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ABSTRACT : Recently, single cell gel electrophoresis, also known as comet assay, is widely used for the detection
and measurement of DNA strand breaks in vitro and in vivo in many toxicological fields such as radiation
exposure, human monitoring and toxicity evaluation. As well defined, comet assay is a sensitive, rapid and visual
method for the detection of DNA strand breaks in individual cells. Briefly, a small number of damaged cells
suspended in a thin agarose gel on a microscope slide were lysed, unwinded, electrophoresed, and stained with a
fluorescent DNA binding dye. The electric current pulled the charged DNA from the nucleus such that relaxed
and broken DNA fragments migrated further. The resulting images which were subsequently named for their
appearance as comets, were measured to determine the extent of DNA damages. However, some variations could
be occurred in procedures, laboratories's conditions and kind of cells used. Hence, to overcome and to
harmonize these matters in comet assay, International Workshop on Genotoxicity Test Procedure (IWGTP) was
held with several topics including comet assay at Washington D.C. on March, 1999. In spite of some consensus in
procedures and conditions in IWGTP, there are some problems still remained to be solved. In this respect, we
attempted to set the practical optimal conditions in the experimental procedures such as lysis, unwinding,
electrophoresis and neutralization conditions and so on. First of all, we determined optimal lysis and unwinding
time by using 150 uM methyl methanesulfonate (MMS) which is usually used concentration. And then, we
determined optimal positive control concentrations of benzo(a)pyrene (BaP) and MMS in the presence and
absence of S9 metabolic activation system, respectively.
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Introduction

Since the tens of thousands of man-made chemicals that
have been introduced into the environment in the last few
decades must also be tested for their damaging effect on
DNA, the agents that cause this damage must be identified.
The establishment of toxicity that may pose a genetic hazard
in our environment is subjects of great concern at present.
Generally, the carcinogenicity including genotoxicity is
one of the potential toxicity that may consider for the
human health.

Several assay systems having rapidity and reliability have
been introduced for this purpose, such as reversion test
with bacterial gene mutation (Maron and Ames, 1983),
chromosomal aberration assay with mammalian cells (Ishidate
and Odashima, 1977) and micronucleus assay with rodents
(Hayashi et al., 1990; Schmid, 1975). Practically, several
short term methods have been applied (Maron and Ames,
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1983; Mersch-Sundermann et al., 1991) for predicting the
carcinogenicity of chemicals and also been introduced to
the evaluation of genotoxicity (Ishidate and Odashima, 1977;
Matsuoka et al., 1979; Radman et al., 1982; Hayashi et al.,
1990; Ryu et al., 1993a, 1994, 1996a,b, 1998a,b, 2001b)
and of antimutagenicity (Sato et al., 1991; Ryu et al., 1993b,
2001¢). Cytogenetic studies on mammalian cells in vitro
(Ishidate and Odashima, 1977; Matsuoka et al., 1979) as
well as in vivo (Schmid, 1975; Hayashi et al., 1990, 1994;
Heo et al., 1997) have also been widely used as a screening
method for DNA-attacking substances. These assay systems
are frequently adopted as an index of genotoxicity methods
in worldwide and as a screening probe for the detection of
possible carcinogenic substances in our environment.
Moreover, many scientists attempt to develope more
precise, convenient and sensitive techniques for the detection
of DNA damages as an index of carcinogenicity. As one of
the mechanisms of carcinogenicity, induction of DNA
damage was ascertained by a comet assay, which is widely
used for the detection and measurement of DNA strand



90 Jae-Chun Ryu et al.

breaks. Since Ostling and Johanson (1984) introduced micro
electrophoretic technique, Singh ez al. (1988) have modified
and improved the micro gel electrophoresis technique to
evaluate DNA damage in single cells under alkaline
conditions. The single cell gel electrophoresis (SCGE, comet,
micro gel electrophoresis) assay is rapid, sensitive, visual
and simple technique to quantify DNA strand breaks in
individual cells. It can be noticed that there are at least 3
major basic protocols: the first of Ostling and Johanson
(1984), the second of Singh ef al. (1988, 1991a,b, 1994,
1995a,b) and one of Olive et al. (1993, 1994). Each protocol
follows the principle of embedding cells in agarose, lysing
the cytoplasmic material and exposing the remaining cell
nuclei to a weak electric field. Large differences of each
version can be found in the physical and chemical conditions.

If the agent can cause the strand breakage, we can see
the extent of tail from the head (nucleus) like comet with
staining of fluorescent dyes such as ethidium bromide,
acridine orange and propidium iodide and so on. However,
there are some variations in procedure, conditions among
laboratories and kind of cells used. So, to harmonize these
variations, International Workshop on Genotoxicity Test
Procedure (IWGTP) was held at Washington D.C. on
March, 1999 by Environmental Mutagen Society supported
with OECD. Our laboratory (Ryu er al, 1997, 1999,
2001a) also involved in this procedure and published the
preliminary form for OECD guideline with Tice er al.
(2000). Furthermore, comet assay is very worthwhile to
use in various fields such as radiation, human monitoring
in work place and toxicity evaluation of some chemicals and
so on. General reviews on this technique have been published
by Tice et al. (1991), Fairbairn et al. (1995), Anderson et
al. (1998) and Speit and Hartmann (1995, 1999).

The practical optimal condition in the experimental procedure
was established by using L5178Y mouse lymphoma cells
that suspended in a thin agarose gel on a microscope slide after
chemical treatment and were lysed, unwinded, electrophoresed,
and then stained with ethidium bromide. We analyzed the
results by using the software (Komet 3.1) of image analyzer
for this comet assay. We determined optimal treatment
time of lysis and unwinding solution. And also, the positive
responsible concentrations of benzo(a)pyrene (5-100 uM)
in the presence of S-9 metabolic activation system and
methyl methanesulfonate (10-300 uM) in the absence of
that was determined.

Materials and Methods

Chemicals
Benzo(a)pyrene (BaP) and methyl methanesulfonate (MMS)

were obtained from Sigma-Aldrich Co. (St. Louis, USA).
MMS and BaP were dissolved and diluted in distilled
water and in DMSO before use, respectively. The final
concentration of DMSO in the incubation mixture was
below 1%. The S9 mixture was prepared by adding 10 mM
glucose-6-phosphate and 5 mM NADP to the S9 fraction
(Maron and Ames, 1983). The final concentration of S9
mix in the incubation mixture was 10% (4 mg protein/ml).
All doses were used in this experiment exceeded 90% cell
viability.

Cell culture and viability test

The mouse lymphoma L5178Y (tk+/— 3.7.2c) cell line
was subjected for this experiment. Cells were grown in
90% RPMI 1640 (Life Technologies, MD, USA) with 1
mM sodium pyruvate, 0.1% pluronic supplemented with
10% heat-inactivated horse serum and antibiotics in a
humidified 5% CO, incubator at 37°C. For the determination
of cell viability, about 10° cells were treated for 2 hr with
test chemicals. After the staining of 0.4% trypan blue (Life
Technologies, MD, U.S.A), the total number of cells and
the number of unstained cells were counted in five of the
major sections of a hemocytometer. The average number
of cells per section was calculated. Cell viability of treated
cultures was related to controls that were treated with the
solvent and S9 mixture. All experiments were repeated
twice in an independent experiment.

Single cell gel electrophoresis (comet) assay

Preparation of agarose coated glass with L5178Y
cells: For the comet assay, 8x10° cells were seeded into 12
wells plate (Falcon 3043) and then treated with test
compounds. In the experiments with metabolic activation,
parallel cultures were performed in the absence or presence
of S9 mixture. After 2 hr chemical treatment, cells were
centrifuged for 5 min at 100xg (about 1,200 rpm), and
gently resuspended with PBS and 100 i of the cell
suspension was immediately used for the test. Cells were
mixed with 0.1 ml of 1% low melting point agarose (LMPA,
Gibco BRL, Life Technologies, Inc., MD, USA) and added
to fully frosted slide (Cat. No., 12-544-5, Fisher Scientific,
PA, USA) which had been covered with a bottom layer of
100 ul of 1% normal melting agarose (Amresco, OH,
USA). The cell suspension was immediately covered with

.cover glass and the slides were then kept at 4°C for 5 min

to allow solidification. After removing the cover glass
gently, the slides were covered with a third layer of 100 pl
of 0.5% LMPA by using a cover glass and then the slide
were kept again at 4°C for 5 min.
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Alkaline unwinding and alkaline electrophoresis:
The procedure follows the method described by Singh ez
al., (1988, 1994) with minor modification. The cells embedded
in the agarose on slides were lysed for 1.5 hr in reaction
mixture of 2.5 M NaCl, 0.1 M NayEDTA, 10 mM Tiis-
HCI (pH 10), 1% Triton X-100 at 4°C. Slides were then
placed in 0.3 M NaOH containing 1 mM Na,-EDTA
(approximately pH 13) for 20 min to unwind DNA before
electrophoresis. Electrophoresis was conducted at 25 V (about
1 V/em across the gels) and approximately 300 mA for 20 min
at 4°C. All of the steps described above were conducted
under yellow light or in the dark to prevent additional
DNA damage.

Evaluation of DNA damage: After the electrophoresis,
the slides were washed gently to remove alkali and
detergents which would interfere with ethidium bromide
staining, by placing vertically and flooding them three times
slowly with 0.4 M Tris (pH 7.5) for 10 min. The slides
were stained by 50 ul of ethidium bromide in distilled
water solution on each slide, and then covering the slide
with a cover glass. Image of 100 randomly selected cells (50
cells from each of two replicate slides) was analysed from
each sample. All experiments were repeated in an
independent test. Measurement was made by image analysis
with Komet 3.1 (Kinetic Imaging Limited, Liverpool, UK)
system, determining the mean of the 50 cells tail moment
(percentage of DNA in the tail times tail length). Differences
between the control and the other values were tested for
significance by using one way of analysis of variance
(ANOVA).

Results and Discussion

It is well known that carcinogenicity is the most serious
effect of toxic chemicals in human health. As one of the
mechanisms of carcinogenicity, induction of DNA damage
play an important role in initiation of carcinogenicity. For
the detection and measurement of DNA strand breaks in
individual cells, comet assay is widely used in recent (Singh
et al., 1988, 1991ab, 1994, 1995a,b). Since many laboratories
adopted for various applications, there are several versions
of comet assay in different laboratories.

Singh et al., (1991a, b, 1995a, b) demonstrated the
analysis of DNA damage in cells adhered to frosted slides.
We attempted to make cells adhered to frosted slides but it
was not successful. It gave us to concern that we need
consider in developing a specialized technique to establish
this method properly and it might be helpful for performing
this comet assay more simply and promptly.
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Fig. 1. Response of L5178Y cell to increasing concentration of
methyl methanesulfonate (MMS) by comet assay. Mean tail
moment indicates DNA damage of cell by MMS. Values are
means+SE from three experiments. In each experiment the tail
moment index had been assessed from 50 seperately calculated
cells.
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Fig. 2. Tail moment of cells exposed to 150 uM MMS in different
lysis time. Values are means=SE from three experiments. In each

experiment the tail moment index had been assessed from 50 sepa-
rately calculated cells.

To determine the optimal conditions as recommended by
IWGTP (Tice er al., 2000), we used L5178Y mouse
lymphoma cells in the comet assay. The dose-dependent
typical DNA migration patterns was induced by MMS,
which was well adopted as positive control in comet assay
(Fig. 1). The optimal concentration of MMS (Fig. 1) in the
absence of S-9 metabolic activation system was determined
as 150 puM in this result.

No remarkable differences were observed in lysis time
(Fig. 2) and unwinding time (Fig. 3) of the comet assay in
mouse lymphoma cells. So, it led us to decide the optimal
lysis time as 1.5 hr and unwinding time as 20 min in
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Fig. 3. Tail moment of cells exposed to 150 uM MMS in different
unwinding time. Values are means+SE from three experiments. In

each experiment the tail moment index had been assessed from 50
separately calculated cells.

mouse lymphoma cell as reported previously (Singh ez al.,
1988, 1994; Tice et al., 1991).

Using cell lines has some defects of lacking metabolic
system, many chemicals need S9 mixture as a metabolizing
enzyme system in vitro. In usual, S9 mixture must treat
within 3-6 hrs because of its cytotoxicity. In order to
determine whether S9 mixture makes DNA damage during
this period, S9 mixture was treated at the final concentration
4% (20% v/v). We could find baseline tail moment value
was slightly increased, but there was no significant difference
(data not shown). Based on this data, we treated BaP, DNA
bulky adduct to investigate the concentration of positive
control in the presence of S9 mixture. The response was
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Fig. 4. Tail moment of cells exposed to benzo(a)pyrene in different
concentrations. Values are means+SE from three experiments. In
each experiment the tail moment index had been assessed from 50
separately calculated cells.

significantly different from control (Fig. 4) at a BaP
concentration of 4x10° M. Similarly, Hartmann et al.,
(1995) reported that significantly increase of tail length for
BaP was at concentration of 5x10™> M. We attributed the
difference between laboratories to the parameter which we
used, tail moment and protocol. It was reported that the tail
length was proportionally less affected than other parameters
(Hellman et al., 1995), so tail length might not be fully
reflected the effect of BaP.

From this results, the optimal conditions of lysis and
unwinding time, and practical MMS and BaP concentrations
using mouse lymphoma cell line in our laboratory were
demonstrated and emphasized the utility, rapidity and
applicability of comet assay for studying some chemicals
to cause DNA damage.

In recent, comet assay is commonly used in the case of
mutation research, radiation biology (Singh et al., 1988,
1991a,b, 1994, 1995a; Muller et al., 1994; Olive et al.,
1993), DNA damage (Green et al., 1992, Gedik er al.,
1992), DNA cross linkages (Fuscoe et al., 1996, Pfuhler et
al., 1996), oxidative damage (Collins et al., 1995) and to
examine the genotoxicity of unknown agent. (McKelvey-
Martin et al., 1993). The lymphocytes of human population
was also subjected to identify the effect of smoking, age
and sex (Betti er al, 1994, 1995; Singh et al., 1991a)
because it need only 5-10 pl blood sample. Therefore,
comet assay is very easy and convenient for human
monitoring in the point of view of occupational and
environmental toxicology.
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