
 

Researchers reveal mechanism of how the
brain forms a map of the environment
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When you walk into your kitchen in the morning, you easily orient
yourself. To make coffee, you approach a specific location. Maybe you
step into the pantry to grab a quick breakfast and then head to your car
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to drive to your workplace.

How these apparently simple tasks happen is of major interest to
neuroscientists at Baylor College of Medicine, Stanford University and
collaborating institutions. Their work, published in the journal Science,
has significantly improved our understanding of how this occurs by
revealing a mechanism at the brain cell level that mediates how an
animal moves about in the environment.

"It's been known that animals and people can find their way in the
environment thanks to the hippocampus, a brain region that forms a
representation, a sort of a map of the environment that lets us know
where we are," said co-first author Dr. Barna Dudok, assistant professor
of neurology and a McNair Scholar at Baylor. Dudok also is co-
corresponding author of this work.

Numerous brain cells or neurons in the hippocampus work together to
create the map of a particular environment, say the kitchen in your
home. Scientists know that each of these neurons, called place cells,
becomes activated only in a specific place in the environment. For
instance, the location of the coffee pot activates one place cell, and the
pantry activates another.

"Place cells help a person know where he or she is," Dudok said.

"When a person walks through a particular area of the environment,
specific place cells are activated and others will activate when the person
moves to a different area. In the current study, we worked with mice and
showed what happens at the neuronal level when an animal is orienting
itself in the environment. Specifically, we demonstrate a role for the
molecular messengers called endocannabinoids in the activity of place
cells."
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When place cells in the hippocampus become activated, they release
endocannabinoids, which are lipids, fat-like molecules that mediate
communication between one neuron and the next.

"Until now, all the details of how endocannabinoids work have been
described in brain slices. In this study, we had for the first time the
methods to record these signals at high resolution in a living animal,"
Dudok said.

The researchers used a molecular tool that turns endocannabinoid signals
into fluorescence and a microscope to image the brain of a mouse as it
was running on a treadmill.

"It was very rewarding to me when I analyzed those images and realized
that there are endocannabinoid signals that I can detect that change when
a mouse moves in the environment," Dudok said. "I have been studying
this pathway for a long time and it always was something we can pick up
on brain slices. To actually see it happening in the brain of an active
animal was very exciting."

Surprisingly, activated single place cells release endocannabinoids and
the signals go away in a matter of seconds. "Before, people suspected
that this would be a slow signal that spreads to various cells, but it seems
that it is a fast signal that is very specific to individual cells and
contributes to its ability to encode information about the animal's
location," Dudok said.

Supporting the importance of endocannabinoid signaling in animal
orientation, the researchers found that disrupting the mechanism by
eliminating the endocannabinoid receptor in neurons also disrupted the
circuit in the hippocampus that helps the animal know its location, and
consequently the hippocampus forms a less accurate map.
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This work also has implications for human neurological disorders. "Our
group and others showed earlier that epileptic seizures trigger the release
of endocannabinoids. We would like to understand if this contributes to
memory problems of people with epilepsy," Dudok said.

"This could lead to ways to prevent or revert the reorganization of the 
endocannabinoid signaling pathway in epilepsy and potentially improve
cognitive comorbidities in this condition."

  More information: Barna Dudok, Retrograde endocannabinoid
signaling at inhibitory synapses in vivo, Science (2024). DOI:
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