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ABSTRACT

When environmental analysis is performed, the high number of samples required and handling condi-
tions during the transport of these samples to the laboratory are common problems. The comet assay is a
useful, highly sensitive tool in biomonitoring. Some studies in the literature aim to preserve slides in lysis
solution for use in the comet assay. Until now, however, no efficient methodology for preserving blood
samples for this assay has been described. Because of this, the present report aimed to establish the proper
conditions for samples maintenance prior to comet assay analysis. Samples were conserved in three dif-
ferent solutions: a high protein concentration solution (fetal bovine serum—FBS), an anticoagulant agent
(a calcium chelator - ethylenediaminetetracetic acid — EDTA), and a salt buffered solution (phosphate
buffered saline—PBS). Therefore, peripheral blood samples of Rhamdia quelen specimens were collected
and maintained in these solutions until testing at 72 h. Analyses of DNA fragmentation via the comet
assay and cell viability via flow cytometry were performed at intervals of 24 h. The results showed that
samples maintained in FBS were preserved better; this was followed by those preserved in PBS and then
last by those preserved in EDTA. In conclusion, blood samples from freshwater fish can be preserved up
to 48 h in fetal bovine serum at 4°C in the absence of light. In this period, no DNA fragmentation occurs.
We thus describe an excellent method of sample conservation for subsequent analysis in the laboratory.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The Advisory Committee on the Marine Environment (ACME)
from the International Council for the Exploration of the Sea
(ICES) recommends sampling of 25 fish/sampling sites for research
studies. This situation may lead to a chaotic workload, especially
because subsamples are needed for each individual [1]. Then, the
fixation of biological samples represents a fundamental step. Unfor-
tunately, such procedures often result in various degrees of artifacts
[2]. To evaluate sample preservation, several assays are necessary.
Comet assay is a fast and relatively inexpensive method for measur-
ing DNA damage. This assay has thus far found many applications,
particularly in biomonitoring and environmental monitoring [3].
Flow cytometry is another important analysis used to study cel-
lular integrity [4]. Its capacity to measure large numbers of cells
at a high speed makes flow cytometry useful for the screening of
the micronucleus (MN) [5]. Pioneers in automating the mouse MN
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assay using flow cytometry described a correlation between man-
ual microscopic and flow cytometric counts of micronucleated cells
[6].

Since different methods for maintaining biological sample sta-
bility during transportation or laboratorial proceedings exist and
such cell preservation is important because it allows us to perform
comet assays and flow cytometry analysis in environmental toxi-
cology studies, the aim of this study is to identify the best solution
for maintaining the integrity of fish erythrocytes. Then we have
used phosphate buffered saline (PBS), ethylenediaminetetracetic
acid (EDTA) and fetal bovine serum (FBS). PBS is a buffer solution
commonly used in biochemistry but it has many other uses as well
since it is isotonic and non-toxic to cells [7]. EDTA is used for blood
samples because of its function as an anticoagulant [8] and FBS is
widely used in cell culture and has a high concentration of proteins.

2. Material and methods
2.1. Samples

Six specimens of silver catfish (Rhamdia quelen) were commercially acquired,
and acclimation was performed for four weeks in aired tanks at a constant
temperature (22°C) under controlled light (12/12 dark/light). Each specimen
was anaesthetized with 20% benzocaine (Merck, Darmstadt, Germany) [9], and
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peripheral blood was obtained from the dorsal vessels by vertically puncturing the
axilla of the anal fin up until the hemal canal. A total of 10 .l of blood sample was
stored in 1 ml of phosphate buffered saline (PBS, pH 7.4) and either 1 ml of ethylene-
diaminetetracetic acid (EDTA, 0.5 M) or 1 ml of fetal bovine serum (FBS). All samples
were maintained at 4 °C and protected from light. After an interval of 24 h (time 0, 24,
48, and 72 h), comet assay and flow cytometry viability evaluations were performed.

2.2. Alkaline comet assay

The comet assay was performed with peripheral blood (erythrocytes) as pre-
viously described [10]. Briefly, 10 ! of the homogenized blood derived from each
test solution was diluted in 120 pl of low melting agarose (LMA) and placed on a
slide covered by normal agarose. The slides placed in lyses solution (lysis stock solu-
tion: NaCl (2.5 M), EDTA (100 mM), Tris (10 mM), NaOH (0.8%), N-lauryl-sarcocinate
(1%); lysis working solution: triton X100 (1%), DMSO (10%) in lysis stock solution),
for 24 h at 4°C. In the following step, the slides were first immersed in a solution
of NaOH (10N) and EDTA (200 mM), pH > 13 for 20 min, to effect DNA denaturation,
and then subjected to electrophoresis at 300 mA and 25V for 25 min. After neutral-
ization in 0.4 M Tris, pH 7.5 and fixation in ethanol for 10 min, comets were stained
with 0.02 g/ml ethidium bromide and scored using a Leica DMLS2 epifluorescence
microscope. One hundred comets on each slide were scored visually as belonging to
one of five classes, predefined with respect to tail intensity, and each scored comet
was given a value of 0, 1, 2, 3, or 4 (from undamaged (0) to maximally damaged (4))
[11]. The sample dilution was necessary in detriment of the greater number of cells
per microliter in fishes’ blood (in this work we found 2 x 107 cells/p1).

2.3. Flow cytometry

Data acquisition and analysis were performed in focus to scatter features, debris
presence, and membrane integrity in a FACScalibur flow cytometer equipped with
an argon ion laser tuned to 488 nm. For all measurements, at least 20,000 cells were
collected from each sample tube using CellQuest software (Becton Dickinson, San
Jose, CA, USA). Data analyses were performed using CellQuest and WinMDI 2.9 soft-
ware. To evaluate membrane integrity using propidium iodide (PI) uptake, 50 ! of
blood sample was transferred carefully into the bottom of a test tube. Pl was added to
a final concentration of 50 wg/ml. Samples were gently resuspended and incubated
for 10 min at room temperature in the dark. Propidium iodide was used for this
reason because it is well known that stain the nucleus of cells without membrane
integrity. Since PI is a supravital stain, it can distinguish between necrotic (brightly
stained) and viable (negative) cells [4]. This analysis was performed on PI stained
from a cell gate to exclude debris in the viability analysis.

2.4. Statistical analysis

The Kruskal-Wallis test was used in the comet assay to compare the differences
between both test solutions (PBS, EDTA, and FBS) and different times (0, 24, 48,
and 72 h). For flow cytometry, the obtained data were transformed into +/x 4 0.5 to
ensure a normal distribution. These data were submitted to an analysis of variance
(ANOVA) with a factorial diagram to determine statistical significance. The Tukey
test was performed when the effects of interaction were significant. A p-value less
than 0.05 was considered statistically significant.

3. Results and discussion

Some reports have suggested the possibility of storing slides in
lysis buffer for periods up to four months [12]. However, reports
developed by Belpaeme et al. (1998) have shown a possible effect
of storing slides in lysis solution, that produce changes in the comet
patterns in samples stored for a prolonged period [1].

For the analysis of the optimal solution for sample conservation,
the comet assay was performed to evaluate possible DNA damage in
blood cells up to 72 h after collection, and compare the samples in
different test solutions. Previous observations show that fish blood
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Fig. 1. Comparison of the comet assay responses (scores) of blood cells for different
incubation times (0, 24, 48, and 72 h) and solutions (FBS, PBS, and EDTA).

samples collected with heparin and escorted to laboratory in ice,
coagulates. The statistic analysis of comet assay detected signifi-
cant differences between the DNA damage induced by conservation
in FBS and PBS, and differences in DNA preservation were noted
between FBS and EDTA as well (Oh: p=0.0201; 24 h: p=0.0285;
48 h: p=0.0484; 72 h: p=0.015 to FBS and PBS and 0 h: p=0.0399;
24 h: p=0.0119; 48 h: p=0.0248; 72 h: p=0.0035 to FBS and EDTA).
However, difference between PBS and EDTA was not observed (0 h:
p=0.7869; 24h: p=0.7456; 48 h: p=0.7869; 72h: p=0.6265). At
all times tested, cells preserved in FBS always presented the low-
est genetic material damage in comparison to the other solutions
(Fig. 1).

The comet assay also allowed us to verify which periods and
solutions provided the best blood storage modality for our cell sus-
pensions. The blood samples conditioned either in FBS (p=0.1509)
or in PBS (p =0.1597) did not exhibit differences in damage between
the testing times. While samples conditioned in EDTA did not
present damage differences between time 0 and 24 h (p=0.0724),
24h and 48h (p=0.4379),24h and 72h (p=0.4877), and 48 h and
72h (p=0.9349), they did show significant differences between
time0and 48 h(p=0.0101),0and 72 h (p =0.0128), with timepoints
at 48 and 72 h displaying the highest DNA damage (Fig. 1).

Flow cytometry analysis was performed at the timepoints (0, 24,
48, and 72 h) in order to identify the timing of changes in scatter
features (P1) and viability (P2). P1 analysis was performed with the
aim of detecting apoptotic cells [4]. The ANOVA clearly showed that
there were differences between the storage solutions (p < 0.01). The
Tukey test revealed differences between PBS and EDTA as well as
FBS and EDTA. Then the FBS presented the highest averages, indicat-
ing minor morphologic scatter changes in cells. This was followed
by PBS and then EDTA (Table 1). P1 analysis still revealed an effect
of sampling time, with 72 h being different than the other groups.
An interaction for time and solution was not detected. These differ-
ences observed only at 72 h indicated by the lower media levels of
morphologically intact cells.

The P2 analysis was performed by using propidium iodide in
order to verify cellular viability. The ANOVA showed a difference
between the treatments (p<0.01), indicating a solution effect as
well as a time effect. However, we did not observe an interaction

:Tt:)v{lec:/tometry: differences between solutions and differences between times.

Solutions Times

PBS EDTA FBS Oh 24h 48 h 72h
Average transformed of P1 122.432 46.51° 127.142 105.23A 102.167 99.784 87.618
Average transformed of P2 40.05¢ 43.16¢ 24.744 27.72¢€ 34,73CP 39.140 42.34P

Cytometry data were transformed with +/x + 0.5, where x was the absolute value of the number of events in 20,000 cells without changes in scatter features (P1) and without
viability (P2). Different solutions (PBS, EDTA and FBS) were analyzed over different times (0 h, 24 h, 48 h and 72 h). Small superscript letters (a-d) indicate comparison between
solutions and capital superscript letters (A-D) indicate comparison between times, in all situations p <0.01. The same letters indicate the lack of a statistically significant

difference, and different letters indicate a statistically significant difference.
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Fig. 2. Pl viability of cells gated from R1. Histograms indicate unviable cells dislocated under the bars.
between time and solution. There was no difference between the These data together show that FBS best preserved both cells and

PBS and EDTA solutions, but differences were present for EDTA and their genetic material. Preservation in PBS was statistically similar
FBS as well as PBS and FBS. EDTA was the solution with the higher to that in FBS in the P1 (morphology analysis), suggesting that PBS

number of unviable cells. PBS had fewer unviable cells, and FBS provoked little morphological alteration. However, the P2 analysis
had the lowest number of unviable cells (Table 1). The Tukey test showed that the cells were unviable. These data confirm the results
showed a difference between the timepoints of 0 and 72 h; the inter- obtained by comet assay, which showed significantly more DNA
mediate periods (24-48 h) were similar to both the initial and final breaks in cells maintained in PBS than in FBS. These results may
timepoints. Fig. 2 shows unviable cells dislocated under the bars. be related to the low osmolarity of PBS (149.14 mM) in comparison

When the different solutions were compared, we observed that to that usually found in cells of freshwater fish (i.e., 292.5mM in
FBS best preserved the fish blood samples collected. There were Salmo trutta[13]). The osmolarity difference between blood and PBS

no significant differences between preservation samples until 72 h could have led to a water influx in cells that did not undergo either
after collection; at this point, cells preserved in FBS showed lower alteration in their morphology or debris formation. The nucleus
DNA damage than cells preserved in the other two solutions. Our may have thus been affected (expelled), reducing cellular viability.
results suggest that PBS and EDTA are not sufficient for preserving EDTA was used for blood sample preservation because of its

cell genetic material over time. function as an anticoagulant. This agent sequesters calcium ions,
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important cofactors of several serine proteases of the blood coag-
ulation cascade, and it is, therefore, a good anticoagulant [8].
However, our data showed that EDTA is not a good solution
for preserving the samples analyzed. In cytometry assays, we
observed that EDTA slowly leads to damage in genetic mate-
rial of the cells in suspension (Table 1). This finding supports
studies that verified the progressive and irreversible loss of
antigen-specific lymphoproliferative responses in peripheral blood
mononuclear cells obtained from blood exposed to EDTA [8].
Moreover, a report made by Machella et al., 2006 showed that
when DNA of teleost fish (seabass Dicentrarchus labrax) was
extracted and maintained in the presence of EDTA, this com-
pound also could not reduce basal levels of DNA strand breaks
[14].

FBS was the optimal solution tested. This characteristic may
be due to its composition. The serum is a rich source of pro-
teins, growth factors, amino acids, carbohydrates, ions, vitamins
and other compounds. Several components of the serum are
likely beneficial for protecting the blood samples in this study.
Moreover, the high quantity of glucose present in the serum
(~0.6-1.2mg/ml) [15] could serve as an energy source for cellular
metabolism [16]. The presence of protease inhibitors is particu-
larly important because of their anti-trypsin activity, which inhibits
this enzyme to act in blood cells. Additionally, the osmolarity
of the serum (322mM [15]) was similar to that of the blood of
freshwater fish (292.5mM in Salmo trutta [13]). Therefore, this
solution is suitable for this cell type. However, further evalu-
ation may reveal that this solution is not the best option for
marine organisms (osmolarity 1118.32 mM in Myxine blood, hagfish
[13]).

Interestingly, the samples maintained in FBS for 72 h showed
minor DNA damage that was not present at 48 h. Similar data were
obtained for PBS. Since the comet assay is a very sensitive method,
these data suggest that DNA repair may occur in the cells during
the time evaluated [17].

We thus conclude that fetal bovine serum best preserved the
blood cells and genetic material of freshwater fish for times rang-
ing from O to 48 h. Then we recommend its use (at 4°C in the
absence of light) for maintaining blood collected from fish in the
field when immediate processing of the material for comet assay
biomonitoring is impossible.
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