
 

Scientists discover previously unknown
cleaning system in brain

August 15 2012

A previously unrecognized system that drains waste from the brain at a
rapid clip has been discovered by neuroscientists at the University of
Rochester Medical Center. The findings were published online August
15 in Science Translational Medicine.

The highly organized system acts like a series of pipes that piggyback on
the brain's blood vessels, sort of a shadow plumbing system that seems to
serve much the same function in the brain as the lymph system does in
the rest of the body – to drain away waste products.

"Waste clearance is of central importance to every organ, and there have
been long-standing questions about how the brain gets rid of its waste,"
said Maiken Nedergaard, M.D., D.M.Sc., senior author of the paper and
co-director of the University's Center for Translational Neuromedicine.
"This work shows that the brain is cleansing itself in a more organized
way and on a much larger scale than has been realized previously.

"We're hopeful that these findings have implications for many
conditions that involve the brain, such as traumatic brain injury,
Alzheimer's disease, stroke, and Parkinson's disease," she added.

Nedergaard's team has dubbed the new system "the glymphatic system,"
since it acts much like the lymphatic system but is managed by brain
cells known as glial cells. The team made the findings in mice, whose
brains are remarkably similar to the human brain.
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Scientists have known that cerebrospinal fluid or CSF plays an important
role cleansing brain tissue, carrying away waste products and carrying
nutrients to brain tissue through a process known as diffusion. The newly
discovered system circulates CSF to every corner of the brain much
more efficiently, through what scientists call bulk flow or convection.

"It's as if the brain has two garbage haulers – a slow one that we've
known about, and a fast one that we've just met," said Nedergaard.
"Given the high rate of metabolism in the brain, and its exquisite
sensitivity, it's not surprising that its mechanisms to rid itself of waste
are more specialized and extensive than previously realized."

While the previously discovered system works more like a trickle,
percolating CSF through brain tissue, the new system is under pressure,
pushing large volumes of CSF through the brain each day to carry waste
away more forcefully.

The glymphatic system is like a layer of piping that surrounds the brain's
existing blood vessels. The team found that glial cells called astrocytes
use projections known as "end feet" to form a network of conduits
around the outsides of arteries and veins inside the brain – similar to the
way a canopy of tree branches along a well-wooded street might create a
sort of channel above the roadway.

Those end feet are filled with structures known as water channels or
aquaporins, which move CSF through the brain. The team found that
CSF is pumped into the brain along the channels that surround arteries,
then washes through brain tissue before collecting in channels around
veins and draining from the brain.

How has this system eluded the notice of scientists up to now?

The scientists say the system operates only when it's intact and operating
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in the living brain, making it very difficult to study for earlier scientists
who could not directly visualize CSF flow in a live animal, and often had
to study sections of brain tissue that had already died. To study the
living, whole brain, the team used a technology known as two-photon
microscopy, which allows scientists to look at the flow of blood, CSF
and other substances in the brain of a living animal.

While a few scientists two or three decades ago hypothesized that CSF
flow in the brain is more extensive than has been realized, they were
unable to prove it because the technology to look at the system in a living
animal did not exist at that time.

"It's a hydraulic system," said Nedergaard. "Once you open it, you break
the connections, and it cannot be studied. We are lucky enough to have
technology now that allows us to study the system intact, to see it in
operation."

First author Jeffrey Iliff, Ph.D., a research assistant professor in the
Nedergaard lab, took an in-depth look at amyloid beta, the protein that
accumulates in the brain of patients with Alzheimer's disease. He found
that more than half the amyloid removed from the brain of a mouse
under normal conditions is removed via the glymphatic system.

"Understanding how the brain copes with waste is critical. In every
organ, waste clearance is as basic an issue as how nutrients are delivered.
In the brain, it's an especially interesting subject, because in essentially
all neurodegenerative diseases, including Alzheimer's disease, protein
waste accumulates and eventually suffocates and kills the neuronal
network of the brain," said Iliff.

"If the glymphatic system fails to cleanse the brain as it is meant to,
either as a consequence of normal aging, or in response to brain injury,
waste may begin to accumulate in the brain. This may be what is

3/4



 

happening with amyloid deposits in Alzheimer's disease," said Iliff.
"Perhaps increasing the activity of the glymphatic system might help
prevent amyloid deposition from building up or could offer a new way to
clean out buildups of the material in established Alzheimer's disease," he
added.

Provided by University of Rochester Medical Center

Citation: Scientists discover previously unknown cleaning system in brain (2012, August 15)
retrieved 24 April 2024 from
https://medicalxpress.com/news/2012-08-scientists-previously-unknown-brain.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)

4/4

https://medicalxpress.com/news/2012-08-scientists-previously-unknown-brain.html
http://www.tcpdf.org

