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SILVER HILL HOSPITAL GRAND ROUNDS

Educational Objectives

As a result of participating in this activity, you should be able to:

Describe how adversity exposure disrupts maternal caregiving

Explain how adversity exposure influences reward-related brain activity

Evaluate the usefulness of rodent models for studying the etiology of depressive
disorders




Lab Research
Interests

M- Motherhood

A- Adversity

D- Development

R- Reward

E- Environment/Experience
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The mother-infant bond is among the strongest social attachments
formed by most mammals




Adverse environments disrupt
the mother-infant bond

Low resource
environments /poverty

Housing instability

Family violence

Maternal mental health conditions

Maternal adversity can compromise behavioral and brain function in both mother
and child



Postpartum
adversity is a
translational risk
factor for

postpartum
depression (PPD)




PPD symptoms

* Low mood, excessive sadness

* Loss of interest or pleasure (anhedonia)
* Detachment from baby

* Feelings of worthlessness or guilt

* Loss of energy or fatigue

* Changes in weight or appetite

* Changes in sleep patterns (insomnia or
hypersomnia)

* Impaired concentration or indecisiveness

* Suicidal ideation or attempt and
recurrent thoughts of death



Prefrontal
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Post and Leuner, 2019

The maternal reward system is dysfunctional in PPD



Human neuroimaging studies indicate
deficient mesolimbic DA brain activity in
mothers with PPD

* Brain areas highlighted have key roles in neural networks associated
with:
* stress regulation (ACC, HPC, AMY)
* reward/motivation (STR, VTA, NAc)
* sensory processing (PAG, THAL)
* executive functioning (PFC regions)

* Brain activation (FMRI signal) within the maternal reward system is
reduced in mothers with PPD

* VTA
* NAc

Pawluski, Lonstein and Fleming, 2017

DMPFC CN THAL PCC

AMG HPC

Postpartum depression (PPD)
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How does postpartum
adversity influence
maternal behavior and
motivation in the rat
dam?

Are there effects on
mesolimbic dopamine
function?



Modeling Environmental Adversity in Maternal Rodents

Social Physical

Permanent pup removal: Rincon-Cortés and Grace 2021
Pawluski et al. 2009 and Demarchi et al. 2023



Control: 1800mL bedding +nestlet

Scarcity-adversity: 500mL bedding

Modeling postpartum adversity in rodents through resource
scarcity from postpartum days (PD) 2-9

Gilles et al.1996; Avishai-Eliner et al. 2001; lvy et al. 2008; Raineki, et al 2010, 2012; Rincén-Cortés and
Sullivan 2016; Yan, Rincon-Cortés, et al 2017; Perry et al. 2019; Raineki, Opendak, et al 2019; Eck et al. 2020;
Rincon-Cortés and Grace, 2022; Lauraine et al. 2024; Nguyen et al. 2025; Porras et al. 2025; Salazar et al.
2025; Lauraine and Rincon-Cortés, 2026; Jackson et al. 2026; Nguyen et al. 2026



Scarcity-adversity dams exhibit increased adverse pup-directed
maternal behaviors
Overall (PD 2-7)
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ADV dams had higher % of stepping, dragging, shoving pups, nest-building and scattered litter.



Dams exposed to scarcity-adversity exhibit increased adverse pup-directed
maternal behaviors

By Day (PD 2-7)
I Dam in nest J Nurse pups K Lick pups L Step on Pups
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Scarcity-adversity dams display impaired pup retrieval at PD 7 and
increased FST immobility at PD 9

Pup Retrieval- PD 7
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Adapted from Rincén-Cortés and Grace NPP, 2022



Scarcity-adversity dams have longer latencies to retrieve pups, retrieve
fewer pups, and engage in escape behavior more often on PD 5

Latency to retrieve Percentage of Attempts to
litter (10 pups) pups retrieved leave cage
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Jackson et al in prep



Scarcity-adversity dams exhibit impaired pup-induced conditioned
place preference on PD 6

Pup-Baited Chamber Preference
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Unpublished data, Rincén-Cortés lab



Scarcity-adversity dams exhibit adverse caregiving and maternal
motivation deficits in the absence of basal corticosterone elevation

A FecalBoli-PD3 B FecalBoli-PD5 C FecalBoli-PD7 [) Basal Serum-PD?9
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Measuring VTA DA neuron activity using in vivo

electrophysiology
Recordlnq Characteristics Quantifying Population
Anesthetized rats ACtIVItV
- Single-unit, Extracellular
* Glass electrodes
* Dopamine neurons identified using well- A ) o y M ~L
established criteria (Ungless and Grace, - A 0.6 0.8 1.0

2012)

Parameters Measured

« Population Activity (i.e. “cells/track”)
« Firing Rate
« Burst Firing

Chang and Grace, 2012



VTA population activity

= the # of spontaneously active DA neurons

In rats, about half of DA neurons are
spontaneously active

VTA population activity is regulated by
2 opposing circuits

DA neurons must be spontaneously
active to burst fire, which leads to DA
release

Population activity sets the baseline
tone of DA system responsivity

Ventral tegmental
Hippocampus area

Prefrontal
cortex

Nucleus

il ‘"Oxytocin
accumbens Amygdala

Dopamine
d

Hypothalamus Pituitary
dland
Inhibiting circuit
Activating circuit
vSub BLA
+
NAC / )
\. GABAergic Projection — ee—————
(_) vP Glutamatergic Projection s
/ _/ <+— Silent (inhibited) neuron
VTA %
PPTg
Spontaneously active neuron \
(tonic firing) Spontaneously active neuron
\ (burst firing)

Rincon-Cortés and Grace, 2020



ADV-exposed dams exhibit transient downregulation of
VTA DA neuron population activity
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Fiber photometry: From anesthetized recordings to awake,
behaving dams

A fluorescent sensor makes VTA DA neurons glow when active, so we can watch them during caregiving

event

L ] @ o — ©® @

h
Express the sensor Implant an optic fiber Record fluorescence Align to behavior
Cre-dependent GCaMP7f in TH- A thin fiber sits just above the Light excites GCaMP; more Ca2* Signal (zAF /F) is time-locked to

Cre rats labels only DA neurons VTA = more activity = more glow caregiving events

SO FAR: ANESTHETIZED SINGLE-UNIT NEXT: AWAKE FIBER PHOTOMETRY

* Individual DA neurons » * Population activity of VTA DA neurons

* Moment-to-moment, during caregiving with pups
* Same dam recorded daily, PD 2-5

* Baseline state: how many cells are active

* No behavior during recording




What are VTA DA neurons doing during adaptive and maladaptive

maternal behaviors?
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Scarcity-adversity dams do NOT show differences
during sensitive caregiving

Sensitive Care
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Scarcity-adversity dams show elevated peri-event AUC around
insensitive pup-directed behaviors
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Scarcity-adversity dams show reduced frequency of
peaks while away from pups

B In Nest (No Nursing)
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ADV dams do NOT show differences in response to
food reward retrieval

A Reward Retrieval B CON- GCaMP7f ADV- GCaMP7f
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Postpartum scarcity-adversity exposure increases
adverse caregiving

Postpartum scarcity-adversity impairs maternal
motivation

* Pup retrieval
* Pup-induced CPP

No change in basal CORT levels

Single-unit recordings > VTA DA population activity is
transiently reduced

Photometry = VTA DA neuron activity is:
* Unchanged during sensitive care
* Elevated around insensitive caregiving
* Reduced during pup separation

* Unchanged during food reward




Part Il:
Offspring
Effects




Inter- and trans-generational transmission of
adversity ’ ' ’

Genetics
Environment
Tl Parenting
o Social Learni ng

Parental stress/adversity
can be transmitted:

hd que’res Levels of

Transmission

e Gestational uterine environment

* Early postnatal care

Some studies suggest that parenting
behaviors can also be transmitted.

Stress Effectsin
Subsequent Generations

QOrigin of Stress

Bowers and Yehuda 2016



Can adverse
caregiving be
“Inherited’?



Assessing the impact of early life scarcity-adversity
on later life maternal behaviors

A Experimental Design B FO Dams and F1 Pups Scarcity Adversity
CON or ADV
FO0 Dam LRI PNDO PND2 PND5 PND9 PND 23 PND 80-90
e — Birth Collect Wean Breed
if PD 2-5 Magernal Pup Blood
/ X Observations
F1 Pups . Female F1 ok C F1 Observation Dams
Pups
1 l l PDO PD 2 PD 5 PD9
. . % Birth PD 2-5 Maternal Collect
F1 Dams - - Observations Pup Blood
Obsewation Behavior . :'E.'.'.'.'.'.'.'.'.: E“I““"“’é
Dam w/ F2 Dam w/ F2 g z
PupS PUpS D F1 Behavior Dams = e ORI P TTTTITTIIS
PDO PD 6 PD 8 PD9 PD10 PD 11 PD 12
Birth T Maze Pup CPP Pre- g~ CPP Test
Retrieval conditioning CcPP Cgr;g;tlomng

Melissa Salazar



Scarcity-adversity increases adverse caregiving in the rat

dam (FO) but not in the female offspring receiving adverse
caregiving during early life (F1)

Adverse Caregiving Behaviors

A FO Generation

(PD 2-5)
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No impact of early life scarcity-adversity on later life

% of Time
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T-Maze
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Impact of early life scarcity-
adversity on later life reward-
related behavioral and brain

function




Early life resource scarcity disrupts reward-related brain and
behavioral processes

Anhedonia Following Early-Life Adversity
Involves Aberrant Interaction of Reward and
Anxiety Circuits and Is Reversed by Partial
Silencing of Amygdala Corticotropin-Releasing
Hormone Gene

Jessica L. Bolton, Jenny Molet, Limor Regev, Yuncai Chen, Neggy Rismanchi,
Elizabeth Haddad, Derek Z. Yang, Andre Obenaus, and Tallie Z. Baram

Enduring disruption of reward and stress circuit activities
by early-life adversity in male rats

Sophia C. Levis(®"2™, Matthew T. Birnie'>, Jessica L. Bolton (9)"3#, Christina R. Perrone? Johanna S. Montesinos?,
Tallie Z. Baram(®"* and Stephen V. Mahler (%)’

Early resource scarcity alters motivation for natural rewards in a sex-
* When do effects y y

and reinforcer-dependent manner
emerge?

. 2 Alexia V. Williams' - James Flowers' - Kennedy S. Coates’ - Atiba Ingram' - Alexandra T. Hehn' - Molly Dupuis’ -
¢ SeX dl fferences : Mathieu E. Wimmer' - Marco Venniro? - Debra A. Bangasser'->



Measuring the development of behavioral responses
to natural rewards following ELA

A. Scarcity-Adversity Timeline

CON or ELA
| 1
| | I |
NDO PND2  PND5 PND 9
Birth ~ b——

PND 2-5 Maternal
Observations

B. Behavioral Testing

PND 23_~
Weah

I I |
PND 26-28 PND 31-34 PND 35-38
Sucrose Test Palatable Social Play
: Food Test :
Peripuberty

Peripuberty

I

PND 26

PND 42-44
Sucrose Test

1

I
PND 38

Adolescence

|
PND 42

|.
PND 46-48

Palatable
Food Test

PND 54

PND 52-54
Social Play

Adolescence

Salazar et al. 2025



No impact of ELA during peripuberty

Sucrose Preference
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Salazar et al. 2025, Frontiers in Behav Neurosci



ELA exerts sex-specific effects during adolescence

Sucrose Preference

A Males B Females
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Salazar et al. 2025, Frontiers in Behav Neurosci



Cells/Track

What is the long-term impact of early life scarcity-adversity
(PND 2-9 rearing with an ADV dam) ON VTA function?
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ELA reduces adult VTA DA
activity

* ELA reduces VTA population activity in both males
and females

*  When do these effects emerge?

*  What is the functional relevance of this long-lasting
DA attenuation? Links to behavior?

Active DA Cells/Track

Male VTA
1.5 *

3 |
1.0+ i °
0.5
0.0 T

CON ELA

Female VTA

1.5

1.0

0.5 .

Active DA Cells/Track
oo «
~

0.0

I
CON ELA

Unpublished data, Rincén-Cortés lab



Summary

Part Il

No impact of ELA on later life maternal behavior
in female rats

Effects of ELA on reward responsivity emerge
during adolescence

ELA exerts sex-dependent effects during
adolescence

* Reduced sucrose preference in females but
not males

* Reduced social play in males but not
females

ELA-induced deficits in reward responsivity may
be linked to blunted dopaminergic system function

* Emergence of downregulated DA system
function is unknown

* Functional links to behavior unknown




OBJECTIVE 3

Evaluating Rodent Models

Evaluating resource scarcity as a model for adversity-related depressive disorders such as PPD

FACE VALIDITY CONSTRUCT VALIDITY WHAT RODENTS ADD
Resembles the disorder? Similar cause and biology? What can't we do in humans?
* Impaired, insensitive caregiving * Low-resource environment mirrors a known * Causal, timed manipulation of adversity

PPD risk factor * Cell- and circuit-level recording in mother

* Reduced maternal motivation (retrieval,
pup CPP) * Blunted mesolimbic DA, paralleling reduced and offspring

VTA/NAc fMRI responses in PPD

* Anhedonia-like reduced reward * Intergenerational designs in months, not

responsivity in offspring decades

Subjective symptoms Species differences Predictive validity

LIMITATIONS Low mood, guilt and suicidality cannot Litter-based care and a compressed Response to PPD treatments not yet

be measured in rodents developmental timeline tested in this model




TAKE-HOME MESSAGE

The Big Picture

Maternal adversity converges on the mesolimbic DA system, in mothers and in their offspring

| |
MOTHER (FO) OFFSPRING (F1) NEXT GENERATION
Adversity blunts maternal Reward deficits emerge in Adverse caregiving is not
motivation adolescence inherited
* More adverse caregiving, slower pup * Sex-specific: | sucrose preference in * F1 females show normal maternal behavior
retrieval females, | social play in males and motivation
* Blunted pup reward learning (CPP) * Long-lasting | VTA DA activity in adulthood * The cycle of adverse care can be broken

* | VTA DA population activity, but only
during/shortly after adversity, without a
basal CORT rise

TOWARD Therapeutic target Window of opportunity Sex matters

INTERVENTIONS Mesolimbic DA function in PPD-related Adolescence, when ELA effects on Sex-specific vulnerability should guide
motivational deficits reward first emerge treatment
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Sex-specific effects of early life scarcity-adversity on
adolescent anxiety-like behavior

Open Field Test
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Jackson, Kroener and Rincén-Cortés, in prep



Sex- and age-specific effects of early life scarcity-adversity on
reversal learning

Reversal Learning Task
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