
Abstract Rationale: The “fear-potentiated startle” para-
digm has been extensively used in animal studies, and
more recently in human experimental psychopharmacol-
ogy to evaluate the effects of anxiogenic and anxiety-
relieving drugs. Previous human studies have shown that
both the baseline and the fear-potentiated responses can
be inhibited by anxiety-relieving drugs, suggesting drug
activity on two different emotional states, the former re-
flecting a resting condition and the latter more akin to
pathological anxiety. Objectives: To examine to which
extent the reductions induced by a benzodiazepine on the
basic and the fear-potentiated startle responses are of
equal intensity, and whether or not the drug shows a pre-
dominant, i.e., selective, effect on either. Methods: The
effects of three increasing doses of the benzodiazepine
alprazolam (0.25, 0.5, and 1.0 mg) were assessed on the
human baseline and fear-potentiated startle responses.
Twelve healthy volunteers attended the laboratory on
four experimental days and received either alprazolam or
placebo according to a double-blind crossover balanced
design. Startle recordings were undertaken 2 h after drug
intake. Fear potentiation was implemented by means of
an electric-shock-anticipation experimental procedure.
Additionally, subjective self-reports of sedation and 
anxiety and psychomotor performance were obtained 
at 2 and 3 h, respectively, after drug administration.
Results: Alprazolam dose-dependently impaired psycho-
motor performance and produced increases in subjective

anxiolytic activity and sedation, although the latter did
not reach statistical significance. Additionally, the drug
reduced the magnitude of the startle response both in the
absence and in the presence of a threat-related cue, al-
though a differentially greater inhibitory effect was seen
on the fear-potentiated response as the dose increased.
Conclusions: Alprazolam showed a greater inhibitory ef-
fect on the fear-potentiated startle than on the baseline
reflex, suggesting a more selective action of the drug on
those structures mediating potentiation of the behavioral
response by anxiety.
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Introduction

Benzodiazepines are currently the most commonly used
pharmacological treatment for anxiety disorders. Despite
their safety profile and established utility in this field,
they are not devoid of undesired effects such as rebound
phenomena after treatment cessation, addictive potential,
and sedation, a consequence of the non-specific depres-
sion of the central nervous system they elicit (Shader and
Greenblatt 1993). This latter effect, which is not unique
to the benzodiazepines, is characterized by a reduction in
overall activation, which can lead to both subjective feel-
ings of drowsiness and objective impairments in perfor-
mance (Hindmarch 1994a; Rihoux and Donnelly 1999).
Research efforts to develop newer anxiolytics with fewer
sedative effects could benefit from experimental models
able to objectively distinguish between a drug’s potential
anxiety-relieving properties and its sedative activity, and
provide a quantitative measure of the former. Human
psychopharmacological research has classically relied on
the degree of impairment in behavioral tasks (psychomo-
tor performance) and the subjective perception of drug
effects (self- and examiner-reported questionnaires and
scales) to study the actions of drugs on the noopsyche
(cognitive functions) and the tymopsyche (emotional
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functions), respectively, usually in experimental contexts
free of anxiety-provoking cues. These approaches have
consequently focused on the assessment of relevant,
though undesired, side effects, and are probably not ade-
quate to specifically study the therapeutic potential of a
drug, i.e., its anxiety-relieving properties. Additionally,
although decreases in psychomotor performance and
consequently the behavioral toxicity of a drug can be re-
liably measured (Hindmarch 1994b), these parameters
do not always correlate with the subject’s own percep-
tion of impairment (Rihoux and Donnelly 1999). This in-
evitably leads to difficulties in establishing clear differ-
ences between the true anxiolytic potential of a drug un-
der investigation, and its sedative activity in early phases
of clinical research, when it is administered to healthy
subjects. However, valuable information could be ob-
tained if the anxiolytic profile of a drug could be estab-
lished before it is administered to patient populations.
Pharmacological models of anxiety have been developed
to induce anxiety- or even panic-like states in humans
that are subsequently to be reverted by the potential an-
xiolytic (Gorman et al. 1987; Lines et al. 1995). Never-
theless, this approach has also presented several limita-
tions. Firstly, the non-physiological nature of the anxiety
state elicited, and secondly drugs either directly antago-
nizing the anxiogenic effects at the binding site of the
eliciting drug, or acting on the same neurotransmitter
system, will prove the most effective in the model.

In recent years, the classic conditioning of the startle
reflex, a simple neurophysiological response relatively
easy to elicit and record, has gained acceptance as an an-
imal model for psychopharmacological research with
anxiety-relieving drugs. The startle reflex originates in
structures located in the brainstem following the presen-
tation of sudden intense stimuli, and pertains to the
mammal’s protective behavior repertoire (Davis 1984).
The basic startle response can be effectively modulated
by descending neural pathways, thus being modified by
the subject’s psychological state, and has been consid-
ered to provide information on various cognitive and af-
fective processes (Dawson et al. 1999). Additionally, the
similarities between species regarding the nature of the
response and its eliciting cues, together with the exis-
tence of a large corpus of preclinical data on its pharma-
cological modulation, have made it an attractive depen-
dent variable for human clinical research. Thus, animal
and more recently human investigations have shown that
the basic response can be potentiated by behavioral ma-
nipulations causing fear and anxiety (Davis et al. 1999;
Bradley et al. 1999). This “fear-potentiated startle” para-
digm has been used as an animal model to evaluate the
effects of both anxiogenic and anti-anxiety drugs. Anxi-
ety-provoking drugs such as yohimbine and piperoxane,
increase “fear-potentiated startle” in rodents, whereas it
is reduced by drugs that relieve anxiety, such as benzodi-
azepines, clonidine, buspirone, and morphine (for a re-
view see Davis 1986). Research in humans has found 
anxiolytics to reduce the basic (Kumari et al. 1996;
Abduljawad et al. 1997; Rodriguez-Fornells et al. 1999)

and the fear-potentiated startle response (Patrick et al.
1996; Bitsios et al. 1999), suggesting that the drugs test-
ed show activity in two different emotional states, the
former reflecting a resting condition and the latter more
akin to pathological anxiety. Nevertheless, data are
scarce as to whether the magnitude of response inhibi-
tion in a given subject is equal in both the baseline and
the fear-potentiated conditions or whether anxiolytics
show a more selective activity on one of the two condi-
tions. As a working hypothesis we postulated that for
drugs claiming an anxiety-relieving activity, rather than a
general depressant one, the inhibition of the fear-poten-
tiated startle should predominate over inhibition of the
basic response. For those drugs showing a mixed anxio-
lytic and depressant activity, their inhibitory profile
would vary, showing more or less selectivity for either
response, depending on the dose administered.

Using a within-subject design, the present study in-
tended to examine to which extent the reductions in-
duced by a benzodiazepine on the basic and the fear-
potentiated startle responses are of equal intensity, and
whether or not the drug showed a predominant effect on
either. Thus, dose-response data regarding the effects of
alprazolam on the baseline and fear-potentiated respons-
es were gathered. Drug effects on the magnitude and on-
set latency of the responses were assessed by means of a
previously developed experimental paradigm, known to
simulate anticipatory anxiety in healthy humans (Grillon
et al. 1993). Additionally, data concerning alprazolam’s
effects on self-reported drowsiness and anxiety, as well
as psychomotor performance were assessed by means of
visual analog scales (VAS) and a choice reaction time
(CRT) task, respectively.

Materials and methods

Subjects

The study was conducted in accordance with the Declarations of
Helsinki and Tokyo concerning experimentation on humans and
was approved by the Hospital Ethics Committee and the Spanish
Ministry of Health. Twelve healthy volunteers, six males and six
females, (mean age 23.75 years, range 20–32 years) were recruit-
ed, and their written informed consent was obtained. None of them
had a history of psychiatric or neurological disorders. They did not
take any medication during the 2 weeks preceding the study and
they abstained from alcohol, tobacco, and caffeinated drinks 48 h
before each experimental day. Prior to their inclusion in the study,
volunteers answered two personality questionnaires: the Eysenck
Personality Inventory (EPI; Eysenk and Eysenk 1963), and the
trait-anxiety scale from the State-Trait Anxiety Inventory (STAI-T;
Spielberger et al. 1970). The purpose of personality screening was
to exclude extreme scorers on anxiety and neuroticism (Cook et al.
1991). Only subjects with a STAI-T score within mean ±1 SD
were selected. Mean values obtained were 38.67, range 32–49, for
the STAI-T, 6.4, range 3–11, for the EPI neuroticism subscale, and
12.9, range 10–20, for the EPI extraversion subscale.

Study design and experimental procedure

The experiment was carried out according to a double-blind ran-
domized crossover placebo-controlled design. Oral doses of 0.25,



0.50, and 1.0 mg alprazolam or placebo were administered in a
balanced order. Treatment administration was carried out accord-
ing to a randomization table comprising a 4×4 Latin square repeat-
ed three times. Experimental days were separated by a 1-week
washout period.

The volunteers participated on four separate experimental
days, on which they were given a capsule containing one of the
three alprazolam doses or lactose (placebo). Upon arrival in the
laboratory under fasting conditions a urine sample was obtained to
test for illicit drug intake, a cannula was placed in the cubital vein
of the left arm for drawing blood samples, and medication was
given. During each recording session volunteers remained in a
quiet room, sitting in a comfortable reclining chair, and were
asked to stay alert throughout the experiment. Blood samples were
drawn at baseline and at 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10,
and 24 h after administration in order to establish the drug’s phar-
macokinetic profile. The determination of alprazolam plasma lev-
els was carried out by a high-performance liquid chromatography
method previously described in the literature (Rieck and Platt
1992).

Measurements

Psychophysiological measures

Stimulus. The acoustic startle stimulus administered throughout
the experiment was a 1-KHz pure tone of 116 dB [A], with a 
50-ms duration and an instantaneous rise/fall time, presented bin-
aurally through air headphones. No background noise was present-
ed to the subjects during the experiment.

Recording. The startle reflex was recorded by means of two 
0.5-cm-diameter silver surface disc electrodes. The first electrode
was placed 1 cm inferior to the external canthus of the left eye,
and the second 1 cm medial to the first, following the guidelines
set by Fridlund and Cacioppo (1986). Spontaneous and voluntary
blinking was also controlled by means of two electrodes placed
above and below the right eye and a ground electrode was placed
on the forehead. Impedance level was maintained below 5 KΩ.
Special care was taken to ensure the accurate positioning of the
electrodes in order to avoid placement errors between the four
treatment conditions. The electromyographic signal (EMG) was
AC amplified with a Grass 8 plus amplifier, using a 10–500 Hz
bandpass analog filter. The EMG signal was digitized at a
1000 Hz rate.

Procedure. Fear-potentiation was implemented following a metho-
dology similar to that described by Grillon et al. (1993). Each re-
cording session began with a pretask habituation procedure in
which 15 acoustic startle stimuli were delivered at variable time
intervals (mean 20 s, range 18–22 s) without threat of shock. Im-
mediately after the pretask habituation phase, shock electrodes
were placed on the subject’s wrist. This was followed by a series
of 6 additional habituation startle stimuli, and subsequently by 16
alternating conditions comprising 8 threat and 8 no-threat condi-
tions. The threat and no-threat conditions had durations of 35 and
30 s, respectively. A blue and a green square presented on the
computer screen signaled the threat and no-threat conditions. Col-
or assignment to each condition was counterbalanced across sub-
jects. In two of the four experimental sessions the recordings be-
gan with a threat condition and in the other two sessions they be-
gan with a no-threat condition. In the threat condition a digital
timer appeared on the upper right corner of the color square and
counted seconds down from 35 to 0. The acoustic startling stimuli
were administered at different time points: 5, 10, 15, 20, and 30 s
(±2 s) into the threat condition and 5, 10, 15, 20, and 25 s (±2 s)
into the no-threat condition, totaling 10 different trial types. Startle
stimuli were administered a total of four times at each time point.
Thus, 20 startle stimuli were delivered during each condition
(threat/no-threat), and a total of 40+21 startle stimuli in the course
of an experimental session.

Subjects were told that they could randomly receive from zero
to three electric shocks in the course of an experimental session,
but only during the last 10 s of the threat condition, as the timer
counted from 10 to 0. In order to maintain expectancy throughout
the experiment, volunteers were also informed that the intensity of
the shocks would increase as they appeared within a session and
also from session to session. All subjects did in actual fact receive
five brief electrical shocks in the course of the study: two in the
first session (7 and 10 mA), two in the second session (13 and
16 mA), and one in the third session (19 mA). All shocks were
0.5 ms in duration. No shocks were delivered in the fourth experi-
mental session. The psychophysiological recording session was
undertaken 2 h after treatment administration.

Subjective ratings

At baseline (prior to drug administration) and immediately before
each psychophysiological recording session (+2 h), participants
were asked to rate their level of subjective drowsiness and anxiety
by means of VAS. These were three 100-mm horizontal lines with
the following labels: “Active-Passive”, “Awake-Drowsy”, and
“Anxious-Calm”.

Psychomotor performance

A computerized CRT task was implemented. Subjects were in-
structed to respond by pressing a button with either their right or
left hand depending on whether an “H" or an “S" was presented on
a computer screen 800 ms following a warning signal (an asterisk
presented for 600 ms). Response-hand/letter assignment was coun-
terbalanced across subjects and was the same on all experimental
days for a given volunteer. A total of 600 trials was presented,
with an intertrial interval of 2250 ms (range 2000–2500 ms). The
CRT task was undertaken 3 h after treatment administration.

Data analysis

Psychophysiological measures. The recorded EMG signal was
full-wave rectified off-line and smoothed using a five-point mov-
ing average filter. Startle latency onset was defined as the first in-
crement of EMG level 2 SD above the average baseline, not fol-
lowed by a return to baseline within the next 10 ms. Peak eyeblink
amplitude was defined as the highest point in the EMG response
within a time window of 120 ms after stimulus administration.
Baseline EMG was computed as the mean EMG in the 30 ms pre-
ceding stimulus onset. Reactivity was defined as the value of blink
amplitude for each subject in the first startle trial. Trials in which
the apparent response had an onset latency of less than 20 ms after
stimulus administration and/or a rise time greater than 95 ms were
rejected. In those trials in which no response was detected, ampli-
tude was scored as 0 µV, whereas latency was scored as a missing
value and was excluded from further calculations. Two of the 12
subjects were excluded from the startle amplitude analysis as they
showed a large number of artifacted epochs. Amplitude values
were obtained for the 10 remaining subjects and latency values
only in a subgroup of 9 volunteers, as an additional subject
showed numerous epochs without detectable responses.

Blink magnitude (0 µV amplitude epochs included in the anal-
ysis) and onset latency values were averaged for each time point
(i.e., four trials for each of the five trial types in each condition)
and these data were subjected to a 4×2×5 (treatment, experimental
condition, and trial type) analysis of variance (ANOVA) with re-
peated measures. Additionally, reactivity and global blink proba-
bility (measured inversely considering the number of zero re-
sponse trials) were evaluated by means of a one-way repeated
measures ANOVA with treatment as factor. Finally, habituation
(magnitude decreases across blocks of trials in the pretask habitua-
tion procedure) was also analyzed by means of a two-way repeat-
ed measures ANOVA with treatment and block as factors.
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Subjective ratings. VAS data at 2 h after administration were
transformed into differences from baseline. Transformed values
were analyzed by means of a one-way repeated measures ANOVA
with treatment as factor.

Psychomotor performance. The variable derived from the CRT
task was mean reaction time in all correctly responded trials. This
variable was analyzed by means of a one-way ANOVA with treat-
ment as factor.

Alprazolam plasma levels. Experimental Cmax and Tmax values,
and mean plasma levels at 2 and 3 h after dosing are given for al-
prazolam at the three doses administered.

In all ANOVAs performed, Greenhouse-Geisser epsilon was
used to correct possible violations of the sphericity assumption
and to reduce type I errors (Jennings 1987). P values after correc-
tion are shown. When ANOVA showed significant differences be-
tween treatments, pairwise comparisons were carried out by
means of t-tests, followed by Bonferroni correction.

Results

As no gender effects were found in the statistical analys-
es performed, this factor is omitted in the results report-
ed below.

Psychophysiological measures

Blink probability, reactivity, and habituation

Blink response probability was affected by treatment,
and decreased as the alprazolam dose increased. The
number of non-response trials increased linearly with
dose [F(3,27)=6.03, P<0.01, ε=0.811; linear tendency
F(1,9)=10.19, P<0.05; number of non-responsive epochs
as mean ± SEM: placebo 2.2±1.3, low dose 4.4±2.3, me-
dium dose 5.5±3.0, and high dose 11.2±3.7].

A significant effect of treatment was also observed
for reactivity in the ANOVA, [F(3,27)=14.49, P<0.001,

ε=0.717]. Mean amplitude (µV) ± SEM for the first eye-
blink was 199.2 µV±35.2 for placebo, 114.7 µV±29.9 for
the low dose, 121.2 µV±30.7 for the medium dose, and
90.4 µV±36.1 for the high dose. The linear tendency
contrast was significant [F(1,9)=27.57, P<0.01].

The 15 trials in the pretask habituation procedure
were grouped in three blocks of five trials and their
mean values were subjected to a two-way ANOVA with
treatment and block as factors. Results showed main ef-
fects of treatment [F(3,27)=7.75, P<0.01, ε=0.480],
block [F(2,18)=21.78, P<0.001, ε=0.645], and their 
interaction [F(6,54)=4.52, P<0.05, ε=0.495] in the 
ANOVA. The mean amplitude of the eyeblink magni-
tude showed a significant linear [F(1,9)=25.46, P<0.01]
reduction tendency across treatments [placebo:
108.8 µV±23.8, low dose: 68.8 µV±12.6, medium dose:
73.7 µV±21.5, and high dose: 47.9 µV±14.6]. Regarding
block, polynomial contrasts showed both linear
[F(1,9)=23.46, P<0.01] and quadratic [F(1,9)=10.5,
P<0.01] reduction tendencies (mean amplitude for the
first block was 99.3 µV±20.7, second block 68.4 µV±
16.9, and third block 56.6 µV±13.9). The interaction be-
tween treatment and block revealed a reduction in the
habituation slope associated with the administration of
alprazolam.

Magnitude of the eyeblink reflex

Figure 1 (left panel) presents mean eyeblink magnitude
values obtained in the four treatment conditions. Startle
magnitude was affected by alprazolam [F(3,27)=9.05,
P<0.01, ε=0.467; linear reduction contrast F(1,9)=21.47,
P<0.01; mean magnitude (µV) ± SEM for the four differ-
ent treatment conditions were placebo 86.4 µV±20.5,
low dose 57.3 µV±11.0, medium dose 54.3 µV±14.7, and
high dose 34.4 µV±10.1]. The magnitude of the startle
eyeblink response was found to be increased in the threat
vs the no-threat condition. This was seen as a significant
experimental condition (threat/no-threat) effect [F(1,9)=
12.10, P<0.01; mean magnitude in the threat condition
72.6 µV±15.9; no-threat condition 43.5 µV±11.8]. The
interaction between treatment by experimental condition
was also found to be significant [F(3,27)=5.02, P<0.05].

Fig. 1 The left and right panels, respectively, show mean startle
magnitude values in microvolts (µV) and mean onset latency val-
ues in milliseconds (ms), in the threat (■ ) and no-threat (■■ ) condi-
tions for each of the four administered treatments. n=10 for startle
magnitude and n=9 for onset latency. Error bars denote 1 SEM
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This interaction points out that magnitude differences
between the threat and the no-threat condition decreased
as the alprazolam dose increased, and was corroborated
by a significant linear contrast for this interaction
[F(1,9)=14.34, P<0.01].

Given the differences observed in eyeblink response
probability associated to treatment, a reanalysis was per-
formed considering non-response trials as missing val-
ues. This criterion left out an additional subject, but sim-
ilar effects were found in the ANOVA. Statistically sig-
nificant effects were found for treatment [F(3,24)=8.59,
P<0.01, ε=0.461; linear reduction tendency F(1,8)=
19.90, P<0.01], experimental condition [F(1,8)=12.76,
P<0.01], and their interaction [F(3,24)=5.44, P<0.05,
ε=0.638; linear reduction tendency F(1,8)=17.41,
P<0.01].

The time course of the above effects is presented in
Fig. 2 (upper panel) and described as follows. The mag-
nitude of the reflex increased as the end of the threat
condition approached, as evidenced by a significant ‘tri-
al’ effect [F(4,36)=6.33, P<0.05, ε=0.460; a significant
quadratic tendency was found F(1,9)=29.28, P<0.001
and a less intense linear contrast F(1,9)=6.10, P<0.05;
mean trial values (from the beginning to the end of 

the threat condition): 65.3 µV±16.0, 64.7 µV±15.7,
64.7 µV±15.4, 70.1 µV±17.4, and 99.0 µV±18.0] and ex-
perimental condition by trial interaction [F(4,36)=7.37,
P<0.01, ε=0.528]. This last interaction reflects an abrupt
increase in the eyeblink magnitude in the last 10 s of the
threat condition [linear F(1,9)=10.06, P<0.05 and qua-
dratic tendencies F(1,9)=14.43, P<0.01]. Finally, the in-
teraction treatment by trial was not found to be signifi-
cant [F(12,108)=1.01], nor was the treatment by experi-
mental condition by trial [F(12,108)=0.77].

Onset latency of the eyeblink reflex

Figure 1 (right panel) presents the mean eyeblink onset
latency values for nine subjects in the four treatment
conditions. Onset latency was affected by alprazolam, as
shown by a significant treatment effect [F(3,24)=5.0,
P<0.05, ε=0.869; linear tendency F(1,8)=13.59, P<0.01;
mean onset latency (ms) ± SEM for the four different
treatments was placebo 49.0 ms ±1.3, low dose
54.2 ms ±3.0, medium dose 52.8 ms ±2.1, and high dose
54.6 ms ±3.2]. Onset latency was reduced in the threat vs
the no-threat condition. This was seen as a significant

Fig. 2 Time course of effects.
The upper panel shows mean
startle magnitude values in 
microvolts (µV) at each of the
set time points at which startle
stimuli were delivered in the 
alternating threat and no threat
conditions (n=10). The lower
panel shows mean onset 
latency values in milliseconds
(ms) at the same time points
(n=9). Symbols: ▲ placebo, 
■ 0.25 mg alprazolam, 
● 0.5 mg alprazolam, and 
◆ 1.0 mg alprazolam



was observed in the statistical analyses performed 
(ANOVAs) only for the Anxious-Calm item [F(3,27)=
5.52, P<0.05, ε=0.756; placebo: –0.20 mm ±4.0, low
dose: 9.2 mm ±4.24, medium dose: 17.6 mm ±4.04, and
high dose: 11.00 mm ±3.56]. No statistically significant
results were found for the Awake-Drowsy [F(3,27)=
1.96] or the Active-Passive [F(3,27)=2.39] items. In all
three items, a decrease in the mean score was seen be-
tween the medium and high doses. Pairwise comparisons
among treatments for the Anxious-Calm item are shown
in Table 1.

Psychomotor performance

Figure 3 (lower right panel) presents mean reaction time
values obtained in the four treatment conditions. Reac-
tion time was affected by alprazolam [F(3,27)=15.79,
P<0.001, ε=0.791; linear contrast F(1,9)=49.0, P<0.001;
mean reaction time (ms) ± SEM for the four different
treatment conditions were placebo: 330.5 ms ±13.3, low
dose: 345.4 ms ±14.0, medium dose: 359.2 ms ±13.4,
and high dose: 384.5 ms ±16.6]. Pairwise comparisons
among treatments for reaction time are shown in Table 1.

Alprazolam plasma levels

At the three doses administered, maximum alprazolam
plasma concentrations (Tmax) were reached at 60 min af-
ter drug administration. Cmax values were (mean ± SD)
3.02±0.44 ng/ml for the low dose, 5.58±1.24 ng/ml for
the medium dose, and 10.73±3.18 ng/ml for the high
dose. Plasma concentrations immediately before the psy-
chophysiological recording session (+2 h) were
(mean ± SD) 2.72±0.34 ng/ml for the low dose, 4.78±
0.61 ng/ml for the medium dose, and 9.82±2.17 ng/ml
for the high dose. Plasma concentrations immediately
before the CRT task (+3 h) were (mean ± SD) 2.49±
0.31 ng/ml for the low dose, 4.37±0.75 ng/ml for the me-
dium dose, and 9.57±1.94 ng/ml for the high dose.

Discussion

In the present study, the effects of three different doses
of alprazolam on a previously developed human psycho-
physiological model of anticipatory anxiety (Grillon et
al. 1993) were evaluated. Additionally, drug effects on
subjective ratings of drowsiness and anxiety, and on a
CRT task were assessed. As reported by other research-
ers (Grillon et al. 1991, 1993; Curtin et al. 1998; Grillon
and Ameli 1998; Bitsios et al. 1999), the anticipation of
an electric shock in the threat condition induced eleva-
tions in the magnitude of the electromyographic re-
sponse, elicited by an acoustic startling stimulus, and re-
corded at the level of the orbicularis oculi muscle. Addi-
tionally, in all treatment conditions the magnitude of the
response showed a time-dependent pattern with a final
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experimental condition (threat/no-threat) effect [F(1,8)=
15.92, P<0.01; mean latency in the threat condition
51.0 ms ±2.2; no-threat condition 54.4 ms ±2.1]. The in-
teraction treatment by experimental condition was not
found to be significant [F(3,24)=1.50].

The time course of the above-described effects is pre-
sented in Fig. 2 (lower panel) and described as follows.
Onset latency of the eyeblink response decreased as the
end of the threat condition approached, as shown by a
significant ‘trial’ effect [F(4,32)=4.44, P<0.05, ε=0.711].
The interaction experimental condition by trial showed a
trend toward statistical significance [F(4,32)=2.90,
P=0.06, ε=0.685], reflecting the abrupt decrease in laten-
cy onset in the last 10 s of the threat condition. Finally,
neither the interaction treatment by trial [F(12,96)=0.75]
nor the treatment by experimental condition by trial
[F(12,96)=0.39] were found to be significant.

Pairwise comparisons among the different treatments
for global eyeblink magnitude and onset latency, and for
values in the two conditions (threat and no threat) are
shown in Table 1.

Subjective ratings

Figure 3 (upper panels and lower left panel) shows mean
VAS scores at +2 h (differences from baseline) in the
four treatment conditions. A significant treatment effect

Table 1 Pairwise comparisons performed on the startle magnitude
and latency values, subjective ratings, and psychomotor perfor-
mance. n=10, except for startle onset latency, where n=9. Stu-
dent’s t-tests were followed by Bonferroni correction. ns Not sig-
nificant

Variable ANOVA Student’s t-test
P value

Placebo 0.25 mg 0.50 mg
1.0

0.25 0.50 1.0 0.50 1.0

Startle magnitude
Global ** ns *** *** ns **** ns
No-threat ** ns *** *** ns *** ns
Threat ** ns *** *** ns **** ns

Onset latency
Global ns – – – – – –
No-threat ns – – – – – –
Threat * ns ns ns ns ns ns

Subjective ratings (VAS)
Active-Passive ns – – – – – –
Awake-Drowsy ns – – – – – –
Anxious-Calm * ns *** *** ns ns ns

Psychomotor performance
CRT ** ns *** **** ns *** ns

* P<0.05
** P<0.01
*** P<0.05 after Bonferroni correction
**** P<0.01 after Bonferroni correction
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maximal increase, coinciding with the time window
where the volunteers expected the shock, as previously
described by Grillon and coworkers (1993) in the ab-
sence of a pharmacological challenge. An inverse pattern
was found for onset latency. The time to onset of the
EMG response was decreased in the threat vs the no-
threat condition, also showing a time-dependent pattern
with a downward-pointing peak corresponding to the re-
sponse recorded within the last 10 s of the threat-condi-
tion. This effect of the threat-of-shock on onset latency
also replicates the results obtained by other research
groups (Grillon et al. 1991, 1993; Curtin et al. 1998;
Grillon and Ameli 1998; Bitsios et al. 1999).

The principal finding that can be drawn from the re-
sults obtained in the present study is the differential

modulation of the threat-potentiated and baseline startle
reflex magnitudes at the three different doses used. Inter-
estingly, the characteristic curve obtained under placebo,
analogous to that described by Grillon and coworkers
(1993), was modified in a dose-dependent manner by al-
prazolam, which produced reductions both of the base-
line and potentiated responses, with magnitude differ-
ences between the two conditions gradually decreasing,
at the medium and high doses. As the dose increased, the
effects of the drug were more evident on the potentiated
response (threat condition). Thus, the potentiated reflex
appeared to be more sensitive to the effects of alprazo-
lam than was the baseline response. Alprazolam also
produced dose-dependent increases in latency onset, but
the interaction between treatment and experimental con-
dition in the ANOVA was not significant.

Drug administration increased scorings on the three
self-report VAS used. These increases, however, only
reached statistical significance for the Anxious-Calm
item, and all three VAS showed a decrease between the
medium and high doses, reflecting a saturation effect. On
the contrary, the CRT task showed a significant dose-
dependent effect, with the highest psychomotor impair-
ment obtained after the high 1.0 mg alprazolam dose.
Thus, analogous dose-response variations were obtained

Fig. 3 The upper panels and lower left panel show mean scores
(differences from baseline) obtained for the three self-report visual
analog scales (VAS) in millimeters (mm) at 2 h after administra-
tion in the four treatment conditions. Increases in subjective seda-
tion (upper panels) and anxiolytic activity (lower left panel) are
reflected as greater VAS scores. The lower right panel shows
mean choice reaction time (CRT) values in milliseconds (ms) at
3 h after administration in the four treatment conditions. Increases
in psychomotor impairment are reflected as greater CRT values.
n=10; error bars denote 1 SEM



between the psychomotor performance and the psycho-
physiological approaches, whereas subjective self-report
measures failed to show a linear increase with dose. Re-
garding pharmacokinetic data, a linear increase with
dose was seen for alprazolam’s Cmax values and plasma
levels, in line with data previously reported in the litera-
ture (Dawson et al. 1984). Additionally, experimental
Tmax was independent of the administered alprazolam
dose.

The attenuation of startle magnitude induced by al-
prazolam both in the threat and in the no-threat condi-
tions is in agreement with results from previous studies
with humans that have demonstrated inhibitory effects of
benzodiazepines on both the baseline (Abduljawad et 
al. 1997; Bitsios et al. 1999; Rodríguez-Fornells et al.
1999) and the fear-potentiated startle (Patrick et al. 1996;
Bitsios et al. 1999). In the present study, this inhibitory
effect was already evident at the low 0.25 mg dose, al-
though at this dose it did not reach statistical signifi-
cance. However, at the medium and high doses, alprazo-
lam produced statistically significant reductions in the
reflex’s magnitude both in the threat and no-threat condi-
tions.

Our results for the potentiated startle are in line with
data from research with animals, which demonstrate in-
hibitory effects of anxiety-relieving drugs on the poten-
tiated response (Davis 1986). Thus, barbiturates (Chi
1965), benzodiazepines (Davis 1979a; Berg and Davis
1984), morphine (Davis 1979b), alcohol (Williams 1960
in Davis 1986), serotonergic anxiolytics (Davis et al.
1985), and clonidine (Davis et al. 1979) have shown pre-
dominantly selective actions on the potentiated response
without a significant inhibition of the baseline reflex.
This lack of a significant effect on baseline startle is in
contrast with results obtained in the present experiment,
and in several other human studies in which anxiolyt-
ics/depressants other than benzodiazepines, such as alco-
hol (Stritzke et al. 1995; Curtin et al. 1998) and cloni-
dine (Kumari et al. 1996; Abduljawad et al. 1997), have
demonstrated an inhibitory effect on the basic response.

Regarding onset latency, drug-induced increases have
been found in some previous experiments with benzodi-
azepines (Rodríguez-Fornells et al. 1999) but not in oth-
ers (Patrick et al. 1996; Abduljawad et al. 1997; Bitsios
1999). Significant latency increases have also been de-
scribed after the administration of alcohol (Stritzke et al.
1995) to humans.

From a neurophysiological perspective, the drug’s
differential effect on the baseline and potentiated startle
is suggestive of a predominant action of alprazolam at
the higher doses on secondary structures responsible for
the reflex’s affective potentiation. Rosen and coworkers
(1991) have described a direct neural pathway originat-
ing in the central nucleus of the amygdala which projects
onto the nucleus reticularis pontis caudalis, the site
where the reflex response is thought to originate (Davis
1996). Electrical stimulation of the amygdala in the rat
has been found to elicit a behavioral state analogous to
fear (Davis 1996). Conversely, lesions selectively af-

fecting the pathway connecting the central nucleus of 
the amygdala with the nucleus reticularis pontis cau-
dalis have been shown to block fear-potentiated startle
(Hitchcock and Davis 1991). The differential effects of
alprazolam could be reflecting a lower effect of the drug
on baseline responsiveness, than on the combination of
baseline responsiveness plus increased responsiveness
caused by anxiety. Previous studies have shown a good
agreement between startle potentiation by fear in humans
and greater increases in subjective anxiety ratings mea-
sured simultaneously (Bitsios et al. 1999), and the inde-
pendence of startle increases induced by fear from other
phenomena such as attention (Grillon et al. 1993). Addi-
tionally, the predominant effects of alprazolam on the
potentiated response are in agreement with previous re-
sults obtained for diazepam in a similar experimental
paradigm (Bitsios et al. 1999), and taken together sug-
gest a greater action of benzodiazepines upon those
structures mediating potentiation of the response. These
findings consequently support the approach of using the
difference between potentiated and baseline startle as an
index of drug effects on anxiety alone. However, as has
been suggested by other authors (Bitsios et al. 1999),
baseline startle could already be potentiated by the un-
specific anxiety caused by the experimental setting, in
such a way that drug-induced reductions seen in the no-
threat condition could also be reflecting decreases in
fear-potentiated startle. This possibility of baseline star-
tle being increased due to contextual factors suggests
that assimilating drug-induced reductions in baseline
startle with a general CNS depressant activity should be
done with caution. On the other hand, baseline startle has
been shown to be reduced after a 2 mg alprazolam dose
in an experimental setting free of fear-conditioned cues
(Rodríguez-Fornells et al. 1999).

According to our model, startle measures indicated
that alprazolam predominantly attenuated, at the higher
doses, the response increases caused by anticipatory 
anxiety. Consistently, subjective self-report measures
showed a significant effect of alprazolam on the item in-
dicating decreases in anxiety (Anxious-Calm), with non-
significant increases for those items reflecting unspecific
depressant effects (Active-Passive and Awake-Drowsy).
However, all three items, including the first, showed a
saturation between the medium and high doses. Addi-
tionally, a linear increase pattern was obtained for the
CRT, which contrary to subjective self-assessment did
not show a saturation effect. Interestingly enough, CRT
increases have been classically considered to reflect se-
dation (Hindmarch 1994b). CRT results obtained suggest
that the general depressant effects of the drug actually
increased from the medium to the high alprazolam dose.
Thus, the integration of results obtained through the
three approaches used appears to be far from simple,
even though discrepancies between drowsiness self-per-
ception and objective performance measures have al-
ready been pointed out by other authors (Rihoux and
Donnelly 1999). In the specific case of the benzodiaze-
pines this effect of the drug on what has been termed
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metacognition (Lister et al. 1988) has been previously
described at least for triazolam (Roache and Griffiths
1985), lorazepam (Roache and Griffiths 1987) and diaz-
epam (Barbanoj 1991).

To conclude, we would like to note that in the present
study it was not feasible to obtain self-ratings of anxiety
and drowsiness specifically for the time windows when
the threat and no-threat conditions were present, or mea-
sures of autonomic responses simultaneously with startle
recordings. Both technical and study design constraints
precluded such an approach. Although the results ob-
tained are promising and seemingly indicate that the ben-
zodiazepines display predominant effects on the potentia-
ted vs the baseline startle response, additional data are
needed in order to validate this methodology as a human
model capable of selectively measuring anxiolytic activi-
ty. Future studies could benefit from the simultaneous re-
cording of autonomic and subjective variables, and the
comparative evaluation of other drug classes with differ-
ent profiles of anxiolytic vs depressant activity, in order to
further assess the strengths and limitations of this model.

Acknowledgements The authors wish to thank Sylvie Cotxet,
Llúcia Benito, and David Martínez for technical assistance during
data collection. We are also indebted to Ignasi Gich for his helpful
comments on data analysis and Mercedes Yritia for the determina-
tion of alprazolam in plasma. This work was supported by grant
FIS 99/0502 from the Spanish Ministry of Health.

References

Abduljawad KAJ, Langley RW, Bradshaw CM, Szabadi E (1997)
Effects of clonidine and diazepam on the acoustic startle re-
sponse and on its inhibition by “prepulses” in man. J Psycho-
pharmacol 11:29–34

Barbanoj MJ (1991) Efecto sobre el sistema nervioso central de
los ansiolíticos en el hombre. Doctoral dissertation. Universi-
tat Autònoma de Barcelona, Barcelona, p 409

Berg WK, Davis M (1984) Diazepam blocks fear-enhanced startle
elicited electrically from the brainstem. Physiol Behav 32:
333–336

Bitsios P, Philpott A, Langley RW, Bradshaw CM, Szabadi E
(1999) Comparison of the effects of diazepam on the fear-
potentiated startle reflex and the fear-inhibited light reflex in
man. J Psychopharmacol 13:226–234

Bradley MM, Cuthbert BN, Lang PJ (1999) Affect and startle re-
flex. In: Dawson ME, Schell AM, Bömehlt AH (eds) Startle
modification. Implications for neuroscience, cognitive science
and clinical science. Cambridge University Press, Cambridge,
pp 157–183

Chi CC (1965) The effect of amobarbital sodium on conditioned
fear as measured by the potentiated startle response in rats.
Psychopharmacologia 7:115–122

Cook EW, Hawk LW, Davis TL, Stevenson VE (1991) Affective
individual differences and startle reflex modulation. J Abnorm
Psychol 100:5–13

Curtin JJ, Lang AR, Patrick CJ, Stritzke WGK (1998) Alcohol and
fear-potentiated startle: the role of competing cognitive de-
mands in the stress-reducing effects of intoxication. J Abnorm
Psychol 107:547–557

Davis M (1979a) Diazepam and flurazepam: effects on condi-
tioned fear as measured with the potentiated startle paradigm.
Psychopharmacology 62:1–7

Davis M (1979b) Morphine and naloxone: effects on conditioned
fear as measured with the potentiated startle paradigm. Eur J
Pharmacol 54:341–347

Davis M (1984) The mammalian startle response. In: Eaton RC
(ed) Neural mechanisms of startle behavior. Plenum Press,
New York, pp 287–351

Davis M (1986) Pharmacological and anatomical analysis of fear
conditioning using the fear-potentiated startle paradigm. Be-
hav Neurosci 100:814–824

Davis M (1996) Differential roles of the amygdala and bed nucle-
us of the stria terminalis in conditioned fear and startle en-
hanced by corticotropin-releasing hormone. In: Ono T,
McNaughton BL, Nishijo H (eds) Perception, memory and
emotion: frontiers in neuroscience. Pergamon Press, Oxford,
pp 525–548

Davis M, Redmond DE, Baraban JM (1979) Noradrenergic ago-
nists and antagonists: effects on conditioned fear as measured
by the potentiated startle paradigm. Psychopharmacology 65:
111–118

Davis M, Kehne JH, Cassella JV (1985) Buspirone and MJ-13805
selectively attenuate fear as measured with the potentiated
startle paradigm Soc Neurosci Abstr 426

Davis M, Walker DL, Lee Y (1999) Neurophysiology and neuro-
pharmacology of startle and its affective modulation. In:
Dawson ME, Schell AM, Bömehlt AH (eds) Startle modifica-
tion. Implications for neuroscience, cognitive science and
clinical science. Cambridge University Press, Cambridge,
pp 95–113

Dawson GW, Jue SG, Brodgen RN (1984) Alprazolam. A review
of its pharmacodynamic properties and efficacy in the treat-
ment of anxiety and depression. Drugs 27:132–147

Dawson ME, Schell AM, Bömehlt AH (1999) Startle modifica-
tion: introduction and overview. In: Dawson ME, Schell AM,
Bömehlt AH (eds) Startle modification. Implications for neu-
roscience, cognitive science and clinical science. Cambridge
University Press, Cambridge, pp 6–18

Eysenck HJ, Eysenck SBG (1963) Manual for the Eysenck per-
sonality inventory. Educational and Industrial Testing Service,
San Diego

Fridlund AJ, Cacioppo JT (1986) Guidelines for human electro-
myographic research. Psychophysiology 23:567–589

Gorman JM, Fyer MR, Liebowitz MR, Klein DF (1987) Pharma-
cologic provocation of panic attacks. In: Meltzer HY (ed) Psy-
chopharmacology, the third generation of progress. Raven
Press, New York

Grillon C, Ameli R (1998) Effects of threat of shock, shock elec-
trode placement and darkness on startle. Int J Psychophysiol
28:223–231

Grillon C, Ameli R, Woods SW, Merikangas K, Davis M (1991)
Fear-potentiated startle in humans: effects of anticipatory anx-
iety on the acoustic blink reflex. Psychophysiology 28:588–
595

Grillon C, Ameli R, Merikangas K, Woods SW, Davis M (1993)
Measuring the time course of anticipatory anxiety using the
fear-potentiated startle reflex. Psychophysiology 30:340–
346

Hindmarch I (1994a) Instrumental assessment of psychomotor
functions and the effects of psychotropic drugs. Acta Psychiatr
Scand 89[Suppl 380]:49–52

Hindmarch I (1994b) Relevant psychometric tests for antidepres-
sants and anxiolytics. Int Clin Psychopharmacol 9[Suppl 1]:
27–33

Hitchcock JM, Davis M (1991) Efferent pathway of the amygdala
involved in conditioned fear as measured with the fear-poten-
tiated startle paradigm. Behav Neurosci 105:826–842

Jennings JR (1987) Editorial policy on analyses of variance with
repeated measures. Psychophysiology 24:474–475

Kumari V, Cotter P, Corr PJ, Gray JA, Checkley SA (1996) Effect
of clonidine on the human acoustic startle reflex. Psychophar-
macology 123:353–360

Lines C, Challenor J, Traub M (1995) Cholecystokinin and anxi-
ety in normal volunteers: an investigation of the anxiogenic
properties of pentagastrin and reversal by the cholecystokinin
receptor subtype B antagonist L-365,260. Br J Clin Pharmacol
39:235–242



Rodríguez-Fornells A, Riba J, Gironell A, Kulisevsky J, Barbanoj
MJ (1999) Effects of alprazolam on the acoustic startle re-
sponse in humans. Psychopharmacology 143:280–285

Rosen JB, Hitchcock JM, Sananes CB, Miserendino MJD, Davis
M (1991) A direct projection from the central nucleus of the
amygdala to the acoustic startle pathway: anterograde and ret-
rograde tracing studies. Behav Neurosci 105:817–825

Shader RI, Greenblatt DJ (1993) Use of benzodiazepines in anxi-
ety disorders. N Engl J Med 328:1398–1405

Spielberger CD, Gorsuch RL, Lushene RE (1970) Manual for the
state-trait anxiety inventory. Consulting Psychologists Press,
Palo Alto

Stritzke WGK, Patrick CJ, Lang AR (1995) Alcohol and human
emotion: a multidimensional analysis incorporating startle-
probe methodology. J Abnorm Psychol 104:114–122

367

Lister RG, Weingartner H, Eckardt MJ, Linnoila M (1988) Clini-
cal relevance of effects of benzodiazepines on learning and
memory. In: Hindmarch I, Ott H (eds) Benzodiazepine recep-
tor ligands, memory and information processing. Springer,
Heidelberg Berlin New York, pp 117–127

Patrick CJ, Berthot BD, Moore JD (1996) Diazepam blocks fear-
potentiated startle in humans. J Abnorm Psychol 105:89–96

Rieck W, Platt D (1992) HPLC method for the determination of
alprazolam in plasma using the column switching technique. 
J Chromatogr B Biomed Appl 578:259–263

Rihoux JP, Donnelly F (1999) CNS effects of histamine H1 antag-
onists. Clin Exp Allergy 29[Suppl 3]:143–146

Roache JD, Griffiths RR (1985) Comparison of triazolam and pen-
tobarbital: performance impairment, subjective effects and
abuse liability. J Pharmacol Exp Ther 234:120–133

Roache JD, Griffiths RR (1987) Lorazepam and meprobamate
dose effects in humans: behavioral effects and abuse liability. 
J Pharmacol Exp Ther 243:978–988


