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Patients with schizophrenia exhibit deficits in an 
operational measure of sensorimotor gating: prepulse 
inhibition (PPI) of the startle response. M100907, a 
selective 5-HT

 

2A

 

-receptor antagonist that has been 
developed for clinical testing as an antipsychotic in 
schizophrenic patients, has been tested in several animal 
models of the gating deficits in schizophrenia, including 
PPI. Previous studies have shown that M100907 blocks or 
reduces the disruptive effects of hallucinogenic 5-HT

 

2

 

 
agonists (e.g., DOI) and psychotomimetic NMDA 
antagonists (e.g., phencyclidine) on PPI. In the present 
paper, we report the results of three studies conducted to 

determine the effects of M100907 on apomorphine-induced 
disruption (one experiment) and isolation rearing-induced 
disruption of PPI in rats (two experiments). Results showed 
that M100907 failed to reduce the disruption of PPI caused 
by the dopamine agonist apomorphine. Nevertheless, 
M100907 partially reduced the disruption of PPI caused by 
isolation rearing. Thus, M100907 shows efficacy as a 
putative antipsychotic in nondopaminergic PPI models of 
the sensorimotor gating deficits in schizophrenia. 
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Disruptions in measures of attention and cognition
have been observed in patients diagnosed with schizo-
phrenia. These deficits may be linked to an impairment
in sensorimotor gating, such that intrusive stimuli are
not properly filtered out (Grillon et al. 1990; McGhie
and Chapman 1961; Venables 1960). In the acoustic star-
tle paradigm, startle reactivity (i.e., startle magnitude)
in response to high-intensity acoustic stimuli is mea-
sured and prepulse inhibition (PPI) is assessed. PPI re-

fers to the reduction in the startle response produced
when a low-intensity, nonstartling stimulus (the
prepulse) is presented shortly before the startle stimu-
lus (Hoffman and Ison 1980). PPI provides an opera-
tional measure of sensorimotor gating that appears to
be present in all mammals. Disruptions in PPI have
been demonstrated in schizophrenic patients compared
with healthy controls and patients diagnosed with
mood disorders such as depression (Bolino et al. 1994;
Braff et al. 1978, 1992; Cadenhead et al. 1997; Grillon et
al. 1992; Weike et al. 1996). Deficits in schizophrenia pa-
tients do not simply result from generalized behavioral
impairments or medications, because schizotypical pa-
tients who are not grossly psychotic or receiving anti-
psychotic medications exhibit similar PPI deficits
(Cadenhead et al. 1993). Thus, patients with schizophre-
nia-spectrum disorders demonstrate dysfunctions in
sensorimotor gating, as measured by disruptions in PPI.

A variety of pharmacologic (serotonergic, glutamater-
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gic, and dopaminergic) and nonpharmacologic (rearing
in isolation) treatments disrupt PPI in animals and are
used as models to characterize and identify antipsy-
chotic drugs (Geyer et al. 1990). For example, the loss of
sensorimotor gating observed in patients with schizo-
phrenia has been mimicked in rats treated with the hal-
lucinogenic 5-HT

 

2

 

-receptor agonist DOI (Padich et al.
1996; Sipes and Geyer 1994, 1995). Typical and atypical
antipsychotics reduce the disruptive effect of DOI on
PPI to varying degrees in different strains of rats
(Padich et al. 1996; Sipes and Geyer 1994; Varty and
Higgins 1995b). For example, the 5-HT

 

2A/C

 

 antagonist
ketanserin, reduced the disruptive effects of DOI on PPI
(Sipes and Geyer 1994). Further studies have found that
the activity at 5-HT

 

2A

 

 receptors, but not 5-HT

 

2C

 

 recep-
tors, is important for the effect of ketanserin; the selec-
tive 5-HT

 

2A

 

 antagonist M100907, but not the 5-HT

 

2C

 

 an-
tagonist SDZ-SER-082, was effective in reversing the
effects of DOI on PPI (Padich et al. 1996; Sipes and
Geyer 1995). Additionally, M100907 reduced the effects
of serotonin-releasing agents (MDMA and fenflu-
ramine) on PPI (Padich et al. 1996). The effects of DOI
and M100907 on PPI appear to be mediated by 5-HT

 

2A

 

receptors in the ventral pallidum (Sipes and Geyer
1997).

In addition to serotonergic systems, there is evidence
that glutamatergic systems influence PPI. Phencycli-
dine (PCP) and other noncompetitive NMDA antago-
nists, such as ketamine and dizocilpine, produce effects
in healthy subjects that are similar to the spectrum of
symptoms and cognitive impairments associated with
schizophrenia (Domino and Luby 1981; Javitt and
Zukin 1991; Luby et al. 1959; Mansbach and Geyer 1991;
Moghaddam 1994), and have been used to model psy-
chosis in animals. NMDA antagonists also worsen
symptoms in schizophrenic patients (Lahti et al.
1995a,b; Malhotra et al. 1997). PCP and dizocilpine have
been shown to disrupt PPI in rats (Bakshi et al. 1994;
Keith et al. 1991; Mansbach and Geyer 1989; Varty and
Higgins 1995a; Swerdlow et al. 1996), and ketamine has
been shown to disrupt PPI in humans (Karper et al.
1994). Thus, NMDA-receptor antagonist-induced dis-
ruption of PPI can be used as a model of schizophrenia-
like deficits in sensorimotor gating.

The disruptive effects of noncompetitive NMDA an-
tagonists on PPI are not blocked by selective dopamine-
receptor antagonists or most typical antipsychotics, but
are reduced by atypical antipsychotics (e.g., clozapine,
olanzapine, quetiapine), which have antagonistic activ-
ity at multiple receptor sites (Bakshi and Geyer 1995;
Geyer et al. 1990; Hoffman et al. 1993; Hollister 1969;
Keith et al. 1991; Swerdlow et al. 1996; Varty and Hig-
gins 1995b). Several recent studies have tried to deter-
mine the specific receptors that underlie the ability of
atypical antipsychotics to reduce the disruptive effects
of NMDA antagonists on PPI.

The contributions of 5-HT

 

2A

 

 and 5-HT

 

2C

 

 receptors to
the interaction between atypical antipsychotics and
noncompetitive NMDA antagonists have recently been
explored. Nonselective 5-HT

 

2

 

 receptor antagonists (e.g.,
risperidone) have been shown to block the effects of
noncompetitive NMDA antagonists in Wistar rats
(Varty and Higgins 1995a,b), but not Sprague-Dawley
rats (Bakshi et al. 1994; Swerdlow et al. 1996). Thus,
there appears to be a strain difference in the ability of
nonselective 5-HT

 

2

 

-receptor antagonists to attenuate
the effects of NMDA antagonists; previous studies have
shown differences in PPI and its pharmacological ma-
nipulation among strains of rats (Rigdon 1990; Swerd-
low et al. 1998a; Varty and Higgins 1994). M100907 sig-
nificantly reduced the effects of dizocilpine on PPI in
both strains of rats (Varty et al. 1999). In contrast, the
5-HT

 

2C

 

 antagonist SDZ-SER-082 completely failed to re-
duce the effects of dizocilpine (Varty et al. 1999). These
results support the hypothesis that antagonism of 5-HT

 

2C

 

receptors, produced by nonselective 5-HT

 

2

 

 receptor an-
tagonists and SDZ-SER-082, interferes with a reversal of
NMDA antagonist-induced disruptions of PPI in the
Sprague-Dawley strain of rat (Bakshi et al. 1994). To-
gether with previous reports (Varty and Higgins
1995a), these findings indicate that activity at 5-HT

 

2A

 

 re-
ceptors contributes to the efficacy of atypical antipsy-
chotics in reducing the disruptive effects of NMDA an-
tagonists on PPI.

Increasing dopaminergic transmission, such as with
the direct dopamine agonist apomorphine, also dis-
rupts PPI (Davis et al. 1990; Mansbach et al. 1988; Swerd-
low et al. 1994). Apomorphine-induced disruption of
PPI has been demonstrated to be due to the activation
of D

 

2

 

-like dopaminergic receptors within the nucleus
accumbens (Swerdlow et al. 1992). The effect of apo-
morphine on PPI can be reduced by the administration
of both typical and atypical antipsychotics (Mansbach
et al. 1988, 1998; Rasmussen et al. 1997; Rigdon and Viik
1991; Swerdlow et al. 1991, 1998a; Swerdlow and Geyer
1993). In contrast, several nondopaminergic com-
pounds have proven ineffective in reducing the effects
of apomorphine on PPI (Bakshi and Geyer 1997; Furuya
et al. 1998; Rasmussen et al. 1997; Rigdon and Viik
1991). Therefore, the effects of apomorphine on PPI ap-
pear to be reduced, almost exclusively, by selective
dopamine antagonists and multi-receptor antagonists
(atypical antipsychotics). However, a serotonergic
mechanism of action in the ability of the atypical anti-
psychotics to reverse apomorphine disruption of PPI
has not been ruled out. Accordingly, in the present pa-
per, we examined the effects of M100907 on apomor-
phine-induced disruption of PPI. We hypothesized that
5-HT

 

2A

 

-receptor antagonism would have no effect on
the disruption of PPI produced by apomorphine.

We also have used developmental manipulations to
produce a nonpharmacological model of the sensorimo-
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tor gating deficits of schizophrenia (Geyer et al. 1993;
Varty and Higgins 1995b). Rat pups reared in isolation
for 8 weeks from the time of weaning display deficits in
PPI when tested in adulthood compared to socially
reared rats (Geyer et al. 1993). This effect is develop-
mentally specific because similar isolation of adult rats
does not alter PPI (Wilkinson et al. 1994). Of potential
therapeutic importance is the fact that PPI deficits pro-
duced by isolation rearing are reversed by both typical
and atypical antipsychotics (Bakshi et al. 1998; Geyer et
al. 1993; Varty and Higgins 1995b). This nonpharmaco-
logical method of inducing schizophrenia-like behav-
ioral deficits has potential utility in the screening of
novel antipsychotic drugs. Two experiments were con-
ducted to examine the effects of M100907 on the disrup-
tion of PPI produced by isolation rearing in rats.

 

METHODS

Subjects

 

Apomorphine Challenge Experiment.  

 

Forty naive male
Sprague-Dawley rats (Harlan Industries, San Diego,
CA), weighing between 250 and 400 g, were housed
two to three per cage upon arrival. Animals were al-
lowed to acclimate to housing conditions for approxi-
mately 1 week before the start of the experiment.

 

Isolation-Rearing Experiments.  

 

A total of 94 naive
male Sprague-Dawley rats (Harlan, San Diego, CA),
brought in as weaned 21-day-old pups, were used in
the isolation-rearing studies; 31 rats were used in Ex-
periment 1 and 63 rats were used in Experiment 2. In
each experiment, pups were randomized to two
groups: a socially reared group and an isolation-reared
group. Socially reared pups were housed under normal
social conditions (three per cage), whereas isolation-
reared pups were housed under isolated conditions
(one per cage) for 8 weeks prior to the start of test-
ing. All rats were housed in the same room and could
hear, see, and smell other rats. Isolated rats received
minimal handling; rats were handled once a week for
cage cleaning.

All rats were housed in a temperature- and humid-
ity-controlled room on a 12 h reversed light/dark cycle
(lights off period 07.30–19.30 h). All testing occurred
during the dark phase between 09.00 and 17.00 h (see
Geyer and Swerdlow 1998 for a detailed description of
experimental methods). Food and water were provided
ad libitum.

 

Drugs

 

M100907, (R)-(

 

1

 

)-

 

a

 

-(2,3-dimethoxyphenyl)-1-[2-(fluo-
rophenyl)ethyl]-4-piperidinemethanol (Hoechst Marion
Roussel, Frankfurt, Germany), was dissolved in a solu-

tion of Tween 80 and distilled water. Apomorphine hy-
drochloride (Sigma Chemicals, St. Louis, MO) was dis-
solved in 0.1% ascorbic acid. All drugs were administered
subcutaneously (SC) in a volume of 1 ml/kg. Control
animals were treated with the corresponding vehicle.

 

Apparatus

 

Four chambers were used to measure startle reactivity
(SR-LAB, San Diego Instruments, San Diego, CA). Each
chamber housed a Plexiglas cylinder (9 cm in diameter)
into which the rats were placed during each test ses-
sion. Vibrations of the cylinder, caused by the whole-
body startle response of the animal, were transduced
into analog signals by a piezoelectric accelerometer at-
tached to the platform. Stabilimeter readings were then
rectified, digitized (0–4095), and stored by a microcom-
puter and interface assembly. A loudspeaker mounted
24 cm above the cylinder provided broadband back-
ground noise and auditory stimuli. The whole appara-
tus was housed within a ventilated, sound-attenuating
chamber (39 

 

3

 

 38 

 

3

 

 58 cm). Presentations of acoustic
stimuli were controlled by SR-LAB software and inter-
face system. As previously described (Geyer and Swerd-
low 1998; Mansbach et al. 1988), sound levels [dB(A)
scale] and accelerometer sensitivities within each cham-
ber were calibrated regularly and found to remain con-
stant over the test period.

 

Procedure

 

Apomorphine Challenge Experiment.  

 

Four groups of
rats (

 

n

 

 

 

5

 

 10) were pretreated with either vehicle or 1.0
mg/kg M100907. Twenty-five minutes later, rats were
treated with either vehicle or 0.5 mg/kg apomorphine.
Five minutes after the second injection, rats were placed
in startle chambers for a 25-min PPI test session.

PPI test session consisted of a 5-min acclimatization
period to a 65 dB background noise (continuous
throughout the session), followed by a 20-min acoustic
PPI test session. Five trial types were presented in this
block: four 20 ms prepulse 

 

1

 

 pulse combinations that
consisted of a 6 dB or 12 dB (above background)
prepulse, each followed 100 ms or 300 ms later by a 40
ms, 120 dB startle pulse (6 dB, 100 ms; 12 dB, 100 ms; 6
dB, 300 ms; and 12 dB, 300 ms) and a 40 ms, 120 dB star-
tle pulse alone (P120). Both the 100 ms and 300 ms inter-
stimulus intervals (ISI) have been used to demonstrate
drug and housing effects on PPI (Varty and Higgins
1995b; Varty et al. 1999). The trial types were presented
in a pseudorandom order with an average inter-trial in-
terval (ITI) of 15 s. In addition, 5 P120 trials were pre-
sented at both the beginning and the end of the PPI test
session, but these P120 trials were not used in the calcu-
lation of PPI.



 

N

 

EUROPSYCHOPHARMACOLOGY

 

 

 

1999

 

–

 

VOL

 

. 

 

21

 

, 

 

NO

 

. 

 

S6

 

M100907 and Prepulse Inhibition

 

S137

 

Isolation-Rearing Experiments.  

 

During Experiments 1
and 2, rat pups were housed either socially (three per
cage) or in isolation (one per cage) for eight weeks
before testing. In Experiment 1, four groups of rats (

 

n

 

 

 

5

 

7–8) were administered either vehicle or 1.0 mg/kg
M100907, 30 min before a 25-min PPI test session. One
week later, rats were retested with the alternative treat-
ment in a within-subjects design. As in the apomor-
phine experiment, PPI test sessions consisted of a 5-min
acclimatization period to a 65-dB background noise
(continuous throughout the session), followed by a 20-
min acoustic PPI test session. During the acoustic PPI
session, five trial types were presented: a 40 ms, 120 dB
startle pulse (P120); and one of three 20 ms prepulses of
3, 6, or 12 dB above background, followed 100 ms later
by the pulse (3 dB, 100 ms; 6 dB, 100 ms; and 12 dB, 100
ms). Again, trial types were presented in a pseudoran-
dom order with an average ITI of 15 s. In addition, 5
P120 trials were presented at both the beginning and
the end of the acoustic test session.

In Experiment 2, a separate cohort of four groups of
rats (

 

n

 

 

 

5

 

 14–16) were administered either vehicle or 1.0
mg/kg M100907 30 min before a 25-min PPI test session
in a between-subjects design. The PPI session of Experi-
ment 2 was the same type of session employed in the
apomorphine experiment described above.

 

Statistical Analysis

 

The magnitude of PPI (% PPI) was determined accord-
ing to the following formula: % PPI 

 

5

 

 [100 - ({startle
magnitude on prepulse 

 

1

 

 pulse trials/startle magni-
tude on pulse-alone trials} 

 

3

 

 100)], such that a 0% value
indicated no difference between the responses to
prepulse 

 

1

 

 pulse trials and pulse alone trials (i.e., no
PPI) (Geyer and Swerdlow 1998).

 

Apomorphine Challenge Experiment.  

 

Percent PPI data
were analyzed using a two-way analysis of variance
(ANOVA) with prepulse intensity and ISI as within-
subjects factors, and pretreatment and treatment as the
between-subjects factors. Mean % PPI was analyzed us-
ing two-way ANOVA with pretreatment and treatment
as between-subjects factors.

 

Isolation-Rearing Experiments.  

 

Our a priori hypothe-
sis that M100907 would reverse isolation-induced PPI
deficits, based on past evidence that isolation rearing
disrupts PPI and that M100907 does not increase PPI on
its own, led us to perform separate post hoc ANOVAs
of both data sets. Isolation-rearing PPI deficits were
tested by performing a one-way ANOVA for housing
effect in vehicle-treated or M100907-treated rats.
M100907 antagonism of isolation rearing-induced PPI
deficits was tested by performing a one-way ANOVA
for drug effect in Isolated or Social rats. F-values are de-
scribed only for significant effects. When main effects

were significant, post hoc analyses were conducted us-
ing Tukey’s protected-t with a 0.05 level of significance.

 

RESULTS

Apomorphine Challenge Experiment

 

Apomorphine produced a disruption of PPI in both ve-
hicle- and M100907-pretreated rats as revealed by a sig-
nificant main effect of apomorphine treatment [F(1,36) 

 

5

 

34.57]. Pretreatment with M100907 had no effect on dis-
ruption of PPI by apomorphine; there was neither a
main effect of M100907 pretreatment nor an interaction
between M100907 and apomorphine. There was a sig-
nificant interaction of apomorphine treatment with ISI
level [F(1,36) 

 

5

 

 4.81], but no other interactions. Because
of the significant interaction with ISI, two-way ANO-
VAs for each ISI/Intensity combination were per-
formed. While each combination demonstrated a signif-
icant main effect of apomorphine treatment (data not
shown), no significant interactions were found. There
was no effect of drug on startle magnitude.

Mean % PPI data for the apomorphine challenge ex-
periment are presented in Figure 1. Post hoc compari-
sons confirmed that the Vehicle/Apomorphine and the
M100907/Apomorphine groups were significantly dif-
ferent from the Vehicle/Vehicle group.

 

Isolation-Rearing Experiments

 

Isolation rearing disrupted PPI in most prepulse condi-
tions, as revealed by a significant effect of housing in
vehicle-treated rats in Experiment 1 [F(1,28) 

 

5

 

 7.19] and
Experiment 2 [F(1,29) 

 

5

 

 4.92]. There was a significant

Figure 1. Effect of M100907 pretreatment and apomor-
phine treatment on prepulse inhibition (PPI) in rats. Apo-
morphine (0.5 mg/kg, SC) treatment significantly disrupted
mean % PPI. Pretreatment with 1.0 mg/kg M100907 (SC)
had no effect on PPI by itself and failed to reduce the effects
of apomorphine on PPI. Data are presented as group means 6
SEM for the entire startle session. * Significantly different
from Vehicle/Vehicle group (Tukey post hocs).
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effect of housing in vehicle-treated rats in Experiment 1
[F(1,14) 

 

5

 

 7.37] on startle magnitude, but there was no
effect on startle in Experiment 2. Thus, the PPI deficits
produced by isolation rearing are independent of any
effects on startle magnitude. Specific comparisons revealed
that the Social/Vehicle group differed from the Isolated/
Vehicle group for all conditions in Experiment 1 and in
the 6 dB 300 ms condition in Experiment 2 (Table 1).

M100907 partially reversed the isolation rearing-
induced disruption of PPI, as revealed by a significant
effect of drug in isolated rats in Experiment 1 [F(1,15) 

 

5

 

5.67] and Experiment 2 [F(1,30) 

 

5

 

 8.42], but not in so-
cially reared rats in either experiment. Additionally,
there was no significant effect of housing in M100907-
treated rats in either Experiment 1 or 2. Specific com-
parisons revealed that there was a significant difference
between the Isolated/Vehicle and Isolated/M100907
groups for the 12 dB 100 ms, 6 dB 300 ms, and the 12 dB
300 ms conditions in Experiment 2, but not in any spe-
cific condition in Experiment 1. There was no signifi-
cant main effect of M100907 in socially reared rats in ei-
ther experiment. Nevertheless, post hoc comparisons
revealed a significant difference between the Social/Ve-
hicle and Social/M100907 groups for the 6 dB 100 ms
condition in Experiment 1 (Table 1). As shown in Figure
2, these effects were replicated in the mean % PPI data.

 

DISCUSSION

 

The present experiments demonstrated two new find-
ings regarding the effects of the putative antipsychotic
M100907 on PPI in rats. First, M100907 is inactive in the
primary dopaminergic model of sensorimotor gating
deficits in schizophrenia. Specifically, M100907 failed to
diminish the PPI-disruptive effects of apomorphine and
also had no effect on PPI by itself. Second, M100907

partially reversed the disruption of PPI observed in iso-
lation-reared rats, while having no significant effects in
socially reared rats.

There are several variants of the PPI paradigm that
putatively model the sensorimotor gating deficits ex-
hibited by patients with schizophrenia. Attempts to
model certain aspects of psychoses present in the
schizophrenia-spectrum disorders include disruption
of PPI in rats by the administration of 5-HT

 

2

 

-receptor
agonists, NMDA-receptor antagonists, and as shown in
the present studies, administration of dopamine ago-
nists and isolation rearing. The validity of these models
has been assessed by examining the effects of various
antipsychotic agents.

Drugs that increase dopamine transmission in hu-
mans produce a psychotic state similar to that observed
during acute psychotic episodes in schizophrenic pa-
tients. As previously reported (Mansbach et al. 1988)
and replicated in the present paper, dopamine agonists
such as apomorphine disrupt PPI in rats. Selective

 

Table 1.

 

Effect of Pretreatment with either Vehicle or 1.0 
mg/kg M100907 on % PPI in Rats Reared Socially or 
in Isolation

 

Vehicle M100907

Rearing Condition Social Isolated Social Isolated

 

Experiment 1
3 dB, 100 ms 51 

 

6

 

 3 37 

 

6

 

 5

 

a

 

50 

 

6

 

 3 44 

 

6

 

 5
6 dB, 100 ms 62 

 

6

 

 3 51 

 

6

 

 4

 

a

 

72 

 

6

 

 2 61 

 

6

 

 4
12 dB, 100 ms 76 

 

6

 

 3 65 

 

6

 

 4

 

a

 

80 

 

6

 

 2 73 

 

6

 

 3
Experiment 2

6 dB, 100 ms 52 

 

6

 

 5 40 

 

6

 

 5 55 

 

6

 

 5 48 

 

6

 

 5
12 dB, 100 ms 66 

 

6

 

 4 53 

 

6

 

 7 74 

 

6

 

 3 70 

 

6

 

 3

 

b

 

6 dB, 300 ms 42 

 

6

 

 4 22 

 

6

 

 7

 

a

 

46 

 

6

 

 4 47 

 

6

 

 4

 

b

 

12 dB, 300 ms 57 

 

6

 

 4 49 

 

6

 

 5 64 

 

6 4 68 6 3b

aSignificantly different from Social/Vehicle group.
bSignificantly different from Isolated/Vehicle group.

Figure 2. Effect of pretreatment with M100907 on mean %
PPI in rats reared socially (three per cage) or in isolation (one
per cage). Eight weeks later, rats were treated with either
saline or 1.0 mg/kg M100907 (SC) and tested for PPI. Isola-
tion-reared rats show disrupted PPI. M100907 pretreatment
had no effect on PPI by itself, but significantly reduced isola-
tion rearing-induced disruption of PPI. The upper panel
depicts results from Experiment 1 and the lower panel
depicts the results from Experiment 2 (data from a different
cohort of animals tested in a different PPI test session). * Sig-
nificant effect of housing in vehicle-treated rats. † Significant
effect of drug in isolated rats.
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dopamine antagonists, as well as typical and atypical
antipsychotics, reduce the apomorphine-induced dis-
ruption of PPI (Mansbach et al. 1988, 1998; Rasmussen
et al. 1997; Swerdlow et al. 1991, 1994; Swerdlow and
Geyer 1993; Varty and Higgins 1995b). In contrast, the
current experiment demonstrated that the selective
5-HT2A-receptor antagonist M100907 does not attenuate
the effects of apomorphine on PPI. Thus, dopamine ag-
onism appears to be a good model of schizophrenia-like
disruptions in PPI, but may not be the optimal para-
digm for screening the new generation of potential
atypical antipsychotics such as M100907, which have
little activity at dopamine receptors.

In two of the present studies, isolation rearing pro-
duced deficits in PPI, confirming previous reports
(Geyer et al. 1993; Varty and Higgins 1995b). These def-
icits were significant in the vehicle-treated rats in both
experiments, but were significantly diminished in the
M100907-treated rats. Thus, M100907 partially reversed
the deficit in PPI produced by isolation rearing when
tested either in a between-subjects or a within-subjects
design. Although the trend for M100907 treatment to
increase PPI in socially reared rats appears to have pre-
vented the demonstration of a significant interaction
between housing and drug treatment, post hoc compar-
isons based on the a priori hypothesis confirmed that
M100907 significantly increased PPI in isolation-reared
rats but not in socially reared rats. A similar trend for
an M100907-induced increase in PPI has been seen in
previous studies, but has never reached significance
when M100907 was administered systemically (Sipes
and Geyer 1995). Indeed, M100907 alone produced no
increase in PPI in the apomorphine experiment, indicat-
ing that this tendency is inconsistent. Intra-ventral pal-
lidal administration of M100907, however, has been
shown to produce a significant increase in PPI (Sipes
and Geyer 1997). The present studies indicate that
M100907 treatment reduces the effects of isolation rear-
ing on PPI. Furthermore, as both typical and atypical
antipsychotics attenuate the effects of isolation rearing,
isolation rearing seems to be a good model of schizo-
phrenia-like behavioral deficits in PPI and may have
utility for screening putative atypical antipsychotics.

The serotonin system has been implicated in the psy-
chopathology of schizophrenia. Early studies demon-
strated altered levels of serotonin and its metabolites in
the cerebrospinal fluid, and decreased densities of sero-
tonin receptors in postmortem brain tissue, of schizo-
phrenic patients (Abi-Dargham et al. 1997; Breier 1995;
Busatto and Kerwin 1997; Gurevich and Joyce 1997;
Harrison and Burnet 1997; Issa et al. 1994; Joyce et al.
1993; Nyberg and Farde 1997). Although there have
been problems with replication and confounding fac-
tors in many of these studies, the hypothesis that alter-
ations of serotonergic transmission could be involved in
schizophrenia was supported by the discovery that

atypical antipsychotic drugs have 5-HT2A-receptor an-
tagonist activity (Goyer et al. 1996; Meltzer 1995a,b).

Serotonin 5-HT2-receptor agonists (e.g., DOI), known
as classical hallucinogenic drugs, produce a limited
number of effects in humans that appear similar to the
symptoms of schizophrenia. 5-HT2-receptor agonists
produce disruptions in PPI in animals (Padich et al.
1996; Sipes and Geyer 1994, 1995). Some typical and
atypical antipsychotics reduce these effects, while oth-
ers do not (Padich et al. 1996; Sipes and Geyer 1994;
Varty and Higgins 1995b). Nonselective 5-HT2-receptor
antagonists that do not appear to be efficacious as an-
tipsychotics, however, do attenuate these effects (Sipes
and Geyer 1994). In addition, the selective 5-HT2A-recep-
tor antagonist M100907 robustly reduced the effects of
DOI on PPI (Padich et al. 1996; Sipes and Geyer 1995).
Thus, nonselective 5-HT2-receptor agonism produces
schizophrenia-like PPI deficits in rats that are sensitive
to 5-HT2A antagonists and serotonergic atypical anti-
psychotics, but less sensitive to dopaminergic typical
antipsychotics.

In humans, noncompetitive NMDA-receptor antago-
nists, such as PCP or ketamine, can produce psychotic
symptoms similar to those observed in schizophrenic pa-
tients (Javitt and Zukin 1991; Luby et al. 1959). These com-
pounds also disrupt PPI in animals (Bakshi et al. 1994;
Keith et al. 1991; Mansbach and Geyer 1989, 1991; Varty
and Higgins 1995a) and humans (Karper et al. 1994). A
number of atypical antipsychotics, including clozapine,
olanzapine, and quetiapine, reduce the effects NMDA an-
tagonists on PPI (Bakshi et al. 1994; Bakshi and Geyer
1995; Swerdlow et al. 1996), whereas most typical antipsy-
chotics are ineffective (Furuya et al. 1998; Geyer et al. 1990;
Johansson et al. 1994; Keith et al. 1991; Swerdlow et al.
1996, 1998b; Varty and Higgins 1995b). With regard to se-
rotonin/glutamate interactions, nonselective 5-HT2-recep-
tor antagonists are effective in the NMDA antagonist PPI
model only to a limited extent and in certain rat strains
(Bakshi et al. 1994; Varty et al. 1999; Varty and Higgins
1995a). In contrast, M100907 pretreatment markedly re-
duced the PPI-disruptive effects of dizocilpine in two dif-
ferent strains of rats (Varty et al. 1999). Thus, noncompeti-
tive NMDA receptor antagonism is a more promising
candidate for modeling symptoms of sensorimotor gating
deficits in schizophrenia and as a method for screening
novel antipsychotics.

In conclusion, based on nondopaminergic models of
deficient PPI, the selective 5-HT2A-receptor antagonist
M100907 appears to have potential utility as an atypical
antipsychotic. Although M100907 proved to be inactive
in the apomorphine model of disrupted PPI, it is effec-
tive in reducing deficits in PPI produced by hallucino-
genic 5-HT2A agonists, psychotomimetic NMDA antag-
onists, or isolation rearing. If the results of Phase III
clinical trials of M100907 support the efficacy of this
drug as a treatment for schizophrenia, the pharmaco-
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logic and non-pharmacologic PPI models of schizo-
phrenia will be supported in their utility to screen novel
antipsychotic drugs.
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