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(3) 677–683, 1998.—In a recent study it has been shown that benzo-
diazepine receptor agonists attenuate novelty-induced suppression of feeding and increase the percentage of animals feeding
in the open field. Food-deprived rats were placed in one corner of the open field containing food in the center. The number of
rats beginning to eat in the first 5 min was recorded. In the present study this test was validated pharmacologically using
known “anxiolytic” or “nonanxiolytic” drugs. The following substances (effective doses, given IP) increased the number of
rats feeding within 5 min in the center of the open field: meprobamate (30.0–300 mg/kg), 8-OH-DPAT (10 and 30 

 

m

 

g/kg), ip-
sapirone (1.0 and 2.0 mg/kg), ritanserin (0.125–0.5 mg/kg), tropisetron (0.1–10.0 

 

m

 

g/kg), ondansetron (0.3–3.0 

 

m

 

g/kg), lisuride
(0.28–0.55 mg/kg), morphine (0.3 and 1.0 mg/kg), propranolol (0.3 and 1.0 mg/kg), clozapine (1.0 mg/kg). Drugs without “anx-
iolytic” effects in other animal models or in humans, including amphetamine, apomorphine, haloperidol, sulpiride, and mCPP
did not increase the incidence of food intake in this test. Ethanol and hexobarbital, in nonsedative doses, had no effect in this
paradigm. Drugs and doses effective in the modified open-field test caused no increase in food intake in an independent food
consumption test using food-deprived rats staying in the familiar cages. The results suggest that the modified open-field test
can detect “anxiolytic” drug properties and is valid for the assessment of “anxiolytic” effects from different classes of drugs.
© 1998 Elsevier Science Inc.
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THERE is considerable interest in the development of anxi-
olytics. New drugs acting at benzodiazepine receptors, seroto-
nin receptors, or neuropeptide receptors may have a possible
therapeutic relevance in the treatment of anxiety (3,4). Thus,
animal models of anxiety are widely used, but most of them
need well-trained animals and/or induce “anxiety”/”fear”/
”panic” under nonethological conditions. Additionally, the
test procedures are often time consuming, and common animal
models of anxiety are often insensitive to substances other
than benzodiazepines (6). Especially serotonergic drugs with
supposed “anxiolytic” effects caused inconsistent results in sev-
eral animal models [e.g., (20)]. However, the efficacy of 5-HT

 

1A

 

agonists in general anxiety disorder is well established (9,35)
and clinical trials suggest antianxiety actions of ritanserin (3).

In the search for a simple model with a more ethological
approach to “anxiety” or “fear” we adapted two models of

anxiety assessing feeding in an open field (2,5). These models
purport to elicit anxiety developed against food intake by
hungry rats in a novel aversive environment. Recently, we
demonstrated that diazepam and abecarnil produced similar
“anxiolytic” effects in this modified open-field test and the ele-
vated plus-maze test (30), a well-established model of anxiety.

Nevertheless, possible confounding factors in tests of anxi-
olytic activity involving feeding are the ability of drugs to in-
duce a hyperphagia or hypophagia in rodents [e.g., (25)] or to
have effects on locomotor activity.

For this reason, possible drug-induced changes in feeding
behavior and locomotor activity were determined by perform-
ing an independent food consumption test and by measuring
locomotor activity during the modified open-field test.

The aim of the present study was the pharmacological vali-
dation of the modified open-field test using known “anxi-
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olytic” and “nonanxiolytic/anxiogenic” agents acting at sero-
tonin receptors, dopaminergic receptors, and miscellaneous
drugs with known “anxiolytic” side effects.

 

METHODS

 

Animals

 

Male Wistar rats (Meichsner, Berlin, Germany), 200 

 

6

 

 25 g
were used for the experiments. The animals were group
housed, 10 per cage (45 

 

3

 

 60 

 

3

 

 25 cm), at room temperature
(22

 

8

 

C) and under a 12 L:12 D cycle (light on at 0600 h). Standard
pellet food (Altromin 1326) and water were freely available.

Separate groups of rats were used for each dose (

 

n

 

 

 

5

 

9–11). All animals were used once.

 

Drugs

 

The following drugs were used: amphetamine (Berlin-Che-
mie, Germany), apomorphine (WoelmPharma, Germany),
clozapine (Sandoz, Switzerland), ethanol (Berlin-Chemie,
Germany), hexobarbital (AWD, Germany), haloperidol
(Gideon-Richter, Hungary), ipsapirone (Tropon, Germany),
lisuride (Schering, Germany), mCPP (Research Biochemical
Inc., USA), meprobamate (Philopharm, Germany), morphine
(AWD, Germany), 8-OH-DPAT (Research Biochemical Inc.,
USA), ondansetron (Glaxo Group, UK), 

 

d

 

, l-proprandolol
(AWD, Germany), ritanserin (Jannssen, Belgium), sulpiride
(Schuerholz, Germany), and tropisetron (Ciba Geigy, Swit-
zerland). The drugs were dissolved in saline or suspended in
vehicle [saline containing 1% Cremophor EL (BASF, Ger-
many)] immediately prior to use (Table 1). Drugs were in-
jected IP in a volume of 5 ml/kg body weight.

 

Modified Open-Field Test

 

The experiments were performed in a sound proof, brightly
illuminated (

 

ø

 

1500 lx) observation chamber between 0900 and
1000 h using a white wooden open field (100 

 

3

 

 100 

 

3

 

 40 cm).
Locomotor activity was assessed simultaneously using 1-min in-
tervals by interruptions of 10 equally spaced infrared light
beams in the open field. The rats were food-deprived 20 h prior
to testing. One hour before testing the animals were transferred
into the observation chambers. A Petri dish (diameter 8 cm)
filled with standard food pellets (Altromin 1326) was placed in
the center of the open field. Following the injection and a sub-
stance-specific pretreatment period, the animals were placed
individually in one corner of the unfamiliar open field, facing
the center. Each rat was observed from outside by remote mon-
itoring for 5 min and the time of the initial feeding (latency to
eat) was recorded. The number of rats taking food (% of rats in
a group feeding) during the 5 min was registered.

The open field was cleaned after each animal using a disin-
fectant, and the Petri dish was filled with fresh pellets for each
animal. To exclude batch and seasonal variation, control
groups (

 

n

 

 

 

5

 

 9–11), treated with saline or vehicle, were tested
at irregular intervals between drug-treated groups.

 

Food Consumption Test

 

Rats were singly housed for 6 days and on the seventh day
food deprived for 20 h (same duration as for the modified
open-field test), with water freely available. Only drugs show-
ing an effect in the modified open field were tested in the food
consumption test. The animals received an injection with the
dose that induced the strongest effect in the modified open-
field test. Following the drug-dependent waiting period (same

duration as for the modified open-field test) the animals were
allowed to feed. The amount of food eaten during the follow-
ing 30 min was determined and compared to the controls.

 

Statistics

 

The data from the modified open-field test (%) were ana-
lyzed using a two-tailed Fisher’s exact test. Locomotor activity
data, the latency-to-eat data and data from the food consump-
tion test were analyzed with the Welch’s test [shown as
means 

 

6

 

 SEM, 

 

t

 

-value; degrees of freedom (

 

df

 

), 

 

p

 

-value].
Differences of the means with 

 

p

 

 

 

,

 

 0.05 were considered as
statistically significant.

 

RESULTS

 

Modified Open-Field Test

 

The incidence of food intake observed in 11 control groups
injected either with saline or vehicle was 7.8%. Eight rats of
102 control rats fed during the 5 min of the test session. The
averaged latency to start eating was 295 

 

6

 

 5 s. The incidence
of food intake and the latency to start eating showed no dif-
ference between saline (3 from 41) or vehicle (5 from 61)-
treated controls. Additionally, there was no batch variation or
seasonal difference regarding the behavior in the open field.
Therefore, the data of the controls were pooled. The inci-
dence of food intake could be maximally increased to 70%
(diazepam) or 80% (meprobamate), while the latency to start
eating could be decreased most by diazepam [193 

 

6

 

 27 s, 

 

t

 

 (9) 

 

5

 

3.715, 

 

p

 

 

 

5

 

 0.0024] and meprobamate [118 

 

6

 

 16 s, 

 

t

 

 (10) 

 

5

 

10.559, 

 

p

 

 

 

,

 

 0.0001]. Diazepam as a reference drug for anxiolytic
action, increased the incidence of food intake following the ad-
ministration of 2.5 and 5.0 mg/kg. The same doses reduced the
latency to start eating in the open field [193 

 

6

 

 27 s, 

 

t

 

 (9) 

 

5

 

 3.715,

 

p

 

 

 

5

 

 0.0024, and 265 

 

6

 

 14 s, 

 

t

 

 (11) 

 

5

 

 2.018, 

 

p

 

 

 

5

 

 0.0034].
The 5-HT

 

1A

 

 agonists 8-OH-DPAT and ipsapirone increased
the percentage of rats taking food. The inverted U-shape dose–
response curves with maximal effects 0.03 mg/kg and 2.0 mg/kg,
respectively (Fig. 1). The latency to start eating was reduced
following the administration of 0.03 mg/kg 8-OH-DPAT [239 

 

6

 

26 s, 

 

t

 

 (9) 

 

5

 

 2.115, 

 

p

 

 

 

5

 

 0.0318] and 2.0 mg/kg ipsapirone [247 

 

6

 

31 s, 

 

t

 

 (10) 

 

5

 

 1.883, 

 

p

 

 

 

5

 

 0.0446] (Table 1). The 5-HT

 

1b/2C

 

 agonist
mCPP (0.1 

 

2

 

3.0 mg/kg) had no effect compared to the controls
(Table 1).

The 5-HT

 

2

 

 antagonist ritanserin had a maximal effect on
the incidence of food intake and the latency to eat at a dose of
0.25 mg/kg [230 

 

6

 

 33 s, 

 

t

 

 (9) 

 

5

 

 1.947, 

 

p

 

 

 

5

 

 0.0417] (Fig. 1, Table
1). The “anxiolytic” effects of the 5-HT

 

3

 

 antagonists tropi-
setron and ondansetron occurred at low doses of 0.1–10.0 

 

m

 

g/kg
and 0.3–3.0 

 

m

 

g/kg, respectively (Fig. 1, Table 1). The latency
to eat was reduced by both drugs, peaking at doses of 10.0 

 

m

 

g/kg
[226 

 

6

 

 31 s, 

 

t

 

 (9) 

 

5

 

 2.197, 

 

p

 

 

 

5

 

 0.0278] tropisetron and 0.3 

 

m

 

g/kg
[214 

 

6

 

 17 s, 

 

t

 

 (10) 

 

5

 

 4.571, 

 

p

 

 

 

5

 

 0.0005] ondansetron.
The direct dopamine agonist apomorphine (1.0 and 3.0 mg/

kg), the indirect dopamine agonist amphetamine (0.5 and 1.0
mg/kg), the dopamine receptor blocker haloperidol (0.05–1.25
mg/kg), the D

 

2

 

 antagonist sulpiride (4.0 and 8.0 mg/kg) did
not increase the feeding in the open field (Table 1). However,
other dopaminergic drugs as the ergot derivative lisuride
(0.28–0.55 mg/kg) and the atypical neuroleptic clozapine (1.0
mg/kg) increased the percentage of rats feeding in the open
field and decreased the latency to begin eating, maximally ef-
fective at doses of 0.55 mg/kg [233 

 

6

 

 27 s, 

 

t

 

 

 

5

 

 2.257, 

 

p

 

 

 

5

 

0.0004] and 1.0 mg/kg [240 

 

6

 

 21 s, 

 

t

 

 

 

5

 

 2.548, 

 

p

 

 

 

5

 

 0.0145], re-
spectively (Table 1, Fig. 2).
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The following drugs with “anxiolytic” properties induced
an increase in the percentage of rats feeding in the open field
and decreased the latency to start eating, similar to the effects
of diazepam (Fig. 3, Table 1): the carbaminacidderivative me-
probamate induced the strongest effects on the feeding in the
open field following treatment with 30.0–300.0 mg/kg, peaking
at 100.0 mg/kg. Meprobamate reduced the latency to begin
eating, also peaking at 100 mg/kg [118 6 16 s, t (10) 5 10.559,
p , 0.0001] (Fig. 3, Table 1).

Lower effects on the food intake in the open field were
produced by the b-blocker propranolol (0.3 and 1.0 mg/kg)

and the opiate morphine (0.3 and 1.0 mg/kg) (Fig. 3). The la-
tency to begin eating was reduced by morphine [1.0 mg/kg,
245 6 29 s, t (11) 5 1.961, p 5 0.0378] (Table 1). The barbitu-
rate hexobarbital (3.0–30.0 mg/kg) and ethanol (0.3–3.0 mg/
kg) had no effects on percentage of rats feeding and subse-
quently on the latency to start feeding when given in the used
nonsedative doses (Table 1).

Locomotor Activity

Control rats crossed 64 6 11.5 squares during the 5-min
test period. Diazepam caused a slight but not significant in-
crease in locomotor activity, compared to the controls (Table 1).

8-OH-DPAT [0.3 mg/kg, t (17) 5 2.009, p 5 0.0295] in-
duced a hyperlocomotion (Table 1) in the open field. None of
the other serotonergic drugs altered the locomotor activity.

Amphetamine [0.5 mg/kg, t (19) 5 4.12, p 5 0.0003 and 1.0
mg/kg, t (14) 5 4.893, p , 0.0001] induced the highest rises in
locomotor activity to more than 125 squares crossed per 5 min.
Haloperidol [0.125 mg/kg, t (47) 5 3.237, p 5 0.0011, 0.5 mg/
kg, t (105) 5 3.145, p , 0.0001 and 1.25 mg/kg, t (111) 5 5.323,
p , 0.0001] produced sedative effects. Lisuride induced a hy-
perlocomotion at a dose of 0.28 mg/kg, t (39) 5 1.993, p 5
0.0027. Sulpiride [4.0 mg/kg, t (47) 5 2.181, p 5 0.0171] and
higher doses of clozapine (3.0 mg/kg, t (116) 5 4.699, p ,
0.0001 and 10.0 mg/kg, t (118) 5 4.648, p , 0.0001] had seda-
tive effects on the behavior in the open field (Table 1).

Propranolol [10.0 mg/kg, t (28) 5 2.055, p 5 0.026] mark-
edly stimulated locomotor activity with approximately 100
crossed squares. Meprobamate [100 mg/kg, t (14) 5 2.742, p 5
0.0079] also increased locomotor activity in the open field,
whereas a dose of 300 mg/kg, t (58) 5 2.5, p 5 0.0077, caused
sedation. The highest dose of hexobarbital [30 mg/kg, t (47) 5
3.025, p 5 0.002] had sedative effects in the open field (Table 1).

Food Consumption Test

Control rats in their home cages ate approximately 3 g of
the standard pellets within 30 min following 20 h food depri-
vation (Fig. 4).

FIG. 1. Changes in the incidence of food intake in the modified
open field following a food deprivation of 20 h and an acute
treatment with 8-OH-DPAT [h] (0.003, 0.01, 0.03, 0.1, 0.3, 1.0 mg/
kg), ipsapirone [n] (0.5, 1.0, 2.0, 4.0 mg/kg), ritanserin [,] (0.0625,
0.125, 0.25, 0.5, 1.0 mg/kg), tropisetron [e] (0.00003, 0.0001, 0.0003,
0.001, 0.003, 0.01 mg/kg), or ondansetron [x] (0.0001, 0.0003, 0.001,
0.003 mg/kg) and diazepam [s] (0.625, 1.25, 2.5, 5.0, 10.0 mg/kg)
compared to the controls [j] (Fisher exact test, n 5 9–11). The data
are expressed as percent (% of rats feeding in a group). An increase
in the incidence of food intake exceeding 27% of the rats feeding
(˙˙˙˙˙˙˙˙) was considered as statistically significant ( p , 0.05).

FIG. 2. Changes in the incidence of food intake in the modified open
field following a food deprivation of 20 h and an acute treatment with
Clozapine [h] (0.3, 1.0, 3.0, 10.0 mg/kg) or lisuride [e] (0.1, 0.2, 0.28,
0.4, 0.55, 0.8 mg/kg) compared to the controls [j] and diazepam [s]
(0.625, 1.25, 2.5, 5.0, 10.0 mg/kg) (Fisher exact test, *p , 0.05, n 5
9–11). The data are expressed as percent (% of rats feeding in a
group). An increase in the incidence of food intake exceeding 27%
of the rats feeding (˙˙˙˙˙˙˙˙) was considered as statistically significant
( p , 0.05).

FIG. 3. Changes in the incidence of food intake in the modified open
field following a food deprivation of 20 h and an acute treatment with
meprobamate [h] (10.0, 30.0, 100.0, 300.0 mg/kg), morphine [n] (0.1,
0.3, 1.0, 3.0 mg/kg) or propranolol [x] (0.1, 0.3, 1.0, 3.0, 10.0 mg/kg)
compared to the controls [j] and diazepam [s] (0.625, 1.25, 2.5, 5.0,
10.0 mg/kg) (Fisher exact test, *p , 0.05, n 5 9–11). The data are
expressed as percent (% of rats feeding in a group). An increase in
the incidence of food intake exceeding 27% of the rats feeding
(˙˙˙˙˙˙˙˙) was considered as statistically significant (p , 0.05).
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Diazepam (2.5 mg/kg) as well as all tested serotonergic
drugs with an anxiolytic action—8-OH-DPAT (0.03 mg/kg),
ipsapirone (2.0 mg/kg), ritanserin (0.25 mg/kg), ondansetron
(0.001 mg/kg), and tropisetron (0.003 mg/kg)—failed to mod-
ify the food consumption in the familiar cage following the
food deprivation (Fig. 4).

The food intake of food-deprived rats in the familiar home
cage following treatment with clozapine (1.0 mg/kg), lisuride
(0.4 mg/kg), meprobamate (100.0 mg/kg), or propranolol (1.0
mg/kg) was not increased compared to the vehicle-treated rats
(Fig. 4).

Morphine [0.3 mg/kg, t (16) 5 4.6, p 5 0.0064] markedly
decreased the amount of food eaten in the familiar cage com-
pared to the controls.

DISCUSSION

The anxiolytic profile of a compound is best characterized
by using several animal models of anxiety basing on different
“anxious” stimuli. Animal models of anxiety using the natural
neophobia of rodents appear to be more sensitive for antianx-
iety effects of nonbenzodiazepine than paradigms based on
punished behavior (20).

To determine the reliability of the modified open-field test
based upon suppression of feeding in a novel and aversive en-
vironment, the test was pharmacologically validated. The pa-
rameters measured were the percentage of rats of one group
starting to feed and the latency to start eating. An increasing
number of rats taking food and a decrease of the latency to

start eating, a parameter used to determine the “anxiolytic”
drug effects (2), were considered as an “anxiolytic” action.
The results show that both parameters proved to be reliable
for the determination of “anxiolytic” effects in this test with
the incidence of food intake to be more sensitive. The reduc-
tion of measurement down to a “yes–no decision” simplifies
the analysis of the anxiety-related behavior. Preliminary ex-
periments including the time and the amount of eating and
the frequency of feeding did not deliver more information on
the anxiety-related behavior, due to the short duration of the
test (5). The amount of feeding between the groups with a
suspected anxiolytic effect was not different. Less than 10%
of the vehicle-treated rats fed in the open field. In the prelimi-
nary experiments even a longer test period of 10 or 15 min did
not increase the incidence of food intake. Diazepam, with ro-
bust “anxiolytic” effects in a wide range of animal models,
proved to be effective in our modified open-field test and was
used as a reference for “anxiolytic” action (30). The results
demonstrate that this paradigm covers a wide range of agents
that are anxiolytic active in humans or animal models, for ex-
ample, the carbamate acid derivative meprobamate (7), as
well as serotonergic drugs like ondansetron (20).

8-OH-DPAT induced an “anxiolytic” effect in our test.
correspondingly, “anxiolytic” effects of 8-OH-DPAT in the
social interaction, on exposure to the elevated plus-maze and
in an ultrasonic vocalization test were described in the same
dose range (9,20). However, no anxiolytic or anxiogenic ef-
fects following treatment with 8-OH-DPAT (24) have been
demonstrated. The effects induced by 8-OH-DPAT may be
dependent on the animal species, the doses, the test, and the
procedural variables in the test used (24,31). Ipsapirone
showed in our model an eloquent effect in a narrow dose
range of 1.0–2.0 mg/kg, despite the ineffectiveness of this
compound in the elevated plus-maze test (9,20). However,
our results bear comparison with the effects of ipsapirone in a
saltwater-drinking test in a dose range from 0.5–5.0 mg/kg, in
the ultrasonic vocalization test, social interaction test, and in
the attenuation of defensive burying behavior by ipsapirone
(7,9,20). Additionally, ipsapirone is effective in the treatment
of anxiety in humans (8). The 5-HT2 antagonist ritanserin in-
duced “anxiolytic” effects in our model (0.125–0.5 mg/kg).
Similar results were obtained in a wide range of models of
anxiety at doses from 0.25 to 10.0 mg/kg (1,18,26). Anxiolytic
effects of ritanserin have been described in humans (3) also.
Tropisetron and ondansetron, 5-HT3 antagonists, induced sta-
ble “anxiolytic” effects in low doses at 0.1–10.0 mg/kg and 0.3–
3.0 mg/kg, respectively, in our test. The effective dose range
was similar compared to the social interaction test, in the
dark–white box test (6,13,20) and a elevated “zero-maze”
study (33). However, it should be noted that ondansetron was
ineffective in tests, using punished responding (20) and in
higher doses (0.1–1.0 mg/kg) in the social interaction test (14).
In our test, ondansetron showed a bell-shaped dose–response
curve with no “anxiolytic” activity at doses higher than 0.01
mg/kg. It is known, that the 5-HT2C/1B agonist mCPP often in-
duces “anxiogenic”/proaversive effects, for example, in the
social interaction test (37) and the elevated “zero-maze” (33).
Additionally, in clinical trials mCPP induces anxiety (38). In
our modified open-field test mCPP had no effect, and these
results support the view that drugs with no “anxiolytic” effects
can be screened out in our test.

The dopamine agonists amphetamine and apomorphine
and the dopamine antagonists haloperidol and sulpiride were
ineffective in our paradigm. These drugs do not have “anxi-
olytic” effects [e.g., (19,22,27,29)]. Thus, this may provide sup-

FIG. 4. Food consumption of single-housed rats under a fixed food
regimen (20 h food deprivation) in 30 min following an acute
treatment with doses that induced the highest “anxiolytic” effects in
the modified open field compared to saline/vehicle treated controls
(Welch’s test, *p , 0.05). Data expressed as mean 6 SEM.
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port for our idea that this test is suitable to discard drugs with-
out “anxiolytic” effects. The ergot derivative lisuride showed
“anxiolytic” effects in doses from 0.28 to 0.55 mg/kg in our
modified open-field test. Lisuride is known to be a potent
dopamine agonist. Besides that, lisuride possesses a high af-
finity to the 5-HT1A receptor acting as an agonist (15). There-
fore, an “anxiolytic” side effect of this compound could be ex-
pected. The atypical neuroleptic clozapine was effective in our
test (1.0 mg/kg), and has been shown to be effective in the
treatment of anxiety in humans (34) and in classical conflict
tests in doses of 0.3–1.0 mg/kg (1,20) likely by a nonselective
antagonism at the 5-HT2C receptors.

Meprobamate, an anxiolytic drug, widely used in the pre-
benzodiazepine era, induced robust “anxiolytic” effects in
doses from 30.0–300 mg/kg, corresponding with the effective
doses in other “anxiety” tests, for example, the conditioned
defensive burying model (7) and the Geller-Seifter test (19).

The b1/2-blocker propranolol induced an anxiolytic-like ef-
fect (0.3 and 1.0 mg/kg) in our paradigm, similar to animal
models of punished responding (11) and social interaction
(17). It is known that propranolol has fear-reducing effects in
anxiety combined illnesses (12,36). This anxiolytic-like action
may be caused by the nonselective 5-HT1/2C antagonist affini-
ties of propranolol (20). We observed anxiolytic-like effects of
morphine in the modified open-field test (0.3 and 1.0 mg/kg).
Arguments for anxiolytic effects of morphine were provided
by clinical observations in the treatment of anxiety-inducing
pains (21,32) and from a study showing “anxiolytic” proper-
ties of morphine in a conditioned emotional response para-
digm (23).

Hexobarbital and ethanol used in nonsedative doses, 0.03–
0.3 mg/kg and 0.3-3.0 mg/kg respectively, failed in our test.
However, barbiturates have been shown to be effective in
paradigms using punished behavior, for example, in classical
conflict tests (19) and in an open-field test (5). Ethanol, in the
doses used, has shown “anxiolytic” effects on the elevated
plus-maze (10), whereas other authors failed to find “anxi-
olytic” effects in a water-lick test and in a punished respond-
ing model in monkeys [e.g., (28)].

Possible confounding factors in this model of anxiety could
be drug-induced effects on feeding and/or changes in locomo-
tor activity. Both factors have been assessed.

The independent food consumption test was designed to
determine possible drug effects on the feeding behavior. The
test was performed using the maximal effective “anxiolytic”
doses resulting from the modified open-field test and the
same period of food deprivation as in the modified open-field
test was used.

A drug-induced increase in food intake should be detected
in the familiar cage as well as in the aversive open field. All
drugs showing an “anxiolytic” effect in the modified open
field were tested in the food consumption test. Diazepam and
5-HT1A agonists are known to produce hyperphagia in non-
starving rats (25) in a familiar surrounding, but these effects
do not occur in food-deprived rats (5,25). It appears that fast-
ing produced an increase in feeding with a ceiling effect and
could not be further stimulated by drug action (16). In con-
trast, morphine, given in the most effective “anxiolytic” dose,
reduced the food intake in the familiar home cage, but in-
creased the percentage of rats taking food in the aversive
open field. The hyperphagic or anorectic drug effects occur-
ring in nonfood-deprived rats staying in the home cage did not
have an important role in food-deprived animals. Most con-

trol animals do not feed in the open field, and it is obvious that
the novel environment suppresses the food intake, an effect di-
minished by anxiolytics. Our food consumption test revealed
that the increase of feeding in the open field is presumable not
caused by drug-induced effects on feeding mechanisms, be-
cause a treatment with the most effective “anxiolytic” doses of
all drugs did not change food consumption in the familiar
cages compared to the similar food-deprived controls.

Changes in locomotor activity can alter or conceal anxiety-
related behavior, and determination of motor activity is im-
portant for all animal models of behavior based on explor-
atory behavior. Locomotor activity has been measured simul-
taneously using 1-min intervals during the modified open-
field test. Interestingly, in all groups, except for amphetamine-
and apomorphine-treated animals, we found a similar pattern
of movement with a high motor activity during the first third
of the test and a hypoactivity during the last part, in which the
feeding occurred. Therefore, the time the animals eat does
not interfere with the locomotion index, for example, an in-
crease in food intake was not causing a decrease in overall lo-
comotor activity. In advance, it was assumed that hyperactiv-
ity could increase the probability of rats to approach the food
and to eat, or eating might decrease locomotor activity gener-
ally. We could not find a general decrease in locomotor activ-
ity in groups showing a higher incidence of food intake. How-
ever, the results indicate that there is no simple relationship
between locomotor activity and the incidence of food intake.
It is demonstrated that an increase of locomotion is not neces-
sarily linked with an increase in feeding in our test (apomor-
phine, amphetamine). The spatial pattern of locomotion did
not change despite the increase in activity induced by these
drugs. On the contrary, drugs with potential “anxiolytic”
properties but also inducing strong sedative effects may mask
an “anxiolytic” behavior. In cases when sedative effects and
an “anxiolytic” effect occur at the same doses, an independent
measurement of locomotion should be performed. In our test
moderate sedative side effects did not prevent obligatory
“anxiolytic” effects in the modified open field, for example,
clozapine. The modified open-field test is based to some ex-
tent on exploratory behavior. In this case, the moderate loco-
motor effects seen in our experiments reduce the problem of
the extent to which the behavioral response may be consid-
ered as an anxiolytic effect, rather than a change in motor ac-
tivity.

CONCLUSIONS

The modified open-field test in the open field is a simple
and inexpensive paradigm, employing an ethological induc-
tion of anxiety. The pharmacological validation of the para-
digm, employing an ethological induction of anxiety. The
pharmacological validation of the paradigm, using various
drugs with known “anxiolytic” or “nonanxiolytic” properties
proved the reliability of the model. It allows the rapid assess-
ment of potential anxiolytics. As a drug with suspected anxi-
olytic properties has to be tested in a battery of several mod-
els of anxiety, we believe that this test may be helpful for the
detection of new anxiolytic drugs in association with other
well-established models of anxiety (e.g., X-maze or black–
white box).
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