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This study comprises two complementary experiments with athymic Balb/c
(Nu/Nu) mice. In experiment 1, the aim was to verify the reproducibility of the
peak velocity (Vpeax) determined from the incremental test. The second
experiment aimed to assess the Vpey sensitivity to prescribe and detect
modulations of the physical training in athymic nude mice. Sixteen mice
were submitted to two incremental treadmill tests separated by 48-h
(Experiment 1). The test consisted of an initial warm-up of 5 minutes.
Subsequently, animals initiated the tests at 8 m min™ with increments of
2 m min~t every 3 minutes. The Vpe, was determined as the highest velocity
attained during the protocol. In experiment 2, these animals were randomly
allocated to an exercise group (EG) or a control group (CG). The training
protocol consisted of 30-min of treadmill running at 70% of the Vpea five
times a week for 4 weeks. High indexes of reproducibility were obtained for
Vpeak (Test =19.7 + 3.6 m min™!; Retest =19.2 + 3.4 mmin™; p = 0.171; effect
size = 0.142; r = 0.90). Animals from the EG had a significant increase of Vpeax
(Before = 18.4 + 2.7mmin™'; After = 242 + 6.0mmin% p = 0.023).
Conversely, a significant decrease was observed for the CG (Before =
21.1 + 3.9 mmin™; After = 159 + 27mmin™; p = 0.038). The Vpea is a
valid parameter for exercise prescription in studies involving athymic
nude mice.
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Introduction

The “hairless” Balb/c (Mus musculus) was initially described in 1962 by Dr. Grist
of the Virus Laboratory at Ruchill Hospital, Glasgow (Issacson and Cattanach, 1962).
At first inspection, the absence of a hair coat was the most evident difference in this
mouse. Further, such characteristics and their pleiotropic impacts on fertility,
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mortality, histology, morphology, and genetics were explored
by Flanagan, (1966). This author theorized that these
deformities were produced by a recessive gene known as
“nude” and symbolized as nu (thus the designation BALB/c
(Nu/Nu) mice). Along with the hairlessness, these animals
showed slow growth, poor fertility, and the development of
liver disease, which ultimately led to premature death before
25-30 weeks. Two years later, a reinvestigation revealed that
BALB/c (Nu/Nu) mice lack the thymus (Pantelouris, 1968),
being unable to produce T-cells and then characterized as
immunodeficient or athymic.

This immunodeficient feature made the athymic mice
relevant to the study of drug action (Juul et al., 1992) and
development (Kelland, 2004), besides cytotoxicity research
(Budzynski and Radzikowski, 1994) and several diseases,
including autoimmune (Volpe et al, 1993) and cancer
(Szadvari et al., 2016). Regarding the latter, this model has
been largely applied in distinct contexts associated with
neoplasms, including breast (Osborne et al, 1985),
colorectal (Giavazzi et al., 1986; da Silva et al.,, 2022),
prostate Weerden 2000),
(Yoysungnoen et al., 2008), lung (Liu et al, 2012),
pancreatic (Zhao et al., 2013) and neurological cancers (de

(van and Romijn, liver

Oliveira et al., 2019). Therefore, based on the exponential
increase in global oncology cost over the last 10 years (2011 =
US$ 56 billion; 2021 = US$ 187 billion) (Statista, 2022) and the
high cancer mortality rate (Moss et al., 2020), the BALB/c
(Nu/Nu) mice have become an important model onto new
therapeutics. Apart from the pharmacological approaches,
has
component of cancer treatment (Idorn and Thor Straten,
2017; Ferioli et al., 2018; Hojman et al., 2018; Esteves et al,,
2021). However, the scientific community lacks information

physical exercise been suggested as a relevant

about the impact of manipulating training variables on cancer
in humans (Kraemer et al., 2022), and the same is true for
experiments with Balb/c (Nu/Nu). Although some reports
have submitted these rodents to physical exercise (Jones
et al., 2005; Lee et al., 2017; Lee et al., 2018; Hagar et al,,
2019), a variety of non-individualized protocols were
conducted, hampering further conclusions on the influence
of training intensity and volume for these animals.

Several protocols have been carried out with rodents to
identify physiological parameters for individual control and
prescription of physical training. The maximal lactate steady
state (MLSS) and lactate minimum test (LMT) may be valid
approaches for this purpose (Gobatto et al., 2009; de Araujo
etal., 2012; Messias et al., 2017; Rodrigues et al., 2017). On the
other hand, given the average total blood volume of a mouse
(72-80 ml/kg) (Mitruka and Rawnsley, 1977; Diehl et al,
2001) and the potential immunological window resulting
from the invasive procedures, the need for multiple blood
collections may stymie these protocols for Balb/c (Nu/Nu).
Moreover, Lonbro et al. (2019) verified large variations in
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blood lactate kinetics of athymic mice submitted to exercise,
hampering the MLSS determination. According to these
authors, the inter-strain variability along with handling and
pacing these mice during exercise may influence the blood
lactate levels, possibly explaining the ineffective MLSS
determination. In this sense, non-invasive tests such as the
critical velocity concept (CV) can alternatively provide
reliable ~ parameters for training controlling, and
prescription of rodents (Billat et al., 2005; Manchado-
Gobatto et al, 2010). However, a minimum of three
predictive trials may preclude this test in studies with
tumor growth, which have a limited period for cancer
implantation.

Due to the model’s idiosyncrasies, alternative ways to
determine training parameters for BALB/c (Nu/Nu) mice are
required. In this way, the peak velocity (VPeak) can be
measured in just one incremental test without invasive
procedures. This parameter is largely used for humans
(Bassett and Howley, 2000; Bosquet et al., 2002), but
Picoli et al. (2018) recently demonstrated that Vp., is as
sensitive as the maximal oxygen consumption (VO,,y) to
prescribe and monitor exercise training in Swiss male mice.
Nevertheless, no study has verified if this parameter is
reproducible and appropriate to prescribe the exercise
intensity for the immunodeficient BALB/c (Nu/Nu) mice.
For the

experiments that span this gap. The findings of this study

first time, we provide two complementary
provide new avenues for studying and improving physical
training using the BALB/c (Nu/Nu) mice. Overall, this study
aims to verify the VPeak reproducibility (Experiment 1) and
sensitivity to prescribe and detect modulations of the
physical training (Experiment 2) in BALB/c (Nu/Nu)
mice. Despite the athymic characteristic, we hypothesize
that this parameter based on non-invasive and I1-day
protocol is reproducible and appropriate to prescribe
exercise intensity for these animals.

Material and methods
Animals

Sixteen 1-month BALB/c (Nu/Nu) mice (8 male and
8 female) from Charles River were used in this study.
Throughout the experiments the rodents were kept in a
room with a controlled environment, including temperature
(23 £ 1°C), relative humidity (45-55%), noise (<80 dB), and a
12:00 h light/dark cycle (illumination from 6.00a.m. to
6.00 p.m.). Mice were housed one per polyethylene cage
with 40-cm length, 33-cm width, and 16-cm height. Food
(Neovia, Sao Paulo, Brazil), and water were provided ad
libitum and autoclaved before use. Cages were replaced
each week and were also autoclaved.
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Experimental design

Animals were randomly allocated into the exercise group (EG)
(n = 8) or control group (CG) (n = 8), regardless of sex. Before the
beginning of the intervention, both groups were adapted to the
treadmill exercise for 5days. On the first day, animals were
submitted to 10-min continuous running exercises at 6 m min .
Five minutes and 1 mmin~' were added per day, until the last
adaptation session of 30 min at 10 m min". In the next week, the
athymic rodents were submitted to two incremental tests (test and
retest) separated by 48 h (Experiment 1). During the subsequent
4 weeks, the EG performed individualized training, while animals
in the CG remained without physical effort (Experiment 2) (Figure 1).
Three days after the intervention period, animals from both groups
were submitted to the last incremental test and then euthanized.
Throughout the experiment, body mass, food, and water intake were
individually measured twice a week (ie., Monday and Friday), at the
same time (11:00 am.). The delta between Monday and Friday
indicated the body mass variation inside the week as well as the
intake of food and water. The delta between Friday and the next
Monday indicated the body mass, food, and water intake variations
during the weekends. Moreover, the food and water intake were
normalized by the body mass using the following equation:

Normalized intake = (IW — FW)xND'xBM ™

Where IW refers to the initial weight of food or water, FW is
equal to the final weight of food and water, ND is the number of
days, and BW is the body mass.

Experiment 1—Reproducibility of the
incremental test parameters

In the week before the intervention period, the animals
were submitted to two similar treadmill incremental tests
separated by 48 h. Considering that at this moment every
animal was in the same condition (i.e., with or without the
training intervention), we clustered all rodents (n = 16) to
verify the reproducibility of the incremental test parameters.
Tests were performed at the same time (2:00 p.m.) and by the
same researcher in blind condition. The incremental test
consisted of an initial warm-up of 5 minutes (3 minutes at

1

6mmin' and the remaining 2 minutes at 7 mmin").

Subsequently, animals initiated the tests at 8 m min™' with

increments of 2 m min™’

every 3 minutes. The exhaustion
criteria consisted of the incapacity to keep running for
more than 10-s (Kregel et al., 2006).

The total time and the peak velocity (Vpe.) were
retrieved for testing the reproducibility of the incremental
test. Total time was defined as the amount of time—except
for the warm-up—those animals performed during the test.

Vpeak Was calculated by the equation of Kuipers et al. (2003):
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Vieak = V + t/Tx velocity increment

Where V is the velocity of the last completed stage (m min™), t is
the time (s) of the uncompleted stage, and T is the total time of
the stage (180-s).

Experiment 2—Sensitivity of the
incremental test parameters to the
individualized training

BALB/c (Nu/Nu) mice of the EG were submitted to 4 weeks
of individualized training on a treadmill. The training sessions
occurred five times a week (Monday to Friday) with a volume of
30-min per day. The intensity was established at 70% of the Vpe,x
determined in the first incremental test (Picoli et al., 2018). Based
on the reproducibility results—which will be detailed in a further
section—only two Balb/c (Nu/Nu) presented a considerable
reduction in the second Vpe, (ie., retest). Suggestively, these
animals could not be fully recovered from the first incremental
test. Therefore, and to avoid this effect, the Vpe, from “test” was
chosen rather than those from “retest”. After the training period,
animals from both groups were again submitted to the
incremental test.

The ratio between the performed to the predicted volume was
individually quantified. The daily training load was obtained by
the product between training volume (min) and intensity (70% of
the Vpea) and expressed in arbitrary units (A.U). Based on the
daily load, the mean weekly load was calculated for each week.
Training monotony (i.e., loading fluctuations) was calculated as
the mean weekly load/standard deviation of the total weekly load.
Strain (i.e., overall stress generated by training) was calculated as
total weekly load/monotony.

Statistical analyses

The statistical analyses were conducted using a statistical
software package (STATISTICA 7.0, Statsoft, OK, United States).
Levene and Shapiro-Wilk tests confirmed the homogeneity and
normality of our data. Mean and standard deviation (SD) were
used for all variables. Coefficient of variation (CV) was calculated
based on the mean and SD. Reproducibility analysis was procced
by t-test for dependent samples, effect size (ES) (Cohen, 1994),
Pearson product-moment, and the Bland-Altman approach
(Bland and Altman, 1986). Cohen’s categories used to evaluate
the magnitude of the ES were: small if 0 < |d| <0.5; medium if
0.5 < |d| < 0.8; and large if |d| > 0.8. Comparison among the
incremental test results (total time and Vpe,) as well as body
mass, food, and water intake for both EG and CG before and after
the intervention period was procced by two-way ANOVA. The
Newman Keuls post-hoc was considered in all analyses of
variance. The ANOVA for repeated measures was adopted for
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TABLE 1 Reproducibility parameters between the incremental test and
retest results.

N =16 Test Retest P ES r(p)

Total time (s) 1055 + 320 1013 £ 305 0.148  0.134  0.88 (<0.000)

Vpeak (m/min) 19.7 £ 3.6 192 £ 3.4 0.171  0.142  0.90 (<0.000)

ES, effect size; Vpeak—peak velocity determined from the incremental tests; p < 0.05.

the comparison of the mean weekly load calculated from the EG.
The body mass comparison during the experiment was procced
by three-way ANOVA. We opted to provide the raw body mass
values rather than the variation through weeks and weekends to
preserve the magnitude of this parameter. Therefore, moment
(weeks), intervention (exercise vs. control), and the day of the
week (Beginning/Monday vs. Ending/Friday) were considered
factors. The area under the curve was calculated by a trapezoidal
approach using the GraphPad Prism 5.0 software (GraphPad
Software, CA, United States). In all cases, statistical significance
was set at p < 0.05.

Results

Experiment 1—Reproducibility of the
incremental test parameters

Table 1 present the results from the comparison between
the incremental test and retest. Both total time (test—range =
563-1891s; CV = 30.3%/retest—range = 540-1460s; CV
30.1%) and Vpe, (test—range = 15.1-29.1 m min™'; CV =
18.0%/retest—range = 14.0-24.2 m min™'; CV = 17.8%) were
similar, presented a small ES and were significantly correlated

between evaluations. Bland-Altman analysis showed good
accuracy and precision for both total time and Vpe
obtained in the incremental tests (Figure 2). Only two
BALB/c (Nu/Nu) mice (Animals 14 and 15) presented a
14—total time = -303s;
Vpeak = —3.3mmin"'; Animal 15—total time = -431s;

large reduction (Animal

Vpeak = —4.7 m min~') between the test and retest. For 86%
of the sample, the bias of total time and Vpe, were 4 s and

1

0.04 m min™", respectively.

Experiment 2—Sensitivity of the
incremental test parameters to the
individualized training

The training variables measured from the EG are
presented in Figure 3. Apart from the second, seventh,
and ninth days, the BALB/c (Nu/Nu) mice performed 90%
of the predicted load during the intervention period
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(Figure 3A). No difference was observed for the weekly
load throughout the training (p = 0.395) (Figure 3B). The
monotony was unchanged during the first 3 weeks (Week 1 =
3.7; Week 2 =3.5; Week 3 =3.8 A.U), but an increase of ~34%
was observed in the last week (5.0 A.U) (Figure 3C).
Opposite scenario was visualized for strain, with a
decrease of ~22% in last week (Week 1 = 483.58; Week
2 = 506.87; Week 3 = 477.05; Week 4 = 378.53 A.U)
(Figure 3D).

No interaction was observed for both groups (p = 0.935) in
terms of body mass (CG—Week 1 = 19.85 + 2.64 g; Week 2 =
21.47 +2.78 g;Week 3 =21.85+2.48 g; Week 4 =22.75+2.28 g;
EG—Week 1 =23.16 + 1.98 g; Week 2 = 23.85 £ 2.13 g; Week
3 =23.87 +£2.07 g; Week 4 = 24.40 + 1.63 g). Figure 4A shows
the normalized food and water intake throughout the
experiment. Significant effects were observed for moment
(p = 0.000), group (p = 0.002), and interaction (p = 0.000)
in terms of food intake. Differences between weeks and
weekends within the same group were visualized, but mice
from the control group had higher ingestion than those trained
on the weekends. Conversely, trained mice ingested more food
on week 2 when compared to control (Table 2). A similar
scenario was observed regarding water intake (Figure 4B).
Significant effects were observed for moment (p = 0.000) and
interaction (p = 0.000), but not for group (0 = 114). Animals
ingested more water on weekends regardless of the
group. However, a significant difference was observed
between weekends 1 and 3 for trained mice. Moreover,
trained mice had higher water ingestion on week 3 when
compared to control (Table 3).

Both total time and Vpe, were significantly modified
during the experiment (Figure 5). While the physical
training improved these parameters in the EG group (Total
time—Before = 950 + 248 s; After = 1437 + 561 s; p = 0.034/
Vpeak—Before = 184 + 2.7mmin™'; After = 242 +
6.0mmin™'; p = 0.023), the BALB/c (Nu/Nu) mice that
remained without the training had a significant decrease in
performance (Total time—Before = 1184 + 355s; After =
697 + 248 s; p = 0.034/Vp,—Before = 21.1 + 3.9 m min™;
After = 15.9 £ 2.7 mmin™'; p = 0.038).

Discussion

The hypotheses of this study were accepted. Our findings
support the Vpe, as a method of exercise prescription and
controlling for BALB/c (Nu/Nu) mice. This parameter was
reproducible for 86% of the mice (14 out 16) with a very low
bias between test and retest. Furthermore, the BALB/c (Nu/
Nu) mice improved their VPeak by 31% after 1 month of
individualized training, supporting the sensitivity feature of
this parameter for this animal model.
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FIGURE 1

Experimental design of the study. After adaptation to the treadmill, mice were submitted to the incremental test and retest for the peak velocity
(Vpeak) determination (Experiment 1—reproducibility of the incremental test results). Animals from the exercise group were submitted to 4 weeks of
physical training based on 70% of the Vpeak. During the same period, the controls did not perform any physical exercise. After the sixth week, both
controls and exercised were submitted to the last incremental test (Experiment 2—sensitivity of the incremental test parameters). Note that
controls were again submitted to a new treadmill adaptation the week before the last incremental test.

Experiment 1—Reproducibility of the
incremental test parameters

In this study, we modified methodologic aspects to assure
that all BALB/c (Nu/Nu) mice could perform the incremental
protocol. Our design differs from those carried out by Picoli
et al. (2018) in terms of initial velocity and intensity
increment over the stages. The Swiss mice tested by these
authors are frequently used in experiments involving
physical exercise (Aguiar et al., 2010; De Souza et al,
2010; Wanner et al., 2014; Ludtke et al., 2020; Picoli et al.,
2020; De Sousa et al.,, 2021); therefore, the large intensity
increase of 9 cms™' per stage (i.e., 5.4 m min~') adopted in
the incremental test is not surprising. Although the BALB/c
(Nu/Nu) mice were adapted to the treadmill exercise, we
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' increments to avoid premature

opted for 2.0 m min~
exhaustion within the new stage, allowing a precise
determination of the Vpgu.

The reproducibility indexes were high for most of the
samples. The consistency of the exhaustion criterion during
the incremental test was critical to achieving this positive
result. The same researcher conducted the test and retest
(and also the retest after the intervention) protocol within
the same BALB/c (Nu/Nu) mice,

variations regarding the test interruption. Future research

avoiding personal

must carefully consider this factor since it can impact the
VPeak determination. The large reduction presented by
animals 14 and 15 may be attributed to a non-complete
recovery between test and retest. This hypothesis, however,
is not supported by the literature, given the information
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FIGURE 3

Training parameters measured from the Balb/c (Nu/Nu) submitted to physical exercise; (A) Training load across the training intervention; (B)
Mean weekly load calculated from the days inside weeks; (C) Monotony calculated throughout the training; (D) Strain measured during the training

intervention.

absence on the recovery capacity of BALB/c (Nu/Nu) mice
after physical effort. Future methodological studies can shed
light on this issue by comparing the test and retest
parameters within 48 or 72-h of recovery between efforts.
However, our results support the conclusion that 48-h was
sufficient to assure high reproducibility results for 86% of the
sample.
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Experiment 2—Sensitivity of the
incremental test parameters to the
individualized training

Although experiments with rodents submitted to physical
training allow a refined of factorial variables,
individualized prescription and load monitoring are recurrently

control
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FIGURE 4

Normalized food (A) and water (B) intake by the control and
intervention groups throughout the experiment.

overlooked. This perspective enables deep interpretations of the
physical training on stress biomarkers (de Araujo et al,, 2012) and
molecular adaptations (Rodrigues et al.,, 2021; Forte et al,, 2022).
Previous studies have submitted BALB/c (Nu/Nu) mice to physical
training lasting 8 (Jones et al., 2005; Hagar et al., 2019) or 12 weeks
(Lee et al, 2017; Lee et al, 2018). Despite the important data
provided by these reports on breast tumors, none have provided
a deep analysis of the training parameters during the exercise
intervention. This interpretation is relevant for any rodent, but
special attention must be given to BALB/c (Nu/Nu) mice. It is widely
accepted that prolonged and intense physical exercise may cause an
open window of immunosuppression during recovery (Peake et al,,
2017). Given the immunodeficient feature of BALB/c (Nu/Nu) mice,
the intensity prescription must be carefully considered to enable a
refined interpretation of what is being considered “intense” for these
animals. Otherwise, the immunosuppression window can increase,
leading to infections and premature deaths of these animals.
Previous studies have carried out an exercise with progressive
but not individualized intensity (Jones et al, 2005; Lee et al., 2017;
Lee et al.,, 2018; Hagar et al., 2019). After some acclimatization to the
training, the 18 m min™ was chosen in most of these reports, since it
corresponds to 70-75% of murine VO,,,.x (Fernando et al., 1993).
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TABLE 2 Comparison between groups through the experiment in
terms of food intake.

Moment Control Training
Week 1 0.191 + 0.037 0.181 + 0.011
Weekend!1 0.448 + 0.042+ 0.392 + 0.070%°
Week 2 0.131 + 0.020 0.169 + 0.032°
Weekend2 0.487 + 0.059+ 0416 + 0.058+°
Week 3 0.149 + 0.017 0.165 + 0.021
Weekend3 0.459 + 0.0513 0.423 + 0.110%°
Week 4 0.142 + 0.016 0.206 + 0.029°

«Different from weeks 1, 2, 3, and 4 within the same group; *Different from the
respective control; p < 0.05.

TABLE 3 Comparison between groups through the experiment in
terms of water intake.

Moment Control Training
Week 1 0322 £ 0.049 0.460 + 0.094
Weekend1 0.872 + 0.146% 0.703 + 0.265%
Week 2 0278 + 0.052 0382 £ 0.075
Weekend2 0.648 + 0.102+ 0.628 + 0.073+*
Week 3 0.176 + 0.040 0411 £ 0.167°
Weekend3 0.589 + 0.115+% 0.423 + 0.110°
Week 4 0.173 + 0.041 0.295 + 0.064

«Different from weeks 1, 2, 3, and 4 within the same group; "Different from weekend
1 within the same group; *Different from the respective control; p < 0.05.

This range, however, was determined with C3H/H, Swiss Webster,
and B6D2 strains of female mice, and not with BALB/c (Nu/Nu)
mice. Considering all mice evaluated in this study, this intensity has
over or underestimated the Vpey for 19% (Vpea = 154 +
l4mmin™) and 56% (Vpey = 22.1 + 2.9 m min™"), respectively;
only five animals presented the Vpey near 18 mmin™". This
reinforces the necessity of conducted and controlled and
individualized training for BALB/c (Nu/Nu) mice.

Our study is the pioneer in this context. The 70% of the VPeak
study was chosen based on the positive improvements observed in
Swiss mice after 4 weeks of training (Picoli et al,, 2018). In 85% of the
days (17 out of 20), the BALB/c (Nu/Nu) mice from the EG
completed at least 90% of the predicted load, indicating that the
intensity at 70% of the Vpe, is a valid maker for training prescription.
Because the training load was not changed—considering that was not
the study’s major purpose—the animals may have acclimated to the
exercise load, resulting in an increase in monotony and a decrease in
strain in the last week. Therefore, future experiments with longer
exercise interventions should perform a retest after 1 month to adjust
the exercise intensity.

Animals ingested more food and water on the weekends. Jeong
etal. (2013) found that constraint stress affects body weight and food
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Individual values of total time (A) and peak velocity (Vpeak) (B) of control and training groups obtained from the incremental test before and after
the experiment are shown in the left and middle panels. In the right panel, the ANOVA two-way comparison is shown. Note that the effect size (ES)
result relates to a comparison of “Before” and "After” data within the same group; * Denotes a significant difference from "Before”; p < 0.05.

intake by altering canonical food intake-related genes. Despite the
factors associated with the modulations of food and water are
beyond the main goal of this study, it is possible to suggest that
higher food and water intake is associated with less stress generated
by the decreased circulation of researchers. The higher food and
water intake of the EG in some weeks was not surprising given the
previous hypothesis associating physical activity and energy
expenditure (Hayes and Garland, 1995; Koteja, 2000), which was
likely affected by the physical training. These factors, on the other
hand, did not affect the animal’s body weight.

The Vpeax is highly associated with endurance performance
and requires large participation of the aerobic metabolism
(Bosquet et al., 2002). In humans, this parameter can be used
to predict performance over different distances (Morgan et al,
1989; Stratton et al., 2009). BALB/c (Nu/Nu) mice’s physical
performance was improved after the training, confirming the
VPeak as a robust parameter to detect improvements in the
aerobic metabolism. Apart from the confirmation of our second
hypothesis, it is important to state that the animals in the CG had
a significant decrement in the Vp,, and total time. Such results
agree with recent studies showing the impact of housing
conditions on the physiological and behavioral features of
mice (Scariot et al., 2019; Scariot et al., 2021; Scariot et al,,
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2022). BALB/c (Nu/Nu) mouse was housed in standard but also
teemed as “small” cages. The mentioned studies conclude that
this limited space may reduce spontaneous physical activity,
mitigating locomotion and its beneficial improvements in
aerobic capacity. This can explain the reduced Vpey in the
CG, but most important, trigger an alert for future studies
involving the physical training of Balb/c (Nu/Nu).

Limitations and future perspectives

The results of this report must be interpreted in light of its
limitations. Based on the immunodeficient feature of BALB/c
(Nu/Nu)

measurements.

mice, we to not invasive

opted
This limits our discussion in terms of

perform

physiological and molecular adaptations from physical
exercise in these animals. Furthermore, our conclusions are
limited to the effects of training at 70% of the VPeak. Our
design cannot assure that other intensities provide the same
outcome. Moreover, we did not conduct a follow-up analysis
to verify the effects of the detraining period. Future studies can
shed light on these issues by comparing the different
intensities effects on BALB/c (Nu/Nu) mice VPeak. Follow-
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up studies evaluating mortality rate and the aerobic capacity
after the training are welcome to transpose this design to
humans diagnosed with cancer and limited to physical
exercise due to the therapies. Further, the housing effects
on physiological and behavioral features of BALB/c (Nu/
Nu) mice can provide valuable data for future experiments
Lastly, both
homoscedasticity even with male and female animals. Based

with  these mice. groups  presented
on this result, sex comparisons were not performed for two
main reasons. The number of animals in each group will be
largely decreased, reducing the statistical outcomes.
Moreover, since the variance between groups was similar,
sex is likely to not impact the main results obtained in this
study. However, future studies with a large number of animals
can verify if sex is a factor that impacts the Vpe,
reproducibility and sensitivity to training effects.

Conclusion

We have demonstrated that Vp, of BALB/c (Nu/Nu) mice
can be easily obtained by a non-invasive incremental test. For
86% of our sample, this parameter was reproducible with a low
bias. Moreover, the Vpe, was valid to individualize the exercise
intensity and detect improvements in the aerobic metabolism
after 1 month of physical training. Overall, our results support
the use of this parameter in future experiments involving BALB/c
(Nu/Nu) mice and exercise, refining the comprehension of
manipulating the training variables in the contexts that this
animal model is applied.
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