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All dynamical processes in vertebrate brains are physically embedded in a dense matrix of thin axons (fibers) that 

release serotonin (5-hydroxytryptamine), a neurotransmitter that modulates neural, glial, and vascular processes. 

Serotonergic axons appear to be an essential ingredient of any adaptive nervous tissue and may inform future 

architectures in machine learning. However, they typically do not form classical synapses and therefore cannot be 

understood within the connectomics framework. We have recently introduced the novel concept of the “stochastic 

axon systems,” the scale of which may be comparable to that of the “deterministic,” point-to-point axons systems. 

To advance the theoretical understanding of the trajectories of serotonergic axons, we propose two theoretical 

approaches.  

 

The first approach is based on a random, step-wise 3D-walk driven by the von Mises-Fisher (vMF) directional 

distribution [1]. We have developed an algorithm to automatically trace serotonergic axons in 3D-confocal images 

in a transgenic mouse model and obtained estimates of the vMF-concentration parameter (κ) in several 

neuroanatomical regions. We hypothesize that the value of this parameter may control the self-organization of 

serotonergic fiber densities, with immediate implications for normal and diseased brain states. For example, an 

increase in serotonergic fiber densities have been reported in brains of individuals diagnosed with Autism Spectrum 

Disorder [2].               

 

The second approach is based on fractional Brownian motion (FBM), a continuous stochastic process that 

generalizes normal Brownian motion. The model includes the recently discovered properties of the reflected FBM 

(rFBM) [3, 4]. In the superdiffusive regime, rFBM-paths reproduce some essential features of serotonergic fiber 

densities in the forebrain and brainstem. Our supercomputing simulations show that rFBM-walkers accumulate near 

the surface of brain-shaped domains, just as serotonergic axons tend to produce higher densities near the pial and 

ventricular surfaces [3]. The FBM model can be further enriched with a “diffusing-diffusivity” (DD) component, to 

reflect the heterogeneous environment axons travel in [5].  

 

Acknowledgements 

This research is funded by NSF (#1822517 and #1921515 to SJ, #OAC-1919789 to TV), NIMH (#MH117488 to 

SJ), the California NanoSystems Institute (Challenge grants to SJ), the Research Corporation for Science 

Advancement (a Cottrell SEED Award to TV), and the German Research Foundation (DFG #ME 1535/7-1 to RM). 

 

References 

1. Janusonis S, Detering N. A stochastic approach to serotonergic fibers in mental disorders. Biochimie. 2019, 161, 

15-22.  

2. Azmitia EC, Singh JS, Whitaker-Azmitia PM. Increased serotonin axons (immunoreactive to 5-HT transporter) in 

postmortem brains from young autism donors. Neuropharmacology. 2011, 60, 1347-1354.     

3. Janusonis S, Detering N, Metzler R, Vojta T. Serotonergic axons as Fractional Brownian Motion paths: Insights 

into the self-organization of regional densities. Front. Comp. Neurosci. 2020, 14, 56.  

4. Vojta T, Halladay S, Skinner S, Janusonis S, Guggenberger T, Metzler R. Reflected fractional Brownian motion 

in one and higher dimensions. Phys. Rev. E. 2020, 102, 032108.  

5. Wang W, Seno F, Sokolov IM, Chechkin AV, Metzler R. Unexpected crossovers in correlated random-diffusivity 

processes. New J. Phys. 2020, 22, 083041. 

mailto:janusonis@ucsb.edu

