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Abstract

Fatigue is a common symptom in many diseases and disorders and can reduce quality of life, yet 

lacks an adequate pharmacological intervention. To identify and develop such interventions, and to 

better understand fatigue, additional preclinical research is necessary. However, despite numerous 

mouse behavioral assays reportedly detecting fatigue-like behavior, the assumption that fatigue-

like behavior is detected in many assays has not been validated through a cross-assay study. Thus, 

we modeled fatigue in mice by administering 5-fluorouracil, a chemotherapy drug known to cause 

fatigue in humans and fatigue-like behavior in mice, then evaluated its effects via voluntary wheel 

running activity (VWRA), locomotor activity in the open field test (OFT), immobility in the forced 

swim test (FST), and distance run in the treadmill fatigue test (TFT) and treadmill exercise 

capacity test. Additionally, taltirelin or methylphenidate was administered to alleviate fatigue-like 

behavior. As a result of 5-fluorouracil treatment, VWRA and the TFT were markedly reduced, 

indicating fatigue. The OFT, FST, and treadmill exercise capacity test, however, failed to detect 

fatigue-like behavior. Interestingly, both taltirelin and methylphenidate alleviated fatigue-like 

behavior in TFT. These data suggest that, of the current assays, only the TFT and VWRA should 

be expected to detect fatigue-like behavior. Moreover, this study provides additional evidence that 

taltirelin may provide a novel treatment for chemotherapy-induced fatigue and warrants further 

evaluation as an anti-fatigue therapeutic.
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1. Introduction

Fatigue is a symptom or major component of many diseases and disorders, including cancer, 

chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME), and Sjögren’s syndrome 

(SS). Although the estimated prevalence of each is variable due to inconsistent diagnostic 

criteria, underdiagnosis, and overlap with other conditions, cancer-related fatigue (CRF) 

affects the majority of cancer patients [1–3] and CFS/ME and primary SS may each affect 

up to 3% of the population [4,5]. In these and other conditions, fatigue is not alleviated by 

rest and can decrease quality of life, the underlying causes of fatigue are yet unknown, and 

numerous comorbidities—such as anemia, depression, hypothyroidism, and immune system 

dysfunction—may contribute to or exacerbate patient fatigue. Furthermore, there is no FDA-

approved drug treatment for fatigue. As such, research on fatigue is needed, but has 

numerous challenges to overcome.

The major goals of fatigue research are to understand the causes of fatigue, identify 

biomarkers, and develop new therapies. Research toward these goals requires preclinical 

models of fatigue, preclinical assays to measure fatigue-like behavior, and knowledge that 

fatigue-like behavior is being detected by the assay. Numerous models of fatigue are in use, 

including a variety of CRF models [6–9] as well as inflammation-induced fatigue models 

intended to recapitulate aspects of other disorders, such as CFS/ME and SS [10–12]. 

Although these models cannot fully replicate human fatigue, they can provide valuable tools 

for understanding potential causes of fatigue and identifying potential biomarkers and 

therapeutics.

In rodent models of fatigue, fatigue-like behavior has been reported using several behavioral 

assays. Voluntary wheel running activity (VWRA) is frequently used to measure fatigue-like 

behavior in rodents [13–17]. Various treadmill tests, including the treadmill fatigue test 

(TFT) developed by our laboratory [18], as well as variants developed by others [19,20], 

have been used to measure fatigue-like behavior. A treadmill is also used to measure 

physiological exhaustion via exercise capacity testing, which uses a different endpoint and 

testing protocol than the TFT, but whether or not fatigue influences the primary behavioral 

measure in this assay is unclear. The forced swim test (FST), typically used to assess 

depression-like behavior, has reportedly measured fatigue-like behavior in mice and rats 

[21–25]. Locomotor activity in the open field test (OFT) may provide a measure of fatigue-

like behavior, although numerous other factors may influence this behavior. For instance, in 

a mouse model of interferon-αinduced fatigue, locomotor activity in the OFT is decreased, 

but the authors acknowledge this effect may not represent fatigue [26]. Additionally, in 

mouse models of “sickness behavior,” in which fatigue may contribute to the overall 

phenotype [17], exploration in the OFT is decreased [27,28], although this effect diminishes 

with increased mouse age [27]. The TFT, however, is the only one of these assays designed 
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to measure fatigue, and it is not known if all of these assays will detect fatigue-like behavior 

in the same fatigue model.

The primary aim of this study was to evaluate the ability of different fatigue assays to detect 

fatigue-like behavior in mice. We focused on a single mouse model of fatigue, inducing 

fatigue via injections of a cytotoxic chemotherapy drug, 5-fluorouracil (5-FU). This model 

was selected because prior studies have shown it induces fatigue-like behavior as measured 

by VWRA [16,29] and, at a lower dose, 5-FU also induces fatigue-like behavior in the TFT 

[6]. Additionally, we tested two potential anti-fatigue therapeutics, taltirelin (TAL) and 

methylphenidate (MPH), to determine if any observed fatigue-like behavior was alleviated. 

TAL is a thyrotropin-releasing hormone (TRH) analog. TRH reduced CRF in a study of 

eight patients [30], but required i.v. administration of a 0.5 or 1.5 mg dose for this effect. 

TAL was selected for the current study because it has a more favorable pharmacokinetic 

profile than TRH and alleviates fatigue-like behavior, as determined using the TFT, in mouse 

models of chemotherapy-, irradiation-, or tumor-induced fatigue [6]. MPH is a 

psychostimulant that alleviates CRF in some patients in the clinic [31], but there is not a 

consistent anti-fatigue effect across patient populations. In the absence of an FDA-approved 

drug treatment for fatigue, however, the National Comprehensive Cancer Network 

recommends cautious use of psychostimulants as a pharmacological intervention for CRF 

[32]. MPH was therefore used in this study because of its potential as an anti-fatigue therapy 

in the clinic and as a comparator for TAL. After treatment to induce and alleviate fatigue, we 

evaluated mouse performance in multiple behavioral assays that reportedly measure fatigue 

in mice.

2. Materials and methods

2.1. Animals

Adult female C57BL/6NCr mice (7–8 weeks old at the start of experiments) were obtained 

from Charles River Laboratories (Frederick, MD). Female C57BL/6 mice were selected for 

5-FU experiments as this strain and sex was used to establish the TFT [18] and in other 

studies using 5-FU to induce fatigue [16,29]. Mice were kept on a 12h:12h light cycle (lights 

off at 6 PM). Food and water were provided ad libitum. All experiments were performed 

with prior approval of the NIDDK Institutional Animal Care and Use Committee.

2.2. Drugs

TAL was purchased from Tocris (Minneapolis, MN) and Santa Cruz Biotechnology (Dallas, 

TX), MPH was generously provided by Dr. Jonathan Katz of the National Institute on Drug 

Abuse, 5-FU was purchased from APP Pharmaceuticals (Schaumburg, IL) and Fresenius 

Kabi (Lake Zurich, IL), ketamine was purchased from Putney (Portland, ME), and xylazine 

was purchased from Lloyd Laboratories (Shenandoah, IA). Drugs were prepared for a 

volume of 6 μL/g mouse body weight and injected intraperitoneally (i.p.). Each day of 

treatment, 5-FU was diluted with PBS to the necessary concentration. MPH was prepared 

fresh daily in PBS. TAL was dissolved in PBS and aliquots were stored at −20°C. TAL 

aliquots were thawed and brought to room temperature prior to injection.
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2.3. Drug Treatment

To induce fatigue, 5-FU (60 mg/kg) was injected i.p. once daily (between 10 and 11 AM) for 

5 consecutive days. To alleviate fatigue, mice were treated with one of three interventions: 

TAL, MPH, or PBS. TAL was injected i.p. at 1 mg/kg based on previous studies which 

demonstrated this to be a behaviorally active dose in rodents [6,33,34]; as such, alleviation 

of fatigue-like behavior should be detectable at this dose. MPH was injected i.p. at 2 (in the 

FST and treadmill experiments) or 6 mg/kg (in the VWRA and OFT experiments) as these 

doses have been previously shown to be behaviorally active in rodents [35–38]; as such, 

alleviation of fatigue-like behavior should be detectable at either dose of MPH. Interventions 

were injected once daily for 6 consecutive days (on the same 5 days as 5-FU injections, with 

an additional injection on the following day, 30 min prior to testing [or between 10 and 11 

AM in the VWRA experiment]).

2.4. Voluntary Wheel Running Activity (VWRA)

Mice were individually housed in cages with free access to MiniMitter running wheels (Starr 

Life Sciences, Oakmont, PA). Wheel rotations were recorded via VitalView software 

(version 5.0, MiniMitter, Bend, OR). The timeline for the VWRA experiment is presented in 

Figure 1A. In short, we provided mice 7 days to acclimate to the running wheels and reach a 

consistent level of running activity. VWRA was measured for 4 additional days to establish a 

baseline for each subject. After completing the baseline measurement, subjects underwent 

treatment, as described above and in Figure 1A. VWRA was recorded for 6 days after the 

first day of treatment and is reported as the total number of counts occurring in each 24 h 

period, beginning at 6 AM. Each mouse was provided with approximately 10 g of standard 

chow per day in a small food-safe ceramic bowl on the floor of the cage. Any remaining 

food pellets or fragments were collected daily from each cage, weighed, and replaced with 

fresh pellets.

Data from two mice were excluded from our analysis; one mouse was euthanized due to 

illness prior to treatment and one died during the study.

2.5. Open Field Test (OFT)

The timeline for the OFT experiment is presented in Figure 1B. The OFT was performed by 

individually placing mice in 50 × 50 cm arenas (Stoelting Co., Wood Dale, IL) and allowing 

free exploration for a 30 min session. Mice were removed from the arena at the end of the 

session and the arena was cleaned with 70% isopropyl alcohol and allowed to dry before 

additional testing. Each session was recorded by an overhead video camera (model: DMK 

21AUC03, Imaging Source, Charlotte, NC) and analyzed using ANY-maze software 

(version 4.99, Stoelting Co.). Following the study, mice were deeply anesthetized using 

ketamine/xylazine (100/10 mg/kg, i.p.) and whole blood was collected. A complete blood 

count was performed on each sample by the National Institutes of Health Clinical Center 

Hematology Service.

2.6. Forced Swim Test (FST)

The FST was performed using a modified version of the original protocol [39]. The timeline 

for the FST experiment is presented in Figure 1B. Mice underwent a swim pretest prior to 
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treatment. For both the pretest and test, mice were individually placed in clear acrylic 

cylinders (interior Ø: 18.1 cm; height: 27.9 cm) filled to a height of 15 cm with tap water 

(temperature: 23.9 ± 1.7°C). After 8 min, mice were removed. Cylinders were emptied, 

rinsed, and refilled between swim sessions. One day after the pretest, subjects began 5-FU 

treatment, as described above. Swim tests were video recorded (Canon PowerShot ELPH 

130 IS). Activity was tracked using EthoVision XT software (version 9.0.726, Noldus, 

Wageningen, The Netherlands). Minutes 2–8 of the pretest and test were analyzed with a 

mobility threshold of 5.25% and mobility averaged over 3 samples.

2.7. Treadmill Exercise Capacity Test

Treadmill training and testing was performed using a mouse treadmill (Columbus 

Instruments, Columbus, OH) at an incline of 10 degrees, with the shock grid delivering 1.22 

mA electric shocks at 2 Hz. To determine the aerobic and anaerobic exercise capacity of 

mice receiving 5-FU, the treadmill exercise capacity test was performed. The timeline for 

the treadmill exercise capacity test experiment is presented in Figure 1C. For the exercise 

capacity test, the treadmill started at a speed of 10 m/min. The speed increased to 15 m/min 

at 10 min, 16.8 m/min at 15 min, and further increased by 1.8 m/min every subsequent 3 

min. The shock grid, wire brush, tail tickling, and air puffs were used to motivate mice to 

run. Upon remaining on the shock grid for 5 consecutive seconds, the test was considered 

completed and mice were returned to their home cages.

Two mice were excluded from the final analysis; one mouse would not perform the training 

task and one mouse in the 5-FU+TAL group died prior to testing.

2.8. Treadmill Fatigue Test (TFT)

The TFT was performed per our published method [18]. The timeline for the TFT 

experiment is presented in Figure 1C. In contrast to the exercise capacity test, the 

experimenter did not interact with mice during testing. Upon remaining in the designated 

fatigue zone (i.e., the rear of the treadmill belt and/or the shock grid) for 5 consecutive 

seconds, the test was considered completed and mice were returned to their home cages.

2.9. Statistical Analyses

Analysis of variance (ANOVA) testing was performed using GraphPad Prism (version 7.02, 

GraphPad Software, La Jolla, CA). Where a significant main effect of treatment was 

observed via ANOVA, the following comparisons were made using post-hoc t-tests with a 

Holm-Bonferroni correction: PBS+PBS vs 5-FU+PBS, 5-FU+PBS vs 5-FU+TAL, and 5-FU

+PBS vs 5-FU+MPH. For repeated measures, two-way ANOVAs were used. When a 

significant interaction between time and treatment was found, individual ANOVAs were 

performed for each time point, as described above. Results of statistical testing are presented 

in Supplementary Table 1. Data are presented as mean ± SEM.
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3. Results

3.1. Effects of 5-FU treatment

In addition to fatigue, 5-FU treatment had several noteworthy effects. In the VWRA 

experiment, food consumption and body weight were also recorded. Although mice ate 

similar amounts of food prior to drug treatment (i.e., during the acclimation and baseline 

periods), by the end of treatment, 5-FU-treated mice ate approximately forty percent less 

than controls (ANOVA, main effect of treatment: F(3,22) = 12.74, p < .0001) (Fig. 2A). 

Unsurprisingly, 5-FU-treated mice also displayed rapid, significant weight loss, losing 

several grams of body weight by the end of the experiment (Fig. 2B) (see Supplementary 

Table 1 for full statistical results). Similar weight loss effects were observed in all other 

experiments, with 5-FUtreated mice consistently displaying significant weight loss by the 

end of each experiment (Supplementary Table 1).

As expected from a cytotoxic chemotherapeutic agent, 5-FU caused a marked and 

statistically significant decrease in white blood cells and platelets and a slight, but 

significant, decrease in hematocrit (Table 1). Red blood cells, which have a slower turnover 

rate than white cells or platelets, showed a non-significant trend (ANOVA, main effect of 

treatment: F(3,16) = 2.859, p = .0697). Neither TAL nor MPH mitigated any of these effects 

(Fig. 2, Table 1).

3.2. Effects on VWRA

On the final day of the baseline period, prior to any treatment, VWRA was similar between 

groups (ANOVA, main effect of treatment: F(3,22) = 0.4452, p = .7231). After starting 

treatment, VWRA of 5-FUtreated mice markedly decreased, indicating fatigue-like behavior 

(Fig. 3). A two-way ANOVA of VWRA found a significant interaction between treatment 

and time (F(15,110) = 6.264, p < .0001) and ANOVAs on each day of treatment revealed 

significant treatment effects on days 2–6. Post-hoc analysis revealed VWRA was 

significantly decreased in 5-FU-treated mice on these days, but neither TAL nor MPH 

mitigated this effect (see Supplementary Table 1 for full statistical results).

3.3. Effects on exploratory behavior in the OFT

In the OFT, treatment with 5-FU had no significant effect on most measures, but slightly 

decreased the speed of mice while mobile (Table 2). MPH and TAL, however, each 

significantly altered exploratory behavior in distinctly different manners (Table 2) (see 

Supplementary Table 1 for full statistical results). MPH-treated mice were more mobile and 

traveled a greater distance in the arena. TAL-treated mice spent less time mobile, but moved 

significantly faster; consequently, mice in the 5-FU+TAL group traveled a similar distance to 

the 5-FU+PBS group, but tended to spend more time in the edge of the arena.

3.4. Effects on behavior in the FST

In the FST pretest, no significant differences were observed in immobility (Table 3; 

Supplementary Table 1). In the test, after treatment, 5-FU had no effect on immobility on its 

own. TAL-treated mice, however, displayed markedly decreased immobility.
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3.5. Effects on distance run in the treadmill exercise capacity and the TFT

Despite the significant weight loss in 5-FU-treated mice (Supplementary Table 1), distance 

run in the treadmill exercise capacity test was not significantly affected by 5-FU treatment 

(ANOVA, main effect of treatment, F(3,42) = 0.1108, p = .9533) (Fig. 4A). In contrast, in the 

TFT, 5-FU-treated mice displayed significant fatigue, which TAL and MPH each reversed 

(ANOVA, main effect of treatment, F(3,44) = 9.587, p < .0001) (Fig. 4B).

4. Discussion

In the current study, we sought to detect fatigue-like behavior using a variety of mouse 

behavioral assays. We hypothesized that 5-FU treatment would induce fatigue-like behavior, 

as demonstrated by increased immobility in the FST; decreased locomotor activity in the 

OFT; decreased distance run in the treadmill exercise capacity test and TFT; and decreased 

VWRA. However, fatigue-like behavior was only detected by VWRA and the TFT. In the 

FST, the trend toward decreased immobility of 5-FU-treated mice is inconsistent with and 

cannot be regarded as fatigue-like behavior; this is in contrast to previous studies using FST 

immobility as a measure of fatigue that showed increased immobility, but provided no other 

measure of fatigue-like behavior than the FST [21–23]. Our findings in the OFT are 

consistent with prior studies using mouse models of chemotherapy- or immunologically-

induced fatigue, which found no decrease in locomotor activity in the OFT in their fatigue 

models [7,40]. Insensitivity to fatigue-like behavior in the exercise capacity test is likely due 

to the liberal use of air puffs to motivate mice to continue running in this test; mice subjected 

to air puffs continued running for several minutes at a time after appearing fatigued. 

Moreover, although 5-FU caused weight loss, muscle loss did not appear to be an issue, 

based on gastrocnemius weight and preliminary body composition analysis (data not 

shown). As such, when motivated to run until physically incapable of running further, all 

mice ran a similar distance. The lack of effect using the treadmill exercise capacity test, 

compared to the clear effect of 5-FU observed in the TFT, also highlights the value of the 

TFT in detecting fatigue-like behavior.

We used 5-FU to induce fatigue-like behavior, which yielded a robust effect in two fatigue-

sensitive assays. Given that 5-FU has been shown to induce fatigue-like behavior in mice in 

numerous studies [6,16,18,29,41], the TFT or VWRA have detected fatigue-like behavior in 

a variety of mouse fatigue models [6–8,11,13,16,18,27,42,43], and the current effects of 5-

FU in the TFT and VWRA resemble previously-reported fatigue-like behavior, it is 

reasonable to conclude that the current treatment of 5-FU induced fatigue-like behavior and 

this was detected in the TFT and VWRA. The underlying causes of this fatigue-like 

behavior, however, and the means by which TAL or MPH alleviate it, are yet unknown. We 

observed that 5-FU administration in mice causes weight loss, decreased food consumption, 

and decreased water intake (data not shown), and it can increase inflammatory cytokine 

expression and production [44–45] and cause mucositis [45] and steatosis [46]. It is neither 

clear nor easy to delineate the extent to which any or all of these effects contribute to or 

influence fatigue-like behavior. However, as 5-FU is widely studied to understand its effects 

and their mechanisms, a future synthesis of the current study and other work using 5-FU 

may be able to provide novel insight into the mechanisms of fatigue induction by 5-FU and 
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the apparent anti-fatigue effects of drugs like TAL and MPH. Moreover, a superior 

understanding of the mechanism of 5-FU-induced fatigue-like behavior in mice may also 

allow for a better assessment of how well the observed fatigue-like behavior corresponds to 

fatigue experienced by human patients.

TAL and MPH alleviated fatigue-like behavior in the TFT, but we did not observe this effect 

on VWRA. Although further study will be necessary to determine the causes of this 

difference between the assays, we hypothesize that the primary causes are differences in the 

nature of the behavior measured in each assay and the timing of drug administration and 

assay measurements. Mouse VWRA is a self-motivated, voluntary behavior that primarily 

occurs in the dark period, and has even been observed in wild mice [47]. While the 

motivation underlying this behavior is not entirely clear, effects of the current 5-FU 

treatment that TAL and MPH did not alleviate may have decreased mouse motivation to 

initiate VWRA. Mouse running in the TFT, in contrast, is not voluntarily initiated and 

provides external motivation to continue running. As such, TAL and MPH may alleviate 

fatigue-like behavior in the TFT because mice do not initiate the task and each intervention 

improves their ability to perform the task; future studies using a forced wheel running task 

may help test this hypothesis.

For consistency across all assays used in this study, TAL and MPH were injected during the 

light period. This may have contributed to the lack of observable anti-fatigue effect on 

VWRA. Administration during, or more proximal to, the dark period may yield an 

observable anti-fatigue effect; the wakefulness-promoting agent, modafinil, reportedly 

alleviates fatigue-like behavior in the VWRA when administered daily in the middle of the 

dark period [7]. In a pilot study, we found that TAL (1 mg/kg, i.p.), but not PBS, during the 

light period caused mice to be active, as determined by photobeam breaks, for 2–3 hours 

after injection (data not shown). Similarly, MPH administration (at 2, 5, or 10 mg/kg, i.p.) 

during the light period increases mouse locomotor activity for 1–2 hours [37]. A disruption 

of normal sleep by TAL or MPH, thus, may have interfered with detecting an anti-fatigue 

effect on VWRA. Lastly, it may also be that TAL or MPH, administered in the light period, 

did not produce anti-fatigue effects of sufficient duration to be observed in VWRA during 

the dark period.

The current study builds upon our prior work and further evaluates and compares TAL and 

MPH as anti-fatigue drugs in mouse models of fatigue. MPH has been tested in the clinic as 

a therapy for CRF and may reduce fatigue in some patients experiencing severe fatigue [31], 

but a recent meta-analysis of pharmacological interventions for CRF advises cautious use of 

MPH in CRF, given the potential for undesirable side-effects [48]. Thus, an effective anti-

fatigue drug is still needed for many patients. We have previously found that TAL, but not 

MPH, increases distance run in the TFT in healthy, non-fatigued mice [6]. In the current 

study, we observed a similar effect in fatigued mice; compared to non-fatigued vehicle 

controls, the average MPH-treated mouse ran a similar distance, whereas the average TAL-

treated mouse ran more than twice the distance. Additionally, while MPH had a locomotor 

stimulant effect in the OFT, TAL modulated exploratory activity in a distinctly different 

manner, indicating that the increased distance run by TAL-treated mice in the TFT is not 

simply due to a locomotor stimulant effect. Importantly, our current and previous findings 
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highlight the differences between these drugs, and suggest that TAL alleviates fatigue via a 

substantially different mechanism than MPH. As such, TAL may be able to provide an 

effective fatigue therapy in a different or broader patient population than MPH.

5. Conclusion

The current study is the first to perform a cross-assay comparison of fatigue-like behavior 

and evaluate the ability of mouse behavioral assays to detect fatigue-like behavior in a 

mouse fatigue model. We found that the FST, OFT, and treadmill exercise capacity test were 

not sensitive to chemotherapy-induced fatigue. Consequently, these assays may not be useful 

tools for detecting fatigue-like behavior in mice. VWRA and the TFT were both sensitive to 

fatigue-like behavior, which reinforces their value as preclinical fatigue assays. Of these two 

assays, however, only the TFT also detected a reversal of fatigue-like behavior when putative 

anti-fatigue drugs were administered. Selection of mouse fatigue assays should be made 

with these findings in mind. Finally, our data suggest that TAL, or a similar drug, may offer 

a valuable fatigue therapeutic and warrants further evaluation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• 5-fluorouracil induced fatigue and decreased food intake, body weight, and 

WBCs.

• Fatigue was detectable using VWRA and TFT, but not OFT, FST, or exercise 

capacity.

• Taltirelin alleviated fatigue in the TFT.

• Methylphenidate alleviated fatigue in the TFT and increased locomotor 

activity.
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Figure 1. Timeline of experiments.
Experimental timelines for (A) voluntary wheel running activity, (B) open field and forced 

swim tests, and (C) treadmill exercise capacity and treadmill fatigue tests.
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Figure 2. Effects of chemotherapy on food consumption and body weight.
(A) Average food eaten during acclimation (“Acclimation”) and baseline (“Baseline”) 

phases in the VWRA experiment and food eaten on day 5 of the experiment (“Treatment”). 

(B) Body weight of mice in the VWRA experiment over the 5 days of 5-FU treatment. Data 

represent mean±SEM of 6–7 mice per group. **p < .01, ***p < .001, ****p < .0001, 5-FU-

PBS vs PBS+PBS, ap > .05 compared to 5-FU+PBS, t-test with Holm-Bonferroni correction
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Figure 3. Effects of chemotherapy on voluntary wheel running activity.
VWRA at baseline (the mean of 4 days of wheel running after mice acclimated to the 

running wheels) and daily during the treatment period (day 1–6). Data represent mean±SEM 

of 6–7 mice per group. Data from the PBS+PBS and 5-FU+PBS groups were previously 

published and are reproduced with permission from [18]. *p < .05, **p < .01, ****p < .0001, 

5-FU+PBS vs PBS+PBS, t-test with Holm-Bonferroni correction
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Figure 4. Effects of chemotherapy and interventions on distance run in different treadmill tests.
Distance run by mice in the (A) treadmill exercise capacity test and (B) treadmill fatigue 

test. Data from the PBS+PBS and 5-FU+PBS groups in panel A were previously published 

and are reproduced with permission from [18]. Data represent the mean+SEM of 11–12 

mice per group. **p < .01 compared to PBS+PBS, †p < .05, †††p < .001 compared to 5-FU

+PBS, t-test with Holm-Bonferroni correction
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Table 1.

Effects of chemotherapy and interventions on blood

PBS+PBS
n = 5

5-FU+PBS
n = 5

5-FU+TAL
n = 5

5-FU+MPH
n = 5

WBC count (K/μL) 7.7 ± 0.8 2.1 ± 0.4
*** 1.4 ± 0.4 1.9 ± 0.2

RBC count (M/μL) 9.2 ± 0.3 8.3 ± 0.1 8.6 ± 0.3 8.2 ± 0.3

Hematocrit (%) 45 ± 0.9 39 ± 0.5
** 41 ± 1.4 40 ± 1.8

Platelets (K/μL) 761 ± 55 308 ± 60
*** 247 ± 44 322 ± 49

**
p < .01,

***
p < .001 compared to PBS+PBS, t-test with Holm-Bonferroni correction
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Table 2.

Effects of chemotherapy and interventions in the open field

PBS+PBS
n = 5

5-FU+PBS
n = 5

5-FU+TAL
n = 5

5-FU+MPH
n = 5

Distance (m) 129 ± 11 113 ± 7.0 94 ± 6.1 206 ± 23
†

Time mobile (s) 1289 ± 109 1267 ± 57.3 582 ± 63.6
†††

1847 ± 165
†

Speed while mobile (m/s) 0.10 ± 0.003 0.09 ± 0.003* 0.17 ± 0.013
††

0.11 ± 0.005
†

Time in edge (%) 91.3 ± 3.4 91.8 ± 1.3 99.3 ± 0.2 88.4 ± 1.9

*
p < .05 compared to PBS+PBS,

†
p < .05,

††
p < .01,

†††
p < .001 compared to 5-FU+PBS, t-test with Holm-Bonferroni correction
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Table 3.

Effects of chemotherapy and interventions in the forced swim test

PBS+PBS
n = 8

5-FU+PBS
n = 7

5-FU+TAL
n = 7

5-FU+MPH
n = 7

Time Pretest 138 ± 26 126 ± 32 106 ± 26 113 ± 22

Immobile (s) Test 172 ± 12 123 ± 20
a

37.1 ± 14
† 86.1 ± 23

†
p < .05 compared to 5-FU+PBS, t-test with Holm-Bonferroni correction;

a
p = .059 compared to PBS+PBS
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