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Articlg history: Callous-unemotional traits — the insensitivity to other’s welfare and well-being - are characterized by a
Received 2 March 2016 lack of empathy. They are characteristic of psychopathy and can be found in other anti-social disorders,
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physiological mechanisms underlying callousness in the search for pharmacological treatments. One
promising avenue is to create a relevant animal model to explore the neural bases of callousness. Here,
we review recent advances in rodent models of pro-social choice that could be applied to probe the
absence of pro-sociality as a proxy of callous behavior, and provide future directions for the exploration
of the neural substrates of callousness.
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1. Introduction

Abbreviations: CU, callous-unemotional; CD, conduct disorder; PCT, pro-social Most of us feel the joy of a friend’s success as if it would be our
choice task; fMRI, functional Magnetic Resonance Imaging; ACC, anterior cingu- own happiness. Similarly, we regularly share the physical and psy-
late cortex; TPJ, Temporo-Parietal Junction; mPFC, medial Prefrontal Cortex; TMS, chological pain and distress of others, illustrated by our consoling

Transcranial Magnetic Stimulation; tDCS, transcranial Direct Current Stimulation. t t d lei H hile the ability t
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science, KNAW Meibergdreef 47, 1105 BA Amsterdam, The Netherlands. share other people’s feelings (i.e., empathy) is extensively found
E-mail address: j.hernandez-lallement@nin.knaw.nl (J. Hernandez-Lallement). in humans, not every human has empathy. Callousness (i.e., the
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absence of empathy; Blair, 2013), or callous-unemotional traits
(CU-traits), are often found in individuals who engage in anti-social
behavior to reach a goal. For instance, callousness can be observed
in conduct disorder (CD), a particular form of social impairment
characterized by patterns of social norm violation and anti-social
behaviors such as bullying, fighting, defiance and destruction of
property (Moffitt, 1993; Offord and Bennett, 1994). Although a dis-
tinctive symptom, callousness is neither necessary nor sufficient for
a CD diagnosis, as only a subset of individuals with CD show CU-
traits. The revised DSM-5 diagnostic criteria for CD (Reynolds and
Kamphaus, 2013) includes a specifier for ‘limited prosocial emo-
tions’ that targets CU-traits found in a subgroup of CD individuals
(Frick and Ellis, 1999; Barry et al., 2000). Additionally, callousness
is one of the hallmarks of psychopathy (Barry et al., 2000), a dis-
order characterized, among others, by a lack of guilt and a general
disinterest in the welfare of others (Quay, 1993; Frick et al., 1994;
Anderson and Kiehl, 2012).

High CU-trait scores often go along with high aggressive-
ness and deficits in decision-making. A distinction can be made
between reactive (“hot”, hostile) and proactive (“cold”, instrumen-
tal) aggression found in CD and psychopathy (Dodge and Coie,
1987; Dodge et al., 1997). While both types of aggression cor-
relate highly in children (Kempes et al., 2005; Fite et al., 2009),
CU-traits are often associated with proactive, but less so with reac-
tive aggression (Kerig and Stellwagen, 2010). Furthermore, reactive
and proactive aggression have different neural response signatures
in brain regions associated with empathy and emotional awareness
such as the anterior insula, the cingulate cortex and the amygdala
(Carréetal., 2013; Michalskaetal.,2016; Yoder et al., 2016). Finally,
deficits in decision-making found in children scoring high on CU-
traits are non-specific and shared with a wider range of personality
disorders.

The prevalence rate of CD has increased in the last decades
(Wittchen and Jacobi, 2005, but see also Canino et al., 2010),
provoking incremental societal costs caused by the material and
psychological impact of aggression, violence and bullying. A bet-
ter understanding of the neurobiological roots of callousness could
aid the development of more effective psychopharmacological
treatments for anti-social disorders as well as, perhaps, guide
cognitive-behavioral therapeutic strategies aimed at reducing cal-
lous tendencies (e.g. empathy promotion programs against bullying
in schools).

While, over the last years, progress has been made to uncover
the neurobiological correlates and genetic determinants of callous-
ness in humans (Blair, 2013; Kuteykin-Teplyakov and Maldonado,
2014), animal models of CU-traits remain scarce in comparison
with other types of anti-social behaviors, which might stem from
the difficulty to model this particular and complex phenotype.
While for reactive aggression, standardized animal models have
been used extensively and its neurobiological determinants are
becoming increasingly delineated (Lukas and de Jong, 2016), for
callousness, however, a suitable animal model is lacking. Defined as
the absence of emotional empathy, a promising approach to develop
putative animal models of callousness is to capture experimentally-
induced abolishment of an empathic reaction or other-regarding
concern in a task in which behavior is normally modulated by the
affective state of a conspecific.

There is considerable debate about the extent of social cognitive
abilities of animals (Panksepp and Lahvis, 2011; Keum and Shin,
2016; Keysers and Gazzola, 2016; Sivaselvachandran et al., 2016)
that could lead to disagreement on the construct validity of any
animal model targeting empathy (Balter, 2012; Vasconcelos et al.,
2012; Silberberg et al., 2014). To circumvent such a discussion here,
we focus on reviewing the face validity of novel animal models in
capturing callous behavior. With this scope in mind, we start by
delineating the operational definition of empathy, review how this

trait is affected in CU individuals on cognitive and neurobiologi-
cal levels, and finally discuss the translational potential of animal
models.

2. Callousness as dysfunctional empathy

Adam Smith, the Scottish philosopher and economist consid-
ered by many as the father of modern economics, believed that we
are motivated to help a person in pain when we “place ourselves in
his situation, [and] conceive ourselves enduring all the same torments,
we enter as it were into his body” (Smith, 1759). This idea, which
puts empathy at the core of pro-social interactions, (i.e., actions
that increase the well-being of another individual) hypothesizes
that the vicarious emotion we experience when observing other’s
distress could trigger prosociality (Batson et al., 1983).

As pointed out by Blair (2013), we can distinguish between cog-
nitive empathy (imagining that another individual has thoughts and
feelings separate from our own), a skill set that relies on a men-
talizing network involving medial prefrontal cortex (mPFC) and
the temporo-parietal junction (TP]), amongst others, and emotional
empathy, or the ability to recognize affective displays in others and
emulate the underlying emotion, a process recruiting the anterior
cingulate cortex (ACC), the amygdala and the insula, amongst oth-
ers (de Vignemont and Singer, 2006; Bernhardt and Singer, 2012).
While the former relies on simulation of mental states (Frith and
Frith, 2012), the latter is thought to be supported by low-level emo-
tional contagion/mimicry and direct perception (Gallagher, 2008;
McGann and De Jaegher, 2009), though of course both systems
interact (Bohl and van den Bos, 2012) and could recruit over-
lapping neural resources such as mirror neurons (Gallese et al.,
2004; Bastiaansen et al., 2009a; Caramazza et al., 2014; Ferrari and
Rizzolatti, 2014). Here, we focus primarily on emotional empathy
and its neural substrates.

Pioneering studies using functional Magnetic Resonance Imag-
ing (fMRI) explored whether the neural activity triggered by
witnessing the emotions of others resembles that of experiencing
similar emotions firsthand. These experimental paradigms, well
established in humans (Wicker et al., 2003; Keysers et al., 2004),
typically quantify vicarious emotions (i.e., the behavioral, emo-
tional and/or cognitive effects on an observer witnessing an event
that affects a fellow individual), thought to be a prerequisite of emo-
tional empathy. By reverse inference, similarity in neural patterns
associated with the experience of self- and other-sensations would
be considered as an indication that witnessing the feeling of others
triggers similar affective states in the observer — a potential neural
substrate of vicarious emotions. In support of this idea, a semi-
nal study showed that the somatosensory cortex was activated not
only when the legs of scanned participants were caressed but also
while they observed another person’s leg being caressed (Keysers
et al., 2004). Additionally, experiencing own, and witnessing dis-
gust in others has been shown to trigger the activation of several
common structures such as anterior insula (Wicker et al., 2003)
and the gustatory cortex (Jabbi et al., 2007). Similarly, observing
someone else receive a painful stimulation and experiencing this
stimulation oneself activates overlapping subfields of the anterior
insula and the cingulate cortex (Singer et al., 2004), suggesting
that these structures participate in the experience of another indi-
vidual’s emotional (negative) state. Altogether, a large body of
evidence supports the notion of shared neural activity related to
experiencing own, and witnessing others’ sensations and emotions
in humans (Bastiaansen et al., 2009b; Lamm et al., 2011; Cui et al.,
2015).

Interestingly, individuals with high CU-traits are unimpaired on
measures of cognitive empathy, but show substantial deficiency
in emotional empathy (Blair, 2012, 2013). High CU-traits often go
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along with deficits in the recognition of fear-related social signals
(Marsch and Blair, 2008) in different modalities, such as fearful
facial expressions or vocal affect (Blair et al., 2005; Mufioz, 2009),
while emotional responses to unconditioned stimuli (Birbaumer
et al., 2005). In line with this observation, individuals scoring high
on CU-traits are thus especially impaired in detecting distress in
others (with limited impairment in detecting happiness; Dolan and
Fullam, 2006), and in showing a congruent empathic response to
these emotional displays in facial expressions and vocalizations
(Marsh and Blair, 2008; Dawel et al., 2012). Accordingly, sev-
eral explanations have been proposed to account for callousness,
such as deficits in stimulus-reinforcement learning (Blair, 2007),
attention (Moul et al., 2012) or spontaneous vicarious perception
(Meffert et al., 2013).

Here, neurobiological studies provide valuable insights by sug-
gesting that callous individuals typically show dysfunctions in
several neural networks devoted to social cognition, in particular
the ventral frontal cortices and the amygdala (Blair, 2007). Because
of the well-documented involvement of the amygdala in human
and animal social behavior and its conspicuous association with the
CU component of psychopathy (see below), we will devote special
attention to this brain region in the remainder of this review (for
exhaustive reviews of other brain regions involved in CU-traits, See
Blair, 2007, 2012, 2013; Anderson and Kiehl, 2012).

3. The role of the amygdala in callousness

The amygdala is an interconnected set of nuclei located in the
mammalian temporal lobe involved in emotional processing, fear
and reward learning (Amaral, 2006). In humans, the amygdala has
reciprocal connections with many thalamic and sensory cortical
brainregions as well as other limbic areas (McDonald and Mascagni,
1996; Janak and Tye, 2015), and is strongly interconnected with
other neural components of the social brain, such as the vmPFC,
the temporo-parietal junction, the superior temporal sulcus, the
ACC and the orbitofrontal cortex (Barbas and De Olmos, 1990;
Schoenbaum et al., 2000; Ruff and Fehr, 2014). The amygdala is
involved in, amongst others, social cognition, vigilance and affect
(Bickart et al., 2014). Amygdala volume is correlated with social
network size in humans (Bickart et al., 2011) and macaques (Sallet
et al.,, 2011) as well as with social status in macaques (Noonan
etal., 2014), and activation in this area correlates with a wide range
of social tasks, skills and perceptions, including responding to eye
gaze (Spezio et al., 2007; Mosher et al., 2014) and social network
management (Kennedy et al., 2009; Bickart et al., 2011). Moreover,
neurons in the macaque amygdala track the value of rewards deliv-
ered to both self and others in a social choice task (Chang et al.,
2015).

Damage or atrophy of amygdala tissue is associated with selec-
tive deficits in affiliation and social signal processing (Adolphs et al.,
1994, 1998; Adolphs, 1999). Individuals scoring high on CU-traits
typically exhibit decreased amygdala reactivity to emotional stim-
uli (Kiehl et al., 2001; Birbaumer et al., 2005; Blair, 2012; Decety
et al., 2013) and reduced amygdala volume (Sterzer et al., 2007;
Yang et al., 2009). The amygdala is involved in the decoding of
facial expressions (Breiter et al., 1996; Morris et al., 1996), and
recent studies have reported a link between the inability to rec-
ognize fearful faces, reduced amygdala reactivity and the severity
of psychopathic traits (Marsch and Blair, 2008; Jones et al., 2009). As
put forward by Blair (2013), the role of the amygdala in emotional
empathy could be facilitatory: in drawing or increasing attention to
stimuli associated with emotions (such as the eye region, especially
in distress), these stimuli could be processed faster and deeper
and subsequently boost representation of emotional states in other
brain regions. Of particular relevance is recent evidence suggest-

ing that explicitly instructing individuals high on CU-traits to focus
attention on others’ emotions can remediate their deficit in emo-
tion recognition (Dadds et al., 2006), suggesting that emotional
empathy networks are not absent, but rather that these individu-
als show deficits in spontaneous vicarious perception (Meffert et al.,
2013). As such, this impairment is shared between individuals with
CU individuals and some individuals with autism spectrum disor-
der (Lockwood, 2016), though the anatomical substrate might differ
(Birmingham et al., 2011).

4. The amygdala hypothesis of social reinforcement
learning

The amygdala is also a key player in associative learning, as doc-
umented by decades of animal (see Griindemann and Liithi, 2015;
Sharpe and Schoenbaum, 2016 for recent reviews) and human
research (Chase et al., 2015). Of particular interest here is social
reinforcement learning, a type of model of associative learning
used to explain adaptive changes in behavior induced by a social
context or social feedback (Isbell et al., 2000; Chang et al., 2010;
Ruff and Fehr, 2014). According to the social reinforcement learn-
ing hypothesis (Hernandez-Lallement et al.,, 2016a), and in line
with the proposal of learning deficits in callous individuals (Blair,
2007), the likelihood of showing a particular behavior is increased
or decreased, contingent on the type of social signals following the
behavior. Within this framework, social signals, though different
from primary hedonic reinforcers, such as of food or sex, have sim-
ilar reinforcing power by means of carrying intrinsic positive or
negative valence.In humans, examples include a smile of arecipient
of help that is perceived as rewarding by the help provider (positive
social reinforcement), or an angry face in response to a social norm
transgression that is perceived as aversive by the wrongdoer (neg-
ative social reinforcement). In animals, candidates for putatively
reinforcing social signals include, among others, vocal communi-
cations in macaques (so-called “coo calls”, Furuyama et al., 2016)
or facial expressions (Waller et al., 2016), and in rodents, ultra-
sonic vocalizations (Seffer et al., 2014; Willuhn et al., 2014) as well
as behavioral (Marquez et al., 2015) and olfactory cues (Wang et al.,
2006).

Social reinforcement learning requires the ability to experi-
ence the affective salience or value associated with social stimuli
- a process likely mediated by the amygdala, given its prominent
role in emotional processing and reinforcement learning. Accord-
ing to the social reinforcement hypothesis, if the affective salience
or value of social stimuli is inadequately processed, for example
due to impaired amygdala function, it follows that these stimuli
would subsequently be less effective in driving learning. As such,
they would fail to drive future behavior, leading to an unemotional
or callous decision maker unable to properly weigh and integrate
the value of emotional social feedback. In support of this hypoth-
esis, human individuals high in CU-traits and reduced amygdala
reactivity show impaired reinforcement learning in social contexts
(Birbaumer et al., 2005; Blair, 2007). Taken together, these results
hint towards a deficit in emotional empathy and social reinforce-
ment learning in individuals high on CU traits, presumably related
to areduction in amygdala function. Consequently, a successful ani-
mal model of callous-like behavior could incorporate modulation
of amygdala activity in tasks where social reinforcement learning
normally takes place.

5. Towards a rodent model of callousness

Despite the promising advances in the neuroimaging field, we
are still far from fully understanding the mechanism of callousness.
While human neuroimaging approaches can explore neural corre-
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lates of emotional empathy, they allow only very limited insights
into the causal links between brain function, empathy and cal-
lousness. Additionally, neuroimaging techniques cannot resolve
individual neurons nor can they identify the cell-types involved in
a task, limiting our mechanistic and pharmacological insights into
empathy and callousness. Finally, one of the core regions of inter-
est, the amygdala is relatively inaccessible to current non-invasive
neuromodulation tools available for humans (primarily Transcra-
nial Magnetic Stimulation —TMS- and transcranial direct current
stimulation -tDCS-), restricting the therapeutic potential of these
non-invasive approaches in CU individuals.

Consequently, we propose that progress in understanding the
mechanism of callous behavior could be made using appropri-
ate animal models. In addition to yielding direct between-species
comparisons of neural structures’ functional and anatomical orga-
nization, animal models offer a wide range of pharmacological,
genetic, electrophysiological and optogenetic intervention possi-
bilities as well as a panel of procedures to assess behavior in
standardized contexts. What is needed are animal models for cal-
lousness (i) with high face validity, (ii) established in species that
exhibit a high degree of similarity with humans in terms of brain
architecture to make a case for construct validity, and (iii) for
which high spatial resolution neuroscientific recording methods
are readily available. We propose that recent advances in rodent
models of social behavior could be adapted to study callousness, as
areadily accessible complement to models emerging in non-human
primates (Latzman et al., 2015). Rodents offer a cheap, conve-
nient and ethically less controversial alternative to non-human
primate in the study of social cognition. Laboratory rats in partic-
ular, but also mice, voles and other rodents, are widely available
social mammals characterized by strong between-individual inter-
actions (Schuster, 2002), helping behavior (Hernandez-Lallement
etal., 2016a), conformity (Galef and Whiskin, 2008), inequity aver-
sion (Oberliessen et al., 2016), reciprocity (Rutte and Taborsky,
2007, 2008), and precursors of empathy (Langford et al., 2006;
Ben-Ami Bartal et al., 2011; Mogil, 2012; Langford and Williams,
2014; Dolivo and Taborsky, 2015; Sivaselvachandran et al., 2016).
As aresult, several researchers have argued that rodent models are
a sensible long-term investment in comparative and translational
neuroscience (Kalenscher and van Wingerden, 2011; Panksepp and
Panksepp, 2013; Keysers and Gazzola, 2016).

Ideally, to bolster construct validity, these animal models of
social behavior, if they are to be used to study callousness, should be
sensitive to modulations of the (re)activity of brain regions involved
in CU-traits in humans, most notably, the amygdala, the insula and
ventral cortices. We will proceed to discuss a range of behavioral
paradigms that we believe can track emotional empathy-like cogni-
tions in animals, and conclude with a discussion of the application
of amygdala lesions in one of these models.

6. What should a rodent model of callousness look like?

In order to explore callousness and its neural substrates in
rodents, of particular interest are experimental paradigms in which
the behavior of target animals are influenced by events affecting
other conspecifics. We propose that, in order to establish a rodent
model of callousness, we should be able to (i) track a baseline
tendency towards emotional empathy, (ii) perform behavioral and
pharmacological manipulations of this baseline behavior aimed at
reducing the tendency towards emotional empathy, and (iii) assess
repeated social interactions. The first point provides a proof-of-
principle that animals are able to attach motivational value to the
outcome of others. The second point allows exploring physiolog-
ical manipulation that might induce a shift of baseline behavior
towards callousness. The last point provides valuable method-

g Pro-social
' Social Signals CBehavioU

f 6)

Valuation/
Motivational
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Fig. 1. A framework of pro-social behavior and callousness. Partner/demonstrator
animals express their affective states (positive or negative; left bubble) as social
signals (auditory, olfactory, visual) that are received by an actor/observer animal
(right bubble). The perception of these social stimuli can trigger similar affective
states in the actor/observer (emotional contagion), and/or possibly also empathy.
These affective states are associated with motivational significance, motivating the
actor/observer to make a pro-social response. Additionally, social signals may also
be valued directly by the actor/observer, i.e., social signals may have proper reinforc-
ing power, leading to pro-social output independent of the induction of a particular
affective state in the actor/observer. The crosses in the figure indicate that a dis-
ruption of the respective pathway is expected to induce callous-like behaviors.
For example, callousness would be caused by any behavioral or neurophysiologi-
cal manipulation that interferes with the causal link between social stimulus and
empathy induction, leading to diminished pro-social response tendencies.
Numbers denote references supporting the suggested mechanisms. (1) Popik et al.
(2012),Knutsonetal.(1999)(2) Knapskaetal.(2006), Atsaketal.(2011), Pereiraetal.
(2012), Kavaliers et al. (2001) (3) Atsak et al. (2011), Sanders et al. (2013), Carrillo
et al. (2015), Kim et al. (2010) (4) Hernandez-Lallement et al. (2016b), Ben-Ami
Bartal et al. (2016) (5) Kashtelyan et al. (2014), Willuhn et al. (2014), Hernandez-
Lallement et al. (2016a) (6) Ben-Ami Bartal et al. (2011), Sato et al. (2015), Marquez
etal. (2015), Hernandez-Lallement et al. (2015).

ological strength given that both neural recording techniques and
associated statistical analyses of the data usually require multiple
trials.

If we are to model emotional empathy in rodents, we should first
establish that rodents can vicariously experience emotional states
of others; that is, we need to show that the social signals generated
by conspecifics (demonstrator/partner; Fig. 1; left) affect the behav-
ioral and possibly also emotional state of an observer/actor animal
(Fig. 1; right). Subsequently, we can investigate the behavior of the
observer/actor in relation to the state of conspecifics, assuming that
these states will feed into the decision-making process of the ani-
mal (Fig. 1; up). Hence, in the remainder of this article, we will
first review evidence in favor of the existence of emotional conta-
gion and empathy-like behavior in rats, and then discuss how these
social processes might translate into pro-social decision-making as
their observable read-out. We will conclude with a discussion of
physiological manipulations aimed at reducing the normal level of
pro-social behavior as a putative animal model for callousness.

6.1. Emotional contagion

Early work already suggested that rats show an emotional
response to conspecifics in distress (Church, 1958; Rice and Gainer,
1962; Evans and Braud, 1969; See Sivaselvachandran et al., 2016 for
overview). Freezing, the observable hallmark of distress (Whishaw
and Kolb, 2004; Sharp and Villano, 2012) carries informational
value for conspecifics (Pereira et al., 2012). Freezing occurs not only
when a target animal is exposed to looming threat, but also when
it observes other conspecifics in distress (Atsak et al., 2011), and it
can induce consolation behavior in rats (Knapska et al., 2006) and
voles (Burkett et al., 2016). Such putative emotional contagion of
others’ distress seems to depend in part on self-experience with
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the event eliciting distress (Atsak et al., 2011; Parsana et al., 2012b;
Sanders et al., 2013; but see Kavaliers et al., 2001). Social transmis-
sion of fear to a naive observer is mediated by the rodent amygdala
(Knapska et al., 2006) and its connectivity with prefrontal struc-
tures (Jeon et al., 2010; Ito et al., 2015). The opposite of distress
contagion, i.e., transfer of positive affect, can be observed in rats,
too: observing a conspecific gaining access to food, or experienc-
ing ultrasonic vocalizations associated with appetitive situations
(Knutson et al., 1999; Popik et al., 2012), resulted in dopamine
release in the nucleus accumbens (Kashtelyan et al., 2014; Willuhn
et al., 2014). These results support the principle assumption that
rats are able to vicariously experience emotions based on the affec-
tive display of a conspecific.

6.2. Emotional empathy: helping a conspecific in distress

Recently, a novel rat model for empathy was proposed on help-
ing behavior in a controlled laboratory environment (Ben-Ami
Bartal et al., 2011). In this experiment, a partner rat was trapped
in a transparent restrainer that could be opened by an actor. The
actor had the choice between either eating an appetitive reward or
freeing the entrapped partner. Results showed that actors preferred
to free the entrapped partner over eating the reward. This result
was interpreted as evidence for the existence of emotional empa-
thy with the distress of the trapped rat. The authors implemented
a series of control experiments where the restrainer was empty,
contained an object or where the partner was not restrained but
located across a perforated divider, providing more evidence for
pro-social motives in rats. Although the choice set in this exper-
iment still conflates self- and other-oriented motives (Silberberg
et al., 2014), the fact that door opening was motivated by help
towards a conspecific is supported by recent evidence suggesting
that rats help distressed partners but not non-distressed partners
(Ben-Ami Bartal et al., 2014; Sato et al., 2015). It was further shown
that helping behavior was modulated by social experience, that is,
actor rats helped partners they have previously been in contact
with (Ben-Ami Bartal et al.,, 2014).

The absence of this helping behavior, ignoring a conspecific
in distress, could be classified as callous behavior, reflecting an
insensitivity to putative negative social reinforcement. Interest-
ingly, supplying benzodiazepine anxiolytics to rats in this paradigm
reduces helping behavior (Ben-Ami Bartal et al., 2016), suggest-
ing that emotional contagion of the actor could have motivated
helping behavior in order for the actor to alleviate its vicariously
experienced distressed state.

This raises the interesting possibility that neural mechanisms
relying on GABAergic action, such as the amygdala, are essential
for the expression of this type of helping behavior. As of yet, a
mediating role for the amygdala has not yet been established in
this paradigm. In addition, the action resulting from the putative
empathic concern in this paradigm takes place entirely in the neg-
ative domain, by restoring a negative vicarious emotional state
back to neutral. However, a full model of callousness should also
include absence of a empathically motivated behavior taking place
in the positive domain, i.e. insensitivity to putative positive social
reinforcement.

6.3. Pro-social choice

Social choice-based paradigms, i.e., experiments that track the
choice allocation of an animal whose decisions affect the rein-
forcer state of a conspecific, are a strong suit to establish a rodent
model of emotional empathy. Indeed, while empathy does not
require a behavioral output per se (which would rather belong to
the realm of sympathy), social decision making paradigms are a

powerful approach to detect empathy-driven behaviors, and the
experimentally-induced absence of them.

In choice-based experiments, an animal is trained to make
decisions that determine the outcome received by a second part-
ner animal. Typically, the outcome can be modulated by several
attributes (magnitude, valence, modality, etc.) and these experi-
ments generally involve multiple interaction rounds, often across
days and weeks, and are therefore well suited to (i) capture
enduring manifestations of emotional empathy beyond volatile
disinterest or transient insensitivity in one-shot or time-based
measurements, and (ii) track these processes using neuroscien-
tific approaches. These paradigms probe an animal’s willingness
to act to aid a conspecific, and can vary regarding the payoff lay-
out inherent to the action, i.e., helping a conspecific can be either
costly or non-costly for the decision maker. Both non-costly (Taylor,
1975; Hernandez-Lallement et al., 2015; Marquez et al., 2015;
Oberliessen et al., 2016) and costly helping behavior (Ben-Ami
Bartal etal., 2011; Sato etal.,2015) is observed in rodents, although
costly behavior generally imply a physical effort rather than actual
resource sharing.

We have recently shown in a rodent Prosocial Choice Task (PCT)
that rats prefer options that yield mutual rewards for themselves
and another conspecific over alternatives yielding reward only to
themselves (Hernandez-Lallement et al., 2015). Pairs of rats, an
actor and a partner rat, perform the PCT in a double T-maze. The
actor rat decides to enter one of two compartments in the maze,
either choice leading to identical food rewards to the actor. How-
ever, entering one compartment yields an additional reward for
the partner rat, whereas entering the other compartment leaves
the partner empty-handed. Our results showed that actor rats
preferred to enter compartments associated with partner rein-
forcement, but only when the partners were real rats, not when
they were inanimate toy rats. Interestingly, another study using
a similar design replicated these results only when the partner
showed food-seeking behavior (Marquez et al.,2015), but not when
the actor moved first. Mutual reward preferences in the PCT may
be possibly due to vicarious reinforcement resulting from watch-
ing a conspecific eat (Kashtelyan et al., 2014), from appetitive social
ultrasonic vocalizations emitted by a rewarded partner rat (Seffer
et al., 2014; Willuhn et al., 2014), or from aversive social vocaliza-
tions (Parsana et al., 2012a) emitted by a duped partner missing
out on reward. As argued above, a manipulation that abolishes this
normally occurring pro-social behavior might serve as an effective
model of callousness in rats.

6.4. The role of rat amygdala in pro-social choice: a model for
callousness?

Inlight of the evidence reviewed above, a prime candidate target
region to induce callousness is the amygdala. Amygdala functions
and circuitry are phylogenetically old and well conserved across
vertebrates (McDonald, 1998). Accordingly, evolutionary homo-
logues of major amygdala clusters are found in most mammals
including primates and rodents but also in birds, reptiles and
fish (Scalia and Winans, 1975; Jarvis et al., 2005; Janak and Tye,
2015). In rats, strong projections from sensory areas (McDonald,
1998) such as insular (gustatory and proprioceptive areas) and
parietal structures (somatosensory) as well as occipito-temporal
(visual information; McDonald and Mascagni, 1996) and temporal
networks (auditive pathways; Herbert et al., 1991) innervate the
amygdala. Moreover, the amygdala receives robust afferents from
the auditory and visual thalamus (see LeDoux and Farb, 1991 and
Vaudano et al., 1991 for auditory and visual thalamic projections,
respectively). Similarly to humans, the rat amygdala shares robust
reciprocal connections with frontal cortices, mainly with the insu-
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lar (Allen et al., 1991), infralimbic (Hurley et al., 1991) and lateral
orbital cortices (Krettek and Price, 1977; Ongtir and Price, 2000).

We have recently provided evidence that the basolateral amyg-
dala is essential for the expression of mutual-reward preferences
in the PCT (Hernandez-Lallement et al., 2016b). Specifically, we
found that while sham-operated animals developed pro-social
preferences for the both-reward option in the partner- but not toy-
condition, as reported before (Hernandez-Lallement et al., 2015),
rats with bilateral lesions of their basolateral amygdala (BLA) failed
to acquire mutual-reward preferences. Importantly, BLA-lesioned
rats showed intact reward magnitude discrimination, motivation,
food-intake, and movement times to enter the compartments, sug-
gesting that the lesion effects reflected a deficit selective to the
social domain of the task. Thus, the BLA-lesion effects were char-
acterized by the absence of pro-social tendencies, suggesting a
disruption of the cognitive, emotional or motivational mechanisms
underlying pro-social behavior. As mutual-reward preferences in
the PCT in BLA-intact animals are thought to be driven by social
reinforcement learning (Hernandez-Lallement et al., 2016a), the
lack of mutual-reward preferences in BLA-lesioned animals implies
that they became insensitive to the affective value of social feed-
back signals, either in the emotional processing stage or in the
learning/updating stage.

It is presently unclear what type of social reinforcement may be
responsible for producing pro-social choices in the PCT. One likely
candidate signal type is ultrasonic vocalization. Given the impor-
tance of the amygdala in the neural and behavioral response to
ultrasonic vocalizations, it is tempting to speculate that damaging
amygdala led to the presumed failure to attach motivational and
affective value to these putative social signals, positive or nega-
tive. However, whether other sensorial modalities are involved in
shaping behavior in the PCT remains to be investigated. In sum,
we propose that amygdala lesions in animals performing the PCT
task produces a deficit in pro-social motivation, and thus meets
the face and construct validity criteria to qualify as animal model
of callousness.

Like every new animal model, however, the present paradigm
has limitations. The computational mechanisms underlying pro-
social choices, or the absence thereof after amygdala lesions, are
still elusive. For instance, the USV-hypothesis of rodent pro-social
choice awaits confirmation and substantiation (Willuhn et al.,
2014), and it remains to be determined if other modalities, such
as olfaction (Wang et al., 2006) and others (Pereira et al., 2012), are
important, too. Furthermore, in this review, we have repeatedly
highlighted the lack of emotional empathy as a central symptom in
CU-traits. But, even though the ability for empathy-like behavior
has been demonstrated in rats, in light of the social reinforce-
ment learning framework proposed in this article, it is not strictly
necessary to suppose empathy in rats to explain pro-social behav-
ior in the PCT. Hence, the absence of mutual-reward preferences
following amygdala lesions does not inevitably imply lack of emo-
tional empathy. Nevertheless, even the most conservative account
of amygdala lesion effects on mutual-reward preferences in the PCT
has to account for the observed reduction in sensitivity to a conspe-
cific’s outcome — a hallmark of callousness. We thus maintain that
the animal model of callousness proposed in this article provides a
good starting point for future research.

7. Conclusions

In this article, we have argued that callousness can be under-
stood as a lack of emotional empathy. Even though a distributed
network of brain regions is implicated in emotional empathy, vicar-
ious affect and related social cognitions in humans, or lack thereof,
we have paid particular attention to the role of amygdala in these

faculties as dysfunction of this brain region is especially implicated
in callousness in humans. We contended that an animal model for
callousness should, in order to meet sufficient face and construct
validity criteria, (i) be —dependent on the neural networks implied
in empathy and pro-sociality, including amygdala, (ii) allow for the
measurement of pro-social behavior, and, most notably, (iii) permit
the quantification of the absence of the emotional and/or motiva-
tional mechanisms prompting pro-social behavior, as a proxy for
the lack of empathy. While other paradigms could prove suitable
as well, we propose that the effects of lesions of the amygdala
in the rodent PCT already meets these criteria. This paradigm is,
in particular, suitable for quantifying, tracking and manipulat-
ing the emotional and motivational mechanisms underlying social
valuation. Hence, we propose that amygdala lesions in animals per-
forming the PCT task produce a deficit in pro-social motivation, and
thus meet the face and construct validity criteria to qualify as ani-
mal model of callousness. It therefore provides a first step towards
the development of a viable animal model of callousness.

We are only at the beginning of the endeavor to develop animal
models of callousness, and additional research is needed in order
to explore the underpinnings of callous-like traits in rodents. Vari-
ants of the designs proposed here, such as modifying the pay-off
matrix so that animals can decide to punish a conspecific without
affecting their own payoff (e.g. make an active choice to deliver a
foot-shock or prevent access to food) would allow more detailed
testing of the behavioral dynamics of social choice in rodents.
Finally, investigating inter-individual differences in behavior in
order to identify genetic or developmental markers conductive
to anti-social preferences (Kuteykin-Teplyakov and Maldonado,
2014) could be useful for comparisons with factors influencing cal-
lousness, and other psychological disorders that feature anti-social
behavior in humans.
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