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Introduction: Caffeinated drinks are used for improve performance. Animal models
represent investigational strategy that circumvents most of the drawbacks of research
in humans, including motivational factors and the placebo effect. No animal model that
could test whether different forms of administering caffeine affect exercise propensity
was found in the literature.
Methods: An animal model of grouped voluntary exercise was tested. Two-month-old
male C57/bl mice were housed in a cage fitted with one running wheel and a monitoring
system. Six animals per cage were introduced individually. To assess the sensitivity of
the model, the effect of different caffeinated drinks was observed in mice exercising ad
libitum. During 2 days, the mice received: 1) pure anhydrous caffeine 0.125 mg/mL (PC),
2) cola drink (CC), and 3) caffeine-taurine-glucuronolactone drink (CTG), intercalating
wash-out periods of 2 days, receiving pure water.
Results: The distance run during the periods of water ingestion was significantly lower
than during the periods of stimulant drinks ingestion: PC (5.6 ± 1.3 km; p = 0.02), of
CC ingestion (7.6 ± 0.6 km; p = 0.001), and of CTG ingestion (8.3 ± 1.6 km; p = 0.009).
The performances when ingesting the three caffeinated drinks do not follow a
dose-response curve.
Conclusions: The model described here was able to measure the effect of caffeine
intake on voluntary exercise of mice. The sensitivity of the model to the effect of
caffeine needs to be further validated. The action of each component of the drinks
on exercise performance needs to be clarified in future research. The present model
is adequate for such investigation.
Keywords: Exercise; caffeine; energy drinks; running

Athletic performance depends both on the athlete’s motivation on a set
of complex physiological and psychological phenomena, including placebo
effect, with different degrees of influence1-6.
Evaluation of changes in performance in humans is further encumbered
owing to genetic and cultural variability. To minimize these and other issues
of human trials, experimentation with laboratory animals is desirable as first
step before results are translated to human settings.
Most exercise models keep the animals isolated in a cage containing an
exercise wheel7-9. For rodents, this is a potent stressor10,11. Other types of
models force the animals to run in treadmills12-14, using electric shocks15,16
or brushes17 to motivate them. An extensive literature search did not find
experiments utilizing grouped animals and adding their combined activity
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to assess exercise performance or propensity that
could be used to compare in animals, point by point,
the seven conclusions derived by the International
Society of Sports Nutrition from humans18.
Running wheels are employed for enrichment of
cages. Rodents are naturally affectionate of running
wheels. When observing pets, one can identify the
sharing of running wheels. We hypothesized that
grouping mice in a cage with access to an exercise
wheel is a viable model to test exercise performance.
The model was imagined as a “black box” in which
an input – caffeine – is introduced and the number
of kilometers run emerges as an output.
This study aimed to investigate the ability of
a hypothesized animal model to assess running
propensity in mice. The effect of different caffeine
preparations on the amount of exercise performed
was used as an indicator of the sensitivity of the
model to interventions that may increase or decrease
predisposition to exercise.
METHODS
Animals
Two-month-old male C57/bl mice (FEPPS, Porto
Alegre, Brazil) were housed under temperatures
ranging between 22.5 and 24.5 °C and received ad
libitum standard mice chow (Purina-Nutripal, Porto
Alegre, RS, Brazil). The protocol was approved by
the institutional Ethics Committee and followed the
Guide for the Care and Use of Laboratory Animals19.
Microprocessor System for Monitoring Exercise
The activity of the animals on the exercise wheel
was measured by a lap counter developed in our
institution. The monitoring equipment was operated
by a Hall-effect non-contact bipolar digital switch, a

standalone microcontroller with LCD display, and a
serial interface. The date, time, total number of turns,
and turns per minute were stored for downloading
to a computer. Software was developed to transfer
and graphically represent the data on a display.
The number of turns run by the mice was converted
to kilometers, based on the wheel circumference
of 31.4 cm.
Exercise System
The cage had two compartments isolated by a
door that was open or closed to control access to the
compartment enclosing the running wheel (Figure 1).
The other compartment was a regular cage with access
to food and to a gravity-fed water bottle. From 9 a.m.
to 5 p.m., in the light period, the animals were isolated
from the exercise wheel to prevent activity during the
sleep time, ensuring at least 8 hours of rest.
Protocol Phase 1 – Developing an exercise group
protocol: In the first phase of the experiment, the operational
viability of the exercise model was established. In this
phase, each animal was placed alone in a cage with
access to the exercise wheel from 5 p.m. to 9 a.m.
After two or three nights, depending on the variability
from night to night, individual interest by the wheel
was confirmed by a distance run of at least 0.1 km.
Afterwards, one animal by night was added to the
group in the cage to verify whether the distance would
increase. The optimal number of animals per cage
would be determined when “saturation” of exercise
wheel occurred, i.e., when the sum of the distance
run on the wheel would not increase as more animals
were introduced in the cage. Six animals were placed
on each cage without saturation. This number was
maintained because the area of the cage did not allow
more animals, within the standards of animal care.
Each day, each cage produced one summed number

Figure 1: Exercise system.
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of turns. The results of the two cages were averaged
daily. During 1 week, until the beginning of phase 2,
mice had free access to the exercise wheel 16 hours
per day, from 5 p.m. to 9 a.m. In this period, the number
of turns increased and eventually stabilized.
Protocol Phase 2 - Stimulant interventions:
The interventions were applied after the number
of six mice per cage was established and the daily
number of turns was stable. A total of 12 mice
were tested in two separate cages. Each group
with six mice exercised 2 days receiving pure
water to establish the baseline distance run. After

that, they alternated 2 days drinking stimulant
with 2 days of wash-out drinking pure water for the
three stimulants (pure caffeine [PC], cola + caffeine
[CC], caffeine + taurine + glucuronolactone [CTG])
(Figure 2). The stimulants received are described
in Table 1. The gas in the drinks was removed by
shaking. The whole experiment lasted 14 days.
Statistical Analysis
Each data point represents the average of four
distances measured in two cages during 2 days.
The results were presented as mean ± standard
deviation in tables and as mean ± one standard
error in graphical form. The data were compared
using paired-samples t-test or, when appropriate,
one-way ANOVA, followed by Tukey’s b post-hoc
test. Data were analyzed using SPSS for Windows
v.16 (SPSS Chicago, IL). Significance level for alpha
error was set at 0.05.
RESULTS

Figure 2: Flow diagram of the experiment.

The accumulated distance run by day in each cage
with six mice is shown in Table 2. At the beginning
of the experiment, mechanical problems with the
wheel led to data loss in each one of the two cages.
Therefore, the result for Water 1 is for only one cage
in day 2 and the result for PC is for only one cage
in day 1.
Figure 3 shows four panels reproducing the display
of the monitoring software. Each panel represents
one test period lasting 16 hours. A clear increase in
speed and duration of activity is seen in panels b, c,
and d, recorded when animals were under stimulant
effect, as compared with panel a, recorded when the
mice received water to drink. Activity in the light-on
period was minimal.
All periods receiving stimulant were different from
the previous water period. In the period receiving PC,
the mean distance run increased 3 km when compared
with the control period. In the period receiving the
CTG drink, the mean distance run was the largest
but not statistically different from the other stimulants.
All wash-out periods presented significant reduction
in running activity from stimulant period except for
wash-out 1 (Figure 4).

Table 1: Composition of caffeinated drinks.
Caffeinated drinks
Pure caffeine
Cola drink
CTG

Caffeine dose
0.125 mg/mL
0.095 mg/mL
0.32 mg/mL

Carbohydrates
0.015 g/mL
0.105 g/mL
0.112 g/mL

Calories
0.06 Kcal/mL
0.425 Kcal/mL
0.44 Kcal/mL

CTG = caffeine + taurine + glucuronolactone.
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Table 2: Distance run (km) by cage on the first and second day of interventions.
Day
1
1
2
2
Mean
SD

Cage
1
2
1
2

Water 1
2.9
2.9
2.0
2.6
0.5

PC
7.1
4.9
4.9
5.6
1.3

Water 2
4.5
4.9
3.0
3.8
4.1*
0.8

CC
8.4
7.6
7.1
7.1
7.6#
0.6

Water 3
5.1
5.9
4.3
4.3
4.6
2.0

CTG
9.6
6.8
9.8
7.0
8.3
1.6

Water 4
5.6
6.8
2.1
3.8
4.6
1.8

*Significantly different from control period. #Significantly different from PC.
SD = standard deviation; PC = pure caffeine; CC = cola + caffeine; CTG = caffeine + taurine + glucuronolactone.

Figure 3: Display of the monitoring software with 16-hour record of exercise wheel activity. The height of each vertical
grey line represents the number of turns in exercise wheel in one-minute epochs as seen at the left axis. The black line
represents the sum of turns over time and the total of kilometers run is seen at the right axis. Panel a, animals receiving
water; Panel b, animals receiving pure caffeine; Panel c, animals receiving cola drink; Panel d, animals receiving
caffeine + taurine + glucuronolactone.

DISCUSSION

Figure 4: Means of distance run, standard errors of the means,
and significance of the differences in distance run between
periods receiving water and stimulants. PC = pure caffeine;
CC = cola drink; CTG = caffeine + taurine + glucuronolactone.
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To the best of our knowledge, this is the first report
of a voluntary exercise model for rodents using the
distance run by a group as outcome. The distance
run in one wheel increased as more mice were
introduced in the group, up to a number of six mice
per cage, and when caffeine were provided. With the
mice running ad libitum, the model detected increase
in exercise during periods under influence of caffeine
and, as expected, decrease of distance in periods
receiving water.
To collect exercise data from the distance run
voluntarily by groups of six mice provides results in a
fast, animal-friendly, and low-cost way. Exercise models
that keep the animals isolated may induce stress9,10.
Likewise, the use of treadmills and electrical shock
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to force exercise14,15 may introduce difficulties in the
assessment of the propensity to exercise. In the present
model, besides the natural colony environment being
maintained, one mouse running in front of the group
may entice the overall activity, creating an “exercise
culture”. In such a social setting, activity may reflect
more closely what happens with exercising humans.
Since this report is preliminary, several limitations
can be encountered. Among the limitations, the
lack of a control group for comparison, exposed to
another performance recording method, is an issue.
Future research using a proper controlled design to
compare the present model with alternative models is
necessary. Also, by summing up the performance of
all animals in the cage, the model limits the number
of data points to one per cage per day. Instead of
detecting inter-individual differences, the standard
deviation in Table 2 and standard error in Figure 4
represent the dispersion of the four data points of
two cages in 2 days. To increase the number of data
points, distances could be computed and analyzed
at certain time intervals or even hourly. This can be
useful for research of chronobiological aspects of
exercise. All these possibilities are beyond the scope
of the present study.
Complete validation of the model as for quantitative
dose-response measurements was not achieved
by the present study. It was not assumed that each
one of the animals in the cage consumed similar
amounts of each one of the drinks offered. The model
is to be seen as a “black box”. The participation of
each animal is not measured but assumed. In this
respect, the use of isogenic animals seemed more
reasonable. It is, however, necessary to test this
model using different lineages of wild and isogenic
rodents before a conclusion is reached on the best
configuration of the box.
In Phase I, it was anticipated that when more
mice were introduced in the exercise cage, the
reduction of space per animal would create a stressful
environment and reduce the activity. The distance,
however, increased consistently when more animals
were introduced in the cage. This is probably due
to the fact that the animals in each cage were from
the same litter and were lodged together since birth.
Understandably, the present model, due to its
simplicity, has its utility circumscribed to experiments
in which individual performance is not being evaluated.
Experiments for assessment of each single animal
performance are more complex, demanding equipment
for swimming, treadmills, and other devices11-16.
The utility of grouped voluntary exercise is more
evident in the evaluation of interventions that increase
or decrease the propensity to exercise. The input
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to be tested could be, for instance, hypoxia, sleep
deprivation, obesity, and nutritional changes.
The appropriate choice of the experiment in which
the model will be used is essential. The issue of the
participation of each animal in grouped exercise
not being actually recorded but rather assumed
based on the overall increase in distance run cannot
be circumvented in this model. The experiment,
therefore, should cause a group effect. The whole
cage being exposed in a reasonably uniform fashion
to the intervention would obviate the need to record
individual exercise.
Dose-response measurements were not performed
in the present study. The plasma levels of caffeine are
dubious, since it cannot be assumed that each one of
the animals in the cage consumed similar amounts
of each one of the drinks offered. Caffeine given by
gavage or injection in progressive dosages would
answer this doubt. The model, however, is adequate
for this experiment.
Caffeine concentration in a drink does not predict
the dose ingested. This was the case with CC drink
that caused significantly greater running than PC
with lower caffeine concentration. The smaller effect
of PC, compared to that of carbohydrate-containing
CC, can be due to: 1) inability of the model to detect
a precise dose-response curve, 2) the calories
provided by sugar increased exercise ability under
CC, and 3) the sweet taste prompted liquid ingestion
beyond the necessary for thirst satiation, increasing
plasmatic caffeine levels.
Effects of stimulant drinks20-22 are related primarily
to the presence of caffeine in the composition. In the
literature, the effect of drinks composed by CTG on
exercise performance has been compared against
placebo23-28. In humans, improved athletic performance
after taking 3-6 mg of caffeine per kg of body weight,
has been described in different types of exercise,
especially in endurance activities29-31. A significant
increase in resistance to exhaustion was seen with
caffeine compared to placebo32,33. The performance
of athletes after consuming drinks containing caffeine
and taurine is increased34,35. Neither comparison of
CTG against other caffeinated drinks nor successful
establishment of a dose-response curve for caffeine36
in humans were found in the literature.
Even after 1 week of the first phase, in which
animals stabilized the distance run, an increase in
performance between the periods 1 and 2 receiving
water was observed (Figure 4). The wash-out water
period after PC shows a non-significant reduction
from the PC period. This may reflect, at least in part,
the effect of training. It is less likely that the wash-out
period is insufficient since, under CC and CTG, the
distance reverted to baseline. In future studies, the
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phase-1 training in the wheel may be longer than
1 week to avoid this potential issue.
In conclusion, the efficacy of caffeine as a
performance-enhancer was confirmed in a novel
model of grouped exercise. The model described
here was able to measure the effect of caffeine
intake on voluntary exercise of mice, consonant with
results in humans. The sensitivity of the model to
the effect of caffeine needs to be further validated.
The action of each component of the drinks on
exercise performance needs to be clarified in future

research. The present model is adequate for such
investigation.
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