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ARTICLE INFO ABSTRACT

Published online: 29" February, Anxiety is a multifaceted emotional disorder which requires multiple research models

2016 for effective assessment of the condition. Usually, a large number of animals will be
*Corresponding  Author:  Jaya used for a single study which will not be reused in other studies. The use of different
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groups of animals for different aspects of any study may create inter-subject variations
that can confound the observed results. Objective of this study is to investigate the effect
of pre-exposure to open field (OF) on the anxiety and locomotor behaviors of male adult
Wistar rats in elevated plus maze (EPM). We evaluated the effect of pre-exposure in OF
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KEYWORDS on the anxiety and locomotor behaviors of rats at 3 different time intervals. The control
group consisted of rats which underwent single exposure in EPM, and the other three

Open field, groups consisted of rats which underwent a pre-exposure in OF immediately before the

Elevated plus maze, EPM session, 2 days before the EPM session, and a week before the EPM session. Our

Anxiety results show that there was no significant effect of OF pre-exposure on the anxiety and
the locomotive behavior of rats in EPM at these 3 different intervals. In conclusions,
these tests can be conducted successively with minimum time duration in the gap
between these two tests.

1.0 Introduction can significantly influence the interpretation of the results

from an anxiety model [4].

Anxiety is an apprehensive uneasiness of mind that can create
feelings of fear, worry, and dread [1]. Anxiety has been
studied in animals using various models [2, 3]. The use of
various anxiety models to validate the anxiolytic property of a
drug has been debated by many researchers, due to factors
such as: (i) different tests measuring different aspects of
anxiety [4, 5] (ii) the possible confounding effects of the
locomotor activities of the animals being tested. These factors

Researchers have addressed this issue in many ways. In some
cases, different groups of animals were used in each
behavioral test requiring a large number of animals in a single
study which were not reused in other studies [6]. In other
cases, the same group of animals was used in a battery of
tests, but with certain gaps in duration between the tests [7].
This however, gave rise to the concern regarding the order
effects of the tests or the influence of pre-exposure of one test
on another [8, 9]. Thus, although this gap in duration between
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tests works in certain studies, nevertheless it cannot be
applied in all anxiety models.

Among the various anxiety models available, open field (OF)
and elevated plus maze (EPM) are the most commonly used
[10, 11]. Mourao-Junior and colleagues have demonstrated
that previous exposure of mice to OF did not interfere with
the results of EPM at different time intervals between both
tests of 6, 24, and 72 hours. However the results of this study
were only confined to open arm behaviors [7]. This current
study was undertaken to investigate the anxiety and locomotor
behaviors of adult rats in the automated EPM following a pre-
exposure in OF at different time intervals ranging from an
immediate pre-exposure before the EPM session, pre-
exposure 2 days before the EPM session and pre-exposure a
week before the EPM session.

2.0 Materials and methods

2.1 Animal Preparation

All experiments were performed using male Wistar rats (8
weeks) weighing 200-220g obtained from the Laboratory
Animal Research Unit, University Sains Malaysia
(LARUSM) and maintained in a 12h light-dark cycle: lights
on 19H-7H. Animals were housed individually in cages with
dimension of 24x40x20cm (WxDxH) and kept at a constant
room temperature of (24> C) and were allowed to adapt to
their surroundings for at least 7 days prior to the experiment.
All animal procedures in this study were approved by the
Animal Ethics Committee of University Sains Malaysia.

2.2 Behavioral Assessment
2.2.1 OF Test

The OF consisted of a square box that measured 60x60cm
with 35cm walls. Lines were drawn on the floor into 15x15cm
squares and were visible through the clear plexiglass floor.
The test arena was divided into central and peripheral zones.
Each rat was placed in the central area and allowed to explore
for 5 minutes. After the 5 minute test, the rats were returned
in their home cages and the OF was cleaned thoroughly and
allowed to dry between tests. The apparatus was placed under
a homogenous illumination (14-20 Ix) [12].

2.2.2 Automated EPM

The automated EPM (Kinder Scientific, Poway, CA)
consisted of two open arms (width, 10.8cm, length, 50.17cm)
and two closed arms (width, 10.8cm, length, 50.17cm, walls,
40.01cm) with a central platform (10.8cmx10. 8cm). The
maze was elevated 85.09cm from the floor and rat movements
were tracked by infrared photobeams embedded along the

entire length of the base of each arm and subsequently
analyzed by Motor Monitor computer software. The
assessment of locomotion of rats in the EPM is as per
described in [13, 14]. Experiments were carried out during
the dark phase of a light-dark cycle in a quiet room with
homogenous illumination (2-4 Ix) directed towards the
apparatus [12]. The experiment was initiated by placing the
rat in the center of the maze platform facing an open arm and
followed by recording the activity of the rat in the maze for 5
minutes of a single session for each rat. The maze was wiped
clean after each test session. Anxiety was measured as the
time spent in open arms as a percent of the total time spent
exploring both the open and closed arms (Open Arm Total
Time Percentage) and the number of entries into the open
arms as a percentage of the total number of entries into both
open and closed arms (Open Arm Entries Percentage).

2.2.3 Behavioral testing: Experimental Procedure

A total of 32 animals were divided into 4 groups of 8 animals.
Group 1 (Control) animals were assessed in the automated
EPM only. Group 2 (EPM1) animals were pre-exposed to an
OF and followed by an immediate submission to automated
EPM. Group 3 (EPMZ2) animals were submitted to the
automated EPM 2 days following a pre-exposure to the OF.
Group 4 (EPM3) animals were submitted to the automated
EPM one week following a pre-exposure to the OF.

2.3 Statistical Analysis

Data for EPM study were analyzed by One Way ANOVA.
p<0.05 was considered to be statistically significant.
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Fig.1: The effects of pre-exposure to open field on the locomotion of rats in
the EPM.

The effects of pre-exposure to open field on the basic movement, fine
movement, X ambulation, and Y ambulation of rats in the EPM. Each column
represents mean + S.E.M [n=8 for each group, Control= Group underwent
single exposure in EPM only; EPM 1= Group underwent pre-exposure in OF
followed by an immediate subsequent exposure in the EPM; EPM 2= Group
underwent pre-exposure in OF followed by subsequent exposure in the EPM
after 2 days; EPM 3= Group underwent pre-exposure in OF followed by
subsequent exposure in the EPM after one week; *p<0.05 vs EPM 2, One Way
Analysis of Variance and Post Hoc Tukey’s test]
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3.0 Results

3.1 Locomotion

There was no significant difference in basic movement [F
(3,28) =2. 487; p>0.05], fine movement [F (3,28) =0. 892;
p>0.05], X ambulation [F (3,28) =1. 501, p>0.05] and Y
ambulation [F (3,28) =0. 730; p>0.05] between control and
groups pre-exposed to the OF.

3.2 Anxiety

No significant difference was reported in the percent open
arm time [F (3,28) =2. 392; p>0.05)], percent open arm
entries [F (3,28) =2. 051; p>0.05)], percent closed arm time
[F (3,28) =0. 973; p>0.05)], and percent closed arm entries [F
(3,28) =2. 051; p>0.05)] between control and animals
underwent pre-exposure in the OF (Figure 2).
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The effects of pre-exposure to open field on the anxiety behaviors of rats in
the EPM.

The effects of pre-exposure to open field on (A) percent open arm time, open
arm entries, (B) closed arm time, and closed arm entries. Each column
represents mean + S.E.M [n=8 for each group, Control= Group underwent
single exposure in EPM only; EPM 1= Group underwent pre-exposure in OF
followed by an immediate subsequent exposure in the EPM; EPM 2= Group
underwent pre-exposure in OF followed by subsequent exposure in the EPM
after 2 days; EPM 3= Group underwent pre-exposure in OF followed by
subsequent exposure in the EPM after one week, One Way Analysis of
Variance].

4.0 Discussion

In the present study, we examined whether pre-exposure to an
OF before the EPM session in three different time intervals
elicited any significant changes in specific EPM parameters in
adult male Wistar rats. Our study showed that there was no
significant difference in both the open and closed arm
parameters between control and groups pre- exposed to the
OF. These findings were contrary to some previous studies
carried out under different conditions where exposure to a
novel environment immediately before testing in the EPM
increased the likelihood of rats entering the open arms of the
maze [15, 16]. This showed that the time interval between the
OF and EPM session can be further reduced with little effect
on the behavioral responses of the rats. However, there are a
few factors must be taken into consideration prior to
executing such experimental order, including the age, sex, and
strain of the animals [17, 18, 19], the time of the tests and the
set up of the behavioral test room [20, 21].

On the other hand, the locomotion (basic movement, fine
movement, X ambulation, Y ambulation) of animals which
underwent immediate pre-exposure in the OF was lower
(statistically not significant) compared to the control group in
this study. This is contradictory to certain previous findings
where an increase in the motor activity was reported in the
maze following a pre-exposure to a novel environment
immediately before the EPM session [15, 16].

The multifaceted assessment of anxiety will be very beneficial
for stem cell or gene therapy based animal models as there is
a current need for the resemblance between human and
animal behaviours for successful treatments [22]. Recently,
scientists have employed gene therapy to treat anxiety using
mouse model [23]. As in our study, the use of multiple tests to
assess anxiety will provide a close resemblance to multi-
dimensional state of anxiety among humans. This may not
only mimic the intricate nature of human emotions, but also
truly tests the efficacy of the treatments at the preclinical
stage.

5.0 Conclusion

Overall, our study showed that pre-exposure in OF before
EPM session had no significant effect on both the anxiety and
locomotor behavior of adult male Wistar rats.

Acknowledgement

We are grateful to BRAINetwork, Laboratory Animal
Research Unit, and Universiti Sains Malaysia (LARUSM) for
their kind assistance throughout the study. This study was
supported by the USM Research University Grant
[1001/PSKBP/8630021] and USM Postgraduate Research
Grant [1001/PPSK/8145003].

Competing Interests

Regenerative Research Vol4 Issue2 June 2016



There are no competing interests among authors.
Authors’ Contributions

All authors have made substantial contributions to conception
and design, acquisition, analysis and interpretation of data,
drafting and revision of the manuscript (JK, HH, Y-TGB, ZI).
All authors have read and approved the final manuscript.

References

1. Davison, Gerald C. Abnormal Psychology. Toronto:
Veronica Visentin; 2008: 154.

2. De Boer SF, Koolhaas JM. Defensive burying in rodents:
ethology, neurobiology and psychopharmacology. Eur J
Pharmacol. 2003; 463(1:3): 145-61.

3. Walf AA, Frye CA. The use of elevated plus maze as an
assay of anxiety related behavior in rodents. Nature Protocols.
2007; 2(2): 322-8.

4. Ramos A. Animal models of anxiety: do | need multiple
tests? Trends Pharmacol Sci. 2008; 29: 493-8.

5. Vendruscolo LF, Takahashi RN, Bruske GR. Evaluation of
the anxiolytic-like effect of NKP608, an NK1-receptor
antagonist, in two rat strains that differ in anxiety-related
behaviors. Psychopharmacology (Berl). 2003; 170: 287-93.

6. Balls M. Laboratory animal studies: poor design + faulty
analysis = unnecessary suffering. Altern Lab Anim. 1994;
22(5): 308-9.

7. Mourao-Junior CA, Trindale JM, Perreira NF. Previous
exposure of mice to open field does not interfere in the results
of elevated plus maze. Revista Interdisciplinar de Estudos
Experimentais. 2010; 2(3): 72-5.

8. Paylor R, Spencer CM, Yuva-Paylor LA, Pieke-Dahl S.
The use of behavioral test batteries, 1l: effect of test interval.
Physiol Behav. 2006; 87(1): 95-102.

9. Ballaz SJ, Akil H, Watson, SJ. Previous experience affects
subsequent anxiety-like responses in rats bred for novelty
seeking. Behav Neurosci. 2007; 121(5): 1113-8.

10. Walsh RN, Cummins RA. The open field test: a critical
review. Psychological Bulletin, Washington. 1976; 83(3):
482-504.

11. Lister RG. The use of a plus-maze to measure anxiety in
the mouse. Psychopharmacology Berlin. 1987; 92(2): 180-5.

12. Fraser LM, Brown RE, Hussin A, Fontana M, Whittaker
A, O’Leary TP, Lederle L, Holmes A, Ramos A. Measuring

anxiety- and locomotion-related behaviours in mice: a new
way of using old tests. Psychopharmacology. 2010; 211:99-
112.

13. Kumar J, Hapidin H, Bee YTG, Ismail Z. Effects of the
mGIuR5 antagonist MPEP on ethanol withdrawal induced
anxiety-like syndrome in rats. Behavioural and Brain
Functions. 2013; 9:43.

14. Kumar J, Hapidin H, Bee YTG, Ismail Z. Effects of acute
ethanol administration on ethanol withdrawal induced
anxiety-like syndrome in rats: A Biochemical Study. Alcohol.
2015: In Press.

15. Pellow S, Chopin P, File SE, Briley M. Validation of
open: closed arm entries in an elevated plus maze as a
measure of anxiety in the rat. J Neurosci Methods. 1985;
14(3): 149-67.

16. File SE, Wardill AG. Validity of head dipping as a
measure  of  explorating a modified holeboard.
Psychopharmacologia. 1975; 44:53-9.

17. Johnston AL, File SE. Sex differences in animal tests of
anxiety. Physiol Behav. 1991; 49: 245-50.

18. Imhof JT, Coelho ZMI, Schmitt ML, Morato GS,
Carobrez AP. Influence of gender and age on performance of
rats in the elevated plus maze apparatus. Behav Brain Res.
1993; 56: 177-80.

19. Schmitt U, Hiemke C. Combination of open field and
elevated plus maze: a suitable test battery to assess strain as
well as treatment differences in rat behavior. Prog Neuro-
Psychopharmacol and Biol Psychiat. 1998; 22: 1197-215.

20. Gentsch C, Lichsteiner M, Kraeuchi K, Feer H. Different
reaction patterns in individually and socially reared rats
during exposures to novel environments. Behav Brain Res.
1982; 4: 45-54.

21. Griebel G, Moreau JL, Jenck F, Martin JR, Misslin R.
Some critical determinants of the behaviour of rats in the
elevated plus maze. Behav Brain Proc. 1993; 29: 37-48.

22. arding J, Roberts RM, Mirochnitchenko O. Large animal
models for stem cell therapy. Stem Cell Res Ther. 2013; 4(2):
23.

23. Distler MG, Plant LD, Sokoloff G, Hawk AJ, Aneas I,
Wuenschell GE, termini J, Meredith SC, Nobrega MA,
Palmer AA. Glyoxalase 1 increases anxiety by reducing
GABAA receptor agonist methylglyoxal. J Clin Invest. 2012;
122(6): 2306-5.

Regenerative Research Vol4 Issue2 June 2016



Regenerative Research Vol4 Issue2 June 2016 15



