Research shows that 40Hz tones activate microglial cells in the brain. Primary
functions of microglia are to fight off and destroy viruses, bacteria, and other foreign
invaders, and to remove cellular debris to facilitate wound repair. In this way microglial
cells can reduce Alzheimer's plaques in the brain (so far tested in mice only!) Please read
the included article below from MIT news that reports on the research.

In 1991, researchers from the NYU Medical Center discovered
that Alzheimer’s patients have reduced 40 Hz
brainwaves compared with healthy people
the treatment of Alzheimers by using a 40Hz flickering light source or
alternatively a 40Hz sound source.
In January 2018, the New Scientist reported (paywalled article) that the
same MIT team achieved even better results by playing mice a 40 Hz
sound. β-amyloid plaques shrank by about 50% in the auditory cortex and
– crucially – in the hippocampus, perhaps because the two areas are close
to each other. This would be a very important discovery, because the
hippocampus is the region of the brain which is involved in forming
memories. It is the hippocampus that suffers the most damage in human
Alzheimer’s patients.
auditory treatment was combined with light pulses at 40
Hz, microglia (“brain cleaner cells”) started clustering around amyloid
plaque, and the reductions in plaque extended to parts of the prefrontal
cortex (an area related to functions like attention and short-term memory).
This effect was not observed with either audio or light treatment alone.
In March 2019, Cell published another (paywalled) paper about another
study done by the MIT group. Here’s a NYT article about it. Here are the
main points:
 After mice were exposed (for 7 days, 1 hour a day) to a series of
clicks repeating at a frequency of 40 Hz, the amount of
amyloid plaque in their auditory cortex and their
hippocampus was reduced by about 40%. The mice also
did better on several tasks involving the use of memory.
 The clicks were 10 kHz waves, 1 millisecond long, repeated 40
times a second (each cycle had a 1 ms tone followed by 24 ms of
silence). In communication with me, one of the paper’s authors

said that pure 40 Hz tones were not used because mice cannot
hear tones of such a low

In 2016, Tsai and her colleagues first reported the beneficial effects of
restoring gamma oscillations in the brains of mice that are genetically
predisposed to develop Alzheimer’s symptoms. In that study, the
researchers used light flickering at 40 hertz, delivered for one hour a
day. They found that this treatment reduced levels of beta amyloid
plaques and another Alzheimer’s-related pathogenic marker,
phosphorylated tau protein. The treatment also stimulated the activity of
debris-clearing immune cells known as microglia.
In that study, the improvements generated by flickering light were
limited to the visual cortex. In their new study, the researchers set out to
explore whether they could reach other brain regions, such as those
needed for learning and memory, using sound stimuli. They found that
exposure to one hour of 40-hertz tones per day, for seven days,
dramatically reduced the amount of beta amyloid in the auditory cortex
(which processes sound) as well as the hippocampus, a key memory
site that is located near the auditory cortex.
“What we have demonstrated here is that we can use a totally different
sensory modality to induce gamma oscillations in the brain. And
secondly, this auditory-stimulation-induced gamma can reduce amyloid
and Tau pathology in not just the sensory cortex but also in the
hippocampus,” says Tsai, who is a founding member of MIT’s Aging
Brain Initiative.
The researchers also tested the effect of auditory stimulation on the
mice’s cognitive abilities. They found that after one week of treatment,

the mice performed much better when navigating a maze requiring them
to remember key landmarks. They were also better able to recognize
objects they had previously encountered.
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Caption:
By exposing mice to a unique combination of light and sound, MIT
neuroscientists have shown that they can improve cognitive and
memory impairments similar to those seen in Alzheimer’s patients. At
left, the mouse cortex shows a reduction in amyloid plaques following
visual and auditory stimulation, compared to the untreated mouse at
right.
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By exposing mice to a unique combination of light and sound, MIT
neuroscientists have shown that they can improve cognitive and
memory impairments similar to those seen in Alzheimer’s patients.
This noninvasive treatment, which works by inducing brain waves
known as gamma oscillations, also greatly reduced the number of
amyloid plaques found in the brains of these mice. Plaques were
cleared in large swaths of the brain, including areas critical for cognitive
functions such as learning and memory.
“When we combine visual and auditory stimulation for a week, we see
the engagement of the prefrontal cortex and a very dramatic reduction
of amyloid,” says Li-Huei Tsai, director of MIT’s Picower Institute for
Learning and Memory and the senior author of the study.
Further study will be needed, she says, to determine if this type of
treatment will work in human patients. The researchers have already
performed some preliminary safety tests of this type of stimulation in
healthy human subjects.
MIT graduate student Anthony Martorell and Georgia Tech graduate
student Abigail Paulson are the lead authors of the study, which
appears in the March 14 issue of Cell.
Memory improvement
The brain’s neurons generate electrical signals that synchronize to form
brain waves in several different frequency ranges. Previous studies

have suggested that Alzheimer’s patients have impairments of their
gamma-frequency oscillations, which range from 25 to 80 hertz (cycles
per second) and are believed to contribute to brain functions such as
attention, perception, and memory.
In 2016, Tsai and her colleagues first reported the beneficial effects of
restoring gamma oscillations in the brains of mice that are genetically
predisposed to develop Alzheimer’s symptoms. In that study, the
researchers used light flickering at 40 hertz, delivered for one hour a
day. They found that this treatment reduced levels of beta amyloid
plaques and another Alzheimer’s-related pathogenic marker,
phosphorylated tau protein. The treatment also stimulated the activity of
debris-clearing immune cells known as microglia.
In that study, the improvements generated by flickering light were
limited to the visual cortex. In their new study, the researchers set out to
explore whether they could reach other brain regions, such as those
needed for learning and memory, using sound stimuli. They found that
exposure to one hour of 40-hertz tones per day, for seven days,
dramatically reduced the amount of beta amyloid in the auditory cortex
(which processes sound) as well as the hippocampus, a key memory
site that is located near the auditory cortex.
“What we have demonstrated here is that we can use a totally different
sensory modality to induce gamma oscillations in the brain. And
secondly, this auditory-stimulation-induced gamma can reduce amyloid
and Tau pathology in not just the sensory cortex but also in the
hippocampus,” says Tsai, who is a founding member of MIT’s Aging
Brain Initiative.

The researchers also tested the effect of auditory stimulation on the
mice’s cognitive abilities. They found that after one week of treatment,
the mice performed much better when navigating a maze requiring them
to remember key landmarks. They were also better able to recognize
objects they had previously encountered.
They also found that auditory treatment induced changes in not only
microglia, but also the blood vessels, possibly facilitating the clearance
of amyloid.
Dramatic effect
The researchers then decided to try combining the visual and auditory
stimulation, and to their surprise, they found that this dual treatment had
an even greater effect than either one alone. Amyloid plaques were
reduced throughout a much greater portion of the brain, including the
prefrontal cortex, where higher cognitive functions take place. The
microglia response was also much stronger.
“These microglia just pile on top of one another around the plaques,”
Tsai says. “It’s very dramatic.”
The researchers found that if they treated the mice for one week, then
waited another week to perform the tests, many of the positive effects
had faded, suggesting that the treatment would need to be given
continually to maintain the benefits.
In an ongoing study, the researchers are now analyzing how gamma
oscillations affect specific brain cell types, in hopes of discovering the
molecular mechanisms behind the phenomena they have observed.

Tsai says she also hopes to explore why the specific frequency they
use, 40 hertz, has such a profound impact.
The combined visual and auditory treatment has already been tested in
healthy volunteers, to assess its safety, and the researchers are now
beginning to enroll patients with early-stage Alzheimer’s to study its
possible effects on the disease.
“Though there are important differences among species, there is reason
to be optimistic that these methods can provide useful interventions for
humans,” says Nancy Kopell, a professor of mathematics and statistics
at Boston University, who was not involved in the research. “This paper
and related studies have the potential for huge clinical impact in
Alzheimer’s disease and others involving brain inflammation.”
The research was funded, in part, by the Robert and Renee Belfer
Family Foundation, the Halis Family Foundation, the JPB Foundation,
the National Institutes of Health, and the MIT Aging Brain Initiative.

