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Abstract: Introduction: Most protocols intended to stimulate cardiovascular training in mice use electrical shocks 
that cause psychological stress and interfere with running performance. The aim of this study was to: 1) demon-
strate the feasibility of a two-week high-intensity interval training (HIIT) program without the use of electric shocks 
in mice and 2) show that HIIT without electric shocks is feasible in the specific context of mice exposed to chemo-
therapy (i.e., doxorubicin). Methods: Ten C57bl/6 6-week-old female mice underwent a maximal exercise capacity 
test before and after two weeks of HIIT (five sessions per week) to measure their maximum running speed. The elec-
trical stimulus was substituted by gently lifting the hind legs of the training mice using a tongue depressor. A second 
sample of ten C57bl/6 10-week-old female mice receiving a single intravenous injection of 20 mg/kg of doxorubicin 
underwent a single session of HIIT post-DOX using the same gentle stimulation method. Results: After two weeks 
of HIIT without the use of electric shocks, non-treated mice had a significant increase in their maximal speed (4.4 
m•min-1; P = 0.019). In DOX-treated mice, the compliance rate to run went from 100% during the acclimation period 
prior to doxorubicin treatment to 100% when HIIT was performed after the DOX treatment. Doxorubicin treatment 
seemed to affect exercise compliance in DOX-treated mice. Our study demonstrated that a two-week HIIT program in 
non-treated mice and a single HIIT session in DOX-treated mice are feasible. Conclusion: The use of electric shocks 
was not required to obtain acceptable exercise compliance and a significant change in mice physical capacity. Our 
technique to perform a treadmill maximal exercise capacity test was shown to be feasible, even in specific patho-
logical conditions like chemotherapy infusion, and could become a reference for future research protocols aimed 
at reducing the impact of psychological stress caused by electric shocks in mice. This model of exercise training in 
mice introduces an alternative to ethical conduct standards in animal research.
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Introduction 

High intensity interval training (HIIT) is charac-
terized by brief and repeated bouts of high-
intensity exercise, with intensities equal or 
superior to the ventilatory threshold, followed 
by low-intensity exercise or recovery periods 
below the ventilatory threshold [1, 2]. Its bene-
fits are similar to moderate-intensity continu-

ous training (MICT), which is recommended to 
improve cardiorespiratory fitness in the general 
population [3, 4]. The American College of 
Sports Medicine qualified HIIT as the most pop-
ular type of exercise because it is perceived to 
be more enjoyable, time-saving and better 
achieved by participants than MICT [5, 6]. This 
is even more interesting considering that previ-
ous studies [7-11] suggested that HIIT exerts 
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favorable effects on risk factors associated 
with cardiometabolic diseases by improving 
insulin sensitivity, lipid profiles, mitochondrial 
biogenesis and glucose control, and promoting 
weight loss. Consistent with these results, HIIT 
has been shown to be associated with cardio-
vascular [12] and metabolic adaptations [13]. 

Animal models are used to provide a better 
understanding of mechanistic adaptations that 
translate into physiological benefits after exer-
cise. Indeed, the laboratory environment allows 
the accurate investigation of physiological and 
performance adaptations and their cellular 
mechanisms, with better methodological con-
trol. Recent studies in both mice and rats have 
shown that HIIT was efficient to improve cardio-
metabolic health [14] and physical perfor-
mance [15, 16]. In mice, HIIT has been shown 
to exert beneficial effects on glucose metabo-
lism and insulin resistance [17, 18], metabolic 
dysfunctions [19], skeletal muscle Glut4 con-
tent [17] and grip strength as well as treadmill 
endurance and gait speed [15]. Unfortunately, 
many exercise studies using animal models do 
not use exercise doses that are relevant to 
humans. According to a recent review by Melo 
and Hagar [20], most pre-clinical rodent trials 
in exercise oncology have a lack of precision 
when it comes to describing exercise stimuli 
(high or low intensity). This is particularly accen-
tuated by the use of exercise interventions that 
no human can endure. This methodological 
issue deserves to be addressed since there is a 
need to find an exercise dose for pre-clinical 
mice trials that is comparable to exercise doses 
applicable to humans. 

Furthermore, many animal-based exercise 
studies stimulate the mice after running cessa-
tion with an electric shock grid. According  
to Conner [21], the use of electric shocks to 
stimulate running in mice induces psychologi-
cal stress, such as anxiety and aversion to 
training that can interfere with the mice’s run-
ning performance. Importantly, the use of this 
empiric electrical shock method does not meet 
the guidelines for ethical conduct in the care 
and use of animals provided by American 
Association of Psychologists. In fact, it appears 
that no research has studied the feasibility of a 
high-intensity exercise program without the use 
of electric shocks that takes into consideration 
ethical issues in animal experimentation. Thus, 
the aim of this study was to 1) demonstrate the 

feasibility of a two-week high-intensity interval 
training (HIIT) program without the use of elec-
tric shocks in mice and 2) show that HIIT with-
out electric shocks is feasible in the specific 
context of mice exposed to chemotherapy (i.e., 
doxorubicin).

Methods

Animals experiments

All animal experiments were approved by the 
institutional committee for the protection of 
animal (CIPA, protocol number: C15051JFc and 
CM18001FTs) of the University of Montreal 
Hospital (CRCHUM), Research Center (Montreal, 
Canada), and all animals received care in com-
pliance with NIH standards. We used thirteen 
6-week-old C57bl/6 female mice that were pro-
vided by the Charles River Laboratories (Saint-
Constant, Québec, Canada). A second sample 
of ten 10-week-old C57bl/6 female mice from 
Charles River Laboratories (Saint-Constant, 
Québec, Canada) received a single intravenous 
injection of 20 mg/kg of doxorubicin (Cayman 
Chemical, CO). All animals were acclimated to a 
12:12 hour artificial light-dark cycles, were fed 
on a regular chow diet and had access to water 
ad libitum. Animals were housed 3 to 5 mice 
per cage, and did not have any restrictions for 
voluntary activity, though they did not have 
access to a running wheel.

Acclimation period

Mice had one week of acclimation to the tread-
mill (Accusan, Omnitech Electronics, Columbus, 
Ohio, USA) [22, 23]. Two types of acclimation 
protocols were used according to the mice’s 
status (i.e., non-treated mice and DOX-treated 
mice). The non-treated mice were acclimated to 
running on the treadmill on five consecutive 
days by increasing the time from 15 to 35 min 
followed by two days of rest. On the first day, 
mice ran at a speed of 15 m•min-1 at a 0 degree 
slope. On the second day, in order to simulate 
HIIT, mice warmed-up for 10 min and continu- 
ed with 5 sets of 1 min at 17 m•min-1 (2 de- 
grees slope) with active recovery at 15 m•min-1 
at a 0 degree slope and a 10 min cool-down. 
According to Conner [21], mice that refuse to 
run are identified very quickly (~5 min) (i.e., 
three successive stops, refusal to resume run-
ning despite gentle encouragement, physical 
signs of exhaustion, splayed posture and la- 
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bored breathing). Those mice (n = 3) were 
excluded from the HIIT protocol. The DOX-
treated mice were acclimated using the 
Petrosino [24] protocol that obtained a high 
exercise compliance rate in C57bl/6 mice. 
Furthermore, exercise preconditioning has a 
cardioprotective effect in the animal model 
[25] and can become a confounding factor 
when studying the effect of exercise during 
doxorubicin treatments. Thus, a low dose accli-
mation protocol is preferred in this context. 
DOX-treated mice were acclimated to running 
on the treadmill for 3 min prior to exercise. 
Initial running speed was set at 6 m•min-1 for 5 
min, followed by 9 m•min-1 for 2 min and 12 
m•min-1 for the last 2 min. For the entire exer-
cise session, the slope was set to 0 degree. 
Acclimation was performed three times with 48 
to 60 hours of recovery between training ses-
sions. All of the DOX-treated mice accepted to 
run during the acclimation period according to 
the criteria by Conner [21].

Maximal exercise capacity test

After the acclimation period, non-treated mice 
performed a maximal exercise capacity test on 
a treadmill (Accusan, Omnitech Electronics, Co- 
lumbus, Ohio, USA) and were reassessed after 
a two-week HIIT training period (Table S1). The 
maximal exercise capacity test, inspired by de 
Moraes [26], consisted of a standard incremen-
tal procedure starting at 10 m•min-1 at a 5 
degree slope for 3 min followed by a first stage 
at a speed of 13 m•min-1 at a 10 degree slope 
for 1 min and a second stage at a speed of 
16.6 m•min-1 at a 10 degree slope for 1 min. 
Thereafter, the running speed increased by 3.3 
m•min-1 every minute until the mice were 
exhausted. For DOX-treated mice, the maximal 
exercise capacity test was slightly different and 
based on the Petrosino [24] protocol. 
Exhaustion was defined as the point where 
mice refused to run, stopped three times in a 
row or remained more than 10 seconds on a 
small resting area at the extremity of the run-
ning belt. Also, mice that showed signs of physi-
cal fatigue such as poor posture or labored 
breathing, were stopped.

High intensity interval training

The HIIT program for the non-treated mice was 
composed of 5 sessions (of 30 min) per week 
for two weeks. Each session started with a 10 
min warm-up (< 50% of the maximum running 

speed) followed by 5 sets of 1 min at high inten-
sity (over 75% of the maximum running speed) 
and a 10 min cool-down. Since mice rarely run 
for more than 1 to 2 min bouts on voluntary 
wheels, interval times were assigned according 
to Meijer and Robbers [27]. Each set was inter-
rupted by 2 min of active recovery period at low 
intensity (< 50% of the maximum running 
speed) qualifying the training session in a 1:2 
ratio. Mice were allowed 2 days of rest at the 
end of the week to promote their recovery. To 
increase mice compliance, the training pro-
gram was performed in a reverse day/night 
cycle in order for the mice to run during their 
active part of the day. For the DOX-treated mice, 
a single HIIT session was performed 30 to 78 h 
following the doxorubicin injection. The exercise 
session started with a 3 min warm-up (< 50% of 
the mouse’s maximum running speed) followed 
by 8 sets of 1 min at high intensity (85-90% of 
the maximum running speed). Each set was 
interrupted by 1 min of active recovery period 
at low intensity (< 50% of the maximum running 
speed). The 8 sets were repeated a second 
time following 5 min of passive recovery period 
for a total of 16 high intensity exercise bouts. 
The exercise session lasted 40 min and was 
performed at a fixed slope of 15 degrees. The 
electrical stimulus was substituted by a gentle 
encouragement by a human operator using a 
tongue depressor to slightly lift the mice’s hind 
legs [21].

Statistical analysis

Statistical analyses were performed using IBM 
SPSS statistics, version 24.0 (IBM Corp., Arm- 
onk, NY, USA) and graphs were created using 
GraphPad Prims 8.0.2 (GraphPad Software, 
San Diego, CA, USA). All variables were reported 
as mean ± standard deviation (SD). Descrip- 
tive analyses were performed to characterize 
our cohort of mice. To compare the maximum 
running speed before and after the HIIT pro-
gram, a two-tailed paired Student t-test was 
performed with a significance level of 5%. 
Effect sizes were calculated from Cohen’s d 
analysis where d = 0.20 was considered a small 
effect, d = 0.50 as a medium effect and d = 
0.85 as a large effect. 

Results

Out of the initial sample of thirteen non-treated 
mice, ten successfully completed the HIIT pro-
gram and the maximal exercise capacity test 
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before and after the intervention. Three mice 
refused to run during the acclimation period 
and were excluded from the study. During the 
first maximal exercise capacity test, before the 
HIIT program, the mean maximum running 
speed recorded was of 31.9 ± 4.8 m•min-1, 
while the second maximum running speed 
recorded after the HIIT program was of 36.3 ± 
5.0 m•min-1. Analyses showed that mice signifi-
cantly improved their maximum running speed 
by 4.4 m•min-1 (P = 0.019; d = 0.89) after two 

weeks of HIIT without the use of electric shocks 
(Figure 1). Also, we observed a non-significant 
(P = 0.09; d = 1.91) increase in weight between 
the beginning (18.1 ± 1.2 g) and the end (20.3 
± 1.1 g) of the HIIT program. In DOX-treated 
mice, the compliance rate to run during the 
acclimation period prior to doxorubicin treat-
ment was 100% and the mean running speed 
recorded was 31.4 ± 4.1 m•min-1. After the 
doxorubicin injection, the compliance rate for 
HIIT was 60% (high-intensity bouts completed ≥ 
8). The exercise compliance in DOX-treated 
mice is presented in Figure 2.

Discussion

This is the first study that investigates the effect 
of a HIIT program (1:2 ratio) without the use of 
electric shocks in mice. Our main findings sup-
port the hypothesis that two weeks of HIIT with-
out the use of electric shocks in non-treated 
mice is feasible in improving maximal running 
speed while also being reliable and safe. 
Contrary to previous studies [15, 17-19], the 
HIIT protocol was shorter and despite that, 
there was a significant increase of maximum 
running speed. Furthermore, we investigated 
the feasibility of a single HIIT session 30-78 h 
following an intravenous injection of doxorubi-
cin. Treated mice showed an acceptable com-
pliance to the single HIIT session shortly after 
the doxorubicin injection. 

Figure 1. Maximum speed (m•min-1) recorded before and after two-week of HIIT in mice. Maximum speed recorded 
before the training program is represented in grey, while maximum running speed recorded after the training pro-
gram is represented in black.

Figure 2. Compliance of a single HIIT session in DOX-
treated mice. Number (n) of high intensity bouts 
completed during the single HIIT session performed 
30-78 h after doxorubicin injection. Animals were re-
moved from the treadmill if they stopped three times 
in a row or showed signs of physical fatigue such as 
poor posture or labored breathing and vocalization.   
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Feasibility of two weeks of HIIT without the use 
of electric shocks in non-treated mice

Our findings were consistent with others using 
animals to show that HIIT enhanced physical 
performance in both rats and mice [15-17]. In 
fact, after two weeks of HIIT, we observed a 
13.8% increase in the maximum running speed. 
A study using aged mice, reported a 32.6% 
increase in treadmill endurance and 107% in 
gait speed after 16 weeks of HIIT [15]. This dif-
ference can be explained in part by the dura-
tion of the training program that was 8 times 
longer than the one in our study. 

Compliance to exercise in DOX and non-treat-
ed mice

During the acclimation period, compliance to 
exercise was different between our two study 
samples (non-treated and DOX-treated mice): 
three non-treated mice and zero DOX-treated 
mice refused to run. In that perspective, it is 
plausible that the acclimation protocol influ-
enced the mice’s willingness to exercise on the 
treadmill. The use of only 3 exercise sessions 
rather than 5 over a 7-days period may be pref-
erable in training mice to be more compliant to 
exercise. Similar acclimation compliance suc-
cess rates were reported in Petrosino’s study, 
in which no mice refused to run during the 3 
exercise sessions lasting 12 minutes each [24]. 
Furthermore, a small dose of exercise at con-
stant load during the acclimation period such 
as tested in the DOX-treated mice would be 
preferable if the researcher wants to avoid an 
increase in the animal’s physical function to 
increase prior to the intervention (e.g., avoiding 
a preconditioning confounding factor). However, 
gradually increasing the exercise session dura-
tion over the acclimation period as tested in the 
non-treated mice may be preferable to a con-
stant and small load (duration and frequency) 
to promote further adaptation and to prepare 
animals for the higher exercise intervention 
dose.

Exercise compliance rates during the interven-
tion period (single HIIT session and HIIT pro-
gram) were different between our two samples 
since we observed a 100% compliance in non-
treated mice, while we reported a 60% compli-
ance (high-intensity bouts completed ≥ 8) in 
DOX-treated mice. This may be related to the 
DOX-induced treatment side effects affecting 

the animal’s willingness to exercise and physi-
cal capacity. Indeed, it has been reported that 
doxorubicin side effects in rodents include 
asthenia, diarrhea, cachexia and cardiotoxicity 
that affect exercise capacity [28, 29]. According 
to one study, C57bl/6 female mice treated with 
a combination of cyclophosphamide, doxorubi-
cin and 5-fluorouracil experienced a significant 
reduction in voluntary wheel running parame-
ters such as: time, distance, average speed 
and peak speed post-treatment compared to 
pretreatment activity [29]. 

Ethical considerations

Finally, it is important to discuss the ethical 
aspects regarding the present study. It appears 
that the use of motorized treadmills with elec-
tric shock grids to force mice to run is not an 
ethically viable approach. This is an important 
issue in animal experimentation that deserves 
to be discussed. Impairments in some experi-
mental parameters (i.e., psychological stress, 
anxiety as well as food-seeking/avoidance 
behaviors and aversion to training) are caused 
by electric shocks [30-32]. It is therefore imper-
ative to develop innovative strategies to reduce 
pain in laboratory animals. Our study indicates 
that it is possible to establish better standard-
ized methods that more reliable experimental 
results. Thus, without the use of electric 
shocks, the present exercise training protocol 
that we implemented in mice brings a new solu-
tion to the reduction of their psychological 
stress and eliminates an important bias as a 
confounding factor to their physiological perfor-
mance [21, 33, 34]. For ethical reasons, we 
invite researchers to reconsider the use of elec-
trical stimulation and substitute it with a more 
“humane” approach such as using a tongue 
depressor. In accordance with our results, this 
technique was shown to be effective even for 
high-intensity training and may also be useful 
for cardiotoxic chemotherapy pre-clinical exer-
cise trials using rodent models. 

Clinical application

In exercise oncology, some methodological 
issues deserve to be addressed. Finding an 
exercise dosage for pre-clinical mice trials that 
is comparable to exercise dosages applicable 
to humans is one of them. This is a challenge 
since exercise physiologists do not necessarily 
have access to a complete cardiometabolic lab 
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set-up to propose the best follow-up to their 
patients. Thus, field tests (e.g., six-minute walk 
test, incremental shuttle walk test) are used to 
quantify training intensity based on the partici-
pant’s speed [35, 36]. The same aspect is 
observed in mice since the execution of a maxi-
mal exercise capacity test is rarely done in a 
metabolic chamber [37]. In order to get closer 
to clinical oncology reality, the same approach 
was applied to our mice sample. Thus, like a 
field test in humans, our maximal exercise 
capacity test in mice contributed to prescribing 
the running intensity from the speed parame-
ters with a normalized slope during the training 
session. Further studies are needed to explore 
the best prescription training dose. One of the 
first steps would be to compare different train-
ing protocols (e.g.: continuous vs HITT or differ-
ent work-rest ratio in HIIT). Some studies have 
begun to explore this aspect in breast cancer 
patients [38, 39]. However, some breast cancer 
patients wait between two to four weeks before 
starting chemotherapy. Therefore, there is a 
need to offer appropriate care for patients 
regarding physical activity as soon as they are 
diagnosed. A two-weeks HIIT program could be 
a viable solution, as our study proposes. 
Training mice should receive the same basic 
exercise prescription as found in human train-
ing, as follows: Frequency, Intensity, Time and 
Type (FITT) [40].

Conclusion

Our study demonstrated that a two-weeks HIIT 
program is feasible in increasing the maximal 
running speed with gentle lifts to the hindquar-
ter in the absence of electric shocks to stimu-
late mice to reach high levels of exercise inten-
sity. We also developed an experimental mouse 
model exercise intervention that is feasible dur-
ing doxorubicin treatments and that is humane-
ly applicable. Moreover, our treadmill maximal 
exercise capacity test was shown to be feasi-
ble, humane and easily translated into running 
speed for the training program. Our study could 
become a reference for future research aimed 
at studying mice running performance, or the 
effect of high intensity exercise on mice with 
acute toxicity induced by chemotherapy, with-
out the use of electric shocks. 
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Table S1. Maximal exercise capacity protocol
Stage Speed (m•min-1) Incline (degree slope) Duration (min)
Warm-up 10 5 3
1 13 10 1
2 16.6 10 1
3 19.9 10 1
4 23.2 10 1
5 26.5 10 1
6 29.8 10 1
* … 10 1
Cool-down < 10 < 5 3
*Exhaustion was defined as the point where mice refused to run, stopped 
three times in a row or remained more than 10 seconds on a small resting 
area at the extremity of the running belt. 


