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Abstract: Exercise capacity is reduced in prostate cancer patients concurrently treated with androgen deprivation
therapy compared to healthy counterparts. We tested the hypothesis that prostate cancer independently reduces
endurance exercise capacity in a preclinical orthotopic prostate tumor model. Male Copenhagen rats performed an
initial treadmill running test to exhaustion. The rats’ prostates were subsequently injected with either prostate tumor
cells (R-3327 AT-1, tumor bearing, n=9) or vehicle control (sham, n=9) and the treadmill tests were repeated four
and eight weeks post-surgery. Left ventricle contractility (LV Δpressure/Δtime) was subsequently measured under
anesthesia and the heart and select hindlimb muscles were dissected and weighed. Initial times to exhaustion
were not different between groups (sham: 28.24±1.26, tumor bearing: 28.63±2.49 min, P=0.90). Time to exhaustion eight weeks post-surgery was reduced compared to initial values for both groups but was significantly lower in
the tumor bearing (13.25±1.44 min) versus the sham (21.17±1.87 min, P<0.01) group. Within the tumor bearing
group, LV Δpressure/Δtime was significantly negatively correlated with tumor mass (-0.71, P<0.05). Body mass at
eight weeks post-surgery was not different between groups (P=0.26) but LV mass (↓17%, P<0.01), as well as the
mass of select hindlimb skeletal muscles, was significantly lower in the tumor bearing versus sham group. Within
the tumor bearing group, LV muscle mass was significantly negatively correlated with prostate tumor mass (r=-0.85,
P<0.01). Prostate cancer reduced endurance exercise capacity in the rat and reductions in cardiac function and
mass and skeletal muscle mass may have played an important role in this impairment.
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Introduction
Cancer patients have a reduced maximal exercise capacity (i.e., maximal oxygen consumption, VO2max) and report greater levels of fatigue
when compared to age-matched healthy counterparts [1, 2]. Specifically, fatigue is experienced by over 50% of cancer patients [3-7] and
is related to the type of cancer [5, 7, 8] as well
as the type [5, 9] and duration [10] of treatment. Exaggerated fatigue in cancer patients
impairs the ability to perform activities of daily
living which has been shown to lead to a
reduced quality of life [1, 4, 11]. Multiple mechanisms likely contribute to the reduced physical
capacity and exercise intolerance in cancer
patients. For example, reductions in cardiac

function [12, 13], anemia [8], reduced cardiac
and skeletal muscle mass (i.e., cachexia) [1417], and increased fat mass [18] have all been
reported in cancer patients; typically during or
after treatment(s). Given the clear link between
fatigue and reduced quality of life in cancer
patients [1], identification of its mechanistic
underpinnings would have immense clinical value. One specific hindrance to identifying the
causes and mechanisms of exaggerated fatigue in cancer patients is that various forms of
cancer [14, 19, 20] and cancer treatments [12,
21, 22] independently inflict negative physiological consequences. Thus, pre-clinical animal
models devoid of therapeutic cancer intervention may help elucidate the underlying link between cancer itself and exercise intolerance.

Prostate cancer reduces exercise capacity
Prostate cancer is the most frequently diagnosed non-skin cancer in men [23]. One of the
most common treatments for prostate cancer
is surgical or pharmacological androgen deprivation therapy (ADT) which has been associated with multiple deleterious side-effects including reduced muscle mass and bone density as
well as increased fat mass [24-26]. Such sideeffects are thought to be responsible for the
reduced 6-minute walk test performance and
grip strength in prostate cancer patients receiving ADT compared to healthy controls [9].
Furthermore, prostate cancer patients receiving ADT for more than three months have a
lower VO2max compared to those on ADT for less
than three months [10]. While ADT is very likely
to contribute to the reductions in exercise
capacity found in prostate cancer patients, the
effect of the prostate cancer itself may also
hasten fatigue although this has not been
investigated.
The purpose of this study was to investigate
the effect of prostate cancer on endurance exercise capacity in an established rat prostate
tumor model. We tested the hypothesis that
the development of prostate cancer would reduce time to exhaustion during submaximal
treadmill running. Additionally, to examine potential mechanisms by which prostate cancer
may impact endurance exercise capacity in this
model, we tested the hypotheses that the reductions in exercise capacity in rats with prostate cancer would be associated with impaired
cardiac function and reductions in cardiac and
skeletal muscle mass compared to sham-operated control rats.
Materials and methods
All procedures were approved by the Institutional Animal Care and Use Committee at
Kansas State University and complied with
the National Institutes of Health Guide for the
Care and Use of Laboratory Animals (National Research Council Committee, Washington,
D.C., rev. 2011). Eighteen 6 month-old immunocompetent male Copenhagen rats (COP/
CrCrl, Charles River, Wilmington, MA) were
used. The rats were housed two per cage in
AAALAC accredited temperature and light controlled facilities and provided standard rat chow and water ad libitum.
Experimental protocol
All rats were acclimated to treadmill running
on a custom-built motor driven treadmill for
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approximately five days at 25 m/min at a 5%
incline. Each acclimation run lasted <5 minutes to ensure the rats were not exercise trained. Within three days of the final acclimation,
endurance exercise capacity was assessed in
all rats by measuring time to exhaustion during
a graded submaximal treadmill test according
to the methods described in detail by Copp et
al. [12] (see below).
After the initial endurance exercise capacity
test, the rats were randomly assigned to either
a sham (n=9) or prostate tumor bearing (n=9)
group. At least 48 hours of recovery from the
initial exercise capacity test was given until the
sham or prostate tumor surgery was performed (see below). Three weeks after surgery, the
rats were re-familiarized (~3 times, <5 min
each) to treadmill running and the endurance
exercise capacity test was repeated four weeks
post-surgery. At seven weeks post-surgery, rats
were again re-familiarized (~3 times, <5 min
each) to treadmill running and the final endurance exercise capacity test was completed at
eight weeks post-surgery.
Following the final endurance exercise capacity test, rats were anesthetized (2-3% isoflurane, oxygen balance) and the right carotid
artery was isolated and cannulated for the
advancement of a 2-Fr catheter-tipped pressure transducer (Millar Instruments, Houston,
TX) into the left ventricle (LV) to measure the
rate of LV pressure increase over time (∆pressure/∆time) and the LV end-diastolic pressure
(LVEDP). The pressure transducer was then
withdrawn from the LV and systolic blood pressure was measured when the catheter tip was
in the aorta. Technical issues prevented cardiac measurements in one tumor bearing rat.
Rats were then euthanized by a thoracotomy
under anesthesia (5% isoflurane, oxygen balance) followed by removal of the heart to verify death. Subsequently, the left gastrocnemius, extensor digitorum longus (EDL), and soleus muscles, and the heart were dissected
and weighed. The wall of the right ventricle
(RV) was cut away and the RV wall and the LV
(along with the intraventricular septum) were
weighed separately. In addition, red and white
portions of the gastrocnemius muscle were isolated and dissected. The left femur was also
dissected and the length was measured. Se
lect hindlimb skeletal muscles/muscle parts
were frozen at -80°C for future determination
of citrate synthase activity (see below).
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capacity test was repeated
more than once at a specific
time point, and tests were
repeated in the same proportion by sham rats and cancer
rats. Each test was completed
between 8 AM and 12 PM by
the same investigators in a
room with the temperature
maintained between 21 and
23°C. No additional fans or
cooling devices used. The
investigators were blinded to
the group and previous run
times of the rat during each
endurance exercise capacity
test.
Orthotopic prostate tumor
model
The AT-1 cell line from the
Dunning R-3327 strain of Copenhagen rat prostate carcinoma cells was used [28]. ThFigure 1. A. Body mass was not different between the sham (n=9) and prostate tumor bearing (n=9) groups at any time point (two-way ANOVA). B. The
ese cells have a high growth
increase in “non-tumor” mass (body mass minus tumor mass for the tumor
rate, low metastatic potential,
bearing group) during the eight week protocol was significantly lower in the
and are similar to the growth
tumor bearing group compared to the sham group (unpaired Student’s tpatterns of human prostate
test). C. Within the tumor bearing group (open circles), the increase in “noncancer [29]. The cells were
tumor” mass was significantly negatively correlated with tumor mass. The
closed circle represents the mean and SEM of the sham group and is shown
grown in RPMI 1640 media
for comparison purposes only and is not factored into the correlation or
with 10% Fetal Bovine Serum,
regression calculation. “#” indicates a statistically significant difference ver1% penicillin/streptomyocin, 2
sus the corresponding within-group initial value. “*” indicates a statistically
mM L-glutamine, and 250 µM
significant difference versus the sham group.
dexamethasone in a 37°C humidified incubator at 5% CO2.
When cells reached ~90% confluence, a samEndurance exercise capacity protocol
ple of the cells was counted in a hemocytomeThe endurance exercise capacity test was conter, and the rest of the viable cells were used to
ducted according to previously described meprepare a tumor cell stock solution with
thods [27]. Each test consisted of 15 minute
Matrigel. Matrigel enhances the opportunity for
stages starting at 25 m/min for 15 minutes at
the cancer cells to form a tumor and augments
a 5% incline. The speed of the treadmill was
tumor growth [30]. This solution was aliquoted
increased by 5 m/min every 15 minutes (with
into 0.1 mL syringes that each contained 104the incline held constant) until the rat was
105 AT-1 cells. This model has been used previunable or unwilling to run. Rats were motivated
ously to induce the development of prostate
to run with bursts of high-pressure air aimed
tumors [31, 32].
at the hind legs. An endurance exercise capacAll procedures were performed under aseptic
ity test was deemed valid if a marked attenuaconditions. Rats were anesthetized (2-4% isotion of the rat’s righting reflex and/or a noticeflurane, oxygen balance) and the bladder/prosable change in gait that is indicative of exhatate complex was exposed through a small inustion prior to termination of the test was prescision (<1 cm) lateral to the midline of the abent [27]. Time to exhaustion was measured to
domen. The ventral lobe of the prostates in
the nearest second. No endurance exercise
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Citrate synthase activity measurements were not obtained
in two sham rats.
Data analysis
Statistical analyses were completed with Prism (version 7.0,
Graphpad) data analysis software. Data were compared
between groups with mixed
two-way ANOVAs and HolmSidak post hoc tests or unpaired Student’s t-tests as appropriate. Within the tumor beFigure 2. Time to exhaustion was lower at eight weeks post-surgery in the
prostate tumor bearing group (n=9) compared to the sham (n=9) group
aring group, Pearson correla(two-way ANOVA and Holm-Sidak post hoc tests). “#” indicates a statistically
tions and linear regression
significant difference versus the corresponding within-group initial value.
analyses were performed to
“*” indicates a statistically significant difference versus the sham group.
quantify relationships between
tumor mass and select variables. Statistical significance was accepted at
the tumor bearing group were injected with the
P<0.05.
cell stock solution with cancer cells and 0.1 ml
of Matrigel using sterile insulin syringes (26G).
Results
The prostate of each rat in the sham group was
injected with 0.1 ml of Matrigel without cancer
The average prostate tumor mass eight weeks
cells. Following surgery, the incision was closed
post-surgery in the tumor bearing group was
and rats were injected with buprenorphine
9.8±2.6 g (range: 0.2 to 19.5 g).
(0.05 ml/kg) and acepromazine (0.04 ml/kg).
Post-operative monitoring occurred daily for
Body mass increased in both groups during
one week.
the eight-week protocol and there was no difference in body mass between groups either
Skeletal muscle citrate synthase activity
four or eight weeks post-surgery (Figure 1A).
When prostate tumor mass was subtracted
Citrate synthase activity was measured in the
from body mass at eight weeks post-surgery,
red and white portions of the gastrocnemius
the overall increase in “non-tumor” mass durand the soleus muscles as a marker of oxidaing the experimental protocol was significantly
tive capacity. The muscles/muscle portions
lower in the tumor bearing group compared
were mechanically homogenized and analysis
to the increase in body mass in the sham grwas completed by a spectrophotometer using
oup (Figure 1B). Within the tumor bearing
the methods of Srere [33]. Briefly, 15 µl and
group, the increase in “non-tumor” mass was
30 µl samples were diluted using 210 µl and
significantly negatively correlated with pros195 µl of tris buffer, respectively, and 15 µl
tate tumor mass (Figure 1C). There was no difference in femur length eight weeks post-surof acetyl coenzyme A and 30 µl of DTNB were
gery between the sham (40±1 mm) and tumor
added to each sample. All samples were inbearing groups (41±1 mm, P=0.59).
cubated in a spectrophotometer (Fisher Scientific, accuSkan GO) for 5 minutes at 30°C.
Endurance exercise capacity
Readings were taken once per minute for five
minutes and then 30 µl of oxaloacetate was
At four weeks post-surgery, there was no differadded to all samples and immediately analyzence in mean time to exhaustion from its initial
ed again. The citrate synthase activity was
value in the sham group whereas time to
given in µmol/min/g wet weight. If the differexhaustion was significantly reduced (↓15%)
ence between the 15 µl and the 30 µl samples
compared to its initial value in the tumor bearwas larger than 15% the sample was re-anaing group (Figure 2). At eight weeks post-surlyzed until there was less than 15% difference.
gery, time to exhaustion was significantly re2569
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duced compared to initial values for both
groups (sham: ↓26%, tumor bearing: ↓54%) but
it was significantly lower in the tumor-bearing
group compared to the sham group (Figure 2).
Within the tumor bearing group, there were no
significant correlations between prostate tumor mass and time to exhaustion at eight
weeks post-surgery (r=-0.51, P=0.16) or the
reduction in endurance capacity during the
eight week protocol (r=-0.03, P=0.94).
Cardiac function
Cardiac function was measured following the
final endurance capacity test eight weeks post-surgery. There were no statistically significant differences between the group mean values for systolic blood pressure (sham: 122±2,
tumor bearing: 114±6 mmHg, P=0.19), LV
∆pressure/∆time (sham: 7456±333, tumor
bearing: 7038±311 mmHg/s, P=0.36), or LVEDP (sham: 12±1, tumor bearing: 11±2 mmHg,
P=0.54). Within the tumor bearing group, however, systolic blood pressure and LV ∆pressure/∆time, but not LVEDP, were significantly
negatively correlated with prostate tumor mass
(Figure 3).
Cardiac and skeletal muscle mass and skeletal
muscle citrate synthase activity

Figure 3. Within the tumor bearing group (open circles), tumor mass was significantly negatively correlated with systolic blood pressure (systolic BP, A) and
left ventricle (LV) ∆pressure/∆time (B), but not LV
end diastolic pressure (C). Closed circles represent
the mean and SEM of the sham group (n=9, SEM in
A is hidden by the mean circle) which are shown for
comparison purposes only and are not factored into
the correlation or regression calculations. Note that
cardiac measurements were not obtained in one tumor bearing rat and that two tumor bearing rats had
a tumor mass of 18.8 g and an LV ∆pressure/∆time
of 6900 mmHg (i.e., two data points lie directly on
top of one another) which is why there only appears
to be seven data points in (B).
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Cardiac and skeletal muscle mass and citrate
synthase activity were measured eight weeks
post-surgery. Heart, LV, gastrocnemius, and
EDL muscle mass were significantly lower in
the tumor bearing group compared to the sham group (P<0.05 for all, Table 1) and this
was the case even when normalized to femur
length. When normalized to body mass, heart,
LV, and gastrocnemius mass, but not EDL
mass, were significantly lower in the tumor
bearing group compared to sham group. There
was no significant difference in RV or soleus
muscle mass between groups. Within the tumor bearing group, heart and LV mass, but
not RV mass, were significantly negatively correlated with prostate tumor mass (Figure 4).
There were no significant correlations between prostate tumor mass and gastrocnemius
(r=-0.15, P=0.70), EDL (r=-0.58, P=0.10), or
soleus (r=-0.36, P=0.34) muscle masses.
There were no differences in citrate synthase
activity between the sham and tumor bearing
groups for any muscle or muscle part analyzed
(Table 2).
Am J Cancer Res 2017;7(12):2566-2576
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Table 1. Cardiac and select hindlimb muscle mass
Absolute muscle mass (mg)
Heart
Left ventricle
Right ventricle
Gastrocnemius
Soleus
Extensor digitorum longus
Muscle mass normalized to femur length (mg/mm)
Heart/body mass
Left ventricle/femur length
Right ventricle/femur length
Gastrocnemius/femur length
Soleus/femur length
Extensor digitorum longus/femur length
Muscle mass normalized to body mass (mg/g)
Left ventricle/body mass
Right ventricle/body mass
Gastrocnemius/body mass
Soleus/body mass
Extensor digitorum longus/body mass

Sham (n=9)

Tumor bearing (n=9)

p-value

854±26
615±15
239±17
1843±28
164±6
159±4

723±30
508±20
215±18
1702±35
166±4
148±3

<0.01*
<0.01*
0.35
<0.01*
0.80
0.04*

2.47±0.07
15.4±0.3
6.0±0.4
46.2±1.0
4.1±0.1
4.0±0.1

2.19±0.08
12.5±0.5
5.3±0.4
42.0±0.7
4.1±0.1
3.6±0.1

<0.01*
<0.01*
0.22
<0.01*
0.94
0.02*

1.80±0.03
0.70±0.05
5.46±0.07
0.48±0.01
0.47±0.01

1.54±0.05
0.65±0.05
5.16±0.10
0.50±0.02
0.45±0.01

<0.01*
0.50
0.03*
0.31
0.11

Data are mean ± SEM and were compared with unpaired Student’s t-tests. Asterisks (*) indicate a statistically significant difference between groups.

Discussion
The primary novel finding of this investigation is
that time to exhaustion during treadmill running
was significantly lower in rats with prostate
cancer compared to sham-operated control
rats. Moreover, the reduced time to exhaustion in the tumor bearing group may be linked
mechanistically to significant reductions in
cardiac, specifically the LV, and select hindlimb skeletal muscle mass. We also found evidence that untreated prostate cancer impaired cardiac function as evidenced by the fact
that both systolic blood pressure and LV Δpressure/Δtime (i.e., LV contractility) were negatively correlated with prostate tumor mass.
These results are important because they indicate, for the first time, that exercise intolerance in prostate cancer patients may be attributable, at least in part, to the effects of
prostate cancer itself and cannot be ascribed
entirely to the effects of prostate cancer treatments such as ADT [9, 10].
We measured time to exhaustion using a standardized submaximal treadmill running proto-
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col which has been shown to have high withinrat reproducibility for up to five weeks [27]. In
the present investigation, we found that time to
exhaustion decreased over the course of the
eight week experimental protocol in the sham
group but to a greater degree in the tumor bearing group. The reduction in endurance capacity
in the sham group was expected and is likely
attributable to the effects of increasing age
and body mass on exercise capacity in the
absence of chronic exercise training (which
was specifically avoided herein) as a countermeasure. The present protocol was initiated in
6 month old rats which, based upon strain longevity curves, would represent a middle agehuman. The ~two-month experimental protocol reflects ~10-15% of the lifespan of the
Copenhagen rat, or ~7 years in a human. Thus,
the reduction in endurance capacity in the
sham group demonstrates the necessity of
including this group in our experimental design
and the difference in time to exhaustion between groups eight weeks post-surgery discriminates the effect of untreated prostate cancer. We did not find a significant correlation
between prostate tumor mass and reductions
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Table 2. Skeletal muscle citrate synthase
activity (µmol/min/g)
Tumor
bearing
(n=9)
Soleus
19.9±1.7 17.0±1.2
Red gastrocnemius 24.1±2.7 25.4±2.1
White gastrocnemius 8.5±0.4 7.4±0.3
Sham
(n=7)

pvalue
0.17
0.66
0.11

Date are mean ± SEM and were compared with unpaired
Student’s t-tests. There were no statistically significant
differences between groups.

tumor bearing group. It is also noteworthy that
the prostate cancer-induced reduction in time
to exhaustion was evident by four weeks postsurgery which was before any obvious tumors
were present. That finding suggests that the
reductions in endurance capacity in the prostate tumor group are not attributable to tumorinduced alterations in gait. Additional studies
are needed to investigate whether reductions
in cardiac and skeletal muscle mass follow a
similar time course to the effects of prostate
cancer on time to exhaustion.

Figure 4. Within the tumor bearing group (n=9, open
circles), tumor mass was significantly negatively correlated with heart mass (A) and left ventricle (LV)
mass (B), but not right ventricle mass (C). Closed circles represent the mean and SEM of the sham group
(n=9) which are shown for comparison purposes only
and are not factored into the correlation or regression calculations.

in time to exhaustion eight weeks post-surgery
which is likely attributable to the multi-factorial
nature of the determinants of exercise capacity
[34] and the relatively small sample size of the
2572

As highlighted recently by Murphy [15], compared to skeletal muscle cachexia, much less is
known regarding the mechanisms and treatment of cancer-induced cardiac cachexia and
it is generally underappreciated in the clinical
and research settings. Previous studies have
reported cancer-induced cardiac cachexia in
humans [17] and pre-clinical rodent models
[14, 19, 35-40] but, to our knowledge, the
present investigation is the first to link prostate
cancer and cardiac cachexia. In the present
investigation, the lower cardiac mass likely
contributed importantly to the reduced time
to exhaustion in the prostate tumor bearing
group given the clear association between
maximal cardiac output and maximal exercise
capacity [41]. Specifically, the smaller LV mass
likely resulted in a reduced stroke volume and
therefore cardiac output during exercise (if
one assumes there was no compensatory increase in heart rate). A particularly interesting
finding of this investigation is the strength of
the inverse relationship between tumor size
and cardiac, specifically LV, mass especially
considering the lack of such an inverse relationship between tumor mass and select hindlimb skeletal muscle mass. This may reflect
the fact that distinct molecular pathways regulate cardiac atrophy compared to skeletal musAm J Cancer Res 2017;7(12):2566-2576
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cle atrophy in various pre-clinical cancer models [35, 36].
The pumping performance of the heart (i.e.,
stroke volume) is determined by the preload of
the LV (LVEDP), afterload on the LV (systolic
blood pressure), and contractility of the LV (LV
Δpressure/Δtime). Although we did not find any
statistical differences between group means of
any of these indexes of cardiac function in the
present study, we did find that, within the tumor
bearing group, systolic blood pressure and LV
Δpressure/Δtime were negatively correlated
with tumor mass. Those findings suggest that
prostate tumors have the potential to impair
cardiac function, especially as tumor burden
increases, which is consistent with prior studies that have reported cardiac dysfunction in
various pre-clinical tumor models [13, 20, 40].
In our study, the fact that LV contractility was
negatively correlated with tumor mass even
under anesthetized, unstressed conditions suggests that impaired cardiac function likely
contributed to the reduction in exercise capacity in the tumor bearing group; particularly in
the rats with the largest prostate tumors.
Whereas the cachectic effects of ADT on total
lean body and skeletal muscle mass are welldocumented [18, 42-44], to our knowledge, the
present investigation is the first to report that
prostate cancer in an orthotopic model reduces skeletal muscle mass. Maturo et al. [45],
however, did report that prostate cancer
patients that were not on ADT had significantly less total lean body mass than aged-matched healthy control subjects. Our finding that
EDL (comprised of 76% type IIb+d/x muscle
fibers, [46]) and gastrocnemius (a predominately mixed fiber-type muscle with distinct glycolytic and oxidative portions [46]) muscle
mass, but not soleus muscle mass (comprised of 91% type I+IIa muscle fibers [46]), was
lower in the tumor-bearing group compared to
the sham group is consistent with previous
reports that cancer cachexia preferentially targets type II glycolytic muscle fibers [47-49]. A
limitation of our study is that we did not measure food or water consumption and we cannot determine whether possible differences
between groups contributed to our findings.
However, the fiber-type selective muscle-wasting evident herein suggests that prostate cancer played the predominant role. The lower
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EDL and gastrocnemius mass likely contributed to the reduced exercise capacity in the tumor bearing group in the present investigation
because the greater work per unit of EDL and
gastrocnemius muscle mass is expected to
have increased muscle fiber recruitment due
to the greater energetic requirement per unit
muscle mass. In contrast to the effect on hindlimb skeletal muscle mass, there was no
effect of prostate cancer on citrate synthase
activity (index of muscle oxidative capacity) in
hindlimb skeletal muscles/muscle portions that spanned the range of fiber-type composition.
Thus, prostate cancer likely did not impact the
inherent oxidative capacity of the hindlimb muscles/muscle portions investigated presently,
although potential effects on other oxidative
enzymes were not measured. During exercise,
however, oxidative ATP synthesis may potentially be impaired by any possible prostate cancer-induced derangements in peripheral vascular function and, therefore, oxygen delivery
to contracting skeletal muscles.
There are several limitations of this investigation. First, as indicated above we did not
measure food consumption. Reduced food consumption has been reported in other murine
tumor models [37, 40, 50, 51] and reduced
protein synthesis may have contributed to cardiac and skeletal muscle cachexia in the tumor
bearing group herein. Importantly, however,
tumor-induced cachexia has also been reported in rats with colon-26 tumors despite no
difference in food intake from healthy controls
[52]. Second, we did not measure cage activity and spontaneous cage activity has been
shown to be reduced in a murine tumor model
[50]. Prostate tumor-induced reductions in cage activity and associated deconditioning may
have contributed to the lower endurance exercise capacity in the tumor bearing group compared to the sham group in our study. However,
soleus muscle citrate synthase activity is reduced by chronic immobilization [53], but was
not different between the sham and tumor
bearing groups in our study which suggests
that any differences in cage activity, if they
occurred, were minimal.
In summary, prostate cancer reduced endurance exercise capacity in an established preclinical rat orthotopic prostate tumor model.
Moreover, heart and, more specifically, LV ma-
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ss were significantly lower in the tumor bearing group compared to the sham group and
within the tumor bearing group, heart and LV
mass were significantly negatively correlated
to tumor mass. The significantly lower EDL and
gastrocnemius muscle mass in the tumor bearing group compared to the sham group were
not significantly correlated with tumor mass.
Although multiple mechanisms likely contributed to the reduced endurance exercise
capacity in the prostate tumor bearing group,
the deleterious effects of prostate cancer on
cardiac and skeletal muscle mass, as well as
cardiac function, likely played an important
role. The present findings have important implications for prostate cancer patients and
their clinicians given that the bulk of the available literature has focused on the effects of
prostate cancer treatment (namely ADT) and
its role in the exaggerated fatigue and reduced exercise capacity in this population. Additionally, the present findings open the door
to a new area of research investigating the
mechanisms by which prostate cancer independently reduces exercise capacity and cardiac and skeletal muscle mass.
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