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During recent years, biomedical research has made rapid
progress, and neurobiological and genetic sciences today
are able to produce a high number of potential animal
models and novel compounds. To investigate the under-
lyingneurobiologicalmechanisms of disorders to be mod-
eled, to characterize those animal models, and to evaluate
behavioral effects of potential pharmacological treat-
ment strategies, behavioral tests are essential. In general,
test procedures are predictive of one specific type of be-
havioral dimension, and, therefore, several independent
tests have to be performed to dissociate behavioral alter-
ations or effects (Escorihuela et al., 1999; Henniger et al.,
2000). In order to avoid interference between distinct tests
(Belzung & LePape, 1994), each of the tests shouldbe per-
formed with naive experimental animals. Consequently,
such a multiple test battery results not only in a time- and
money-consuming procedure but also in a high number
of animals needed.

Studies based on behavioral tests that are focused on a
more detailed ethological analysis of experimental ani-
mals in a single complex paradigm may overcome these
disadvantages (Cruz, Frei, & Graeff, 1994; Lister, 1990;
Rodgers, Cao, Dalvi, & Holmes, 1997; Wilson, 2000).
Therefore, we aimed at developing a test paradigm that
would allow a variety of behavioral dimensions to be in-
vestigated in one test. In addition, the test was designed
to minimize stress by allowing the experimental animal
to maintain social contact with its group mates during the

test, thus circumventingstressful social isolation (Ahmed,
Stinus,Lemoal, & Cador, 1995;Kim & Kirkpatrick,1996).

The modified hole board (mHB) paradigm represents
a test for unconditioned behavior and essentially com-
prises the characteristics of a hole board and an open
field test. Although the original hole board was designed
to investigate exploration in rodents (File & Wardill,
1975; for review, see Lister, 1990), the mHB also allows
for a variety of other behavioral dimensions to be inves-
tigated. To establish the mHB test, we investigated the
behavior of Wistar rats that had been bred selectively for
innate emotionality on the elevated plus maze (EPM;
Liebsch, Linthorst, et al., 1998). In previous studies, it
was demonstrated that the line of high anxiety-relatedbe-
havior rats (HABs) show an increased innate emotional-
ity and more passive stress coping strategies than the line
of low anxiety-related behavior rats (LABs) under stress-
ful conditions (Liebsch, Linthorst, et al., 1998; Liebsch,
Montkowski, Holsboer, & Landgraf, 1998). Extensive
studies, includingpharmacological validation,have dem-
onstrated that hyperanxiety in HABs represents a robust
trait, resembling the signs and symptoms seen in psychi-
atric patients (Keck et al., 1999; Landgraf, Wigger, Hols-
boer,&Neumann,1999;Liebsch,Linthorst,et al.,1998). Thus,
HABs represent a unique animal model of innate anxiety
with face, predictive, and construct validity.

By investigating these rat lines in the mHB, we aimed
at demonstrating that the behavioral characteristics found
in multiple behavioral tests could be reproduced by using
only one test. Furthermore, we compared the behavior of
animals tested singly and in groups in the mHB in order
to evaluate whether or not the design of the mHB mini-
mized stress for experimental animals. In addition, this
comparison should show whether group-wise testing in the
mHB allows for the assessment of social affinity among
group mates.
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We describe a modified hole board (mHB) paradigm as a test for unconditioned behavior in rodents
that is aimed at analyzing a variety of behavioral dimensions. We demonstrate that the mHB enables
the investigation of different behavioral dimensions in rodents in only one test by reproducing the be-
havioral characteristicspreviously collected from multiple behavioral tests in rats bred for either high
or low anxiety-related behavior. In addition, the test design, which allows the experimental animal to
maintain social contact with its group mates during the test, was shown to minimize stress for experi-
mental animals and, moreover, to enable the investigator to assess social affinity among group mates.
In summary, the mHB test enables animal models to be comprehensively phenotyped, while simulta-
neously reducing the number of animals and the amount of time required. Therefore, the mHB repre-
sents an alternative to the common practice of using a series of more specific tests.
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METHOD

Animals
A detailed description of the selection and the breeding of both

HABs and LABs was given previously in detail by Liebsch, Mont-
kowski, et al. (1998). Both rat lines, derived from Wistar rats, were
kept and bred in the animal facilities of the Max Planck Institute
under standard laboratory conditions (12:12 light:dark, lights on at
6:00, 22ºC, 60% humidity and free access to water and standard rat
chow), and, over the years, HABs and LABs have been treated iden-
tically in terms of care, mating, and behavioral testing. The animals
used in the present study were adult male individuals (weight:
280–350 g) from the F10 generation. As an additional control group,
Wistar rats were purchased (normal anxiety-related behavior rats,
NABs; Charles River Laboratories, Sulzfeld, Germany; n 5 12)
from the same stock as the HABs and LABs. To investigate the ef-
fects of chronic social isolation on the behavior displayed in the
mHB, male HABs (n 5 6) were housed singly (cage size: 38 3 25
3 20 cm) for 6 weeks. All other rats (n 5 34) were housed in groups
of 3–5 in standard rat cages (58 3 38 3 20 cm).

Modified Hole Board (mHB)
The mHB comprises the characteristics of a hole board, origi-

nally designed to investigate exploration in rodents (File & Wardill,
1975; for a review, see Lister, 1990), and an open field, a test para-
digm that is highly standardized to evaluate locomotor activity (for
a review, see Kelley, 1993). The hole board setup is based on a pre-
viously modified hole board that was designed to evaluate cognitive
functions in tree shrews (Ohl & Fuchs, 1999; Ohl, Oitzl, & Fuchs,
1998) and that was adapted for investigations in rodents. Figures 1
and 2 include schematic drawings of the modif ied hole board.

The board consisted of opaque gray PVC (60 3 20 3 2 cm) with
23 holes (1.5 3 0.5 cm) staggered in three lines. All holes on the
board were covered by movable lids of the same material. The board
was placed in the middle of a PVC box (100 3 50 3 50 cm), thus
representing the central area of an open field. The outer area was
divided into 12 quadrats (20 3 16 cm) by white lines. The PVC box
was enlarged by an additional compartment (50 3 50 3 50 cm), in
which the group mates of the experimental animal were placed dur-
ing the test period (Figures 1 and 2). The group compartment was
separated from the experimental compartment by a transparent
PVC partition perforated with 120 holes (1 cm in diameter).

Analysis and Measures
All tests were performed with naive male rats. To investigate line

differences, HABs, NABs, and LABs (HABs and NABs: n 5 12
each; LABs: n 5 13) were housed and tested by group. Behavioral
data derived from HABs in the first part of the study were also in-
cluded in the second part (i.e., the comparison of housing and ex-
perimental conditions) as group. Two additional groups of HABs
were housed by group but were tested singly in the mHB (single;
n 5 9). For the investigation of the effects of chronic social isola-
tion on the behavior displayed in the mHB, 6 male HABs (isolated )
were housed singly for 6 weeks and tested singly.

All experiments were carried out during the light period between
12:00 and 16:00. One week prior to behavioral testing, the animals
were transferred to the testing room for habituation. For group-wise
testing in the mHB, all animals belonging to one social group (i.e.,
group mates) were placed in the group compartment. After 30 min
of habituation, each of the animals was successively placed into the
experimental box (for start position, see Figure 1). For individual
testing, each animal was transferred directly from the home cage to
the experimental compartment.

Figure 1. The activity pattern of high anxiety-related behavior rats and low anxiety-
related behavior rats in the modified hole board clearly shows the differences in avoid-
ance behavior towards the unprotected area (i.e., anxiety) between the two lines.
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Each animal was placed at the start position in one corner close
to the group compartment facing the board (see Figure 1) and was
tested for 5 min in moderate light conditions (30 Lux). The exper-
imental box was cleaned with warm water after every test. All tests
were videotaped and tracked by Ethovision (Noldus, Wageningen,
NL) and were directly monitored from behind the group compart-
ment by the use of the Observer (Noldus, Wageningen, NL) by a
trained observer blind to the rat line.

Parameters were measured and assigned to different behavioral
categories following the results of previous studies (Ohl, Sillaber,
Binder, Keck, & Holsboer, 2001; Ohl, Toschi, Wigger, Henniger, &
Landgraf, 2001) and are shown in Table 1.

Statistics
The behavioral data from the basal test in HABs, NABs, and LABs

were analyzed by an one-way analysis of variance (ANOVA; STA-
TISTICA, StatSoft, Tulsa, USA) with rat line as the between-groups
factor followed by a post hoc Newman-Keuls test where appropri-
ate. Due to the lower number of animals per group, the comparison
of group and singly tested animals was performed by Kruskal-Wallis
ANOVA by ranks, followed by nonparametric Mann-Whitney-U
test (STATISTICA, StatSoft, Tulsa, USA) ( p < .05 was accepted as
significant). Data are presented as means (±SEM ).

RESULTS

The comparison of the basal behavior of HABs, NABs,
and LABs (Figure 2) revealed significant line differences
in terms of avoidance behavior toward the unprotected
area [i.e., anxiety; time on board, F(2,35) 5 30.1, p <
.001; latency board, F(2,35) 5 10.8, p < .001; entries on
board, F(2,35) 5 22.8, p < .001] and also for risk as-
sessment behavior [stretched attends, F(2,35) 5 60.3,
p < .001]. In addition, locomotor activity [line crossings,
F(2,35) 5 4.1, p < .05] and explorationof the unprotected
area [rearings on board, F(2,35) 5 8.1, p < .01; holes ex-
plored, F(2,35) 5 9.4, p < .001] showed significant ef-
fects for the factor line. Finally, rat lines differed in terms
of social affinity [group contact, F(2,35) 5 9.7, p < .001]
and defecation (boli, F(2,35) 5 8.35, p < .005]. No dif-
ference was found for exploration of the protected area
[rearings box, F(2,35) 5 1.2, n.s., data not shown) or for
grooming [F(2,35) 5 3.0; n.s.]. The results of the post-
hoc analysis are presented in Figure 2.

Figure 2. Data (mean ± SEM; HAB, n 5 12; NAB, n 5 12; LAB, n 5 13) from behavioral parameters (one-way ANOVA) measured
using the modified hole board test (*p < .05 vs. HABs) and a schematic drawing of the test setup (figure partially modified from Ohl
et al., 2001).
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The results of the comparison of group-housed/group-
wise tested, group-housed/singly tested and isolated /
singly tested HABs are listed in Table 2. Singly tested
HABs differed from group tested HABs, as they revealed
significantly increased anxiety-related behavior, arousal,
and risk assessment behavior in the mHB. Chronically
isolated HABs showed comparable differences, as com-
pared with group tested animals, and, in addition, they
revealed significantly increased exploratory behavior.
The comparison of singly tested versus isolated animals

showed that the latter were more aroused but also dis-
played an increased hole exploration, as compared with
the former.

DISCUSSION

The mHB essentially comprises the characteristics of
a hole board and an open field. By investigating the basal
behavior of rats bred for either high or low anxiety-
related behavior and, in addition, normal Wistar rats, we
demonstrated that the mHB allows for the detection of
alterationsin a wide range of behaviors, includinganxiety-
related behavior, risk assessment, exploration, locomo-
tor activity, arousal, and social affinity.

The results of the comparison between rat lines in the
mHB test (Figure 2) matches the findingsof previous re-
sults obtained by different tests of unconditioned behav-
ior, such as the EPM (Liebsch, Montkowski, et al., 1998),
the open field (Henniger et al., 2000), and the dark–light
box (Henniger et al., 2000), which showed that HABs
and LABs differ in terms of anxiety-relatedbehavior. Also,
a reduction in explorationof unprotectedareas (i.e., board)
in HABs was found, whereas no differences in explo-
ration of the protected area (i.e., rearings in the box)
emerged among the three groups. Since differences be-
tween rat lines in exploration-related behavior were lim-
ited to the unprotected area and no significant differences
were found between LABs and NABs, it might be sug-
gested that exploration-related alterations in HABs are
anxiety driven. These findings show that behavioral char-
acteristics previously collected from multiple tests could
be reproducedby using only one comprehensiveparadigm.

As in the mHB, since both an increase in anxiety-
related behavior and a reduction in locomotor activity
occurred in HABs (see Figure 1), it is, at the first sight,

Table 2
Results of the Comparison Between the Behavior Displayed in the mHB

by Group-tested, Singly Tested, and Chronically Isolated HABs

Group Single Isolated

Behavior Mean SEM Mean SEM Mean SEM

Anxiety
Time on board (%) 13.8 2.6 *† 3.3 1.1 4.4 1.6
Entries on board (No.) 4.8 0.6 * 2.6 0.8 3.0 0.9
Latency first board visit (sec) 61.7 7.6 108.6 41.5 66.5 45.1

Exploration
Holes explored (No.) 1.2 0.4 2.0 0.7 3.8 2.0
Latency hole first visit (sec) 180.4 31.2 † 150 42.6 ‡ 16.9 5.6
Rear box (No.) 12.2 1.7 13.2 1.9 15.5 3.4
Rear board (No.) 0.0 0.0 0.2 0,1 0.0 0.0

Risk assessment
Stretched attends (No.) 7.9 0.6 *† 0.0 0.0 ‡ 1.5 0.8

Locomotor activity
Line crossings (No.) 41.1 2.1 47.1 5.1 53.5 9.7

Social affinity
Time partition (%) 34.7 4.0 *† 19.4 4.4 10.8 1.9

Physiological arousal
Latency groom (sec) 222.9 20.7 *† 153.1 20.8 ‡ 42.3 31.3
Boli (No.) 1.9 0.4 † 2.4 0.6 ‡ 0.3 0.2

*p < .05 for group versus single. †p < .05 for group versus isolated. ‡p < .05 for single versus iso-
lated.

Table 1
Parameters Measured and Assigned

to the Different Behavioral Categories

Avoidance Behavior Toward an Unprotected Area (i.e., Board), Repre-
senting Anxiety

Percent time on the board
Latency to the first board entry (i.e., entering the board with at least
both forepaws)
Number of board entries

Exploration-Related Behavior
Holes explored (i.e., sniffing at a hole or actively moving a lid)
Rearings on the board
Rearings in the box

Risk Assessment Behavior
Stretched body posture

Locomotor Activity
Line crossings in the box (i.e., crossing a line with all four paws)

Social Affinity of the Experimental Animal Toward Its Groups Mates
Latency to the first group contact (i.e., rearing or sniffing at the par-
tition)
To control if the animals were attracted by the partition per se, the
percentage of time spent at the partition was also calculated for the
second part of the experiment (group vs. single vs. isolated)

Physiological Arousal
Latency to the first self-grooming
Defecation
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difficult to decide whether the observed changes in
anxiety-related behaviorwere secondary to a decrease in
general activity. However, in a previous study, we showed
by factor analysis that anxiety-related behavior and lo-
comotor activity displayed in the mHB are not causally
related (Ohl et al., 2001). These findings indicate that al-
terations in anxiety-related behavior in HABs, although
being paralleled by a behavioral inhibition(i.e., decreased
activity), are not caused by changes in locomotor activity.

As noted above, the mHB allows the animals to main-
tain visual and olfactory contact with each other. To in-
vestigate whether this design reduces the stressful factor
of social isolation during the test and, moreover, allows
for the assessment of the need for social contact, we
compared the behavior of group-housed/group tested,
group-housed/singly tested, and chronically isolated/
singly tested naive HABs in the mHB. It should be noted
that the group-tested and singly tested conditionsdid not
only differ with respect to group presence but also with
respect to the habituation period in the group compart-
ment. The results (see Table 2) show that singly tested
HABs displayed increased anxiety-related behavior and
were more aroused than rats tested in the presence of their
social group, suggesting that contact to group mates in
fact minimizes stress during the test.

Moreover, group-testedHABs spent significantlymore
time at the partition, as compared with singly tested an-
imals. These results show that the animals were not at-
tracted by the partition per se but that the design of the
mHB in fact allowed for the assessment of social affinity.
The shorter latency to first group contact seen in HABs
can thus be interpreted as increased social affinity in
these animals, as compared with NABs and LABs (Fig-
ure 2). This finding suggests that social contact during a
novel situation is more important for anxious rats than
for nonanxious rats, and it can be hypothesized that so-
cial contact might be helpful for HABs in coping with
the challenge of a novel environment.

Methodological Aspects
As noted above, most of the behavioral dimensions as-

sessed in the mHB test could also be obtained by using
a multiple test battery of other well-established selective
tests such as the open field for locomotor activity (Kel-
ley, 1993), the EPM for anxiety-relatedbehavior (Griebel,
Rodgers, Perrault, & Sanger, 1997; Rogers et al., 1999),
and the classical hole board for exploration (File & War-
dill, 1975; Sheldon, 1968). However, if the same animals
are exposed to such a multiple test battery, the increase
in test experience may well influence the behavior of ex-
perimental animals (Koide, Moriwaki, Ikeda, Niki, &
Shiroishi, 2000; Montkowski, Poettig, Mederer, & Hols-
boer, 1997). Since this experience may differ between
different lines, strains, and geneticallymodified animals,
it may induce severe problems, especially for the basal
characterization of potential animal models.

Using a multiple test battery, experience-based inter-
ference can only be avoided by performing each test with

naive animals, a method that drastically increases the
number of animals needed. Furthermore, the behavior of
rodents is context dependent, and, when characterizing
novel animal models, distinct behavioral tests frequently
produce conflicting results in that one behavioral dimen-
sion displayed by the same strain differs between distinct
tests (Rodgers, 1997; Trullas & Skolnick,1993). Such re-
sults point toward the need for simultaneous investiga-
tions of a high number of behavioral dimensions in one
test procedure, an option that is offered by the mHB test.

Recently, we showed that the mHB can also be used
for behavioral phenotyping in mice and for pharmaco-
logical screening (Ohl, Sillaber, et al., 2001). We tested
two mouse strains, C57BL/6 and BALB, for which differ-
ences in terms of anxiety are consistently reported, but
with varying rank orders between different tests and
studies (Avgustinovich, Lipina, Bondar, Alekseyenko, &
Kudryavtseva, 2000; Rogers et al., 1999). In the mBH,
no significant differences were found between the two
strains in terms of avoidanceof the unprotectedarea. How-
ever, the pathways performed by the two strains in the
mHB showed that the spatiotemporal parameters are de-
termined by differences in the exploratory strategy of
these strains. From these exploratory strategies, it could
be suggested that the nonemotional characteristic dis-
played by BALB mice in more specific tests does not in-
dicate decreased anxiety but may depend on their home
base strategy and less pronounced thigmotaxis in com-
parison with C57BL/6 mice. According to these f ind-
ings, the results of selective behavioral testing may eas-
ily be misinterpreted, whereas the comprehensiveanalysis
of all behavioral dimensions displayed by an animal al-
lows behavioral characteristics and, thus, also pharmaco-
logical effects on behavior, to be reliably identified.

In summary, by using the mHB test, it is possible to
comprehensively analyze the behavior in rodents and,
thus, to characterize potential animal models that mimick
a psychopathological condition. At the same time, the
mHB allows the number of animals and the time needed
to perform behavioral phenotyping to be reduced. Since
the mHB allows a wide range of behavioral parameters
to be investigated, alterations in anxiety, exploration,
arousal, social affinity, and locomotor activitycan be iden-
tified, and so, this test procedure represents an alterna-
tive to the common practice, of performing a series of
more specific tests.
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