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Abstract:

The aim of the present study was to examine the effect of the selective 5-HT� receptor antagonist (2R)-1-[(3-hydroxyphenyl)sulfo-

nyl]-2-[2-(4-methyl-1-piperidinyl)ethyl]pyrrolidine (SB-269970), administered alone or in combination with imipramine, on the

immobility time of rats in the forced swim test as well as on the extracellular levels of dopamine (DA), noradrenaline (NA), serotonin

(5-HT) and their metabolites in the prefrontal cortex of freely moving rats. Both compounds were administered intraperitoneally

(ip). Like imipramine (30 mg/kg, but not 20 mg/kg), SB-269970 (1.25 and 2.5 mg/kg, but not 0.625 mg/kg) significantly shortened

the immobility time of rats without affecting their exploratory locomotor activity measured in the open field test. SB-269970 (0.625

and 1.25 mg/kg) raised the extracellular levels of DA, NA, 5-HT and their metabolites in rat prefrontal cortex. In that structure, imi-

pramine (20 mg/kg) produced an increase in all the neurotransmitters measured, but failed to affect the levels of their metabolites.

A combination of the inactive doses of SB-269970 (0.625 mg/kg) and imipramine (20 mg/kg) found in the forced swim test produced

antidepressant-like effect, which did not stem from the increased exploratory locomotor activity. At the same time, that combination

evoked a vast increase in the output of NA– but not DAand 5-HT – compared to the effects of both those drugs given alone. These re-

sults open up a possibility that the stimulating effect of SB-269970 on DA, NA and 5-HT transmission in the prefrontal cortex plays

some role in the antidepressant-like activity of this compound. Moreover, these findings suggest that the increase in cortical NA level

seems to account for the anti-immobility action observed after joint administration of the selective 5-HT� receptor antagonist and

imipramine in rats.
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Introduction

There exists extensive scientific literature concerning

involvement of the brain serotonin (5-HT) system in

the pathogenesis of depression and its role in the ac-

tion of antidepressant drugs. Since the delayed onset

of their action and a fairly high percentage of non-

responders to specific antidepressant drug treatments

are the major drawbacks of commonly used antide-

pressants, efforts are made to improve their action.

It has been conclusively documented that antide-

pressants with a different mechanism of action, com-

bined with selective and non-selective antagonists of

5-HT1A/1B, 5-HT2A/2C, 5-HT3, 5-HT6 or 5-HT7 recep-

tors, exert a pronounced antidepressant-like effect in

animal models of depression [1, 9, 21, 23, 25, 35, 36,

41, 42, 49, 52].
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Recently marked attention has been focused on

5-HT7 receptors because of their potential role in

mood disorders including depression. In fact, 5-HT7

receptors are localized in corticolimbic areas [13, 22,

30, 38, 39, 46, 48] which are involved in affective

processes; also some studies indicate both down-regu-

lation of 5-HT7 receptors and reduction of the effec-

tiveness of rat hippocampal 5-HT7 receptor activation

after chronic treatment with various antidepressants

[29, 45]. In contrast, electrophysiological investiga-

tions carried out in rat hippocampal slices have shown

an enhancement of the excitatory effect of the activa-

tion of 5-HT7 receptors after electroconvulsive shocks

delivered ten times and no influence of repeated ad-

ministration of an atypical antidepressant tianeptine

or zinc hydroaspartate, a compound exhibiting anti-

depressant-like activity, on the studied effect [32].

Despite the latter facts, further support of the role

of 5-HT7 receptors in depression comes from in vivo

experiments conducted on 5-HT7 receptor knockout

mice, which have demonstrated antidepressant-like

behavior of these animals compared to wild-type mice

in the forced swim [11, 15] and the tail suspension

[15] tests. Furthermore, a smaller amount of rapid eye

movement (REM) sleep occurs in 5-HT7 receptor

knockout mice and they have less frequent REM epi-

sodes [15]. In agreement with these data, a significant

antidepressant-like effect was observed after admini-

stration of the selective 5-HT7 receptor antagonist

(2R)-1-[(3-hydroxyphenyl)sulfonyl]-2-[2-(4-methyl-1-

piperidinyl)ethyl]pyrrolidine (SB-269970) in the forced

swim and tail suspension tests in mice [3, 15, 50–52].

Moreover, selective 5-HT7 receptor antagonists in-

cluding SB-269970 have been shown to increase the

latency of REM sleep and to decrease its duration [3,

14, 15, 43], and thus to induce changes in sleep pa-

rameters in a pattern opposite to that found in patients

with clinical depression.

It has also been demonstrated that citalopram, a se-

lective 5-HT reuptake inhibitor, decreases the immo-

bility time of 5-HT7 receptor knockout mice and

wild-type controls in the tail suspension test, and that

its effect on 5-HT7 receptor knockout mice is additive

to that of the genotype alone [15]. This observation is

in line with the data provided by Weso³owska et al.

[52], showing that the 5-HT7 receptor blockade in-

duced by SB-269970 facilitates the anti-immobility

effect of citalopram in the mouse forced swim test

without increasing spontaneous locomotor activity.

The latter study was extended by Bonaventure et al.

[3] who demonstrated that joint administration of

SB-269970 and a non-effective dose of citalopram

produced a significant decrease in immobility time in

the tail suspension test in mice. Moreover, those

authors ruled out a possible pharmacokinetic interac-

tion between SB-269970 and citalopram. In addition,

the combination of SB-269970 and citalopram signifi-

cantly delayed REM sleep latency and enhanced the

decrease in REM sleep duration compared to citalo-

pram alone [3]. Weso³owska et al. [52] also found that

the selective blockade of 5-HT7 receptors may have

a synergistic effect with the inhibition of noradrena-

line (NA) reuptake, as well as with the inhibition of

monoamine oxidase-A, since combined administra-

tion of non-active doses of SB-269970 and imipramine,

desipramine or moclobemide significantly shortened

the immobility time of mice in the forced swim test.

In the light of the above observations, we tried to

ascertain whether the selective 5-HT7 receptor an-

tagonist SB-269970 was able to exert an antidepres-

sant-like effect in the rat forced swim test; moreover,

we simultaneously examined the modulation of the

dialysate levels of dopamine (DA), NA and 5-HT

in the prefrontal cortex of freely moving rats after

SB-269970 administration. All the same, the primary

aim of our present research was to study the effect

of joint administration of non-active doses of SB-

269970 and the 5-HT/NA reuptake inhibitor imi-

pramine, observed in the forced swim test, on the im-

mobility time of rats in that test and on DA, NA and

5-HT efflux in a microdialysis assay. To the best of

our knowledge, the effect of combined administration

of selective 5-HT7 receptor antagonists and imi-

pramine has not been studied in rats so far. Further-

more, the present study has also been the first to de-

termine the influence of the 5-HT7 receptor antagonist

and its joint administration with imipramine on bio-

genic amine levels in the extracellular space in live,

conscious and freely moving rats.

Materials and Methods

Animals

The experiments were conducted on male Wistar rats

(250–300 g) bred at the Institute of Pharmacology,

Polish Academy of Sciences in Kraków, Poland. The

rats were housed in temperature- and humidity-
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controlled rooms on a 12-h light/dark cycle, with ad

libitum access to filtered tap water and standard pel-

leted laboratory chow throughout the study. All the

experiments were performed in a light phase between

09.00 and 17.00 h, on separate groups of animals;

each animal was used only once in a test. The testing

was carried out by an observer unaware of the treat-

ment. The experimental procedures and the housing

conditions were approved by the Local Bioethics

Commission at the Institute of Pharmacology, Polish

Academy of Sciences in Kraków.

Drugs used

The following drugs were used: (2R)-1-[(3-hydroxy-

phenyl)sulfonyl]-2-[2-(4-methyl-1-piperidinyl)ethyl]-

pyrrolidine (hydrochloride, SB-269970; Tocris, UK)

and imipramine (hydrochloride; Polfa, Poland). Both

compounds were dissolved in distilled water and ad-

ministered intraperitoneally (ip) in a volume of 2 ml/kg.

SB-269970 and imipramine were given at 30 and

60 min, respectively, before the forced swim test.

Control animals received a vehicle injection accord-

ing to the same schedule.

Forced swim test

The experiment was carried out according to the

method of Porsolt et al. [33]. On the first day of ex-

periment, the animals were gently individually placed

in Plexiglas cylinders (40 cm high, 18 cm in diameter)

containing 15 cm of water maintained at 25°C for

15 min. Upon removal from water, the rats were

placed in a Plexiglas box for 30 min under a 60-W

bulb to dry off. On the following day, the rats were

placed again in the cylinder and the total duration of

immobility was recorded throughout a 5-min test pe-

riod. Fresh water was used for each animal.

Open field test

The experiment was performed in a darkened room

according to the slightly modified method of Janssen

et al. [17]. The centre of the open arena (1 m in di-

ameter, divided into six symmetrical sectors without

walls) was illuminated with a 75 W electric bulb

hanging directly 75 cm above it. A single vehicle- or

drug-injected animal was gently placed in the centre

of the arena and allowed to explore freely. The time of

walking, ambulation (the number of crossings of sec-

tor lines) and the number of rearing and peeping epi-

sodes (looking under the edge of the arena) were re-

corded for 5 min.

Microdialysis study

The rats were anesthetized with ketamine (75 mg/kg

im) and xylazine (10 mg/kg im) and placed in stereo-

taxic apparatus (David Kopf Instruments, Tujunga,

CA, USA). Their skulls were exposed, and small

holes were drilled for insertion of the microdialysis

probes into the prefrontal cortex using the following

coordinates: 2.9 mm anterior from the bregma; 0.8 mm

lateral from the sagittal suture; –4.5 mm ventral from

the dura surface (Fig. 1) [31]. Microdialysis probes

were constructed by inserting two fused silica tubes

(30 and 35 mm long, 150 �m o.d.; Polymicro Tech-

nologies Inc., Phoenix, AZ, USA) into a microdialysis

fiber (220 �m o.d.; AN69, Hospal, Bologna, Italy).

The tube assembly was placed in a stainless steel can-

nula (22G, 10 mm) forming the shaft of the probe.

Portions of the inlet and outlet tubes were individually

placed inside polyethylene PE-10 tubing and were

glued for protection. The free end of the dialysis fibre

was sealed, and 3 mm of the exposed length was used

for dialysis in the prefrontal cortex. One day after the

surgery and probe implantation, the inlet of the dialy-

sis probes was connected to a syringe pump (BAS,

IN, USA) which delivered an artificial cerebrospinal

fluid composed of [in mM] NaCl 145, KCl 2.7,

MgCl2 1.0, CaCl2 1.2; pH = 7.4 at a flow rate of

1.5 �l/min. Baseline samples were collected every

20 min after a washout period to obtain a stable extra-

cellular neurotransmitter level. Respective drugs were

then administered, and dialysate fractions were col-

lected for 240 min. At the end of the experiment,

the rats were sacrificed and their brains were histo-

logically examined to validate the correct probe

placement.

DA, 3,4-dihydroxyphenylacetic acid (DOPAC),

homovanillic acid (HVA), NA, as well as 5-HT and its

metabolite 5-hydroxyindoleacetic acid (5-HIAA) were

analysed by HPLC with electrochemical detection.

Chromatography was performed using an LC-10 AD

pump (Shimadzu Europa GmbH, Warszawa, Poland),

an LC-4B amperometric detector with a cross-flow

detector cell (BAS, IN, USA) and BDS-Hypersil C18

analytical column (3 × 100 mm, a 3 �m, Thermo

Electron Corp., UK). The mobile phase was com-

posed of 0.1 M monochloroacetic acid adjusted to
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pH = 3.7 with 3 M sodium hydroxide, 0.5 m M

EDTA, 25 mg/l 1-octanesulfonic acid sodium salt,

a 5.7% methanol and a 2.5% acetonitrile. The flow

rate was 0.5 ml/min, and the applied potential of

a 3-mm glassy carbon electrode was +600 mV with

a sensitivity of 2 nA/V. NA was measured using the

HPLC system equipped with a P580 pump (Dionex,

CA, USA) connected to a BAS injection valve with

a 10 �l injection loop and a BDS-Hypersil analytical

column (2.0 × 100 mm, a 3 �m, Thermo Electron

Corp., UK). The mobile phase was composed of

0.05 M KH2PO4 (adjusted to pH = 3.7 with ortho-

phosphoric acid), 0.5 mM EDTA, 150 mg/l 1-octane-

sulfonic acid sodium salt, 10 mM NaCl and a 1.2%

acetonitrile. The flow rate was 180 �l/min. NA was

detected in dialysates with a BAS UniJet radial flow

detector cell coupled to a LC-4B amperometric detec-

tor (BAS, IN, USA). The applied potential of a 3-mm

glassy carbon electrode was +600 mV with a sensitiv-

ity of 2 nA/V. The chromatographic data were proc-

essed by Chromax 2001 (Pol-Lab, Warszawa, Poland)

software run on a PC computer. The values were not

corrected for an in vitro probe recovery, which was

approximately 15%.

An average concentration of three stable samples

prior to drug administration was regarded as a control

value and was regarded as 100%.

Statistical analysis

The results represent the mean ± SEM. The statistical

significance of drug effects was calculated by a re-

peated-measures ANOVA, followed by intergroup

comparisons using Dunnett’s test (when only one

drug was administered), or Tukey’s post-hoc test

(when two drugs were used). The results were consid-

ered statistically significant when p < 0.05.

Results

Forced swim test

The selective 5-HT7 receptor antagonist SB-269970

(1.25 and 2.5 mg/kg) significantly shortened the im-

mobility time of rats in the forced swim test; its lower
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(0.625 mg/kg) and higher (5 mg/kg) doses had no sta-

tistical effect in that test (Fig. 2). Imipramine (20 mg/kg)

did not affect the immobility time of rats; when given

at a higher dose of 30 mg/kg, the drug significantly

reduced the immobility time of rats (Fig. 3). There-

fore, a dose of 20 mg/kg of imipramine was chosen

for an interaction study with SB-269970. Co-adminis-

tration of SB-269970 (0.625 mg/kg) and imipramine

(20 mg/kg) produced a statistically significant anti-

immobility effect which was comparable to that of

imipramine (30 mg/kg) alone (Fig. 3).

Open field test

SB-269970 (0.625–2.5 mg/kg) did not change the ex-

ploratory locomotor activity of rats, evaluated by the

open field test. Imipramine (20 mg/kg), administered

alone or jointly with SB-269970 (0.625 mg/kg), did

not affect any parameters measured in that test

(Tab. 1).

Tab. 1. -�� �		��� �	 �
 �.//01 ��� 
�
����
��� �
��� ����� �� 2�
�� 
��� �� ��� �,��������� ���
�
�� ��������� +� ��� ���� 	
��� ���� 
� ����

Treatment
(mg/kg)

Exploratory activity

Walking time
(s)

Ambulation Peeping
+ rearing

Saline + saline 55.0 ± 3.1 17.5 ± 1.8 14.3 ± 2.1

SB-269970 (0.625)
+ saline

56.2 ± 1.9 21.3 ± 1.4 18.8 ± 2.1

SB-269970 (1.25)
+ saline

54.5 ± 8.3 17.8 ± 3.3 18.8 ± 2.3

SB-269970 (2.5)
+ saline

54.8 ± 7.7 19.2 ± 3.6 21.5 ± 3.3

F(3, 20) =
0.015 ns

F(3, 20) =
0.423 ns

F(3, 20) =
1.436 ns

Saline + saline 53.3 ± 5.7 15.0 ± 2.0 13.7 ± 2.7

Saline +
imipramine (20)

48.2 ± 7.9 13.5 ± 1.9 14.2 ± 2.0

SB-269970 (0.625)
+ imipramine (20)

43.8 ± 6.8 14.5 ± 3.7 12.7 ± 2.7

F(2, 15) =
0.477 ns

F(2, 15) =
0.082 ns

F(2, 15) =
0.095 ns

�
 �.//01 ��� 
�
����
�� %��� ���
�
������ �1 ��� .1 �
�� �� 
�����
����� +�	��� ��� ����* -�� ��
���� %��� �+������ 	�� 3 �
�* -��
������� ��������� ��� ���� 4 �56 �	 . ����* �� 7 ��� �
��
	
����

Microdialysis study

The basal extracellular concentrations of biogenic

amines in dialysates from the prefrontal cortex for all

the rats tested were 1.45 ± 0.13 (DA), 3.43 ± 0.24

(NA) and 0.64 ± 0.07 (5-HT) pg/10 �l ± SEM.

The selective 5-HT7 receptor antagonist SB-269970

(0.625 mg/kg) markedly and significantly elevated

the levels of DA, NA and 5-HT, the maximum effect

being ca. 300%, 125% and 170%, respectively, of the

basal release after 20 min of administration; it also in-
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Fig. 2. -�� �		��� �	 �
 �.//01 �� ��� 
���+
�
�� �
�� �	 ���� 
� ���
	����� �%
� ����* �
 �.//01 %�� ���
�
������ �1 �
� +�	��� ���
����* -�� ��
���� %��� �+������ 	�� 3 �
�* -�� ������� ��������� ���
���� 4 �56 �	 8 ����* -�� ���� %��� ����
��
����� ��������� +�
��9:�� 	����%�� +� �������;� ����< = � > 1*13� == � > 1*1� vs* ���
��

Fig. 3. -�� �		��� �	 
�
����
�� ����� �� �
��� 2�
���� %
�� �
 �.//01
�� ��� 
���+
�
�� �
�� �	 ���� 
� ��� 	����� �%
� ����* ��
����
�� ���
�
 �.//01 %��� ���
�
������ .1 ��� �1 �
�� �������
����� +�	���
��� ����* -�� ��
���� %��� �+������ 	�� 3 �
�* -�� ������� ���������
��� ���� 4 �56 �	 8 ����* -�� ���� %��� ����
��
����� ��������� +�
��9:�� 	����%�� +� -�#��;� post-hoc ����< = � > 1*1�� == � > 1*11� vs*
���
��< � � > 1*1� vs* 
�
����
�� ?�1 ��@#�A



creased the dialysate levels of the metabolites

DOPAC, HVA and 5-HIAA in the prefrontal cortex of

freely moving rats. SB-269970 (1.25 mg/kg) pro-

duced an increase in the levels of biogenic amines and

their metabolites, the maximum effect being ca. 240%

of the basal release after 40 min of administration in

the case of NA. The time-course of the above-de-

scribed effects is shown in Figures 4 and 6, while the

cumulative effect in the sampling period, i.e. during

240 min, expressed as an area under the curve (AUC),

is presented in Figure 5.

Imipramine (20 mg/kg) increased the extracellular

levels of DA, NA and 5-HT, the maximum effect

being ca. 225%, 210% and 180%, respectively, at
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Fig. 4. -�� �		��� �	 �
-�.//01 ?�*�3 ��@#�A �� ��� �,�����������
������ �	 ��� �� ��� 3 B- 
� ��� ���	������ �����,� ���%� �� � �
�� 
������* �
 �.//01 %�� �
��� �� ��� �
�� ��
�� C1D* -�� �������
�� �	
�
����
����
� ������� %�� ��������� ����� �1 �
� 	�� ! �* -�� �� 
����� ��������� ��� ���� 4 �56 �	 ! ����* -�� ���� %��� ����
��
�����
��������� +� ��9:�� 	����%�� +� �������;� ����< = � > 1*13� == � > 1*1�
vs* +���� �����

Fig. 5. -�� �������
�� �		��� �	 �
 �.//01 �� ��� �,����������� ������
�	 ��� ��� 3 B- ��� ���
� ����+��
��� 
� ��� ���	������ �����,� ���%�
�� �� ���� ����� ��� ����� ?�EFA* -�� �������
�� �	 �
����
����
�
������� %�� ��������� ����� �1 �
� 	�� ! �* -�� ������� ���������
��� ���� 4 �56 �	 ! ����* -�� ���� %��� ����
��
����� ��������� +�
��9:�� 	����%�� +� �������;� ����< = � > 1*13� == � > 1*1� vs* ���
�� G
���
��

Fig. 6. -�� �		��� �	 �
 �.//01 ?1*.�3 ��@#�A ��� 
�
����
�� ?�1 ��@#�A ���
�
������ ����� �� 2�
����� �� ��� �,����������� ������ �	 ���
�� ��� 3 B- 
� ��� ���	������ �����,� ���%� �� � �
�� ������* �
 �.//01 ��� 
�
����
�� %��� �
��� ����� �� 2�
���� �� ��� �
�� ��
�� C1D*
-�� ������� ��������� ��� ���� 4 �56 �	 �7! ����* -�� ���� %��� ����
��
����� ��������� +� ��9:�� 	����%�� +� -�#��;� post-hoc ����< = � > 1*13�
== � > 1*1� vs* +���� �����< H � > 1*1� vs* �
 �.//01 ?1*.�3 ��@#�A



60–80 min after administration; the levels of the me-

tabolites DOPAC, HVA and 5-HIAA were not in-

creased upon imipramine injection (20 mg/kg). The

time-course of the effect is shown in Figure 6, while

the cumulative effect of imipramine expressed as

AUC is presented in Figure 7.

Combined administration of SB-269970 (0.625

mg/kg) and imipramine (20 mg/kg) increased the di-

alysate levels of DA, NA and 5-HT, the maximum ef-

fect being ca. 140%, 240% and 180%, respectively, of

the basal release after 60–100 min of administration.

SB-269970 (0.625 mg/kg) given jointly with imi-

pramine (20 mg/kg) also increased the level of HVA

in the statistically significant manner. The time-course

of the effect is shown in Figure 6, whereas the effect

of both those compounds was averaged out over

240 min and expressed as AUC for a clear presenta-

tion of the results (Fig. 7).

Discussion

SB-269970, a pharmacological tool used in the pres-

ent study, has been shown to be a potent ligand of

cloned human [19] and guinea-pig [14] 5-HT7 recep-

tors (pKi = 8.9 and 8.7, respectively). It displays ex-

cellent selectivity (> 250-fold) over 5-HT1, 5-HT2,

5-HT4, 5-HT6, �1-adrenergic, D2 and D3 receptors,

except for 5-HT5A ones (50-fold). Moreover, in a com-

mercial screening package, SB-269970 has been found

to be over 100-fold more selective over a total of 50

other receptors, transporters, enzymes and ion chan-

nels [14, 19]. SB-269970 shows in vitro and in vivo

features of a 5-HT7 receptor antagonist and displays

good central nervous system penetration [12, 14, 19,

20, 44].

The present study demonstrates for the first time

that SB-269970 administered systemically to rats in

doses of 1.25 and 2.5 mg/kg produces anti-immobility

action in the forced swim test. Its antidepressant-like

activity cannot be attributed to changes in general ac-

tivity, as this drug used at doses producing an anti-

immobility effect does not change exploratory loco-

motor activity measured in the open field test. These

results are in line with our earlier findings which indi-

cated that SB-269970 given locally into the CA1 re-

gion of rat hippocampus may evoke an antidepres-

sant-like effect [50]. The present observation is also

consistent with the results of several other studies car-

ried out on mice, which point to the antidepressant-

like activity of SB-269970 in the mouse models of de-

pression, i.e. the forced swim and the tail suspension

tests [3, 15, 51, 52]. We have observed that SB-

269970 produces antidepressant-like activity in rats,

developing an apparent U-shaped dose-response rela-

tionship which is difficult to explain. Recent studies

[12, 14] indicated that the hypothermic effect of the

non-selective 5-HT receptor agonist 5-carboxytrypt-

amine was reduced by SB-269970 in a dose-dependent

manner in mice and guinea-pigs. Additionally, Bona-

venture et al. [3] reported that SB-269970 dose-de-

pendently produced anti-immobility action in the tail

suspension test in mice; furthermore, in an autoshap-

ing Pavlovian/instrumental learning task, SB-269970

dose-dependently reversed the amnesic effects of sco-

polamine or dizocilpine in rats [24]. On the other

hand, the decrease in rat body temperature evoked by

the 5-HT1A/7 receptor agonist 8-hydroxy-2-(di-n-pro-

pylamino)tetralin was inhibited by SB-269970, show-

ing a tendency to develop a bell-shaped dose-response

relationship. Moreover, Weso³owska et al. [51] found

that SB-269970 exerted anxiolytic-like activity in

mice and rats, as well as antidepressant-like activity

in mice, producing a U-shaped dose-response effect.
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Hence, it is only hypothesized that the lack of typical

dose-dependence, observed in the present behavioral

experiment, and the reduction of the effectiveness of

a higher dose of SB-269970 indicate that all 5-HT7 re-

ceptors seem to be saturated with lower doses of the

5-HT7 receptor antagonist tested, and that further aug-

mentation of its dose has no effect on the immobility

time, or that some non-specific activity of SB-269970

prevents a further decrease in immobility time. How-

ever, there have been no data so far showing such

non-specific action of SB-269970.

Our study was also aimed at determining the ability

of SB-269970 to augment the effect of the 5-HT/NA

reuptake inhibitor imipramine (which per se does not

exhibit affinity for 5-HT7 receptors [39]) on the anti-

depressant-like behavior of rats in the forced swim

test. As previously observed in mice [52], a low dose

of imipramine (which has no effect of its own) in-

duces a statistically significant anti-immobility effect

in rats when used in combination with an inactive

dose of SB-269970. This effect seems to be specific,

since neither SB-269970 nor imipramine, given alone

or jointly, have influence on the exploratory locomo-

tor activity of rats, as shown in the open field test. In

some more recent articles, Bonaventure et al. [3] and

Weso³owska et al. [52] reported that the blockade of

5-HT7 receptors facilitated the anti-immobility effect

of several antidepressants including imipramine in

the mouse tail suspension and the forced swim tests,

without increasing locomotor activity. Additionally,

Bonaventure et al. [3] ruled out a possible pharma-

cokinetic interaction between citalopram and SB-

269970 in favor of a pharmacodynamic one to explain

the enhancement of citalopram activity by SB-269970

in mice. Our data on the 5-HT7 receptor antagonist

tested and imipramine reinforce the above-cited find-

ings by using a different strain of animals. However,

at this stage of experimentation we are not able to de-

cide whether the synergistic effect observed for SB-

269970 and imipramine in rats may be regarded as

a result of a pharmacodynamic and/or a pharmacoki-

netic interaction, since the levels of both the com-

pounds used (given alone or jointly) have not been

analyzed so far. Hence, the present study focuses on

a putative pharmacodynamic interaction.

It has been well established that the antidepres-

sant-like activity detected in the forced swim test de-

pends primarily on the enhancement of central cate-

cholamine and 5-HT neurotransmission [4–7, 34, 37].

In the present neurobiochemical experiment imi-

pramine per se caused a substantial increases in the

extracellular concentrations of DA, NA and 5-HT.

These findings are basically in agreement with other

microdialysis data [2, 10, 18, 28, 40] on the acute ef-

fect of imipramine on biogenic amine levels in rat

prefrontal cortex. On the assumption that the DA, NA

and/or 5-HT systems may be involved in mediation of

the anti-immobility effect of the 5-HT7 receptor an-

tagonist used, our study has described for the first

time the action of SB-269970 alone, as well as the ef-

fect of joint administration of SB-269970 and imi-

pramine on the release of these neurotransmitters in

the prefrontal cortex of live, conscious and freely

moving rats. In that model SB-269970 per se was ex-

amined in two doses: 1) 0.625 mg/kg, i.e. a dose inac-

tive in the forced swim test, used for an interaction

study, and 2) 1.25 mg/kg, i.e. a dose producing the

strongest anti-immobility action. Microdialysis results

showed that both a lower and a higher dose of SB-

269970 alone significantly increased DA, NA and

5-HT efflux, as well as the levels of biogenic amine

metabolites in rat prefrontal cortex. The dose of

0.625 mg/kg of SB-269970 produced a weaker effect

than that of 1.25 mg/kg except for DA release. In con-

trast, Bonaventure et al. [3] reported that SB-269970

itself, administered in a dose of 10 mg/kg, did not in-

crease cortical 5-HT, DA and NA release in rats. The

substantial difference between our study and that of

Bonaventure et al. [3] lies in the dose used of the

5-HT7 receptor antagonist. The latter authors tested

the dose of 10 mg/kg of SB-269970 in a microdialysis

study with rats; the same dose produced an antide-

pressant-like effect in mice (a tail suspension test), but

was ineffective in rats (sleep-wake states). In our be-

havioral study, SB-269970 given in a dose of 10 mg/kg

was also ineffective in the forced swim test in rats

(data not shown); hence, it is likely that pronounced

effects of SB-269970 can be observed after admini-

stration of its lower doses to rats, but not to mice.

Nevertheless, the dose of 10 mg/kg of SB-269970 sig-

nificantly enhanced the effect of citalopram on the re-

lease of cortical 5-HT in rats [3].

The identification of 5-HT7 receptor mRNA in the

dorsal raphe nucleus, as well as the presence of 5-HT7

receptor protein in 5-HT cell bodies and axon termi-

nal fields suggest that these receptors may act as 5-HT

release-mediating autoreceptors [13, 38]. Our results

seem to confirm such a conclusion, since the blockade

of 5-HT7 receptors increases 5-HT and 5-HIAA levels

in cortical terminals. An intriguing question arises
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why the 5-HT7 receptor antagonist also induces an in-

crease in extracellular DA and NA concentrations.

SB-269970 is a selective 5-HT7 receptor antagonist,

which has no affinity for DA and adrenergic recep-

tors, nor does it show any DA and NA reuptake inhi-

bition activity [14, 19]. Therefore, it may only be hy-

pothesized that its effect is likely to be connected with

the indirect modulating action of released 5-HT on

DA and NA neurons via 5-HT7 heteroreceptors local-

ized on DA and NA neurons. However, there is no

evidence in the literature pointing to such localization

of 5-HT7 receptors.

Several neuroanatomical and electrophysiological

studies indicate a functional interplay between the

5-HT and DA systems. For instance, some ultrastruc-

tural reports reveal that 5-HT terminals enter into syn-

aptic contact with DA neurons in the ventral tegmen-

tal area [16, 47] and substantia nigra pars compacta

[8]. Moreover, Minabe et al. [26] reported that the de-

pletion of brain 5-HT with para-chlorophenylalanine

decreased the activity of midbrain DA cells. Such in-

teractions between the two systems were further evi-

denced by Mnie-Filali et al. [27] who demonstrated

that the in vitro inhibitory effect of amphetamine on

DA neuronal firing activity was modulated by 5-HT7

receptors in the ventral tegmental area. To the best of

our knowledge, possible interactions between 5-HT7

receptors and the dopaminergic and noradrenergic

systems in vivo have not been studied so far.

We observed in the forced swim test the enhance-

ment of the effect of imipramine (20 mg/kg) by SB-

269970 administered in an inactive dose (0.625 mg/kg).

In a microdialysis study, a significant interaction be-

tween SB-269970 and imipramine was demonstrated

in the case of NA release only, whereas no enhance-

ment of DA and 5-HT efflux after combined admini-

stration of SB-269970 and imipramine was detected;

contrarywise, even a decrease in DA level was found

after co-application of the 5-HT7 receptor antagonist

and imipramine.

Summing up, the present results suggest that SB-

269970 shows antidepressant-like activity in the

forced swim test in rats, possibly connected with in-

creases in DA, NA and 5-HT levels in the prefrontal

cortex. Moreover, SB-269970 can enhance the anti-

immobility effect of imipramine in rats; the increase

in cortical NA level seems to account for the behav-

ioral enhancement observed in the forced swim test

after combined administration of SB-269970 and imi-

pramine to rats. Apparently, other biogenic amines

(DA and 5-HT) do not seem to be important to the in-

teraction tested. However, an adequate explanation of

the influence of SB-269970 per se on DA and 5-HT

levels in the context of its potential antidepressant ac-

tivity requires further systematic studies.
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