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Introduction also called the single cell gel assay (SCG) and mi-

crogel electrophoresis (MGE).

The comet assay used for the direct visualization
of DNA damage in individual cells was first in-
troduced by Ostling and Johanson in 1984%'. It is
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The basis of the method is that a broken DNA
molecule can migrate more readily in an electric ’
field than an intact molecule. When cells are em-
badded in agarose and subsequently lysed to remove
protein, smaller DNA molecules are able to migrate
away from the residual nucleus. When DNA is sub-
the cell
resembles a comet with a head region containing un-

sequently stained with flourescent dye,
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damaged DNA and a tail containing the broken
DNA. The amount of DNA to be able to migrate
and, to a lesser extent, the distance of migration are
indications of the number of strand breaks present
in that celt™.

In spite of a short developing history of comet as-
say, it is widely used in radiation biology™*'-!*1*163
study of excisable DNA damage™, DNA crosslinks
cytotoxic produced by many

chemotherapeutic agents", oxidative damage'’, genet-
487

relevant lesion

ic toxicology**’, and apoptosis™**. Since apoptosis
is characterized by extensive DNA cleavage, the
comet assay can be useful in detecting apoptotic
cells in tumor cells". But comet slides shoud be
counted within 2 days after procedure. For over 3
days, comet slides are no longer good to count and
analysis for poor image. This has led to the need to
develop a quality control procedure to aid in keep-
ing the comet assay slides for some time without alt-
ering results of apoptosis research.

This paper demonstrated the ability of a drying
method to detect apoptotic cells on comet assay
slides by reconstitution with distilled water.

Materials and Methods

Materials

55 client-owned dogs with tumors were evaluated
at Colorado State University (CSU). Each dog had
been received a clinical evaluation, regional and
thoracic radiographs, serum biochemistry profile,
and a complete biood count as the initial evalution.
Diagnosis of tumors was confirmed by his-
topathological findings. Before chemical and ra-
diation theraphy, each tumor sample was obtained
from biopsies and surgical resection during opera-

tion.

The comet assay (alkaline assay)"

A standard protocol for comet preparation and
analysis was adopted. With tumor samples, a single
cell suspension was made in 0.5-1 ml PBS (2x 10°
cells/ml). Agarose (1.5 ml) at 40°C was added to the
0.5 ml of cell suspension, and the solution was pip-
petted onto a poly-L-lysine treated slide. Eight
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slides were made for a tumor sample. After letting
the slides gel on a cold surface for 1 minute, they
were then immersed in a lysing solution consisting
of 0.L03 M NaOH, 1 M NaCl and 0.1% N-lau-
roysarcosine for 1 h in the dark at room temperature.
To remove the salt, slides were rinsed 2 times for 20
minutes in 0.03 M NaOH, 2 mM EDTA. Horizontal
gel electroporesis was performed in a fresh solution
of 0.03 M NaOH, 2 mM EDTA at 0.5 V/cm for 25
minutes. After the slides were rinsed in distilled wat-
er for 10 minutes, DNA was stained by immersing
slides in 2.5 pg/ml propidium iodide (PI) for 10 min.
Apoptotic cells were detected “by eye” on slides us-
ing a flourescence microscope. Over 400 individual
cells on a slide were analyzed for each sample.

Drying method

Except for 2 control slides, 6 slides were put in a
vacuum dessicator. For short drying time of study,
slides were taken out after 3-4 days of drying and re-
constitued by dropping distilled water and allowed
to wait for 10-20 minutes. For longer drying time of
study, slides were taken out after 1, 2, 3 and 4
weeks of drying (a few slides were after 7 weeks of
drying) and reconsituted with distilled water and
counted by eye” using a fluorescence mocroscope.

Data analysis

After counting the tumor cells, percent tumor
apoptosis was calculated.

To compare the percent tumor apoptosis of each
slide with that of control slides, we calculated the re-
covery rate (%) by dividing the percent tumor apop-
tosis of dried slides with that of control slides and
timing 100. Statistic analysis was performed using
paired T-test.

Results

After for 3-4 days, 1, 2, 3, 4, and 7 weeks of dry-
ing period, 2 slides were taken out from the vacuum
dessicator and reconsituted with distilled water.

Most comets on reconsituted slides were good to
be counted by eye. But as time went by, the images
of comets worsened and sometimes slides needed
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Fig 1. Appoptotic changes during dryign period in
canine tumors (Mean, SEM).

more time (over 1 hour) for reconstitution compared
to normal 10-20 min. of reconstitution time. After 7
weeks of drying, most comets were in-
distinguishable.

The recovery rates at 3-4 days, 1, 2, 3, 4, and 7
weeks were 98.1, 98.3, 99.4, 97.3, 80.0, and 35.2%,
respectively (Fig. 1). There were no significant diff-
erences in recovery rates between control slides and
3-4 days, 1, 2, 3 weeks of drying slides, whereas
there were significant differences between control
slides and 4 and 7 weeks of drying slides (P<0.05,

Fig. 1).
Discussion

After Ostling and Hohanson first introduced the
comet assay in 1984, subsequent changes to the ori-
ginal lysis, electrophoresis, and DNA staining pro-
tocol, and development of video image analysis
methods have greatly improved accuracy, sensitivity,
and speed of measurements'™***. This method has
been widely used in radiation biology, studies of
DNA damage, and toxicology. As the apoptosis is
characterized by DNA damage in breakage, this
comet assay can be used for apoptosis study with ef-
ficiency'**. The extent of DNA damage in apop-
totic cells is so great that they are easily dis-
tinguishable visually from undamaged cell.

In our pilot experiment, the comet assay seemed
to be highly reproducible for apoptotic tumor cells
on the same reconsituted slides. As our rusults show
in this experiment, reconsituted slides were safe and
reproducible within 3 weeks. In a few slides of 4
weeks of drying period, recovery rates were good,
but most images were bad. In reconsitution with dis-
tilled water, some slides sometimes needed more
time (over 1 hour) to be rehydrated, but in most
cases 20 minutes were enough to reconsitute.

We can conclude that dehydration and re-
constitution of comet slides for up to 3 weeks is a
simple, safe and reproducible method without chang-
ing results for evaluation of apoptosis in tumor cells.
This dehydration and reconstitution method may con-
tribute to apoptosis study by saving the comet slides
for 3 weeks without result differences and further
usages for DNA damage-related researches.

Summary

The comet assay is a rapid, simple, visual and sen-
sitive technique for measuring DNA breakage in in-
dividual mammalian cells. As apoptosis is charac-
terized by extensive DNA cleavage, the comet assay
can be used in detecting apoptoic cells in tumor
cells. But comet slides shoud be counted within 2
days after prodedure. For over 3 days, comet slides
are no longer good to be counted for poor image.
This has led to the need to develop a quality control
procedurc to aid in keeping the comet assay slides
without altering apoptotic change. With canine ftu-
mor cells, comet slides were made and slides were
put in a vacuum dessicator. During 7 weeks of dry-
ing period, slides were taken out at 3-4 day, 1, 2, 3,
4, and 7 week intervals. Each slides was -re-
consituted by dropping distilled water and allowed
to set for 10-20 minutes then apoptotic cells were
counted “by eye” using a fluorescence microscope.
The recovery rates at 3-4 days, 1, 2, 3, 4, and 7
weeks were 98.1, 98.3, 99.4, 97.3, 80.0, and 35.2 %,
respectively. There were no significant differences
in recovery rates between control slides and 3-4
days, 1, 2, 3 weeks of drying slides, whereas there
were significant differences between control slides
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and 4 and 7 weeks of drying slides (P<0.05). These
results indicate that dehydration and reconsituting

method of comet slides is good for apoptosis study

up to 3 weeks post dehydration.
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