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Overarching question: How do changes in environmental
stimuli, such as nutritional state and daily rhythms, impact
the development of brain-body physiology?
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Childhood obesity is a growing worldwide problem
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What causes obesity?

Long-term positive energy balance

expenditure
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“It's easy- exercise and eat right.”

Overweight

Morbidly Obese

Obese

Short nucleotide polymorphisms (SNPs)
Rs1121980 (C;T) — 1.67 higher risk

Rs17817449(G;T) — 1.3x higher risk

Rs5746059(A;G) — 4.6% higher fat mass

Rs12970134(A;G) — Melanocortin receptor 4 gene variant

Year

It's a complex physiological process!



Brain-body interactions regulate energy metabolism
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Overview

How does developmental overnutrition
impact brain-body physiology?

How do daily rhythms impact metabolic and
neural function?

Where do we go from here?



Part |

|. How does developmental overnutrition
impact brain-body physiology?




Chronic postnatal overnutrition (CPO)
leads to sustained weight gain
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Fiorotto ML et. al., Am J Physiol. 1991
Glavas M,. Endocrinology 2010 (RObertS et. al., 2019)



Chronic postnatal overnutrition (CPO)
leads to leptin resistance
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How does developmental overnutrition impact
leptin signaling onto ARH-POMC neurons? Glavas M, Endocinology 2010 .



Electrophysiological Approach

Bregma: 16mm
Yu JH et. al. 2012

e Collect ex vivos coronal brain slices
from CPO mice

« Transgenic POMC-GFP mice

« Measure changes in current and
voltage of ARH-POMC neurons
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Electrophysiological Approach

amp Amplifier
&

Patch CI

Neuronal activity (current clamp) Synaptic function (voltage clamp)
« Membrane potential (mV) * Frequency (Hz)
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(Roberts et. al., JNeuro 2012)



Leptin excitation of ARH-POMC
neurons increases throughout
development

« Low and variable leptin responses
first two weeks of life

« Consistent and strong leptin
responses in adulthood

How do CPO mice respond to leptin?
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CPO leads to leptin resistance in
ARH-POMC neurons

CPO reduces leptin net effect on P21-23 Control
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Can we rescue leptin signaling in ARH-POMC neurons? (Roberts et. al., Behav & Phys 2019)
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An overnight fast rescues leptin signaling
onto ARH-POMC neurons

Mice weaned at P21

Fasted overnight (~12-14hr)
Recorded from ARH-POMC neurons
Fed CPO mice were leptin resistant

Fasting rescued leptin signaling

Is meal-timing misaligned in CPO mice?

8_ *
aCSF Leptin aCSF Leptin
-30
6-
. S
E
£
7 <

Membrane Potential (mV)

P21-23 CPO

Fed Leptin [100nM]

-55mvumﬂwwwm e st i

P21-23 CPO
Fasted Leptin [100nM]

——l1

20 mV
2 min

Fed Fasted

H
o

)]
o

of 1

.
L

Fed Fasted
CPO

(Roberts et. al., Behav & Phys 2019)

~
o
L




Leptin sensitive neurons in ARH contribute to

endogenous feeding rhythms
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If CPO induces leptin resistance, how @:z
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(Li AJ, Roberts et. al., AJP2012)
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Are fasting diets a potential therapeutic strategy?

« Come in many forms

 Literature is highly conflicted

Underlying neurophysiology is unknown




Part I: Summary

|. Developmental overnutrition has lifelong
consequences

|.  CPO leads to leptin resistance in ARH-
POMC neurons

Il. Fasting rescues leptin signaling in ARH-
POMC neurons

lll. Leptin and feeding rhythms are intertwined
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Part li

How do daily rhythms impact metabolic
function?
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Sleep disruption leads to poor health outcomes

Consequences of

Shift Work:

> Blood Sugar Imbalance and Diabetes
> Inhibited Mental Performance

> Increased Risk of Injury & Accidents
> Hormone Imbalances

> Weight Gain

> Digestive Disorders

> Depression

> Anxiety

> Chronic Fatigue




Obesity and Sleep:
Correlation vs. Causation
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Circadian (daily) rhythms
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Environmental Circadian
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Environmental Circadian
Desynchronization (ECD)

700

Compressing the light-dark cycle




ECD Increases weight and adiposity
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ECD Mice don’t eat more...
Just at the wrong time.

Food Consumption (Light vs. Dark)
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Environmental CD increases:

Circadian Disruption: Metabolic Stress?

Insulin
Triglycerides
plasma leptin

Cognitive rigidity
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How does circadian disruption impact
neural function?
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Medial Prefrontal Cortex (mPFC)

Part of a circuit that modulates
many other brain regions and Learning/memory

behaviors: @
P T
= '
« Complex cognitive behavior ——

» Decision making Emotion regulation

« Emotional responses

How does ECD impact information PFC — Prefrontal cortex
HPC - Hippocampus

processing in the PFC? AMG — Amygdala



Information Throughput

For equal input, is the resulting output:
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(Roberts & Karatsoreos; PNAS Under review)
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ECD may impact information filtering in PFC neurons
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Medial Prefrontal Cortex (mPFC)

Learning/memory

_—

HPC - Hippocampus
AMG - Amygdala
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Part lI: Summary

« ECD disrupts rhythms in
metabolic and cognitive function

« ECD alters information
throughput in the PFC
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Part Il

Where do we go from here?
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Future Directions

How does CPO impact daily rhythms
iIn ARH-NPY neurons?

How does CPO impact leptin
signaling in ARH-NPY neurons?

Does CPO alter rhythms in metabolic
behavior?
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How does CPO impact daily rhythms in
ARH-NPY neurons?

Basal physiological properties of ARH-NPY
neurons

 Action potential dynamics intake) Y @ (

« Current-voltage relationship

Synaptic function in ARH-NPY neurons
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How does CPO impact leptin signaling in
ARH neurons?
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What is the mechanism?
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Does CPO alter rnythms in metabolic behavior?
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Part lll: Summary

Once we understand the underlying physiology of how
time of day and overnutrition interact, we can then:

* |dentify optimal meal timing
* Potential therapeutic targets

* Personalize timing of medications
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Questions?



