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Cumulative Stress Burden on Motivated Action
Revealed

Henry W. Kietzman and Shannon L. Gourley
Anhedonia is a primary feature of depression and other psy-
chiatric illnesses and refers to a loss of pleasure in activities
that were previously enjoyable—e.g., social interaction, sex,
hobbies. “Motivational anhedonia” refers to difficulties in voli-
tionally acting for outcomes known to be reinforcing based on
previous experiences. Motivational anhedonia can be debili-
tating, interfering with day-to-day activities. The neurobiology
of motivational anhedonia is not well understood, in part
because traditional behavioral assays for model organisms
require little “motivation” or goal seeking. Historically, mice or
rats have been presented with a palatable food, such as sugar
water. The organism need only approach and ingest, providing
little insight into whether a rodent is translating previous
experience into reward-seeking action. A second limitation is
that mice or rats are typically tested after some period of
stressor exposure or other insult, leaving opaque the pro-
cesses by which anhedonic-like behavior forms.

Investigations using elaborate operant conditioning pro-
cedures in which rodents must work for reward indicate that
stress and stress hormones cause amotivation and failures in
goal-directed action (1,2)—resembling motivational anhedonia
in depression—but the emergence of these behaviors remains
understudied. In the current issue of Biological Psychiatry,
Barthas et al. (3) presented a procedure for rapidly measuring
aspects of anhedonic-like behavior in mice. The authors
dissociated motivational from consummatory anhedonic-like
behaviors (Figure 1), longitudinally characterized their devel-
opment upon repeated threat, and, interestingly, revealed that
they emerged and recovered on different time scales, allowing
for the identification of potential causal factors.

Fluid-restricted mice were trained to lick a spout for su-
crose. Effectively, 10 licks triggered sucrose delivery, followed
by a 5-second timeout while mice ingested the sucrose. Then,
the response requirement was reinstated, and the mouse had
to lick 10 more times to access the sucrose, and so on.
Reinforcer delivery cycled between 0%, 3%, and 10% sucrose
concentrations in predictable testing blocks, allowing the au-
thors to measure response sensitivity to absolute outcome
value—the 10% solution being most highly “valued”—as well
as relative positive and negative contrast. A stress-related
decrement in the number of reinforcers earned or sensitivity
to the value of future reinforcement (inferred by energized
responding ahead of higher sucrose concentrations) would be
interpreted as evidence of motivational anhedonia. Meanwhile,
a stress-related decrement in consummatory licks would be
interpreted as “appetitive anhedonia” because it directly re-
flects the ingestion of a palatable food.

To trigger a recurring stress response, mice were subjected
to repeated attack and threat in a “social defeat” procedure.
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The experimental mouse is placed in the home cage of an
aggressive male mouse, experiencing periods of both direct
physical aggression and indirect sensory interaction.
Conspecific-directed attack occurs in most animal species and
is thus an ethologically relevant threat (4). In recent years,
defeated mice have routinely been classified as “susceptible”
versus “resilient,” generally referring to those that avoid novel
conspecifics versus those that resemble nonstressed control
animals after defeat, revealing specific brain circuits and mo-
lecular factors involved in stressor vulnerability and resilience
[e.g., (5)].

Here, Barthas et al. (3) repeatedly tested mice as they un-
derwent the social defeat procedure. Control mice obtained
more reinforcers as the sucrose concentration increased, as
expected, while mice ultimately categorized as susceptible
developed insensitivity to sucrose concentration—responding
equivalently for “low” and “high” concentrations. This insen-
sitivity persisted even after the stressor exposure period. Mice
that were ultimately categorized as resilient exhibited similar
impairments, but this apparent reward insensitivity was tran-
sient, recovering once the defeat procedure ended. Interest-
ingly, consummatory licks also dropped with repeated defeat
in susceptible mice, but the deviation from baseline was
transient, recovering upon cessation of the defeat procedure.
Thus, the authors dissociated persistent motivational
anhedonic-like behavior from briefer appetitive anhedonic-like
behavior in susceptible mice and revealed that resilient mice
were not identical to control mice but rather appeared to
“bounce back” from repeated threat.

The authors next developed a computational model of
“response vigor,” taking into account the “cost” of licking (the
energetic requirement of physical actions performed in quick
succession), the “opportunity cost” (incurred when rewards are
delayed due to inaction), and an estimation of satiety. Their
efforts revealed a loss of motivational vigor in the “opportunity
cost” parameter, indicating that susceptible mice were less
able to discriminate between the opportunity cost of “losing
out” on a high versus low sucrose concentration, and this loss
emerged relatively late in the testing procedure, presumably
representing cumulative effects of repeated duress.

To begin to understand cellular predictors of behavior,
Barthas et al. (3) turned to Cg1 and M2, subregions of the
anterior cingulate and motor cortices, respectively, involved in
reward-related behavior. Equipped with a bicistronic expres-
sion vector permitting the visualization of somatic calcium
transients in pyramidal neurons, the authors found that a single
acute stressor elevated spontaneous activity in layer II/III
neurons in mice ultimately categorized as susceptible, but not
those categorized as resilient. Meanwhile, resilient mice
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Figure 1. Separating seeking and taking. Barthas
et al. (3) develop a procedure that rapidly captures—
and dissociates—the mouse’s propensity to work for
palatable foods and consume those foods. The task
provides a platform for quantifying stress burden on
motivated behavior over time. (Illustration courtesy of
Aylet Allen.)
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exhibited a more dispersed distribution of Cg1/M2 activity
change after a single social defeat—potentially a signature of
resilience-related activity representing acute adaptation to
stress.

A more nuanced picture arose in response to repeated
defeat, with longitudinal Cg1/M2 activity tracking revealing
marked cellular heterogeneity. Using hierarchical clustering to
categorize this heterogeneity, 4 predominant profiles of cellular
activity emerged, which the authors term cell types 1–4. Of
these profiles, type 2 cells exhibited a monotonic decline in
spontaneous activity and represented a greater percentage of
cells in response to chronic social defeat in resilient mice. The
other 3 cell clusters appeared in roughly equivalent percent-
ages between groups, suggesting that type 2 cell activity
confers stressor resilience. Thus, Barthas et al. (3) differentiate
between cellular responses to repeated stress in susceptible
versus resilient mice, and they reveal a cellular activity profile
that may underlie behavioral adaptation over time.

Interestingly, some stress-related changes in neural activity
were detectable before the emergence of behavioral modifi-
cations. If they are causally related to behavior, some process
presumably bridges Cg1/M2 neuronal activity and stress-
related behavioral (mal)adaptations. Determining the dis-
tinguishing features of type 2 cells in the future will be infor-
mative. Are they positioned within specific neural circuits? Do
they communicate with the hypothalamic-pituitary-adrenal
axis, or so-called reward circuitry—regions like the ventral
striatum or ventral tegmental area?

A longitudinal analysis of the molecular/genomic profile of
type 2 neurons may also shed light on divergent factors in
stressor vulnerability and resilience. Presumably, the activity of
certain intracellular signaling pathways in type 2 neurons
changes and evolves with repeated stressor exposure. Un-
derstanding these modifications could reveal molecular
“building blocks” of susceptibility and resilience. Famously,
chronic stress disrupts neurotrophin systems in many regions
of the brain, including the prefrontal cortex (6), and stimulating
Biological Ps
BDNF-TrkB (brain-derived neurotrophic factor–tropomyosin
receptor kinase B) systems can correct amotivation and fail-
ures in goal-oriented action in mice that are exposed to excess
stress hormones (2,7). Thus, neurotrophin systems could
provide an entryway into investigating individual differences in
stress vulnerabilities; these investigations could be com-
plemented by discovery-based strategies to reveal previously
unappreciated factors.

Of note, stressors modify the structure of excitatory neurons
throughout the cortex (8), and neuron structure (dendritic spine
densities) in some regions correlates with stress-related
insensitivity to goals (9). A future challenge will be to deter-
mine whether stress-related structural modifications are
causally associated with stressor vulnerability or resilience.

One final point is that the stressor-exposed mice in
Barthas et al. (3) did not consume less sucrose than control
mice—rather, response patterns changed as stressor-
exposed mice failed to differentiate between low and high
sucrose concentrations. Thus, what is referred to as
anhedonic-like behavior can be described in simple terms
as insensitivity to the value of future reward. This definition
differs significantly from what we might typically conceptu-
alize as anhedonic-like behavior in rodents—in which a
mouse or rat neglects a sucrose solution or generates less
effort for reinforcers relative to nonstressed control animals
[e.g., (2)]. Hopefully, pairing new, diverse behavioral assays
with traditional procedures will ultimately lead to meaningful
insights into different aspects of multifaceted disease
symptoms like anhedonia.

Repeated stress has long-term physical and emotional
consequences at both individual and societal levels. The clin-
ical understanding that stressful life events can precipitate
neuropsychiatric disorders such as depression (10) has invig-
orated decades of translational research aimed at better un-
derstanding the stressed brain. Although an acute stressor
activates neural efforts presumed to maintain homeostasis,
continued exposure to stress over time may instead bias the
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brain toward maladaptation. This series of adaptations is
perhaps best characterized by the concept of allostatic load, or
a cascading series of adaptations resulting in heightened
reactivity and an accumulation of putatively deleterious
changes in the brain. How and when successive stress epi-
sodes result in such maladaptive responses is not well un-
derstood. Barthas et al. (3) make important inroads in resolving
this issue by revealing the progressive emergence of behav-
ioral impairments (or resiliencies) and heterogeneous adapta-
tions in cortical activity through successive episodes of social
stress.
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