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RESUMO

Este estudo teve como objetivo avaliar o efeito do número de animais 
por gaiola sobre o comportamento de ansiedade em camundongos 
expostos ao labirinto em cruz elevado. Trinta camundongos foram 
divididos em dois grupos: grupo 1 (G1) e 2 (G2) com 10 e 20 ani-
mais, respectivamente, em cada gaiola. Ao atingir 90 dias de idade, 
cada animal foi submetido ao labirinto em cruz elevado, apenas uma 
vez no período de 5 minutos. Os parâmetros avaliados em ambos os 
grupos foram: porcentagem do número de entradas nos braços aber-
tos (% NBA) e a porcentagem de tempo gasto nos braços abertos (% 
TBA). A análise estatística não detectou diferenças significativas entre 
os dois grupos na % NBA (p = 0,87), nem com relação à % TBA (p 
= 0,98). O trabalho concluiu que a manutenção de 10 ou 20 animais 
por gaiola não causou nenhuma alteração significativa nos níveis de 
ansiedade dos mesmos, o que sugere ser indiferente manter 10 ou 20 
camundongos por gaiola.
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ABSTRACT

This study aimed to evaluate the effect of the number of animals per 
cage behaviour of anxiety in mice exposed to elevated plus-maze. Thir-
ty Swiss mice were divided into 2 groups: group 1 (G1) and group 2 
(G2) with 10 and 20 animals respectively in each cage. Upon reaching 
90 days of age, each animal was submitted to the elevated plus-maze, 
only once in the period of 5 minutes. The parameters evaluated in 
both groups were: percentage of the number of entries in open arm 
(% nBA) and percentage of time spent in open arms (% tBA). The 
statistical analyis did not yield significant difference between the two 
groups in regarding %nBA (p = 0.87) nor with respect to tBA% (p = 
0.98). Our work concluded that the maintenance of 10 or 20 mice 
per cage did not cause any significant alteration in the anxiety levels 
of the animals, thus it suggests being indifferent to maintain 10 or 20 
mice per cage.
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INTRODUCTION
Nowadays, the maintenance of laboratory animals 

in the ideal conditions has been a focused study topic, 
once environmental factors as storage may interfere on 
the results of behavioral tests1. Based on the fact that 
rodents are social animals, keeping themselves among a 
group is indicated2. On the other hand, the interactions 
among individuals kept in a group, and the absence of 
these interactions by individuals kept isolated, should be 
evaluated in order to avoid wrong conclusions concern-
ing the results of behavioral researches1.

The experimental analysis of the behavior is of 
extreme importance for biomedical researches on brain 
functions and on behavior3. One of the tools for the study 
of the behavior is the elevated plus-maze (EPM), which is 
considered the most precise instrument employed for the 
study of the anxiety behavior in mice4.

For many years, the EPM is recognized as a behav-
ioral test broadly used worldwide. It is currently consid-
ered the best ethological measure of anxiety behavior, not 
only in mice but also in other mammals5,6. One reason 
for the wide acceptance of the EPM is the simplicity of 
the test run. According to current protocols, a single test 
lasting 5 minutes is enough to get reliable measures of 
anxiety levels in several animal models7,8.

Several factors have been suggested as being capa-
ble of producing anxious behavior in mice. Among these 
factors, some studies point to the importance of variables 
related to housing conditions9,10. Grouping housing in 
male mice was verified to be a stress factor11. However, 
when they are kept isolated, males show higher explo-
ration in the labyrinth, reflecting a more aggressive and 
territorialist behavior12. Yet on females, group housing 
reduces anxiety11, and loneliness itself may even cause 
depression symptoms (high anxiety, low exploration)12.

In the laboratories, mice (Mus musculus) are kept in 
cages, but the number of individuals per cage may vary 
from one experiment to another, and not always these de-
tails are taken into account when data are analyzed. Per-
haps this occurs because only recently the researchers began 
to be concerned about variables related to bioterism13,14.

Therefore, the objective of this study was to evalu-
ate the effect of the number of animals per cage on the 
anxiety behavior in mice when exposed to the EPM.

METHOD
A total of 30 swiss male mice were obtained from 

the biotery of the Reproduction Biology Center of the Fed-
eral University of Juiz de Fora. The study was approved by 
the local ethics committee (Protocol #004/2009 - CEEA/
UFJF). These animals were divided in 2 groups after 
weaning: group 1 (G1) and group 2 (G2) with 10 and 20 
animals, respectively, in each cage (49 x 34 x 16 cm), pro-
vided with food and water ad libitum. When they reached 
90 days of age, each animal was submitted to the EPM, 
only once within a 5-minute period. The device had the 
following features: arms 8 x 30 cm; height of closed arms 
20 cm; center 8 x 8 cm; height above the floor 50 cm; 
ledges of open arms 0.5 cm.

The test started with the animal placed in the cen-
ter of the apparatus, facing the open arm, over a 5-min-
ute period. For the reason that the degree of anxiety of 
a mouse is directly related to the avoidance tendency 
of the animal toward the open arms of the EPM, with 
preference for the closed arms, we used two percentage 
parameters as indicators of anxiety. The first parameter 
evaluated was the percentage of entries in the open arms 
(% nOA), obtained by [open entries / (open + enclosed 
entries)] x 100. The second parameter was the percent-
age time spent in the open arms (% tOA), obtained by 
[open arm time / (open + enclosed arms time)] x 100. 
The utilization of % nOA and % tOA, instead of using 
only the simple measurement of the number of entries 
and the time spent in the open arms, has the advantage 
of controlling an important intervenient variable which 
is the locomotor activity of the animal, because by mea-
suring the activity degree in the open arms in relation to 
the activity in both arms, the effects of a higher or lower 
exploration activity are corrected4,15. The parameters of 
activity in the EPM were registered through the software 
Hindsight version 1.5 (Dr. Scott Weiss, 1995, University 
of Leeds, UK), used in behavioral analyses. It was used 
the software Prism version 5.00 (GraphPad Software, San 
Diego, California - USA) in the statistical analysis of data.

RESULTS
The parameters evaluated in both groups were: 

percentage of the number of entries in the open arms (% 
nOA) and the percentage time spent in the open arms 
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of group 1 (n = 10) were 47.5 ± 3.9 (% nOA) and 55.1 
± 5.6 (% tOA). In group 2 (n = 20), the results were 
43.4 ± 1.4 (% nOA) and 53.4 ± 2.2 (% tBA). Due to 
the difference in the number of animals and to the asym-
metric distribution of group data, it was performed the 
non parametric test of Mann-Whitney in order to com-
pare the parameters between groups 1 and 2. The test did 
not verify any significant statistical difference neither in 
relation to the % nOA (U = 83, p = 0.87) nor in relation 
to the % tOA (U = 99, p = 0.98). The results are demon-
strated in Table 1 and in Figure 1.

Table 1
Data referring to the descriptive statistics of the studied groups

Group n % nOA % tOA

1 10 47.5 ± 3.9 [42.8] 55.1 ± 5.6 [51.2]

2 20 43.4 ± 1.4 [42.5] 53.4 ± 2.2 [53.2]

Data expressed as: mean ± standard error [median]. %nOA: percentage of en-
tries in open arms. %tOA: percentage of time spent in open arms.

DISCUSSION
Some works16,17 showed that in larger cages there 

were more agressive occurences among male mice. This 
result may be explained by the fact that, by creating more 
room inside the cages, the terriorialist tendency and/or 
behavior increases. This agressive behavior could be con-
sidered a stressing and ansiogenic factor. However, in our 
study there was no difference concerning the anxiety lev-
els between the two groups studied in the EPM test. It is 
possible to occur a stress tendency on the first days, but 
as time goes by, the animal tend to get used to the group, 
once mice apparently may be kept in large densities18.

Studies relating the behavior in the EPM to the 
number of animals per cage demonstrate dissonant re-
sults. Did not find any behavioral difference in mice kept 
in groups or isolated1. A study19 observed that mice kept 
isolated showed themselves less anxious than those in 
groups.

Other works19,20 demonstrated that swiss male mice 
when isolated were more anxious than those in groups. 
Maybe our results may not coincide with any of these ex-
periments by the fact that all of them compared animals 

in a group with an isolated animal. Find the reasons for 
such variability is, however, often far from straightfor-
ward21. The fact is that several parameters may vary widely 
among different laboratories, and it seems that the factors 
that could account for different results in the literature re-
garding behavioral tests are not clear yet22. In order to try 
to elucidate the reasons of such variability, the ethological 
studies may continue to play a role in cognitive biology15. 
We did not find in the literature an experiment like this 
one by ourselves, comparing different numbers of animals 
per cage.

CONCLUSION
Our work concluded that the maintenance of 10 

or 20 mice per cage did not cause any significant altera-
tion in the anxiety levels of the animals, when they were 
exposed to the EPM, thus it suggests being indifferent to 
maintain 10 or 20 mice per cage. New research may cor-
roborate our findings.
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