
Different paths of information routing preserve 
scale-free neuronal and behavioral dynamics

Anja Rabus1, anja.rabus@ucalgary.ca
Davor Curic1, Victorita E. Ivan2, Ingrid M. Esteves2, Majid H. Mohajerani2, Aaron J. Gruber2, Jörn
Davidsen1,3

1: Complexity Science Group, Department of Physics and Astronomy, University of Calgary
2: Canadian Centre for Behavioral Neuroscience, University of Lethbridge
3: Hotchkiss Brain Institute, University of Calgary

Brain Criticality 2022

mailto:anja.rabus@ucalgary.ca


2

Introduction

• Psychedelics promote altered mental states and 
under certain conditions, mental health. 

• Recent investigation into the mechanism of 
psychedelics has focused on whole-brain 
models.

• We study the relationship between functional 
connectivity (FC) and neuronal and behavioral 
dynamics on the microscale in the retro-splenial 
cortex (RSC) of mice, under the psychoactive 
drug ibogaine. 

Track

2P imaging, 19 Hz, ~300 neurons

We classify neurons into 
sub-populations according 
to the correlation between 
neuron activity and 
running speed

We found that the functional network is re-arranged 
(information re-routing) while neuronal and behavioral 
dynamics are unchanged.  
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Information re-routing

• Structure in connectivity matrix lost under 
ibogaine but recovered when network 
changes are accounted for:  

• A portion of cells switched from one 
sub-population to the other under 
ibogaine: flexible information routing

“Up-regulated neurons” 
(positively correlated with 
running speed)

“Down-regulated neurons” 
(negatively correlated with 
running speed)

Baseline

Ibogaine, w/o accounting 
for network changes

Ibogaine, accounting 
for network changes 1 marker = 1 recording

same color = same mouse 

1 marker = 
1 neuron

Saline vs Baseline Ibogaine vs Baseline

recording taken 30 minutes after 
injection of ibogaine
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Neuronal avalanche dynamics

• Scale-free statistics in neuronal avalanche size distributions ( P 𝑆 = 𝑆−𝜏) are a 
necessary condition for criticality and are preserved under ibogaine when network 
changes are accounted for.
• Up-regulated cells display different scale-free regimes when the animals are moving vs resting.  

Filled markers: network changes accounted for
Hollow markers: network changes not accounted for

Down-regulated Up-regulated

Normalization

𝝉 when the animals are moving (mv.) vs resting (rst.): P(S) for down-regulated and up-regulated sub-populations: 
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Discussion

• Either by direct action or the brain’s response to the drug, the functional 
network is re-arranged in such a way that the same proportion of cells 
correlate/anti-correlate with running speed, but they are now different cells. 

• We interpret this as information re-routing. 

• Robustness of neuronal (and behavioral – not shown here) avalanche dynamics 
suggests criticality is maintained. 

• Question: Is criticality maintained by information re-routing (due to the brain’s 
self-organizing capabilities) or is it because criticality is maintained (unaffected 
by ibogaine) that can information be re-routed? 


