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Abstract: 

 A measure of auditory prepulse inhibition (PPI) is the reduction of the scalp-recorded P1 event-

related potential (ERP) after a sound that is preceded by 100–300 ms by a click as prepulse. This 

measure of sensory gating was adapted to study the effect of a prepulse on processing tones that 

were part of a ‘go no-go’ discrimination.  

 ERPs were recorded at right and left, frontal and temporal sites in groups of patients with 

schizophrenia (SCH) or obsessive compulsive disorder (OCD) and healthy controls (CON). A prepulse 

100 ms but not 500 ms before either tone reduced the P1 ERP amplitude in healthy and OCD subjects 

but not SCH patients. At frontal and temporal recording sites the P1 amplitude was similar bilaterally 

in controls but showed a right temporal shift in the SCH patients. If the tone was the ‘no-go’ tone, the 

prepulse reduced the N1 amplitude in both the CON and SCH groups. The N1 was similar, bilaterally 

in controls but again showed a right temporal shift in the SCH group.  

 These results show a reduction of a PPI-like effect on early processing (P1) that is more marked in 

the left hemisphere of SCH patients and may affect channel selection for processing information (N1) 

about task-relevant sounds.  
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 If a brief click precedes another by 100–

300 ms, the response to the second (S2) is 

reduced by comparison with shorter or longer 

inter-stimulus intervals (ISIs). This 

phenomenon of prepulse inhibition (PPI) is a 

measure of sensory gating on the processing 

of S2. In one form of the test S2 is salient and 

the size of a startle response in animals or 

humans is recorded. A second test-form, more 

appropriate for studies in humans, uses two 

similar stimuli and an event-related potential 

(ERP) response is recorded, the P50 or P1 [6]. 

We developed a third form where S2 is part of 

a discrimination (target or non-target). This 

enables the recording of response in terms of 

signal detection and ERP measures of 

controlled information processing, rather than 

only automatic processes as in other test 

forms [17]. Thus, with a 100 ms ISI an 

increasingly liberal response bias depended on 

the increasing difficulty of the discrimination, 

but with 500 ms the response-bias did not 

differ from a no-prepulse control condition. 

 Animal studies emphasize the disruptive 

effects on PPI of too much mesolimbic 

serotonergic and dopaminergic activity and 

human work with ERPs emphasizes the 

nicotinic and noradrenergic systems in the 

hippocampal complex [6]. There are conflicts 

over the role of the frontal cortex and 

mesocortical dopamine in PPI of the startle 

response in animals [2, 19]. But, damage to 

the human temporal lobe, that contains P1 

generators, affects performance of both task-

forms [6, 9, 15]. 

 

 As PPI is reported to be attenuated in 

schizophrenic patients [1,6] and, to some 

extent, in patients with obsessive-compulsive 

disorder [18], its expression at frontal and 

temporal sites over the left and right 

hemisphere was studied with a method based 

on that of Braff et al. [1]. Further to the 
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reasons advanced above, differences were 

expected between frontal and temporal sites 

as schizophrenics with deficits on card-sorting 

tests of frontal function show major PPI loss 

[3] and their decreased ERP amplitude has 

been related to atrophy in the left superior 

temporal gyrus [10]. Changes in left temporal 

ERPs associated with attentional function have 

been noted in schizophrenic patients [14]. We 

predicted that PPI in a discrimination test-

form might support the proposal of a 

temporal lobe functional and anatomical 

asymmetry, where a lack of PPI has been 

proposed to explain how trivial information 

might become the source of information for 

hallucinations and delusions [6]. 

 

 There were 6 male and 2 female 

schizophrenic patients (SCH) diagnosed by two 

psychiatrists according to ICD 10 and DSM IIIR, 

receiving a mean dose of 415 mg 

chlorpromazine equivalents of medication. 

They had a mean age of 22.1 years (SD 7, 

range 15–34), an IQ of 99 (SD 15, Raven’s 

standard progressive matrices) and had spent 

7–12 y at school. Seven males and three 

females with obsessive-compulsive disorder 

(OCD) showed no psychotic features, minimal 

symptoms of depression and no psychotropic 

medication. They had a mean age of 22.7y (SD 

6, range 16–33), an IQ of 119 (SD 13) and had 

spent 10–13y at school. The 9 male and 10 

female healthy controls (CON) reported no 

psychotropic medication, no major medical 

problems and no psychiatric illness for 

themselves or their first-degree relatives 

(mean age, 25.4y, SD 2.9 y, range 17–27y; IQ 

123, SD 10). All were right-handed according 

to their writing preference and they or their 

parents gave informed, signed consent. 

 

 Tones were played bilaterally over DT48 

headphones (Bayer Dynamics). The prepulse 

(S1) was an 0.6 ms alternating rectangular 

click at 50 dBSL (adjusted by a calibrated 

sound pressure function), presented against 

white noise (30 dBSL). The second pulse (S2), 

after 100 or 500 ms (P = 0.5), was a 0.8 or 1.4 

kHz tone (P = 0.5) at 65 dBSL lasting 50 ms 

(rise/fall time 10 ms; gate-function-

generator). Interval- and tone-types 

alternated in a Bernoulli sequence of 100 

stimulus-pairs per block with an inter-pair 

interval of 4–6 s: (optimal ERP expressed at ca. 

8 s intervals). Each subject received 4–6 trial-

blocks. Detection thresholds were determined 

before the test (0.125–8 kHz; Audio-Med 

BCA3) and sound levels adjusted if the 

threshold varied by .5 dB. Subjects sat in a 

sound-attenuated, electrically-isolated room 

lit by a 25 W lamp. They were asked to 

discriminate between the tones and press a 

button with their dominant hand after the 

higher tone while fixating a cross 1.5 m in 

front of them to minimize eye-movements.  

 

 The EEG activity was recorded from 19 

sites in an electrocap (international 10–20 

system). Data were analyzed from F3/F4 and 

T3/T4 comparisons using a linked mastoid 

reference and Fp ground (all impedance’s <2 

kΩ). The signal was amplified 12 000´ (band 

pass 0.1–70 Hz). Sweeps were rejected if the 

EOG exceeded 65 V from 2 s before S1 onset 

until 1 s after S2 onset (50–60% of trials were 

rejected in the OCD and CON groups and 70–

80% in the SCH group). Thus recordings free of 

horizontal or vertical movement artifacts were 

obtained (80–200: minimum of 20/ stimulus-

ISI combination) and digitized at 250 Hz for 

1300 ms after S1. Peaks were measured with 

reference to a 50 ms pre-S1-baseline. In the 

500 ms condition the baseline was adjusted to 

the contingent negative variation (0.9–2.4 mV) 

measured at S2-onset
1
. The time windows for 

identifying peaks after S2 were: P1 30–80 ms, 

N1 81–140 ms, and P3 280–450 ms [12]. The 

parallel-test reliability for amplitude measures 

between blocks ranged r = 0.79-0.95.  

 

 The analysis concentrates on the relative 

inhibition of the P1, N1 and P3 amplitude 

elicited by a target in the task induced by a 

prepulse 100 ms earlier vs. a 500 ms interval, 

at which the prepulse causes a negligible 

effect on the startle reflex or the P1 amplitude 

[7,18]. This measure of sensory gating has 

                                                           
1 This correction did not contaminate measures of the effect of 
S1 on S2: (1) SCH patients had  smaller N1 peaks after both 
stimuli than the other groups F(2,32) = 10.2–12.4, P < 
0.0003), without an interaction with stimulus, (2) 
N1 amplitudes after S1 and S2 correlated within 
each group (Spearman rho = 0.65–0.89), (3) 
normalization of the data removed any confounding 
influence of individuals on group data across 
conditions. 



 3

been used to show interactions with reaction 

time and performance (e.g. a significant 

regression for amplitude suppression with 

perceptual sensitivity, signal detection 

criterion and error rate [17, 18]). 

Specifically, ERP peak measures were 

collapsed firstly across tones (‘gating 

measures’, 100 vs. 500 ms) and secondly 

across ISI (‘discrimination measures’, target vs.   

non-target) and normalized to a scale from 0 

to +1 (maximum-minimum method [11]). 

Separate MANOVAs for the P1, N1 and P3 

peaks by recording site by group (with the 

Greenhouse–Geisser adjustment of the 

degrees of freedom) was followed by 

univariate ANOVA of the hemispheric 

dominance index (HDI; amplitude differences 

between the left and right hemispheres, at F3 

minus F4, T3 minus T4) by group for the P1, 

N1, and P3 peaks in the ‘gating’ and 

‘discrimination’ measure. The locus of the 

differences was examined post hoc with the 

Scheffe´ test. 

 

 Within a window of 0.8 s after the target 

the patients showed a slower mean reaction 

time (SCH 509 SD 59 ms; OCD 509 SD 62 ms; 

CON 405 SD 34 ms; F (2, 38) = 8.7, P < 0.001) 

and more errors of omission than controls 

(SCH 15 SD 9%; OCD 13 SD 4%; CON 3 SD 1%; F 

(2,38) = 7.3, P < 0.05). Neither measure 

correlated with IQ. 

 

 Figure 1, with the waveforms at Cz to 

facilitate comparison with other ERP reports 

of sensory gating [12], shows a larger P3 

component after the non-target vs. target 

tone, as is usual for ‘go no-go’ tasks where the 

stimuli occur with a 50% probability [4]. A 

comparison of ISI conditions independent of 

tone-type showed the presence of PPI of the 

P1 component in CON at the shorter ISI (top 

two vs bottom two parts of Fig. 1, solid-line); 

this difference was not found in the SCH group 

(dotted waveform, F(2,38) = 3.3, P < 0.05). But 

the type of tone (target/non-target) did 

interact with ISI for the N1 in both the control 

(F(3,57) = 2.9; e = 0.88; P < 0.05) and the SCH 

groups (F(3,24) = 3.7; e =0.77; P < 0.05), 

showing a PPI-like effect after the non-target 

tone. Only after the non-target tone and only 

in controls was a PPI like effect evident in the 

P3 component (F(3,57) = 3.3; e = 0.91; P < 

0.05). No significant interactions of ISI with 

components were evident for the OCD 

subjects [18]. Thus a PPI-like effect was seen 

in the 100 vs 500 ms condition on N1 elicited 

by the non-target: this effect on the P3 was 

absent in both patient groups and, 

independent of tone, was absent for P1 in the 

SCH group. 
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Fig. 1. Grand mean waveforms in an auditory 
discrimination task after non-target (0.8 kHz) and 
target (1.4 kHz) tones (P = 0.5) at Cz when a click 
preceded the tones by 100 or 500 ms (P = 0.5). 
CON, healthy controls (solid line); SCH, 
schizophrenic patients (dotted line); OCD, 
obsessive-compulsive patients (dashed line). 
 

 Inspection of ERP components over each 

hemisphere showed that whereas P3 peaks 

were smaller in the patients (T3/T4, 3.0–

3.2/3.6 vs 4.4/4.8 µV; CON), for SCH patients 

N1 was smaller at frontal sites (F3/F4, -5.3/-

5.1 vs. -7.9/-7.6 µV; CON) and P1 larger at 

temporal sites than in OCD and CON groups 

(T3/T4, +0.8/+1.0 vs. -0.3 to +0.1/-0.1 to +0.3 

µV; CON and OCD; Scheffe test, P < 0.05). The 

analysis proceeded with normed data to 

accommodate for inhomogeneity in the raw 

data and multiplicative effects on ERPs of 

changes of source strength in ANOVA [11]. 

Normed ERP amplitudes in Fig. 2 compare the 

target vs non-target (collapsed across ISI) with 

the PPI condition (collapsed across tone-type). 

 

 Collapsed across tone-type, PPI of the P1 

and P3 components did not differ across 

frontal and temporal sites for controls (F 

(3,57) = 2.6; P = 0.11 and F(3,57) = 0.7; P = 

0.43, respectively): but a significant main 

effect was found for PPI of the P1 peak across 

groups (F(3,99) = 4.3; e = 0.71; P < 0.05; Fig. 
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3). Post hoc analyses confirmed the presence 

of PPI on the P1 component only in the CON 

group (CON. SCH at F3, F4 and T3; CON. OCD 

at F4; Scheffe test, P < 0.05). The significant 

site by group interaction (F (6, 99) = 2.6; e = 

0.71; P < 0.05) was due to a positive shift at 

the right-temporal site in SCH (F(1,25) = 8.6; P 

< 0.01). The other two groups did not show 

this lateralization (Fig. 3, bottom right vs. left). 

Consideration of the P1 amplitude after target 

and non-target tones, collapsed across ISI, 

yielded no differences between sites within 

the controls nor between groups.  

 
 

Fig. 2. Hemispheric dominance indices (HDI; left 
minus right side) for PPI measures (normalized 
ERP amplitudes, 100 minus 500 ms ISI, left) and 
discrimination measures (target minus non-target 
normalized ERP amplitudes, right) for healthy 
controls (CON, separately for females and males), 
patients with schizophrenia (SCH) or with 
obsessive-compulsive disorder (OCD). Negative 
values show a relative dominance of the right 
hemisphere (e.g. SCH group). 
 

 Collapsed across tone-type, PPI of the N1 

component differed across frontal and 

temporal sites for controls. It was larger on 

the right, at T4 (F(3,57) = 6.4; e = 0.68; P < 

0.01; Fig. 2, bottom left). But collapsed across 

ISI the N1 component did not vary between 

sites in the control group (F (3, 57) = 2.2; P = 

0.1). However, in this discrimination condition 

the topography did differ between groups 

(F(3,99) = 3.04; e = 0.75; P < 0.05); there was 

an interaction with group (F(6,99) = 3.6; e = 

0.75; P < 0.025) as a result of a lateralization 

over temporal sites (T3 vs. T4; F(2,33) = 7.6; P 

= 0.002). This effect was due to a right 

hemispheric shift in the SCH group (SCH-HDI = 

-19.3%, SD 8.9 vs. CON-HDI = -2.9%, SD 7.5; 

F(1,25) = 11.9; P = 0.002; Fig. 2, bottom right). 

 
Fig. 3. Difference waveforms (500 minus 100 ms 
prepulse interval); Group means for normalized 
data (NU, normalized unit, scale 0 to ± 1) over 24–
80 ms after S2 (collapsed across tone-type) at F3, 
F4, T3, and T4 recording. Only the healthy controls 
(CON) showed significant PPI of the P1 amplitude. 
 

 The P3 amplitude after target and non-

target tones was enhanced on the right at 

frontal sites in controls (CON F(3,57) = 7.7; e = 

0.74; P < 0.01) and this was confirmed across 

groups (F(3,99) = 5.4; e = 0.75; P < 0.01) with 

no significant variation (F(6,99) = 1.04; P = 

0.4).  

 

 Thus a quiet click 100 vs. one 500 ms 

before a tone, can reduce the expression of P1 

and N1 ERPs recorded over the left temporal 

hemisphere of SCH patients compared to 

records from the right side or from either side 

in controls. This effect is evident for the N1 

potential if the eliciting tone is the ‘no-go’ 

stimulus in discrimination, but the effect is 

seen for the P1 irrespective of tone-type. 

 

 Considering that sources for both ERPs are 

reported from structures in the temporal lobe 

[15], the differential effect on the two peaks is 

consistent with two early stages of processing 

auditory information. Thus, P1 may represent 

the registration of the arrival of sound 

information in the auditory cortex, while the 

N1 may represent the subsequent allocation 

of channels for further processing when the 

stimulus has significance, as here in a two-

tone discrimination [8, 9, 13]. 

 

 A lateralization of ERP responses in a PPI 

paradigm using a test with just one sound-

type has not been reported [12]. However, an 
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impairment of early information processing 

over the left temporal lobe of SCH patients, 

and not OCD or healthy subjects, is consistent 

with reports of asymmetry of later ERP indices 

of auditory processing and in the potential 

temporal lobe substrates [5, 10]. ERPs 

sensitive to stimulus deviance with similar 

early latencies have been recorded from 

temporal lobe structures such as the 

hippocampus in animals [16] and the 

mismatch negativity response to stimulus 

deviance is disrupted using tones presented at 

similar ISIs [20]. Mismatch negativity is also 

reported to have a source in the auditory 

temporal cortex in humans and is recorded 

from more lateral and temporal sites in SCH 

patients than in healthy subjects [13]. It is now 

of interest to examine the role of neuroleptic 

medications on lateralized information 

processing in these patients, who are reported 

to show an imbalance of mesocortical 

catecholamine function. 
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