in 
a broad variety of applications and as a tool to investigate DNA 
damage and repair. The sensitivity and specificity of the assay 
are greatly enhanced if the DNA incubated with an enzyme, 
which recognizes a specific kind of DNA damage. This damage 
induced by oxidative stress plays a pivotal role in many diseases 
and in aging. This article is a critical review of the possible 
application of the comet assay in some pathological states in 
clinical practice. Most of the studies relate to evaluating the 
response of an organism to chemotherapy or radiotherapy with 
statistically significant evidence of DNA damage in patients. Other 
useful applications have been demonstrated for patients with 
heart or neurodegenerative diseases. Only a few studies have 
been published on the use of this method in critically ill patients, 
although its use would be appropriate. There are also other 
scenarios where the comet assay could prove to be very useful in 
the future, such as in predicting the likelihood of certain 
pathological conditions. 
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Introduction 
 

Various methods are used to detect DNA 
damage in mammalian cells in laboratory practice. The 
comet assay is a method suitable for this use since it is 
relatively simple and requires only a few cells, and results 
can be obtained within a matter of hours. The degree of 
damage is determined in peripheral blood lymphocytes 
(PBL) which can be easily collected in a relatively 
non-invasive way. The precision of the comet assay is not 
as great as that of chromatographic methods, but it seems 
to be much more accurate at estimating low level 
damage. It has a range of detection that is limited by the 
structural organization of the DNA (Collins 2009). One 
limitation of this method is the requirement of a viable 
single-cell suspension. If a sample contains 
predominantly necrotic or apoptotic cells, accurate 
information about specific lesions such as strand breaks 
or base damage cannot be obtained. Therefore it is 
necessary to minimize additional DNA breaks (Olive and 
Banáth 2006). The versatility of the applications of this 
method indicates its utility in addressing a wide range of 
issues in biology, medicine and toxicology. 

One of the most important applications of comet 
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assay is the detection of oxidative damage of DNA. 
Oxidative damage to biomolecules is commonly believed 
to contribute to, or even to cause, aging. It is not surprising 
that oxidative damage to DNA, is generally regarded as  
a significant contributory cause of human diseases. Studies 
have also been carried out regarding the relationship 
between the level of DNA damage and the influence of the 
nutrition, vitamin supplementation and consumption of 
various kinds of “beneficial” food, and some of them 
examined whether such diets confer any real protective 
effect on DNA (Fikrová et al. 2011, Herrero-Barbudo et al. 
2013, Bub et al. 2013). Faust et al. (2004) reviewed  
45 alkaline comet assay studies with the objective of 
monitoring human exposure to genotoxic agents resulting 
from occupation, drug treatment, disease and 
environmental pollution. They compared the oxidative 
damage detected of the comet assay with other cytogenetic 
data, such as the frequency of micronuclei, chromosomal 
aberrations or sister chromatid exchange. Results show 
remarkable concordance between comet assay and other 
classical cytogenetic assay data (Faust et al. 2004). 
Because of its favorable properties, the comet assay has 
become a heavily used method in laboratory practice. 
Evidence for this is the article by Neri et al. (2015) that 
created a bibliometric study about worldwide interest in the 
comet assay. They collected articles from the period 
between 1990 and 2013 using the PubMed website. The 
geographic and temporal distribution of all publications, 
the distribution of impact factors by country and the most-
used keywords were measured. The results indicated that 
the number of papers increased from 8 in the triennium 
1990-1992 up to 1137 in the 2002-2004 period, and then 
doubled again from 2011 to 2013. Most papers using the 
comet assay as a biomarker have been published in genetic 
and toxicology journals, with emphasis placed on 
environmental and occupational disciplines (Neri et al. 
2015). 

Oxidative stress has been studied for several 
decades with the help of various methods, and more 
increasingly so recently using comet assay. However, the 
potential of the comet assay has still not been sufficiently 
explored or exploited. Thus, the main aim of this critical 
review was to collect knowledge about this assay, which 
has turned out to be another promising method that can 
be applied in clinical practice in some pathologies. 
 
Oxidative stress 
 

Oxidative stress is associated with many human 

diseases. It is defined as the predominance of reactive 
oxygen or nitrogen species over the antioxidant 
protection of tissues. Normally, these processes are in 
balance. The source of endogenous reactive oxygen 
species (ROS) contributing to specific DNA oxidation 
damage is the result of normal cellular metabolism and 
they are detected in normal tissue (Cooke et al. 2003); 
however, they may also be a product of pathological 
processes. ROS are chemically very active and react with 
biomolecules other than nucleic acid, also including 
polyunsaturated fatty acids in membrane lipids and 
essential proteins (Lambeth 2007). The most important 
site of origin of ROS in cells is in the mitochondria, 
where their production is a consequence of aerobic 
metabolism. Mitochondrial ATP production occurs 
through the flow of electrons that are passed along 
a series of molecular complexes in the electron transport 
system. The result of this transport is proton transition 
across the inner mitochondrial membrane producing 
a large mitochondrial membrane potential. The energy 
released by the protons re-entering the mitochondrial 
matrix is used to produce ATP. This final electron 
acceptor is molecular oxygen, which is reduced to water. 
During this process, single electrons sometimes escape 
and result in a single-electron reduction of molecular 
oxygen to form a superoxide anion (O2 

-). It is estimated 
that as much as 1 % of all oxygen consumed may result 
in the formation of ROS, such as superoxide anions 
(Farris et al. 2005). ROS may also be generated by 
certain enzyme activities, they are released from 
phagocytic cells meant to destroy cells infected with 
viruses or bacteria. They also originate in metabolic 
processes as the β-oxidation of fatty acids in 
peroxisomes, by the metabolism of arginine, during the 
biotransformation of xenobiotics in microsomes by redox 
mechanisms with cytochrome P450. In addition to these 
endogenous sources of ROS, there are also numerous 
environmental sources, notably radiation, air pollution, 
tobacco smoke and a wide range of chemicals (Loft et al. 
2008). 

Normally, excessive ROS are controlled and 
removed from cells by superoxide dismutase, catalase, 
glutathione peroxidase and by low molecular weight 
antioxidants such as vitamin C, E, glutathione and uric 
acid. Oxidative stress occurs in situations where the 
production and destruction processes of reactive oxygen 
species are imbalanced. It is important to recognize that 
a certain level of damage cannot be avoided. Oxidative 
stress refers to the state where the balance is impaired, 
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either by an excessive production of free radicals or by 
deficient antioxidant defenses. ROS and antioxidants 
scavenger balance is important in treating and preventing 
the damage caused by such stress. 
 
Oxidative damage to DNA 
 

The integrity of DNA is absolutely crucial for 
cellular life. However, DNA is constantly exposed to a risk 
of being damaged. It is estimated that each cell under 
normal conditions is the target of several thousand attacks 
on its DNA every day (Olive 2009). After DNA is 
damaged various methods of cell response can be invoked, 
amongst them the immediate replacement of the DNA 
using DNA repair mechanisms, tolerance to the damage or 
cell death. The DNA damage response is a hierarchical 
process that is executed through a series of steps. DNA 
lesions are detected by sensor proteins that recognize either 
the lesions themselves or chromatin alterations that may 
follow the DNA damage. Transducers are brought into 
action to convey the damage signal to downstream 
effectors. It is this relay system from transducers to 
effectors that enables a single DNA lesion to modulate 
numerous pathways. The transducers might also be 
involved in the assembly of DNA-repair complexes at the 
sites of DNA damage (Barzilai and Yamamoto 2004). 
 
Measuring DNA oxidation lesions 
 

There are many methods which can detect DNA 
damage. Some older methods are no longer commonly 
used (e.g. sedimentation or alkaline elution) as 
a consequence of the continuous development of better 
new methodologies for determining specific DNA 
damage. Oxidative damage to DNA in cells and tissues 
can be measured by gas-liquid chromatography and mass 
spectrometry, high performance liquid chromatography 
(HPLC) with electrochemical detection or MS/MS 
(tandem MS) detection, immunoassays, 32P-postlabelling 
and cytometry. The basic protocol of determining DNA 
damage and repair is single-cell gel electrophoresis (Bub 
et al. 2013, ESCODD 2003). 
 
Comet assay 

The method was first introduced in 1984 by 
Ostling and Johanson (1984). It was a combination of cell 
lysis followed by electrophoresis, both at neutral pH. For 
better visualization, the DNA was stained with 
fluorescent acridine orange, which allowed for the 

detection of the emitted radiation by a photometer. On the 
microscope slide, an image resembling a comet in the 
sky, with a distinguishable head containing intact DNA 
and a tail containing relaxed DNA loops was observed. 
The amount of DNA released from the head depends on 
the quantity of acting mutagen. This original neutral 
method appeared to be suitable for detecting of the 
double strand breaks (DSB). Singh et al. (1988) 
published the alkaline version of the method. Both groups 
of authors employed ionizing radiation (inducing 
predominantly single strand breaks – SSB) and the dose 
responses were almost identical, indicating that both 
neutral and alkaline versions were detecting both SSB 
and DSB. Methodology used by these authors was likely 
to be ineffective in removing all protein. This method 
gradually has become a popular way of detecting 
a variety of types of DNA damage in individual cells. It is 
versatile, quick, relatively simple to perform and 
sensitive. Its greatest advantage is probably the scope of 
its application. It can be used in a range of scenarios from 
investigating the physicochemical behaviour of DNA, 
through studies of cellular responses to DNA damage, to 
biomonitoring human populations (Collins et al. 1997a). 
Breaks are detected at the individual cell level, and so the 
prime requirement is a suspension of single cells, in as 
near a pristine state as possible. The assay is most 
commonly applied to cultured mammalian cells, 
peripheral blood mononuclear (PBMN) cells or 
disaggregated tissues. Individual cells are first embedded 
in agarose gel, and are then lysed and subjected to 
electrophoresis at high pH. DNA migrates out of the 
cells. DNA containing breaks is drawn towards the 
anode, forming a comet-like shape resembling  
an astronomical body, visualized by fluorescence 
microscopy (Collins 2014). The basis for this is that loops 
containing a break lose their supercoiling and become 
free to extend towards the anode. Various stains have 
been used to visualize comets. Ethidium bromide and 
DAPI (4′,6-diamidino-2-phenylindole) are the most 
commonly employed fluorochromes. The scoring of 
comets to evaluate the extent of the DNA damage can be 
done in several ways. Probably the most precise is the 
image analysis, with a camera linked to a computer with 
appropriate software. Comet images are selected by the 
operator. Automated systems, which search for comets 
and carry out the analysis with minimal human 
intervention are also available. The software gives 
a number of parameters, from which the most important 
are the comet tail length and % DNA in tail. Tail length 
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seems the most sensitive parameter, which may be useful 
when very low levels of damage are present. However, at 
higher number of DNA breaks, the tail does not increase 
its length anymore, which is given just by the length of 
relaxed loops, but only the intensity of the tail 
fluorescence increases as more and more loops are 
relaxed. In contrast to tail length, the % tail DNA is 
linearly related to break frequency and covers the widest 
range of damage. 

Tail moment has been used by many authors 
which includes both tail length and tail intensity in 
a single value. Tail moment is the product of % tail DNA 
and tail length. It seems rather counterproductive, 
because linearly dependent parameter is multiplied by 
non-linear one, which may make the dose–response curve 
deviate from linearity. Also, cells from different tissues 
or different species can differ substantially in tail length. 
Thus, since tail length is a factor in calculating tail 
moment, similar amounts of damage can give rise to 
different values of tail moment. Therefore, % DNA in tail 
should be preferred as the parameter of choice. However, 

in spite of the advantages of % tail DNA mentioned 
above, the tail moment is widely used. 

Another widely used way of scoring comets is  
a classifying comets by visual inspection. In this case, 
comets are divided into five categories: 0 representing 
undamaged cells (comets with no tails) and categories  
1-4 representing increasing relative tail intensities 
estimated by eye. Summing the scores (0-4) of 100 comets 
gives an overall score of between 0 and 400 arbitrary units, 
the samples are processed in duplicates usually.  
Visual inspection is quite respectable and scoring  
by an experienced operator tends to be faster than image 
analysis with computer image analysis (Collins 2008). 

With modifications, the comet assay has become 
the most popular method for measuring DNA damage of 
various types. Attempts to standardization of the SCGE 
methodology was carried out by a group of researchers 
within interlaboratory collaboration. The results of this 
study demonstrate good data reproducibility (ESCODD 
2005). Yet the comet analysis remains more or less  
non-standard and non-standardized method (Collins 2008). 

 
 

 
 
Fig. 1. SCGE – single-cell gel electrophoresis; LMP agarose – low melting point agarose; HMP agarose – high melting point agarose; 
Na2EDTA – disodium ethylenediaminetetraacetate dihydrate; ENDO III – endonuclease III; FGP – formamidopyrimidine DNA 
glycosylase; EDTA – ethylenediaminetetraacetic acid; Tris – tris(hydroxymethyl)aminoethane. 
 
 
Modification of the comet assay 

The Ostling and Johanson (1984) procedure was 
not widely adopted. Especially interesting was the 
importance of pH during electrophoresis. A few years 
later, two research groups independently developed 
procedures involving treatment at high pH. In 1988, 
Singh et al. found that a significant increase in pH during 

electrophoresis (>13) causes the increased release of 
supercoiled DNA allowing for a highly sensitive 
detection of SSB in the structure. In another variant of the 
procedure chosen in 1990 by Olive et al. for measuring 
cell sensitivity to radiation, the pH of the electrophoretic 
solution was adjusted to neutral or slightly alkaline values 
(Olive et al. 1990). In both approaches, it was observed 
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that although the use of alkali makes the comet tails more 
pronounced and extends the useful range of damage that 
can be detected, it does not increase the sensitivity 
(Collins 2004a). However, SSB are quickly repaired, and 
are not regarded as a significant lethal or mutagenic 
lesion. Many genotoxic agents do not directly induce 
strand breaks (Lambeth 2007, Piperakis 2009). 

Measuring DNA strand breaks provides limited 
information, because the standard alkaline comet assay 
detects strand breaks and alkali-labile sites. A more 
specific indicator of an oxidative attack is the presence of 
oxidized purines or pyrimidines. The basic comet assay 
was modified to detect these by introducing an incubation 
of the nucleoids with bacterial DNA repair enzymes. 
These enzymes introduce breaks at sites where DNA 
damage has occurred. The enzymes combine a specific 
glycosylase activity, removing the damaged base and 
creating an apurinic/apyrimidinic (AP) site, and  
an AP lysate which converts the AP sites to a break. 
Endonuclease III (Endo III) is an enzyme that helps to 
eliminate oxidized pyrimidines by base excision repair 
and in the comet assay, it is used for determining the 
presence of oxidized pyrimidines (Collins et al. 1993), 
while formamidopyrimidine-DNA-glycosylase (FPG) 
acts on oxidized purines. Relative to other DNA 
nucleobases, the oxidation of guanine occurs most readily 
due to its low oxidation potential. There are a number of 
oxidized guanine (G) products of which 8-oxo-7,8-
dihydroguanine (8-oxoG) or its deoxynucleoside 8-oxo-
7,8-dihydrodeoxyguanosine (8-oxoGuo) are the most 
common. Published estimates of the concentration of  
8-oxoG/8-oxoGuo in DNA in normal human cells vary 
over a range of three orders of magnitude. Problem of 
analysis by chromatographic methods which determine  
8-oxoGuo, is adventitious oxidation of G during sample 
preparation. FPG – based methods, which recognize  
8-oxoG, seem to be less prone to the artefact of additional 
oxidation and gives much lower values (Neeley and 
Essigmann 2006, Collins et al. 1997b, Collins et al. 
2004b, Tchou et al. 1994). 

After incubation with the enzymes, there is an 
increase in the % tail DNA compared with incubation with 
a buffer alone. The enzyme-modified comet assay is 
widely used, particularly to determine the background 
levels of oxidized bases in lymphocytes (PBMN cells) 
(Farris et al. 2005, Collins et al. 1996). Because circulating 
lymphocytes are comprised of a heterogeneous mixture of 
various subpopulations that differ in age, cell cycle status 
and function, it would be expected that DNA damage 

could not affect all of them equally. 
A simple modification allows for the 

measurement of DNA repair. Charles et al. (2012) used 
the comet assay to measure the influence on DNA repair 
kinetics of different flavonoids at the highest non-toxic 
concentration. The flavonoids have the capacity to 
modulate DNA repair and this ability was tested (Charles 
et al. 2012). Similar studies were also carried out by other 
teams (Azqueta et al. 2014, Silva et al. 2009, Slyskova et 
al. 2014). The comet assay is therefore a very suitable 
methodology for evaluating DNA repair. 
 
The clinical use of comet assay 
 

Over the last two decades, there has been 
significant interest in oxidative stress and its role in 
cellular dysfunction and the pathophysiology of many 
diseases. It could be that a little bit of oxidative stress is 
good for us. Immune reactions depend on ROS with 
a cell signaling role in many biological systems. ROS 
induce programmed cell death or necrosis, induce or 
suppress the expression of many genes and activate cell 
signaling cascades (Hancock et al. 2001). However, 
increased damage, including base oxidation, is likely to 
increase the risk of cancer, and the comet assay is 
a useful investigative tool in this area. Because ROS can 
damage almost any molecule in the body, they have been 
investigated as a mechanism of injury in many diseases. 
But it is not clear whether oxidative stress is a cause or 
a consequence of these diseases (Collins et al. 2014, 
Oldham and Bowen 1998, Dandona et al. 1996, Fearon 
and Faux 2009). Many studies have successfully 
demonstrated how the comet assay can be applied to 
analyze cells derived from a variety of different human 
tissues. This type of information would prove particularly 
relevant in the diagnosis, prognosis and treatment of 
many types of diseases (McKenna et al. 2008). 
 
Comet assay and oxidative damage in critically ill 
patients 

Critical illness, such as sepsis, polytrauma and 
adult respiratory distress syndrome can drastically 
increase the production of ROS/RNS and lead to 
oxidative stress. Sources of oxidative stress include 
activation of the phagocytic cells of the immune system, 
the production of nitric oxide by the vascular 
endothelium, the release of iron, copper ions and 
metalloproteins and vascular damage. Critically ill 
patients have reduced plasma and intracellular levels of 
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antioxidants and free-electron scavengers or cofactors, 
and decreased activity of the enzymatic system involved 
in ROS detoxification. They show an increase in lipid 
peroxides, malondialdehyde and xanthine oxidase 
activity. Conversely, they present reduced levels of  
α-tocopherol, selenium, β-carotene, lycopene and 
ascorbic acid (Crimi et al. 2006). Abilés et al. (2006) 
evaluated the relationship between oxidative stress in 
critically ill patients and antioxidant vitamin intake and 
the severity of illness. They used spectrophotometry and 
observed the total antioxidant capacity and levels of lipid 
peroxide, carbonyl group, total protein, bilirubin and uric 
acid in plasma at two different points in time: at intensive 
care unit (ICU) admission and on day seven. Dietary 
records were maintained and compliance with the 
recommended dietary allowance (RDA) of antioxidant 
vitamins (C and E) was assessed. They found that 
between admission and day seven in the ICU, the lipid 
peroxide and carbonyl group levels significantly 
increased. This growth was associated with a decreased 
antioxidant capacity and a greater deterioration of the 
Sequential Organ Failure Assessment score. There was 
significantly greater worsening in oxidative stress 
parameters in patients who received antioxidant vitamins 
at below 66 % of the RDA than in those who received 
antioxidant vitamin intake from 66 % to 100 % of the 
RDA. Administering antioxidants at >66 % of the RDA 
reduced the risk for worsening oxidative stress by 94 % 
regardless of any changes in the severity of illness 
(Abilés et al. 2006). Goode et al. (1995) also found that 
antioxidant vitamin concentrations were significantly 
lower in patients with septic shock and secondary organ 
dysfunction than the reference range obtained from 
a comparable group of healthy controls. All patients had 
markedly reduced circulating concentrations of 
tocopherol, retinol and the carotenoids beta-carotene and 
lycopene (Goode et al. 1995). 

There are very few literature references 
addressing the use of comet assay for determining DNA 
oxidation damage in critically ill patients, although the 
technique would be very suitable. It has been used for 
example by Zhanataev et al. (2010), who studied DNA 
damage and cell death in 22 patients with severe multiple 
trauma, with measurements taken after admission (day 0) 
and on days 3, 5, 7 and 15 during their stay in ICU. The 
mean value of tail DNA percentage in blood cells from 
healthy controls was 6.1±2.2 %. They found that trauma 
patients had high DNA damage at admission (10.6±5.9 % 
DNA in tail; p<0.01), which further increased  

to a maximum on day 5 (14.2±4.2 % DNA in tail; 
p<0.01). On day 15, the degree of DNA damage 
remained significantly elevated versus the controls 
(6.1±2.2 % vs. 10.3±2.4 % DNA in tail; p<0.01) 
(Zhanataev et al. 2010). The team of Natália Carvalho 
(2010) determined whether the DNA damage detected 
using the comet assay helps in the diagnosis of neonatal 
sepsis. According to their results, there were no 
significant differences in data between cases and controls. 
(Carvalho et al. 2010). Roth et al. (2004) assessed the 
antioxidant status in critically ill patients. They noted that 
the comet analysis would be an appropriate method for 
assessing range DNA lesions (Roth et al. 2004). 
 
Comet assay and oxidative damage in cardiovascular 
diseases 

Cardiovascular disease (CVD) is the most 
common cause of mortality in the Western world. It is 
multifactorial and involves a complex interaction 
between lifestyle and fixed causative factors. It may be 
classified as coronary heart disease, cerebrovascular 
disease and peripheral vascular disease. The initiating 
step is endothelial damage. This damage leads to the 
formation of atherosclerotic lesions, which can occlude 
small blood vessels and disrupt blood flow. This leads to 
acute manifestations such as myocardial infarction and 
stroke, in which tissue oxygen and nutrient supply are 
severely compromised (Fearon and Faux 2009). Cellular 
oxidative stress is intrinsic to the formation of lesions. 
Evidence attesting to the association of DNA damage 
with cardiovascular disease has been obtained from in 
vitro cell culture models, and from analysis of blood 
samples. Amongst the more pertinent risk factors with 
respect to in vitro effects on cardiovascular cells is 
hyperglycemia. The association between diabetes and 
cardiovascular complications has resulted in thorough 
investigations into the effects of high levels of glucose on 
cardiovascular cells. This effect has been studied in 
microvascular endothelial cells (MVEC) and human 
umbilical vein endothelial cells (HUVEC). Malik and 
Herbert (2012) have suggested that the mechanism of 
glucose-induced oxidative stress is an increase in the 
generation of mitochondrial ROS. Exposure of MVEC to 
a high glucose concentration (25 mM, 24 h) resulted in 
increase in heme-oxygenase-1, a stress response protein, 
and elevated 8-oxoG (Malik and Herbert 2012, 
Farhangkhoee et al. 2005). Quagliaro et al. (2005) found 
that exposing cells intermittently to high glucose 
concentrations results in a more severe effect on the cells 
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than constant high glucose. Their results show that after 
14 days of exposure of HUVEC to intermittent high 
(20 mM) and normal (5 mM) glucose levels, there was 
a 2-fold increase in 8-oxoG levels compared to constant 
exposure to high glucose (Quagliaro et al. 2005). 
Kliemann et al. (2012) evaluated the association between 
the risk of developing CVD and DNA damage levels in 
children and adolescents. DNA damage levels were 
assessed by the comet assay. They used a standard 
protocol for the comet assay based on silver staining and 
visual scoring. The level of DNA damage was correlated 
positively with various CVD risk parameters (BMI, body 
fat, total cholesterol and triglycerides). The findings 
suggest that, compared to those with low CVD risk, high 
CVD risk children and adolescents have the highest 
levels of primary DNA damage, but they did not differ in 
terms of permanent DNA damage. CVD risk factors such 
as adiposity, hypertension, total cholesterol, LDL and 
triglycerides correlated with primary DNA damage level 
(Kliemann et al. 2012). The link between angiotensin II 
(Ang II), which is crucial in regulating of the 
cardiovascular system, and DNA oxidation, has been 
investigated by Mazza et al (2003). Ang II increased 
DNA damage in human dermal MVEC, as measured by 
the comet assay. DNA damage was significantly 
increased in dermal MVEC treated with 0.19 μM Ang II 
for 16 h; however the extent of DNA damage was 
significantly decreased in cells pre-treated with the heme-
oxygenase-1 inducer Tin(II) chloride (SnCl2). Since the 
overexpression of heme-oxygenase-1, a stress response 
protein, has been associated with protection against 
oxidative stress, these data indicate the DNA damage to 
be ROS-dependent (Mazza et al. 2003). Vidya et al. 
(2014) conducted a case-control study on 40 children 
with congenital heart disease and compared the level of 
DNA damage with age- and sex-matched healthy 
children. They used the alkaline version of the comet 
assay and evaluated comet tail length, total comet length 
and the % of DNA in the head. The parametric unpaired 
T-test was used to estimate the differences between the 
case and control groups at a significance threshold of 
p<0.05. Regarding the details of DNA damage, the total 
comet length among the cases (68.1±14.7 µm) was 
observed to be significantly higher (p<0.001) than in the 
controls (30.3±5.2 µm). Similarly, the % of DNA in the 
head and comet tail length were also found to be 
significantly higher (p<0.001) in the cases compared to 
the controls (Vidya et al. 2014). The authors of this work, 
as well as some others, use more assay descriptors of 

DNA damage, but it does not have to bring more 
information about range of this damage and improve 
a quality of the work. Botto with coworkers (2002) used 
the comet assay to measure oxidative damage to DNA 
from 13 patients with angiographically documented 
coronary artery disease (CAD) and 11 age – and sex – 
matched controls. Mean values of DNA strand breaks 
(p<0.0001), oxidized pyrimidines (p<0.0001) and altered 
purines (p=0.0009) were significantly higher in CAD 
patients than in the control group. With the number of 
influenced vessels oxidized purines increases and 
positively correlated with the extent of CAD measured by 
dint of the number of the coronary lesions (p=0.003). 
Also found that the diabetic patients have higher levels of 
oxidized pyrimidines (p=0.013), while patients with 
dyslipidemia have elevated altered purines compared 
with normal patients (p=0.03). Data indicate that the 
extent of oxidative damage DNA in CAD patients 
correlates with the severity of disease (Botto et al. 2002). 
 
Comet assay and oxidation damage in neurodegenerative 
diseases 

Neurodegenerative conditions, Alzheimer´s 
disease (AD), Huntington´s disease and Parkinson´s 
disease (PD) all have oxidative stress implicated in their 
pathophysiology, although there are publications that say 
otherwise (Alam et al. 2000). Oxidative stress to the 
central nervous system predominantly manifests as lipid 
peroxidation, which may promote the formation of 
additional ROS, and enhancement of protein and DNA 
oxidation. 

Kadioglu et al. (2004) studied the deleterious 
consequences of excessive oxidation and the role of ROS 
in AD patients. They observed the levels of oxidative 
damage in PBL of 24 AD and of 21 age-matched controls 
by the comet assay applied to freshly isolated blood 
samples with oxidative lesion-specific DNA repair 
endonucleases. It was demonstrated a significant 
elevation (p<0.01) of basal levels of SSB and alkali-labile 
sites in the PBL of AD patients (16.8±4.6) in comparison 
with the controls (13.0±2.7). The inclusion of Endo III 
and FPG in the comet assay revealed extra sites of 
damage in both patients and controls. In the case of 
Endo III, a significant elevation (p<0.0001) in the mean 
total comet score was found in AD patients (36.1±6.9) 
compared with the controls (14.6±2.6). Also, in the case 
of treatment with FPG, a significant elevation (p<0.0001) 
in the mean total comet score was found in AD patients 
(31.3±7.3) as compared with the controls (14.4±2.5) 
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(Kadioglu et al. 2004). A similar study was performed by 
Morocz et al. (2002), who observed 27 late onset 
sporadic AD patients and 12 age-matched control 
subjects. The alkaline comet assay showed  
a non-significant elevation of basal levels of SSB and 
alkali-labile sites in the PBL of AD patients, compared 
with the controls. The authors explain it so there is no 
defect in the essential components of repair kinetics of 
AD lymphocytes and controls. To assess the basal level 
of oxidation damage of purines in patients, the nuclei of 
lymphocytes were treated with FPG. A significant 
elevation in the percentage of tail DNA was found in 
AD patients compared with the controls (p<0.05). 
Lymphocytes were also treated with Endo III and with 
a combination of both FPG and Endo III. The Endo III 
treatment revealed a non-significantly higher level of 
oxidized pyrimidines in lymphocytes from AD patients 
compared to the controls. Application of the combined 
enzyme treatment detected a significant elevation in the 
amount of total oxidized bases in AD subjects versus the 
controls (p<0.05). The level of repair capacity in PBL 
was also determined. Cells were exposed to H2O2 stress 
and processed for the comet assay after one hour. After 
this period, the amount of remaining SSB and alkali-
labile sites did not differ significantly between 
lymphocytes from AD subjects and those from the 
controls, reflecting a similar effectiveness of repair 
(Morocz et al. 2002). Migliore at al. (2002) observed 
20 patients with de novo sporadic PD and 16 control 
subjects matched for age, sex and smoking habits. They 
underwent a cytogenetic analysis using a micronucleus 
assay. The comet assay was performed in 15 of the 
20 patients with PD and 14 of the 16 control subjects. 
A triple increase in the levels of SSB was found in 
patients with PD compared with the control subjects 
(9.6±4.3 µm versus 3.3±2.3 µm; p<0.001). A positive 
correlation between the percentage of centromere-
negative micronuclei and the level of SSB was observed 
in PD patients. A modified version of the comet assay 
was used to detect oxidized purines and pyrimidines. The 
levels of SSB, due to oxidized purines, were higher in the 
group of patients with PD compared with the control 
(22.4±3.8 µm versus 17.3±6.2 µm; p<0.052).  
No significant differences in oxidized pyrimidines were 
observed between the two groups (Migliore et al. 2002). 
Also, Petrozzi et al. (2001) performed the comet assay in 
19 PD patients and 16 healthy controls. Compared with 
the controls, the PD patients showed about a three-fold 
increase in the levels of SSB, expressed as the length of 

comet tail DNA (p<0.001), and significant differences in 
the distribution of oxidized purine bases between the two 
groups (p<0.05) were observed (Petrozzi et al. 2001). 
 
Comet assay and oxidative damage in cancerous diseases 

It has been established that oxidative 
mechanisms play a role in the initiation, promotion and 
progression stages of carcinogenesis. The cancer risk 
increases with the fourth power of age and is associated 
with an accumulation of DNA damage. DNA damage and 
repair are the underlying molecular events driving the 
initiation and progression of cancer. Therefore many 
studies have used the comet assay to investigate DNA 
damage and repair characteristics. Its potential has been 
examined as a tool for predicting an individual’s tumour 
sensitivity to radiation and to various chemotherapeutic 
drugs, as well as for its usefulness in assessing oxidative 
stress within tumours. Patients generally are of two types: 
those receiving radiotherapy and those receiving 
chemotherapy (McKenna et al. 2008, Collins 2009). 

A study by Gamulin (2007) included patients 
diagnosed with different solid tumours who were 
receiving radiotherapy. Blood samples were collected 
before (samples I) and after receiving the first dose of 
radiotherapy (samples II), in the middle of the 
radiotherapy cycle (samples III) and after the last dose of 
radiotherapy (samples IV), and the level of DNA damage 
was determined using the alkaline comet assay on PBL. 
They monitored two parameters – DNA migration (tail 
length; µm) and tail moment. The results revealed inter-
individual differences in pre-therapy DNA damage in 
cancer patients. The individual DNA migration ± 
standard error of the mean was in range from 
15.73±0.19 µm to 37.85±3.12 µm. For the whole studied 
group, mean tail length of 22.54±5.58 µm was recorded. 
Corresponding tail moment values were in range 
13.11±0.19 to 34.11±2.97. The cause of differences in 
pre-therapy DNA damage levels may be explained by 
different life-style factors, as well as different sensitivity 
to diagnostic treatment prior to operation and 
radiotherapy. The assessment of the two comet 
parameters in samples II confirmed a strong positive 
response to therapy (p<0.05, t-test for dependent 
samples). Although the inter-individual differences 
among patients obviously reflect the impact of the 
radiation doses applied, they also indicated different 
susceptibility and genome sensitivity. The range of tail 
lengths was from 18.6±0.6 µm to 60.3±2.2 µm. 
Corresponding tail moment values were in range 
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15.7±0.6 to 54.8±2.1. Specific patterns of DNA damage 
were recorded in blood samples analysed in the middle of 
the radiotherapy cycle (samples III). In the majority of 
the patients a decrease in DNA damage as compared to 
sample II was observed. The range of tail lengths was 
from 16.4±0.2 µm to 44.0±1.7 µm, and the range of the 
tail moment was from 13.9±0.2 to 40.0±1.6. Results from 
blood samples collected after administration (samples IV) 

indicate the possibility of an adaptive response. They did 
not greatly differ and were lower than before the therapy. 
The results indicated the persistence of post-irradiation 
damage, which is a strong determinant of cancer risk 
(Gamulin et al. 2007). Another study by the same team 
also found that oropharyngeal cancer patients had 
relatively high levels of primary DNA damage in their 
PBL even before therapy (Gamulin et al. 2008). 

 
 
Table 1. Summary of Comet Assay results in critically ill patients, cardiovascular and neurodegenerative diseases. 
 

 Comet Assay study Results of studies 

Critically ill 
patients 

Severe polytrauma 
High DNA damage in polytrauma patients, maximal difference at day 5 after 

admission (22 trauma patients and 12 controls) (Goode et al. 1995) 

 Neonatal sepsis 
No statistical difference between septic and control group (24 sepsis patients 

and 24 controls) (Zhanataev et al. 2010) 

Cardiovascular 
diseases (CVD) 

Children and 
adolescent with 
high CVD risk 

The highest levels of primary DNA damage in person with high CVD risk, 
but no difference in permanent DNA damage (Quagliaro et al. 2005) 

 
Congenital heart 

disease in children 

Significantly higher the total comet length, % DNA in head and comet tail 
length in cases (40 subjects of various congenital heart disease) and controls 
(40 subject), no statistical significance at % DNA in tail and head diameter 

between groups (Mazza et al. 2003) 

 
Coronary artery 
disease (CAD) 

Values of DNA strand breaks, oxidized pyrimidines and purines were 
significantly higher in CAD patients (13 subjects) than in control group  

(11 subjects) (Vidya et al. 2014) 

Neurodegenerative 
diseases 

Alzheimer´s 
disease (AD) 

Significant elevation of oxidative damage in peripheral PBL of patients  
(24 subjects) than in control group (21 subjects) (Kadioglu et al. 2004) 

 
AD + repair 

capacity in PBL 

Insignificant elevation of DNA SSB between AD patients (27 subjects) and 
control (12 subjects), elevations of oxidized purines in nuclear DNA of PBL 
in AD patients (at basal level and after oxidative stress), diminished repair of 

oxidized purine in AD (Morocz et al. 2002) 

 
Parkinson´s 
disease (PD) 

An increase in the incidence of SSB and oxidized purine bases in patients 
with PD (20 subjects) compared with controls (16 subjects)  

(Migliore et al. 2002) 

 PD 
A significant increase in SSB levels and oxidized purine base levels in PD 

patients (19 subjects) than in control group (16 subjects)  
(Petrozzi et al. 2001) 

 
 

We carried out a study involving 20 patients 
with stage 4 non-small cell lung cancer, together with 
10 age-corresponding healthy controls. Blood samples 
from patients who had undergone chemotherapy for the 
first time were collected before starting the 1st cycle of 
chemotherapy, before starting the 3rd cycle of 

chemotherapy, and 3 weeks after the 4th final cycle. They 
received platinum-based derivatives in a combined 
therapy. Patients were in the last stage of cancer and 
chemotherapy was indicated as palliative. The DNA 
damage was estimated by the comet assay and was 
expressed as the percentage of tail DNA. In the healthy 
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controls, the percentage of tail DNA was 6.7±1.2. In 
cancer patients, the percentage of tail DNA was 11.8±3.9. 
The results therefore show that changes occur in the 
amount of SSB and DNA crosslinks during the course of 
chemotherapy. The mean value of the % of tail DNA for 
patients increased throughout chemotherapy. In the 
cancer patient group, a high inter-individual variability 
was found. To the determination of the incidence of DNA 
crosslinks, which can be caused by cisplatin, the 

modification of the comet assay protocol was used. It was 
found highest incidence of DNA crosslinks immediately 
or 1 day after chemotherapy. Cisplatin can react with 
DNA in several ways, the most common is the reaction 
with guanine leading to the formation of intrastrand 
crosslinks. Seven days after chemotherapy the level of 
crosslinks gradually decreases and returns to 
prechemotherapy levels (Fikrova et al. 2014). 

 
 
Table 2. Summary of Comet Assay results in cancerous diseases. 
 

 Comet Assay study Results of studies 

Cancerous 
diseases 

The dynamics of the repair of 
radiotherapy-induced DNA 
lesions in patients with solid 
tumors of the head and neck, 
prostate, uterus, lungs, breast, 

brains and testes 

Inter-individual differences between patients with different types of 
tumors (10 subjects) of tail length and moment in pre-therapy DNA 

damage, confirmed a strong positive response to the therapy (Gamulin 
et al. 2007) 

 
Oropharyngeal cancer (OC) 

before, during and after 
radiotherapy 

High levels of primary DNA damage in PBL even before therapy in 
OC patients (10 subjects), DNA damage increased with progression of 

the radiation cycle and the delivered dose (Gamulin et al. 2008) 

 
Non-small cell lung cancer 

(NSCLC) treated with platinum 
derivatives 

Non-significant higher percentage tail DNA in cancer patients 
(20 NSCLC patients) than in controls (10 subjects), the DNA base 

excision repair activity significantly higher than in cancer patients, the 
same level of the activity of DNA nucleotide excision repair  

(Fikrova et al. 2014) 

 
Breast cancer (BC): alkaline and 

neutral comet assay 

A greater percentage and higher degree (tail moment) of DNA strand 
breaks of PBL in BC patients (40 patients in clinical stage III) than 

controls (60 subjects) (Sanchez et al. 2004) 

 
BC – combined adjuvant 

chemotherapy 

Higher percentage of both SSB and DSB before treatment cancer 
patients (41 subjects) compared to the healthy women (60 subjects), 
after 2nd chemotherapy cycle the number of DNA–damaged PBLs 

increased significantly and persisted until the end of treatment 
(Sánchez-Suárez et al. 2008) 

 BC 
Increased background levels of DNA damage in PBL in BC patients 
(30 subjects) than healthy women (30 subjects) (Kopjar et al. 2006) 

 
Non-small cell lung carcinoma 

undergoing chemotherapy 

A significant reduction in percentage tail DNA in all patients 
(5 subjects) during the first and third cycle of the chemotherapy 

(Fikrova et al. 2013) 

 BC, Hodgkin´s syndrome 

No significant difference between experimental groups (17 subjects 
with breast cancer with over-reactions to radiotherapy, 9 subjects with 
Hodgkin´s disease with over-reactions to radiotherapy, 22 ill subjects 

with breast cancer or Hodgkin´s disease with normal reactions to 
radiotherapy, 24 healthy subjects) after exposure to 2 and 5 Gy. High 

inter-individual variation was observed (Alapetite et al. 1999) 
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Alkaline comet assays have been used in studies 
on breast and colon cancer patients receiving 
chemotherapy. Sanchez et al. (2004) investigated this 
issue. They observed 40 breast untreated cancer patients 
in clinical stage III with no cancer family history in 
comparison with 60 age-matched healthy subjects as 
controls. PBL were processed by an alkaline and a neutral 
comet assay. The purpose of the study was to investigate 
whether PBL of untreated sporadic breast cancer patients 
exhibit an elevated number of DNA strand breaks. The 
results showed that PBL of cancer patients carry a higher 
number of DNA strand breaks than those of the controls. 
In the controls, DNA breaks found with the alkaline 
method (showing both SSB and DSB) were found in 
18±4.67 % of PBL. In cancer patients this value was 
higher 24.08±4.96 %. In the controls, the tail moment 
was 6.23±1.44, while for breast cancer patients, the tail 
moment was 11.73±2.40 (Sanchez at al. 2004). In 
another study, Sánchez-Suárez (2008) studied 41 patients 
with advanced breast cancer before and after 
chemotherapy, together with 60 healthy female subjects. 
Breast cancer patients before treatment had higher 
background levels of DNA beaks as compared to healthy 
women. During treatment, a significant increase in DNA 
damage was observed after the second cycle and persisted 
until the end of treatment. There was no correlation 
between DNA damage and the response to chemotherapy 
(Sánchez-Suárez et al. 2008). Also, other working group 
studied the relationship between the response to 
chemotherapeutics and DNA damage for different 
cancers (Apostolou et al. 2014, Kopjar et al. 2006, Dorie 
et al. 1999, Fikrová et al.2013). 

Alapetite et al. (1999) investigated whether 
a defect in DNA repair capacity might be involved in 
hypersensitive phenotypes. They compared lymphocytes 
irradiated in vitro at 5 Gy from 17 breast cancer and  
9 Hodgkin’s disease patients who had developed severe 
reactions to radiotherapy, with 22 patients with “average” 
reactions and 24 healthy blood donors. Using the alkaline 
comet assay, they analysed the responses as a function of 
time. A difference was observed at 30 and 60 min after 
exposure between all groups. Their results suggest that 
impairment in DNA strand break processing may be 
associated with an individual risk of major toxicity from 
radiation therapy. The basal level of DNA damage in 
non-irradiated PBL did not differ significantly between 
groups. In lymphocytes in which DNA damage was 
detected immediately after in vitro exposure to 5 Gy, no 
significant difference was observed between them. 

A high inter-individual variation was observed. 
Measurements of DNA strand break induction after 
exposure to 2 Gy led to the same conclusion (Alapetite  
et al. 1999). Thus, the comet assay appears to be useful 
for documenting the DNA repair phenotype in cancer 
patients. 
 
Conclusions 
 

The comet assay is a very useful tool for 
measuring DNA damage in numerous varied pathological 
and physiological conditions. For measuring DNA strand 
breaks, the comet assay is already recognized as being 
among the most sensitive methods available and has the 
further advantages of speed and simplicity. Since 
observations are at the single cell level, it is relatively 
free of artefacts. The comet assay has been described in 
numerous articles as being a valuable tool in monitoring 
the effects of dietary antioxidants and environmental 
exposure to genotoxins on DNA damage and repair. On 
the other hand, its application in clinical practice is used 
relatively less frequently, though has been demonstrated 
as being useful for evaluating various pathophysiological 
factors and therapeutic interventions on DNA damage 
and repair in cardiovascular, cancer and specific 
neurodegenerative diseases. However, being non-specific, 
it cannot be used to diagnose these diseases. Application 
in polytrauma and septic patients is not yet entirely clear 
due to a lack of information. Another possible use for the 
comet assay could be for evaluating the as yet poorly-
understood influence of anaesthesia and surgery on the 
level of DNA damage. 
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