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utility in the study of 5-HT-related drugs in the rat elevated plus-maze test.
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(4) 817–
827, 1997.—The present study compared the effects of a wide range of 5-hydroxytryptamine (5-HT)-modulating and poten-
tial anxiolytic agents in the rat elevated plus-maze using spatiotemporal (i.e., open arm time and entries) and ethologically
derived measures (i.e., risk assessment activities and directed exploration). The drugs used were 5-HT

 

1A

 

 receptor partial
(buspirone and ipsapirone) and full (8-OH-DPAT and flesinoxan) agonists, mixed 5-HT

 

2A/2C

 

 receptor antagonists (ritanserin,
ketanserin, mianserin, and pirenperone), selective 5-HT

 

3

 

 receptor antagonists (ICS 205-930, MDL 72222, ondansetron, and
(

 

R

 

S)-zacopride), and selective (fluoxetine, fluvoxamine, and zimelidine) and nonselective (imipramine) 5-HT reuptake inhib-
itors. Only buspirone and mianserin produced effects indicative of an anxiolytic-like action on the spatiotemporal measures.
However, all 5-HT

 

1A

 

 receptor ligands, as well as mianserin, ketanserin, ondansetron, and zacopride, decreased the number of
aborted attempts at entry into open arms (risk assessment). In addition, buspirone, mianserin, and zacopride increased head-
dipping (directed exploration). Among the 5-HT reuptake inhibitors, zimelidine reduced head-dipping and total entries. The
present findings demonstrate that risk assessment responses are sensitive to the action of 5-HT

 

1A

 

 receptor ligands, but their
modulation by drugs targetting 5-HT

 

2A

 

, 5-HT

 

2C

 

, and 5-HT

 

3

 

 receptors was not convincingly established. © 1997 Elsevier Sci-
ence Inc.
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THE discovery of buspirone’s efficacy in treating generalized
anxiety disorder (10), together with the subsequent finding
that it alters 5-hydroxytryptamine (5-HT) neurotransmission
(20) through an action at 5-HT

 

1A

 

 receptors (12), rekindled in-
terest in the role of the 5-HT system in anxiety. The identifi-
cation and characterization of multiple 5-HT binding sites in
brain tissues (21) and the synthesis of selective ligands for
these receptors were the starting points in the mid-1980s
for numerous studies investigating the behavioural effects of
5-HT-related drugs in animal models of anxiety (15). Overall,
these studies showed that the anxiolytic-like effects of 5-HT

drugs are weaker and considerably more variable than those
of the benzodiazepines (BZs) (13), with some models fre-
quently yielding paradoxical effects (15).

Among these models, the elevated plus-maze is particu-
larly remarkable for the variability in the pattern of results
that has been reported for 5-HT agents. The effects of bus-
pirone and related compounds have been extensively assessed
in this test [for recent reviews, see (15,32)], which is based
upon the high thigmotactic response of rodents in novel envi-
ronments (47). A number of research groups have found that
these drugs display anxiolytic-like effects in this test [e.g.,
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(41)], whereas others have reported a lack of activity or even
an anxiogenic-like profile [e.g., (26)]. Variable effects have
also been reported for drugs targetting other 5-HT receptors.
For example, although the 5-HT

 

2A/2C

 

 receptor antagonist ri-
tanserin was initially found to have anxiogenic-like activity
(28), a subsequent study has reported anxiolytic-like effects of
the drug (45). Despite these findings, however, the majority of
reports indicate that ritanserin fails to modify the behaviour
of rodents exposed to the plus-maze test (11,24,37,42,50). Sim-
ilarly, although several laboratories have not been able to de-
tect anxiolytic-like effects of 5-HT

 

3

 

 receptor antagonists,
other reports have suggested that these agents reduce open
arm avoidance [for review, see (15)].

The reasons for these variable and sometimes paradoxical
responses have been discussed extensively. For instance, it has
been suggested that they may at least partially be due to vari-
ation in dose ranges or routes of administration (41,46). Oth-
ers have suggested that the inconsistencies may be explained
on the basis that the elevated plus-maze detects multiple ef-
fects of drugs interacting with the 5-HT system (19). Finally, it
has been proposed that a more detailed analysis of behaviour
may yield a clearer picture of the profile displayed by 5-HT
drugs in the elevated plus-maze (30). On the basis of exten-
sive observations on mice, Rodgers and coworkers designed a
plus-maze ethogram based upon a range of behavioural acts
and postures displayed in this test, including both conven-
tional and novel measures (33). A recent  factor analytic study
(36) demonstrated that a subset of these behaviours appears
to reflect risk assessment (RA), a concept that has emerged
from parallel work on antipredator defense in rodents. RA re-
fers to a pattern of responses (scanning, stretch attend, flat
back approach) invariably observed in potentially dangerous
situations (1,16). In the murine plus-maze, the most promi-
nent RA measure is the stretched attend posture (SAP), a be-
haviour that has been of particular interest because it has
been shown to be more sensitive to the effects of classical (i.e.,

BZ receptor ligands) and atypical (i.e., 5-HT

 

1A

 

 receptor
ligands) anxiolytics than are the traditional indices of anxiety
(6,7,31,33,34). Although two recent studies on the effects of
BZ receptor ligands in rats have generally failed to confirm
that the SAP is superior to traditional indices of anxiety
(8,18), Shepherd and colleagues (40) have provided some evi-
dence from the rat “zero-maze” that, as for mice, this measure
may be more sensitive (than open arm avoidance parameters)
to the anxiety-modulating effects of 5-HT receptor ligands.

In an attempt to explore further the possibility that a more
detailed analysis of behaviour may yield a clearer picture of
the profile displayed by 5-HT drugs in the elevated plus-maze,
as was shown in mice (6,7,31,33,34), the present study used an
ethologically oriented scoring method to investigate the ef-
fects of a wide range of 5-HT-modulating agents in rats. The
focus was on RA responses (aborted attempts at entry into
open arms, which included SAPs) and on directed exploration
(head-dipping). The drugs used include 5-HT

 

1A

 

 receptor par-
tial and full agonists, mixed 5-HT

 

2A/2C

 

 receptor antagonists,
selective 5-HT

 

3

 

 receptor antagonists, and selective and nonse-
lective 5-HT reuptake inhibitors (Table 1). The specificity of
drug response was additionally examined by measuring spon-
taneous locomotion in activity cages in separate groups of an-
imals.

 

MATERIALS AND METHODS

 

Animals

 

Male Sprague–Dawley rats weighing 180–220 g at the time
of testing were used. All animals were housed in groups of five
and maintained under standard laboratory conditions with
free access to food and water. They were kept on a 12 L:12 D
cycle with light onset at 0600 h. Animals were bred and pro-
vided by Charles River France (Saint-Aubin-les-Elbeuf,
France) and Iffa Credo (L’Arbresle, France).

TABLE 1

 

5-HT-INTERACTING COMPOUNDS AND DOSE RANGES
(mg/kg) USED IN THE PRESENT STUDY

Activity on 5-HT neurotransmission Elevated plus-maze Actimeter

 

8-OH-DPAT 5-HT

 

1A

 

 receptor full agonist 0.1–1 0.03–3
Flesinoxan 5-HT

 

1A

 

 receptor full agonist 0.1–1 0.03–3
Buspirone 5-HT

 

1A

 

 receptor partial agonist 0.1–1 0.03–3
Ipsapirone 5-HT

 

1A

 

 receptor partial agonist 1–10 0.3–30
Ritanserin 5-HT

 

2A/2C 

 

receptor antagonist 1–10 0.1–10
Mianserin 5-HT

 

2A/2C

 

 receptor antagonist 0.3–3 0.1–10
Ketanserin 5-HT

 

2A/2C

 

 receptor antagonist 0.1–1 0.03–3
Pirenperone 5-HT

 

2A/2C

 

 receptor antagonist 0.01–0.1 0.01–1
Zacopride 5-HT

 

3

 

 receptor antagonist 0.01–0.1 0.003–0.3
Ondansetron 5-HT

 

3

 

 receptor antagonist 0.01–0.1 0.003–0.3
ICS 205-930 5-HT

 

3

 

 receptor antagonist 0.01–0.1 0.003–0.3
MDL 72222 5-HT

 

3

 

 receptor antagonist 0.01–0.1 0.003–0.3
Imipramine 5-HT/noradrenaline reuptake inhibitor 1–10 0.3–30
Fluoxetine 5-HT reuptake inhibitor 1–10 0.3–30
Fluvoxamine 5-HT reuptake inhibitor 1–10 0.1–10
Zimelidine 5-HT reuptake inhibitor 1–10 0.3–30

In the elevated plus-maze, 

 

n

 

 

 

5

 

 6–9 in each group, with the exception of the 5-HT re-
uptake inhibitors, 8-OH-DPAT, and buspirone, for which 

 

n

 

 

 

5

 

 11 or 12. In the actimer, 

 

n

 

 5

 

 8
in each group.
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Drugs

 

All drugs were prepared as solutions or suspensions in
physiological saline containing one or two drops of Tween 80.
They were given in a constant volume of 2 ml/kg. The drugs
used were 8-OH-DPAT, buspirone, ipsapirone, mianserin,
(

 

RS

 

)-zacopride, ondansetron, fluoxetine, zimelidine (synthe-
sized by the Department of Chemistry, Synthélabo Recher-
che, Bagneux, France), ritanserin, ketanserin, pirenperone
(gifts from Janssen, Beerse, Belgium), flesinoxan, fluvoxam-
ine (both gifts from Solvay Duphar, Weesp, The Nether-
lands), ICS  205-930, MDL 72222 (purchased from RBI, Nat-
ick, MA, USA), and imipramine (purchased from Sigma,
Saint Quentin Fallavier, France). Drugs were injected subcu-
taneously (SC) 30 min before experiments were carried out.
Doses are expressed as the bases.

 

Behavior on the Elevated Plus-Maze

 

All parts of the apparatus were made of dark polyvinyl
plastic with a black rubber floor. It consisted of a maze ele-
vated to a height of 50 cm with two open (50 

 

3

 

 10 cm) and
two enclosed arms (50 

 

3

 

 10 

 

3 

 

50 cm), arranged so that arms
of the same type were opposite each other, connected by an

open central area (10 

 

3

 

 10 cm). To avoid rats falling off, a rim
of Plexiglas (0.5 cm high) surrounded the perimeter of the
open arms. The illumination in the experimental room con-
sisted of one red neon tube fixed on the ceiling, so that exper-
iments were performed under dim light conditions. At the be-
ginning of the experiment, rats were placed in the centre of
the maze, facing one of the enclosed arms, and observed for 4
min. The apparatus was equipped with infrared beams and
sensors capable of measuring time spent in open arms, num-
ber of open arm entries, and number of closed arm entries
(entry defined as entry of all four limbs into an arm of the
maze). In addition, rats were observed via video link by an ob-
server located in an adjacent room. This permitted the record-
ing of the more ethologically oriented measures: (a) attempt:
attempt at entry into open arms followed by avoidance re-
sponses, including SAP (the rat stretches forward and retracts
to original position); (b) head-dipping: protruding the head
over the ledge of an open arm and down towards the floor
(this response can occur while the animal’s body is in the
closed arms, central square, or open arms). The results were
expressed as mean ratio of time spent in open arms to total
time spent in both open and closed arms, mean total number
of open arm entries, mean total number of entries in both

FIG. 1. Effects of four 5-HT1A receptor ligands on the behavior of rats exposed to the elevated plus-maze test for traditional indices of anxiety
(% time in open arms, number of open arm entries) and ethologically derived measures (number of attempts, number of head-dippings).
Drugs were administered SC 30 min before testing. Data represent means 6 SEM. *p ,; 0.05 (Dunnett’s test).
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open and closed arms, mean total number of attempts, and
mean total number of head-dippings. Testing was performed
between 0830 and 1300 h.

 

Effects on Spontaneous Locomotor Activity: The Actimeter

 

Testing was conducted in clear Plexiglas boxes (40 

 

3

 

 40 

 

3

 

15 cm) equipped with infrared beams and sensors and housed
in sound-attenuated cupboards. Horizontal locomotor activity
was expressed as total number of beams crossed during a
5-min period. Thirty minutes after the injection, rats were
placed in the centre of the apparatus. Testing was performed
between 0830 and 1300 h.

 

Statistical Analysis

 

Data were analyzed by a one-way analysis of variance
(ANOVA) followed by a Dunnett’s a posteriori 

 

t

 

-test.

 

RESULTS

 

For purposes of comparing effects of 5-HT compounds on
anxiety-related responses, composite profiles for 5-HT

 

1A

 

,

 

5-HT

 

2A/2C

 

, 5-HT

 

3

 

, and reuptake blockers are shown in Figs. 1,
3, 5, and 7. Corresponding data on total arm entries are dis-
played with actimeter data in Figs. 2, 4, 6, and 8. Because no
significant drug effects were observed for closed arm entries,
data for this measure are not shown.

 

5-HT

 

1A

 

 Receptor Agonists

Elevated plus-maze.  

 

Figure 1 shows that only  buspirone
significantly increased percentage of time spent by rats on
open arms [

 

F

 

(3, 42) 

 

5

 

 7.64, 

 

p

 

 

 

,

 

 0.001]. The percentage of
open arm entries remained unaffected by all drugs. By con-
trast, drug treatment significantly decreased the number of at-
tempts [8-OH-DPAT: 

 

F

 

(3, 43) 

 

5

 

 5.57, 

 

p

 

 

 

,

 

 0.01; flesinoxan:

 

F

 

(3, 27) 

 

5

 

 3.28, 

 

p

 

 

 

,

 

 0.001; buspirone: 

 

F

 

(3, 43) 

 

5

 

 6.46, 

 

p

 

 

 

,

 

0.001; and ipsapirone: 

 

F

 

(3, 27) 

 

5

 

 5.22, 

 

p

 

 

 

,

 

 0.01]. Buspirone
[

 

F

 

(3, 43) 

 

5

 

 8.58, 

 

p

 

 

 

,

 

 0.001] and flesinoxan [

 

F

 

(3, 27) 

 

5

 

 5.48,

 

p

 

 

 

,

 

 0.01], but not the other compounds, significantly affected
head-dipping. The former increased the response at 0.1 and
0.3 mg/kg, whereas flesinoxan decreased head-dipping at
1 mg/kg. Figure 2 shows that the total number of arm entries
was reduced by 8-OH-DPAT [

 

F

 

(3, 43) 

 

5

 

 6.40, 

 

p

 

 

 

,

 

 0.01], bus-

FIG. 2. Effects of four 5-HT1A receptor ligands on horizontal locomotor activity in an actimeter (solid symbols) and on total number of arm
entries in the elevated plus-maze test (open symbols). Drugs were administered SC 30 min before testing. Data represent means 6 SEM. *p ,
0.05 (Dunnett’s test).



 

RISK ASSESSMENT AND 5-HT DRUGS 821

FIG. 3. Effects of four mixed 5-HT2A/2C receptor antagonists on the behavior of rats exposed to the elevated plus-maze test. Drugs were
administered SC 30 min before testing. Data represent means 6 SEM. *p , 0.05 (Dunnett’s test).

 

pirone [

 

F

 

(3, 42) 

 

5

 

 19.81, 

 

p

 

 

 

,

 

 0.01], and ipsapirone [

 

F

 

(3, 27)
6.43, 

 

p

 

 

 

,

 

 0.01], but not flesinoxan.

 

Spontaneous locomotor activity (Fig. 2).  

 

Activity was sig-
nificantly affected by all compounds [8-OH-DPAT: 

 

F

 

(4,
41) 

 

5

 

 6.75, 

 

p

 

 

 

,

 

 0.001; flesinoxan: 

 

F

 

(4, 41) 

 

5

 

 16.07, 

 

p

 

 

 

,

 

 0.001;
buspirone: 

 

F

 

(5, 42) 

 

5

 

 16.29, 

 

p

 

 

 

,

 

 0.001; and ipsapirone: 

 

F

 

(4,
41) 

 

5

 

 24.54, 

 

p

 

 ,

 

 0.001]. Dunnett comparisons indicated a
dose-dependent decrease in the number of beams crossed for
flesinoxan, buspirone, and ipsapirone. 8-OH-DPAT decreased
the activity at all doses, but this effect was not significant at
0.03 and 0.3 mg/kg.

 

Mixed 5-HT

 

2A/2C

 

 Receptor Antagonists

Elevated plus-maze. 

 

Figure 3 shows that mianserin signifi-
cantly increased the percentage of time spent on open arms
[

 

F

 

(3, 27) 

 

5

 

 2.64, 

 

p

 

 

 

,

 

 0.001], whereas pirenperone produced
the opposite effect [F(3, 24) 5 4.17, p , 0.05]. Ritanserin and
ketanserin did not affect this measure. Unlike the other com-
pounds in this series, pirenperone significantly affected the
percentage of open arm entries [F(3, 24) 5 3.04, p , 0.05]; the
drug reduced this response at the lowest dose (0.01 mg/kg).
Mianserin and ketanserin, but not the other drugs, signifi-
cantly reduced the number of attempts [mianserin: F(3, 27) 5
7.84, p , 0.001; and ketanserin: F(3, 26) 5 11.6, p , 0.001].

Mianserin also significantly increased the frequency of head-
dipping [F(3, 27) 5 7.42, p , 0.001] and the total number of arm
entries [F(3, 27) 5 7.99, p , 0.001]. The latter responses were
decreased by pirenperone [F(4, 38) 5 18.69, p , 0.001] (Fig. 4).

Spontaneous locomotor activity (Fig. 4). Only ketanserin and
pirenperone significantly affected locomotor activity [F(4, 41) 5
3.67, p , 0.01; and F(4, 41) 5 11.66, p , 0.001, respectively].
Subsequent post-test comparisons revealed that the drugs de-
creased this response in a significant manner at 3 and 1 mg/kg,
respectively.

Selective 5-HT3 Receptor Antagonists

Elevated plus-maze. Figure 5 shows that none of the com-
pounds significantly modified the percentage of time spent on
open arms and the proportion of entries made into open
arms. (RS)-Zacopride [F(3, 27) 5 2.92, p , 0.05] and on-
dansetron [F(3, 26) 5 4.25, p , 0.05] significantly reduced the
number of attempts, whereas ICS 205-930 and MDL 72222
did not modify this response. Head-dipping was significantly
increased by (RS)-zacopride, whereas it remained unaffected
by all other drugs. The total number of arm entries was not
modified by any of these compounds (Fig. 6).

Spontaneous locomotor activity (Fig. 6).  All four drugs be-
longing to this group failed to modify locomotor activity.
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Selective and Nonselective 5-HT Reuptake Inhibitors

Elevated plus-maze. Figure 7 shows that the proportion of
time and entries in open arms were not affected by these
agents. Unlike the other drugs, imipramine significantly re-
duced the number of attempts [F(3, 42) 5 2.86, p , 0.05] at a
single dose (1 mg/kg). Zimelidine significantly decreased
head-dipping [F(3, 43) 5 3.38, p , 0.05] and total number of
arm entries [F(3, 43) 5 7.29, p , 0.001] (Fig. 8). All other
drugs failed to modify these two measures.

Spontaneous locomotor activity (Fig. 8). With the excep-
tion of zimelidine [F(4, 41) 5 7.62, p , 0.001], the drugs did
not affect baseline levels. Post-test comparisons indicated that
zimelidine significantly reduced locomotor activity at 30 mg/kg.

DISCUSSION

The results of the present study agree with numerous pre-
vious reports showing that behaviour of the rat on the ele-
vated plus-maze is sensitive to the effects of drugs affecting 5-
HT neurotransmission. They also show that the inclusion of
RA measures in the scoring of the plus-maze can reveal
changes in behaviour in the absence of significant effects on
the more conventional spatiotemporal indices.

Among the 5-HT1A receptor ligands, only the partial ago-
nist buspirone at a single low dose displayed anxiolytic-like ef-
fects on both conventional and ethological parameters. The
drug increased the percentage of time spent in open arms and
head-dipping, while simultaneously reducing RA. When com-
pared with the effects obtained recently with classical BZs,
such as diazepam, clorazepate, or chlordiazepoxide (18), the
action of buspirone was smaller for both the conventional
anxiety measures and head-dipping. Buspirone reduced at-
tempts at all dose levels [see also (7)], whereas the BZs dis-
played a similar action at a single dose. In addition, differences
between these drugs were apparent for total arm entries, which
were increased by the BZs but not by buspirone.

The three other 5-HT1A receptor ligands were devoid of
clear effects on both open arm measures and on head-dipping.
Flesinoxan significantly reduced head-dipping at 1 mg/kg, but
this effect was accompanied by a reduction in spontaneous lo-
comotor activity as revealed by the actimeter data. Like bus-
pirone, all three 5-HT1A receptor ligands markedly decreased
attempts over the entire dose ranges. In the case of 8-OH-
DPAT and ipsapirone, the reduction in attempts may have
been contaminated by depressant effects. Indeed, data from
the  actimeter revealed that both drugs reduced locomotor ac-
tivity at the doses affecting attempts, thereby suggesting that

FIG. 4. Effects of four mixed 5-HT2A/2C receptor antagonists on horizontal locomotor activity in an actimeter (solid symbols) and on total
number of arm entries in the elevated plus-maze test (open symbols). Drugs were administered SC 30 min before testing. Data represent
means 6 SEM. *p , 0.05 (Dunnett’s test).
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their action may be nonspecific. At least in the case of 8-OH-
DPAT, these motoric effects may have been a consequence of
the 5-HT syndrome (48). Overall, however, the results for at-
tempts indicate that this RA response is particularly sensitive
to the action of 5-HT1A receptor ligands. Similar drug profiles
have recently been obtained by Rodgers and colleagues in the
murine plus-maze. These authors demonstrated that acute
treatment of 5-HT1A receptor ligands, including 8-OH-DPAT,
buspirone, and flesinoxan, primarily affected the SAP, a be-
haviour included in the “attempts” parameter in the present
study (7,33,34). Other studies have also reported that mea-
sures that incorporate the SAP are very sensitive to the action
of 5-HT1A receptor ligands (3,17,25,40). The differences in be-
havioural profiles between buspirone and the other 5-HT1A re-
ceptor ligands are somewhat enigmatic. In view of the low ef-
fective doses, the possibility that buspirone’s action involves
non-5-HT mechanisms [e.g., an antagonist action on dopamin-
ergic neurotransmission (3,44)] seems unlikely. It is possible
that the differences observed among the agonists used in this
study concern the relative balance of activity at pre- and
postsynaptic 5-HT1A receptors (38,39).

Of the mixed 5-HT2A/2C receptor antagonists, only mi-
anserin showed an effect on both conventional and ethologi-
cal measures. The drug increased percentage of time spent in

the open arms and head-dipping at 0.3 mg/kg, and decreased
attempts at all doses. In addition, it increased the total num-
ber of arm entries. In contrast, pirenperone produced an en-
hancement of open arm avoidance (entries and time) in the
absence of an effect on RA. The drug also reduced total arm
entries, an effect that may also reflect an increase in the level
of anxiety (5,9). Whereas ketanserin decreased attempts at all
doses, ritanserin failed to affect any behavioural measure over
the dose range tested.

The profile obtained with mianserin was indicative of an
anxiolytic-like action of the drug. However, this result is
somewhat at variance with those reported in two studies using
the elevated plus-maze in rats, in which mianserin was found
to be either inactive (27) or anxiogenic (14). The doses used in
those studies were higher (,10 mg/kg) than those employed
in the present experiment (0.3–3 mg/kg), thereby raising the
possibility that dose may be a significant factor in these dis-
crepant findings. This view is supported by the observation
that, at doses below 10 mg/kg, mianserin also produces clear
anxiolytic-like effects in conflict (4,23,43) and social interac-
tion (22) paradigms.

Because pirenperone has previously been found inactive in
two conflict tests [rats: (49); monkeys: (4)], yet to have anxi-
olytic-like effects in a murine model of antipredator defense

FIG. 5. Effects of four selective 5-HT3 receptor antagonists on the behavior of rats exposed to the elevated plus-maze test. Drugs were
administered SC 30 min before testing. Data represent means 6SEM. *p , 0.05 (Dunnett’s test).



824 GRIEBEL ET AL.

(17), the anxiogenic-like activity observed in the present study
was somewhat surprising. These discrepancies cannot readily
be attributed to differences in dose range (similar in all stud-
ies) or to behavioural suppression  (anxiogenesis was not as-
sociated with a significant modification locomotor activity in
the actimeter up to 1 mg/kg). Thus, the variable effects of this
compound in animal models of anxiety warrant further inves-
tigation and may eventually be attributable to intermodel dif-
ferences in the type of anxiety studied.

The present negative findings with ritanserin agree well
with previous plus-maze work in rats and mice (11,24,42,50)
and with a recent study using an ethological version of the
murine plus-maze showing that the drug failed to alter either
spatiotemporal or RA measures (37). Overall, the results with
the mixed 5-HT2A/2C receptor antagonists revealed weak (if
any) effects on the spatiotemporal measures and on head-dip-
ping. With respect to attempts, it must be noted that control
values for attempts in the mianserin and ketanserin groups
were much higher than those observed in the experiments
with ritanserin and pirenperone, thereby compromising a di-
rect comparison among these four drugs. It is therefore not
clear whether the profile displayed by mianserin and ket-
anserin can be attributed to rate-dependency factors or to a
specific action of the drug on attempts.

Among the 5-HT3 receptor antagonists, only (RS)-zacopride
and, to a lesser extent, ondansetron, modified behaviour in
the plus-maze. Both compounds affected RA responses while
leaving spatiotemporal measures unchanged [see also (37,40)].
The lack of significant effects of ICS 205-930 and MDL 72222
may be due to differences in baselines, because control values
of attempts for (RS)-zacopride and ondansetron (10.0 and
8.75, respectively) were higher than those for ICS 205-930 and
MDL 72222 (7.3 and 7.0, respectively). However, in view of
the effects on attempts observed with other drugs, such as the
5-HT1A receptor ligands, which decreased the responses from
baseline levels comparable to those of ICS 205-930 and MDL
72222, this explanation seems unlikely. Furthermore, the fail-
ure of ICS 205-930 and MDL 72222 to modify RA responses
cannot be attributed to dose range, because doses employed
overlapped with those reported to produce effects in other
anxiety models [for review, see (15)].

The selective and nonselective 5-HT reuptake inhibitors
had no effect on conventional indices of anxiety and little or
no effect on RA and head-dipping. Only a single dose of imi-
pramine (1 mg/kg) significantly reduced the number of at-
tempts, and zimelidine decreased both head-dipping and total
arm entries. Several reports have suggested that these antide-
pressants may potentiate fear-related responses after a single

FIG. 6. Effects of four selective 5-HT3 receptor antagonists on horizontal locomotor activity in an  actimeter (solid symbols) and on total
number of arm entries in the elevated plus-maze test (open symbols). Drugs were administered SC 30 min before testing. Data represent
means 6 SEM. No significant effects were noted.
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dose [for review, see (15)]. Such a pattern was not evident in
the present study for fluoxetine, imipramine, and fluvoxa-
mine. However, in the case of zimelidine, the decrease of
head-dipping observed in the absence of depressant effects on
locomotor activity might indicate that the drug produced a mild
anxiogenic effect. This interpretation is supported by the obser-
vation that, although not statistically significant, percentage of
time spent in open arms was reduced by 50% at 3 and 10 mg/kg.

In conclusion, the present results indicate that the incorpo-
ration of RA measures into the scoring of the rat plus-maze
may be useful, at least with drugs acting at  5-HT1A receptors.
Importantly, although the same experimental conditions were
used for all compounds, variation in baseline levels somewhat
compromised the interpretation of several results. The rea-
sons for this behavioural variability remain unknown, but this
result indicates that rats exposed to this test are sensitive to
factors under poor experimental control. Results obtained in
other ethologically based models of anxiety, including the mu-
rine plus-maze [e.g., (7)], the rat “zero-maze” [e.g., (40)], the
rodent defense test battery [e.g., (2)], and a modified defen-
sive burying paradigm (25), also indicate the utility of RA
measures. Importantly, the present results suggest that a de-
crease in attempts (the measure of RA used in the current
study) does not necessarily imply increased exploration of the

open arms, as indicated by the lack of statistically significant
effects on the spatiotemporal indices of most compounds af-
fecting attempts. Thus, it is not clear yet whether an effect on
RA only (e.g., 5-HT1A receptor ligands) is indicative of a weak
anxiolytic-like action or a behavioural disruption unrelated to
anxiety. A recent factor analysis of spatiotemporal and etho-
logical measures in the rat plus-maze showed that although
RA (i.e., the stretch attend behaviour) and conventional anxi-
ety measures loaded on the same factor, the former also
loaded on a separate factor thought to be related to more cog-
nitively oriented (i.e., decision-making) aspects of anxiety (8).
This suggests that the marked effects of the 5-HT1A receptor
ligands on RA measures (e.g., attempts) may reflect modula-
tion of a specific, perhaps more cognitively related, aspect of
anxiety responses. There is suggestive clinical evidence that
the 5-HT1A agent buspirone may more effectively treat the
cognitive aspects of anxiety (29). Whether or not this idea
may be extended to other 5-HT receptor ligands remains to
be determined.
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FIG. 7. Effects of three selective (fluoxetine, fluvoxamine, and zimelidine) and one nonselective (imipramine) 5-HT reuptake inhibitors on
the behavior of rats exposed to the elevated plus-maze test. Drugs were administered SC 30 min before testing. Data represent means 6
SEM. *p , 0.05 (Dunnett’s test).
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