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Onset of the effects of the 5-HT

 

1A

 

 antago-
nist, WAY-100635, alone and in combination with paroxetine, on olfactory bulbectomy and 8-OH-DPAT–induced changes in
the rat.
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(2) 333–338, 1999.—5-HT

 

1A

 

 receptor antagonists have recently been shown
to accelerate the efects of some antidepressant drugs in clinical trials. In this study we investigate the effects of combining a
full antagonist at the 5-HT

 

1A

 

 receptor, WAY 100635 (0.2 mg

 

/

 

kg, SC) with the selective serotonin reuptake inhibitor (SSRI)
paroxetine (5 mg

 

/

 

kg, IP) in the olfactory bulbectomized (OB) rat, an animal model of chronic (but not acute) antidepressant
activity. Ambulation scores were measured in the open-field apparatus, following 3, 7, and 14 days of treatment. Further to
the OB study, we simultaneously studied adaptive changes in 5-HT

 

1A

 

 receptor function, utilizing alterations in the hypother-
mic response to the 5-HT

 

1A

 

 receptor agonist 8-OH-DPAT. Paroxetine, in combination with WAY 100635, attenuated the hy-
pothermic effects of 8-OH-DPAT as early as 3 days, with a full reversal evident following 7 days, whereas paroxetine, al-
though attenuating the hypothermic effects in OB group by day 7, only reversed it fully after 14 days. Paroxetine alone and in
combination with the antagonist reversed the olfactory bulbectomy-induced hyperactivity in the open field following 14 days
of treatment only, this being the normal time of an “antidepressant” response in this model. However, there was no signifi-
cant attenuation at any of the earlier time points. This further demonstrates that the reversal of this aspect of the olfactory
bulbectomy-induced behavioral syndrome is insensitive to the potential faster onset of antidepressant action induced by
5-HT

 

1A

 

 receptor antagonists. Nonetheless, WAY 100635, unlike previous studies with pindolol, did not interfere with the ef-
fects of the antidepressant in the model. The ability of the combination group to attenuate the hypothermic effects of 8-OH-
DPAT faster than paroxetine alone, further emphasizes the role of the 5-HT

 

1A

 

 receptor in the mechanism of action of antide-
pressants, and as a target for the development of faster acting antidepressants. © 1999 Elsevier Science Inc.
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THE emphasis on the role of 5-HT in the pathogenesis of de-
pression and other affective disorders has grown substantially
over the past 30 years, especially with the advent of the selec-
tive serotonin reuptake inhibitors (SSRIs) as drugs of choice

in the pharmacotherapy of depression (30). However, despite
the many advantages the SSRIs and other newer antidepres-
sants have over their tricyclic predecessors, they share with
them a similar delay in their onset of action (41,48). Microdi-

 

1

 

Current address and reprint requests to John F. Cryan, Department of Pharmacology, Room 320, John Morgan Building, 3620 Hamilton
Walk (6084), University of Pennsylvania, Philadelphia, PA 19104, USA.



 

334 CRYAN ET AL.

alysis and electrophysiological studies in rodents have impli-
cated adaptations to the inhibitory somatodendritic 5-HT

 

1A

 

receptor as playing a crucial role in this delay [see (4)]. It has
been shown that following repeated administration of SSRIs
and other antidepressants, a functional desensitization of this
5-HT

 

1A

 

 receptors occurs (7), which results in the release of in-
hibition of firing, mediated by 5-HT

 

1A

 

 receptors and the re-
covery of raphe neurons, while 5-HT reuptake blockade is
maintained. The net effect being an increase in available ex-
tracellular 5-HT (1,18,25,26). This effect has also been shown
to be equally achievable following acute treatment with anti-
depressants concomitantly with a 5-HT

 

1A

 

 receptor antagonist
(2,15,16,19,23,24,35,40,45,47). Therefore, theoretically, if an
increased extracellular 5-HT is the crux of an earlier onset of
action, then combinations of 5-HT

 

1A

 

 antagonists and antide-
pressants should be efficacious in reducing the lag time prior
to antidepressant response (4). Although still controversial,
the use of the 

 

b

 

-adrenoceptor

 

/

 

5-HT

 

1A

 

 receptor antagonist
pindolol as an adjunct to conventional antidepressant treat-
ment has stimulated much interest with claims of its ability to
decrease the latency period before the therapeutic effect ap-
pears (3,5,8,34,42,50,53). It should be emphasized also that
not all investigators have confirmed these findings (6,14). Al-
though still primarily experimental, this strategy has helped to
substantiate the 5-HT theory of depression, and may enable
faster-acting antidepressants to be designed.

Various animal models have been developed to detect an-
tidepressant activity of compounds and to simulate the biolog-
ical changes seen in the depressed patient [see (31)]. Such
models have not only been used to screen drugs for potential
antidepressant activity but have also helped in our under-
standing of the various behavioral, endocrine, immune, and
neurochemical responses that are correlates of major depres-
sion, and that may be reversed or altered by antidepressants.
However, despite the variety of models available, none, with
the possible exception of the social interaction model, pio-
neered by Mitchell and Redfern (39), have been refined to de-
tect onset of action. As much attention and resources are now
being directed toward the need to find faster acting antide-
pressants (41), complimentary animal models are needed.

The olfactory bulbectomized rat has been validated as a model
of depression over the past 20 years (29). It has the advantage
over many other models in that many of its behavioral changes
occur following chronic but not acute antidepressant treatment,
which correlates well with the typical delayed onset of action
seen in the clinical setting (29). In addition, it exhibits many
neurochemical, endocrine, and immunological changes that
correspond with those seen in clinical depression (27,28,49).

In the present study we assessed the ability of the bulbec-
tomized rat to detect an earlier onset of antidepressant action
of the SSRI paroxetine in combination with the full 5-HT

 

1A

 

antagonist WAY-100635 (N-{2[4-(2-methoxyphenyl)-1-piper-
azinyl]ethyl}-N-(2-pyridines)cyclo-hexane carboxamide trihy-
drochloride). The attenuation of the bulbectomy-induced hy-
peractivity in the open field by antidepressants following
chronic (usually 14 days) treatment has been one of the most
consistently reproducible paradigms of the olfactory bulbec-
tomy syndrome (51). In the present study we have investi-
gated the effects of 3, 7, and 14 days, combined WAY 100635
and paroxetine treatment on this response. As we have previ-
ously demonstrated that the nonselective 5-HT

 

1A

 

 receptor an-
tagonist, pindolol, counterintuitivly antagonizes the effects of
paroxetine in the OB rat following 14 days of administration
(12), it is, therefore, of interest to assess the effects of a selec-
tive 5-HT

 

1A

 

 antagonist on this response.

In addition to changes in locomotor activity following par-
oxetine and WAY 100635 alone and in combination, we also
assessed the effects of these treatments on 5-HT

 

1A

 

 receptor
function, by challenging each rat with the 5-HT

 

1A

 

 receptor ag-
onist 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT)
and measuring the degree of hypothermia obtained. The at-
tenuation of 8-OH-DPAT–induced hypothermia has been
shown to occur following chronic antidepressant treatment
and also by electroconvulsive shock therapy (20,21). This par-
adigm is introduced to complement the behavioral data and to
give an insight into the functional activity of the 5-HT

 

1A

 

 re-
ceptor over the treatment period.

 

METHOD

 

Animals

 

Male Sprague–Dawley rats (SPF, Perth, Australia) (300–
350 g) were brought into the laboratories and allowed to accli-
matize for 1 week prior to any intervention. The animals were
housed four per cage in standard hard-bottom polypropylene
cages (45 

 

3

 

 28 

 

3

 

 20 cm), containing wood shavings and with
stainless steel lids. The animals had ad lib access to food and
water. The animals were maintained at a constant tempera-
ture (room temperature of 21 

 

6

 

 1

 

°

 

C) and at standard lighting
conditions (12 h light; 12 h dark, lights on from 0800 to 2000
h). They were handled daily prior to surgery. All procedures
were carried out under the guidelines of the animal welfare
committee of the Austin and Repatriation Medical Centre,
Heidelberg, Victoria, Australia.

 

Olfactory Bulbectomy

 

Bilateral olfactory bulbectomy was performed on rats
anesthetized with a 2.5% w

 

/

 

v 2-2-2 tribromo–ethanol anesthe-
sia (Aldrich, Sydney) (10 ml

 

/

 

kg), essentially as described by
Cairncross et al. (9). The head was shaved and a midline sagit-
tal incision was made extending at least 1 cm rostral to
bregma. Pressure was applied to ensure that the periostium
on the underlying bone had been penetrated. A burr hole was
drilled at points 7 mm anterior to bregma and 2 mm either
side of the midline at a point corresponding to the posterior
margin of the orbit of the eye. The olfactory bulbs were re-
moved by suction, and the burr holes filled with a hemostatic
sponge (Spongestan, Johnson and Johnson, Sydney). Tetracy-
cline powder was applied to the wound prior to closure using
surgical clips. Sham-operated animals received the same treat-
ment; although the dura above the bulbs was punctured, the
bulbs were left intact. The animals were given 14 days to re-
cover following surgery prior to drug administration, and
were handled daily to eliminate any aggressiveness that may
otherwise arise (32).

 

Drug Treatment

 

Olfactory bulbectomized and sham-operated animals were
each assigned to four treatment groups (

 

n

 

 

 

5

 

 6–9) to which
paroxetine (5 mg

 

/

 

kg IP), (SmithKline Beecham, Harlow, UK)
dissolved in dimethyl sulphoxide (Sigma, Sydney) or vehicle
(dimethyl sulphoxide) were administered intraperitoneally in
the morning for 14 days. Animals were pretreated with either
WAY 100635 (0.2 mg

 

/

 

kg b.i.d. SC), (Wyeth Australia, Syd-
ney) or vehicle (dimethyl sulphoxide). All drugs were admin-
istered in an injection volume of 1 ml

 

/

 

kg. Doses were selected
based on previous studies using these compounds (12,17,43).



 

ONSET OF WAY-100635 AND PAROXETINE IN OB RATS 335

 

Open Field

 

The open-field test was conducted on bulbectomized rats
and their sham-operated controls on the morning following 3,
7, and 14 days of of drug administration, i.e., 24 h following
the last injection. Each rat was placed singly into the center of
the open-field apparatus (22). This apparatus consisted of a
circular base, 90 cm in diameter, which was divided into three
circular sectors. The first consists of a circle in the middle of
apparatus 10 cm in diameter; the next consists of a circle sub-
divided into eight segments from the inner circle out. This has
a diameter of 50 cm, and the final sector consists of the space
between the middle circle and the outer wall and is subdivided
into 16 equivalent sectors. All areas are marked by faint black
lines. The wall surrounding the base is bright in color (75 cm
in height). Illumination was provided by a 60-W bulb, posi-
tioned 90 cm above the floor of the apparatus. All measure-
ments were carried out in a darkened room. The number of
segments crossed by each rat over a 3-min period was re-
corded.

 

Effect of 8-OH-DPAT on Rectal Temperature

 

The effect of 8-OH-DPAT (RBI Natick, MA) on rectal
temperature of each rat was determined on days 3, 7, and 14
of the study, 6 h following that day’s treatment. Each rat was
challenged with an injection of 8-OH-DPAT (0.15 mg

 

/

 

kg,
SC). Core body temperatures were taken by inserting a digital
rectal thermometer 3 cm into the rectum. The rats were
lightly restrained during the procedure. A steady readout of
its temperature was obtained usually after approx. 30 s follow-
ing insertion of the probe.

 

Statistical Analysis

 

Initially, a three-way repeated measures (time

 

/

 

lesion

 

/

 

drug
treatment) analysis of variance (ANOVA) was performed on
the data. To verify any potential interaction effects between
the combination and the drug alone groups, a second three-way
repeated measures (time/combination/drug alone), ANOVA
was performed on the data. If any statistically significant
changes were found, the data was further analyzed using post
hoc Student–Newman–Keuls tests. All results were consid-
ered significant at 

 

p

 

 

 

,

 

 0.05.

 

RESULTS

 

Open-Field Test

 

ANOVA revealed a significant effect of time, 

 

F

 

(2, 135) 

 

5

 

13.12, 

 

p

 

 

 

,

 

 0.0001); of lesion, 

 

F

 

(1, 135) 

 

5

 

 154.09, 

 

p

 

 

 

,

 

 0.0001,
and of drug treatment, F(3, 135) 

 

5

 

 4.11, 

 

p

 

 

 

,

 

 0.008, on the am-
bulation scores of rats placed in the open-field apparatus.
There was a significant increase in open-field ambulation in
the olfactory bulbectomized control group when compared to
its corresponding sham-operated animal following 3, 7, and 14
days of treatment. Post hoc analysis revealed that paroxetine
alone and in combination with WAY 100635 significantly at-
tenuated this increase following 14 days of treatment only,
whereas all other treatment regimes at all time points failed to
alter this hyperactivity (see Fig. 1).

 

8-OH-DPAT Challenge

 

There was a substantial drop in temperature recorded in
control animals 30 min following the 8-OH-DPAT challenge.
ANOVA revealed a significant effect of time, 

 

F

 

(2, 135) 

 

5

 

79.28, 

 

p

 

 

 

,

 

 0.0001, and of drug treatment, 

 

F

 

(3, 135) 

 

5

 

 48.02,

 

p

 

 

 

,

 

 0.0001, on the alterations in core body temperature in rats
challenged with 8-OH-DPAT, while there was no significant
effect of lesion on the response. However, the second
ANOVA failed to show any statistically significant interaction
effect between paroxetine alone or in combination with WAY
100635. Following 3 days treatment post hoc analysis revealed
a significant attenuation in the olfactory bulbectomized com-

FIG. 1. The effects of 3, 7, or 14 days of treatment with WAY
100635 and paroxetine alone and in combination, on olfactory bul-
bectomy-induced hyperactivity in the open field. Data represents
means with standard errors of six to nine animals. *p , 0.05 vs. sham
control; 1p , 0.05 vs. olfactory bulbectomized control (Student–New-
man–Keuls tests).
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bination group, with a trend towards significance in the corre-
sponding sham group. Neither of the other two groups had a
significantly altered hypothermic response to 8-OH-DPAT.
Following 7 days of treatment post hoc analysis revealed a
complete reversal of the hypothermic response in both the ol-
factory bulbectomized and sham-operated combination groups.
This attenuation was much more robust than that seen after 3
days of treatment. There was also a signifciant attenuation of
the DPAT-induced hypothermic effects in the sham-operated
paroxetine group, with a trend towards significance seen in

the corresponding OB group. Subsequent to 14 days of treat-
ment, Newman–Keuls post hoc analysis revealed that the hy-
pothermic response was reversed in both the olfactory bulbec-
tomized and sham-operated paroxetine and combination
groups. WAY 10035 alone failed to have any effect on 8-OH-
DPAT–induced hypothermia in either olfactory bulbecto-
mized or sham-operated animals (see Fig. 2).

 

DISCUSSION

 

This study confirms that conventional antidepressants, like
paroxetine, are only active following chronic treatment in the
olfactory bulbectomized rat model of depression. The addi-
tion of a full 5-HT

 

1A

 

 receptor antagonist to the SSRI is unable
to accelerate the onset of its behavioral effects. This attenua-
tion of the olfactory bulbectomy-induced hyperactivity by
paroxetine after 14 day treatment is consistent with previous
studies (12,36,43). It suggests that this behavioral facet of the
olfactory bulbectomy model is not sensitive to the detection
of an earlier onset of antidepressant action due to combina-
tions of 5-HT

 

1A

 

 receptor antagonists and SSRIs. Our previous
studies with combinations of paroxetine and pindolol also
suggested this (12). However, in contrast to these studies,
where pindolol actually antagonized the effects of paroxetine
in the open field following 14 days of treatment, WAY 100635
did not affect paroxetine’s attenuation of OB-induced hyper-
activity. This suggests that a factor independent of pindolol’s
effect at 5-HT

 

1A

 

 receptors may be responsible for such antag-
onism. The olfactory bulbectomized rat model is sensitive to
the actions of most clinically effective antidepressants after
chronic administration only [see (29)]. However, the exact
biochemical basis of the effects of antidepressants in this
model are far from understood. Clearly, additional work is
necessary to elucidate the neurochemical basis of the antago-
nist effect of pindolol on paroxetine in this model and the lack
of effect of WAY 100635. Whether this effect is relevant to
the mechanism of action of antidepressants in the model
awaits further research.

There appears to be little effect of repeated exposure to
the open-field apparatus in either sham or OB animals, at
least for the short time employed in this experiment. This is
the first time this has been demonstrated in OB animals. In
previous studies using the model, separate groups of animals
have always been used for each time point (12,37,44). This
present study clearly shows that the need for this is circum-
vented as far as behavioral end points are concerned.

In addition, an alteration to the 5-HT

 

1A

 

 receptors follow-
ing combined WAY 100635 and paroxetine treatment in both
sham and olfactory bulbectomized-operated animals has been
demonstrated. This adaptational change, as manifested by the
attenuation of 8-OH-DPAT–induced hypothermia, appears
to be slightly faster with the combined treatment than with
paroxetine alone. This is consistent with our previous studies
with pindolol (12). Nonetheless, as no statistically significant
interaction effect between the drug alone or in combination
with WAY 100635 was observed, this effect cannot be over-
stated. Whether this hypothermic response to 8-OH-DPAT is
a pre- or postsynaptic 5-HT

 

1A

 

 receptor-mediated effect re-
mains uncertain [see (13)], and thus complicates the interpre-
tation of the present findings. Chronic paroxetine treatment
has previously been suggested to cause a desensitization of
both pre- and postsynaptic 5-HT

 

1A

 

 receptors (46). It is gener-
ally assumed that pindolol may exert its effects both in the
clinic and in preclinical studies by selectively blocking presyn-
aptic (somatodendritic) 5-HT

 

1A

 

 receptors (4,38), while the

FIG. 2. The effects of 3, 7, or 14 days of treatment with WAY
100635 and paroxetine alone and in combination, treatment on 8-
OH-DPAT–induced hypothermia in the olfactory bulbectomized rat.
Data represents means with standard errors of six to nine animals.
*p , 0.05 vs. relevant control (Student–Newman–Keuls tests).
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concurrent reuptake blockade by paroxetine causes an in-
crease in synaptic 5-HT. It can, therefore, be hypothesized
that the subsequent enhanced inter synaptic concentrations of
5-HT may lead to a rapid postsynaptic 5-HT

 

1A

 

 receptor de-
sensitization

 

/

 

downregulation that may manifest as a blunting
of the hypothermic response to 8-OH-DPAT, as we have pre-
viously shown (12). WAY 100635, however, is a full antago-
nist at both pre- and postsynaptic 5-HT

 

1A

 

 receptors (17), and
yet exerts a similar profile of blunted 8-OH-DPAT–induced
hypothermia (i.e., faster desensitization of the 5-HT

 

1A

 

 recep-
tor) as that seen with pindolol, when combined with paroxet-
ine. It can be suggested, therefore, that blockade of the pre-
synaptic receptor is probably the key to the faster attenuation
of 8-OH-DPAT–induced hypothermia by antagonist

 

/

 

antide-
pressant combinations. It is noteworthy that repeated treat-
ment with WAY 100635 itself causes no significant alteration
in the degree of hypothermia. There appears to be a slight
blunting of the response following chronic treatment; none-
theless, this must be seen in context of a slight attenuation of
the hypothermic effect following repeated challenge in the
control groups also.

While the mechanism of action of the WAY 100635–par-
oxetine combination on 8-OH-DPAT–induced hypothermia
may be disputed, we have shown once again that this para-
digm is sensitive to potential faster acting antidepressant com-
binations, albeit not as potently as the combinations with pin-
dolol, and is able to detect 5-HT

 

1A

 

 receptor-mediated effects
as early as 3 days after commencing treatment. Again, as pre-
viously suggested, the changes in 5-HT

 

1A

 

 receptor sensitivity
do not seem to be related to the direct action of paroxetine on
the 5-HT transporter in the olfactory bulbectomy model. This

is consistent with the lack of a lesion effect on the hypother-
mic response in the olfactory bulbectomized rat in this and
previous studies (10–12). Despite this, one can only envisage
the attenuation of 8-OH-DPAT–induced hypothermia as a
model of 5-HT

 

1A

 

 receptor function rather than one of antide-
pressant action. Accordingly, there have been inconsistent ef-
fects seen with some antidepressants [(33,36,52) and Cryan et
al., unpublished observations]. Nevertheless, it gives an in-
valuable insight into the functioning of one of the key recep-
tor subtypes involved in the antidepressant response.

The bulbectomy model has failed to detect any potential
faster action of WAY 100635 or pindolol in combination with
paroxetine. It also has been recently tested to see whether any
potential faster onset may be seen with the serotonin–norad-
renaline reuptake inhibitor venlafaxine (44) as well as the
combination of the selective noradrenaline reuptake inhibi-
tor, reboxetine with the SSRI sertraline (37), with no diminu-
tion of the time of onset seen. Despite this, it may be prema-
ture to rule out the olfactory bulbectomy model completely as
a method of detecting faster acting antidepressants due to the
lack of any positive control. The clinical findings with pin-
dolol, although suggesting a faster acting antidepressant re-
sponse, can still be regarded as tentative, and requires un-
equivocal confirmation in more large-scale placebo-controlled
trials (6,50).

 

ACKNOWLEDGEMENTS

 

The authors would like to thank SmithKline Beecham (Harlow,
UK) and Wyeth-Australia (Sydney) for the generous gift of paroxet-
ine and WAY 100635, respectively.

 

REFERENCES

 

10. Cryan, J. F.; Redmond, A. M.; Kelly, J. P.; Leonard, B. E.: Does the
serenic eltoprazine have antidepressant potential?—An investi-
gation in three rodent paradigms. Med. Sci. Res. 24:719–720; 1996.

11. Cryan, J. F.; Redmond, A. M.; Kelly, J. P.; Leonard, B. E.: The
effects of the 5-HT

 

1A

 

 agonist flesinoxan, in three paradigms for
assessing antidepressant potential in the rat. Eur. Neuropsycho-
pharmacol. 7:109–114; 1997.

12. Cryan, J. F.; McGrath, C.; Leonard, B. E.; Norman, T. R.: Com-
bining pindolol and paroxetine in an animal model of chronic
antidepressant action—Can early onset of action be detected?
Eur. J. Pharmacol. 352:23–28; 1998.

13. De Vry, J.: 5-HT

 

1A

 

 receptor agonists: Recent developments and
controversial issues. Psychopharmacology (Berlin) 121:1–25; 1995.

14. Dinan, T. G.; Scott, L. V.: Does pindolol induce a rapid improve-
ment in depressed patients resistant to serotonin reuptake inhibi-
tors? J. Ser. Res. 3:119–121; 1996.

15. Dreshfield, L. R.; Wong, D. T.; Perry, K. W.; Engleman, E. A.:
Enhancement of fluoxetine-dependent increase of extracellular
serotonin (5-HT) levels by (

 

2

 

) pindolol an antagonist at 5-HT

 

1A

 

receptors. Neurochem. Res. 21:557–562; 1996.
16. Engleman, R. A.; Robertson, D. W.; Thompson, D.; Perry, K. W.;

Wong, D. T.: Antagonism of 5-HT

 

1A

 

 receptors potentiates the
increase in extracellular monoamines induced by duloxetine in
rat hypothalamus. J. Neurochem. 66:599–603; 1996.

17. Fletcher, A.; Forster, E. A.; Bill, D. J.; Brown, G.; Cliffe, I. A.;
Hartley, J. E.; Jones, D. E.; McLenachan, A.; Stanhope, K. J.;
Critchley, D. J. P.; Childs, K. J.; Middlefell, V. C.; Lanfumey, L.;
Corradetti, R.; Laporte, A.; Gozlan, H.; Hamon, M.; Dourish, C. T.:
Electrophysiological, biochemical, neurohormonal and behav-
ioral studies with WAY 100635, a potent, selective and silent 5-HT

 

1A

 

receptor antagonist. Behav. Brain Res. 73:337–353; 1996.
18. Gardier, A. M.; Malagie, I.; Trillat, A. C.; Jacquot, C.; Artigas, F.:

Role of 5-HT

 

1A

 

 autoreceptors in the mechanism of action of sero-

1. Adell, A.; Carceller, A.; Artigas, F.: Differential effects of clomi-
pramine given locally or systemically on extracellular 5-hydrox-
ytryptamine in raphe nuclei and frontal cortex. Naunyn Schmie-
debergs Arch. Pharmacol. 343:237–244; 1991.

2. Arborelius, L.; Nomikos, G. G.; Hertel, P.; Salmi, P.; Grillner, P.;
Hook, B. B.; Hacksell, U.; Svensson, T. H.: The 5-HT

 

1A

 

 receptor
antagonist (S)-UH-301 augments the increase in extracellular
concentrations of 5-HT in the frontal cortex produced by both
aute and chronic treatment with citalopram. Naunyn Schmiede-
bergs Arch. Pharmacol. 353:630–640; 1996.

3. Artigas, F.; Perez, V.; Alverez, E.: Pindolol induces a rapid
improvement of depressed patients treated with serotonin
reuptake inhibitors. Arch. Gen. Psychiat. 51:248–251; 1994.

4. Artigas, F.; Romero, L.; De Montigny, C.; Blier, P.: Acceleration
of the effect of selected antidepressant drugs in major depression
by 5-HT

 

1A

 

 receptor antagonists. Trends Pharmacol. Sci. 19:378–
383; 1996.

5. Bakish, D.; Hooper, C. L.; Thornton, M. D.; Wiens, A.; Miller, C. A.;
Thibaudeau, C. A.: Fast onset: An open study of the treatment of
major depressive disorder with nefazodone and pindolol combi-
nation therapy. Int. Clin. Psychopharmacol. 12:91–97; 1997.

6. Berman, R. M.; Darnell, A. M.; Miller, H. L.; Anand, A.; Char-
ney, D. S.: Effect of pindolol in hastening response to fluoxetine
in the treatment of major depression: A double-blind, placebo-
controlled trial. Am. J. Psychiat. 154:37–43; 1997.

7. Blier, P.; De Montigny, C.: Current advances and trends in the
treatment of depression. Trends Pharmacol. Sci. 15:220–226; 1994.

8. Blier, P.; Bergeron, R.: Effectiveness of pindolol with selected
antidepressant drugs in the treatment of depression. J. Clin. Psy-
chopharmacol. 15:217–222; 1995.

9. Cairncross, K. D., Wren, A. F.; Cox, B.; Schieden, H.: Effects of
olfactory bulbectomy and domicile on stress induced corticoster-
one release in the rat. Physiol. Behav. 19:485–487; 1977.



 

338 CRYAN ET AL.

 

toninergic antidepressant drugs: Recent findings from mircrodial-
ysis studies. Fundam. Clin. Psychopharmacol. 10:16–27; 1996.

19. Gartside, S. E.; Umbers, V.; Hajos, M.; Sharp, T.: Interaction
between a selective 5-HT

 

1A

 

 receptor antagonist snd an SSRI in
vivo: Effects on 5-HT cell firing and extracellular 5-HT. Br. J.
Pharmacol. 115:1064–1070; 1995.

20. Goodwin, G. M.; DeSouza, R. J.; Green, A. R.: Presynaptic sero-
tonin receptor response in mice attenuated by antidepressant
drugs and electroconvulsive shock. Nature 31:531–533; 1985.

21. Goodwin, G. M.; DeSouza, R. J.; Green, A. R.: Attenuation by
electroconvulsive shock and antidepressant drugs of the 5-HT

 

1A

 

receptor-mediated hypothermia and serotonin syndrome pro-
duced by 8-OH-DPAT in the rat. Psychopharmacology (Berlin)
91:500–505; 1987.

22. Gray, J. A.; Lalljee, B.: Sex differences in emotional behaviour in
the rat: Correlation between the “open field” defecation and
acute avoidance. Anim. Behav. 22:856–861; 1974.

23. Hjorth, S.: Serotonin 5-HT

 

1A

 

 autoreceptor blockade potentiates
the ability of the 5-HT reuptake inhibitor citalopram to increase
nerve terminal output of 5-HT in vivo: A microdialysis study. J.
Neurochem. 60:776–779; 1993.

24. Hjorth, S.: (

 

2

 

)-Pindolol, but not buspirone, potentiates the cit-
alopram-induced rise in extracellular 5-hydroxytryptamine. Eur.
J. Pharmacol. 303:183–186; 1993.

25. Hjorth, S.; Auerbach, S. B.: Further evidence for the importance
of 5-HT

 

1A

 

 autoreceptors in the action of selective serotonin
reuptake inhibitors. Eur. J. Pharmacol. 260:251–255; 1995.

26. Invernizzi, R.; Belli, S.; Saminin, R.: Citalopram’s ability to
increase the extracellular concentration of serotonin in the dorsal
raphe prevents the drug’s effect in frontal cortex. Brain Res.
584:322–324; 1995.

27. Janscar, S.; Leonard, B. E.: Changes in neurotransmitter metabo-
lism following olfactory bulbectomy in the rat. Prog. Neuropsy-
chopharmacol. Biol. Psychiatry 8:263–269; 1984.

28. Jesberger, J. A.; Richardson, J. S.: Brain output dysregulation by
olfactory bulbectomy: An approximation in the rat of major
depressive disorder in humans? Intern. J. Neurosci. 388:241–265;
1988.

29. Kelly, J. P.; Wrynn, A. S.; Leonard, B. E.:The olfactory bulbecto-
mized rat model of depression—An update. Pharmacol. Ther.
74:299–315; 1997.

30. Leonard, B. E.: Serotonin receptors: Where are they going? Int.
Clin. Psychopharmacol. 1(Suppl. 1):7–18; 1994.

31. Leonard, B. E.: Animal models of depression. In: Briley, M.;
Montgomery, S. E., eds. Antidepressant therapy—At the dawn of
the third millenium. London: Martin Dunitz; 1998:87–111.

32. Leonard, B. E.; Tuite, M.: Anatomical, physiological and behav-
ioural aspects of olfactory bulbectomy in the rat. Int. Rev. Neuro-
biol. 22:251–286; 1981.

33. Lund, A.; Mjeellum-Jolly, N.; Hole, K.: Desipramine, adminis-
tered chronically, influences 5-hydroxytryptamine

 

1A

 

 receptors, as
measured by behavioural tests and receptor binding in rats. Neu-
ropharmacology 31:25–31; 1992.

34. Maes, M.; Vandoolaeghe, E.; Desnyder, R.: Efficacy of treatment
with trazodone in combination with pindolol or fluoxetine in
major depression. J. Affect. Disord. 41:201–210; 1996.

35. Malagie, I.; Trillat, A.-C.; Douvier, E.; Anmella, M.-C.; Dessalles,
M.-C.; Jacquot, C.; Gardier, A. M.: Regional differences in the
effect of the combined treatment of WAY 100635 and fluoxetine:
an in vivo microdialysis study. Naunyn Schmiedebergs Arch.
Pharmacol. 354:785–790; 1996.

36. McGrath, C.: The olfactory bulbectomised rat model of depres-
sion: Biochemical, neurochemical and pharmacological studies.
Ph.D. Thesis, National University of Ireland; 1996.

37. McNamara, M.; Kelly, J. P.; Harkin, A.; Dredge, K.; Redmond,
A. M.; Connor, T. J.; Leonard, B. E.: Activity and onset of action
of reboxetine alone and in combination with sertraline in an ani-
mal model of depression. Proc. XXI CINP Congress, Glasgow,
July 12–16; 1998.

38. Meltzer, M. E.; Maes, M.: Effect of pindolol on hormone secre-
tion and body temperature: partial agonist effects. J. Neural
Transm. 103:77–88; 1996.

39. Mitchell, P. J.; Redfern, P. H.: Potentiation of the time-depen-
dent, antidepressant-induced changes in agonistic behaviour of
resident rats by the 5-HT

 

1A

 

 receptor antagonist, WAY-100635.
Behav. Pharmacol. 8:585–606; 1997.

40. Moret, C.; Briley, M.: Effects of milnacipran and pindolol on
extracellular noradrenaline and serotonin levels in guinea pig
hypothalamus. J. Neurochem. 69:815–822; 1997.

41. Norman, T. R.; Leonard, B. E.: Fast acting antidepressants—Can
the need be met? CNS Drugs 2:120–133; 1994.

42. Perez, V.; Gilaberte, I.; Faires, D.; Alvarez, V.; Artigas, F.: Ran-
domised, double-blind, placebo-controlled trial of pindolol in
combination with fluoxetine antidepressant treatment. Lancet
9:1594–1598;1997.

43. Redmond, A. M.; Kelly, J. P.; Leonard, B. E.: Effect of paroxet-
ine and fluvoxamine on behavioural changes in a number of para-
digms in the olfactory bulbectomised rat model of depression. J.
Ser. Res. 1:199–205; 1995.

44. Redmond, A. M.; McNamara, M. G.; Dredge, K.; Kelly, J. P.;
Leonard, B. E.: Onset of action of venlafaxine, citalopram, and
desipramine in the OB rat model of depression. J. Psychophar-
macol. 11(Suppl. 3):A40; 1997.

45. Romero, L.; Bel, N.; Artigas, F.; De Montigny, C.; Blier, P.:
Effect of pindolol on the function of pre- and postsynaptic 5-HT

 

1A

 

receptors: In vivo microdialysis and electrophysiological studies
in the rat brain. Neuropsychopharmacology 15:349–360; 1996.

46. Sargent, P.; Williamson, D. J.; Pearson, G.; Odontiadis, J.;
Cowen, P. J.: Effect of paroxetine and nefazadone on 5-HT

 

1A

 

receptor sensitivity. Psychopharmacology (Berlin) 32:296–304;
1997.

47. Sharp, T.; Gartside, S. E.; Umbers, V.: Effects of co-administra-
tion of a monoamine oxidase inhibitor and a 5-HT

 

1A

 

 receptor
antagonist on 5-Hydroxytryptamine cell firing and release. Eur. J.
Pharmacol. 320:15–19; 1997.

48. Soares, J. C.; Gershon, S.: Prospects for the development of new
treatments with a rapid onset of action in affective disorders.
Drugs 52:477–482; 1996.

49. Song, C.; Leonard, B. E.: The effect of olfactory bulbectomy in
the rat, alone or in combination with antidepressants and endoge-
nous factors, on immune function. Hum. Psychopharmacol. 10:7–
18; 1995.

50. Tome, M. B.; Isaac, M. T.; Harte, R.; Holland, C.: Paroxetine and
pindolol: A randomized trial of serotonergic autoreceptor block-
ade in the reduction of antidepressant latency. Int. Clin. Psycho-
pharmacol. 12:81–89; 1997.

51. Van Reizen, H.; Leonard, B. E.: Effects of psychotropic drugs on
the behaviour and neurochemistry of olfactory bulbectomised
rats. In: File, S. E., ed. Psychopharmacol. of anxiolytics and anti-
depressants. New York: Pergamon Press Inc.; 1991:231–250.

52. Wozniak, K. M.; Aulakh, C. S.; Hill, J. L.; Murphy, D. L.: The
effect of 8-OH-DPAT on temperature in the rat and its modifica-
tion by chronic antidepressant treatments. Pharmacol. Biochem.
Behav. 30:451–456; 1988.

53. Zanardi, R.; Artigas, F.; Franchini, L.; Sforzini, L.; Gasperini, M.;
Smeraldi, E.; Perez, J.: How long should paroxetine be associated
with paroxetine to improve the antidepressant response? J. Clin.
Psychopharmacol. 17:446–450; 1997.


