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The comet analysis of DNA strand break levels in tissues
and cells has become a common method of screening for
genotoxicity. The large majority of published studies have
used fresh tissues and cells processed immediately after
collection. However, we have used frozen tissues and cells
for more than 10 years, and we believe that freezing sam-
ples improve efficiency of the method. We compared DNA
strand break levels measured in fresh and frozen bronchoal-
veolar cells, and lung and liver tissues from mice exposed
to the known mutagen methyl methanesulphonate (0, 25,
75, 112.5mg/kg). We used a high-throughput comet proto-
col with fully automated scoring of DNA strand break lev-
els. The overall results from fresh and frozen samples were
in agreement [R? = 0.93 for %DNA in tail (% TDNA) and
R? = 0.78 for tail length (TL)]. A slightly increased % TDNA
was observed in lung and liver tissue from vehicle controls;
and TL was slightly reduced in bronchoalveolar lavage cells
from the high-dose group. In our comet protocol, a small
block of tissue designated for comet analysis is frozen imme-
diately at tissue collection and kept deep frozen until rapidly
homogenised and embedded in agarose. To demonstrate the
feasibility of long-term freezing of samples, we analysed the
day-to-day variation of our internal historical negative and
positive comet assay controls collected over a 10-year period
(1128 observations, 11 batches of frozen untreated and
H,0,-treated A549 lung epithelial cells). The H,0O, treatment
explained most of the variation 57-77% and the day-to-day
variation was only 2-12%. The presented protocol allows
analysis of samples collected over longer time span, at dif-
ferent locations, with reduced variation by reducing number
of electrophoreses and is suitable for both toxicological and
epidemiological studies. The use of frozen tissues; however,
requires great care during preparation before analysis, with
handling as a major risk factor.

Introduction

The alkaline comet assay is a method to assess DNA strand break
levels in eukaryotic cells. The comet assay is based on a relatively
simple protocol. Damaged DNA is drawn from the nuclei during
electrophoresis to form comet-like images that are quantified by
fluorescent microscopy. Data are reported as measure of DNA
in tail. The protocol is optimised and internationally validated
to achieve standardised and reliable results (1-17). The method
is often used in screening for genotoxicity of tissue samples
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from humans and animals. The increased number of analyses
calls for method optimisation and efficiency regarding both the
number of samples run per electrophoresis and a more efficient
scoring methods. The comet assay has relied on manual scoring
of 50-150 nuclei per sample and is thus very time and labour
consuming. A high-throughput method can lower the cost and
increase the overall capacity, versatility and robustness of the
comet assay (4,18). Traditionally, tissue for analysis in the
comet assay is prepared from a small fresh tissue sample, which
is processed immediately after collection. Frozen tissues and
cells have not been considered usable by some (6) but usable
by others (2,7-16,19). We have analysed frozen tissues and
cells using the comet assay for more than 10 years. We have
analysed tissues such as blood, bronchoalveolar lavage (BAL)
cells, lung, liver and colon, but also spleen, kidneys (Jacobsen,
not published; 20-33).

Here, we present an optimised protocol for a high-through-
put comet procedure and compare DNA strand break levels
induced by methyl methanesulphonate (MMS) treatment using
the comet assay on fresh and frozen tissue. Furthermore, we
present data on untreated and H,O,-treated A549 lung epithe-
lial cells that we have used as negative and positive historical
internal quality controls for the comet assay. The batches of
frozen A549 cells are used to assess the day-to-day variation of
the comet assay and to assess the effect of prolonged freezing.
The batches were frozen for 1 year or longer and cover over
10-year period.

Materials and Methods

The tissues were collected from animals housed as described (33,34). Animal
studies complied with the EC Directive 86/609/EEC and the Danish law
regulating experiments on animals (The Danish Ministry of Justice, Animal
Experiments Inspectorate, Permission 2006/561-1123).

Effect of tissue sampling techniques on DNA strand breaks

We examined different procedures of liver tissue freezing and preparation for
comet analysis. Five female mice (9—10 weeks old, average weight 21.3 g,
C57BL/6J; Taconic Europe, Ejby, Denmark) were anaesthetised with 3% iso-
flurane and intratracheally instilled with 10% BAL fluid in sterile saline four
times every third day. The mice were killed 3 days after instillation as described
(33). Fresh tissues were not used in this experiment for logistical reasons.

Tissue preparation. Liver samples were prepared using four different
techniques. Method 1: small samples of liver tissue (~20-40mg, 3 x3 x 3mm)
were cut directly at necropsy, placed in NUNC cryotubes assigned for comet
analysis and snap frozen in liquid N,. Samples were promptly placed on dry ice,
stored at —80°C and kept deep frozen until comet cell treatment. During slide
preparation, NUNC cryotubes were placed on dry ice. Tissues were processed
one sample at a time. A drop of Merchant’s medium was placed on the tissue
to create a protective ice cap. A stainless steel cylindrical sieve was immersed
in 1.5ml ice-cold Merchant’s medium. The deep frozen tissue was transferred
into the cylindrical sieve using cold tweezers. Tissues were homogenised by
pressing through sieves by moving the plunger up and down several times, to
gain a cell suspension. An aliquot of the cell suspension was immediately mixed
with agarose and placed on the slide. The volume of Merchant’s medium can be
adjusted for different tissues and different tissue cube sizes, to gain an optimal
cell concentration; method 2: larger samples of liver tissue were collected at
necropsy, snap frozen in NUNC cryotubes in liquid N, and stored at —80°C.
Samples were cut (same size as above) on a deep cold metal plate to minimise
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thawing, placed in frozen Eppendorf tubes, stored at —80°C until comet cell
treatment and processed as described above; method 3: larger samples of liver
tissue were collected at necropsy, snap frozen in NUNC cryotubes in liquid
N, and frozen at —80°C. Samples were crushed in a porcelain mortar in liquid
N,, fragments (size as above) were placed in frozen Eppendorf tubes, stored at
—80°C until comet cell treatment and processed as described above; reference
treatment: small samples of liver tissue prepared as in method 3 were thawed at
room temperature during preparation, placed in cylindrical sieves immersed in
1.5ml ice-cold Merchant’s medium and processed as described above.

Comparison of DNA strand break levels in fresh and frozen tissues
and cells

We examined the difference in DNA strand break levels in fresh and frozen tis-
sues. Twenty-four female mice (8-week-old, average weight 18.4 g, C57BL/6J;
Taconic Europe) were injected intraperitoneally (IP) 20 ml/kg mouse with ster-
ile saline or 25, 75, 112.5mg/kg of MMS (Sigma Aldrich 129925) in saline.
The concentrations were chosen to give response from marginal to severe,
based on a small pilot study. One day after IP mice were anaesthetised with
a mixture of Hypnorm-Dormicum and killed by total bleeding by cutting the
groin artery.

Tissue preparation. BAL fluid was collected by flushing mouse lungs twice
with 0.9% sterile saline through the trachea with volumes corresponding to
1ml/25g mouse. The BAL was immediately placed on ice until the BAL
fluid and cells were separated by centrifugation at 4°C and 400g for 10 min.
The BAL cells were resuspended in 100 pl HAM’s F12 medium [with 1%
penicillin-streptomycin, 1% L-glutamine and 10% foetal bovine serum (FBS)].
Forty microlitres of the cell suspension was mixed with 60 pl freezing medium
[HAM’s F12 medium with 1% penicillin-streptomycin, 1% L-glutamine, 10%
FBS and 10% dimethyl sulphoxide (DMSO)] and: (i) immediately carried to
laboratory to be embedded in agarose (fresh) or (ii) stored at —80°C for later
comet analysis (frozen II).
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Fig. 1. Effect of electrophoresis strength (voltage and time) on %TDNA
of untreated and H,O,-treated (30 and 60 pM) A549 cells. Results were
generated by fully automated scoring.

Lung and liver were dissected, small samples from the same area were
cut (~20-40mg, 3x3x3mm) and: (i) placed in NUNC cryotubes containing
Merchant’s medium, immediately processed and embedded in agarose (fresh),
(ii) placed in NUNC cryotubes, snap frozen in liquid N, and stored at —80°C
until comet analysis (frozen I) or (iii) placed in NUNC cryotubes, left for
15 min on the necropsy table at room temperature and then snap frozen in liquid

N, and stored at —80°C until comet analysis (frozen II).

A549 cells as a historical internal controls

A549 cells were used as an historical internal negative control and H,O,-
exposed A549 cells as a positive control, to monitor the day-to-day varia-
tion of the comet assay. A549 cells grown for two passages in HAM’s F12
medium (with 1% penicillin-streptomycin, 1% L-glutamine and 10% FBS)
were exposed to phosphate-buffered saline (PBS) (negative control), 15, 30 or
60 uM H,0, (positive control) for 30 min at 4°C. Cells were washed in PBS and
resuspended in HAM’S F12 medium (10% DMSO, 1% penicillin-streptomy-
cin, 1% L-glutamine and 10% FBS), frozen and stored at —80°C in aliquots of
100 pl with 1x10* cells for the semi-automated system and 25 pl with 1x10°
cells for the fully automated system. Each batch was used for ~1 year.

Comet analysis

The comet analysis was based on a previously published protocol (24). The
method was modified during validation of the fully automated scoring system
based on available recommendations (2). Results are presented in Figure 1; and
the differences between the protocols are presented in Table 1.

BAL cell suspensions and A549 cells in freezing medium were thawed
quickly, one to five samples at a time at 37°C, and embedded rapidly in aga-
rose (low melting point agarose in PBS buffer) with single or multi-pipette
onto gels/slides. Organs, fresh or deep frozen were pressed through a stainless
steel cylindrical sieve (diameter 0.5 cm, mesh size 0.4 mm) into 1.5 ml ice-cold
Merchant’s medium (0.14M NaCl, 1.47mM KH,PO,, 2.7mM KCl, 8.1 mM
Na,HPO,, 10mM Na,EDTA, pH 7.4) (35). Aliquots of cell suspensions were
then rapidly embedded in agarose. The method is described in detail under tis-
sue sampling techniques, method 1. When all the samples were placed on the
slides, slides were immersed into 4°C cold lysing solution (2.5M NaCl, 10 mM
Tris, 100mM Na,EDTA, 1% sodium sarcosinate, 10% DMSO, 1% Triton
X-100, pH 10) and kept overnight at 4°C. Slides were rinsed in cold electro-
phoresis buffer, alkaline treated in ice-cold electrophoresis buffer directly in
electrophoresis chamber (0.3M NaOH, 1 mM Na,EDTA, pH 13.2) placed on
ice and subjected to electrophoresis (pH >13) with 4°C cold circulating buffer.
Slides were rinsed in neutralisation buffer and neutralised (0.4 M Tris, pH 7.5),
the gels/slides were fixed (95% ethanol), stained [SYBR® Gold or SYBR®
Green in TE buffer (10 mM Tris—-HCI, 1 mM EDTA, pH 7.6), pH 7.5 or 8.0,
respectively] and comets were scored. DNA damage was quantified as %DNA
in tail (%TDNA) and tail length (TL), mean values for all cells counted per
well/sample. Electrophoresis efficiency was evaluated by including unexposed
and H,0,-exposed A549 cells from a single batch exposure, as negative and
positive controls, respectively. The samples were scored by semi-automated
system KOMET 3.9 (pilot study with sampling techniques and batches 1-9 for
internal A549 cell controls), by semi-automated system KOMET 6 (validation
of PathFinder™ system from IMSTAR) and by fully automated PathFinder™
system from IMSTAR (MMS study and batches 10 and 11 for internal A549
cell controls). As a quality control, random sections of all samples analysed
by the fully automated PathFinder™ system from IMSTAR were manually
viewed to confirm that cells and not artefacts were scored, to assure the validity
of the analysis.

Table I. Protocols for sample preparation for the semi-automated system and fully automated system

Protocol differences Protocol for semi-automated system

Protocol for fully automated system

Agarose concentration 0.6% (final)

Slides

GelBond® film (Lonza Rockland Inc., Rockland,
Maine, USA) (10 pl per well for 40-well format)

0.7% (final)
TrevigenCometSlides™ (Trevigen®, Gaithersburg,
Maryland, USA) (30 pl per well for 20-well slide)

Alkaline treatment 40 min 40 min

Electrophoresis 25V (0.76 V/cm), 292-296 mA, 20 min 38V (1.15V/cm), 292-296 mA, 25-30 min
Neutralisation 2x5 min 2x5 min

Fixing 1.5h in 96% ethanol 5min in 96% ethanol, 15 min at 45°C

Staining 20 ml bath TE buffered SYBR Gold [Molecular 20 ml bath TE buffered SYBR® Green (Lonza

probes®, Eugene, Oregon, USA (purchased from
Sigma-Aldrich); 1:10 000] for 10 min, wet gel
placed on glass slide and cover slip applied

Scoring system KOMET 3.9 and 6
Scored within 2 days
Comets scored 50 cells/well

Bioscience, Fisher Scientific, Slangerup, Denmark)
for 15 min, dried 10 min at 37°C, ultraviolet filter and
cover slip applied

IMSTAR PathFinder™

Scored same day

All cells recognised 111-3414/well
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Statistics

Effect of tissue sampling techniques on DNA strand breaks. The overall
differences between the levels of %TDNA for different treatments (method
1, 2, 3 and 4) were analysed by non-parametric one-way analysis of variance
(Kruskal-Wallis), followed by Tukey’s type multiple comparison test. Analysis
was performed in SAS version 9.2.

Comparison of DNA strand break levels in fresh and frozen tissues and cells. The
differences between the levels of %TDNA and TL were analysed by analysis of
variance with concentration (0, 25, 75, 112.5mg/kg) and treatment (fresh, frozen
I and frozen II) as factors. Analysis was performed in SYSTAT Software package 9.

A549 cells as a historical internal controls. The DNA strand break levels
(%TDNA and TL) differences between untreated and H,O,-treated A549 cells
were registered for a period of more than 10 years and evaluated by analysis
of variance with batch (1-11), date of electrophoresis, exposure (0, 15, 30
or 60 um H,0,) and scoring method (semi-automated or fully automated) as
factors. Date of electrophoresis was nested under batch and the whole analysis
was stratified by scoring method; semi-automated (n = 480) vs. fully automated
(n = 648). Proc GLM in SAS version 9.3 was used to implement the analyses.
Only main effects were considered.

Results

Effect of tissue sampling techniques on DNA strand breaks

The sample preparation of frozen tissue affected the DNA strand
break levels (P =0.002) (Figure 2). Cutting a small tissue sample
at necropsy and storing it deep frozen until comet analysis
(method 1) resulted in low DNA strand break levels, with
limited variation (%TDNA 6.15+1.62 SD). Cutting a frozen
whole tissue on a deep cold metal plate (method 2) induced 3.7-
fold higher DNA strand break levels compared with method 1
(%TDNA 20.58 +8.17; P <0.01). Crushing whole tissue in liquid
N, in porcelain mortar (method 3) resulted in 3.4-fold higher
DNA strand break levels compared with method 1 (%TDNA
17.92+13.35; P < 0.05). Thawed tissue had significantly higher
DNA strand break levels compared with all the other methods
(%TDNA 67.28+20.14, P < 0.01), indicating the importance
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Fig. 2. DNA strand break levels (% TDNA) for tissues collected using
different sampling techniques. Method 1: liver tissue designated for comet
analysis was cut directly at necropsy, snap frozen in liquid N, and stored in
—80°C until comet analysis; method 2: larger samples of liver tissue were
collected at necropsy, snap frozen in liquid N,, frozen at —80°C, samples were
cut on a deep cold metal and stored in —80°C until comet analysis; method
3: larger samples of liver tissue were collected at necropsy, snap frozen in
liquid N,, stored at —80°C, samples were crushed in a porcelain mortar with
liquid N, and stored in —80°C until comet analysis; reference treatment:
small samples of liver tissue prepared by crushing in N, were thawed at
room temperature during preparation. *P < 0.05 different from method 1;
##P < (.01 different from method 1; ***P < 0.001 different from method 1;
#P < 0.01 different from methods 1, 2 and 3.
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of preventing unintentional thawing of the samples. Thus,
cutting tissues prior to freezing (method 1) yielded the lowest
background level of DNA strand breaks, followed by mortaring
frozen tissue in liquid N, (method 3) or cutting the frozen tissue
on a deep frozen metal plate (method 2).

Comparison of DNA strand break levels in fresh and frozen
tissues and cells

Tissues from MMS-treated mice were analysed as fresh (fresh),
frozen immediately after dissection (frozen I) or frozen with
15-min delay (frozen II). MMS treatment (25, 75, 112.5mg/
kg) induced DNA stand breaks measured as %TDNA and
TL in a dose-dependent manner in BAL cells, lung and liver
(P < 0.001) (Figures 3 and 4). For all preparation methods,
correlation coefficients were very high, thus, R? values were
between 0.857 and 0.995 for both %DNA and TL. When the
three different tissue preparation methods were compared,
no overall statistically significant difference was observed
in %TDNA and TL (P > 0.1). To thoroughly assess the data
set, the results were also analysed grouped by exposure levels
(controls, 25,75 and 112.5 mg/kg MMS). Overall, there was no
difference between the differently treated samples in the same
exposure level (P > 0.1) except that %TDNA in frozen control
lung and liver tissue was significantly increased (P < 0.01); the
TL in the BAL cells from mice exposed to 112.5mg/kg MMS
was significantly reduced (P = 0.01; Table II).

The observed fold increase over control in both % TDNA and
TL was smaller when using frozen tissue, compared with using
fresh tissue (Figure 5). The main reason for the lowered fold
induction was slightly higher background levels of %TDNA in
controls when using frozen tissue (Table II).

Overall, the correlation between DNA strand break levels
in fresh and frozen tissues was R> = 0.93 for %TDNA and
R*=0.78 for TL, for samples fresh vs. BAL frozen II, lung and
liver frozen I (Figure 6).

A549 cells as a historical internal controls

Untreated and H,O,-treated A549 cells were used as negative and
positive historical controls for the electrophoresis performed over
a 10-year period, with each A549 batch lasting ~1 year. Here, we
use the historical data to assess the day-to-day variation of the
comet assay and at the same time to assess the effect of prolonged
storage at —80°C on DNA strand break levels (Figure 7A and B).
The first nine batches of frozen A549 cells were scored using
semi-automated comet scoring system, whereas batches 10

and 11 were scored by fully automated scoring system. Other
experimental procedures including electrophoresis time and

voltage, and staining procedure also differed between the two
scoring methods (Table I). In the semi-automated scoring, each
observation consisted of 50 cells scored per well on two separate
slides (100 in total), run in the same electrophoresis. In the fully
automated scoring, one observation consists of the mean of ~700
cells in 2 of 20 wells on each slide, run in the same electrophoresis
(minimum eight observations per control per electrophoresis).
The 1128 observations (480 observations in batches 1-9 and
648 observations in batches 10 and 11) were analysed by a sim-
ple statistical model with % TDNA and TL as dependent variable
and batch (n = 11), date of electrophoresis (n = 142) and expo-
sure (0, 15, 30 or 60 um H,0,) as explanatory variables strati-
fied by scoring method (semi-automated or fully automated).
Of the variation, 75-79% was explained by these three varia-
bles, for %TDNA, and TL for both scoring systems. ‘Exposure
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Fig. 3. DNA strand break levels (%TDNA) in BAL, lung and liver tissues from mice injected IP 20ml/kg with saline or 25, 75, 112.5 mg/kg MMS. Samples were either
analysed fresh, frozen immediately by snap freezing in liquid N, (frozen I) and snap frozen in liquid N, after a 15-min delay on the necropsy table at room temperature
(frozen II). Frozen samples were stored at —80°C until comet analysis. *P < 0.05, **P < 0.01, ***P < 0.001 different from saline IP injected control mice.
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Fig. 4. DNA strand break levels (TL) in BAL, lung and liver tissues from mice injected IP 20 ml/kg with saline or 25, 75, 112.5mg/kg MMS. Samples were either
analysed fresh, frozen immediately by snap freezing in liquid N, (frozen I) and snap frozen in liquid N, after a 15-min delay on the necropsy table at room temperature
(frozen II). Frozen samples were stored at —80°C until comet analysis. *P < 0.05, **P < 0.01, ***P < 0.001 different from saline IP injected control mice.

(0, 15, 30 or 60 um H,0,)’ explained 57-79% of the variation,
for %TDNA and TL, for both scoring systems (P < 0.0001).
‘Batch’ explained 9 and 5% of the variation in %TDNA and
TL, respectively, for the semi-automated system (P < 0.0001);
and 0.2% of %TDNA variation for the fully automated system
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(P < 0.003), where TL was not significantly different between
batches. The ‘date of electrophoresis’ (the day-to-day varia-
tion) explained 9 and 12% of %TDNA and TL variation for
the semi-automated system (P = 0.02 and P < 0.001, respec-
tively); and 2 and 6% of %TDNA and TL variation for the fully



automated system (P < 0.001). The fully automated system was
validated by comparison of results with the semi-automated
system KOMET 6 (Figure 8). Thus, the day-to-day variation
of the comet assay was 9-12% for the semi-automated system
and 2-6% for the fully automated system. Data from the fully
automated system represent A549 cells that had been frozen
for up to 1 year and more. The low day-to-day variation for
the fully automated system therefore indicates that prolonged

Freezing tissues and cells for comet assay

storage at —80°C has little impact on DNA strand break levels
in A549 cells.

Discussion

Here, we have compared the use of fresh and frozen tissues and
cells in a high-throughput comet assay with fully automatic
scoring. We have confirmed that DNA strand breaks can be
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Fig. 5. Fold increase over control for DNA strand break levels (A for %TDNA, B for TL) in BAL, lung and liver tissues from mice injected IP with 20 ml/kg
with saline or 25, 75, 112.5mg/kg MMS. Samples were either analysed as fresh, frozen immediately by snap freezing in liquid N, (frozen I) and snap frozen in
liquid N, after 15-min delay on the necropsy table at room temperature (frozen II). Frozen samples were stored at —80°C until comet analysis. The lowered fold
induction in frozen tissues compared with fresh tissues is caused by the slightly increased DNA strand break levels in the controls (presented in Table II).

Table II. DNA strand break levels (%TDNA, TL) in fresh or frozen BAL cell, lung and liver tissues from untreated mice and mice treated to 112.5 mg/kg of MMS

%DNA TL
Fresh Frozen I Frozen II Fresh Frozen | Frozen II
Controls BAL 3.7 — 4.8 (1.3-fold) 17.3 — 18.5 (1.1-fold)
Lung 2.9 7.1 (2.5-fold)** 6.5 (2.3-fold)** 15.1 18.4 (1.2-fold) 19.8 (1.3-fold)
Liver 2.2 3.0 (1.4-fold) 5.1 (2.4-fold)* 12.8 15.0 (1.2-fold) 17.5 (1.3-fold)
High dose BAL 31.8 — 29.7 (0.9-fold) 78.9 — 45.9 (0.6-fold)*
Lung 35.3 35.3 (1.0-fold) 35.8 (1.0-fold) 53.7 39.3 (0.7-fold) 45.4 (0.9-fold)
Liver 32.2 32.4 (1.0-fold) 33.4 (1.0-fold) 63.9 51.2 (0.8-fold) 48.1 (0.8-fold)

The observed fold difference compared with fresh tissue is presented in brackets.
*P < 0.05, **P < 0.01 different from fresh tissue.
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Fig. 6. Correlation between DNA strand break levels (A for %TDNA, B for TL) in fresh and frozen tissues (BAL frozen II; lung and liver frozen I).
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Fig. 7. DNA strand break levels (electrophoresis average; A for %TDNA, B for TL) for untreated and H,0O,-treated A549 cells used as negative and positive
historical controls for the electrophoresis performed over a 10-year period. A549 cells were exposed to concentrations 15, 30 or 60 pM H,0O,. Results were
generated by a semi-automated scoring (one observation = 50 cells/well on two slides) or a fully automated scoring (one observation = ~700 cells/well on eight
slides). The day-to-day variation was 9—12% in the semi-automated system and 2—6% in the fully automated system.

detected in both fresh and frozen BAL cells, and lung and liver
tissue from MMS-treated mice. Additionally, we have assessed
different sampling techniques of frozen tissues for comet analysis
and suggest that immediate freezing of a small piece of tissue
designated for comet analysis is the preferable method. This
procedure generated the least variation, probably due to the limited
handling of the deep frozen samples. If this step is not possible,
the alternative procedure is to crush a larger frozen tissue section
using a mortar in liquid N,; however, a higher variation has to
be anticipated. We also present day-to-day variation of frozen
untreated and H,O,-treated A549 cells based on data collected
over a 10-year period, to demonstrate the limited day-to-day
variation and thus the feasibility of this approach.

Work with frozen tissues requires great care. On the one
hand, we show that a 15-min delay prior to freezing does not
affect the DNA damage levels significantly (Figures 3 and 4).
On the other hand, thawing damages the DNA and increases
DNA strand break levels in the tested tissue (Figure 2). Cells
frozen with DMSO (blood cells or cell lines) have previously
been used for comet assay validation (2,7-15). Effect of freez-
ing tissues as cell suspensions frozen in 10% DMSO was inves-
tigated using rats exposed by repeated oral gavage to ethyl
methanesulphonate (16). DNA strand break levels in fresh and
frozen blood, liver and stomach samples were similar at all
exposure levels collected 3 h after exposure, even in tissues that
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had undergone transportation. Colon samples were reported to
be more sensitive and were affected by transportation. In our
experience (22,28,32), colon was equally difficult to work with
as other tissues, with relatively low background levels. Whole
blood samples frozen in small volume without prior treatment
have been shown to give reliable comet data (19).

Here, we present a similar method for freezing tissue. We
froze a small sample of tissue at —80°C and kept it deep fro-
zen until homogenisation in Merchant’s medium. When com-
paring DNA strand break levels in tissues from MMS-treated
mice, fresh and frozen BAL, lung and liver samples resulted
in virtually similar levels. The only difference was a slightly
increased % TDNA in the background level for the frozen tissues
and a slightly reduced TL in high doses in the frozen cells. The
slightly increased background may be suspected to affect sensi-
tivity of the assay. However, despite the slight reduction in the
fold change over control in frozen tissues presented in Figure 5,
the DNA stand break levels at the lowest MMS dose were sta-
tistically significantly increased. Thus, even small increases of
~20% in DNA strand break levels could be detected in the frozen
tissues. The used semi-automated system and fully automated
system automatically identify the cells that are scored. However,
neither system will recognise highly damaged nor apoptotic
cells, also called hedgehogs. Consequently, hedgehogs are not
quantified and highly damaged samples will appear as having
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very low numbers of scored cells when using automated scoring.
As a quality measure, we routinely manually screen all samples
and pay special attention to samples with unexpected low num-
bers of scored cells. However, in our experience, the number of
hedgehogs is very small and does not seem to change with expo-
sure except in positive controls when high doses are used.

There are a few critical steps during tissue preparation
and handling, where frozen tissues can be thawed and conse-
quently damaged, including tissue sorting and transport. It is
not always possible to sort samples frozen in liquid N, directly
during collection. Great care during sorting is necessary to
assure that samples are not warmed up during this process,
especially since tissue samples dedicated for comet analysis
are very small and therefore thaw easily. We usually place the
samples frozen in liquid N, on dry ice and quickly place them
unsorted at —80°C. Then, we sort small portions at a time. For
transport, samples have to be packed in plenty of dry ice, to
maintain the frozen conditions. Samples are also stored on dry
ice before analysis and they are homogenised into Merchant’s
medium while still frozen.

We have used batches of frozen historical internal negative
and positive controls in every comet analysis for more than
10 years. We prepared batches of cultured A549 epithelial lung
cells unexposed and exposed to H,0,. Batches were prepared
about once a year and frozen in small aliquots in HAM’s F12
medium with 10% DMSO. Controls are included in all elec-
trophoreses, as a positive control of the successful electropho-
resis and to control the day-to-day variation. We demonstrate
that the comet assay has run consistently for over 10 years in
our laboratory with a day-to-day variation of 9-12% in semi-
automated system and 2—-6% in fully automated system. For the

fully automated system, the day-to-day variation was assessed
for an 18-month period (including two different A549 batches)
and thus the observed 2-6% day-to-day variation indicates that
prolonged freezing had little impact on DNA strand break lev-
els. It is possible to freeze, thaw and run the cells in comet
assay with consistent results. The observed variation between
batches of 0.2-9% may be partly explained by the deterioration
of H,0, over time, it may also be influenced by the harvesting
process and freezing procedure. We strongly recommend using
frozen cells, untreated and damaged (with H,0,, radiation or
other), which represent the dynamic range of damage for the
target exposure as quality controls in comet assay experiments.

We have performed comet assay analysis using different
high-throughput protocols. First, we used a protocol similar as
described in references (4,18). Forty samples were applied on
GelBond® film and four gels were electrophoresed simulta-
neously. To expedite the scoring process, we obtained a fully
automated PathFinder™ system from IMSTAR. Comets can be
scored visually and given arbitrary units, or by semi-automated
or fully automated analysis. All three scoring methods generally
agree within acceptable limits (3). Visual scoring systematically
overestimates low levels of damage, while heavily damaged
comets are less efficiently detected with image analysis. Both
visual and semi-automated scoring methods are time consuming,
strenuous and with number of samples being the bottleneck of
the analysis. Therefore, a fully automated comet scoring analy-
sis, such as the IMSTAR PathFinder™ system used by our labo-
ratory, is more efficient. The system is programmed to localise
nuclei and analyse the level of DNA strand breaks. Slide prepara-
tion is a crucial step in successful analysis. For the microscope to
focus properly, the cells have to be localised in one plane and an
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optimal cell number has to be achieved to simplify the analysis.
Scoring of 300-600 cells/sample will increase the likelihood that
even small differences in DNA strand break levels are detected
(17). The high-throughput method with fully automated scoring
allows analysis of several hundreds of samples in 1 week.

We changed the moulding platform to 20-well Trevigen
CometSlides™ stained with SYBR® Green for the high-through-
put method. We optimised the electrophoresis voltage and length
based on available recommendations (2). In agreement with pre-
vious findings, we observed that increased electrophoresis time
and strength resulted in more DNA strand breaks in the tail. This
improved comet readings by the fully automated system and the
correlation with the semi-automated system. We currently use
electrophoresis strength of 1.15V/cm and 25-min duration.

In conclusion, we have validated the use of frozen cells and
tissues in a high-throughput protocol with fully automated scor-
ing of DNA strand breaks using the comet assay. We suggest
that a small block of tissue designated for comet analysis should
be frozen immediately at tissue collection and kept deep frozen
until embedding in agarose. The use of frozen tissues allows for
screening of large numbers of samples collected over a longer
time span, and furthermore increases the number of samples that
can be processed within a day. Use of frozen tissues benefits the
use of the comet assay in toxicological studies and will enable the
use of the comet assay in prospective epidemiological studies.
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