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PELLET.J., M. WEISS AND M.-J. GOURDON. Harmaline effects on the sensorv-motor reactivity: Modifications of the
acoustic startle partern. PHARMACOL BIOCHEM BEHAV 19(3) 527-534, 1983.—The effects of harmaline. an in-
doleamine and a MAOI, were tested on the acoustic startle pattern. EMG measures of the startle reflex, the pinna reflex as
well as the characters of the vertex evoked responses to brief intense tone bursts (60 msec, 110 dB, 8000 Hz) were
simultaneously studied in 4 alert guinea-pigs. The basic experimental design was a 4 by 4 latin square, with the treatments
being given at 2 day intervals. The four harmaline-HCI treatments were isotonic saline, 0.25, 5.0, and 10.0 mg/kg. Com-
pared with saline baselines, all the doses resulted, throughout the 60 min session. in overall high significant depressions of
the startle reflex, the pinna reflex and the initial wave of the acoustic evoked potential at the vertex. In contrast, harmaline
had little or no influence on amplitude and latency of the late wave of the vertex response. The effects of harmaline on the
general behavior of the guinea-pig are also reported. These results may support an involvement of serotonergic systems in
the modulation of the sensory-motor reactivity at the brainstem level. Nevertheless , the probably more complex cortical
processes involved in startle responsivity do not appear univocally affected by the indoleamine drugs such as harmaline.
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INDOLEAMINE hallucinogens have biphasic dose-
response effects on sensory-motor reactivity [9]. Low doses
of LSD, psilocybin or DMT produce an increase in acoustic
startle reflex, whereas high doses depress startle [9-12]. The
indoleamine compound Harmaline (H) induces auditory and
visual hallucinations [34]. Some behavioral and electro-
graphic studies {5, 15, 19, 39, 46] have already been carried
out on animals to elucidate mechanisms of H-induced hal-
lucinations, but the sensory-motor reactivity does not seem
to have been systematically examined after H administra-
tion. The main purpose of this study was to explore the H
effects on acoustic startle. If H acted as other indole-related
drugs, the same dose-dependent biphasic effects should be
expected. However, H is also a reversible monoamine
oxydase inhibitor (MAOI) [17.41]; it is therefore conceivable
that the drug could act in the same way as the MAOQI par-
gylinc which is known to markedly decrease acoustic startle
[9]. In both cases, an involvement of the serotonergic (5-HT)
systems in the modulation of the sensory-motor reactivity
can be suggested on the basis of the inhibitory effects of
indole hallucinogens and MAOI on the 5-HT neurons in the
raphe: LSD [1-3, 44], pargyline [2], harmaline [49]. This
view is consistent with reports that the behavioral actions of
LSD [9,43] and H [26,42] are mediated, at least in part, by
the 5-HT system. However, dissociations between the ef-
fects of hallucinogenic drugs on behavior and 5-HT raphe
unit activity have been observed [44].

In the neuropharmacological literature (9], findings con-
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cerning acoustic startle reactions are predominantly ob-
tained, in the rat, from measures of the whole body motor
response (jump), the main overt element of the startle pat-
tern [20,29]. In this work, we describe a method for studying
the startle pattern in chronic animals by recording simulta-
neously the head jerk, the pinna reflex (or Preyer reflex), [7.
13, 18, 20] and the startle-related vertex potentials [24, 25,
27]. Guinea-pigs are used because of their exagerated tend-
ency to startle in response to acoustic stimuli [7,33].
Moreover, characteristics of the startle and pinna reflexes
[13. 18, 33] and the auditory potentials [14, 21, 25] are well
known in the guinea-pig.

The main effects of H on the startle pattern are compared
to the H-induced alterations of the EEG [15, 19, 39, 46] and
referred to the tremorogenic actions of the harmala-alkaloids
IS5, 28, 42, 46, 48].

METHOD

Surgical Procedure

At least 3 days before the experiment proper, electrodes
were implanted in naive male guinea-pigs (500-600 g) under
Thiopental anaesthesia (IP: 40 mg/kg). Two silver wire elec-
trodes (0.2 mm in diameter) insulated up to tip were placed
epidurally to record the vertex response [24,25]. Extradural
electrodes (stainless steel screws) were also fixed for EEG
recordings. Pairs of multi-stranded teflon insulated wires (0.5
mm in diameter) were inserted in nuchal and auricular mus-
cles.
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50 msec 20 msec

FIG. 1. Typical alterations in acoustic startle pattern produced by harmaline in guinea-pig. A. Electrographic tracings: Electromyography of
the body startle (S) recorded in the nuchal muscles. Electromyography of the pinna reflex (P, Preyer reflex) recorded in the auricular muscles.
Auditory evoked responses recorded from the vertex (V). Awake unrestrained guinea-pig. The sound-burst (60 msec, 8000 Hz, 110 dB)
stimulus occurs at trace onset. Recordings t0, 1, 4, 6, t3, t14: simultaneous S. P, V electrographic CRO tracings of the responses to 5 successive
stimulations (60 sec ISI) which constitute a block of trials. These recordings were obtained during the same test session under identical
stimulation and amplification procedures. t0: control block before harmaline injection (10 mg/kg IM): 1: first block. 10 min after injection. 4:
4th block, 40 min after harmaline injection: 6: 6th block, 60 min after injection. t3: block 3 hours after the beginning of the session. t4: block at
the end of the session, after 4 hours. Note in 46 the disappearance of the early (e) component and the late (1) component of the startle
response and a marked depression of the pinna reflex. Concerning the vertex potential alterations, see Fig. 1B for details. B. Sequence of
auditory evoked potentials recorded from the vertex during the same harmaline session (10 mg/kg IM): Vertex potentials (V) averaged from
Fig. 1A. The stimulus onset occurs at the beginning of each trace, and negativity is in the downward direction. Each recording is the average
(CAT 400) of the 5 responses during a block. Same blocks as in Fig. 1A: the upper trace (t0) shows the initial (V1) and late (V2) vertex
potentials taken before harmaline, and tracings 1-4-6-13-t4 show the vertex responses taken 10, 40, 60 min. 3 and 4 hours after the injection.
Note that the early negative wave (V1), virtually disappears within the 20 min after the drug injection and remains diminished for more than
three hours. On the opposite. the late wave (V2) does not present clear change in amplitude under harmaline. The peak latency of the V2 wave
is slightly increased (15-20%) after 40-60 min. Recovery occurs after 4 hours for both waves.

Apparatus

During the testing, the animals were restrained in a small
wire mesh cage. EEG and EMG were continuously mont-
tored on a polygraph and recorded on tape. The EMG re-
sponses and the vertex potentials were, moreover, displayed
on a storage CRO. The vertex potential was fed into a
Mnemotron CAT 400 and written out on an X-Y plotter.

The cage was enclosed in a sound-attenuated observation
box. The animal’s head was at 30 cm from a loudspeaker.
Startle stimuli were brief intcnse tone bursts (60 msec, 110
dB-RMS, 8000 Hz). Throughout the testing, a steady white

noise (85 dB-RMS) was maintained in order to obtain sensiti-
zation [9].

Experimental Design and Testing

The four animals were given four sessions. The basic de-
sign was a 4 by 4 latin square with the treatments being given
at least at intersession intervals of two days. The four treat-
ments were: isotonic saline (placebo session), 2.5, 5.0 or 10
mg/kg harmaline-HCI (experimental sessions).

At the beginning of a test session (Fig. 2). each guinea-pig
was allowed 10 min of adaptation in white nois¢ before re-
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FIG. 2. Example of quantitative changes in amplitude of the startle
reflex (S). the pinna reflex (P) and the vertex potentials (V1. V2)
after harmaline administration. The four graphs are constructed with
data obtained from a typical guinea-pig; the electrographic records
can be seen in Fig. 1. As in Fig. I, the control saline session (open
symbols) was the last one, and it occurred eight days after the 10
mg/kg harmaline session (solid symbols) which was the first one.
Abscissa represent the session (Se) which consisted of a control
block (10) of five trials (60 sec ISI), six post-injection test blocks of
five trials each (60 min period), two recovery blocks after three and
four hours (13, t4). The ordinates are mean percentage of response
amplitude of the four indexes of reactivity (S, P, V1, V2) obtained
for the two conditions. For each test and recovery blocks, the mean
responses are plotted as the percentage of the average response
amplitude recorded for the control block.

529

ceiving the first control block (t0 in Figs. 1, 2) of 5 startle
stimulations with a 60 sec ISI. The animal was then im-
mediately IM injected and, after 10 min presented with six
S-stimulation blocks with a 60 sec ISI (1-6 in Fig. 2) and a
five min interval between blocks. Recuperation was tested 3
hours (t3) and 4 hours (t4) after H-administration.

Datua Analvsis

Latencies and morphological characteristics of the com-
ponents of each startle response were determined from the
CRO photographs of the S-stimulation blocks (Fig. 1A). The
head-jerk response and the pinna response were quantified
by measuring in millimetric units the magnitude of pen de-
flection on the head and ear EMG records: i.e.. the maximum
amplitude of the carly responses (e) with a peak latency of
10-15 msec (Fig. 1A. S and P). The amplitudes of the two
main waves of the auditory vertex response (Fig. 1B, V1 and
V2) were measured from the average evoked potentials of
each block of S stimulations. Startle and vertex response
amplitudes of test trials (1 to 6) were calculated for each
animals. and at cach session, as a percentage of the average
amplitude of the five responses obtained before drug or
saline injection (t0).

RESULTS
The Acoustic Startle Pattern

The startle reflex (S) and the pinna reflex (P). Before drug
administration (t0) the animals presented a widespread mus-
cular reaction to the loud sound. This response was similar
to that classically described in the white rat [20) and in the
guinea-pig [7,13]: lifting of the head, twitching of the ears,
jumping of the whole body. and secondary crouching
posture. The EMG records from the nuchal and auricular
muscles showed two components (Fig. 1A, S and P): a first
sharp increase in activity with a latency of 10 msec from the
stimulus onset, and with a duration of about 10 msec. This
early response (¢, in Fig. 1A), the startle reaction proper,
was followed by a late (1. in Fig. 1A) response, the orienting
reaction. lasting 50-100 msec. The present work is only con-
cerned with the brief, short latency nuchal and ear re-
sponscs. The head jerk can be considered as the main ele-
ment of the body response and is herein referred to as startle
reflex (S). The clonic movement of the ears is referred to as
the pinna reflex (P).

The startle-related potentials at the vertex (V). In the ab-
sence of drug, the vertex electrode yielded in the four
animals a relatively constant, reproducible response consist-
ing in 2 main waves (Fig. 1 A-B. t0). An initial vertex-
negative wave (VI) with a latency of 8-10 msec, and a peak
amplitude of 50-100 microV at 10-12 msec. was followed by
a biphasic negative-positive wave (V2) which occurred in a
latency range of 15-20 msec, with a maximal negative de-
flection at about 20-25 msec, and which showed large ampli-
tude fluctuations. A peak to pcak measurement was made on
the negative-positive secondary wave in order to quantify V2
(Fig. 1, B-t0). The maximal amplitude of the initial vertex
wave, with respect to the anterior baseline, was used for
quantitative analysis.

The Effects of Harmaline on the Startle Pattern

Depression of the startle reflex. Figure 3-S presents the
mean amplitude of the startle response, following injection of
H (solid triangles) or saline (open triangles), over six blocks
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FIG. 3. Time course of depression of the startle reflex (S) and the pinna
reflex (P) under harmaline. The mean amplitude variations of the
startle response (S) and the pinna response (P) are illustrated over
the six test blocks of five trials each (60 min overall duration), after
injection of either 2.5, 5. 10 mg/kg of harmaline (solid symbols) or
saline (open symbols). The treatment was based on four guinea-pigs
which were tested under each of the three different doses and saline.
by means of a latin square design. Abscissa: six test blocks (1-6) of
the harmaline or placebo sessions (Se). Ordinates: mean response
amplitudes expressed as percentages (9) of the baseline startle or
pinna responses. Each point on the curves represents the mean
value of 20 measures of the startle or pinna responses corresponding
to the application of a test block (5 stimulations) on the 4 animals.
Mean values of each curve are given with SEM on the right of the
panels (My. N=120).

(1-6) of five trials cach. All treatments resulted in a substan-
tial startle size decrcase during the 6 successive 10 min
periods of the sessions (Se). An analysis of variance per-
formed on these pooled data indicated that the treatment
effect was significant, F(3.9)=6.78; p<0.02. Compared to
control trials, H doses of 2.5. 5 and 10 mg/kg depressed the
startle size in 53, 68 and 78% respectively. Over the placcbo
sessions, repetitive stimulus exposure resulted in a rela-
tively light habituation as witnessed by the about 209 de-
crease in startle mean amplitude (Fig. 3, upper curve). A
significant decrement within placebo-session (6(9%) occurred
in only one animal (Fig. 2. S, open triangles).

All doses of H significantly decrease the startle ampli-
tudes (sign test, [40]), as compared with those of the saline
controls (<0.001). Moreover. the startle amplitude was also
significantly depressed (2<0.003) when the dose was in-
creased from 2.5 to 10 mg/kg. However, comparisons of the
amplitude decreases did not statistically differ (p <0.08) be-
tween the 2.5-5 mg/kg groups and between the 5-10 mg/kg
groups. Therefore, only a crude dose-related depression of
startle could be assessed. The analysis of variance revealed
that the drug X trials interaction was not statistically signifi-
cant. It means, for the 3 doses, a very rapid onset of the
depressive effect—about 10 min after H injection—: this ef-
fect outlasted one hour. With doses of 5 or 10 mg/kg a total
inhibition of the startle (and of the orienting reaction) may
occur in the 2-6 blocks (Fig. 2).
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FIG. 4. Time course of variations in the initial wave (V1) and the late
wave (V2) of the auditory vertex potential under harmaline. The
upper graph represents the mean amplitude V1 responsc. the lower
graph represents the mean ampitude V2 response over six blocks of
five trials each after injection of either 2.5. 5, 10 mg/kg harmaline
(solid symbols) or saline (open symbols). Legend is same as in Fig. 3.

Depression of the pinna reflex. Figure 3-P shows the
mean amplitude of the pinna response over the 60 min after
injection of saline (open circles) or various doses of H (solid
circles). Figures | and 2 present the data from one guinea-pig
under placebo and 10 mg/kg of H. The analysis of variance
made on the pooled data indicated a reliable drug depressant
effect. F(3.9)=7.98: p<0.01. Relatively to control trials. H at
2.5. 5.0 and 10 mg/kg depressed the pinna reflex 42, 39 and
61%. respectively (Fig. 3). The depression occurred in all the
subjects with a mean amplitude reduction of 50%z. except for
one guinea-pig which presented but a 30% reduction of con-
trol size. The habituation process could only account for a
small fraction of the overall reduction of the pinna reflex
because the mean placebo-session decrement was about 109
of the pretreatment baseline (Fig. 3. upper curve).

All the doses of H significantly decreased the pinna reflex
amplitude as compared with the saline controls: at the 10
mg/kg and 2.5 mg/kg doses the overall harmaline-saline
differences were highly reliable (sign test; p <0.001); with the
5 mg/kg dose a smaller but reliable difference could be noted
(p<0.01). Comparisons of the reflex amplitude decreases be-
tween the 2.5-5 mg/kg groups did not differ statistically (Fig.
3). However. the pinna reflex size decreased significantly
(p<0.001) when the doses were increased from 2.5-5 mg/kg
to 10 mg/kg. Just like the startle reflex depression, the
H-induced depression of the pinna reflex was. therefore, im-
perfectly dose-related.
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TABLE |

EFFECTS OF THE DIFFERENT DOSES OF HARMALINE ON THE STARTLE PATTERN AND ON GENERAL

BEHAVIOR IN GUINEA-PIG

Low dose of

Moderate dose

High dose of
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Behavioral Indexes/ harmaline of harmaline harmaline

Injected doses Saline (2.5 mg/kg) (5.0 mg/kg) (10 mg/kg)

Startle reflex baseline 55% decrease 70% decrease 80% decrease

Pinna reflex baseline 40% decrease 409 decrease 60% decrease

Vertex poten- baseline 40% decrease 45% decreasce 70% decrease
tials: VI wave

Vertex poten- baseline no effect NS increase no effect
tials: V2 wave

Head tremor — none Intention Intention and

at 10-12 Hz

Arousal level drowsiness

Motor activity scarce scarce

Hallucinatory- —
like behavior

drowsiness
and quiet
wakefulness

not visible

tremor only resting tremor

quiet wakeful- Active

ness and active wakefulness only
wakefulness

clear increase
followed by
catatonic postures

small increase

not visible not visible

At all the doses used, H produced an almost immediate
(10 min after injection) decrease in the pinna reflex size
which persisted during the 60 min sessions. An overall vari-
ance analysis. using drugs and trial as within-subjects factors
did not show any significant drug x test-time interaction,
F(15,45)=1.76. p<0.10). The pinna reflex returned to saline
baseline within 3 hours, i.c.. faster than the recovery of the
startle reflex (Figs. 1, 2). Another difference with the startle
reflex is that H did not completely suppress the pinna re-
sponse, even at the maximal dose, whatever the test-time
(Fig. 2) or the subject.

Harmaline effects on the vertex responses. (1) The initial
component (VI): The three doses of H produce a consistant
and sustained decrease in the VI wave size (Fig. 4). The
overall effect of the drug treatment was highly significant,
F(3.9)=17.21;p<0.001). At 10 mg/kg the V1 component may
completely disappear during periods of maximal depressions
of the startle reflex and pinna reflex (Fig. 1B). Figure 4-V1
shows the dose-response curves, expressed as the mean per-
centage changes from the pre-injection baseline. during the
60 min post-injection period. for the three H doses (solid
stars) and saline (open stars). H at 2.5, 5.0 and 10 mg/kg
depressed V1 wave 42, 45, 67% respectively.

The three doses of H significantly decreased the V1 am-
plitude as compared with the saline controls (sign test,
pP<0.01). The VI amplitude was moreover reliably de-
pressed (p<<0.001) when the doses were increased from
2.5~5.0 mg/kg to 10 mg/kg, but no significant differences
were observed in the comparisons between the effects of the
low and moderate doses (Fig. 4). The lack of significant dose
x post-time interaction reflected the fact that 10 min after
injection H clearly depressed V1 wave even with the lower
dose. One hour later the depressant effect was still noted.
We never observed apparent Vl1-peak latency variations.

(2) The late component (V2): Concerning the second
biphasic wave of the vertex potential (Figs. 1B, 2-V2, 4-V2),
the analysis of variance and the sign test revealed non-
significant differences between the four treatments. At the 5
mg/kg dose H seemed to increase the V2 amplitude (26%) but
not in a statistically reliable manner. With the maximal dose,
a weak increase (10-20%%) of the V2 peak latency was noted
in three animals (Fig. 1B). The variability of the V2 mor-
phology did not show any relevant change after H adminis-
tration (Fig. 1A, V).

Harmaline Effects on General Behavior (Table 1).

The guinea-pigs injected with H (2.5 to 10 mg/kg) did not
show the behavioral syndromes induced by drugs acting on the
brain 5-HT system in mammals [22, 23, 43]. We did not
observe the aberrant patterns of behavior which have been
proposed as indexes of the hallucinogenic activity of LSD
{22.43] or H [46] in cats. Moreover, at the dose levels we
used, H did not induce serious neurovegetative disturbances
or abnormal EEG hypersynchrony {46]. However, guinea-
pigs presented the two typical symptoms [15,46] of H intoxi-
cation: increase in arousal—EEG and motor activations—
and tremor—nuchal EMG rhythmic activity at 10-12 Hz.
Versus saline condition, the low and moderate doses
produced a change in arousal level [35] characterized by: a
decrease amount of drowsiness and an increase in quiet
wakefulness at 2.5 mg/kKg; an increase amount of active
wakefulness at 5.0 mg/kg. With the 10 mg/kg dose a clear
increase in motor activity lasted for about 30 min and then
progressively diminished, leading to catatonic-like postures.
Sustained tremor was a constant sign at the maximal dose.
At moderate dose, tremor was noted in three subjects and
was only evident when the animals were moving. A low dose
of harmaline had no tremorogenic effect. (Table 1).



DISCUSSION

Harmaline Effects on the EMG Components
of the Startle Pattern

The Startle Reflex. Experimental data [9)] suggest that the
S-HT raphe system exerts a tonic inhibitory action upon
sensory-motor reactivity: e.g., 5-HT depletion induces an
increase of startle. It is hypothetized [9] that the raphe mod-
ulates acoustic startle through a 5-HT postsynaptic inhibition
of the pontine reticular formation (PRF) startle circuit [31].
As expected, H depressed startle with the same potency as
the other hallucinogenic indoleamines [9-12] when suffi-
ciently high doses are used. As LSD, DMT or Psilocin [9]. H
should act like 5-HT agonist on the postsynaptic receptor
sites in the startle circuit. Yet, a direct depression of firing in
PRF after H administration is not demonstrated, and H has
not been hitherto considered as a specific S-HT agonist. The
only well established biochemical action of H is a MAO in-
hibition [17] which increases brain level of 5-HT. Therefore,
at high (tremorogenic) doses. H probably depresses startle
through an increased 5-HT transmission at the brainstem
startle circuit, in the same way as the MAOI pargyline [9].

At low doses, hallucinogenic indoles enhances startle [9]
by acting preferentially on the presynaptic raphe 5-HT-cells
through autoreceptor activation [3]. A decrease in activity of
the 5-HT raphe cells, and hence a decreased 5-HT transmis-
sion, brings about an increase in activity of their target cells
in the startle system through a disinhibitory process [9-12].
This functionally 5-HT like antagonist presynaptic effect is
presumed to be overriden by additional postsynaptic actions
at high doses. If so, indole hallucinogens have biphasic
dose-response effects on sensory-motor reactivity because
high doses increase 5-HT transmission, thereby depressing
startle, whereas low doses decrease 5-HT transmission and
thus potentiate startle. Recently we reported that H mark-
edly decreases the firing of 5-HT neurons in the midbrain
raphe when administered systemically in the rat [49]. But,
contrary to what was expected from the LSD analogy {10.32]
we observed neither a sustained enhancement of startle at
reasonably low H doses nor an initial excitation preceding
the depressive effect at higher doses. If we admit that the
lower dose was really a small one (absence of tremor and
EEG modification, except activation), then H did not act on
startle in the same way as other hallucinogens. In contrast
with indoleamine non-MAOI hallucinogens, H may primarily
affect the postsynaptic brainstem startle areas. Conse-
quently, high or low doses would involve the same action
i.e.. MAQ inhibition leading to an increase in 5-HT trans-
mission and a decrease in the startle amplitude.

The pinna reflex. This reflex is generally only considered
as part of the startle pattern in rodents [13,29]. In the present
study. the pinna reflex was shown to have the same latency
(10 msec) as the head startle and, therefore, pinna and startle
reflexes could be mediated by similar brainstem circuits and
different motor paths. Moreover, H alters the pinna reflex in
the same direction as the startle reflex proper. However, the
drug has more potent actions on the startle reflex (Table 1).
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Considering the difference in drug sensitivity and also in
habituation during the placebo experiments (205 vs. 106%)
between the two reactivity tests, we believe that the
brainstem circuits. and the neurotransmitter systems which
modulate them. might be somewhat different. Pinna reflex
could then provide an interesting, easy quantifiable. test for
comparative  psychopharmacological studies. In this
prospect. investigations on the neural substrate of the pinna
reflex will be useful.

Harmaline Effects on the Cortical Components of the
Acoustic Startle Pattern

In various species including man. it is well established
that the nonspecific EEG response recorded near the vertex
14, 24, 25, 36] can be considered as the cortical component of
the startle pattern [16. 27, 30, 37. 38]. The late V2 wave
studied here has close similarities with the cortical evoked
potential described by Kern ¢7 al. [24.25] in guinea-pigs and
proposed as model for the human vertex response. It is
therefore puzzling that H, which markedly depressed the
EMG component of the startle. has no obvious action on
amplitude or latency of the V2 wave, more especially as
alterations of the vertex potential amplitude under an in-
doleamine hallucinogen (Psilocybin) have been previously
reported in monkey [4).

According to Buchwald ¢1 «l. [6], the long-latency vertex
potentials (20-30 msec) in the cat—presumably similar to our
V2 potential in the guinea-pig—would be generated through
a diffuse forebrain system receiving “*auditory information in
parallel from the brainstem. rather than serially from the
primary geniculo-cortical pathway.”” Consequently, we can
conclude that H has only a very slight action on the informa-
tion processing in the unspecific secondary auditory path
[36].

In contrast, the transmission in the primary geniculocor-
tical system scems to be preferentially depressed by H, if we
admit that the initial component V1 is equivalent to the
middle-latency (10+2 msec) vertex wave of Buchwald er al.
[6] and mainly reflects the auditory cortex primary evoked
response [25.47] which is volume-conducted to the vertex
(far-field potential).

Previous data [8] suggested that the brainstem startle re-
flex circuit may receive both auditory afferents from the as-
cending path, and descending facilitatory specific impulses
from the primary acoustic cortex through a collicular relay.
We demonstrate in this study that the primary cortical po-
tential drops drastically under H: consequently, the sub-
stantial decrease of the startle response could be explained
both through a direct depressant action of the drug at the
brainstem level and, indirectly. through the suppression of
facilitatory influences arising from the acoustic cortex.

To sum up. our results may support an involvement of the
S-HT system in the modulation of the sensory-motor reac-
tivity: nevertheless, the cortical processes underlying the
startle responsivity do not appear univocally affected by the
indoleamine drugs such as harmaline.
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