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OPEN-FIELD EXPLORATION AND
EMOTIONAL REACTIVITY IN MICE

Generds Ortet y Manuel Ignacio Ibdfiez
University of Castellé

Ambulation (exploratory behaviour) and defecation (emotional reactivity) in the
Garcia-Sevilla’s (1984) low-frightening open field have been proposed as analogous in
rats to extraversion and neuroticism personality dimensions. The present study was de-
signed to study these behaviours with the modified version of the open field test in mi-
ce. However, ambulation was considered as a possible parallel of human sensation-see-
king. According to the previous experiments, no significant negative correlations were
found between ambulation and defecation, as usually found between sensation-seeking
and anxiety/neuroticism in man. Moreover, a significant decrease of ambulation was al-
so found between the first and forth day of expusure to the test, as the repeated exposu-
te to the same environment seem to lower interest in human high-sensation seekers. Fi-
nally, the animals’ weight was independent of ambulation in both mouse strains used,
and was independent of defevation for Swiss Albino mice.

La exploracién y la reactividad emocional del ratén en el campo abierto. La de-
ambulacidn (conducta exploratoria) y la defecacién (reactividad emocional) en el cam-
po abierto poco amenazador de Garcia-Sevilla (1984) se han propuesto como andlogos
en ratas de las dimensiones de personalidad extraversién y neuroticismo. Este estudio se
discfié para estudiar estas conductas en esta versién modificada del campo abierto con
ratones. Sin embargo, la deambulacién se consideré como un posible paralelo de la bus-
queda de sensaciones humana. Al igual que en experimentos previos, encontramos co-
rrelaciones negativas no significativas entre deambutaci6én y defecacién, como general-
mente ocurre entre biisqueda de sensaciones y ansiedad/ neuroticismo en humanos. Ade-
mis se encontré un dectemento significativo de la deambulacién entre el primer y cuar-
to dia de exposicion al test, del mismo modo que la exposicién repetida al mismo am-
biente parece disminuir su interés para los altos buscadores de sensaciones humanos. Fi-
nalmente, el peso de los animales fue independiente de la deambulacién en ambas cepas
de ratones, asf como de la defecaci6n en los ratones Swiss Albino.

Nowadays there is an important amount
of empirical evidence related to the contri-
bution of genetic factors to basic personality
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traits. The behaviour-genetic studies repre-
sent two traditions (Goldsmith, 1989): hu-
man family, twin, and adoption studies of a
variety of traits, usually assessed via ques-
tionnaires (e.g. Plomin and Daniels, 1987;
Plomin, Chipuer and Loehlin, 1990; Ey-
senck, 1990; Zuckerman, 1991; Loehlin and
Rowe, 1992; Goldsmith, Losoya, Bradshaw
and Campos, 1994; Pedersen, 1994); and la-
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boratory research of animal models of per-
sonality (e.g. Chamove, Eysenck and Har-
low, 1972; Garcia-Sevilla, 1984; Mather
and Anderson, 1993; Gold and Maple,
1994; Draper, 1995; Forkman, Furuhaug
and Jensen, 1995; Dellu, Piazza, Mayo, Le
Moal and Simon, 1996). The first line of re-
search has had an important development
and there are already studies related to the
identification of specific genetic locus that
contributes to personality traits (Benjamin,
Li, Patterson, Greenberg, Murphy and Ha-
mer, 1996; Ebstein et al., 1996). The second
line of research, animal models of human
personality traits or dimensions has had a
less impressive progress, especially among
animal psychologists (see Eysenck and Ey-
senck, 1985; Zuckerman, 1991 for a re-
view). These researchers consider that the
main personality traits may be understood
as genetically based behaviour patterns de-
veloped in terms of Darwinian evolutionary
principles and based on common physiolo-
gical structures and hormonal activity.
Garcia-Sevilla (1984) and Garau, Marti,
Pérez-Mourelo and Garcia-Sevilla (1991)
describe a full series of studies related to pa-
rallels of Eysenck’s extraversion and neuroti-
cism in rats. In these investigations, ambula-
tion (more related to exploratory than activity
measures) and defecation (emotional reacti-
vity) in a low-frightening open field were
proposed as measures of extraversion and
neuroticism respectively. This open field was
created modifying the one standardised by
Broadhurst (1957) with the elimination of the
78 dB white noise. Under these conditions,
ambulation and defecation measures were
not correlated to each other or showed a low
negative correlation (Garcia-Sevilla, 1984).
However, it has been argued that the core
of extraversion is sociability (Zuckerman,
1991) and this dimcnsion, togcther with
agreeableness, appears as very relevant to in-
terpersonal. behaviour (McCrae and Costa,
1989). So, it seems that the social behaviour
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of animals in controlled colony environ-
ments may be a better parallel of human ex-
traversion; and ambulation in the open field
may be a more appropriate measure of sen-
sation seeking, especially as an analogous to
the adventure seeking type in the human
(Zuckerman, 1994). Accordingly, Garau
(1984), using factor analyses of rodent beha-
viour in the low-frightening open field and
other tests (e.g., Y-maze, dark-light, hole-bo-
ard), found that the ambulation appeared to
be associated with the extraversion trait sti-
mulation seeking (sensation seeking).
Dellu, Mayo, Piazza, Le Moal and Simon
(1993) and Dellu, Piazza, Mayo, Le Moal
and Simon (1996) have proposed that indi-
vidual differences of locomotor reactivity to
novelty in rats (assessed by a test that con-
sists of 4 circular corridor) as a pussible pa-
rallel of sensation seeking. They found that
the high responders (HR) rodents, opposed
to low responders (LR), are highly reactive
in different behavioural tests that measure
the free-choice response to novel environ-
ments (i.e., exploration in a Y-maze, explo-
ration in a 16-arm radial maze, and a dark-
light emergence test). These authors consi-
der that the response to novelty is crucial to
the definition of sensation seeking, and sug-
gest an animal model with characteristics
that are analogous to some of the factors
found in this human trait. Moreover, HR
rats have been found to be predisposed to
drug-taking, like sensation seeking is rela-
ted to drug use (Zuckerman, 1994), and ra-
pidly develop intravenous self-administra-
tion of amphetamine while the LR do not
(Piazza, Demiére, Le Moal, and Simon,
1989). However, Gong, Neill and Justice
(1996) found that HR rats did not developed
place-preference conditioning with cocaine
more readily than LR rats. Dellu et al.
(1993; 1996) have pointed out that there are
also neurochemical and neuroendocrinolo-
gical differences between HR and LR rats
related to dopaminergic activity in the nu-
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cleus accumbens and the level of corticoste-
roids. Accordingly, HR rats (and high sen-
sation seekers as defended by Zuckerman,
1994) may seek novelty situations for the
reinforcing properties of the neurochemical
and neuroendocrinological activity enhan-
ced by intense, varied, novel and complex
sensations, and risk-taking activities.

The main aim of the present research was
to study exploration and emotional reacti-
vity with the Garcia-Sevilla’s (1984) low-
frightening open field in mice. For this pur-
pose, ambulation (exploration) in the open
field was considered as an indication of the
adventure seeking type of sensation see-
king, and defecation (emotional reactivity)
was considered as an indication of neuroti-
cism/anxiety. According to Zuckerman’s
(1994) sensation seeking concept, it was
predicted that correlations between ambula-
tion and defecation would be low negative
in the two strains of mice used, as it is
usually found between sensation seeking
and neuroticism/anxiety in humans. Becau-
se repeated exposure to the same open field
environment decreases its novelty, conver-
sely it was predicted that ambulation would
decrease across the four days of testing. In
addition, it was predicted that ambulation
and defecation in the open field would be
independent of other biological measures,
such as animal’s weight.

Method
Subjects

Twenty four male mice from outbred (12
Swiss Albino) and inbred (12 C57BL/6)
strains obtained from Interfauna Ibérica,
S.A., Barcelona, Spain (Sprague Dawley
Co.) served as subjects. Animals were 4 we-
eks old at the start of testing and were hou-
sed, 4 per cage, on arrival with food and wa-
ter freely available. All mice were maintai-
ned in a room temperature of 22°C with
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controlled humidity, where 12 hr light-dark
schedule with light off 08:00-20:00 was in
effect. Experimentation took place during
the dark phase of the cycle.

Apparatus and behavioural testing

Low-frightening open field. The appara-
tus was a square transparent plastic cage
(50 x 50 x 40 cm high) divided info 25
equal squares. A lamp with three fluores-
cent 36W bulbs, hanging 1 m above. the
centre of the open field, provided the illu-
mination. One week after arrival, animals
were placed at the centre of the open field
and observed during 5 min. Testing was re-
peated at the same time on four subsequent
days. After testing, subjects were weighed
and returned to the home cage. The number
of lines crossed by the hind legs were re-
corded as a measure of ambulation (explo-
ratory behaviour), and the number of boli
deposited were recorded as a measure of
defecation (emotional reactivity).

Statistics

The normality of the 2 strain distribution
on the behavioural and weight measures
was verified using Kolmogorov-Smirnov
test. The consistency of behavioural res-
ponses was analysed by using Cronbach’s
coefficient alpha. Student’s z-test was used
to compare between strains. An analysis of
variance (ANOVA) for repeated measures
was used for comparisons among the beha-
vioural measures during the four days. All
measures were correlated using Pearson’s
correlation coefficient. The accepted level
of significance was P < 0.05 for all statisti-
cal test.

Results

The normality of the two samples for the
three variables was verified: Swiss Albino
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(ambulation, Z = 0.51, p = 0.9; defecation, Z
= 0.60, p =0.9; weight, Z = 0.38, p = 0.9);
C57BL/6 (ambulation, Z= 0.58, p = 0.9; de-
fecation, Z = 0.57, p = 0.9; weight, Z= 0.54,
p =0.9). Table 1 shows, for the two mouse
strains, means and standard errors of mean
of ambulation, defecation and weight along
with the mean comparisons and reliability
coefficients. It shows that significant diffe-
rences between strains were only found for
weight. Alpha reliability coefficients were
high for both behavioural measures for
Swiss Albino strain, however it was very
low for defecation by C57BL/6 group,
being ambulation the most consistent mea-
surc.

Table 1
Means ( SEM of ambulation and defecation in
the low-frightening open field, and weight by
Swiss Albino (N = 12) and C57BL/6 (N = 12)
mice, mean comparisons between the two
strains, and coefficients alpha of behavioural
measures

Swiss Albino o C57BL/6 o

Ambulation 608.6+34.5 0.79 599.5+314 0.89
Defecation 18025 0.66 151+13 0.16
Weight 28505 19.80 + 0.3***

%% P < (.00] versus Swiss Albino (Student’s #-test).

Table 2 presents the correlation coeffi-
cients between the behavioural and weight
measures. Although most correlations were
high, only the coefficient between defeca-
tion and weight for C57BL/6 strain was sig-
nificant.

Figure 1 shows that daily repeated expo-
sure to the low-frightening open field decre-
ased the number of crossings (ambulation).
ANOVA showed that, for both strains, the
highest ambulation was observed during the
first day, while the lowest was scored on the
forth day [Swiss Albino: F(3,33) = 3.50, P
< 0.05; C57BL/6: F( 3,33) = 13.79, P <
0.001].
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Table 2
Correlations between the two measures
obtained from the low-frightening open field
and weight by Swiss Albino (N = 12, above
diagonal) and C57BL/6 (N = 12, below
diagonal) mice

1 2 3
1. Ambulation - -0.30 <0.55
2. Defecation 0.35 - 0.67*
3. Weight 0.35 0.10
* P <0.05

Figure 2 shows that repeated exposure
had no effect on defecation for Swiss Albi-
no mice [F(3,33) = 2.36, P = NS|, but the
ANOVA showed significant differences for
C57BL/6 mice [F(3.33) = 4.12, P < 0.05].
Thus, for C57BL/6 the highest score was
observed during day 2 and the lowest during
day 1.
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Figure 1. Ambulation (exploration) in the low-frighte-
ning open field.
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Figure 2. Defecation (emotional reactivity) in the low-
frightening open field.
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Discussion

Results showed that two behavioural me-
asures, ambulation and defecation, in the
low-frightening open field provided an ac-
ceptable level of internal consistency for
Swiss Albino and C57BL/6 mouse strains.
The only exception was defecation for (e
second group. The obtained reliability coef-
ficients are similar to those found in pre-
vious studies with rats (cf. Garau, 1984; Go-
ma and Tobeiia, 1978). There were no signi-
ficant differences hetween the hehavionral
measures in the two strains of mice. Howe-
ver, Swiss Albino rodents were clearly big-
ger than C57BL/G.

Results were consistent with those
found by Garcia-Sevilla (1984) and Garau
et al. (1991) with rats. That is, correlations
between ambulation (exploration) and de-
fecation (emotional reactivity) in the low-
frightening open field were negative but
not significant for both mouse strains. In
relation to our hypothesis, these data can
be better interpreted in the line of the low
negative correlations usually found betwe-
en sensation seeking and anxiety/neuroti-
cism dimensions in humans (Zuckerman,
1994). Ambulation measure is considered
as a possible analogous to sensation see-
king (especially the adventure seeking ty-
pe) in humans. In keeping with previous
studies with rats (e.g. Garcia-Sevilla,
1984), ambulation and defecation were
independent of other biological measures,
such as the animal’s body weight in Swiss
Albino mice. Also, ambulation was not
significantly correlated to weight for
C57BL/6. However, a positive significant
correlation between defecation and weight
was found for C57BL/6 strain which
would indicate an unpredicted direct rela-
tionship between defecation and body
weight.

According to our expectations, a signifi-
cant decrease in ambulation between the
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first and forth day of exposure to the low-
frightening open field was also found in
mice (cf. Garau, 1984; Garau et al., 1991).
As it was hypothesised, repeated exposure
to the same environment decreased its no-
velty, as a result exploratory behaviour
(ambulation) also decreased (cf. Dellu et
al., 1993). Results have characteristics that
resemble the relevance of novelty in hu-
man sensation seeking. Furthermore, the
current study found no significant differen-
ces in defecation among the four days of
exposure for Swiss Alhino mice. This may
be due to the low-frightening characteris-
tics of the test. This open field is designed
to enhance low levels of fear, so the repea-
ted exposure would not influence the habi-
tuation of the animal’s emotional reactivity
to the experimental situation. Nonetheless,
an unexpected pattern with significant dif-
ferences among sessions was found for this
measure by C57BL/6 strain which is diffi-
cult to interpret.

Ovecrall, rcsults found in this study on the
low-frightening open field test supported
most of our predictions. These were: 1) no
significant negative correlations between
ambultaion and defecation were found, 2) a
significant decrease of ambulation between
the first and forth day of exposure was ob-
served, and 3) an independence between
ambulation and defecation of body weight
was obtained, especially with the Swiss Al-
bino strain.

More experiments are needed to take ex-
ploratory behaviour (ambulation) and emo-
tional reactivity (defecation) of mice in Gar-
cia-Sevilla’s (1984) low-frightening open
field as analogous measures to sensation-se-
eking and anxiety traits in humans. Other
studies with bigger and varied samples of
animals are required. Moreover, it seems
necessary to compare the low-frightening
open field test with other exploratory (e.g.,
Dellu et al.’s, 1993, novelty-induced loco-
motor activity or Lister’s, 1987, hole-board)
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and emotional reactivity (e.g., Lister’s,
1987, plus=maze) behavioural tests in mice.
And last but not least, studies about the he-
reditary, and the neurochemical and neuro-
endocrinological characteristics of explora-
tion and emotional reactivity in the low-
frightening open field test are required in re-
lation to biological correlates of sensation
seeking (e.g., dopaminergic activity) and
anxiety (e.g., serotonergic activity) propo-
sed in humans.
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