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slower (≈70 Hz) ones in D2 medium spiny neurons. While 
GPe-TI gamma oscillations were prominent in healthy and 
pathological states, D2 oscillations emerged under dopamine-
depleted conditions. Both rhythms required self-inhibition 
within the corresponding nuclei to be generated. However, 
this mechanism alone could not account for all gamma 
dynamics. Beta oscillations, generated by the model under 
pathological conditions, affected GPe-TI gamma frequency 
via phase-frequency coupling and amplified D2 gamma activ-
ity through phase-amplitude coupling. Both interactions were 
mediated by beta-induced modulation of spiking activity.

Discussion

By employing a computational model of the BG, we offered 
a comprehensive explanation of gamma rhythmogenesis 
in these structures, identifying two sources: D2 and GPe-
TI. Our results were consistent with experimental findings 
from both rat [3] and human local field potentials [4] and 
aligned with the results of other computational models [5]. 
We also clarified how these rhythms were generated through 
self-inhibition within these nuclei and how they interacted 
with pathological beta synchronization. Our insights into 
the mechanism behind gamma generation in BG represent a 
crucial step toward advancing our understanding of PD and 
improving their potential as biomarkers for adaptive deep 
brain stimulation.
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Figure 1: A) Computational model of the basal ganglia: 
FSN (striatal spiking interneurons), D1/D2 (medium spiny 
neurons with D1 and D2 dopamine receptors), GPe-TA/TI 
(arkypallidal/prototypic populations of the globus pallidus 
externa), and STN (subthalamic nucleus). B) Power spectral 
densities (PSDs) of GPe-TI (top) and D2 (bottom) activities 
under healthy and Parkinsonian (PD) conditions.
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Introduction

Understanding how the brain works, how it is structured and 
how it computes is one of the goals of computational neuro-
science. An essential step in this direction is to understand the 
cellular communication that enables the transition from nerve 
cells to cognition. It is now accepted that the links between 
neurons are not only established by synaptic connection, but 
also by the confluence of different cellular signals that affect 
global brain activity, with the underlying mechanism being 
the diffusion of neuroactive substances into the extracellular 
space (ECS). One of these substances is the free radical gas 
nitric oxide (NO), which, in turn, determines a new type of 
information transmission: the volume transmission (VT). VT 
is a non-simple form of short- and long-distance communi-
cation that acts not only as a microenvironment to separate 
nerve cells, but also as an information channel [1, 2]. NO is 
a signaling molecule that is synthesized in a number of tis-
sues by NO synthases and has the ability to regulate its own 
production. It is lipid soluble, membrane permeable and has a 
high diffusivity in both aqueous and lipid environments.

Method

In the absence of definitive experimental data to understand 
how NO functions as a neuronal signalling molecule, we have 
developed a computational model of NO diffusion based on 
non-negative and compartmental dynamical systems and trans-
port phenomena [3]. The proposed model has been validated in 
the biological environment, specifically in the endothelium. In 
this work, the biological validation is approached by reproduc-
ing the experiment performed by Tadeuzs et al, 1993 [4] on NO 
diffusion in the aorta. A fitting procedure to the observed NO 
dynamics was executed, and hypothesis related to the different 
processes in the NO dynamics were provided.

Results

We implement our model with two compartments, using real 
measurements of NO synthesis and diffusion processes in the 
endothelial cell and in the smooth muscle cells of the aorta at 
a distance of 100 ± 2 μm between them. Our results provide 
evidence that the compartmental model of NO diffusion has 
allowed the design of a computational framework [5] to study 
and determine the dynamics of synthesis, diffusion and self-
regulation of NO in the brain and in artificial environments.

Discussion

We have also shown that this model is very powerful because 
it allows to incorporate all the biological features and existing 
constraints in NO release and diffusion and in the environment 

where NO diffusion processes take place. Finally, it has been 
shown that our model is an important tool for designing and 
interpreting biological experiments on the underlying pro-
cesses of NO dynamics, NO behaviour and its impact on both 
brain structure and function and artificial neural systems.
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