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Abstract 

The need for a complementary short-term mutagenicity bioassay with robust endpoints to the Ames assay has become increasingly crucial in order to avoid 

false negative results. The alternative STT used in conjunction with the Ames increases the validity and decreases the number of false positive outcomes. As a result, 

Caco-2 cells (Human intestinal epithelial cell model) and RAW264.7 cells (mouse microphage-like cell line) were treated for 24 hours with graded doses of hydrogen 

peroxide (0, 5, 10, 20, and 40 µM) (oxidative stress-inducing mutagen). Single- and double-strand DNA damage was quantified using single-cell gel electrophoresis 

(Comet assay). The head intensity, tail intensity, tail migration, and tail moment of the damaged DNA were analysed using an epifluorescence microscope with a gated 

camera and installed comet IV image analysis software. In Caco-2 and RAW264.7 cells, a significant drop in head intensity and a corresponding dose-dependent increase 

in tail intensity, tail migration, and tail moment are seen when compared to the solvent control. The single cell gel electrophoresis (Comet assay) is a very sensitive, robust, 

and statistically reliable method for determining damage utilising many parameters. As such, the comet assay is advised as a complement to existing short-term bioassays 

for mutagenicity, such as the Ames assay. 
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Introduction 

The demand for technologies capable of rapidly 

predicting chemical carcinogens at a lower cost in terms of animal 

life and money continues to be a research priority. Historically, the 

convergence of fundamental genetic research on chemically 

induced mutagenesis and the Millers' work on electrophilic, DNA 

reactive chemical carcinogens compelled the scientific community 

to prioritise mutation-based short-term tests (STTs) over 

alternative methodologies [1, 2]. Due to the fact that no single 

approach is capable of detecting all conceivable genotoxic events, 

a diverse array of test systems has been developed and is being 

utilised globally in regulatory schemes. These include bacterial 

mutation tests for detecting gene mutations or chromosomal 

aberrations, bone-marrow cytogenetics assays [3, 4] and 

micronucleus assays [5]. However, weaknesses in current testing 

methodologies have been recognised, and as a result, regulatory 

agencies have modified their requirements worldwide [2]. Among 

these weaknesses are: a dearth of assays capable of detecting non-

genotoxic carcinogens, an increased rate of false-positive results in 

in vitro mammalian cell STTs; and the extremely low sensitivity of 

in vivo mutagenicity STTs [4, 2]. All these challenges have 

prompted the idea of developing novel assays. 

The single-cell gel electrophoresis (Comet assay) is a 

robust in vitro methodology [6] that has the potential to model gene 

mutation and chromosomal aberration endpoints in mammalian 

cells and should complement the well-established Ames 

Salmonella assays in the screening for mutagenicity caused by 

oxidative stress and/or other chemical inducers [3, 7, 8]. Single cell 

electrophoresis (Comet assay) has been suggested as the most 

popular method in genetic toxicology [8] and is employed in the 

evaluation of oxidative DNA damage in HepG2 cell lines [9], 

HeLa, TK6 and V79 cell lines [10] and the prediction of bladder 

cancer in ecogenotoxicological studies and mutagenesis [11, 12]. 

The DNA-damage on Caco-2 (adenocarcinoma cells) and 

RAW264.7 (macrophage) cell lines induced by hydrogen peroxide 

was characterised in this study (a modelled oxidative stress 

chemical inducer) and the comet assay presented to complement 

the existing short-term bioassays. 

Hydrogen peroxide is a well-known oxidative stress 

inducer [9, 13]. The RAW264.7 cells are appropriate model 

macrophages produced from Abelson leukaemia virus transformed 

cell line derived from BALB/c mice [14]. They are capable of 

pinocytosis and phagocytosis and can kill target cells by antibody 

dependent cytotoxicity, hence, an important model for immune 

studies [15]. The Caco-2 cells are immortalised cell line of human 

colorectal adenocarcinoma cells with the ability to differentiate 

into an heterogenous mixture of gastro-epithelial cells under 

culture condition. They are important intestinal models for drug 
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Materials and methods 

Chemicals and Laboratory consumables 

All chemicals were purchased from Sigma chemicals Co. 

UK. 

Dulbecco Modified Eagle Medium (DMEM, high 

glucose D5796), Penicillin, Streptomycin and Glutamine (PSG 
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100x), Trypsin (0.25%), Fetal bovine serum (FBS), 

Sodium pyruvate, Gelred, Hydrogen peroxide (H2O2), Phosphate 

buffer saline (PBS), Comet lysis buffer (2.5M sodium chloride, 

100mM Na2EDTA, 10 mM Tris, pH 10, 1% sodium sarcosinate, 

1% Triton X-100), electrophoresis solution (1 mM Na2EDTA, 

300 mM NaOH, pH 13), and Tris buffer (0.4 M Tris, pH 7.5).  

Cell culture and treatments.  

Caco-2 cells, a human colorectal adenocarcinoma cell line, 

were maintained in DMEM media containing 20% fetal bovine serum 

albumin (ATCC), penicillin (100 U/ml) and streptomycin (100 µg/ml) at 

37OC in a 5% CO2 in air atmosphere. Similar recipes were used for 

RAW264.7 cell medium except with the addition of sodium pyruvate. 

Two ml of Caco-2 cells (2.0 x 105 cell/well) were plated in a 24-well 

plate and incubated for 24 hr at 37OC under humidified condition for the 

adherence of the cells. Afterwards, the medium was replaced with 2 ml 

aliquot of DMEM medium containing 0, 5, 10, 20 and 40 µM hydrogen 

peroxide and allowed for 24 hr. Similar treatment was used for 

RAW264.7 cells. The comet assay was performed under alkaline 

conditions [18].  

 

Comet slide preparation, electrophoresis, staining and analysis 

An aliquot of 50 µl of the Caco-2 cell suspension from each 

well was mixed with 450 µl of 0.5%(v/v) low melting point agarose 

dissolved in PBS and held at 370C. From this mixture, 50 µl aliquot was 

taken and placed onto a pre-treated and pre-warmed 20-well Trevigen 

microscope slide (Trevigen, #4250-050-03, Gaithersburg, MD). This was 

repeated for each treatment. The slide was incubated at 40C for 15 mins. 

The slide was submerged in a freshly prepared lysis solution (2.5 M 

NaCl, 100mM Na2EDTA, 10 mM Tris, pH 10, 1% sodium sarcosinate, 

1% Triton X-100) and incubated at 40C for 4 hr. Afterwards, the slides 

were transferred into a horizontal gel electrophoresis tank filled with 

freshly prepared electrophoresis solution (1 mM Na2EDTA, 300 mM 

NaOH, pH 13) maintained at 40C for 30 mins followed by voltage 

application for 30 mins (0.74 V/cm, 300 mA). After the electrophoresis, 

the slides were rinsed with Tris buffer (0.4 M Tris, pH 7.5) for 10 mins 

and rinsed with distilled water for 5 mins. The slides were then 

transferred into ethanol solution (80 %) for 5 mins to remove excess 

water. The slides are then transferred into an incubator set 370C for 

drying. Before the slide image analysis, the slides were stained with 

Gelred (Sigma-Aldrich, #9Q05FE, (10000x)) for 30 mins, rinsed and 

dried in an incubator set at 370C. Slides were examined at x200 

magnification using an epifluorescence microscope (LEICA, DMLB) 

equipped with excitation filter of 515-560 nm, connected through a gated 

CCD camera to installed Comet IV image analysis software (Instem, 

Stone, UK). Images of 100 cells per treatments were analysed and head 

intensity (%), tail intensity (%), tail moment and tail migration 

(expressed in arbitraty units) generated autonomously. The advantage of 

tail moment as an index of DNA damage is that both the amount of 

damage DNA and the distance of migration of the genetic material in the 

tail are represented by a single number.  Data are presented as mean ± 

SE. The One-way Anova test was used to compare the means of each 

treatment using GraphPad Prism statistical software.  

Results  

 The extent of DNA damage on the RAW  7.264 and C) A( aco-2 

cells (B) is presented in figure 1.  The degree of DNA damage in both 

cell lines is represented by comet parameters such as head intensity (%), 

tail intensity (%), tail moment, and tail migration. 

The RAW264.7 untreated control cells showed a background 

value for mean head intensity (93.18 ± 2.12 %), tail intensity (8.54 ± 2.29 

%), tail moment (2.13 ± 0.70) and tail migration (18.75 ± 2.93). There 

was a significant (p < 0.05) increase in the tail intensity, tail moment, 

and tail migration of the hydrogen peroxide treatments compared with 

the control in both cell lines. A significant (p < 0.05) dose-dependent 

decrease was observed on the head intensity at 5 and 10 µM which 

normalised at 20 and 40 µM. Similarly, a significant (p < 0.05) and a 

corresponding dose-dependent increase in the tail intensity, tail moment, 

and tail migration at 5 and 10 µM. The tail intensity and tail moment at 

20 and 40 µM were not significantly (p >0.05) different. However, the 

tail migration showed a significant (p <0.05) increase at 40 µM over the 

20 µM treatment. 

Similarly, the Caco-2 cells showed a background mean value 

for the head intensity (91.18 ± 1.81 %), tail intensity (11.95 ± 1.27 %), 

tail moment (3.92 ± 0.90) and tail migration (20.47 ± 2.02). A significant 

(p < 0.05) reduction in the head intensity was observed at 5 and 10 µM 

which was normalised at 20 and 40 µM. In the same way, a 

corresponding significant (p < 0.05) increase in the tail intensity, tail 

moment, and tail migration was observed at 5 and 10 µM. But the 

difference in the tail intensity, tail moment and tail migration at 20 and 

40 µM was not statistically different. 
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Figure 1: The Measure of induced DNA damage on RAW 264.7 (A) and Caco-2 cells (B) by doses of hydrogen peroxide (µM). The head intensity 

(%), tail intensity (%), tail moment and tail migration data are presented as mean ± SE of 100 cells per treatment. * Significantly (p ≤ 0.05) different 

compared with the solvent control (Culture medium). 
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Discussion 

The Ames test is the most widely used short-term 

genotoxicity assay with robust genetic endpoints. The Ames assay 

exhibits significant association with carcinogenicity and 80-84 

percent interlaboratory reproducibility [3, 19, 20]. Despite its 

usefulness, the Ames assay has drawbacks, such as its inability to 

detect non-genotoxic carcinogens. The lack of a short-term 

mutation test to complement the Ames assay forced the search for 

an alternate bioassay that encompassed DNA damage. This study 

presents the comet assay as a suitable complement of the Ames 

assay in the effort to validate the screening for mutagenicity using 

important mammalian cell model (Caco-2 cells and RAW 264.7, a 

model for gastrointestinal cells and immunity respectively) and 

hydrogen peroxide (an oxidative stress inducing chemical 

mutagen) (Figure 1). 

Hydrogen peroxide produces oxidative stress by rapidly 

entering the cytoplasm and damaging DNA by producing 

hydroxyl-free radicals [21, 22, 23]. Toxic free radicals damage the 

DNA sugar residue, causing single- and double-strand breaks [24, 

25]. Also, they can convert purines and pyrimidines to their 

hydroxyl derivatives [22]. Hydrogen peroxide may also cause C:G 

to T:A and C:G to G:C transversions in E. coli supF gene [26]. 

These genetic mutations are expressed by the comet's head, tail, tail 

moment, and tail movement. To complement the comet 

experiment, all of these characteristics (Figure 1) depict oxidative 

stress-induced cell damage in Caco-2 and RAW264.7 cell lines. 

This study corroborates with the findings of [27, 28] on oxidative 

damages of hydrogen peroxide of mammalian cells.  

The tail moment is the most reported derived parameter 

[29, 30, 31]. A healthy cell has a head intensity of 100%. However, 

when DNA damage increases, the head intensity decreases, 

resulting in an increase in tail intensity, tail migration, and tail 

moment (Figure 1). Because both cell lines are adherent, the 

background value in tail intensity, tail migration, and tail moment 

for solvent control is likely due to cell handling. After 24 hours of 

treatment with hydrogen peroxide, both RAW264.7 and Caco-2 

cells demonstrated dose-dependent DNA damage (Figure 1) except 

for 20 and 40 µM treatments. DNA repair mechanism likely 

interfered with the expressed DNA-damaged in RAW264.7 [32, 

33]. However, the influence of the DNA repair mechanism seems 

to be reduced in Caco-2 cells (Figure 1). When cells are damaged 

by DNA, they activate a variety of response pathways. These 

pathway processes include base excision repair (BER), nucleotide 

excision repair (NER), mismatch repair (MMR), homologous 

recombination (HR), and non-homologous end-joining (NHEJ) 

[34, 35]. The DNA-damages observed in Caco-2 and RAW264.7 

cell lines are the resultant effects of the oxidative stress caused by 

hydrogen peroxide factoring the DNA-repair mechanisms. 

Conclusion 

The comet bioassay employing RAW264.7 and Caco-2 

cells is a robust and strong short-term experiment with good 

statistical applicability and can be considered as complement for 

the Ames assay in evaluating the genotoxicity of mutagens and 

carcinogens. 
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