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Meditation

on Demand

New research reveals the cell mechanisms underlying

a meditative state
By Peter B. Reiner

n the fall of 2005 the Dalai Lama delivered a lecture at the annual meeting of the So- | iedkiations’
ciety for Neurosg‘ience in Washington, D.C., highlighting the areas of convergence ::;'a‘i';‘;l‘::"g?lg
between neuroscience and Buddhist thought about the mind. He took the opportu- | aPulitzer Prize-
. . . 1 . . winning journalist
nity to remind the audience that not only is he a Buddhist monk but that he is also at the Boston
an enthusiastic proponent of modern technology. [For more on the Dalai Lama’s lec- | 6fo¢ and Jonah
i ok A ' . Lehrer, the sci-
ture, see “Meditations on the Brain,” by R. Douglas Fields; SCIENTIFIC AMERICAN snce wiiter be-

MIND, February/March 2006.]

Elaborating, the spiritual leader of Tibet explained to the audience of scientists that although he blogs.com/
meditates for four hours every morning, it is hard work. He divulged that if neuroscientists could find

a way to put electrodes in his brain and create the
same outcome he gets from meditating, he would
be an eager volunteer. Now a set of experiments
from researchers at the Massachusetts Institute of
Technology and Stanford University moves us a
step closer to making his wish a reality. The neu-
roscientists managed to induce in mice a brain-
wave pattern associated with meditation—an-
swering a long-standing question about how this
pattern is generated and theoretically laying the
groundwork for a cognitive-enhancement tech-
nology that could mimic meditation’s effects.

To better understand how the new work relates
to meditation, it helps to review some earlier stud-
ies. The Dalai Lama’s keen interest in neuroscience
has been reciprocated by at least some members of
the neuroscience community, who reason that
studying people who meditate might lead to novel
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1 Regular deep meditation changes the brain in positive

ways. This type of meditation seems to be associated with
gamma waves, the electromagnetic rhythm of neurons firing very
rapidly in harmony.

2 Neuroscientists have pinpointed the cells responsible for
producing these gamma rhythms and demonstrated a
technology that can induce the brain-wave pattern in mice.

3 In the future it might be possible to use this technology to
reproduce some of the beneficial effects of meditation.
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insights about the workings of the human brain.

From the perspective of neuroscience, meditation
can be characterized as 1 series of mental exercises
by which a person strengthens control over the work-
ings of his or her own brain. The simplest of these
practices is focused attention, during which one con-
centrates on a single object or experience—say, one’s
breathing. Many studies have described how the
ability of long-term meditators to focus and attend
to tasks differs from people who are new to the prac-
tice. For instance, expert meditators perform better
on rapid-fire visual tests because they avoid the com-
mon pitfall known as attentional blink, which causes
most people to miss a second target because they fo-
cus too long on the first. [For more about the neuro-
science of meditation, see “Searching for God in the
Brain,” by David Biello; SCIENTIFIC AMERICAN
MinD, October/November 2007.]

Hnking about Thinking

But focused-attention meditation is fairly basic
compared with the kind of contemplation conduct-
ed by experienced Buddhists. Called open-monitor-
ing meditation, this advanced method is, in many
ways, a form of metacognition—the objective is not

tive of neural activity) were in sync at unusually
high speed. Brain waves, which signify groups of
neurons firing in relative harmony, occur at differ-
ent speeds—slow delta waves happen only in dream-
less sleep, for example, and rapid beta waves occur
during concentration and cognition. Gamma waves
are the fastest of the bunch, and in normal people
they happen only in very short bursts during REM
sleep and, rarely, waking cognition. The Davidson
study was remarkable in that it showed that long-
term meditators are able to produce sustained gam-
ma activity in a manner that had never been previ-
ously observed in a human being. As such, sus-
tained gamma activity emerged as a proxy for at
least some aspects of the meditative state.

If sustained gamma rhythm is a hallmark of
meditation, could we achieve “meditation on de-
mand” for the Dalai Lama by inducing gamma
waves in the brain? Perhaps—but first researchers
must tease out how exactly gamma rhythm is pro-
duced in the brain. This mechanism is precisely
what the new studies defined and replicated.

In two new studies published in Nature in June,
the laboratories of Christopher I. Moore and Li-
Huei Tsaiat M.I.T. and Karl Deisseroth at Stanford

to focus one’s attention but rather to use one’s brain
to monitor the universe of mental experience with-
out directing attention to any one task. Psychologist
Richard Davidson led a seminal study of open-mon-
itoring meditation at his laboratory at the University
of Wisconsin—Madison.

Using electroencephalographic (EEG) record-
ings, Davidson and his colleagues compared long-
term Buddhist practitioners with students who had
been introduced to the principles of meditation a
week before the study and were instructed to prac-
tice an hour a day. The findings, reported in Pro-
ceedings of the National Academy of Sciences USA
in 2004, were unexpected: the long-term medita-
tors’ brain waves (the electrical oscillations indica-
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tested and confirmed the hypothesis that gamma
rhythm results from the activation of fast-spiking
interneurons, so named because they fire at a high-
er than normal rate and have short, local connec-
tions within the cerebral cortex, the outer layer of
gray matter responsible for higher cognition. The
experimenters utilized optogenetics—combining
optical (light-based) and genetic techniques to in-
vestigate the brains of living animals. They devel-
oped viruses that infected only the fast-spiking in-
terneurcns of either the prefrontal cortex or the bar-
rel cortex (the area that processes sensory input
from a rodent’s whiskers) in mice.

The virus delivered an engineered gene that
made the target cells sensitive to light, Then the re-
searchers inserted fine optical fibers into the relevant
region of the mouse cortex, allowing light to be de-
livered to the infected neurons and thereby activat-
ing only the fast-spiking interneurons. In essence,
this procedure allowed them to switch particular
brain cells on and off with exquisite temporal and
spatial control. In both experiments, selectively
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stimulating the fast-spiking intefneurois evoked
gamma oscillations, thereby confirming the hypoth-
esis that these neurons drive the gamma rhythm.
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The sustained gamma activity evoked in these
mice is, of course, highly reminiscent of the type of
electrical activity recorded from the long-time med-
itators practicing the elusive phenomenon of open-
monitoring meditation. ‘That being said, sustained
gamuma activity is not identical to meditation—so
this experiment alone (despite the elegant methods
used) clearly does not satisfy the Dalai Lama’s chal-
lenge to the neuroscience community to develop a
technological replacement for the many hours spent
immersed in contemplative thought.

Given the growing body of evidence that sug-
gests that even short-term meditation improves mea-~
sures of attention, however, these new experiments
provide an interesting twist to the growing field of
cognitive enhancement. If gamma-wave synchrony
is indeed responsible for some of meditation’s ben-
eficial effects on the brain, inducing such rhythms
artificially might result in similarly desirable out-
comes. In addition, abnormal gamma synchroniza-
tion is a hallmark of disorders such as autism and
schizophrenia, and it may contribute to altered cog-
nition in these and other mental illnesses. Thus, de-
veloping a technology that could correct the gamma
rhythm could be invaluable for clinical treatment.
How long will it be before a new version of this

technology is available for human copnsumption? It
is hard to imagine anyoric but the mostacdently pro-
gressive technophile signing up to have genetically
engineered viruses and optical probes inserted into
his or her brain. Bur it is worth remembering that
both deep-brain stimulation, whereby implanted

electrodes act as a kind of pacemaker in the brain,

and transcranial magnetic stimulation, in which
powerful magnetic fields are transmitted through
the skull to affect brain activity, are rapidly moving
from the lab to the clinic, Both these techniques rep-
resent relatively crude forms of brain stimulation.

Still, the emerging field of optogenetics is ad-
vancing very quickly. One recent paper in Newron
demonstrated that neurons can be infected and op-
tical fibers implanted safely in nonhuman primates.
Atthe very least, itis safe to say that the prospect of
using advanced technology to mimic at least some
of the brain activity present during meditation
states has moved from the realm of science fiction
to that of scientific posstbility. M

‘The Dalai Lama urged

neurosclentlsts to find
a way to use technolo-
gy to induce in the
braln the benefits of
arduous meditation.
A new study in mice
may point the way to
such technology.
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