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NICOLA SIMOLA
Department of Biomedical Sciences — Section of Neuropsychopharmacology
University of Cagliari
Via Ospedale 72, 09124, Cagliari
ITALY
nicola.simola@gmail.com

Abstract: - Ultrasonic vocalizations (USVs) have recently emerged as an indicator of the emotional state of
rats, and the evaluation of the USVs in the 50-kHz range has been proposed as a tool to investigate the affective
properties of drugs of abuse. To clarify the relevance of 50-kHz USVs to drug-induced reward, the acute and
long-term effects elicited by different psychoactive drugs [amphetamine, 3,4-methylenedioxymethamphetamine
(MDMA, ecstasy), methylphenidate, morphine, and nicotine] were characterized in adult male rats.
Amphetamine and methylphenidate were the only drugs that stimulated the emission of 50-kHz USVs by rats
after their acute administration. Moreover, amphetamine was the only drug that elicited a significant emission
of 50-kHz USVs after repeated administration. However, rats in all the treatment groups emitted 50-kHz USVs
when later re-exposed to the environment previously paired with repeated drug administration, likely indicative
of drug-mediated environmental conditioning. Taken together, these results demonstrate the existence of major
differences in the acute and long-term effects of different psychoactive drugs on the emission of 50-kHz USVs
by rats. Moreover, these results provide a better understanding of the usefulness of 50-kHz USVs as a new tool
for the assessment of drug-mediated reward, with implications for the preclinical study of addictive behaviors.
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1 Introduction after their acute and repeated administration [9-
Several lines of recent evidence have 12]. Conversely, drugs like -caffeine and
consistently demonstrated that rats emit morphine, have been shown not to significantly
ultrasonic vocalizations (USVs) when exposed influence the emission of 50-kHz USVs by rats
to either appetitive or aversive stimuli. Based [13-14]. However, very little is known about the
on this, USVs are now regarded as a new acute and long-lasting effects of drugs other
experimental tool for the study the rats' than those mentioned above on the modulation
emotional state [1-4]. Rats generally emit USVs of 50-kHz USVs, and there is the need for a
of different frequencies depending on the nature thorough investigation of this issue.

of the stimuli they are exposed to [5,6]. In
particular, appetitive stimuli (e.g. social
encounters, mating, but also administration of This study evaluated the effects elicited by
certain  drugs) and/or their anticipation different drugs with rewarding properties on the
selectively elicit the so-called 50-kHz USVs emission of 50-kHz USVs, in an attempt to
(Fig. 1). Therefore, 50-kHz USVs, besides verify the hypothesis that envisions 50-kHz

being regarded as an indicator of the rats' USVs as a straightforward indicator of drug-
emotional state, have been proposed as a tool induced reward. Moreover, the emission of 50-
for the study of drug-mediated reward [7-10]. kHz USVs elicited by the re-exposure to an

environment previously paired with drug
Previous studies have shown that both administration was assessed. This procedure
amphetamine and cocaine  significantly was followed to ascertain whether 50-kHz
stimulate the emission of 50-kHz USVs in rats USVs may be useful for the study of context
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conditioning, which is thought to be an
important component in drug addiction [13].

kHz
1004

754

504

2591

0

Figure 1. Example of 50-kHz ultrasonic vocalizations

2 Problem Formulation

To develop a behavioral model that can be used
for studying the effects of drugs bearing
rewarding properties and addictive potential.
The model should be suited for the evaluation
of both the acute and long-lasting effects of
drugs, also encompassing the emergence of
context conditioning.

3 Problem Solution

Adult male Sprague-Dawley rats were treated
either acutely or repeatedly with drugs bearing
rewarding properties and addictive potential,
and 50-kHz USVs were recorded thereafter. An
outline of the experimental plan is reported in
Fig. 2. Each animal tested received only a
single dose of a given drug, and was no re-
utilized for other experiments.

A first cohort of rats received the acute
administration of either vehicle or one of the
following drugs: amphetamine (2 mg/kg, i.p.),
3,4-methylenedioxymethamphetamine

(MDMA, ecstasy, 5, 10, 15 mg/kg, ip.),
methylphenidate (2.5, 5, 10 mgkg, 1ip.),
morphine (1, 2.5, 5 mg/kg, s.c.), nicotine (0.1,
0.2, 0.4 mg/kg, s.c.). A second cohort of rats
received the repeated administration of either
vehicle, or one of the following drugs:
amphetamine (2 mg/kg, i.p.), MDMA (7.5
mg/kg, 1i.p.), morphine (7.5, mg/kg s.c.),
nicotine (0.4 mg/kg, s.c.). Drug or vehicle
administration ~ was  performed in an
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environment (test cage) different from the cage
where the rats lived, to promote the onset of
drug-induced context conditioning. To avoid the
possible  emergence of pharmacological
tolerance, drugs were given in spaced
administration, as reported elsewhere [16].
After 7 days from the end of repeated drug
treatment, rats were first re-exposed to the test
cage, to evaluate the emission of 50-kHz USVs
in response to an environmental cue previously
paired with the drug, and then challenged with
the drug previously administered, to ascertain
the presence of a possible long-lasting
sensitization in the emission of 50-kHz USVs
stimulated by the drugs evaluated.

For USVs recording, each rat was individually
placed in a Plexiglas cylinder (diameter, 25 cm;
height, 30 cm) enclosed by four cardboard
walls. The cylinder was covered with a lid
equipped with an ultrasonic microphone bearing
high directional properties (CM16/CMPA,
Avisoft, Berlin, Germany), and connected to an
ultrasound recording device (UltraSoundGate
116Hb, Avisoft, Berlin, Germany). USVs
stimulated by either drug or vehicle were
recorded for 1 h, whereas USVs elicited on re-
exposure to the drug-paired environment were
recorded for 10 min.
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Figure 2 Outline of drug treatment. Rats received either
acute or repeated drug treatment as described in the text.
Repeated drug treatment was performed on alternate
days (every other day)

4 Conclusion

The results obtained in this study showed that
amphetamine and methylphenidate were the
only drugs that significantly stimulated the
emission of 50-kHz USVs by rats following
their acute administration. Conversely, MDMA,
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morphine, and nicotine did not elevate the
number of 50-kHz USVs emitted, compared
with the administration of vehicle (Table 1). As
for repeated drug treatment, amphetamine again
was the only drug that elicited a significant
emission of 50-kHz USVs after its repeated
administration and challenge. Nevertheless, all
rats that underwent repeated drug treatment,
except those that received nicotine, showed a
more marked emission of 50-kHz USVs than
vehicle-treated rats, when re-exposure to the
drug-paired environment (Table 2).

A major mechanism that could explain the
different effects of psychoactive drugs on 50-
kHz USVs observed in this study may involve
dopamine transmission. Thus, it has been
consistently demonstrated that stimulation of
dopamine transmission in the shell of the
nucleus accumbens, an area crucial in drug-
mediated reward [13], is associated with the
robust emission of 50-kHz USVs [9,12,16,17].
Interestingly, all the drugs evaluated in this
study can stimulate dopamine transmission in
the shell of the nucleus accumbens, but do this
through  different =~ mechanisms. Thus,
amphetamine and methylphenidate act by
directly facilitating dopamine transmission [18].
Conversely, MDMA, morphine, and nicotine
modulate dopamine in a more complex fashion,
which may involve an amplification by means
of indirect mechanism [19]. The different
modulation of dopamine transmission could
therefore explain the different effects on 50-kHz
USVs elicited by the drugs evaluated in this
study, even though alternative mechanism
cannot be ruled out.

Another interesting finding of the present study
is that rats previously treated with a drug that
does not directly stimulate 50-kHz USVs
exhibit vocalizations when re-exposed to an
environment previously paired with the drug
(test cage). Thus, this effect was observed not
only in rats treated with amphetamine, that did
vocalize in response to the drug, but also in rats
that received MDMA or morphine, that did not.
A possible explanation of this result could rely
in the onset of environmental conditioning [13]
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following repeated drug administration in a
non-familiar environment. In this regard, it is
noteworthy that morphine-treated rats showed a
most pronounced emission of 50-kHz USVs
upon re-exposure to the test cage. This result
appears in agreement with the marked ability of
opiates to elicit persistent conditioned responses
[20].

treatment number of 50-kHz USVs emitted
VEH 21.14£5.6
AMPH (2 mg/kg, i.p.) 1260.6+245.7*
MPH (2.5 mg/kg, i.p.) 76.8+43.1
MPH (5 mg/kg, i.p.) 203.6+145.8
MPH (10 mg/kg, i.p.) 768.9+234.6*
MDMA (5 mg/kg, i.p.) 12.5+5.6
MDMA (10 mg/kg, i.p.) 26.5+8-9
MDMA (15 mg/kg, i.p.) 18.8+8
MOR (1 mg/kg, s.c.) 16.5+£7.8
MOR (2.5 mg/kg, s.c.) 12.5+7.4
MOR (5 mg/kg, s.c.) 5.7+4.6
NIC (0.1 mg/kg, s.c.) 5.5£3.6
NIC (0.2 mg/kg, s.c.) 5.1+4.1
NIC (0.2 mg/kg, s.c.) 12.7+3.6

Table 1 Emission of 50-kHz USVs after acute drug
administration. =AMPH =  amphetamine;, MPH =
methilphenidate; MOR = morphine; NIC = nicotine. * p <
0.05 compared with rats that received vehicle administration.
Sample size: N = 5-8.

treatment | USVs 1 USVsS | USVsre USVs ¢
VEH 9.6£3.3 325 13.6+6.9 | 13.1+8.8
1;4
914.8 607.5 143.8 1121
AMPH + + + +
333% 131.7* 68.1* 242.9%
MDMA 31+8.4 44+14 | 72.7£24.7% | 78.7+40
MOR 3.1+1.8 42+14.7 135 184+6.9
38%3*
NIC 6.3£1.9 | 31.7+11.4 | 48+15.9 | 25.3+13.2

Table 2 Emission of 50-kHz USVs after repeated drug
administration, re-exposure to the drug-paired environment,
and drug challenge. AMPH = amphetamine; MOR =
morphine; NIC = nicotine; USVs 1 = USVs emitted on the
first drug administration; USVs 5 = USVs emitted on the fifth
(last) drug administration; USVs re = USVs emitted on re-
exposure to the drug-paired environment; USVs ¢ = USVs
emitted on drug challenge. * p < 0.05 compared with rats that
received vehicle administration. Sample size: N = 5-8
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To summarize, the present study provides a
thorough evaluation of the acute an long-lasting
effects of different drugs bearing rewarding
properties and abuse liability on the emission of
50-kHz USVs in rats. The major finding of the
present study is that psychoactive drugs differ
in their acute and long-lasting effects on 50-kHz
USVs. Thus, some drugs (in particular
dopaminergic psychostimulants) powerfully
stimulate the emission of 50-kHz right after
their acute administration, whilst other drugs
fail to do so. However, this study also observed
that a previous treatment with a drug that does
not directly elevate 50-kHz USVs (e.g.
morphine and MDMA) does nevertheless result
in rats' vocalization upon re-exposure to an
environmental stimulus previously paired with
the drug. Taken together, the results obtained
suggest that 50-kHz USVs can be a new
experimental tool that can be useful for the
evaluation of the long-lasting effects and
conditioning properties of psychoactive drugs,
rather than drug-mediated acute effects.
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