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Abstract

Purpose—Fatigue is the most ubiquitous side effect of cancer treatment, but its etiology remains
elusive. Further investigations into cancer-related fatigue pathobiology necessitate the expanded
use of animal models. This study describes the development of a murine model of radiation-
induced fatigue.

Methods—Voluntary wheel running activity measured fatigue in 5-8 week-old, male C57BL/6
mice before and after vy irradiation totaling 2400 cGy (3 consecutive days x 800 cGy daily
fractionated doses) to the lower abdominal areas. Three trials confirmed fatigue behavior at this
dose. Anhedonia, body weight, and hemoglobin were also measured. Gastrointestinal, skeletal
muscle, and bone marrow tissue samples were evaluated for signs of damage.

Results—In two validation trials, irradiated mice (trial 1, n=8; trial 2, n=8) covered less
cumulative distance in kilometers post-irradiation (trial 1, mean=115.3+12.3; trial 2,
mean=113.6+21.8) than sham controls (trial 1, n=5, mean=126.3+5.7, p=0.05; trial 2, n=8,
mean=140.9+25.4, p=0.02). Decreased mean daily running distance and speed were observed
during the last four hours of the dark cycle in irradiated mice compared to controls for two weeks
post-irradiation. There were no differences in saccharin preference or hemoglobin levels between
groups, no effect of changes in body weight or hemoglobin on wheel running distance,
additionally, histology showed no damage to muscle, bone marrow, or gastrointestinal integrity,
with the latter confirmed by ELISA.

Conclusion—We characterized a novel mouse model of fatigue caused by peripheral radiation
and not associated with anemia, weight changes, or anhedonia. This model provides opportunities
for detailed study of the mechanisms of radiation-induced fatigue.
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1. Introduction

Fatigue is the most distressing, costly, and ubiquitous symptom experienced by patients with
cancer, especially during treatment. [1-3]. Cancer-Related Fatigue (CRF) is a complex,
multidimensional condition associated with cognitive deficits, persistent tiredness unrelieved
by sleep or rest, and weakness not proportional to recent activity [1, 4]. It causes
disturbances in memory, mood, motivation, and attention, interfering with daily function and
negatively affecting patients’ quality of life [5, 6]. CRF severity varies over the course of the
day, usually worsening in the evening [7, 8]. Importantly, CRF is a key reason for decreased
compliance or discontinuation of potentially life-saving cancer therapies [9-11]. However,
definitive mechanisms and treatments for CRF remain elusive [12].

Both peripheral and central inflammatory pathways have important influences on CRF
during and after treatment [13-15]. Our group has observed associations between
inflammatory markers and intensification of fatigue in men with non-metastatic prostate
cancer receiving external beam radiation therapy (EBRT) [16]. The development of CRF
upon treatment initiation and persistence after treatment completion suggests that radiation
therapy (RT) triggers CRF initiation. We seek to understand how the physiological responses
to localized, peripheral irradiation lead to fatigue development. Clinical studies, which have
predominated CRF research to date, rely mainly on patient self-report with results that may
be subject to differences in patient genetics, psychological responses to cancer diagnoses/
treatment, and other factors that make causation difficult to infer. However, mouse models
provide researchers with an ideal system for overcoming such challenges. In addition to
allowing strict control of experimental conditions, treatments, genetics, and sample
collection for biochemical or histological analysis, behavioral assays can quantify aspects of
subjective symptoms to assist in phenotyping the condition of interest. Therefore, a mouse
model of radiation-induced fatigue would be instrumental to understanding the pathobiology
underlying this debilitating condition.

Existing /n vivo mouse models examining fatigue-like behavior related to cancer or cancer
therapy involve the use of one or more of the following: tumorigenic mice [17],
chemotherapeutics [10, 18], antigenic challenge such as lipopolysaccharide or cytokine
administration [19, 20], or brain or total body irradiation [21, 22]. These models often show
symptoms associated with CRF, including cognitive deficiencies, assessed by learning or
memory tests [23], and depressive behaviors, such as anhedonia [20]. However, the
relationship of cognitive deficits and depression, as well as other commonly associated
factors, such as anemia and weight changes, to CRF as a result of peripheral irradiation is
unclear. We hope to generate fatigue-like behavior in mice through peripherally localized
radiation, simulating the fatigue observed in men who have received EBRT for non-
metastatic prostate cancer, while explaining concomitant, and possibly confounding
symptoms.
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In this study, we outline the development of a murine model of radiation-induced fatigue
through peripherally-targeted, fractionated irradiation. The primary outcome of fatigue
development was assessed by voluntary wheel running activity (VWRA), a common
measure of fatigue-like behavior in mice [17, 18]. To further characterize fatigue behavior in
this model and identify alternative explanations for its presence, we measured relevant
physiological and behavioral parameters. These include assessing fatigue behavior through
incremental changes in VWRA speed and distance during the dark phase (waking hours) of
the day, because mice do not use running wheels for a significant amount of time during the
light phase [24, 25]. Additionally, anemia, weight changes, changes in reward-seeking
behavior (hedonia) that is indicative of depressive behavior, and damage to gastrointestinal
tissues, skeletal muscle, and bone marrow were evaluated. We present a unique, reproducible
model of radiation-induced fatigue with the potential to further investigate the etiology of
fatigue and serve as a preclinical assay for testing potential CRF therapeutics.

2. Materials & Methods

2.1 Ethical considerations

This study was approved by the National Heart, Lung, and Blood Institute Animal Care and
Use Committee (NHLBI ACUC # H-0288). All investigators taking part in animal handling
and measurement of study outcomes were properly trained by the National Institutes of
Health (NIH) Office of Animal Care and Use and the NHLBI Murine Phenotyping Core. All
aspects of animal testing, housing, and environmental conditions used in this study were in
compliance with The Guide for the Care and Use of Laboratory Animals [26].

2.2 Housing and Experimental Animals

Five week old male C57BL/6 mice (16.0-24.8 grams) were purchased from Charles River
Laboratories (Frederick, MD) and tattooed on their tails upon arrival for identification. Mice
were assigned to individual polyethylene cages (Innovive Inc., product code: M-BTM-AD,
San Diego, CA), which were kept in the NHLBI Murine Phenotyping Core animal facility
rooms at 21-23°C, 45-50% relative humidity, and on a 12:12 hour light-dark cycle with the
light phase beginning at 6am and dark phase at 6pm. Mice received ad libitum access to
water and chow (NIH Rodent Diet 31, Bethesda, MD). Bi-daily checks were performed and
documented to ensure good general health status of the mice, and food and water
availability. Mice were housed individually for the full duration of the trial.

To mitigate stress due to travel, tattooing, or adjustment to new surroundings, 24 hours was
allowed for recovery. After this initial 24-hour acclimation period, each mouse was handled
gently for a period of three minutes for three consecutive days to decrease stress during
procedures. Each mouse was weighed daily during this handling period, and weekly
thereafter, to ensure they were in good overall health and to characterize any relationship
between body weight and fatigue behavior.

2.3 Running Wheel Acclimation

Following completion of handling, mice were introduced to individual voluntary wheel
running cages (Lafayette Instrument Company, # 80820, Lafayette, IN) equipped with
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compatible electronic counters (Lafayette Single Mouse Activity Wheel Counter, # 86061,
Lafayette, IN) for continuous recording of the number of wheel revolutions and distance (in
meters) traveled for the entire length of the experiment. Wheel running activity was recorded
for five to seven days during acclimation to identify any outliers. On day 10 of the
experiment, mice were divided randomly into either a sham control or an irradiated group.

2.4 Experimental Procedures

The development of this radiation-induced fatigue mouse model was conducted in two
sequential phases. The first phase was finding the minimum radiation dose capable of
producing fatigue behavior without signs of morbidity, debilitation, or mortality. This phase
involved two pilot trials where animals’ response to different y radiation dosages was
monitored. In the first of these pilot trials, mice received sham irradiation (n=3), or 100, 200,
300, or 400 cGy (n=4 mice/dose) per day for 3 successive days. In pilot trial 2, mice were
assigned to sham irradiation (n=3), 600 cGy (n=4) or 800 cGy/day (n=4) for 3 days.

The goal of the second phase of the study was to validate the selected radiation dose that
generated the fatigue behavior in mice in the first phase without evident toxicity or
morbidity. Through two independent trials in the second phase of the study, we hoped to
characterize and confirm the fatigue behavior generated by the selected radiation dose. Both
of study phases and their trials are outlined in detail in Table 1.

2.5 Irradiation

On day 13 of the experiment, mice were moved from running wheel cages to their individual
polyethylene cages. Irradiation or sham irradiation was given incrementally on days 13-15.
Anesthetic solution (10mg/ml ketamine and 0.5mg/ml xylazine in 0.9% sterile saline) was
administered at a dose of 0.1ml/10g body weight via intraperitoneal injection prior to
irradiation. For irradiation/sham irradiation, animals were placed individually into a
cylindrical lead shield with separable, symmetric sides within a plexiglass housing to
prevent movement and ensure accurate exposure of the body area to be targeted for
irradiation (Supplemental Figure 1). Once secured inside the shielding, mice were
transported and placed into a Gammacell® 40 Exactor (MDS Nordion, Canada) with

a 137Cesium source delivering approximately 100 cGy/minute. Sham controls were also
anesthetized and transported inside the lead shielding in plexiglass housing to an adjoined
shielded room next to the irradiator. All procedures described in this study occurred during
the light cycle with mice treated in the same order each day on which they were performed.
Immediately after returning from irradiation/sham irradiation, each mouse was placed back
into its individual cage with an activated heating pad (SpaceDrapes, Inc., Manchester, MD)
to aid in recovery from anesthesia.

2.6 Assessment of Radiation-Induced Fatigue

VWRA is an accepted and sensitive tool to objectively measure the motivational and
neuromuscular components of fatigue [9, 11]. Prior studies of CRF in mice have measured
VWRA between 2-3 weeks following the experimental intervention (e.g., tumor inoculation,
drug infusion) [17, 18]. This study recorded VWRA for 15 days following irradiation. Mice
were re-introduced to individual cages with running wheels on day 16, after completing a 3-
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day irradiation or sham treatment, and wheel activity data were recorded until the end of the
study. Daily and cumulative distances measured by VWRA were compared between sham
and irradiated groups.

2.7 Physiological & Behavioral Assessments

2.7.1 Active Cycle VWRA Measurements—To further describe changes in VWRA due
to peripheral irradiation and characterize the general suppression of VWRA during the
active cycle in this model of radiation-induced fatigue, average running distances and speeds
were calculated for each 4 hour increment during the dark phase (6pm-10pm, 10pm-2am,
and 2am-6am). Average incremental distance and speed were compared between groups for
the baseline period (days 8-13) as well as for the first and second weeks after irradiation
(days 16-23 and days 24-31, respectively). These parameters where not calculated for the
light cycle because mice are nocturnal and rarely engage in any meaningful amount of
VWRA during the light cycle [25, 28].

2.7.2 Hemoglobin and Body Weight Measurement—To determine if anemia
accounted for changes in VWRA, hemoglobin levels were measured from tail vein blood
drawn at baseline (day 8), and during both weeks post-irradiation (days 18 and 25) using a
STAT-Site® MHgb Meter (Stanbio Laboratory, Boerne, TX). Body weights assessed one
and two weeks after irradiation were compared to pre-irradiation (baseline) weight on day
10 to examine any relationship of body weight and VWRA.

2.7.3 Assessment of Anhedonia—CREF is often associated with depression [29]. To
assess anhedonia, a measure of depressive behavior, mice were given ad libitum access to
chow and water, as well as 0.1% wi/v saccharin solution for three 48 hour periods. The first
test (baseline) was on days 6-8, after handling was completed, but before the mice were
introduced to the running wheels. The second and third saccharin preference tests occurred
after irradiation during days 24-26 and days 3436 of the study, weeks 1 and 2 post-
irradiation, respectively. Because increased physical activity has been shown to influence
depressive behavior in mice, specifically by lowering the threshold needed for reward
(hyperhedonia) [30], the saccharine preference tests were conducted in cages without
running wheels. Saccharine preference testing in mice is a measure of anhedonia, a
depressive behavior [31]. Preference was calculated at each test by dividing the volume of
saccharine solution consumed during each 48-hour test by the volume of total fluid
(saccharin solution plus water) consumed.

2.8 Calcitonin Gene-Related Peptide (CGRP) ELISA

Blood was collected via cardiac puncture and placed in micro Z-gel tubes (Sarstedt,
Numbrecht, Germany) at the termination of validation trial 2. Serum CGRP was measured
using Mouse CGRP ELISA kit (MyBioSource, San Diego, CA). CGRP is a marker of
gastrointestinal integrity [32]. Briefly, 100 pl of standard or undiluted serum was added in
duplicate to each well. Following 2 hours incubation at 37 °C, plates were incubated for 1.5
hours with 100 pl of biotin antibody added to each well. Subsequently, plates were incubated
in the presence of 100 pl of HRP-avidin solution per well for 1 hour at 37 °C. The plates
were washed 5 times and incubated with 90 ul of TMB substrate solution added to each
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well. Absorbance was measured at 450 nm and CGRP concentrations were calculated based
on a standard curve.

2.9 Tissue Harvest

Immediately following euthanasia of the validation trial 2 mice, skeletal muscle and visceral
organs including lumbar bone marrow samples were harvested to examine histological
changes that can indicate bystander irradiation damage. Tissues were stained with
Haematoxylin and Eosin (H&E) and examined for evidence of pathology using a scale from
0 (normal) to 3 (highly damaged). Dissections, microscopic examination, and scoring were
completed by an experienced pathologist blinded by the group assignments of the samples.

2.10 Statistics

The change patterns of cumulative VWRA distance, body weight, saccharin preference, and
hemoglobin levels were analyzed using mixed design ANOVA. Pearson correlations
between relevant variables were calculated to identify potential covariates of the fatigue
behavior. Student t-tests were utilized to compare dark cycle activities (VWRA distance and
speed), as well as serum CGRP levels of irradiated and control mice. Results were
considered significant at p<0.05. All data are expressed as group mean = standard error of
the mean.

3. Results

3.1 Radiation Dose & VWRA

In determining the minimum dose to develop the radiation-induced fatigue mouse model, the
initial pilot trial in phase | of the study did not show any change pattern difference in
cumulative distance (in kilometers) between the sham irradiated (n=3) or irradiated mice
before and post irradiation using 100, 200, 300, or 400 cGy/day for 3 successive days (n=4
mice/dose) radiation doses (F4,14=2.40, p=0.10). Mice displayed no signs of illness, so in the
second pilot trial radiation dosages were increased to either 600 or 800 cGy per day x 3
days.

The second pilot trial showed a significant change of cumulative VWRA distance from pre-
to post-irradiation between control and irradiated mice (F, g=38.45, p<0.001). Post-
irradiation cumulative VWRA distance in kilometers was less in mice irradiated with 800
cGy (n=4, 111.9 + 10.3) compared to those irradiated with 600 cGy (n=4, 116.8 + 17.9) and
to non-irradiated mice (n=3, 148.2 + 68.0) (Figure 1A). There was considerable variability
in VWRA distance in the second pilot trial, which may be related to the small number of
mice, as well as to unseen environmental and genetic factors [33-35]. All mice were
observed to be in good health throughout this trial. These collective observations led to our
selection of 800 cGy daily (2400 cGy total) dose regimen in the development of this
radiation-induced fatigue mouse model.

Differences in cumulative VWRA distance by kilometers 7 days post-irradiation were
confirmed in both validation trial 1 (800 cGy=115.3 £+ 12.3; controls=126.3 + 57.0, £<0.001)
and validation trial 2 (800 cGy=113.6 + 21.8; controls=141.0 + 25.4, p=0.02). The daily
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mean VWRA for pilot trial 2 in phase 1 and the two validation trials in phase 2 are shown in
Figure 1. No deaths or indications of declining health were observed related to the study
procedures at any point during the experiment.

3.2 Active Cycle VWRA Measurements

3.2.1 Distance—The 12-hour active phase (dark cycle) in validation trial 2 was divided
into 4-hour increments to compare average VWRA distances of sham controls and irradiated
mice at baseline (days 8-13) and the first (days 16-23) and second (days 24-31) weeks post-
irradiation. After applying the Bonferroni correction, average VWRA distance, in kilometers
from 6 pm to 10 pm (control=4.5 + 0.01, irradiated=3.8 + 0.12, p=3x10~%), from 10 pm to 2
am (control=3.3 + 0.15, irradiated=1.8 + 0.13, p=6.63x1076), and from 2 am to 6 am
(control=1.7 + 0.1, irradiated=0.8 + 0.05, p=5.79x10~') one week post-irradiation were
significantly different between sham control and irradiated mice. In the second week post-
irradiation, average VWRA distance ran between 2am to 6am (control=1.4 + 0.1,
irradiated=0.9 + 0.04, p=5.0x107°) continued to be significantly different between the
groups (Figure 2A).

3.2.2 Running Speed—Mean running speeds (meters/minute) during each 4-hour
increment of the active phase in validation trial 2 were also compared between irradiated and
control mice. Irradiated mice ran significantly slower up to two weeks post-irradiation
during the last increment (2am—-6am) of the dark cycle compared to controls (week 1:
control=7.24 + 0.35, irradiated=3.31 + 0.21, p=5.8x10~"; week 2: control=5.91 + 0.33,
irradiated=3.74 + 0.18, p=5.0x107°) (Figure 2B).

3.3 Body Weight

There were no significant differences in body weight changes pre- and post-irradiation in
control (sham irradiated) and irradiated mice, except in validation trial 1 (F1 11=5.68,
p=0.04). The mice in the sham irradiation (control) group gained some weight (in grams)
over time (n=5, mean=20.86 + 0.67 on day 10, mean=21.72 + 0.56 on day 22), while the
irradiated mice had no change in weight post irradiation (n=8, mean=21.24 + 0.30 on day
10, mean=21.11 + 0.29 on day 22); however, a final mixed ANOVA model showed that body
weight changes had no effect on cumulative VWRA distance post irradiation, as a significant
change in VWRA cumulative distance post-irradiation was continually observed in all trials
(pilot trial 2: F» 7=24.66, p=0.001, validation trial 2: F1 13=6.88, p=0.021). There were
significant correlations between changes in body weight and dosage of radiation in pilot trial
2 (r=-0.62, p=0.04) and first validation trial (r=—0.58, p=0.04), but this relationship was not
observed in the second validation trial (p=0.11).

3.4 Hemoglobin

Repeated measures ANOVA showed no significant change in hemoglobin concentration pre
and post irradiation in validation trial 2 (F; 2g=2.8, p=0.14). Additionally, there was no
correlation between changes in hemoglobin levels and cumulative VWRA distance (p=0.08).
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3.5 Anhedonia

There were no significant differences in the assessment of anhedonia tested by saccharin
preference (percent of total 0.1% saccharin solution consumed) between irradiated (n=8) and
sham irradiated (n=5) mice during baseline days 6-8 (sham=85+2%, irradiated=60+12%,
£=0.10), days 24-26 post-irradiation (sham=73+6%, irradiated=74+9%, p=0.59), and days
34-36 post-irradiation (sham=68+14%, irradiated=81+6%, p=0.71).

3.6 Pathology Assessment

No differences were detected in serum CGRP concentrations, a biomarker indicative of
gastrointestinal integrity, by ELISA between irradiated (n=8, 5.02+0.68 ng/ml) and sham
irradiated (n=8, 5.56+0.52 ng/ml, p=0.68) mice. Additionally, histological evaluation of
H&E stained tissues from all animals in these groups, which were dissected and scored by a
pathologist blinded to the group assignments, showed no gross abnormalities or differences
in pathology by way of average scores (0=normal, 1=mild damage, 2=moderate damage,
3=severe damage) of samples from irradiated and sham irradiated mice taken from skeletal
muscle (control score=0.69+0.31, irradiated score=0.44+0.18, p=0.50), bone marrow
(control=0.28+0.18, irradiated=0.28+0.20) and visceral organs (control=0.94+0.27,
irradiated=0.99+0.21, p=0.86). Representative images from the small intestines, skeletal
muscle, and bone marrow of control (A, C, and E, respectively) and irradiated (B, D, and F,
respectively) animals are shown in Figure 3.

4. Discussion

In this study we describe development and validation of a novel model of radiation-induced
fatigue in mice. Mice were given a simulated radiotherapy regimen in which irradiation was
targeted to the pelvis and lower abdomen at a dose of 800 cGy per day x 3 days. Fatigue,
modeled by decreased voluntary wheel running distance and speed, was observed for up to
two weeks following irradiation. We also observed that decreases in voluntary wheel
running distance and speed were most pronounced during the late hours of the active phase,
which is consistent with observations in mouse models of chemotherapy-induced fatigue
[10, 18]. Moreover, this aspect of our model displays similarity to the clinical trajectory of
fatigue following localized radiation therapy for non-metastatic cancer, where patients
complain of worsening fatigue in the afternoon or evening hours [36, 37], strengthening its
validity.

Along with the intensification of fatigue behavior in late waking hours, the course of daily
VWRA in this experiment offers a valuable insight for future investigations. Fatigue
behavior of mice in our trials followed a consistent trajectory after irradiation, decreasing
until reaching the lowest amount of VWRA between 3 and 4 days post-irradiation with mice
recovering gradually over the next several days. These consistent changes in activity are an
important finding to further phenotype fatigue behavior objectively and understand its
biologic underpinnings. In future experiments these indicate times when measurement of
biomarkers or the impact of interventions would be useful to evaluate.
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Another important aspect of this model is that fatigue behavior was not related to anemia,
anhedonia as assessed by saccharine preference testing, change in weight, or disruption of
gastrointestinal integrity and damage to muscle or bone marrow. It demonstrates that our
shielding mechanism was effective in targeting radiation to the desired peripheral region and
validates our selection of the minimum radiation dose needed to generate a fatigue behavior,
with no overt co-morbidities. The authors acknowledge the possibility that the fatigue
behavior generated may be a result of unobserved radiation toxicity (e.g., neurotoxicity).

In future studies, we plan to incorporate additional phenotyping methods to assess the
relationship of VWRA, our measure of fatigue, with skeletal muscle weakness and
depression, both of which are often associated with CRF [11, 38]. Skeletal muscle weakness,
assessed by grip strength testing of mice [39], together with measurements of skeletal
muscle area, damage, and/or fiber composition would allow us to examine their contribution
to any observed changes in strength [40]. Although anhedonia was not observed in this
current study, the authors plan to incorporate additional measures of depressive behaviors in
the future. We observed an initial correlation between body weight change and cumulative
VWRA distance in the first validation trial, but did not see this relationship in the second
validation trial. Further investigation is warranted to confirm this relationship, perhaps
extending the duration of the experiment to observe long-term correlations between body
weight change and VWRA distance.

Our current study successfully attained a model of radiation-induced fatigue in young
C57BL/6 mice. Younger mice may have different fatigue behavior than older ones [41, 42],
but this model can be applied to older mice in the future to translate to an older clinical
population receiving localized radiation therapy by modifying the shielding design to
accommodate the increase body size of aging C57BL/6 mice. Future studies that include
addition of tumor prior to irradiation, or the addition of concomitant cancer therapies, such
as chemotherapy or hormone therapy, will be greatly informative to understand the biologic
mechanisms of CRF development.

This mouse model is advantageous for its potential to understand specific mechanisms
causing fatigue. Radiation is a well-known trigger of inflammation [48, 49]. Prior studies
have shown that localized, peripheral irradiation triggers differential expression of genes and
proteins associated with inflammation [43—45], but no clear consensus exists as to which of
these biomarkers are important for fatigue development. Peripheral inflammation also
triggers alterations in neurotransmitter metabolism and changes in the function of the
hypothalamic-pituitary-adrenal (HPA) axis, both of which influence fatigue behavior [46,
47]. This novel model system will enable further investigations to understand how peripheral
inflammation influences neurotransmitter levels and activity, as well as to understand the
behavioral responses from stress-inducing stimuli in an already fatigued mouse. Further,
testing of experimental therapeutics that target pharmacodynamic markers that can modulate
levels of neurotransmitters or HPA response would be important proof-of-concept activities
to identify biomarkers of radiation-induced fatigue.

The importance of developing effective treatments for fatigue and understanding its etiology
cannot be overstated. Continued development of preclinical models, such as the mouse
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model described here, are needed. This model offers objective, rapid assessment of
interventions that may be translated to clinical setting. In addition, this animal model
provides opportunities to separately investigate variables or symptoms that cluster with
fatigue, and to determine how inflammation plays a role in the clustering of these symptoms.
This information will provide researchers and clinicians with specific knowledge to offer
more informed treatment options. The clinical implications in attenuating this debilitating
symptom are significant and include improving patients’ quality of life and the outcomes of
cancer treatment.

5. Conclusion

A novel mouse model of radiation-induced fatigue that is not associated with anemia, weight
changes, or anhedonia is introduced in this study. This model provides an opportunity to
advance mechanistic investigations into the etiology of fatigue related to radiation therapy.
Quantifying the impact of manipulations on fatigue and associated factors via behavioral
assays and biochemical analysis require the continued development and use of preclinical
models such as the mouse model we present. However, models such as this one allow for
convenient preclinical testing and objective assessment of the impact of potential treatments
on fatigue, presenting a feasible approach to understanding this important symptom.

Supplementary Material
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Highlights

e Anovel radiation-induced fatigue mouse model that is not influenced by
anemia, anhedonia, intestinal integrity disruption or weight changes.

»  Fatigue behavior is most prominent in the last four hours of the dark (active)
cycle of the mouse model.

»  \oluntary wheel running wheel distance and speed are sensitive measures of
fatigue behavior.

Behav Brain Res. Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Renner et al.

A. 16

14

12

10

8

6
4

Distance (km)

2

0

B. 14

12

-
o

6

Distance (km)

Distance (km)
(-]

Page 15
Daily Mean VWRA
(+ SEM)
* . —eo=Control
F o 5 —A—800cGy
e « * 1 1/"\_ DO 600cGy
RW * * o—o—? (]
ACCLIMATION S
\ =
5% )
Y

@\g{ E‘P’%'%?I . ;\;\*/ i

'a
e X\g

IRRADIATION

—‘é:%ﬁ

D7 D9 D11 D13 D15 D17 D19 D21 D23

Study Day

Daily Mean VWRA

D25 D27 D29 D31

—e—Control

A~ Irradiated
QAB A 7N
DNA-D-A-
\é_.’é .\Sy E

(+ SEM)
RW
ACCLIMATION_ "o
Rk ek kv
A ) A
.
-0-0-0 3
-Q—@—®
=6 @ \.\ - /L
é/; L -
-—
A T
VWRANOT
MONITORED A A VWRANOT
DURING A MONITORED
IRRADIATION DURING
SACCHARIN
PREFERENCE
TEST

D10 D12 D14 D16 D18 D20 D22 D24 D26

Study Day

Daily Mean VWRA
(* SEM)

ACCUMA‘HON

10 '\.
iy
rﬁ % z} M ad

"

;.

VWRA NOT
MONITORED
2 DURING

IRRADIATION

0

D28 D30 D32 D34

—e==Control
& -Irradiated

- 5/3’?‘ f

Study Day

Figure 1. Daily Voluntary Wheel Running Activity (VWRA)
A. 800 cGy daily radiation dose x 3 produced more pronounced fatigue behavior compared

to 600 cGy daily radiation dose x 3, and sham controls in pilot trial 2. B. Validation trial 1
revealed significant decrease in distance (kilometers) for mice irradiated with 800 cGy daily
radiation dose x 3. C. Validation trial 2 further confirms the development of fatigue behavior
following irradiation with 800 cGy daily radiation dose x 3. The daily mean VWRA
distance prior to irradiation days (days 13-15) reflect the VWRA distance covered during
running wheel (RW) acclimation. Mice were allowed to rest in home cages on days 13-15
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and during saccharin preference testing (days 24-26) in validation trial 1. Error bars show
standard error of the mean. *p<0.05, **p<0.001.
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Figure 2. Mean Dark Cycle Activity
Mean distances (kilometers) (A) and running speeds (meters/minute) (B) were significantly

lower (**p<0.001) for irradiated mice (n=8) than controls (n=8) during each 4 hour-
increments of the dark (active) cycle during the first week post-irradiation and during the last
4 hour-increment (2am—6am) in the second week post-irradiation after applying Bonferroni
correction.
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Figure 3. Representative Histological Images of the Small Intestine
A. 100x H&E stain of the small intestine of a control mouse (pathology score=0.5). B. 100x

H&E stain of the small intestine of an irradiated mouse (pathology score=0.5). C. 100x
H&E stain of skeletal muscle from a control mouse (pathology score=0.5). D. 100x H&E
stain of skeletal muscle from an irradiated mouse (pathology score=0). E. 100x H&E stain
of bone marrow from a control mouse (pathology score=0). F. 100x H&E stain of bone
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marrow from an irradiated mouse (pathology score=0). Histological findings were scored
from O=normal, 1=mild damage, 2=moderate damage, 3=severe damage.
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