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Idazoxan and 8-OH-DPAT Modify the 
Behavioral Effects Induced by Either NA, or
5-HT, or Dual NA/5-HT Reuptake Inhibition 
in the Rat Forced Swimming Test

 

Jean-Philippe Rénéric, M.D., Ph.D., Manuel Bouvard, M.D., Ph.D., and Luis Stinus, Ph.D.

 

The rat forced swimming test (FST) predicts the efficacy of 
antidepressants, which decrease immobility duration in the 
test, and can distinguish selective serotonin (5-HT) and 
noradrenaline (NA) reuptake inhibitors, which, 
respectively, increase swimming and climbing behaviors. 
However, dual 5-HT and NA reuptake-inhibition produces 
climbing behavior solely, thereby suggesting with other 
data that the NA-system mediates inhibiting interactions 
on 5-HT-induced swimming in the FST. Since 

 

a

 

2

 

-
adrenoreceptors and 5-HT

 

1A

 

-receptors have important 
regulatory functions and are involved in 5-HT/NA 
interactions, we examined whether the 

 

a

 

2

 

-receptor-
antagonist idazoxan and the 5-HT

 

1A

 

-receptor-agonist
8-hydroxy-2-(di-

 

n

 

-propylamino)-tetralin (8-OH-DPAT) 
would modify the behavioral pattern induced in the FST by 
either selective or non-selective antidepressant treatments. 
The rats were treated subacutely (3 injections IP over 48 h) 
with: (a) idazoxan (0.5–10 mg/kg) alone, and in 
combination with desipramine (10 mg/kg), or desipramine 

 

1

 

 
fluoxetine (10/10 mg/kg), or the dual serotonin/
noradrenaline reuptake-inhibitor milnacipran (20 mg/kg). 

(b) 8-OH-DPAT (0.25–1 mg/kg) alone, and in combination 
with either desipramine (10 mg/kg) or fluoxetine (10 mg/
kg). The results indicated: (a) Idazoxan (0.5, 5, 10 mg/kg) 
produced no anti-immobility effects per se in the FST, 
antagonized the effects of the NA-reuptake-inhibitor 
desipramine, and allowed desipramine 

 

1

 

 fluoxetine, as well 
as milnacipran, to increase swimming behavior. (b)
8-OH-DPAT produced non-significant effects per se, 
potentiated desipramine-induced antidepressant-like effects 
on immobility and climbing, and both antagonized 
swimming and produced climbing behavior in combination 
with fluoxetine. Our data support clinical trials suggesting 
that 

 

a

 

2

 

-receptor-antagonists and 5-HT

 

1A

 

-receptor-agonists 
may be of interest in augmentation strategies for 
antidepressant treatments. The scoring of active behaviors 
in the FST appears to be an interesting tool for studying
5-HT/NA interactions induced by antidepressants, as well 
as for the testing of augmentation strategies. 
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The forced swimming test (FST) is a quick and reliable be-
havioral test in rodents (Porsolt et al. 1977, 1978, 1979),
which detects all the major classes of antidepressant treat-
ments (Borsini and Meli 1988), such as tricyclic anti-
depressants (TCAs), monoamine oxidase inhibitors
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(MAOIs), atypical antidepressants, and electroconvulsive
shock. The FST is also used to investigate the mechanisms
of action of antidepressant drugs (Borsini 1995) or the
functional interactions that occur when antidepressants
are administered (Redrobe and Bourin 1999; Rénéric and
Lucki 1998). The rat FST consists of placing the animal in
a jar filled with water for a pre-test on day 1, and for a
five-minute test session 24 hours later, with the drugs be-
ing administered sub-acutely (3 injections) between the
two sessions. The animal first attempts to escape and then
progressively adopts an immobile posture, making only
small movements to keep its head above water. Effective
antidepressant treatments decrease the duration of im-
mobility in the test session (Porsolt et al. 1978). Other
methods of scoring the FST take into account swimming
and climbing, two main active behaviors occurring in the
test, which contribute to the antidepressant-like decrease
in immobility-duration (Detke et al. 1995b). This proce-
dure showed that noradrenaline (NA)-reuptake inhibitors
(NRIs) and selective serotonin (5-hydroxytryptamine/
5-HT)-reuptake inhibitors (SSRIs) increased selectively
and respectively climbing and swimming behavior (De-
tke et al. 1995b). This technique can thus distinguish com-
ponents to the behavioral response to antidepressants
(Lucki 1997), which is in agreement with distinguishable
neurochemical and behavioral contributions to the thera-
peutic effects of antidepressants in humans (Heninger et
al. 1996; Katz et al. 1994).

Serotonin and noradrenaline systems are directly in-
volved in the pathogenesis and the recovery from de-
pression (Blier et al. 1990; Caldecott Hazard et al. 1991),
and there were clinical suggestions that simultaneous
enhancement of neurotransmission in both 5-HT and
NA systems could provide increased efficacy and ra-
pidity of antidepressants effects (Nelson et al. 1991;
Poirier and Boyer 1999; Seth et al. 1992; Weilburg et al.
1989). In the FST, however, the NRI desipramine dose-
dependently antagonized the swimming behavior pro-
duced by the SSRI fluoxetine (Rénéric and Lucki 1998).
Similarly, milnacipran, which is an equipotent seroto-
nin/noradrenaline reuptake inhibitor (SNRI) (Briley et
al. 1996; Moret et al. 1985), produced NA-induced like
climbing behavior solely, with no concurrent increase
in swimming (Rénéric and Lucki 1998). Since any fluox-
etine-induced swimming effects depend on the integ-
rity of the 5-HT-system (Page et al. 1999), our data sug-
gested that enhancement of NA-transmission might
block fluoxetine-effects by inhibiting 5-HT-release, pos-
sibly through the stimulation of 

 

a

 

2

 

-heteroreceptors on
5-HT-nerve endings (Clement et al. 1992; Mongeau et al.
1993, 1997; Tao and Hjorth 1992).

The present study was designed to provide more in-
formation about greater efficacy of antidepressant treat-
ments that interact with multiple neurotransmitter
systems. At first, we hypothesized that 

 

a

 

2

 

-receptor an-
tagonists such as idazoxan (Doxey et al. 1983), would

prevent NA-mediated inhibiting interactions on the
5-HT-system in the FST. Idazoxan might thus potenti-
ate the antidepressant-like effects produced by dual
5-HT/NA reuptake-inhibitors, such as milnacipran or a
(fluoxetine 

 

1

 

 desipramine) combination. Secondly, we
examined the effects produced in the FST by combina-
tions of 8-hydroxy-2-(di-

 

n

 

-propylamino)-tetralin
(8-OH-DPAT) (Middlemiss and Fozard 1983) with ei-
ther the NRI desipramine or the SSRI fluoxetine. In-
deed, 5-HT

 

1A

 

 receptor agonists such as 8-OH-DPAT,
buspirone and gepirone, produce SSRI-like effects in
the FST (Detke et al. 1995a,c ; Kitamura and Nagatani
1996; Lucki et al. 1994). Those antidepressant-like ef-
fects were not prevented by a 5-HT-depletion, thereby
suggesting that they are mediated through post-synap-
tic 5-HT

 

1A

 

 receptors (Wieland and Lucki 1990). In this
study, we hypothesized that combining NRIs with
8-OH-DPAT in the FST would bypass presynaptic
5-HT/NA interactions, and would thereby result in the
summation of NA and 5-HT antidepressant-like effects.

 

MATERIALS AND METHODS

 

All procedures employed in the studies were per-
formed in accordance with the Declaration of Helsinki,
the Guide and Use of Laboratory Animals as adopted
and promulgated by the U.S. National Institute of
Health, the European Communities Council Directives
(86/609/EEC, 24 November 1986), and the French Di-
rectives concerning the Use of Laboratory Animals (De-
cret 87-848, 19 October 1987).

 

Animals

 

A total of 369 (FST: 320; locomotor activity: 49) male
Sprague-Dawley rats (IFFA-CREDO, Lyon, France)
weighing 150–175 g at arrival in the laboratory, were
used in these experiments. Animals were housed collec-
tively in groups of four in polycarbonate cages. They
were maintained on a 12 hr light-dark cycle (lights on
08:00–20:00 hours) in a temperature controlled (22

 

8

 

C)
colony room. Rats were handled for 3–5 days prior to
behavioral testing. Food and water were available ad li-
bitum. These conditions were maintained constant
throughout the experiments.

 

Forced Swimming Test

 

The overall procedure consisted in placing the rats in
individual plexigas cylinders (46 cm tall 

 

3

 

 20 cm in di-
ameter) that had previously been filled with water (23–
25

 

8

 

C) up to 30 cm from bottom. The water level was
deliberately chosen higher than in the procedure de-
scribed by Porsolt et al. (1978) to prevent the rats, dur-
ing the swimming sessions, from supporting themselves
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by touching the bottom with their hind limbs or tail.
Drug treatments were administered between these two
sessions. At the end of both swimming sessions, the rats
were removed from the cylinders, dried with towels,
placed in cages for 15 min rest and recovery, and then
returned to their home cages. Pre-test and test sessions
were videotaped from above the cylinders (Panasonic
black and white video cameras, Grundig videotape re-
corder). Test sessions were scored later by a single rater,
blind to the treatment condition.

 

Drug Treatment

 

The following drugs were used in this study: de-
sipramine hydrochloride (Sigma, S-125); idazoxan hydro-
chloride (Sigmae, I-6138); 8 OH-DPAT hydrobromide
(RBI, S-002). Milnacipran hydrochloride (Pierre Fabre
Medicament, Castres, France) and fluoxetine hydrochlo-
ride (Lilly, Saint Cloud, France) were obtained as gener-
ous gifts. The animals were randomly assigned to a treat-
ment, that was administered (three injections) 23.5 hr, 5
hr, and 1 hr prior to the start of the test. In all cases, drugs
were administered intraperitoneally (IP) in a volume
equivalent to 2 ml/kg and were prepared freshly each
morning. Doses were calculated as mg/kg base, dis-
solved in isotonic saline solution (0.9% NaCl), except flu-
oxetine, which was solubilized in deionized water. The
control rats received isotonic 0.9% NaCl solution. Doses
for fluoxetine (10 mg/kg), desipramine (10 mg/kg), mil-
nacipran (20 mg/kg), or fluoxetine/desipramine combi-
nation (10/10 mg/kg) were chosen as they produced ro-
bust effects in the FST in previous studies and under
similar experimental conditions (Rénéric and Lucki 1998).
In some experiments, the effects of drug combinations
were examined. A single solution was then prepared in
order to administer the treatment in one single injection.

 

Behavioral Scoring

 

Three behaviors were scored by using a time-sampling
technique that has previously been shown to be both
valid and reliable for the detection of antidepressant
drugs effects (Detke et al. 1995b). During the viewing of
the test-session videotape, a single rater, blind to the
treatment condition, scores the rat behavior at the end
of each 5-seconds period (i.e., 60 times over the 5 min
test-session), as (1) immobility: floating in the water
without struggling, and making only those movements
necessary to keep the head above the water; (2) swim-
ming: making active swimming motions, more than
necessary to merely keep the head above water (i.e.,
moving around in the cylinder); and (3) climbing: mak-
ing active movements with forepaws in and out of the
water, usually directed against the walls. Scores for
each behavior were expressed as total behavioral
counts per 5-min session.

 

Locomotor Activity

 

Locomotor activity was measured by placing the rats
individually in activity cages (35 

 

3

 

 25 

 

3

 

 25 cm): the
floor was formed of wire mesh and the sidewalls were
made of 10 mm Plexiglas (Imetronic, Pessac, France). In
this apparatus, each passage of the rat interrupted the
beams of two infrared photoelectric cells (14 cm apart, 3
cm above the floor) that were connected to a computer.
The total number of beam interruptions on both photo-
cells, represented the total locomotor activity of the rat,
and was recorded and analysed by using a computer
software (Imetronic, Pessac, France). The locomotor ac-
tivity was measured for 60 min. Each treatment was
tested at the dose which produced the greatest behav-
ioral effect in the FST, and the pattern of administration
was similar to that used in the FST experiments.

 

Experimental Groups

 

Each animal was assigned randomly to a treatment,
and was used for one pre-test/test session only. For
some experiments that required a large number of rats,
behavioral data required to be pooled from different
test-sessions. In this case, there was no statistical differ-
ences between the control groups of the sessions from
which data were combined.

 

Statistical Analysis

 

For each experiment, a power analysis as well as a Bon-
ferroni correction were conducted. Forced swimming
test data were analyzed using a two-way analysis of
variance (ANOVA) with two “between factor” (antide-
pressant treatment and idazoxan for experiments 1, 2B,
3; desipramine and fluoxetine for experiment 2A; anti-
depressant treatment and 8-OH-DPAT for experiments
4, 5). Whenever main factors were found, post-hoc anal-
ysis was performed. The Newman-keuls’(NK) test was
used to compare experimental groups to controls and to
the single drug standard. The Kruskal-Wallis nonpara-
metric rank test examined the dose-dependency of the
effects of idazoxan and 8-OH-DPAT on antidepressant
treatments (with “doses of idazoxan” as the indepen-
dent variable). Locomotor activity crosses were com-
pared between groups using a one-factor (treatment)
ANOVA analysis, followed by Dunnett’s test for com-
parison to the control group.

 

RESULTS

Experiment 1

 

The behavioral effects produced in the FST by co-admin-
istrations of idazoxan (IDAZ) with desipramine (DMI)
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are shown in Figure 1. The DMI-induced decrease in
immobility duration [F(1,65) 

 

5

 

 26.45, 

 

p

 

 

 

,

 

 .01], was an-
tagonized by IDAZ [F(2,60) 

 

5

 

 15.3, 

 

p

 

 

 

,

 

 .01]. DMI over-
all induced changes in swimming [F(1,65) 

 

5

 

 8.52, 

 

p

 

 

 

,

 

.05], but not IDAZ. There was no DMI 

 

3

 

 IDAZ interac-
tion for swimming. The DMI-induced increase in climb-
ing [F(1,65) 

 

5

 

 35, 

 

p

 

 

 

,

 

 .01] was antagonized by IDAZ
[F(2,60) 

 

5

 

 6.6, 

 

p

 

 

 

,

 

 .05], in a dose-dependent manner
(Kruskal-Wallis, H(2) 

 

5

 

 11, 

 

p

 

 

 

,

 

 .05).

 

Experiment 2A

 

The behavioral effects produced in the FST by a fluoxet-
ine (FLU) with desipramine (DMI) combination (DF)
are shown in Figure 2A. Immobility: DMI [F(1,44)

 

5

 

22, 

 

p

 

 

 

,

 

.01], FLU [F(1,44)

 

5

 

12, 

 

p

 

 

 

,

 

 .01], and DF [F(1, 41) 

 

5

 

 13.5,

 

p

 

 

 

,

 

 .01] decreased immobility duration (NK: 

 

p

 

 

 

,

 

 .01 for
each group). Swimming: FLU [F(1,41)

 

5

 

12, 

 

p

 

 

 

,

 

 .05] and
DMI [F(1,41)

 

5

 

6.4, 

 

p

 

 

 

,

 

 .05] induced overall changes in
swimming. However, FLU alone increased swimming,
but not DMI or DF, and there was no DMI 

 

3

 

 FLU inter-
action. Climbing: DMI [F(1,44)

 

5

 

23, 

 

p

 

 

 

,

 

 .01], but not
FLU, produced changes in climbing and there was no
DMI 

 

3

 

 FLU interaction. Both DMI and DF increased
climbing (respectively NK: 

 

p

 

 

 

,

 

 .01, 

 

p

 

 

 

,

 

 .05), but not
FLU alone.

 

Experiment 2B

 

The behavioral effects produced in the FST by co-admin-
istrations of idazoxan (IDAZ) with a (desipramine 

 

1

 

fluoxetine)-combination (DF) are shown in Figure 2B.
Immobility: The two-factor (DF and IDAZ) ANOVAs
revealed main effects of DF [F(1,80)

 

5

 

120, 

 

p

 

 

 

,

 

 .01] but
not IDAZ; There was no DF 

 

3

 

 IDAZ interaction. Immo-
bility was decreased for DF as well as for all DF/IDAZ
combinations (NK: 

 

p

 

 

 

,

 

 .01 for each group). Swimming:
DF [F(1,80)

 

5

 

23, 

 

p

 

 

 

,

 

 .01], but not IDAZ, produced
changes in swimming. IDAZ increased DF-induced
swimming values [F(3,73) 

 

5

 

 5.1, 

 

p

 

 , .05] in a dose-
dependent manner (Kruskal-Wallis, H(2)5 8.2, p , .05).
Climbing: DF [F(1,80)518, p , .01], but not IDAZ, pro-
duced changes in climbing: Although there was no sig-
nificant DF 3 IDAZ interaction, only DF and DF/IDAZ0.5

increased climbing (NK: p , .05, p , .01 respectively),
but not the other DF/IDAZ combinations.

Experiment 3

The behavioral effects produced in the FST by co-admin-
istrations of idazoxan (IDAZ) with milnacipran (MLN)
are shown in Figure 3. Immobility: The two-factor
(MLN and IDAZ) ANOVAs revealed main effects of
both MLN [F(1,83)5 24, p , .01] and IDAZ [F(3,83) 5

Figure 1. Behavioral effects produced in the FST by co-administrations of idazoxan (IDAZ: 0.5, 1 mg/kg) with desipramine
(DMI: 10 mg/kg) (n 5 66). Values represent mean (6SEM) counts of immobility, swimming and climbing behaviors when
sampled every 5 s during the 5 min test period. Differences in comparison to control group (SAL: n 5 17): **p , .01. Differ-
ences in comparison to desipramine group (DMI 10: n 5 10): @p , .05, @@p , .01. [IDAZ 0.5: n 5 11; IDAZ 1: n 5 8; (DMI 1
Idaz 0.5): n 5 10; (DMI 1 Idaz 1): n 5 10].
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8.2, p , .01], and no MLN 3 IDAZ interaction for im-
mobility (p 5.064). Immobility-duration was decreased
by IDAZ1 (NK: p , .05), MLN (NK: p , .05), MLN/
IDAZ1 (NK: p , 0.01) and MLN/IDAZ10 (NK: p , .01).
Swimming: No main effect of either MLN or IDAZ
were found on swimming. Yet, there was an MLN 3
IDAZ interaction [F(3,76) 5 14.8, p , .01], which al-
lowed IDAZ to increase MLN-induced swimming-values
in a dose-dependent manner (Kruskal-Wallis, H(3)5
17.3, p , .01). Climbing: Both MLN [F(1,83)5 8.6, p ,
.05] and IDAZ [F(3, 83) 5 4.6,p , .05] had significant
main effects on climbing. IDAZ altered MLN-induced
increase in climbing [F(3,76) 5 9.5, p , .01] in a dose-
dependent manner (Kruskal-Wallis, H(3)5 16.1, p , .01).

Experiment 4

The behavioral effects produced in the FST by co-admin-
istrations of 8-OH-DPAT (DPAT) with desipramine (DMI)
are shown in Figure 4. Immobility: The two-factor (DMI
and DPAT) ANOVAs revealed a main effect of DMI [F(1,
80) 5 57, p , .01] but not DPAT. There was no DMI 3
DPAT interaction for immobility. DMI, as well as all
DMI/DPAT combinations, reduced immobility-duration
(NK: p , .01 for each group). Swimming: DMI [F(1,80) 5
38, p , .01], but not DPAT, produced changes in swim-
ming, and there was no significant DMI 3 DPAT interac-
tion [F(3, 73) 5 2.7, p . .05]. All DMI/DPAT combinations

decreased swimming behavior (NK: p , .05 for each
group). Climbing: Both DMI [F(1, 80) 5 115, p , .01] and
DPAT [F(3, 80) 5 4.2, p , .05] produced changes in climb-
ing. DPAT dose-dependently increased DMI-induced val-
ues for climbing (Kruskal-Wallis, H(3)5 9.3, p , .05).

Experiment 5

The effects produced in the FST by co-administrations of
8-OH-DPAT (DPAT) with fluoxetine (FLU) are shown
in Figure 5. Immobility: FLU [F(1,81) 5 22, p , .01], but
not DPAT, induced changes in immobility, and there
was no FLU 3 DPAT interactions for immobility. FLU
(NK: p , .05), FLU/DPAT0.5 (NK: p , .05), FLU/DPAT1

(NK: p , .01) significantly decreased immobility. Swim-
ming: FLU [F(1,81) 5 17, p , .01], but not DPAT, in-
duced changes in swimming. Albeit there was no signif-
icant FLU 3 DPAT interactions, the FLU induced
increase in swimming (NK: p , .01) was blocked by
DPAT1 (NK: p , 0.05). Climbing: DPAT [F(1,81) 5 6, p ,
.01], but not FLU, induced changes in climbing. DPAT
increased FLU-induced values for climbing in a dose-
dependent manner (Kruskal-Wallis, H(3)5 9.9, p , .05).

Locomotor Activity

The effects on locomotor activity of treatments that pro-
duced significant effects in the FST are shown on Table

Figure 2A. Behavioral effects produced in the FST by co-administrations of fluoxetine (FLU: 10 mg/kg) with desipramine
(DMI: 10 mg/kg) (n 5 45). Values represent mean (6SEM) counts of immobility, swimming and climbing behaviors when
sampled every 5 s during the 5 min test period. Differences in comparison to control group (SAL: n 5 17): *p , 0.05, **p ,
.01. Differences in comparison to (desipramine 1 fluoxetine) group [(DMI 10 1 FLU 10): n 5 10]: @p , .05. [FLU 10: n 5 8;
DMI 10: n 5 10].
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1. Excepted for 8-OH-DPAT 1 mg/kg, which did not
significantly differ from control rats, all treatments sub-
stantially decreased general locomotor activity [F(6, 42) 5
12.56, p , .001]. Locomotor activity induced by FLU,
DMI, DMI1FLU, and MLN treatments were not repli-
cated in this study, as they previously significantly de-
creased it in the same experimental conditions and at
same dosage (Rénéric & Lucki, 1998). The (FLU 1 DMI 1
IDAZ) coadministration produced the greatest decrease
of locomotor activity in this study.

DISCUSSION

The purpose of this study was to examine the effects
produced in the FST by the a2-receptor antagonist ida-
zoxan and by the 5-HT1A-receptor agonist 8-OH-DPAT,
alone and in combination with antidepressant treat-
ments which inhibit the reuptake of either 5-HT, NA, or
both 5-HT and NA. Most of the treatments that were ex-
amined decreased locomotor-activity (Table 1). There-
fore, the decrease in immobility-duration, or the in-
crease in swimming or climbing behaviors, induced in
the FST by these treatments, were not secondary to a
non-specific increase in locomotor-activity.

In this study, 1 mg/kg idazoxan decreased immobil-
ity-duration (Figures 1 and 3), supporting the clinical
antidepressant efficacy of this drug (Osman et al. 1989;

Pinder and Sitsen 1987) and of other a2-receptor antag-
onists such as mirtazapine (de Boer 1995, 1996) or mi-
anserin (Bremner 1995; Claghorn and Lesem 1995). The
concurrent increase in swimming behavior (Figure 3)
suggests that the idazoxan-antidepressant-like effect
may be mediated through the enhancement of
5-HT-transmission, which is consistent with the drug
increasing dorsal-raphe neuronal firing (Garratt et al.
1991; Routledge and Marsden 1987).

Yet, lower and higher doses of idazoxan (0.5, 5, 10 mg/
kg IP) did not produce antidepressant-like effects in our
experiments, as was similarly the case in previous studies
(Cervo et al. 1990). Since idazoxan displays a much higher
affinity for a2-auto than a2-hetero-receptors located on
5-HT-nerve terminals, the idazoxan-induced noradrenergic
outflow (de Boer et al. 1996; Tao and Hjorth 1992) may
negatively modulate the release of 5-HT (Preziosi et al.
1989), and thus prevent any behavioral effect in the FST.

In a more constant manner, which contrasts with the
varying effects produced by the drug acting alone, ida-
zoxan dose-dependently antagonized desipramine-
induced both decrease in immobility-duration and in-
crease in climbing behavior (Figure 1). Our data confirm
previous results in the FST (Cervo et al. 1990; Kitada et
al. 1983), and contrast with microdialysis data suggest-
ing that systemic idazoxan (1 mg/kg) boosts the de-
sipramine-induced increase of NA-release (Thomas and
Holman 1991).

Figure 2B. Behavioral effects produced in the FST by co-administrations of idazoxan (IDAZ: 0.5, 1, 5 mg/kg) with a
(desipramine 1 fluoxetine)-combination (DF: 10/10 mg/kg) (n 5 81). Values represent mean (6SEM) counts of immobility,
swimming and climbing behaviors when sampled every 5 s during the 5 min test period. Differences in comparison to control
group (SAL: n 5 17): *p , .05, **p , .01. Differences in comparison to (desipramine 1 fluoxetine) group (DF: n5 10): @@p , .01.
[IDAZ 0.5: n 5 11; IDAZ 1: n 5 8; IDAZ 5: n 5 10; (DF 1 IDAZ 0.5): n 5 10; (DF 1 IDAZ 1): n 5 10; (DF 1 IDAZ 5): n 5 5 ].
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In order to study a2-heteroreceptor-mediated inhib-
iting interactions on the 5-HT-system, we examined the
changes induced by idazoxan on the behavioral effects
produced by dual 5-HT/NA reuptake inhibition. The
(desipramine 1 fluoxetine) combination (Figure 2A) or
milnacipran (Figure 3) increased climbing behavior
solely, just as NRIs do, thus replicating previous data
(Rénéric and Lucki 1998). Interestingly, in desipramine 1
fluoxetine–treated rats, idazoxan concurrently blocked
climbing behavior, and alleviated the inhibition of
5-HT-mediated behavior, thereby resulting in a dose-
dependent increase in swimming (Figure 2B). This sug-
gests that idazoxan preferentially antagonized a2-heter-
oreceptors, which nevertheless contrasts with a
reported 250-fold greater affinity for a2-auto than for
a2-hetero receptors (Preziosi et al. 1989). The idazoxan-
induced decrease in climbing might be secondary to the
a2-heteroreceptors-blockade-induced increase in
5-HT-release, that in return, interacts negatively with
NA-cells firing (Aston-Jones et al. 1991a,b). It is, how-
ever, interesting to note that the co-administration of
desipramine 1 fluoxetine with 1 mg/kg idazoxan re-
sulted in a slightly further reduction in immobility-
duration as well as in a concurrent increase in both
swimming and climbing behaviors, thereby suggesting
an overall increased efficacy. Consequently, the selec-
tion of an adequate dose of idazoxan for the augmenta-

tion of antidepressant drugs may be an important fac-
tor, since it can bypass inhibiting interactions on the
5-HT-system without altering NA-transmission. This
result could present some advantages regarding effi-
cacy in medical practice, as was recently suggested by
the augmentation of fluoxetine by way of the a2-antago-
nist antidepressant mianserin (Maes et al. 1999).

Similar data were obtained when idazoxan was com-
bined with the SNRI milnacipran, a clinically effective
new antidepressant (Artigas 1995b), devoid of any ac-
tivity at post-synaptic receptors (Briley et al. 1996;
Moret et al. 1985). Idazoxan dose-dependently permit-
ted milnacipran to increase swimming behavior,
thereby allowing the 5-HT pharmacological properties
of milnacipran to be expressed in the test (Figure 3).
Surprisingly, a 1 mg/kg dose of idazoxan potentiated
milnacipran-induced climbing. This result contrasts
with this dose and higher doses antagonizing the climb-
ing effects produced respectively by desipramine (Fig-
ure 1) and milnacipran, probably by way of the inhibit-
ing effects of increased 5-HT-transmission on NA-cells
activity (Aston-Jones et al. 1991a,b).

In this study, idazoxan prevented the NA-mediated
inhibition of the 5-HT-system, thus supporting the in-
volvement of the a2-heteroreceptors in this phenome-
non, as formerly suggested in other studies (Mongeau
et al. 1997). It is therefore possible that a2-receptor an-

Figure 3. Behavioral effects produced in the FST by co-administrations of idazoxan (IDAZ: 1, 5, 10 mg/kg) with milnacip-
ran (MLN: 20 mg/kg) (n 5 84). Values represent mean (6SEM) counts of immobility, swimming, and climbing behaviors
when sampled every 5 s during the 5 min test period. Differences in comparison to control group (SAL: n 5 16): *p , .05, **p ,
.01. Differences in comparison to milnacipran group (mln 20: n 5 11): @p , .05, @@p , .01. [IDAZ 1: n 5 10; IDAZ 5: n 5 11;
IDAZ 10: n 5 7; (mln 1 idaz 1): n 5 11; (mln 1 idaz 5): n 511; (mln 1 idaz 10): n 5 7 ].
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tagonists, which have already proven to be clinically ef-
fective antidepressants in the form of mirtazapine
(Bremner 1995; Claghorn and Lesem 1995), may be use-
ful adjuncts to classical antidepressant drugs in aug-
mentation strategies (Maes et al. 1999).

In our experiments, none of the doses of the 5-HT1A-
agonist 8-OH-DPAT significantly decreased immobil-
ity-duration nor produced an SSRI-like increase in
swimming (Detke et al. 1995a; Lucki et al. 1994; Kita-
mura and Nagatani 1996), but they did tend to increase
climbing behavior (Figure 4). This behavioral pattern of
response is consistent with 8-OH-DPAT decreasing 5-HT-
release, as well as with increasing NA-neuronal firing
and NA-release (Casanovas et al. 1997; Kreiss and
Lucki 1997; Piercey et al. 1994).

More clear-cut effects were produced when
8-OH-DPAT was combined with either selective NA or
5-HT antidepressants. 8-OH-DPAT boosted the anti-
immobility effects produced by the NRI desipramine,
and dose-dependently potentiated the drug induced climb-
ing behavior (Figure 4). These results are consistent with
5-HT1A-receptor antagonists preventing the antidepressant-
like effects of desipramine in the FST (Detke et al. 1995c).

Similarly, 8-OH-DPAT tended to potentiate the anti-
immobility effects produced by the SSRI fluoxetine (fig-
ure 5). This is in agreement with the 5-HT1A-agonist
buspirone augmenting SSRIs’ efficacy in the FST (Arti-

gas et al. 1996; Redrobe and Bourin 1998, 1999), and also
in depressed patients (Bouwer and Stein 1997; Dimi-
triou and Dimitriou 1998; Jacobsen 1991; Joffe and
Schuller 1993). Interestingly, these data suggest that the
8-OH-DPAT-induced effects in the FST were preferen-
tially mediated through auto rather than hetero 5-HT1A-
receptors. Furthermore, 8-OH-DPAT dose-dependently
increased climbing behavior to significantly higher val-
ues than those produced on its own (Figure 5).

Overall, these data suggest that the 8-OH-DPAT-
induced effects in the FST were preferentially mediated
through auto rather than hetero 5-HT1A-receptors. In-
deed, the administration of 8-OH-DPAT or buspirone
in the dorsal-raphe nucleus produces antidepressant-
like effects in the test (Cervo et al. 1988b) and the lesion
of 5-HT-neurons prevents 8-OH-DPAT from producing
anti-immobility effects in the FST (Cervo et al. 1988a).
The stimulation of somatodendritic 5-HT1A-receptors
may primarily decrease 5-HT-transmission, thereby
preventing swimming, and may secondarily favor NA-
transmission and climbing behavior (Figures 4 and 5)
by alleviating 5-HT-mediated inhibition of NA-cells fir-
ing (Aston-Jones et al. 1991a,b). However, enhancement
of climbing may also reflect the a2-receptors-antagonist
properties of 8-OH-DPAT (Lucki et al. 1994), either di-
rectly on the NA system, or indirectly through the stim-
ulation of DA-neurotransmission (Tanda et al. 1994 ;

Figure 4. Behavioral effects produced in the FST by co-administrations of 8-OH-DPAT (DPAT: 0.25, 0.5, 1 mg/kg) with
desipramine (DMI: 10 mg/kg) (n 5 81). Values represent mean (6SEM) counts of immobility, swimming, and climbing
behaviors when sampled every 5 s during the 5 min test period. Differences in comparison to control group (SAL: n 5 13):
*p , .05, **p , .01. Differences in comparison to desipramine group (DMI: n 5 10): @@p , 0.01. [DPAT 0.25: n 5 11; DPAT
0.5: n 5 11; DPAT 1: n 5 11; (DMI/DPAT .25): n 5 8; (DMI/DPAT .5): n 5 9; (DMI/DPAT 1): n 5 8 ].
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Hertel et al. 1999). Indeed, DA antidepressants do in-
crease climbing behavior in the FST (Hemby et al. 1997;
Rénéric and Lucki 1998).

The data from the literature, however, are rather con-
flicting with regard to the site and mechanism of action
of 5-HT1A-receptor-agonists. For example, a post-synap-
tic site of action was suggested for 8-OH-DPAT, since
PCPA-induced 5-HT-depletion did not prevent the ef-
fects of the drug in the FST (Wieland and Lucki 1990).

Also, buspirone was found to increase immobility (Kita-
mura and Nagatani 1996) and to block the anti-immobil-
ity effects of fluoxetine in the test (Da-Rocha et al. 1997).
Buspirone, however, generates an effective a2-antagonist
metabolite (1-PP) that may account for the discrepancies
between 8-OH-DPAT and buspirone induced effects.

Other conflicting data exist concerning the role of
5-HT1A-receptors. Indeed, agonists and antagonists at
5-HT1A-receptors can produce similar effects, both pre-
clinically and clinically. Pindolol, a b-blocker with
5-HT1A-antagonism properties, was thus shown to in-
crease SSRIs’ anti-imobility effects in the mouse FST
(Redrobe and Bourin 1999), and could augment their ef-
ficacy in refractory depressed patients (Artigas 1995a;
Bordet et al. 1998; Maes et al. 1996; Tome et al. 1997; Za-
nardi et al. 1998). The pattern of response to antidepres-
sant treatments acting through the modulation of
5-HT1A-receptors may therefore depend on a few fac-
tors, such as the subtype of depressed patients, and the
brain structures which are specifically involved (Borsini
1994; De Vry 1995). For example, the inhibitory effects
of 8-OH-DPAT on 5-HT-neurons firing would involve a
feedback loop activated by post-synaptic 5-HT1A-recep-
tors (Ceci et al. 1994; Hajos et al. 1999).

The variability of the responses to 5-HT1A-receptor-
agonists may also depend on the dose administered. In-
deed, such a phenomenon occurs with the a2-receptor
agonist clonidine, which stimulates a2-auto and a2-heter-

Figure 5. Behavioral effects produced in the FST by co-administrations of 8-OH-DPAT (DPAT: 0.25, 0.5, 1 mg/kg) with fluox-
etine (FLU: 10 mg/kg) (n 5 82). Values represent mean (6SEM) counts of immobility, swimming and climbing behaviors
when sampled every 5 s during the 5 min test period. Differences in comparison to control group (SAL: n 5 13): *p , .05, **p ,
.01. Differences in comparison to fluoxetine group (FLU 10: n 5 11): @p , .05, @@p , .01. [DPAT 0.25: n 5 11; DPAT 0.5: n 5 11;
DPAT 1: n 5 11; (FLU/DPAT .25): n 5 7; (FLU/DPAT .5): n 5 9; (FLU/DPAT 1): n 5 9].

Table 1. Total Locomotor Activity of Rats Having Been 
Administered Drugs

Drugs
Dose

(mg/kg) n
Locomotor 

Activity

Vehicle — 8 997 6 100
DPAT 1 7 1024 6 84
DPAT 1 fluoxetine 1/10 7 583 6 95**
DPAT 1 desipramine 1/10 7 388 6 77**
Idazoxan 1 desipramine 1 fluoxetine 5/10/10 6 169 6 38**
Idazoxan 1 milnacipran 1/20 7 601 6 95*
Idazoxan 1 milnacipran 10/20 7 582 6 75**

Values represent mean crosses 6 1 SEM in a 1 hr activity session. The
treatment procedures were similar to that used in the FST. Data were an-
alyzed with a one-way ANOVA, followed by Dunnett’s test for compari-
son to control group: differences with saline rats: *p , .05, **p , .01; val-
ues for fluoxetine, desipramine, and milnacipran were not replicated in
this study as they were previously shown to decrease locomotor activity
at the same dosage and under similar experimental conditions (Rénéric
and Lucki, 1998).
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oreceptors at respectively low and high doses (Mongeau
et al. 1993). Similarly, pindolol either boosted or blocked
fluoxetine-induced swimming in the rat FST, supposedly
through the blockade of respectively pre and post synap-
tic 5-HT1A-receptors (Detke et al. 1996). A biphasic pattern
of response can thus be hypothesized for 8-OH-DPAT,
with low-doses preferentially stimulating 5-HT1A-auto-
receptors and decreasing 5-HT-transmission, whereas
higher doses may recruit 5-HT1A-heteroreceptors and
mediate the increase in climbing behavior. A greater
range of 8-OH-DPAT-doses should thus be assessed in
the FST, alone and in combination with SSRIs, in order to
examine this hypothesis. It is therefore difficult to estab-
lish the specific contribution of the different 5-HT1A-
receptor subtypes to an integrated behavioral response,
as measured in the FST or in depressed humans.

In this study, neither subacute idazoxan nor
8-OH-DPAT produced significant effects per se in the FST.
It is probable that long-term treatment would have pro-
duced a more clear-cut pattern of response, thus allowing
reasonable and coherent suggestions on their respective
mode of action. Nevertheless, the effects of idazoxan and
8-OH-DPAT appeared to be more tangible when they
were co-administered with antidepressant drugs, thereby
suggesting that the behavioral effects of drugs acting di-
rectly on modulatory receptors are the most clearly ex-
pressed when the neurotransmission-system(s) on which
they act is (are) simultaneously activated. Overall, this
study confirms the fundamental involvement of both
auto and hetero-receptors of the NA and 5-HT systems in
the treatment of depression, and suggests that the re-
search and elaboration of augmentation strategies should
take into account the regulatory mechanisms and/or in-
teractions mediated through these receptors. Although it
is difficult to establish the specific contribution of the dif-
ferent receptor subtypes to an integrated behavioral re-
sponse, as measured in the FST, this model appears to be
an interesting tool for the global assessment of antide-
pressant treatment efficacy and mechanisms of action.
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