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Relative luminosity in the plus maze upon the
exploratory behaviour of female Wistar rats

Efeito da luminosidade relativa em labirinto em cruz sobre o comportamento exploratério
de fémeas Wistar

Diana Yae Sakae’, Thiago Mamoru Sakae?, Marta Aparecida Paschoalini’, Moacir Serralvo Faria’

ABSTRACT

Objective: This study evaluated the provision of two configuration of the Elevated Pluz-Maze (EPM) by analizing the exploratory behaviour
of female Wistar rats in different phases of the estrous cycle in EPMs with different gradients of luminosity between the open and enclosed
arms (O/EAM). Methods: Female Wistar rats were treated with Midazolam (MDZ, 1.0 mg.kg") and were tested for their exploratory behaviour
ineitherthe EPM 100/E,  or EPM 96 O/E,  .Results: Amultiple regression analysis indicated that the O/E,  is negatively associated with
the %0pen arm entries and %0pen arm time, suggesting that as O/E,  increases, the open arm exploration decreases. The estrous cycle
phase did not influence the open-arm exploration in either EPM. MDZ- induced anxiolysis was detected in 96 O/E,  EPM in all phases of
the EC. Discussion: Results of this study suggest the importance of the O/E,  to establish the arm preference in the EPM, and to preserve

the predictive validity of the EPM.
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RESUMO

Objetivo: Avaliar a provisdo de duas configuracées do Labirinto Elevado em Cruz (LEC) através do comportamento exploratério de ratas

Wistar em diferentes fases do ciclo estral (CE) em LEC com diferentes gradientes de luminosidade entre os bragos aberto e fechado (A/F
Método: Ratas Wistar foram tratadas com Midazolam (MDZ, 1.0 mg.kg™") e foram testadas no LEC 10 A/F

analise de regressao multipla indicou que o A/F,
no brago aberto, sugerindo que no aumento do A/F, .

resultados sugerem a importancia do A/F

Alux

ALux)'

ouLEC96 A/F Resultados: A

Alux ALux”

esta negativamente associado com a % de entrada no braco aberto e % de tempo
a exploracao do braco aberto diminui. A fase do CE nao influenciou a exploracao
do braco aberto no LEC. A ansiélise induzida pelo MDZ foi demonstrada no 96 LEC A/F

em todas as fases do CE. Discussao: Estes

Alux

para estabelecer a preferéncia da exploracao do LEC e preservar a validade do LEC.

Palavras-chave: ciclo estral, ratas Wistar, ansiedade, medo, labirinto elevado em cruz, luminosidade.

Animal models have played an important role in further-
ing our understanding of complex biological basis and mecha-
nisms underlying the pathogenesis of human anxiety. They have
also contributed to the provision of preclinical models that en-
able the discovery and screening of new potential therapeuti-
cal drugs'. Moreover, animal models of anxiety have been con-
sidered as an invaluable approach, since animals display similar
autonomic and behavioral reactions during anxiety states>***.

The presentresearch chose on one ofthe most popularly used
animal models in the study of anxiety-related behaviors®- the
Elevated Plus-Maze (EPM). Briefly, the EPM is used as a test of
anxiety based on the exploratory behavior of rodents. Its explor-
atory environment is constituted by four elevated arms, with
two opposed open (unprotected spaces) and two other opposed

enclosed arms (spaces protected by lateral walls), arranged in a
cross-like shape. The open arms are considered regions of the
maze endowed with stressful- and fear-inductor properties, be-
cause rats exposed to them display increased corticosterone
release, as well as fear-related behaviors, when compared to
those exposed in the enclosed arms’. In this sense, the conflict
between the approach and the avoidance of regions with more
or less aversive properties underlies the exploratory behavior of
animals in the EPM. In fact, this conflict has been considered
analogous to human anxiety considering that many anxiety
disorders express this insidious avoidance behavior of a feared
object or situation®. In addition, this conflict is suppressed by
anxiolytic drugs used in medical practice, which, in the EPM,
selectively increases the open arm exploration’.
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Because of its reach employment, many studies have been
devoted to elucidate the methodological variables able to es-
tablish the arm preference in the EPM, such as circadian cy-
cle, luminosity incident on the maze, maze height, and animal
handling®'*'**2. However, recently was demonstrated that, for
male rats, the difference of illumination between the open and
the enclosed arms (i.e, the gradient of luminosity between the
open and the enclosed arms; O/E, ), and not the absolute lev-
el of luminosity incident on the maze, is the important variable
to predict the arm preference in the EPM. Thus, male rats may
avoid the open arms because these arms have a higher level of
luminosity in relation to the enclosed arms'.

Nevertheless, the influence of the O/E,; on the explor-
atory behavior of female rats in the EPM was not evaluated
yet. This point deserves investigation since, from all the stud-
ies with EPM, about 25% have used female rats as experimen-
tal subjects. According to the World Health Organization’s
World Mental Health Survey Initiative', anxiety disorders are
the most prevalent of the DSM-IV disorders, with a lifetime
prevalence as high as 16.7%. In the case of women, several
studies have shown that they present a substantially higher

15161718 ‘which can be

anxiety disorders prevalence than men
up to 3-fold higher in cases of generalized anxiety disorder'.

Besides having a low number of studies involving female
rats in research with EPM, the data available in the literature
reveal conflicting results regarding the influence of estrous
cycle on female rats tested in the EPM. Studies have shown
that female rats exhibit decreased anxiety when tested in di-
estrous’, proestrous, and estrous® phases of the estrous cycle.
In contrast, other studies have failed to indicate significant
changes in the exploratory behavior of female rats between
the estrous and the diestrous phases of the estrous cycle.
Therefore, the literature is quite controversial on the effect of
the EC on anxiety-like behaviour in the EPM. Moreover, only
one study has evaluated the influence of the absolute level of
illumination upon the female rat’s behaviour in the EPM*.

Finally, taking into consideration the lack of research with
female rats in EPM and those conflicting results presented
in the literature, the present study aims to evaluate the ex-
ploratory behavior of female rats in different phases of the
estrous cycle when submitted to EPM with distinct O/E,, .
Also, since the EPM is widly used as a screening test for anxy-
otitic drugs, the current study also approached if the O/E,
alters the detection of an anxyolitic drug by the EPM in fe-
male rats in different estrous phases.

METHOD

Subjects

A total of 169 female Wistar rats, ranging from 10 to
12 weeks old, and weighting 200g to 250g, were provided by
the breeding division of Federal University of Santa Catarina
(UFSC). These rats were housed in groups of 5, having food
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and water ad libitum, and being exposed to a light/dark cy-
cle of 12 h (lights on at 06:00) and temperature of 25 + 2°C.
Before the experiment, the subjects underwent a habituation
period of seven days. The Committee on Animal Research
Ethics from UFSC (CEUA - UFSC) provided official permis-
sion for the use of animals in our research.

Drug

Midazolam (MDZ) was dissolved in saline solution
(NaCl 0.9%) and administered through i.p. route, at an anx-
iolytic dose reported in the literature of 1.0 mg kg™ %24 in g
volume of 0.1 ml per 100 g of body weight.

Apparatus

The EPM is a wooden apparatus elevated 50 cm from
the floor. It is constituted by four arms of the same size
(50 cm x 10 cm) in a cross-like shape. Two opposed arms are
opened and surrounded by only a short (1.0 cm) glass edge,
whereas the other two arms are enclosed by 40 cm high walls,
except for the entrance. For this study, two EPM configura-
tions were used, the enclosed arms walls constituted by
translucent glass, and the enclosed arm walls constituted by
opaque glass. Also, four 15-W fluorescent lights, the unique
source of illumination in the experiment, were arranged in
a cross-like format 100 cm above the maze. These lights, ac-
cording to the maze configuration, provided different mean
level of incident Lux on the open and enclosed arms, as well
as, different gradient of luminosity (O/E,; ), which is defined
as the difference of Lux between the open and the enclosed
arms: translucent glass EPM (open arms: 358 Lux, enclosed
arms: 348 Lux, O/E, = 10) and opaque glass EPM (open
arms: 336 Lux, enclosed arms: 240 Lux, O/E,, = 96).

Procedures

A group of female rats was assigned to receive, through i.p.
route, either saline solution (0.9%) or MDZ (1.0 mgkg").
Thirty minutes after the drug administration, each group was
subdivided into other two groups, which were submitted to
either the 10 O/E,, EPM or 96 O/E,; EPM for 5 minutes.
Each animal was placed on the central square of the maze
facing an enclosed arm. In order to avoid odoriferous cues
between animals, the maze was cleaned with alcohol 20%
(v/v), and then dried with cloths. Any animal that fell off the
maze was excluded from the experiment, which occurred
in a similar rate in all experimental groups. Each experi-
mental session was recorded by WebCam and subsequent-
ly transcribed through Etholog 2.25 software®. The standard
spatial-temporal variables, such as the number of entries into
the open and enclosed arms, were analyzed. Arm entry and
arm exit were defined as all four paws into and out of an arm,
respectively. The exploratory behavior upon the open arms
was expressed as the mean percentage of entries (%Open
arm entries) and the time spent inside the arm (%Open arm
time). Based on the factor analysis of rats in the EPM, the



%0pen arm entries and %Open arm time were used as vari-
ables negatively correlated with the level of fear/aversion of
the open arms, while the Enclosed arm entries were used as
a representative variable of animal locomotor activity. All the
experiments were carried out between 13:00 and 17:00 h.

Immediately after the EPM exposure, each female had its es-
trous cycle phase determined by observation of vaginal cytology,
as described by Becker et al.””. Briefly, an eyedropper was filled with
two or three drops of saline solution and then inserted into the
vaginal opening of the animal. The fluid was expelled into the va-
gina and then collected two or three times. This smear was placed
onto a slide, and the sample was immediately examined under a
light microscope in order to evaluate the vaginal cytology”, which
are closely correlated with circulating levels of the sex-steroid hor-
mones estrogen and progesterone in the bloodstream?®.

Three types of cells were identified in the sam-
ple: (1) nucleated epithelial cells, (2) leucocytes, and (3)
non-nucleated, cornified epithelial cells® (Freeman, 2006).
The cycle phases were identified according to the propor-
tion of these type of cells found in the smear®***! (Mandl, 1951;
Marcondes, Bianchi et al., 2002).

Metaestrous was identified when the smear contained the
same proportion of nucleated epithelial cells and leucocytes,
with some disperse non-nucleated, cornified epithelial cells; the
diestrous phase was characterized by the predominance of leu-
cocytes and disperse nucleated epithelial cells; proestrous was
identified by the the presence of nucleated epithelial cells that
are round and were often agregaded; and the estrous phase by
the presence of dense layers of non-nucleated, cornified epitheli-
al cells®3°%, Freeman, 2006; Mandl, 1951; Marcondes et al., 2002)

The identification of the estrous cycle phase was carried
out after the behavioral test, and vaginal cytology was not
monitored before the experimental procedure because ani-
mal handling and vaginal-cervical stimulation during sample
collection could alter subsequent behavioral responses'

Statistics

The data were analyzed by Three-Way ANOVA, with O/4,,
as factor 1, Estrous Cycle as factor 2, and Drug Treatment as fac-
tor 3. Three-way ANOVA were followed by Tukey HSD for un-
equal N, when necessary. In order to estimate whether and how
the independent variables relate to the %Open arm entries,

%Open arm time, and Enclosed arm entries, a multiple regres-
sion analysis was carried out in both experiments. Only p-value
less than 0.05 was considered significant (alpha level 0.05).

RESULTS

At the end of the experiment the ovarian cycle analysis in-
dicated the following experimental groups: the 10 0/E,, EPM
group treated previously with saline solution: Metaestrous
(n = 7), Diestrous (n = 19), Proestrous (n = 7), and Estrous
(n=12);the 96 O/E,, EPM group treated with saline solution:
Metaestrous (n = 9), Diestrous (n = 21), Proestrous (n = 13), and
Estrous (n = 14); the 10 O/E,; EPM group treated previously
with MDZ: Metaestrous (n = 7), Diestrous (n = 14), Proestrous
(n = 7), and Estrous (n = 8). And the 96 O/E, EPM group
treated previously with MDZ: Metaestrous (n = 10), Diestrous
(n = 15), Proestrous (n = 13), and Estrous (n = 11).

The results of the three-way ANOVA are exposed in
Table 1. ANOVA failed to show any significant main effect for
the Estrous cycle factor, as well as any significant interaction
between the factors. There was a significant main effect for
the Drug treatment and O/E for the variables %Open arm en-
tries and %Open arm time, but not for the number of entries
into the Enclosed arm (Table 1). Indeed, the number of entries
into the enclosed arm was similar in all groups (Figure 1).

Tukey’s test indicated that systemic MDZ administration
increased the %Open arm entries and %Open arm time com-
pared to the saline-treated group (Figure 2). This happened
when the animals were tested in 96 O/E, EPM, irrespec-
tive of the ovarian cycle phase. However, in rats tested in
100/,
%Open arm entries and %Open arm time only in diestrous
and Proestrous phase, but failed to show a statistically sig-
nificant change in the Metaestrous or Estrous phases.

Table 2 summarizes the results of the multiple linear regres-
sion analysis. The data analysis indicated that the independent
variable drug treatment was positively associated with the open
arm exploration. Thus, as MDZ is administered, both %Open
arm entries and %Open arm time increase. The independent
variable O/E,; remained negatively associated with the open
arm exploration, that is, as O/E, _increases, both %Open arm

 EPM, systemic MDZ administration increased the

Table 1. Three-way ANOVA results indicating the main effects and between factor interactions.

Factors and interactions %0pen arm entries

%0pen arm time Enclosed arm entries

Drug F 17y = 88.97:p < 0.05 F 7 = 120.38;p < 0.05 F o = 2:21:NS
O/E, ., F 1y = 6.02,p < 0.05 F oy = 7.02:p < 0.05 F i = 3:82:NS
EC F 7y = 0.43:NS F o1y = 0.77:NS F 1= 0.27:NS
Drugx O/, , oy = 0.73:NS F o= 1.8TNS F oy = 0.0T;NS
Drug x EC F 1= 0.41;NS F 51 = 2.05;NS F o1y = 0.28;NS
O/E, , xEC F 17 = 0.22:NS F o = 0.24;NS F o= 1.44;NS
Drug x O/E, , X EC F oy = 0.52;NS Fonn=0.21;NS F oy = 0.36;NS

Female Wistar rats in different phases of the estrous cycle (EC) were treated with either saline (0.9%) or Midazolam (1.0 mg.kg™") through i.p. route and submitted

to elevated plus maze with different level of illumination between the open and enclosed arms (O/E

\uo- NS indicates not significant.
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No significant differences between the groups were observed (Three-Way ANOVA followed by Tukey’s for unequal n).

Figure 1. Number of entries into the enclosed arms in female Wistar rats treated systemically with either saline or MDZ.

1009 A

g [ SAL
£ go{ EEMDZ

5 *
£ 60-

5

@ 40

o

(@]

R 201

10 % 10 96 10 9% 10 96 O/E,.
Metaestrous Diestrous Proestrous Estrous
1009 B

(0]

£ 80-

IS

S

C

D

o

o

X
10 96 | 10 96 10 96 | 10 96 O/E,
Metaestrous Diestrous Proestrous Estrous

Female Wistar rats in different phases of the estrous cycle were treated with either saline (SAL, 0.9%) ou Midazolam (MDZ; 1.0 mg.kg™") through i.p. route and
submitted to elevated plus maze with different level of illumination between the open and enclosed arms (O/E, ). The %0pen arm entries is depicted in panel
Awhile de %0pen arm time is depicted in panel B. Data are represented as the mean + S.E.M. * p < 0.05 in relation to the group treated with saline (Three-Way
ANOVA followed by Tukey's for unequal n).

Figure 2. Impaired detection of the anxiolytic-like effect induced by MDZ in an elevated plus maze with low gradient of luminosity

between the open and enclosed arms.

entries and %Open arm time decrease. Regarding the indepen-
dent variable Estrous cycle, there was no association with both
%O0pen arm entries and %0Open arm time. Neither of the inde-
pendent variables was associated with the Enclosed arm entries.

DISCUSSION

Research carried out with rats in the EPM have shown that
rats exhibit preference by the enclosed arms’ because the open
arms are regions endowed with stressful- and fear-inductor
properties. In fact, rats exposed to the open arms display in-
creased corticosterone release, as well as fear-related behaviors,
when compared to those exposed in the enclosed arms’. It was
originally proposed that a fear induced by the rat’s inability to
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carry out open arms exploration through the vibrissae is what
underlies the establishment of arm preference in the EPM™*.

The relative luminosity between open and enclosed arms,
and not the absolute level of luminosity on the maze, was re-
cently demonstrated to be another determinant variable for
the establishment of arm preference in the EPM'. As the open
arms are more illuminated than the enclosed arms, the ability
of the animal to discriminate areas in the EPM with more or
less luminosity may drive the maze exploration toward the ar-
eas with low fear-inductor properties, thus establishing the en-
closed arm preference. Therefore, in addition to vibrissae sys-
tem, another suggestion is that the visual system may underlie
the arm preference of rodents during EPM exploration.

The behavioural baseline of male rats tested in the EPM

has shown to be dependent on the O/E , ,an indicator of the

ALux’



Table 2. Multiple regression analysis results indicating the Beta values relative to the associations between the independent and

the dependent variables.

Dependent variables

Independent variables %0pen arm entries

%0pen arm time Enclosed entries

Beta p-value Beta p-value Beta p-value
Drug treatment 0.602 <0.05 0.668 <0.05 -0.113 NS
O/E, -0.145 <0.05 -0.158 <0.05 0.100 NS
Estrous cycle -0.028 NS -0.041 NS -0.015 NS

Female Wistar rats in different phases of the estrous cycle were treated with either saline (0.9%) or Midazolam (1.0 mg.kg™") by i.p. route and submitted to

elevated plus maze with different level of illumination between the open and enclosed arms (O/E

arm time); R value 0.151 (Enclosed entries); NS indicates not significant.

relative luminosity between the arms of the maze. This is so,
because the animals have displayed a low level of fear and a
decrease in open arms avoidance under smaller O/E; and
an increase in their level of fear and open arms avoidance un-
der higher O/E,  ". Other researchers have also shown that
mice are similarly able to discriminate enclosed arms with
different levels of brightness in a modified EPM?, thus aim-
ing for the importance of the level of luminosity to drive the
exploratory behaviour of the animal in the EPM.

In contrast with research conducted with male rats®, the
data from multiple linear regressions revealed a significant neg-
ative association between the independent variable O/E,, and
the dependent variables representatives of the open arm explo-
ration, thus indicating that as O/E,; _increase, both %Open arm
entries and %Open arm time decrease. Therefore, the present
study suggests that O/E, _is also important for the establish-
ment of arm preference in the case of female Wistar rats.

Regarding the locomotor activity of the animals, ANOVA
failed to indicate a significant main effect for the number of
entries into the enclosed arms in relation to the O/E,, fac-
tor. As the multiple regression analysis also did not show a
significant association between the O/E,
arm entries variable, the present study proposes that the lo-
comotor activity of female Wistar rats, in accordance with
male, is not altered by variations of the relative luminosity

and Enclosed

between the open and enclosed arms of the EPM.

The present study also demonstrated that the O/E,  is an
important methodological variable to be controlled, since it has
the ability to alter the predict validity of the EPM in recognizing
anxiolytic drugs clinically effective. Accordingly, from the female
rats that received the MDZ systemically in the Metaestrous and
Estrous phases of the ovarian cycle, only the 96 O/E, EPM
was able to detect the antiaversive and anxiolytic properties of
the drug when evaluated through either %Open arm entries or
%Open arm time. However, the same dose of MDZ failed to in-
crease the open arm exploration when females were tested in the
100/E,, , EPM during these same phases of the estrous cycle.

This may have occurred due to changes in the baseline ba-
haviour of the animals treated with saline, which was high-
er in female tested in the 10 O/E, than in those tested in
the 96 O/E,, .Ifafull anxiolytic effect in the EPM is character-
ized by absence of arm preference (around 50% in the %Open

.Rvalue 0.618 (%0pen arm entries); R value 0.686 (%0pen

sl

arm entries and %Open arm time), we believe that as baseline
increases, the probability of the EPM to detect anxiolytic-like
drugs decreases, and this may happen due to a ceiling effect.
This fact suggests that special attention should be given either
to the material of manufacture of the enclosed arm walls or to
the maze illumination source, or yet, to both, in order to reach
alevel of O/E,,  compatible with an arm preference in inter-
mediate values. Consequently, these suggestions will account
to avoid false positive (effect floor) and negative (effect ceiling)
results, and improve the sensitivity of the model to screen pu-
tative anxiolytic- and anxiogenic-like drugs.

Regarding the influence of the estrous cycle upon the behav-
iour of female rats in the EPM, the present study indicated that,
irrespective of the phase of the Ovarian cycle, the arm preference
was not changed. In fact, there was neither a significant ANOVA
main effect for the Estrous cycle variable, nor a significant as-
sociation between Estrous cycle and the variables representa-
tive of open arm exploration. The same is true for the number of
entries into the enclosed arms. Therefore, the hormonal fluctua-
tions underlying the ovarian cycle did not changed the animals
behaviour in the EPM. This result is in accordance with previ-
ous studies on the literature, which indicate that the behaviour
of female rats remain unchanged regardless of the estrous cy-
cle phase of the animals®'. However, previous research have also
shown that the level of open arm exploration is increased dur-
ing Proestrous'*%, Estrous®?, and Metaestrous®. Comparing
these results with the present study is difficult, because some
of these cases presented in the literature provided the absolute
(not the relative) level of illumination; and in some other cases
the level of illumination was not even provided.

Some important conclusions regarding the exploratory be-
havior of female Wistar rats in different phases of the Estrous
cycle emerge from the present study. The first one is that the
O/E,, . is an important methodological variable for the estab-
lishment of arm preference in the EPM. Another conclusion is
that it becomes important to establish a suitable level of illu-
mination between the open and enclosed arms of the maze in
order to avoid false positive results when screening new puta-
tive anxiolytic-like drugs, since as O/E, _decrease, the predict
validity of the EPM may be impaired. And finally, the explor-
atory behaviour of female Wistar rats in the EPM remains un-
changed irrespective of the estrous cycle phase.
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