Received: 7 November 2022

Revised: 22 February 2023

'.) Check for updates

Accepted: 1 March 2023

DOI: 10.1002/brb3.2984

ORIGINAL ARTICLE

Brain and Behavior
WILEY

50-kHz ultrasonic vocalizations do not signal social anhedonia
in transgenic DISC1 rats

Mohammad Seidisarouei®2

Svenja V. Trossbach® |

1Social Rodent Lab and Comparative
Psychology, Institute of Experimental
Psychology, Heinrich-Heine University,
Dusseldorf, Germany

2Comparative Psychology, Institute of
Experimental Psychology, Heinrich-Heine
University, Disseldorf, Germany

3Department of Cognitive Science and
Artificial Intelligence, Tilburg School of
Humanities and Digital Sciences, Tilburg
University, Tilburg, The Netherlands

4Department of Neuropathology, Medical
Faculty, Heinrich-Heine University,
Dusseldorf, Germany

Correpondence

Mohammad Seidisarouei, Social Rodent Lab
and Comparative Psychology, Institute of
Experimental Psychology, Heinrich-Heine
University, Dlsseldorf, Germany.

Email: seidisar@uni-duesseldorf.de

Funding information
Deutsche Forschungsgemeinschaft,
Grant/Award Number: DFG KA 2675/5-3

1 | INTRODUCTION

| Sandra Schible? | Marijn van Wingerden® |
Carsten Korth* | Tobias Kalenscher?
Abstract

Patients diagnosed with neuropsychiatric disorders, such as autism and schizophre-
nia, suffer from disorganized speech. The disrupted-in-schizophrenia 1 (DISC1) protein
pathway is considered arisk factor for the development of several psychiatric disorders
and plays an important role in the dysregulation of dopamine (DA), which in turn plays
an important role in the regulation of ultrasonic vocalizations (USVs) in rats. More-
over, the DISC1 protein pathway has been identified as a cause of social anhedonia,
that is, a decrease in the drive for social interactions. USVs transmit specific affec-
tive information to other rats, with 50-kHz calls indicating a positive affective state
in rats. Dysregulation of the dopaminergic system impacts the qualitative and quan-
titative features of USVs, such as duration, peak frequency, and the call rate. In this
study, we thus used a well-established transgenic DISC1 (tgDISC1) rat line to inves-
tigate whether the neural (decreased DA levels in the dorsal striatum, amygdala, and
hippocampus (HPC)) and behavioral (social anhedonia) features of tgDISC1 rats could
be manifested through the modulation of their 50-kHz USVs. Analyses of three fea-
tures (call rate, duration, and peak frequency) of all 50-kHz revealed no significant
differences between groups, suggesting decreased DA levels in the dorsal striatum and
amygdala, and HPC may affect social interaction but leave 50-kHz USV production

intact.
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to multiple deficits in brain development both in humans and ani-
mals, which may lead to schizophrenia, bipolar disorder, recurrent

The disrupted-in-schizophrenia 1 (DISC1) gene was initially identi-
fied in a Scottish family with an unusually high prevalence of mental
disorders, including schizophrenia, and the disruption was due to a
balanced translocation of the chromosome (1:11) (q43, g21) (Millar
et al., 2001). The DISC1 protein signaling pathway has been linked

major depression, and other neuropsychiatric disorders in humans,
as well as phenotypical alterations reminiscent of human psychi-
atric disorders in animals (Austin et al, 2003; Clapcote et al.,
2007; Hashimoto et al., 2006; Kirsty Millar et al., 2000; Shokouhi-

far et al., 2019). Recently, several studies have shown that the neural
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dysregulation caused by DISC1 impairs the Dopamine (DA) system by
increasing the affinity of DA-D2 receptors and increasing the removal
of DA from the synaptic cleft because of translocation of the DA
transporter, resulting in decreasing DA levels in the dorsal striatum,
amygdala, and hippocampus (HPC, Hennah & Porteous, 2009; Ripke
et al., 2014; Trossbach et al., 2016; Wang et al., 2017). In a recent
study (Seidisarouei et al., 2022), we compared the choice behavior
of transgenic DISC1 (tgDISC1) rats (Klein & Platt, 2013; Seidisarouei
et al., 2022; Wang et al.,, 2022) with that of wild-type (WT) con-
trol rats in a novel reward paradigm in which animals could choose
between two types of reinforcers, an opportunity for social interac-
tion (social reward) versus consumption of sucrose solution (nonsocial
reward). tgDISC1 rats showed a significantly reduced interest in social
interaction but a similar preference for sucrose consumption, com-
pared to WT rats. In other words, tgDISC1 rats spent significantly
less time interacting with a juvenile conspecific, which may resem-
ble social anhedonia, that is, the decreased interest in potentially
rewarding social activities (Chapman et al., 1976), seen in patients with
depression or schizophrenia (American Psychiatric Association Diag-
nostic and Statistical Manual of Mental Disorders [DSM-IV], 2012).
This social anhedonia in tgDISC1 rats, most likely caused by DA dys-
regulation, may also manifest in rat vocal communication, as DA also
plays an important role in the processing and production of rat 50-
kHz USVs (Burgdorf & Knutson, 2001). In support of this idea, it has
been reported that rats with reduced social motivation vocalized fewer
50-kHz USVs (Riaz et al., 2015) and rats that selectively bred to low
levels of 50-kHz USVs showed significant changes in their social inter-
actions (Harmon et al., 2008). Presumably, a deficit in USV expression
and perception might interrupt the natural back-and-forth of social
communication, thereby reducing social interest or motivation.

In recent years, a body of convergent studies demonstrated the
implication and importance of USVs by rats in representing their
emotional and motivational states.

In terms of the frequency at which USVs are emitted, they can
broadly be categorized as 22 and 50 kHz. The USVs of these two dis-
tinct families (22 and 50 kHz) signal aversive and appetitive qualitative
information, respectively, about the rats’ affective states that may be
triggered by either social or nonsocial stimuli that possess affective
valence. Rats emit 22-kHz USVs under aversive conditions such as fear,
pain, and danger (Sadananda et al., 2008; Wohr & Schwarting, 2010),
whereas they emit 50-kHz calls in response to or anticipation of appet-
itive stimuli, such as playing, social interaction, eating, mating, and
administration of drugs with rewarding properties (Bialy et al., 2000;
Brudzynski & Pniak, 2002; Mulvihill & Brudzynski, 2018; Simola & Gra-
non, 2019). Accordingly, playback of prerecorded appetitive 50-kHz
USVs induces social approach behavior that paves the way for social
interactions, supporting the idea that 50-kHz USVs serve as social con-
tact calls to (re)establish or maintain contact between rats (Kalenscher
et al., 2020; Wohr & Schwarting, 2012). Because of these properties,
USVs are believed to have substantial adaptive value for the survival
and well-being of rats as a social species (W6hr & Schwarting, 2013).

To better understand and more clearly interpret rat USV, it is funda-

mental to uncover its neural basis. In this regard, studies demonstrated
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a fundamental role of dopaminergic neurotransmission in USV pro-
duction. For example, the DA agonist apomorphine (by acute systemic
injection) can promote 50-kHz calls (Williams & Undieh, 2010), and the
D2/D3 agonist quinpirole (by intra-NcAcc administration) modulates
USV production (Brudzynski et al., 2012). Conversely, DA receptor
antagonists prevented the expected emission of 50-kHz USVs by var-
ious rewards (natural and artificial), such as systemic cocaine (Williams
& Undieh, 2010), intracerebral amphetamine (AMPH) (Thompson et al.,
2006), tickling, electrical brain stimulation (Burgdorf et al., 2007), and
mating contexts (Bialy et al., 2010; Ciucci et al., 2007). Furthermore,
DA agonists or antagonists cause not only changes in quantity but
also the quality of 50-kHz USVs. For example, haloperidol is a D2
receptor antagonist, reduces the bandwidth, amplitude, and complex-
ity of 50-kHz calls, similar to the effects of a unilateral infusion of
6-hydroxydopamine (6-OHDA, Ciucci et al., 2007, 2009). In addition
to the decreased call rate and altered call profile, antagonism of D1
and D2 receptors alone or combined altered several features of 50-kHz
calls, such as duration, amplitude, and latency to call (Ringel et al., 2013;
Wright et al., 2013).

Thus, 50-kHz USVs are associated with appetitive social and nonso-
cial situations and DA. We can exploit this property to quantify the
expected and experienced value that rats attribute to a reward, includ-
ing social contact (Heyse et al., 2015; Knutson et al., 1998, 1999).
Therefore, here, we investigated whether changes in patterns of 50-
kHz USVs emission accompany the social anhedonia expressed in
tgDISC1 rats. To this end, we analyzed different quantitative and qual-
itative characteristics of the 50-kHz USVs, such as call rate, duration,
and peak frequency, in rats performing a social decision task in which
they chose between social and nonsocial rewards.

2 | MATERIALS AND METHODS
2.1 | Subjects

The animal experiment was permitted by the local authorities
(Landesamt fur Natur, Umwelt und Verbraucherschutz North Rhine-
Westphalia, Germany) and conducted according to the European
Union Directive 2010/63/E.U. The findings that, compared to WT
rats, tgDISC1 rats are less motivated to socially interact with juvenile
conspecifics, but have comparable preferences for sucrose rewards,
have been published before (Seidisarouei et al., 2022), based on the
current sample of animals. tgDISC1 Sprague Dawley rats and their
sibling WT littermate controls were bred at the local animal facility
(ZETT, Heinrich-Heine University, Dusseldorf, Germany). In total, we
used 36 male Sprague Dawley rats for our study. The rats were divided
into three groups: (1) tgDISC1 group (n = 12 rats), weighingm =285 g
and aged 57-60 days at the beginning of the Social-Sucrose Prefer-
ence Test (SSPT), serving as the actor rats; (2) WT group (n = 12 rats),
weighing m = 304 g and aged 57-60 days at the beginning of the SSPT,
serving as the actor rats; and (3) a juvenile WT group (n = 12 rats),
weighing m = 145 g and aged 28-30 days, serving as the social stimuli.
The tgDISC1 rats were bred through the identical method introduced
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FIGURE 1 Design of the X-shaped chambered sociability test (XCST). (A) Schematic diagram of the XCST maze showing the positions for the
nonsocial reward, microphones, the restrainer for the social reward, and the positions and gradations of the sandpaper (P150, P400, P800, and
P1200). Part (B) shows an example of the schedule of the experiment for different phases, days, and conditions. Habituation: examination of the
free arm in the habituation phase, sucrose discrimination test (SDT): HS; higher sucrose in a given trial, LS; lower sucrose in a given trial,
social-sucrose preference test (SSPT): Soc; social reward, and Suc; sucrose. We show all details of the experiment for the sake of completion, but
the grayed-out parts of the table refer to task phases reported elsewhere (Seidisarouei et al., 2022); here, we only report data obtained from the

phases in the black part of the table.

by Trossbach et al. (2016). Experimental rats were kept in groups of
n = 2 for actors and n = 3 for social stimulus rats in standard Type
IV Makrolon cages in a reversed 12:12 h light-dark cycle. The stable
room was kept constantly at a temperature of 22°C+2 and a humidity
of 55% +2. All actor rats received standard laboratory rodent food,
ad libitum.

2.2 | Behavioral task

The USV data analyzed in this study were recorded from the SSPT
(see later). SSPT was the final phase of a behavioral study published
recently (Seidisarouei et al., 2022), and the so-called X-shaped cham-
bered sociability test (XCST, see Figure 1A, Seidisarouei et al., 2021).
The XCST task is designed to detect differences in preference for two
types of rewards, social reward (interaction with the social stimulus
rat) and nonsocial reward (consumption of liquid rewards with either
2%, 5%, or 10% sucrose concentration). The XCST consists of three
phases: Habituation, Sucrose Discrimination Test (SDT), and SSPT. The

habituation phase aimed to determine whether animals have an inher-

ited bias for, or against, any of the features used in setup or apparatus,
such as a side-bias (Figure 1A). In the second phase, SDT, the goal
was to determine whether animals can discriminate between the three
sucrose concentrations (2%, 5%, and 10%) used as nonsocial rewards.
In the SSPT, animals chose simultaneously between nonsocial reward
and social reward. To this end, rats were trained in a 4-arm plus maze
in which sandpapers of different gradations marked the entrance of
the arms. Each arm was baited with one of the three sucrose rewards,
or the social stimulus rat, with the arm-reward contingency random-
ized across rats (for details, see Seidisarouei et al., 2021). The SSPT
comprised three choice conditions, social reward versus 2% sucrose,
social reward versus 5% sucrose, and social reward versus 10% sucrose
(Figure 1A). On each testing day, two of the four arms in the XCST maze
were open, and the other two were closed. At the beginning of each
test, rats were placed in the center of the maze, and they could choose
to explore both open arms for 8 min, yielding either the social reward
or one of the three sucrose rewards, depending on the task condition.
All rats underwent two repetitions of all three choice conditions. The
order of conditions was pseudo-randomized across repetitions and rats
(Figure 1B).
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As previously shown, the value of social interactions declined over
time with increasing familiarity between actor and social stimulus
rats (Smith et al, 2015, 2017). To prevent this effect from affect-
ing USV production, 12 different social stimulus rats were used to
maintain the novelty and value of social interaction across testing ses-
sions in the SSPT. In addition, the social stimulus rats’ assignment was
counterbalanced across actor rats.

3 | BEHAVIORAL ANALYSIS
3.1 | Video-tracking

We used EthoVision (XT version 11.5, Noldus) to track the animals’
positions. The arena setting of the SSPT phase was designed to track

the animals in reward zones (Figure 1A).

4 | USVS RECORDING, ANALYSIS, AND LABELING
PROCEDURE

41 | Recording

In order to record USVs, four ultrasonic microphones (condenser
microphone CM16/CMPA, Avisoft Bioacoustics, Glienecke, Germany)
were positioned by a microphone stand at a distance of approximately
20 cm on the right side above each reward dish, and also to perform
acoustic analysis of USVs, we used the Avisoft-SASLab Pro (Version
5.2, Avisoft Bioacoustics, Berlin, Germany). In Avisoft-SASLab Pro, the
spectrograms with a frequency resolution of 390 Hz and a time reso-
lution of 0.64 ms were created by a fast Fourier transformation with
a length of 512 points and an overlap of 75% (flat top window, 100%
frame size).

4.2 | Labeling

A trained scorer identified the calls and assigned them either to a 22-
kHz (frequency <30 kHz) or a 50-kHz (frequency >30 kHz) category.
In total, the calls of 144 trials (24 actors x 3 conditions x 2 repeti-
tions) in the SSPT had to be recorded, but due to technical issues, we
lost USVs of 33 trials in different conditions of SSPT (juvenile vs. 2%;
WT = 2,tgDISC1 = 3, juvenile vs. 5%; WT = 5,tgDISC1 = 8, Juvenile vs.
10%; WT = 8, tgDISC1 = 7). In addition to 50-kHz calls, rats also vocal-
ized 22-kHz USVs; however, because the main focus of this study was

50-kHz calls, we did not include 22-kHz calls in our analysis.

4.3 | USV localization

We generated a USV position map that shows where in the maze the
individual USV events were emitted, as explained as follows. To reach
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a time series of vocalization labels with a temporal resolution of 25 Hz,
we exported the USV raw data (Avisoft SAS-Lab Pro’s output) and syn-
chronized them to the video stream of rat positions within the maze
(Ethovision output). Notably, in behavioral tracking and analyses, only
the time spent in reward zones was measured; therefore, we only iden-
tified, labeled, and analyzed the 50-kHz USVs emitted in both reward

zones (social and nonsocial).

44 | Software

All statistical analyses ran using SPSS Statistics (version 24; IBM, USA),
and figures were created by Jupyter Notebook (Kluyver et al., 2016)
through the packages matplotlib (Hunter, 2007), pandas (McKinney,
2010), ptitprince (Allen et al., 2019), and seaborn (Waskom, 2021). To
edit the figures, we used Inkscape (Inkscape, 2020).

4.5 | Acoustic feature analysis

In order to detect between-group differences, we examined three fea-
tures of all USVs: call rate (number of calls vocalized per animal in each
reward zone/time (s) animal spent in each specific reward zone), dura-
tion (s), and frequency (kHz) by conducting three separate two-way
ANOVAs with group (tgDISC1 and WT) as between-subject factor and
reward zone (social and nonsocial; we pooled USV data across all three
sucrose zones) as a within-subject factor. In addition to investigate
possible group differences in the relationship between the frequency
of calls and the time spent in the social reward zone, or the sucrose
reward zone, respectively, we ran mixed linear model analyses for each
zone. The frequency of calls was quantified as a number of calls in the
respective zone/[calls in the social zone + calls in the sucrose reward
zone] x 100.

Finally, as an exploratory analysis (see Supporting Information sec-
tion, Figure S1, and Table S1), we ran a three-way ANOVA to find out
whether the number of 50-kHz USVs of groups differed over 8 min
(each trial duration). In this analysis, we took group as a between-group
factor, reward zone (social and nonsocial), and time (in full minutes)
as within-subject factors and the mean number of 50-kHz USV emit-
ted per minute in all conditions and repetitions as the dependent
variable. The significance level at p < .05 was set for all statistical anal-
yses, and all the post hoc tests were Bonferroni-corrected for multiple

comparisons.

5 | RESULTS

5.1 | tgDISC1 rats show reduced interest in social
contact

Details of the rats’ choice behavior are described elsewhere (Seidis-
arouei et al., 2022). Briefly, we found that tgDISC1 rats differed from

WT rats in their social, but not in their nonsocial reward preferences:
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disrupted-in-schizophrenia 1 (DISC1) and wild-type (WT) rats in all reward zones and across both repetitions. *p < .01 **p <.001.

Compared to WT rats, DISC1 rats spent less time in the social reward
zone that offered the opportunity to interact with the juvenile con-
specific, and more time in the nonsocial reward zones that offered
the opportunity to consume sucrose solution. The reduced time spent
interacting with the conspecific was unlikely due to a hypersensitivity
for sugar solution in the sucrose zones because we found no difference
in sucrose preference and sucrose reward-seeking behavior between
tgDISC1 and WT rats in the SDT. We conclude that the reduction in
time spent interacting with conspecifics reflects genuinely reduced

interest in social contact, that is, social anhedonia.

52 | 50-kHz USVs

5.2.1 | Characterization of all 50-kHz USVs
In total, n = 30,092 50-kHz USVs were identified.

There was large individual variability in vocalization activity
between animals in both groups and all reward zones (Figure 2A).

522 | Callrate

The three-way ANOVA did not reveal a between-group difference in
the rate of calls vocalized per group in both reward zones over two
repetitions (F [1,22] = 0.86, p = .77; for more details, see Figure 2B,
Table 2A). Likewise, we found no significant results for the within-
subject factor repetition (F [1,22] = 1.7, p = .194, Figure 2B, Table 2B).
However, the analysis showed a significant main effect of the reward
zone (F [1,22] = 65.3, p < .001), showing an expected higher rate of

TABLE 1 Between-group differences in the number of 50-kHz
calls in the different zones of the setup.
Zone
Group Social reward Sucrosereward Neutral Out' Total
tgDISC1 7238 2845 2327 2580 14,990
WT 8060 2413 2417 3022 15,912

LCalls in the out column were vocalized outside of any of the reward or neutral
zones.
Abbreviations: tgDISC1: transgenic DISC1; WT: wild-type.

calls in the social reward zone than in the sucrose zones (Figure 2B. a
and Table 2C). Furthermore, there was an interaction effect of reward
zone X repetition (F [1,22] = 8.3, p < .009, Table 2D), demonstrating
that animals produced fewer calls in the second repetition than the
first repetition in the sucrose zone. No other interaction effect reached

significance.

5.3 | Call duration

The results of the three-way ANOVA analysis revealed no significant
difference between tgDISC1 and WT rats in the duration of calls (F
[1,22] = 1.7, p = .196, Figure 2C and Table 2E). Moreover, we found no
significant difference in the duration of calls between the reward zones
(F [1,22] = 0.1, p = .920, Figure 2C, Table 2F). However, the analysis
showed that rats’ calls did have a longer duration in the first repeti-
tion than the second repetition (F [1,22] = 7.6, p = .011, Figure 2C. a,

Table 2G). Again, no significant interaction effect was found.
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TABLE 2 Theresult of post hoc tests on all 50-kHz ultrasonic vocalizations (USVs)

A. Dependent variable Group Mean Standard err. p-Value
Call rate tgDISC1 513 .092 771
WT 481 .060

B. Dependent variable Repetition Mean Standard err. p-Value
Call rate First .527 .053 194
Second 467 065

C. Dependent variable Reward zone Mean Standard err. p-Value
Callrate Social .694 071 .001
Sucrose .300 .203

D. Dependent variable Reward zone X repetition Mean Standard err. p-Value
Callrate Social First 671 062 .506
Second 716 091

Sucrose First .382 056 .002
Second 217 .048

E. Dependent variable Group Mean (s) Standard err. p-Value
Call duration tgDISC1 .030 014 196
WT .027 010

F. Dependent variable Reward zone Mean (s) Standard err. p-Value
Call duration Social .028 .008 .920
Sucrose .029 .001

G. Dependent variable Repetition Mean (s) Standard err. p-Value
Call duration First .030 1.2 011
Second .027 10

H. Dependent variable Group Mean (kHz) Standard Err. p-Value
Call frequency tgDISC1 58.5 .085 597
WT 59.3 067

|. Dependent variable Reward zone Mean (kHz) Standard err. p-Value
Call frequency Social 60.3 .008 .004
Sucrose 57.5 .001

J. Dependent variable Repetition Mean (kHz) Standard err. p-Value
Call frequency First 59.2 .909 .589
Second 58.7 934

5.4 | Call peak frequency

Analyzing the peak frequency of calls emitted by rats through a three-
way ANOVA did not yield a significant difference (F [1,22] = 0.28,
p = .597, Figure 2D and Table 2H). There was a significant effect
of the within-subject factor reward zone on call peak frequency (F
[1,22] = 10.4, p < .004, Figure 2D. a, Table 2I), showing that animals
in the social reward zone vocalized with a higher frequency compared
to the sucrose reward zones. The other within-subject factor, repe-
tition, did not yield a significant effect (F [1,22] = 0.301, p = .589,
Figure 2D, Table 2J). No significant interaction effect was found in this

analysis.

5.5 | Mixed linear model analysis

This analysis showed no significant difference between groups
(B = —.62,SE = 0.46, z = —1.34, Cl [-1.52, 0.28], p = .177; for more
information see Table 3) in the percentage of 50-kHz calls vocalized in
the social reward zones as a function of percent time spent in the social
reward zone.

6 | DISCUSSION

Our findings did not demonstrate significant between-group differ-

ences in 50-kHz USV vocalization patterns between tgDISC1-rats and
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TABLE 3 The mixed linear model regression results; % of calls and time spent in the social reward zone

Model: Mixed LM Dependent variable:
No. observations: 24 Method:
No. groups: 2 Scale:
Min. group size: 12 Log-likelihood:
Max. group size: 12 Converged:
Mean group size: 12.0

Coef. Std.err.
Intercept 61.026 20.169
Group [T. tgDISC1] 33.684 28.915
% Of time in social 0.271 0.305
% Of time in social: —0.623 0.461

group [T. tgDISC1]

Group var 116.658

WT controls. This null effect is inconsistent with our prediction that dif-
ferences in USVs between tgDISC1 and WT rats would reflect or even
mediate, and the difference in social motivation reported earlier (Sei-
disarouei et al., 2022; Wang et al., 2022). In the following, we will offer

atentative explanation for these null-results.

6.1 | Regional specificity of tgDISC1-induced DA
transmission effect

Studies have shown that the dorsal striatum (caudate and putamen)
plays a critical role in assigning value to a social object and encoding
it as a reward (Acevedo et al.,, 2012; Clements et al., 2022; Klein &
Platt, 2013). In fact, a deficit in dorsal striatum function is associated
with low-value attribution for social interaction in autism (Clements
et al., 2022), demonstrating the crucial role of the dorsal striatum in
valuing and encoding a social object. On the other hand, findings show
a significant role of the ventral striatum (Burgdorf & Knutson, 2001;
Mulvihill & Brudzynski, 2019) and not the dorsal striatum (Burgdorf
& Knutson, 2001; Costa et al.,, 2019) in the emission of 50-kHz USVs.
More specifically, although microinjections of DA agonists into the
nucleus accumbens shell increased the emission of 50-kHz USVs (Mul-
vihill & Brudzynski, 2019), microinjection of AMPH into the dorsal
striatum or DA denervation in the dorsal striatum did not result in
changes in the number of 50-kHz USVs (Costa et al., 2019). In this con-
text, findings suggest that 50-kHz USV can release phasic DA (Willuhn
et al,, 2014) and that DA release is not always followed by USV pro-
duction (Simola et al., 2012). On the other hand, DA release in the
nucleus accumbens accompanies the perception of 50-kHz USVs which
induce social approach in rats (Willuhn et al., 2014). These findings
may suggest that USV productionis less DA-dependent than previously
thought. For example, a study by Wright et al. (2013) demonstrated
that the frequency of 50-kHz USVs and the distribution of call sub-
types in response to AMPH treatment are linked to the action of DA

% of calls in social

REML

116.6

—-85.4

Yes

z p>|z| [.0250.975]

3.026 0.002 21.49 100.5
1.165 0.244 22.98 90.3
0.374 0.374 -0.326 0.86
-1.349 0.177 -1.527 0.28

on D1- and D2-like receptors. However, blocking the reuptake of DA
is not enough to trigger the emission of calls. Moreover, at this point,
it should be noted that several studies have shown the importance
of non-dopaminergic transmissions such as serotonin (Wéhr et al.,
2015), glutamate (Costa et al., 2015; Panksepp & Burgdorf, 2000),
norepinephrine (Branchi et al., 2001; Grant et al., 2018), adenosine
(Simolaetal.,2016), and glucocorticoids (Popik et al., 2014) in the emis-
sion of 50-kHz USVs, indicating that USVs are a compound behavior
that does not depend on DA alone. This may explain why tgDISC1 rats
do not differ from WT rats in 50-kHz USV behavior despite their DA
deficiency.

Moreover, the reduced DA levels in the amygdala and HPC of
tgDISC1 rats may disrupt social interactions (Allsop et al., 2014; Davis
et al., 2009; Hernandez-Lallement et al., 2016), but not the production
of 50-kHz USVs. As shown, the amygdala is involved in the perception
of 50-kHz USVs and social approach behavior (Schonfeld et al., 2020),
but to the best of our knowledge, there is limited research on the role
of the amygdala in the production of 50-kHz USVs. Similarly, the HPC'’s
role in 50-kHz USV production remains unknown.

In addition, previous research has demonstrated that prior expe-
rience can reduce the duration of rat USVs (Wohr et al., 2008) and
this might be the reason why we detected a longer call duration in the
first compared to the second task repetition in the SSPT phase, where
actors were confronted with a juvenile conspecific in the maze for the
first time. As our analysis showed, the duration of the calls decreased
during the second repetition when the animals were already familiar
with the context of the SSPT phase.

Last but not least, in the acoustic features’ analysis of 50-kHz calls,
we found that both groups’ peak frequency of calls in the social reward
zone was significantly higher than the call frequency in the sucrose
zone (Figure S2). To our knowledge, no study has yet compared the
50-kHz call frequency in concurrent social and nonsocial reward con-
texts; therefore, this finding may open a new avenue for future relevant

research.
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6.2 | Limitations

We only used male rats. Arecent study (Uzuneser et al., 2019) reported
the significant importance of sex on dopaminergic, serotoninergic, and
noradrenergic changes in the dorsal striatum of tgDISC1 rats, and this
study showed no change in DA levels in the dorsal striatum in male
tgDISC1, which is in contrast to previous findings. This study highlights
the role of considering sex in studying the DISC1 phenotype and trans-
lational research in general. Therefore, future studies using tgDISC1
rats should consider male and female rats.

In addition, in the behavioral data analysis, we only considered the
time animals spent in reward zones (social and nonsocial). However,
this time does not provide information about the time animals spent on
specific behaviors (e.g., exploratory sniffing or rearing). In this regard,
it has been shown that there is a positive correlation between highly
active behaviors (jumping or playing) and specific 50-kHz USV sub-
types and a negative correlation between less active behaviors (sniffing
and rearing) and 50-kHz USV (Burke et al., 2017); therefore, analyzing
certain behaviors and their association with 50-kHz USVs could be a
more efficient approach.

Because of the study design, 50-kHz USVs in the social reward zone
could be emitted by both the actor and social partner rats (Table 1).
Hence, during social interaction, there were always two rats that
emitted USVs, while during sucrose consumption, we measured the
USVs of only one rat. Although USV source allocation was applied,
it is impossible to rule out with certainty that the difference in USV
call rates between the social and nonsocial reward zones also partly
reflected the difference in numbers of animals emitting USVs. There-
fore, the results of this study, although replicating previous results
(Mulvihill & Brudzynski, 2018; Seidisarouei et al., 2021), should be
interpreted with caution.

7 | CONCLUSION

We recently reported social anhedonia in tgDISC1 rats. However, here,
we found no group-dependent association between social interaction
and 50-kHz USV emission. We, therefore, have no evidence to assume
that 50-kHz USVs are related to, or mediate, the DISC1 deficit in social

motivation.

ACKNOWLEDGMENTS
Open Access funding enabled and organized by Projekt DEAL.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ORCID

Mohammad Seidisarouei " https://orcid.org/0000-0003-4956-6243

PEER REVIEW
The peer review history for this article is available at https://publons.
com/publon/10.1002/brb3.2984.

SEIDISAROUEI T AL.

REFERENCES

Acevedo, B. P, Aron, A,, Fisher, H. E., & Brown, L. L. (2012). Neural correlates
of long-term intense romantic love. https://doi.org/10.1093/scan/nsq092

Allen, M., Poggiali, D., Whitaker, K., Marshall, T. R,, & Kievit, R. A. (2019).
Raincloud plots: A multi-platform tool for robust data visualization [ver-
sion 1; peer review: 2 approved]. Wellcome Open Research, 4, 1-51.
https://doi.org/10.12688/wellcomeopenres.15191.1

Allsop, S. A., Vander Weele, C. M., Wichmann, R., & Tye, K. M. (2014). Opto-
genetic insights on the relationship between anxiety-related behaviors
and social deficits. Frontiers in Behavioral Neuroscience, 8, 1-14. https://
doi.org/10.3389/fnbeh.2014.00241

American Psychiatric Association Diagnostic and Statistical Manual of Men-
tal Disorders (DSM-1V). (2012). In SpringerReference. American Psychi-
atric Association. https://doi.org/10.1007/springerreference_179660

Austin, C. P, Ma, L., Ky, B, Morris, J. A,, & Shughrue, P. J. (2003). DISC1
(Disrupted in Schizophrenia-1) is expressed in limbic regions of the
primate brain. Neuroreport, 14(7), 951-954. https://doi.org/10.1097/01.
wnr.0000074342.81633.63

Bialy, M. (2000). Precontact 50-kHz vocalizations in male rats during acqui-
sition of sexual experience. Behavioral Neuroscience, 114(5), 983-990.
https://doi.org/10.1037//0735-7044.114.5.983

Bialy, M., Kalata, U., Nikolaev-diak, A., & Nikolaev, E. (2010). D1 receptors
involved in the acquisition of sexual experience in male rats. Behavioural
Brain Research, 206, 166-176. https://doi.org/10.1016/j.bbr.2009.09.
008

Branchi, 1., Santucci, D., & Alleva, E. (2001). Ultrasonic vocalisation emit-
ted by infant rodents: A tool for assessment of neurobehavioural
development. Behavioural Brain Research, 125, 49-56.

Brudzynski, S. M., Komadoski, M., & St Pierre, J. (2012). Quinpirole-induced
50kHz ultrasonic vocalization in the rat: Role of D2 and D3 dopamine
receptors. Behavioural Brain Research, 226(2), 511-518. https://doi.org/
10.1016/j.bbr.2011.10.004

Brudzynski, S. M., & Pniak, A. (2002). Social contacts and production of 50-
kHz short ultrasonic calls in adult rats. Journal of Comparative Psychology,
116(1), 73-82. https://doi.org/10.1037/0735-7036.116.1.73

Burgdorf, J., & Knutson, B. (2001). Nucleus accumbens amphetamine
microinjections unconditionally elicit 50-kHz ultrasonic vocalizations in
rats. Behavioral Neuroscience, 115(4), 940-944. https://doi.org/10.1037/
/0735-7044.115.4.940

Burgdorf, J., Wood, P. L., Kroes, R. A, Moskal, J. R., & Panksepp, J. (2007).
Neurobiology of 50-kHz ultrasonic vocalizations in rats: Electrode
mapping, lesion, and pharmacology studies. Behavioural Brain Research,
182(2),274-283. https://doi.org/10.1016/j.bbr.2007.03.010

Burke, C. J., Kisko, T. M., Swiftwolfe, H., Pellis, S. M., & Euston, D. R. (2017).
Specific 50-kHz vocalizations are tightly linked to particular types of
behavior in juvenile rats anticipating play. PLoS One, 12, e0175841.
https://doi.org/10.5061/dryad.7hj0j

Chapman, L. J., Chapman, J. P, & Raulin, M. L. (1976). Scales for physical and
social anhedonia. Journal of Abnormal Psychology, 85(4), 374-382.

Ciucci,M.R.,Ahrens, A.M.,Ma,S. T, Kane, J. R, Windham, E. B., Woodlee, M.
T., & Schallert, T. (2009). Reduction of dopamine synaptic activity: Degra-
dation of 50-kHz ultrasonic vocalization in rats. Behavioral Neuroscience,
123(2), 328-336. https://doi.org/10.1037/a0014593

Ciucci, M. R, Ma, S. T, Fox, C., Kane, J. R,, Ramig, L. O., & Schallert, T.
(2007). Qualitative changes in ultrasonic vocalization in rats after unilat-
eral dopamine depletion or haloperidol : A preliminary study. Behavioural
Brain Research, 182, 284-289. https://doi.org/10.1016/j.bbr.2007.02.
020

Clapcote, S. J, Lipina, T. V., Millar, J. K., Mackie, S., Christie, S., Ogawa, F.,
Lerch, J. P, Trimble, K., Uchiyama, M., Sakuraba, Y., Kaneda, H., Shiroishi,
T., Houslay, M. D., Henkelman, R. M,, Sled, J. G., Gondo, Y., Porteous, D. J.,
& Roder, J. C. C. (2007). Behavioral phenotypes of disc1 missense muta-
tions in mice. Neuron, 54(3), 387-402. https://doi.org/10.1016/j.neuron.
2007.04.015

Clements, C. C., Zoltowski, A. R., Yankowitz, L. D., Yerys, B. E., Schultz,
R. T., & Herrington, J. D. (2022). Evaluation of the social motivation

85U8017 SUOWILLIOD @A eaID 3|qeotjdde au Aq peusenob a e sejonie VO ‘8sn Jo SNl 10y AriqiT8uluO /8|1 UO (SUORIPUOD-PUB-SWBHW0D A8 1M ATelq 1 pul|UO//SdnL) SUORIPUOD pue sw 1 8y} 88s *[£202/70/TT] Uo ARiqiTauluo Ae|Im Spuiolqigsespue pun eelsieAlun AQ #1862 €0.10/200T 0T/I0p/W0 A8 |Im Aeiq Ul uo//Sdny woly papeo|umod ‘0 ‘ZE06.5T2


https://orcid.org/0000-0003-4956-6243
https://orcid.org/0000-0003-4956-6243
https://publons.com/publon/10.1002/brb3.2984
https://publons.com/publon/10.1002/brb3.2984
https://doi.org/10.1093/scan/nsq092
https://doi.org/10.12688/wellcomeopenres.15191.1
https://doi.org/10.3389/fnbeh.2014.00241
https://doi.org/10.3389/fnbeh.2014.00241
https://doi.org/10.1007/springerreference_179660
https://doi.org/10.1097/01.wnr.0000074342.81633.63
https://doi.org/10.1097/01.wnr.0000074342.81633.63
https://doi.org/10.1037//0735-7044.114.5.983
https://doi.org/10.1016/j.bbr.2009.09.008
https://doi.org/10.1016/j.bbr.2009.09.008
https://doi.org/10.1016/j.bbr.2011.10.004
https://doi.org/10.1016/j.bbr.2011.10.004
https://doi.org/10.1037/0735-7036.116.1.73
https://doi.org/10.1037//0735-7044.115.4.940
https://doi.org/10.1037//0735-7044.115.4.940
https://doi.org/10.1016/j.bbr.2007.03.010
https://doi.org/10.5061/dryad.7hj0j
https://doi.org/10.1037/a0014593
https://doi.org/10.1016/j.bbr.2007.02.020
https://doi.org/10.1016/j.bbr.2007.02.020
https://doi.org/10.1016/j.neuron.2007.04.015
https://doi.org/10.1016/j.neuron.2007.04.015

SEIDISAROUEI ET AL.

Brain and Behavior

hypothesis of autism: A systematic review and meta-analysis. JAMA
Psychiatry, 19104(8), 797-808. https://doi.org/10.1001/jamapsychiatry.
2018.1100

Costa, G., Morelli, M., & Simola, N. (2015). Involvement of glutamate
NMDA receptors in the acute, long-term, and conditioned effects of
amphetamine on rat 50kHz ultrasonic vocalizations. International Journal
of Neuropsychopharmacology, 18(11), pyv057. https://doi.org/10.1093/
ijnp/pyv057

Costa, G., Serra, M., Marongiu, J., Morelli, M., & Simola, N. (2019). Influ-
ence of dopamine transmission in the medial prefrontal cortex and
dorsal striatum on the emission of 50-kHz ultrasonic vocalizations in
rats treated with amphetamine: Effects on drug-stimulated and condi-
tioned calls. Progress in Neuropsychopharmacology & Biological Psychiatry,
97,109797. https://doi.org/10.1016/j.pnpbp.2019.109797

Davis, F. C., Johnstone, T., Mazzulla, E. C., Oler, J. A,, & Whalen, P. J. (2009).
Regional response differences across the human amygdaloid complex
during social conditioning. Cerebral Cortex, 20(3), 612-621. https://doi.
org/10.1093/cercor/bhp126

Grant, L. M., Barth, K. J., Muslu, C., Kelm-Nelson, C. A., Bakshi, V. P, &
Ciucci, M. R. (2018). Noradrenergic receptor modulation influences the
acoustic parameters of pro-social rat ultrasonic vocalizations. Behavioral
Neuroscience, 132(4), 269-283. https://doi.org/10.1037/bne0000258

Harmon, K. M., Cromwell, H. C., Burgdorf, J., Moskal, J. R., Brudzynski, S.
M., Kroes, R. A., & Panksepp, J. (2008). Rats selectively bred for low lev-
els of 50 kHz ultrasonic vocalizations exhibit alterations in early social
motivation. Developmental Psychobiology, 50, 322-331. https://doi.org/
10.1002/dev.20294

Hashimoto, R., Numakawa, T., Ohnishi, T., Kumamaru, E., Yagasaki, Y.,
Ishimoto, T., Mori, T., Nemoto, K., Adachi, N., Izumi, A., Chiba, S., Noguchi,
H., Suzuki, T, lwata, N., Ozaki, N., Taguchi, T., Kamiya, A., Kosuga, A.,
Tatsumi, M., ... Kunugi, H. (2006). Impact of the DISC1 Ser704Cys poly-
morphism on risk for major depression, brain morphology and ERK
signaling. Human Molecular Genetics, 15(20), 3024-3033. https://doi.org/
10.1093/hmg/ddI244

Hennah, W., & Porteous, D. (2009). The DISC1 pathway modulates
expression of neurodevelopmental, synaptogenic and sensory percep-
tion genes. PLoS One, 4(3), 1-7. https://doi.org/10.1371/journal.pone.
0004906

Hernandez-Lallement, J., van Wingerden, M., Schable, S., & Kalenscher, T.
(2016). A social reinforcement learning hypothesis of mutual reward
preferences in rats. In Current topics in behavioral neurosciences (Vol. 30)
(pp. 159-176). Springer.https://doi.org/10.1007/7854_2016_436

Heyse, N. C., Brenes, J. C., & Schwarting, R. K. W. (2015). Exercise reward
induces appetitive 50-kHz calls in rats. Physiology & Behavior, 147, 131-
140. https://doi.org/10.1016/j.physbeh.2015.04.021

Hunter, J. D. (2007). Matplotlib: A 2D graphics environment. Computing
in Science and Engineering, 9(3), 90-95. https://doi.org/10.1109/MCSE.
2007.55

Inkscape. (2020). https://inkscape.org/

Kalenscher, T., Schonfeld, L.-M., Lébner, S., Wohr, M., van Berkel, M., Zech,
M.-P, & van Wingerden, M. (2020). Rat ultrasonic vocalizations as social
reinforcers—Implications for a multilevel model of the cognitive repre-
sentation of action and rats’ social world. In Cognitive Structures (1st ed.).
Springer International Publishing.

Klein, J. T., & Platt, M. L. (2013). Report social information signaling by neu-
ronsin primate striatum. Current Biology, 23(8), 691-696. https://doi.org/
10.1016/j.cub.2013.03.022

Kluyver, T., Ragan-Kelley, B., Pérez, F., Granger, B., Bussonnier, M., Frederic,
J., Kelley, K., Hamrick, J., Grout, J., Corlay, S., Ivanov, P, Avila, D., Abdalla,
S., & Willing, C. (2016). Jupyter Notebooks—A publishing format for
reproducible computational workflows. In Positioning and Power in Aca-
demic Publishing: Players, Agents and Agendas - Proceedings of the 20th
International Conference on Electronic Publishing, ELPUB 2016, 87-90.
https://doi.org/10.3233/978-1-61499-649-1-87

WILEY- 2™

Knutson, B., Burgdorf, J., & Panksepp, J. (1998). Anticipation of play elicits
high-frequency ultrasonic vocalizations in young rats. Journal of Com-
parative Psychology, 112(1), 65-73. https://doi.org/10.1037/0735-7036.
112.1.65

Knutson, B., Burgdorf, J., & Panksepp, J. (1999). High-frequency ultra-
sonic vocalizations index conditioned pharmacological reward in rats.
Physiology & Behavior, 66(4), 639-643.

McKinney, W. (2010). Data structures for statistical computing in python.
In Proceedings of the 9th Python in Science Conference, 56-61. https://doi.
org/10.25080/majora-92bf1922-00a

Millar, J. K., Christie, S., Anderson, S., Lawson, D., Loh, D. H., Devon, R.
S., & Arveiler, B. (2001). Genomic structure and localisation within a
linkage hotspot of Disrupted In Schizophrenia 1, a gene disrupted by
a translocation segregating with schizophrenia. Molecular Psychiatry, 6,
173-178.

Millar, J. K., Wilson-Annan, J. C., Anderson, S., Christie, S., Taylor, M. S,,
Semple, C. A, Devon, R. S., St Clair, D. M., Muir, W. J,, Blackwood, D. H.,
& Porteous, D. J. (2000). Disruption of two novel genes by a transloca-
tion co-segregating with schizophrenia. Human Molecular Genetics, 9(9),
1415-1423.

Mulvihill, K. G., & Brudzynski, S. M. (2018). Non-pharmacological induc-
tion of rat 50 kHz ultrasonic vocalization: Social and non-social contexts
differentially induce 50 kHz call subtypes. Physiology and Behavior, 196,
200-207. https://doi.org/10.1016/j.physbeh.2018.09.005

Mulvihill, K. G., & Brudzynski, S. M. (2019). Effect of microinjections of
dopamine into the nucleus accumbens shell on emission of 50 kHz USV:
Comparison with effects of D-amphetamine. Pharmacology Biochemistry
and Behavior, 176, 23-32. https://doi.org/10.1016/j.pbb.2018.11.006

Panksepp, J., & Burgdorf, J. (2000). 50-kHz chirping (laughter?) in response
to conditioned and unconditioned tickle-induced reward in rats: Effects
of social housing and genetic variables. Behavioural Brain Research,
115(1), 25-38. https://doi.org/10.1016/S0166-4328(00)00238-2

Popik, P, Kos, T., Pluta, H., Nikiforuk, A., Rojek, K., & Ryguta, R. (2014). Inhi-
bition of the glucocorticoid synthesis reverses stress-induced decrease
in rat’s 50-kHz ultrasonic vocalizations. Behavioural Brain Research, 260,
53-57. https://doi.org/10.1016/j.bbr.2013.11.029

Riaz, M. S., Bohlen, M. O., Gunter, B. W., Quentin, H., Stockmeier, C. A., &
Paul, I. A. (2015). Attenuation of social interaction-associated ultrasonic
vocalizations and spatial working memory performance in rats exposed
to chronic unpredictable stress. Physiology & Behavior, 152(Pt A), 128-
134.

Ringel, L. E., Basken, J. N, Grant, L. M., & Ciucci, M. R. (2013). Dopamine
D1 and D2 receptor antagonism effects on rat ultrasonic vocalizations.
Behavioural Brain Research, 252, 252-259. https://doi.org/10.1016/j.bbr.
2013.06.006

Ripke, S., Neale, B. M., Corvin, A., Walters, J. T. R, Farh, K. H., Holmans, P.
A., Lee, P, Bulik-Sullivan, B., Collier, D. A., Huang, H., Pers, T. H., Agartz,
I, Agerbo, E., Albus, M., Alexander, M., Amin, F., Bacanu, S. A, Begemann,
M., Belliveau, R. A,, ... O’Donovan, M. C. (2014). Biological insights from
108 schizophrenia-associated genetic loci. Nature, 511(7510), 421-427.
https://doi.org/10.1038/nature13595

Sadananda, M., Wohr, M., & Schwarting, R. K. W. (2008). Playback of 22-kHz
and 50-kHz ultrasonic vocalizations induces differential c-fos expression
in rat brain. Neuroscience Letters, 435(1), 17-23. https://doi.org/10.1016/
j.neulet.2008.02.002

Schonfeld, L. M., Zech, M. P, Schible, S., Wohr, M., & Kalenscher, T. (2020).
Lesions of the rat basolateral amygdala reduce the behavioral response
to ultrasonic vocalizations. Behavioural Brain Research, 378, 112274.
https://doi.org/10.1016/j.bbr.2019.112274

Seidisarouei, M., Gurp, S. Van, Pranic, N. M., Calabus, I. N., Wingerden, M.
Van, & Kalenscher, T. (2021). Distinct profiles of 50 kHz vocalizations
differentiate between social versus non-social reward approach and con-
sumption. Frontiers in Behavioral Neuroscience, 15, 1-17. https://doi.org/
10.3389/fnbeh.2021.693698

85U8017 SUOWILLIOD @A eaID 3|qeotjdde au Aq peusenob a e sejonie VO ‘8sn Jo SNl 10y AriqiT8uluO /8|1 UO (SUORIPUOD-PUB-SWBHW0D A8 1M ATelq 1 pul|UO//SdnL) SUORIPUOD pue sw 1 8y} 88s *[£202/70/TT] Uo ARiqiTauluo Ae|Im Spuiolqigsespue pun eelsieAlun AQ #1862 €0.10/200T 0T/I0p/W0 A8 |Im Aeiq Ul uo//Sdny woly papeo|umod ‘0 ‘ZE06.5T2


https://doi.org/10.1001/jamapsychiatry.2018.1100
https://doi.org/10.1001/jamapsychiatry.2018.1100
https://doi.org/10.1093/ijnp/pyv057
https://doi.org/10.1093/ijnp/pyv057
https://doi.org/10.1016/j.pnpbp.2019.109797
https://doi.org/10.1093/cercor/bhp126
https://doi.org/10.1093/cercor/bhp126
https://doi.org/10.1037/bne0000258
https://doi.org/10.1002/dev.20294
https://doi.org/10.1002/dev.20294
https://doi.org/10.1093/hmg/ddl244
https://doi.org/10.1093/hmg/ddl244
https://doi.org/10.1371/journal.pone.0004906
https://doi.org/10.1371/journal.pone.0004906
https://doi.org/10.1007/7854_2016_436
https://doi.org/10.1016/j.physbeh.2015.04.021
https://doi.org/10.1109/MCSE.2007.55
https://doi.org/10.1109/MCSE.2007.55
https://inkscape.org/
https://doi.org/10.1016/j.cub.2013.03.022
https://doi.org/10.1016/j.cub.2013.03.022
https://doi.org/10.3233/978-1-61499-649-1-87
https://doi.org/10.1037/0735-7036.112.1.65
https://doi.org/10.1037/0735-7036.112.1.65
https://doi.org/10.25080/majora-92bf1922-00a
https://doi.org/10.25080/majora-92bf1922-00a
https://doi.org/10.1016/j.physbeh.2018.09.005
https://doi.org/10.1016/j.pbb.2018.11.006
https://doi.org/10.1016/S0166-4328(00)00238-2
https://doi.org/10.1016/j.bbr.2013.11.029
https://doi.org/10.1016/j.bbr.2013.06.006
https://doi.org/10.1016/j.bbr.2013.06.006
https://doi.org/10.1038/nature13595
https://doi.org/10.1016/j.neulet.2008.02.002
https://doi.org/10.1016/j.neulet.2008.02.002
https://doi.org/10.1016/j.bbr.2019.112274
https://doi.org/10.3389/fnbeh.2021.693698
https://doi.org/10.3389/fnbeh.2021.693698

Brain and Behavior

100f 10 Wl LEY

Seidisarouei, M., Schible, S., & van Wingerden, M. (2022). Social anhedo-
nia as a Disrupted-in-Schizophrenia 1-dependent phenotype. Scientific
Reports, 12, 10182. https://doi.org/10.1038/s41598-022-14102-3

Shokouhifar, A., Askari, N., Yazdani, S., & Mehrabadi, J. F. (2019). DISC1 gene
polymorphisms and the risk of schizophrenia in an Iranian population:
A preliminary study. Journal of Cellular Biochemistry, 120(2), 1588-1597.
https://doi.org/10.1002/jcb.27427

Simola, N., Costa, G., & Morelli, M. (2016). Activation of adenosine Aja
receptors suppresses the emission of pro-social and drug-stimulated
50-kHz ultrasonic vocalizations in rats: Possible relevance to reward
and motivation. Psychopharmacology, 233, 507-519. https://doi.org/10.
1007/s00213-015-4130-8

Simola, N., Fenu, S., Costa, G., Pinna, A., Plumitallo, A., & Morelli, M. (2012).
Pharmacological characterization of 50-kHz ultrasonic vocalizations in
rats: Comparison of the effects of different psychoactive drugs and
relevance in drug-induced reward. Neuropharmacology, 63(2), 224-234.
https://doi.org/10.1016/j.neuropharm.2012.03.013

Simola, N., & Granon, S. (2019). Ultrasonic vocalizations as a tool in study-
ing emotional states in rodent models of social behavior and brain
disease. Neuropharmacology, 159, 107420. https://doi.org/10.1016/].
neuropharm.2018.11.008

Smith, C. J.W., Wilkins, K. B., Mogavero, J.N., & Veenema, A. H. (2015). Social
novelty investigation in the juvenile rat: Modulation by the u-opioid sys-
tem. Journal of Neuroendocrinology, 27(10), 752-764. https://doi.org/10.
1111/jne.12301

Smith, Caroline J. W., Mogavero, J. N, Tulimieri, M. T., & Veenema, A. H.
(2017). Involvement of the oxytocin system in the nucleus accumbens in
the regulation of juvenile social novelty-seeking behavior. Hormones and
Behavior, 93, 94-98. https://doi.org/10.1016/j.yhbeh.2017.05.005

Thompson, B., Leonard, K. C., & Brudzynski, S. M. (2006). Amphetamine-
induced 50 kHz calls from rat nucleus accumbens: A quantitative
mapping study and acoustic analysis. Behavioural Brain Research, 168(1),
64-73. https://doi.org/10.1016/j.bbr.2005.10.012

Trossbach, S. V., Bader, V., Hecher, L., Pum, M. E., Masoud, S. T., Prikulis,
l., Schable, S., De Souza Silva, M. A, Su, P, Boulat, B., Chwiesko,
C., Poschmann, G., Stiihler, K., Lohr, K. M., Stout, K. A, Oskamp,
A., Godsave, S. F., Miller-Schiffmann, A. Bilzer, T., ... Korth, C.
(2016). Misassembly of full-length Disrupted-in-Schizophrenia 1 pro-
tein is linked to altered dopamine homeostasis and behavioral deficits.
Molecular Psychiatry, 21(11), 1561-1572. https://doi.org/10.1038/mp.
2015.194

Uzuneser, T. C., Speidel, J.,, Kogias, G., Wang, A. L., De Souza Silva, M. A,
Huston, J. P, Zoicas, |., Von Horsten, S., Kornhuber, J., Korth, C., & Miller,
C. P. (2019). Disrupted-in-schizophrenia 1 (DISC1) overexpression and
juvenile immune activation cause sex-specific schizophrenia-related
psychopathology in rats. Frontiers in Psychiatry, 10, 222. https://doi.org/
10.3389/fpsyt.2019.00222

Wang, A.-L., Chao, O. Y., Nikolaus, S., Lamounier-Zepter, V., Hollenberg, C.
P, Lubec, G., Trossbach, S. V, Korth, C., & Huston, J. P. (2022). Disrupted-
in-Schizophrenia 1 protein misassembly impairs cognitive flexibility and
social behaviors in a transgenic rat model. Neuroscience, 493, 41-51.
https://doi.org/10.1016/j.neuroscience.2022.04.013

Wang, A. L., Fazari, B., Chao, O. Y., Nikolaus, S., Trossbach, S. V., Korth, C.,
Sialana, F. J., Lubec, G., Huston, J. P, Mattern, C., & de Souza Silva, M. A.
(2017). Intra-nasal dopamine alleviates cognitive deficits in tgDISC1 rats

Open Access

SEIDISAROUEI T AL.

which overexpress the human DISC1 gene. Neurobiology of Learning and
Memory, 146, 12-20. https://doi.org/10.1016/j.nIm.2017.10.015

Waskom, M. (2021). Seaborn: Statistical data visualization. Journal of Open
Source Software, 6(60), 3021. https://doi.org/10.21105/joss.03021

Williams, S. N., & Undieh, A. S. (2010). Brain-derived neurotrophic factor
signaling modulates cocaine induction of reward-associated ultrasonic
vocalization in rats. Journal of Pharmacology and Experimental Therapeu-
tics, 332(2), 463-468. https://doi.org/10.1124/jpet.109.158535

Willuhn, I, Tose, A,, Wanat, M. J,, Hart, A. S., Hollon, N. G., Phillips, P. E.
M., Schwarting, R. K. W., & Wohr, M. (2014). Phasic dopamine release
in the nucleus accumbens in response to pro-social 50 kHz ultrasonic
vocalizations in rats. The Journal of Neuroscience : The Official Journal of the
Society for Neuroscience, 34(32), 10616-10623. https://doi.org/10.1523/
JNEUROSCI.1060-14.2014

Wohr, M., Gaalen, M. M. Van, & Schwarting, R. K. W. (2015). Affective com-
munication in rodents: Serotonin and its modulating role in ultrasonic
vocalizations. Behavioural Pharmacology, 26, 506-521. https://doi.org/
10.1097/FBP.0000000000000172

Wohr, M., Houx, B., Schwarting, R. K. W., & Spruijt, B. (2008). Effects
of experience and context on 50-kHz vocalizations in rats. Physiol-
ogy and Behavior, 93(4-5), 766-776. https://doi.org/10.1016/j.physbeh.
2007.11.031

Wohr, M., & Schwarting, R. K. W. (2010). Activation of limbic system struc-
tures by replay of ultrasonic vocalizationinrats. In S. M. Brudzynski (Ed.),
Handbook of Mammalian Vocalization (vol. 19) (pp. 113-124). Elsevier.
https://doi.org/10.1016/B978-0-12-374593-4.00012-7

Wohr, M., & Schwarting, R. K. W. (2012). Testing social acoustic mem-
ory in rats: Effects of stimulus configuration and long-term memory on
the induction of social approach behavior by appetitive 50-kHz ultra-
sonic vocalizations. Neurobiology of Learning and Memory, 98(2), 154-164.
https://doi.org/10.1016/j.nlm.2012.05.004

Wohr, M., & Schwarting, R. K. W. (2013). Affective communication in
rodents: Ultrasonic vocalizations as a tool for research on emotion and
motivation. Cell and Tissue Research, 354(1), 81-97. https://doi.org/10.
1007/s00441-013-1607-9

Wright, J. M., Dobosiewicz, M. R. S., & Clarke, P. B. S. (2013). The role
of dopaminergic transmission through D1-like and D2-like receptors in
amphetamine-induced rat ultrasonic vocalizations. Psychopharmacology,
225,853-868. https://doi.org/10.1007/s00213-012-2871-1

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Seidisarouei, M., Schable, S., van
Wingerden, M., Trossbach, S. V., Korth, C., & Kalenscher, T.
(2023). 50-kHz ultrasonic vocalizations do not signal social
anhedonia in transgenic DISC1 rats. Brain and Behavior, e2984.
https://doi.org/10.1002/brb3.2984

85U8017 SUOWILLIOD @A eaID 3|qeotjdde au Aq peusenob a e sejonie VO ‘8sn Jo SNl 10y AriqiT8uluO /8|1 UO (SUORIPUOD-PUB-SWBHW0D A8 1M ATelq 1 pul|UO//SdnL) SUORIPUOD pue sw 1 8y} 88s *[£202/70/TT] Uo ARiqiTauluo Ae|Im Spuiolqigsespue pun eelsieAlun AQ #1862 €0.10/200T 0T/I0p/W0 A8 |Im Aeiq Ul uo//Sdny woly papeo|umod ‘0 ‘ZE06.5T2


https://doi.org/10.1038/s41598-022-14102-3
https://doi.org/10.1002/jcb.27427
https://doi.org/10.1007/s00213-015-4130-8
https://doi.org/10.1007/s00213-015-4130-8
https://doi.org/10.1016/j.neuropharm.2012.03.013
https://doi.org/10.1016/j.neuropharm.2018.11.008
https://doi.org/10.1016/j.neuropharm.2018.11.008
https://doi.org/10.1111/jne.12301
https://doi.org/10.1111/jne.12301
https://doi.org/10.1016/j.yhbeh.2017.05.005
https://doi.org/10.1016/j.bbr.2005.10.012
https://doi.org/10.1038/mp.2015.194
https://doi.org/10.1038/mp.2015.194
https://doi.org/10.3389/fpsyt.2019.00222
https://doi.org/10.3389/fpsyt.2019.00222
https://doi.org/10.1016/j.neuroscience.2022.04.013
https://doi.org/10.1016/j.nlm.2017.10.015
https://doi.org/10.21105/joss.03021
https://doi.org/10.1124/jpet.109.158535
https://doi.org/10.1523/JNEUROSCI.1060-14.2014
https://doi.org/10.1523/JNEUROSCI.1060-14.2014
https://doi.org/10.1097/FBP.0000000000000172
https://doi.org/10.1097/FBP.0000000000000172
https://doi.org/10.1016/j.physbeh.2007.11.031
https://doi.org/10.1016/j.physbeh.2007.11.031
https://doi.org/10.1016/B978-0-12-374593-4.00012-7
https://doi.org/10.1016/j.nlm.2012.05.004
https://doi.org/10.1007/s00441-013-1607-9
https://doi.org/10.1007/s00441-013-1607-9
https://doi.org/10.1007/s00213-012-2871-1
https://doi.org/10.1002/brb3.2984

	50-kHz ultrasonic vocalizations do not signal social anhedonia in transgenic DISC1 rats
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Subjects
	2.2 | Behavioral task

	3 | BEHAVIORAL ANALYSIS
	3.1 | Video-tracking

	4 | USVS RECORDING, ANALYSIS, AND LABELING PROCEDURE
	4.1 | Recording
	4.2 | Labeling
	4.3 | USV localization
	4.4 | Software
	4.5 | Acoustic feature analysis

	5 | RESULTS
	5.1 | tgDISC1 rats show reduced interest in social contact
	5.2 | 50-kHz USVs
	5.2.1 | Characterization of all 50-kHz USVs
	5.2.2 | Call rate

	5.3 | Call duration
	5.4 | Call peak frequency
	5.5 | Mixed linear model analysis

	6 | DISCUSSION
	6.1 | Regional specificity of tgDISC1-induced DA transmission effect
	6.2 | Limitations

	7 | CONCLUSION
	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	ORCID
	PEER REVIEW

	REFERENCES
	SUPPORTING INFORMATION


