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Prepulse inhibition of the startle eyeblink
as an indicator of temporal summation

TERRY D. BLUMENTHAL
WakeForest University, Winston-Salem, North Carolina

The inhibition of the human startle eyeblink response was assessed in three experiments in which
the duration of the prepulse was manipulated. In all cases, inhibition of startle was more pronounced
as prepulse duration increased from 6 to 50msec. Inhibition of startle amplitude for single prepulses
was not significantly different from that for paired prepulses (Experiment 1),but inhibition was more
pronounced as prepulse intensity increased (Experiment 3). Varyingthe interval between prepulse
offset and startle-stimulus onset had no significant effect on inhibition (Experiment 2). These data
demonstrate the sensitivity of startle inhibition to prepulse duration, and suggest that this response
system can be used to evaluate early temporal summation in the auditory system.

The purpose of the present study was to investigate the
process of temporal summation in the auditory system by
measuring prepulse modification of the startle reflex.
Temporalsummation is a basic form of processing wherein
the effect of sensory input occurring within some time
window is added to that ofprevious input, so that the ef
fectiveness of stimulation increases as either the number
or the duration of stimuli increases (Penner, 1978; Zwis
locki, 1969). This summation reaches asymptote after a
certain amount of time has passed since the first input,
and this defines the window of summation, or the criti
cal interval of the summating mechanism.

Temporal summation in the auditory system has been
investigated using psychophysical scaling in humans
(Zwislocki, 1969), single-unit responding in animals
(Gersuni, 1971), and startle-reflex elicitation in both an
imals (Marsh, Hoffman, & Stitt, 1973) and humans (Blu
menthal & Berg, 1986a). The startle response is a brain
stem reflex that is present in a wide variety of animal
species (Davis, 1984), and that can be elicited by acoustic,
visual, tactile, and electrical stimuli (Anthony, 1985;
Graham, 1979; Hoffman & Ison, 1980; Yeomans &
Cochrane, 1993). Using either single stimuli varying in
duration or pairs ofbrief stimuli varying in interstimulus
interval (lSI), the elicitation of the startle response has
been used to illustrate temporal summation in adult hu
mans, both within a single sensory modality (Blumenthal
& Berg, 1986a; Blumenthal & Goode, 1991) and across
modalities (Plant & Hammond, 1989). Temporal sum
mation has also been demonstrated with single and
paired stimuli using the startle reflex in newborn infants
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(Blumenthal, Avendano, & Berg, 1987) and in l6-week
old infants (Anthony, Zeigler, & Graham, 1987). The
critical interval over which temporal summation occurs
is about 20-50 msec for the human startle response. This
is considerably less than the critical interval for loudness
summation ofabout 200 msec that is usually found with
psychophysical techniques using both near-threshold
and suprathreshold acoustic stimuli (Gelfand, 1990).
Further, the critical interval of temporal summation
found with the startle reflex is longer for infants than it
is for adults (Blumenthal et al., 1987), and infants are
less sensitive to very brief stimuli.

A startle response elicited by a stimulus in any sen
sory modality can be modified by a brief, low-intensity
stimulus, called a prepulse, presented 30-500 msec be
fore the startle-eliciting stimulus (Graham, 1975). The
extent of reflex modification is determined by the phys
ical parameters of the prepulse (Anthony, 1985; Hoff
man & Ison, 1980). A prepulse is effective in modifying
the response to a startle-eliciting stimulus, regardless of
whether the two stimuli are in the same sensory modal
ity or in different modalities (Blumenthal & Gescheider,
1987; Graham, 1980). The startle response acts as an
"interrupt" (Graham, 1980), and its inhibition by a pre
pulse is due to the protection of early processing of the
prepulse, which reduces the impact of the interrupting
startle stimulus.

As prepulse duration increases, the prepulse becomes
more effective at inhibiting the startle response (Blu
menthal, 1989; Dykman & Ison, 1979; Mansbach &
Geyer, 1991). Harbin and Berg (1983) presented pre
pulses at durations of20 and 200 msec, at stimulus onset
asynchronies (SOAs) of 80-620 msec, before a startle
eliciting puff of air lateral to the eye. They found that
longer prepulses were more effective inhibitors than
were shorter prepulses, and concluded that the effect of
prepulse duration on reflex inhibition can best be ex
plained "as resulting from the summating influence of
the two transients which are becoming progressively
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more independent as they are separated in time" (Harbin
& Berg, 1983, p. 609).

The neurological pathways underlying both the elici
tation and the modification of the startle reflex have
been described in animal models (Davis, Gendelman,
Tischler, & Gendelman, 1982; Swerdlow & Geyer,
1993). Prepulse modification of startle has been shown
to be determined by activity in a part of the midbrain
called the pedunculopontine tegmental area (PPTg;
Swerdlow & Geyer, 1993). This area projects to the nu
cleus reticularis pontis caudalis (nRPC), which is con
sidered to be the area in the pons where the startle re
sponse is initiated (Davis, 1984). Activation ofthe nRPC
produces startle responses, and activation of the PPTg
inhibits these startle responses. If the present experi
ments show that prepulse inhibition of startle can be af
fected by the duration of the prepulse, this would suggest
that the PPTg influence on the startle center can be used
as a means of assessing temporal summation.

In the present series of experiments, prepulse dura
tions in the range of 6-100 msec were used to assess
temporal summation. In addition, other stimulus para
meters that have been shown to influence startle modifi
cation were also manipulated. These included compar
ing single prepulses with pairs of brief prepulses, to
assess the differential contributions of transient (onset
and offset) and sustained (steady-state) stimulus com
ponents (Experiment I), investigating the effects ofpre
pulses at a range of SOAs and ISIs (Experiment 2); and
investigating the effects of prepulses at a range of inten
sities (Experiment 3). One prediction was that increas
ing prepulse duration within a relatively narrow range
would increase startle inhibition, demonstrating tempo
ral summation. A second prediction was that the sum
mation of two transients, as in a pair of brief prepulses,
would have the same effect as the summation of one
onset transient and a longer steady-state portion ofa sin
gle stimulus. This prediction derives from the hypothe
sis that prepulse inhibition of startle is based on the tran
sient aspects ofthe prepulse (Graham & Murray, 1977).
A third prediction was that prepulse duration would have
an effect on startle inhibition that is independent ofvari
ations of lSI between prepulse offset and startle
stimulus onset, within a narrow range. Since the three
variables of prepulse duration, SOA, and lSI (between
prepulse offset and startle-stimulus onset) have two de
grees of freedom (df), varying prepulse duration while
holding SOA constant causes variations in lSI. By vary
ing two of these parametrically, the impact of each can
be assessed. A fourth prediction was that a more intense
prepulse would be a more effective inhibitor of startle, as
shown by Blumenthal and Creps (1994), among others.

EXPERIMENT 1

Method
Subjects. Subjects were II male and 10 female college under

graduates, with an average age of 19 years, 7 months (range = 18
years, 6 months-21 years, II months). These subjects, who were

selected from a list of students who had volunteered to participate
in psychology experiments for course credit, all reported good
health at the time of testing, and none had a history of hearing loss.

Stimuli. Startle stimuli consisted of 85 dB(A) broadband noise
(20 Hz-20 KHz), with a duration of 50 msec and a rise/fall time
of 0.1 msec. Prepulses consisted of 60-dB(A) broadband noise,
with a rise/fall time of 0.1 msec, presented in eight conditions,
four involving single prepulses varying in duration (6, 20, 50, and
100 msec), and four involving pairs of 3-msec prepulses with
onset-to-onset intervals of 6, 20, 50, and 100 msec. Prepulse lead
time, from the onset of the single prepulse (or the first prepulse in
a pair) to startle-stimulus onset, was 150 msec in all cases. A con
trol condition involved presenting the startle stimulus alone, with
no prepulse.

Apparatus. Startle stimuli and prepulses were produced by
separate Coulbourn S81-02 noise generators and gated through
separate Coulbourn S84-04 shaped rise/fall gates, the outputs of
which were sent to a Coulbourn S82-24 audio mixer amplifier.
The output ofthis amplifier was sent to a Yamaha M-35 stereo am
plifier, which activated an Onkyo S-30 loudspeaker located 1.5 m
in front of the subject. The timing and duration of the stimuli were
controlled by a Macintosh SE computer and a MacPacq MPIO
computer interface. Stimulus intensity was calibrated with a Quest
Electronics 215 sound-level meter, held at the position of the sub
ject's ear during the presentation of a steady-state stimulus, and a
Fluke 8050A digital multimeter, used to set the voltage of the
input to the loudspeaker.

Responses were measured with miniature Ag/AgCl electrodes
(with 4-mm-diam contactors) filled with conducting paste, the
raw EMG signal being sent to a Coulbourn S75-01 High Gain
Bioamplifier, where it was amplified and filtered (passing 90-250
Hz). The output of the Bioamplifier was sent to a Coulbourn S76
oI contour-following integrator with a time constant of 10 msec
(Blumenthal, 1994), the output of which was digitally sampled
every 1 msec for 500 msec, beginning 150 msec before startle
stimulus onset, and displayed on the Macintosh SE computer.

Procedure. Before each session, the subject was required to
sign an informed consent form and complete a health question
naire. The skin below the left eye was cleaned with a cotton swab
dipped in alcohol, and two recording electrodes were attached be
low the eye, on the skin covering the orbicularis oculi. A ground
electrode was attached to the inner left forearm. The subject was
taken into the testing room and asked to remain as still as possible.
The procedure was then explained, and stimulus presentation began.
Each subject received eight blocks of nine trials each, with each
block containing one control trial and one trial in each of the pre
pulse conditions, presented in random order within a block. The
intertrial-interval (ITI) range was 25-35 sec, and averaged 30 sec.

Data analysis. The amplitude, latency, and probability of the
eyeblink response were measured from the integrated EMG sam
pled by the computer. Only responses with onsets occurring within
20-100 msec of startle-stimulus onset were included, to eliminate
nonreflexive responses. If the integrated EMG activity surpassed
the baseline EMG activity (measured for 20 msec after stimulus
onset on each trial) within 20-100 msec after startle-stimulus
onset, a response onset was said to have occurred. Response la
tency was the time between startle-stimulus onset and response
onset. The peak ofthe response was the maximum value within the
scoring window of 20-150 msec after startle-stimulus onset. Re
sponse amplitude was the difference between the EMG level at re
sponse onset and peak, measured in arbitrary analog-to-digital
units and then converted to microvolts based on a calibration fac
tor of .45 fLV per arbitrary unit. Caution must be exercised when
using fLV values of startle-response amplitude in comparing re
sults from different laboratories: Unless the recording, filtering,
scoring, and calibration procedures are the same, u.V in one labo
ratory may not correspond to p:V in another laboratory. Thus, re
porting response amplitudes in fLV may be no more comparable
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across laboratories than reporting these measures in arbitrary
units. However, the use of /LVmay give the mistaken impression
that comparability is possible, and therefore the filtering and am
plification of the EMG must be described in detail.

If the EMG signal during the response onset window (20
100 msec after startle-stimulus onset) did not deviate from that
present during the baseline period before startle-stimulus onset, a
failure to respond was recorded. Response probability was calcu
lated as the number of scorable responses that occurred, divided
by the number of trials on which a response could have been
scored, within each stimulus condition (see Blumenthal & Goode,
1991, for more information regarding response quantification).

Data were analyzed in separate analyses of variance (ANOVAs)
for each dependent variable, with conservative (Greenhouse
Geisser) df applied. Follow-up comparisons were made with pair
wise contrasts within a second ANOVA. When assessing the effect
ofa prepulse on startle responding, we first compared the response
to the startle stimulus in the control (no-prepulse) condition with
the response to the startle stimulus in each prepulse condition. If
responding in the prepulse conditions is significantly different
from responding in the control condition, we call this startle mod
ification. Specifically, startle inhibition is illustrated by reduced
response amplitude or probability, or by increased response la
tency, in the prepulse condition in comparison with the control
condition. Changes in the opposite direction constitute startle fa
cilitation. After determining the effect of each prepulse condition
relative to the control condition, we assessed whether some pre
pulses were more effective startle modifiers than others, by com
paring startle modification (Le., the difference between respond
ing on prepulse and control trials) in different prepulse conditions.
These data analyses included the two within-subjects variables of
prepulse duration/interval (6, 20, 50, or 100 msec) and prepulse
number (single or paired). The average difference between re
sponding on control and prepulse trials for each condition is pre
sented in Figures 1~3.

Results
Response amplitude was reduced in all prepulse cond

tions, in comparison with the control condition (p < .001
in all cases; see Figure 1). Prepulse duration/interval had
a significant effect [F(3,60) = 3.41, P < .05, € = .67],
but neither the prepulse-number effect nor the duration/
interval by prepulse-number interaction reached signif
icance. Increasing prepulse duration/interval from 6 to
20 msec resulted in slightly more pronounced startle in
hibition [F(1,20) = 4.02,p < .06], and increasingprepulse
duration/interval from 6 to 50 msec resulted in signifi
cantly more pronounced startle inhibition [F(1,20) =
l3.73,p < .01].

Response probability was reduced by the prepulse in all
conditions (p < .025 in all cases; see Figure I). The pre
pulse duration/interval effect was significant [F(3,60) =
3.96, P < .025, e = .95], as was the effect of prepulse
number [F(1,20) = 14.0l,p < .01]; the duration/interval
X number interaction was also significant [F(3,60) =
6.08, P < .01, € = .80]. Response probability decreased
(indicating greater inhibition) as the duration of a single
prepulse increased from 6 to 20 msec [F(1,20) = 8.96,
P < .01], but increasing prepulse duration beyond
20 msec had no further effect. Increasing the interval be
tween prepulses in a pair from 6 to 50 msec had no sig
nificant effect on response probability, but a pair of pre
pulses presented at a 100-msec interval resulted in less

F1gure 1. Inhibition of startle-response amplitude (top) and prob
ability (bottom) as a function of prepulse duration, for single and
paired prepulses,

inhibition than was found with a pair of prepulses at an
interval of6 msec [F(1,20) = 9.32,p < .01]. Single pre
pulses caused more inhibition of response probabil
ity than did paired prepulses at times of 20, 50, and
100 msec [F(I,20) = 4.39,6.56, and 26.77, respectively,
p < .05].

Response latency was decreased (facilitated) by sin
gle prepulses with a duration of 20 msec, and by paired
prepulses at intervals of 20, 50, and 100 msec (p < .05
in all cases). No significant effects ofprepulse duration!
interval, prepulse number, or duration/interval X num
ber interaction were found.

Discussion
The response-amplitude data of the present experi

ment support Harbin and Berg's (1983) conclusion that
prepulse inhibition becomes more pronounced as the
time is increased between onset and offset transients of
a prepulse. When two transient prepulses were pre
sented, with no steady-state portion between them, pre
pulse inhibition of startle amplitude increased as the
time between the transients increased from 6 to 50 msec.
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Further, single prepulses were no more effective as
startle-amplitude inhibitors than were pairs ofprepulses,
suggesting that the steady-state portion of the single
prepulse made no significant contribution to startle
amplitude inhibition. The power of the present study
to detect an effect of prepulse number on response
amplitude inhibition was .90, suggesting that the failure
to find a significant effect of the prepulse-number vari
able was due to a true absence of an effect, rather than
to a lack of power. However, the response-probability
data of the present experiment do not support Harbin
and Berg's conclusion, since increasing the time be
tween two transients did not affect the prepulse inhibi
tion of response probability, while increasing the dura
tion of a single prepulse increased probability inhibition.
The steady-state portion of the prepulse reduced re
sponse probability but not response amplitude, support
ing the possible independence of startle amplifier (am
plitude) and trigger (probability) mechanisms proposed
by Blumenthal and Berg (I 986b). The present data also
show that a pair of prepulses 100 msec apart constituted
a less effective inhibitor than a pair of prepulses sepa
rated by a 6- or 50-msec interval. At 100 msec, the sec
ond prepulse may be outside the summation window, so
it cannot affect the response.

EXPERIMENT 2

An alternative explanation for the apparent effects of
prepulse duration on startle modification shown in
Experiment 1 is that as prepulse duration increases at
a given SOA, so the time between prepulse offset and
startle-stimulus onset decreases. That is, given the three
variables of SOA, prepulse duration, and lSI, only two df
are available. Changing prepulse duration while holding
SOA constant results in variations of lSI. Stitt, Hoff
man, and Marsh (1976) showed that the startle reflex of
the rat is affected by the time between the offset of a
steady-state sound and the onset of a startle-eliciting
noise, at intervals of less than 16 msec. However, they
found no significant differences between intervals of
16-250 msec (in their Experiment 1), with startle inhibi
tion across this range of intervals. Stitt, Hoffman, Marsh,
and Boskoff(1974) showed that the offset ofan acoustic
background inhibited startle responding in the rat, and
this inhibition was equivalent when the offset preceded
startle-stimulus onset by either 64 or 250 msec.

A second experiment was designed to evaluate the hy
pothesis that the effects attributed to increasing prepulse
duration in Experiment 1 were actually due to variations
in lSI (prepulse offset to startle-stimulus onset). Pre
pulses were presented at three durations, with each du
ration presented at three ISis, selected to span the range
of ISis within which apparent temporal-summation ef
fects were found in Experiment 1. Three of these pre
pulses also involved the three durations presented at the
same SOA, for comparison with the earlier data. If the
temporal-summation findings of Experiment 1were due
to variations in lSI rather than to variations in prepulse

duration, that effect should be revealed in this second
experiment.

Method
Subjects. The subjects were 4 male and 19 female college un

dergraduates with an average age of 19years (range = 17 years, 9
months-22 years, 4 months), who were selected in the same way
as those of Experiment I.

Stimuli. The startle stimulus was an 85-dB(A) broadband noise
(20 Hz-20 KHz), with a O.I-msec rise/fall time and a 50-msec du
ration. Prepulses were 60-dB(A) broadband noise (20 Hz~

20 KHz), with a O.I-msec rise/fall time, presented in nine condi
tions-namely, a 6-msec-duration prepulse presented at SOAs of
106, 136, and 150 msec; a 20-msec-duration prepulse presented at
SOAs of 120, 150, and 164 msec; and a 50-msec-duration prepulse
presented at SOAs of 150, 180, and 194 msec. In this way, each
prepulse duration was presented at ISIs (prepulse offset to startle
stimulus onset) of 100, 130, and 144 msec (i.e., the lSI range
which characterized the range of prepulse durations that showed
temporal-summation effects in Experiment I). Twotrials per block
involved the control condition of an 85-dB(A) startle stimulus
presented alone.

Apparatus and Procedure. Apparatus, procedure, and data
analysis were the same as in Experiment I, with the following ex
ceptions: Each subject received seven blocks of II trials each,
with each block containing 2 startle-stimulus-alone control trials
and I trial in each of the nine prepulse conditions, presented in
random order within a block. IT! averaged 25 sec, randomly rang
ing from 20 to 30 sec. For data analyses, responding on the 2 con
trol trials was averaged together within each block, and prepulse
effects were calculated for each dependent variable by taking the
difference between this average control value and responding in
each prepulse condition. A 3 X 3 (prepulse duration X lSI)
ANOYAwas then conducted.

Results
Prepulses inhibited response amplitude in all cases

(p < .01). In the 3 X 3 ANOVA, prepulse duration had a
significant effect [F(2,44) = 6.37,p < .01, E = .82], but
neither the main effect ofISI nor the interaction between
these two variables reached significance (see Figure 2).
Increasing prepulse duration from 6 to 20 msec resulted
in more pronounced inhibition of startle [F(l ,22) =
5.19, p < .05], but increasing prepulse duration to
50 msec had no further effect.

Prepulses inhibited response probability in all cases
(p < .05). In the 3 X 3 ANOVA,prepulse duration had a
significant effect [F(2,44) = 8.39,p < .01, E = .84], but
neither the main effect ofISI nor the interaction between
these two variables reached significance (see Figure 2).
Increasing prepulse duration from 6 to 20 msec resulted
in more inhibition ofstartle [F(l,22) = 5.92,p < .05, and
increasing prepulse duration from 20 to 50 msec caused
further inhibition [F(l,22) = 4.86, p < .05].

The prepulse inhibited response latency in the 20
msec-duration X 100-msec lSI condition [F(I,22) =

2.54, P < .05], but not in any other condition. Prepulse
duration and lSI had no differential effect on response
latency.

Discussion
These data show that variations in prepulse duration

influence the degree of prepulse inhibition of startle, in-
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Method
Subjects. The subjects were 4 male and 9 female college un

dergraduates with an average age of 19 years, 3 months (range =
18 years, 4 months-20 years, II months), who were selected in the
same way as those of Experiments I and 2.

Stimuli. The startle stimulus was an 85-dB(A) broadband noise
(20 Hz-20 KHz), with a O.I-msec rise/fall time and a 50-msec du
ration. Prepulses were 40-, 50-, or 60-dB(A) broadband noise
(20 Hz-20 KHz), with a O.I-msec rise/fall time and durations of
6, 20, 50, or 100 msec. Lead time (prepulse onset to startle-stimulus

Prepulse inhibition increases as the intensity of the
prepulse increases (Blumenthal & Creps, 1994; Graham
& Murray, 1977). A third experiment was designed to in
vestigate the relationship between prepulse intensity and
prepulse duration in the inhibition of startle.

EXPERIMENT 3
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had no greater effect. Increasing prepulse intensity from
40 to 50 dB resulted in more pronounced prepulse inhibi
tion [F( 1,12) = 16.33,p < .0 I], as did increasing prepulse
intensity from 50 to 60 dB [F(1,12) = 7.54, P < .025].

Response probability was inhibited by the prepulses
(p < .05) in all cases except three: the 6-msec prepulses
at 40 and 50 dB, and the 50-msec prepulse at 40 dB (see
Figure 3). Inhibition of response probability was signif
icantly affected by prepulse duration [F(3,36) = 12.75,
p < .01, E = .66] and by prepulse intensity [F(2,24) =
40.77, P < .0 I, E = .71], but the two variables did not in
teract. Increasing prepulse duration from 6 to 20 msec
resulted in more pronounced inhibition of response
probability [F(1,12) = 7.15,p < .05], as did increasing
prepulse duration from 20 to 100 msec [F(1,12) =
13.76,p < .01]. Inhibition of response probability was
more pronounced as prepulse intensity was increased
from 40 to 50 dB [F(1,12) = 11.06, P < .01], and from
50 to 60 dB [F(1,12) = 47.38,p < .01].

Response latency was decreased (facilitated) by the
40-dB prepulse at a 6-msec duration [F(1,12) = 19.91,
p < .01], but prepulses had no effect on latency at any
other duration or intensity combination.

Discussion
As was the case in Experiments 1 and 2, increasing

prepulse duration caused more pronounced inhibition of
startle amplitude and probability. In agreement with pre
vious research (Blumenthal & Creps, 1994; Graham &
Murray, 1977), increasing prepulse intensity caused the
prepulses to more effectively inhibit startle. However, pre
pulse duration and intensity did not interact significantly.

GENERAL DISCUSSION

In all three experiments, increasing the duration ofan
acoustic prepulse resulted in greater inhibition of the
amplitude and probability of the startle eyeblink re
sponse. These results show that the modification of the
acoustic startle response can be affected by temporal
summation of the prepulse. Further, the absence of in
teractions between prepulse duration and other variables
when analyzing inhibition of startle amplitude shows
that, in the ranges tested here, this temporal summation
is independent of prepulse number, lSI, and intensity.
Effects of prepulse duration on the inhibition of re
sponse probability were also independent ofISI and pre
pulse intensity. However, the data of Experiment 1 show
that response probability was not differentially affected
by increasing the interval between two pulses in a pair,
while inhibition of response amplitude was affected by
this manipulation.

Prepulse inhibition of startle is affected by the dura
tion of the prepulse, making startle-reflex inhibition a
useful tool in the assessment of temporal summation.
The investigation of temporal summation can be useful
in quantifying hearing loss (Florentine, Fastl, & Buus,
1988; Stephens, 1976), and adding prepulse inhibition to
the list ofmethods available could be helpful in this cIin-

ical endeavor. Given its sensitivity to stimulus manipu
lations, the startle response has been proposed as a
sensory assessment tool, especially in audiological
assessment of infants and handicapped children and
adults (Anday, Cohen, Kelley, & Hoffman, 1988; Reiter,
Goetzinger, & Press, 1981). The utility of the startle re
sponse in the assessment of sensory abilities derives
from the fact that it is a graded reflex, with variations in
response amplitude, probability, and latency determined
either by variations in the eliciting stimulus itself or by
variations in prepulses that precede the eliciting stimu
lus. Reflex modification can provide an objective and re
liable assessment ofauditory threshold, without requir
ing cooperation, motivation, training, or attention on the
part of the subject, and this modification is not depen
dent upon previous conditioning.

Studies of temporal summation can also help to iden
tify the mechanisms underlying the processing of stim
uli. Zwislocki (1969, 1983) proposed a neural mecha
nism for temporal summation, involving a neural volley
causing a change in the postsynaptic potential, with this
change persisting for some time and then decaying. If
new neural input occurs before the postsynaptic resting
level is reached, the new input will be added to the resid
ual potential caused by previous input. Decay continues
to occur, but if the input is occurring faster than the time
constant of the postsynaptic membrane, further input
will add to the residual potential shift, increasing the
total amount of postsynaptic potential change. At some
point, the postsynaptic membrane will reach some max
imum level, or saturation, and continued input beyond
this point will have no further effect. Demonstrating that
prepulse inhibition is influenced by temporal summation
may assist in the study of the neural mechanisms under
lying inhibitory influences of the tegmental startle
inhibition center (Swerdlow & Geyer, 1993) on the pon
tine startle activation center (Davis et aI., 1982).

In the early stages of stimulus processing, a distinc
tion can be made between stimulus detection (transient,
change, onset, or offset) and stimulus identification (sus
tained, steady-state stimulus parameters; Berg, 1985).
On the basis ofthe identification of transient (short time
constant) and sustained (long time constant) neural
types in the auditory system (Gersuni, 1971; Gersuni
et aI., 1971), Graham (1979) has suggested that these
transient and sustained stimulus parameters may be pro
cessed by parallel neurological systems. Transient and
sustained systems in the auditory pathway are analogous
to Y cells and X cells (retinal ganglion cells) in the vi
sual system (Schwartz & Loop, 1984), and to Pacinian
and non-Pacinian systems in the vibrotactile modality
(Gescheider, Hoffman, Harrison, Travis, & Bolanowski,
1994). Several researchers (Graham & Murray, 1977;
Ison, 1978) state that startle elicitation is due to the ac
tivation of the transient system. Graham and Murray
argue that startle-reflex inhibition by a prepulse is also
due to transient-system activity, while Ison believes that
sustained-system activity is responsible for this inhibi
tion. Blumenthal and Levey (1989) argue that transient-
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system activation may determine acoustic startle-reflex
inhibition, while sustained-system activation may deter
mine acoustic startle-reflex facilitation.

The data of Experiment 1 show that the inhibition of
startle amplitude is accomplished predominantly by the
transient aspects of the prepulse, since a single prepulse
was no more effective than a pair of prepulses with less

. total energy. Prepulse onset activates the transient sys
tem, and this transient-system activation is greater for
stimuli of longer duration, up to a point. This would be
the case if rapid temporal summation ofenergy occurred
in the transient system. The transient system is often
considered to be insensitive to stimulus duration, but it
may be the case that this system is simply less sensitive
to stimulus duration than is the sustained system. There
fore, the transient system may show temporal summa
tion, but only for a brief time. In fact, Gersuni (1971,
p. 106) found that transient-system neurons are sensitive
to changes in stimulus energy occurring for up to
20 msec, illustrating the ability of the transient system
to show temporal summation within a narrow window.
The data of the present experiments support the notion
that prepulse-inhibition effects are due to the activity of
a rapidly summating transient-sensitive system, in agree
ment with Blumenthal and Levey (1989) and Graham
and Murray (1977).

Other researchers (Plant & Hammond, 1989) state
that the distinction between transient and sustained sys
tems may not be relevant to startle responding, since the
distinction between transient and sustained neural units
is most pronounced at the firing threshold ofthese units.
At stimulus intensities above threshold, the differences
between the two neuron types decrease, with some tran
sient neurons showing a more tonic discharge pattern
than others. However, some transient neurons maintain
their phasic discharge pattern even for stimuli well
above threshold (Gersuni, 1971, p. 89). Further, single
unit firing-threshold values ranged from - 20 to + 70 dB
(SPL) for transient neurons, and from -30 to +60 dB
(SPL) for sustained neurons (Gersuni, 1971). On the
basis of these single-unit data, we feel that the distinc
tion between transient and sustained systems in startle
research is valid, and that this distinction may be more
evident at lower stimulus intensities, such as those found
with prepulses, than at higher stimulus intensities, such
as those found with startle-eliciting stimuli.

These data show that prepulse inhibition of startle is
affected by many ofthe same stimulus variables, such as
stimulus intensity, duration, and number, that affect the
elicitation of the startle reflex itself (Blumenthal, 1988;
Blumenthal & Berg, 1986a, 1986b). In fact, the temporal
summation window of 20-50 msec found for startle
amplitude inhibition in the present experiments is simi
lar to the temporal-summation window for startle-reflex
elicitation (Blumenthal et al., 1987; Blumenthal & Berg,
1986a). Therefore, prepulse inhibition of startle can be
used as a sensitive measure of acoustic stimulus pro
cessing, at stimulus intensities well below those needed

to elicit the startle reflex. This broadens the range of
potential applications of this prepulse-inhibition tech
nique.
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