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Abstract

Background: Anhedonia, the loss of pleasure in previously rewarding activities, is a prominent feature of major depressive
disorder and often resistant to rst-line antidepressant treatment. A paucity of translatable cross-species tasks to assess
subdomains of anhedonia, including reward learning, presents a major obstacle to the development of effective therapeutics.
One assay of reward learning characterized by orderly behavioral and pharmacological ndings in both humans and rats
is the probabilistic reward task. In this computerized task, subjects make discriminations across numerous trials in which
correct responses to one alternative are rewarded more often (rich) than correct responses to the other (lean). Healthy
control subjects reliably develop a response bias to the rich alternative. However, participants with major depressive disorder
as well as rats exposed to chronic stress typically exhibit a blunted response bias.

Methods: The present studies validated a touchscreen-based probabilistic reward task for the marmoset, a small nonhuman
primate with considerable translational value. First, probabilistic reinforcement contingencies were parametrically examined.
Next, the effects of ketamine (1.0 10.0 mg/kg), a US Food and Drug Administration-approved rapid-acting antidepressant,
and phencyclidine (0.01 0.1 mg/kg), a pharmacologically similar N-methyl-D-aspartate receptor antagonist with no known
antidepressant ef cacy, were evaluated.

Results: Increases in the asymmetry of rich:lean probabilistic contingencies produced orderly increases in response bias.
Consistent with their respective clinical pro les, ketamine but not phencyclidine produced dose-related increases in response
bias at doses that did not reduce task discriminability.

Conclusions: Collectively, these ndings con rm task and pharmacological sensitivity in the marmoset, which may be useful
in developing medications to counter anhedonia across neuropsychiatric disorders.
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Introduction

Anhedonia, the loss of pleasure in, or lack of reactivity to, previ-
ously rewarding activities is a prominent feature and diagnostic
criterion of major depressive disorder (MDD; American Psychiatric
Association, 2013). Importantly, patients self-reporting higher
levels of anhedonia are more likely to be treatment resistant
(Spijker et al., 2001; Uher et al., 2012; Gabbay et al., 2015) and have
a higher suicide risk (Xie et al., 2014; Ballard et al., 2017; Bonanni
et al., 2019). Unfortunately, rst-line antidepressants are often

ineffective at treating anhedonia (Calabrese et al., 2014), further
highlighting the urgent need for novel treatment strategies to re-
store positive mood in anhedonic patients.

A paucity of proven translational models presents a major
obstacle in the preclinical development of improved antidepres-
sants. This is due, in part, to functional differences between
tasks used with clinical populations and laboratory animals
(Der-Avakian et al., 2016). Most clinical tests for anhedonia rely
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Signi cance Statement

Anhedonia, the loss of pleasure from previously rewarding activities, is a prominent feature in several neuropsychiatric condi-
tions, including major depressive disorder. Despite its transdiagnostic relevance, there are no effective therapeutics available
to treat anhedonia. One major obstacle to medications development has been inconsistencies between preclinical measures of
reward responsiveness across species. However, one laboratory-based task that has proven effective in objectively quantifying
reward responsiveness in both laboratory animals and patients with mood disorders or anhedonia is the probabilistic reward
task (PRT). The present studies empirically validated a touchscreen-based PRT for the marmoset, a small nonhuman primate
with considerable translational value for preclinical neuropsychopharmacological research. These studies also documented the
ability of the fast-acting antidepressant ketamine to selectively increase reward responsiveness in this task. Taken together, the
present ndings indicate the marmoset PRT might be useful in medications development for anhedonia.

on qualitative self-assessment questionnaires, which are de-
pendent on verbal communication and therefore impossible to
conduct in animals. Conversely, preclinical research tools to as-
sess anhedonia in animals (reviewed in Scheggi et al., 2018) are
often impractical to employ with human participants. Moreover,
when functional animal task analogs have been examined in
humans (e.g., preference for sweetened solutions), null ndings
have emerged in patients with MDD (Berlin et al., 1998; Dichter
et al., 2010).

The probabilistic reward task (PRT), a laboratory procedure
designed for both human participants and laboratory animals
(Pizzagalli et al., 2005; modi ed after Tripp and Alsop, 1999),
provides a quantitative measure of reward learning (i.e., ability
to modulate behavior as a function of reinforcement history).
Originally developed as an objective tool to characterize re-
ward de cit pro les in MDD and other mood disorders, the PRT
uses discrimination methodology to quantify responsiveness
to changes in reinforcer frequency. In the prototypical compu-
terized task, human participants are instructed to discriminate
between 2 brie y presented mouths that vary minimally in
length on a cartoon face (Figure 1, top). Unbeknownst to parti-
cipants, probabilistic contingencies are arranged so that correct
responses on 1 alternative are rewarded 3 times more often (e.g.,
long line: rich alternative) than correct responses on the other
alternative (e.g., short line: lean alternative). As predicted by
signal detection theory (McCarthy and Davison, 1979; Macmillan
et al., 1991; McCarthy et al., 1991), healthy control participants
consistently develop a response bias in favor of the rich alterna-
tive and do so without disruption in overall task discriminability
(Pizzagalli et al., 2005, 2008). However, participants with anhe-
donia typically exhibit a lower response bias than do healthy
controls (Pizzagalli et al., 2005; Vrieze et al., 2013; Fletcher et al.,
2015). Critically, blunted reward learning has been repeatedly
documented to correlate with current and predict future anhe-
donia across multiple studies (Vrieze et al., 2013; Boger et al.,
2014; Pizzagalli et al., 2009, 2014; Fletcher et al., 2015; Janes et al.,
2015; Peechatka et al., 2015). It is important to note that although
reward responsiveness generally, and the PRT speci cally, does
not capture the full spectrum of anhedonia, which is itself het-
erogeneous (Treadway and Zald, 2011; Pizzagalli, 2014; Rizvi
et al., 2016), the PRT is a recommended assay to probe positive
valence systems in the latest revision of the Research Domain
Criteria (RDoC) matrix (NIMH, 2016).

The PRT has been reverse translated and functional task
analogs have been empirically validated for rats using audi-
tory stimuli (Der-Avakian et al., 2013, 2017) and, more recently,
touchscreen-based line length stimuli to closely approximate
the human task (Kangas et al., 2020). In the present studies, we
adapted the touchscreen-based PRT for use in the marmoset,
a small nonhuman primate that shares cortical and behavioral
features with humans that are absent in rodents (Kishi et al.,

Figure 1. Task schematic for human PRT (top), marmoset PRT (middle), and
photograph of marmoset responding (bottom).

2014). Of particular relevance to the present investigations is
the ability to study prefrontal cortical activity in this nonhuman
primate species. Compared with rodents, marmosets and other
nonhuman primates share greater prefrontal cortical structural,
functional, and genetic homology with humans (Mashiko et al.,
2012; Oikonomidis et al., 2017; Roberts and Clarke, 2019). This is
especially important to consider when modeling anhedonia and
depression, as the ventromedial division of the prefrontal cortex
shows hyperactivity and decreased functional connectivity with
the ventral striatum and midbrain dopamine nuclei, and the se-
verity of both ndings correlates with anhedonic severity in de-
pressed patients (Keedwell et al., 2005; Young et al., 2016; Borsini
et al., 2020). Indeed, recent work in marmosets has shown that
pharmacological activation of the subgenual anterior cingu-
late cortex (sgACC), a region of the ventromedial division of
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