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Abstract

Serotonin-1A (5-HT1a) receptors have been implicated in the symptoms of schizophrenia
However, there is limited in vivo evidence for an interaction of antipsychotic drugs with
5-HTa receptor mediated behavioral effects. We therefore investigated in rats the action of
several antipsychotic drugs on prepulse inhibition (PPl), a measure of sensorimotor gating
which is deficient in schizophrenia. Disruption of PPl at the 100 msec interstimulus interval
(IS1), but not the 30 msec ISI, was induced by treatment with 0.5 mg/kg of the 5-HTia
receptor agonist, 8-hydroxy-di-propyl-aminotetralin (8-OH-DPAT). In rats pretreated with
0.25 mg/kg of haloperidol or raclopride, the disruption of PPl was no longer significant. Of the
atypical antipsychotic drugs clozapine, olanzapine, risperidone, amisulpride and aripiprazole,
only aripiprazole significantly reduced the effect of 8-OH-DPAT on PPI. This effect was
mimicked by pretreatment with the 5-HT receptor partial agonist, buspirone. On the other
hand, some of the antipsychotic drugs and other pretreatments showed complex, prepulse-
dependent effects on their own. These data show little in vivo interaction of several atypical
antipsychotic drugs with the disruption of PPl mediated by 5-HT1a receptor stimulation. The
action of haloperidol and raclopride suggests a major involvement of dopamine D, receptors
in this effect, possibly downstream from the initial serotonergic stimulation. The action of
aripiprazole could be mediated by its partial agonist properties at 5-HT1a receptors or its

dopamine D, blocking properties.
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While several studies have suggested a role for serotonin receptors in schizophrenia,
most studies have focused on serotonin-2A (5-HT2a) receptors. Recently, there has been
increased interest in a possible role of 5-HT;a receptors in schizophrenia as well. For example,
some studies have suggested a link between a 5-HT14 receptor C(-1019)G polymorphism and
schizophrenia (Huang et al., 2004). Post-mortem research has shown changes in the density of
the 5-HT1a receptor, predominantly in the cortex from patients with schizophrenia. Thus,
when using either homogenate binding or autoradiography, there was a 15 - 80% increase in
5-HT1a receptor binding density in the frontal cortex, mostly in Brodmann’'s Area 10 (BA10,
prefrontal cortex), but also in BA9, BA44 and BA46 (Bantick et al., 2001). There was a
tendency for increased density of 5-HTa receptor binding in a number of other brain regions,
but unlike the frontal cortex, findings have been less consistent (Bantick et al., 2001).

It is well established that atypical antipsychotics with combined D, and
5-HT,a receptor antagonism are clinically effective in schizophrenia, however, the
combination of D, receptor antagonism and 5-HTia receptor agonism has received less
attention as an important receptor profile for antipsychotic treatment (Wadenberg and
Ahlenius, 1991; Ichikawa and Meltzer, 1999; Bantick et al., 2001). Atypical antipsychotic
drugs, such as aripiprazole, clozapine and ziprasidone, have a moderate affinity for 5-HT1a
receptors (Ichikawa and Meltzer, 1999; Bantick et al., 2001) and display a low incidence of
extrapyramidal side-effects (Rollema et al., 2000; Cos and Koek, 2001). Animal studies have
shown that treatment with 5-HT1a receptor agonists selectively increases dopamine release in
the prefrontal cortex, while reducing or not affecting dopamine release in the striatum (for
review see (Ichikawa and Meltzer, 1999; Bantick et al., 2001)). This is important for
schizophrenia, as increasing cortical dopamine release may result in an improvement of the

negative symptoms of schizophrenia, while the lack of such an effect in the striatum may
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result in alow incidence of extrapyramidal side-effects (Ichikawa and Meltzer, 1999; Rollema
et al., 2000). Furthermore, treatment with clozapine selectively increased dopamine release in
the rat prefrontal cortex and ventral hippocampus, an effect at least partially mediated by
5-HT1a receptors (Chung et al., 2004), potentially inhibiting serotonergic transmission via
activation of 5-HT;a autoreceptors (Bantick et al., 2001).

Severa other of the proposed beneficial 5-HT1a receptor components of antipsychotic
drug action have been deduced from indirect and in vitro studies, such asin binding assays or
cell cultures (Newman-Tancredi et al., 2005; Bruins Slot et al., 2006). Importantly, however,
these atypical antipsychotics tend to have a rich pharmacology, including affinity for
dopamine (e.g. D2), 5-HT (eg. 5-HT1a, 5-HT2a) and several other receptor sub-types, the
combination of which is likely to be responsible for their clinical efficacy. Therefore, the
specific importance of 5-HT14 receptor agonist or antagonist properties in the antipsychotic
profile of these drugsin vivo remains unclear.

In contrast to possible beneficial actions of 5-HT1a receptor activation (see above),
some of these effects resemble a schizophrenia-like state, rather than an antipsychotic action.
For example, it is well described that administration of the prototypical 5-HT;a receptor
agonist, 8-hydroxy-di-propylaminotetralin (8-OH-DPAT) causes a disruption of prepulse
inhibition (PPI) (Rigdon and Weatherspoon, 1992; Sipes and Geyer, 1995; Gogos and Van
den Buuse, 2004), a measure of sensorimotor gating which is also deficient in schizophrenia
(Braff and Geyer, 1989; Kumari and Sharma, 2002). The effect of 8-OH-DPAT on PPI could
be blocked by pretreatment with the selective 5-HT1a receptor antagonist, (+)WAY 100,135
(N-tert-butyl-3-(4-(2-methoxyphenyl)-piperazin-1-yl)-2-phenyl-propanamide)  (Sipes and
Geyer, 1995; Czyrak et a., 2003), confirming that this disruption is mediated by stimulation of

5-HT1a receptors rather than 5-HT7 receptors for which 8-OH-DPAT also has affinity (Shen et
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a., 1993). However, there is limited information on the effect of antipsychotic drugs on
5-HTa receptor mediated disruptions of PPI. Therefore the aim of the present study was to
compare six antipsychotic drugs, haloperidol, risperidone, clozapine, olanzapine, amisulpride
and aripiprazole with respect to their ability to modulate the action of 8-OH-DPAT on PPI.
We also tested the dopamine D-, receptor antagonist, raclopride, as comparison for haloperidol,
and the 5-HT 14 receptor partial agonists, MDL 73,005EF (8-[2-(2,3-dihydro-1,4-benzodioxin-
2-yl-methylamino)ethyl]-8-azaspiro[4,5] decane-7,9-dione methyl sulphonate) and buspirone.
We measured startle amplitude, as well as PPl at a short interstimulus interval (I1SI, 30 msec)
and a longer ISl (100 msec). The results show differential effects of antipsychotic drugs on
5-HTa receptor-mediated disruption of PPl with a magjor component of this interaction likely

to be blockade of dopamine D, receptors.

%202 ‘6T |Udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 7

M ethods

Animals

Experiments were done on male Sprague-Dawley rats (body weight 300-400 g) which
were obtained from the breeding colony at the Department of Pathology, University of
Melbourne. After arriving at the institute, the rats were allowed at least one week of

acclimation before testing commenced.

Protocol

Around 2-3 days before the start of the experiments, al rats were acclimated to the PPI
procedure once without any treatments. After this ‘pre-test’, rats received two treatments per
test (pretreatment with antipsychotic drug or saline vs. treatment with 8-OH-DPAT or saline)
and were tested six times with 3-4 day intervals. saling/saline, antipsychotic drug low
dose/saline, antipsychotic drug high dose/saline, saline/8-OH-DPAT, antipsychotic drug low
dose/8-OH-DPAT, antipsychotic drug high dose/8-OH-DPAT. One separate cohort of 7-11
rats was used for each antipsychotic drug, except MDL 73,005EF and buspirone, which were
tested at only one dose and were combined in one experiment. The sequence of treatment was
pseudo-randomized so that at the end of the series of experiments, all rats in a cohort had
received all treatment combinations. Injection volumes were 1 ml/kg body weight.
Antipsychotic drugs or saline were injected intraperitoneally (i.p.) 30 min before injection of
0.5 mg/kg of 8-OH-DPAT or saline, which was injected subcutaneously (s.c.) about 5 min

before the animals were placed in the PPl enclosures.
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Drugs

8-OH-DPAT ((z)-8-hydroxy-2-dipropylaminotetralin hydrobromide) was obtained
from Tocris (UK) and dissolved at 0.5 mg/ml in 0.9% sadine. Haloperidol (4-[-4-(p-
chlorophenyl)-4-hydroxypiperidino]-4-‘fluoro butyrophenone) was obtained from Sigma
(USA), dissolved in saline and injected at 0.05 mg/kg and 0.25 mg/kg. Raclopride (3,5-
dichloro-N-(1-ethylpyrrolidin-2-ylmethyl)-2-hydroxy-6-methoxybenzamide  tartrate) was
obtained from Astra (Sweden), dissolved in saline and similarly injected at 0.05 and 0.25
mg/kg. Clozapine (8-chloro-11-(4-methyl-1-piperazinyl)-5H-dibenzo[ b,e][ 1,4] -diazepine) was
obtained from BDG Synthesis (New Zealand), dissolved in a minimal amount of 0.1N HCI
and diluted to the required 1 mg/kg or 5 mg/kg dose. For pretreatment with olanzapine (2-
methyl-4-(4-methyl-1-piperazinyl)-10H-thieno[2,3-b][ 1,5] benzodiazepine), we used Zyprexa®
Zydis® wafers (Lilly, USA), containing 5 mg or 15 mg of olanzapine each, which were
dissolved in saline to prepare the required 1 mg/kg and 5 mg/kg doses. For pretreatment with
risperidone 3-[2-[-4-(6-fluoro-1, 2-benzisoxazol-3-yl) piperidino] ethyl-6,7,8,9-tetrahydro-2-
methyl-4H-pyrido[ 1,2-a] pyrimidin-4-one), we used Risperdal® 1 mg/ml solution (Janssen-
Cilag, Belgium) undiluted (1 mg/kg) or diluted in saline to obtain the required dose of 0.2
mg/kg. For pretreatment with amisulpride (4-amino-N-[(1-ethyl-2-pyrrolidinyl)methyl]-5-
(ethylsulfonyl)-o-anisamide), we used Solian®400 tablets (Sanofi-Synthelabo, France),
containing 400 mg amisulpride each, which were dissolved in saline to obtain the required
doses of 10 mgkg or 50 mg/kg. For pretreatment with aripiprazole (7-[4-[-4[-(2,3-
dichlorophenyl)-1-piperazinyl] butoxy]-3,4-dihydrocarbostyrilor  7-[4-[4-(2,3-dichlorophenyl)
piperazin-1-yl]butoxy]-1,2,3,4,-tetrahydroquinolin-2-one), we used Abilify™ tablets (Bristol-
Myers Squibb, UK), containing 15 mg aripiprazole each, which were dissolved in saline to

obtain the required 1 and 5 mg/kg doses. MDL 73,005EF ((8-[2-(2,3-dihydro-1,4-
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benzodioxin-2-yl-methylamino)ethyl]-8-azaspiro[4,5]decane-7,9-dione  methyl  sulphonate)
and buspirone (N-[4-[4-(2-Pyrimidinyl)-1-piperazinyl]butyl]-8-azaspiro[4.5]decane-7,9-dione
hydrochloride) were obtained from Sigma and dissolved in saline at 1 and 5 mg/kg,
respectively. All drug doses were obtained from the literature or preliminary experiments in

the laboratory.

Sartle amplitude and PPI

PPI of the acoustic startle response was measured using 8 automated SR-Lab startle
chambers (San Diego Instruments, San Diego, CA, USA). The startle chambers
(38BW x 41L x 58H cm) were isolated to minimize extrinsic sound sources, well-lit and
ventilated. A speaker positioned centrally in the roof of the chamber presented all test sounds.
Rats were placed in an acrylic Plexiglas cylinder of 8.8 cm in diameter, with a length of
19.5 cm, which were closed at either end. The Plexiglas cylinder was attached to a platform
with a piezodectric transducer to detect whole body movements within the cylinder.
Presentation of sounds and the recording of responses were automated using SR-Lab software
(San Diego Instruments), which was controlled by a computer in an adjacent room.

For all experiments, we used a PPl session which consisted of 104 trials with avariable
intertrial interval of 12-28 sec (average 19 sec). The first three minutes of the session were a
70 dB background noise presentation, allowing further acclimation to the test environment.
The session commenced and finished with eight 115 dB, 40 msec pulse-alone trials. Together
with two blocks of eight pulse-alone trials from the main part of the session, these startle
blocks were used to calculate average startle amplitude and startle habituation across the
session. The main part of the session included eight of each of the following prepulse-pulse

trials. PP2P115, PP4P115, PP8P115 and PP16P115 at 30 msec between the start of the 20

%202 ‘6T |Udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 10

msec prepulse and start of the pulse, and at 100 msec between the start of the prepulse and the
pulse. PP2, PP4, PP8 and PP16 indicates 2, 4, 8 or 16 dB above the 70 dB background, i.e. 72,
74, 78 and 86 dB prepulses. In addition to the pulse-alone and prepulse-pulse trials, the session
included eight ‘NOSTIM’ trials, where no startle stimulus was presented, to check for non-
specific movement artefacts. The sequence of trials within the session was pseudo-randomized

and the same for all eight simultaneously tested rats and for all consecutive drug experiments.

Data analysis

All data are expressed as mean * standard error of the mean (S.E.M.). Startle
amplitudes were calculated as the average values of each of the four blocks of startle stimuli,
allowing analysis of both startle magnitude and startle habituation. However, to simplify the
data presentation, startle habituation will not be addressed here. Prepulse inhibition values
were obtained and plotted for each of the prepulse levels for each ISI. Figures 1-8 show these
results for each prepulse intensity, whereas figure 9 shows a summary of the results with only
the average of all prepulse intensities included. First, analysis of variance (ANOVA) with
repeated measures was used to assess main treatment effects on PPI. Within-animal repeated
measures factors were antipsychotic dose effect (3 levels), 8-OH-DPAT effect (2 levels), and
prepulse level (4 levels). Where appropriate, oneway ANOVA and Least-Significant
Difference test (LSD) were then used to assess differences between treatments for individual
prepulse intensities, i.e. to assess effects of antipsychotics or 8-OH-DPAT. When P<0.05,

differences were considered statistically significant.
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Results

Haloperidol (Fig. 1, Table 1)

Combined analysis of startle data for both haloperidol doses revealed a trend for a
main effect of Dose (F(2,12)=2.9, P=0.089). Compared to saline, haloperidol at 0.25 mg/kg,
but not 0.05 mg/kg, significantly reduced startle amplitudes (F(1,6)=15.9; P=0.007). 8-OH-
DPAT treatment tended to cause an increase in startle responses, however this effect was not
significant (Table 1).

While haloperidol had no effect on PPI at the 30 msec interval, there were significant
main effects of 8-OH-DPAT treatment (F(1,6)=31.0, P=0.001) and of prepulse leve
(F(3,18)=125.0, P<0.001). However, there were no significant treatment effects at any of the
individual prepulseintensities (Fig. 1).

Combined analysis of all haloperidol doses and all prepulse levels at the 100 msec
interval showed significant main effects of Dose (F(2,10)=17.7, P=0.001), 8-OH-DPAT
(F(1,5)=35.0, P=0.002) and Prepulse (F(3,15)=113.0, P<0.001). At PP2, the disruption of PPI
by 8-OH-DPAT was significant after pretreatment with saline and 0.05 mg/kg of haloperidal,
but was blocked after pretreatment with 0.25 mg/kg of haloperidol (Fig. 1). At PP4, the effect
of 8-OH-DPAT was significant after pretreatment with 0.05 mg/kg of haoperidol, athough
not after saline pretreatment, and again was blocked after pretreatment with 0.25 mg/kg of
haloperidol (Fig. 1). Smilarly, at PP8 and PP16, the effect of 8-OH-DPAT was significant
after pretreatment with saline and 0.05 mg/kg of haloperidol and was blocked after
pretreatment with 0.25 mg/kg of haloperidol (Fig. 1). At none of the prepulse intensities did

haloperidol treatment significantly alter PPl on its own.
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Raclopride (Fig. 2, Table 1)

To confirm and extend the observation, that haloperidol pretreatment could block the
action of 8-OH-DPAT on PPI, we also tested raclopride, another (putative) antipsychotic drug
with a predominantly dopamine D, blocking mode of action.

Analysis of startle data showed that neither raclopride nor 8-OH-DPAT significantly
affected startle (Table 1) although 8-OH-DPAT treatment tended to cause an increase in startle
responses. Raclopride had no effect on PPl at the 30 msec interval, although there was a
significant main effect of Prepulse level (F(3,18)=110.4, P<0.001). As with haloperidol, there
were no significant treatment effects at any of theindividual prepulseintensities (Fig. 2).

Combined analysis of all raclopride doses and all prepulse levels at the 100 msec
interval showed significant main effects of 8-OH-DPAT (F(1,6)=30.3, P=0.002) and Prepulse
(F(3,18)=52.2, P<0.001). In this cohort of rats, there were no treatment effects at PP2 (Fig. 2).
Similar to the haloperidol experiment, at PP4 the disruption of PPl by 8-OH-DPAT was
significant after pretreatment with 0.05 mg/kg of raclopride, although not after saline
pretreatment, and was blocked after pretreatment with 0.25 mg/kg of raclopride (Fig. 2). At
PP8, the effect of 8-OH-DPAT was significant after pretreatment with saline and 0.05 mg/kg
of raclopride and was blocked after pretreatment with 0.25 mg/kg of raclopride (Fig. 2). At
PP16, the effect of 8-OH-DPAT was significant only after saline pretreatment. At none of the

prepulse intensities did raclopride pretreatment significantly alter PPl on its own.

Clozapine (Fig. 3, Table 1)
To assess if the blocking action of haloperidol and raclopride extended to atypical
antipsychotic drugs, we also tested clozapine, olanzapine, risperidone, amisulpride and

aripiprazole.
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Clozapine significantly reduced startle responses (F(2,16)=8.4, P=0.003) and this
effect was significant for both the 1 mg/kg dose (F(1,8)=15.8; P=0.004) and the 5 mg/kg dose
(F(1,8)=10.2; P=0.013). 8-OH-DPAT treatment caused a dlight, but significant increase of
startle amplitude (F(1,8)=6.0, P=0.040) (Table 1).

At the 30 msec interval, ANOV A showed the expected main effects of 8-OH-DPAT
(F(1,8)=7.7, P=0.024) and Prepulse level (F(3,18)=110.4, P<0.001). Moreover, ANOVA
revealed that clozapine treatment resulted in complex modulation of PPl dependent on the
prepulse intensity (Dose x Prepulse interaction F(6,48)=3.3, P=0.009). Further analysis at
different prepulse intensities revealed that there was a clear tendency for 5 mg/kg of clozapine
to reduce PPI at this ISI allowing an apparent enhancement of PPl by 8-OH-DPAT (Fig. 3).
Thus, average PPl after saline- or 8-OH-DPAT treatment was 22+9% and 32+3%,
respectively, after saline pretreatment, compared to -1+11% and 30+4%, respectively, after
clozapine pretreatment. At PP2, there was no effect of 8-OH-DPAT after saline or 1 mg/kg of
clozapine pretreatment, however after 5 mg/kg of clozapine, PPl tended to be reduced
(P=0.072) revealing a significant PPl enhancing effect of 8-OH-DPAT (Fig. 3). At PP4, PPI
was significantly reduced by 5 mg/kg of clozapine, again allowing a significant effect of 8-
OH-DPAT (Fig. 3). At PP, the effect of 5 mg/kg of clozapine was not significant, although
again an apparent effect of 8-OH-DPAT appeared after this dose of the antipsychotic (Fig. 3).
At PP16, there were no significant treatment effects, although the difference between 8-OH-
DPAT after saline pretreatment and after 5 mg/kg of clozapine pretreatment reached trend
level (P=0.070) (Fig. 3).

The effect of clozapine on PPl at the 100 msec I1SI did not show the same reducing
influence as seen at the 30 msec ISI, however there was a Dose x 8-OH-DPAT x Prepulse

interaction (F(6,48)=2.8, P=0.020) again suggesting complex interacting effects of clozapine
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and 8-OH-DPAT on PPI dependent on the prepulse intensity (Fig. 3). ANOVA also showed
main effects of 8-OH-DPAT (F(1,8)=11.5, P=0.009) and of Prepulse intensity (F(3,24)=36.3,
P<0.001). At PP2, the significant effect of 8-OH-DPAT was blocked by both the 1 and 5
mg/kg dose. On the other hand, no effect of clozapine at either dose was observed at PP4,

while at PP8 and PP16, both doses appeared to enhance the effect of 8-OH-DPAT (Fig. 3).

Olanzapine (Fig. 4, Table 1)

Olanzapine significantly reduced startle responses (F(2,14)=5.1, P=0.021) at the 5
mg/kg dose (F(1,7)=43.6; P<0.001) but not the 1 mg/kg dose. 8-OH-DPAT treatment tended
to cause an increase in startle amplitude, an effect which became significant when data for
saline and 5 mg/kg of olanzapine were analyzed (F(1,7)=8.1, P=0.025) (Table 1).

PPl a the 30 msec ISI showed the expected effect of Prepulse intensity
(F(3,21)=102.6, P<0.001) but was not significantly affected by either olanzapine or 8-OH-
DPAT (Fig. 4).

PPl at the 100 msec ISl again showed the expected effect of Prepulse intensity
(F(3,21)=1015, P<0.001) and was significantly reduced by 8-OH-DPAT treatment
(F(1,7)=43.2, P<0.001). In addition, there was a main effect of olanzapine of borderline
significance (F(2,14)=3.8, P=0.048). At none of the prepulse intensities did olanzapine block
the reducing effect of 8-OH-DPAT (Fig. 4). Thus, the effect of 8-OH-DPAT was significant
at all prepulse intensities and all pretreatments, except after 1 mg/kg of olanzapine at PP2 and
5 mg/kg of olanzapine at PP8, which failed to reach significance (Fig. 4). At none of the

prepulse intensities did olanzapine pretreatment significantly alter PPl on its own.
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Risperidone (Fig. 5, Table 1)

Combined analysis of startle amplitudes revealed main effects of risperidone Dose
(F(2,12)=10.2, P=0.003) and 8-OH-DPAT (F(1,6)=13.6, P=0.010). Pretreatment with
risperidone dlightly reduced startle amplitudes both at the 0.2 mg/kg dose (F(1,6)=18.4;
P=0.005) and the 1 mg/kg dose (F(1,6)=7.3; P=0.036) while 8-OH-DPAT enhanced dartle
amplitude after both pretreatments (F(1,6)=10.8; P=0.017 and F(1,6)=13.1; P=0.011,
respectively) (Table 1).

Analysis of PPl data at the 30 msec IS| revealed the expected main effects of 8-OH-
DPAT (F(1,6)=9.9, P=0.020) and Prepulse level (F(3,18)=109.6, P<0.001). Moreover,
ANOVA reveded that risperidone pretreatment, as with clozapine, resulted in complex
modulation of PPl dependent on the prepulse intensity (Dose x Prepulse interaction
F(6,36)=2.6, P=0.035; Dose x 8-OH-DPAT x Prepulse interaction F(6,48)=2.8, P=0.023).
This was particularly clear at PP2, where 1 mg/kg of risperidone significantly reduced PPl on
its own, unmasking significant enhancement of PPI by 8-OH-DPAT (Fig. 5). At other prepulse
intensities, neither risperidone or 8-OH-DPAT affected PPI at the 30 msec ISI (Fig. 5).

Analysis of PPl at the 100 msec ISI revealed a main effect of risperidone dose
(F(2,12)=11.7, P=0.002), reflecting a general tendency for PPl to be enhanced after
risperidone treatment (Fig. 5). In addition, there was the expected disruption of PPl by 8-OH-
DPAT (F(1,6)=36.7, P=0.001) and main effect of prepulse intensity (F(3,18)=93.2, P<0.001).
At PP2, PP8 and PP16, 1 mg/kg of risperidone significantly increased PPl on its own while
generally not blocking the disruption induced by 8-OH-DPAT (Fig. 5). Thus, the effect of 8-
OH-DPAT was significant at all prepulse intensities and all pretreatment doses, except after
0.2 mg/kg of risperidone at PP2, after 1 mg/kg of risperidone at PP4 (P=0.069), and after

saline pretreatment at PP8 and PP16 (Fig. 5).
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Amisulpride (Fig. 6, Table 1)

Amisulpride had no effect on startle amplitude (Table 1), while 8-OH-DPAT
significantly increased startle (F(1,9)=13.6, P=0.005).

Analysis of PPl at the 30 msec ISl showed the expected main effect of Prepulse
intensity (F(3,27)=48.8, P<0.001). 8-OH-DPAT treatment tended to increase PPI, but only at
lower prepulse intensities (8-OH-DPAT x Prepulse interaction F(3,27)=6.5, P=0.002).
However, analysis of individual prepulse intensities did not reveal any significant effects of 8-
OH-DPAT or amisulpride (Fig. 6).

Analysis of PPl at the 100 msec ISI revealed marked disruption by 8-OH-DPAT
(F(1,9)=60.6, P<0.001) and a main effect of prepulse intensity (F(3,27)=93.1, P<0.001),
however there was no effect of amisulpride (Fig. 6). As with clozapine, olanzapine and
risperidone, amisulpride pretreatment did not block the action of 8-OH-DPAT on PPl (Fig. 6).
Thus, the effect of 8-OH-DPAT was significant at all prepulse intensities and all pretreatment
doses, except after 10 mg/kg of amisulpride at PP4 (P=0.079), PP8 and at PP16 (Fig. 6). At

none of the prepulse intensities did amisulpride pretreatment significantly alter PPl on its own.

Aripiprazole (Fig. 7, Table 1)

8-OH-DPAT significantly enhanced startle amplitude (F(1,7)=9.0; P=0.020), however
there were no effects of aripiprazole pretreatment (Table 1). PPl at the 30 msec ISI showed the
main effect of Prepulse intensity (F(3,21)=78.8, P<0.001) but was not significantly affected by
either aripiprazole or 8-OH-DPAT (Fig. 7).

Analysis of PPl data at the 100 msec S| revealed a significant disruption by 8-OH-

DPAT treatment (F(1,7)=25.4; P<0.001) and a man effect of prepulse intensity
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(F(3,21)=103.1, P<0.001). At PP2, 8-OH-DPAT treatment tended to decrease PPI, except in
animals which were pretreated with 5 mg/kg of aripiprazole, however these differences did not
reach statistical significance (Fig. 7). In contrast, at PP4, 8-OH-DPAT significantly disrupted
PPI and this effect was blocked by 5 mg/kg of aripiprazole (Fig. 7). Also at PP8 and PP16, 8-
OH-DPAT significantly disrupted PPI, however this was not influenced by aripiprazole

pretreatment (Fig. 7).

MDL 73,005EF and buspirone (Fig. 8, Table 1)

There were no significant main effects of MDL 73,005EF on startle amplitude (Table
1). PPl at the 30 msec ISI was dlightly, but significantly increased by MDL 73,005EF
treatment (F(1,16)=5.7, P=0.030) in addition to the main effect of prepulse intensty
(F(3,48)=114.0, P<0.001) (Fig. 8). At PP2, 8-OH-DPAT significantly increased PPI, an effect
which was not observed after pretreatment with MDL 73,005EF because of a significant
increase in PPl induced by this pretreatment itself (Fig. 8). At PP4, a similar increase of PPI
by MDL 73,005EF pretreatment was seen which was close to significance (P=0.065). At
PP16, but not at PP8, there was again a dlight, but significant increase of PPl after MDL
73,005EF pretreatment. 8-OH-DPAT had no significant effects at PP4, PP8 or PP16 (Fig. 8).

At the 100 msec IS, again there was a main effect of prepulse intensity (F(3,48)=96.4,
P<0.001) and the expected marked disruption of PPl by 8-OH-DPAT treatment (F(1,16)=14.8,
P=0.001). There was also an overall increase in PPl induced by MDL 73,005EF pretreatment
(F(1,16)=10.3, P=0.006) but no statistical interaction between the effects of MDL 73,005EF
pretreatment and 8-OH-DPAT treatment (Fig. 8), similar to the result in risperidone-treated
animals. At PP2, the effect of MDL 73,005EF on basdline PPl was close to significance

(P=0.057). However, while PPI tended to be increased by MDL 73,005EF at other prepulse
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intensities as well (Fig. 8), these effects did not reached significance. At PP4, 8-OH-DPAT
significantly disrupted PPI after both saline pretreatment and MDL 73,005EF pretreatment. At
PP8, a similar trend was observed (Fig. 8) although the effects only reached trend level
(P=0.091 and P=0.077, respectively). At PP16, PPl was dlightly, but significantly lower after
8-OH-DPAT treatment in saline controls only (Fig. 8).

Pretreatment with 5 mg/kg of buspirone did not significantly ater startle amplitude
(Fig. 8). Neither buspirone pretreatment nor 8-OH-DPAT significantly affected PPI at the 30
msec I1SI (Fig. 8) and only a main effect of prepulse intensity was observed (F(3,48)=155.7,
P<0.001). On the other hand, analysis of PPl at the 100 msec IS| revealed main effects of
prepulse intensity F(3,48)=91.6, P<0.001), buspirone pretreatment (F(1,16)=6.7, P=0.020),
and of 8-OH-DPAT treatment (F(1,16)=4.2, P=0.057). There was also a significant interaction
of buspirone pretreatment with the effect of 8-OH-DPAT (F(1,16)=7.1, P=0.017), reflecting
blockade of the effect of 8-OH-DPAT treatment in buspirone-pretreated rats (Fig. 8). Thus,
while buspirone pretreatment did not affect PPl on its own, it blocked the disruption of PPI by

subsequent 8-OH-DPAT treatment at all prepulse intensities (Fig. 8).
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Discussion

The aim of the present experiments was to investigate the in vivo interaction of several
antipsychotic drugs with central 5-HT;4 receptor mechanisms in a behavioral anima model
with relevance to schizophrenia. Thus we assessed the ability of antipsychotic drugs to
modulate the effect of 8-OH-DPAT on PPI, a measure of sensorimotor gating, which is
deficient in schizophrenia (Braff and Geyer, 1989; Kumari and Sharma, 2002). Figure 9
summarizes and compares the effect of the different antipsychotics on the action of 8-OH-
DPAT. The main finding of our experiments was, that there does not seem to be an
interaction of most atypical antipsychotic drugs with the effect of 8-OH-DPAT on PPI (Fig.
9). Only treatment with aripiprazole significantly inhibited this effect, although this effect was
only seen at some prepulse intengties. It is possible that the partial agonist activity and high
affinity of aripiprazole at 5-HT1a receptors (Newman-Tancredi et al., 2005; Bruins Slot et al.,
2006) is responsible for this interaction. Thus, the efficacy of aripiprazole at 5-HT1a receptors
may not be high enough to dicit a disruption of PPI, however its receptor occupancy is
sufficient to block the effect of subsequently administered 8-OH-DPAT. This explanation is
supported by the experiment with another partial agonist at 5-HT1a receptors, buspirone. This
compound did not disrupt PPl by itself, but blocked the action of subsequently administered
8-OH-DPAT. The result with the 5-HT1 receptor partial agonist, MDL 73,005EF, was more
complex as it tended to increase resting PPl by itself. Previous studies in other paradigms
have also shown that pretreatment with partial 5-HT1a receptor agonists may cause inhibition
of the action of 8-OH-DPAT (Boddeke et al., 1992; Buisson-Defferier and Van den Buuse,

1992; Pauwels et al., 1993). Clozapine, olanzapine, risperidone and amisulpride all have
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lower affinity at 5-HT1a receptors than aripiprazole (Newman-Tancredi et al., 2005), which
could explain their lack of effect on the disruption of PPl caused by 8-OH-DPAT treatment.
Surprisingly, pretreatment with haloperidol almost completely blocked the effect of the
5-HT1a receptor agonist. This blockade was also observed with another dopamine D, receptor
antagonist, raclopride. This effect of haloperidol is unlikely to be due to a direct action at
5-HT;a receptors as the affinity of this drug for these receptors is low (Newman-Tancredi et
a., 2005). Rather, it is likely that 5-HT1a receptor activation dicits a chain of events in the
brain, ultimately leading to ‘downstream’ dopamine D, receptor activation which, similar to
treatment with dopaminergic drugs, leads to disruption of PPI. Previously, some behavioral
effects of 8-OH-DPAT, such as lower lip retraction, could also be blocked by pretreatment
with spiperone or haloperidol, confirming a possible dopaminergic ‘link’ in the behavioral
effects of 5-HT;a receptor activation (Berendsen et al., 1990). This complicates the
explanation of the action of antipsychotic drugs on the effect of 8-OH-DPAT. Aripiprazoleis
reported to have an affinity for dopamine D, receptors only slightly lower than haloperidol
(pKi = 8.59 vs. 9.01, respectively) (Newman-Tancredi et al., 2005). Aripiprazole is a partia
agonist at these receptors (Burris et al., 2002; Shapiro et al., 2003) while in rats it is
metabolized in vivo to a full D, receptor antagonist (Wood et al., 2006). Thus the effect of
aripiprazole could be explained by its blocking action on dopamine D, receptors as well as or
rather than an action on 5-HT 14 receptors. Even the effect of buspirone in blocking the 8-OH-
DPAT induced disruption of PPl could have been mediated by its binding to dopamine D,
receptors. Buspirone displays high affinity for these receptors and has been shown to act as a
dopamine D, receptor antagonist in several behavioral models (Ryan et al., 1993; Protais et al.,
1998). On the other hand, risperidone was reported to have an affinity at dopamine D,

receptors of 8.70 (Newman-Tancredi et al., 2005) yet in our experiments there was no
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statistical interaction of risperidone pretreatement with the disruption of PPI caused by 8-OH-
DPAT treatment. This lack of interaction was mainly caused by an increase in resting PPl after
risperidone pretreatment and it should be noted that PPl in animals treated with both
risperidone and 8-OH-DPAT was similar to that in controls, which would further support the
conclusion that dopamine D, receptor blockade is able to inhibit the effect of 5-HT14 receptor
activation on PP!.

In a recent study, several antipsychotics were tested against the disruption of PPI
induced by treatment with the dopamine receptor agonist, apomorphine (Auclair et a., 2006).
Of the antipsychotics we also included, pretreatment with haloperidol, risperidone and
olanzapine blocked the effect of apomorphine, while clozapine and aripiprazole were less
effective (Auclair et al., 2006). Interestingly, when pretreatment with mixed D2/5-HTia
ligands was combined with a 5-HT1a receptor antagonist, the ability to block the action of
apomorphine was enhanced. These results support our finding of a functional interaction of
activation of D, and 5-HT 4 receptors in PPl regulation, but also emphasize the complexity of
this interaction. It would be reasonable to assume that involvement of dopamine D, receptors
in PPl is modulated both postively and negatively by 5-HTia receptor activation. Further
experimentation, for example with local injections into the brain, is needed to elucidate such
interactions.

Our experiments also showed effects of antipsychotic drugs by themselves. For
example, olanzapine and risperidone pretreatement increased PPl at the 100 msec I1SI, whereas
clozapine and risperidone induced complex, prepulse-dependent effects at the 30 msec ISl.
These results show that for the full interpretation of drug effects on PPI, an extended protocol,
including multiple prepulse intensities and 1SIs, is preferable. Particularly at the shorter ISIs,

modulation of the startle responses is a mix of true PPl and of negative PPl or prepulse
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facilitation (PPF) (Plappert et al., 2004; Swerdlow et al., 2004a; Swerdlow et al., 2004b). The
regulation and functional significance of PPF is poorly understood. Men have been shown to
display higher PPl than women, but women displayed higher PPF than men (Aasen et al.,
2005). PPF was found to be reduced in patients with schizophrenia and their unaffected
siblings (Wynn et a., 2004). Thus, the modulatory effects of antipsychotic drugs on PPF seen
in the current study could have relevance for our understanding of the mechanism of action of
these drugs in patients with schizophrenia. PPI at longer 1SIs is susceptible to attentional
mechanisms, whereas PPl at shorter ISIs is a more “automatic” mechanism (Filion et al.,
1993; Bohmelt et al., 1999) and these components could be differentially affected in
schizophrenia and by antipsychotic drugs. Thus, psychopharmacological effects on PPl need
to be interpreted with caution as the results may represent multiple and separate startle
modulation mechanisms. In our experiments, 8-OH-DPAT only disrupted PPI at the 100 msec
ISI, making it likely that only PPI, not PPF mechanisms, are involved.

PPI reflects a gating mechanism for sensory information and, as such, could be
involved in some of the cognitive deficits seen in patients with schizophrenia (Braff and
Geyer, 1989; Kumari and Sharma, 2002). Antipsychotic drugs have been shown by some
studies to reverse the disruption of PPl seen in patients with schizophrenia. For example,
treatment with either olanzapine or amisulpride reversed PPl deficits in patients with
schizophrenia (Quednow et al., 2006). Treatment with clozapine (Oranje et al., 2002) and
risperidone (Kumari et al., 2002) similarly restored PPI deficits. In contrast, other studies have
not found a reversal with antipsychotic treatment, for example treatment with risperidone
(Mackeprang et al., 2002; Oranje et al., 2002) or haloperidol or olanzapine (Duncan et al.,
2003). As the cause of PPI deficits in schizophrenia is unknown, the mechanism by which

antipsychotic drugs potentially modulate this deficit, remains unclear. Therefore in the present
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study, we used a clearly defined agonist treatment, 8-OH-DPAT, to induce a disruption of PPl
in rats. Our experiments confirm that affinity and efficacy data obtained in vitro in cell lines or
membrane assays are difficult to extrapolate into an in vivo stuation. Firstly, in addition to
being essentially a mix between PPl and PPF, modulation of startle is controlled by a
multitude of brain areas and neurotransmitter systems (Koch, 1999; Geyer et a., 2001). But
even with selective pharmacological stimulation by 8-OH-DPAT, multiple receptor systems
appear to be involved in the behavioral response, in this case at least 5-HT1a receptors and
dopamine D, receptors. Clearly, for the interpretation of possible clinical effects of new
antipsychotic drugs, pre-clinical in vivo testing is still crucial.

In conclusion, we have compared several antipsychotic drugs with respect to their
ability to modulate the effect of 8-OH-DPAT on PPl. While 8-OH-DPAT consistently
disrupted PPI at the 100 msec 1SI, only haloperidol and aripiprazole were able to inhibit this
effect. The action of these antipsychotics was mimicked by raclopride and buspirone. Our
results provide new insight into the interaction of antipsychotic drugs with central mechanisms

involved in PPI, a behavioral model with relevance to aspects of schizophrenia.

%202 ‘6T |Udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 24

Acknowledgements

The authors are grateful to Ruben Gaasbeek and Emma Burrows for technical

assi stance.

202 ‘6T |1MdV uo speuinor 134SY e Bio'seulnofiedse ed[ wol) papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 25

References

Aasen |, Kolli L and Kumari V (2005) Sex effects in prepulse inhibition and facilitation of the
acoustic startle response: implications for pharmacological and treatment studies. J
Psychopharmacol 19:39-45.

Auclair AL, Kleven M S, Besnard J, Depoortere R and Newman-Tancredi A (2006) Actions of
novel antipsychotic agents on apomorphine-induced PPI disruption: influence of
combined serotonin 5-HT1A receptor activation and dopamine D2 receptor blockade.
Neuropsychopharmacology 31:1900-1909.

Bantick RA, Deakin JF and Grasby PM (2001) The 5-HT1A receptor in schizophrenia: a
promising target for novel atypical neuroleptics? J Psychopharmacol 15:37-46.

Berendsen HH, Broekkamp CL and Van Deft AM (1990) Antagonism of 8-OH-DPAT-
induced behaviour in rats. Eur J Pharmacol 187:97-103.

Boddeke HW, Fargin A, Raymond JR, Schoeffter P and Hoyer D (1992) Agonist/antagonist
interactions with cloned human 5-HT1A receptors. variationsin intrinsic activity studied
in transfected HeLa cells. Naunyn-Schmied Arch Pharmacol 345:257-263.

Bohmelt AH, Schell AM and Dawson ME (1999) Attentional modulation of short- and long-
lead-interval modification of the acoustic startle eyeblink response: comparing auditory
and visual prestimuli. Int J Psychophysiol 32:239-250.

Braff D and Geyer M (1989) Sensorimotor gating and the neurobiology of schizophrenia:
human and animal model studies, in Schizophrenia: scientific progress (Schulz S and

Tamminga C eds) pp 124-135, Oxford University Press, Oxford.

%202 ‘6T |Udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 26

Bruins Slot LA, De Vries L, Newman-Tancredi A and Cussac D (2006) Differential profile of
antipsychotics at serotonin 5-HT14 and dopamine D,s receptors coupled to extracellular
signal-regulated kinase. Eur J Pharmacol 534.63-70.

Buisson-Defferier S and Van den Buuse M (1992) Cardiovascular effects of the 5-HTia
receptor ligand, MDL 73005EF, in conscious spontaneously hypertensive rats. Eur J
Pharmacol 223:133-141.

Burris KD, Molski TF, Xu C, Ryan E, Tottori K, Kikuchi T, Yocca FD and Molinoff PB
(2002) Aripiprazole, a novel antipsychotic, is a high-affinity partial agonist at human
dopamine D2 receptors. J Pharmacol Exp Ther 302:381-389.

Chung YC, Li Z, Da J, Mdtzer HY and Ichikawa J (2004) Clozapine increases both
acetylcholine and dopamine release in rat ventral hippocampus: role of 5-HTia receptor
agonism. Brain Res 1023:54-63.

Cos C and Koek W (2001) Agonist, antagonist, and inverse agonist preoperties of
antipsychotics at human recombinant 5-HT1a receptors expressed in HelL.aq cells. Eur J
Pharmacol 433:55-62.

Czyrak A, Mackowiak M, Chocyk A, Fijal K, Gadek-Michalska A and Wedzony K (2003) 8-
OHDPAT-induced disruption of prepulse inhibition in rats is attenuated by prolonged
corticosterone treatment. Neuropsychopharmacology 28:1300-1310.

Duncan E, Szilagyi S, Schwartz M, Kunzova A, Negi S, Efferen T, Peselow E, Chakravorty S,
Stephanides M, Harmon J, Bugarski-Kirola D, Gonzenbach S and Rotrosen J (2003)
Prepulse inhibition of acoustic startle in subjects with schizophrenia treated with

olanzapine or haloperidol. Psychiatry Res 120:1-12.

%202 ‘6T |Udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 27

Filion DL, Dawson ME and Schell AM (1993) Modification of the acoustic startle-reflex
eyeblink: a tool for investigating early and late attentional processes. Biol Psychol
35:185-200.

Geyer MA, Krebs-Thomson K, Braff DL and Swerdlow NR (2001) Pharmacological studies
of prepulse inhibition models of sensorimotor gating deficits in schizophrenia: a decade
in review. Psychopharmacology 156:117-154.

Gogos A and Van den Buuse M (2004) Estrogen and progesterone prevent disruption of
prepulse inhibition by the serotonin-1A receptor agonist 8-OH-DPAT. J Pharmacol Exp
Ther 309:267-274.

Huang YY, Battistuzzi C, Oquendo MA, Harkavy-Friedman J, Greenhill L, Zalsman G,
Brodsky B, Arango V, Brent DA and Mann JJ (2004) Human 5-HT1A receptor C(-
1019)G polymorphism and psychopathology. Int J Neuropsychopharmacol 7:441-451.

Ichikawa J and Meltzer HY (1999) Relationship between dopaminergic and serotonergic
neuronal activity in the frontal cortex and the action of typical and atypical antipsychotic
drugs. Eur Arch Psychiatry Clin Neurosci 249:90-98.

Koch M (1999) The neurobiology of startle. Prog Neurobiol 59:107-128.

Kumari V and Sharma T (2002) Effects of typical and atypical antipsychotics on prepulse
inhibition in schizophrenia: a critical evaluation of current evidence and directions for
future research. Psychopharmacology 162:97-101.

Kumari V, Soni W and Sharma T (2002) Prepulse inhibition of the startle response in
risperidone-treated patients: comparison with typical antipsychotics. Schizophrenia Res

55:139-146.

%202 ‘6T |Udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 28

Mackeprang T, Kristiansen KT and Glenthoj BY (2002) Effects of antipsychotics on prepulse
inhibition of the startle response in drug-naive schizophrenic patients. Biol Psychiatry
52:863-873.

Newman-Tancredi A, Assie MB, Leduc N, Ormiere AM, Danty N and Cos C (2005) Novel
antipsychotics activate recombinant human and native rat serotonin 5-HT1A receptors:
affinity, efficacy and potential implications for treatment of schizophrenia. Int J
Neuropsychopharmacol 11:1-16.

Oranje B, Van Od CJ, Gispen-De Wied CC, Verbaten MN and Kahn RS (2002) Effects of
typical and atypical antipsychotics on the prepulse inhibition of the startle reflex in
patients with schizophrenia. J Clin Psychopharmacol 22:359-365.

Pauwels PJ, Van Gompel P and Leysen JE (1993) Activity of serotonin (5-HT) receptor
agonists, partial agonists and antagonists at cloned human 5-HT1A receptors that are
negatively coupled to adenylate cyclase in permanently transfected Hel.a cells. Biochem
Pharmacol 45:375-383.

Plappert CF, Pilz PK and Schnitzler HU (2004) Factors governing prepulse inhibition and
prepulse facilitation of the acoustic startle response in mice. Behav Brain Res 152:403-
412.

Protais P, Lesourd M and Comoy E (1998) Similar pharmacological properties of 8-OH-
DPAT and anespirone (S 20499) at dopamine receptors. comparison with buspirone.
Eur J Pharmacol 352:179-187.

Quednow BB, Wagner M, Westheide J, Beckmann K, Bliesener N, Maier W and Kuhn KU
(2006) Sensorimotor gating and habituation of the startle response in schizophrenic

patients randomly treated with amisulpride or olanzapine. Biol Psychiatry 59:536-545.

%202 ‘6T |Udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 29

Rigdon GC and Weatherspoon JK (1992) 5-Hydroxytryptamine,, receptor agonists block
prepulse inhibition of acoustic startle reflex. J Pharmacol Exp Ther 263:486-493.

Rollema H, Lu Y, Schmidt AW, Sprouse JS and Zorn SH (2000) 5-HT;a receptor activation
contributes to ziprasidone-induced dopamine release in the rat prefrontal cortex. Biol
Psychiatry 48:229-237.

Ryan CN, Evenden JL and Petterson M (1993) Effects of buspirone and ipsapirone on
schedule induced polydipsia: comparison with 8-hydroxy-2-(di-n-propylamino)tetralin
(8-OH-DPAT) and raclopride. Psychopharmacology 112:34-44.

Shapiro DA, Renock S, Arrington E, Chiodo LA, Liu LX, Sibley DR, Roth BL and Mailman
R (2003) Aripiprazole, a novel atypical antipsychotic drug with a unique and robust
pharmacology. Neuropsychobiology 28:1400-1411.

Shen Y, Monsma F, Metcalf MA, Jose PA, Hamblin MW and Sibley DR (1993) Molecular
cloning and expression of a 5-hydroxytryptamine; serotonin receptor subtype. J Biol
Chem 268:18200-18204.

Sipes TA and Geyer MA (1995) 8-OH-DPAT disruption of prepulse inhibition in rats: reversal
with (+)WAY 100,135 and localization of site of action. Psychopharmacology 117:41-
48.

Swerdlow NR, Shoemaker JM, Auerbach PP, Pitcher L, Goins J and Platten A (2004a)
Heritable differences in the dopaminergic regulation of sensorimotor gating IlI.
Temporal, pharmacologic and generational analyses of apomorphine effects on prepulse
inhibition. Psychopharmacology 174:452-462.

Swerdlow NR, Shoemaker JM, Crain S, Goins J, Onozuka K and Auerbach PP (2004b)
Sensitivity to drug effects on prepulse inhibition in inbred and outbred rat strains.

Pharmacol Biochem Behav 77:291-302.

%202 ‘6T |Udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 30

Wadenberg ML and Ahlenius S (1991) Antipsychotic-like profile of combined treatment with
raclopride and 8-OH-DPAT in the rat: enhancement of antipsychotic-like effects without
catalepsy. J Neural Transm Gen Sect 83:43-53.

Wood MD, Scott C, Clarke K, Westaway J, Davies CH, Reavill C, Hill M, Rourke C, Newson
M, Jones DN, Forbes IT and Gribble A (2006) Aripiprazole and its human metabolite
are partial agonists at the human dopamine D, receptor, but the rodent metabolite
displays antagonist properties. Eur J Pharmacol 546:88-94.

Wynn JK, Dawson ME, Schell AM, McGee M, Salveson D and Green MF (2004) Prepulse
facilitation and prepulse inhibition in schizophrenia patients and their unaffected

siblings. Biol Psychiatry 55:518-523.

%202 ‘6T |Udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 31

Footnotes

(a) These studies were supported by grants from the National Health and Medical Research
Council of Australia, the Joan and Peter Clemenger Foundation, and the Stanley Medical

Research Institute.

(b) Reprint requests to: M. van den Buuse, Ph.D., Behavioural Neuroscience Laboratory, The
Mental Health Research Institute of Victoria, 155 Oak Street, Parkville, Victoria 3052,

Australia, e-mail: mvandenbuuse@mhri.edu.au

%202 ‘6T |Udy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on December 28, 2006 as DOI: 10.1124/jpet.106.113084
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #113084 32

FIGURE LEGENDS

Figure 1

The effect of pretreatment with haloperidol on the action of 0.5 mg/kg of 8-OH-DPAT
(filled symbols) vs. saline (open symbols) on PPl at a 30 msec interstimulus interval (IS, top
row) and PPl at a 100 msec ISI (bottom row). Rats were pretreated with saline (Sal), 0.05
mg/kg of haloperidol or 0.25 mg/kg of haloperidol. Separate panels depict data for prepulse
intensities of 2, 4, 8 or 16 dB above basdline (PP2, PP4, PP8, PP16). * P<0.05 for difference
between 8-OH-DPAT treatment and respective saline control. Data are mean £ SEM of 7 rats.
Pretreatment with 0.25 mg/kg of haloperidol blocked the disruption of PPI at the 100 msec ISI

caused by treatment with 8-OH-DPAT.

Figure 2

The effect of pretreatment with raclopride on the action of 0.5 mg/kg of 8-OH-DPAT
(filled symbols) vs. saline (open symbols) on PPl at a 30 msec interstimulus interval (IS, top
row) and PPl at a 100 msec ISI (bottom row). Rats were pretreated with saline (Sal), 0.05
mg/kg of raclopride or 0.25 mg/kg of raclopride. Separate panels depict data for prepulse
intensities of 2, 4, 8 or 16 dB above basdline (PP2, PP4, PP8, PP16). * P<0.05 for difference
between 8-OH-DPAT treatment and respective saline control. Data are mean £ SEM of 7 rats.
Pretreatment with 0.25 mg/kg of raclopride blocked the disruption of PPI at the 100 msec 1SI

caused by treatment with 8-OH-DPAT.
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Figure 3

The effect of pretreatment with clozapine on the action of 0.5 mg/kg of 8-OH-DPAT
(filled symboals) vs. saline (open symbols) on PPl at a 30 msec interstimulus interval (1SI, top
row) and PPl at a 100 msec ISI (bottom row). Rats were pretreated with saline (Sal), 1 mg/kg
of clozapine or 5 mg/kg of clozapine. Separate panels depict data for prepulse intensities of 2,

4, 8 or 16 dB above basdline (PP2, PP4, PP8, PP16). * P<0.05 for difference between 8-OH-
DPAT treatment and respective saline control. + P<0.05 for difference with saline

pretreatment. Data are mean + SEM of 9 rats. 8-OH-DPAT treatment increased PPI at the 30
msec |SI after pretreatment with 0.25 mg/kg of clozapine. The disruption of PPl at the 100

msec |SI by treatment with 8-OH-DPAT was not blocked by clozapine, except at PP2.

Figure 4

The effect of pretreatment with olanzapine on the action of 0.5 mg/kg of 8-OH-DPAT
(filled symbols) vs. saline (open symbols) on PPl at a 30 msec interstimulus interval (1SI, top
row) and PPl at a 100 msec ISI (bottom row). Rats were pretreated with saline (Sal), 1 mg/kg
of olanzapine or 5 mg/kg of olanzapine. Separate panels depict data for prepulse intensities of
2, 4, 8 or 16 dB above basdine (PP2, PP4, PP8, PP16). * P<0.05 for difference between 8-
OH-DPAT treatment and respective saline control. Data are mean + SEM of 8 rats.

Olanzapine pretreatment had little effect on the action of 8-OH-DPAT.

Figure5
The effect of pretreatment with risperidone on the action of 0.5 mg/kg of 8-OH-DPAT

(filled symbols) vs. saline (open symbols) on PPl at a 30 msec interstimulus interval (IS, top
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row) and PPl at a 100 msec ISI (bottom row). Rats were pretreated with saline (Sal), 0.2
mg/kg of risperidone or 1 mg/kg of risperidone. Separate panels depict data for prepulse

intensities of 2, 4, 8 or 16 dB above basdline (PP2, PP4, PP8, PP16). * P<0.05 for difference
between 8-OH-DPAT treatment and respective saline control. + P<0.05 for difference with

saline pretreatment. Data are mean £ SEM of 7 rats. At PP2 at the 30 msec 1SI, 1 mg/kg of
risperidone reduced PPl and 8-OH-DPAT caused an increase after this pretreatment. At the
100 msec IS, risperidone pretreatment generally increased PPl but did not prevent a

significant disruption by 8-OH-DPAT.

Figure 6

The effect of pretreatment with amisulpride on the action of 0.5 mg/kg of 8-OH-DPAT
(filled symbols) vs. saline (open symbols) on PPl at a 30 msec interstimulus interval (1SI, top
row) and PPl at a 100 msec ISI (bottom row). Rats were pretreated with saline (Sal), 10 mg/kg
of amisulpride or 50 mg/kg of amisulpride. Separate panels depict data for prepulse intensities
of 2, 4, 8 or 16 dB above basdine (PP2, PP4, PP8, PP16). * P<0.05 for difference between 8-
OH-DPAT treatment and respective saline control. Data are mean + SEM of 10 rats.

Amisulpride pretreatment had little effect on the action of 8-OH-DPAT.

Figure7

The effect of pretreatment with aripiprazole on the action of 0.5 mg/kg of 8-OH-DPAT
(filled symbols) vs. saline (open symbols) on PPl at a 30 msec interstimulus interval (1SI, top
row) and PPl at a 100 msec ISI (bottom row). Rats were pretreated with saline (Sal), 1 mg/kg

of aripiprazole or 5 mg/kg of aripiprazole. Separate panels depict data for prepulse intensities
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of 2, 4, 8 or 16 dB above basdine (PP2, PP4, PP8, PP16). * P<0.05 for difference between 8-
OH-DPAT treatment and respective saline control. Data are mean £ SEM of 8 rats.
Pretreatment with 5 mg/kg of aripiprazole blocked the action of 8-OH-DPAT at the 100 msec

ISl, particularly at lower prepulse intensities.

Figure 8

The effect of pretreatment with MDL 73,005EF (MDL) or buspirone (Busp) on the
action of 0.5 mg/kg of 8-OH-DPAT (filled symbols) vs. saline (open symbols) on PPl at a 30
msec interstimulus interval (1SI, top row) and PPl at a 100 msec ISl (bottom row). Rats were

pretreated with saline (Sal), 1 mg/kg of MDL 73,005EF or 5 mg/kg of buspirone. * P<0.05
for difference between 8-OH-DPAT treatment and respective saline control. + P<0.05 for

difference with saline pretreatment. Data are mean £+ SEM of 9 rats. MDL 73,005EF
pretreatment increased PPI at the 30 msec ISI. Buspirone pretreatment blocked the action of 8-

OH-DPAT on PPI at the 100 msec ISI.

Figure 9

Summary of the effect of pretreatment with haloperidol, raclopride, clozapine,
olanzapine, risperidone, amisulpride, aripiprazole, MDL 73,005EF or buspirone on the
disruption of PPl mediated by treatment with 8-OH-DPAT. PPl was assessed using a 30 msec
interstimulus interval (IS, first and third row) or a 100 msec ISl (second and fourth row).
White bars depict values obtained after saline treatment and black bars depict values obtained
after 8-OH-DPAT treatment. Doses of pretreatment drugs (mg/kg) are shown on the horizontal

axes. PPI data are plotted as the average of all four prepulse intensities used (PP2, PP4, PPS,
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PP16). For analysis of individual prepulse intensity results, see figures 1-8. * indicates a
significant effect of 8-OH-DPAT as analyzed after either saline-, low-dose- or high-dose

pretreatment. Data are mean + SEM.
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Table 1:
Average startle and PPI of rats treated with 8-OH-DPAT after pretreatment with various other

drugs, including antipsychotics.

Pretreatments Average startle

Treatments: Sdine 8-OH-DPAT

Haloperidal (n=7)

Saline 382+ 34 485+ 63

0.05 mg/kg 371+ 34 400 + 35

0.25 mg/kg 320 + 29 426 + 58
Raclopride (n=7)

Saline 239 + 37 324 + 37

0.05 mg/kg 271 +40 315+43

0.25 mg/kg 229 + 47 271+ 32
Clozapine (n=9)

Saline 409+ 79 539+ 75

1 mg/kg 285 + 56 382 + 47

5 mg/kg 200 + 33" 455 + 79*
Olanzapine (n=8)

Saline 363+ 70 498 + 48

1 mg/kg 325+ 54 352 + 57

5 mg/kg 223+ 40 351 + 69
Risperidone (n=7)

Saline 298 + 28 587 £ 113*

0.2 mg/kg 219+ 26 436 + 79*

1 mg/kg 181 + 15 537 + 116*

Amisulpride (n=10)
Sdline 408 £ 60 826 + 142*
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10 mg/kg 473+ 93 752 + 108
50 mg/kg 353 + 68 660 + 137
Aripiprazole (n=8)
Saline 231+ 32 587 + 120*
1 mg/kg 242 + 17 695 + 164*
5 mg/kg 234+ 19 511 + 97*
MDL 73,005EF/Buspirone (n=9)
Saline 294 + 48 355+ 51
MDL 73,005EF 1 mg/kg 313+ 60 339+ 46
Buspirone 5 mg/kg 330+ 71 264 + 31

Data are mean £+ SEM and were analyzed with ANOV A with repeated measures (for main
effects see text). Further between-group analysis was done with one-way ANOV A and post-
hoc Least-Significant-Difference comparisons. * P<0.05 for difference between 8-OH-DPAT
treatment and respective saline control treatment. © P<0.05 for difference with saline

pretreatment.
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