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Quetiapine Prevents Anhedonia Induced by Acute or

Chronic Stress
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The role of atypical antipsychotics as add-on treatments and as primary mood stabilizers in different phases of bipolar disorder is an
important current research area. Although in bipolar patients the main therapeutic indication of quetiapine (QTP) is the management of
acute mania, several observations suggest that this agent may exert antidepressant as well as antimanic effects. However, in our
knowledge, there are no preclinical studies supporting this hypothesis. Thus, the main goal of the present work was to evaluate the
putative antidepressant effect of QTP (0.4, 2.0, or |0 mg/kg/day), in comparison to amitriptyline (AMI) (2 or 5 mg/kg/day), in rats exposed
to acute or chronic stress. The administration of QTP, 2 mg/kg/day, prevents the onset of anhedonia in rats exposed to a 6-week chronic
mild stress (CMS) protocol. The effect of QTP has a slow onset, beginning at week 5, and causes a complete recovery from anhedonia. In
this respect, the effect of QTP is similar to that obtained after chronic administration of AMI 2 or 5 mg/kg/day. Our findings also indicate
that a 6-week administration of QTP, 2 or 10 mg/kg/day, has protective effects against the onset of anhedonia caused by the exposure to
an acute subthreshold stressful event in rats that have previously experienced the CMS procedure. The results suggest that QTP is able
to prevent both the transient mood depression caused by acute stress and the long-lasting anhedonic state induced by exposure, over a

period of weeks, to a variety of unpredictable mild stressors.

INTRODUCTION

Among atypical antipsychotics, quetiapine (QTP) is a
dibenzothiazepine derivative that has a greater affinity for
serotonin 5-HT2 receptors than dopamine D2 receptors,
together with considerable activity at histamine HI
receptors, ol- and o2-adrenergic receptors. Even though
QTP by itself is not able to activate these receptors, it
behaves as a competitive antagonist and therefore prevents
the effects of endogenous neurotransmitters at these sites.
In addition, QTP has partial agonist activity at serotonin 5-
HT1A receptors. Recent studies have demonstrated that this
atypical antipsychotic may be effective in the treatment of
depressive symptoms associated with psychotic and mood
disorders, including bipolar disorder I and II (Altamura
et al, 2003; Ertugrul and Meltzer, 2003; Calabrese et al, 2005)
and rapid cycling bipolar disorder (Vieta et al, 2002). The
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effectiveness of QTP in reverting depressive symptoms
might be of particular interest because the presence of
depression, more than positive and negative symptoms,
markedly impairs the quality of life of schizophrenic
patients during the stable period of the disease. Moreover,
further support to the clinical evidence of mood-stabilizing
effects of QTP would extend the therapeutic use of this
agent from schizophrenia spectrum disorders to the acute
and prophylactic treatment of mania and depression.
Although clinical reports seem to indicate that QTP might
be used to treat depressive symptoms, at present no data are
available on the effectiveness of this compound to revert
anhedonia in animal models of depression. Therefore, in the
present work we assessed firstly the putative antidepressant
effect of chronic QTP administration in rats exposed to a
protocol of chronic mild stress (CMS). CMS is a naturalistic
paradigm of a hostile environment which models anhe-
donia, a core symptom of depression defined as the
diminished preference by rats for palatable sweetened
solution (sucrose solution) in a free choice trial with water.
The animal model of anhedonia has proven to be especially
successful in the functional identification of antidepressant
drugs and, therefore, has a high degree of predictive validity
(Ferretti et al, 1995; Ghi et al, 1995; Papp et al, 1996;
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Przegalinski et al, 1995). It has also been reported by Zurita
et al (2000) that early exposure to successive, dissimilar,
and unescapable stressors facilitates the occurrence of
anhedonia and disturbed emotional reactions when the rats
are later exposed to a novel threatening situation. Interest-
ingly, the increased vulnerability of CMS rats to acute
stressful stimuli may be prevented by pretreatment with
desipramine, an antidepressant drug (Zurita et al, 1999).
Therefore, in the present study, we have also evaluated the
effectiveness of chronic QTP administration to prevent
anhedonia caused by an acute stressful event in rats
previously exposed to the CMS protocol. In all experiments,
the tricyclic antidepressant drug amitriptyline (AMI) was
used as reference compound.

METHODS
Animals

Adult male albino rats (Charles River, Italia) of the Wistar
strain were used. Before starting the CMS protocol, the
rats were housed in a temperature-controlled colony
room (22+2°C) with free access to food and water, were
maintained four per cage under standard laboratory
conditions and were submitted to daily handling for at
least 2 weeks. The weight of the animals at the beginning of
the experiments was 180-200 g. Each rat was weighed once a
week both during CMS protocol and the following recovery
period to verify the influence of CMS and/or drug
administration on weight gain. All experiments were carried
out in accordance with the European Communities Council
Directive of 24 November 1986 and DL of 27 January 1992,
no. 116 (86/609/EEC). All efforts were made to minimize
animal suffering and to reduce the number of animal used.

Sucrose Preference Training and Testing

Animals were housed individually with two 50 ml graduate
tubes containing either 1% sucrose solution or tap water
with standard lab chow available continuously. They were
allowed 24 h to adapt to these two bottles and, within this
period, the sucrose consumption was evaluated every 2h
from the beginning of the experiment. Both the water and
sucrose intakes were measured by weighing the preweighed
bottles containing the respective solutions. For each animal,
the basal sucrose preference after the training proce-
dure was evaluated as Siyc X 100/(Sine + Wine), in which:
Sint = sucrose intake (g) = [(weight of the bottle containing
the sucrose solution at 24 h)—(weight of the bottle contain-
ing the sucrose solution at 26h)] and Wy, =water
intake (g) =[(weight of the bottle containing water at
24 h)—(weight of the bottle containing water at 26 h)].

Subsequently, the sucrose preference was monitored
individually under similar conditions (two-bottle test, 2-h
periods) at selected intervals both during and after the
administration of the CMS protocol. Finally, in order to
minimize the differences among individuals, the sucrose
preference during both the CMS and recovery periods was
calculated as percent difference vs basal value. During the
CMS protocol, the sucrose preference test was carried out at
least 16 h after the conclusion of the stress session.
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CMS Protocol

Twenty-four hours after the evaluation of the basal sucrose
preference, the rats were subjected to the procedure of CMS
for the induction of anhedonia. The CMS protocol was
designed to maximize the unpredictable nature of the
stressors. One of the following stressors was administered
daily (in random order) over a period of 6 weeks to separate
groups of rats treated with saline, AMI 2-5 mg/kg/day or
QTP 0.4, 2, or 10 mg/kg/day: crowding, by placing eight
animals in standard individual cages for 24h, food
deprivation for 24h, 45° cage tilt for 5h, shaker stress
(horizontal shakes at high speed) for 10 min, soiled cage
(200ml water in sawdust bedding) for 5h, intermittent
overnight illumination (lights on and off every 3 h for 24 h),
light on overnight, tail pinch for 2 min. In developing our
CMS protocol, we have made changes to the procedure
described previously by Katz (1982), as the severity of the
stressors employed was greatly reduced. Indeed, the
individual stressors we have used do not include elements
like intense foot-shock, restraint stress, or 48 h water/food
deprivation. In this respect, our CMS protocol is similar to
the procedure adopted by Willner et al (1987). However, the
choice of stressful stimuli, the intensity of each stressor, the
order of administration, and the duration of the whole
protocol were validated in our laboratory in order to
achieve a stable reduction (about 50% vs basal intake) of
sucrose preference 2 weeks after the beginning of the
experiments. Immediately after the conclusion of each
stress session, the animals were returned to the colony room
and maintained in standard conditions until the next stress
session of the CMS regime. Sucrose preference tests were
performed 7, 14, 21, 28, 35, and 42 days after the beginning
of the CMS procedure and never the day after food
deprivation. In drug experiments, stress was continued
throughout the treatment period and weekly sucrose
preference tests were carried out 24h after the drug
administration.

Acute Stress (AS) Protocol

Rats previously subjected to the CMS procedure and naive
rats were randomly divided into smaller groups (12
animals) and treated for 6 weeks with saline, AMI 2, or
5 mg/kg/day or QTP 2 or 10 mg/kg/day. 24 h after the end of
the chronic treatment, each rats was subjected to the AS
session. The AS protocol consists of a two-trial forced
swimming test performed in a pool filled with cold water
(16°C). The apparatus used is a water maze of 120 cm in
diameter. During the first trial, the rat has to swim around
the pool to search for a visible platform, rising 1 cm above
the water surface. Normally, the rat climbs onto the visible
platform in a few seconds. During the second trial
(performed 30 min later), the platform is removed and the
rat is forced to swim in the pool for 5min. Sucrose
preference tests were then performed individually 2 h, 7, 14,
and 21 days after the end of the AS protocol.

Statistical Analysis

Sucrose preference data concerning the induction of
anhedonia during the CMS protocol were analyzed by a



three-factor, mixed designed analysis of variance (ANOVA)
(CMS and treatment as between factors and sucrose-testing
day as repeated-measures factor), whereas sucrose pre-
ference data concerning vulnerability to AS of naive rats or
rats preexposed to CMS were analyzed by a three-factor,
mixed designed ANOVA (AS and treatment as between
factors and sucrose-testing day as repeated-measures
factor). Post hoc comparisons were performed by Scheffe
test, when appropriate. Student’s t-test for unpaired data
was used to compare data concerning different experi-
mental groups. In all cases a value of p<0.05 was
considered to be significant.

Drug Administration

Saline or different doses of QTP (synthesized at Astra-
Zeneca, Wilmington, DE, USA) or AMI hydrochloride
(Sigma Aldrich) were administered intraperitoneally to
separate groups of rats as follows:

e in ‘CMS experiments’, six groups of rats subjected to
daily handling (n = 12) were treated with saline, AMI 2 or
5/mg/kg/day, QTP 0.4, 2, or 10 mg/kg/day and six groups
of rats (n=12) were subjected to both the CMS protocol
and the chronic treatment with saline, AMI 2 or 5 mg/kg/
day and QTP 0.4, 2, or 10 mg/kg/day (see Figure 1);

e in ‘AS experiments’, five groups of rats (n=12) were
subjected to daily handling and five groups (n=12) to
CMS protocol for a 6-week period and then treated, over
a period of 6 weeks, with saline, AMI 2 or 5 mg/kg/day or
QTP 2 or 10 mg/kg/day before the administration of AS
protocol (see Figure 2). Therefore, in these experiments,

daily handling + saline
(6 weeks)

daily handling + quetiapine
0.4 — 2 - 10 mg/kg/day

(6 weeks) (sucrose preference tests

. at7,14, 21, 28, 35 and 42

days)

daily handling + amitriptyline
2 - 5§ mg/kg/day
(6 weeks)

CMS + saline
(6 weeks)

CMS + quetiapine
0.4 - 2 -10 mg/kg/day

(6 weeks) (sucrose preference tests

> at 7,14, 21, 28, 35 and 42
days)

CMS + amitriptyline
2 - 5 mg/kg/day
(6 weeks)

Figure | CMS protocol. Six groups of rats (n=12) were subjected to
both daily handling and chronic treatment with saline, AMI 2 or 5mg/kg/
day, QTP 0.4, 2, or 10 mg/kg/day. Six different groups of rats (n = 12) were
subjected to both CMS protocol and the chronic treatment with saline,
AMI 2 or 5mg/kg/day and QTP 0.4, 2, or 10 mg/kg/day.
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the animals received no saline or drug treatment during
their exposure to the CMS protocol and saline or drug
treatment was interrupted when testing for residual
effects following the AS procedure.

RESULTS

In CMS experiments, the analysis of weight gain was
performed once a week both in rats subjected to daily
handling and in stressed rats (Table 1). No significant
effects of stress (F(1,88)=0.167; p=0.68) or treatment
(F(3,88) =0.143; p=0.93) but a significant effect of the
week factor (F(6,528) =9.15; p<0.001) was observed. The
interactions stress x treatment (F(3,88)=0.06; p=0.98),
stress x week (F(6,528) =0.71; p=0.63), treatment X week
(F(18,528) =0.24; p=0.99), and the triple interaction
(F(18,528) =0.1; p=10.99) were not significant. These data
clearly indicate that, in our experimental conditions, the
increase of body weight was comparable in stressed and
control rats and in rats treated with saline or QTP 0.4, 2, and
10 mg/kg/day.

In the final test, before the beginning of the CMS protocol,
the mean basal sucrose intake was 12.3+0.6g. Six weeks
later, at the end of the CMS period, in saline-treated stressed
rats the sucrose intake fell to 7.114+0.74g, whereas the

ACUTE STRESS

(AS)
"a“Y . sucrose preference tests
handling saline 2 hours, 7,14 and 21 days
| (6 weeks) (6 weeks) after AS
l i quetiapine
daily 2 mg/kg/day sucrose preference tests
handling 10 mg/kg/day 2 hours, 7,14 and 21 days
| (6 weeks) (6 weeks) after AS
I . amitriptyline
dally 2 mg/kg/day sucrose preference tests
handling 5 mg/kg/day 2 hours, 7,14 and 21 days
| (6 weeks) (6 weeks) after AS
ACUTE STRESS
(AS)
. sucrose preference tests
CMS saline 1 2 hours, 7,14 and 21 days
6 weeks (6 weeks) after AS
quetiapine
CMS 1%";?9:;}(99/2’?; sucrose preference tests
2 hours, 7,14 and 21 days
6 weeks (6 weeks) after AS
amitriptyline
2 mg/kg/day sucrose
preference tests
cMs § mg/kg/day 2 hours, 7,14 and 21 days
6 weeks (6 weeks) after AS

Figure 2 AS protocol. Rats previously subjected to the CMS procedure
(6 weeks) and naive rats (subjected to daily handling for 6 weeks) were
randomly divided into smaller groups (n = 12) and treated for 6 weeks with
saline, AMI 2 or 5 mg/kg/day or QTP 2 or 10 mg/kg/day. Twenty-four hours
after the end of chronic saline or drug treatment, each rat was subjected to
the AS session.
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Table I Weight Gain (grams, mean +SEM) of Control and QTP-Treated Rats during the Period of Induction of Anhedonia

Treatment —7/0 days 0/7 days 7/14 days 14/21 days 21/28 days 28/35 days 35/42 days
Saline 125425 139+24 122423 12342 9.1+£22 68+ 1.6 69+1.8
QTP 0.4 mg/kg/day 129429 142427 134+25 [1.8+2.1 82+18 6113 65+ 1.1
QTP 2 mg/kg/day 133421 125425 147426 13423 10421 73+18 88+18
QTP 10 mg/kg/day 139424 126+2.8 14.1+2.8 1421 10342 77+1.6 65+15
CMS+saline 118422 124421 113424 1242 12.1+£2.6 83+13 67114
CMS+QTP 0.4 mg/kg/day 1422 134423 118423 [154+13 94424 64+1.6 7413
CMS+QTP 2 mg/kg/day 121419 139423 10.14£22 127428 10.3+2.7 8.1+19 87117
CMS+QTP 10 mg/kg/day [1.6+2.1 11442 112429 12424 97422 96126 84112

CMS = chronic mild stress; QTP = quetiapine.
CMS protocol, saline, and QTP were administered from O to 42 days.

Table 2 Statistical Analysis

CMS experiments

AS experiments

Main effects
CMS
Treatment

Sucrose-testing day

Interactions
CMS x treatment
CMS x sucrose-testing day
Treatment x sucrose-testing day

Triple interaction

Pairwise comparisons

F(1,132) = 623* (p<0.001)
F(5.132) = 1537% (p<0.001)
F(5.660) = 10.6% (p<0.001)

F(5,132) =20.3* (p<0001)
F(5,660) = 27.3* (p<0.001)
F(25,660) = 497* (p<0.001)
F(25,660) = 3.18% (p<0.001)

F(1,110)=41.7% (p<0.001)
F(4.110)=3.97* (p =0.004)
F(3330)=36.7% (p<0.001)

F(4,110)=7.6* (p<0001)
F(3,330) = 15.3* (p<0.001)
F(12,330) = 3.2% (p<0.001)
F(12,330) = 2.65% (p =0.002)

CMS+saline vs saline F(1,132) =283* (p<0.001) F(1,110) =40.1* (p<0.001)
QTP 0.4 vs saline F(1,132)=0.15 (p =0.69) —

QTP 2 vs saline F(1,132)=041 (p=052) F(1,110)=0.03 (p =0.84)
QTP 10 vs saline F(1,132)=1.52 (p=021) F(IL110)=0.13 (p=0.71)
AMI 2 vs saline F(1,132)=0.32 (p=057) F(1,110)=1.62 (p=0.20)
AMI 5 vs saline F(1,132)=1.62 (p=0.20) F(1,110)=0.24 (p=0.62)
CMS+QTP 0.4 vs CMS+saline F(1,132)=1.48 (p=0.23) —

CMS+QTP 2 vs CMS+saline F(1,132)=67.3* (p<0.001) F(1,110)=29 (p=0.09)

CMS+QTPI0 vs CMS+saline F(1,132)=2.88 (p=0091) F(1,110)= 13.9% (p<0.001)
CMS+AMI 2 vs CMS+saline F(1,132) = I 13* (p<0.001) F(1,110)=26.6% (p<0.001)
CMS+AMI 5 vs CMS+saline F(1,132) = 84* (p<0.001) F(1,110)=29.2% (p<0.001)

AMI = amitriptyline; AS =acute stress; CMS = chronic mild stress; QTP = quetiapine.

Sucrose preference data concerning both the induction of anhedonia during the CMS protocol (CMS experiments) and the vulnerability to AC of naive rats or rats
preexposed to CMS (AS experiments) were analyzed by a three-factor, mixed designed ANOVA (sucrose-testing day as repeated measures factor). Post hoc pairwise
comparisons were performed by Scheffe test. In all cases, a value of p<0.05 was considered to be significant (*).

intake remained at the same level in the naive-saline group
(12.740.8 g). In addition, no changes of the total volume of
fluid consumed (2-bottle test, 2-h periods) were observed
during the administration of the CMS protocol both in
stressed and control rats, and in rats treated with saline or
increasing doses of QTP (stress: F(1,88)=0.28, p=0.59;
treatment: F(3,88) =0.104, p =0.95; testing day: F(6,528) =
0.187, p=0.98; stress x treatment: F(3,88) =0.02, p =0.99;
stress x testing day: F(6,528) =0.27, p=0.94; treatment X
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testing day: F(18,528)=0.14, p=0.99; triple interaction:
F(18,528) =0.18, p =0.99).

CMS Experiments

The effects of repeated administration of saline, QTP, or
AMI on sucrose preference of naive rats (subjected to daily
handling) are illustrated in Figure 3, whereas the effects of
chronic administration of saline, QTP, or AMI on sucrose



preference of rats subjected to the CMS protocol are shown
in Figure 4. The results of the statistical analysis are
reported in Table 2. A three-way ANOVA applied to our
data indicated significant effects of the CMS protocol, of
drug treatment and sucrose-testing day. All the interactions
were also significant. Post hoc pairwise comparisons
indicated that the CMS protocol significantly reduced the
sucrose preference of saline-treated rats, whereas the
sucrose preference of rats treated with increasing doses of
QTP or AMI over a period of 6 weeks was not different from
that of saline-treated rats. Conversely, the repeated admin-
istration of AMI, 2 or 5mg/kg, reverted the progressive

saline or drug treatment

100 =

80 -

—©—naive

—o—saline

—A— QTP 0.4 mg/kg/day

40 4 —&— QTP 2 mg/kg/day

—& QTP 10 mg/kg/day
—O—amitriptyline 2 mg/kg/day
201 —8&-amitriptyline 5 mg/kg/day

60 4

sucrose preference (% of basal value)

7 days 14 days 21 days 28 days

time

35 days 42 days

Figure 3 Effect of chronic administration of saline, AMI 2 or 5 mg/kg/day
and QTP 04, 2, or 10mg/kg/day on sucrose preference of naive rats.

saline or drug treatment

—&—saline

——CMS + saline

—&—CMS + QTP 0.4 mg/kg/day
——CMS + QTP 2 mg/kg/day
209 | —A—=CMS + QTP 10 mg/kgiday
—o—amitriptyline 2 mg/kg/day
—B—amitriptyline 5 mg/kg/day

40

sucrose preference (% of basal value)

7 days 14 days 21 days 28 days

time

35 days 42 days

Figure 4 Effect of chronic administration of saline, AMI (2 or 5mg/kg/
day), and QTP (04, 2, or 5mg/kg/day) on sucrose preference of rats
exposed to a 6-week period of CMS. The antidepressant action of AMI
(both doses) and QTP (2 mg/kg/day) has a slow onset, since it appears 4 or
5 weeks, respectively, after the beginning of the treatment. *p<0.05 vs
CMS + saline (Student's t-test for unpaired data).
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reduction of sucrose preference in animals subjected to the
CMS protocol. In our experimental conditions, the anti-
depressant action of AMI had a slow onset, as it appeared 4
weeks after the beginning of the treatment; 7 days later, the
rats subjected to the CMS protocol showed a quite-complete
recovery from anhedonia. The analysis of data also revealed
a significant difference between CMS + saline group and
CMS + QTP 2mg/kg/day group, indicating a protective
effect of QTP against the anhedonia induced by CMS. Both
the lower dose (0.4 mg/kg/day) and the higher dose (10 mg/
kg/day) of QTP had no effect. The antidepressant effect of
QTP, like that of AMI, had a slow onset, as it appeared
about 5 weeks after the beginning of the CMS administra-
tion.

AS Experiments

The effects of repeated administration of saline, QTP, or
AMI on sucrose preference of rats subjected to daily
handling and then exposed to the AS protocol are illustrated
in Figure 5, whereas the effects of saline, QTP, and AMI on
sucrose preference of rats previously subjected to CMS and
then exposed to the AS protocol are shown in Figure 6. The
results of the statistical analysis are reported in Table 2. A
three-way global ANOVA applied to our data yielded
significant effects of CMS, treatment and sucrose-testing
day and significant interactions CMS x treatment, CMS X
sucrose-testing day, and treatment X sucrose testing day.
The triple interaction CMS X treatment X sucrose-testing
day was also significant. Thus, rats previously exposed to
a variety of unpredictable mild stressors for a 6-week period
develop a greater sensitivity to acute stressful stimuli than
rats subjected to daily handling. In fact, after the application
of the AS protocol, the CMS +saline group showed a
progressive reduction of the sucrose preference, indicating
the onset of anhedonia. Under our experimental conditions,
the anhedonic state induced by AS had a rapid onset and

120 . ACUTE STRESS

60

—@—saline
40 1 —&— QTP 2 mg/kg/day
—o— QTP 10 mg/kg/day

sucrose preference (% of basal value)

20 4 ——amitriptyline 2 mg/kg/day

—©—amitriptyline 5 mg/kg/day

2hours 7 days 14 days 21 days

time

Figure 5 Effect of chronic administration of saline, AMI (2 or 5mg/kg/
day), and QTP (2 or 10 mg/kg/day) on sucrose preference of naive rats
exposed to an acute stressful stimulus (AS protocol). The rats were
subjected to the AS protocol 24 h after the end of the chronic drug or
saline treatment.
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ACUTE STRESS

120

——CMS + saline

—&— CMS + QTP 2 mg/kg/day
—&—CMS + QTP 10 mg/kg/day
—8—CMS + amitriptyline 2 mg/kg/day
—6—CMS + amitriptyline 5 mg/kg/day

40

sucrose preference (% of basal value)

20

2hours 7 days 14 days 21 days

time

Figure 6 Effect of chronic administration of saline, AMI (2 or 5mg/kg/
day), and QTP (2 or 10 mg/kg/day) on the reduction of sucrose preference
caused by an acute stressful stimulus (AS protocol) in rats with a history of
early exposure to CMS. The rats were subjected to the AS protocol 24 h
after the end of the chronic drug or saline treatment. QTP (10 mg/kg/day)
and AMI (both doses) are effective in preventing the onset of the
anhedonic state. *p <0.05 vs CMS +saline (Student's t-test for unpaired
data).

was reversible, as it disappeared about 2 weeks later. Post
hoc pairwise comparisons indicated that both doses of AMI
had protective effects against the anhedonia induced by AS
protocol in CMS rats. Interestingly, also in the group of
CMS rats pretreated with QTP 10 mg/kg/day the recovery
from anhedonia was more rapid than in the group of saline
pretreated CMS rats. The lower dose of QTP was ineffective.

DISCUSSION

The recommended doses of QTP as antipsychotic or
antimanic agent range from 150 to 750 mg/day, depending
on individual clinical response and tolerability. Thus,
considering the three doses of QTP employed in the present
study, one (0.4mg/kg/day) is below the ‘therapeutic
window’, whereas the other two are, respectively, in the
lower (2 mg/kg/day) or higher (10 mg/kg/day) ends of the
range of human therapeutic doses. However, some limita-
tions derive from the different pharmacokinetic profile of
atypical antipsychotics in rats and humans. As reported by
Kapur et al (2003), the half-life of all antipsychotics in
rodents is 4-6 times faster than in humans and therefore
studies employing multiple-dosing protocols in animal
models are not representative of the clinical conditions, as
the trough plasma levels are multiple times lower than that
seen in humans. As far as QTP is concerned, Kapur et al
(2003) reported that, with the injection approach, trough
plasma concentrations of QTP in the rats are about 50-100
times lower than that seen in patients. This leads to
undetectable D2-receptor occupancy levels in rodents at
clinically comparable doses of QTP. However, compared to
dopamine D2-receptors, QTP has greater affinity for
adrenergic o1 (100-fold), o2 (10-fold), histamine H1 (50-fold),
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and serotonin 2A (25-fold) receptors. Thus, the above
considerations concerning the preclinical optimal dosing of
QTP are likely restricted to dopamine D2-receptors and,
consequently, to the antipsychotic action of the drug. In any
case, similar equivalent occupancy studies should be done
across human and animals to achieve further information
relative to receptor systems distinct from dopamine D2-
receptors. Our results indicate that the basal sucrose
preference of rats subjected to daily handling is not
modified by chronic treatment with QTP. However, under
our experimental conditions, QTP seems to be able to
prevent anhedonia in rats subjected to the CMS protocol. In
fact, 4 weeks after the beginning of CMS administration, the
rats treated with QTP 2 mg/kg/day display a sucrose intake
not significantly different from that of saline-treated rats, at
the end of the CMS protocol (5th and 6th weeks) the
animals pretreated with the same dose of QTP maintain a
level of sucrose preference significantly greater than that of
the saline group. In contrast, the lower (0.4 mg/kg/day) or
the higher (10 mg/kg/day) doses of QTP do not exhibit any
significant effect. As expected, in the present study, the
repeated administration of AMI (2 or 5mg/kg/day) is
effective in reverting the CMS-induced anhedonia. Although
the antidepressant action of AMI has a slow onset, at the
end of the protocol all the CMS rats show a quite complete
recovery from the anhedonic state. In this respect, the
patterns of antidepressant effect of AMI and QTP are quite
similar, as the protective effects of these two drugs against
the CMS-induced anhedonia appear 4 and 5 weeks,
respectively, after the beginning of the treatment.

However, some unfavorable comparisons of QTP with the
reference antidepressant AMI have to be considered. The
time course for appearance of QTP’s effects on sucrose
preference in CMS were later than AMI and were confined
to a narrow dose range. It is not clear what effects of QTP
would have limited the maximal expression of these
behavioral effects, but these are not advantages over the
reference antidepressant treatment.

Although in our knowledge there are no preclinical data
supporting a depression indication for QTP, the antide-
pressant effect of QTP resulting from our experiments is in
line with previous clinical studies comparing the efficacy of
QTP and risperidone, another atypical antipsychotic drug,
for the treatment of depressive symptoms in psychotic
outpatients (Sajatovic et al, 2002) or assessing the efficacy of
QTP vs haloperidol, a typical antipsychotic, in reducing
depressive symptoms in patients with refractory schizo-
phrenia (Emsley et al, 2003). In addition, a retrospective
study of Sokolski and Denson (2003) reported significant
improvements in clinician-rated bipolar severity scores for
mania, depression, and overall bipolar illness after admin-
istration of low doses of QTP in patients with incomplete
response to mood stabilizers. More recently, QTP as
monotherapy has also been demonstrated to be effective
in a large randomized study of patients with bipolar I or II
depression (Calabrese et al, 2005). Several observations
suggest that other novel antipsychotics, beyond QTP, may
exert antidepressant as well as antimanic effects. Risper-
idone may be useful in preventing both depressive and
manic episodes: an open, multicentre study of Vieta et al
(2001) reported highly significant improvements on YMRS,
HAM-D, PANSS, and CGI scale after 6 months of treatment



with 3.9 mg/day risperidone. Moreover, augmentation with
risperidone is effective in treating depressive symptoms in
patients with bipolar disorder and also in patients with
depression who have not responded to selective serotonin
reuptake inhibitors (Ostroff and Nelson, 1999). Although
clinical trials of clozapine as a potential mood stabilizer
suggest that clozapine has greater antimanic than anti-
depressant properties, olanzapine has shown efficacy in the
treatment of both the manic and depressive phases of
bipolar disorder. In particular, Shelton et al (2001) have
demonstrated that relatively low doses of olanzapine
augment the effects of fluoxetine in depressed patients
who were refractory to the selective serotonin reuptake
inhibitors monotherapy. Two recent papers extend these
clinical data, suggesting that olanzapine-fluoxetine combi-
nation shows rapid and sustained improvement in depres-
sive symptoms in patients with major depressive disorder,
including treatment-resistant patients (Corya et al, 2003)
and that the same drug combination is effective in the
treatment of bipolar I depression (Tohen et al, 2003). We
have added further evidence to the antidepressant effect of
olanzapine by testing the efficacy of the drug in preventing
the onset of anhedonia under experimental conditions
similar to those employed in the present study (Orsetti et al,
2006). Compared to that of QTP, the effect of olanzapine
(0.02 mg/kg/day) has a more rapid onset, beginning at week
1 of the CMS protocol. The time course of antidepressant-
like effects of QTP and olanzapine raise some relevant
questions on the putative mechanism by which these drugs
are able to prevent the long-lasting anhedonic state induced
by exposure, over a period of weeks, to a variety of
unpredictable mild stressors. Considering that olanzapine at
low doses (below 5mg/day) occupies over 90% of 5HT2
sites and about 50% of D2-receptors and therefore exhibits
a high ratio of 5HT2/D2 antagonism, the prompt anti-
depressant effect of olanzapine we observed in our previous
preclinical study might be ascribed, at least in part, to a
blockade of 5HT2A receptors. In contrast, the molecular
mechanisms underlying the antianhedonic effect of QTP
seem to be comparable to those of antidepressants and
mood stabilizers. In particular, it has been demonstrated
that chronic stress may induce a continuum of effects,
ranging from disregulation of plasticity to evident neuronal
damage accompanied by morphological changes in different
areas of the brain. These modifications, leading to cognitive
and emotional dysfunctions, are probably due to down-
regulation of expression of molecules responsible for the
maintenance of cellular growth and viability, like brain-
derived neurotrophic factor (BDNF) (Smith et al, 1995).
Chronic treatment with antidepressants or mood stabilizers
act to reverse such injurious effects by increasing the
expression of BDNF (Nibuya et al, 1995). Interestingly, a
previous study of Xu et al (2002) indicated that, like
antidepressants, QTP attenuates the decrease in the level of
BDNF protein and the intensity of BDNF immunostaining
in hippocampal neurons following chronic immobilization
stress. Our findings, in line with previous results of Zurita
et al (2000), also indicate that a novel stressful event that
does not modify the sucrose preference in naive rats
(subthreshold stress), results in a significant decrease of
sucrose preference in rats that have previously experienced
the CMS protocol. Accordingly, early findings from other
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laboratories have demonstrated that when animals are
previously exposed to chronic uncontrollable stressors, the
occurrence of passive behavior in response to later acute
aversive stimuli is greatly facilitated (Murua et al, 1991;
Murua and Molina, 1992; Molina et al, 1994; Zurita and
Molina, 1999). In the present study, the repeated adminis-
tration of QTP 10mg/kg/day before exposure to the
subthreshold stressful event is effective in preventing the
onset of anhedonia in CMS rats. The protective effect of
QTP is similar to that obtained under the same experi-
mental conditions after chronic treatment with AMI 2 or
5 mg/kg/day. However, like in CMS experiments, in the AS
study the effects of QTP were again delayed in recovery
when compared with AMI.

An interesting feature of our study is that QTP exhibits
antidepressant-like effects at different dose levels, depend-
ing on the experimental protocol. In CMS experiments,
when both drug and stressful stimuli are administered
within the same 6-week period, a low dose of QTP is
adequate to cause a complete recovery from anhedonia.
However, five-fold higher doses of QTP are needed to
prevent the onset of anhedonia induced by acute stressful
events in rats with a history of early exposure to CMS. This
might be due to the protocol of drug administration used in
CMS and AS experiments. Indeed, in CMS experiments the
rats received unpredictable mild stressors under the effect
of QTP, whereas in AS experiments they were subjected to
intense stressful stimulation during a drug-free period, 24h
after the end of chronic QTP treatment. In conclusion, our
findings in a rodent model of anhedonia seem to indicate
that QTP, in a narrow range of doses, has antidepressant-
like properties. At the active dose (2 mg/kg/day), the effect
of QTP has a slow onset, beginning at week 5, and causes a
complete recovery from anhedonia. In this respect, the
effect of QTP is similar to that obtained after chronic
administration of AMI 2 or 5mg/kg/day. Our data also
indicate the prophylactic efficacy of higher doses of QTP
(10 mg/kg/day) to prevent relapse into episodes of anhedo-
nia following exposure to acute aversive stimuli.

The molecular mechanisms underlying the behavioral
changes observed in the rat after chronic QTP administra-
tion have not been addressed in the present study. However,
a long-term action on postreceptor signalling pathways
leading to changes in expression of molecules responsible
for the maintenance of cellular growth and viability, as
reported after chronic treatment with antidepressants,
might offer a plausible explanation of the time course of
QTP effects observed here.
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