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Rich Club Topology Distinguishes Short and Prolonged Functional Network Changes Caused by Potent ‘Bath Salt’ Drug
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Introduction 

Our prior work showed that high doses of the bath salt drug 3,4-methylenedioxypyrovalerone (MDPV) significantly disrupt resting state functional connectivity at 1 hr following exposure. This previous study did not address the re-establishment of resting state networks and did not determine if MDPV effects are still observable at longer delays after exposure. The present study assessed functional connectivity at 24 hr following exposure to MDPV and determined the effects of MDPV on social interactions, novel object recognition memory, and ultrasonic vocalizations (USVs) at this time point.
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Adult male Long Evans rats (250-400g) were treated with a single saline of saline (n = 12), cocaine (15 mg kg-1, i.p.; n = 12), or MDPV (1 and 3 mg kg-1, i.p.; n = 12 each). Twenty-four hr later resting state scans were collected on a 4.7 Tesla MRI. Data were processed for functional connectivity and then analyzed using graph theory based network analyses (e.g., node degree, strength, efficiency/path length, clustering coefficient, modularity, small worldness, and rich club index). A separate group of saline (n = 8) and MDPV (1 and 3 mg kg-1, i.p.; n = 8 each) treated rats underwent behavioral assays for locomotor activity, social interaction/recognition, novel object recognition, and USV recordings. Behavioral results show that MDPV produces behavioral sensitization by the 2nd injection.
Results and Discussion


At this time (24 hr after initial exposure), rats also show impaired social recognition memory and object recognition memory, and show significantly lower USV calls than saline controls. Our functional imaging results show interesting and novel network topology changes at 24 hr after MDPV. First, while global indices of node strength, path length, clustering coefficients, and small worldness are significantly suppressed at 1 hr after MDPV or cocaine, these are no longer suppressed at 24 hr. Instead we observed that with the highest dose of MDPV (3 mg kg-1) there is a significant increase in clustering coefficients (number of neighboring nodes that are connected with each other) and path length (less efficient network). Interestingly, both doses of MDPV showed greater rich club index values than saline or cocaine, suggesting the emergence of a strongly interconnected set of structures. Analysis of clustering coefficients showed that the strongly connected structures are part of a network including areas of the prefrontal cortex (orbital and infralimbic), dorsal striatum, amygdala and hypothalamic regions. The described neuroadaptations last 24 hr after MDPV administration and are possibly associated with the adverse effects of MDPV intake.
Conclusions
We provide the first evidence of the emergence of a Rich club network 24h after MDPV. The enhanced Rich club connections at 24h were distinct from the effects of MDPV 1h after exposure. Formation of this potently connected subnetwork was associated with impaired social interaction and cognitive function and altered DAT protein density and distribution. 
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Figure 1. MDPV differentially alters functional network connectivity strength at 1 and 24h. A) Functional connectomic maps 1h after saline (red horizontal bar), 15 mg kg-1 cocaine (orange), MDPV at 1 mg kg-1 (yellow) or 3 mg kg-1 (blue). B) Node strength 1h after treatment (groups same as in A). C) Functional connectivity maps for groups shown in A, but at 24h. The highest dose of MDPV increased connectivity at 24h. D) Network node strength 24h after treatment (groups same as in A). All data presented as Tukey box and whisker plots (median, 25-75th percentile and 1.5 interquartile range). Two-way ANOVA with drug x day interaction (symbols in B denote p < 0.05 for 1h; symbols between B and D compare 1h vs 24h). 











