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Systemic Infusions of the GLP-1 Receptor Agonist Exendin-4 
Attenuate Cocaine Seeking in Rats

A. Cocaine-primed reinstatement
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B. Cue-primed reinstatement
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Systemic Exendin-4 Crosses the Blood Brain Barrier and 
Distributes to Nuclei Known to Regulate Drug Seeking
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Systemic Exendin-4 Crosses the Blood Brain Barrier and Induces 
c-Fos Expression in VTA Cells

Unpublished data
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What are the mechanisms in the midbrain underlying the efficacy 
of exendin-4 on cocaine seeking?

Unpublished data

Figure 4

A.

DAPi Glp1r Th Gad1

VTA

DAPi 

Glp1r 

Th

Gad1 

B.

AP: -6.04

C.

-5.30mm

-5.60mm

-6.04mm

-6.30mm

Gad1+/Glp1r+

Th+/Glp1r+

Other/Glp1r+

Th+/Glp1r+

Gad1+/Glp1r+

Other/Glp1r+

Th+/Glp1r+

89.48+2.8%

10.52+2.8%
0.0%

Total -5.30 -5.60 -6.04 -6.30
0

10

20

30

40

50

#
 o

f 
G
lp
1
r

 c
o
-e

x
p
re

s
s
in

g
 c

e
lls

(mm)

D.

Gad1+

Other
Th+

E.

OligodendrocytesNeurons

Astrocytes

Vascular

OPC

Microglia

Cx3cr1

Cldn5

Slc1a2

Pdgfra

Mog

Nyap2

M
ic
ro

gl
ia

V
as

cu
la
r

A
st

ro
cy

te
s

O
P
C
s

O
lig

od
en

dr
oc

yt
es

N
eu

ro
ns

F. G.

0.0%

54.9%

All Cells

54.9%
45.1%

0.0%

Neurons

62.9%

62.9%

37.1%

Gad1+/Glp1r+

Other/Glp1r+

Th+/Glp1r+

0%

63%

37%

9%

93%

0%

91%

12%

88%

0%

75%
39%

61%

0%



GLP-1Rs are expressed primarily on GABA neurons        in the VTA

Unpublished data
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GLP-1R pharmacotherapy increases activity of VTA GABA neurons 
and attenuates cocaine seeking

Unpublished data
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Unpublished data

GLP-1R pharmacotherapy decreases activity of VTA dopamine 
neurons and attenuates cocaine seeking
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Unpublished data

GLP-1R pharmacotherapy decreases activity of VTA dopamine 
neurons and attenuates cocaine seeking
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GLP-1R pharmacotherapy engages VTA GABA neurons to regulate 
mesolimbic dopamine neurons and attenuate cocaine seeking



• Systemic administration of a GLP-1 receptor agonist attenuates drug-seeking behavior at 
doses that are well-tolerated in cocaine-experienced rats. These findings suggest that GLP-1R 
agonists could be re-purposed for treating cocaine use disorder. 

• The efficacy of systemic exendin-4 to reduce cocaine seeking is associated with increased 
activity of VTA GABA neurons and decreased activity of VTA dopamine neurons.

Summary & Conclusions



• What are the downstream molecular and cellular mechanisms underlying the efficacy of GLP-1R 
agonists on voluntary drug-taking and -seeking behaviors?

• Define post-synaptic versus pre-synaptic mechanisms of action.

• Can we target central GLP-1-producing circuits to selectively reduce drug-mediated behaviors?

• Are next-generation GLP-1R agonists more efficacious?

• What are the adverse effects of GLP-1R agonists in humans with SUDs?

• Will approaches that target GLP-1Rs and additional neuropeptide systems with overlapping functional 
activity be more efficacious and/or better tolerated than GLP-1R agonist monotherapy alone?

Outstanding Questions & Future Directions
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