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Abstract
Animal models have been used extensively to investigate neuropsychiatric disorders, such as
depression, and their treatment. However, the etiology and pathophysiology of many such disorders
are largely unknown, which makes validation of animal models particularly challenging. Further,
many diagnostic symptoms are difficult to define, operationalize and quantify, especially in
experimental animals such as rats. Thus, rather than attempting to model such complex human
syndromes as depression in their entirety, it can be more productive instead to define and model
components of the illness that may account for clusters of co-varying symptoms, and that may share
common underlying neurobiological mechanisms.

In our preclinical investigations of the neural regulatory mechanisms linking stress to depression and
anxiety disorders, as well as the mechanisms by which chronic treatment with antidepressant drugs
may exert their beneficial effects in these conditions, we have employed a number of behavioral tests
in rats to model specific cognitive and anxiety-like components of depression and anxiety disorders.
In this paper, we review the procedures for conducting four such behavioral assays: the attentional
set-shifting test, the elevated-plus maze, the social interaction test and the shock-probe defensive
burying test. The purpose is to serve as a guide to the utility and limitations of these tools, and as an
aid in optimizing their use and productivity.
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Introduction
Preclinical investigation of neuropsychiatric disorders and their treatment relies heavily on the
use of animal models. However, for many neuropsychiatric disorders, knowledge of the
neurobiology underlying the etiology and pathophysiology of the disorder, as well as the
mechanisms underlying effective clinical response to treatement, are largely unknown, leaving
gaps in our ability to evaluate fully the construct validity, relevance and predictive validity of
many of the animal models most commonly used to investigate such disorders (see 1,2–5). An
additional challenge to investigators trying to model human neuropsychiatric disease is that
many of the symptoms are difficult to define and operationalize, much less quantify, in animals
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such as rats (for example, suicidal ideation, or feelings of guilt and worthlessness in
depression).

As elaborated in a recent review (6), an emerging trend in both psychobiology and
neuropsychiatry is to attempt to define a limited number of behavioral dimensions that might
account for clusters of symptoms that frequently co-vary within and even across different
psychiatric illnesses. It is thought that such symptom clusters might be attributable to
dysregulation of a common underlying neurobiological process or system. Thus, rather than
attempting to develop an animal model that emulates all aspects of a complex human
neuropsychiatric syndrome such as depression, a more practical focus of preclinical studies
adopting such a “dimensional” approach is to model components of an illness, representing a
specific dimension, and to investigate the neural basis for subsets of related symptoms. This
approach can make such models more amenable to testing and validation, and to experimental
manipulation by relevant environmental, developmental and pharmacological factors.

There is extensive co-morbidity between depression and anxiety disorders. Neuro-
psychological, genetic and psychometric approaches have suggested that dysregulation of a
limited number of behavioral dimensions can account for many of their shared symptoms (see,
for example, 7) (reviewed in 6). Anxiety is a prominent component of both depression and
anxiety disorders. In addition to anxiety, cognitive dysfunction is also a major component of
depression and anxiety disorders, and it co-varies with anxiety (7–11). Anxious and depressed
patients exhibit cognitive biases for emotionally salient material, particularly related to
stressful life events (8,9). A perseverative focus on perceived threats, loss, personal deficiency
or worthlessness may contribute to vulnerability for affective disorders (12).
Neuropsychological studies of depressed patients have revealed cognitive impairments
associated with frontal lobe dysfunction (13–15), including deficits in cognitive flexibility,
perseveration, problem solving, motivation, and response inhibition (14–18). Depressed
patients show abnormal responses to performance feedback, a narrowing of attentional focus
to depression–relevant thoughts (15), and difficulty shifting cognitive set from one affective
dimension to another (15). This is consistent with the perseverative attention to themes of loss
and worthlessness, and the persistent ruminations that are prevalent in depression (15,18).
Neuroimaging studies have further revealed an association between cognitive dysfunction and
hypoactivity in regions of prefrontal cortex (PFC) in depression (19–21). Deficits in cognitive
flexibility are associated with a number of neuropsychiatric disorders involving reduced PFC
function (14,22).

Depression and anxiety disorders not only share several symptoms, they also have common
risk factors, including life stress. Thus, in our preclinical research, we investigate the neural
regulatory mechanisms that may link stress to increased vulnerability for depression and
anxiety disorders, as well as mechanisms of therapeutic drug action, using a variety of
behavioral tests to assess alterations in prefrontal cortical cognitive function and anxiety-like
behaviors in rats. In these studies, the behavioral assays are not used to model depression per
se, but rather to model specific dimensions of depression and anxiety disorders. This, then, is
not intended as a comprehensive review of animal models of depression, but as a guide to the
utilization of these specific tools, and as an aid, based on our experience, in optimizing their
utility for investigating the neurobiological bases of anxiety and depression, and factors
involved in their development.

The first assay presented in this review is the attentional set-shifting test (AST), a model of
cognitive flexibility dependent on prefrontal cortical function in rats. As this is the newest test
discussed, and therefore the least well-known and least well-documented, we devote the most
space and detail to this assay. We then present a number of tests we have used to assess different
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types of anxiety-like behavior in rats, including the elevated plus maze, the social interaction
test, and the shock probe defensive burying test.

The Attentional Set-Shifting Test (AST): A Model for Cognitive Flexibility
Dependent Upon Function of the Prefrontal Cortex in Rats

The attentional set-shifting task (AST) is a relatively new animal model developed to assess
prefrontal cortical function in rats (23). The prefrontal cortex has been the focus of considerable
scientific investigations in recent years, owing in part to the growing recognition that
dysfunction of this region and associated circuitry may underlie the cognitive and behavioral
disturbances associated with many major neuropsychiatric disorders, including depression.
Neuropsychological studies of depressed patients have revealed impairments in executive
functions related to frontal lobe activity, for example, verbal fluency, cognitive set-shifting,
behavioral flexibility, and perserveration (see 14). Recent findings in non-human primates
suggest that divergent cognitive processes may be mediated by closely related but anatomically
distinct sub-regions of prefrontal cortex. In primates, the medial prefrontal cortex (mPFC)
mediates the ability to shift attention between perceptual features of complex stimuli (24–
26). In rats, the same region has been implicated specifically in attentional set-shifting, or the
ability to “unlearn” an established contingency in order to learn a new one by shifting attention
from a previously salient stimulus dimension to a previously irrelevant one (23). Lesions of
rat mPFC resulted in a state of “emotional perseveration”, or a failure to unlearn old
contingencies in a fear-conditioning extinction paradigm (27). On the other hand, lesions in
the orbitofrontal cortex (OFC) specifically impair reversal learning, but not extradimensional
set shifting (23–25,28,29).

The AST represents the rodent version of a diagnostic test used in the clinic, the Wisconsin
Card Sorting Test (WCST). In humans, the WCST is used to assess strategy-switching deficits
in patients with frontal lobe damage or dysfunction (see 30). Briefly, in the WCST, subjects
are asked to match cards from a deck to a set of exemplars. The cards are defined by pictures
that differ along three dimensions: the shapes pictured on the card, the color of the shapes, and
the number of shapes pictured. The subject must learn the rule for sorting (shape, color or
number) based only on feedback indicating whether the response on each trial is correct or
incorrect. Once a given contingency is mastered, the rules are changed unbeknownst to the
subject. They must then react to the error, suppress their previously successful but now incorrect
strategy, and learn the new sorting rule by switching attention from the previously salient
dimension to a previously irrelevant dimension. This procedure was later adapted and refined
by Roberts et al. (31) to tease apart the many complex cognitive processes involved in the
WCST, and specifically to investigate the ability of both humans and non-human primates to
develop and then switch attentional set. They developed a series of visual discriminations on
which performance was compared on transfer tests requiring new contingencies to be learned
using stimuli that varied along the same dimension as a previously salient cue (an
intradimensional shift, ID) or along a different, previously irrelevant dimension (an
extradimensional shift, ED) (31). Birrell and Brown (23) subsequently developed a test to
assess the same attentional set shifting capability in rats. In this test, rats are taken through a
series of tasks in which they must dig in small flower pots to locate a food reward. After they
master the contingency required at each stage, typically to a criterion of 6 consecutive correct
responses, the rules are changed and they progress to the next stage. In the first stage, the rats
must learn to locate the reward based only on a single salient cue, either the odors applied to
the rims of the two pots, or the texture of the digging material in each pot (simple discrimination,
SD). Then, the second distracting dimension is introduced, but the salient cue remains the same.
For instance, if odor was the cue that signaled the reward in the SD stage, then two different
digging media are introduced into the pots, but odor is still the salient cue. This is called a
compound discrimination (CD). The third stage is a reversal (R1), in which the negative cue
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from the previous stage becomes positive, and the positive cue from the previous stage is
negative, but the informative dimension remains the same (e.g., odor). The fourth stage is the
first dimensional shift, in that all new stimuli (odors and media) are used, but in this case odor
would still be relevant and media would still be irrelevant, making it an intradimensional shift
(ID). After the rats master this new discrimination, a second reversal (R2) occurs. In all stages
up to this point, the rats will have learned repeatedly that one stimulus dimension is informative
when the rules are changed and an error is encountered, i.e., they will have formed a cognitive
set. However, the sixth stage is then an extradimensional set shift (ED), in which all new stimuli
are again introduced, but this time the previous irrelevant dimension (e.g., medium) becomes
the relevant dimension, and the previously informative dimension becomes irrelevant. The last
stage is a final reversal (R3). The dependent measure in this test is the number of trials required
to reach criterion at each stage.

Validity
Validity of the AST as a model of prefrontal cortical cognitive function in rats has been
demonstrated primarily using electrolytic or neurotoxic lesions that have localized specific
components of cognitive performance on the test to specific sub-regions of prefrontal cortex.
Most notably, lesions of mPFC selectively disrupted ED set-shifting, while orbitofrontal
lesions disrupted reversal learning (see 23,29). These results are consistent with the regional
selectivity of effects seen using similar tests of reversal learning and ED set-shifting in primates
(24,25).

Because so little is known about the neural substrates underlying prefrontal cortical cognitive
function, its dysregulation in psychiatric illness, and the mechanisms by which it is affected
by pharmacological treatments, subsequent studies of the neural substrates and physiological
contexts that influence performance on the AST do not comprise tests of validity per se. Rather,
examples of such studies, some of which we offer from our own published work, illustrate how
this tool might be used experimentally to test hypotheses regarding the etiologic factors and
mechanisms involved in the treatment of depression and anxiety disorders.

The monoaminergic neurotransmitter norepinephrine (NE) has been shown to enhance
vigilance, attention and other executive processes associated with prefrontal cortical function
(e.g., 32). Thus, we recently investigated the neuromodulatory effects of NE in mPFC on
performance on the AST. We found that elevating noradrenergic tone by acute systemic
administration of the α2-adrenergic autoreceptor antagonist, atipamezole, improved ED set-
shifting performance, and this facilitation was blocked by local administration of the α1-
adrenergic receptor antagonist, benoxathian, directly into mPFC (33). Likewise, increasing
central noradrenergic activity by chronic administration of the antidepressant, desipramine (a
selective norepinephrine reuptake inhibitor, NRI), improved performance on the ED set-
shifting task (34). With respect to depression and antidepressants, the dependence of cognitive
performance on the AST on frontal lobe function is relevant to the dysfunction in mPFC seen
in depressed patients (14). Also, chronic stress is a known risk factor for depression, and we
have shown recently that chronic stress induces replicable disruptions of cognitive performance
on the AST (34,35). Rats previously exposed to chronic unpredictable stress (CUS) had
impairments in ED set-shift performance, and less consistent but still significant deficits in
reversal learning (35). The CUS-induced deficits were prevented by concurrent chronic
treatment with desipramine, or with the selective serotonin reuptake inhibitor (SSRI),
escitalopram (35). On the other hand, exposure of rats to a metabolic stressor, chronic
intermittent cold stress, selectively impaired reversal learning; this effect was mimicked by
serotonin depletion with the neurotoxin PCPA, and was reversed by the SSRI, citalopram
(36). Others have shown that early post-natal stress, another risk factor for depression, produced
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by artificially rearing pups in the absence of maternal care, induced deficits in reversal learning,
ID and ED set-shifting (37).

Method
Our method, as described in Lapiz and Morilak (33), was adapted from Birrell and Brown
(23). Adult Sprague-Dawley rats, weighing 200–225 g on arrival, are initially group-housed
(3 rats/cage) in 25 x 45 x 15 cm plastic cages, maintained on a 12/12-hr light/dark cycle (lights
on at 07:00 hr), and given access to food and water ad libitum. Rats are allowed to acclimatize
for a minimum of 4–7 days before beginning any behavioral procedures. For one week prior
to the testing day, the rats are individually housed and maintained on a restricted diet of 14 g
of food pellets per day, given in the morning, with water freely available. All experiments are
conducted during the light portion of the cycle, between 09:00–17:00h.

The testing apparatus is a rectangular wooden arena (inner dimensions, length x width x height:
71 x 40 x 20 cm) painted white on all surfaces (see Figure 1). A removable, white plexiglas
divider separates one-third of the length of the arena from the rest, forming a start box. This
also serves as a holding area following each trial, allowing the experimenter to clean the arena
and change pots. To begin each trial, a rat is placed in the start box, and given access to the
rest of the arena by lifting this divider. A plexiglas panel divides the opposite third of the arena
into two sections. At testing, one digging bowl is placed in each section. This separation enables
the experimenter to quickly remove the rat following an incorrect response, thus preventing it
from moving to the other bowl to retrieve the bait. The digging bowls are small terracotta pots
(internal rim diameter 7 cm; depth 6 cm). Each pot is defined by a pair of cues along two
stimulus dimensions, the digging medium with which the pot is filled and an odor (see Table
1).

To mark each pot with a distinct odor, two drops (10 μl/drop) of scented aromatic oil (Frontier
Natural Brands, Boulder, CO, USA) are applied to the inner rim at least 5 days prior to use.
Then, 3–5 μl of the same oil are reapplied on the day before testing. A different pot is used for
each combination of digging medium and odor, and only one odor is ever applied to a given
pot. The bait, which is buried under the digging medium in the “positive” pot, is a 1/4 Honey
Nut Cheerio (General Mills Cereals, Minneapolis, MN, USA). In all discrimination trials, a
small quantity of powdered Cheerio is sprinkled onto the digging medium of both pots at the
start of the task to obviate the possibility that the rat may locate the bait by smell rather than
by learning the discrimination.

Digging is defined as a vigorous displacement of the medium to retrieve the reward buried
within the pot. Simply investigating the rim of the pot or the surface of the digging medium
with paws or snout without displacing material is not scored as a “dig”, and the trial continued
until a “dig” response is executed. Thus, rats are able to access tactile, visual and olfactory
characteristics of the pots to make their choices based on these stimulus dimensions.

The behavioral procedure entails three days for each rat:

Day 1, Habituation—Before receiving their daily food ration, on the habituation day (i.e.,
the 6th day of food restriction), the rats are trained to dig reliably in the pots to obtain a food
reward. Two unscented pots, both baited, are placed in the home cage for a series of three
exposures of 5 min each. With each exposure, the bait is covered with an increasing amount
of sawdust (see below). Once the rat is digging reliably, it is introduced into the test arena, and
given 3 trials to retrieve reward from both of the sawdust-filled baited pots.

Day 2, Training—The following day, again prior to receiving their daily food ration, the rats
are trained on a series of simple discriminations (SD), to a criterion of six consecutive correct
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trials. For these trials, the rats first learn to associate the food reward with an odor cue (lemon
vs. rosewood, both pots filled with sawdust). After criterion is reached for the odor
discrimination, the pots are changed, and they learn to discriminate the digging media (felt
strips vs. shredded paper, no odor present). All rats are initially trained using these same stimuli,
and in the same order. The positive and negative cues for each rat are determined randomly
and represented equally. These training stimuli are not used again in later testing trials.

Day 3, Testing—On this day, before receiving the daily food ration, the rats are tested on a
series of increasingly difficult discriminations (see Table 1). Testing continues at each stage
to a criterion of 6 consecutive correct responses before proceeding to the next stage.

The first stage is a simple discrimination (SD), involving only one stimulus dimension. Half
the rats in any group are required at this stage to discriminate between 2 odors, only one of
which is associated with reward, with both pots filled with sawdust. For the other half, this
first discrimination involved digging media, with no odors applied to the pots (for the sake of
clarity, the remainder of this description will only consider the example beginning with the
odor discrimination). The second stage is then a compound discrimination (CD), wherein the
second, irrelevant stimulus (in this case medium) is introduced. Only one odor is associated
with reward, as in the SD stage, but two different digging media are now paired randomly with
the odors. The third stage is a reversal of this discrimination (R1), in which the same odors and
media are used, and odor is still the relevant dimension, but the negative odor from the previous
stage is now positive (i.e., associated with the reward), and the positive odor from the previous
stage is now negative (no reward). The fourth stage is an intradimensional (ID) shift. This stage
represents a new acquisition, in that all new stimuli are used (i.e., new odors and new media),
and it is “intradimensional” because odor is still the relevant dimension and medium is still
irrelevant. The fifth stage is a reversal of this discrimination (R2), in which the previously
negative odor is now positive, as in R1. Up to this point, even as the rules have been changed
at each successive stage, the same stimulus dimension has always provided the salient cue
associated with reward, leading to formation of a cognitive set. The sixth stage, however,
requires an extradimensional (ED) set shift, in that all new stimuli are again introduced, but
this time the relevant dimension is also changed, e.g., the digging medium became the relevant
dimension and odor is now irrelevant. Finally, the seventh stage is another reversal (R3),
wherein the previously negative medium is now positive. The assignment of each exemplar in
a pair as being positive or negative in a given stage, and the left-right positioning of the pots
in the arena on each trial, are randomized in advance. For half the rats, the discrimination series
begins with odor as the relevant cue, as described above, and for half the discrimination begins
with medium as the salient cue. Table 2 outlines the progression through these stages, and
provides examples of the cue combinations used, beginning in this case with an odor
discrimination, shifting to medium in the ED shift stage. The primary dependent measure in
this procedure is the number of trials required to reach the criterion of 6 consecutive correct
responses at each test stage (Trials to Criterion, TTC). Figure 2 shows a representative pattern
of TTC obtained on the AST. We have also analyzed “set loss” errors, which we defined as
the number of times an incorrect response occurred after 3 or more consecutive correct
responses had been made (34). Such reversion to a previous contingency is one form of
perseverative behavior, based on previous analyses of errors using the Wisconsin Card Sorting
Test (38).

Discussion and Recommendations
Both the construct validity and predictive validity of the AST, particularly with respect to
cognitive components of depressive and anxiety-related symptomatology, are still under active
investigation. However, lesion studies showing that specific components of the test are
dependent upon the integrity of specific subregions of prefrontal cortex in rats have
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demonstrated an impressive functional homology with results obtained from studies in non-
human primates (see 23,29). We have utilized this assay to investigate the effects of various
stressors on cognitive function, and the modulatory influence of central monoaminergic
neurotransmitters in prefrontal cortex (33–35). For example, we have shown that rats exposed
previously to chronic unpredictable stress exhibited impairments on the AST that were
prevented by concurrent chronic treatment with antidepressants, either a norepinephrine
reuptake inhibitor, desipramine, or an SSRI, escitalopram (35). In these studies, the model has
proven adaptable and robust, in that we have employed a variety of challenging and invasive
manipulations, including chronic stress treatment; acute and/or chronic drug treatment,
including systemic as well as local microinjections into prefrontal cortex immediately prior to
specific test stages; and we have conducted microdialysis, involving chronic stereotaxic
implantation of intracerebral guide cannulae into prefrontal cortex, and tethering of the animal
to a syringe pump during testing. The same basic behavioral procedure has been employed
with these different manipulations, and the results have remained reliable, in that similar
response patterns are seen in control animals across experiments. Moreover, although
variability has sometimes been observed in the total number of trials across all tasks, the general
pattern of responding (i.e., the relative number of trials in each task compared to the others)
has been remarkably consistent despite any variability in “baseline”.

A major practical drawback of the AST as compared to other behavioral models that have been
used to assess “depressive-like” behaviors (for example, the forced swim test) is that the AST
protocol is extremely labor intensive. It requires considerable hands-on time to train and test
each animal. A team of two investigators, working full time, are capable of testing at most 2–
4 rats per day, and this level of productivity requires multiple test apparatuses. Considerable
thought must be devoted to scheduling the apparatus, and to “spacing” of animal treatments,
especially chronic treatments. On a given day in a given apparatus, only one rat can be
habituated, one rat trained, and one rat tested. However, compared to several other tests of
cognitive function, the fact that training and testing can be completed within a few days, rather
than after several weeks of intensive training, is an advantage.

Testing typically takes about 2–3 hours per rat, although this can vary considerably. As in most
behavioral studies, performance can be affected by emotionality, motivation and other non-
selective factors. A change in locomotion per se is not necessarily a confound, as the dependent
measure is not a function of speed or overall time on task, but depends on the rat making a
correct or incorrect choice. However, if it takes an inordinate amount of time to test an animal,
behavior is more likely to be affected by changes in hunger, motivation, fatigue or circadian
factors during testing, and an increasing number of rats are likely to simply stop performing.
Recognizing and planning for this is critical, as attrition can approach 20% for subjects exposed
to chronic stress, surgical preparation, etc. before testing. It is not always possible to eliminate
such factors, and it serves well to pay attention to the behavioral tendencies and overall level
of activity of each rat from the start of the experiment, and then to respond and handle them
gently and patiently at all times. Moreover, the investigator must also remain alert and vigilant
throughout the test period, as scoring can only be done manually. The subjective determination
of whether an animal made a “dig” response requires constant attention, and investigator fatigue
can occur. Below are some in-house strategies we have evolved to optimize the number of
animals that will complete the experiment and contribute meaningful data. These practices also
serve to limit variability across experiments and between experimenters.

Preparation and materials—The AST paradigm in rats usually employs two stimulus cue
dimensions: odor and the digging medium that fills a vessel. The vessel may be a pot (33,34)
or a bowl (23,29,39–41). The type of vessel used is a matter of preference, depending on
availability of materials and the size of the testing arena. Factors to be taken into consideration
are the composition, depth, size and stability of the vessel. We use terracotta flower pots with
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an internal rim diameter of 7 cm and depth of 6 cm (see 33,34,35). Unglazed terracota pots are
preferable to ceramic. The odor is applied to the inner rim of the pot, and the clay allows for
absorption and retention of the odor for several days without contaminating the digging
medium placed in the pot, and does not risk contaminating the animal’s fur or whiskers with
scented liquid when they contact the pot. The depth of the pots should allow for the food reward
to be well-hidden within the digging medium, otherwise, the rat may simply locate it by smell.
The pot should also be physically stable so it is not upended or knocked over when the rat
investigates and digs. We increase the stability with tape attached to the bottom of the pot. The
opening of the vessel should be wide enough for the rat to dig freely into the medium. If
experiments require surgical procedures that increase the bulk or size of the rats head, for
instance with surgical implants, the opening of the vessel must still allow the rat to dig
unimpeded.

The rat AST literature shows that different laboratories use a variety of odors as cues for the
discriminations, although most of these are oil-based. Scent selection is again a matter of
preference and availability. However, there are some factors to take into consideration. Choose
scents that are not aversive to rats, nor so pungent as to overpower the other odors (e.g.,
“patchouli” dominates a room even in minute amounts). When pairing odors, select scents that
are dissimilar enough that they can be discriminated. For example, do not pair lime and lemon.
Only one odor is applied to each pot, so extreme care must be exercised when scenting the pots
so as not to cross-contaminate. Gloves should be worn throughout the procedure, and the
gloves, syringe needles and pipet tips should be changed after each application. To scent the
pots, the scented oil is drawn into a 1 ml syringe fitted with a 26-gauge needle (1/2 inch long).
We prime the pots two weeks prior to first use by applying about 50 μl of the scented oil onto
the inner rim of the pot. For subsequent scent applications, 5–10 μl is applied 2–3 days prior
to using that pot in a test session. Apply less (3–5 μl) if the pots are scented only one day prior
to use. Scenting should of course be done only after all experiments for the day are completed
and all animals are out of the room. After scent application, air the room overnight. This allows
excess odor that may permeate the room to dissipate, leaving the signal odor concentrated only
on the pot. This also minimizes the potential commingling of odors in the testing environment.
Hence, on test day, the scents should not be detectable by the investigator throughout the testing
room. Rather, they should be detectable only by holding a pot close to the nose. Moreover, too
much scent can be aversive to the rats, deterring exploration and digging, so with scent
application, it is better to err on the lesser side. Pot scent should be checked regularly, preferably
the day prior to use, as scent retention can be affected by humidity, temperature, airflow, etc.

The selection of digging medium is also dependent on preference and availability. However,
there are a few common sense guidelines, such as size, weight and texture. The medium should
allow the reward to be hidden, and allow the rat to dig for it inside the vessel. Hence, material
that is too bulky or heavy should not be used. When pairing media, they should have
comparable, yet distinguishing, features to avoid “bias”. For example, we pair wood balls with
plastic beads, and shredded velvet with strips of crepe paper.

For the food reward, most laboratories have adopted the use of cereal products, as they are
easily broken into small standardized pieces. Some have used Honey Nut Cheerios (General
Mills Cereals, MN, USA)(33–35,39,42,43) while others have used Honey Loops (Kellogg
Company, UK)(23,29,41,44). The rounded shape of these cereals allows for division into
relatively uniform segments. However, the sizes of these cereals are not consistent, and this
has to be considered when deciding on the size of the reward. We use a quarter of a small
cheerio, which is adjusted to 1/6th section for larger pieces. Depth of placement below the
surface of the digging medium should also be constant, about 2 cm in our procedure. If the
depth is too great, they may not persist in digging to reach the reward, and if too shallow they
may locate it by smell rather than learning the discrimination. It will become evident that this
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is occurring if a rats digs immediately in the correct pot without exploring the surface, focuses
its digging activity directly and immediately on the location of the reward, and makes no errors,
including on the first trial of a new test stage (which, by definition, should be an error). To
further minimize this possibility, we sprinkle a very small quantity of cheerio dust onto the
medium in both pots, so that a small amount of food scent is present in both. This is only done
at the start of each task, unless a pot is tipped over and the medium must be replaced. During
the AST procedure, bait is handled with a pair of forceps to allow for easier insertion of the
pieces of cereal into the digging medium at a constant depth, and to limit the possibility of
contamination. The cereal should of course be stored in a sealed container to keep it fresh.
While some rats will eat any food reward, others can be finicky and will not work for stale
cereal.

The order of stimulus pairings (each odor with each medium within a task) and the left-right
positioning of the correct pot within the arena are pseudo-randomized, but with no more than
three sequential trials having the same pairing and positioning of the exemplars. It is very
helpful to construct a guide sheet in advance specifying the pairings and positioning for every
trial in every task. This can then serve also as the scoring sheet, where the correct or incorrect
responses, as well as the time taken for each trial, can be recorded.

In every experiment, half the animals are begun with odor as the discriminative stimulus, and
half with digging medium. Anecdotal evidence from some labs suggests that there may be
differences in the ability to shift cognitive set in the ED stage when the discrimination begins
with odor as opposed to medium. Thus, we always test for any such differences (2-way
ANOVA, with initial Stimulus Dimension as one factor, and Task as the second factor with
repeated measures). No consistent effect of initial stimulus dimension on subsequent
performance, nor on subsequent treatment effects, has been observed in our studies.

Our test arena is constructed of wood covered with a water-resistant white laminate. Acrylic
paint would work equally well, and other groups have used plastic or plexiglas (23,37,42). The
key criterion for selection of material for the arena is water resistance, to prevent absorption
of urine or other odors, and to allow for rapid and thorough cleaning using 70% ethanol
followed by water. If the rat urinates or defecates during testing, the arena is cleaned with
moistened paper towels and dried. Between rats, the arena is cleaned with 70% ethanol followed
by water and then dried. The arena is located on a small table, at a height that facilitates cleaning
and changing pots while avoiding undue stress on the experimenter’s back.

The testing room should ideally be situated in an area with little traffic, as loud noise may
startle or distract the rat and affect subsequent behavior. The habituation and training sessions
prior to testing accustom the rats to performing the task under normal ambient noise and lighting
conditions (our test rooms have standard overhead fluorescent lighting with diffuser panels).
We do not typically use background white noise, but that might be advantageous if extraneous
noise is unavoidable. The room should obviously be free from extraneous odors, including any
emanating from the experimenter (good hygiene, no perfume, no scented soap, deodorant or
lotion!) We routinely conduct AST in at least two different rooms, with varying light intensities
(300–425 lux to 600–800 lux). Results have been comparable. Studies that dictate reversed
light cycles may require testing to be conducted under red lighting. We have not done this, and
are unaware of published studies comparing performance under such conditions.

Published studies have used various strains of rats, including Hooded Lister (23,29,40,41,44),
Sprague Dawley (33–35,37) and Long Evans (39), with comparable performance in control
groups, indicating that strain differences, at least using standard outbred strains, may not be a
factor. However, there may be exceptions. For example, we found that the inbred Wistar-Kyoto
(WKY) rat, which is characterized by exaggerated hypothalamic-pituitary-adrenal responses
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to stress (45), was less active on the AST, less likely to explore the arena, and less likely to
complete the full sequence of tasks. This is perhaps consistent with reports that WKY rats tend
to exhibit behavioral immobility, reduced activity in an open field, and reduced baseline
exploratory behavior in several contexts compared to Sprague-Dawley rats (46,47). Difficulty
in even habituating and training WKY rats to perform the AST task meant that this strain could
not be tested reliably (unpublished data). Adaptations of the AST have been reported for mice.
Some of these employed procedural modifications, such as extending the training over several
days or repeating a number of the test stages (e.g., 48,49). This appears to have been necessary
in part to overcome the greater difficulty exhibited by mice in forming a cognitive set (evident
as an ID/ED difference smaller than that seen in rats), although this was not observed in all
studies (e.g., 50).

Pre-habituation procedures—Two days prior to habituation, pieces of the food reward
are offered to the rats in their home cage to familiarize them and reduce neophobia. This also
offers an opportunity for verbal and manual interaction between the experimenter and the rats
so they will be comfortable with the degree of handling during the test procedure. Rats
previously exposed to such handling are easier to habituate and train, and are generally less
reactive to extraneous noise and other stimuli on succeeding days. This session also allows the
experimenter to gauge the “emotionality” of the rat. “Timid” rats might stay in a corner far
away from the experimenter, while more “comfortable” rats will even rear up in the cage near
the experimenter waiting for the next food reward. Signs of timidity alert the investigator that
the rat may need more time to habituate to the food reward and the experimenter before the
behavioral procedure is initiated. The day before habituation, the pots are introduced to the
animals in their home cage. The food reward is initially offered, as on the previous day,
followed by the introduction of empty pots (i.e., no digging medium) baited with a piece of
food reward. One or two pots can be introduced to the rat at this time; the number of pots is
not important, as the objective is to familiarize the rat to the pot and to the process of pot
removal and re-baiting. Three such introduction trials normally suffice. We found this
procedure to be helpful, because some rats may react aversively to the pots when they are first
introduced on the habituation day. Some rats may even bury the pots or avoid them. If such
defensive or neophobic behavior is exhibited, the pots are left in the cage overnight to allow
familiarization and exploration.

Habituation day procedural hints—There are two aims on this day: for the rat to learn
to dig for the reward, and to habituate them to the test arena. Prior to receiving their daily
amount of food, rats are transported into the testing room in the morning, and allowed at least
1 hr to acclimatize to the room after transporting. Still in their home cage, they are then exposed
to two pots with a piece of cereal in the bottom of each. After retrieving the bait from each pot,
they are re-baited and the rat allowed to retrieve the bait for a total of three trials. Then for
subsequent trials, an increasing amount of sawdust is introduced into the pots. First, one piece
of cereal in each pot is covered by sawdust to 1/3 the depth of the pot, and a second, smaller
piece of cereal is placed on the surface of the sawdust to entice them to dig. The rat is again
allowed to retrieve the bait from both pots, and then the pots are re-baited and the procedure
repeated for a total of three trials. This procedure is repeated with the pots filled to 1/2 their
depth, and the reward buried 2 cm below the surface, followed by three trials with the pots
filled completely with sawdust. If a rat fails at any stage to retrieve the bait from both pots
within 5 min, that trial is repeated until they do so. When the rat is thus digging reliably and
retrieving the bait consistently from both pots within 5 min, it is transferred to the test arena.

In the arena, the rat is initially placed in the holding area. The barrier is lifted to give them
access to two baited pots, one located in each of the divided sections at the far end of the arena
(see Figure 1). As in the preceding home cage trials, a small piece of cereal is placed initially
on the surface, and one is buried to 2 cm under the surface of the sawdust of each pot until the
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rat digs reliably. If a rat fails to dig at all, it is ‘assisted’ by the experimenter indicating where
the reward is hidden with a forceps. The sawdust is then replaced, and the rat is allowed another
opportunity to dig for the bait. Habituation is complete when the rats have retrieved the reward
from both pots on three consecutive trials. Most rats, after exhibiting a slight aversive reaction
when the procedure first begins, e.g., defecation and/or urination, eventually dig reliably in
both pots. However, rats occasionally exhibit excessive aversive reactions and fail to
participate, e.g., they stay in a corner. In such cases, steps that we have used to prompt the
target behavior include offering a piece of food reward directly to the rat, then “leading” them
to the pot with it; or instituting a “time out” period of 30 min, during which the rat is returned
to their home cage with the baited pots, and the experimenter leaves the room before re-
introducing them to the arena. The full habituation procedure usually takes about 90–120 min,
after which the rat is handled for 2 min, then returned to the home cage and given the 14 g food
ration for the day.

Training day procedural hints—In the morning, prior to the daily feeding, the rat to be
trained is transported from the housing facility to the testing room and given a 1 hr
acclimatization period. It is then transferred to the arena and allowed to dig for reward buried
in two sawdust-filled pots, a reminder of the last task in the preceding habituation session. They
are then trained in the two successive discrimination tasks, first between two odors and then
two digging media, as outlined in the Methods section. We begin each trial by first diverting
the rat’s attention away from the movable gate by tapping on the back wall of the arena, as
some rats may demonstrate a side-bias if they begin a trial while facing the barrier.

From this point on, the criteria for judging a “dig response”, as described in the Methods, are
applied rigorously. Digging involves the displacement of medium to locate and retrieve the
reward. The rats are allowed to investigate the rim or surface of the medium with paws or snout
without being scored as a dig, as long as no displacement occurs. The latency to dig in any of
the pots is recorded, up to a maximum of 10 min. Pilot experiments have shown that for most
control animals, a dig usually occurs within a few seconds up to a minute after release from
holding area. Hence, a “non-dig” after 10 min is scored as an error. If a rat remains inactive
without investigating either of the pots after 5 min, it is gently led back to the holding area,
which normally stimulates activity, and the trial continues from that point up to 10 min.

We routinely analyze and compare the number of trials to criterion measured on these training
tasks, to determine if there may be differences between the treatment groups in the ability to
acquire the simple discrimination, which could confound any apparent differences seen in
subsequent tasks on the testing day. In addition, we note the latency to dig for each trial, and
the total time for the animals to finish each task and the entire training session. These data may
also be useful in revealing potential non-specific treatment effects. At the end of the training
session, the rats are again handled briefly (2 min), replaced in their cage, given their daily food
ration, and returned to the housing facility. At this point, it is useful to check the pots to be
used for the testing day, to assure that there is no accumulation of cheerio dust in the bottom
and that they are adequately scented, and re-scent if necessary.

Testing day procedural hints—Unfed rats are brought to the testing room in the morning
and acclimatized for 1 hr. The testing procedure is as outlined in the Methods section. Scoring
is similar to the training session. The most critical aspect is to be able to reliably score a “dig”,
which comes with experience, and to maintain vigilance and alertness through the entire test
period so as not to miss a response. Pilot studies should be used to train new investigators and
provide experience at scoring. Other important practices to learn and employ consistently
throughout the procedure include: draw the rat’s attention away from the barrier before opening
for each trial to avoid any side bias, as in the training session; be sure the pots are completely
filled with digging medium before each trial, as material can be scattered when the rat digs;
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and clean the arena after every trial. If the digging medium is displaced from a pot during a
trial, it can be returned to the appropriate pot, but not if contaminated with feces or urine.
Finally, clean the arena with 70% ethanol followed by water and then towel dry after every
animal is tested.

As in the training session, the rats are allowed to investigate the rim or surface of the medium
with paws or snout without being scored as a dig, as long as no displacement of the medium
occurs. Latency to dig is recorded, up to a maximum of 10 min, after which the failure to dig
is scored as an error. If a rat has not approached either pot after 5 min, it is led back to the
holding area, which normally stimulates activity, and the trial continues up to 10 min. If 6
consecutive non-dig trials occur (i.e., one hour elapses with no attempt to dig for a reward) the
test is terminated and that rat is eliminated from the experiment. This rarely occurs in un-
manipulated control rats, but we have encountered this on occasion after certain treatments.

AST on operated animals—We have utilized this assay to investigate the effects of various
stressors on cognitive function, and the involvement of central neurotransmitters (33–36).
Pharmacological manipulations have included systemic drug administration, as well as local
microinjections directly into brain targets (33–35). In other studies, our test system was adapted
to allow for simultaneous collection of microdialysate samples during behavioral testing to
assess possible changes in extracellular neurotransmitter levels in the prefrontal cortex during
performance of specific tasks. Surgeries to implant intracranial guide cannulae and probes have
been well tolerated and rats prepared thusly can be tested (see 33,34,35). As for most behavioral
experiments, sufficient time must be allowed for recovery after surgery to allow reliable testing.
In our studies, the rats are operated at least two weeks before AST testing. This allows one full
week of un-manipulated recovery, and the second week comprises the time required for the 7-
day food restriction before testing. Similar timing factors must be considered when planning
any experiment requiring chronic or invasive treatments. Of course, any treatment that
interfered with olfaction or tactile sensation would be incompatible with the AST.

In summary, as a rodent test of cognitive executive function modeled after the WCST, the AST
has proven useful to assess prefrontal cortical function. More recently, used in conjunction
with stress manipulations, we have used the AST as a model to assess cognitive aspects of
depressive-like symptomatology. Although labor intensive, the AST has proven to be a reliable,
adaptable and informative assay. Further, it has tremendous potential as a novel tool to study
heretofore inaccessible constructs, such as dysregulation of prefrontal cortex in disease states.

The Elevated-Plus Maze (EPM)
A behavioral assay that we have used extensively in our studies of acute behavioral stress
reactivity is the elevated plus maze (EPM) (46,51–54). Montgomery (55) first reported that
when animals were placed in a home cage and given access to either an open maze alley or a
closed maze alley, they spent more time exploring the closed arms. This was characterized as
an approach-avoidance conflict (55). Based on this, Handley and Mithani (56) later devised an
adaptation using an elevated maze in the shape of a plus, having two open arms and two arms
enclosed by walls, with the like arms situated opposite each other (Figure 3).

The EPM test has several characteristics that make it particularly useful. It reliably detects
anxiolytic and anxiogenic activity of a variety of therapeutic and experimental drugs of
different classes (57,59). Unlike models that require extensive conditioning, it relies on an
innate conflict between competing “drives”, the balance of which is affected by the level of
anxiety. Thus, it requires no training, deprivation, pain or aversive stimuli. The response
involves the redirection of an ongoing activity (i.e., exploration) rather than the suppression
of behavior, which could be confounded by sedation or ataxia. Both the conduct of the test and
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the theoretical concepts behind it are fairly simple. A motivational conflict is established in
which the innate tendency of rats to explore a novel environment is opposed by their innate
fear of open spaces (59), and the behavior of the rat on the apparatus represents a balance
between these opposing drives. Manipulations that increase anxiety bias behavior away from
exploration of the novel open space, reducing the drive to explore the open areas and at the
same time increasing the drive to avoid them. Anxiolytic manipulations reduce the drive to
avoid the open spaces, and increase the proportion of time spent exploring the open arms. Thus,
a change in anxiety is inferred from the extent to which the animals explore the open arms
relative to their overall exploration of all arms, typically expressed as a percentage or ratio (the
Open-to-Total Ratio, or OTR). These ratios are calculated by dividing the amount of time spent
in the open arms by the amount of time spent in the open + closed arms (OTR for Time), or
by dividing the number of entries made into the open arms by the total number of entries into
all four arms (OTR for Entries). Time spent in the center platform, i.e. not exploring any of
the arms, is not considered in these calculations. These proportional measures thus normalize
for different levels of overall exploratory behavior, and obviate effects attributable solely to
differences in locomotion, due either to individual variation or to non-specific treatment effects.
In addition to rats, mice have also been tested on the EPM (61–64), but the dimensions of the
maze are scaled accordingly, and baseline OTR tends to be much lower in mice than in rats.
However, as our experience is only with rats, this description of methodology and procedural
hints will be limited to rats. Modern EPM systems have not deviated significantly from the
original design of Handley and Mithani (56) (see Figure 3), but automated scoring methods
now allow greater objectivity and standardization between laboratories (see below). It is worth
noting, however, that a variation of the EPM has been devised, the “elevated-zero maze”,
comprising a circular maze with opposing closed and open quadrants, to allow continuous
exploration and also to obviate any potential ambiguity in interpreting time spent in the central
area of the EPM (65).

Validity of the EPM
As for most tests of anxiety-like behavior, validation of the EPM has relied primarily on
pharmacological demonstration of sensitivity to known anxiolytic and anxiogenic drugs. A
number of benzodiazepine and non-benzodiazepine anxiolytics (e.g., chlordiazepoxide,
diazepam, phenobarbitone, tracazolate, CL 218 872), along with several anxiogenic
compounds (e.g., pentylenetetrazole, yohimbine, caffeine, FG 7142, CGS 8216, Ro 5-4864),
have been used to establish the phamacological validity of the EPM (57,66). Anxiolytic drugs
increase the proportion of open arm exploration relative to total exploration. By contrast,
anxiogenic agents reduce open arm exploration.

In a study addressing construct validity, rats confined to an open arm of the EPM had elevated
plasma corticosterone levels compared to controls (57), confirming the aversive quality of the
open arms. However, it is important to remember that exploration of the open arms in the
normal context of EPM testing is most likely not as aversive as this observation alone might
suggest. The rats in that study were confined to the open arms and could not “escape”, whereas
during EPM testing, the rats freely choose to enter, exit and explore the open arms. Thus, while
there is certainly an aversive quality to the open areas that balances the drive to explore (67),
it is debatable whether the test procedure itself provokes anxiety in order to assess it, or if the
relative degree of exploratory behavior in the open areas is instead a more subtle reflection of
the state or degree of anxiety that exists in the rat at the time of testing.

Using data from several independent studies, our lab and others have conducted principal
components and factor analyses confirming that OTR for Time and OTR for Entries co-vary,
and that they are representative of a single anxiety-related dimension that is different from that
measured on other tests (e.g., social interaction test). By contrast, total arm entries and closed
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arm entries load onto a different, locomotion-related factor that covaries with other independent
measures of locomotor activity (46,51,56–59,68).

An important consideration in designing experiments, especially those that may require chronic
or sequential treatment and testing, is that rats can be tested only once using the EPM. More
precisely, the dependent measures of anxiety-like behavior have been validated only for the
first test exposure. Open arm avoidance on the first test appears to be determined primarily by
the open nature of the arms (69). By contrast, if animals are tested a second time, their behavior
is thought to reflect a different construct than that measured on the first test (70), although OTR
values may be similar. It has been suggested that elevation rather than openness may influence
open arm avoidance in a second test exposure (71), but this has yet to be established definitively
(see 60). Moreover, open arm exploration on the second test is insensitive to benzodiazepine
treatment (69,71,72).

One issue that has been problematic for many investigators using the EPM has been the
variability in baseline behavior. Certainly, many factors contribute to determining baseline
exploratory behavior, not all of which can always be recognized or controlled by the
investigator. However, we have found that using the EPM to assess acute stress reactivity, for
instance by measuring the change in behavior evoked by exposure to a mild acute stressor,
such as a brief immobilization stress, can be more informative and reliable than simply
measuring differences in baseline exploration between treatment groups (Figure 4). In other
words, an acutely evoked change in open arm exploration may be replicable and consistent,
even if a given treatment causes a change in baseline exploration. In essence, this means using
two “control” groups, an unstressed “baseline” control, and a group that is untreated but
exposed to the acute stimulus prior to testing. The difference between these two groups is then
indicative of the acute anxiety-like response to stress, regardless of differences in baseline
across experiments. The difference between these two groups can then be compared after
chronic drug treatment, chronic stress, surgical intervention, local drug microinjections, etc.
For example, we showed that exposure to 5 min of acute immobilization stress, administered
20 min before EPM testing, elicited a replicable and robust reduction in OTR on the EPM, and
that NE release in the lateral bed nucleus of the stria terminalis facilitated this behavioral
response to acute stress, but had no effect on unstressed baseline exploratory behavior (51).
We have since used this acute stress response to investigate changes in the modulatory role of
brain NE in a number of physiological and pharmacological contexts (35,46,51–54).

Method and Procedural Hints
Apparatus—For testing rats, the typical EPM consists of four arms, 10 x 50 cm, intersecting
at a central platform, 10 x 10 cm (Figure 3). The two “open arms”, situated opposite each other,
are essentially flat planks extending into space, and the other two opposing arms are enclosed
by walls. In our apparatus, these walls are 48 cm in height, but the key feature is that they
should be high enough that the rat cannot explore “above” the walls by rearing, and therefore
has the sense of being enclosed. Mazes can be constructed of wood, metal or plastic. Wood
offers the advantage of giving the animals more secure footing so they don’t fall off the maze
in the open arms, but it has the disadvantage of being more difficult to clean thoroughly. By
contrast, acrylic or other plastics are easy to clean, but can be slippery (see 60). Our maze is
made of white acrylic, and we found that affixing a small clear 0.5 cm plastic rim to the edges
of the open arms prevented animals from slipping and falling off when they turned around in
the open arms. Addition of such a rim has been reported to alter the nature of avoidance behavior
in the open arms, and to reduce sensitivity to anxiolytic drugs (71), but this has not been
examined extensively (see 60). After addition of the rim to our apparatus, we observed no
obvious differences in baseline behavior or in the OTR of control rats, except that fewer animals
had to be eliminated from our experiments for falling off the maze.
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The color of the maze may be a factor, although that also has not been studied at length.
However, a practical consideration we have encountered when video-recording is that it is
more difficult to establish video contrast when recording the behavior of a white animal on a
white maze. For a different reason, it is also important to minimize the visual contrast between
the maze floor and the laboratory floor below the maze. When we first set up our EPM, this
contrast was high (white maze on a tan tile floor). Rats frequently jumped from the open arms
of the maze, resulting in elimination from the experiment. Placing a white acrylic sheet on the
floor below the maze to minimize this contrast eliminated the problem entirely. A similar
consideration applies when establishing the elevation of the maze, typically 50–100 cm above
the laboratory floor. The elevation should be sufficient to prevent the animals from perceiving
the presence of the floor below the maze (see 60). Our maze is elevated 100 cm above the
laboratory floor, and experiments are conducted during the light portion of the cycle, with
normal fluorescent overhead ambient lighting (~300–450 lux in closed and open arms).
Although lighting and time of day have not been shown to influence behavior on the EPM
(57, see 60,73), we test all rats within the same range of time each day (~09:00–13:00), which
is sufficiently separated from light-dark transitions (lights on at 07:00, lights of at 19:00) to
avoid any potential diurnal variations in exploratory behavior. Background white noise (60
dB) is used to dampen extraneous noises that may distract, interrupt or arrest exploratory
behavior.

Procedure—The EPM testing procedure requires no pre-training or pre-conditioning of the
animals. However, handling the animals prior to the testing day can influence baseline behavior
and even subsequent drug effects (74). For most experiments, it is desirable to generate a
baseline level of open-arm exploration in control rats that will allow both increases and
decreases to be detected in treatment groups. We have found that handling the rats for 1 min
on each of 3 days prior to the testing day generates an optimal level of baseline exploration in
controls, with OTR typically between 0.40–0.50 (46,51). In addition to handling, factors such
as gender, strain, and single- vs. group-housing may also influence baseline behavior (see
60). Manipulations specific to a given experiment, such as cannula implantation into specific
brain areas, can also alter baseline behavior, so it is always useful, when initiating a new
experiment or procedure, to compare appropriately sham-treated controls to a group of un-
manipulated controls to assess any such non-specific effects.

After rats are delivered to our housing facility, at least one week is allowed before beginning
any experimental procedures, including handling. On the test day, rats are transported in their
home cages to the testing room, and allowed 20–40 min to acclimatize prior to testing. If too
little time is allotted for this purpose, behavior on the EPM can be erratic, most likely due to
the disruption of transporting. However, if the rats are left too long, especially when testing
during the light portion of the cycle, we have observed that the rats will often sleep during the
latter part of this acclimatization period. When awakened for testing, they can exhibit a startle
response, resulting in an artificially low OTR unrelated to their treatment condition.

For testing, the rat is removed gently from its home cage and placed in the center platform of
the EPM, facing the junction of an open and closed arm. The experimenter backs quietly away
from the arena, and observes the rats behavior remotely, either on a video feed, or directly from
behind a screen to shield them from the rats view. The rat freely explores the maze for 5 min,
during which behavior is recorded for offline analysis using a camera mounted on the ceiling,
or on a frame above the apparatus.

After testing each rat, debris (bedding, feces, etc.) is removed from the maze, and all interior
surfaces, walls and floors, are cleaned thoroughly, first with 70% ethanol, then water, and then
wiped dry. Allowing at least 5 min between tests ensures complete drying and dissipation of
any residual odor of alcohol before the next rat is introduced into the maze.
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The primary dependent measures collected on the EPM are the time spent in each area of the
maze (central platform, open arms, closed arms), and the number of entries made into each
area. Some investigators also record other variables to enhance analysis and interpretation,
including distance traveled and number of end-arm entries, indicators of risk assessment such
as stretch attends and head-dips (exploration under the edges of the maze arms), and rearing
frequency (68,71). The primary data for time and entries are then used to calculate the
proportional measures of open arm exploration relative to total exploration: the OTR for Time
(time in open arms divided by time in open + closed arms), and OTR for Entries (number of
entries into open arms divided by entries into open + closed arms). These variables are then
analyzed to assess changes in anxiety-like behavior. Closed-arm entries and total arm entries
are analyzed as measures of locomotion independent of anxiety (51,67,68).

Thus, to obtain reliable data, it is essential to establish a consistent, objective definition of what
constitutes an entry, and to apply that criterion strictly to each transition from the center into
an arm. Entries have been defined by various criteria, usually by all four paws crossing into
an area. However, assessing this can be difficult, especially when rats linger at a boundary
between the center area and an arm, or when the rats exhibit a form of risk-assessment behavior
called a “stretch-attend” at the boundaries between areas. In this case, the rat extends the front
portion of its body far into one area, while keeping one or both hind paws planted just inside
the other area, and often executes several rapid back and forth excursions from this position.

Automated video tracking software can standardize the determination of an entry to some
extent, and there are many options available. We use the ANYmaze system (Stoelting Co.,
Wood Dale, IL, USA). With this system, a single contiguous area comprising the rats body is
defined by contrast with the background. In our current application, an entry is then scored
when 80% of the body has crossed from the center area into a maze arm. To avoid “flickering”,
the spurious scoring of rapid repetitive entries when a rat remains on or near the boundary, an
exit is scored only if 55% of the rats body has left the maze arm, after which 80% must again
enter to be scored as a new entry. When a rat is determined to be in an arm, the measure of
time spent in that arm accumulates until an exit occurs. If a rat is not in an arm, it is by definition
in the center, and the total time spent in all five areas (4 arms + center area) must equal 5 min.

We have also used a system employing dual infrared sensor beams positioned at the entry of
each arm of the maze (AccuScan Instruments, Inc., Columbus, OH, USA). The definition for
an entry was more stringent using this system, as the rat had to break the first beam, then break
the second beam situated further in the arm, then release the first beam in order to be defined
as being “in” the arm. Then the reverse sequence had to occur to define an exit out of the arm
and back into the center. Nonetheless, when we directly compared these two systems,
measuring the behavior of the same rats, and also compared these data to manual scoring in
the same tests, the results were remarkably similar, especially for the proportional OTR values.
Thus, the specific method for scoring is probably not important, as long as the criteria
established to define when an animal has entered and exited an arm are applied consistently,
stringently and objectively.

However, even with automated scoring methods and objective criteria in place, it is still
important for an experimenter, blinded to the treatment condition, to monitor the behavior of
the rats throughout the EPM test, and to record any notable or unusual behavioral observations,
such as excessive running from arm to arm, stereotyped behavior at the end of an arm or at a
boundary, excessive immobility, etc. The proportional OTR measures normalize for non-
specific differences in overall exploratory behavior or locomotor activity. However, we have
found that extreme levels of locomotor activity, especially extreme inactivity, can confound
the OTR measures. This creates a situation wherein the presence of the rat in an arm may be
dissociated from anxiety and exploration, for instance if an animal freezes immediately upon
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entering an arm, irrespective of whether it is open or closed. Likewise, if an animal is sedated,
such that exploratory behavior slows or stops during the test, OTR may not be a reliable
indicator of exploration and anxiety-like behavior. We encountered such a situation while
studying stress-induced behavioral responses in Wistar-Kyoto rats, a strain that exhibits a high
degree of behavioral inhibition and passive immobility in a number of test environments
(46). In cases such as this, analysis of the independent measures of locomotion (closed-arm
entries and total entries) can provide important clues that there may be a confound, allowing
an appropriate degree of caution to be applied in interpreting the OTR data. In our experience,
such extreme reductions in locomotion, independent of exploration in specific areas of the
maze, will sometimes generate a somewhat bimodal distribution of high and low OTR scores
within a given experimental treatment group. In such cases, any interpretations of differences
in anxiety-like behavior relevant to specific treatment effects are likely to be difficult if not
impossible.

Social Interaction (SI) test
Similar to the EPM, the SI test is an assay for rodent anxiety-like behavior developed to meet
several explicit criteria: 1) sensitivity to both anxiogenic and anxiolytic stimuli; 2) sensitivity
to pharmacologic, physiologic and environmental manipulations; and 3) measurement of
ethologically relevant behaviors that do not require potentially confounding manipulations like
food deprivation, pain, or conditioned fear (75–77) (see 78). Based on the premise that anxiety
is incompatible with social behavior, the SI test has been widely used and extensively validated
as a rat model of anxiety-like behavior fitting these criteria (75,76,79). The dependent measure
in this assay is the amount of time a test animal spends engaged in active social behavior (e.g.,
sniffing, approaching, following, communal grooming, climbing on or under, etc.) with an
unfamiliar “stimulus” rat. An increase in anxiety results in a decrease in social interaction time
(75,76). More specifically, as with the EPM, we have used the SI test as an indicator of anxiety-
like behavioral reactivity provoked in response to a mild acute stressor (46,51,52,54). Several
excellent resources are available for more in depth review of the SI protocol and validation
(60,76,78).

Validity of the SI test
Like the EPM and other models of anxiety, the SI test has been validated by demonstrating
sensitivity to known anxiogenic and anxiolytic compounds (see 78). In particular,
benzodiazepines exert anxiolytic effects on the SI test, increasing social interaction in
anxiogenic contexts. However, caution must be exerted when testing benzodiazepines or other
drugs that can induce sedation, especially administered acutely, as that can decrease social
interaction non-specifically by reducing locomotor activity (see 78). Sub-chronic 5-day
treatment with benzodiazepines has been shown to increase social interaction with no sedation
(75,76,80), whereas chronic treatment for 21 days or longer can lead to tolerance (81), and
even anxiogenic effects (82). Benzodiazepine antagonists induce anxiogenic responses acutely
(83), but also prevent the anxiogenic effects of prolonged benzodiazepine treatment (84).

Non-benzodiazepine reagents have also been investigated. For instance, barbiturates were
found to have anxiolytic effects in the SI test (see 78). Ethanol, on the other hand, has been
shown to have a biphasic effect, with low doses facilitating and high doses inhibiting social
interaction (85). The SI test is sensitive to anxiolytic and anxiogenic effects of alpha-2-
adrenoceptor agonists and antagonists (e.g. clonidine and yohimbine, respectively), and also
to serotonergic compounds (5-HT1A, 5-HT2 and 5-HT3), neuropeptides (e.g., corticotrophin-
releasing factor, ACTH, cholecystokinin, substance P, neuropeptide Y, galanin), and
antidepressant drugs (for review, see 78).
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File and Hyde (75) showed that decreases in SI behavior correlated with other validated
measures of anxiety-like behavior, such as freezing, defecation and displacement activity (e.g.,
extensive self-grooming, impulsive eating of inedible objects by rats that are not food deprived,
etc.). Two important factors involving the testing environment have been shown to reliably
influence behavior on the SI test: lighting and familiarity/novelty of the testing arena (75,76).
Testing in a novel, brightly lit arena induces low levels of baseline SI behavior, whereas a
familiar, dimly lit testing environment enables the highest baseline SI (75). These
environmental factors can be varied systematically to induce baseline levels of SI behavior that
are more conducive to detecting anxiolytic treatment effects (i.e., starting from a low SI
baseline) or anxiogenic effects (i.e., starting from a high SI baseline). In our studies, to avoid
potentially confounding effects induced by novelty of the testing apparatus, experimental
subjects are habituated by pre-exposing them individually to the testing arena for 5 min on
each of 3 days immediately preceding the test day. Thus, at testing, the environment itself is
not novel, but the presence of an unfamiliar conspecific is, thereby comprising the approach-
avoidance conflict that determines social behavior. Subsequent studies have shown that acutely
stressful or fear-provoking stimuli, e.g., immobilization stress (46,51,52,54) or predator odor
stress (86,87), reduce social interaction relative to unstressed control levels.

Other pre-testing factors capable of influencing social behavior on the SI test include housing
conditions (75,88,89), handling (76), gender (90,91), and strain (46,91,92). Noisy housing
conditions have been found to significantly reduce social interaction, regardless of the testing
context (88). Perhaps surprisingly, isolation housing has been reported to increase social
interaction, with maximal effect seen after 4–7 days (89). Thus, it has become common practice
to house animals individually for at least this period of time prior to SI testing (78). Results
obtained with the SI test appear to be less consistent using female rats (90,91), and familiarizing
females with the test arena does not increase SI to the same extent as it does in male rats (90).
Inbred Wistar-Kyoto rats have been found to express very low levels of baseline SI behavior
(46), whereas hooded Lister and Sprague-Dawley rats exhibit higher baseline SI (46,60,78).

Versions of the SI test have been adapted for mice (see 78,93). The SI test has been useful in
behavioral phenotypic characterization of genetically modified and inbred strains of mice (e.g.,
93). However, some anxiogenic and anxiolytic drug treatments that exert the expected effects
on SI in rats have not always produced comparable effects in mice (78). Also, factors such as
lighting and familiarity with the test environment have not been found to have the same
influence on SI behavior in mice as they do in rats (78). Thus, the SI test has perhaps not been
as extensively or convincingly validated as a measure of anxiety-like behavior in mice.

Method and Procedural Hints
Our general protocol is as described in Cecchi et al. (51,52) and Pardon et al. (46). Briefly,
male rats, typically weighing 200–250 g upon arrival in the animal facility, are initially group
housed (2–3 animals per cage) and allowed one week to acclimate before any procedures or
treatments are initiated. Animals are maintained on a 12-h light cycle under regular fluorescent
lighting and given food and water ad libitum. Following the acclimatization period and/or any
subsequent surgical procedures, animals are individually housed for 7 days prior to SI testing.
During this period, the experimental rats are gently handled for 2 min on each of 5 days
preceding SI testing. In addition, they are individually familiarized with the testing room and
SI arena for 5 min on each of 3 days immediately before testing (on these days, the animals
can be handled first, then immediately given their 5 min habituation exposure to the SI testing
arena).

If lighting is to be manipulated as a variable, for instance to establish a high-anxiety context,
it is important that the rats are not habituated to this stimulus by housing in a brightly lit room
(76). Our standard test conditions include a relatively brightly lit testing room (~360 lux).
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However, our rats are housed and tested in similar daytime lighting conditions, and they are
familiarized with the SI arena prior to testing, both of which serve to reduce baseline anxiety-
like behavior and generate higher baseline SI (see 78).

Apparatus—The SI arena is a wooden box, 60 x 60 cm, with 40 cm walls. It is painted with
white enamel, and has grid lines marked every 10 cm on the floor with permanent marker to
allow measurement of locomotion by the number of grid lines crossed during the test. To
prevent the gridlines from fading or washing off, a thin plexiglas sheet is fitted over the floor
of the arena, and the edges are sealed to the walls using a latex sealant. This greatly facilitates
cleaning the arena between each test. The interior of the arena is somewhat reflective, which
can make it difficult to videotape behavior due to glare. Thus, it is helpful if the room lights
can be fitted with suitable diffuser panels. Alternatively, sheets of thin, flexible, semi-
transluscent material (e.g. a bench-top diaper pad or a thin white shower curtain) can be affixed
over the lights to minimize glare. In our studies, testing is conducted during the light portion
of the cycle, between 09:00–14:00 hr, in an isolated room with 60 dB background white noise
and normal overhead ambient lighting, ~360 lux measured in the center of the SI test arena.
We have not explored differences in SI behavior when tested in the dark phase of the light/
dark cycle, but others have reported that baseline SI behavior is elevated (94).

In many published studies, two experimental animals from the same treatment group have been
tested together and scored as a single unit (e.g., 75,95,96–98). This may offer an economy of
time, resources, and rat numbers. However, in our view, this also runs a potential risk of
exaggerating effects somewhat artificially (e.g., a treatment that only slightly impacts social
behavior may have a seemingly larger and more significant effect if the social behavior of both
animals is affected). Thus, we test only one experimental subject at a time, and pair them with
a “stimulus” rat matched to the test subjects for age, gender and body weight (within ± 10g).
Practically speaking, to achieve this matching, a group of stimulus rats are purchased from the
same lot and shipment as the experimental animals, usually 6–8 stimulus rats for every cohort
of 24–30 test subjects. These stimulus rats essentially comprise a component of the SI test
apparatus, and as such, it is important that their behavior be as constant as possible. Thus, prior
to SI testing, the stimulus rats are group housed (2–3 rats per cage) and familiarized with the
test arena (5 min per day for 3 days prior to testing). However, unlike the experimental subjects,
stimulus rats are pre-exposed to the arena together in pairs, taken from different home cages,
and with a different partner on each pre-exposure day. The purpose of this is to familiarize the
stimulus rats not only with the testing environment, but also with the experience of
encountering novel conspecific rats in that environment, to ensure that their behavior is constant
during testing. However, we have also observed that the stimulus rats can become territorial
with repeated testing in the arena, exhibiting aggressive behavior toward the test rats and
inhibiting social interaction. Thus, each stimulus rat is used for no more than 2 test sessions
per day, and for no more than 4 test days. Any signs of aggression or territorial dominance
upon introducing a test subject into the arena is a signal to withdraw that stimulus rat from
further participation.

Procedure—To begin testing, the experimental and stimulus rats are placed at opposite
corners of the arena facing away from each other. It is of course important to differentiate the
two rats, as they will be age-, gender- and weight-matched. We typically mark the backs or
tails of the stimulus rats with an indelible marker, with a color reserved solely for stimulus rats,
especially if the experimental test rat is also marked for identification purposes. The 5-min test
is recorded by a video camera for offline analysis by an experimenter who is blinded to the
treatment condition of the test animal. Only the time spent in active social behavior that is
initiated by the experimental animal (e.g., sniffing, climbing on, crawling under, following,
grooming, wrestling) is scored. Time spent simply in contact, for instance if the two rats lay
down next to each other, but with the attention of the test rat clearly oriented away from the
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stimulus rat, is not counted. In addition to SI time, the number of gridlines crossed by the test
rat is scored as an indicator of changes in locomotor activity. However, factor analyses have
shown that locomotion is a component of social behavior on this test, and these measures can
covary to an extent, so the number of line crossings in this test is not entirely independent of
anxiety (46,51,75, see 78).

After each test, any debris (bedding, feces, etc.) is removed from the arena and all interior
surfaces, walls and floor are cleaned thoroughly, first with 70% ethanol, then with water, and
then dried. Allowing at least 5 min between tests ensures that any residual odor of alcohol will
have dissipated before the next rats are introduced into the test apparatus.

With the procedures and conditions described above, using adult male Sprague-Dawley rats
as both test subjects and stimulus rats, we typically observe baseline SI scores of about 60–
120 sec in unmanipulated control groups (46,51,52,54). Further, as with the EPM, we have
demonstrated a replicable reduction in SI time after exposure to a mild acute immobilization
stress (Figure 5) (46,51,52,54).

The Shock Probe Defensive Burying Test (SPDB)
The behavioral measures of anxiety discussed in the preceding sections each represent an
inhibition or redirection of ongoing exploratory behavior, either open-arm exploration or social
interaction. However, acute stress can invoke a wide variety of species-specific defensive
behaviors which, depending on the context, comprise the “fight, flight or freeze” response.
Thus, in investigating the neural substrates of anxiety-like behavior, it may be necessary or
desirable to also examine a response that represents the de novo elicitation of an active behavior,
provoked specifically by a definable stimulus and directed specifically toward that stimulus,
rather than an inhibition of ongoing behavior. One such active behavior is defensive burying
(99,100), a species-specific, innate response exhibited by rodents in the field to an intrusion of
predators or other potential threats into their burrows (e.g., scorpions, snakes, etc.) (reviewed
in 100). Based on this observation, the shock-probe defensive burying (SPDB) test has now
been established as a well-validated and ethologically relevant laboratory model of rat
defensive behavior (101,102).

Indeed, the SPDB test affords a unique opportunity to investigate two qualitatively different
types of anxiety-like behavioral responses. After receiving a shock from an electrified probe,
rats typically exhibit both an active burying response and a passive immobility response in
varying proportions (100,103). The active burying that is exhibited is directed specifically to
the shock-probe stimulus, and is not observed in the absence of the shock (101,102,104). This
obviates the potential problem of non-specific treatment effects that may alter ongoing baseline
behavior, as could occur in the EPM or social interaction tests.

Validity of SPDB
A variety of anxiolytic agents have been found to attenuate shock-probe burying behavior in
a clinically relevant dose-dependent manner, including benzodiazepines (diazepam,
midazolam, chlordiazepoxide) and serotonergic drugs (buspirone, 8-OH-DPAT, indorenate,
alnespirone). The decrease in defensive burying induced by these agents was blocked by
benzodiazepine/GABA-receptor antagonists and serotonin (5-HT)1A-receptor antagonists,
respectively. The anxiolytic-induced suppression of defensive burying was not a result of
behavioral sedation, analgesia or general motor impairment. By contrast, burying was
increased by anxiogenic agents, including the α2–adrenergic receptor antagonist, yohimbine,
corticotrophin-releasing hormone (CRH), and benzodiazepine receptor inverse-agonists (see
100). Non-anxiolytic agents, such as morphine, barbiturates, or antipsychotics, had no
consistent or specific effect on defensive burying behavior.
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Burying time increases proportionally with shock intensity, over a range of 0.5 to 10 mA DC,
although extremely high shock levels can mask anxiolytic drug effects (102). Consistent and
reliable findings have been obtained using 1–2 mA DC shocks (103,105–108). Shock-probe
exposure increases autonomic and endocrine indicators of fear/anxiety, such as heart rate, blood
pressure, plasma norepinephrine, epinephrine, prolactin, ACTH and corticosterone (103,109),
although the magnitude of physiological response reflected in these measures is less
pronounced in comparison with other laboratory stressors (e.g., foot shock, restraint, etc)
(100). Shock-probe induced elevations in plasma catecholamines and corticosterone were
attenuated by benzodiazepines, despite a seemingly paradoxical increase in immobility (110),
whereas 5-HT1A receptor agonists did not affect these stress-related hormonal measures
(111). In rats that were prevented from exhibiting the active behavioral burying response and
were forced instead to adopt only the passive immobile response, by providing them with just
enough bedding to cover the bottom of the test cage, activation of the HPA axis during exposure
to the shock-probe was significantly higher than in rats given the normal amount of bedding
and allowed to bury the probe (103,110,112). This suggests that the active behavioral response
is more adaptive and reduces stress more effectively than the passive response.

Neuroanatomical circuitry shown to be involved in mediating the defensive burying response
in the SPDB test includes the lateral septal region, the dorsal hippocampus, and the dorsal raphe
nucleus (100). The lateral septum (LS) is particularly important in the active burying response,
as electrolytic or excitotoxic lesions of the LS in rats decreased defensive burying behavior
(113). Microinjections of the GABAA agonist, muscimol, directly into LS also decreased
defensive burying (114).

In our investigations of modulatory neurotransmitters that may influence behavior on the
defensive burying test, we found that NE release was elevated in LS by exposure to the shock-
probe, and that blockade of both α1- and β-adrenergic receptors in LS reduced active burying
but increased immobility (103) (see Figure 6). Likewise, bilateral microinjections of the galanin
antagonist M40 into the LS attenuated defensive burying behavior, but had no affect on
immobility (106). Thus, it appears that the active, adaptive burying response and the more
passive immobility response may be mediated and modulated independently, by different brain
circuitry and/or by different neurotransmitter systems.

Method and Procedural Hints
Apparatus—The SPDB is conducted in a clean polystyrene cage, 26 x 48 x 21 cm (w x l x
h). In our studies, this chamber is identical to the rats home cage, except that a small hole is
drilled in one end of the test cage, 7 cm above the floor, and the lid is modified by cutting out
the center to allow for videotaping of behavior from above. For each test, the test chamber is
filled with clean fresh bedding to a depth of 5 cm (Teklad Sani-Chips, Harlan, Indianapolis,
IN). The shock probe is a glass rod, 1.0 cm diameter, wrapped with two alternating, non-
touching 18 ga copper wires, spaced 5 loops/cm. In addition, we wrap loops of polyethylene
tubing (PE-50) between the wires to maintain separation and spacing, and the PE tubing is
affixed to the glass rod with a suitable adhesive. PE-50 tubing is thick enough to maintain
spacing between the wires, but thin enough to not interfere with contact when the probe is
touched. The probe is mounted on a ring stand outside the cage, so that it protrudes 6 cm into
the cage through the hole, 2 cm above the surface of the bedding. The wires are attached to a
shock generator (model H13-15, Coulbourn Instruments, Allentown, PA) set to deliver 2 mA
DC current when the probe is touched.

As described above for the other behavioral tests, we generally conduct our studies early in the
light portion of the light cycle, under normal overhead ambient lighting conditions (175–225
lux measured in the center of the test chamber). A video camera is mounted on a tripod above
the test cage to record behavior for offline scoring and analysis. Position the camera and cage
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relative to the light source such that there are no shadows cast in the test cage. This is important
not only to be able to observe and score the rats behavior accurately, but also because we have
found that rats will often tend to remain immobile in any shadowed areas during testing.
Background white noise (60 dB) is used to dampen extraneous noises.

We have found it important to keep a lid on the cage during testing, hence the modification to
allow videotaping. Without at least a partial lid in place, animals exhibit frequent rearing
behavior, focus their attention toward the outside of the test chamber, and eventually attempt
to climb out of the cage and escape. Thus, the lid we use has a few cm intact just at the edges
to keep the animals from exploring above the walls of the cage, but the center of the lid is cut
out so that the animal is visible to the camera in all areas of the cage.

After each animal is tested, the bedding is discarded and the cage cleaned with 70% ethanol,
then with water and then dried before it is filled again with fresh bedding to a depth of 5 cm.
The shock-probe must also be cleaned to remove any dust or debris that might have
accumulated during the test. In addition, the wires of the probe must be cleaned regularly with
a light brush or steel wool to remove any protein film that might coat the surface with repeated
use, and which can act as an insulator to reduce the intensity of the shock. For this same reason,
the probe itself should never be cleaned with ethanol, as ethanol can “fix” proteins that may
coat the wires and effectively reduce the shock. It is recommended to regularly inspect the
probe, to confirm that the wires are not touching, and to periodically test the output with a
multimeter.

Procedure—The SPDB requires no pre-training or pre-conditioning of the animals. In initial
pilot studies, we found that more burying behavior was elicited if the rats were not handled
prior to testing. However, if other procedures are incorporated into the experimental design
that are facilitated by handling (e.g., microinjections, blood sampling, or any pre-treatment of
experimental groups that dictate handling be instituted as a control procedure), then animals
are handled as described above (e.g., 1–2 min per day for three days prior to testing).

On the test day, rats are transported to the testing room in their home cage and allowed 20 min
to habituate. The rat is placed gently into the test chamber at the end opposite the shock-probe,
facing away from the probe. The experimenter may remain in the testing room during the test
to monitor behavior, as long as a suitable distance can be maintained to avoid distracting the
animal. In fact, we have found it can be useful, although not necessary, for two experimenters
to participate; one to place the rat in the test chamber and the other to operate the switch on
the shock generator to shut the current off after the rat contacts the probe and receives a shock.

After a rat is placed in the test chamber, it will typically approach and contact the probe with
a paw or snout within about 10–15 sec. The 15 min test period, during which behavior is scored,
begins once the rat makes contact with the probe and exhibits a clear reaction to the shock (i.e.,
an obvious recoil). Some investigators choose to keep the probe electrified after the initial
contact, so that any subsequent contact with the probe results in additional shocks. The rationale
for this is to prevent extinction from occurring if the probe is contacted but no shock is received.
However, we have elected in our studies to limit the number of shocks received to the one
experienced upon initial contact. Thus, after the initial contact and an obvious reaction by the
rat, the current is shut off. In our opinion, this ensures that a consistent stimulus is experienced
by all animals, although we recognize that extinction can be a potential confound if there are
any differences in the number of subsequent, non-shocked probe contacts experienced. To
monitor this, we count the number of non-shocked probe contacts made during testing, and
have generally found this measure not to differ between groups. Nonetheless, it is important
to at least be aware of this possibility.
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A number of behavioral parameters can be scored during the 15 min test, as adapted from De
Boer and Koolhaas (100), with burying time and immobility time being the primary measures
of anxiety-like behavior. After initially recoiling and withdrawing from the probe, rats typically
showed a variable period of inactivity before beginning to bury, usually within 5–8 min.
“Burying” is a cumulative time measure, consisting of burrowing into the bedding with the
snout and upper body, then “plowing”, pushing or shoveling the bedding toward the probe,
and also flicking or spraying bedding material toward the probe using the dorsal surface of the
forepaws. This behavior is not exhibited in the absence of the probe, nor is it exhibited even
in the presence of the probe if no shock has been received (101). “Immobility” is also a
cumulative time measure, defined as a lack of movement other than that required for breathing.
However, this can in practice be quite difficult to assess. We include in “immobility” sniffing
and slight lateral scanning movements of the head, but with no movement whatsoever of the
feet, and no rotation of the head that requires upper body movement. Obviously, this has a
degree of subjectivity to it, and whatever the definition, some consensus must be reached within
a lab, and all scorers must apply the same criteria stringently and consistently.

Other behavioral parameters that can be informative, primarily as control measures, include
the latency to contact the probe (an indicator of any potential non-specific alterations in
locomotion or exploratory activity), number of rearings, number of non-shocked probe returns
(an indicator of potential differences in extinction), and behavioral reactivity to the initial
shock, scored on a subjective, categorical 4-point scale as an indicator of potential analgesia
or sub-sensitivity to the shock stimulus itself (see 115).

Because of the sporadic nature of the behavior exhibited in the SPDB test, scoring from
videotape is ideal, and it is often useful to watch the same session two or more times, scoring
a different component of behavior each time (e.g., burying vs immobility). Initially, it can be
informative for scoring to be performed by two independent observers, both blinded to the
treatment conditions of the animals. This is especially helpful to attain uniformity in scoring
immobility. With practice, careful and consistent training, and continuing evaluation and
discussion among lab members, inter-rater reliability measures > 0.98 can be achieved.

The degree of defensive burying observed may be sensitive to a number of environmental,
procedural or organismic variables (see 100). For instance, strain differences have been
reported, with Fisher and Long Evans rats exhibiting more burying behavior than Wistar rats,
whereas Wistar-Kyoto rats bury less than the Wistar strain (47,116). Burying time can be
increased by testing in a familiar versus an unfamiliar environment, by group-housing, use of
clean bedding in the test cage compared to stress odor-contaminated bedding, and testing in
the dark rather than the light period (117–119). Older rats exhibit more burying behavior than
younger rats (116). Food deprivation was found to decrease burying (120). Some studies have
shown higher levels of baseline burying when testing during the dark phase of the light cycle
compared to the light phase (see 100). Testing during the dark phase also increased airjet-
induced burying behavior, but not burying of an unfamiliar object (e.g., a steel ball) (117).
Thus, if required by the experimental design, or if it might be advantageous either to elevate
baseline burying or to enhance evoked burying responses, it is feasible to test in the dark using
dim red lighting (e.g., see 121). In general, regardless of testing conditions, although there is
considerable individual variability in the amount and proportion of time spent burying after
contact with the shock-probe, reports indicate a strong inverse relationship between the two
different coping styles animals can display in this test, e.g., the predominantly active behavioral
response strategy (high defensive burying) or the predominantly passive/reactive strategy (high
immobility) (110,118,122).

A similar procedure for shock-probe defensive burying has been developed for mice (100,
123). The marble-burying test is a related paradigm also used for mice, involving the
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spontaneous burying of novel but harmless objects (see 100,124). Although sensitive to
benzodiazepine anxiolytics, this test may not be as sensitive as others to mildly stressful or
anxiogenic treatments (124,125). The marble-burying test has not been validated as a reliable
measure of anxiety in mice (100).

As for many behavioral tests, treatments that decrease locomotion, induce ataxia, or provoke
excessive freezing independent of the test stimulus (i.e., in the absence of contact with the
shock-probe) can render the SPDB test unsuitable as a measure of anxiety-like behavioral
reactivity. Also, treatments that induce analgesia can potentially reduce sensitivity to the shock,
decreasing its effectiveness as a stimulus, and result in a non-specific decrease in burying
behavior. This possibility can be assessed by testing reactivity to a noxious cutaneous stimulus
using a measure (e.g., paw withdrawal) that is independent of anxiety (see 106).

An important limitation we have encountered with the SPDB test is that a proportion of animals
tested do not exhibit active burying behavior, about 20% in our hands. Moreover, this behavior
can be highly sensitive to surgical implantation or other manipulations of key brain regions.
In our studies, for instance, cannulae implantation into the lateral septum reduced both the
mean burying time and the number of animals that exhibited any burying behavior at all, even
in vehicle-treated control groups (103,106). Similar observations have been reported by others,
and for a number of other brain regions (e.g., see 126). As in any such studies, where a subset
of subjects across groups do not exhibit the target behavior, the resulting data may violate
assumptions of normality and homogeneity of variance, thus requiring an appropriate use of
non-parametric statistical analyses (e.g., see Figure 6). In the worst case, the SPDB test may
simply not be a viable option.

Conclusion
Modeling complex human psychiatric conditions such as depression and anxiety disorders
presents a unique challenge to the preclinical scientist, due in part to a significant lack of
knowledge regarding the etiology and neural mechanisms involved, as well as diagnostic
schemata that can sometimes define broad or ambiguous symptoms, many of which cut across
diagnostic categories. This makes it difficult to model all aspects of a given syndrome.
However, a more “dimensional” approach, identifying symptom clusters or “endophenotypes”
that can be attributed to definable neural substrates and mechanisms, is amenable to modeling
distinct components of a psychiatric illness, rather than the entire syndrome.

In this review, we present four well-validated rat behavioral tests that have proven useful in
modeling specific dimensions of depression and anxiety disorders. The methodological details
outlined herein may be useful in optimizing the utility, validity and replicability of these tests.
The rigorous application of such models can contribute to elucidating the neural substrates
underlying specific cognitive and affective dimensions of psychiatric illnesses, and the
mechanisms by which environmental, genetic or pharmacological factors may influence their
development and treatment. The continuing refinement of such models, incorporating data
from neuroimaging, neuropsychological and human clinical studies, may further contribute to
the development of novel or more effective treatment strategies for these disorders.

Questions from the Bench
1) Can one animal be tested in more than one test? If so, is there a preferable order, or
combination of tests that can be used?

Rats tested in the AST can be used on subsequent tests. Because they are food restricted, the
rats are given food ad libitum immediately after completing the AST. Testing then begins with
other paradigms the next day. Indeed, the most conservative approach for any sequential testing
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would be to conduct all tests on different days. However, this is not always possible. In studies
where an acute treatment could only be used once for a given animal, we used the SI test
followed immediately by the EPM (e.g., 51,52), also as described by File and colleagues
(127,128). In these studies, we observed no differences in either baseline behavior or in
stimulus-evoked changes in behavior on the EPM in rats that had SI testing immediately
preceding the EPM compared to those who had not. File et al. have reported various
combinations and sequences of testing on the EPM, SI test and hole-board test (71,86).
Nonetheless, it is always advisable to establish the consistency of results obtained with any
planned combination or sequence of tests relative to single testing in a pilot study before
proceeding.

By contrast with the EPM and SI tests, in which the animals voluntarily explore the open arms
or engage in social behavior, the SPDB test involves the application of an explicitly aversive
stimulus beyond the rats’ control. Thus, we have been hesitant to test rats on any other assays
of anxiety-like behavior immediately after SPDB testing. Likewise, testing SI immediately
before SPDB has been reported to alter burying behavior, but the direction of effect depended
on the length of SI exposure and the time between tests (see 129). Thus, as a general practice,
we do not conduct other behavioral tests on the same day as SPDB. However, the single shock
delivered in the SPDB test is relatively mild, and the test is of short duration, so there seems
no reason not to conduct subsequent behavioral testing on days following SPDB.

2) All the tests appear to be done during the day when rodents are normally sleeping. Would
results differ for animals tested in the dark? Under dim red illumination? Is it feasible, with
reverse light/dark conditions, to test during the dark phase, or would that be less reliable?

We have not conducted the AST under reversed light/dark conditions, nor are we aware of a
literature by which to compare results obtained in the light phase to those obtained in the dark
phase under dim red illumination. Although there is nothing inherent in the nature of the
behavior, nor in the test conditions, that would preclude testing in the dark phase, doing so
could present logistic challenges to the investigator, including behavioral scoring, changing
pots, etc. Activity level per se does not influence the animal’s ability to choose a pot correctly,
although higher activity and arousal could alter total test time. For the tests of anxiety-like
behavior, lighting and time of day have not been shown to influence behavior on the EPM.
Nonetheless, we still prefer always to test at about the same time of day, usually late morning
to early afternoon (09:00–13:00). This is sufficiently separated from light-dark transitions to
obviate any diurnal variations in exploratory behavior. By contrast, testing in a brightly lit
arena reduces baseline SI behavior, and a dimly lit testing environment increases SI (75).
Further, it has been shown that baseline SI is elevated when rats are tested under dim-light
conditions in the dark phase of the circadian cycle (94). Higher levels of defensive burying
have also been reported when testing for SPDB in the dark portion of the light cycle (see
100). Thus, for any of these tests, although it is important to be aware that baselines may differ,
it would seem feasible to test in the dark phase using dim red lighting if that is required by the
experimental design.

3) What is the best way to ensure and test inter-investigator reliability?
For all tests, every new investigator goes through a period of training. First, they observe the
procedures and scoring of as many experienced investigators as possible to obtain the
“consensus” definition of the behaviors of interest. Then, they score the same tests that an
experienced rater will have already scored, to compare results and discuss any differences or
difficulties that arise. When they then begin to conduct and score tests on their own, an
experienced rater will also score the same results for comparison and further refinement. The
goal is to achieve and maintain consistency between investigators and across experiments.
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For most tests, a quantitative index of inter-rater reliability is the correlation coefficient
calculated from a set of scores generated by two independent investigators for the same tests.
Because we videotape or electronically record all test sessions on the EPM, SI and SPDB,
which allows offline analysis and scoring, it is a simple matter to have two or more people
watch and score the same sessions. These sample tests can and should include multiple
treatment groups, even from different experiments, to elicit a wide range of scores. While there
is no “minimum acceptable” coefficient, the higher it is the more reliable the results from the
lab as a whole. Our informal standard is to obtain and maintain correlation coefficients >0.95
between investigators. This does not mean they generate exactly the same numbers, only that
any differences between them are consistent, and any differences between animals were
detected comparably. There may be slight individual differences between investigators in
scoring certain behaviors, for example, immobility. But these differences should be consistent
over time and across experiments. For this reason, the same individual or individuals should
score all animals in a given study.

For the AST, it is more difficult to quantify inter-rater reliability (or more accurately, inter-
rater correlation). The behavior cannot be scored post hoc, but must be scored as the test
proceeds. At specified points in the process, determined by the animal’s pattern of responses,
the stimulus contingencies must be changed by the investigator when the animal reaches
criterion and a new test stage is initiated. Thus, there is no way to generate a set of independent
scores by two investigators on the same test. Nonetheless, we take all new investigators through
an extensive period of training, which includes sessions where they score the behavior in
parallel with an experienced investigator, and then discuss instances where they disagree on
whether the rat executed a “dig” or made an error, or where there was any uncertainty as to the
response. Further, we regularly compare both the absolute number of trials to criterion and the
overall pattern of errors across tasks in control groups in different experiments, both between
and within investigators, to ensure consistency. Finally, of course, in all behavioral
experiments, the investigator scoring the behavior should be blind to the treatment conditions
of the animals.

4) Are there other behavioral models that a reader should consider for assessing anxiety-
like or depression-like behavior?

The 5-choice serial reaction time task has been used widely to assess prefrontal cortical
cognitive and executive functions in rats (130,131). As for other aspects of depressive-like
symptomatology, the forced swim test (FST) is a widely-used screen for antidepressant drug
efficacy (132–134). Because antidepressants reduce immobility in this test, experimentally-
induced increases in immobility have often been interpreted as representing depressive-like
behavior, frequently referred to somewhat anthropomorphically as “despair”. Another model
of depressive-like “behavioral despair” is learned helplessness, in which repeated exposure to
an inescapable and uncontrollable stressor, usually a shock, leads to a subsequent deficit of
shuttle-escape behavior (135–137). An additional affective component of depression, distinct
from anxiety and cognitive dysfunction, is anhedonia, an inability to experience pleasure from
normally enjoyable events or activities. This is often modeled in rats using the sucrose
preference test. In this paradigm, a decrease in proportional consumption of a highly preferred
sucrose solution induced by an experimental test manipulation is interpreted to represent
anhedonia. This has been validated as a model of depressive-like behavior by demonstrating
a restoration of sucrose preference with chronic antidepressant drug treatment (138).

There are numerous tests of anxiety-like behavior in rodents, with many variations on their
design, conduct and application, and several excellent reviews of their validation and use to
which the interested reader can refer (e.g., see 58,60,139,140,141). Some tests require food or
water deprivation, and/or an extended period of operant training, to establish a conflict by
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punishing deprivation-motivated consummatory behavior with an aversive stimulus, e.g.,
shock. The degree to which the behavior is then suppressed is taken as an index of anxiety,
and the degree to which the suppression of punished behavior is released is indicative of an
anxiolytic effect. Such tests include the Geller-Seifter test of punished operant responding for
food, and the Vogel test of punished licking for water (see 60,142). Other tests, such as the
light/dark test (also see 60), are similar to the EPM in establishing a conflict between the drive
to explore a novel environment and fear induced by some aversive characteristic of that
environment. Advantages to these kinds of tests are that no deprivation, pain or extended
training are required, and the animal chooses to explore the aversive environment or not,
suggesting that the test procedure itself may not necessarily be an especially stressful
experience. Fear-potentiated startle is used specifically to assess anxiety-like enhancement of
the reflexive acoustic startle response by aversively-conditioned stimuli, including explicitly
conditioned cues (e.g., a tone paired with shock) or environmental contexts (the room in which
shock is delivered) (139,143). Other parameters that have been used as indirect physiologic
indices of anxiety include autonomic measures of sympathetic activation (e.g., 144) and
ultrasonic vocalizations (145–147). There are many other tests of anxiety-like behavior in rats.
In selecting the most appropriate tests to use, it is important to keep in mind that different tests
may lend themselves to different experimental limitations and requirements, but they may also
model and assay different forms of anxiety related to different neurobiological mechanisms,
and all of these tests possess varying degrees of face, construct and predictive validity.
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Figure 1.
Schematic diagram of the attentional set shifting test arena (dimensions: 40 x 71 x 20 cm, l x
w x h). A fixed Plexiglas panel divides the distal third of the arena into two sections, and a
digging pot is placed in each section. A removable divider separates the proximal third of the
arena from the rest, forming a start box. To begin a trial, a rat is placed in the start box, and
the divider lifted. Reprinted, with permission from Elsevier, from (33).
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Figure 2.
Data from a representative study showing trials to criterion of six consecutive correct responses
(expressed as mean ± SEM) for each stage of the AST. Significantly more trials were required
to reach criterion during the ED set-shift compared to other tasks (n=6; *p < 0.05 compared to
SD, CD, R1, R2 and ID). Abbreviations: SD, simple discrimination; CD, compound
discrimination; R1, reversal 1; ID, intradimensional set-shift; R2, reversal 2; ED,
extradimensional set-shift; R3, reversal 3. Adapted and reprinted, with permission from
Elsevier, from (33).
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Figure 3.
Schematic diagram of a typical elevated plus-maze apparatus.
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Figure 4.
Results of a representative experiment showing the anxiogenic effect of acute stress on
exploratory behavior in the open arms of the EPM. Acute immobilization stress (5 min),
administered 20 min before testing, significantly decreased both OTR for Time (A) and OTR
for Entries (B) compared to unstressed controls (*p<0.01, n=5–8). In this study, all rats had
been previously implanted bilaterally with guide cannulae aimed at the central nucleus of the
amygdala, and all received bilateral vehicle microinjections (0.25 μl/side) 3 min before acute
stress exposure, or at an equivalent time (23 min prior to testing) in the unstressed controls.
Adapted and reprinted, with permission from Elsevier, from (52).
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Figure 5.
Results of a representative experiment showing the anxiogenic effect of acute stress on social
behavior in the SI test. Acute immobilization stress (5 min), administered 20 min before testing,
significantly decreased SI Time compared to unstressed controls (*p<0.01, n=6–8). In this
study, all rats were implanted bilaterally with guide cannulae aimed at the central nucleus of
the amygdala, and all received bilateral vehicle microinjections (0.25 μl/side) 3 min before
acute stress, or at an equivalent time (23 min prior to testing) in the unstressed controls. Adapted
and reprinted, with permission from Elsevier, from (52).
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Figure 6.
Bilateral microinjections, administered into the lateral septum (LS), of either the α1-adrenergic
receptor antagonist benoxathian (2.0 nmole/side), or a cocktail of β1β2-receptor antagonists
betaxolol + ICI 118,551 (1.0 nmole each/side), attenuated defensive burying behavior and
increased immobility on the shock-probe defensive burying test (n=8–18/group; *p<0.05
compared to vehicle control group). Note that in this experiment, because a number of LS-
implanted rats did not exhibit any burying behavior, burying time was analyzed non-
parametrically; nonetheless, only the reduction caused by benoxathian achieved significance
in comparison to vehicle-treated rats in this analysis. By contrast, immobility was normally
distributed, and both of the drug treatment effects were significant for this measure. Adapted
and reprinted, with permission from Elsevier, from (35).
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Table 1
Behavioral protocol for attentional set-shifting testing

Discrimination Stage Dimensions Example Combinations
Relevant Irrelevant (+) (−)

Simple (SD) Odor Clove/Sawdust Nutmeg/Sawdust
Compound (CD) Odor Medium Clove/Raffia

Clove/Metallic Filler
Nutmeg/Metallic Filler
Nutmeg/Raffia

Reversal 1 (R1) Odor Medium Nutmeg/Raffia
Nutmeg/Metallic Filler

Clove/Metallic Filler
Clove/Raffia

Intradimensional Shift (ID) Odor Medium Rosemary/Wood balls
Rosemary/Plastic beads

Cinnamon/Plastic beads
Cinnamon/Wood balls

Reversal 2 (R2) Odor Medium Cinnamon/Plastic beads
Cinnamon/Wood balls

Rosemary/Wood balls
Rosemary/Plastic beads

Extradimensional shift (ED) Medium Odor Velvet/Citronella
Velvet/Thyme

Crepe/Thyme
Crepe/Citronella

Reversal 3 (R3) Medium Odor Crepe/Thyme
Crepe/Citronella

Velvet/Citronella
Velvet/Thyme

Representative example of stimulus pairs and the progression through the stages of the attentional set shifting protocol. In this example, odor was the
initial discriminative stimulus dimension, shifting to digging medium in the ED stage. For each stage, the positive stimulus is in bold, and is paired
randomly across trials with the two stimuli from the irrelevant dimension. Reprinted, with permission from Elsevier, from (33).
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