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The	endocannabinoid	system	controls	
food	intake	via	olfactory	processes	 



Mechanisms of  
action of CB1 
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           Retrograde control of synaptic 
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To eat or not to eat, 
that is the question! 



Hippocampus 

Many	different	
brain	regions	

DisEnct	neuronal		
subpopulaEons	

Local,	inhibitory	GABAergic	network		

CA3	
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Cortex	
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Principal		
projec=ng	
circuits	

(Marsicano and Lutz, 1999) 

pyr 

GAD/CB1 

VGluT1/CB1 

Are there cell-type specific 
functions of CB1? 

Where	is	CB1		
expressed?	



DeleEon	of	CB1	from		
specific	neuronal	populaEons	

GABAergic	
Neurons	

(GABA-CB1-KO)		

- Cre/LoxP system  
- CB1 “floxed” mice crossed with NEX-Cre or Dlx 5/6-Cre mice 
- ISH analysis of CB1 mRNA expression  

WT  
 

Cortical Glutamatergic Neurons 
(Glu-CB1-KO) 

Monory et al., Neuron 2006, PLoS, 2007; Bellocchio et al., Nat Neurosci 2010 



WT 

Cell	specific	roles	of	CB1	in		
fasEng-induced	food	intake	
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 Full CB1-KO 
  (deletion in all cells of the body) 
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glutamatergic neurons) 
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Fasted	CB1-KO	eat	less	than	controls	(Di	Marzo	et	al.,	Nature	2001)		

WT 
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Bimodal	control	of	food	intake	by	the	
endocannabinoid	system		

Bellocchio	et	al.,	Nat	Neurosci.	2010	



Focus on glutamatergic  
transmission 

FOOD INTAKE  
  

GLU 
 

CB1	receptors	on	corEcal	glutamatergic	neurons	mediate	
fasEng-induced		food	intake	

Where	does	this	happen?	

Glu-CB1-KO 
(deletion in cortical  
glutamatergic neurons) 
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ANATOMY 

Glu-CB1 KO CB1 KO WT 

The	Olfactory	Bulb	(OB)	
Pedro	Grandes	
							Bilbao		 Glu-CB1 WT 

Glu-CB1 KO 

GL	
MCL	

GCL	

CB1	expression	in	the	brain	

GL:	Glomeruli	
MCL:	Mitral	cell	layer	
GCL:	Granular	cell	layer	

Glu-CB1	KO	presents	a	decrease	in	CB1	expression	on	GCL	of	
the	OB	



CB1	receptors	are	at	
glutamatergic	terminals	of	

terminals	of	corEcofugal	fibers	

AOC	 MOB	
CB1	mRNA	 CB1	protein	

WT	

GCL	

WT	
PfCtx	

AOC	

Glu-CB1	KO	Glu-CB1	KO	
PfCtx	

AOC	

GCL	

Olfactory Circuits 

Does	CB1	regulate	food	intake	via	modulaEon	of	
glutamatergic	CORTICOFUGAL	transmission	to	the	MOB?	

Main olfactory epithelium

(MOE)

Main olfactory bulb

(MOB) Anterior olfactory cortex

(AOC)

Corticofugal system

To	higher	
brain	
regions	

CB1 



OB endocannabinoids & Food Intake 

Anandamide 
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24	h	fasEng																
Isabel	Ma=as	
Bordeaux	

1 2
0.0

0.5

1.0

1.5

**

VEH
AM251 4ug

Time (h)
Fo

od
 In

ta
ke

 (g
)

AM251:	CB1	Antagonist	

	CB1	receptors	in	the	OB	mediate		
fasEng-induced	hyperphagia	



Glu-blockade	reverts	the	hypophagic		
phenotype	

of	the	Glu-CB1	KO	

MK:	MK801	(NMDA	antagonist)		

Bellocchio	et	al.,	2010.	

Glu-blockade	into	the	OB	reverts	the	hypophagic		
phenotype	of	the	Glu-CB1	KO	

Systemic	 Olfactory	bulb	
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24	h	fasEng															2	h	re-feeding	CB1	receptors	control	food	intake	via	regulaEon	of	
glutamatergic	transmission	in	the	OB	

OB endocannabinoids & Food Intake 



AOC	

GCL	

AOC:	Anterior	Olfactory	Cortex	
GCL:	Granular	Cell	Layer	

Cor=cofugal	Glutamatergic		
projec=ons	

AAV-Cre	

Are	really	cortcofugal	fibers	involved?	

CB1	floxed	mice	
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CB1	receptors	on	cor=cofugal	projec=ons	to	the	
OB	mediate	fas=ng-induced	food	intake	



Olfactory	DetecEon	
(Threshold)	

24	h	fasEng																

Home	cage	
Food	Intake	

1	h	

1h	re-feeding																

VEH	OR	THC	

30	min	 5	min	
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Olfactory	task	
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What about OLFACTION? 



Does THC impact  
olfactory threshold ? 

Does this depend on 
Glu transmission? 
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Are endocannabinoids 
involved? 
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Link	to		food	intake?	

CB1 activity modulates olfaction and food 
intake via the same mechanisms 

What about OLFACTION? 



Modified from Maldonado-Aviles and DiLeone, News and Views, Nature Neuroscience, 2014. 
Soria-Gómez et al., Nature Neuroscience, 2014. 
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Food intake  

Glu
Glu
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Fasting

AON/APC

GL	
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MOB	

MOB,	main	olfactory	bulb.	
AOC,	anterior	olfactory	cortex.	

GL,	glomerular	layer.	
GCL,	granular	cell	layer.	
MCL,	mitral	cell	layer.		

Fas=ng	

CONCLUSION 


