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Abstract

Exploration of the long elevated alley (the rat Suok test) enables behavioural characterisation of anxiety, activity and neurological phenotype
in rats. Here we show that this new test is sensitive to different types of anxiety in rats, including drugs (pentylenetetrazole)-induced, light-
induced and socially induced (encounter with an unfamiliar male) anxiety, as assessed by reduced Suok test horizontal, vertical, directe
exploration and stops. High anxiety also leads to higher motor incoordination (as assessed by the number of falls and hind-paw slips)
suggesting that this test may be used for combined profiling of anxiety, motor-vestibular anomalies and anxiety-induced motor incoordination
in rats. This new behavioural paradigm may be widely used in neurobehavioural stress research, including modelling of stress-evoked state
and pharmacological screening of psychotropic drugs.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction gation and learning, sophisticated manipulatory movements
and self-grooming5,19,25] also demonstrating more com-
Analysis of spontaneous locomotion and exploration in plex and flexible behavioural responses to novelty situations
rodents is an important part of neurobehavioural research[46]. Collectively, this allows to speculate that rats may be
[6,16,35,38] Anxiety and/or fear have long been known to be superior than mice, and differ behaviourally in novelty-based
induced by novelty, and therefore can be studied by assessindehavioural tests.
rodent behaviour in an unknown environméatl0,13,41] Recently, we developed a new rodent model of anxi-
Based on the balance between two natural motivations: theety based on the elevated novel horizontal rod—the murine
tendency to explore and the initial tendency to avoid the “ropewalking” Suok tesf26], named after a ropewalker in
unfamiliar, many popular behavioural anxiety tests subject Olesha’s novel “The three fat men” (1928). Evoking two obvi-
rodentsto different novel arenas and various sources of poten-ous threats (the fear of height and novelty), this test enables
tially threatening stimulj2—4,8,34,36,37,44] ethological analysis of animal behaviour, profiling both anx-
Although it is commonly thought that rat behaviour could iety and anxiety-induced motor incoordinati@®]. Here we
be easily generalized to mice, recent data do not support thisreport the rat Suok test (ST) based on ethological analysis
contention, indicating that mice ethologically “are not little  of the animal’'s exploration in the elevated novel alley, and
rats”[12,14,19,46]For example, mice are more exploratory conceptually close to the mouse ropewalking tegj.(2).
and active than ratgl4]. In contrast, rats are more social, In the present study, we first assessed anxiety induced
display complex agonistic repertoire, including sophisticated in rats by a conventional anxiogenic drug pentylenetetra-
sexual and social behavious,46], superior spatial navi-  zole[33,43], in order to show that the ST is able to detect
chemically-induced anxiety. We then applied the ST to anx-
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as described previous[25]. Immediately after the exposure, each
rat was tested in the ST.
In Experiment 3, the rats were exposed to social stress
(encounter with an unfamiliar male rat) in a plastic box
p i (30 cmx 30 cmx 30 cm) for 5 min. To minimize the effect of novel
l environment, the exposure was performed in a familiar plastic expo-
sure box (three 10 min daily exposures prior to the day of experi-
ments). To reduce inter-male aggression, able to be a confounding
factor in our study, we used relatively young, 2—2.5-month-oldana
non-aggressive rats as opponents. No fighting or biting behaviours
were recorded in our experiments between the animals (in addition,
the exposure box was novel to the opponent rats, also reducing the
probability of aggression). Control rats were exposed to the same
empty familiar box for 5 min prior to the ST.
The ST was a white aluminium alley (240 cobcmx 1 cm),
Fig. 1. The mouse (left) and the rat Suok test (right). Arrows indicate the separated into 16 sectors (15cm) by line drawings and elevated to
placement point (snout facing either end). a height of 20 cm from the cushioned floor by two vertical stands
(Fig. 1). The experimental room was dimly lit during all tests. In

different levels of evoked anxiety. In the third experiment, all ST experiments, the rats were placed individually in the middle
we used the ST to assess social anxiety in rats following an part of the test (snout facing either end) and their behaviours were
encounter with an unfamiliar male rat, showing that the test observed for 5 min by an experienced observer (intra-rater reliability

is able to discriminate between socially stressed and non-.0:%): Scoring the number (frequency) of anxiety and motor-related
stressed rats behaviours, as summarizedTable 1(also sed-ig. 2 for details).

During observations, the experimenter always sat at the same place,
in front of and 2 m away from the apparatus. In addition, in all exper-
iments, the latency (s) to leave the center of the ST was measured,
2. Materials and methods reckoned as total 5 min observation time (300 s) in the rats (5—-10%)
not leaving the central zone. The lighting in the experimental room
Subjects were 48 male Wistar rats (3 months old, 240-280 g, was similar to that in the holding room during these procedures.
University of Tampere, Finland;=8 in each group) maintained in Between subjects, each apparatus used in the present study
a virus/parasite-free facility under conditions of controlled temper- (light-dark box, ST, plastic observation box) was thoroughly
ature (22+ 2°C), humidity (60%), and a 12:12 h light—dark cycle cleaned (wet and dry cloths). To remove olfactory stimuli, each
(lights on at 7:00 h). The animals were housed in pairs in standard apparatus was also cleaned with a 10% ethanol solution and dried
laboratory cages, with water and food available ad libitum. Rats with paper towelling. The procedures used in this study were in
were only occasionally handled during change of bedding. Animal strict accordance with the European legislation and the guidelines
care procedures were conducted in accordance with guidelines sebf the National Institutes of Health on the use and care of laboratory
by the European Community Council Directives. Behavioural test- animals. All animal experiments reported here were approved by
ing was always conducted between 14.00 and 18.00 h. On the daythe Ethical Committee of the University of Tampere.
of experiments, the rats were transported from their holdingroomto  All results are expressed as mea.E.M. Data were analysed
the experimental room and left undisturbed for 1 h prior to testing. by the Mann—WhitneyU-test for comparisons between the exper-
In Experiment 1, the rats were injected saline (control group) or imental groups. A probability of less than 0.05 was considered
pentylenetetrazole (Sigma, Finland, 15 mg/kg i.p.) and returned to statistically significant.
their home cages until the ST testing. Pentyleneterazole was chosen
as a reference drug with a known mechanism of anxiogenic action
(blockage of the chloride ionophore at the gamma amino-butyric
acid GABA-A receptors) without any non-specific motor defects at - Results
the relatively mild dose givefv,11,22,23] The pre-treatment time
for our experiments (30 min) has been chosen based on numerous Table 2shows that more anxious pentyleneterazole-treated
data showing, in different models, that pentylenetetrazole is able to rats displayed reduced horizontal and vertical exploration,
exertits anxiogenic effectsin rats 15-45 min afteri.p. administration lower stopping activity, increased displacement grooming
[7,11,22,23] and higher levels of stress-evoked motor incoordination (falls
In Experiment 2, we induced different levels of stress using the and missteps). In addition, the inter-stop distance was signif-
light (high stress) or dark (low stress) exposure in the light-dark jcanily lower in this group, clearly demonstrating increased
paradigni13], validated forrats and widely used in behaviouralneu- 5 iy in these rats, compared to the saline-treated controls.
rosciencg35,41] The light—dark test was a Plexiglas box consisting ) .
In contrast, directed exploration, latency to leave the center

of two compartments (30 ctx 30 cmx 30 cm each)—the transpar- I def ion/urinati | din thi
ent (light) and the black (dark) box. The light box was brightly it &S Well as defecation/urination scores were unaltered in this

with a 75 W lamp fixed 40 cm above the floor, and connected to the €XPeriment.

dark box by a sliding door (this door was not used in the present  Thelight-dark exposure used in Experiment 2, in line with
study). In order to induce high or low levels of stress, we exposed traditional interpretation of the light—dark paradigm, has been
the rats for 5min to the light or dark box, respectively, essentially reported to induce two differentlevels of stress in [af35].
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Table 1
Summary of key behavioural parameters measured in the rat Suok test
Measures and behavioural domains Description
|. Exploration (reduced by anxiety)
HA Horizontal activity Number of sectors visited (4-paw criterifig. 2A)
VA Vertical activity® Number of vertical reafs
SA Stopping activity Number of stops (complete cessation of movement (>2 s) except breathing)
HD Head dip8 Down-directed exploration, number of exploratory looks dowig (2C)
OR Orientatiof Side-directed exploration (visual and olfactory scanning of environment and whiskin@A)
DE Directed exploration Number of orientation and head dips (DE=HD + OR)
LL Latency to leavé Latency (s) to leave a 30-cm virtual central zone around the placement point (4-paw criterion)
ID Inter-stop distance Average distance between two stops (the number of sectors visited divided by the number of stops: ID = HA/SA)
II. Displacement (increased by anxiety)
DA Displacemerit Usually short bouts of forepaw and nose grooming. Measures include frequency and duration (s) of grooming
Il Vegetative behaviours (increased by anxiety)
DB Defecation Number of defecation boli deposited
LD Latency to defecate Latency (s) to the first defecation boli
UR Urinatior? Number of urination episodes
11l. Motor coordination (reduced by anxiety)
NF Fall® Number of falls from the rod
LF Latency to falP Latency (s) to the first fall from the rod
MS  Misstep$ Number of hindpaw slipsHig. 2D)
ML Misstep latenc)) Latency (s) to the first misstep (hindpaw slifig. 2D)
MI Motor incoordination index Integral index, reflecting the number of falls and missteps (Ml =NF + MS)

@ Relatively rare behaviours in this test, but may be more frequent in some rat strains.
b Optional parameters (not assessed here).
¢ Latency to leave the center may be highly variable in this test, thus sometimes showing limited validity.

As expected, more anxious light-exposed rats demonstrateddistance and defecation/urination measures did not differ sig-
significantly lower directed exploration and more falls and nificantly in both groups.

missteps (motor incoordination index) in the ST compared As can be seen ifable 2 social anxiety evoked in

to the dark-exposed control group. However, despite a gen-Experiment 3, significantly inhibited directed exploration and

eral tendency to more anxiety behaviour in the light-exposed stops, also resulting in higher displacement grooming and
group (Table 2, horizontal and vertical exploration, stops, poorer motor coordination (more falls and missteps). Addi-

displacement grooming, latency to leave the center, inter-stoptionally, there was a trend to less horizontal and vertical ST

Fig. 2. Specific behaviours in rats tested in the Suok test: (A) horizontal locomotion, (B) side-directed exploration, (C) look down (also niie delesa
deposited), (D) motor incoordination episode (hindpaw slip).
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Table 2
Behavioural performance of rats subjected to the Suok test for 5min (n=8 in each group)
Experiments and measures Non-anxious (control) group Anxious group P<
Saline-treated PTZ-treated
Experiment 1: Pentylenetetrazole (PTZ)-induced anxiety
Horizontal activity 49+ 8 18+3 0.001
Vertical activity 2.3+t05 0.9+0.3 0.05
Stopping activity 14-15 8.5+0.7 0.05
Directed exploration 182 19+2 NS
Latency to leave center (s) X34 126+ 32 NS
Displacement grooming o0 1.2+0.2 0.05
Defecation boli 0.4£0.3 0.1+0.1 NS
Urination 0.3+0.2 0.1+0.1 NS
Average inter-stop distance 3t50.6 2.2+0.3 0.05
Falls and missteps 2:60.4 3.6+0.4 0.05
Experiments and measures Non-anxious (control) group Anxious group P<
Dark-exposed Light-exposed
Experiment 2: Light-induced anxiety
Horizontal activity 8149 71+7 NS
Vertical activity 0.3+£0.2 0 NS
Stopping activity 192 1942 NS
Directed exploration 253 15+2 0.001
Latency to leave center (s) 188 27+9 NS
Displacement grooming 0 0 NS
Defecation boli 0.6:0.4 1+0.3 NS
Urination 0.3+0.2 0.3+£0.2 NS
Average inter-stop distance 430.5 3.7+0.4 NS
Falls and missteps 2:60.4 4.3+0.4 0.001
Experiments and measures Non-anxious (control) group Anxious group P<
Unexposed Exposed

Experiment 3: Socially-induced anxiety
Horizontal activity 744 62+7 NS

Vertical activity 1.7+0.5 0.4+0.3 NS
Stopping activity 222 17+1 0.005
Directed exploration 261 12+1 0.0005
Latency to leave center (s) 2813 53+ 14 NS
Displacement grooming 0 0:80.1 0.05
Defecation boli 0 0 NS
Urination 0.2£0.2 0.3+£0.2 NS
Average inter-stop distance 340.2 3.6+0.4 NS
Falls and missteps 240.2 3.7£0.2 0.005

Data are expressed as meiaB.E.M. P: difference between group#/{test). NS: non-significant difference ¢ 0.05).
@ Robust trendP =0.07-0.08.

exploration and a longer latency to leave the center in the anxiety in rats tested in different stress situations? As can be
stressed rats, indicating their anxious behavioural profile. seen inTable 2 there was a general pattern of ST behaviour
Urination/defecation scores and the average inter-stop dis-demonstrated by anxious rats including lower horizontal, ver-
tance were unaltered in both grougsible 2. tical and directed exploration, and shorter inter-stop distance.
In addition, anxious rats tended to display more displace-
ment grooming and motor-vestibular deficits (as assessed by
increased falls and hindleg slips in this teble 2, consis-
tent with similar results in the mouse $16] and some other
Ethological analysis of mouse and rat exploratory models (se¢30-32,42]for details).
behaviours provides an avenue for studying the neural basis Notably, the rat ST performance differed from that
of stress-related brain disorddfis3,20,21,39] Since recent  reported previously in micg26] in a number of ways. For
data suggest that that rat behaviour is characterized by highexample, while urination was equally ineffective index in
level of complexity (relative to the mouse) and ability to alter both species, the ST defecation was a sensitive measure of
behavioural strategigd5,46], it was interesting to assess in  anxiety in mice[26] but not in rats Table 2. The latency
detail the rat ST performance. Is this paradigm able to detectto leave the ST central zone was also a robust behaviour in

4. Discussion
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mice, but a weak index in rats. Inter-stop distance was a goodful tool for neuroscience research, enabling high-throughput

ST index of anxiety in mice, showing only slight sensitivity experimental modelling of various stress disorders in

to anxiety induced in rats in the present studigkfle 2. In rats.

contrast, vertical exploration (occurring only occasionally in

mice and failing to detect anxie[26]) was reduced in all our

experiments in ratsA(< 0.05: Experiment 1; trend: Experi- Acknowledgements
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