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124. Investigating Cellular-Level Effects of Neurostimulation Therapies with a Partial
Differential Equation Based Mathematical Model

Kaia Lindberg Roger Williams University
Advisor(s): Edward Dougherty, Roger Williams University

Neurostimulation therapies have demonstrated success in mitigating symptoms of neurodegenerative diseases, but
the cellular-level impacts of these treatments remain elusive. We have implemented a mathematical model that in-
tegrates the Poisson-Nernst-Planck system of PDEs and Hodgkin-Huxley based ODEs to model the effects of this
neurotherapy on transmembrane voltage, ion channel gating, and ionic mobility. The PDEs are solved using the finite
element method on a biologically inspired discretized domain. Our results suggest two possible mechanisms by which
neurostimulation achieves therapeutic success. First, neurostimulation polarizes the cell membrane, elevating resting
membrane potential to facilitate action potential firing. Second, a neurostimulation-induced calcium influx alters cy-
tosolic calcium concentrations, which is essential for proper neurotransmitter secretion and its dyshomeostatis is a
known associate of neurodegenerative diseases. We also compare the effects of two different types of neurostimu-
lation (transcranial electrical stimulation and deep brain stimulation) showcasing cellular-level differences resulting
from these distinct forms of electrical therapy.

125. A Computational Approach for Constructing an Intracellular Signaling Pathway
Mathematical Model with Application to Parkinson’s Disease

Elizabeth Gilchrist Roger Williams University
Abigail Small Roger Williams University
Advisor(s): Edward Dougherty, Roger Williams University

Parkinsons disease (PD) is the second most common neurodegenerative disorder. Despite this, there is no cure and the
cellular level pathogenesis remains elusive. In an attempt to gain new insights, we created a mathematical model of
the intracellular signaling pathway of a dopaminergic neuron cell with application to PD. A comprehensive literature
search was conducted to construct a wiring diagram, which was used to generate a system of ordinary differential
equations using the law of mass action and the Michaelis-Menten equation. Many of the kinetics are presently un-
known, so a novel computationally-based reverse engineering method was used to identify them; this approach uses
expected system behavior and the Metropolis Algorithm to numerically determine appropriate values. Suitable rates
were ranked based on performance in a phenotype-based computational assessment, and then robustly screened using
a k-means clustering assessment, sensitivity analyses, and an eigen-analysis. The result is a mathematical model that
efficiently emulates the signaling network of a dopaminergic neuron model; it showcases the intracellular processes of
both a healthy and PD-like dopaminergic neuron.

126. A Mathematical Approach for Assessing tDCS Efficacy for Post-Traumatic Stress
Disorder

Abigail Small Roger Williams University
Advisor(s): Edward Dougherty, Roger Williams University

Post-Traumatic Stress Disorder (PTSD) is a neurological condition caused by distressing or traumatic events. It has
been recently found that symptoms of PTSD can be combated using forms of neurostimulation, in particular, tran-
scranial direct current stimulation (tDCS). While it is known that the electrical energy delivered by this treatment to
targeted areas of the brain is effective in treating PTSD, the optimal positioning of tDCS electrodes and treatment
parameters for achieving the greatest efficacy is unknown. We have implemented a partial differential equation based
mathematical model of tDCS with application to PTDS, and have generated numerous numerical simulations using the
finite element method, all using distinct electrode montages, treatment parameters known to mitigate PTSD symptoms,
and a three-dimensional MRI-derived cranial cavity with biologically-based tissue conductivities. The model predicts
not only voltage and electrical current density within the head cavity, but also the sensitivity of the brain tissue to fire
an action potential during treatments. We present our current results and findings that begin to shed light on ideal tDCS
settings for treating PTSD.


