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Chapter 4

Modeling Mouse Anxiety and Sensorimotor Integration: 
Phenotypes in the Suok Test

Elisabeth Dow, Valerie Piet, Adam Stewart, Siddharth Gaikwad,  
Jonathan Cachat, Peter Hart, Nadine Wu, Evan Kyzar, Eli Utterback,  
Alan Newman, Molly Hook, Kathryn Rhymes,  
Dillon Carlos, and Allan V. Kalueff 

Abstract

Animal behavioral tests are useful tools for modeling complex human brain disorders. The Suok test (ST) 
is a relatively new behavioral paradigm that simultaneously examines anxiety and neurological/vestibular 
phenotypes in rodents. The novelty and instability of the ST apparatus induces anxiety-related behavior in 
mice, whereas the elevation of the horizontal rod allows for the assessment of motor and neurological 
phenotypes. This chapter discusses the utility of the ST in detecting mouse anxiety, habituation, explora-
tion, motorisensory deficits, and the interplay between these domains. With a growing number of labora-
tories using this model, a detailed protocol for the ST behavioral analysis (with a focus on video-tracking 
tools and novel applications) is also provided.

Key words: Mice, Behavioral models, Anxiety, Stress, Exploration, Ethological analysis, Vestibular 
phenotypes, Stress-evoked sensorimotor disintegration

Experimental animal models are widely used to improve our under-
standing of complex psychiatric disorders, and to screen the effects 
of various pharmacological, genetic, and behavioral manipulations 
(1–8). As will be shown in several chapters in this book, mice fre-
quently display neurobehavioral similarities with humans. This 
supports the utility of murine models for anxiety research (9, 10), 
including both the improvements in existing tests and the estab-
lishment of new paradigms (11–13).

1.  Introduction
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E. Dow et al.

The Suok test (ST, Fig. 1) is a recently introduced behavioral 
model that applies ethological analysis to examine mouse and rat 
anxiety (5, 14, 15). The novelty and utility of this paradigm arise 
from its ability to simultaneously assess rodent anxiety, vestibular 
phenotypes, and motor performance, as well as their complex 
interplay, such as stress-evoked sensorimotor disintegration (SSD) 
(2, 16–19). Although SSD is a common clinical phenomenon, its 
pathogenesis remains largely unknown (17, 20). The ST’s ratio-
nale and construct validity come from a well-known ability of 
unprotected, open, and elevated areas to evoke anxiety and panic 
(acrophobia) as well as vestibular symptoms (vertigo, dizziness) in 
both clinical patients (21–25) and in normal human subjects (26–
29). The concept of SSD is further supported by anxiolytic drugs’ 
ability to reduce vestibular deficits in humans (19, 30, 31) and by 
animal data on the comorbidity between vestibular and anxiety 
phenotypes (see (17) for a detailed review).

Compared to other anxiety tests, the ST enhances the dimen-
sionality of mouse data, serving as a conceptual combination of the 
elevated plus maze, open field (OFT), and horizontal beam tests 
(32, 33). Representing a long, elevated horizontal rod with a 
Plexiglas wall on either end (Fig. 1a), the mouse ST simultaneously 
assesses lateral (e.g., horizontal locomotion) and vertical (e.g., 
head dipping, falls) behaviors (5, 15, 32–34). At the same time, 
the ST is a typical novelty-based paradigm, similar to the elevated 
plus maze and OFT, where anxiety is evoked and examined based 
on the classical approach-avoidance theory (35). While the ST 

Fig. 1. Murine Suok test apparatus: the regular Suok test (a) and its light-dark version (b).
[AU1]
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4 Modeling Mouse Anxiety and Sensorimotor Integration: Phenotypes in the Suok Test

novelty couples with the instability of the apparatus to induce animal 
anxiety, the elevated testing surface is used to assess rodent balance 
and motor performance (similar to the traditional beam test (22, 
36–38)) by the number of falls and hind leg slips (32, 33). The 
light-dark ST version (Fig. 1b), which utilizes animals’ natural 
aversion to a novel and brightly lit environment, further enhances 
the model by adding an additional stressor (5).

Basic methodology of rodent ST behavioral testing and its 
validity has been discussed previously in detail (5, 15, 32–34). With 
a growing number of laboratories using the ST for different rodent 
applications (e.g., (5, 14, 39, 40)), this chapter aims to provide an 
update on this model and its utility for mouse behavioral pheno-
typing. We will specifically emphasize the ST ability to target mul-
tiple behavioral domains, and how this can be enhanced by the use 
of modern video-tracking technology. The latter not only enables 
the correction of manual observations but also generates additional 
indices reflecting velocity, immobility, high mobility, and distance 
traveled. The developing utility of the ST to study basic cognitive 
functions (e.g., habituation) as well as other aspects of mouse 
novelty-evoked responses (e.g., homebase behaviors) will also be 
discussed.

Various inbred, outbred, selectively bred, and genetically modified 
(mutant or transgenic) mice may be used in the ST to observe 
anxiety, motor function, and neurological phenotypes. When 
selecting a mouse model, the strain difference in activity and emo-
tionality are important to consider. For example, BALB/cJ mice 
generally exhibit high anxiety, whereas C57BL/6J and NMRI 
have low baseline anxiety levels. Activity levels and novelty seeking 
also differ markedly between strains. For example, 129 S1/SvlmJ 
mice generally display low activity, the NMRI strain has moderate 
activity, while both BALB/cJ and C57BL/6J strains are usually 
highly active. Similarly, 129 S1/SvImJ and BALB/cJ mice are neo-
phobic, and C57BL/6J mice show high novelty-seeking behavior 
(9, 41, 42). Factors such as age, weight, sex, estrous cycle stage, 
and husbandry should also be considered when designing ST 
experiments. In addition, the most updated and detailed nomen-
clature for mouse strains must be used (see Mouse Phenome 
Project for mouse strains: http://phenome.jax.org, and Mouse 
Genome Informatics for genetically modified mice: http://www.
informatics.jax.org).

The equipment required for the regular or light-dark ST is 
simple, inexpensive, and sufficient to assemble the apparatus and 
collect data. The typical mouse ST apparatus is a 1–2-m aluminum 

2. Equipment, 
Materials,  
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E. Dow et al.

tube ~2 cm in diameter, elevated to a height of 20–25 cm above a 
cushioned test surface (Fig. 1a). The rods for both ST versions can 
easily be purchased from home utility stores, costing approximately 
$10 per rod. The rod is demarcated into 10-cm sectors to allow 
quantification of distance moved by the mouse. Two Plexiglas walls 
(50 × 50 × 1 cm) are fixed on either end of the aluminum tube to 
prevent mice from leaving the test apparatus, and paper towels or 
cloths placed directly underneath the rod act as protective cushions 
(to prevent injuries during falls and enable efficient clean up 
between subjects). Seventy percent Ethanol is required to clean the 
aluminum rod between sessions. To avoid the potentially con-
founding effects of bright lights (42), the experimental room must 
not be brightly illuminated (in our studies at Tulane University, 
700–900 lux appears to be appropriate for mouse ST).

The light-dark ST apparatus, identical to the regular ST test, 
includes 4–6 light bulbs (60 W) fixed ~40–50 cm above one-half 
of the rod, providing the only light source in the dark experimental 
room (Fig. 1b). The few additional pieces of equipment for data 
collection are easily attainable, and include a manual observation 
template, timer, light meter, and video-recorder. The template 
generates a per-minute distribution of behavioral endpoints (see 
further) for the quick detection of temporal trends, such as habitu-
ation. For video-tracking mouse ST behavior, special software 
packages are required. For example, our laboratory uses Noldus 
Ethovision XT7 (Wageningen, the Netherlands) and Clever Sys 
LocoScan (Reston, VA).

The light meter (e.g., Sper Scientific, Scottsdale, AZ) is a hand-
held device that measures lighting of the ST apparatus. To ensure 
proper lighting (e.g., 700–900 lux) for the regular ST test, take 
10–15 measures for three points on the ST apparatus (in the center 
and on either end). If necessary, adjust the light source or the ST 
apparatus location to ensure homogenous illumination.

This period entails transporting mice from their holding room to 
the experimental room 1 h prior to behavioral testing, and leaving 
subjects undisturbed to minimize their transfer anxiety. If the mice 
are obtained from a commercial vendor or another laboratory, 
allow at least a 2–3-week acclimation period before testing, to 
reduce transportation stress.

Mice must be tested in the ST during their normal waking cycle, 
to avoid interference with circadian rhythms. When performing a 
battery of tests, consider how the effects of these prior tests may 

3.  Procedure

3.1.  Acclimation

3.2. Suok Test 
Procedure
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4 Modeling Mouse Anxiety and Sensorimotor Integration: Phenotypes in the Suok Test

confound the mouse ST performance and drug sensitivity. At the 
beginning of each trial and after each fall from the apparatus, place 
mice at the center of the rod (0 cm) with snout facing either end 
(or, in the light-dark modification, orient the animal facing the 
dark end). If necessary, subjects can be gently supported by hand 
during initial placement, to avoid falls caused by incorrect position-
ing. Note that if video-tracking is used, place mice back to the 
point where they fell off, to prevent artificial inflation of the end-
point “distance traveled” when the software analyzes the videos. 
To minimize detection problems, allow ~5 s to pass at the start of 
each  recording before placing the subject into the test arena (see 
Troubleshooting 1).

While a typical ST experiment is a short 5–6-min trial, its duration 
can be altered at the discretion of the experimenter, depending on 
experimental needs (e.g., we recently applied an extended 20-min 
trial to examine mouse ST exploratory behavior in depth). A digi-
tal camera mounted in front (or on top) of the test apparatus, com-
bined with video-tracking software, will enable the collection of 
accurate behavioral data. If video-tracking software is used, the 
camera should be positioned ~50 cm away from the apparatus. 
During the observational period, the experimenter usually sits and 
records mouse behavior ~2 m away from the apparatus. The observ-
ers must refrain from making noise or movement, as this may alter 
animal behavior. Also, intra- and inter-rater reliability should be 
assessed for consistency (desired level is ~0.85 or more) by 
Spearman rank correlation coefficient.

During each trial, the following behavioral measures are 
recorded manually or using video-tracking software: (a) horizontal 
exploration activity, which includes latency to leave central zone, 
number of segments visited (four paws), time spent moving, veloc-
ity, average inter-stop distance (distance traveled divided by num-
ber of stops) distance traveled, number of stops, time spent 
immobile; (b) vertical exploration (number of vertical rears and 
wall leanings); (c) directed exploration (number of head dips and 
side looks); (d) risk assessment behavior (stretch-attend postures); 
(e) vegetative responses (latency to defecate, number of fecal boli 
and urination spots); and (f) motor behavioral parameters (number 
of missteps or hind-leg slips and falls) (see Fig. 2 for details). Note 
that tail position may also be a useful index (usually elevated and 
erect if anxiety is high). The value of each “latency” endpoint will 
equate to total observation time if the animal does not show the 
respective behavior. At the end of each testing session, mice are 
returned to a holding room, and the ST apparatus should be wiped 
with 70% ethanol, to remove olfactory cues that may affect the 
behavior of sequential subjects.

3.3. Behavioral Testing 
and Analyses
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Fig. 2. Typical mouse behaviors observed in the Suok test: (a) side looks, (b) head dips, (c) freezing, (d) hind leg slips, 
(e) “anxious tail” position, (f ) stretch-attend posture, (g) grooming behavior.

Statistics: The ST behavioral data can be analyzed with the 
Wilcoxon–Mann–Whitney U-test for comparing two groups (para-
metric Student’s t-test may be used if data is normally distributed), 
or analysis of variance (ANOVA) for >2 groups, including one-way 
ANOVA with repeated measures (time), and n-way ANOVA for 

3.4. Data Analysis
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4 Modeling Mouse Anxiety and Sensorimotor Integration: Phenotypes in the Suok Test

more complex studies (e.g., including treatment, genotype, sex, 
and/or stress), followed by an appropriate post-hoc test, such as 
Bonferroni adjustment, Dunn, Dunnett, or Tukey tests.

Video analysis: The ST videos can be analyzed and its endpoints 
(e.g., distance traveled, velocity, and time spent moving) calculated 
using an automated video-tracking system. Before analyzing vid-
eos, frames including the researcher must be removed to avoid 
skewing data. Generally, researchers stay out of camera sight, away 
from the ST apparatus during testing. However, at the beginning 
of each session or if the animal falls, they must be close to the appa-
ratus and may briefly appear in the videos. If the frames are not 
removed from the video recording, researcher’s body parts could 
be “detected” as mice (see Troubleshooting 2). A video-editing 
program, such as Windows Movie Maker, may be used to remove 
such frames.

Fig. 2. (continued)
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After videos have been edited appropriately, they may be 
analyzed using video-tracking programs, such as Noldus 
Ethovision XT7. To properly acquire videos, first establish a rect-
angular arena for the experiment, with the boundaries of the 
arena formed by the bottom of the rod, including ~5 cm past 
each end (to include Plexiglas end walls), and a line ~10 cm above 
the rod. Limiting the size of the arena (by excluding the area 
between the test surface and the underside of the rod) amelio-
rates detection setting problems and reduces rogue endpoints. 
To determine which detection settings work best, evaluate the 
three detection settings, “Static Subtraction” “Differencing,” 
and “Dynamic Subtraction,” in concurrence with playing a video. 
When tracking using Noldus Ethovision XT7, yellow shading will 
cover the subject as it moves around the arena. On the Experiment 
Settings screen, set the program to track all morphological end-
points, including tail, center, and nose. These endpoints will 
appear as teal, whatever and whatever dots when the video is 
tracking correctly. After acquisition, remove any rogue detection 
points and interpolate missing data. If there are apparent errors, 
readjust detection settings and reacquire videos before exporting 
data for behavioral analyses.

The behavioral data generated by video-tracking complements 
the manual observation endpoints. Recommended indices to cal-
culate include total distance moved, mean velocity, absolute and 
mean turn angle, turning rate (absolute and mean angular veloc-
ity), turning bias (relative and mean angular velocity), absolute and 
mean meandering, duration and frequency of movement, and 
duration and frequency of elongation. All of these behavioral end-
points reflect different aspects of the mouse ST performance and 
are common for many other behavioral paradigms and tests. 
Endpoints only attainable through video-tracking (e.g., velocity 
and movement) can quantify whether the subject moves in short, 
quick bouts or longer, more cautious movements. Calculations of 
turning rate and bias describe the nature of circular exploratory 
movement (turning movements with a higher velocity may repre-
sent potentially interesting phenotypes; see further).

The acclimation period typically requires 1 h prior to the ST 
procedure. However, if the initial level of mouse anxiety is very 
high, using a longer acclimation time and/or handling each animal 
(e.g., for 5 min per day for 3–4 days prior to ST) may reduce 
potential anxiety related to experimental procedures. Animal test-
ing in the ST requires approximately 9 min per animal (6 min of 
testing and 2–3 min of clean-up of apparatus). Depending on the 
amount of data collected, analysis for manual observations may 
take approximately 1 day, and an additional 2–4 days may be 
needed to analyze video-generated data.

3.5.  Time Required
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4 Modeling Mouse Anxiety and Sensorimotor Integration: Phenotypes in the Suok Test

In general, the ST is highly sensitive to behavioral differences in 
mouse anxiety. For example, the model correctly detects major dif-
ferences between strains’ behavioral phenotypes (e.g., anxiety and 
motor functioning) and state or trait behaviors (3, 5). A typical 
experiment examining baseline anxiety in BALB/cJ, NMRI, and 
C57BL/6J strains is shown in Fig. 3. Note that BALB/cJ mice, an 

4. Anticipated 
Results

Fig. 3. Representative behavioral responses of male NMRI, BALB/cJ, and C57BL/6J mice in regular (a, b) or light-dark (c) 
Suok test for 5 min (graphs are based on data published previously by our group (5)). (a, b) H horizontal activity (segments); 
S stops; D head dips; O orientation (side-directed exploration); L latency to leave center; B defecation boli; LD latency to 
defecate; ID average inter-stop distance. (c) H horizontal activity in the light; S sectors visited in light; T time in light; values 
expressed as percentages. *P < 0.05 (U-test) between strains.
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innately anxious strain, exhibit predictably more anxiety and less 
exploratory behavior than both NMRI and C57BL/6J strains. 
Increased anxiety was demonstrated by shorter inter-stop distance, 
increased stops and fecal boli, whereas exploratory behavior was 
signified by higher latencies to leave the center, less horizontal 
activity, and fewer head dips (Fig. 3). BALB/cJ mice show prefer-
ence for the dark area of the light-dark ST, assessed by significantly 
fewer stops and less time spent in light, consistent with their higher 
trait anxiety (Fig. 3).

The ST sensitivity to evoked anxiety has been demonstrated 
in a recent experiment where C57BL/6J mice were roughly han-
dled (ten strokes of backward petting) for 1 min (Fig. 4). The 
stressed mice displayed predictably higher anxiety, as indicated by 
more falls and decreased exploratory behavior (increased duration 
of stops and a lower total distance moved). Similar results were 
obtained using other psychological stressors in mice, such as pretest 
exposure to a rat, which is a strong stressor as rats are natural 

Fig. 4. Behavioral responses of control and roughly handled C57BL/6J male mice (n = 20 in each group) tested in the regular 
Suok test. Handled mice exhibited a significantly higher number of falls, a longer stopping duration and a shorter distance 
traveled, suggesting their increased anxiety. *P < 0.05, **P < 0.01, ***P < 0.005 (U-test).
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4 Modeling Mouse Anxiety and Sensorimotor Integration: Phenotypes in the Suok Test

predators of mice. Rat-exposed mice exhibited increased anxiety 
and impaired balance compared to a nonexposed control group (33).

In addition to genetic strain differences and experimental stres-
sors, the ST is also sensitive to pharmacogenic anxiety (32). A typi-
cal experiment assessing the ST responses to various pharmacological 
agents is shown in Fig. 5. In this study, the anxiolytic drug diaze-
pam increased exploration and lowered the number of fecal boli. 
In the light-dark ST version, the anxiolytic drug chlordiazepoxide 
(CDP) decreased anxiety by increasing time spent and movement 
in light. By contrast, the anxiogenic drug pentylenetetrazole (PTZ) 
increased anxiety in both the regular and light-dark ST (Fig. 5) and 

Fig. 5. Behavioral responses of male BALB/cJ mice to diazepam, chlordiazepoxide (CDP) and pentylenetetrazole (PTZ) in 
the regular (a–c) and light-dark (d–e) Suok tests. Diazepam increased exploration and lowered the number of defecation 
boli. PTZ increased anxiety in both tests by decreasing sectors visited, head dips and time spent in light, and showing 
decreased motor functioning by increasing the falls and misstep. CDP decreased anxiety by increasing time spent and 
movement in light. Graphs are based on data previously published by our group (5). *P < 0.05, **P < 0.01 (U-test).
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Fig. 6. Habituation of Suok test behaviors in male C57BL/6J mice. Control (naïve) mice traveled less distance over the 
course of the 6-min trial. Note that acutely stressed mice show slightly impaired habituation as compared to control mice, 
consistent with the known negative effect of acute stressors on rodent spatial working memory (57–59). Min 1 data 
between groups was compared using paired U-test. Min 1 vs. min 6 within each group was compared using unpaired 
U-test. Asterisks on top of horizontal line denote difference between respective min 1 and min 6. Asterisks on top of min 1 
data denote difference between initial (min 1) anxiety in stressed (handled) vs. naïve control mice. *P < 0.05, **P < 0.005, 
***P < 0.0005, #P = 0.05–0.1, trend (U-test).
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4 Modeling Mouse Anxiety and Sensorimotor Integration: Phenotypes in the Suok Test

also impaired mouse motor function by increasing the falls and 
missteps (43). Taken together, these findings support the utility of 
the ST for screening a wide spectrum of pharmacological agents in 
rodents.

In addition to producing quantifiable data, video-tracking 
software can provide an accurate and visual summary of murine 
ST traces (Fig. 6–9). Center-point tracking shows overall distance 
moved, as some subjects may never leave the center, show prefer-
ence for certain areas of the rod, or utilize the entire apparatus. 
However, the tail and nose-point tracking, in our opinion, better 
detects exploratory behavior. For example, a head dip is repre-
sented in a side view trace by a nose-point line below the center-
point trace. As shown in these traces, the nose and tail-traces 
often form circular patterns, indicating head dips and vertical 
explorations that occur in more of a sweeping manner. Top view 
traces can also be generated by positioning the video recorder 
above the test rod. Unlike side view traces, top view traces can 
visually represent and detect exploration on either side of the ST 
apparatus (Fig. 8), which appear as rotating or swiveling 
maneuvers.

Finally, video-tracking software can produce “density maps,” 
which show the overall frequency of time spent over the length of 
the ST apparatus. As shown in Fig. 9, the density of behavior is not 
homogenous over the ST rod’s length, as the mouse clearly prefers 
locations in the center (initial placement point) or close to the walls 
of the apparatus (thigmotaxis; see further).

Within-trial habituation is an important phenotype (observed in 
mouse behavioral tests), reflecting rodent spatial working memory 
(44–46). Our recent experiments reveal the ST’s utility for examin-
ing mouse habituation. As shown in Fig. 6, roughly handled 
(stressed) mice demonstrate poorer habituation for distance trav-
eled, head dips, and number of stops (vs. robust habituation curves 
in their controls). While control mice traveled less distance over 
the course of the trial, stressed mice traveled approximately the 
same distance each minute. Similarly, control mice performed less 
head dips per minute, while the stressed group had a less steeper 
decline (Fig. 6).

Although leg slips and falls are nonexploratory behaviors (and, 
therefore, do not reflect habituation), the negative slope of their 
graphs suggests the occurrence of some kind of aversive learning. 
An alternative explanation of these temporal phenotypes may also 
be due to reduced activity (e.g., an increased number of stops and 
decreased overall distance traveled, see Fig. 6) since if subjects 
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move less distance and stop more frequently, they are less likely to 
fall or slip. Whether this signifies altered habituation, different pro-
cessing of sensory information, or both, it is an interesting direc-
tion for further studies (47, 48), also suggesting that the ST has 
the potential for screening various mnemotropic drugs.

While the behavioral effects of antidepressants have not been 
examined in the ST, the well-known ability of selective serotonin 
reuptake inhibitors’ (SSRI) to improve balance and reduce anxiety 

Fig. 7. Representative top-view Suok test traces generated using Noldus Ethovision XT7 
video-tracking software. As explained in the text, Ethovision XT7 can track the nose, cen-
ter, and tail points of subjects, to produce traces. The traces presented here were saved 
from the software and superimposed onto a gray and black background, to indicate the 
location of the test apparatus. (a) Trace in which the subject failed to leave the center, 
circular rings around the center point by the nose and tail points indicate that the mouse 
spun around to explore the novel environment; (b) traces in which the subject performed 
moderate exploratory behavior on one side only. This trace shows the mouse swiveled at 
regular intervals across the left side of the rod. (c, d) This mouse performed exploratory 
behavior on one side only, but most of the behavior was localized to the center and left 
endpoints. (e, f) These animals performed exploratory behavior over the entire rod. The 
lack of full circles in these traces shows that these mice did not perform as much swivel-
ing behavior as in previous (a, c).

th
is

 fi
gu

re
 w

ill
 b

e 
pr

in
te

d 
in

 b
/w

330

331

332

333

334

335

336

337



Fig. 8. Representative side-view Suok test traces generated using Noldus Ethovision XT7 video-tracking software. (a) subject 
failed to leave the center, showing extensive rotational exploratory behavior at the center point; (b) subject utilized the 
entirety of the test rod, spending more time on the left side of the test; (c) subject utilized the entirety of the apparatus, 
performing more consistent exploratory behaviors; (d, e) these mice utilized the entire of the apparatus, exhibiting vertical explor-
atory behaviors in certain nonregular intervals; (f ) subject showed more horizontal exploratory behavior than vertical.

Fig. 9. Density maps of the mouse Souk test activity (top view) generated by Noldus Ethovision XT7 video-tracking soft-
ware. Concentrated red/yellow color would indicate a large percentage of time spent in a particular zone on the apparatus 
(white arrow indicates the placement point).
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in both humans and animals (48–50) implies the ST’s potential 
sensitivity to these drugs. Furthermore, the ST is likely to be sensi-
tive for novel drugs targeting the vestibular system, agents affect-
ing SSD and anxiety, as well as some other drug classes, such as 
hallucinogens. For example, the sensitivity to a hallucinogenic 
lysergic acid diethylamide (LSD) has already been demonstrated in 
a mouse ST (4). Recent rodent studies from other laboratories 
have identified additional potential applications of the ST. For 
example, the test showed superior (vs. OFT) sensitivity to behav-
ioral effects of long-term alcoholization (14), and sensitivity to 
behavioral effects of bioflavonoids’ on stress-related behavioral 
activity (51) in rats, collectively suggesting that the rodent ST may 
also be applied to study a wide spectrum of drug abuse-related 
phenomena, such as long-term behavioral alteration, withdrawal-
evoked anxiety and SSD.

Another potential novel application of the ST is the analysis of 
homebase formation. Homebase formation is an adaptive behavioral 
strategy used by rodents to facilitate spatial orientation and explora-
tion (52–55). In a novel environment, animals establish one or two 
“safe” zones where they spend most of their time and frequently 
visit, while exploring their environment. Rodent homebases tend to 
be established near vertical surfaces and show higher grooming and 
rearing activity (56). Our observation of ST-induced behaviors pres-
ents an innovative opportunity for studying rodent homebase for-
mation. For example, we observed the mouse ability to form 
preferred loci in the ST apparatus, (Fig. 9), demonstrating that mice 
spent considerably more time at 2–3 nonrandom locations, usually 
near the side walls or at the center drop point (Fig. 9).

Several practical recommendations, briefly summarized here, may 
enable more reliable and reproducible behavioral data in the mouse 
ST experiments.

 1. When initially placing the mouse on the bar (or after a fall), 
orient the mouse with the snout facing either end. Support the 
animal during initial placement to avoid a fall due to poor posi-
tioning. If a mouse fell off the testing rod, place the animal 
back on the rod with minimal disturbance, to the same spot 
from where it fell (if the mouse is returned to a different location, 
a video-tracking program will artificially inflate total distance 
traveled by the mouse).

 2. When using video-tracking software, minimize the amount of 
time researchers spend within camera range. For example, 
reduce the time spent in frames by having one individual 

6.  Troubleshooting
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stationed near the ST apparatus to quickly return mice to the 
rod, and the other ready to pause the experiment timer. 
Alternatively, a careful editing of video files will help solve the 
problem. To edit videos using this program, open a new proj-
ect file and import one video at a time. Remove all the video 
segments in which the mouse has fallen off the test apparatus 
or a researcher is in frame; alternating between various zoom 
settings may increase accuracy. Save the video as in DV-AVI 
format (the Windows Movie Maker version of AVI files sup-
ported by video-tracking software).

 3. Setting the detection arena tightly around the testing rod can 
minimize confounds in the video tracking process. If raw points 
are still being detected, attempt to reduce the complexity of 
the entire screen shot. Try to buffer bright lighting with white 
paper and create a surface of white paper on the testing plat-
form flush with the walls behind it to increase contrast for 
better detection.

 4. Testing sessions around 5–6 min are usually sufficient for the 
ST. This testing time is desirable as it is sensitive to anxiety, yet 
long enough to produce significant habituation responses 
(Fig. 6). However, this amount of time may not be sufficient if 
mice with impaired motor or vestibular function are used. For 
example, several initial minutes may be lost from repeatedly 
returning the falling mouse to the rod. To retain experimental 
time, pause the experimental timer during each fall or run the 
experiment for a longer duration (e.g., 10–20 min). Pausing 
the experimental timer can also help synchronize manual 
observation data with edited tracking videos. Analysis of home-
base-like behavior may require an even longer observation 
time, as suggested by early OFT studies investigating rodent 
homebase formation (56).

 5. High levels of transfer anxiety may lead to poor initial reten-
tion on the testing apparatus. To prevent this problem, gently 
support the animals by hand for ~5 s to facilitate a better grip. 
If the animal continues to display high transfer anxiety, exclude 
it from the experiment (record, however, the % of such animals 
in each group). In addition, improved animal husbandry in the 
holding areas and the use of a dimly lit experimental room can 
reduce initial anxiety levels.

 6. Depending on the overall motor ability of the experimental 
mice, the type of experimental rod can be altered. For mice 
with severely impaired vestibular function, masking tape along 
the surface of the rod, wider or wooden rods for a better grip, 
and (in extreme cases) a flattened surface similar to a narrow 
meter stick, can be used. In this case, the control mice would 
also fall and slip less, producing a habituation curve with less 
amplitude. If mice continue to struggle with balance or motor 
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abilities, assess motor and vestibular functions separately, as 
these behaviors may be due to a neuromuscular or motor coor-
dination problem unrelated to vestibular deficits or anxiety.

 7. Low motor or vertical activity may be a strain-specific pheno-
type. Less active mouse strains will produce lower activity over-
all, and may not be suitable for this model. Likewise, hyperactive 
strains generally display less nonhorizontal exploration and 
may have difficulties with balance. A narrower apparatus will 
encourage the animal to show its horizontal activity, enabling 
other behavioral responses.

 8. Performance on the ST is strongly determined by physical fac-
tors, such as body size and weight (larger animals have predict-
ably more difficulty). Only use animals of similar age, size, and 
weight to reduce possible confounds and accurately compare 
between groups.

 9. If the study involves a battery of behavioral tests, consider the 
potential effects of test batteries on ST performance. For 
example, because the ST utilizes rather strong anxiety evoked 
by height and novelty, administer less stressful tests before sub-
jecting animals to the ST. Acclimate animals for at least 7 days 
before or between STs to reduce habituation confounds. 
Likewise, this model may not be suitable for long-term follow-
up studies, since mice quickly habituate to the apparatus 
(Fig. 6). However, the ST habituation itself may provide a 
readily testable mouse model with an additional (cognitive) 
dimension.

Overall, the ST simultaneously examines anxiety, vestibular, and 
neuromuscular deficits by combining an unstable, elevated rod 
with novelty. Anxiolytic or anxiogenic drugs predictably modulate 
mouse ST exploration, risk assessment, and vegetative behaviors. 
The model is also sensitive to anxiety-evoked vestibular/balancing 
deficits (such as SSD), as anxiogenic drugs increase the number of 
falls and missteps, while anxiolytic agents generally improve bal-
ance (4, 6). Some basic cognitive (e.g., habituation) phenotypes 
may easily be assessed in this model. A light-dark ST modification 
may also be employed to further examine these domains. The test 
combines an economical experimental apparatus (Fig. 1) with well-
defined behavioral endpoints (Fig. 2). Representing a useful behav-
ioral paradigm for mouse neurophenotyping, it can be strengthened 
by applying video-tracking and data-mining software.

7.  Conclusion

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468



4 Modeling Mouse Anxiety and Sensorimotor Integration: Phenotypes in the Suok Test

Acknowledgment

The study was supported by Tulane University Intramural funds, 
Provost’s Scholarly Enrichment Fund, Newcomb Fellows Grant, 
and NARSAD YI Award.

References

 1. Gold, R., C. Linington, and H. Lassmann, 
Understanding pathogenesis and therapy of mul-
tiple sclerosis via animal models: 70 years of mer-
its and culprits in experimental autoimmune 
encephalomyelitis research. Brain, 2006. 129(Pt 
8): p. 1953–71.

 2. Avni, R., et al., Mice with vestibular deficiency dis-
play hyperactivity, disorientation, and signs of anx-
iety. Behav Brain Res, 2009. 202(2): p. 210–7.

 3. Kalueff, A.V., A. Minasyan, and P. Tuohimaa, 
Behavioural characterization in rats using the 
elevated alley Suok test. Behav Brain Res, 2005. 
165(1): p. 52–7.

 4. McKinney, W.T., Overview of the past contribu-
tions of animal models and their changing place 
in psychiatry. Semin Clin Neuropsychiatry, 
2001. 6(1): p. 68–78.

 5. Kalueff, A.V., et al., The regular and light-dark 
Suok tests of anxiety and sensorimotor integra-
tion: utility for behavioral characterization in 
laboratory rodents. Nat Protoc, 2008. 3(1): p. 
129–36.

 6. Kalueff, A.V., M. Wheaton, and D.L. Murphy, 
What’s wrong with my mouse model? Advances 
and strategies in animal modeling of anxiety 
and depression. Behav Brain Res, 2007. 179(1): 
p. 1–18.

 7. Lang, P.J., M. Davis, and A. Ohman, Fear and 
anxiety: animal models and human cognitive 
psychophysiology. J Affect Disord, 2000. 61(3): 
p. 137–59.

 8. van den Buuse, M., et al., Importance of animal 
models in schizophrenia research. Aust N Z J 
Psychiatry, 2005. 39(7): p. 550–7.

 9. Belzung, C. and G. Griebel, Measuring normal 
and pathological anxiety-like behaviour in mice: 
a review. Behav Brain Res, 2001. 125(1-2): p. 
141–9.

 10. Lang, P.J., M.M. Bradley, and B.N. Cuthbert, 
Emotion, motivation, and anxiety: brain mecha-
nisms and psychophysiology. Biol Psychiatry, 
1998. 44(12): p. 1248–63.

 11. Rodgers, R.J., et al., Animal models of anxiety: 
an ethological perspective. Braz J Med Biol Res, 
1997. 30(3): p. 289–304.

 12. Blanchard, R.J., et al., The characterization 
and modelling of antipredator defensive behav-
ior. Neurosci Biobehav Rev, 1990. 14(4):  
p. 463–72.

 13. Blanchard, D.C., et al., Human defensive behav-
iors to threat scenarios show parallels to fear- and 
anxiety-related defense patterns of non-human 
mammals. Neurosci Biobehav Rev, 2001. 
25(7–8): p. 761–770.

 14. Filatova, E.V., et al., Influence of individual 
features on the formation of ethanol preference in 
Wistar male rats. Academic Reports of Russian 
Academy of Sciences, 2010. 430: p. 562–564.

 15. Kalueff, A.V., A. Minasyan, and P. Tuohimaa, 
Behavioural characterization in rats using the 
elevated alley Suok test. Behav Brain Res, 2005. 
165(1): p. 52–57.

 16. Venault, P., et al., Balance control and posture 
in anxious mice improved by SSRI treatment. 
Neuroreport, 2001. 12(14): p. 3091–4.

 17. Kalueff, A.V., K. Ishikawa, and A.J. Griffith, 
Anxiety and otovestibular disorders: linking 
behavioral phenotypes in men and mice. Behav 
Brain Res, 2008. 186(1): p. 1–11.

 18. Zheng, Y., et al., Effects of bilateral vestibular 
deafferentation on anxiety-related behaviours in 
Wistar rats. Behav Brain Res, 2008. 193(1):  
p. 55–62.

 19. Asmundson, G.J., D.K. Larsen, and M.B. Stein, 
Panic disorder and vestibular disturbance: an 
overview of empirical findings and clinical 
implications. J Psychosom Res, 1998. 44(1):  
p. 107–20.

 20. Balaban, C.D. and J.F. Thayer, Neurological 
bases for balance-anxiety links. J Anxiety Disord, 
2001. 15(1-2): p. 53–79.

 21. Emmelkamp, P.M. and M. Felten, The process of 
exposure in vivo: cognitive and physiological 
changes during treatment of acrophobia. Behav 
Res Ther, 1985. 23(2): p. 219–23.

 22. Lorivel, T. and P. Hilber, Motor effects of delta 9 
THC in cerebellar Lurcher mutant mice. Behav 
Brain Res, 2007. 181(2): p. 248–53.

 23. Rothbaum, B.O., et al., Virtual reality graded 
exposure in the treatment of acrophobia: A case 

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563



E. Dow et al.

report. Behavior Therapy, 1995. 26(3): p. 
547–554.

 24. Menzies, R.G. and J.C. Clarke, The etiology of 
acrophobia and its relationship to severity and 
individual response patterns. Behav Res Ther, 
1995. 33(7): p. 795–803.

 25. Davey, G.C., R. Menzies, and B. Gallardo, 
Height phobia and biases in the interpretation of 
bodily sensations: some links between acrophobia 
and agoraphobia. Behav Res Ther, 1997. 
35(11): p. 997–1001.

 26. Yardley, L., et al., Effects of anxiety arousal and 
mental stress on the vestibulo-ocular reflex. Acta 
Otolaryngol, 1995. 115(5): p. 597–602.

 27. Wada, M., N. Sunaga, and M. Nagai, Anxiety 
affects the postural sway of the antero-posterior 
axis in college students. Neurosci Lett, 2001. 
302(2-3): p. 157–9.

 28. Bolmont, B., et al., Mood states and anxiety 
influence abilities to maintain balance control 
in healthy human subjects. Neurosci Lett, 2002. 
329(1): p. 96–100.

 29. Viaud-Delmon, I., A. Berthoz, and R. Jouvent, 
Multisensory integration for spatial orientation 
in trait anxiety subjects: absence of visual depen-
dence. Eur Psychiatry, 2002. 17(4): p. 194–9.

 30. Erez, O., et al., Balance dysfunction in child-
hood anxiety: findings and theoretical approach. 
J Anxiety Disord, 2004. 18(3): p. 341–56.

 31. Nagaratnam, N., J. Ip, and P. Bou-Haidar, The 
vestibular dysfunction and anxiety disorder 
interface: a descriptive study with special refer-
ence to the elderly. Arch Gerontol Geriatr, 2005. 
40(3): p. 253–64.

 32. Kalueff, A.V., et al., Pharmacological modulation 
of anxiety-related behaviors in the murine Suok 
test. Brain Res Bull, 2007. 74(1–3): p. 45–50.

 33. Kalueff, A.V. and P. Tuohimaa, The Suok (“rope-
walking”) murine test of anxiety. Brain Res 
Brain Res Protoc, 2005. 14(2): p. 87–99.

 34. Kalueff, A.V., et al. The developing utility of the 
suok test in anxiety pharmacology and behavioral 
research. in 10-th Jubilee Multidisciplinary 
International Conference of Biological Psychiatry 
“Stress and Behavior”. 2007. St-Petersburg, 
Russia.

 35. Rodgers, R.J. and N.T. Johnson, Factor analy-
sis of spatiotemporal and ethological measures in 
the murine elevated plus-maze test of anxiety. 
Pharmacol Biochem Behav, 1995. 52(2): p. 
297–303.

 36. Cummings, B.J., et al., Adaptation of a ladder 
beam walking task to assess locomotor recovery in 
mice following spinal cord injury. Behav Brain 
Res, 2007. 177(2): p. 232–41.

 37. Dluzen, D.E., et al., Evaluation of nigrostriatal 
dopaminergic function in adult +/+ and +/− 

BDNF mutant mice. Exp Neurol, 2001. 
170(1): p. 121–8.

 38. Furman, J.M. and R.G. Jacob, A clinical tax-
onomy of dizziness and anxiety in the otoneuro-
logical setting. J Anxiety Disord, 2001. 15(1-2): 
p. 9–26.

 39. Tubaltseva, I., et al. The effects of quercetin on 
behavioral parameters of stressed rats in the suok-
test. in 10-th Jubilee Multidisciplinary 
International Conference of Biological 
Psychiatry. 2007. St-Petersburg, Russia.

 40. Filatovaa, E.V., et al., The influence of social con-
ditions on the development of ethanol preference 
in rats. Dokl Biol Sci, 2010. 430: p. 23–5.

 41. Roman, E. and L. Arborelius, Male but not 
female Wistar rats show increased anxiety-like 
behaviour in response to bright light in the defen-
sive withdrawal test. Behav Brain Res, 2009. 
202(2): p. 303–7.

 42. Hogg, S., A review of the validity and variabil-
ity of the elevated plus-maze as an animal model 
of anxiety. Pharmacol Biochem Behav, 1996. 
54(1): p. 21–30.

 43. Quinn, L.P., et al., A beam-walking apparatus 
to assess behavioural impairments in MPTP-
treated mice: pharmacological validation with 
R-(−)-deprenyl. J Neurosci Methods, 2007. 
164(1): p. 43–9.

 44. Chapillon, P. and P. Roullet, Habituation and 
memorization of spatial objects’ configurations 
in mice from weaning to adulthood. Behavioural 
Processes, 1997. 39(3): p. 249–256.

 45. Salomons, A.R., et al., Behavioural habituation 
to novelty and brain area specific immediate early 
gene expression in female mice of two inbred strains. 
Behav Brain Res, 2010. 215(1): p. 95–101.

 46. Leussis, M.P. and V.J. Bolivar, Habituation in 
rodents: a review of behavior, neurobiology, and 
genetics. Neurosci Biobehav Rev, 2006. 30(7): 
p. 1045–64.

 47. Mogg, K., et al., Effect of short-term SSRI treat-
ment on cognitive bias in generalised anxiety dis-
order. Psychopharmacology (Berl), 2004. 
176(3-4): p. 466–70.

 48. Bolivar, V. and L. Flaherty, A region on chromo-
some 15 controls intersession habituation in mice. 
J Neurosci, 2003. 23(28): p. 9435–8.

 49. Boulenger, J.P., et al., Baseline anxiety effect on 
outcome of SSRI treatment in patients with 
severe depression: escitalopram vs paroxetine. 
Curr Med Res Opin. 2010. 26(3): p. 605–14.

 50. Szabo, S.T., C. de Montigny, and P. Blier, 
Progressive attenuation of the firing activity of 
locus coeruleus noradrenergic neurons by sus-
tained administration of selective serotonin 
reuptake inhibitors. Int J Neuropsychopharmacol, 
2000. 3(1): p. 1–11.

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677



4 Modeling Mouse Anxiety and Sensorimotor Integration: Phenotypes in the Suok Test

 51. Griebel, G., et al., The free-exploratory paradigm: 
an effective method for measuring neophobic 
behaviour in mice and testing potential neophobia-
reducing drugs. Behav Pharmacol, 1993. 4(6): 
p. 637–644.

 52. Eilam, D. and I. Golani, Home base behavior in 
amphetamine-treated tame wild rats (Rattus 
norvegicus). Behav Brain Res, 1990. 36(1-2): 
p. 161–70.

 53. Eilam, D. and I. Golani, Home base behavior of 
rats (Rattus norvegicus) exploring a novel envi-
ronment. Behav Brain Res, 1989. 34(3): p. 
199–211.

 54. Mintz, M., et al., Sharing of the home base: a 
social test in rats. Behav Pharmacol, 2005. 
16(4): p. 227–36.

 55. Wallace, D.G., M.M. Martin, and S.S. Winter, 
Fractionating dead reckoning: role of the compass, 

odometer, logbook, and home base establishment 
in spatial orientation. Naturwissenschaften, 
2008. 95(11): p. 1011–26.

 56. Stewart, A., et al., Phenotyping of Zebrafish 
Homebase Behaviors in Novelty-Based Tests, in 
Zebrafish Neurobehavioral Protocols, A. Kalueff 
and J. Cachar, Editors. 2010: New York.

 57. Voigt, J.P. and E. Morgenstern, Pentylenetetrazole 
kindling impairs learning in mice. Biomed 
Biochim Acta, 1990. 49(1): p. 143–5.

 58. Angelucci, M.E., et al., The effect of caffeine in 
animal models of learning and memory. Eur J 
Pharmacol, 1999. 373(2-3): p. 135–40.

 59. Grecksch, G., A. Becker, and C. Rauca, Effect 
of age on pentylenetetrazol-kindling and kin-
dling-induced impairments of learning perfor-
mance. Pharmacol Biochem Behav, 1997. 
56(4): p. 595–601.

[AU3]

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713



Author Queries
Chapter No.: 4 0001304633

Queries Details Required Author’s Response

AU1 Figure legends given here are not matching with the artworks (except Fig. 6). Please 
check.

AU2 Please provide clarity for the phrase “on the testing platform flush…” in the sentence 
“Try to buffer bright…”.

AU3 Please provide publisher name for Ref. (56).
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