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Diet &

Exercise

Novel 

approaches 

for weight loss

Prevention:

How can we prevent

weight gain?



 What causes obesity (in mice)?

▪ What is the role of inactivity?

▪ What is the role of overeating?
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Obesity is associated with physical inactivity

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



Weight gain

Impaired 
dopamine 
circuitry

Physical 
inactivity

Kravitz AV, O'Neal TJ, Friend DM.

Front Hum Neurosci. 2016;10:514
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Substantia 
Nigra

Striatum
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Substantia 
Nigra



Substantia 
Nigra
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Kravitz et al., Nature, 2010

Indirect    
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1. Reductions in 

dopamine release

2. Impairments in

dopamine receptors

3. Alterations in

dopamine synthesis



Danielle Friend                    Kavya Devarakonda                  Tim O’Neal

Friend et al. Cell Metabolism. 2017 Feb 7;25(2):312-321.
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… and this didn’t recover with weight loss
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ANOVA: F(2,32) = 11.9
p<0.0001

* *

and previously obese mice

3H-spiperone 
binding



Carlin, et al., 2013

Friend et al, 2017



Weight gain
Impaired 

dopamine 
circuitry

Physical 
inactivity

Impaired 

dopamine

D2Rs

? How does a reduction in D2Rs

decrease physical activity?
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In vivo 
electrophysiology





, n=103

, n=70



Weight 
gain

Impaired 
D2Rs

Physical 
inactivity

Disordered
Striatal  
output

?
Is a D2R reduction

sufficient to cause these 

effects?
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Indirect pathway neurons

Cholinergic Interneurons
Striatum

Dopaminergic Terminals 
Cortical Terminals

Subs.
Nigra
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Collaborators: 

Marcello Rubinstein, Julia Lemos, Veronica Alvarez

Control                 indirect-D2-KO
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LeBlanc et al., 2018, Molecular Psychiatry

Kim LeBlanc and

Tanisha London
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Lemos et al., 2016, Neuron



4x speed 4x speed

Obese Lean



Obese

With DREADD

activation 

Lean

With DREADD

activation 

4x speed 4x speed



*



• High fat diet reduces striatal D2R binding, decreases activity levels,

and disorganizes striatal neuronal activity

• Genetic elimination of D2Rs on iMSNs recapitulates these effects

Weight 
gain

Impaired 
D2Rs

Physical 
inactivity

Disordered
Striatal  
output

?



 What causes obesity (in mice)?

▪ What is the role of inactivity?

▪ What is the role of overeating?
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Friend et al. Cell Metabolism. 2017 Feb 7;25(2):312-321.
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Open field and 

running wheel

Measurements
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Basal 

Metabolic 

Rate

Activity Thermic

effect 

of food
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Tim O’Neal          Danielle Friend

O'Neal TJ*, Friend DM*, Guo J, Hall KD, Kravitz AV.

Current Biology. 2017 Feb 6;27(3):423-430.
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• High fat diet reduces striatal D2R binding, decreases activity levels,

and disorganizes striatal neuronal activity

• Genetic elimination of D2Rs on iMSNs replicates these effects

• Inactivity is not sufficient to cause weight gain

Weight 
gain

Impaired 
D2Rs

Physical 
inactivity

Disordered
Striatal  
output X

X

Over-consumption



 What causes obesity (in mice)?

▪ What is the role of inactivity?

▪ What is the role of overeating?
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Total food intake = Metabolic need + Hedonic need

Hedonic need = Total food intake - Metabolic need



Weigh food every 3 days
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Baseline High Fat Diet

Time (weeks)
0 83

Weigh mice every 7 days
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Total food intake = Metabolic need + Hedonic need

n=40 male mice
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Hedonic need = Total food intake - Metabolic need

n=40 male mice



 What causes obesity (in mice)?

▪ What is the role of inactivity?

▪ What is the role of overeating?
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Conclusion #1: Mice will over-eat high-fat 

diet in the complete absence of hunger 
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Bridget Matikainen-Ankney:
Operant task to assay effort for hedonic feeding
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X



 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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