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Elevated Plus Maze

The Core Definition of the Elevated Plus Maze

The Elevated Plus Maze (EPM) is a highly specialized and widely validated animal model utilized

primarily in behavioral neuroscience and psychopharmacology for the assessment of anxiety-like

behavior in rodents, typically mice and rats. Fundamentally, the EPM exploits the natural conflict

between a rodent's innate desire to explore a novel environment and its intrinsic aversion to open,

exposed spaces--a behavioral expression often correlated with fear or anxiety. The apparatus,

which is essentially a cross shape elevated high above the floor, forces the animal to make choices

that reveal its state of anxiety or fearlessness. The EPM is considered a cornerstone tool for

characterizing novel compounds that may possess anxiolytic (anxiety-reducing) or anxiogenic

(anxiety-inducing) properties before those compounds advance to clinical human trials.

The underlying principle relies on the concept of thigmotaxis, which is the tendency of rodents to

prefer close contact with vertical surfaces or walls. In the context of the EPM, this translates

directly into a preference for the closed arms, which provide a sense of security and protection

from potential predators. Conversely, the open arms represent an area of significant risk and

exposure. Therefore, a rodent exhibiting high levels of anxiety will spend a disproportionately large

amount of time in the secure, closed arms, minimizing exploration of the open arms. The

introduction of an effective anxiolytic drug, such as a benzodiazepine, would typically result in a

shift in this behavioral pattern, leading the animal to spend more time exploring the risky, open

areas, reflecting a reduction in perceived threat and, thus, a decrease in anxiety-like behavior.

While the test is straightforward in design, its interpretation requires careful quantification of

several specific behavioral metrics. The EPM is designed to be highly sensitive to subtle changes

in emotional state, allowing researchers to accurately gauge the efficacy of various interventions,

whether they are pharmacological, genetic, or environmental. The results gathered from the EPM

are critical for translational research, bridging the gap between basic neurobiological

understanding and the development of effective treatments for human anxiety disorders, making it

an indispensable assay in the fields of experimental and clinical psychology.

Mechanism and Design Principles

The physical design of the Elevated Plus Maze is critical to its effectiveness as a measure of

anxiety. The apparatus consists of four arms of equal size, extending from a central, square

platform, forming the shape of a plus sign. Crucially, the entire maze is elevated significantly above

the floor, typically between 50 to 70 centimeters, to induce a natural sense of vulnerability or fear of

falling, which enhances the animal's anxiety-like behavior. Two opposing arms are enclosed by

high walls (the closed arms), which provide shelter and tactile security. The other two opposing
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arms are devoid of walls (the open arms), leaving the animal exposed. The contrast between these

two environments generates the essential behavioral conflict the test is designed to measure.

The elevation and the contrast between the protected and exposed areas are the primary

stressors. If the maze were placed on the floor, the inherent motivation to seek protection would be

dramatically reduced, rendering the test ineffective for measuring anxiety. By elevating the

structure, the potential danger is amplified, ensuring that the decision to enter the open arms is a

robust measure of an animal's willingness to overcome its fear for the sake of exploration. When a

rodent is placed on the central platform, its initial behavior often involves cautious scanning,

followed by a quick retreat to the closed arms if its anxiety levels are high. The time spent in these

various regions forms the core data set.

Furthermore, standardizing the operational parameters is vital for obtaining reliable data. This

includes controlling environmental factors such as lighting intensity, ambient noise, and the

duration of the testing session, which is usually set at five minutes. Variations in these external

conditions can significantly alter the rodent's baseline anxiety state. For instance, testing under

bright light conditions generally increases anxiety, enhancing the differential between open and

closed arm exploration. Researchers must adhere to strict protocols to ensure the validity and

reproducibility of the results, confirming the EPM's status as a reliable measure of fear-driven

exploratory drive.

Historical Development and Origins

The concept of using specialized mazes to study rodent behavior dates back to the early 20th

century, but the Elevated Plus Maze, as we know it today, emerged relatively recently as a

refinement of earlier, less specific anxiety models. Prior to the EPM, anxiety was often studied

using methods such as the Open Field Test, which measures general locomotor activity and

freezing behavior, or conflict procedures, which involve punishing the animal for performing a

desired action. While informative, these early methods often conflated general locomotor changes

or stress responses with pure anxiety. The EPM was developed to provide a more specific and

ethologically relevant measure of anxiety based on natural defensive responses.

The EPM apparatus was formally introduced and popularized in the 1980s, building upon

foundational work in behavioral pharmacology. The key innovation was to combine the aversion to

heights and the natural preference for thigmotaxis into a single, quantifiable assay. This

development allowed researchers to clearly distinguish between an animal's anxiety state and

simple sedation or changes in motor function, a significant methodological advancement. The

introduction of this model provided a highly consistent benchmark for screening pharmacological

agents, quickly establishing the EPM as the gold standard for preclinical evaluation of compounds

targeting generalized anxiety disorders. Definitive reviews, such as that provided by Bertoglio and
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Stern (2010), have cemented the EPM's position by meticulously documenting its reliability and

sensitivity across various rodent strains and pharmacological manipulations.

Interpreting Behavior: Key Metrics

The interpretation of the EPM test hinges on measuring specific behaviors that quantify the

animal's aversion to the open, unprotected areas. Several key metrics are systematically recorded,

often using automated tracking software, to provide a comprehensive profile of anxiety-like

behavior. The fundamental measures are related to time and entries. The percentage of time spent

in the open arms relative to the total time spent in all arms is the primary index of anxiolytic activity;

higher percentages indicate lower anxiety. Similarly, the percentage of entries into the open arms

is recorded, where an "entry" is defined as the point at which all four paws of the rodent enter an

arm.

Beyond these core metrics, researchers also track supplementary behavioral indicators that

provide insight into the quality of the animal's fear response. These include the frequency of "head

dips," which occur when the animal leans over the edge of an open arm, a behavior interpreted as

risk assessment or exploratory tendency. High levels of head dipping often suggest lowered

anxiety and increased confidence in exploration. Conversely, indicators of high anxiety include

increased defecation and urination, or the frequency of "stretched attend postures" (SAP), where

the animal elongates its body while remaining stationary, often observed at the junction between

the center platform and the closed arms, signaling cautious risk assessment before movement.

It is crucial to differentiate anxiety-related changes from simple motor impairment. Therefore,

researchers always monitor the total number of entries into the closed arms and the overall

locomotor activity. If a potential anxiolytic compound causes a rodent to spend more time in the

open arms, but simultaneously reduces its total movement (entries into all arms), the effect might

be due to sedation rather than a specific reduction in anxiety. Valid anxiolytic effects are

characterized by a selective increase in open arm exploration without a significant decrease in total

locomotion, ensuring the psychological effect is correctly attributed to fear reduction.

Applications in Pharmacological and Genetic Research

The EPM remains an indispensable tool in preclinical drug development, serving as one of the

primary screening assays for novel psychoactive compounds intended to treat anxiety disorders.

Its reliability allows pharmaceutical researchers to quickly assess whether a new chemical entity

acts as an anxiolytic agent. For instance, studies examining pharmacological manipulations have

demonstrated that compounds such as serotonin receptor antagonists, which block the activity of

certain serotonin receptors, can increase anxiety-like behavior on the EPM, as noted by Nishizaki

et al. (2009). This provides valuable feedback on the role of specific neurotransmitter systems in
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regulating fear and anxiety circuits in the brain.

Furthermore, the EPM is extensively used in genetic research to understand the biological

substrates of anxiety. By studying transgenic animals with targeted gene deletions or mutations,

researchers can pinpoint specific genes and proteins that contribute to anxiety phenotypes. For

example, research has utilized the EPM to demonstrate that the genetic mutation of the dopamine

transporter gene DAT1 reduces anxiety-like behavior in mice (Kress et al., 2014). This finding

suggests a significant role for dopaminergic signaling in modulating fear responses. Such studies

are vital for developing personalized medicine approaches, targeting specific genetic vulnerabilities

associated with anxiety disorders.

Beyond pharmacological and genetic studies, the EPM is also critical for assessing the impact of

environmental and developmental factors. The original research highlighted that environmental

conditions can profoundly affect anxiety levels. Studies, such as those conducted by Foureau et al.

(2017), have shown that environmental enrichment--providing complex habitats and social

interaction--can effectively reduce anxiety-like behavior in mice as measured by increased open

arm exploration on the EPM. This work supports the use of non-pharmacological interventions in

managing anxiety and stress responses, validating the EPM as a tool sensitive to both biological

and experiential influences.

Real-World Experimental Scenario

Imagine a hypothetical pharmaceutical company testing a novel compound, designated

"Compound X," believed to enhance GABAergic neurotransmission, a mechanism common to

existing anxiolytics. To test its efficacy, a cohort of 40 laboratory mice is divided into four groups: a

control group (saline injection), a positive control group (injected with a known anxiolytic drug like

Diazepam), and two test groups receiving low and high doses of Compound X, respectively. Thirty

minutes after injection, each mouse is individually placed on the center platform of the EPM

apparatus, and its behavior is recorded for five minutes.

The step-by-step application of the EPM principle unfolds as follows:

Baseline Measurement: The control group (saline) establishes the baseline anxiety level, expected

to show high percentages of time spent in the closed arms (e.g., 85% closed, 15% open).

Positive Control Validation: The Diazepam group confirms the assay is working correctly, showing

a significant increase in open arm time (e.g., 45% open arm time), demonstrating an expected

reduction in fear.

Compound X Testing: The test groups are analyzed. If Compound X is effective at the high dose,

these mice will show open arm exploration metrics comparable to, or better than, the Diazepam
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group (e.g., 35-50% open arm time), indicating a genuine anxiolytic effect.

Locomotor Control: Researchers also verify that the total entries into all arms remain high for the

Compound X groups. If total movement is significantly decreased, the results are likely confounded

by general sedation, not specific anxiety reduction.

The final analysis compares the mean open arm time and entries across the four groups using

inferential statistics. A statistically significant increase in open arm time in the Compound X groups,

coupled with maintained locomotor activity, provides strong evidence that the compound is an

effective anxiolytic agent, justifying further, more complex preclinical testing. This structured

approach exemplifies the EPM's utility in providing clear, quantifiable behavioral data relevant to

human psychiatric conditions.

Theoretical Significance and Related Concepts

The EPM holds immense theoretical significance because it provides a reliable bridge between

neurobiology and observable behavior, solidifying its place within the broader subfield of

Psychopharmacology and behavioral neuroscience. By allowing researchers to manipulate specific

biological factors (genes, receptors, drugs) and observe the resulting changes in a conserved,

ethologically relevant behavior, the EPM helps map the neural circuitry responsible for fear

processing, notably involving brain regions like the amygdala and the hippocampus. The

consistency of the EPM results across different laboratories has made it a powerful tool for theory

confirmation regarding the neurochemical basis of mammalian anxiety.

The EPM is closely related to several other key psychological concepts and models used in the

study of fear and stress. Its mechanism is rooted in Ethology, the study of animal behavior in its

natural environment, as it utilizes innate defensive behaviors (thigmotaxis and avoidance of open

spaces). Other related behavioral assays include the Open Field Test, which measures general

activity and habituation, and the Light/Dark Box Test, which, similar to the EPM, relies on the

rodent's aversion to brightly lit, open spaces. While the results from these tests often correlate, the

EPM is generally considered superior for screening anxiolytics because the elevated platform adds

an additional layer of complexity and stressor dimension that enhances sensitivity.

Ultimately, the EPM's greatest contribution is to the concept of translational validity--the extent to

which findings in animal models can be generalized to humans. Because the behaviors measured

in the EPM (risk assessment, avoidance, exploration) are considered homologous to certain

aspects of human anxiety and panic, the drugs proven effective in the EPM often proceed to show

efficacy in treating generalized anxiety disorder (GAD) and panic disorder in humans. This

validates the EPM as a critical step in the translational pipeline, linking fundamental neuroscience

to clinical psychiatric practice.
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