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Abx reduces high dose fentanyl intake
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Exp. 1

Abx increases motivation for fentanyl

Exp. 2

Abx shifts the fentanyl dose-response curve

Proteomic analysis of NAc identifies unique 
pathways influenced by abx and fentanyl
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Abx, but not fentanyl, influences the gut 
microbiome

H2O Sal H2O FR1 H2O IncFR

Abx Sal Abx FR1 Abx IncFR

Abx reduces the complexity of the microbiome regardless of 
fentanyl exposure

Abx shifts the dominant phyla of gut bacteria but fentanyl self-
administration does not
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Prog. Ratio

Microbiome knockdown does not affect lower-dose fentanyl 
intake at FR1

Rats on abx will work harder for fentanyl at higher fixed-ratios 
and during progressive ratio

0

100

200

300

400

Dose (ug/kg)

Fe
nt

an
yl

 C
on

su
m

pt
io

n
(u

g/
kg

)

.25 .79 2.5.0250 7.9 25 

H2O

Abx

Dose-Response
Consumption

Exp. 3

NAc from Exp. 2

Cecal content from Exp. 2

0

50

100

150

Dose (ug/kg)

Ac
tiv

e 
Le

ve
r P

re
ss

es

.25 .79 2.5.0250 7.9 25 

H2O

Abx

Dose-Response
Lever Press

1 2 3 4 5 6 7 8 9 1 0

0

1 0

2 0

3 0

4 0

5 0

Session

Ac
tiv

e 
Le

ve
r P

re
ss

es

H2O

Abx

  

Acquisition

-2 -1 0 1 2

Synaptogenesis 
signaling pathway

γ-glutamyl Cycle

Polymerization 
of filaments

Synaptic transmission 
of cerebral cortex cells

Memory

z-score
H2O FR1

Abx IncFRAbx FR1

H2O IncFR

0 5 10

Excitatory synapse
Cell projection organization

Postsynaptic density
Presynapse

Ion channel binding
Metabolic pathways

Dopaminergic synapse
Cocaine addiction

Amphetamine addiction

-log(p) adjusted

510

Abx IncFR

H2O IncFR

Downregulated Upregulated

-2 -1 0 1 2

0

1

2

3

H2O FR1

Log2FC

-lo
g(

p)

65 181

Acquisition

1 2 3 4 5 6 7 8 9 10
0

10

20

30

40

50

Session

Ac
tiv

e 
Le

ve
r P

re
ss

es

H2O FR1

  

H2O Sal
Abx Sal

Abx FR1

FR1 maintenance

1 2 3 4 5 6
0

20

40

60

Session post-acquisition

Ac
tiv

e 
Le

ve
r P

re
ss

es

  

Prog. Ratio

H2O
Sal

Abx
Sal

H2O
FR1

Abx
FR1

0

20

40

60

La
st

 R
at

io
 C

om
pl

et
ed

Summary
• Abx reduced the complexity of the microbiome.
• Abx rats administered less high dose fentanyl, had more 

motivation for moderate dose fentanyl, and found lower doses of 
fentanyl more reinforcing than rats with an intact microbiome.

• Microbiome knockdown influenced protein expression in the NAc, 
specifically in pathways involved in memory formation and 
synaptogenesis.
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