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Opioid Receptor Subtype-specific Regulation of 
Orofacial Movements and Drug-induced Side 

Effects

Abstract 
Opioids produce profound and diverse effects on physiology and 
behavior, many of which arise from neuromodulation of brainstem 
circuits controlling orofacial movements and respiration. However, the 
precise organization of distinct opioid receptors within these circuits, 
and their differential impact on behavior, remains poorly understood. 
Here we map the expression of µ, δ, and κ opioid receptors (MOR, 
DOR, and KOR) across brainstem somatosensory and motor nuclei for 
the face and respiratory muscles, revealing receptor-specific, largely 
non-overlapping “salt-and-pepper” distributions across excitatory and 
inhibitory cell types. We then combine systemic and nucleus-targeted 
pharmacological manipulations with quantitative readouts of orofacial 
kinematics and breathing to show that MOR, DOR, and KOR 
differentially modulate movement rates, microstructure, and the 
coordination between orofacial and respiratory rhythms. Together, these 
results define a receptor-specific architecture for opioid control of 
orofacial–respiratory brainstem circuits and provide a mechanistic 
framework for understanding how distinct opioid receptors shape 
subcortical motor behavior.
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