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Brain 
Flashy neurons may 
get the attention, 

but a class of cells 
called glia are 
behind most of 

the brain's work— 
and many of 
its diseases 

By R. Douglas Fields 

en 

A light micrograph reveals a weblike 
pattern of cells called astrocytes 
In the cerebellum, a brain structure 
Involved In motor control. 
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Sitting in a darkened lab at 
the National Institutes of 
Health in 1999, my colleague 
Beth Stevens and I prepared 
to send a mild electric cur-

rent through fetal mouse neurons in a 
cell culture. We were using a new micro-
scope technique that would let us see 
electrical activity as a bright fluorescence 
emitted from a dye we had added to the 
culture, and we were hoping to find out if 
another kind of cell common in the ner-
vous system would react in some way— 
Schwann cells, odd-looking cells that fab-
ricate insulation around neurons. We 
didn't really expect them to; Schwann 
cells cannot communicate electrically. I 
flipped the switch. The neurons immedi-
ately glowed. But then the Schwann cells 
began to glow as well. It was as if they 
were talking back. 

The most mysterious substance on 
earth is the stuff between your ears, and 
much of the intrigue exists because many 
long-held beliefs about how the brain 
works have turned out to be wrong. Like 
medieval astronomers who were shocked 
to learn that the earth is not the center of 
the universe, neuroscientists today are fac-
ing a similar revelation about neurons. 

Until recently, our understanding of 
the brain was based on a century-old idea 
called the neuron doctrine. This theory 
holds that all information in the nervous 
system is transmitted by electrical im-
pulses over networks of neurons linked 
through synaptic connections. But this 
bedrock theorem is deeply flawed. New 
research proves that some information 

Powerhouses of the Brain 
Once dismissed as mere packing material, glia make up 85 percent of the cells In our brain 
and are now known to control many of the brain's functions. Astrocytes ferry nutrients and 
waste and mediate neuronal communication. Oligodendrocytes coat axons with Insulating 
myelin, boosting signal speeds. Microglia fight Infection and promote repair; when they fall, 
so does the brain. 
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bypasses the neurons completely, flowing 
without electricity through networks of 
cells called glia. The studies are upending 
our understanding of every aspect of 
brain function in health and disease, 
bringing answers to long-standing rid-
dles about how we remember and learn. 

Glial cells interact with neurons, con-
trol them, work alongside them—and the 
functions of these strange-looking cells 

FAST FACTS 
The Silent Majority 

Neurons make up only 15 percent of our brain cells. Glial cells make 
up the rest. 

Glial cells can control communication between neurons and play 
a central role in learning, but for years they were dismissed as 

mere putty. 

» 

h> 

3» Most neurological and some psychological disorders Involve glia, 
so new therapies are targeting these cells. 

are myriad. Star-shaped astrocytes ferry 
neurotransmitters, food and waste. 
Cephalopodlike oligodendrocytes and 
sausage-shaped Schwann cells wrap 
themselves around neurons like sheaths, 
speeding their electrical transmissions 
and helping control muscle contractions 
throughout the body. Microglia, ranging 
in form from multibranch to ameboid, 
are the brain's first responders to injury 
and disease, killing invading germ cells 
and beginning the process of repair. 

Especially exciting is new research 
showing the central role of glia in infor-
mation processing, neurological disor-
ders and psychiatric illness. Some glial 
cells speed information between distant 
regions of the brain, helping us master 
complex cognitive processes. Others 
break down as they age and in their fail-
ure bring dementia. This research has 
great implications not only for under-
standing how the brain works but also 
for developing new treatments for neuro-
logical and psychological illnesses. 
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Oligodendrocytes lay down multiple layers of myelin 
around axons. Increasing signal speed up to 50-fold. 
Recent work suggests that neural Impulses can 
stimulate myellnatlon. 

And all this comes down to a class of 
brain cells dismissed for 100 years as mere 
putty. In the 19th century, when pioneer-
ing scientists first trained microscopes on 
gray matter, they were amazed to find a 
cell unlike any other in the body: the neu-
ron. At one end of this dazzling cell was a 
long, wirelike structure called the axon 
that carried electrical impulses to a cluster 
of transmission terminals. 
At the opposite end, the 
neuron sprouted busy, root-
like dendrites that received 
signals from the axons of 
other neurons, ferried across 
the space that separated 
them—the synapse—by tai-
lor-made chemicals. Neu-
rons were scattered sparsely 
throughout the brain like 
juicy raisins, but few cared 
to examine the seemingly 
bland dough in which they 
were embedded. 

But, as Sherlock Holmes 
observed, "There is nothing 
more deceptive than an ob-
vious fact," and the fact that 

scientists were ignoring is that 
neurons make up only 15 per-
cent of our brain cells; the oth-
er 85 percent were considered 
little more than packing mate-
rial. Indeed, 19th-century Ger-
man pathologist Rudolf Vir-
chow, one of the first to study 
glia, likened this brain matter 
to connective tissue and dubbed 
it nervenkitt, meaning nerve 
putty or cement, which in Eng-
lish became "neuroglia," from 
the Greek root for glue. 

Few scientists are drawn 
to brain research to study glue. 
We still have no singular noun 
equivalent to neuron when we 
speak about an individual gli-
al cell. Virchow barely distin-
guished between the different 
sorts of glia. And none of this 
mishmash of bizarre-looking 
cells had any of the telltale fea-
tures essential for neuronal 
communication, such as ax-

ons, dendrites or synapses, so scientists 
had no reason to suspect that glia might 
be communicating in secret and doing so 
in an unexpected way. 

A Language of Their Own 
Neurons use both electricity and 

chemistry to convey information, with 
electricity transmitting impulses along 

This light micrograph of rat brain cells shows the first steps In myelin for-
mation. Multiple arms from an oligodendrocyte (green) have grasped axons 
(red) and have begun wrapping them with layers of the insulator. 

Our 
understanding 

of the brain 
was based on 

a century-
old idea: 

the neuron 
doctrine. But 

this theorem is 
deeply flawed. 

the wirelike axon and chemicals carrying 
those signals across the synapse to anoth-
er neuron. The recipient neuron then fires 
an electrical impulse and relays the signal 
to the next neuron in the chain. 

Only in the past few years have scien-
tists come to realize that the glial cells 
called astrocytes can control synaptic 
communication. So named because early 
anatomists thought they resembled stars, 
astrocytes were at first thought to be re-
sponsible only for housekeeping func-
tions such as transporting nutrients from 
the bloodstream to the neurons and car-
rying waste in the opposite direction. 
These functions were surmised from the 
way many astrocytes cling to blood ves-
sels with some of their arms and reach 

deep into brain tissue with 
others, tightly grasping 
neurons and their synaps-
es. Only later did scientists 
come to see that neurons 
are utterly dependent on 
glia to fire their electrical 
impulses and to pass mes-
sages to one another across 
synapses. A clue that this 
dependency might be the 
case was the discovery of 
the same neurotransmitter 
receptors on glia as on neu-
rons. As it happens, glia 
were listening to neurons 
and talking among them-
selves without using elec-
tricity at all. 
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Astrocytes regulate blood flow according to neuronal 
demand. Here they cluster around a vessel In the brain. 

This discovery awaited the invention 
of new tools allowing electrical activity 
to be seen as flashes of light. The micro-
electrodes that neuroscientists typically 
use to probe neuronal function are deaf 
to glial communication. But video and 
laser-illuminated microscopes developed 
in the 1980s and 1990s let researchers 
monitor neuronal firing by adding tracer 

Unlike 
neurons, 

which 
communicate 
across chains 
of synapses, 

glia broadcast 
their signal 
widely, like 
cell phones. 

dyes to the cells. Like the fluorescent flu-
id in a glow stick, these dyes shone when 
ions such as calcium entered neurons as 
their axons carried a signal, causing the 
dye to generate light. Very quickly those 
of us using these new methods saw that 
when we stimulated a neuron to fire an 
impulse, the neuroglia, hidden in plain 
sight, flashed back. Glia had sensed the 
electrical activity in neurons, and some-
how calcium ions had flooded into them 
as well, producing the same green glow. 

The new technique also revealed that 
glia communicate with one another in the 

same way. Scientists observed 
that when neurotransmitters 
released by neurons stimulat-
ed receptors on glia, the glia 
released neurotransmitters as 
well. And the release stimu-
lated a chain reaction as the 
message was passed to other 
glia. The glial communica-
tion is stunningly evident as 
a wave of fluorescent light 
sweeping from one glial cell 
to the next after a neuron has 

fired and released a neurotransmitter [see 
illustration on page 59]. 

This finding led to a bigger question: 
whether glial networks use the informa-
tion gleaned about neuronal communi-
cation at a synapse to manage neuronal 
signaling at synapses in distant parts of 
the brain. If so, glia might have a central 
part in information processing itself. 

pus. After responding to the neurotrans-
mitter glutamate released from one syn-
apse, astrocytes released a different neu-
rotransmitter, adenosine, affecting the 
strength not only of its neuronal neighbor 
but of distant synapses as well. By con-
trolling data processing at synapses, glia 
participate in aspects of vision, memory, 
muscle contraction and unconscious 
brain functions such as sleep and thirst. 

The pace and breadth of glial com-
munication provide another bit of evi-
dence that glia play a part in information 
processing. Unlike neurons, which com-
municate serially across chains of synaps-
es, glia broadcast their signals widely, 
like cell phones. Neurons' electrical com-
munication is quite rapid, zipping through 
neural networks in mere thousandths of 
a second, but the chemical communica-
tion of glia is very slow, spreading as a 
tidal wave through neural tissue at a pace 

The arms of astrocytes cling to 
blood vessels and neurons, 

ferrying nutrients and waste 
between the neurons and the 

bloodstream and carrying 
signals between neurons 

across the synapse. 

Recent research provides tantalizing 
evidence of such a role. Using a laser to 
stimulate a calcium wave in an astrocyte 
next to an axon, a team led by neurobiol-
ogist Norio Matsuki of the University of 
Tokyo reported earlier this year that neu-
rotransmitters released from the astro-
cyte boosted the strength of an electrical 
impulse in the axon. A 2005 study led by 
neurobiologist Philip Haydon, now at 
Tufts University, showed that astrocytes 
provide a nonelectrical pathway for com-
munication between synapses in a brain 
area governing memory, the hippocam-

of seconds or tens of seconds. Rapid re-
sponse is critical for certain functions— 
reflexive recoil from a pain stimulus, for 
example—but many important processes 
in the brain occur over longer periods. 

Not the least important of these is 
learning. New human brain-imaging 
techniques have revealed that after learn-
ing to play a musical instrument or to 
read or to juggle, structural changes oc-
cur in brain areas that control these cog-
nitive functions. Remarkably the changes 
are seen in regions where there are no 
complete neurons: the "white matter" ar-
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eas, formed from bundles of ax-
ons coated with myelin, a white 
electrical insulator. Previously all 
theories of learning held that we 
incorporate new information 
solely by strengthening synaptic 
connections, but there are few 
synapses in white matter. Clearly, 
something else is happening. 

Findings from my lab in the 
past 10 years concern two differ-
ent types of glial cells that cling to 
axons and coat them with myelin 
insulation—oligodendrocytes in 
the brain and Schwann cells in the 
body. Like an octopus, each cellu-
lar tentacle of an oligodendrocyte 
cell grips an individual segment of 
an axon and wraps up to 150 lay-
ers of compacted cell membrane 
around it in the way an electrician 
wraps tape around a wire. This in-
sulation changes how impulses travel 
through axons, increasing the transmis-
sion speed by up to 50 times. 

And much like astrocytes at synaps-
es, these myelin-forming glia could sense 
the impulses transmitted through axons. 
This capability was a puzzle at first, be-
cause such glia are far from the synapses 
where neurotransmitters are released. 
But my lab recently discovered that ax-
ons also release neurotransmitters 
through channels in their membrane that 
open when the axon fires. I was able to 
see the release of one such neurotrans-
mitter—adenosine triphosphate, or 
ATP—by fitting my microscope with an 
extremely high-gain night-scope image 
intensifier that can detect single photons. 
For my experiment, I exploited the chem-
ical reaction that produces a firefly's tell-
tale green flash. I took the protein and 
enzyme from the tail of a firefly and add-
ed them to cultures containing mouse 
neurons. The firefly proteins require one 
more ingredient before they can glow: 
ATP, normally supplied by firefly cells. 
When I stimulated the mouse axons with 
a mild electric shock, they released ATP, 
eliciting a burst of photons. 

The formation of myelin in response 
to stimuli likely means that early life ex-
perience plays a big role in brain develop-

I 

A new way of dyeing astrocytes shows what they look like 
for the first time. Here dye fills all the extensions of one cell 
(green), giving it a bushy look. The older method reveals 
only the cells' skeletons (red). 

ment. By increasing the speed of infor-
mation transfer between parts of the 
brain involved in mastering complex 
cognitive tasks, these glial cells are essen-
tial to learning, too. 

How the Brain Goes Awry 
Glial cells have also emerged as major 

actors in a host of neurological and psy-
chological illnesses ranging from epilepsy 
to chronic pain to depression. Indeed, re-
cent research has found that many neuro-
logical disorders are in fact disorders of 
the glia, in particular a class of cells 
called the microglia, which serve as the 
brain's defense against disease. These 
specialists seek out and kill invading 
germs and promote recovery from injury, 
clearing away diseased tissue and releas-
ing powerful compounds that stimulate 
repair. And their function is a factor in 
every aspect of neurological illness. 

New research suggests to some scien-

tists that the dementia of Al-
zheimer's disease could be a di-
rect outcome of microglia that 
have lost the ability to clear waste. 
Alois Alzheimer first noted that 
microglia surround the amyloid 
plaques that are the hallmark of 
the disease. Normally microglia 
digest the toxic proteins that form 
these plaques. But recent studies 
led by neuroscientist Wolfgang J. 
Streit of the University of Florida 
College of Medicine and others 
suggest that microglia become 
weaker with age and begin to de-
generate. The atrophy is visible 
under a microscope. Senescent 
microglia in aged brain tissue be-
come fragmented, losing many of 
their cellular branches. 

The way Alzheimer's courses 
through the brain is one more 

sign of microglial involvement. Tissue 
damage spreads in a predetermined man-
ner, beginning near the hippocampus 
and eventually reaching the frontal cor-
tex. Streit's observations show that mi-
croglial degeneration follows the same 
pattern—and in advance of neuronal de-
generation, suggesting that senescence of 
microglia is a cause of Alzheimer's de-
mentia and not a response to neuron 
damage, as Alzheimer and most experts 
had presumed. This discovery may lead 
to new treatments for dementia, once re-
searchers determine why microglia be-
come senescent with age in some people 
but not in others. 

The functions of the glial cells also 
account for why some people develop 
horrible chronic pain that does not relent 
after an injury has healed and sometimes 
even worsens. Doctors must use power-
ful narcotics such as morphine and other 
opiates to blunt the unrelenting pain in 

(The Author) 
R. DOUGLAS FIELDS Is chief of the Nervous System Development and Plasticity 
Section at the National Institutes of Health and adjunct professor In the Neurosci-
ence and Cognitive Sciences Program at the University of Maryland, College Park. 
He is author of a new book on glia. The Other Brain, and scientific adviser to Scien-
tific American Mind. 
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Many diseases of the nervous system are disorders of the glia. Compared with a normal microglia cell 
(left), the armlike extensions of the aging microglia at the right appear shriveled, a sign of dementia. 

such patients. These drugs lose their 
strength over time, necessitating higher 
doses for the same effects, which can lead 
to drug dependence [see "When Pain 
Lingers," by Frank Porreca and Theo-
dore Price; SCIENTIFIC AMERICAN M I N D , 
September/October 2009]. 

We now know that malfunctions of 
glial cells may account for both persis-
tent pain and the diminishing power of 
some pain-relieving drugs. Research by 
Linda Watkins of the University of Colo-
rado at Boulder, Kazuhide Inoue of Kyu-
shu University in Fukuoka, Japan, and 
Joyce DeLeo of Dartmouth Medical 
School, among many others, reveals that 
microglia and astrocytes respond to the 
hyperactivity in pain circuits after injury 
by releasing compounds that initiate the 
healing process. These substances also 
stimulate neurons. Initially this height-
ened sensitivity is beneficial, because the 
pain forces us to protect the injury from 
further damage. With chronic pain, mi-
croglia do not stop releasing these sub-
stances even when healing is complete. 
But in recent studies pain in experimen-
tal animals was sharply reduced when 
the researchers blocked either the signals 
from neurons to glia or the signals that 
glia release. Scientists are now develop-
ing painkillers that target glia rather 
than neurons. 

Glial cells also account for the ancient 
mystery of why spinal cord injury results 
in permanent paralysis. Martin Schwab 
of the University of Zurich and others 
have found that proteins in the myelin in-
sulation that oligodendrocytes wrap 
around axons stop injured axons from 
sprouting and repairing damaged circuits. 

Blocking these proteins allows damaged 
axons to regrow in experimental animals. 
Clinical trials on patients with spinal 
cord injury are now under way. 

That glia would play a central role in 
neurological illness is easy to understand 
because astrocytes and microglia are the 
first responders to disease. We have also 
long known that demyelinating disor-
ders such as multiple sclerosis, which 
strips the myelin insulation from axons, 
cause severe disability. But it came as a 

Glial cells also 
account for 
the ancient 
mystery of 
why spinal 
cord injury 
results in 

permanent 
paralysis. 

These Illustrations of microglia In their 
resting state date from 1922. 

recent surprise to find glia impli-
cated in psychiatric illness. Re-
cent work has linked chemicals 
called cytokines, which are re-
leased by immune system cells 
and microglia, to obsessive-com-
pulsive disorder. In 2002 molec-
ular geneticist Mario Capecchi 
and his colleagues in the depart-
ment of human genetics at the 
University of Utah reported that 
mice with a mutation in the 
HoxbS gene exhibited compul-

sive grooming and hair removal behavior 
similar to humans with obsessive-com-
pulsive disorder. The only cells in the 
brain that have this gene are microglia. 
Then, in a 2010 study, the researchers 
harvested immature immune cells that 
will develop into microglia from normal 
mice and transplanted them into the mu-
tants. The mice were cured of their com-
pulsive grooming behavior. Presumably 
cytokines released from microglia excite 
brain circuits responsible for habit for-
mation. [For more about habits, see "Ob-
sessions Revisited," by Melinda Wenner 
Moyer, on page 36.] 

Analysis of postmortem brain tissue 
has also linked oligodendrocytes and as-
trocytes to depression and schizophrenia 
by revealing reduced numbers of these 
cells. So have MRI examinations of peo-
ple with schizophrenia, which show 
anomalies in subcortical white matter re-
gions of the brain. Although psychiatric 
illnesses are likely to have many different 
causes, schizophrenia and several other 
mental illnesses have a strong genetic ba-
sis. If an identical twin develops schizo-
phrenia, there is a 50-50 chance that the 
sibling will as well. 

Some of the genes implicated in these 
mental illnesses are found only in oligo-
dendrocytes; others control development 
of these myelin-forming glia. An analysis 
of 6,000 genes in tissue from the prefron-
tal cortex of people with schizophrenia 
by Yaron Hakak, then at the Genomics 
Institute of the Novartis Research Foun-
dation in San Diego, revealed that 89 
genes were abnormal; remarkably 35 of 
them are involved in myelination. Pre-
sumably these genetic abnormalities up-

5 8 SCIENTIFIC AMERICAN MIND May/June 2 0 1 1 



set such processes as synaptic 
function and myelin insulation, 
which in turn could disrupt infor-
mation transmission in the high-
er-level cognitive circuits affected 
in psychiatric illnesses. 

Roots of Mental Illness 
Investigators have set out to 

learn why glial cells would cause 
these synaptic snafus. Consider 
that the biological basis for most 
mental illness is an imbalance in 
neurotransmitter chemicals in cir-
cuits controlling perception, emo-
tion and thought. All drugs used 
to treat mental illness and most 
neurological diseases work by reg-
ulating the balance of neurotrans-
mitters. The selective serotonin 
reuptake inhibitors (SSRIs) used to 
treat chronic depression and many 
other psychiatric conditions work 
by impairing removal of serotonin 
and dopamine from synapses, allowing 
these neurotransmitters to build up and 
in effect boosting the signal. In a similar 
way, all hallucinogenic drugs, from LSD 
to PCP, produce their mind-bending ef-
fects by altering the levels of neurotrans-
mitters in specific neurological circuits. 
Regulating neurotransmitter levels at 
synapses is precisely what astrocytes do. 

In theory, then, astrocytes are in a 
position to control the balance between 
mental health and madness. In a strange 
and largely forgotten coincidence, glia 
were the inspiration for the revolution-
ary idea that mental illness could have a 
biological cause and that psychiatric ill-
ness could be corrected with medical 
treatment, albeit a very peculiar one. In 
the 1930s Hungarian psychopathologist 
Ladislas von Meduna noticed during au-
topsies that the number of astrocytes was 
abnormally low in the cerebral cortex of 
people who had suffered from chronic 
depression and schizophrenia. Von Me-
duna and other pathologists also knew 
from examination of brain tissue ob-
tained by biopsy that the number of as-
trocytes increases after epilepsy, presum-
ably to regulate electrical activity when 
it spins wildly out of control. 

As a result of nearby neural activity, calcium Ions flow Into 
a rat astrocyte, as revealed by an orange dye that glows 
In proportion to the amount of calcium present. The Influx 
of calcium unleashes a burst of chemical communiques 
among glial cells. 

Von Meduna observed as well that 
people with epilepsy rarely suffered 
schizophrenia. He surmised that a defi-
ciency in astrocytes was the biological 
reason for schizophrenia and chronic de-
pression. By inducing a seizure in such 
people, he could correct the imbalance in 
astrocytes and cure patients suffering 
from these illnesses. He later wrote in 
his autobiography: "I published this 
work in 1932 without knowing that this 
would become the origin of shock treat-
ment." How it works is still unclear, but 
electroshock therapy remains the most 
effective treatment for chronic depres-

sion in people who are not respon-
sive to drugs. 

The new awareness of glia in 
brain function suggests that drugs 
targeting glia might help treat 
mental and neurological illnesses. 
"Epilepsy is a prime candidate for 
glial-based therapeutics," says 
Haydon of Tufts. Recent studies 
by Haydon, Maiken Nedergaard 
of the University of Rochester 
Medical Center, Giorgio Carmig-
noto of the University of Padua in 
Italy, and many others are using 
calcium imaging and electrophysi-
ology to show that when neuronal 
activity is heightened, glia release 
neurotransmitters that can either 
contribute to seizure activity or 
suppress it. New research also im-
plicates glia in sleep disorders, a 
component of many mental illness-
es. Haydon demonstrated the link 
in experiments on mice genetically 

altered to prevent their astrocytes from 
releasing neurotransmitters, disrupting 
sleep regulation. 

Transformational moments are leg-
endary in scientific history, but it is rare 
to witness one. Until quite recently, we 
neuroscientists had dismissed more than 
half of the brain as uninteresting—a hum-
bling realization. We see only now that 
the glial and neuronal brains work differ-
ently, and it is their intimate association 
that accounts for the astonishing abilities 
of the brain. Neurons are elegant cells, 
the brain's information specialists. But 
the workhorses? Those are the glia. M 
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Distance Therapy Comes 
Recent studies show that psychotherapy delivered through 

Gabriela (not her real name), a 42-year-old invest-
ment counselor, has been receiving therapy by com-
puter chat for more than a year now. She fell into a 
deep depression after her last breakup and needed 
an ear she could count on to be consistently sup-

portive and objective. She had face-to-face therapy years ago 
after she lost a child, and she thinks it is overrated. With chat 
therapy, she can look back at the e-trail and relive therapeutic 
moments. She can also see her progress in black and white. 

Linda (also not her real name), 57 and divorced, has been receiving chat 
therapy for more than two years. She participates in one session a week and 
pays less than half what she would pay for an in-person encounter. "And 
there's no wasting time on chitchat about the weather," she says. "We get 
right down to business." Her therapist has helped lift her out of a debilitat-
ing depression that began when she was trying to console a grieving friend. 
But she has never seen her therapist; she has never even heard his voice. 

As for the distance aspect of these therapeutic conversations, both Ga-
briela and Linda have similar and somewhat curious perspectives. As Lin-
da put it, "What distance? He's right here in my own house! There's an im-
mediacy to our interaction, and I've shared things with him I've never 
shared with any other therapist." Gabriela says that in face-to-face therapy 
she sometimes edited what she was saying to avoid negative facial reactions 
by the therapist; chat therapy has allowed her to be "completely honest." 

Linda and Gabriela are each clients of therapist Carl Benedict, who is 
based in Hagerstown, Md. Linda is 2,653 miles away in San Diego, Calif., 

FAST FACTS 
Remote Consultations 

1v ». Research now demonstrates that psychotherapy delivered 
via e-mail, video, chat, voice or texting can effectively treat 

cognitive, emotional and behavioral disorders. 

2k w Even brief therapeutic communiqués using mobile phones 
' can help combat eating disorders, alcohol abuse, ciga-

rette smoking and anxiety, among other problems. 

3» The number of electronic tools for treating mental health 
troubles is rapidly Increasing. 
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