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Abstract

The open field is a very popular animal model of anxiety-like behavior. An overview of the literature on the action elicited by effective or

putative anxiolytics in animal subjected to this procedure indicates that classical treatments such as benzodiazepine receptor full agonists or

5-HT1A receptor full or partial agonists elicit an anxiolytic-like effect in this procedure in most cases (approximately 2/3). However,

compounds (triazolobenzodiazepines such as adinazolam and alprazolam, selective serotonin reuptake inhibitors) that have a different

spectrum of therapeutic efficacy in anxiety disorders such as panic attacks, generalized anxiety disorder or obsessive-compulsive disorder

were poorly effective as anxiolytics in the open field test, suggesting that this paradigm may not model features of anxiety disorders. The

procedure is also relevant for the study of compounds endowed with anxiogenic effects, as such effects were detected after treatments with

benzodiazepine receptor inverse agonists or with corticotropin releasing factor (CRF) receptor agonists.

D 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Hall (1934) originally described the open field test for the

study of emotionality in rats. The procedure consists of

subjecting an animal, usually a rodent, to an unknown

environment from which escape is prevented by surround-

ing walls (Walsh and Cummins, 1976). Hall’s apparatus

consisted of a brightly illuminated circular arena of about

1.2 m diameter closed by a wall 0.45 m high. He placed rats

individually in the outer ring of the open field and observed

the rat’s behavior for 2 min, during daily repeated trials.

Rats were sometimes tested after 24 or 48 h food depriva-

tion. Hall observed that rats walked more when they were

food deprived, but not all rats ate. Animals that did not eat

were termed emotional. When compared to non-emotional

rats, they had fewer entries in the central part of the arena

and higher levels of defecation.

The open field test is now one of the most popular

procedure in animal psychology (see Belzung, 1999 for a

review). Different versions are available, differing in shape

of the environment (circular, square or rectangular), lighting

(lighting from above with a bulb above the open field or

lighting from underneath with a bulb placed under a trans-

parent floor, sometimes red light is used), presence of

objects within the arena such as platforms, columns, tunnels

(see for example Takahashi and Kalin, 1989), etc. The

procedure generally usually involves forced confrontation

of a rodent with the situation. The animal is placed in the

center or close to the walls of the apparatus and the

following behavioral items are recorded for a period ranging

from 2 to 20 min (usually 5 min): horizontal locomotion

(number of crossings of the lines marked on the floor),

frequency of rearing or leaning (sometimes termed vertical

activity), grooming (protracted washing of the coat). In such

a situation, rodents spontaneously prefer the periphery of the

apparatus to activity in the central parts of the open field.

Indeed, mice and rats walk close to the walls, a behavior

called thigmotaxis. Increase of time spent in the central part

as well as of the ratio central/total locomotion or decrease of

the latency to enter the central part are indications of

anxiolysis. Some authors use a procedure in which the

animals are allowed free access to the open field, from a

familiar cage (see for example Kopp et al., 1997). In this

case, the number of risk assessment postures directed to the
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Table 1

Effects of benzodiazepines and other GABAA pentamer ligands on animals subjected to the open field test

Drug Mechanisms Animals Doses Routes Effects Comments Reference

Abecarnil Benzodiazepine receptor

a1 selective agonist

Wistar rats 0.01–0.3

mg/kg

i.p., 5 ml/kg + Rex et al., 1996

Abecarnil Benzodiazepine receptor

a1 selective agonist

Wistar rats 0.01–0.3

mg/kg

i.p. 0 Nazar et al., 1997

Adinazolam Triazolobenzodiazepine,

Benzodiazepine receptor

agonist (its metabolite

NDMAD potent as

benzodiazepine

receptor agonist)

Sprague–

Dawley rats

1.5–5

mg/kg

route?

twice daily,

for 12 days

0 –bilaterally

bulbectomized rats

–chronic treatment

O’Connor et al., 1985

Adinazolam Triazolobenzodiazepine,

benzodiazepine receptor

agonist (its metabolite

NDMAD potent as

benzodiazepine

receptor agonist)

Sprague–

Dawley rats

1.5–5

mg/kg

route?

twice daily,

for 12 days

0 –sham rats

–chronic treatment

O’Connor et al., 1985

Adinazolam Triazolobenzodiazepine,

benzodiazepine receptor

agonist (in fact, its

metabolite NDMAD

potent as benzodiazepine

receptor agonist)

Sprague–

Dawley rats

1st hour:

10 mg/kg

2nd hour:

2 mg/kg

i.p. + Broderick et al., 1998

Allopregnanolone Neurosteroid binding to

GABAA receptor pentamer

Sprague–

Dawley rats

500 ng bilaterally

infused in

the midbrain

central gray

0 ovariectomized

estradiol

benzoate-treated rats

McCarthy et al., 1995

Allopregnanolone Neurosteroid binding to

GABAA receptor pentamer

Wistar rats 5 and 10

Ag/4Al
i.c.v. � Czlonkowska et al., 1999

Alpidem Selective benzodiazepine

receptor a1 receptor

partial agonist

Wistar rats 0.1–1–10

mg/kg

i.p. 0 Nazar et al., 1997

Alprazolam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

Sprague–

Dawley rats

2.5–5

mg/kg

route?

twice daily,

for 12 days

0 –bilaterally

bulbectomized rats

–chronic treatment

O’Connor et al., 1985

Alprazolam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

Sprague–

Dawley rats

2.5–5

mg/kg

route?

twice daily,

for 12 days

0 –sham rats

–chronic treatment

O’Connor et al., 1985

Alprazolam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

CD1 mice 0.02 mg/kg i.p. + Lopez et al., 1988

Alprazolam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

CD1 mice 0.05 mg/kg i.p. � Lopez et al., 1988
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Alprazolam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

mice 2 mg/kg/day osmotic pump;

1–14 days

0 –decrease activity

after 1 and 2 days

–day 4 to 14:

tolerance

Miller et al., 1989b

Alprazolam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

CD-1 mice 0.2 mg/kg/day i.p., for 14 days 0 chronic treatment Lopez et al., 1992

Barbitol Barbiturate agonist Wistar rats 40–60–80

mg/kg

route? � decrease frequency

of grooming

Barros et al., 1994

h-CCB (n-butyl

h carboline-3-

carboxylate)

Benzodiazepine receptor

inverse agonist

A2G mice 1 to 30

mg/kg

i.p. � Dose-dependent Novas et al., 1988

h-CCB (n-butyl

h carboline-3-

carboxylate)

Benzodiazepine receptor

inverse agonist

A2G mice 3 to 30

mg/kg

i.p. 0 decreased nb of

rearings

Novas et al., 1988

h-CCE (ethyl

h-carboline-3-
carboxylate)

Benzodiazepine receptor

partial inverse agonist

Long–Evans rats 10 mg/kg s.c. � Sham-lesioned

rats

Podhorna and Franklin,

2000

h-CCM (h-carboline-
3-carboxylic acid-

N-methylamide)

Benzodiazepine receptor

inverse agonist

Chickens

(Gallus gallus)

2.5 mg/kg i.p. � Moriarty, 1995

h-CCM Benzodiazepine receptor

inverse agonist

Wistar rats 0.1–0.5–5

mg/kg

i.p. � Nazar et al., 1997

Bicuculline GABAA receptor

antagonist

Wistar rats 0.25 mg/kg i.p. 0 Car et al., 1996

Bretazenil

(Ro 16-6028)

Benzodiazepine receptor

partial agonist

Hooded rats 1–10 mg/kg i.p. + increased rearings

and decreased

groomings at

high dose

Yerbury and Cooper, 1987

Bretazenil Benzodiazepine receptor

partial agonist

mice 0.25, 1 and

4 mg/kg/day

implanted s.c.

osmotic pump

0 –dose-dependent

–decrease rearings

Miller et al., 1990

Bretazenil Benzodiazepine receptor

partial agonist

Wistar rats 0.1–1–10

mg/kg

i.p. 0 Nazar et al., 1997

Bretazenil Benzodiazepine receptor

partial agonist

Wistar rats 10 Ag/site in the dentate

gyrus of

the dorsal

hippocampus

0 inhibit motor

activity

Nazar et al., 1999a,b

Bretazenil Benzodiazepine receptor

partial agonist

Sprague–

Dawley rats

200 and

300 Ag/kg
i.p. 0 decrease activity

(square crossing)

Tashma et al., 2001

Brotizolam Thienotriazolobenzodiazepine,

benzodiazepine receptor

agonist

Wistar rats 0.5 mg/kg p.o. + Ueki et al., 1984

(continued on next page)
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Drug Mechanisms Animals Doses Routes Effects Comments Reference

Brotizolam Thienotriazolobenzodiazepine,

benzodiazepine receptor

agonist

Wistar rats 1–2 mg/kg p.o. 0 Ueki et al., 1984

Brotizolam Thienotriazolobenzodiazepine,

benzodiazepine receptor

agonist

Wistar rats 5 mg/kg p.o. � Ueki et al., 1984

Chlor-

desmethyldiazepam

Benzodiazepine receptor full

agonist

Swiss-NOS

mice

0.08–1.25–

5 mg/kg

i.p. 0.08: 0

1.25: +

5: �

at 5 mg/kg:

sedative effect

De Angelis et al., 1982

Chlordiazepoxide Benzodiazepine,

benzodiazepine receptor

full agonist

Sprague–

Dawley rats

20 and 30

mg/kg

s.c., in 1

ml/kg

+ single food

pellet in the

center of a new

open field

environment

Britton and Britton, 1981

Chlordiazepoxide Benzodiazepine,

benzodiazepine receptor

full agonist

NIH albino

mice

5, 10, 30

and 50

mg/kg

i.p., in 5

ml/kg

+ Crawley, 1981

Chlordiazepoxide Benzodiazepine,

benzodiazepine receptor

full agonist

Inbred rats

F344

1 mg/kg i.p., on days

1–21 of

pregnancy

(perinatally)

0 –activity

minimally

affected

–chronic

treatment

Adams, 1982

Chlordiazepoxide Benzodiazepine,

benzodiazepine receptor

full agonist

rats 3 mg/kg i.p. + Sanger and Zivkovic, 1988

Chlordiazepoxide Benzodiazepine,

benzodiazepine receptor

full agonist

rats 30 mg/kg i.p. 0 decreased

locomotion

Sanger and Zivkovic, 1988

Chlordiazepoxide

Chlordiazepoxide

Benzodiazepine,

benzodiazepine receptor

full agonist

Benzodiazepine,

benzodiazepine receptor

full agonist

Wistar rats

Wistar rats

5 mg/kg

5 mg/kg

i.p.

i.p.

0

0

–nonhabituated

rats

– increased

locomotion

habituated rats

Gentsch et al., 1989

Gentsch et al., 1989

Chlordiazepoxide Benzodiazepine,

benzodiazepine receptor

full agonist

Wistar rats 100 Ag/kg
and 0.1

mg/kg

i.p. + Bruhwyler, 1990

Chlordiazepoxide Benzodiazepine,

benzodiazepine receptor

full agonist

Sprague–

Dawley rats

3.75–5–7.5–

10 mg/kg

i.p. + Horvath et al., 1992

Chlordiazepoxide Benzodiazepine,

benzodiazepine receptor

full agonist

Sprague–

Dawley rats

2.5,5,10

mg/kg

i.p., 1 ml/kg

during 5 days

+ –dose sensitivity

–chronic treatment

Angrini et al., 1998

Table 1 (continued )
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Chlordiazepoxide Benzodiazepine,

benzodiazepine

receptor full agonist

CF1 mice 5 and 10

mg/kg

i.p. ? – switch from

‘‘high explore’’ to

‘‘high walk’’

Choleris et al., 2001

– reduced stretched

posture and increased

wall-following

Chlordiazepoxide Benzodiazepine,

benzodiazepine receptor

full agonist

Wistar rats 1,5,10

mg/kg

i.p. 0 rats exposed to a

single session of

foot shocks or

exposed to the grid

cage without shock

Bruijnzeel et al., 2001

CL 218,872 Triazolopyridazine,

benzodiazepine receptor

partial agonist

Long–Evans

rats

10–20

mg/kg

i.p. in 2

ml/kg

+ 1 and 5 mg/kg doses

have no effect

McNamara and Skelton,

1992

Clonazepam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

NIH albino

mice

0.1, 0.5 and

5 mg/kg

i.p., in 5

ml/kg

+ Crawley, 1981

Clonazepam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

CD1 mice 0.02–0.05

mg/kg

i.p. � dose dependent Lopez et al., 1988

Clonazepam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

CD-1 mice 1.5 mg/

kg/day

for 1–14

days

days 1, 2

and 4: � days

7 and 14: 0

chronic treatment Galpern et al., 1991

Clonazepam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

Wistar rats 0.1–0.2–0.4–

0.8 mg/kg

route? + decrease frequency

of grooming

Barros et al., 1994

Crotoxin

(Crotalus durissus

terrificus venom)

Benzodiazepine receptor

inverse agonist

Wistar rats 100, 250 and

500 Ag/kg
i.p. � Moreira et al., 1996

Crotoxin Benzodiazepine receptor

inverse agonist

Wistar rats 100, 250 and

500 Ag/kg
i.p. � Moreira et al., 2000

Desmethyldiazepam Benzodiazepine receptor

agonist, metabolite of

diazepam

Swiss-NOS

mice

0.16–1.25–

5 mg/kg

i.p. 0.16: 0

1.15: +

5: �

at 5 mg/kg:

sedative effect

De Angelis et al., 1982

DHEA

(dehydroepiandrosterone)

Neurosteroid binding

to GABAA receptor

pentamer

Long–Evans

rats

0, 3, or

7.5 mg/kg

s.c. 0 decreased activity Frye and Lacey, 1999

5-androstan-3h-
ol-17-one sulfate

(dihydroepiandrosterone

sulfate =DHEAS)

Neurosteroid binding

to GABAA receptor

pentamer

Long–Evans

rats

3.2 and 6.4

mg/kg

s.c. and i.c.v. 0 ovariectomized rats Frye and Sturgis, 1995

DHEAS Neurosteroid binding

to GABAA receptor

pentamer

Wistar rats 5 and 20

mg/kg

s.c. 0 Reddy et al., 1998

(continued on next page)
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Drug Mechanisms Animals Doses Routes Effects Comments Reference

DHEAS Neurosteroid binding

to GABAA receptor

pentamer

Long–Evans

rats

0, 3, or 7.5

mg/kg

s.c. 0 decreased activity Frye and Lacey, 1999

Diazepam Benzodiazepine,

benzodiazepine receptor

full agonist

Wistar rats,

male

5 and 10

mg/kg

s.c., from days

5 to 45 of life;

0.03–0.05 ml

from days 5 to

25 and 0.06–0.1

ml from days

26 to 45

0 –chronic treatment

– increased ambulation

–decreased defecation

Fonseca et al., 1976

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats,

female

5 and 10

mg/kg

s.c., from days

5 to 45 of life;

0.03–0.05 ml

from days 5 to

25 and 0.06–0.1

ml from days

26 to 45

� –chronic treatment

–decreased ambulation

– increased defecation

Fonseca et al., 1976

Diazepam Benzodiazepine,

benzodiazepine receptor

full agonist

Mongolian

gerbils

(Meriones

unguiculatus)

8 mg/kg i.p., 0.34 ml

per gerbil

� Jarbe and Johansson, 1977

Diazepam Benzodiazepine,

benzodiazepine receptor

full agonist

NIH albino

mice

0.5, 2, 5,

10 and 25

mg/kg

i.p., in 5 ml/kg + at 25 mg/kg: sedation Crawley, 1981

Diazepam Benzodiazepine,

benzodiazepine receptor

full agonist

Sprague–Dawley

albino rats

1.5 mg/kg s.c., in 1 ml/kg + single food pellet in the

center of a new open

field environment

Britton and Britton, 1981

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 2.5, 5, 10

mg/kg/day

s.c., for 16 days

of pregnancy

– longer

latencies

–decreased

rearings

chronic treatment Gai and Grimm, 1982

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

inbred strain

rats

2.5 mg/kg p.o. + Matsubara and Matsushita,

1982

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

inbred strain rats 20 mg/kg p.o. 0 reduced activity Matsubara and Matsushita,

1982

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

inbred strain rats 2.5, 5, 10 and

20 mg/kg

p.o., repeated

for 2, 4, 7 and

14 days

+ Matsubara and Matsushita,

1982

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 0.025, 0.05,

0.1 g/kg

s.c. + Hard et al., 1985

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Sprague–Dawley

rats

2.5 mg/kg route?

twice daily,

for 12 days

0 –bilaterally

bulbectomized rats

–chronic treatment

O’Connor et al., 1985

Table 1 (continued )
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Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

inbred strains rats 2.5 mg/kg route?

twice daily,

for 12 days

0 –sham rats

–chronic treatment

O’Connor et al., 1985

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

inbred strains rats 1–5 mg/kg p.o. + Delini-Stula and Hunn, 1988

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

A2G mice 0.3 mg/kg i.p. + Novas et al., 1988

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

rats 2.5 mg/kg/day prenatally or

postnatally

+ Guillamon et al., 1990

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

inbred strains rats 100 Ag/kg i.p. 0 inhibition of ambulation Bruhwyler, 1990

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Sprague–Dawley

rats

1 mg/kg i.p. 0 non-stressed rats Pohorecky and Roberts, 1991

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Sprague–Dawley

rats

5 mg/kg i.p. � non-stressed rats Pohorecky and Roberts, 1991

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Sprague–Dawley

rats

1 mg/kg i.p. + stressed rats Pohorecky and Roberts, 1991

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Sprague–

Dawley rats

5 mg/kg i.p. � stressed rats Pohorecky and Roberts, 1991

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Long–Evans

rats

3 mg/kg i.p. in 2 ml/kg + McNamara and Skelton, 1992

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 1 and 2 mg/kg i.p., 1 ml/kg 0 at 2 mg/kg, walking

and rearing were

decreased

Hughes, 1993

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 5 mg/kg/day i.p., for 14

and 28 days

+ chronic treatment Sherif and Oreland, 1994

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Sprague–

Dawley rats

100 ng bilaterally

infused in the

midbrain

central gray

+ ovariectomized estradiol

benzoate-treated rats

McCarthy et al., 1995

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

rats 10 mg/kg i.p., given

from days

13 to 20 of

gestation

� chronic treatment Singh et al., 1996

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 2.5–5 mg/kg i.p., 5 ml/kg + Rex et al., 1996

(continued on next page)
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Drug Mechanisms Animals Doses Routes Effects Comments Reference

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 0.05–1 mg/kg i.p. + Nazar et al., 1997

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

chicks

(Cobb Harding)

0.05, 0.1 or

0.2 mg/kg

i.p. 0 Marin et al., 1997

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

chicks

(Cobb Harding)

0.5 or 1 mg/kg i.p. � sedation Marin et al., 1997

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Sprague–Dawley

rats

1st hour: 1

mg/kg 2nd hour:

3 mg/kg

i.p. 0 sedation Broderick et al., 1998

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Charles Foster

albino rats

0.25 mg/kg i.p. � streptozotocin-induced

diabetic rats

Ramanathan et al., 1998

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Charles Foster

albino rats

1 mg/kg i.p. + streptozotocin-induced

diabetic rats

Ramanathan et al., 1998

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Charles Foster

albino rats

0.25–1 mg/kg i.p. + non-diabetic rats Ramanathan et al., 1998

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Sprague–Dawley–

Hsd rats

2 and 5 mg/kg i.p., in 2 ml + Schmitt and Hiemke, 1998

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

PVG/OlaHsd 2 and 5 mg/kg i.p., in 2 ml + Schmitt and Hiemke, 1998

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 0.5, 1.25, 2.5

and 5 mg/kg

i.p. + (except at

5 mg/kg)

bilateral electrical

stimulation in the

medial prefrontal cortex

Nakamura-Palacios et al.,

1999

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

PVG/OlaHsd rats 1.5 mg/kg i.p. + Schmitt et al., 2000

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 0.05, 0.2, 1.5

mg/kg

i.p. 0 decrease motor activity Siemiatkowski et al., 2000

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

pig (Landrace�
Yorkshire)

0.8 mg/kg im 0 Andersen et al., 2000

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

mice 2 mg/kg/day during

14 days

+ –no stimulant

effect on locomotion

–chronic treatment

Boerngen-Lacerda and

Souza-Formigoni, 2000

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

CF1 mice 1.5 mg/kg i.p. + alterations in sit and

groom

Choleris et al., 2001
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Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Sprague–Dawley

rats

400 Ag/kg i.p. 0 decrease activity

(square crossing)

Tashma et al., 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 0.03–10

mg/kg

i.p. 0 aged rats

(24 months old)

Wikinski et al., 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Fischer 344 rats 0.5–4 mg/kg i.p. + Bert et al., 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Harlan–Wistar

rats

0.5–4 mg/kg i.p. + Bert et al., 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 2 mg/kg i.p. increased motor activity Beaufour et al., 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats, male 1.5 mg/kg s.c., over

gestation

days 14–20

+ –non-handled (NH)

–chronic treatment

Cannizzaro et al., 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats,

female

1.5 mg/kg s.c., over

gestation

days 14–20

� –non-handled (NH)

–chronic treatment

Cannizzaro et al., 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats, male

and female

1.5 mg/kg s.c., over

gestation

days 14–20

Slightly

influenced

–short-lasting handled

(SLH)

–chronic treatment

Cannizzaro et al., 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats, male 1.5 mg/kg s.c., over

gestation

days 14–20

+ – long-lasting handled

(LLH)

–chronic treatment

Cannizzaro et al., 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats,

female

1.5 mg/kg s.c., over

gestation

days 14–20

+ – long-lasting handled

(LLH)

–chronic treatment

Cannizzaro et al., 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Broiler chick

(Cobb Harding

hybrid)

0.05 mg/kg i.p. 0 low latency to peck

pebbles

Salvatierra and Arce, 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Broiler chick

(Cobb Harding

hybrid)

0.05 mg/kg i.p. + moderate latency to

peck pebbles

Salvatierra and Arce, 2001

Diazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Broiler chick

(Cobb Harding

hybrid)

0.05 mg/kg i.p. + high latency to peck

pebbles

Salvatierra and Arce, 2001

Doramectin GABAA receptor

agonist

Wistar rats 100, 300 and

1000 Ag/kg
s.c. 0 – few alterations in

locomotion frequency

De Souza Spinosa et al., 2000

–reduction of grooming

Estazolam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

Wistar rats 0.5–1 mg/kg p.o. + Ueki et al., 1984

Estazolam Triazolobenzodiazepine,

benzodiazepine receptor

agonist

Wistar rats 10 mg/kg p.o. 0 Ueki et al., 1984

(continued on next page)
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Drug Mechanisms Animals Doses Routes Effects Comments Reference

Ethanolamine

O-sulfate (EOS)

GABA-Transaminase

inhibitor

inbred rats 200 and

400 Ag
intracisternal 0 decreased activity Nobrega and Coscina, 1983

EOS GABA-Transaminase

inhibitor

inbred strains

rats

100 followed by

0 followed by

200 Ag in 20 Al
deionized water

intracisternal

injection in

the lateral

hypothalamus,

1 week

separating

each injection

0 decreased activity Coscina and Nobrega, 1989

EOS GABA-Transaminase

inhibitor

Wistar rats 200 mg/kg/day from postnatal

days 3 to 21

0 –chronic treatment

– reduced activity

Taira et al., 1992

FG-7142

(N-methyl-h-
carboline-3-

carboxamide)

Benzodiazepine receptor

inverse agonist

inbred strains

rats

1, 5, 10, 30

mg/kg

i.p. 0 – increased ambulation

– increased rearings

Bruhwyler et al., 1991

FG-7142 Benzodiazepine receptor

inverse agonist

mice 20 mg/kg/day implanted s.c.

osmotic pump

for 1 to 14 days

–days 1 and 2: 0

–days 4 and 7: +

–day 14: �

chronic treatment Pritchard et al., 1991

FG 7142 Benzodiazepine receptor

inverse agonist

Sprague–Dawley

rats, male

5,10 and 20

mg/kg

i.p., in 2 ml/kg � Meng and Drugan, 1993

FG 7142 Benzodiazepine receptor

inverse agonist

Sprague–Dawley

rats, female

40 mg/kg i.p., in 2 ml/kg � Meng and Drugan, 1993

FG 7142 Benzodiazepine receptor

inverse agonist

Chicks

(Cobb Harding)

0.1 and 1

mg/kg

i.p., 0.2 ml/100 g � Marin et al., 1997

Flumazenil

(Ro 15-1788)

Benzodiazepine

receptor antagonist

mice 1 and 5

mg/kg/day

implanted s.c.

osmotic pump

for 14 days

days 1, 2 and 4: 0 chronic treatment Miller et al., 1989a

Flumazenil Benzodiazepine

receptor antagonist

mice 2 mg/kg/day implanted s.c.

osmotic pump

for 14 days

days 7 and 14: + chronic treatment Miller et al., 1989a

Flumazenil Benzodiazepine

receptor antagonist

RLA/Verh rats 3.5 and 6.3

mg/kg/day

from day 15

to the 14th

day after birth

0 chronic treatment Ferre et al., 1996

Flumazenil Benzodiazepine

receptor antagonist

Wistar rats 0.1–1–10

mg/kg

i.p. 0 Nazar et al., 1997

Flurazepam Benzodiazepine,

benzodiazepine

receptor full agonist

NIH albino mice 1, 5, 10 and

20 mg/kg

i.p., in 5 ml/kg + Crawley, 1981

Flurazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Sprague–Dawley

albino rats

5, 10 and

20 mg/kg

s.c., in 1 ml/kg 0 Britton and Britton, 1981

Table 1 (continued )
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Girisopam: GYKI

51,189(EGIS

5810): (1-(3-

chlorophenyl)-

4-methyl-7,

8-dimethoxy-5H-2,3-

benzodiazepine)

2,3-Benzodiazepine,

benzodiazepine

receptor agonist

Sprague–Dawley

rats

37.5–50

mg/kg

i.p. + Horvath et al., 1992

GYKI 52,322

(EGIS 6775):

(1-(4-aminophenyl)-

4-methyl-7,8-

dimethoxy-5H-2,3-

benzodiazepine)

2,3-Benzodiazepine,

benzodiazepine

receptor agonist

Sprague–Dawley

rats

2.5–5–7.5–10

mg/kg

i.p. + Horvath et al., 1992

Lorazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Lister rats 0.25 or 1.25

mg/kg

s.c., between

postnatal days 7

and 21

0 chronic treatment File and Tucker, 1983

Lorazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Mice, 3 weeks

old

2 mg/kg/day from days 13 to

20 of gestation

0 –prenatal injection

–chronic treatment

– increased activity

Chesley et al., 1991

Lorazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Mice, 6 weeks

old

2 mg/kg/day from days 13 to

20 of gestation

0 –prenatal injection

–chronic treatment

Chesley et al., 1991

Lorazepam Benzodiazepine,

benzodiazepine

receptor full agonist

inbred ICR mice 0.2–2 mg/kg i.p. 0 Dose-dependent

decreased activity

Fahey et al., 1999

Lorazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Mice (CD

1(ICR)BR)

2 mg/kg pump implanted

subcutaneously

0 – total distance

travelled decrease

–nb of rearings

decrease

– total stereotypies

decrease

Fahey et al., 2001

Lormetazepam Benzodiazepine,

benzodiazepine

receptor full agonist

inbred ICR

mice

0.2–2 mg/kg i.p. 0 Dose-dependent

decreased activity

Ueki et al., 1985

Midazolam Benzodiazepine,

benzodiazepine

receptor full agonist

Hooded rats 1–10 mg/kg i.p. 0 dose dependently

reduced general

activity

Yerbury and Cooper, 1987

Midazolam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 0.01 and 0.1Ag in the

hippocampus

+ Stefanski et al., 1993

Midazolam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 0.01 and 0.1Ag in the nucleus

accumbens septi

0 Stefanski et al., 1993

Midazolam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 0.01–0.1–

0.5–1 mg/kg

i.p. + Nazar et al., 1997

Midazolam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 0.5 Ag/4Al i.c.v. + Czlonkowska et al., 1999

(continued on next page)
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Drug Mechanisms Animals Doses Routes Effects Comments Reference

Midazolam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 0.1 Ag/site in the dentate

gyrus of

the dorsal

hippocampus

+ Nazar et al., 1999a,b

Midazolam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 10 Ag/site in the dentate

gyrus of the

dorsal

hippocampus

0 inhibit motor activity Nazar et al., 1999a,b

Muscimol GABAA

receptor agonist

Wistar rats 0.2 mg/kg between the

1st and the 21st

postnatal days

0 decreased activity Taira et al., 1993

Muscimol GABAA

receptor agonist

Wistar rats 1 m/kg p.o. 0 rats prenatally

exposed to delta9-

tetrahydrocannabinol

or oil

Garcia-Gil et al., 1999

Muscimol GABAA

receptor agonist

Wistar rats 0.5 and 1 Ag
per side

bilateral infusion

into the ventral

hippocampus

0 –dose-dependent

–decreased activity

Bast et al., 2001b

Nitrazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 1 mg/kg p.o. + slight effect Ueki et al., 1984

Nitrazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 2 mg/kg p.o. + decrease ambulation

2 and 4 h after

administration

Ueki et al., 1984

Nitrazepam Benzodiazepine,

benzodiazepine

receptor full agonist

Wistar rats 20 mg/kg p.o. + increase ambulation

2 h after administration

Ueki et al., 1984

Oxazepam Benzodiazepine,

benzodiazepine

receptor full agonist

mice 5, 15 and

50 mg/kg

twice daily

p.o., from

12 to 16 of

pregnancy

0 –chronic treatment

–at 60 days: reduction

of locomotion

Alleva et al., 1985

Oxazepam Benzodiazepine,

benzodiazepine

receptor full agonist

mice 5, 15 and

50 mg/kg

twice daily

p.o., from

12 to 16 of

pregnancy

0 –chronic treatment

–at 14–16 days:

reduced activity

Alleva et al., 1985

Oxazepam Benzodiazepine,

benzodiazepine

receptor full agonist

CD-1 mice 15 mg/kg p.o., twice a day,

on days 12–16

of fetal life

0 chronic treatment Laviola et al., 1992

Oxazepam Benzodiazepine,

benzodiazepine

receptor full agonist

CD-1 mice 15 mg/kg p.o., twice a day,

on days 12–16

of fetal life

0 –chronic treatment

– increase frequency

of grooming, rearing,

sniffing

Fiore et al., 1995

–reduced walking

Pentabarbitol Barbiturate agonist Mongolian

gerbils

(Meriones

unguiculatus)

15 and

20 mg/kg

i.p., 0.34 ml

per gerbil

+ Jarbe and Johansson, 1977

Table 1 (continued )
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Pentabarbitol Barbiturate agonist Sprague–

Dawley albino

rats

5 and

10 mg/kg

s.c., in 1 ml/kg + single food pellet in

the center of a new

open field environment

Britton and Britton, 1981

Pentabarbitol Barbiturate agonist NIH albino mice 40 mg/kg i.p., in 5 ml/kg + Crawley, 1981

Phenazepam Benzodiazepine,

benzodiazepine

receptor agonist

C57BL/6 mice 0.05, 0.075,

0.1 mg/kg

i.p. � Dose-dependent

suppression of

locomotor activity

Seredenin et al., 1990

Phenazepam Benzodiazepine,

benzodiazepine

receptor agonist

BALB/c mice 0.05 mg/kg i.p. + Seredenin et al., 1990

Phenazepam Benzodiazepine,

benzodiazepine

receptor agonist

BALB/c mice 0.075–

0.1 mg/kg

i.p. 0 Seredenin et al., 1990

Phenazepam Benzodiazepine,

benzodiazepine

receptor agonist

F1 (C57BL/6�
BALB/c) mice

0.05 mg/kg i.p. 0 Dose-dependent

suppression of

locomotor activity

Seredenin et al., 1990

Phenazepam Benzodiazepine,

benzodiazepine

receptor agonist

F1 (C57BL/6�
BALB/c) mice

0.075,

0.1 mg/kg

i.p. � Dose-dependent

suppression of

locomotor activity

Seredenin et al., 1990

Phenobarbitol Barbiturate agonist Wistar rats,

male

10 and

20 mg/kg

s.c., from days

5 to 45 of life;

0.03–0.05 ml

from days 5 to

25 and 0.06–

0.1 ml from

days 26 to 45

+ (decreased

defecation)

–chronic treatment

– increased ambulation

Fonseca et al., 1976

Phenobarbitol Barbiturate agonist Wistar rats,

female

10 and

20 mg/kg

s.c., from days

5 to 45 of life;

0.03–0.05 ml

from days 5 to

25 and 0.06–

0.1 ml from

days 26 to 45

+ (increased

defecation)

–chronic treatment

–decreased ambulation

Fonseca et al., 1976

Picrotoxin Picrotoxin and

t-butylbicyclophos-

phorothionate binding

site on GABAA

receptor pentamert

inbred strain

rats

25 and 50 ng

in 0.25 Al
in the midbrain

periaqueductal

gray matter

0 – increased backward

locomotion

–decreased grooming

Depaulis and Vergnes,

1986

Picrotoxin Picrotoxin and

t-butylbicyclophos-

phorothionate binding

site on GABAA

receptor pentamert

Sprague–Dawley

rats

0.5–1 mg/kg i.p. in 2 ml/kg 0 Fernandez-Teruel et al.,

1990

Picrotoxin Picrotoxin and

t-butylbicyclophos-

phorothionate binding

site on GABAA

receptor pentamert

Wistar rats 0.75 mg/kg s.c., on day 18

of pregnancy and

daily during the

first 5 days

of lactation

0 –chronic treatment

–hyperactivity

Silva et al., 1995

(continued on next page)
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Drug Mechanisms Animals Doses Routes Effects Comments Reference

Picrotoxin Picrotoxin and

t-butylbicyclophos-

phorothionate binding

site on GABAA

receptor pentamer

Wistar rats 0.1 Ag/site in the dentate

gyrus of the

dorsal

hippocampus

+ Nazar et al., 1999a,b

Picrotoxin Picrotoxin and

t-butylbicyclophos-

phorothionate binding

site on GABAA

receptor pentamer

Wistar rats 150 ng/

0.5 Al
per side

bilateral

infusions

into the ventral

hippocampus

+ Bast et al., 2001a

Piracetam GABA derivative

compound

Wistar rats 250 and

500 mg/kg

p.o., for 7

and 14 days

+ chronic treatment Bhattacharya et al., 1993

Piracetam GABA derivative

compound

Wistar rats 250 and

500 mg/kg

p.o. 0 Bhattacharya et al., 1993

3a-hydroxy-5a-

pregna-20-one

(3a, 5a THP)

Neurosteroid

binding to GABAA

receptor pentamer

mice 1 or 2 Ag i.c.v. 0 Khisti et al., 2000

3a, 5a THP Neurosteroid binding

to GABAA receptor

pentamer

mice 0.5, 1,

2 mg/kg

i.p. 0 Khisti et al., 2000

5a-pregnan-3a-

ol-20-one (THP)

Neurosteroid binding

to GABAA receptor

pentamer

Long–Evans

rats

3.2 or

6.4 mg/kg

s.c. 0 Frye and Sturgis, 1995

5a-THDOC

(3a-21-dihydroxy-

5a-pregnanolone or

a-tetrahydrodeoxycorticosterone)

Neurosteroid binding

to GABAA receptor

pentamer

Wistar rats 10 and

20 Ag/4Al
i.c.v. � Czlonkowska et al., 1999

5h-THDOC
(3a-21-dihydroxy-

5h-pregnanolone,
5htetrahydrodeoxycorticosterone)

Neurosteroid binding

to GABAA receptor

pentamer

Wistar rats 5 and 10

Ag/4Al
i.c.v. � Czlonkowska et al., 1999

5a-pregnan-3a-ol-

11,20-dione

Neurosteroid binding

to GABAA receptor

pentamer

Long–Evans

rats

3.2 or 6.4

mg/kg

s.c. 0 Frye and Sturgis, 1995

4-pregnen-3,

20-dione-17a-

hydroxyprogesterone

Neurosteroid binding

to GABAA receptor

pentamer

Long–Evans

rats

3.2 or 6.4

mg/kg

s.c. 0 Frye and Sturgis, 1995

5-pregnen-3h-ol-
20-one sulfate

Neurosteroid binding

to GABAA receptor

pentamer

Long–Evans

rats

3.2 or 6.4

mg/kg

s.c. 0 Frye and Sturgis, 1995

pregnenolone

sulfate (PS)

Neurosteroid binding

to GABAA receptor

pentamer

Wistar rats 5 mg/kg s.c. 0 Reddy et al., 1998

PS Neurosteroid binding

to GABAA receptor

pentamer

Wistar rats 5, 10 and

20 Ag/4Al
i.c.v. + Dose-dependent Czlonkowska et al., 1999
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Progesterone Neurosteroid binding

to GABAA receptor

pentamer

inbred strains

mice

10 mg/kg s.c. 0 Reddy et al., 1998

R05-4864 Peripheric

benzodiazepine

receptor ligand

NIH albino

mice

20 mg/kg i.p., in

5 ml/kg

0 Crawley, 1981

Ro 11-6893 1,4-Benzodiazepine,

Ro 11-6896, inactive

stereoisomer of Ro 11-6896

Mongolian gerbils

(Meriones

unguiculatus)

10 mg/kg i.p., 2

injections

of 4 ml/kg

0 Hiltunen and Jarbe, 1986

Ro 11-6896 1,4-Benzodiazepine,

Benzodiazepine

receptor agonist

Mongolian gerbils

(Meriones

unguiculatus)

1 mg/kg i.p., 2

injections

of 4 ml/kg

0 Hiltunen and Jarbe, 1986

Ro 15-4513 Benzodiazepine receptor

inverse agonist

Charles River rats 2.5 mg/kg i.p. 0 June and Lewis, 1989

Ro 15-4513 Benzodiazepine receptor

inverse agonist

inbred strains rats 1.25 and

2.5 mg/kg

i.p. 0 June et al., 1989

Ro 17-1812 Benzodiazepine receptor

partial agonist

Hooded rats 1–10 mg/kg i.p. 0 decreased grooming

at high dose

Yerbury and Cooper, 1987

Ro 19-8022 Benzodiazepine receptor

partial agonist

Wistar rats 0.1–0.5–

1–10 mg/kg

i.p. 0 Nazar et al., 1997

RY 008 Benzodiazepine receptor

partial inverse agonist

Wistar rats 50 and 500 ng intrastriatal

injection

0 June et al., 1998

SKF 89976-A GABA uptake inhibitor PVG/OlaHsd rats 5–10–15–

20–25 mg/kg

i.p., injected

in 2.5 ml

+ Schmitt and Hiemke, 1999

SKF-89976-A GABA uptake inhibitor PVG/OlaHsd rats 15 mg/kg i.p. + Schmitt et al., 2001

SR 95531 GABAA receptor antagonist Wistar rats 50 ng intrastriatal

injection

0 June et al., 1998

Testosterone Neurosteroid binding to

GABAA receptor pentamer

Wistar rats

(immature,

6 weeks old)

40 Ag/100 g

body weight

i.p., once

daily for 3

consecutive

days

0 –observed at 4 and at

24 h after injection

– inhibit horizontal

and vertical locomotor

activity

Lambadjieva, 1998

Testosterone Neurosteroid binding to

GABAA receptor pentamer

Wistar rats

(immature,

6 weeks old)

40 Ag/100 g

body weight

i.p., once

daily for 3

consecutive

days

0 –continual light leads

–observed at 4 and

24 h after injection

– increased horizontal

and vertical locomotor

activity

Lambadjieva, 1999

THBC (1,2,3,4-

tetrahydro-

h-carboline)

Benzodiazepine receptor

inverse agonist

inbred strains rats 10 or 50 ng

in 3 Al
bilaterally into

the hippocampus

0 reduced motor activity Huttunen and Myers, 1986

THBC (1,2,3,4-

tetrahydro-

h-carboline)

Benzodiazepine receptor

inverse agonist

inbred strains rats 50 ng in 3 Al bilaterally into

the hippocampus

+ (increase

time of freezing-

immobilisation)

Huttunen and Myers, 1986

THIP (4,5,6,7-

tetrahydroxi-azolo-

5,4c-pyridine-3-ol)

GABAA receptor agonist inbred strain rats 20 mg/kg s.c. 0 depressant effect Borsini et al., 1988

(continued on next page)
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Drug Mechanisms Animals Doses Routes Effects Comments Reference

THIP GABAA receptor agonist Wistar rats 0.5–0.75–

1 mg/kg

route? 0 decrease frequency of

grooming

Barros et al., 1994

Tiagabine GABA uptake inhibitor rats 18.5 mg/kg i.p. + Schmitt and Hiemke, 1999

Tiagabine GABA uptake inhibitor PVG/OlaHsd rats 4.5 mg/kg i.p. 0 Schmitt. et al., 2000

Tiagabine GABA uptake inhibitor PVG/OlaHsd rats 18.5 mg/kg i.p. + Schmitt et al., 2000

Triazolam Triazolobenzodiazepine,

Benzodiazepine receptor

agonist

Mice CD1 0.02–0.05

mg/kg

i.p. � dose-dependent fashion Lopez et al., 1988

Vigabatrin GABA-Transaminase

inhibitor

Wistar rats 50 mg/kg i.p. + observed 2,4 and

24 h after injection

Sherif and Oreland, 1994

Vigabatrin GABA-Transaminase

inhibitor

Wistar rats 50 mg/kg/day i.p., for 14

and 28 days

0 chronic treatment Sherif and Oreland, 1994

Vigabatrin GABA-Transaminase

inhibitor

Wistar rats 250 mg/kg i.p. + isolated rats Sherif and Oreland, 1995

Vigabatrin GABA-Transaminase

inhibitor

Wistar rats 250 mg/kg i.p. 0 socially housed rats Sherif and Oreland, 1995

Zolpidem Selective Benzodiazepine

receptor a1 receptor

partial agonist

Wistar rats 0.3–3 mg/kg i.p., 2 ml/kg 0 decrease locomotion Sanger and Zivkovic, 1988

Zolpidem Selective Benzodiazepine

receptor a1 receptor

partial agonist

Wistar rats 0.005–0.001–

0.1–1 mg/kg

i.p. 0 Nazar et al., 1997

Zolpidem Selective Benzodiazepine

receptor a1 receptor

partial agonist

PVG/OlaHsd

and Sprague–

Dawley–Hsd rats

0.05 mg/kg i.p. + Schmitt and Hiemke, 1998

Zolpidem Selective Benzodiazepine

receptor a1 receptor

partial agonist

PVG/OlaHsd and

Sprague–Dawley–

Hsd rats

3 mg/kg i.p. 0 decrease activity Schmitt and Hiemke, 1998

Zolpidem Selective Benzodiazepine

receptor a1 receptor

partial agonist

Wistar rats 10 Ag/site in the dentate

gyrus of

the dorsal

hippocampus

� decrease motor activity Nazar et al., 1999a,b

Zolpidem Selective Benzodiazepine

receptor a1 receptor

partial agonist

Wistar rats 0.1 mg/kg i.p. � Siemiatkowski et al., 2000

Zolpidem Selective Benzodiazepine

receptor a1 receptor

partial agonist

Wistar rats 2 mg/kg i.p. � Siemiatkowski et al., 2000

Zolpidem Selective Benzodiazepine

receptor a1 receptor

partial agonist

PVG/OlaHsd rats 0.05 mg/kg i.p., in 2.5 ml 0 Schmitt et al., 2000

Zopiclone Cyclopyrrolone derivative,

GABAA receptor

complex modulator

ddY mice 20 mg/kg p.o. 0 decrease of activity

and rearing at

high doses

Ueki, 1987

+, Anxiolytic-like effect; � , anxiogenic-like effect; 0, no anxiolytic or anxiogenic-like effects (in some cases, non-specific effects can be observed but this is specified in the ‘‘comment’’ column); i.p.,

intraperitoneal; p.o., per os; s.c., subcutaneous; i.c.v., intracerebroventricular.

Table 1 (continued )
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open field may provide a good measure of the approach

response toward novelty, that is, exploration.

The open field has become so popular that its use has

been extended to a great number of species, including

calves, pigs, lambs, rabbits, pullets, primates, bush babies,

honeybees and lobsters. In fact, it has become a convenient

procedure to measure not only anxiety-like behaviors, but

also sedation or activity. In fact, anxiety behavior in the

open field is triggered by two factors: individual testing (the

animal is separated from its social group) and agoraphobia

(as the arena is very large relative to the animal’s breeding

or natural environment). It is clear that these two factors

may trigger anxiety behavior only in gregarious species and/

or in species that show fear of open spaces into which they

are forced. This is precisely the case with rodents that live in

social groups and in small tunnels. This is of course not the

case in species such as lambs or cows that live in large

fields. For these reasons, in experiments involving rodents,

observers are not measuring the effects of treatments on

exploration, as is sometimes claimed, but the effects on the

reaction of the subjects to a stressful event. Therefore,

anxiolytic treatments do not themselves increase exploration

in the open field but they decrease the stress-induced

inhibition of exploration behavior.

Behavior of rodents in the open field depends mainly on

the tactile sensory factors. Indeed, mice without vibrissae no

longer show thigmotaxic behavior, as they lose tactile contact

with the walls (unpublished data). They therefore display an

increased percent of entries in the central area, which could be

interpreted as anxiolytic-like behavior. Onemust thus empha-

size the possibility of misinterpretation of data related to

effects of some treatments on the sensory characteristics of

the animals. It should also be noted that exploration can be

increased by some factors such as food or water deprivation:

it is therefore very important to verify that a given treatment

does not act on such variables, before concluding about

possible effects on anxiety-like behaviors. Finally, open field

behavior also depends on lighting conditions and the light–

dark cycle, so that it may be relevant to ensure that a treatment

does not modify internal clock-related behaviors and to test

the treatment under different lighting conditions.

The effects of many different drugs have been investigated

in the open field, including compounds with effective or

potential anxiolytic effects (benzodiazepines, serotonin

ligands, neuropeptides) but also compounds with stimulant

(amphetamine, cocaine), sedative (neuroleptic) or prostra-

tion-inducing (epileptogenic drugs) activity. An increase in

central locomotion or in time spent in the central part of the

device without modification of total locomotion and of

vertical exploration can be interpreted as an anxiolytic-like

effect while the contrary, that is a decrease of these variables,

is associated with anxiogenic effects. Increased locomotion

can be considered a stimulant effect while decreased vertical

activity and locomotion are related to sedation or to post-ictal

prostration. It should be said here that the decrease in vertical

exploration appears at lower doses than does the decrease in

rearing, so that this variable can be considered a more

sensitive one. In this paper, we will focus on the effects of

pharmacological treatment on anxiety measures in the open

field and not on their sedative or stimulant effects. Therefore,

this is not a general review on drugs in the open field, but a

review of the effects of drugs on anxiety-like variables in the

open field. The action of three classes of pharmacological

compounds will be reviewed: the effects of compounds

acting on the GABAA pentamer (mainly benzodiazepine

receptor ligands but also GABAA receptor, barbiturate and

neurosteroid ligands), the effects of drug acting like 5-

hydroxytryptamine (5-HT) (ligands of the different 5-HT

receptors as well as selective serotonin reuptake inhibitors,

neurotoxins of 5-HT, etc.) and the effects of neuropeptidergic

ligands (corticotropin releasing factor: CRF, cholecystokinin:

CCK, neurokinin: NK, neuropeptide Y, etc).

2. Effects of compounds acting on the GABAA pentamer

Classical benzodiazepines are widely used for the clinical

treatment of anxiety. They act via the benzodiazepine

receptors which are present on the GABAA pentameric

complex. The GABAA receptors can be allosterically modu-

lated by compounds binding to at least six different sites: the

benzodiazepine receptors, a binding site for barbiturates, a

site for neurosteroids, a site for the convulsant drugs,

picrotoxin and t-butylbicyclophosphorothionate, one for

flurosemide and one for loreclezole (see Belzung et al.,

2002 for more details). In the clinic, benzodiazepine recep-

tor agonists and barbiturate receptor agonists have been

shown to display an anxiolytic action while no such effects

were seen with other ligands of the pentamer, including

GABAA receptor agonists. The effects of compounds bind-

ing on different parts of the GABAA pentamer in animals

subjected to the open field are summarized in Table 1.

Acute administration of benzodiazepine receptor full

agonists mostly induces anxiolytic-like effects as they elicit

an increase of the percent of entries in the central part of the

open field (56% of the studies). However, in some case,

these drugs also have no effects (31% of the studies) or even

anxiogenic effects (13%). Chronic injection of these com-

pounds mostly does not elicit any effect (66% of the

studies). The most used compound is diazepam (52% of

the studies investigating the action of a benzodiazepine full

agonist). This range of effects (from anxiolytic-like to

anxiogenic-like) may be related to the dose used (high doses

induce non-specific sedative effects) and also to subtle

differences in species or in procedures. For example, mod-

erate doses of benzodiazepines are known to decrease

activity in rats and to increase it in mice; this can lead to

non-specific modifications in the number of entries in the

central part of the apparatus. To avoid this it may be useful

to calculate the percent of central entries, rather than the

number of entries per se. Some species seem inappropriate

for the assessment of anxiolytic effects in the open field: for
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Table 2

Effects of ligand acting upon serotonergic neurotransmission on animals subjected to the open field test

Drug Mechanism Animals Doses Routes Effects Comments Reference

(� )Pindolol Non-selective

antagonist

Sprague–Dawley rats

(200–250 g)

10 i.p. + Locomotion

increased

Lucki et al., 1989

5,7-DHT 5-HT neurotoxin CFHB rats (270–300 g) 5 Ag Fornix, 16–20 days � Williams et al., 1990

5,7-DHT 5-HT neurotoxin Wistar rats (180–200 g) 250 Ag/10 Al i.c.v., 1 week before 0 Nazar et al., 1999b

5,7-DHT+

Zolpidem

(0,1 mg)

5-HT neurotoxin Wistar rats (180–200 g) 250 Ag/10 Al i.c.v., 1 week before 0 No interaction Nazar et al., 1999b

5-CT Non-selective agonist Lister rats (200–250 g) 1–10 nmol DPAG � Beckett et al., 1992

5-HT Endogenous ligand Rats (180–220 g) 10 Ag Nucleus accumbens � Plaznik et al., 1991

5-HTP 5-HT precursor Swiss mice (20–25 g) 50–250 i.p. 0 Wong and Ong, 2001

5-HTP+ PCPA

(360 mg/kg)

5-HT precursor Swiss mice (20–25 g) 250 i.p. + The combination

yielded anxiolytic-

like activity

Wong and Ong, 2001

8-OH-DPAT 5-HT1A full agonist Lister rats (200–250 g) 3–25 nmol DPAG � Beckett et al., 1992

8-OH-DPAT 5-HT1A full agonist Sprague–Dawley rats

(280–320 g)

0.025–0.4 s.c. � Ahlenius et al., 1991

8-OH-DPAT 5-HT1A full agonist Rats (180–220 g) 50–20 Ag Nucleus accumbens � Plaznik et al., 1991

8-OH-DPAT 5-HT1A full agonist CD-COBS rats

(200–300 g)

0.125–0.5 s.c. 0 Non-stressed rats Carli et al., 1989

8-OH-DPAT 5-HT1A full agonist Wistar rats (180–220 g) 0.0001–0.005 Nucleus accumbens 0 Stefanski et al., 1993

8-OH-DPAT 5-HT1A full agonist CD-COBS rats (200–300 g) 0.125–0.5 s.c. + Stressed rats Carli et al., 1989

8-OH-DPAT 5-HT1A full agonist Sprague–Dawley rats

(200–250 g)

2.5–5 i.p. + Locomotion

increased

Lucki et al., 1989

8-OH-DPAT 5-HT1A full agonist Rats Hippocampus + Plaznik et al., 1991

8-OH-DPAT 5-HT1A full agonist Wistar rats (180–220 g) 0.025–0.1 i.p. + 65 dB noise Stefanski et al., 1992

8-OH-DPAT 5-HT1A full agonist CD-COBS rats (200–250 g) 0.005 Hippocampus + Carli et al., 1993

8-OH-DPAT 5-HT1A full agonist Wistar rats (180–220 g) 0.0001–0.001 Hippocampus + Stefanski et al., 1993

8-OH-DPAT 5-HT1A full agonist Wistar rats (180–220 g) 0.0005 Hippocampus + + 5,7-DHT Stefanski et al., 1993

8-OH-DPAT 5-HT1A full agonist Wistar rats (175–225 g) 0.03 i.p. + Latency to eat in

the open field was

reduced

Rex et al., 1998

8-OH-DPAT 5-HT1A full agonist Male and female C57BL6/

J�129/sv mice

0.1–1 ? 0 Ramboz et al., 1998

Amitriptyline 5-HT reuptake inhibitor AB mice (4–6 weeks) 5 4 weeks in drinking water � Low active mice Jähkel et al., 1994

Amitriptyline 5-HT reuptake

inhibitor

AB mice (4–6 weeks) 5 4 weeks in drinking water 0 High active mice Jähkel et al., 1994

Amitriptyline 5-HT reuptake

inhibitor

Sprague–Dawley rats

(325–375 g)

10 i.p., for 21 days (x1) 0 Mar et al., 2000

Amitriptyline 5-HT reuptake

inhibitor

Olfactory bulbectomized

Sprague–Dawley rats

(325–375 g)

10 i.p., for 21 days (x1) 0 Mar et al., 2000

Buspirone 5-HT1A partial agonist Sprague–Dawley rats

(330–420 g)

0.04–10 i.p. � 15W Panickar and

McNaughton, 1991

Buspirone 5-HT1A partial agonist Rats (180–220 g) 0.1–5 Ag Nucleus accumbens � Plaznik et al., 1991

Buspirone 5-HT1A partial agonist CD-COBS rats (200–300 g) 0.1–1 s.c. 0 Non-stressed rats Carli et al., 1989
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Buspirone 5-HT1A partial agonist Wistar rats (180–220 g) 0.0001–0.005 Nucleus accumbens, 0 Stefanski et al., 1993

Buspirone 5-HT1A partial agonist CD-COBS rats (200–300 g) 0.1–1 s.c. + Stressed rats Carli et al., 1989

Buspirone 5-HT1A partial agonist Rats Hippocampus + Plaznik et al., 1991

Buspirone 5-HT1A partial agonist SPRD rats (200 g) 0.62 i.p. + Horvath et al., 1992

Buspirone 5-HT1A partial agonist Wistar rats (180–220 g) 0.3–2.5 i.p. + 65 dB noise Stefanski et al., 1992

Buspirone 5-HT1A partial agonist Rats 0.62–2.5 + Stefanski et al., 1992

Buspirone 5-HT1A partial agonist Male and female Wistar

rats (180 days)

1.25–2.5 i.p. + Sedation? Hughes, 1993

Buspirone 5-HT1A partial agonist Wistar rats (180–220 g) 0.0025–0.005 Hippocampus + Stefanski et al., 1993

Buspirone 5-HT1A partial agonist Sprague–Dawley rats

(350–650 g)

5 i.p., 5 daily

injections

+ Animals were tested

on 5 consecutive days

Angrini et al., 1998

Buspirone 5-HT1A partial agonist Male and female C57BL6/

J�129/sv mice

0.05–2.5 0 Ramboz et al., 1998

Buspirone 5-HT1A partial agonist Wistar rats (180–220 g) 0.3–2.4 i.p. + The drug was active

on Day 1 and 24 h

later after retesting

Siemiatkowski et al.,

2000

Buspirone 5-HT1A partial agonist Sprague–Dawley rats

(325–375 g)

3 i.p., for 21 days (x1) 0 Mar et al., 2000

Buspirone 5-HT1A partial agonist Olfactory bulbectomized

Sprague–Dawley rats

(325–375 g)

3 i.p., for 21 days (x1) 0 Mar et al., 2000

Citalopram 5-HT reuptake inhibitor Female Wistar rats

(250–350 g)

10–15 i.p. � Matto and Allikmets,

1999

Clomipramine 5-HT reuptake inhibitor AB mice (4–6 weeks) 5 4 weeks in

drinking water

0 Low active mice Jähkel et al., 1994

Clomipramine 5-HT reuptake inhibitor AB mice (4–6 weeks) 5 4 weeks in

drinking water

0 High active mice Jähkel et al., 1994

Clozapine Non-selective

5-HT2A2C antagonist

Wistar rats (175–225 g) 1–3 i.p. + Latency to eat in the

open field was reduced

Rex et al., 1998

Cyanopindolol Non-selective antagonist Rats (180–220 g) 0.5 Ag Nucleus accumbens � Plaznik et al., 1991

DAU 6215 5-HT3 antagonist Crl. CD rats (175–220 g) 0.01–10 p.o. 0 Rizzi et al., 1993

D-Fenfluramine 5-HT stimulant Female Fischer 344 rats

(4 month)

0.6 p.o., for

30–38 days

0 Handa et al., 1996

D-Fenfluramine 5-HT stimulant Female Fischer 344 rats

(21 month)

0.6 p.o., for

30–38 days

0 Handa et al., 1996

Eltoprazine Non-selective ligand CD-1 mice (21.1–41.1 g) 1–4 i.p. + Kemble et al., 1991

Flesinoxan 5-HT1A full agonist Sprague–Dawley rats

(280–320 g)

0.2–3.2 s.c. � Ahlenius et al., 1991

Fluoxetine 5-HT reuptake inhibitor Female CD1 mice (22–24 g) 5 i.p. + De Angelis, 1996

Fluoxetine 5-HT reuptake inhibitor SHR rats (4–5 weeks old) 5–10 i.p., once a day

for 21 days

0 Washout period

of 48–51 h

Durand et al., 1999

Fluoxetine 5-HT reuptake inhibitor Wistar–Kyoto rats

(4–5 weeks old)

5–10 i.p., once a day

for 21 days

0 Washout period

of 48–51 h

Durand et al., 1999

Fluoxetine 5-HT reuptake inhibitor Sprague–Dawley rats

(325–375 g)

10 i.p., for 21 days (x1) 0 Mar et al., 2000

Fluoxetine 5-HT reuptake inhibitor Olfactory bulbectomized

Sprague–Dawley rats

(325–375 g)

10 i.p., for 21 days (x1) 0 Mar et al., 2000

Fluoxetine 5-HT reuptake inhibitor SHR rats (4–5 weeks old) 10 p.o., for 21 days (x1) 0 Durand et al., 2000

(continued on next page)

L
.
P
ru
t,
C
.
B
elzu

n
g
/
E
u
ro
p
ea
n
Jo
u
rn
a
l
o
f
P
h
a
rm

a
co
lo
g
y
4
6
3
(2
0
0
3
)
3
–
3
3

2
1



Drug Mechanism Animals Doses Routes Effects Comments Reference

Fluoxetine 5-HT reuptake inhibitor WKY rats (4–5 weeks old) 10 p.o., for 21 days (x1) 0 Durand et al., 2000

Gepirone 5-HT1A partial agonist Sprague–Dawley

rats (441 g)

2.3–4.6 i.p. � Knapp et al., 1992

Gepirone 5-HT1A partial agonist Wistar rats (180–220 g) 0.16–0.62 i.p. + 65 dB noise Stefanski et al., 1992

Gepirone 5-HT1A partial agonist Rats 0.3–0.62 + Stefanski et al., 1992

Imipramine NA/5-HT reuptake

inhibitor

Female Long–Evans rats

(12 weeks)

20 i.p. � Saline injection between

6 to 21 days postnatal

Dwyer and Roy, 1993

Imipramine NA/5-HT reuptake

inhibitor

Female Long–Evans rats

(12 weeks)

20 i.p., for 11 days (x1) � Saline injection between

6 to 21 days postnatal

Dwyer and Roy, 1993

Imipramine NA/5-HT reuptake

inhibitor

Female Long–Evans rats

(12 weeks)

20 i.p. 0 No saline injection Dwyer and Roy, 1993

Imipramine NA/5-HT reuptake

inhibitor

Female Long–Evans rats

(12 weeks)

20 i.p., for 11 days (x1) 0 No saline injection Dwyer and Roy, 1993

Imipramine 5-HT/NA reuptake

inhibitor

Female CD1 mice (22–24 g) 10–40 i.p. 0 De Angelis, 1996

Imipramine 5-HT/NA reuptake

inhibitor

SHR rats (4–5 weeks old) 10 p.o., for 21 days (x1) 0 Durand et al., 2000

Imipramine 5-HT/NA reuptake

inhibitor

WKY rats (4–5 weeks old) 10 p.o., for 21 days (x1) 0 Durand et al., 2000

Ipsapirone 5-HT1A partial agonist Wistar rats (180–220 g) 0.31–1.25 i.p. + 65 dB noise Stefanski et al., 1992

Ipsapirone 5-HT1A partial agonist Rats 0.3–0.62 ? + Stefanski et al., 1992

Ipsapirone 5-HT1A partial agonist Wistar rats (175–225 g) 2 i.p. + Latency to eat in the

open field was reduced

Rex et al., 1998

Isatin 5-HT stimulant Wistar mice (25–30 g) 20 i.p. � Bhattacharya et al., 1991

Ketanserin 5-HT2 antagonist Sprague–Dawley rats

(200–250 g)

10 i.p. 0 Lucki et al., 1989

mCPP 5-HT2C/2B agonist Wistar rats (200–250 g) 1–5 i.p. � Sedation? Klodzinska et al., 1989

mCPP 5-HT2C/2B agonist Sprague–Dawley rats

(200–250 g)

2.5–5 i.p. � Locomotion

decreased

Lucki et al., 1989

mCPP 5-HT2C/2B agonist Wistar rats (200–220 g) 0.125–1 i.v. � Meert et al., 1997

mCPP 5-HT2C/2B agonist Wistar rats (200–220 g) 0.63–10 i.p � Meert et al., 1997

mCPP 5-HT2C/2B agonist Wistar rats (200–220 g) 2.5–10 s.c. � Meert et al., 1997

mCPP 5-HT2C/2B agonist Wistar rats (175–225 g) 0.1–3 i.p. 0 Latency to eat in the

open field was not

modified

Rex et al., 1998

MDMA 5-HT releaser Charles Foster rats

(180–220 g)

5–10 i.p. � Bhattacharya et al., 1998

Metergoline Non-selective antagonist Sprague–Dawley rats

(200–250 g)

0.16–0.62 i.p. 0 Lucki et al., 1989

Methysergide Non-selective

5-HT2A/2C antagonist

Sprague–Dawley rats

(200–250 g)

5–10 i.p. 0 Lucki et al., 1989

Methysergide Non-selective

5-HT2A/2C antagonist

Rats (180–220 g) 10 Ag Nucleus accumbens 0 Plaznik et al., 1991

Methysergide Non-selective

5-HT2A/2C antagonist

Wistar rats (200–220 g) 0.63–10 s.c. 0 Meert et al., 1997

Table 2 (continued )
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Mianserin 5-HT2 antagonist Rats Sprague–Dawley

(200–250 g)

2.5–5 i.p. 0 Lucki et al., 1989

Mianserin 5-HT2 antagonist Wistar rats (200–220 g) 0.63–10 s.c. 0 Meert et al., 1997

Mirtazapine Non-selective

5-HT antagonist

Wistar rats (200–220 g) 10 s.c. � Meert et al., 1997

MK-212 Non-selective agonist Sprague–Dawley rats

(200–250 g)

0.31–0.62 i.p. � Locomotion decreased Lucki et al., 1989

NDO 008 5-HT1A agonist Rats (180–220 g) 1–5 Ag Nucleus accumbens 0 Plaznik et al., 1991

Ondansetron 5-HT3 antagonist Wistar rats (250–270 g) 0.25–20 i.p. 0 Papp and Przegalinski,

1989

Ondansetron 5-HT3 antagonist Wistar rats 0.0005–0.005 Hippocampus 0 Stefanski et al., 1993

Ondansetron 5-HT3 antagonist Rats Accumbens + Plaznik et al., 1991a

Ondansetron 5-HT3 antagonist Wistar rats (180–220 g) 0.1–1.5 i.p. + 65 dB noise Stefanski et al., 1992

Ondansetron 5-HT3 antagonist Rats 0.001–0.1 ? + Stefanski et al., 1992

Ondansetron 5-HT3 antagonist Wistar rats 0.001–

0.0025

Nucleus accumbens

septi

+ Stefanski et al., 1993

Ondansetron 5-HT3 antagonist Wistar rats (175–225 g) 0.0003 i.p. + Latency to eat in the

open field was reduced

Rex et al., 1998

Paroxetine 5-HT reuptake inhibitor Wistar–Kyoto rats 10 i.p., for 10 days (x1) 0 Paré et al., 1999

Paroxetine 5-HT reuptake inhibitor Sprague–Dawley rats 10 i.p., for 10 days (x1) 0 Paré et al., 1999

Paroxetine 5-HT reuptake inhibitor Wistar rats 10 i.p., for 10 days (x1) 0 Paré et al., 1999

PCA 5-HT neurotoxin Wistar rats (286–360 g) 2 i.p., 21 days 0 Harro et al., 2001

PCA+ chronic

variable

stress

5-HT neurotoxin Wistar rats (286–360 g) 2 i.p., 21 days 0 Harro et al., 2001

PCPA 5-HT synthesis inhibitor Long–Evans rats

(260–300 g)

500–1000 For 2 days

(x2, 3 days

before testing)

� Locomotion decreased Dringenberg et al., 1995

PCPA 5-HT synthesis inhibitor Sprague–Dawley

rats (350–650 g)

100 i.p., 5 daily

injections

+ (1) Weak effects;

(2) Animals were tested

on 5 consecutive days

Angrini et al., 1998

PCPA 5-HT synthesis inhibitor Wistar rats (180–200 g) 50–300 i.p., twice for

2 days

0 Nazar et al., 1999b

PCPA 5-HT synthesis inhibitor Wistar rats (180–200 g) 150 i.p., twice

for 2 days

0 Nazar et al., 1999b

PCPA+

Picrotoxin

(0,1 Ag)

5-HT synthesis inhibitor Wistar rats (180–200 g) 150 i.p., twice

for 2 days

0 No interaction Nazar et al., 1999a,b

Pinoline 5-HT reuptake inhibitor Wistar rats (270–350 g) 15 i.p. � Pähkla et al., 1996

Pizotifen Non-selective 5-HT

antagonist

Wistar rats (200–220 g) 0.63–10 s.c. 0 Meert et al., 1997

Polyclonal

anti-5-HT-

moduline

Decreases 5-HT release Swiss mice (28–32 g) 5 Al i.c.v. + Grimaldi et al., 1999

Propranolol Non-selective 5-HT1A

antagonist

Swiss–Webster mice

(6–8 weeks)

10 s.c. � Latency to emerge

after restraint stress

Stone et al., 1995

(continued on next page)
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Drug Mechanism Animals Doses Routes Effects Comments Reference

Propranolol Non-selective 5-HT1A

antagonist

Sprague–Dawley rats

(200–250 g)

10 i.p. + Locomotion increased Lucki et al., 1989

Propranolol Non-selective 5-HT1A

antagonist

Sprague–Dawley rats

(350–650 g)

5–20 i.p., 5 daily injections + (1) The D, L isomer

was used; (2) animals

were tested on 5

consecutive days

Angrini et al., 1998

Propranolol Non-selective 5-HT1A

antagonist

Wistar rats (175–225 g) 0.3–1 i.p. + Latency to eat in the

open field was reduced

Rex et al., 1998

Quipazine Non-selective ligand Rats (180–220 g) 10–20 Ag Nucleus accumbens � Plaznik et al., 1991

R 56413 5-HT2 antagonist Rats 0.01–0.63 ? + Meert and Colpaert, 1986

Ritanserin 5-HT2 antagonist Wistar rats (220–240 g) 2.5–10 s.c. � Sedation ? Meert, 1992

Ritanserin 5-HT2 antagonist Wistar rats (250–280 g) 0.01–40 s.c. + Meert and Colpaert, 1986

Ritanserin 5-HT2 antagonist Rats 0.04–10 ? + Meert and Colpaert, 1986

Ritanserin 5-HT2 antagonist Wistar rats (220–240 g) 0.04–0.63 s.c. + Meert, 1992

Ritanserin 5-HT2 antagonist Wistar rats (180–220 g) 1–5 i.p. + 65 dB noise Stefanski et al., 1992

Ritanserin 5-HT2 antagonist Rats 5 ? + Stefanski et al., 1992

Ritanserin 5-HT2 antagonist Wistar rats (200–220 g) 0.63–10 s.c. 0 Meert et al., 1997

Ritanserin 5-HT2 antagonist Wistar rats (175–225 g) 0.125–0.25 i.p. + Latency to eat in the

open field was reduced

Rex et al., 1998

TFMPP Non-selective agonist Wistar rats (200–250 g) 1–5 i.p. � Sedation? Klodzinska et al., 1989

TFMPP Non-selective agonist Sprague–Dawley rats

(200–250 g)

2.5–5 i.p. � Locomotion decreased Lucki et al., 1989

Tropisetron 5-HT3 antagonist Wistar rats (250–270 g) 0.187–20 i.p. 0 Papp and Przegalinski, 1989

Tropisetron 5-HT3 antagonist Wistar rats 0.000001–

0.0001

Hippocampus 0 Stefanski et al., 1993

Tropisetron 5-HT3 antagonist Rats Accumbens + Plaznik et al., 1991

Tropisetron 5-HT3 antagonist Wistar rats (180–220 g) 0.0001–0.01 i.p. + 65 dB noise Stefanski et al., 1992

Tropisetron 5-HT3 antagonist Rats 0.001–0.1 ? + Stefanski et al., 1992

Tropisetron 5-HT3 antagonist Wistar rats 0.000001–

0.00001

Nucleus accumbens

septi

+ Stefanski et al., 1993

Tropisetron 5-HT3 antagonist Wistar rats 0.000005 Nucleus accumbens

septi

+ + 5,7-DHT Stefanski et al., 1993

Tropisetron 5-HT3 antagonist Wistar rats (175–225 g) 0.001–0.01 i.p. + Latency to eat in the open

field was reduced

Rex et al., 1998

WAY 100635 5-HT1A antagonist Male and female

C57BL6/J�129/sv mice

0.03–0.3 + Ramboz et al., 1998

+, Anxiolytic-like effect; � , anxiogenic-like effect; 0, no anxiolytic or anxiogenic-like effects (in some cases, non-specific effects can be observed but this will be specified in the ‘‘comment’’ column); 5-HT,

5-hydroxytryptamine (serotonin); DPAG, dorsal periaqueductal gray; i.p., intraperitoneal; p.o., per os; s.c., subcutaneous; i.v., intravenous; i.c.v., intracerebroventricular. Data obtained from G. Griebel, personal

database.
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example, for chickens, most of the studies report no effect or

anxiogenic-like effects after treatment with anxiolytic com-

pounds.

Interestingly, triazolopyridazines such as alprazolam or

adinazolam produce effects very different from those of

classical benzodiazepine receptor agonists: approximately 1/

3 of the studies reported anxiolytic-like effects, 1/3 no effect

and 1/3 anxiogenic effects. This variability may be related to

the clinical features of these compounds which are well

known to be active in anxiety disorders such as for example

panic attacks (Uhlenhuth et al., 1989; Westenberg, 1996),

rather than on normal anxiety. Indeed, it is to be noted that

normal and pathological anxiety have a very different

phenomenology and are underlined by very different mech-

anisms. They are thus modelized in animals by very differ-

ent situations (Belzung and Griebel, 2001). For example, the

mouse defense test battery in mice seem to model certain

aspects of panic attacks (Griebel et al., 1995, 1997, 1998),

the free exploratory test situation models some aspects some

aspects of generalized anxiety (Belzung and Berton, 1997)

and exposure of rodents to cat may rather modelize post-

traumatic stress disorder (Belzung et al., 2001). One may

therefore suggest that the open field test may not be relevant

to model such diseases, as it does not offer predictive

validity for such disorders. The same poor ability of the

open field to detect anxiolytic-like effects of benzodiazepine

partial and selective agonists should be noted, which further

emphasizes the failure of this procedure to fully mimic the

clinical efficacy of the model.

As to benzodiazepine receptor inverse agonists, the

situation mirrors that of agonists, as 62.5% of the studies

reveal anxiogenic-like effects. Finally, most of the studies

on the action of neurosteroid ligands (74%) failed to detect

any activity of these compounds. This is one more argument

in favor of the idea that the open field may not model

various aspects of anxiety disorders, as neurosteroid abnor-

malities have been specifically detected in some anxiety

disorders. For example, patients with generalized anxiety

disorder have significantly lower levels of pregnenolone

sulfate than do control subjects (Semeniuk et al., 2001).

Finally, 57% of the studies involving GABAA receptor

agonists failed to reveal intrinsic effects of such compounds.

This is not very surprising, as GABA receptor agonists are

not endowed with anxiolytic activity (Ågmo et al., 1991).

The fact that 43% of the studies revealed anxiolytic-like

effects with such compounds is surprising and shows that

this model may in some cases be sensitive to false positive

effects. Barbiturates are generally anxiolytic in the open

field (75% of the studies), which parallels clinical data.

3. Effects of serotonin-like acting drugs

Considerable research has been undertaken since the

early 1980s on the anxiolytic-like activity of drugs acting

on serotonin (5-HT) neurotransmission, particularly com-

pounds that bind selectively on 5-HT1A receptors (agonists,

but also antagonists) or inhibit 5-HT reuptake (Selective

Serotonin Reuptake Inhibitors) (see Griebel, 1995, 1996,

1999a; Belzung, 2001 for reviews). A summary of the

studies investigating the effects of these compounds in

animals tested in an open field is presented in Table 2.

Parenteral administration of full or partial agonists of 5-

HT1A receptors generally induces anxiolytic-like effects in

animals subjected to the open field. Indeed, 8-hydroxydi-

propylaminotetralin (8-OH-DPAT) elicited anxiolytic-like

effects in 62.5% of the studies (exactly as benzodiazepine

full agonists) and partial agonists such as buspirone, gepir-

one or ipsapirone were anxiolytic in 73.3% of the studies.

This can be compared to the effects of these compounds in

other animal models of anxiety. For example, we have

shown that 5-HT1A receptors agonists had anxiolytic-like

activity in 74% of the preclinical studies (Belzung, 2001).

So, one may conclude that the ability of the open field to

detect anxiolysis of 5-HT1A receptors agonists is exactly the

same as that of other animal models of anxiety, which

renders this model suitable for the assessment of the

anxiolytic-like activity of such compounds.

However, this does not extend to other putative anxio-

lytic treatments. Indeed, chronic administration of not only

Selective Serotonin Reuptake Inhibitors (fluoxetine, ami-

triptyline, clomipramine, paroxetine) but also of other types

of antidepressants such as the tricyclic, imipramine, never

elicited anxiolytic-like effects. In 89% of the studies, no

effects were obtained after such treatments while in some

cases anxiogenic actions could be observed. This parallels

results obtained with other animal models of anxiety-like

behavior. One must remember that the open field test was

pharmacologically validated with classical benzodiazepines

such as chlordiazepoxide and diazepam that are effective in

the treatment of generalized anxiety disorder. In the clinic,

chronic Selective Serotonin Reuptake Inhibitors and tricy-

clics have been used successfully in the treatment of panic

attacks (Westenberg, 1996; Wagstaff et al., 2002a,b), social

phobia, post-traumatic stress disorder (Wagstaff et al.,

2002a,b) and obsessive-compulsive disorders (Thomsen,

2000; Wagstaff et al., 2002a,b), which are anxiety disorders.

This further emphasizes that the open field test may not be a

model of pathological anxiety, as it has no predictive

validity for such disorders.

Regarding the effects of 5-HT2 receptor antagonists, only

ritanserin induced anxiolytic-like effects (75% of the stud-

ies) while no effects were observed with other compounds

such as ketanserin, methysergide, mianserin or RO 56413.

This parallels the classical reports of the high variability of

serotonin effects in the clinic. Finally, non-specific 5-HT

receptor agonists were always anxiogenic while 5-HT1A

receptor antagonists elicited anxiolysis in 56% of the studies

and no effect in the other cases. This may be related to

differences in mechanisms (some antagonists selectively

bind to 5-HT1A receptors while others also have an affinity

for other neurotransmitter receptors).
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Table 3

Effects of CRF ligands on animals subjected to the open field test

Drug Mechanism Animals Doses (mg/kg) Routes Effects Comments Reference

a-hel CRF9-41 CRF1/2
antagonist

Wistar rats

(310–330 g)

5 Ag/5 Al i.c.v. 0 Kumar and Karanth,

1996

a-hel CRF9-41 CRF1/2
antagonist

BALB/c mice

(10 weeks)

0.8–8 nmol i.c.v. 0 Moreau et al., 1997

Antisense ODN CRF gene

inhibition

Sprague–Dawley

rats (200–250 g)

1 nmol hippocampus,

4 injections

+ Increased

exploration

Wu et al., 1997

CRF Endogenous

peptide

Wistar rats

(200–230 g)

0.15 nmol/2 Al i.c.v. � Sutton et al., 1982

CRF Endogenous

peptide

Sprague–Dawley

rats (300 g)

150 pmol/2 Al i.c.v. � Britton et al., 1982

CRF Endogenous

peptide

Sprague–Dawley

rats (180–230 g)

0.01–1 Ag/1 Al amygdala � Decrease in

locomotor

activity,

rearing and

hole poking

Liang and Lee, 1988

CRF Endogenous

peptide

BALB/c mice

(20–25 g)

0.01 Ag/0.4 Al dendate gyrus

of hippocampus

� Increased

locomotor

activity in

the center

Lee and Tsai, 1989

CRF Endogenous

peptide

BALB/c mice

(20–25 g)

0.02 Ag/0.5 Al amygdala � Increased

locomotor

activity in

the center

Lee and Tsai, 1989

CRF Endogenous

peptide

Sprague–Dawley

rats (250 g)

60 pmol/2 Al i.c.v. � Britton and Indyk,

1990

CRF Endogenous

peptide

Wistar rats

(310–330 g)

0.1–0.4 Ag/5 Al i.c.v. � Kumar and Karanth,

1996

CRF Endogenous

peptide

BALB/c mice

(20–25 g)

0.2 Ag/2 Al i.c.v. � Increased

center region

activity

Lee et al., 1987

CRF Endogenous

peptide

Wistar rats

(200–230 g)

0.015–7.5

nmol/2 Al
s.c. 0 Sutton et al., 1982

CRF Endogenous

peptide

BALB/c mice

(20–25 g)

0.05 Ag/0.7 Al caudate

nucleus

0 Lee and Tsai, 1989

CRF+a-hel

CRF9-41
(5 Ag/5 Al)

Endogenous

peptide

Wistar rats

(310–330 g)

0.1–0.4 Ag i.c.v. (+) Kumar and Karanth,

1996

CRF+Diazepam

(2 mg/kg)

Endogenous

peptide

BALB/c mice

(20–25 g)

0.2 Ag/2 Al i.c.v. (+) Lee et al., 1987

Urocortin Endogenous

CRF2 ligand

BALB/c mice

(10 weeks)

0.06 nmol i.c.v. � Moreau et al., 1997

Urocortin +a-hel

CRF9-41
(2.6–8 nmol)

Endogenous

CRF2 ligand

BALB/c mice

(10 weeks)

0.06 nmol i.c.v. (+) Moreau et al., 1997

Urocortin +

Diazepam

(0.1–1)

Endogenous

CRF2 ligand

BALB/c mice

(10 weeks)

0.06 nmol i.c.v. (+) Moreau et al., 1997

Antisense

ODN+CRF

(0.5 Ag)

Blockade of

CRF1 receptor

translation

Wistar rats

(200–250 g)

0.5 Al/h minipumps,

3 days

(+) Skutella et al., 1998

CRF Endogenous

peptide

Wistar rats

(200–250 g)

0.5 Ag i.c.v. � Skutella et al., 1998

Urocortin +

CRF-OH

Endogenous

CRF2 ligand

Rats 0.1 Ag i.c.v. 0 Zorrilla et al., 1998

Urocortin +

CRF6-33

Endogenous

CRF2 ligand

Rats 0.1 Ag i.c.v. 0 Zorrilla et al., 1998

+, Anxiolitic-like effect; � , anxiogenic-like effect; 0, no anxiolytic or anxiogenic-like effects (in some cases, non-specific effects can be observed but this will

be specified in the ‘‘comment’’ column); (+) antagonism of anxiogenic-like effects; (� ), antagonism of anxiolytic-like effects; s.c., subcutaneous; i.c.v.,

intracerebroventricular. Data obtained from G. Griebel, personal database.
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Finally, in situ administration of 5-HT1A receptor ago-

nists in limbic structures such as the hippocampus was

always anxiolytic. This parallels the effects observed after

stimulation of the 5-HT1A pre-synaptic receptors in other

rodent models of anxiety (see Griebel, 1995 for a review)

and suggests that the anxiolytic activity of 5-HT1A receptors

may be related to a pre-synaptic target.

4. Effects of neuropeptide receptor ligands

Recently, the rapid advances in neuropeptide research

have stimulated interest in the ability of some neuropeptides

to act as anxiolytics (see Griebel, 1999b for an excellent

review). Interest has focused on CRF receptor ligands, on

cholecystokinin, neuropeptide Y, tachykinin (especially neu-

rokinin) as well as on glucocorticoid and mineralocorticoid

receptor ligands.

Studies investigating the effects of CRF receptor ligands

are presented in Table 3. This table shows clearly that all the

studies involving i.c.v. injections of CRF found anxiogenic

effects of the neuropeptide. The sole study that found no

intrinsic activity had assessed the effects of s.c. injected

CRF so that the failure of CRF to induce anxiogenesis may

be attributed to rapid degradation of the peptide. All these

anxiogenic effects may be due to the interaction of CRF

with molecular targets situated in the limbic structures as

anxiogenic effects were obtained after intra-amygdala and

intra-hippocampal injections of the peptide. Unfortunately,

no study investigated the effects of specific CRF receptor

antagonists, so that it is very difficult to conclude further

about the ability of the open field test to detect anxiolytic

activity of such ligands.

Data for the effects of other neuropeptide receptor

ligands are in Table 4. We found only 15 studies describing

such effects, 9 of which concerned the effects of neuro-

Table 4

Effects of non-CRF neuropeptide ligand on animals subjected to the open field test

Drug Mechanism Animals Doses Routes Effects Comments Reference

ANP Neuropeptide Wistar rats

(180–200 g)

200–500

ng/5 Al
i.c.v. + Bhattacharya

et al., 1996

Atriopeptin II Residue peptide Wistar rats

(220–260 g)

5–10 Ag/rat i.c.v. + Poggioli et al.,

1992

BIBP3226 Y1 antagonist Wistar rats

(280–350 g)

0.5 Ag DPAG 0 Kask et al.,

1998

BIBP3226 Y1 antagonist Wistar rats

(280–350 g)

i.c.v. 0 Kask et al.,

1998

BIBP3226 Y1 antagonist Wistar rats

(300–450 g)

5 Ag/6.5 Al i.c.v. 0 Kask et al.,

1998

BIBP3226 Y1 antagonist Wistar rats

(300–450 g)

0.5 Ag/6.5 Al DPAG 0 Kask et al.,

1998

CCK-8s CCK1/B agonist Sprague–Dawley

rats (200–220 g)

100 pmol/1 Al median nucleus

accumbens

� Daugé et al.,

1989

CCK-8s CCK1/B agonist Sprague–Dawley

rats (200–220 g)

1 fmol–100

pmol/1 Al
median nucleus

accumbens

0 Rats were

habituated to

the environment

Daugé et al.,

1989

CGP71683A Y5 antagonist Wistar rats

(280–350 g)

10 i.p. � Rats exposed

to the elevated

plus maze

before open

field testing

Kask et al.,

2001

GR 64349 NK2 agonist Rats 100–1000

pmol

dorsal raphé � Stratton et al.,

1993

Neuropeptide Y Endogenous

peptide

Sprague–Dawley

rats (220–250 g)

1–4

nmol/5 Al
i.c.v. ? NPY decreased

spontaneous

activity

Heilig and

Murison, 1987

RU28318 Mineralocorticoid

antagonist

Long–Evans rats

(300–400 g)

0.5 ng/0.5 Al hippocampus + Bitran et al.,

1998

RU28318 +

Dexamethasone

Mineralocorticoid

antagonist

Long–Evans rats

(300–400 g)

0.5 ng/0.5 Al hippocampus (0) Bitran et al.,

1998

RU38486 Glucocorticoid

antagonist

Long–Evans rats

(300–400 g)

0.2–0.5 ng/

0.5 Al
hippocampus 0 Bitran et al.,

1998

RU38486 +

Dexamethasone

Glucocorticoid

antagonist

Long–Evans rats

(300–400 g)

0.2–0.5 ng/

0.5 Al
hippocampus 0 Bitran et al.,

1998

+, Anxiolytic-like effect; � , anxiogenic-like effect; 0, no anxiolytic or anxiogenic-like effects (in some cases, non-specific effects could be observed but this

will be specified in the ‘‘comment’’ column); (0) no antagonism; i.p., intraperitoneal; i.c.v., intracerebroventricular; DPAG, dorsal periaqueductal gray. Data

obtained from G. Griebel, personal database.
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peptide injected directly into some specific brain areas.

Most of the studies concerned the effects of neuropeptide

Y ligands, either neuropeptide Y Y1 receptor antagonists

(BIBP3226) or neuropeptide Y Y5 receptor antagonist

(CGP71683A). The neuropeptide Y Y1 receptor antagonist,

administered parenterally or within the dorsal periaqueduc-

tal gray, never elicited any intrinsic action while the neuro-

peptide Y Y5 receptor antagonist was anxiogenic. The

glucorticoid receptor antagonist did not elicit any effect

when injected within the hippocampus. In fact, due to the

scarcity of data, it is very difficult to reach a relevant way

conclusion.

We applied the Griebel (1999b) synthesis to the preclin-

ical studies investigating the effects of neuropeptide ligands

in animal models of anxiety to calculate the proportion of

articles using the open field. Surprisingly, very few used this

paradigm: only 2/359 studies investigating the effects of

CCK ligands, 17/343 articles investigating the effects of

CRF receptors ligands; 1/51 interested in the action of NPY

ligands and 1/52 in the articles studying the effects of

neurokinin receptor ligands. The other studies were done

with other animal models of anxiety, such as the elevated

plus maze, the light–dark boxes, the mouse defense test

battery or more classical conditioned conflict tests. Why?

Two hypotheses can be suggested: either the open field test

is no longer up-to-date (because of the availability of other

tests), or was used and negative results were obtained that

were not found relevant for publication. As to the first

hypothesis, one may argue that this is not very probable.

Indeed, in a recent review on the genetics of anxiety-like

behavior in rodent models (Clement et al., 2002), we

showed that the open field test was used in 30/68 studies.

These studies were mostly very recent. Therefore, one may

propose that neuropeptides may not have very marked

anxiolytic-like effects in the open field.

5. Conclusion

Is the open field test suitable for screening anxiolytic

activity of pharmacological treatments? To be a relevant

model of human behavior, an animal test should fit three

criteria: predictive, face and construct validity. Our review

of the literature shows clearly that the open field cannot

claim predictive validity for anxiety in general, as it is not

sensitive to compounds (alprazolam and chronic Selective

Serotonin Reuptake Inhibitors) effective in anxiety disorders

such as panic, obsessional compulsive disorder, social

phobias and post-traumatic stress disorder. In fact, it seems

to be sensitive only to the anxiolytic effects produced by

classical benzodiazepines and 5-HT1A receptor agonists.

Therefore, one may suggest that the open field may either

be a model of the normal anxiety everyone is faced by when

confronted with a stressful or threatening situation but not

with the features of pathological anxiety or, alternatively, it

may be a model to test the behavioral effects of classical

benzodiazepines and 5-HT1A agonists. However, a radical-

seeming cautionary comment is needed here. Indeed, the

disorders termed ‘‘Anxiety disorders’’ in the DSM-IV

(1994) are called ‘‘Somatoform, stress-related and neurotic

disorders’’ in the ICD-10 (1994) classification of the World

Health Organization. In fact, it is possible that we are

trapped by the terminology and that the psychiatric diseases

termed ‘‘anxiety disorders’’ may have no relationship with

anxiety-like behavior. In this case, of course, the open field

may gain in predictive validity.

As to the face and construct validity of this model, one

may propose that they are fulfilled. In fact, face validity

implies that the anxiety response (the phenomenological

aspect) observed in the animal is identical to the one

observed in humans. In the open field, the observed

behavior is avoidance of threatening places, which can

also be observed in humans. In rodents, forced confronta-

tion with novelty is stressful (Misslin and Cigrang, 1986).

Stress induces anxiety-like behaviors, as it does in humans.

So, the model may also fit construct validity (similar

etiology).

In conclusion, the open field test may be a rodent model

of normal anxiety, sensitive to the anxiolytic-like effects of

classical benzodiazepines and 5-HT1A receptor agonists but

not to the effects of compounds displaying anxiolytic-like

effects in the clinical entity termed ‘‘anxiety disorders’’.
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