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Introduction: Opioid use disorder involves compulsive drug use despite negative consequences. Evidence 

suggests that chronic morphine administration induces changes in brain volume and neuroinflammation, 

but the interrelation of these effects remains unclear. The aim of this study was to investigate alterations 

in brain volume and the density of neurons and microglia in the brains of rats with morphine self-

administration. 

Hypothesis: We hypothesized that morphine self-administration could lead to changes in the volume of 

specific brain regions, potentially associated with mechanisms related to cell death and 

neuroinflammation, resulting in modifications in the density of various cellular types. 

Methods: Male Wistar rats were habituated to operant conditioning chambers and underwent the 

implantation of jugular vein catheters connected to non-magnetic vascular access buttons. Two protocols 

were employed: 1) Morphine self-administration (0.01 mg/kg/infusion; n = 12) under a Fixed Ratio 1 (FR1) 

schedule for 20 days, and 2) Morphine self-administration (0.1 mg/kg/infusion; n = 12) following the FR1 

schedule followed by a Progressive Ratio 9-4 (PR) schedule for 20 days. In vivo 3D magnetic resonance 

imaging (MRI) scans (sequence: TR = 30.76 ms, TE = 5 ms, rotation angle = 10°, slice thickness = 25.6 mm, 

FOV = 28.2 x 19 x 25.6 mm, and isometric voxel size = 160 µm) were conducted before treatment, during 

the FR1 and PR programs, as well as at the conclusion of each protocol. Immunofluorescence was 

employed to detect microglia (anti-Iba1) and neurons (anti-NeuN). 

Results: We observed a gradual increment in morphine infusions during the FR1 program, which stabilized 

during the PR program. The morphine group exhibited a progressive increase in active lever pressing, while 

inactive lever pressing remained stable and similar to the control group. MRI scans revealed a significant 

(pFDR ≤ 0.05) reduction in brain volume induced by morphine across six distinct brain regions, including the 

insular cortex (t = -4.335). Simultaneously, an increase in volume was observed in 14 regions, including the 

brainstem (t = 0.045). Notably, the increase in brainstem volume occurred under the FR1 protocol with a 

low dose of morphine, while under the PR protocol with a higher dose, it was followed by a subsequent 

volume decrease. Morphine self-administration augmented the reactive microglia cell count (p = 0.0035) 

in the brainstem, whereas the number of neurons remained unchanged (p = 0.38). In the insular cortex, 

an increase in microglia (p < 0.0001) but a decrease in neurons (p = 0.0123) was observed. 

Conclusion: The changes in brain volume induced by morphine self-administration are associated with 

alterations in neuronal populations and are influenced by microglial activation. 
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