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Artificial and natural visual stimuli cause distinctly different neuronal dynamics
in the visual cortex. Shown here are the responses of a neuron in the visual
cortex to an artificial (top) and natural (bottom) visual stimulus.

At any given moment, the neuronal circuits in the brain receive and
process sensory information that permits us to perceive and interact with
the environment. Yet it remains unclear how the visual brain processes
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natural stimuli. Together with an international team of researchers from
the Centre Nationale de la Recherche Scientifique (CNRS) in Marseille,
the CNRS in Gif-Sur-Yvette, and New York State University,
neuroscientists Jens Kremkow and Ad Aertsen from the Bernstein
Center Freiburg have developed a new computational model that
simulates how neurons in the visual cortex process sensory stimuli. This
model may help neuroscientists to better understand how neuronal
networks in the visual system process natural stimuli. The study has now
been published in the journal Frontiers in Neural Circuits.

For decades, researchers have used simple artificial stimuli like moving
bars to study the function of neuronal circuits in the visual system. In
recent years, natural stimuli from the perception of daily life have taken
on an increasingly important role in neuroscientific experiments.
"Studies revealed that the activity of neurons in the primary visual cortex
was fundamentally different when they were exposed to artificial stimuli
or to natural stimuli. While artificial stimuli evoked strong but
temporally variable neuronal responses, neuronal responses to natural
stimuli were weak but temporally precise. But we still did not understand
why the neuronal networks change their activity dynamics in these
cases," says Kremkow. With the help of their model, Kremkow and his
colleagues have now provided a potential explanation: The distinctive
neuronal responses may be the result of features commonly found in the
pathways between the retina and the cortex.

In particular, the precise interplay of excitatory and inhibitory synaptic
inputs in the receptive fields of neurons in the visual cortex turned out to
play a significant role. The receptive fields of neurons in the visual
cortex work similar to a camera sensor. They do not deliver sharp images
of the environment but rather encode specific properties of the visual
scene and contain excitatory and inhibitory areas. Artificial stimuli
evoked temporally non-overlapping excitation and inhibition and strong
neuronal responses. When the neurons were exposed to natural stimuli,
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on the other hand, excitation and inhibition were temporally correlated,
which explains the weak neuronal responses during natural viewing. In
the opinion of Kremkow and Aertsen, this so-called push-and-pull
mechanism could also be applied to the neuronal processing of natural
stimuli in other sensory systems. Perhaps its malfunction could even be
linked to perceptual impairments, in which case these results could lead
to more questions for medical research.

  More information: Jens Kremkow et al. Push-Pull Receptive Field
Organization and Synaptic Depression: Mechanisms for Reliably
Encoding Naturalistic Stimuli in V1, Frontiers in Neural Circuits (2016). 
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Provided by Albert Ludwigs University of Freiburg

Citation: How neural circuits implement natural vision (2016, May 24) retrieved 6 May 2024
from https://medicalxpress.com/news/2016-05-neural-circuits-natural-vision.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

3/3

http://dx.doi.org/10.3389/fncir.2016.00037
https://medicalxpress.com/news/2016-05-neural-circuits-natural-vision.html
http://www.tcpdf.org

