Published by: Iranian Society for Biomedical Engineering / www.isbme.ir

Iranian Journal of Biomedical Engineering

www.ijbme.org / P-ISSN: 2008-5869 / E-ISSN: 8006-9685

Volume 15, Issue 2, Summer 2021, 111 - 125

A Cognitive Model of Spatial Navigation: Hippocampus and Prefrontal
Cortex Interaction

Moghadam, Maryam !/ Towhidkhah, Farzad 2" / Baghdadi, Golnaz ®

1 - Ph.D. Candidate, Cybernetics and Modeling of Biological Systems Lab, Department of Biomedical Engineering, Amirkabir
University of Technology, Tehran, Iran

2 - Professor, Cybernetics and Modeling of Biological Systems Lab, Department of Biomedical Engineering, Amirkabir University
of Technology, Tehran, Iran

3 - Postdoc Researcher, Cybernetics and Modeling of Biological Systems Lab, Department of Biomedical Engineering, Amirkabir
University of Technology, Tehran, Iran

ARTICLE INFO

DOI: 10.22041/1JBME.2021.522727.1660

Received: 11 January 2021 Revised: 16/4/2021 — 20/5/2021 — 27/5/2021 Accepted: 28 May 2021
KEYWORDS ABSTRACT
Navigation In cognition physiology and neuroscience, spatial memory is responsible for the

maintenance and recall of information related to environmental details, orientation, and
. spatial navigation. The brain’s cognitive functions including navigation are executed
Hippocampus through correlated and sequential activities of different regions. According to previous
Medial Prefrontal Cortex  research, navigation is largely related to the activities of the Hippocampus (HPC) and the
Medial Temporal Lobe (MTL), and retrieval of spatial memories from these regions is
controlled by the frontal region and specifically medial prefrontal cortex (mPFC). In this
Rules Base paper we attempt to provide a navigation cognitive model based on computational
concepts focusing on bidirectional interaction between HPC and mPFC. This model is
provided considering 1. The lack of a comprehensive cognitive model of navigation on
a previously learned path and ambiguities regarding the information transferring between
the regions, and 2. Disagreement between available models and the currently known
actual information flow occurring within the brain. The model is inclusive of the active
brain regions engaged in navigation using the cognitive map. Furthermore, we propose a
computational model based on van-der-pol neuron pools and controlling rule-base, which
is naturally related to the actual brain activity through the synchrony mechanism for
information transfer and the mPFC rule-based control of the medial temporal lobe.
Finally, by analyzing and presenting evidence, we have shown that the model can be
beneficial and practical for describing cognitive and functional disorders in navigation,
also for design and prediction of the outcomes of therapeutic and rehabilitation protocols
in diseases related to spatial navigation, such as the Alzheimer’s disease.
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" Grid Cells
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* Head Direction Cells

' Spatial Memory

" Hippocampus (HPC)

" Medial Temporal Lobe (MTL)
T Cognitive Map

° Spatial Navigation
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' Path Integration
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¥ What Stream

® Perirhinal Cortex (PRC)
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