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Elevated Plus Maze
Overview and basics
This assay essentially determines a preference between a
comparatively safe and comfortable environment (the closed
arms ) and a risky environment (elevated open spaces). This
is often discussed in terms of avoidance or fear, but this is
not strictly accurate (see the refs below). This is technically a
preference test – one portion of the arm is avoided only in
comparison to the other portion. The general principle is that
the more “anxious” the subjects are, the less likely they will
be to explore an uncomfortable, risky, or threatening
environment. Thus, previous stress, presence of a predator
odor, previous handling, manipulation of stress hormones and peptides all effect behavior in the
EPM. Unfortunately, not all these factors produce the same effects in each strain, sex, age
species etc.
Procedure Overview – EPM
The EPM has been validated pharmacologically, ethologically, with other tests of anxiety-like
behaviors and physiologically [1-31]. The animal is generally placed in one of the closed arms or
the center to start. The number of entries into each portion of the EPM (open and closed) are
scored in addition to the total time spent in each portion. The data are generally expressed as a
ratio (or percentage) of open/closed (for both time and entries). This helps to control for
differences in locomotor activity. However, the absolute time and number of entries should also
be reported. The number of stretch attend postures (SAP – a measure of risk assessment) can
also be measured. These can be further divided into protected and unprotected SAP.
There are many procedural variations of this test. Small rails can be placed at the edges of the
open arm. This can serve to increase open arm exploration. The ambient light, height of the
arms and width of the arms are also very variable from study to study.

One reason for the many variations is that this test is very susceptible to “floor” effects. In other
words, in some subjects the exploration of the open portions of the EPM is so low that you can
not see any decreases in anxiety. The test was actually developed to be sensitive to anxiolytics
(things that reduce anxiety, and thus increase exploration of the open arms), so that is not
surprising. If, however, you are hoping to see increased anxiety (decreased exploration of the
open arms), you need to ensure that the conditions are conducive to getting a sufficient level of
exploration in your control subjects so that you could see a difference if one exists. This
generally requires that the ambient lighting be low, that you include rails and that you have a
sufficient total time for the animals to explore the open arms (which they tend to do later in time).
However, these parameters can only be determined empirically. In other words, you have to
figure out is a 5 or 10 minute total test time is best, if bright or low lights are best and if you should
or should not use a rail. Some strains, sexes and ages may have very high native open arm
exploration. The best solution is to do your homework – find out if your subjects have been
previously tested in the EPM, and that may help to provide enough info for a starting point.
Procedure
Anxiety-related behavior is measured as preference for the closed arms [18, 21, 24]. The
percentage of open arm entries also indicates anxiety levels, especially in mice, which tend to be
more impulsive and spend less time per entry in any arm. Controls include total arm entries,
which is generally considered to indicate non-specific locomotor activity. The testing session
consists of putting the animal in the apparatus and recording the following behaviors: total time
spent in the open arm, total time spent in the closed arm, total number of grid crosses, open arm
entries, closed arm entries, stretch attend postures, grooming and number of fecal boli. The maze
is cleaned with 70% ethanol after every trial and with 10% bleach at the end of every day.
This test can not be repeated in the same animals with the same results. Behavioral in
subsequent trials of EPM are controversial to interpret and very variable in nature [32-35]. The
literature regarding the effects, mechansims and interpretation of second and third exposures is
highly controversial, but second exposures are unanimously agreed to be different than the first.
Validation of the EPM
Locomotor and anxiety dissociable [27, 36]
Stressors increase anxiety-like behavior [20, 37-39]
Similar Behavior in other anxiety tests [3, 11, 26, 36, 40-50]
Pharmacological (i.e. amphetamine does not alter anxiety-like behavior, anxiogenics and
anxiolytics do) [18, 19, 21, 27, 28, 41, 45, 47, 48, 50-54]
Comorbid behavior [55-57]

Stress hormones raised after entry to open arm [9, 23]
Physiological correlates in relevant brain regions [58, 59]
Risk assessment [12, 23, 25, 60, 61]
Cross species [62-65]
Conflict [66]
Transparent vs opaque wall [67, 68]
Experimental Design
Ideally, animals should be tested in random order in a matched block design such that equal
numbers of animals in each treatment group are represented in each testing block. The
experimenter MUST be blind to the condition of the animals. Particular attention should be paid to
the previous handling of your subjects. Testing animals who have just had their cages changed
is likely to produce different results that if you tested a cohort that did not just undergo this
procedure, for example.
This test is also anxiogenic, and could thus potentially interfere with subsequent assays in some
cases.
Scoring the EPM
An entry should be defined and all 4 paws crossing the line into that arm. Time in the center
should also be recorded. Although many groups chose 2-paw entry as the criterion for arm entry,
this can be problematic due to the high level of stretch attend postures before entering the open
arm.
Unprotected stretch attend postures (SAP) occur while in the open arm. Protected SAP occur
while one portion of the body (generally up to half) is in the center or closed arm, OR if SAPs
occur while transitioning between the closed arms. The majority of SAPs occur in the center
toward the open arm. Generally the number of SAP follow the pattern of open arm entries,
however there is some evidence that these are pharmacologically dissociable. Androgens, for
example, may decrease risk assessment measures without significantly altering open arm
exploration [61]
Potential Confounds and Things to keep in mind:
Stress and illness
Stressors (both psychological physiological) can impact the performance on rodents in these
tests, and can often do so long after the stressor has ceased. Your data will be standard and

have acceptable variability only if these factors are given due consideration. Room temperature
(rodents do NOT like heat), cage changes immediately before testing, food or water restriction
and altering the social interactions (by switching cages or isolating some animals, for example)
are only some of the things that can not only cause long lasting behavioral consequences, but
also may interact with your treatment in unpredictable ways. Surgeries are particularly notable
sources behavioral variability. Make sure everything is sterile, and take every precaution against
infections, since tests of this type are very sensitive to the overall health of the animal.
In the case of male mice, severe fighting and strong dominance hierarchies are often evident. A
mouse with wounds, evidence of sever barbering (fur and whisker loss), poor fur condition etc is
likely to have different behavior in any affective assay, and this is a potential source of variability.

General Notes
This task (and in fact all behavioral assays) should most accurately viewed as consisting of
multiple components, and thus it should not be surprising that much of the brain influences
various aspects of the test. Novelty and risk can be either anxiogenic and/or rewarding
(approach-avoidance conflict). Thus, all the brain regions detecting and responding to novelty
and risk will be important, in addition to all brain regions regulating emotional valence. Motivation
and motor initiation are also obvious features, in addition to memory and reward. Peripheral
influences of the immune system and adrenal gland, steroid and neurosteroid hormones should
also not be underestimated. In this case, anything previous handling could potentially be a factor,
since both habituation and sensitization will influence the animal’s behavior in the EPM.
Theoretical Issues
There should be some discussion about this point about the definition of “anxiety”. There is no
consensus, either in animals or humans, just what precisely “anxiety” is, or how it is different than
stress or fear. Possibly, fear can be distinguished from anxiety, but the two will naturally vary
together. For example, an animal’s (including humans!) response to an objective fear-inducing
stimulus, such as a predator, is not precisely the same as the subject’s response to “anxiogenic”
stimuli, such as doing your taxes in humans, or the exploration of unprotected places in rodents,
or exposure to novelty in all mammals. However, many physiological responses to both types of
stimuli may be similar. Both fearful and anxiogenic stimuli will cause release of stress hormones
(cortocosterone, adrenaline, peptide hormones etc), possibly to the same levels, and will increase
autonomic arousal (heart and breathing rate, blood pressure etc). This is not necessarily a
problem, but be very cautious with your own interpretations, and read articles in this field with a
critical eye.

This is also an appropriate time to discuss the difference between stress and/or anxiety and
aversion. It should also be noted here that not all stress is aversive. In fact, there is indication
that some levels of stress hormones can induce preferences in rodents (and hence are
rewarding), and certainly it is evident that humans seek out certain stressors (bungee jumping,
horror movies, doing a Ph.D.). It should also be noted that many things that have a positive
emotional valence (in other words, that we “like”) also induce very high stress hormone
responses. These include courtship behavior and sex, many social interactions, all novelty and
most situations in which you learn something.
Aversion, strictly speaking, means you avoid something (or comparatively avoid it) and a
rewarding stimulus is something you approach or will work to obtain. Thus, these are defined
empirically, or by the way that that the subjects behaves toward a stimulus. We infer that animals
“like” or “dislike” something by whether they tend to avoid it or chose it. There are numerous
ways that this assumption can go awry. Any mammal’s “liking” or “disliking” for something
(including the open arms of the EPM) is state and context dependent. For example, if there is a
sexually receptive female in the room, male rodents tend to have greatly increased exploration
and decreased risk assessment, since the behavioral state has changed from generally exploring
to reproductive goal oriented behavior.

Useful References
For reviews and validations
[1-31, 51-53][28]
Procedural Considerations
[1, 19, 32-34, 39, 57, 67-82]
Illumination [10, 70, 76, 79]
Circadian [83, 84]
Prior handling [69, 77]
Sham and saline injections [77, 85]
Isolation [74]
Aging and devleopment [86-88]
Ledges [75]
Sex [44, 87]
Strain [76, 81, 89]

Arm width and floor surface [76, 79]
Hormones and estrous cycle [90]
Vision and propriception [78]
Sex Differences/Hormones
[44, 87, 90]
Aging/Ontogeny
[86, 87]
Circadian
[83, 84]
Strain differences
[60, 81, 91, 92]
Brain regions and neurochemistry (NOT an exhaustive list):
PAG [58, 93]
Nucleus accumbens [93]
GABA [50, 59, 94-96]
Serotinin [97, 98]
Neurosteroids [99]
Other pharmacology [54, 95, 100]
Hippocampus [50, 101]
Amygdala [101]

References

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Anseloni, V.Z. and M.L. Brandao, Ethopharmacological analysis of behaviour of rats
using variations of the elevated plus-maze. Behav Pharmacol, 1997. 8(6-7): p. 533-40.
Carobrez, A.P. and L.J. Bertoglio, Ethological and temporal analyses of anxiety-like
behavior: The elevated plus-maze model 20 years on. Neuroscience & Biobehavioral
Reviews, 2005. 29(8): p. 1193.
Carola, V., et al., Evaluation of the elevated plus-maze and open-field tests for the
assessment of anxiety-related behaviour in inbred mice. Behavioural Brain Research,
2002. 134(1-2): p. 49.
Cruz, A.P., F. Frei, and F.G. Graeff, Ethopharmacological analysis of rat behavior on the
elevated plus-maze. Pharmacol Biochem Behav, 1994. 49(1): p. 171-6.
Dawson, G.R. and M.D. Tricklebank, Use of the elevated plus maze in the search for
novel anxiolytic agents. Trends in Pharmacological Sciences, 1995. 16(2): p. 33.
Dere, E., et al., The graded anxiety test: a novel test of murine unconditioned anxiety
based on the principles of the elevated plus-maze and light-dark test. Journal of
Neuroscience Methods, 2002. 122(1): p. 65.
Espejo, E.F., Structure of the mouse behaviour on the elevated plus-maze test of anxiety.
Behavioural Brain Research, 1997. 86(1): p. 105.
Fernandez Espejo, E., Structure of the mouse behaviour on the elevated plus-maze test
of anxiety. Behav Brain Res, 1997. 86(1): p. 105-12.
File, S.E., et al., Raised corticosterone in the rat after exposure to the elevated plusmaze. Psychopharmacology (Berl), 1994. 113(3-4): p. 543-6.
Garcia, A.M., F.P. Cardenas, and S. Morato, Effect of different illumination levels on rat
behavior in the elevated plus-maze. Physiol Behav, 2005. 85(3): p. 265-70.
Goto, S.H., et al., Comparison of anxiety measured in the elevated plus-maze, open-field
and social interaction tests between spontaneously hypertensive rats and Wistar EPM-1
rats. Braz J Med Biol Res, 1993. 26(9): p. 965-9.
Griebel, G., et al., Risk Assessment Behaviour: Evaluation of Utility in the Study of 5-HTRelated Drugs in the Rat Elevated Plus-Maze Test. Pharmacology Biochemistry and
Behavior, 1997. 57(4): p. 817.
Griebel, G., et al., Behavioural profiles in the mouse defence test battery suggest
anxiolytic potential of 5-HT(1A) receptor antagonists. Psychopharmacology (Berl), 1999.
144(2): p. 121-30.
Hogg, S., A review of the validity and variability of the Elevated Plus-Maze as an animal
model of anxiety. Pharmacology Biochemistry and Behavior, 1996. 54(1): p. 21.
Holmes, A., et al., Behavioral profile of wild mice in the elevated plus-maze test for
anxiety. Physiology & Behavior, 2000. 71(5): p. 509.
Kulkarni, S.K. and A.C. Sharma, Elevated plus-maze: a novel psychobehavioral tool to
measure anxiety in rodents. Methods Find Exp Clin Pharmacol, 1991. 13(8): p. 573-7.
Mulder, G.B. and K. Pritchett, The elevated plus-maze. Contemp Top Lab Anim Sci,
2004. 43(2): p. 39-40.
Pellow, S., et al., 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): p. 149-67.
Pellow, S. and S.E. File, Anxiolytic and anxiogenic drug effects on exploratory activity in
an elevated plus-maze: a novel test of anxiety in the rat. Pharmacol Biochem Behav,
1986. 24(3): p. 525-9.
Rodgers, R.J. and J.C. Cole, Anxiety enhancement in the murine elevated plus maze by
immediate prior exposure to social stressors. Physiol Behav, 1993. 53(2): p. 383-8.
Rodgers, R.J., et al., Ethopharmacological analysis of the effects of putative 'anxiogenic'
agents in the mouse elevated plus-maze. Pharmacol Biochem Behav, 1995. 52(4): p.
805-13.
Rodgers, R.J. and A. Dalvi, Anxiety, defence and the elevated plus-maze. Neuroscience
& Biobehavioral Reviews, 1997. 21(6): p. 801.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

Rodgers, R.J., et al., Corticosterone response to the plus-maze: high correlation with risk
assessment in rats and mice. Physiol Behav, 1999. 68(1-2): p. 47-53.
Rodgers, R.J. and N.J. Johnson, Factor analysis of spatiotemporal and ethological
measures in the murine elevated plus-maze test of anxiety. Pharmacol Biochem Behav,
1995. 52(2): p. 297-303.
Roy, V. and P. Chapillon, Further evidences that risk assessment and object exploration
behaviours are useful to evaluate emotional reactivity in rodents. Behav Brain Res, 2004.
154(2): p. 439-48.
Schmitt, U. and C. Hiemke, Combination of open field and elevated plus-maze: A suitable
test battery to assess strain as well as treatment differences in rat behavior. Progress in
Neuro-Psychopharmacology and Biological Psychiatry, 1998. 22(7): p. 1197.
Tambour, S., et al., Dissociation between the locomotor and anxiolytic effects of
acetaldehyde in the elevated plus-maze: Evidence that acetaldehyde is not involved in
the anxiolytic effects of ethanol in mice. Eur Neuropsychopharmacol, 2005.
Treit, D., J. Menard, and C. Royan, Anxiogenic stimuli in the elevated plus-maze.
Pharmacol Biochem Behav, 1993. 44(2): p. 463-9.
Wall, P.M. and C. Messier, Ethological confirmatory factor analysis of anxiety-like
behaviour in the murine elevated plus-maze. Behavioural Brain Research, 2000. 114(12): p. 199.
Wall, P.M. and C. Messier, Methodological and conceptual issues in the use of the
elevated plus-maze as a psychological measurement instrument of animal anxiety-like
behavior. Neuroscience & Biobehavioral Reviews, 2001. 25(3): p. 275.
Weiss, S.M., et al., Utility of ethological analysis to overcome locomotor confounds in
elevated maze models of anxiety. Neurosci Biobehav Rev, 1998. 23(2): p. 265-71.
Andreatini, R. and L.F. Bacellar, Animal models: trait or state measure? The test-retest
reliability of the elevated plus-maze and behavioral despair. Prog Neuropsychopharmacol
Biol Psychiatry, 2000. 24(4): p. 549-60.
Bertoglio, L.J. and A.P. Carobrez, Behavioral profile of rats submitted to session 1session 2 in the elevated plus-maze during diurnal/nocturnal phases and under different
illumination conditions. Behavioural Brain Research, 2002. 132(2): p. 135.
File, S.E., The interplay of learning and anxiety in the elevated plus-maze. Behav Brain
Res, 1993. 58(1-2): p. 199-202.
Lamprea, M.R., et al., Dissociation of memory and anxiety in a repeated elevated plus
maze paradigm: forebrain cholinergic mechanisms. Behavioural Brain Research, 2000.
117(1-2): p. 97.
Martinez-Gonzalez, D., et al., REM sleep deprivation induces changes in coping
responses that are not reversed by amphetamine. Sleep, 2004. 27(4): p. 609-17.
Adamec, R., S. Walling, and P. Burton, Long-lasting, selective, anxiogenic effects of
feline predator stress in mice. Physiol Behav, 2004. 83(3): p. 401-10.
Hata, T., et al., Anxiety-like behavior in elevated plus-maze tests in repeatedly coldstressed mice. Jpn J Pharmacol, 2001. 85(2): p. 189-96.
Padovan, C.M. and F.S. Guimaraes, Restraint-induced hypoactivity in an elevated plusmaze. Braz J Med Biol Res, 2000. 33(1): p. 79-83.
Gentsch, C., M. Lichtsteiner, and H. Feer, Open field and elevated plus-maze: a
behavioural comparison between spontaneously hypertensive (SHR) and Wistar-Kyoto
(WKY) rats and the effects of chlordiazepoxide. Behav Brain Res, 1987. 25(2): p. 101-7.
Griebel, G., et al., The effects of compounds varying in selectivity as 5-HT(1A) receptor
antagonists in three rat models of anxiety. Neuropharmacology, 2000. 39(10): p. 184857.
Rossi-George, A., et al., Effects of bacterial superantigens on behavior of mice in the
elevated plus maze and light-dark box. Brain Behav Immun, 2004. 18(1): p. 46-54.
Sandbak, T. and R. Murison, Behavioural responses to elevated plus-maze and
defensive burying testing: effects on subsequent ethanol intake and effect of ethanol on
retention of the burying response. Alcohol Alcohol, 2001. 36(1): p. 48-58.
Steenbergen, H.L., et al., Sex-dependent effects of aversive stimulation on holeboard
and elevated plus-maze behavior. Behav Brain Res, 1991. 43(2): p. 159-65.

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

Perrine, S.A., B.A. Hoshaw, and E.M. Unterwald, Delta opioid receptor ligands modulate
anxiety-like behaviors in the rat. Br J Pharmacol, 2006. 147(8): p. 864-72.
Morilak, D.A., et al., Role of brain norepinephrine in the behavioral response to stress.
Prog Neuropsychopharmacol Biol Psychiatry, 2005. 29(8): p. 1214-24.
Wilson, M.A., et al., Anxiolytic effects of diazepam and ethanol in two behavioral models:
comparison of males and females. Pharmacol Biochem Behav, 2004. 78(3): p. 445-58.
Frye, C.A. and A.M. Seliga, Olanzapine's effects to reduce fear and anxiety and enhance
social interactions coincide with increased progestin concentrations of ovariectomized
rats. Psychoneuroendocrinology, 2003. 28(5): p. 657-73.
Frye, C.A. and A.M. Seliga, Testosterone increases analgesia, anxiolysis, and cognitive
performance of male rats. Cogn Affect Behav Neurosci, 2001. 1(4): p. 371-81.
Frye, C.A., S.M. Petralia, and M.E. Rhodes, Estrous cycle and sex differences in
performance on anxiety tasks coincide with increases in hippocampal progesterone and
3[alpha],5[alpha]-THP. Pharmacology Biochemistry and Behavior, 2000. 67(3): p. 587.
Cole, J.C. and R.J. Rodgers, An ethological analysis of the effects of chlordiazepoxide
and bretazenil (Ro 16-6028) in the murine elevated plus-maze. Behav Pharmacol, 1993.
4(6): p. 573-580.
Cole, J.C. and R.J. Rodgers, Ethological comparison of the effects of diazepam and
acute/chronic imipramine on the behaviour of mice in the elevated plus-maze.
Pharmacology Biochemistry and Behavior, 1995. 52(3): p. 473.
Corbett, R., et al., GABAmimetic agents display anxiolytic-like effects in the social
interaction and elevated plus maze procedures. Psychopharmacology (Berl), 1991.
104(3): p. 312-6.
Moser, P.C., An evaluation of the elevated plus-maze test using the novel anxiolytic
buspirone. Psychopharmacology (Berl), 1989. 99(1): p. 48-53.
Ducottet, C. and C. Belzung, Behaviour in the elevated plus-maze predicts coping after
subchronic mild stress in mice. Physiology & Behavior, 2004. 81(3): p. 417.
Ducottet, C. and C. Belzung, Correlations between behaviours in the elevated plus-maze
and sensitivity to unpredictable subchronic mild stress: evidence from inbred strains of
mice. Behavioural Brain Research, 2005. 156(1): p. 153.
Ferrari, P.F., et al., Interindividual variability in Swiss male mice: relationship between
social factors, aggression, and anxiety. Physiol Behav, 1998. 63(5): p. 821-7.
Nelovkov, A., et al., Rats with low exploratory activity in the elevated plus-maze have the
increased expression of limbic system-associated membrane protein gene in the
periaqueductal grey. Neurosci Lett, 2003. 352(3): p. 179-82.
Rago, L., et al., Behavioral differences in an elevated plus-maze: correlation between
anxiety and decreased number of GABA and benzodiazepine receptors in mouse
cerebral cortex. Naunyn Schmiedebergs Arch Pharmacol, 1988. 337(6): p. 675-8.
Augustsson, H., K. Dahlborn, and B.J. Meyerson, Exploration and risk assessment in
female wild house mice (Mus musculus musculus) and two laboratory strains. Physiol
Behav, 2005. 84(2): p. 265-77.
Rojas-Ortiz, Y.A., et al., Modulation of elevated plus maze behavior after chronic
exposure to the anabolic steroid 17alpha-methyltestosterone in adult mice. Horm Behav,
2006. 49(1): p. 123-8.
Janczak, A.M., et al., Factor analysis of behaviour in the porcine and murine elevated
plus-maze models of anxiety. Applied Animal Behaviour Science, 2002. 77(2): p. 155.
Varty, G.B., et al., The gerbil elevated plus-maze II: anxiolytic-like effects of selective
neurokinin NK1 receptor antagonists. Neuropsychopharmacology, 2002. 27(3): p. 371-9.
Varty, G.B., et al., The gerbil elevated plus-maze I: behavioral characterization and
pharmacological validation. Neuropsychopharmacology, 2002. 27(3): p. 357-70.
Wesierska, M. and K. Turlejski, Spontaneous behavior of the gray short-tailed opossum
(Monodelphis domestica) in the elevated plus-maze: comparison with Long-Evans rats.
Acta Neurobiol Exp (Wars), 2000. 60(4): p. 479-87.
Salum, C., A.C. Roque-da-Silva, and S. Morato, Conflict as a determinant of rat behavior
in three types of elevated plus-maze. Behavioural Processes, 2003. 63(2): p. 87.

67.

68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.

Albrechet-Souza, L., et al., A comparative study with two types of elevated plus-maze
(transparent vs. opaque walls) on the anxiolytic effects of midazolam, one-trial tolerance
and fear-induced analgesia. Prog Neuropsychopharmacol Biol Psychiatry, 2005. 29(4): p.
571-9.
Anseloni, V.Z., et al., Behavioral and pharmacological validation of the elevated plus
maze constructed with transparent walls. Braz J Med Biol Res, 1995. 28(5): p. 597-601.
Andrews, N. and S.E. File, Handling history of rats modifies behavioural effects of drugs
in the elevated plus-maze test of anxiety. Eur J Pharmacol, 1993. 235(1): p. 109-12.
Becker, A. and G. Grecksch, Illumination has no effect on rats' behavior in the elevated
plus-maze. Physiology & Behavior, 1996. 59(6): p. 1175.
Brett, R.R. and J.A. Pratt, Chronic handling modifies the anxiolytic effect of diazepam in
the elevated plus-maze. Eur J Pharmacol, 1990. 178(1): p. 135-8.
Cardenas, F., M.R. Lamprea, and S. Morato, Vibrissal sense is not the main sensory
modality in rat exploratory behavior in the elevated plus-maze. Behavioural Brain
Research, 2001. 122(2): p. 169.
Da Cunha, C., et al., Effect of various training procedures on performance in an elevated
plus-maze: possible relation with brain regional levels of benzodiazepine-like molecules.
Pharmacol Biochem Behav, 1992. 43(3): p. 677-81.
Da Silva, N.L., et al., Individual housing from rearing modifies the performance of young
rats on the elevated plus-maze apparatus. Physiol Behav, 1996. 60(6): p. 1391-6.
Fernandes, C. and S.E. File, The influence of open arm ledges and maze experience in
the elevated plus-maze. Pharmacology Biochemistry and Behavior, 1996. 54(1): p. 31.
Lamberty, Y. and A.J. Gower, Arm width and brightness modulation of spontaneous
behaviour of two strains of mice tested in the elevated plus-maze. Physiology & Behavior,
1996. 59(3): p. 439.
Lapin, I.P., Only controls: Effect of handling, sham injection, and intraperitoneal injection
of saline on behavior of mice in an elevated plus-maze. Journal of Pharmacological and
Toxicological Methods, 1995. 34(2): p. 73.
Martinez, J.C., et al., The role of vision and proprioception in the aversion of rats to the
open arms of an elevated plus-maze. Behavioural Processes, 2002. 60(1): p. 15.
Morato, S. and P. Castrechini, Effects of floor surface and environmental illumination on
exploratory activity in the elevated plus-maze. Braz J Med Biol Res, 1989. 22(6): p. 70710.
Prasad, A., M. Henry, and C. Prasad, Heterogeneity in the performance of outbred
sprague-dawley rats in an elevated-plus maze test: A possible animal model for anxiety
disorder. Life Sciences, 1996. 59(18): p. 1499.
Schmitt, U. and C. Hiemke, Strain Differences in Open-Field and Elevated Plus-Maze
Behavior of Rats Without and With Pretest Handling. Pharmacology Biochemistry and
Behavior, 1998. 59(4): p. 807.
Silva, R.H., et al., Anxiogenic effect of sleep deprivation in the elevated plus-maze test in
mice. Psychopharmacology (Berl), 2004. 176(2): p. 115-22.
Andrade, M.M., et al., Longitudinal study of daily variation of rats' behavior in the elevated
plus-maze. Physiol Behav, 2003. 78(1): p. 125-33.
Clenet, F., et al., Light/dark cycle manipulation influences mice behaviour in the elevated
plus maze. Behav Brain Res, 2005.
Saldivar-Gonzalez, A., C. Arias, and R. Mondragon-Ceballos, Transient emotional
changes elicited by intraperitoneal saline injection: effect of naloxone and flumazenil.
Pharmacol Biochem Behav, 1997. 56(2): p. 211-20.
Doremus, T.L., E.I. Varlinskaya, and L.P. Spear, Age-related differences in elevated plus
maze behavior between adolescent and adult rats. Ann N Y Acad Sci, 2004. 1021: p.
427-30.
Imhof, J.T., et al., Influence of gender and age on performance of rats in the elevated
plus maze apparatus. Behav Brain Res, 1993. 56(2): p. 177-80.
Kanari, K., et al., Multidimensional structure of anxiety-related behavior in early-weaned
rats. Behav Brain Res, 2005. 156(1): p. 45-52.

89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.

Mechan, A.O., et al., A comparison between Dark Agouti and Sprague-Dawley rats in
their behaviour on the elevated plus-maze, open-field apparatus and activity meters, and
their response to diazepam. Psychopharmacology (Berl), 2002. 159(2): p. 188-95.
Marcondes, F.K., et al., Estrous cycle influences the response of female rats in the
elevated plus-maze test. Physiology & Behavior, 2001. 74(4-5): p. 435.
Farook, J.M., et al., Analysis of strain difference in behavior to Cholecystokinin (CCK)
receptor mediated drugs in PVG hooded and Sprague-Dawley rats using elevated plusmaze test apparatus. Neuroscience Letters, 2004. 358(3): p. 215.
Yilmazer-Hanke, D.M., et al., Two Wistar rat lines selectively bred for anxiety-related
behavior show opposite reactions in elevated plus maze and fear-sensitized acoustic
startle tests. Behav Genet, 2004. 34(3): p. 309-18.
Anseloni, V.C., et al., A comparative study of the effects of morphine in the dorsal
periaqueductal gray and nucleus accumbens of rats submitted to the elevated plus-maze
test. Exp Brain Res, 1999. 129(2): p. 260-8.
Kulkarni, S.K. and K. Sharma, Alprazolam modifies animal behaviour on elevated plusmaze. Indian J Exp Biol, 1993. 31(11): p. 908-11.
Rezayat, M., et al., Cholecystokinin and GABA interaction in the dorsal hippocampus of
rats in the elevated plus-maze test of anxiety. Physiology & Behavior, 2005. 84(5): p.
775.
Shekhar, A., L.S. Sims, and R.R. Bowsher, GABA receptors in the region of the
dorsomedial hypothalamus of rats regulate anxiety in the elevated plus-maze test. II.
Physiological measures. Brain Res, 1993. 627(1): p. 17-24.
Andersen, S.L. and M.H. Teicher, Serotonin laterality in amygdala predicts performance
in the elevated plus maze in rats. Neuroreport, 1999. 10(17): p. 3497-500.
Setem, J., et al., Ethopharmacological analysis of 5-HT ligands on the rat elevated plusmaze. Pharmacol Biochem Behav, 1999. 62(3): p. 515-21.
Rodgers, R.J. and N.J. Johnson, Behaviorally selective effects of neuroactive steroids on
plus-maze anxiety in mice. Pharmacol Biochem Behav, 1998. 59(1): p. 221-32.
Guimaraes, F.S., et al., Anxiolytic effect of cannabidiol derivatives in the elevated plusmaze. Gen Pharmacol, 1994. 25(1): p. 161-4.
Pesold, C. and D. Treit, The central and basolateral amygdala differentially mediate the
anxiolytic effects of benzodiazepines. Brain Res, 1995. 671(2): p. 213-21.

