
FULL PAPER Ethology

Pharmacological Manipulations of the Extinction Process of Fear-Induced Ultrasonic 
Vocalization in Rats

Takefumi KIKUSUI1), Yukari TAKEUCHI1) and Yuji MORI1)

1)Laboratory of Veterinary Ethology, The University of Tokyo, 1–1–1 Yayoi, Bunkyo-ku, Tokyo 113–8657, Japan

(Received 28 September 2000/Accepted 1 February 2001)

ABSTRACT. The effects of pharmacological manipulation on the extinction process of fear-induced ultrasonic vocalizations (USVs), which
are considered distress calls related to anxiety, were investigated.  Male Wistar rats were conditioned to emit USVs by being given
repeated electrical foot-shocks while in a chamber.  After 10 sessions of conditioning, the animals started to emit USVs upon mere expo-
sure to the shock chamber without being shocked.  Using these animals, the extinction process of the USVs was examined.  With repeated
exposure to the chamber without shocks, the USVs first increased and then gradually decreased, i.e., the extinction burst was observed.
Daily intraperitoneal injections of a benzodiazepine-GABA receptor agonist diazepam (DZP; 1.0 mg/kg) or a tricyclic antidepressant clo-
mipramine (CLM; 20 mg/kg) inhibited this extinction burst.  Moreover, CLM, but not DZP, shortened the period required for extinction
as compared with the vehicle-treated animals.  Following the extinction phase, the emission of USVs was enhanced by the cessation of
both drug treatments.  These results suggest that CLM would be useful for reducing anxiety-related behaviors in the extinction process,
as long as withdrawal symptoms after long-term drug treatments are taken into consideration.
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Excessive anxiety is one of the largest affective disorders
in humans, and a similar symptom has been observed in
dogs, namely “separation anxiety” which is defined as
excessive vocalization, inappropriate elimination and
destruction associated with the owner’s absence [3, 21, 34].
Behavioral modification, such as desensitization and
counter-conditioning, are the most important and effective
measures for solving these behavioral problems in dogs [3,
21, 34], as in human clinics.  Behavioral modification is,
however, sometimes accompanied by an increase in anxiety
or aggression [20].  Supplementary drug treatment is also
efficacious against behavioral symptoms in dogs [18],
although the interaction between behavioral modification
and drug treatment has not been well established.

Rodents emit ultrasonic vocalizations (USVs) under
adverse circumstances, such as being separated from litter-
mates [1, 24], during agonistic confrontations [22, 30, 35,
38], and being exposed to foot shocks [9, 36] or to acoustic
stimuli [16].  It has been demonstrated that the USVs
induced by foot shocks are mediated by corticotropine-
releasing factor [17] and are attenuated by anti-anxiety
drugs in adult rats [9, 36], and thus the USVs have been
regarded as a good index for anxiety status in this animal
model [9, 22].  This model possesses the following similari-
ties to separation anxiety in dogs: distress calls, anticipative
anxiety-related behaviors and active avoidance behaviors
that are based on contextual memory.

In this study, we investigated the interaction between
behavioral therapy and drug treatments by using the rat
USVs model.  Namely, the effects of daily intraperitoneal
injections of a benzodiazepine-GABA receptor agonist
diazepam (DZP) and tricyclic antidepressant clomipramine
(CLM) on the extinction phases of conditioned USVs were

investigated.  In addition, drug withdrawal symptoms were
examined by assessing the USVs following the chronic drug
treatments during the extinction phase.

MATERIALS AND METHODS 

Animals: Male adult Wistar rats were purchased from
Nippon Crea Inc. (Yokohama, Japan).  At the beginning of
training, the animals were 9 to 10 weeks old.  They were
housed 3–5 animals per cage in a room with a 12:12 hr light/
dark cycle (light on from 8 a.m. to 8 p.m.), under an environ-
ment kept at a constant temperature (24 ± 1°C) and humidity
(45 ± 5%).  Food and water were provided ad libitum.  The
experimental procedures followed the guidelines of “Poli-
cies Governing The Use of Live Vertebrate Animals” by
University of Tokyo, based on “The public health Service
Policy on Human Care and Use of Laboratory Animals” by
Awardee Institution (revised 1985), and “The National
Institutes of Health guide for The Care and Use of Labora-
tory Animals” (revised 1985).  All experiments were con-
ducted from 9 a.m. to 6 p.m.

Apparatus and procedure: The experimentally naive rats
were put into a small chamber (28 cm in width, 18 cm in
depth, 26 cm in height) with electrifiable grids.  The small
chamber was placed in a soundproof chamber (60 cm in
width, 70 cm in depth, 60 cm in height; Muromachi Kikai,
Co., Tokyo, Japan) equipped with a microphone (Type
4116, Aco Co., Tokyo, Japan) and a CCD camera (IK-M43
H 47, Toshiba, Tokyo, Japan) in the center of the ceiling.
The microphone was connected to an amplifier and a band-
pass filter that selected from 10 kHz to 100 kHz.  The trans-
formed signals were visualized and recorded by a real-time
spectrum analyzer (3650, Sony Tektronix, Tokyo, Japan).
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The CCD camera was connected to a video monitor for
observing the animals’ behaviors.

Conditioning: Each session, consisting of 3 parts, was
conducted once a day and continued for more than 10 days.
The first part of each session was a 10-min pre-shock period
(just exposing the animals to the shock chamber), the second
part was a 10-min shock period, and the third part was a 5-
min post-shock period.  During the shock period, the ani-
mals received intermittent inescapable electrical shocks
(1.25 mA) according to the following schedule: one series of
3 shocks (duration 0.2 sec, 2-sec interval, duration 2 sec, 2-
sec interval, duration 0.2 sec.) was repeated 3 times.  The
interval between each series of 3 shocks was randomized
from 3 min to 7 min.  When the rat squeaked or emitted a
USV, the delivery of foot shocks was interrupted so that the
animal would not form an association between shocks and
vocalizations.

USVs were measured at the pre-shock period from 8 min
to 10 min after the rat was exposed to the chamber (PRE),
and at the post-shock period from 1 min to 2 min (POST 1)
and from 4 min to 5 min (POST 2) after the shock period.
USVs were spectrum-analyzed and recorded in a real-time
spectrum analyzer.  The amplitudes of the signals in respec-
tive measures were averaged for each frequency.  The aver-
age amplitude was then summed from 20 kHz to 100 kHz.
The data are therefore combined products of the intensity
and duration of USVs [17].  The criterion for determining
whether a rat had acquired conditioning was total amplitude
of the USV in the PRE period of more than 15 dB•sec.

Extinction: The animals that fulfilled the criterion were
thereafter used for the extinction tests.  They were placed
into the same chamber that had been used for the condition-
ing, and then they received a small electrical shock (0.1 mA,
0.2 sec), which had never induced USVs in experimentally
naïve rats, for the cue signal of each session start.  One ses-
sion was 15-min without any shock and was repeated until
the USVs disappeared.  The pharmacological manipulation
was conducted before each session.  The USVs from 5 to 6,
10 to 11, and 15 to 16 min (total 3 min) after the cue shocks
were measured as described above.  The USVs were re-cal-
culated as the percentage of the amplitude of just after con-
ditioning.  Extinction was defined as complete when the
USVs were less than 15% in two consecutive sessions.  In
the next session, the animals were tested for a no-drug ses-
sion, in which they performed the same session as the
extinction session without drug manipulations in order to
allow us to evaluate the drug withdrawal effects on the
extinction processes.

Drugs: Diazepam (DZP; Sigma, St. Louis, MO, U.S.A.)
and clomipramine hydroxycloride (CLM; Sigma, St. Louis,
MO, U.S.A.) were dissolved in 0.5% tragacanth saline. Due
to different protocols of drug administration, the DZP and
CLM groups were provided with their own control groups
respectively. DZP 1 mg/kg (n=6), or vehicle (n=6) was
injected intraperitoneally 30 min before each session.  CLM
20 mg/kg (n=6) or vehicle (n=6) was injected intraperito-
neally 45 min before each session.  The doses of DZP and

CLM were selected according to the previous reports in
which these drugs showed decreasing effects on the USVs
in rats [9, 38]

Data analysis: Data analyses were performed with Stat-
View + Graphics 4.1J (Abacus Concepts, Inc., Berkeley,
CA, U.S.A.).  The significance level for all statistical tests
was set at p=0.05.  A one-way ANOVA was performed to
compare the number of sessions that were needed for extinc-
tion, and to compare the USVs in the withdrawal test.

RESULTS

The animals emitted regular USVs with a frequency
range of 21 to 23 kHz and durations of 0.9 to 1.3 sec after 10
conditioning sessions.  Changes of USVs in the control and
drug-treated groups during the extinction process are shown
in Fig. 1. In the extinction phase, the USVs first increased
and thereafter gradually decreased in 5 out of 12 control ani-
mals, i.e., an extinction burst was observed.  Of the 7
remaining control animals, 3 showed similar levels and 4
showed decreased levels of the USVs in the early phase of
the extinction sessions.  By contrast, none of the DZP- or
CLM-treated animals showed the extinction burst.  DZP-

Fig. 1.  The changes of the USVs in the extinction phase. The
USVs once increased and thereafter gradually decreased in
the half of the control animals. All of the DZP or CLM
treated animals did not show any extinction burst.  The USVs
in the animals treated with CLM, but not DZP, decreased
rapidly. The number of animals for each point decreased
from 10 to 2, because the animals that fulfilled the extinction
criteria were excluded from the data in sequence.
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treated rats emitted fewer USVs compared with vehicle-
treated animals, and the USVs decreased gradually (Fig. 1).
On the other hand, the USVs in the CLM-treated animals
decreased rapidly (Fig. 1).  The number of sessions needed
for extinction was 13.5 ± 2.8 for DZP, 15.3 ± 3.4 for vehicle;
and 4.5 ± 0.2 for CLM, 11.3 ± 1.5 for vehicle (Fig. 2).  A
one-way ANOVA revealed that CLM, but not DZP, reduced
the number of sessions needed for extinction (Fig. 2, DZP,
F1, 10=0.34, p=0.57; CLM, F1,10=19.77, p<0.005).  The
response in USVs to the interruption of drug treatment is
shown in Fig. 3.  DZP- and CLM-treated animals emitted
USVs more than vehicle-treated animals (DZP, F1,
10=11.80, p<0.01; CLM, F1, 10=6.1, p<0.05).

DISCUSSION

The animals were conditioned to emit USVs with
repeated exposure to electrical shocks, and they started to
emit USVs of 20–23 kHz with a duration of 0.9 to 1.3 sec
when they were brought into the shock chamber without any
shocks, indicating that contextual fear conditioning was
acquired in the tested animals, as we previously described
[17].  Distress USV calls under anxiety-induced situations
are considered to be one of the active avoidance behaviors,
because the emission of the USVs can ameliorate undesir-
able events, such as long-term isolation from littermates in

pups [1, 24] and hard attacks from intruders in social con-
frontation models [30].  Thus, the USVs observed in the pre-
shock period are considered to be distress calls in anticipa-
tion of electrical shocks (anxiety-related behaviors) and also
an active avoidance behavior based on contextual memory.

With repeated exposure to the same context without
shocks, the USVs once increased and thereafter gradually
decreased, i.e., an extinction burst was observed.  It was
reported that extinction bursts occurred before the behavior
disappeared in rats [4, 8] and humans [20, 39].  Both DZP
and CLM inhibited extinction bursts in the present study,
and this result is consistent with the previous findings that
DZP decreased the USVs induced by foot shocks in rats [9,
38].  Contrary to our results, another tricyclic antidepres-
sant, imipramine, was reported to have little effect on the
USVs [9].  This may be due to the fact that CLM is more
selective to 5-hydroxy triptamine (5-HT) reuptake inhibi-
tion as compared to imipramine [31, 37], as selective 5-HT
reuptake inhibitors decreased USVs in the same experimen-
tal model [9].  The 5-HTergic systems have an important
role in modulation of the USVs, because 5-HT-related anxi-
olytics such as selective 5-HT 1A receptor agonist 8-OH
DPAT and buspirone decreased the USV[s] induced by foot
shocks [9], and also selective 5-HT 1A receptor agonist 8-
OH DPAT and flesinoxan, as well as selective 5-HT 1B
receptor agonist CP-94,253, reduced the USVs in mater-

Fig. 2.  The number of the sessions needed for extinction.  The
animals treated with CLM, but not DZP, fulfilled the crite-
ria for extinction faster than the vehicle treated animals.
(* p<0.005, One-way ANOVA).

Fig. 3.  The USVs in the absence of drug treatment following the
chronic pharmacological manipulations. The DZP and CLM
treated animals emitted more USVs compared with vehicle
treated animals (# p<0.01, * p<0.05; One-way ANOVA). 
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nally separated mouse pups [11].  We previously reported
that the central corticotropin releasing factor (CRF) systems
play an important role in the emission of USVs, especially
in the retrieval process of fear-related memory [17].  The
amygdaloid CRF neurons innervate their fibers to the dorsal
and medial raphe nuclei [19, 29], in which 5-HT neurons
highly exist, and modulate 5-HT neuron activity [19, 26].
The neural circuit including the amygdaloid CRF system
and GABAergic system, and the 5-HT system in the raphe
nucleus, may thus be responsible for coding as well as
expression of distress USVs [11, 17].

In both DZP and CLM tests following the extinction
phase, the USV response was exaggerated in the absence of
drug treatment.  This may be explained by the fact that both
drugs impair the extinction of fear-related behavior, as pre-
viously reported [27, 28].  Recent studies showed, however,
that the effects of these drugs were state-dependent [4, 6].  It
has often been convenient to assume that the gradual loss of
fear performance that occurs during the extinction process is
due to a weakening of the association between original con-
ditioning stimuli (CS) and unconditioning stimuli (US) [27,
28].  However, there is good evidence that the original asso-
ciation can survive even after a large number of extinction
trials in both laboratory animals [4] and clinical cases [5,
39], i.e., relapses of fear behavior were often observed.
Recent studies suggest that memories corresponding to both
conditioning and extinction may be stored and become
available as long-term memory; performance after extinc-
tion may thus be determined by which memory is accessed
or retrieved by the corresponding retrieval cues [4, 6].  Sup-
porting this hypothesis are the findings that amnesiac drugs,
such as acetylcholine muscarinic receptor antagonist scopo-
lamine [25, 32], GABA A receptor agonists DZP [6, 12, 14,
15] and muscimol [13, 23], and NMDA receptor antagonist
D,L-2-amino-5-phosphonovaleric acid (AP5) [10] impair
both the acquisition and extinction of context fear memory.
Therefore, learning new information, i.e., unpairing of CS-
US, which occurs under the influence of a drug, may not be
transferred to an undrugged condition; this is referred to as
state-dependent retention, and is often outside the original
drug state [2, 5–7, 33].   In the present study, the rats could
have learned the extinction as a new association between the
drugged state and the context of no-shock.  Therefore the
drug may have been perceived as a “cue” of no-shock.
However, they did not express extinction behavior outside
the drugged state, as Bouton et al. showed that benzodiaz-
epine has state-dependent extinction [6].  Similar state-
dependent effects of DZP were reported in human clinics [5,
14, 15].  Further investigation is needed for testing this
hypothesis.

CLM, but not DZP, shortened the period required for
extinction as compared with the vehicle-treated rats.  Clini-
cally, CLM has similar positive effects on behavioral modi-
fication in separation anxiety in dogs [18].  This may be a
suggestive report as it showed a similar effect of CLM on an
anxiety-related behavior in rodents.  However, the effects of
CLM appear to be temporal, as the USVs markedly

increased in the absence of drug administration after the
extinction.  It is worth prescribing CLM for separation anx-
iety in dogs, because the effects of CLM in inhibiting the
extinction burst and shortening the period of extinction may
be beneficial to dog owners.  The owners sometimes feel
disappointed when they see an increase of anxiety-related
behavior in the early phase of behavioral therapy, i.e., the
extinction burst.  In this phase, if CLM can decrease the anx-
iety-induced behavior, the owner may become more confi-
dent that the behavioral therapy is going to be successful and
they will comply with the therapy.  Continuous behavioral
therapy is strongly needed for treatment of separation anxi-
ety, which sometimes takes up to several months [3, 21].
From this aspect, supplementary drug treatment to the
behavioral therapy is useful for separation anxiety in dogs,
even if cessation of the drug may cause some withdrawal
symptoms.

In conclusion, it has been demonstrated that DZP and
CLM inhibit the extinction burst in the context fear-condi-
tioning model in rats, and that CLM, but not DZP, shortens
the period required for extinction.  Although cessation of
either drug may cause withdrawal symptoms, drug treat-
ments appear useful for promoting the extinction of anxiety-
related behaviors, such as separation anxiety in dogs,
because decreasing the extinction burst would be largely
advantageous for behavioral modification programs.  In
addition, it is suggested that an insight into state-dependent
fear extinction would provide a way to understand the
mechanism of relapse of anxiety after clinical therapy, in
which clients who are prescribed DZP or CLM for their
dogs in combination with an “exposure” therapy may run a
risk of renewing fear response once the drug is discontinued.
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