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Aims: Chemotherapy-associated cognitive impairment often follows cancer chemotherapy. We explored
chemotherapy-induced DNA damage in the brain cells of mice treated with 5-fluorouracil (5FU), an antineo-
plastic agent, to correlate the extent of DNA damage to behavioral functioning in an autoshaping-operant
mouse model of chemotherapy-induced learning and memory deficits (Foley et al., 2008).

Keywords: Main methods: Male, Swiss-Webster mice were injected once with saline or 75 mg/kg 5FU at 0, 12, and 24 h
chtlgslshl;;gg and weighed every 24 h. Twenty-four h after the last injection, the mice were tested in a two-day acquisition
Chemotherapy and the retention of a novel response task for food reinforcement. Murine brain cells were analyzed for the pres-
Cognition ence of single- and double-strand DNA breaks by the single cell gel electrophoresis assay (the Comet assay).

DNA damage Key findings: We detected significant differences (p < 0.0001) for all DNA damage characteristics (DNA “comet”

tail shape, migration pattern, tail moment and olive moments) between control mice cohort and 5FU-treated
mice cohort: tail length — 119 vs. 153; tail moment - 101 vs. 136; olive moment — 60 vs. 82, correspondingly.
We found a positive correlation between increased response rates (r = 0.52, p < 0.05) and increased rate of
errors (r = 0.51, p < 0.05), and DNA damage on day 1. For all 15 mice (saline-treated and 5FU-treated mice),
we found negative correlations between DNA damage and weight (r = —0.75, p < 0.02).

Significance: Our results indicate that chemotherapy-induced DNA damage changes the physiological status of
the brain cells and may provide insights to the mechanisms for cognitive impairment after cancer chemotherapy.

5-Fluorouracil

© 2013 Elsevier Inc. All rights reserved.

Introduction

The effects of chemotherapeutic agents on learning and memory
behavior remain poorly understood, although recently established
rodent models provide a powerful experimental approach to the
“chemo-fog” problem (Seigers and Fardell, 2011). Several recent
studies discuss hypothetical molecular and cellular mechanisms for
chemotherapy-induced learning and memory deficits (Dietrich et
al., 2006; Briones and Woods, 2011; Janelsins et al., 2012) but, to
date, no studies have addressed chemotherapy-induced DNA damage
per se in brain cells in relationship to learning and memory. While
damage of cellular DNA can occur by spontaneous hydrolysis, alkyl-
ation, or bioactive molecules such as toxins, many chemotherapeutic
agents are targeted against DNA, and the compromised DNA integrity
is the major mechanism of their antineoplastic activity (Figg and
McLeod, 2004).
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Treatment of cells with one of the most widely used anticancer
drugs, 5-fluorouracil (5FU), leads to the incorporation of abnormal
fluorouracil and uracil residues into DNA causing FU/A and U/A mis-
matches, and eventually DNA damage (Krynetskaia et al., 2008). The
well-known adverse effect of this chemotherapeutic agent is substantial
toxicity against normal cells, and the damage introduced into DNA of
brain cells is hypothesized either to account for, or accompany the cog-
nitive impairment associated with conventional chemotherapy.

In this study, we set out to test a hypothesis that DNA damage is a
molecular marker that is related to learning and memory changes
we have observed in mice treated with 5FU in variations of the
autoshaping learning and memory task (Foley et al., 2008; Walker,
2010; Walker et al., 2011). As the first step toward this goal, we
established a simple and robust Comet assay to monitor the physical
integrity of DNA in the murine brain cells following treatment with
5FU. Formation of single- and double-strand breaks in the genomic
DNA of control (saline-treated) and 5FU-treated mice was evaluated
by the single cell gel electrophoresis assay (the Comet assay). In this
assay, analysis of electrophoretic mobility at neutral pH reveals the
accumulation of double-strand breaks, while alkaline gel electropho-
resis is sensitive to the formation of both double- and single-strand
breaks in the DNA backbone. The semi-quantitative assessment of
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DNA degradation after in situ cell lysis was performed by comparing
DNA migration patterns in murine brain samples and human cultured
cells (non-small cell lung cancer cells A549) treated with 5FU or
hydrogen peroxide. Next, we estimated the DNA integrity in mice
treated with 5FU after testing the mice in a protocol previously used
to demonstrate acquisition and retention impairment in mice (Foley
et al., 2008). These experiments demonstrated that the evaluation of
DNA damage could be a useful tool in assessing the adverse effects
of chemotherapeutic agents in mice.

Material and methods
Subjects

Male, Swiss-Webster mice weighing 29-42 ¢ were used (Ace
Animals, Philadelphia, PA), Mice were group-housed in a vivarium
maintained at 21 °C with humidity set at 30-40% under a 12 h
light/dark cycle. The mice had access to food and water ad libitum
until behavioral testing. After at least a week long acclimation period
in the vivarium, the mice were injected i.p. with either saline (n = 7)
or 75 mg/kg 5FU (n = 8) at timepoints 0, 12, and 24 h as shown on
the flow chart of the experimental procedures on Fig. 1. This dosing
regimen was based on allometric techniques to convert relevant
human doses and dose schedules to comparable mouse doses and
schedules (Boxenbaum, 1982; Tang and Mayersohn, 2005) and the
pharmacokinetics of 5FU in plasma and tumor cells (Peters et al., 1993).
Twenty-four h prior to the first day of testing in the autoshaping-
operant procedure, mice were food-restricted, weighed, and then sepa-
rated into individual cages with water available ad libitum. Immediately
after the second behavioral testing session (72 h after the first injection),
mice were euthanized, and their brains excised. Mice were weighed prior
to injections at 0, 24, and 48 h and prior to behavioral testing at 72 h. All
mice were maintained in accordance with the guidelines of the Institu-
tional Animal Care and Use Committee of Temple University and the
Guide for the Care and Use of Laboratory Animals, 8" Ed. The highest
standards of animal welfare were maintained throughout these studies
and the experiments were designed to reduce the number of mice re-
quired by using a repeated measures procedure to measure behavior
and by using cryopreserved tissues for replicated analysis of control
brain cells.

Isolation of brain cells

Brain cells for the Comet assay analysis were prepared as described
(Singh, 1998). Briefly, the brain was immersed in ice-cold PBS
containing 200 uM N-1-butyl-alpha-phenytrone, washed 4 x 20 ml
PBS, and dispersed using a hand-held tissue press (BioSpec Products,
Inc., Bartlesville, OK). The tissue pieces were washed 4 x 20 ml PBS,
and dispersed into single-cell suspension in 5 ml cold PBS with 5 ml
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pipette. Cells were filtered through 40 um nylon cell strainer (Fisher
Scientific, Pittsburgh, PA). Cell count and viability were determined
using ViaCount reagent (Guava, CA). Cells were concentrated by
centrifugation, and cryopreserved at 10 min/ml in DMEM medium
supplemented with10% FBS and containing 10% DMSO, in liquid
nitrogen.

Comet assay of DNA damage

Frozen cells were thawed in a water bath at 37 °C, immediately
transferred to 15 ml cold DMEM medium supplemented with 50% FBS
and 10% dextrose, and centrifuged at 200 xg for 10 min at +4 °C. Cell
pellets were resuspended in cold 1 x PBS at density 1 x 10° cells/ml.
The slide preparation and the Comet assay were performed according
to a manufacturer's protocol (Trevigen Inc., Gaithersburg, MD). A549
non-small cell lung cancer cells (ATCC, NIH) treated with 0.2 mM
H,0, for 20 min at 37 °C were used as positive control, and untreated
A549 cells used as negative control in each Comet assay analysis. Each
slide contained three agarose gel-imbedded samples. Briefly, 200 pl
melted LMA agarose was mixed with 20 pl cells, and loaded onto
FLARE slides (Trevigen Inc., Gaithersburg, MD). Slides were left to solid-
ify at 4 °C in the dark for 35 min, and incubated in the lysis solution at
4 °Covernight. Slides were washed (3 x 5 min) by 1 x FLARE Washing
buffer 1, and equilibrated in the alkaline electrophoresis solution for
20 min. Alkaline electrophoresis was performed in freshly prepared
alkaline electrophoresis solution (0.3 M NaOH, 1 mM EDTA, pH 12.1)
at 20 V for 40 min. Slides were washed with water (2 x 10 min),
fixed with 70% ethanol, and air-dried. DNA staining was performed
with the SYBR Green I staining solution for 40 min at room tempera-
ture. Images were recorded by Nikon Eclipse 50 epifluorescent micro-
scope equipped with a CCD camera.

Behavioral testing

Apparatus

Twelve mouse experimental chambers (21.6 cm x 17.8 cm x
12.7 cm, Model ENV-307W, MED Associates, St. Albans, VT) were
used. Each chamber was housed within a sound-attenuating enclosure
and connected to a computer-driven interface (Model SG-502, MED
Associates, St. Albans, VT). One wall of the chamber contained three re-
ceptacles: one large dipper hole in the center (ENV 313 M) and two
smaller nose-poke holes on the left and right (ENV 313 W). A dipper
lever and dipper well were located behind the center dipper hole. The
opposite wall featured a house light that illuminated the chamber dur-
ing the session. Each chamber was also equipped with an audible tone
device (Sonalert, 2900 Hz, Mallory Sonalert, Indianapolis, IN, USA).
Nose-poke responses into each hole were detected by photocell head
entry detectors (ENV 303HD) and recorded.

Flow chart of sample collection
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Inject Inject Inject Behavior 1

ﬂ 24hr ﬂ{}, Collect

brains

Behavior 2

Fig. 1. Flow chart of the experimental design. Upward arrows designate drug injections, and behavioral experiments, as indicated. Downward arrows indicate the time points for
weighing mice. After 72 h, mice were sacrificed, and neural cells isolated and analyzed as described in Materials and methods.
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Autoshaping-operant procedure

Twenty-four hours after food restriction, the mice began the acqui-
sition phase (day 1) of the autoshaping-operant procedure (Foley et
al., 2008). Mice were weighed and placed inside the experimental
chambers for a 15 min habituation period. A solution of 50:50
vanilla-flavored Ensure:water was located in the dipper well just
under the dipper nose poke hole. At the start of the session, the house
light illuminated the chamber and a tone on a variable-time schedule
(mean of 45 s, range 4-132 s) was sounded for 6 s or until a nose-
poke response occurred. If the mouse made a dipper-hole, nose-poke
response during the tone, a dipper lever with 0.01 ml of a solution
was presented and the tone was turned off. If no dipper-hole response
was made during the tone, there were no consequences. Each session
lasted for 2 h or until 20 reinforced nose-pokes were recorded. After
the session, mice were fed 4 g of food and returned to their cages
until testing again 24 h later. On day 2, all mice were placed back into
the chambers for the retention test.

Data acquisition and statistical analysis

In the behavioral tests, each response into the center nose-poke
hole in concert with the tone was recorded as a correct, reinforced
response. A general measure of speed of acquisition and retention
was the total number of responses in the dipper nose-poke hole dur-
ing the session - regardless of the presence or absence of the tone -
divided by the total session time (s) for each mouse. The latency to
earn the 10th reinforcer and the number of responses made during
the absence and presence of the tone were recorded. In addition,
the number of responses into the left and right nose-poke holes was
also recorded and divided by the total session time (s) for each
mouse. This response-rate measure was taken as an assessment of
as errors in discrimination performance. Body weights between the
saline- and 5FU-treated mice across the four time points were ana-
lyzed using a two-way ANOVA with treatment and time as the two
factors while comparisons between saline- and 5FU-treated mice on
these behavioral measures were determined by unpaired Student
t-tests (Prism 5 for Windows, Version 5.01). Pearson and partial cor-
relations between behavior or physiological factors and the olive tail
moment were determined by IBM SPSS (v.20 for Windows).

For the DNA studies, five images were acquired from each spot,
and image analysis of 20-25 cells from each image was performed
using Image] 1.45 s software (NIH). Images were analyzed with
CometScore freeware (TriTek, Sumerduck, VA). Tail length was deter-
mined as head diameter subtracted from comet length, tail moment
was defined as percent of DNA in tail multiplied by tail length, olive
tail moment was defined as the summation of tail intensity profile
values multiplied by their relative distances to the head center, divid-
ed by the total comet intensity. Two sample t-test, Mann-Whitney U
test, and one-way ANOVA were used for statistical evaluation, as
implemented in Statistica 7 package (StatSoft, Tulsa, OK).

Results
Behavioral testing and DNA analysis in mice cohorts

Over the course of 72 h and the three injections of 75 mg/kg 5FU
or saline (see Flow chart of sample collection, Fig. 1), the mice in
the 5FU group lost 3.9 4 0.85 g while the mice in the saline group
lost only 2.4 £+ 0.61 g. However, this trend for weight loss was not
significant either between the two groups or across the four different
time points. Between 24 and 48 h, the mice are food restricted prior
to behavioral testing and then receive 3 g of chow after testing at
48 h. This experimental constraint for behavioral testing actually
over-represents the actual amount of weight lost due to injections
and chemotherapy (Fig. 2). Otherwise, the mice were healthy and
there was no evidence of any adverse effects from the 5FU treatment.

The saline-treated mice responded 0.068 4 0.026 responses/s on day
1 which significantly increased to 0.25 4+ 0.061 responses/s on day 2
indicating that the response was learned and retained over the course
of the two days (t(6) = 4.201, p < 0.01). The 5FU-treated mice, how-
ever, responded 0.10 + 0.033 responses/s on day 1 which was not
significantly different than the response rate of 0.18 4+ 0.079 -
responses/s on day 2 indicating that this group of mice failed to dem-
onstrate the same degree of acquisition and retention of the novel
nose-poke response although the 5FU-treated mice nearly doubled
their response rates from day 1 to 2.

For the saline-treated mice, the number of correct responses made
in the absence and presence of the tone was 280/12 on day 1 and
524/18, respectively. For the 5FU-treated mice, the number of correct
responses made in the absence and present of tone was 332/14 on
day 1 and 367/15 on day 2, respectively. Although the mice in either
group are not discriminating between responding during the tone and
not responding in the absence of the tone at this early point of two
days of training, the saline-treated mice are making significantly more
responses on day 2 (t = 2.76, p < 0.03) in the correct nose poke hole
whereas the difference between day 1 and 2 was not significant for
the 5FU-treated mice. There were no differences in the latencies to
respond for 10 reinforcers between the two groups. The saline-treated
mice decreased their response rates in the incorrect nose poke holes
from 0.0044 + 0.0016 responses/s on day 1 to 0.0019 + 0.00060 -
responses/s on day 2. The 5FU-treated mice also decreased their
error rates from 0.0054 4 0.0020 responses/s on day 1 to 0.0014 +
0.00032 responses/s on day 2 indicating that both groups of mice
were able to ascertain the correct nose poke hole from the incorrect
nose-poke holes by day 2.

Following excision, murine brains were washed with 1 x PBS with
200 pM PBN, to prevent radical-induced damage to DNA (Singh,
1998). After tissue dispersion, cells were evaluated by flow cytome-
try, and inspected microscopically. Most cells were viable (70-75%
viability) as tested by dye-exclusion assay, and round-shaped. Total
number of isolated cells was enough for preparing 3-5 cryo-
preserved batches (10 min/vial); cells were kept in liquid nitrogen
for future experiments.

Assessment of the DNA “comet” tail shape, migration pattern, tail
moment and olive moments were used for semi-quantitative estima-
tion of DNA damage in whole brain cells (Table 1). Analysis of Comet
assay images revealed that the DNA migration patterns differed be-
tween mice treated with saline and those treated with 5FU (Fig. 3).
Our data indicate that relatively short-term treatment with 5FU at
therapeutically relevant concentrations resulted in the accumulation
of DNA damage, as evidenced by higher electrophoretic mobility and
larger tail moment values in the cells obtained from 5FU-treated mice
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Fig. 2. Changes in mouse body weights after saline (open bars) or 5FU (closed bars)
treatment on at the beginning of the experiment (0 h), the last day of injections
(24 h), and the first (48 h) and second day (72 h) of behavioral testing. Although
the 5FU-treated mice lost 3.9 4 0.85 g while the mice in the saline group lost 2.4 +
0.61 g over the course of the 4 days, this difference between groups was not statistical-
ly significant nor was the difference between the body weights on day 4 different from
the body weights at baseline.
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(Table 1). The Comet assay demonstrated that a significant difference
(p < 0.0001) exists for DNA damage characteristics between the control
mice cohort and the 5FU-treated mice cohort including tail length, tail
moment, and olive moment.

Correlations between DNA damage and behavioral or
physiological functioning

Using the entire cohort of mice (n = 15), we found a statistically
significant correlation between the level of DNA damage and the
response rate to make correct nose poke responses while the mice
were learning the novel response task (r = 0.52, p < 0.05) and the
rate of errors (r = 0.51, p < 0.05) on day 1 (Fig. 4A and B). Therefore,
the greater the level of DNA damage, the faster the mice responded to
earn the food reward and to make errors. This relationship may be
related to the observation that a negative correlation was found be-
tween the body weight of mice on the last day of the experiment and
DNA damage (Fig. 4C). There was a negative correlation (r = —0.75,
p < 0.001) between beginning body weights at baseline (0 h) and even-
tual DNA damage. This inverse relationship between beginning body
weights and DNA damage remained throughout the experiment so
that by the last day of behavioral testing at 72 h, the correlation be-
tween weight and DNA damage was also significant (r = —0.60,
p < 0.02). There were no correlations between weight loss and DNA
damage or between beginning body weight and degree of weight loss
(n = 15). In other words, the smaller mice had greater DNA damage
independent of treatment or the amount of weight lost. When body
weight was used as a covariate using a partial correlation, the relation-
ship between DNA damage and the rate of errors remained significant
(r = 0.54, p < 0.05) but the correlation between DNA damage and the
rate of responding in the correct nose poke hole was not. This analysis
suggests that the increased response rates observed are not directly
related to the DNA damage but more likely related to the body weight
of the mice.

Discussion

In addition to clinical findings that cancer chemotherapy can induce
cognitive deficits (e.g., McDonald et al., 2012), preclinical in vivo and in
vitro studies reveal 5FU and methotrexate can produce learning, mem-
ory, and cognitive deficits and cytotoxicity (Dietrich et al., 2006; Han et
al., 2008; Fardell et al., 2010, 2011). Recently our laboratory has taken
advantage of a high-throughput learning and memory screen called
autoshaping in mice (Vanover and Barrett, 1998) which we modified
to include predominantly instrumental as opposed to predominantly
Pavlovian learning to study chemotherapy-induced learning and mem-
ory deficits in mice (Foley et al, 2008; Walker, 2010; Walker et al.,
2011). This behavioral model provides us with an avenue for exploring
the molecular events associated with chemotherapy-induced damage
in brain at the cellular level. Many conventional chemotherapeutic
agents are targeted against DNA, and the antitumor activity of these
drugs is due to cytotoxic effects induced by activating DNA damage
response in the cancer cells (Bouwman and Jonkers, 2012). As a
consequence, multiple signal and regulatory pathways are up- or
down-regulated leading to altered or abrogated physiological functions.

Table 1

Migration patterns of DNA as determined by a single cell electrophoresis after in situ
lysis (Comet assay) in two cohorts of mice (saline-treated, n = 7 vs. 5FU-treated,
n = 8) (p value by t-test).

Treatment Saline 5FU P value
Tail length 119 153 <0.0001
Tail moment 101 136 <0.0001
Olive moment 60 82 <0.0001

In this study, we set out to test a hypothesis that DNA-damaging ef-
fects of chemotherapy may contribute to chemotherapy-associated
cognitive impairments in cancer patients. Our goal was to define a mo-
lecular marker of abrogated or impaired functioning of neural cells asso-
ciated with effects of chemotherapeutic agents. If identified, such a
marker would allow developing better, more precisely directed chemo-
therapeutic regimens that improve quality of life of cancer patients, and
reduce the burden of chemotherapy.

Similar to many other antimetabolite drugs, 5FU exerts its cyto-
toxic effect after anabolic activation of a prodrug to cytotoxic metab-
olites (Longley et al., 2003). While the metabolic pathways leading to
anabolic activation or catabolic inactivation of 5FU are well character-
ized, the exact mechanism of cytotoxicity still remains a matter of dis-
cussion (An et al., 2007; Pettersen et al., 2007; Grogan et al., 2011).
The cytotoxic effect of 5FU misincorporated into DNA is hypothe-
sized to be mediated by complex biochemical mechanisms including
compromised DNA integrity and chromatin modification, rather
than by the direct inhibition of DNA replication (An et al., 2007;
Kunz et al., 2009).

Following metabolic activation, 5FU is incorporated into DNA and
is further processed by DNA repair machinery. Several studies in mice
demonstrated that the incorporation of 5FU into genomic DNA corre-
lated with 5FU cytotoxicity. In mice, the major enzyme involved in
the detection and removal of 5FU from DNA is Smugl DNA
glycosylase, while in humans the enzyme uracil-DNA-glycosylase is
the major enzyme that removes 5FU from DNA. Nevertheless, the
downstream effects of 5FU are probably the same in these two
species. Biochemical processing of 5FU incorporated into DNA in-
cludes its removal, and initiation of DNA damage response utilizing
the components of the base excision repair and mismatch repair
systems (Cortazar et al.,, 2011; Kemmerich et al.,, 2012). Accumulation
of single- and double-strand breaks in DNA is a clear indication of 5FU
cytotoxic effect (Kunz et al., 2009).

The Comet assay provides a convenient, semi-quantitative method
to detect DNA damage in whole cells. This technique directly esti-
mates DNA damage in individual cells by determining the length of
DNA migration in the electric field, after cell lysis in situ. This DNA mi-
gration pattern is derived from broken DNA fragments that migrate
away from the head or nucleus region. Although precautions were
taken to avoid oxidative damage of DNA in the process of cell isolation,
we still noticed a relatively high level of DNA damage in the control
(saline-treated) cohort. The reasons for the high level of DNA damage
in the control mice are unclear but may be related to factors such as
age, diet, or variations in the level of DNA glycosylases e.g. Smugl,
Tdg, Ung, or Mbd4 (Kemmerich et al., 2012) that were not measured
in the present study.

In our experiments, a strong factor associated with DNA damage
was smaller body weight, independent of treatment condition, an ob-
servation that still remains to be elucidated. Although a negative cor-
relation existed between body weight at 0 h and 72 h and DNA
damage, there was no such relationship for weight loss and DNA
damage. The heavier mice at the beginning of the experiment were
less likely to show DNA damage suggesting that whatever factors
contribute to larger body weights in mice (slight variations in age,
genetics, dominance, rate of metabolism, etc.) were protective when
it came to DNA damage. The 5FU treatment failed to significantly
alter body weight over the course of the 72 h of injections and testing
although the 5FU-treated mice lost approximately 1.5 g more weight
than the saline-treated mice. However, despite the lack of significant
differences between the groups, the relationship still exists across
both treatment groups, that the smaller saline- or 5FU-treated mice
displayed greater DNA damage.

The acute and chronic treatment of 5FU to mice produces deficits
in acquisition and/or retention in variations of this autoshaping pro-
cedure (Foley et al., 2008; Walker, 2010; Walker et al., 2011). Similarly,
after three injections of 5FU spaced at 12 h intervals, we observed an



E. Krynetskiy et al. / Life Sciences 93 (2013) 605-610 609
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Fig. 3. Evaluation of DNA damage in the murine brain cells by alkaline Comet assay. Panel A: Epifluorescence microscopy images of the Comet assay slides after single-cell electro-
phoresis in alkaline conditions. Panel B: Quantitative analysis of images shown in Panel A using CometScore software (TriTek, Sumerduck, VA), as described in Materials and

methods section.

increase in the error discrimination rate, and a deficit in the ability to
learn a novel response (i.e., a significant difference in response rates be-
tween day 1 and 2) in mice. Although these data indicate a retardation
of the learning and/or retention of the novel response, all of the mice
still learned the response and reduced their errors by day 2. Other indi-
ces of learning were not altered such as adjusted latency or any reten-
tion measures for response rates suggesting that this regimen of

Correct Response Rate

Rate of errors

dosing and testing produced mild deficits. The increased rate of
responding in the dipper well for the reward and the rate of responding
in the incorrect nose-poke holes on day 1 both were correlated with the
extent of DNA damage. Interestingly, when 5FU is administered as an
acute dose, 30 min prior to testing, no changes are observed on day 1
but a decreased response rate in the correct dipper nose poke hole on
day 2 (Foley et al, 2008) and when 5FU is administered weekly for
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Fig. 4. Linear regression analyses of the relationships between olive tail (DNA damage) and correct response rates on day 1 (Panel 4A), rate of errors on day 1 (Panel 4B), and body
weights on day 4 (Panel 4C). Higher DNA damage was observed in mice with low body weight, in mice treated with saline or 5FU at day 4.
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3 weeks, both acquisition and retention deficits are observed (Walker
et al., 2011). However, when body weights were used as a covariate,
only the rate of responding in the incorrect nose-poke hole (i.e., error
rate) remained significant suggesting the increased response rate into
the correct nose poke hole in the current study is more closely related
to the differences in body weights. The fact that the DNA damage corre-
lated with error rates on day 1 and not day 2 suggests that the learning
or acquisition measures for a novel task were disrupted to a greater ex-
tent than the memory or retention measures for a recently learned task
(i.e., 24 h ago). Taken together, these results demonstrate that the
behavioral effects of 75 mg/kg 5FU using this dosing regimen are rela-
tively modest and that the extent of global DNA damage in either
saline- or 5FU-treated mice is disruptive to certain measures of acquisi-
tion. Future studies can examine relationships between the long term
consequences of the DNA damage, the relationship of frequency of dos-
ing and time of testing, the relevance of body weight, and the behavioral
changes.

Conclusion

Our results support the hypothesis that chemotherapy-induced
DNA damage of murine brain cells is associated with behavioral
changes. DNA damage may change the gene expression status and
functioning of neural cells, and therefore provides a hypothetical
mechanism for cognitive impairment after pharmacological manage-
ment of cancer.
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