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RESUMO | INTRODUGAO: A caquexia associada ao cancer (CAC) é uma
sindrome paraneoplésica que ocorre com individuos com cancer que é ca-
racterizada pela diminuicdo gradual de tecidos muscular esquelética e de
tecido adiposo, promovendo um quadro de consumacdo fisica do individuo.
A ocorréncia de CAC determina de forma significativa a uma pior qualidade
de vida e de sobrevida de individuos com cancer. A CAC ndo pode ser rever-
tida pelo amparo nutricional convencional. Tratamentos ndo-farmacolégicos
empregados para a CAC tem reportado a realizacdo de atividade fisica para
possibilitar adaptacdes neurais e de hipertrofia muscular em individuos com
a sindrome. OBJETIVO: Verificar os efeitos da atividade fisica em ambiente
enriquecido na histomorfometria da musculatura esquelética de camundon-
gos C57BL/6 submetidos ao modelo tumoral murino de caquexia associada
ao cancer (CAC). METODOS: Foram utilizados 38 camundongos C57BL/6 fé-
meas, distribuidos aleatoriamente nos grupos de estudo. Todos os animais
foram submetidos ao modelo tumoral murino singénico de Melanoma
Cutaneo (MTMSMC) com a inoculagdo subcutanea de células B16F10. Os
grupos de estudo sdo animais do experimento diagnostico CRC (n = 12), ani-
mais sedentarios (n = 11) e animais submetidos a pratica de atividade fisica
em ambiente enriquecido (n = 15). O seguimento do estudo ocorreu por um
periodo de dez dias. Ap6s esse momento, todos os animais foram sacrifi-
cados e amostras de tecido muscular esquelético do gastrocnémio foram
submetidas as analises histomorfométricas. RESULTADOS: Os resultados
da andlise inferencial do peso absoluto e relativo muscular esquelético ndo
diferiram entre os grupos do estudo. Todas as comparagdes das variaveis
apresentaram tamanho do efeito pequeno. A analise histomorfométrica
muscular revelou que a area da fibra muscular ndo diferiu entre os grupos
do estudo. Contudo, essa drea muscular, apresentou tamanho do efeito pe-
queno. CONCLUSAO: Os resultados apresentados mostraram que a realiza-
¢do de atividade fisica no ambiente enriquecido ndo influenciou na area da
fibra do musculo do gastrocnémio de camundongos C57BL/6 submetidos ao
MTMSMC, associada a CAC.

PALAVRAS-CHAVE: Roedores. Cancer. Sarcopenia. Atividade locomotora.
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ABSTRACT | INTRODUCTION: Cancer-associated cachexia (CAC) is a
paraneoplastic syndrome that occurs in individuals with cancer, which is
characterized by the gradual decrease in skeletal muscle and fat tissue,
promoting an individual's physical consumption. The occurrence of CAC
significantly determines a worse quality of life and survival for individuals
with cancer. CAC cannot be reversed by conventional nutritional support.
Non-pharmacological treatments used for CAC have reported physical
activity to enable neural adaptations and muscle hypertrophy in individuals
with the syndrome. OBJECTIVE: To verify the effects of physical activity in an
enriched environment on the histomorphometry of skeletal musculature of
C57BL/6 mice submitted to the murine tumor model of cancer-associated
cachexia (CAC). METHODS: 38 female C57BL/6 mice were used, randomly
distributed in groups of study. All animals were subjected to the cutaneous
murine tumor model of Cutaneous Melanoma (MTMSMC) with subcutaneous
inoculation of B16F10 cells. The study groups are CRC diagnostic experiment
animals (n =12), sedentary animals (n = 11) and animals submitted to physical
activity in an enriched environment (n = 15). The study was followed up for
a period of ten days. After that moment, all animals were sacrificed and
samples of skeletal muscle tissue from the gastrocnemius were submitted
to histomorphometric analyzes. RESULTS: The results of inferential analysis
of absolute and relative skeletal muscle weight did not differ between the
study groups. All comparisons of the variables showed a small effect size.
Muscle histomorphometric analysis revealed that the muscle fiber area did
not differ between the study groups. However, this muscular area had a
small effect size. CONCLUSION: The results presented showed that physical
activity in the enriched environment did not influence the fiber area of the
gastrocnemius muscle of C57BL/6 mice submitted to MTMSMC, associated
with CAC.
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Introduction

A type of cancer with a high incidence in the world is
cutaneous melanoma'*, which according to Zacharias
et al.’, promotes the accelerated development of
metastasis. Barnhill¢ stated that a small pigmentation
on normal skin exposed to the sun, may be a sign
of a small melanoma tumor. A negative prognosis is
the development of a multifactorial syndrome that
is characterized by the loss of skeletal and adipose
muscle tissue, called cachexia’. When the scientific
literature is verified, the non-pharmacological
possibilities for the treatment of cancer-associated
cachexia do not have sufficient information on the
subject.

Perez-Leighton, et al® combined spontaneous
physical activity with the enriched environment,
a methodology designed for rodents, allowing
involuntary movement without severe control of the
intensity of activity. There are several examples of an
enriched environment, including the use of objects as
a form of toys, to enable the exploration of the place,
it is important to note that this junction improves
neurogenesis and neurotrophic factors?.

In the study by Rodrigues, et al.'° reports a significant
improvement in muscle strength and volume of the
right rear limb, using the animal physical activity
model, a fact that points to a methodological
possibility of physical activity with experimentation
using an animal model.

Despite this methodological possibility of physical
activity, there are no studies in the literature that
show effects of this activity on the cachectic picture
associated with cancer. Thus, the aim of this study
was to verify the effects of physical activity in an
enriched environment on the histomorphometry of
the gastrocnemius muscle of C57BL / 6 mice with
cachexia associated with the syngeneic tumor model
of cutaneous melanoma.

Material and methods
Ethical aspects

The present study was analytical, prospective and
with a quantitative approach. Tumor induction of
B16-F10 cells of the cutaneous melanoma strain
occurred in all animals in this study. The work was
submitted for analysis by an ethics committee on
animal experimentation and welfare and had a
favorable opinion for execution. It is important to
note that all experiments took place after systematic
preparation by the research team for total control
over the actions that involve an experimental study.
The work was submitted to analysis by an ethics
committee on animal experimentation and welfare
(CEEBEA / Unimontes) and had a favorable opinion
for execution (131/2017).

Study groups

38 female C57BL / 6 mice were used, which were
randomly assigned to three groups with two distinct
phases of the study. In the first phase of the study,
12 animals were used to characterize the cachectic
condition. Subsequently, the second phase of the
study started with the sedentary group (CRC) (n=11),
did not perform any type of intervention (remained in
the housing box), the experimental group (CRC-ATF)
(n = 15), performed activity physics in an enriched
environment. The CRC group had a smaller number
of animals, as 4 rodents died during the experiment.
The number of animals was based on the study by
Rodrigues, et al.’%,

Syngene murine tumor model

The animals were submitted to the cutaneous
melanoma murine tumor model (MTMSMC). Briefly,
the animals were inoculated in the subcutaneous
with 5x105 cells of murine cells of cutaneous
melanoma B16-F10, resuspended in 50pL, in the
dorsal subcutaneous region, close to the base of the
neck (flank). The inoculation of this quantity of viable
cells in the subcutaneous region has the capacity to
complete a mitotic cycle in 24 hours and to develop
the tumor within 3-4 days™-'2.
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Enriched environment for physical activity

In order to familiarize the animals to the intervention
with the enriched environment, prior to tumor
induction, two sessions of 30 minutes of physical
activity (PA) took place in this context. It is important
to note that the structural variables (speed, time in
motion, among others) during the experiment were
not controlled.

Physical activity was organized in an enriched
environment 60 cm long, 30 cm wide and 45 c¢cm high.
This environment contained seesaw, wheels, balls and
tunnels (10). The intervention consisted of 7 exposure
sessions for 30 minutes, with intervals of 48 hours,
totaling 14 days of experimentation. The intervention
with physical activity in the enriched environment
occurred after the diagnosis of cachexia.

Diagnosis of cancer-associated cachexia

The diagnosis of cachexia was established as soon
as the mice submitted to MTMSC showed a loss of at
least 5% of the body weight, disregarding the weight
of the tumor, during the progression of the tumor':.
A linear regression equation was used to define
the relationship between tumor volume and tumor
weight. The measurements were performed 12 days
after the inoculation of tumor cells in a sample of
12 animals, in order to calculate the tumor weight
throughout the experiment. Each day, a mouse was
sacrificed and the tumor volume (mm3) and mass
(g) were measured to obtain the characterization
and progression of the tumors’. At the end of the
experiment, data were obtained from different
tumor stages and the relationship between mass
and volume was defined in the linear equation (R2 =
0.9892). Once the tumor weight measurement was
defined, these values were subtracted from the body
weight measurement of each animal per day. Thus,
after performing the cachexia diagnostic experiment,
the tenth day was established for the diagnosis of
cachexia after tumor induction for all animals, thus,
the experimental group started the intervention, at
each session they had a 48-hour interval to the next
session. After the seventh session, the surviving
animals were euthanized'2.

Biological samples

After 26 days from the beginning of the experiment,
all 26 animals in the control and experimental groups
were anesthetized with ketamine / xylazine (75 mg
/ kg and 5 mg / kg, respectively) and euthanized by
cervical dislocation'*'* to perform tissue collection
skeletal muscle cells of the gastrocnemius. The
collected tissues were weighed using an analytical
precision digital scale (A. Cientifica EEQ9003E)%13,

Biological samples collected (gastrocnemius muscle)
were weighed individually, sectioned and placed
part in 4% paraformaldehyde fixing solution (w: v),
4h fixation time, at room temperature and part in
RNA holder and tissue tek for freezing at -80° C. The
samples fixed in 4% buffered formalin solution were
blocked in paraffin and subjected to microscopic cuts
to perform the morphometric studies.

Muscle histomorphometric analysis

The right posterior gastrocnemic muscles were blocked
in paraffin and microsected at 7ym and marked
with Hematoxylin-Eosin (HE). Sections of the skeletal
muscleswere made at 900 and 1800 for the longitudinal
axis of the muscle fibers. Three different locations
(histological slides) of skeletal muscle tissue randomly
indicated in the visualization were photographed.
Sections of the tissue were photographed using an
Olympus BX50 microscope (Olympus Corp., JAP). The
area of the transversal muscle fiber was measured
using the Image | software (imagej.nih.gov). All data
were expressed as the mean + SEM.

Statistical analysis

The collected data were analyzed statistically using
SPSS (Statistical Package for the Social Sciences)
software version 20.0. The confidence level adopted
in all analyzes was set at 95% (p <0.05). The Shapiro-
Wilk test was performed to verify normality, then
the independent Student T test was selected for
inferential analysis of the dependent variables. The
effect size was also calculated and classified according
to Cohen®™.
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Results

The results in table 01 show the inferential analysis of the absolute and relative weight of the gastrocnemius
muscle, with no significant difference (p <0.05) between the groups. In addition, all comparisons of the variables
showed a small effect size according to Cohen'>. The means of the groups were compared using the independent
Student's t test.

Table 1. Inferential analysis of the absolute and relative weight of the gastrocnemius muscle of the right rear limb of C57BL / 6 mice from the murine
syngeneous tumor model of cutaneous melanoma and with cachexia

Variables CRC(n=11) CRC-ATF (n = 15) P value TE
Body weight (g) 20,22 £1,72 19,82 +2,70 0,666 P (0,01)
Weight of m. gastrocnemius (g) 0,13+ 0,05 0,13+ 0,04 0,529 P (0,02)
Weight of m. gastrocnemius (%) 0,68 +0,19 0,66 +0,13 0,565 P (0,01)

*TE= Effect size ** P = Little

The results in figure 01 show the histomorphometric analysis of the gastrocnemius muscle fiber area, in the
inferential analysis there was no significant difference (p <0.05) between the groups, however, the size of the small
effect was verified according to Cohen'®, The inferential analysis using the independent Student's T test does not
show any significant difference between the groups, in addition, the size of the small effect was verified (0.21).

Figure 1. Hismorphometric analysis of the fiber area of the gastrocnemius muscle of the right rear limb of C57BL / 6 mice from the murine syngeneous tumor
model of cutaneous melanoma and with the occurrence of cachexia submitted to physical activity in an enriched environment and controls
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Discussion

The findings of this study show that physical activity
in an enriched environment in C57BL / 6 mice with
cachexia associated with the murine syngeneic tumor
model of cutaneous melanoma has no contribution to
the morphological and histomorphometric variables
analyzed.

In the study by Rodrigues, et al. (2019)¥© it was
demonstrated that the physical activity model in an
enriched environment using healthy C57BL / 6 mice
showed significant improvements in muscle strength
and volume in the right rear limb, such research
presents a methodological possibility of physical
activity with C57BL mice / 6.

Muscle atrophy in cancer-associated cachexia
occurs due to the inflammatory condition'®, caused
by the induction and increased production of
proinflammatory cytokines (TNF-a and IL-6)'¢Y, this
promotes an increase in oxidative stress!® and an
increase of protein catabolism as a function of the
ubiquitin proteasome system?,

The outcome of our study did not result in significant,
non-significant implications, possibly due to the small
number of sessions performed after the cachectic
condition, it is important to note that trainable
characteristics, when not properly controlled, can
negatively impact morphological adaptations®.

The possible results with more sessions of physical
activity in an enriched environment could show the
possibility of protection of the muscular structure,
probably due to the physical activity promoting
the increase of antioxidant enzymes (Glutathione
peroxidase, Mn-SOD mitochondrial and Superoxide),
favoring antagonistically in the picture of muscular
atrophy#-2,

Thinking about the preservation of muscle tissue,
the work of Ballard, et al. (2019)* presents the
investigation due to oxidative stress in the presence
and absence of moderate aerobic training in albino
cachectic mice Balb / ¢ with colorectal carcinoma,
thus, the moderate exercise used in the experimental
intervention was able to mitigate the decrease in
muscle mass and to avoid loss of muscle strength,
such a situation was associated with reduced levels
of reactive oxygen species.

The project to which this study belongs are the first
steps to understand the effects of physical activity in
an enriched environment in C57BL/ 6 mice submitted
to MTMSMC associated with CAC. However, this
study presented limitations (lack of a control group
with the practice of physical activity in an enriched
environment) that may have influenced the results,
and the potential that the theme may still contribute
to the understanding of the subject.

Conclusions

The results of this study demonstrate that physical
activity in the enriched environment did not influence
bodyweight(g), weight of the musician. gastrocnemius
(g), weight of the music. gastrocnemius (%) and area
of the gastrocnemius muscle fiber of C57BL / 6 mice
submitted to MTMSMC, associated with CAC.

Acknowledgements

We thank the Minas Gerais State Research Support Foundation
(Fapemig, processes PPM-00029-17 and DEG-00010-16) and the
National Council for Scientific and Technological Development
(CNPq, processes 437311 / 2016-3 and 430759/2016 -9), and the
Coordination for the Improvement of Higher Education Personnel
(Capes).

Author contributions

Oliveira TR participated in data collection and animal management.
Lopes JVN participated in the writing of the article. Melo WCMA,
Alves MR participated in the statistical design. David IR participated
inanimal management. Machado FSM participated inthe laboratory
analysis. De Paula AMB participated in the statistical design, data
collection. Monteiro Junior RS participated in the statistical design,
animal management. Rodrigues VD coordinated the research and
writing of the article.

Competing interests

No financial, legal or political competing interests with third
parties (government, commercial, private foundation, etc.) were
disclosed for any aspect of the submitted work (including but not
limited to grants, data monitoring board, study design, manuscript
preparation, statistical analysis, etc.).

J. Physiother. Res., Salvador, 2020 November;10(4):642-647

Doi: 10.17267/2238-2704rpf.v10i4.3053 | ISSN: 2238-2704

Y-


http://dx.doi.org/10.17267/2238-2704rpf.v10i4.3053

References

1. Instituto Nacional de Cancer. ABC do cancer: abordagens
basicas para o controle do cancer [Internet]. 2011 [acesso
2019 abr.15]. Disponivel em: https://bvsms.saude.gov.br/bvs/
publicacoes/inca/abc_do_cancer_2ed.pdf

2. Linhares S, Gewandsznajder F. Biologia hoje. S0 Paulo: Atica;
2010.

3. Cavalieri V, Spinelli G. Environmental epigenetics in zebrafish.
Epigenetics Chromatin. 2017;10(1):46. doi: 10.1186/s13072-017-
0154-0

4. Pollock RE, Doroshow JH, Khayat D, Nakao A, O'Sullivan B.
UICC manual de oncologia clinica. 8.ed. Sdo Paulo: Fundagdo
Oncocentro de Sdo Paulo; 2006.

5. Mélega JM. Cirurgia plastica fundamentos e arte: principios
gerais. Rio de Janeiro: Guanabara Koogan; 2009.

6. Barnhill RL. Criteria for diagnosis and classification of
melanoma. Pathology of Malignant Melanoma: Springer; 2004. P.
2-12.

7. Fearon K, Strasser F, Anker SD, Bosaeus |, Bruera E, Fainsinger
RL et al. Definition and classification of cancer cachexia: an
international consensus. Lancet Oncol. 2011;12(5):489-95. doi:
10.1016/51470-2045(10)70218-7

8. Perez-Leighton C, Grace M, Billington CJ, Kotz CM. Role of
spontaneous physical activity in prediction of susceptibility to
activity based anorexia in male and female rats. Physiol Behav.
2014;135:104-11. doi: 10.1016/j.physbeh.2014.06.001

9. During MJ, Liu X, Huang W, Magee D, Slater A, McMurphy T
et al. Adipose VEGF links the white-to-brown fat switch with

environmental, genetic, and pharmacological stimuli in male mice.

Endocrinology. 2015;156(6):2059-73. doi: 10.1210/en.2014-1905

10. Rodrigues VD, Pimentel DM, Brito AS, Vieira MM, Santos
AR, Machado AS et al. Methodological validation of a vertical
ladder with low intensity shock stimulus for resistance training
in C57BL/6 mice: Effects on muscle mass and strength, body
composition, and lactate plasma levels. ] Hum Sport Exerc.
2019;14(3):608-631. doi: 10.14198/jhse.2019.143.12

11. Berkelhammer J, Oxenhandler RW, Hook RR, Hennessy JM.
Development of a new melanoma model in C57BL/6 mice. Cancer
Re. 1982;42(8):3157-63.

12. Trunova GV, Makarova OV, Diatroptov ME, Bogdanova IM,
Mikchailova LP, Abdulaeva SO. Morphofunctional characteristic
of the immune system in BALB/c and C57BL/6 mice. Bull Exp Biol
Med. 2011;151(1):99-102. doi: 10.1007/s10517-011-1268-1

13. Voltarelli FA, Frajacomo FT, Padilha CS, Testa MTJ, Cella PS,
Ribeiro DF et al. Syngeneic B16F10 melanoma causes cachexia
and impaired skeletal muscle strength and locomotor activity

in mice. Frontiers in physiology. 2017;8:715. doi: 10.3389/

fphys.2017.00715

14. Honors MA, Kinzig KP. Characterization of the Yoshida
sarcoma: a model of cancer cachexia. Supportive Care in Cancer.
2013;21(10):2687-94. doi: 10.1007/s00520-013-1839-y

15. Cohen, J. Statistical power analysis for the behavioral sciences.
Routledge; 1988.

16. Hopkins W, Marshall SW, Batterham AM, Hanin J.
Progressive statistics for studies in sports medicine and exercise
science. Med Sci Sports Exerc. 2009;41(1):3-13. doi: 10.1249/
MSS.0b013e31818cb278

17. Tisdale MJ. Cachexia in cancer patients. Nat Rev Cancer.
2002;2(11):862-71. doi: 10.1038/nrc927

18. Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB. Oxidative
stress, inflammation, and cancer: how are they linked?

Free Radic Biol Med. 2010;49(11):1603-16. doi: 10.1016/j.
freeradbiomed.2010.09.006

19. Barreiro E, La Puente B, Busquets S, Lépez-Soriano FJ, Gea ),
Argilés JM. Both oxidative and nitrosative stress are associated
with muscle wasting in tumour-bearing rats. FEBS Lett.
2005;579(7):1646-52. doi: 10.1016/j.febslet.2005.02.017

20. Gomes-Marcondes MCC, Tisdale MJ. Induction of protein
catabolism and the ubiquitin-proteasome pathway by mild
oxidative stress. Cancer Lett. 2002;180(1):69-74. doi: 10.1016/
s0304-3835(02)00006-x

21. Bompa TO, Haff GG. Periodizagdo: teoria e metodologia do
treinamento: Phorte; 2002.

22. Berzosa C, Cebrian I, Fuentes-Broto L, Gomez-Trullen E,
Piedrafita E, Martinez-Ballarin E et al. Acute exercise increases
plasma total antioxidant status and antioxidant enzyme
activities in untrained men. ] Biomed Biotechnol. 2011; 2011. doi:
10.1155/2011/540458

23. Powers SK, Criswell D, Lawler J, Ji LL, Martin D, Herb RA et al.
Influence of exercise and fiber type on antioxidant enzyme activity
in rat skeletal muscle. Am J Physiol. 1994;266(2):375-R80. doi:
10.1152/ajpregu.1994.266.2.R375

24. )i LL, Stratman FW, Lardy HA. Antioxidant enzyme systems in
rat liver and skeletal muscle: influences of selenium deficiency,
chronic training, and acute exercise. Arch Biochem Biophys.
1988;263(1):150-60. doi: 10.1016/0003-9861(88)90623-6

25. Ballaro R, Penna F, Pin F, Gdbmez-Cabrera MC, Vifia, J, Costelli
P. Moderate Exercise Improves Experimental Cancer Cachexia by
Modulating the Redox Homeostasis. Cancers. 2019; 11(3):285. doi:
10.3390/cancers11030

J. Physiother. Res., Salvador, 2020 November;10(4):642-647
Doi: 10.17267/2238-2704rpf.v10i4.3053 | ISSN: 2238-2704

L


http://dx.doi.org/10.17267/2238-2704rpf.v10i4.3053
http://dx.doi.org/10.1186/s13072-017-0154-0
http://dx.doi.org/10.1186/s13072-017-0154-0
http://dx.doi.org/10.1016/S1470-2045(10)70218-7
http://dx.doi.org/10.1016/j.physbeh.2014.06.001
http://dx.doi.org/10.1210/en.2014-1905
http://dx.doi.org/10.14198/jhse.2019.143.12
http://dx.doi.org/10.1007/s10517-011-1268-1
http://dx.doi.org/10.3389/fphys.2017.00715
http://dx.doi.org/10.3389/fphys.2017.00715
http://dx.doi.org/10.1007/s00520-013-1839-y
http://dx.doi.org/10.1249/MSS.0b013e31818cb278
http://dx.doi.org/10.1249/MSS.0b013e31818cb278
http://dx.doi.org/10.1038/nrc927
http://dx.doi.org/10.1016/j.freeradbiomed.2010.09.006
http://dx.doi.org/10.1016/j.freeradbiomed.2010.09.006
http://dx.doi.org/10.1016/j.febslet.2005.02.017
http://dx.doi.org/10.1016/s0304-3835(02)00006-x
http://dx.doi.org/10.1016/s0304-3835(02)00006-x
http://dx.doi.org/10.1155/2011/540458

http://dx.doi.org/10.1152/ajpregu.1994.266.2.R375
http://dx.doi.org/10.1016/0003-9861(88)90623-6
http://dx.doi.org/10.3390/cancers11030

	Effects of physical activity on skeletal muscle histomorphometry of murine cachexia tumor model
	Introduction
	Material and methods
	Ethical aspects
	Study groups
	Syngene murine tumor model
	Enriched environment for physical activity
	Diagnosis of cancer-associated cachexia 
	Biological samples
	Muscle histomorphometric analysis
	Statistical analysis

	Results
	Discussion 
	Conclusions
	Acknowledgements
	Author contributions
	Competing interests
	References

