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Abstract
Comet assay or single cell gel electrophoresis is a simple yet quite effective technique used in quantitative assessment of DNA damage and repair. 
This assay is widely used to evaluate the in-vitro single and double strand DNA damage/breaks. Comet assay covers the broad area of mutagenesis 
which includes Geno-toxicity, environmental toxicology/risk assessment, human biomonitoring along with clinical studies. Now a days comet assay is 
frequently used to study the effect of ionizing radiation (cancer cells), nanotoxicology along with estimating the sensitivity for various drugs on plant and 
animal cells. This assay allows us to investigate deep down in the area of molecular sciences. This assay is highly considered due to its efficiency, cost 
effectiveness, high reproducibility. Here we are reviewing comet assay, describing about its principle, materials/methodology, types and applications.
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Introduction
Cook P, et al. (1976) published a paper of nuclear structure based 
on their investigation where they lysed the cells using non-ionic 
detergents and high molar sodium chloride [1]. After the treatment 
they got nucleoid (nuclear matrix/DNA, RNA and proteins) 
which were then subjected to ethidium bromide treatment (an 
intercalating agent) relaxing the DNA loops. Rydberg B, et al. 
(1978) successfully made an initial attempt to quantify DNA 
strand breaks by embedding the cells on agarose slides and 
lysing them using mild alkaline conditions. This technique was 
successfully developed by Ostling O, et al. (1984) [1]. The cell lysis 
and electrophoresis were carried out under neutral conditions, 
acridine orange dye was used to stain the DNA and obtained 
image looked like a “comet” having an intact head consist of DNA 
and tail comprise of broken pieces of DNA hence the assay was 
named. Later in the year of 1988 this assay was modified by Singh 
NP, et al. [2]. They performed the assay in alkaline conditions 
which detected alkaline labile sites and also single stranded breaks 
re-joining (in X-ray irradiated human lymphocytes). From 1990 
comet assay gain popularity and has been used broadly in various 
medical and research fields. 

International Workshop on Geno-toxicity Test Procedure 
(IWGTP) and Organization for economic co-operation and 
development in the year of 1999 have developed in-vitro and 
in-vivo single cell gel electrophoresis assay, instructed and 
highlighted the optimal version of comet assay. A meeting held 

on September, 2011, Turkey, by scientists during the international 
comet assay workshop has launched a project group “COMNET-
WORK”. which mainly focused on protocol standardization and 
authentication of comet assay as a reliable technique for DNA 
damage detection for human healthcare.

Principle
Comet assay exploits the ability of denatured or cleaved pieces of 
DNA to migrate out of the cell under the influence of applied 
electric current (electrophoresis). 

First cells are embedded into agarose gel at room temperature and 
are immobilized on comet slides.

The slides are then dipped into lysis solution (removes the 
membrane and histone protein from DNA) which break open the 
cell.

DNA is subjected to denaturation under alkali or neutral 
conditions (alkali treatment denatures and unwinds the DNA).

After the lysis treatment cells are washed with the distilled water 
to remove all the salts. Before applying electric-current the cells are 
immersed in an electrophoresis solution (for 20 minutes) which 
has its own adjusted PH that depend on the type of damage which 
is being investigated. The electric field of 1V/cm is supplied for 
around 20 minutes, undamaged part of nucleoid remains as comet 
head while the damaged DNA create the comet tail, results can be 
analysed with a software or by traditional cell counting technique. 
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To enhance the specificity and sensitivity nucleoids are incubated 
with bacterial endonucleases that scan for any DNA damage and 
convert lesions to breaks thus increasing the concentration of 
DNA in comet tail. The after-treatment incubation helps us in 
monitoring the DNA repair by measuring the damage at various 
intervals. The statistical analysis of the result should also be 
considered.

Types
There are two types of comet assay. 

Neutral comet assay
Mainly used to investigate double stranded breaks which are 
produced mostly because of ionizing radiations. In this type of 
method DNA is preserved as double stranded structured. 

Alkaline comet assay
Most widely used technique and much more sensitive than neutral 
variant, in this method DNA is subjected to denaturation which 
reveals the single as well as double strand DNA breaks. Along 
with this we can also identify alkali labile sites, DNA-DNA, DNA- 
protein and cross-linking sites. As the advent and applications of 
comet assay have been increasing dramatically, scientists came 
up with modified versions of the comet assay which are in use 
to study the unexplored areas of DNA and to uncharted the 
mechanism of base excision repair (BER) and nucleotide excision 
repair (NER) [3].

Enzyme specific comet assays: Uracil DNA glycosylase 
is been used in comet assay to detect the uracil in DNA, form-
amidopyrimidine- glycosylase for studying the ring-opened 
purines, 8-oxoguanine, endonucleases III, and V for oxidized 
pyrimidines, AP sites and CPDs [4].

Production of nano-materials and their uses in comet assay play 
an important role to assess the human health as we expose to 
different kinds of nano sized particles on the daily basis which can 
cause a wide of disease like from minor skin irritation to lethal 
cancers.  

Comets are visualized Using different DNA stains, the most 
common one is silver staining. Earlier ethidium bromide and 
Propodium iodide were used (but due to carcinogenic property 
of Etbr it is been avoided). Use of silver staining after propidium 
staining gives us very good results. Along with these now a days 
Giemsa staining, Bio-rad silver staining, SYBR green are popularly 
used [5].

Why do we perform comet assay?
To evaluate Geno-toxicity.

To predict Geno-toxicity.

To study damage repair mechanism.

To study the action of drugs in clinical trials.

To screen the DNA damage repair inhibitors.

Comet assay being a sensitive technique to measure the Geno-
toxicity can give a range of results which depends on factors 
that influence the pathways of DNA damage and repair. Such 
factors include age, diet, life style (exercise, sleeping habits), 
environmental pollution, smoking, alcohol consumption, gender, 
prolonged medication, exposure to chemicals or radiation [6]. 

Applications
Comet assays are broadly used in cellular and molecular biology 
fields to investigate the DNA damage. Great use of comet assay 
comes in cancer studies where different anti-cancer drugs are 
screened to evaluate their levels of Geno-toxicity qualitatively 
and quantitatively. Cells are exposed to different mutagens, 
chemicals, nano-particles and irradiated with radiation to allowed 
the damage to happen and their results are studied. Alternatively, 
DNA repair kinetics can also be assessed. Ability of comet assay to 
distinguish the genotoxic from non-genotoxic chemicals (in-vivo) 
is widely utilized.

Comet assay in cancer
Comet assay plays a crucial role in investigating the DNA damage 
and repair in different types of tumour cells (includes tumour cell 
lines and tumour cells extracted from cancer patients). In cancer, 
predicting the tumour cell response to radiation (radiotherapy) 
would give valuable information in the area of clinical oncology. 
There are several techniques available but Micro-array is in the 
field of research but this technique has got some limitations that 
can make the results complicated. Previously colonogenic cell 
survival was used to evaluate the survival percentage of tumour 
cells after radiotherapy, but this technique is time consuming 
and may take weeks to get the results that is why alkaline comet 
assay has been widely used on different tumour types like bladder, 
head, neck, breast, and some metastatic tumours. Cells that are 
obtained from tumour biopsy can be easily assessed using comet 
assay. The action of anti-cancer drugs (used for chemotherapy) 
like Cisplatin, Mitomycin can be screened in cancer cell lines. 

This assay is also used to measure the basal level of DNA damage 
in peripheral blood lymphocytes (PBL) of cancer patients. 
PBL obtained from cancer patients are studied prior and after 
treatment of chemotherapy and radiotherapy, also by exposing 
them to several chemicals (mainly mutagens) to determine the 
genomic sensitivity to damage and repair in different samples 
[7,8].

Tumour hypoxia is one of the major factors that affect the clinical 
decision making, treatment and survival hopes of the patients 
[9]. Eppendorf microelectrode and comet assay can be used on 
several tumour cells (excised from biopsy) to measure the hypoxic 
conditions [10]. But comet assay is preferably used when compare 
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to Eppendorf microelectrode because presence of necrotic cells 
in the sample may alter the outcoming result but this will not 
become a problem in comet assay due to which this technique has 
given more preference [11]. Comet assay is been used for patients 
with breast, neck and head cancer to assess tumour hypoxia 
[11,12]. Eventually there is no such ideal technique to measure 
the hypoxic state of the tumour cell, but comet assay has proved 
to be a worthful measure to quantify the tumour related hypoxia 
at cellular basis [9].

Alkaline comet assay used to study the radiosensitivity in three 
bladder cancer cell lines. The studies have shown a contrary 
relation between comet tail moment and clonogenic survival, this 
tells us that alkaline comet assay can be used as a potential tool to 
predict the response of radiotherapy in single cell lines [13]. Using 
a panel of 6 bladder cancer cell lines to evaluate the extend of 
comet formation (in response to radiation) using alkaline comet 
assay best reflects the radiosensitivity of bladder cancer cell line, 
these results were supported by two parallel and independent 

studies using bladder tumour cells and colorectal tumour cells 
[14,15]. 

Genetic and other information is considered in order to 
customized the therapies and medication to individual patient 
[16,17]. Response of the patient to chemotherapeutics is the major 
concern. Several therapeutics like Melphalan, Mechlorethamines 
(Alkylating agents), doxorubicin in breast cancer and cisplatin 
in colon cancer lines have been tested in-vitro using comet 
assay. The results obtained by testing different chemo-drugs 
demonstrate the heterogeneity of various cancer types which says 
that chemotherapeutics have a range of activities even in the same 
type of cancer [18]. Given below is the table that highlights the 
types of cancer where comet assay is used for monitoring genomic 
damage (Table 1).

Comet assay in neurological and autoimmune 
disorders
This assay serves as an important tool for detecting the causative 
factors and clinical conditions of neurodegenerative disorders like 
Alzheimer, Parkinson and auto-immune diseases like Rheumatoid 
arthritis, Male sterility, Diabetes mellitus.

Oxidative stress plays an important role in pathogenesis and 
progression of neurodegenerative diseases, DNA damage was 
found to be significantly higher in patients with Parkinson and 
multiple sclerosis when compare to healthy control [19,20]. Here 
the cells in the brain are more prone to oxidative damage due 
to high levels of polyunsaturated fatty acids, antioxidants [21,22]. 
Assessment of DNA damage is obligatory for clinical and research 
purpose. Occurrence of non-communicable diseases (diabetes, 
Chronic obstructive pulmonary diseases and cancer) and the 
death risks can be predicted by evaluating the DNA damage in 
circulatory lymphocytes using comet assay.

Systemic lupus erythematous (auto immune disorder) is 

characterized by DNA breakage and the lymphocytes obtained 
from SLE patients displayed extensive genomic alterations [23,24].

Hyperglycemia and comet assay
Comet assay has its application in assessing the DNA damage in 
pregnant women suffering from hyperglycemia, in a condition 
like this when mother has hyperglycemia there always remains a 
tendency that this will affect the neonates. Usually, hyperglycemic 
mothers have high oxidative stress, if it gets uncontrolled leads to 
DNA damage. So, the babies born to Diabetic mothers have high 
risk of developing Hypoglycemia, sepsis and respiratory distress 
syndrome [25]. 

Metformin is a boon for type II diabetes but the studies on human 
lymphocytes treated with different doses of metformin results in 
the increase of sister chromatid exchange. Metformin significantly 
increases the tail length and frequency of micronucleus but does 
not affect the tail intensity much, this shows the mild Geno-
toxicity of the drug [26].

There are several ways of drug administration one of them is 

Table 1: Detection of Geno-toxicity in different types of cancer using comet assay.

Types of cancer Geno-toxicity detection by comet assay

Breast cancer 

Colon cancer 

Bladder cancer 

Neck and head cancer 

Gastric cancer 

AIDS related cancer 
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nanomaterial drug administrating system. Scientist suspect 
that this delivery system might have got the cellular or genomic 
toxicity (restricted information is available) where DNA damage 
in the given sample of the subject can be estimated using comet 
assay [27]. In the era of modern technology where the demand 
of nanomaterials in everyday life is exiling at industrial and 
commercial levels which definitely has negative impact on the 
health of individuals. To examine the nano-Geno-toxicity of 
the nanomaterials (to estimate the mutagenic and carcinogenic 
activities) comet assay is widely favoured [28,29]. Nano particles 
like fullerenes, single walled carbon nanotubes, carbon black, 
titanium dioxide are been experimented for their genotoxic 
activities in human lymphocytes, human bronchial epithelial 
cells, A549 (type 2 alveolar like human lung adenocarcinoma cell 
line), human-B cells lymphoblastoid using comet assay [30,27].

Gasoline and it’s Geno-toxicity 
People who are working at petrol pumps/auto mobile gas stations 
are exposed to the vapours of gasoline during their working hours 
[31]. According to experimental studies petrol pump workers 
constantly suffer from memory loss, sleep disturbance, headaches 
and fatigue, another study show that they excrete high levels of 
phenol in their urine (when they are exposed to fumes of gasoline). 
There are more than 100 types of hydrocarbons (paraffin, olefins, 
naphthalene, benzene, toluene, benzene, methyl benzene and 
xylene…etc) all these chemicals can adversely affect the health of 
humans [32]. Benzene is a carcinogenic agent (also has clastogenic 
property), on inhalation it gets absorbed in lungs. In humans it is 
known to suppress the production of DNA, RNA, several cellular 
proteins, decreasing the number of peripheral lymphocytes, 
platelets and interrupt the process of hematogenesis. It also 
causes sister chromatid exchange and chromosomal damage 
(aberrations) [33-35]. All these studies showed the high potential 
of petroleum compounds to cause DNA damage (genotoxic) in 
exposed individuals [36].

Sewage water and it’s Geno-toxicity 
Sewage water contains several organic molecules, deleterious 
compounds (contaminants), heavy metals (lead, cadmium, zinc) 
which are reported more in urban areas due to high pollution 
[37,38]. Sewage workers have high tendency to develop cancer as 
they are exposed to these hazardous elements [39,40]. Alkaline 
comet assay is conducted on blood samples obtained from exposed 
subjects to study the impact of dissolved and suspended solids of 
sewage water and the results have shown a significant variation in 
concentration of lead and cadmium in blood, DNA damage was 
also been noticed. Another study showed that municipal workers 
who deals with the sewage water treatment and disposal suffers 
from anaemia as their blood iron levels decreases [41-43].

Metal Geno-toxicity 
For all living being heavy metals like cadmium (cd), lead (pb), 

mercury (Hg), arsenic (As) and chromium (Cr) are often 
hazardous as they show persistent profile in ecosystem [44]. The 
increase usage of heavy metals causes continuous release of their 
metallic by-products in environment which is a matter of global 
concern as these metals and their compounds are major threat to 
human/animal/plant health. Arsenic induces Geno-toxicity as it 
damages the DNA, inhibits the repair mechanism and introduce 
chromosomal aberrations, sister chromatid exchange (SCEs). “As” 
compounds induces gene amplification, oxidative stress and arrest 
the cell cycle. Arsenic compounds interrupt nucleotide excision 
repair as they interact with the zinc finger DNA binding domains 
[45].

Cadmium influences cell proliferation, apoptosis, bind to 
cellular proteins, up regulate cytokines, proto-oncogenes, degrade 
proteins and inhibit cellular respiration which can cause potential 
chromosomal deletion [46-49].

Chromium and its compounds have genotoxic activities (which 
depends on valency and oxidation state) chromium Ⅳ compounds 
are potent oxidizing agents as they get absorbed by lungs, GI 
tract and skin. Reduction of Cr Ⅳ generates free radicals which 
reacts with the DNA, proteins, effecting the cell membrane and 
genomic integrity and also introduce DNA single strand breaks, 
intra strand cross-links hence are genotoxic [50-53].

Mercury is also a genotoxic agent which mainly act by the 
production of reactive oxygen species. Lead interferes with 
calcium dependent inter, intra cellular signal transduction and 
signaling. The genotoxic activities of these heavy metals can be 
examined by Comet assay [54,55].

In-Vivo metal Geno-toxicity 
Mice are widely used as sensitive models to study the 
pathophysiology and Geno-toxicity (metals compounds, drugs). 
Potassium dichromate is known to induce DNA single and double 
stranded Breaks. This study is carried out by using alkaline comet 
assay technique. Here different doses of potassium dichromate 
(0.59 to 76.0) mg/kg per body weight administered orally and 
whole blood samples were collected. Peripheral leukocytes are 
used as biomarkers to study the consequences of potassium 
dichromate in human subjects. The results showed significant 
increase in comet tail length (the results were totally depended on 
the concentration of dose), higher the concentration more will be 
the tail length [56].

DNA damage by nickel chloride: Swiss albino mice were 
administered with doses of Nickel chloride orally in different 
concentration (3.4, 6.8, 13.6, 27.2, 54.4, and 108.8 mg/kg 
according to body weight). Whole-Blood samples were collected 
(1st and 2nd week post treatment with ACA), results showed an 
increase in comet tail length representing DNA damage [57].

Copper sulphate induces single stranded DNA breaks, different 
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doses of Cu2So4 were administered to study genome toxicity 
and its repair mechanisms. Blood samples were taken out post 
administration and comet assay were performed which showed 
an increase in comet tail length, samples were then cultured and 
Incubated in RPMI media (2 hrs), a decrease in tail length was 
observed [58].

Germ cell Geno-toxicity and comet assay
It is necessary to conduct the studies on mutagen and their 
classification. Comet assay is potentially used (in-vivo, ex-vivo, 
and in-vitro) to detect the impact of mutagens and carcinogens on 
different somatic cells. But it is also possible to use this assay to 
study Geno-toxicity in gonadal cells mostly spermatic cells (female 
germ cell-ovum is more complicated to obtained that’s why work 
is preferably done with male germ cells). Many variants of comet 
assay (alkaline and neutral) are used but there is a need of protocol 
standardization and results validation [59].

Comet assay is not always be a suitable technique to assess DNA 
lesions (in mammalian sperms), so to compensate this, a modified 
version of comet assay was developed which uses protein extracts 
(obtained using Hela cells) and this approach gives obvious results 
showing that this modified version can become a promising tool 
to detect sperm Geno-toxicity [60].

Cryopreservation is widely used and a well-known method to 
store germ cells. Comet assay can be used to evaluate the viability 
of semen (Crassostrea gigas) before and after cryopreservation. 
This method involves fluorescent staining to study DNA 
integrity. The results showed increase in tail length. which can be 
taken as a major Parameter for DNA damage detection. Hence 
cryopreservation has got negative effects on the quality of germ 
cells [61]. 

Two-tailed comet is used in fertility and other andrological studies 
in humans and in different species. Here samples are subjected to 
electrophoresis twice providing denaturation and non-denaturion 
conditions.

1st electrophoresis-non denaturing conditions-detection of 
double strand breaks.

2nd electrophoresis-denaturing and alkaline conditions-detection 
of single strand breaks.

The result creates two tailed comet that helps in evaluation of 
SSBs and DSBs at the same time in a given cell. Mammalian 
sperm cells are assessed for DNA damage using two tailed Comet 
assay [62].

Smoking associated Geno-toxicity and comet 
assay
For this study whole blood and peripheral blood lymphocytes 
were examined, using comet assay they

have demonstrated that smoking can damage DNA. Use of 
whole blood is considered as a better way than peripheral blood 
lymphocytes because the procedure to isolate lymphocytes may 
induce oxidative damage in the cells that causes background level 
of DNA damage altering the results [63].

Comet assay is less useful in detecting the lower levels of 
chronic exposure to any genotoxic compounds and hence it is 
understandable that smokers do not show clear effect in comet 
assay. Smoking has DNA-damaging effect on PBL as evaluated by 
comet assay but this effect was more pronounced when smoking 
was investigated as a genotoxic exposure and expressed to lower 
extend in the sample of populations considering smoking as a 
potential factor in an occupational investigation [64,65]. 

Comet assay in combination with other techniques are used 
to determine the environmental Geno-toxins by exploiting 
lower organisms like earth warm, mussels (Eco-Geno-toxicity in 
aquatic organisms) etc. COMET-FISH technique is developed for 
detecting the gene specific or sequence specific DNA damage and 
repair which became a potential diagnostic tool [66].

Plant Geno-toxicity and comet assay
Comet assay is used in the study of plant toxicity caused by 
chemicals like pesticides, insecticides, weedicides, heavy metals, 
nano-particles. This helps us in assessing the factors responsible 
for DNA damage, oxidative stress, cell death, cell cycle 
interruptions and degree of gene expression [67]. The earliest 
report of plant comet assay comes from late 90s, Ginchner T, et 
al. (2009) who reviewed technical data of plant comet assay [68]. 
Presence of cell wall in plants can be a major problem that prevent 
the use of comet assay and to avoid this problem, Cerda H, et 
al. (1993) developed an efficient technique to isolate the nuclei 
(using mechanical extraction) and this technique was improvised 
further in later days [69]. Depending up on the type of study 
or type of plant, a modified form of comet assay is used. Plants 
response to biotic and abiotic agents which may alter the cellular 
and molecular mechanisms of plant cells eventually leading 
to genomic damage. Secondary metabolites are known to have 
protective activities against abnormal conditions but the varied 
concentration of these compounds can influence the oxidative 
stress and regulate the cell death pathways. One study showed 
that alkaloids extracted from N. tazetta show growth inhibition 
in Oryza sativa, Brassica rapa [70]. High levels of epinodosin 
may halt the cell cycle progression by inhibiting mitotic division. 
Alkaline comet assay showed that saponins can induce double 
strand breaks in DNA plus some phytohormones like salicylic 
acid may display genotoxic activity [71]. Plants are very sensitive to 
the action of alkylating agents, dyes, chelating agents, antibiotics, 
aromatic compounds, hydrogen peroxide etc. Endosulfan and azo 
dyes are widely used in pesticides and textile industries, the mode 
of action of these chemicals is demonstrated in A. cepa, white 
clover using comet assay and results showed dose dependent-
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DNA damage [72,73]. Beside this effect of contaminated matrices 
(sewage water, remains of animals, industrial leakages, fly ashes) 
on plants can also be assessed by comet assay as plant Geno-
toxicity is an important biomarker for environmental pollution 
[74,75].

Food Geno-toxicity and comet assay
Now a days additives are more specifically used in package food 
to preserve the taste, flavor, aroma and to enhance the self-life. 
Frequent consumption of packaged food indirectly increases 
the concentration of additives in body so it became necessary to 
evaluate their effects on genetic material for the betterment of 
human health (this process is carried out by WHO in association 
with FAQ). Geno-toxicity of food additives can be determined 
by comet assay in bacterial cells, peripheral lymphocytes, plant 
cells, mice and in other organisms. Artificial Food colors- red tar 
food colors like amaranth, allura red, acid red dye been tested 
(in-vivo) in pregnant mice. Acid red dye showed no Geno-toxicity 
but amaranth and allura red showed positive results indicating 
DNA damage in colon and lungs. Over all there are 7 dyes, 
new coccine, amaranth, tartazine, erythrosine, rose Bengal, 
allura red, phloxine showed genomic damage in colon, urinary 
bladder, gastro-intestinal tract along with this antioxidants-BHA, 
BHT, fungicides-thiabezadole, artificial sweeteners like sucralose, 
saccharin are also known to induce DNA damage in GI tract 
[76,77].

Geno-toxicity in Prokaryotes and in lower 
organisms
X- ray radiation and its Geno-toxicity were studied for the first time 
in E. coli by Singh N, et al. [78]. Modified form of bacterial neutral 
comet assay was used to investigate the activity of antimicrobial 
compound (CB clay) to assess double strand breaks in E. coli [79]. 
Bacterial cells are treated with water, ethanol, kanamycin, CB 
clay and bleomycin, the results showed a significant increase in 
tail length due to DSBs in cells which are treated with CB clay 
where as in other controls the difference in comet tail length was 
insignificant. 

Saccharomyces cerevisae and other species like S. pombe became 
model organism to study the impact of engineered nanoparticles, 
heavy metals, contaminated water through comet assay [80,81]. 
Unicellular aquatic algae are been assessed to monitor the toxicity 
degree of their habitat. Pseudokirchneriella subcapitata (fresh 
water green algae), Nanocloris occulata, Chlamydomonas showed 
DNA damage to toxic chemicals of herbicides and fungicides, 
impact of UV radiation was also studied by a modified version of 
comet assay [82,83].

Comet assay in lower protozoan and invertebrates: chemicals like 
phenol, hydrogen peroxide, formaldehyde, melamine, dechlorane 
plus have been tested on tetrahymena, and the results showed 
increase in DNA damage [84]. Dreissena polymorpha, Mytilus 

edulis, Unio tumidis (fresh water mussel) are studied for the 
detection of DNA damage response of peracetic acid, styrene, 
carbon allotropes, NSAIDS, polybrominated diphenyl ether by 
comet assay [85-87].

Earth worms who are also known as friends of farmers as their 
presence can indicate the quality of soil. Coelomocytes, eleocytes, 
sperm cells of earth worm (Eisenia fetida) have used to estimate 
the impact of industrial contaminants, waste water contaminants 
(contain mercury, lead, Nickle cholride), radiation, hydrogen 
peroxide and several other compounds using comet assay, the 
obtained results indicated high potent of Geno-toxicity [88-90].

Sleep deprivation and comet assay
Sleep plays king size role in physical health and mental wellbeing 
because as we sleep our body starts to heal that will recharge 
and refresh you so that you can have a kick start morning. 
Sleeping disorders or sleep deprivation is associated with chronic 
diseases like respiratory, cardiac diseases, diabetes, obesity [91]. 
An experimental study conducted on individuals who do night 
shifts to detect whether sleep deprivation can damage DNA or 
not. Peripheral lymphocytes were isolated from whole blood 
sample of subjects and when alkaline comet assay and form-amido 
pyrimidine DNA glycosylase assisted comet assay were performed 
the obtained results showed a significant increase in DNA damage 
(single, double strand breaks, DNA lesions, oxidized purines) and 
decrease in DNA repair activity [92]. Another study conducted 
using comet assay to evaluate genomic integrity in sleep deprived 
female Zucker rats where obese and normal rats were taken as 
subjects. Comet results showed increase in genomic damage 
in liver cells (obese rats) and in brain cells (almost all subjects 
irrespective of obese status) [93].

Comet assay in bacteriophage
Bacteriophage are bacterial infecting agents, as soon as they infect 
the bacteria, they tend to take control over the genetic machinery 
of host by integrating into their genome. They can either show 
lytic cycle or lysogenic cycle. In lytic cycle they multiply very fast 
increasing their number as a result at one point cell burst out 
releasing newly produced virion (here cell act as virion making 
factory). Plaque assay is used to measure the quantity or degree 
of infection but as this technique is time consuming, a modified 
and novel comet assay was then used for the detection of cell lysis. 
Released genetic content can be visualized by using ethidium 
bromide staining. This way of using modified comet assay to assess 
bacteriophage lytic activity has gain popularity as it is a sensitive 
technique which works efficiently when compare to other assays 
[94].

Comet assay in toxicological pathology
To study histopathology, in-vitro Geno-toxicity assays are used 
for any tissue level Geno-toxicity but to get accurate results, in 
addition to in-vitro assays in-vivo Geno-toxicity assays such as 
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Comet assay is also used. In clinical trials, Drug associated tissue 
site Geno-toxicity is studied using Comet assay and together these 
assays ensure the safety of the compound which is to be released 
in the market [95]. Comet assay is also used to check the in-vivo 
environment of cells or tissues which is an important step prior to 
transplantation. Comet assay allows to explore different types of 
epithelial cells (epithelial cells are the major components of many 
organs) such as buccal, nasal epithelial cells, corneal and tear duct 
epithelial cells. More than 50% of cancer are of epithelial origin 
that is why it is mandatory to evaluate DNA damage in these 
cells/tissues [96]. 

Covid associated Geno-toxicity and comet assay
Corona virus/covid-19 emerged as pandemic spreading havoc 
all over the world which is caused by severe acute respiratory 
syndrome coronavirus 2 viral strain (SARs-COV2) and was 
a major concern to mankind. It is a single positive sense RNA 
enveloped virus having structural and non-structural proteins, 
mainly effect the adaptive immunity and organ functioning 
particularly lungs that’s why patients suffering from covid-19 show 
symptoms of organ failure (lungs) and display very weak immunity 
response. Before conducting any experimental/clinical studies 
all the parameters like hospital, lab, clinical data have to be 
strongly considered. For fighting the infection organism mainly 
rely on immune system. Studies done on the samples collected 
from patients who are admitted to critical care unit of hospital 
on different days showed a decrease in percentage of T-cells 
which make patients immunodeficient and more susceptible to 
secondary infections elevating mortality rates. Alkaline comet 
assay studies are done to assess the level of DNA damage and a 
modified version of comet which involves the use of endonuclease 
enzyme Ⅲ to detect oxidative pyrimidines, form-amido pyrimidine 
DNA glycosylase for oxidized purines (as oxidative stress tend to 
damage DNA) in covid patients and obtained results gave positive 
response to Geno-toxicity mediated by corona virus. It is also been 
confirmed that viral spike proteins inhibit the Non homologous 
End Joining and Homologous Joining repair mechanism which 
further levitate the rate of DNA damage [97,98].

Beside so many advantages there are few limitations of this Assay:

1.	 DNA damage caused by fixed mutations cannot be evaluated 
by this method.

2.	 Experimental variations can give altered results.

3.	 Genomic damage caused by epigenetic mechanisms cannot 
be studied by comet assay.

Conclusion
From the time of invention to till now various studies in the 
biology and chemistry related to genomic Toxicity and eco-toxicity 
have been potentially carried out which involve the use of comet 

assay since then this assay is widely used in the area of cellular 
and molecular biology to conduct genotoxic studies which can 
help us in understanding the physiology and mode of progression 
of several diseases. It is like opening the pandora box and as we 
are going deeper and deeper more challenges and mysteries are 
welcoming us. Likewise depending upon the type of study some 
modifications can be made to standardized the protocol which 
may allow us to conduct the study in different ways but more 
research and deep analyzation is required in order to further 
modernize the assay. 
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