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Abstract Prepulse inhibition (PPI) of the startle re-
sponse refers to an attenuation in response to a strong
stimulus (pulse) if this is preceded shortly by a weak
non-startling stimulus (prepulse). PPl provides a simple
operational measure of sensorimotor gating, serving to
prevent the interruption of ongoing perceptual and early
sensory analysis. In accord with postulated deficits in
early stages of information processing, there is ample
evidence that PPI is disrupted in individuals with schizo-
phrenia. PPl in animals is thought to represent a well-
validated model for evaluating potential new treatments
for schizophrenia. Currently, available data on the differ-
ential effects of typical and atypical antipsychotics sug-
gest that atypical antipsychotics, in particular clozapine
and risperidone, may be more effective than typical anti-
psychotics in improving PPl deficits in schizophrenia.
However, studies have so far used small samples and/or
between-subjects designs, and not examined the effects
of other concomitant medications that may also influ-
ence PPI. The directions are identified for further appli-
cations of this model using within-subjects longitudinal
designs and reasonable sample sizes to establish superi-
ority of particular atypical antipsychotics over typical
antipsychotics in improving PPl in schizophrenic popu-
lations.
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Introduction

The simple startle reflexive response is known to show
several forms of plasticity, both in animals and human
beings. One form of startle plasticity is known as pre-
pulse inhibition (PPl). PPl refers to a reliable reduction
in the amplitude of the response to a strong sensory stim-
ulus, the pulse, if this is preceded by 30-500 ms by a
weak stimulus, the prepulse (Graham 1975). This weak
prestimulus, although not strong enough to elicit a mea-
surable startle response itself, evokes inhibitory mecha
nisms, which presumably gate further stimulation until
the processing of the prepulse has been achieved. This
results in disrupted processing and reduced impact of the
pulse, and hence the PPI effect. PPI thus serves the func-
tion of avoiding behavioural interference that might oth-
erwise arise from the simultaneous processing of discrete
stimuli. Deficits in the ability to avoid such interference
are thought to lead to sensory over-stimulation and be-
havioural confusion (Braff 1993). The most commonly
used paradigms to demonstrate PPl in a laboratory
setting have employed acoustic stimuli both as the pulse
(a strong noise-burst) and the prepulse (aweak noise). In
normal human subjects, the effect is maximally noticed
with a stimulus-onset asynchrony (SOA, the time from
prepulse onset to pulse onset) of 120 ms, with shorter
and longer SOAs producing relatively less PPI.
Consistent with Graham's (1975) suggestion that PP
may provide a sensitive measure of sensorimotor gating
deficits in schizophrenia and thus advance the under-
standing of the well-documented deficiency of schizo-
phrenics to efficiently process rapidly presented sensory
information, Braff and colleagues (1978) demonstrated
impaired PPI in schizophrenic patients. There has been a
continued interest in PPl since then and several subse-
guent studies have demonstrated impaired PPl in schizo-
phrenic populations (Braff and Geyer 1990; Braff et al.
1992; Grillon et al. 1992; Kumari et al. 1999). The con-
ceptualization that impaired inhibitory processes under-
lying deficient PPl leads to cognitive fragmentation in
schizophrenia (McGhie and Chapman 1961) is supported
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by a number of empirical observations. Impaired PPI
predicts poor responses on the Ego Impairment Index—
human experience scale, a measure of thought disorder
(Perry and Braff 1994; Perry et al. 1999) and correlates
positively with a number of other cognitive deficits, for
example, poor performance on the Wisconsin Card Sort
Test (Butler et al. 1991), and distractibility (Karper et al.
1996) in schizophrenic patients. PPl has shown a mod-
estly positive relationship with both positive and nega-
tive symptoms of schizophrenia in some studies (Braff
et a. 1999; Weike et al. 2000), but not in others (Perry
and Braff 1994; Kumari et al. 1999). As proposed by
Braff and colleagues (1999), PPI deficits may correlate
more strongly with cognitive abnormalities and thought
disorder than with schizophrenic symptoms.

Antipsychetic drugs and PPI

PPl in animals is thought to represent one of the most
established models to study information processing defi-
cits and their normalisation by pharmacological treat-
ments in schizophrenia (for excellent reviews of this top-
ic, see Swerdlow et al. 1992, 1994, 2000; Swerdlow and
Geyer 1998). Briefly, atypical antipsychotics appear
equally effective as typical antipsychotics in reversing
dopamine (DA)- and social isolation-induced PPl defi-
cits, but superior in reversing serotonin (5-HT) and
N-methyl-p-aspartate (NMDA) antagonist-induced dis-
ruptions of PPI. Schizophrenia is believed to involve
disturbances of several neurotransmitters (Busatto and
Kerwin 1997; Carlsson 1998). Newer atypical antipsy-
chotics act on a wider range of neuroreceptors than typi-
cal antipsychotics (Arnt and Skarsfeldt 1998; Moller
2000) and appear to have beneficia effects on a range of
cognitive variables and positive as well as negative symp-
toms (Sharma 1999). This article examines whether they
are also more effective than typical antipsychoticsin nor-
malizing PPl in schizophrenia. The effects in normal sub-
jects are also examined with a view to help us understand
antipsychotic drug effects on PPl in the absence of any
psychopathol ogy.

Typical antipsychotics

Our group (Kumari et al. 1998) has investigated the
effects of 2 mg and 5 mg haloperidol, as well as the
effects of 5-mg p-amphetamine administration on PPl at
30, 60, and 120-ms SOAs in normal subjects. Haloperi-
dol disrupted PPI at al SOAs, though this effect was re-
stricted to the high dose (5 mg; expected to produce over
75% DA D2 receptor blockade; Nordstrom et al. 1992)
and to smoking subjects only. Disruption of PPl with
5 mg p-amphetamine was aso seen in smoking subjects
only. Another study (Abduljawad et al. 1998) found that
3 mg oral haloperidol disrupted PPl in normal subjects at
120-ms SOA (no other SOA examined), though it was
effective in antagonising the PPI-disruptive effect of the

DA-D2-like agonist bromocriptine (1.25 mg). Taken to-
gether, the data appear to suggest that both hyper-dopa-
minergic (i.e. induced by the administration of DA ago-
nists) as well as hypo-dopaminergic states (i.e. induced
by high doses of DA antagonists) reduce PPl in healthy
subjects.

The findings noted above in healthy subjects for ha-
loperidol might also suggest that PPl deficits seen in
schizophrenic patients given typical antipsychotics re-
sulted from the typical drug therapy, rather than because
of the illness itself. Previous studies (Braff et al. 1978,
1992; Grillon et al. 1992; Perry and Braff 1994) ob-
served PPI deficits in schizophrenic patients, the majori-
ty of whom were (presumably) on typical antipsychotic
medication. There are, however, several lines of evi-
dence that suggest that typical antipsychotics were not
responsible for PPl deficits in schizophrenic patients
seen in previous studies. First, the effects seen in normal
subjects with one single acute dose of drug are unlikely
to reflect those seen with chronic use in schizophrenic
populations. In rats, DA manipulations involving repeat-
ed exposures are known to produce different effects on
PPI from those seen with single administration (Taylor
et al. 1995; Martinez et al. 2000). Further, unless defi-
cits are first induced by some pharmacological or exper-
imental means, antipsychotic efficacy, which should
take the form of deficit correction, cannot be determined
in normal subjects. Second, PPl deficits are found in
drug-free patients with a clinical diagnosis of schizo-
phrenia (Weike et al. 2000), and also extend to schizo-
phrenia-related populations, for example to normal
volunteers scoring high on the psychometric measures
of psychosis-proneness (Simons and Giardina 1992;
Kumari et al. 1997), or patients with schizotypal person-
ality disorder (Cadenhead et al. 1993; only 2 of 16 pa-
tients receiving low doses of antipsychotics at the time
of testing). More recently, unaffected relatives of pa-
tients with schizophrenia have also been found to exhib-
it reduced PPl relative to healthy people (Cadenhead
et al. 2000).

The data from unmedicated populations suggest that
typical antipsychotics are unlikely to cause PPl deficits
in schizophrenic patients, but do they improve PPI?
It seems that PPl deficits seen in previous studies in
patients treated with typical antipsychotics reflected
a partial rather than a full normalisation of underlying
deficits in postulated PPI circuit with inputs from dopa-
minergic as well as from non-dopaminergic systems
(Swerdlow et a. 1992). These early findings may also
reflect a dose—response relationship between improve-
ment in PPl and typical antipsychotics. Patients in some
previous studies were on considerably higher doses as
reported in chloropromazine (cpz) equivaents (Braff
et a. 1992, mean daily dose =2245.2+262.9 mg; Grillon
et a. 1992, mean daily dose =1640+499 mg) than those
reported in a recent study (Kumari et al. 2000, mean
daily drug dose =432.27+345.13 mg), which showed
normal range PPl at 120-ms SOA in patients given typi-
cal antipsychotics.



Atypical antipsychotics

Severa research groups, including our own, following
the observations regarding differential effects of typical
and atypical antipsychoticsin some PPl models in exper-
imental animals, have focused on the differential effects
of typical and atypical antipsychotics on passive PPI (i.e.
subjects not instructed to pay any attention to the pre-
pulses, more likely to parallel paradigms employed in
animal studies) in schizophrenic patients. We (Kumari et
al. 2000) observed greater PPI in patients given atypical
antipsychotics than those given typical antipsychotics.
However, the superiority of atypical antisychotics (n=29)
in our study was limited to short-medium SOAs, i.e.
30 ms and 60 ms; at 120-ms SOA, patients on typical an-
tipsychotics (n=9) also showed normal PPl (controls
n=20). There are other recently published studies (Ford
et a. 1999; Weike et a. 2000) that included patients
medicated with typical and atypical antipsychotics (i.e.
mixed samples) which found no significant difference
between patients and healthy subjects. Weike and col-
leagues (2000) reported reduced PPl in unmedicated
(n=5) patients but normal PPl in patients treated effec-
tively with arange of antipsychotics (typical n=11, atyp-
ical n=9) relative to 12 matched controls. They, however,
did not report data separately for patients treated with
typical and atypical antipsychotics. In general, there are
early indications that atypical antipsychotics may be
more effective in improving PPl than typical antipsy-
chotics in schizophrenia. However, various atypical anti-
psychotics are known to differ in their pharmacological
and clinical profiles (Arnt and Skarsfeldt 1998; Moller
2000; Remington and Kapur 2000). It is therefore impor-
tant to consider their effects separately.

So far only clozapine and risperidone have been
studied in this respect, and they both appear to be superior
to typical antipsychotics. We (Kumari et al. 1999) exam-
ined passive PPl in two groups of schizophrenic patients:
(i) on clozapine (n=11), and (ii) on arange of typica anti-
psychotics (n=9) compared with a group of heathy sub-
jects (n=13). Patients on typical antipsychotics were found
to show less PPl with 30-ms and 60-ms prepulse trials than
healthy subjects. Clozapine-treated patients showed normal
levels of PPI. Extending this work (Kumari et a. 1999),
we (Kumari et a. 2002) further examined passive PPI in
risperidone-treated patients (n=10) and found that they,
too, did not differ from control subjects, whereas an ex-
tended sample of typically treated patients showed reduced
PPI at short—-medium SOAs (n=20, including 9 patients re-
ported in Kumari et al. 1999).

The superiority of clozapine over typical antipsychot-
icsin improving PPl has been attributed to its pharmaco-
logical (5-HT) effects on prefrontal regions of the brain
or to its effects on a broader range of neuroreceptors than
typical antipsychotics (Kumari et a. 1999). Similar
mechanisms may be conceived for the effects of risperi-
done (Honey et al. 1999). However, other mechanisms
may also be involved that have not been previously con-
sidered. For example, the effects of atypical drugs may
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involve a change in concomitant medication with substi-
tution of atypical antipsychotics for typical antipsychot-
ics. Anticholinergic drugs are invariably used to counter-
act extrapyramidal symptoms induced by antipsychotic
medication, especially with typical antipsychotics, in
schizophrenic patients (Van Putten and Marder 1987). It
has recently been found (Kumari et al. 2001a) that pro-
cyclidine, the most commonly prescribed anticholinergic
drug in the UK to counteract extrapyramidal symptoms
in patients with schizophrenia, also disrupts PPl in a
dose-dependent manner in normal subjects. This raises a
further concern. Clozapine is a potent anticholinergic
(Arnt and Skarsfeldt 1998; Moller 2000) yet it appears
to improve PPl more than typical antipsychotics. Given
that in animal studies both hyper- and hypocholinergia
appear to disrupt PPI (review, Swerdlow et al. 1992), it
would appear that there is a response range, and cloza-
pine-treated patients remained within this range because
clozapine aso has procholinergic effects (Davydov and
Botts 2000). Another puzzling observation is that treat-
ment with clozapine reduces ad lib cigarette smoking in
patients (Procyshyn et a. 2001). Given that cigarette
smoking too improves PPl in norma (Kumari et al.
1996) and schizophrenic populations (Kumari et al.
2001b), the mechanisms for the effects of clozapine
seem rather complex and may not be applicable to other
atypical antipsychotics.

Critical evaluation of current evidence

PPl with its high test-retest reliability in normal
(Cadenhead et al. 1999) and schizophrenic populations
(Ludewig et a. 2002) provides a unique opportunity to
examine the differential effects of various antipsychotic
drug treatments, as well as predictors and consequences
of responsiveness to various old and newer antipsychot-
ics in schizophrenia. Previously published reports of de-
ficient PPl in unmediated patients, coupled with those
showing (a) deficient PPI in patients (presumably) given
typical antipsychotics and (b) an improvement with typ-
ical antipsychotics in unmedicated patients, indicate that
typical antipsychotics improve PPI deficits, but may not
fully normalise them. Atypical antipsychotics, in partic-
ular clozapine and risperidone, have shown promise of
relatively better improvement in PPl. However, the data
published so far have come from small sample studies,
between-subjects designs with non-random allocation of
patients to receive typical or atypical drugs. Such data
do not allow a definite interpretation as to whether nor-
mal-range PPl in patients treated with some atypical
drugs reflected real improvements in PPl or some un-
controlled clinical bias towards less severe patients re-
ceiving atypical drugs. Admittedly thisis unlikely to be
the case for clozapine, which was only prescribed to pa-
tients [in the UK at the time the study by Kumari et al.
(1999) was carried out] if they had failed to show ade-
guate responses to typical and at least two other atypical
antipsychotics.
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Directions for future research

1. Further studies should investigate the effects of typi-
cal and various atypical antipsychotics in schizophre-
nia in within-subjects longitudinal designs with ran-
dom allocation of drug treatments and careful atten-
tion to other concomitant medications. Further, given
the differential effects of typical and atypical drugs on
short—-medium SOAs seen in between-subjects de-
signs, future studies should use experimental para-
digms with a broad range of SOAS.

2. Thereis some evidence that PPl abnormalities are re-
lated to other cognitive abnormalities, but there is a
paucity of research in this area. Given that cognitive
improvement is a strong predictor of functional out-
come in schizophrenia (Green 1996), concurrent mea-
surements of multiple clinical, cognitive and func-
tional outcome variables need to be included in future
investigations of changes in PPl with atypical anti-
psychotics for this line of enquiry to meaningfully re-
late to the clinical neuroscience.

3. A further extension of the proposed approach is re-
quired to include the examination of low doses of typ-
ical and atypical antipsychotics in unaffected relatives
of schizophrenic patients who are non-symptomatic
but exhibit (presumably trait-linked) reduced PPI.
The improvements in PPl with antipsychotic medica-
tion in schizophrenic patients suggest PPl deficits to
represent a 'state’ variable (Swerdlow et a. 2000).
However, the observations of reduced PPl in non-psy-
chotic patients with schizotypal personality disorder
(Cadenhead et al. 1993) and in non-affected first-de-
gree relatives of schizophrenia patients (Cadenhead et
al. 1999) indicate them to represent a “trait-like” defi-
cit. As speculated by Swerdlow et al. (2000), separate
anatomical substrates may be responsible for revers-
ible “state” and fixed “trait”-linked PPl deficitsin this
disorder, of which “state’-linked neural substrates
may respond differently to typical and atypical anti-
psychotics.

4. 1t would be informative for future studies to include
additional measures such as D2-receptor occupancy
(Oades et a. 2000) in order to fully elucidate the rela-
tionship between typical antipsychotic drug doses and
PPI. Although, in general, studies have not found a
significant correlation between PPl and cpz levels
suggesting that the dose-response effect, if any, is
likely to be small, it is still worth following up.

5. The evidence in rodents points to a genetic control of
PPI (Paylor and Crawley 1997). Strong interactions
have been found between rat strain and drug adminis-
tration to affect PPl (Swerdlow et al. 2000). Further
studies could perhaps explore differential effects of
typical and atypical antipsychotic drugs in familial
versus non-familial schizophrenia.
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