Obesity, Physical Activity,
and Dopamine
Lex Kravitz, PhD

Associate Professor
Washington University in St Louis

e Lol Raa "y
= ’35&"11.1?‘_' “ Wi
f[,.p l:lt.&'a.:—"’l ‘

=05 D‘Jlgﬁbrf ,
*-z'-;?"l h
SRl g

SR e @



Over the last 30 years, obesity has emerged
as a leading public health challenge

Dbesity Trends* Among U.S. Adults
BRFSS, 1986

(*BMI 230, or ~ 30 Ibs. overweight for 5° 4" person)
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Over the last 30 years, obesity has emerged
as a leading public health challenge

Prevalence’ of Self-Reported Obesity Among U.S. Adults
by State and Territory, BRFSS, 2016
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Changes in diet cause weight loss, but the

effect sizes are generally small
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Exercise also causes small effects on weight

Study
D ES (5% CI)
Bolognesi 2008, men s———gre— -1.35 {-1.84, -1.08)
Bolognesi —— .75 (-1.01, -0.49)
2008, women

Gusi 2008 0.50 (-1.44, 0.44)
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Stewart 2001 : 0.49 (0.73, 0.25)
Kalings 2009 -0.40 (-0.80, 0.10)
Jimmy 2005 ; £0.20 (-1.08, 0.88)

Duda 2014 ; -0.17 (-0.42, 0.08)
Martinson 2008 0.14 (0.58, 0.28)

Armit 2009 : 0.09 (-0.37, 0.19)

Elley 2003 ' 0.08 (0.24, 0.12)
Kinmonth 2008 0.04 (0.35,02T) 6.35
Hilisdon 2002 0.03(0.38,030) 822
Tayfor 1958 : 0.00 (0.26,0.28) 6.84
Lamb 2002 0.01(0.19, 0.39) 6.47
|sascs 2007 : 0.12(0.01,023) 7.38
van Skijs 2005 0.21 (0.14,055) 6.12
Serensaen 2008 , 0.50 (0.30, 1.40) 3.13 Goryakin, et al.,

Overall (l-squared = 87.7%. p=0.000) &> 0,21 (-0.41, 0.01) 100.00 Obes Rev. 2018

NOTE: Weights are from random effects ll'l-a'n'!:,'i-r Apr, 19(4).518'528
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Prevention:
How can we prevent Q
weight gain?

Novel
approaches
for weight loss



Outline

= What causes obesity (in mice)?
= What is the role of inactivity?

= What is the role of overeating?




Obesity is associated with physical inactivity

!

Lean Mouse (25g) Obese Mouse (40g)
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Hypothesis

Kravitz AV, O'Neal TJ, Friend DM.
Front Hum Neurosci. 2016:10:514



A brief overview of dopamine circuitry

Striatum

Y Substantia
~ Nigra
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A brief overview of dopamine circuitry
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A brief overview of dopamine circuitry
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How does obesity affect this circuitry?

1. Reductionsin
dopamine release

2. Impairments in
dopamine receptors
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We exposed three groups of mice to
different diets

Time (weeks)

Friend et al. Cell Metabolism. 2017 Feb 7;25(2):312-321.



High fat diet depressed activity levels
... and this didn’t recover with weight loss
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D2 receptor binding was significantly reduced
in obese and previously obese mice
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ANOVA: F(2,32) =11.9
p<0.0001
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High fat diet impairs D2 receptors in rodents

. Huang(}l., 2006

Friend et al, 2017
. .Sharma, et al., 2013

Narayanaswami, et al., 2012
.Carlin, et al., 2013
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Hypothesis

How does a reduction in D2Rs
decrease physical activity?




We examined striatal neural activity in lean
and obese mice

In vivo
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Average firing rates were not different
between lean and obese mice
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Movement related activity in the striatum
was blunted in obese mice

Movement
Movement

64 === Lean, n=103
=== Obese, N=70
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Hypothesis

Is a D2R reduction
sufficient to cause these
@  effects?



D2 Receptors are Expressed by Multiple
Cell Types in the Striatum

Cholinergic Interneurons

o o Striatum

Dopaminergic Terminals
Cortical Terminals
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We took a genetic approach to isolate the
contribution of D2Rs in different cell types

” "\ Drd2Flox/Fiox
A2A-cre X X DAT-cre x
Drd2Flo )X Drd2Flox/Flox Drd2Flox/Flox

Lo
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IMSN-D2-KO CIN-D2-KO DAT-D2-KO

Control indirect-D2-KO

Collaborators:
Marcello Rubinstein, Julia Lemos, Veronica Alvarez
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Removing D2Rs from iMSNs (but not other cell
types) decreased physical activity

- Kim LeBlanc and
Tanisha London
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LeBlanc et al., 2018, Molecular Psychiatry
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Partial knockdown of iMSN-D2Rs produces
almost the full IMSN-D2-knockout phenotype
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Lemos et al., 2016, Neuron
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Obese mice have low activity levels

Obese Lean



Inhibiting iIMSNs restored movement
in obese mice

Obese Lean
With DREADD With DREADD
activation activation



Inhibiting iIMSNSs restored movement
In obese mice
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Interim summary (part 1)

e High fat diet reduces striatal D2R binding, decreases activity levels,
and disorganizes striatal neuronal activity
* Genetic elimination of D2Rs on iIMSNs recapitulates these effects




Outline

= What causes obesity (in mice)?
= What is the role of inactivity?

= What is the role of overeating?
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Is there a causal relationship between
inactivity and obesity?
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Weeks on HFD

Friend et al. Cell Metabolism. 2017 Feb 7;25(2):312-321.
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Removing D2Rs alters movement levels, but
not caloric balance

(kcal/day/g)
Energy expenditure
(kcal/day/q)
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Friend et al. Cell Metabolism. 2017 Feb 7;25(2):312-321.
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Does natural variance in activity levels

correlate with weight gain in wildtype mice?

High fat diet

Open field and
running wheel
Measurements

' 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (weeks)
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Natural variance in activity levels did not
correlate with weight gain.
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Why don’t inactive mice gain more weight?

Food intake Energy expenditure
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How does changing activity levels affect total
daily energy expenditure?

Baseline Wheel Access
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O'Neal TJ*, Friend DM*, Guo J, Hall KD, Kravitz AV.
Current Biology. 2017 Feb 6;27(3):423-430.
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Would long term wheel access produce
larger changes in daily energy expenditure?
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Interim summary (part 2)

High fat diet reduces striatal D2R binding, decreases activity levels,
and disorganizes striatal neuronal activity

Genetic elimination of D2Rs on iMSNSs replicates these effects

Inactivity is not sufficient to cause weight gain




Outline

= What causes obesity (in mice)?
= What is the role of inactivity?

= What is the role of overeating?

40



(at least) Two systems drive eating:
Hedonic vs. homeostatic feeding

Exteroceptive cues
visual, olfactory

and gustatory .

Reward-based | Representations

T decision making | of experience
VTA, NAcb " with foods
Striatum, PFC

Available Foods _lT

J

“food memories”

\ OFC, Hipp, Amy

l Metabolic sensor and

response allocator | ¢ -
Select Hypothal. & Hindbrain
Avoid

Ingest

Interoceptive cues (metabolites & hormones)

o

Post-ingestive Deprivgtion stz_ate for
consequences specific nutrient

Berthoud, H.-R., Minzberg, H., & Morrison,

C. D. (2017). Blaming the Brain for Obesity:

Integration of Hedonic and Homeostatic

Mechanisms. Gastroenterology, 152(7),

17268—1738. 41




Can we quantify both hedonic and
homeostatic drives to eat?

Total food intake = Metabolic need + Hedonic need

Hedonic need = Total food intake - Metabolic heed

42



Experimental plan

Baseline High Fat Diet

Time (weeks)

Weigh food every 3 days

Weigh mice every 7 days
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The average metabolic need of a mouse is
~10Cal per day

Total food intake = Metabolic need + Hedonic need

-= Energy expenditure
Wheel turns

n=40 male mice
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The average metabolic need of a mouse is
~10Cal per day

Hedonic need = Total food intake - Metabolic heed

High Fat Diet

n=40 male mice
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Outline

= What causes obesity (in mice)?
= What is the role of inactivity?

= What is the role of overeating?
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Why do mice over-eat high fat diets? How high fat diet alters the
regulation of daily caloric intake in mice

Julia A Licholai'#, Katrina P Nguyen®# Wambura C Fobbs', Corbin J Schuster’, Mohamed
A Ali', and Alexxai V Kravitz'2

671 sated mice, n=32 Conclusion #1: Mice will over-eat high-fat
diet in the complete absence of hunger

Amount eaten in
30 min (kcal)

er Spring). 2018 Jun;26(6):1026-1033.

a7



Does high-fat diet fail to activate satiety
signals?

Control group, n=8

I from chow

Supplement group, n=24
ow supplement | supplement | supplement from HFD
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High-fat diet appropriately activates satiety
signals
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Bridget Matikainen-Ankney:
Operant task to assay effort for hedonic feeding
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Conclusion

Over-consumption
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Future directions

Why do some mice eat more high fat diet
than others?

Can manipulations of brain circuitry prevent
weight gain?

Can manipulations of brain circuitry promote
lasting weight loss?
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