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Repetitive dosing of morphine in mice to induce anti-nociceptive tolerance increases by 10-fold 
microparticles (MPs, 0.1-1.0 µm extracellular vesicles) in deep cervical lymph nodes (DCLN) 
draining brain glymphatics 1. These MPs express proteins specific to microglia, astrocytes, 
neurons and oligodendrocytes. Similar elevations of DCLN MPs in response to other noxious 
stimuli reflect neuroinflammation and an increase of glymphatic flow 2. When these MPs enter 
the systemic circulation, they trigger neutrophil activation, elevations of blood-borne MPs and 
prompt further neuroinflammation due to disruption of the blood-brain barrier 3, 4, 5, 6, 7. As 
patients entering treatment for opioid use disorder exhibit similar MPs elevations in blood as do 
tolerant mice, we decided to investigate whether glymphatic function was perturbed by morphine 
tolerance using a recently developed MRI technique 1, 2. 
Methods: Control mice and those rendered tolerant to morphine following published methods 
were imaged in the University Bruker BioSpec 70/30USR Avance III 7 Tesla horizontal bore MR 
scanner following published methods 2. Similarly, DCLN and blood-borne MPs were obtained 
and analyzed by flow cytometry following published methods 1, 2. 

Results: Gadolinium contrast signal intensity, an index of glymphatic flow 2, was significantly 
higher in brains of morphine tolerant mice. Image results were similar when 60,000 blood MPs, 
but not MPs from control mice, were injected IV into naïve mice. Elevations of MPs in DLCN 
and blood were consistent with prior publications, as were increases in inflammatory blood-
borne MPs expressing filamentous (F-) actin on the membrane surface. F-actin expressing MPs 
are known to be lysed by plasma gelsolin 1, 2, 8. Plasma gelsolin was significantly lower in tolerant 
mice. 

Conclusions: These data provide insight into mechanisms associated with development and 
dissemination of neuroinflammation after morphine administration. Inflammatory responses 
outside the CNS appear to play a role in opiate tolerance, but mechanisms are unknown 9, 10. 
CNS-derived MPs cause peripheral vascular disorders once liberated to the blood stream, and 
MPs generated systemically can exacerbate traumatic and other causes of brain injury 1, 2, 5, 8. 
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