
 

Researchers investigate changes in white
matter in mice exposed to low-frequency
brain stimulation
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Cerebellum of CIVM postnatal rat brain atlas. Credit: Neurolex

A team of researchers at the University of Oregon has learned more
about the mechanism involved in mouse brain white matter changes as it
responds to stimulation. In their paper published in Proceedings of the
National Academy of Sciences, the group describes the experiments they
conducted and what they found.

Prior studies of the brain have shown that white matter consists mostly
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of nerve fibers with myelin sheaths. Also, research over the past several
years has overturned the notion that it plays a passive role in the brain.
Instead, it has been found to play a critical role in learning and is heavily
involved as a relay for communications between different parts of the
brain. In this new effort, the researchers were building on prior work
that showed it was possible to see changes in white matter after subjects
underwent meditation training. They had also found that after applying
low-frequency optogenetic stimulation to certain brain parts, test mice
engaged in activities that had once caused them anxiety, losing their fear
response. The researchers wondered if stimulation induced changes in
white matter. In this new effort, they sought to learn more about whether
that was the case.

The experiments consisted of studying tissue taken from the brains of
the mice that had already been exposed to low-frequency optogenetic
stimulation in their prior experiments. More specifically, they focused
on cells taken from a part of the corpus callosum. This part was selected
for two reasons: First, it was the part that had received the most direct
stimulation. Second, it was known to be one of the major areas of the
brain through which axons and the anterior cingulate cortex project to
the rest of the brain.

They report that they found that the laser stimulation (which was applied
in the 1 to 8 Hz range) caused changes to white matter projection fibers.
The changes were observed to be an increase in oligodendrocyte
proliferation. These changes, they further report, suggest that the
stimulation caused a remodeling of myelin, which allowed for enhanced
connectivity and changes in behavior.

  More information: Denise M. Piscopo et al. Changes in white matter
in mice resulting from low-frequency brain stimulation, Proceedings of
the National Academy of Sciences (2018). DOI:
10.1073/pnas.1802160115 
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Abstract
Recent reports have begun to elucidate mechanisms by which learning
and experience produce white matter changes in the brain. We
previously reported changes in white matter surrounding the anterior
cingulate cortex in humans after 2–4 weeks of meditation training. We
further found that low-frequency optogenetic stimulation of the anterior
cingulate in mice increased time spent in the light in a light/dark box
paradigm, suggesting decreased anxiety similar to what is observed
following meditation training. Here, we investigated the impact of this
stimulation at the cellular level. We found that laser stimulation in the
range of 1–8 Hz results in changes to subcortical white matter projection
fibers in the corpus callosum. Specifically, stimulation resulted in
increased oligodendrocyte proliferation, accompanied by a decrease in
the g-ratio within the corpus callosum underlying the anterior cingulate
cortex. These results suggest that low-frequency stimulation can result in
activity-dependent remodeling of myelin, giving rise to enhanced
connectivity and altered behavior.
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