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Abstract

‘We have recently introduced a new model of anxiety — the Suok test and its light—dark modification — for behavioral characterization in mice and
rats, including simultaneous assessment of their anxiety, activity, and neurological phenotypes. In the present study, testing different inbred (12951,
BALB/c) and hybrid (C57-129S1) mouse strains in both Suok test modifications, we examined the effects on anxiety-related behaviours produced
by traditional anxiogenic and anxiolytic drugs. Here we show dose-dependent increases in anxiety-related behaviors produced by anxiogenic drug
pentylenetetrazole (10 and 20 mg/kg). In contrast, anxiolytic drugs ethanol (0.75 and 1.5 g/kg) and diazepam (0.5 mg/kg) reduced anxiety and
increased mouse exploration in this test. Hyperemotional anxious BALB/c mice were particularly sensitive to pharmacogenic anxiety in Suok
test, also showing robust light—dark shifts in the light—dark version of this test. Overall, the results of this study confirm the potential utility
of both murine Suok tests, especially when used in selected “sensitive” mouse strains, for high-throughput screening of potential anxiotropic

drugs.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Anxiety is induced by novelty, and can be studied by assess-
ing rodent behavior in an unknown environment [2,3,5,21,40].
Numerous experimental tests measuring reduced exploration
and increased risk assessment [20,44,45] are widely used to
assess rodent anxiety [8,19,55,56], including its characterization
in different mouse strains [13,20,22,23,53] and mutant or trans-
genic mice [15-17,39,44]. In addition to genetically determined
anxiety, animal responses in these tests are also sensitive to var-
ious exogenous factors, such as neurotropic drugs that affect
anxiety [4,28,29,46,49].

We have recently introduced the Suok test (ST) of anxiety,
based on rodent exposure to elevated horizontal rod (mice) [33]
or alley (rats) [31]. This test evokes the fear of novelty, height and
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instability, and allows simultaneous profiling of anxiety, motor
functions and balancing (vestibulation) [33,31]. In addition, this
test targets anxiety-evoked sensorymotor deficits [33], a phe-
nomenon relatively well-known in clinical literature [1,6,54,57],
but only recently noted in animal behavioral studies [34,52]. In
addition, using several mouse strains with different emotional
reactivity, we introduced and psychogenetically validated the
light—dark version (LDST) of this test [33], combining prin-
ciples of several well-validated mouse anxiety tests, including
the light—dark box [7,27], the open field [11,30] and the ele-
vated mazes [9,10,29,49]. As these tests seem to assess different
subtypes of anxiety [16,27,44,45], the ST and especially LDST
emerge as interesting multi-domain models for neurobehavioral
research in mice [33,34].

Although rat studies from different groups showed the ST
sensitivity to pharmacologically induced anxiety [31] and anxi-
olysis [51], the sensitivity of the mouse ST and LDST behavior
to anxiolytic and anxiogenic drugs has not been examined pre-
viously in detail. The present study aims to assess the utility of
mouse ST and LDST for detection of pharmacogenic anxiety
and anxiolysis.
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2. Methods
2.1. Animals

Subjects were adult mice of different strains, including 129S1 (24 males;
Experiment 1), BALB/c (24 males, Experiment 2; 24 females; Experiment 3),
and F1 C57B1/6 x 129S1 (24 males, Experiment 4). The animals were main-
tained under controlled temperature (22 £ 2 °C), humidity (60%) and a 12-h
light:12-h dark cycle (lights on at 07:00 h), in a virus/parasite-free facility of the
University of Tampere (Tampere, Finland). All animals used here were exper-
imentally naive and housed in groups of three to four animals per cage, with
food and water freely available. The procedures used in this study were in strict
accordance with European legislation and the guidelines of the National Insti-
tutes of Health. All animal experiments reported here were approved by the
Ethical Committee of the University of Tampere.

2.2. Apparatus and procedures

Testing was always conducted between 14:00 and 18:00h. The ST was a
2.6 m aluminum tube (2 cm in diameter) elevated to a height of 20 cm from the
cushioned floor, separated into 10 cm sectors by line drawings and fixed to two
Plexiglas side walls (50 x 50 cm) [33]. The experimental room was dimly lit
during this test. The LDST consisted of the same aluminum rod, with four 60 W
bulbs 40 cm above the rod (directed light) to illuminate the light part of the test,
as described previously [33].

On the day of experiments, the animals were transported to the experimental
room and left undisturbed for 1 h prior to testing. Mice were placed individually
in the middle part of the rod, and observed for 5 min by an experienced inves-
tigator unaware of treatments. The rod was thoroughly cleaned (20% ethanol)
between the animals. The following measures were collected in both tests: hori-
zontal activity (number of sectors visited with four paws), latency(s) to leave the
center (in the LDST, counted as the latency to enter the light or dark part), the
number of looks down (directed exploration), time spent in the light and dark
parts of the LDST, as well as the number of falls from the rod [33].

2.3. Drugs

To induce anxiety, we used pentylenetetrazole (PTZ), traditionally known
to increase anxiety by inhibiting central gamma amino butyric acid (GABA)
neurotransmission [18,49] without inducing non-specific motor defects at mild
doses. PTZ (Sigma, Finland) was dissolved in saline 1 h prior to i.p. injection at
10 and 20 mg/kg (control animals in this and other experiments were injected
with saline). These doses were chosen based on PTZ anxiogenic profile at doses
>5mg/kg (e.g., [49]).

To reduce anxiety in mice, we used diazepam and ethanol as reference drugs
with known anti-anxiety effects (via positive modulation of GABA-ergic system)
at low non-sedating doses [14,28,32]. Diazepam (Sigma, UK) was dissolved in
saline (with 2-3 drops of Tween-20) 1 h prior to i.p. injection at 0.5 mg/kg (con-
trol mice were injected with vehicle; Experiment 2). Ethanol (Sigma, Finland)
was dissolved in saline 1 h prior to i.p. injection. The following doses of ethanol

were used in the present study: 0.75 and 1.5 g/kg (Experiment 4), based on their
known non-sedating effects in this range [42]. Pre-treatment time was 30 min in
all these experiments.

2.4. Experiments

In the regular ST, we used anxiogenic drug PTZ in two mouse strains (12951
mice; Experiment 1 and BALB/c mice; Experiment 2), and anxiolytic drug
diazepam in BALB/c mice (Experiment 2). In the LDST, we examined anxio-
genic effects of PTZ in BALB/c mice (Experiment 3), and anxiolytic effects of
ethanol in F1 C57-129S1 mice (Experiment 4).

2.5. Statistics

All results are expressed as mean + S.E.M. Data of experiments 1, 3 and 4
were analyzed by one-way ANOVA (factor: dose; Experiments 1, 3 and 4; drug;
Experiment 2) followed by Tukey’s post hoc test. A probability of less than 0.05
was considered statistically significant in all tests.

3. Results

Experiment 1 shows clear dose-dependent anxiogenic
responses in 12951 mice produced in the regular ST by PTZ
(Fig. 1A and B), as assessed by reduced horizontal activity
(F(2,23)=6.2, P=0.008) and longer latency to leave center
(F(2,23)=4.2, P=0.03). In addition, PTZ dose-dependently
impaired balance control in these mice, manifest in significantly
more falls from the rod (F(2,23)=3.72, P =0.04; Fig. 1C).

Fig. 2 summarizes behavioral responses of BALB/c male
mice in the regular ST following treatment with reference anx-
iogenic (PTZ) or anxiolytic (diazepam) drugs (Experiment 2).
Overall, there was a significant drug effect on horizontal explo-
ration (F(2,23)=17.7, P=0.00001), with PTZ reducing, and
diazepam predictably increasing, the number of sectors vis-
ited. In addition, PTZ significantly reduced directed exploration
(looks down; F(2,23)=14.2, P=0.0001), also increasing the
latency to leave center (F(2,23)=9.1, P =0.0014), but not affect-
ing the number of falls from the rod (F(2,23)=1.5, NS).

In Experiment 3, BALB/c mice demonstrated clear-cut anx-
iety in the LDST after PTZ treatment, including markedly
reduced horizontal activity (F(2,23)=5.6, P=0.01 light,
F(2,23)=8.3, P=0.002 dark, F(2,23)=8.9, P=0.002 total),
longer latency to enter the aversive light part (F(2,23)=54,
P=0.01) and significantly less time spent in the light part
(F(2,23)=3.7, P=0.04), with unaltered number of looks down
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Fig. 1. Behavioral responses in the Suok test (129S1 mice, n =8 in each group) evoked by anxiogenic drug pentylenetetrazole (*P < 0.05, **P <0.01 vs. saline-treated

group; Experiment 1).
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Fig. 2. Behavioral responses in the Suok test in BALB/c mice (n=8 in each group) treated with anxiogenic (pentylenetetrazole, PTZ) and anxiolytic (diazepam,

DZP) drugs (*P <0.05 vs. saline-treated group; Experiment 2).
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Fig. 3. Behavioral responses in the light—dark Suok test (BALB/c mice, n =28 in each group) evoked by anxiogenic drug pentylenetetrazole (*P <0.05, **P <0.01

vs. saline-treated group; Experiment 3).

(NS) in either part of the test (Fig. 3A-D). Notably, control
BALB/c mice showed a clear preference to protective dark part
of the rod, visiting less sectors (light:total ratio 0.26 & 0.09)
and spending less time (light:total ratio 0.3040.09) in the
light part of the apparatus. Although intermediate dose of PTZ

120 1~
0 [ 0 mg/kg
o u
*g 100 [ 0.75 mg/kg
L2 g4 M 1.5mgkg
=
=
= 60 - *
©
© 40 4
c
S
No20 4
(=]
= 0

Light Dark Total

Fig. 4. Dose-dependent anxiolysis in the light—dark Suok test (F1 hybrid
C57-129S1 mice, n=38 in each group) evoked by anxiolytic drug ethanol
(*P<0.05 vs. saline-treated group; Experiment 4).

(10 mg/kg) was unable to alter these ratios, PTZ at 20 mg/kg
markedly shifted horizontal activity and time spent (light:total
ratios 0.09 & 0.09 and 0.06 £ 0.06, respectively; P <0.05), con-
sistent with increased anxiety in these mice. The number of falls
from the rod, however, was unaltered in this experiment (data
not shown).

In Experiment 4, relatively anxious C57 x 129S1 F1 hybrid
mice treated with anxiolytic drug ethanol (Fig. 4), showed lower
LDST anxiety and no sedation, as assessed by increased horizon-
tal activity (F(2,23)=3.8, P=0.04 dark, F(2,23)=3.2, P=0.06
total, trend). In contrast, the light horizontal activity (Fig. 4),
latency to enter, the number of looks down and falls from the
rod, as well as light:total ratios were unaltered in this test (data
not shown).

4. Discussion

In general, ST and LDST appear to be useful tools to assess
anxiety, as they are based on the innate aversion of mice to nov-
elty, open spaces, height and brightly lit environments [33,31] —
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the main factors that evoke anxiety in most of the other novelty-
based anxiety models [34]. Our present findings made another
step in further validation of these models, showing that they can
also be used to detect pharmacogenic shifts in mouse anxiety
evoked by anxiogenic (e.g., PTZ) or anxiolytic (e.g., diazepam,
ethanol) drugs.

Overall, these data (Experiments 1 and 2) are in line with
recent ST findings in rats [31], collectively showing that rodent
ST is sensitive to pharmacogenic anxiety produced by PTZ. Con-
sistent with the original interpretation of the model [33] and
several other recent studies [37,52], the results of Experiment
1 also confirm that anxious PTZ-treated mice display balancing
problems (Fig. 1C), most likely reflecting anxiety-evoked sen-
sorymotor disintegration [38,50], the experimental modeling of
which may represent an interesting task per se [34].

Consistent with earlier datausing LDST in undrugged mice of
different strains [33], our present data (Experiment 3) confirmed
that anxious BALB/c mice tend to avoid aversive light part of
the test, traveling less distance and spending less time there.
Although intermediate dose of PTZ (10 mg/kg) did not alter
this preference, anxiogenic dose of 20 mg/kg resulted in further
marked shifts in light/dark behaviors, consistent with increased
anxiety in these mice. The lack of balancing deficits in this
experiment can be explained by generally low number of falls
in BALB/c mice in this test and their freezing-like responses to
novelty [33,46], resulting in a marked reduction of all behaviors,
including horizontal locomotion (thus, non-specifically reduc-
ing the risks of falling from the rod).

Nevertheless, marked shifts in light—dark behaviors and clear
avoidance of aversive light part of the test strongly support sen-
sitivity of the LDST to pharmacogenic anxiety, also implying
its potential utility for screening of anxiotropic drugs. Notably,
these results are also consistent with several other studies noting
particular sensitivity of BALB/c mice to anxiogenic/anxiolytic
stimuli [27,36,42], collectively suggesting a wider utility of
these mice in neurobehavioral stress research, including their
extensive testing in the ST situations.

Furthermore, using anxiolytic non-sedating doses of ethanol
in another relatively anxious (C57 x 129S1 hybrid) strain, we
showed predictably lower LDST anxiety in these mice, as
assessed by their higher total and dark horizontal activity (Exper-
iment 4, Fig. 4). Interestingly, while showing a non-significant
trend to an anxiolytic-like increase of activity in the aversive
light part, ethanol markedly increased dark horizontal activity,
generally consistent with reduction of anxiety according to the
original interpretation of this test [33].

However, several aspects still require further elucidation
using these experimental mouse models in the future studies.
For example, although strain comparisons were not the main
focus of the present study, it is interesting to assess the individual
strain differences in drug responsivity in both ST modifications.
Moreover, while both ST and LDST appear to be sensitive to
effects on anxiety produced in rats [31,51] and mice (Figs. 1-4)
by drugs influencing central GABA receptors [18,32,43], it may
also be necessary to examine behavioral effects in this model of
other, non-GABAergic drugs. Although this problem is common
in experimental models of anxiety [12,27], a better knowledge

of animal sensitivity to different classes of anxiolytic drugs may
help define neural mechanisms underlying rodent ST behaviors,
representing an important direction for targeted screening of
novel neuroactive drugs.

Another interesting observation in this study is that not always
drug-evoked alterations in anxiety behaviors were accompa-
nied by altered balancing performance. Given the role of central
GABA in vestibulation [25,26], and the link between balancing
problems and human [24,41,47,48,57] and animal [33,37,38,34]
anxiety, one would expect a better correlation between anx-
iety and balancing problems in this study, especially using
GABAergic anxiogenic drugs. Likewise, given recent data on
pharmacological correction of balancing by anxiolytic and
antidepressants [35,52], one would expect better ST or LDST
balancing in mice treated with anxiolytic drugs in this study.

Although this phenomenon was indeed clearly seen in 12951
mice (Experiment 1, Fig. 1C), further studies are needed to
examine the link between drug-evoked shifts in anxiety and
vestibulation. A combination of several factors may contribute
to this phenomenon (including floor and ceiling effects, strain-
specific effects of drugs and/or anxiety on overall activity, e.g.,
Experiment 2, 3, as well as strain or drug-specific effects on
balancing with or without affecting anxiety domain, e.g. [14]).
This adds further complexity to mouse performance in this test,
and certainly requires an in-depth dissection in future studies.
Finally, given well-known similarity between mouse and rat
anxiety-related behaviors [2,30,39], and sensitivity of rat ST to
experimental anxiety [31,51], it will be interesting to assess the
LDST behaviors in rats following administration of anxiolytic
and anxiogenic drugs.

5. Conclusion

In general, our present study provided some evidence that ST
and LDST performance in mice may be used to assess alterations
in anxiety (evoked by anxiogenic and anxiolytic drugs) as well
as anxiety-evoked motorisensory disintegration (Fig. 1A-C),
implying the utility of these tests in modeling both anxiety and
anxiety-evoked balancing deficits. Some strains (such as anxious
emotional BALB/c mice [42]) may be particularly sensitive to
such stimuli, and therefore suggested as reference strains for
screening of anxiotropic drugs in these tests. Taken together, the
results of this study show sensitivity of ST and LDST to phar-
macologically induced alterations in mouse anxiety, confirming
their potential utility in the search for novel anxiolytic agents.

Conflict of interest

None declared.

Acknowledgements

This research was supported by research grants from the Uni-
versity of Tampere, Tampere University Hospital (EVO) and
the Academy of Finland. We thank Ms M. Kuuslahti for her
excellent technical help.



A.V. Kalueff et al. / Brain Research Bulletin 74 (2007) 45-50 49

References

[1] C.D.Balaban, R.G. Jacob, Background and history of the interface between
anxiety and vertigo, J. Anxiety Disord. 15 (2001) 27-51.

[2] C. Belzung, The genetic basis of the pharmacological effects of anxi-
olytics: a review based on rodent models, Behav. Pharmacol. 12 (2001)
451-460.

[3] C. Belzung, G. Griebel, Measuring normal and pathological anxiety-like
behaviour in mice: a review, Behav. Brain Res. 125 (2001) 141-149.

[4] C. Belzung, G. Le Pape, Comparison of different behavioral test situations
used in psychopharmacology for measurement of anxiety, Physiol. Behav.
56 (1994) 623-628.

[5] D.E. Berlyne, Novelty and curiosity as determinants of exploratory behav-
ior, Br. J. Psychol. 41 (1950) 68-80.

[6] B. Bolmont, P. Gangloff, A. Vouriot, P.P. Perrin, Mood states and anxiety
influence abilities to maintain balance control in healthy human subjects,
Neurosci. Lett. 329 (2002) 96—-100.

[7] M. Bourin, M. Hascoet, The mouse light/dark box test, Eur. J. Pharmacol.
463 (2003) 55-65.

[8] F. Calatayud, C. Belzung, A. Aubert, Ethological validation and the
assessment of anxiety-like behaviours: methodological comparison of clas-
sical analyses and structural approaches, Behav. Processes 67 (2004)
195-206.

[9] A.P.Carobrez, L.J. Bertoglio, Ethological and temporal analyses of anxiety-
like behavior: the elevated plus-maze model 20 years on, Neurosci.
Biobehav. Rev. 29 (2005) 1193-1205.

[10] E.E. Carvalho-Netto, R.L. Nunes-de-Souza, Use of the elevated T-maze to
study anxiety in mice, Behav. Brain Res. 148 (2004) 119-132.

[11] E. Choleris, A.W. Thomas, M. Kavaliers, F.S. Prato, A detailed ethological
analysis of the mouse open field test: effects of diazepam, chlordiazepoxide
and an extremely low frequency pulsed magnetic field, Neurosci. Biobehav.
Rev. 25 (2001) 235-260.

[12] Y. Clement, F. Calatayud, C. Belzung, Genetic basis of anxiety-like
behaviour: a critical review, Brain Res. Bull. 57 (2002) 57-71.

[13] M.N. Cook, V.J. Bolivar, M.P. McFadyen, L. Flaherty, Behavioral dif-
ferences among 129 substrains: implications for knockout and transgenic
mice, Behav. Neurosci. 116 (2002) 600-611.

[14] J.C. Crabbe, P. Metten, C.H. Yu, J.P. Schlumbohm, A.J. Cameron, D.
Wahlsten, Genotypic differences in ethanol sensitivity in two tests of motor
incoordination, J. Appl. Physiol. 95 (2003) 1338-1351.

[15] J.N. Crawley, J.K. Belknap, A. Collins, J.C. Crabbe, W. Frankel, N. Hender-
son, R.J. Hitzemann, S.C. Maxson, L.L. Miner, A.J. Silva, J.M. Wehner, A.
Wynshaw-Boris, R. Paylor, Behavioral phenotypes of inbred mouse strains:
implications and recommendations for molecular studies, Psychopharma-
cology 132 (1997) 107-124.

[16] J.N. Crawley, R. Paylor, A proposed test battery and constellations of
specific behavioral paradigms to investigate the behavioral phenotypes of
transgenic and knockout mice, Horm. Behav. 31 (1997) 197-211.

[17] J.F. Cryan, A. Holmes, The ascent of mouse: advances in modelling human
depression and anxiety, Nat. Rev. Drug Discov. 4 (2005) 775-790.

[18] A. Dalvi, R.J. Rodgers, GABAergic influences on plus-maze behaviour in
mice, Psychopharmacology 128 (1996) 380-397.

[19] A.Ennaceur, S. Michalikova, P.L. Chazot, Models of anxiety: responses of
rats to novelty in an open space and an enclosed space, Behav. Brain Res.
171 (2006) 26-49.

[20] A. Ennaceur, S. Michalikova, R. van Rensburg, PL. Chazot, Models of
anxiety: responses of mice to novelty and open spaces in a 3D maze, Behav.
Brain Res. 174 (2006) 9-38.

[21] S.E. File, Factors controlling measures of anxiety and responses to novelty
in the mouse, Behav. Brain Res. 125 (2001) 151-157.

[22] J. Flint, Genetic effects on an animal model of anxiety, FEBS Lett. 529
(2002) 131-134.

[23] J. Flint, Animal models of anxiety and their molecular dissection. Animal
models of anxiety and their molecular dissection, Semin. Cell Dev. Biol.
14 (2003) 37-42.

[24] J.M. Furman, C.D. Balaban, R.G. Jacob, D.A. Marcus, Migraine-anxiety
related dizziness (MARD): a new disorder? J. Neurol. Neurosurg. Psychi-
atry 76 (2005) 1-8.

[25] C.M. Gliddon, C.L. Darlington, P.F. Smith, Effects of chronic infusion of a
GABAA receptor agonist or antagonist into the vestibular nuclear complex
on vestibular compensation in the guinea pig, J. Pharmacol. Exp. Ther. 313
(2005) 1126-1135.

[26] C.M. Gliddon, C.L. Darlington, PF. Smith, GABAergic systems in the
vestibular nucleus and their contribution to vestibular compensation, Prog.
Neurobiol. 75 (2005) 53-81.

[27] G. Griebel, C. Belzung, G. Perrault, D.I. Sanger, Differences in anxiety-
related behaviours and in sensitivity to diazepam in inbred and outbred
strains of mice, Psychopharmacology 148 (2000) 164—-170.

[28] N. Hagenbuch, J. Feldon, B.K. Yee, Use of the elevated plus-maze test
with opaque or transparent walls in the detection of mouse strain differ-
ences and the anxiolytic effects of diazepam, Behav. Pharmacol. 17 (2006)
31-41.

[29] S.L.Handley, S. Mithani, Effects of alpha-adrenoceptor agonists and antag-
onists in a maze-exploration model of ‘fear’-motivated behaviour, Naunyn
Schmiedebergs Arch. Pharmacol. 327 (1984) 1-5.

[30] A.V.Kalueff, T. Keisala, A. Minasyan, M. Kuuslahti, P. Tuohimaa, Tempo-
ral stability of novelty exploration in mice exposed to different open field
tests, Behav. Processes 72 (2006) 104—112.

[31] A.V. Kalueff, A. Minasyan, P. Tuohimaa, Behavioural characterization in
rats using the elevated alley Suok test, Behav. Brain Res. 165 (2005) 52-57.

[32] A. Kalueff, D.J. Nutt, Role of GABA in memory and anxiety, Depress.
Anxiety 4 (1996) 100-110.

[33] A.V. Kalueff, P. Tuohimaa, The Suok (“ropewalking”’) murine test of anx-
iety, Brain Res. Protoc. 14 (2005) 87-99.

[34] A.V. Kalueff, M. Wheaton, D.L. Murphy, What’s wrong with my mouse
model? Advances and strategies in animal modeling of anxiety and depres-
sion, Behav. Brain Res. 179 (2007) 1-18.

[35] 1. Lapin, Phenibut (beta-phenyl-GABA): a tranquilizer and nootropic drug,
CNS Drug Rev. 7 (2001) 471-481.

[36] E.M. Lepicard, C. Joubert, I. Hagneau, F. Perez-Diaz, G. Chapouthier,
Differences in anxiety-related behavior and response to diazepam in
BALB/cByJ and C57BL/6J strains of mice, Pharmacol. Biochem. Behav.
67 (2000) 739-748.

[37] E.M. Lepicard, P. Venault, J. Negroni, F. Perez-Diaz, C. Joubert, M. Nosten-
Bertrand, A. Berthoz, G. Chapouthier, Posture and balance responses to a
sensory challenge are related to anxiety in mice, Psychiatry Res. 118 (2003)
273-284.

[38] E.M. Lepicard, P. Venault, F. Perez-Diaz, C. Joubert, A. Berthoz, G.
Chapouthier, Balance control and posture differences in the anxious
BALB/cByJ mice compared to the non anxious C57BL/6J mice, Behav.
Brain Res. 117 (2000) 185-195.

[39] P. Martin, Animal models sensitive to anti-anxiety agents, Acta Psychiatr.
Scand. Suppl. 393 (1998) 74-80.

[40] K.C. Montgomery, J.A. Monkman, The relation between fear and
exploratory behavior, J. Comp. Physiol. Psychol. 48 (1955) 132-136.

[41] D. Monzani, D. Marchioni, S. Bonetti, P. Pellacani, L. Casolari,
M. Rigatelli, L. Presutti, Anxiety affects vestibulospinal function of
labyrinthine-defective patients during horizontal optokinetic stimulation,
Acta Otorhinolaryngol. Ital. 24 (2004) 117-124.

[42] MPD, Mouse Phenome Database, 2001-2007, http://www.jax.org/
phenome, accessed February 2007.

[43] D.J. Nutt, A.L. Malizia, New insights into the role of the GABA(A)-
benzodiazepine receptor in psychiatric disorder, Br. J. Psychiatry 179
(2001) 390-396.

[44] F. Ohl, Testing for anxiety, Clin. Neurosci. Res. 3 (2003) 233-238.

[45] F. Ohl, Animal models of anxiety, Handb. Exp. Pharmacol. 169 (2005)
35-69.

[46] F. Ohl, L. Sillaber, E. Binder, M.E. Keck, F. Holsboer, Differential analysis
of behavior and diazepam-induced alterations in C57BL/6N and BALB/c
mice using the modified hole board test, J. Psychiatr. Res. 35 (2001)
147-154.

[47] H. Ohno, M. Wada, J. Saitoh, N. Sunaga, M. Nagai, The effect of anxiety
on postural control in humans depends on visual information processing,
Neurosci. Lett. 364 (2004) 37-39.

[48] R.T.C. Pratt, W. McKenzie, Anxiety states following vestibular disorders,
Lancet 2 (1958) 347-349.


http://www.jax.org/phenome
http://www.jax.org/phenome

50 A.V. Kalueff et al. / Brain Research Bulletin 74 (2007) 45-50

[49] RJ. Rodgers, J.C. Cole, K. Aboualfa, L.H. Stephenson, Ethopharma-
cological analysis of the effects of putative ‘anxiogenic’ agents in the
mouse elevated plus-maze, Pharmacol. Biochem. Behav. 52 (1995) 805—
813.

[50] D. Rudrauf, P. Venault, C. Cohen-Salmon, A. Berthoz, R. Jouvent, G.
Chapouthier, A new method for the assessment of spatial orientation and
spatial anxiety in mice, Brain Res. Protoc. 13 (2004) 159-165.

[51] V. Tubaltseva, N.E. Makarchuk, Anxiolytic-like effects of quercetine
in rats tests in the Suok test of anxiety, Stress Behav. Proc. 5 (2007)
134-135.

[52] P. Venault, D. Rudrauf, E.M. Lepicard, A. Berthoz, R. Jouvent, G.
Chapouthier, Balance control and posture in anxious mice improved by
SSRI treatment, Neuroreport 12 (2001) 3091-3094.

[53] V. Voikar, S. Koks, E. Vasar, H. Rauvala, Strain and gender differences in
the behavior of mouse lines commonly used in transgenic studies, Physiol.
Behav. 72 (2001) 271-281.

[54] M. Wada, N. Sunaga, M. Nagai, Anxiety affects the postural sway of
the antero-posterior axis in college students, Neurosci. Lett. 302 (2001)
157-159.

[55] D. Wahlsten, N.R. Rustay, P. Metten, J.C. Crabbe, In search of a better
mouse test, Trends Neurosci. 26 (2003) 132-136.

[56] P.M. Wall, C. Messier, Ethological confirmatory factor analysis of anxiety-
like behaviour in the murine elevated plus-maze, Behav. Brain Res. 114
(2000) 199-212.

[57] L. Yardley, M.S. Redfern, Psychological factors influencing recovery from
balance disorders, J. Anxiety Disord. 15 (2001) 107-119.



	Pharmacological modulation of anxiety-related behaviors in the murine Suok test
	Introduction
	Methods
	Animals
	Apparatus and procedures
	Drugs
	Experiments
	Statistics

	Results
	Discussion
	Conclusion
	Conflict of interest
	Acknowledgements
	References


