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Estradiol protects against pain-facilitated fentanyl use via suppression of opioid-evoked dopamine activity
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• Men are >2x likely to 
overdose than women

• Primary motivation for 
opioid abuse is “pain relief”

• Sex differences in the 
relationship between pain 
and opioid abuse are 
unknown

CDC, NIDA

B A C K G R O U N D P A I N  I N C R E A S E S  F E N T A N Y L  S E L F - A D M I N I S T R A T I O N  I N  M A L E S

S I M I L A R  P A I N S E X - S P E C I F I C  E F F E C T S  O F  P A I N  O N  F E N T A N Y L - E V O K E D  V T A  D O P A M I N E  C E L L  C A 2 +  Fentanyl-evoked VTA dopamine neuron 
activity during self -administration

Males with pain develop stronger responses to fentanyl associated with fentanyl intake

Females 
unaffected

by pain

N E C E S S I T Y
Chemogenetic suppression of fentanyl-

evoked VTA DA cell Ca2+ in males with pain

High VTA DA responses necessary to increase fentanyl use

H O R M O N A L  R E G U L A T I O N  O F  V T A  D A

Ovarian hormones - not estrus cycle - suppress fentanyl 
intake and fentanyl-evoked VTA dopamine cell Ca2+

E S T R A D I O L  I S  P R O T E C T I V E  I N  M A L E S

Estradiol suppresses fentanyl-evoked VTA 
DA responses in males – not OVX females

S U M M A R YE 2  S U P R E S S I O N  I S  V I A  E R β  I N  V T A
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VTA TH+ → NAcSh
Lack of VTA ER regulation of 

fentanyl-evoked activity after OVX

Estradiol prevents pain effects on fentanyl self-
administration in males – not OVX females

Suppressive effects of E2 on fentanyl-evoked VTA 
dopamine in males require signaling via ERβ in VTA
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