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ABSTRACT

Purpose: To evaluate the effect of physical exercise on the behavior of rodents with colorectal cancer induced through the use of
elevated plus maze. Methods: We used 40 male hairless mice induced to colorectal cancer, divided into five groups: G1) submitted
to pre- and post-induction swimming; G2) pre- and post-induction ladder; G3) post-induction swimming; G4) post-induction ladder;
G5) sedentary. At the end of the 14th week, the animals were submitted to the plus maze test. Results: The mean length of stay
in the open arm for G1 was 4.17 + 6.50; G2 37.52 + 40.7; G3 85.84 + 42.5; G4 32.92 + 23.17; and G5 4.09 + 4.43. In the closed
arm, it was 264 + 23.43in G1, 187.60 = 47.73 in G2, 147.50 + 40.03 in G3, 182.00 + 40.40 in G4, and in G5 235.36 + 14.28. In the
center, G1 remained 31.86 + 20.18, G2 74.85 + 28.37, G3 66.69 + 19.53, G4 60.55 + 10.46, and G5 60.55 + 23.65. Conclusion:
Aerobic exercise for seven weeks after tumor induction showed less impact on the behavior of the animals. On the other hand, it
significantly increased the animals’ stress level when applied for 14 weeks before and after tumor induction.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in men and the second most common in women. In 2018,
there were about 1.9 million new cases worldwide'.

The therapeutic management of CRC is generally invasive and aggressive, involving surgery, radio, and chemotherapy.
Among the adverse effects of the treatment, there is a reduction in quality of life, associated with stress, anxiety, and
depression, so the literature highlights a prevalence of depression ranging from 1.6 to 57% and a prevalence of anxiety
ranging from 1 to 47.2% in patients with CRC?>’.

Evidence such as Benatti and Pedersen* shows the effect of physical exercise as an anti-inflammatory in various tissues and
organs. Chronic inflammation is considered one of the main mechanisms for promoting and accelerating the development
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of neurodegenerative diseases, as well as neoplasms. This process mainly involves the continuous activity of various
cytokines. Skeletal muscle can function as an endocrine organ due to its production of growth hormones and cytokines
known as myokines, which are induced by a stimulus to physical exercises, such as the protein brain-derived neurotrophic
factor (BDNF) producing actions in the brain, such as in neuroplasticity function, as well as presenting an antidepressant
effect, generating improvement in the cognitive system. According to a study by Sartori et al.’, voluntary physical activity

increases the levels of mature BDNF in the hippocampus of mice, supporting the effect of exercise on antidepressant effects.

The literature points to the existence of a relationship between stress, progression, the emergence of tumors, and the
emergence of metastases, as a result of the triggering of neuroendocrine processes and deregulation of the immune systems®.
In addition, the literature points to an inverse relationship between physical activity and cancer risk’. Physical exercise
reduces the risk of mortality from CRC by 38%. The effects of physical exercise on improving mood, reducing anxiety,

stress, and depression, as well as certain advantages over cognition, have also been described®”.

Although the literature evidences the ability of physical exercise to improve well-being and to reduce the risk of CRC, there
are still few studies on the relationship between physical exercise acting as a possible factor in improving the adverse effects
derived from CRC such as anxiety, stress, and depression. This issue becomes relevant since such behavioral factors
affect neuroendocrine processes and the immune system and may contribute to the development/worsening of the disease.
Therefore, this study aimed to evaluate the effect of physical exercise on the behavior of rodents with CRC induced through
the use of the elevated plus maze test, a validated method to investigate the behavioral aspects of anxiety-like in rodents®.

Methods

The study was developed at the Laboratory of Experimental Carcinogenesis of the Postgraduate Program in Health and Development
in the Midwest Region of the Universidade Federal do Mato Grosso do Sul (UFMS), in the municipality of Campo Grande (MS),
Brazil. All steps and procedures were carried out in accordance with the ethical principles established by the National Council for the
Control of Animal Experiments (CONCEA) and filed with the Ethics Committee on the Use of Animals of UFMS No. 1.091/2019.

Thirty-nine male inbred HRS/J mice, known as hairless, were used as experimental model of infection. The animals were
obtained from the central animal facility of the Center for Biological and Health Sciences (CCBS) of the UFMS.

Mice were aged 4-5 weeks and had an initial weight of 25 g. The animals were kept in collective cages (dimension
40 x 35 x 17 cm), holding four animals/cage. Boxes were housed on the same shelf with a height of 1 meter from the floor
and exposure to light in the same way as all the cages, at a temperature of approximately 25 °C, with a light/dark cycle of
12 hours, receiving standard chow (Nuvital® CR1) and water ad libitum. They were acclimated to laboratory conditions for
14 days before the experiment. The animals were randomly divided into five groups:

G1: animals submitted to swimming (aerobic exercise) before and after tumor induction (n = 8);

G2: animals submitted to ladder training (resistance exercise) before and after tumor induction (n = 8);

G3: animals submitted to swimming (aerobic exercise) after tumor induction (n = 8);

G4: animals submitted to ladder training (resistance exercise) after tumor induction (n = 8);

G5: animals induced to cancer and kept sedentary (n = 7).

Physical exercise protocols
Exercise protocols were performed on alternate days.
Aerobic physical exercise

For this activity, the practice of swimming was chosen. The animals were submitted to adaptation six days before the

beginning of the protocols, and they performed exercises gradually.

2 Acta Cir Bras. 2022;37(05):e370508



Silva Junior UN et al.

It was carried out in a 29-L tank of heated water (31 + 2 °C) with height of 27.6 cm and width of 33 cm. The animals
swam in groups of four mice. The duration of the swimming sessions was gradually increased, starting at 10 minutes and

increasing by 5 minutes every three weeks’.

Resistance exercises

The vertical ladder resistance training model was used, which consists of the animals climbing with weights tied to their
tails until they reach a compartment at the top of the ladder with the total height of 110 cm, with steps made of stainless-
steel bar, the distance between the steps: 1 cm, Tilt 80°. There were ten repetitions of ascent to the top of the stairs with
a 2-min rest between ascents. They were starting with an overload of 10% of body weight, G2 ending with 50% of body
weight, and G4 ending with 50% of body weight in the 14th week™.

Colitis and colorectal cancer induction

For the induction of colitis, the mice were given, for three cycles of seven consecutive days, water containing dextran
sulfate sodium (DSS) 2.5% (MP Biomedicals, Santa Ana, CA, United States of America), interspersed with two weeks of
normal water, for the purpose of inducing intestinal inflammation (Fig. 1)".

For cancer induction, all animals received two intraperitoneal injections (lower right quadrant of the abdomen) of azoxymethane
(AOM - Sigma-Aldrich Laboratory), a total dose of 20 mg/kg, divided into two weeks, 10 mg/kg per week of AOM!'.

Start of the exercise

program G1 and G2 -
Exercise

I d c adaptation Start of the exercise Elevated Plus Maze
ose o a P G4 | Program G3and G4 Test G1, G2, G3, G4
Exercise AOM 3an and G5
adaptation 2 dose of
G1 and G2 AOM
3 - Week | Week  Week  Week | Week | Week | Week | Week | Week | Week | Week | Week | Week | Week
pt. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sedentary :
G5 Euthanasia G1, G2,

G3,G4eG5
1 cyclo DSS 27 cyclo DSS 3 cyclo DSS

AOM: azoxymethane; DSS: dextran sulfate sodium.
Figure 1 - Experimental design: timeline.

Cancer induction assessment

The presence of tumor in the colon was evaluated by obtaining fluorescent optical images within the near infrared
(NIR) and X-ray images using the In-Vivo Xtreme/Bruker II system belonging to the Laboratory of Studies in Experimental
Models of Diseases, after euthanasia through the presence of polyps and histological changes present in the distal colon.

To detect fluorescent images of the tumor, the animals received a dose of 0.334 mg/kg of the fluorescent biomarker IR-780
iodide Dye (Sigma Aldrich) intraperitoneally. After 12 hours, the animals were anesthetized in a 2%-isoflurane chamber
and transferred to the In-Vivo Xtreme/Bruker II system, being kept anesthetized using isoflurane cones attached to the
animal’s head. The fluorescent NIR images were captured using a 760 nm filter for excitation and 830 nm for emission.

Fluorescent and X-ray images were captured simultaneously (and superimposed) for a perfect anatomical location.

Elevated plus maze test: equipment setup

Our maze was made of wood with four arms, in the shape of a cross, two open arms without walls and two closed by 10 cm
high walls; with 25 cm in length, 5 cm in width, and a central platform of 5 x 5 cm, raised 50 cm from the ground (Fig. 2a).
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Each mouse was placed in the center of the platform, with the head directed towards one of the open arms; the time of
permanence on the elevated plus maze was 5 min'?. The sessions were recorded by a camcorder and analyzed by recording
behaviors using the X-PloRat 3.0 program®.

Behavior records were performed regarding the length of stay and entry into the open and closed arms. The activity of
the mice in the open arms reflects a conflict between the animal’s preference for the protected area (closed arms) and its
innate motivation to explore a new environment. The increased length of stay and entries into the open arms signals are

interpreted as decreased anxiety-like behavior (Fig. 2b)®.

(a) (b)

Closed arms
Closed arms

Open arms Open arms

Figure 2 - (a) Picture of the elevated plus maze used for testing mice; (b) typical mouse behavior with
low (left) and high (right) anxiety levels. The green trace demonstrates the animal’s movement. The left
represents more time in the open arms, while the right represents more time in the closed arms.

Statistical analysis

The elevated plus maze test results, expressed as a mean + standard deviation, were submitted to the Kruskal-Wallis
non-parametric test with Dunn’s post-test comparing the experimental groups’ physical exercise (G1, G2, G3, and G4) with
the sedentary control group (G5). P values less than 5% (p < 0.05) were considered significant.

Results

Confirmation of tumor development

Through the evaluation of fluorescence in the NIR, performed on the last day of the experiment, it was possible to
observe the fluorescent labeling in all groups analyzed, indicating tumor development in the colons of the animals (Fig. 3).
Those finds were confirmed after euthanasia by polyps and histological changes (such as aberrant crypts, adenomas, and
low- and high-grade dysplasia) in hematoxylin and eosin at the distal region of the colons (Fig. 4).

(a) (b) (©)

Figure 3 - Images captured by the In-Vivo Xtreme/Bruker II system. (a) The animals superimposed by the
fluorescence emitted by the colon (NC: negative control); (b) section photo of the colon superimposed by
the fluorescence emitted by the polyps; (c) section photo of the distal colon.
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(@) (b)

Figure 4 - (a) Histological changes, arrows indicating colon adenoma;
(b) polyps at the distal region of the colons.

Elevated plus maze test

The results of comparison between the exercise and sedentary experimental groups regarding the absolute time in

seconds spent in open, closed, and center arms in the elevated plus maze test are described ahead and illustrated in Fig. 5.

The mean time (mean =+ standard deviation) in the open arm for G1 was 4.171 + 6.50; G2 37.52 + 40.7; G3 85.84 £ 42.5;
G4 32.92 +£23.17; and G5 4.09 + 4.43. There was a significant difference in the open arms between G1 and G3 (p < 0.05)
and also between G3 and G5 (p < 0.05).

In the closed arm, the meantime in G1 was 264 + 23.43; G2 187.60 £ 47.73; G3 147.50 + 40.03; G4 182.00 + 40.40; and
G5235.36 + 14.28. We identified a very significant difference between G1 and G3 (p < 0.0001) and a significant difference
(p < 0.05) between G1 and G2; G1 and G4; and G3 and G5, with G5 remaining longer in the closed arm.

The average time at the center for G1 was 31.86 £ 20.18; G2 74.85 = 28.37; G3 66.69 + 19.53; G4 60.55 + 10.46; and G5
60.55 + 23.65. There was no significant difference between experimental exercise groups and the sedentary control group

concerning the center. However, there was a significant difference between groups G1 and G2 (p < 0.05).

300- |i—\
IT )
250 :
200 ‘ {
Gl
G2
150 G3
. G4
G5
100 l
[ ]
50 l
s T
0 G1G2G3G4G5 ' GIG2G3G4G5 ' Gl G2G3 G4 G5 |
Open Arm Closed Arm Center

G1: aerobic group before and after tumor induction; G2: resistance exercise group before and after tumor induction;
G3: aerobic exercise group after tumor induction; G4: resistance exercise group after tumor induction; G5: sedentary
group; *significant difference (p < 0.05); **very significant difference (p < 0.0001).

Figure 5 - Time of permanence in the open, closed, and center arms during the
elevated plus maze test of each group of animals submitted to the study.
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Discussion

Regarding the groups’ results in the open arms, G1 (aerobic, pre- and post-induction) and G3 (aerobic, post-induction),
although some groups were submitted to the same type of exercise, presented different results. G1 had a significantly shorter
mean time spent in the open arms than G3. This fact evidenced a behavior contrary to what was expected, which was a

reduction in anxiety/stress-like behavior in both groups, not just in one.

A possible determinant of this result in our study would be triggering a defensive response and risk assessment behavior
in the animals chronically exposed to exercise'!,once G1 had a 14-week physical activity schedule compared to the seven
weeks of G3. Given that both groups were under the same conditions in which the test was performed, differing only about
the physical activity schedule, it can be highlighted that swimming practice can determine different responses on the behavior

of rodents, according to the period of exposure'.

Another factor to consider is that the swimming activity for the mice is a forced test in which the animal seeks escape
instead of spontaneous swimming, triggering an increase in plasma corticosterone catecholamines and glucose response.
However, the literature points to the forced swimming test on a short schedule to reduce anxiety in these animals, in protocols

ranging from one repetition to 15-day protocols of swimming exercises'¢ %

Exposure to stressful stimuli triggers an adaptive physiological response that results in anxiety and stress behavior.
This response involves different areas of the nervous system: the amygdala, the hypothalamic-pituitary-adrenal axis, and
the locus coeruleus. If an organism cannot adapt to the stress response, it becomes, instead of an adaptive physiological

response, a harmful pathological response'*®.

Physical exercise, especially aerobic activities, has antidepressant and anxiolytic effects and protects against deleterious
consequences of stress. The positive effects of physical exercise are due to the reduction in the activation of central areas

discussed before through neuroendocrine signals such as BDNF'**.,

In our data, G3 showed a significant difference (p < 0.5) when compared to G5 (sedentary). This result corroborates the
effect of physical exercise on the control of anxiety in rodents already described. On the other hand, the group of sedentary

animals remained exposed only to stressors, such as those derived from colitis and neoplastic evolution in the colon.

DSS-induced colitis in rodents increases plasma levels of corticosteroids and pro-inflammatory cytokines, such as
elevation of interleukin-6 and GRO-alpha in the brain. Consequently, this response determines signals in the central
nervous system, triggering a reflex stress response and anxiety-like behavior, which worsens with weight loss and progressive
debilitation derived from the neoplasm®. Therefore, swimming activity positively affected anxiety-like behavior in our study.
However, the time of exposure to the activity may have been a limiting factor since, given the same conditions between G1
and G3, only differing concerning the time of exposure to the activity; only G3 showed a significant difference concerning

the control (sedentary group).

G2 (pre- and post-induction) and G4 (post-induction), representatives of the stair-climbing modality, did not show
significant differences with the other groups regarding changes in anxiety-like behavior. In the graphical analysis, we can
see a similarity between both groups, with only slight differences between the length of stay in each compartment of the
elevated plus maze (ECL). However, when analyzing G2 and G3, comparing them with G5 (sedentary group), there was
a difference concerning the time spent in the open arms, although there was no statistically significant difference. It is
necessary to emphasize that the exercise of climbing a vertical ladder requires manipulation of the animal, such as placing
it on the ladder, in addition to a gradual load, which may be a factor that interfered in our results, given that the literature

reports that this manipulation of the rodent can be an interference factor on the ECL test'*?>,

Although the CRC tumor induction model used in our study is similar to the one used in studies found in the literature,
no analysis was found that used DSS as part of tumor induction and assesses the anxiety-like pattern in animals with cancer

colorectal submitted to physical exercise.
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The hypothesis of this study was directed to the effects of physical exercise in animals with CRC induced by AOM and
DSS. Despite this, future studies with animals, not CRC induced, are necessary. Thus, the isolated effect of physical exercise
on healthy animals can be individualized and analyzed between groups with CRC/sedentary, CRC/physical activity, healthy/
sedentary, and healthy/physical activity.

Conclusions
Aerobic exercise for seven weeks after tumor induction showed less impact on the animals’ behavior. On the other hand,

it significantly increased the animals’ stress level when applied for 14 weeks before and after tumor induction.

The pre- and post-induction or only post-induction resistance exercise groups showed no difference in behavior between
them. Still, there was a slight improvement in reducing stress/anxiety-like behavior concerning the control (sedentary group).

Authors’ contribution

Conception and design of the study: Silva Junior UN, Neves MB, and Ramalho RT; Acquisition of data: Boutrik A,
Neves MB, Alves GR, and Fagundes LS; Analysis and interpretation of data: Silva Junior UN, Neves MB, and Ramalho
RT; Technical procedures: Silva Junior UF, Boutrik A, Gongalves AF, Neves MB, Alves GR, Fagundes LS, and Abreu AC;
Manuscript preparation: Silva Junior UN, and Neves MB; Manuscript writing: Silva Junior UN, and Ramalho RT; Critical
revision: Aydos RD, and Ramalho RT; Final approval of the version to be published: Silva Junior UN, Neves MB, Aydos
RD, and Ramalho RT.

Data availability statement

Data will be available upon request.

Funding

Not applicable.

Acknowledgments

To Laboratory of Studies in Experimental Models of Diseases of the Postgraduate Program in Health and Development
in the Midwest Region of the UFMS, for providing technical support to our research.

References

1. BrayF Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global Cancer Statistics 2018: GLOBOCAN Estimates
of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):394-424. https://
doi.org/10.3322/caac.21492

2. Singh B, Hayes SC, Spence RR, Steele ML, Millet GY, Gergele L. Exercise and colorectal cancer: a systematic review
and meta-analysis of exercise safety, feasibility and effectiveness. Int ] Behav Nutr Phys Act. 2020;17(1):122. https://
doi.org/10.1186/512966-020-01021-7

3. Peng YN, Huang ML, Kao CH. Prevalence of depression and anxiety in colorectal cancer patients: a literature review.
Int ] Environ Res Public Health. 2019;16(3):411. https://doi.org/10.3390/IJERPH16030411

Acta Cir Bras. 2022;37(05):e370508 7


https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1186/S12966-020-01021-7
https://doi.org/10.1186/S12966-020-01021-7
https://doi.org/10.3390/IJERPH16030411

Assessment of stress and anxiety in mice with colorectal cancer submitted to physical exercise

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

Benatti FB, Pedersen BK. Exercise as an anti-inflammatory therapy for rheumatic diseases-myokine regulation. Nat
Rev Rheumatol. 2015;11(2):86-97. https://doi.org/10.1038/NRRHEUM.2014.193

Sartori CR, Vieira AS, Ferrari EM, Langone E Tongiorgi E, Parada CA. The antidepressive effect of the physical
exercise correlates with increased levels of mature BDNE, and pro BDNF proteolytic cleavage-related genes, p11 and
tPA. Neuroscience. 2011;180:9-18. https://doi.org/10.1016/].NEUROSCIENCE.2011.02.055

Antoni MH, Dhabhar FS. The impact of psychosocial stress and stress management on immune responses in patients
with cancer. Cancer. 2019;125(9):1417-31. https://doi.org/10.1002/CNCR.31943

Mctiernan A, Friedenreich CM, Katzmarzyk PT, Powell KE, Macko R, Buchner D, Pescatello LS, Bloodgood B, Tennant
B, Vaux-Bjerke A, George SM, Troiano RP, Piercy KL; 2018 Physical Activity Guidelines Advisory Committee. Physical
activity in cancer prevention and survival: a systematic review. Med Sci Sports Exerc. 2019;51(6):1252-61. https://doi.
org/10.1249/MSS.0000000000001937

Walf AA, Frye CA. The use of the elevated plus maze as an assay of anxiety-related behavior in rodents. Nat Protoc.
2007;2(2):322-8. https://doi.org/10.1038/nprot.2007.44

Zhou Y, Baker ]S, Chen X, Davison GW, Yan X. High-dose astaxanthin supplementation suppresses antioxidant
enzyme activity during moderate-intensity swimming training in mice. Nutrients. 2019;11(6):1244. https://doi.
org/10.3390/NU11061244

Guedes JM, Pieri BL da S, Luciano TF, Marques S de O, Guglielmo LGA, Souza CT de. Muscular resistance,
hypertrophy and strength training equally reduce adiposity, inflammation and insulin resistance in mice
with diet-induced obesity. Einstein (Sdo Paulo). 2019;18:eA04784. https://doi.org/10.31744/EINSTEIN_
JOURNAL/2020A04784

Kim JJ, Shajib MS, Manocha MM, Khan WI. Investigating intestinal inflammation in DSS-induced model of IBD. ]
Vis Exp. 2012;(60):1-6. https://doi.org/10.3791/3678

Komada M, Takao K, Miyakawa T. Elevated plus maze for mice. JJ Vis Exp. 2008;(22):1088. https://doi.org/10.3791/1088

Tejada ], Chaim KT, Morato S. X-PloRat: a software for scoring animal behavior in enclosed spaces. Psic Teor Pesq.
2017;33:1-4. https://doi.org/10.1590/0102.3772E3322

Burghardt PR, Fulk L], Hand GA, Wilson MA. The effects of chronic treadmill and wheel running on behavior in rats.
Brain Res. 2004;1019(1-2):84-96. https://doi.org/10.1016/].BRAINRES.2004.05.086

Groote L, Linthorst ACE. Exposure to novelty and forced swimming evoke stressor-dependent changes in
extracellular GABA in the rat hippocampus. Neuroscience. 2007;148(3):794-805. https://doi.org/10.1016/].
NEUROSCIENCE.2007.06.030

De Boer SE, Koopmans SJ, Slangen JL, van der Gugten J. Plasma catecholamine, corticosterone and glucose responses
to repeated stress in rats: effect of interstressor interval length. Physiol Behav. 1990;47(6):1117-24. https://doi.
org/10.1016/0031-9384(90)90361-7

Pesarico AP, Birmann PT, Pinto R, Padilha NB, Lenardéo EJ, Savegnago L. Short- and long-term repeated forced swim
stress induce depressive-like phenotype in mice: effectiveness of 3-[(4-chlorophenyl)selanyl]-1-methyl-1h-indole.
Front Behav Neurosci. 2020;14:140. https://doi.org/10.3389/fnbeh.2020.00140

Dal-Zotto S, Marti O, Armario A. Influence of single or repeated experience of rats with forced swimming on
behavioural and physiological responses to the stressor. Behav Brain Res. 2000;114(1-2):175-81. https://doi.
0rg/10.1016/S0166-4328(00)00220-5

Seo JH. Treadmill exercise alleviates stress-induced anxiety-like behaviors in rats. ] Exerc Rehabil. 2018;14(5):724-30.
https://doi.org/10.12965/JER.1836442.221

Borodovitsyna O, Flamini MD, Chandler D]. Acute stress persistently alters locus coeruleus function and anxiety-like
behavior in adolescent rats. Neuroscience. 2018;373:7-19. https://doi.org/10.1016/]. NEUROSCIENCE.2018.01.020

Salmon P. Effects of physical exercise on anxiety, depression, and sensitivity to stress: a unifying theory. Clin Psychol
Rev. 2001;21(1):33-61. https://doi.org/10.1016/50272-7358(99)00032-X

Acta Cir Bras. 2022;37(05):e370508


https://doi.org/10.1038/NRRHEUM.2014.193
https://doi.org/10.1016/J.NEUROSCIENCE.2011.02.055
https://doi.org/10.1002/CNCR.31943
https://doi.org/10.1249/MSS.0000000000001937
https://doi.org/10.1249/MSS.0000000000001937
https://doi.org/10.1038/nprot.2007.44
https://doi.org/10.3390/NU11061244
https://doi.org/10.3390/NU11061244
https://doi.org/10.31744/EINSTEIN_JOURNAL/2020AO4784
https://doi.org/10.31744/EINSTEIN_JOURNAL/2020AO4784
https://doi.org/10.3791/3678
https://doi.org/10.3791/1088
https://doi.org/10.1590/0102.3772E3322
https://doi.org/10.1016/J.BRAINRES.2004.05.086
https://doi.org/10.1016/J.NEUROSCIENCE.2007.06.030
https://doi.org/10.1016/J.NEUROSCIENCE.2007.06.030
https://doi.org/10.1016/0031-9384(90)90361-7
https://doi.org/10.1016/0031-9384(90)90361-7
https://doi.org/10.3389/fnbeh.2020.00140
https://doi.org/10.1016/S0166-4328(00)00220-5
https://doi.org/10.1016/S0166-4328(00)00220-5
https://doi.org/10.12965/JER.1836442.221
https://doi.org/10.1016/J.NEUROSCIENCE.2018.01.020
https://doi.org/10.1016/S0272-7358(99)00032-X

Silva Junior UN et al.

22. Reichmann F, Hassan AM, Farzi A, Jain P, Schuligoi R, Holzer P. Dextran sulfate sodium-induced colitis alters stress-
associated behaviour and neuropeptide gene expression in the amygdala-hippocampus network of mice. Sci Rep.
2015;5:9970. https://doi.org/10.1038/SREP09970

23. Martinez JC, Cardenas F, Lamprea M, Morato S. The role of vision and proprioception in the aversion of rats to the open
arms of an elevated plus-maze. Behav Processes. 2002;60(1):15-26. https://doi.org/10.1016/50376-6357(02)00102-X

24. Doremus-Fitzwater TL, Varlinskaya EI, Spear LP. Effects of pretest manipulation on elevated plus-maze behavior in
adolescent and adult male and female Sprague-Dawley rats. Pharmacol Biochem Behav. 2009;92(3):413-23. https://
doi.org/10.1016/].PBB.2009.01.006

https://doi.org/10.1590/acb370508.errata ERRATA

In the manuscript Assessment of stress and anxiety in mice with colorectal cancer submitted to physical
exercise, which DOl is: https://doi.org/10.1590/acb370508, published in the journal Acta Cirdrgica Brasileira,
2022;37(05)e370508, page 5, in the axis X of Figure 5:

Open Arm
Open Arm
Open Arm

Open Arm
Closed Arm

Center

Acta Cir Bras. 2022;37(05):e37050 9


https://doi.org/10.1038/SREP09970
https://doi.org/10.1016/S0376-6357(02)00102-X
https://doi.org/10.1016/J.PBB.2009.01.006
https://doi.org/10.1016/J.PBB.2009.01.006
https://doi.org/10.1590/acb370508

