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Silvio O. Conte
1921 - 199]

This report resulted divectly from the foresight and leadership of
Representative Silvio O, Conte of Massachusetts. As the ranking
minority member of the House Appropriations Committee, Mr. Conte
was an enthusiastic supporter of biomedical research. Recognizing the
accomplishments of neuroscience research and the growing potential
tor new methods to treat and preveat brain and behavioral disorders,
Mr. Conte introduced legislation to declare the 1990s the Decade of
the Brain, As a result of Mr. Conte's vision, public, congressional, and
international interest in brain and behavioral research continues to
HTOw,

We respectfully recognize Mr, Conte's dedication and contribution o
improving the health and well-being of Americans in the Decade of the

Brain and bevond.
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Foreword

The brain is the most sensitive and complicated part of the human
bodyz it is the seat of intelligence, interpreter of senses and

controller of movement. Viewed as mysterious and incomprehensible
in the past, the human brain is at tast yielding up its secrets, giving

us insight into how it works and what goes wrong when it is injured

or discased.

We have learned more about the brain and the nervous system during
the Tast 10 years than throughout all of history, and progress during

the Decade of the Brain promises to be quite spectacular, The techno-
logical revolution occurring in the brain sciences, including the devel-
opment of powerful microscopes and sophisticated brain imaging
devices, new and better animal models, and major advances in the
study of genetics, has brought us to a threshold as important and as
promising as the first launch into space. For the first time, scientists
can view, study and treat the intact, functioning brain, which previously
has been inaccessible,

The challenge is enormous: more than 50 million Americans are
affected each year by brain disorders that range from stroke, brain and
spinal cord injury and neurogenetic diseases, to Alzheimer’s disease,
schizophrenia, alcoholism and drug abuse. One in four Americans at
some point in life will sutfer a brain-related disorder. In the United
States, brain-related disorders cause more people to be hospitalized
than any other major disease group, including cardiovascular disease
or cancer, Treatment, rehabilitation and related consequences of
brain diseases cost America an estimated $305 billion each year.

Advancing our capability to understand and effectively treat the many
brain and behavioral disorders, whether genetic or environmental in
origin, will improve every aspect of our nation's well-being. Many
brain disorders could be prevented, cured or alleviated inexpensively if
research opportunities were fully exploited. Further progress depends
on a broad-hased rescarch effort using the newly developed technolo-
gies that have already given promise of success,

Recent advances in owr understanding of the nervous system are also
stimulating the development of new high technologies in this country,
A major emphasis on basic brain sciences during the Decade of the
Brain will accelerate this effort.
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This report presents highlights of the most promising areas of brain
and behavioral sciencees research being carvied out by the Federal
agencies responsible for divecting, conducting and supporting such
rescarch, Each chapter includes recent significant accomplishments
as well as future plans and potential benefits,

The 22 separate Federal member organizations represented in this
report are committing a substantial portion of their resources to the
brain and behavioral sciences, This interageney inventory allows
these groups to coordinate their rescarch, promote collaboration
among their scientists, program managers and the institutions they
support, and stimulate the integration of their research and devel-
opment in advanced, high-priority, enabling technologies, such as
imaging techniques and genetic studies,

Designation of the 1990s as the Decade of the Brain recognizes bhoth
the tremendous opportunities presented by recent and anticipated
advances in brain research and the enormous costs that disorders of
the brain exact in human suffering, financial sacrifice and national
resources. The compelling message of the Decade of the Brain is
that the brain and behavioral sciences are vich with the scientific
means and opportunities to expand owr knowledge, produce new,
high-level technological innovations for industry, and reduce the
personal and financial burden of brain-related disorders for the
nation. The decade of the 1990s is the ideal time to take maximal
advantage of these opportunities,

D. Allan Bromley
Divector
Offive of Science and Technology Policy
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Background to the ULS, Decade ol the Brain

® Legislative History

Prrsaant 1o the Honse Committee on Appropriations report on the
tiscal vear TOSS budget tor the Lepartiment ol Hleath and Human
Services (DEIISY, the National Advisory Nearological Disorders and
Stroke Counctl ane the National Advisory Mental Health Counail were
asked o prepare teports to Congress setting forth nearosciences prior-
ities and programs, The prarpose of the reports was (o assist the come
mittee minitating its commitient 1o the nost 10 vears as the Decade
ol the Brain,

On March 81989 the Lre Congressman Silvio O, Conte introduced
TLERes 17 1o designaee the decade beginning Januuy 1, 1990 s the
Decade of the Bram, A companion bhill (8.].Res, 1735 was introduced
by Senatonr Donald W, Riegle, i TLERes, 171 passed the Honse on
June 20 and the Senate on July 13,

Phie President signed the bill an July 250 1989 and it hecame Pablic

Law Noc 10138 On Juhy 1701990, President Bashissued a Decade of
the Brain Proclamation, calting apon all public officiads and the peaple
ob the United States 1o obsenve the decade with appropiiate programs

aned actvaties,
8 Office of Science and Technology Policy

Congress has requested that the Ofice of Science and Fechinolog
Palioy ¢cOSTPY Tead Federalbactvatios in comdinating the seientific
eltonttor the Decade of the Bram chouse Report 1o1-1005. In
respotise, the OSEYS Federal Coordmating Counail for Saene,
Fogincermg, and Techmology (FCCSE D) Conunittee on Lile Sciences
and Health has formed a Subconminee on Branmcand Behaviorad

A TRTRITHEN

Fhos Subcommutiec s connposed ol representatives from the followimg
Federal depaniments and agenies;

\eenoy for Tnternational Developient

LI

Departiment of Agrwahe

T

Department ol Connmerce
Depariment of Detense

Depantment of Fdacation
Depatiment ol Fneirgy E)

Precade al the B 1990 8 on n
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Departiment o State

Department of Veterans Affairs

Eovironmentil Protection Ageney

National Acronautios and Space Administradion
National Science Foundation

Office of Management and Budgel

Oftice of Science and Technology Policy

The FCCSET Committee on Lile Sciences and Health, chaired by
DS Assistant Secretay for Flealth, James O, Mason. M.D., DL,
has charged this Subcommintee with:

¢ designing a plan o integrate rescarch efforts,

o monitoring scientific progress in the field,

« developing mechanisms for international collaboration,

o reviewing national and international policy issues,

o translating rescarch discoveries into treatment and prevention
applications, and

o strengthening disease prevention strategies through the under-
standing of high-risk behaviors,




Executive Summary

The VS Decide of the Brain offers scientists throughout the Federal
Govermuent i unique opportunity to adviancee and apply scientific
knowledge about the brain and nervous system, During the nest 10
vears, scientists hope to masimize human potential through studies of
human behavior, senses aond communication, lesuning and memory,
genetic chemical alterations, and envivonmental intevactions, Progress
in theseareas should lead o reductions in mortadity from brain and
nervous ssstem disorders and to improvements in the guality of lite,

Several developments have converged to make the goals of the Decade
of the Brain attainable in the T990s:

o The science essential toan understanding of the brain has
matared drmatically in the past few decades, permitting a
greater tanster of basie liboritory knowledge to practical
applictions.

o The methodologies and research tools to examine the processes
atwork i the healthy and the unhealthy brain are vapidly
nrtturing,

o Medical, researchand other professional institutions and
otganizations in the United States and countries around the
world wre strongly committed to advancing our understanding of
the hunvan brain,

This report identifies nine reseavelareas that could form the basis of
an integrated program in the brain and behavioral sciences, A chart
summnarizing the Federal activities in these nine areas may be found
the back of the report, T addition, three arcas that span the nine
researcharcas—hasic research, technology and international
activities—are considered.

m Cross-Cutting Program Areas

Basic Research, P'resent knowledge about the brain and nervous ssstem
is builtupon the foundation of hasic rescarch, Many examples of

impoi tant basic research questions on which work must continue can .
be dited, These inchude: how nerves communicate normally between £
and vmong themselvest how genes determine normal nerve pathways, g
networksind newal development and how noraial body chemicals i

suchas transmitters iand hormones altect brain function, The new
Federad inttiative to sequence the human genome is another example of
rescarchthav will vield basic intormation that can be applicd 1o under-

Decade ol the o 1as e oun .
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standing the human brain and behavior, Providing o tull desciption
ol the human genetic protile is afivs step toward creating individual-
ized prevention and neatment progrars tor those at risk for genetic
disorders. Other importans applications ol this researeh include devel-
opment ol new technologies inantomation, mictoscapy and tobotics,
toals that will aid studies aimed acundersanding the molecnla hone
tion of the brain. Continued use ol aniusals Tor scientilic studies will
he critical tor hasic reseach.

Technology. Advinces in newroscience technology, including sophisti-
cited computers, modeling echniques and beain imaging technology,
have deanmatically hoosted scientists” capacity to understiand brain
finction and dystunction. These tools allow scientists 1o capture,
store wndnadyze biological dista aned to create simutations of brain
lunction, There is great promise that molecithn genetics studies of the
hrain will resultin new methods of detecting and potentially conect-
ing many currenthy untreatable genetically based diseases of the Tiain
i cennal nervous sssienn, Tncaddition o lonthering conrent knowl-
cdge of human disease research in these areas is likely o revolation-
e vital mdional industries sucheas computer and solid state silicon
chip industries,

International Activities. Science is by e internatianal, and nans ol
the advances i brain rescanch i the coming decade will result from
work conducred in scientific centers wonnd the world, Scieutists from
the United States are taking advantage ol the worldwide interest in the
brain by joining ina number of internanonal collaborative rescarch
projects, induding studies on Alzheimer's discase, Ginacts and the
moleculn biology ol mental illness,

& Drugs and the Brain Addiction

Drawing on vesearch generated by the Decade of the Brain, scientists
hope to find solations to the growing mational vagedy of diug
Heohol abises Abming numbers ol reenagers and women of child-
hearving age use ilicic dvags regularhy, and cach veir thousands of
crnergenoy raonivisityand deaths are cansed by drag abiise, Alcohol
abuse and alcoholism are fuctors in bt ol b gallic deaths, and tetal
alcohol ssindrome is a leading canse of mental vetndation. Fhe health
costs incured by diag and alcohol abose and their consequences otal
nearh S0 billion avear. Rescarch efforis are providing the e
work for inderstanding the protound attear than dings of abuse e
on noral hran fanction, and progress is heing made onrevealing the
genetic and hiochemical aspects obaddicuon,

& Aging and the Human Brain

Asteady morease in the incidence of degencrative hrain disorders such
as Alzhicimer’ s and Parkinson’s diseases has accompanied the upwand
shiltin the U Scage distibation. Our society now spends well over S50
billion sty on the e of peaple with dementiag and this figare
wilahmost cortinhy contine to e, Currentresearch priorities
inclnde identitving and undenst nding the Guses ol dementin and the
pathologial changes that ocom in the brains of individuals with these
disorders, developmyg acouate diagnases, o Tinding b eatinents oy
heain disarders of the elderly,




# Human Behavior and Mental Disorders

Mental i behavioral disorders alieet millions of American chil-
dren and aduhis and hive enormous cconomic and social conse-
quences for our tation, Using the new research rechnologies avail-
ahle only i the past decade, seicntists e now beginning o giin
insight into such devastating diseases as schizophrenias Investigators
also continue to deselop effective treatments tor depressive disor-
dersand other severe mental ifllnesses. A expansion of recent stud-
ies shoubd lead o a better understanding of the canses of mentad
disorders, the relationship between environmental triggers and bio-
logical sulnerability,and the most effective mean. e ocding the
victims of mentad illnesses. Development of effective treatients
would inprove not only the lives ol victims, butalso the ccononue

productivity of the wation,
# Brain and Spinal Cord Damage

Dinnage to the central nervous system isicmajor publie health prob-
fem and the focus of significant research effors onanumber off
conditions including head and spinal cord injuy, epilepsy, inlec-
tious diseases that atfect the brain and nervous sesteni, stroke and
genetic disovders, Hlead and spinal cord injiries kill or disable han-
dreds of thousands of U.S, citizens each vear. Prevention of such
injuries and the development and refinement ol treatments are
high vesearch priorities. Steady progressis being made in finding
new drag reatments for eprdepay, and new imaging techinigues e
helpmg scientists develop sale and successtul surgical approaches
for some paticnts, Incthe past decade, we have withessed the emer-
gence of four new infechions diseases—ATDS, Lyme discase, tropical
spastic paraparesis and the spongitorm encephalopathies—that seri-
owsh altect the brainand nervous svstem., This brings to nearly 10
the mumber of such diseases that afflict hansans, In the United
Sttes shake is the thicd leading canse of death and the most com-
mon Giase of disahiline requiring vehabilivtion, The social and
financial costs of stroke are well over 825 hillion cach vear, Progress
in stroke reseineh and educating the public about rescarely vesults
hine aready reduced stroke deaths in the United States by 50 per-
cent, This progress is likely to continue under Decade of the Brain
initatives. More than T million Americans have genetic disoders that
atect the brain and nervous svstem, New molecular genetie tech-
niques e helped scientises identify chromosomal locations for
several genes associated with nervous svstem diseases, which may in
tn open new doots o disggnosis and treatment.

Aninal models for disorders of the brain and spinal cord are criti-
callvimportnttor vesearch on the mechanisms and possible treat-
ments for these disorders. What scientists are lewning from the use
ol monkew in research bas the potential o alleviate or curve neuro-
logical diseases suchas Parkinson's and Alzheimer’s, Preliminiy
research using cts paved the way o new treatment that has sub-
stantially diminished the exrent of paralvsis following spinal cord
injury, Animals will continue to be avaduable and necessary compo-
nent of hiomedical research during the Decade of the Brain,

Decade of the Bran 1990 2000
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# Communication and Sensory Disorders

Because most disorders of human senses are invisible and not fatal,
they have not received sufficient research attention. During the last
decade tremendous advances have been made in understanding how
cues in the environment are coded by the nervous system and what
goes wrong in communication and sensory disorders. Great strides
have also been made in developing methods of prevention and treat-
ment. Priorities for the Decade of the Brain include clarifying the role
of genetic and immunological factors in these disorders, developing
new diagnostic techniques, and fostering new approaches to prosthe-
ses and other tools for augmentation or restoration of function,
Interdisciplinary studies of sensory development, cognition and lan-
guage development will improve the outlook for those suffering from a
variety of sensory and communicative disorders.

w Development of the Human Brain

The delicately balanced system that guides the assembly of the brain,
especially during fetal development and in the months afier birth,
can sometimes fail, leading to often devastating disabilities. In the
United States, we spend more than $20 billion each year caring for
children and adults with birth defects, growth failure, abnormal
pubescence and other developmental disabilities. Understanding the
mechanisms responsible for both normal and faulty development of
the nervous system is essential for future prevention and treatment of
these disorders.

m Learning and Memory

The ability to learn and retain information may be the most important
function of the nervous system. Research in this area is interdisci-
plinary, involving researchers in the neurosciences, cognitive psycholo-
gv. behavioral sciences, engineering, and other technical fields of
study. Fundamental brain research focused on learning and memory
may yield important information for those concerned with treating
individuals with learning disabilities, dyslexia, and other disorders
related to learning and memory. There is also important economic
potential in these studies. Our nation needs the technological produc-
tivity inherent in large-scale computer models and engineering devices
that simulate intelligent behavior. Commercially viable, artificially
intelligent computer systems are feasible in the Decade of the Brain.

m Rehabilitation and Restoration of Function

Successes in improving survival after injuries and illnesses involving the
brain and nervous system have made rehabilitation and restoration of
function increasingly important elements of medical care. The United
States has achieved major accomplishments in rehabilitative tech-
niques to help patients with a range of disabilities. The development
of artificial limbs is especially notable, and pioneering accomplish-
ments are emerging from rescarch on neural prostheses—devices that
directly assist the nervous system to replace or extend newrological
function. These devices include auditory prostheses for the deaf, blad-




der control prostheses for spinal cord injury victims, neuromuscular
stimulation for paralyzed individuals, and visual prostheses for the
visually impaired.

@ Environmental Impacts on the Human Brain

Recent studies have improved our knowledge of how environmental
factors, such as pesticides, dictary minerals and hazardous noise lev-
els, cause nervous system dysfunction, Scientists are uncovering the
basic mechanisms underlyving neurotoxic events, and this new
understanding has improved the ability to predict relationships
between exposure and responses of the nervous system,

[Hauaog unungy Rll!/!llq\(“\'
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g-braln'neuron
readies to fire, fluores-
cent labelling shows
that calclum (a key ion
Involved in narve cell
communication) con-
cenlrates at the tips

of the branch-like
dendrites (high caicium
concentration appears
red).




Cross-Cutting Program Areas

Basic Research

Basic neuroscience explores the brain and nervous system to discover
the fundiomental wavs in which nearons work, The discoveries that
come from this rescarch are the building blocks needed 1o answer
questions about the brain, behavior, discase and intelligence, Becanse
the human brain is so complex and still ligely difficult wo study, it is
necessary to carry out basie research on comparatively simpler biologi-
cal systems and on ingenious models. For example, much of what

is known about the basic mechanisms of the human reting came initial-
v from work on the horseshoe crab, Basic studies on cravish have
given scientists a great deal of funda ental knowledge about spinal
retlexes, And basic research on the squid giant axon has provided
most of the fundamental knowledge regarding how individual axons
conduet signals.

Basic neuroscience rescarch in a broad range of ficlds is always needed
to search for elues o brain function, Studies may be on systems rang-
ing from a few neuronal cells in a laboratory dish, to invertebrate
briains with only a few hundred cells, 1o brain subsystems in vertebrates,
Vertebrate studies extend from ancient species such as the lamprey
through levels of increasing biological complexity to the human,
Complementing these studies are the basic labovatory experiments on
the brain's function in behavior, on the way we use our senses to con-
trol movement, and on the interactions between endocrine and nerv-

OLUS N)’SI(‘IHS.

One of the exciting aspects of current work on the brain is that disci-
plines that were previously insulated from each other, such as molecu-
lar hiology, electraphysiology, neuroanatomy, psychology, engineering
and computer modeling of nearal networks, are coming together in
ways that were only dreamed of justa few vears ago,

Research on such disparate organisms as frait ies and mamals is
revealing fundamental similarities in the ways their nervous systems are
put together during embryonic development, Scientists are isolating
and characterizing genes on the molecular level that determine neural
circuits involved in complex behaviors studied by psychologists, The
findings at cach level of analysis are considerably enviched, and in
many cases made possible, by findings at other levels, Today an inte-
grated approach to basic research on the nervous systemis part ol a
natural progression building on past discoveries, Studies of the
molecules involved in the development and function of brain cells
intevact closely with studies of animal behavior and human psychology.

becade of the Baun
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Three technological developments in the past decade are driving cunr-
rent neuroscicnce efforts that are leading to novel findings, Fivst, neu-
roscientists have new abilities 1o trace pathways and o identifv particu-
lar cell types as the result of an explosion of new anatomical
techniques, including powerful new stains and intracellular dyes for
histology, voltage-sensitive dyes for real-time monitoring of whole pop-
ulations of cells, immunocvtochemical technigues o label ciasses of
cells, brain=scan imaging (PET, MRI, vte)), and confocal microscopy
for living tissue, Second, computers have come into virtually every lab,
allowing real-time data analysis, sophisticated stimulus creation, very
high temporal resolution of electrophysiological events, and tremen-
dous data capture and storage capabilities. Inafew cases, major com-
putational efforts with supercomputers or parallel processors have led
to development of theories about much more complex systems of
madel neyrons, Third, the wools of molecular genetics are coming
into neuroscience, with cDNA libraries, studies of protein expression,
and genetic mutants and markers used in novel ways to probe normal
and abnormal neural structure and function,

The impact of basic vesearch is not always immediately evident, For
example, the fraitful culmination of years of work in genceties now
offers hope for treatment of” neurogenetic disease, The discoveries
that formed the foundation for scientific advimeement in this research
cimatited from several fundamental discoveries dinting bick to 1928,
In fact, the original work that cleardy established the function of DNA
took 13 vears to complete, The benetits of this basic rescarch are evi-
dent today in the biotechnology enterprises that develop new diagnos-
tics, biologics, drugs, vaccines and gene therapy,

® Accomplishments and Future Opportunities

The brain is the most complex organ of the human body. To under-
stand how the brain functions, scientists study the cetludar units of the
brain called neyrons, Today we know that newrons e enveloped by
specialized membranes containing channels designed o regulate elec-
trical excitability. The investigition ol nearonal excitbility has
allowed scientists to begin to understand how neurons trimsmit signals,
Stimulated by intracellular electrical activity, neurons communicate
with cach other by releasing chemical substnees called newrotransmit-
ters or neuromodudators. These substances act ina variety of ways to
stimulate or inhibit other newrons, Thus, the bradn is an intricate net-
work of electrically and chemically active cells that wre continuously
influenced by the substances they contain, as well as vy hormones and
other agents carvied in the blood,

More recent research has shown that neuronal communication is even
more comples than originally expected, Forinstance, we now know
that multiple “messenger™ systems inside the neurons interact with the
channels in the neuronal membranes, providing nany sites where neu-
ral activity can be influenced,

Through very basic studies scientists actively seek o understand the
function of the normal brain, This knowledge will provide insight into
the mechanisms that underlie brain disorders and lead 1o the develop-
ment ol new treatments and preventions,




Most clinical advances in the brain and behavioral sciences are hased
on the findings of fundamental biomedical research. For example, a
specific transmitter in the brain, dopamine, has been linked to a num-
ber of neuwrological disorders including drug addiction, schizophrenia,
Parkinson's disease and Tourette's ssndrome, Rescarchers now know
that itis the dopamine-containing neurons that degenerate in
Parkinson’s discase. Therapies which block the hreakdown of
dopamine are being used to combat carly stagges ol this discase.
Similarly, schizophrenia s associated with enhanced activity of the
dopamine svstem. Drugs that block the activity of excess transmitter
are used for therapy,

Another major
accomplishiment
over the past decade
has been the devel-
opment of amodel
to exphiin the
cuphoria induced by
avariety ol common-
v abused drugs

(e, cocaine,
amnphetamines, mor-
phine, heroin, nico-
tine). Scientists think
that nny drugs are
abused because they
activate the
dopamine system
which, wlong with
other nearotransmir-
ters, mediues the
experience of pleas-
wres Investigators use this model o develop potential treatments for
drug addiction—cocaine antagonists are a particular focus—aimed at
blocking drug-induced cuphoria and craving.

Fluntington's discase is a ftal, inherited nearological discase associat-
cd with the degeneration of motor ssstems, Tedivecthy adtects 25,000
people annually. Spedifically affected ave cells that are involved in the
coordination of movement, and cells which control pereeption and
memory. Through basic research, scientists have linked selective cell
destruction o aspecific toxin that binds 1o a receptor on the neuwron,
Clincal studies will he undertaken to exinine the effectiveness of
receptor antagonists in slowing the progression of Huntington's dis-
case. Major efforts should be made to discover new antigonists,

Basic research on movement has vevealed that precise timing is essen-
tial tor smooth and coordinated movement, and that postaral adjust-
ments are caretully controlled by mechanical impedance, Neuro-
scientists cananalyvze quantitativels how asingle newvon matches the
mechanical stress ona muscle in the maintenance of 4 movement or
posture. Understanding this svstem will provide fundamental inlorna-

Basic research employs
saphisticated lools to
uncover the fundamental
structure and workings
of the brain and nerves
In this photo by
Nationa! Science
Foundation grantees,
modern labelling lech-
nigques and high-power
microscopy reveal a
constellation ol special-
1zed brain neurons
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The human brain-—a
3-pound mass of interwo-
ven nerve cells that con-
trols our activity and

thoughts—s at last yield-

1y up IS Secrets
Neuroscience research
has iearned more about
the brain in the last 10
years than throughout all
of history

tion tor numerous applications, ranging from the design ol
attonomous robots to the rehabilitation of stroke victims,

Modern rescarch into the molecuk basis of learning and memaonry is
hased onan understanding of some fundamental features of nerve
cells, Seientists have achieved insights into how specitic brain cireuits
may change asafuncton of experience (earning), Forinstanee,
investigators have discovered that in the hippocampus, anarea of the
brain that is associated with memory, ahigh-frequency eleetrical stimue-
lation Ganalogous to experience) produces o long-lasting change (anal-
ogous to memaory) in the response to that stimulation, Scientists lave
determined that this response is dependent onaspecilic nearotrans
mitter, and they are currently investigating the mechanisim by which
the response is developed.

Scientists investigating the neuroendocrine system have discovered a
unique protein that appears to be essential to the biological clock that
determines daily
rhythis controlled by
the brain, This discoy-
oy, stemming from
molecular biological
stuclies of a gene in the
fruit Ay, has led investi-
gators to the exciting
finding that these same
proteins are also present
in the brains of verte
brates, indicating the
importnce of genes o
brain function over mil-
lions of years in difter
ent species, Future
experiments will clavity
which cells are responsi-
ble for keeping the brain "on time.” This vesearch could have a signifi-
cantimpact on the productivity of shift workers, on the wakefulness of
travelers required to eross multiple time zones, wd on treanmients for
avariety ol mental and physical disorders that require resetting biolog-
ical clocks.

Food intake, appetite and body weight are controlled by the brain
through interaction with pevipherval signals. Tn recentanimal experi-
ments, investigators discovered that a peptide naturally found in the
brain stimulates feeding when injected into a specitic brain region, the
hypothalimus. The hvpothesis is that circulating glucose sugian raises
the insulin level, which then acts to regulate the velease of the peptide
that stimulates appetite and feeding. Testing hvpotheses such as this
ny uhtimatel tead to advances in understanding and treating
appetite and bodv weight disorders,

Scientists studving sensory systems investigate how external physical
stimuli are detected and tanshued by the brain, Scientists now under-
staned that activity of the senses may be initiated by microscopic events
between and within nerve cells, Research at this cetlubior and subeellue
L scale has been extremely active and fraitful.



Modern teehnigues for monitoring the activity ol nenrons are enabling
scientists to understand sensory pereeption in the complex centers of
the braing such as the primary sensory cortex, This work produces vern
precise quanttitative data, often gsing human subjectss T prinue
vision, recent studies of motion detection have shown that the "local”
process of detecting the movement of edges ina pattern can be sepa-
vated from the “global™ process of detecting the movement of a whole
pattern, Scientists can identily separate arcas of the brain where these
processes oceur, Similae studies of visual memor and recognition are
bringing the investigation of cellulir mechanisms to the study of high-
cr cognitive functions,

A central question in the sty of the brain and behavior is how the
extremely comples nervous systen is assembled, complete with just the
correct mumber of cells and the vight nerve connections and himetion-
al civcuitry, Fornuion, growth, plasticity, regeneration and aging of
the nervous sstenvare all important phenomena related to this ques
tion. Studies of the embrvonic lines of descent, or lineages, ol individ-
wal newrons in simple sesteims e claritving the ivportanee o genetic
and envivonmental interactions, Permanent dyves allow scientists to
mark individual newons and follow them throughout development of
the organism,

Molecukn neurobiology has thrived over the Last decade, “To date,
vestigiwtors have loclized the chromosommal site for more than 50
genes related to brain and behawioral disorders, To understand how
genes cause disease and developmental disorders however, the genes
themselves must be isolated and basic studies perfonmed. The emer-
gence of powerful new research echnologies promises 1o assist greatly
the studdy of identilied genes by allowing specitic mutations o be anae
hzed in laboratory aninlds, These technigues willalsoaied inrevealing
the newrogenctios ol development, and hence the basis of nervous sy
e mallormations,

One example of research that vields basic information and new weeh-
nologies that can he applicd o understamding the brain and behiw-
ior=—anch manimizing hunn potential=—is the newly initiated human
genome rescarch program. Sequencing the human genonie will con-
tribute tao the discovers of genetic errors that undevlie specitic disor-
ders,and thus one diy permit the identification of individuals who e
at visk for genetically based diseases of the brain, From this informa-
aon, unique preventive and thevapentic strategies can e designed.
Fhe human genome progran also includes the development of niajor
new technologies inareas ob attomation, optimization and robotios, as
wellas inspediticreas such as tunneling clectron microscopy, These
technologies will pravide new bases for understanding the molecubin
tunction of the brain and new methods of diagnosis and therapy in
many areas of medicine,

Futire vesearch will emphasize the ovigin ol congenital abnomalities,
tocusing on the initial tormation of the nearal tibe, which develops
o the brainand spinal cord,and the generation of netvons and
their supporting celis. Phe Lte of individual cells and their progeny
wil he defined and the plasticiny of the nervous sestem will be assessed,
Ivestigators will be able toidentify the genes that divect the develop-
ment of the bram and the maintenanee of individual cell funaion in
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aninal models,and then compare these datie with information on
mapping and sequencing obtained from human genome studies,

An example of this vesearch s that conducted on retinoblstoni,
cancer of nearal tssue b the retina that attects about 500 American
children cach vear, Unchecked, retinoblastoma spreads o the optic
nerve and other parts of the eve. Most retinobliastoniais passed alony
through a defect ob a chromaosone on which partor all of the
retinoblstomi gene is missing, Research has ledd o the discovens of
the genes which o when present and functioning properly, codes fon
the protein that controls cancer growth in the inherited form of this
discase. More recenthy, researchers lave shown that introduction of
normal retinoblstoma genes into timor cells causes them to behne
ke normal cells, thereby opening new avenues fora potential therapy
tor this cancer. Other researchers lave developed a mouse madel
that will allow the study of malignant tanstormation ol nearval tssue,
and will aid those attempting o develop and test drugs for retinoblas-
tona therap,

Phenviketonuvia (PRUD Is ancantosomial recessive disorder with an ing-
dence ot about Lin FLOOO bivths o the United Sttes, Atteated indivied-
witls lackh aliver ensvime, phenvlimine hvdrosslase (PADL Untreanted,
PRU i characterized by severe mental vetandation, hehivioral prob-
lemscepilepsy and other signy of newologic impairment,. screening
programs for PKU i newborns have been successtul in diagnosing
tantseand carly dictany therapy has lgels prevented the develop-
ment of impaitments, Using recombinant DNA wechnology, the
notmal hutsan gene vesponsible tor the prodaction of the A
cname s been produced and doned. Phe deselopment ol an ani-
mal model that is genetically deticientin producing PAH is imporian
todetermine whether insertionc ol the gene could sapph the critical
crzvne activiny and o contrast the effectiveness of gene therapy with
dictny thevign,

Fhasecas Fows Pastenr once said "Clanee livors the prepared mined.”
Basicreseachersare seeking to prepare minds and o provide the
hnowledge necesany toake and use important discoveries, To con-
tne toachieve clinical siccesses, we mast nsintain owr tocas an the
hasic resears b that beads taddinieal, educational, behavioral and tech-
nological applications, Tois omdy through aostrong saence toundation
that we will realize the potential of the Decade of the Brain.

Technology

For the past 50 vears the migjor force motivating basic research in the
bratn sciences has been,and continnes to be, the belied that through
such researe e scientists will e able o etlectivedy diagriose and tren
tjuries to, o diseases of, the nersous sstem Fhos, chinicalapplica:
ton ol basicresearch an the nervous swste bas been the dominant
“dviver ™ for mnch of the research, both pastand present. Fhere is a
new Cdeiver” pow emerging o provide adeitional motivation for the
strong support of basic research i the hrain sciences. This driver, o
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application arcais technological Teadership and coonomic vitality,
Recentadvances in ot understanding of the nervous swstenare sti-
hting the development ot new high technologies in the design of
advanced silicon chips as well as tevolutionany computer wrehitecnres,
A najor emphiasis on basic bradn sciences during the Decade of the
Reain will undoubtediv accelerate these and other eforts,

a8 Accomplishments

Three technological developmentsin the past decade are now provid-
g new opportunities for brain vesearch, Fiest came an explosion of
new technigues for understanding the brain, ineuding new brain
imaging technologies. These imaging technologies are providing clini-
clans and researchers alike with the capabiling o understand brain
function and dastunction in wans never belore possible, Seeond, new,
sophisticated compinters and associsted modeling weehnigues have
been developed, providing scientists with tremendous capahilities for
capturing, storing and anabyzing dati and creating biologicallv plasi-
hle simubations of brain functions. Phese computers and technigues
are now leading to the develapient of new theories about comples
swstemnis ob antificial networks of newrons that are stimalating the desel-
apiment ol new computer designs ikels o revolutionize the U8 come
puter amd solid state silicon chip industries, Thind, the tools of maolec
ulin genetiosare being applied to bain vesearch, Gene libraries,
stidies of the proteiny produced as awresult of genetic divection, and
genetic mutanty and markers wre abo being used in novel wans to
probe novmal and abmormal newcal stracture and tunction, The
resubting new hnowledge will fead to the abiling o detectand correat
iy genetically based diseases of the brain and centil nemvons sw
tem==diseases that ate currenth untreatable,

Imaging Technology, Fhe non-nvisive natiee of nes brain imaging
techmigues allows investigaton to obverve divecthy deep brain straece
tes and their funeional activities, Chieramong these technigues ae
posttron emission tomaography (PE T maghetic resomance inaging
CMRD and magnetoencephalographn eMEG),

With PELL investigatons have achieved significant advances in under-
standing the nornsal and the diseased brain, PET can meastie non-
vasively the velative tesels of metabolic acivity in the human bain
andd cancimage the working pares of the brain—a feat ey imagined
JOvewrs ago. PET i being wsed 1o stndy o lge number of disondens,
inchuding stroke, schizophrenia, brain timors, epileps, depression,
Parkinson's diseases Mzbemer's disease, Huntingion's disease ad
Fourene’ s sondvome. The technigue is usetul in inding clues o othe
medicad prablems sachoas diagg addiction, and i evaluating the eftec
tiveness ob medications. For example, PET studies show a conrelation
hetween the distribvtion kinetes of Tabelled cocaine in the brain and
the subjective "high™ asociated with the abuse of this substance. Fhis
i lead onsighes o the mechanisims of addictions and 1o poten-
tal therapies, Tnvesngatons are also asing PE T wo study higher cognis
tive functions suech as tearming, thinking and e,

MRE another brain imaging techuigue, uses magnetie ields and vadio
waves to produce animage that provides information about the straee
tre and biochiemisty of the brain, MREscans complement PEL sean
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data by providing detailed anatomical images of both surtace and deep
britin structiires, Beciase of MR s ability 1o see through hone, it has
been espedially usetul for seanning the brain and spinal cord in areas
which have previousiv remained hidden. Through spectroscopy, the
MRI can also be used o examine the chemistey of living tissues, detect-
ing changes cansed by disease,

MEG is the newest technigue being used for diagnostic purposes,

Fhe small electrical carvents produced by nerve cells ereate magnetic
fields, which can be measured outside the brain by magnetometer,
Recording these measurements has several adviantages over previously
ied technigues: the magnetic ficlds eerge undistorted through
the shulland sealp, no electrodes are needed, and the sean can he
made without plivsical contact, Extraordinany threedimensional
localizations ol brain lesions wre being made possible by this new
physiologic technigue,

Neural Networks and Neurocomputing, [n the past two decades the
amount of information known about nervous ssstems has expanded
explosvely, At the siime time, seientists have made dvamatic advances
i silicon chip technology and conventional computer scienee, These
concurrent events, coupled with the growing awareness of the limits of
conventional computing, hine set the stage for what is likely o be a s
entilic revolution having dramatic and widespread influences through-
ot science, ecimology and, aecordingly, society, Nearal networks soud
nearocomputing vepresent vadical departures from conventional
approaches o digital compurers. Nearally inspived and hiologically
tealistic computer processing elements have alveady been shown to
have the capaciny to do usetul, complex computations, outperforming,
i some casesosimilar computations made by conventional computers,

Coanrentresearch programs are directed towards an understanding of
neval indormation processing based upon brain cireaities, Newral sys
terms are being evaluated For their capacity o perform computations
required o image processing acotstic aalvses, speeeh recognition,
signal cliassification ind the organization ol motor output,. Memories
based upon nearal network concepts are investigated 1o assess their
properties and informationsstorage capacity,. Nearophysiological and
nearoanatomical dat e wsed o understand the major classes of dis-
tinct biological newal networks and how thes ditfer. The goal is 1o
hetter understand the processes used by the brain inis role as a bio-
logical information-processing ssstem and 1o clarify the nature of new-
val computations in network processing, Significant progress in this
researchwill produce anew generation of biologicallv inspired atifi-
cil newral networks and computers, while ar the same time providing
mjor insighis into the nate of biological mtormation processing,
human learmg and memory, and the fundamental organizational
principles of the brain,

Thisvesearch program is explicitly interdisciplinay in natire and in
comtent, with research teams composed ol nearoscientists and engi-
neces, phsicists, mathematicians and computer scientists, Progress
to date has been significant, 1 parsued aggressively, this unigue

and exciting scientitic and technological adventuve will reinvigorate
the United States chip manutacturing and computer industries and




cauld help the United Staes strengthen it position as i leading tech-
nological toece o mlormstion processing,

Molecular Geneties and Biotechnology, About one-thivd of the tune-
tonal human genome is invobved in brain activity, and at least 500
inherited diseases have major neurological manifestitions, As a whole,
these disorders occur i more thae Emiltion people o the United
sttes. Particulin by devastating are children’s disorders sueh s T
Sachs discase, the lenkadss-
tophies and Batten's dis-
vise, all ol which inevitably
fead o progressive biain
detenioration, dementia
and death,

Within the fast decade, the
use o molveuba genetiy
technigues hasallosed the
identification and location
ol several genes thad e
awsociated with diseases of
the nenvous ssstem. These
stidies have already ed o
prossmptonitic and carrien
detection i many disor-
ders and o the identitica-
tion of the discase-causing
wene in othas, The
cloning of these genes will lead o more aecutate testing and to the
development ab maodel sestems in which o examine novel treatments,
(See Boavie BRisearch )

Mihongh in the past genetic inkage stadies were Jimited by the faek of
marhers to scan the hunan genome, vapid advances have increased
the number of candidate genes and nsarkers so -t much more specil-
icneas ol the genome are heing napped, Using molecular genetie
techimgues—coupled with supercomputer, computationa and model:
butlding capabititics——abnonmal genetic sequences can be detecied
and traced taspeditic genes. The national elort o map and sequence
the hvnan genome further increases the likelihood that defective
genes can headentified and theiv expression better understood,

here have heen several recent siccess stories in nenrogenetic
research. Oneas the discovery ol the gene respansible for Duchenne
musciha distophy. Using the tools of maoleculan biology, scientists
found the gene and it product, daystrophin, which is peeded foy noss
mad muscle function, This discovers led o a treatment in which non-
nnh musdle cells e injected into detective musele, becone fused

with the host cells and produce dystraphing the miissing protein prod-
wets Fhe gene for netrolibromatosis Tadso has heen discovered
recently, as has agene whis h codes o the protein that controls cinee
wrowth m the inherited form ol retunoblastonmi, a cancer of newral eve
tissie. Researchers hive also focalized agene for retingtis pigimentosa,
ar s ab diseases that atfectvision, to chivamosome 3owhich also G-

Dhecaede ot the BBrain
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| Scientists creating neural

prostheses 1o aid disabled
individuals are developing
tiny probes and cables—
shown here adjacent to a
coin—able to interface
with nerve cells.

ries the gene for rhodopsin, the light-sensitive protein found in
photoreceptors.

Following preliminary reports of linkages in bipolar (manic-depressive)
disorder, schizophrenia and Alzheimer’s discase, investigators are
increasingly applying molecular genetic methodologies and biotech-
nology to the study of behavioral and psychiatric disorders. Research
over the last two decades in developmental neurobiology and genetics
for certain behavioral
disorders such as autism
is also paving the way for
understanding the
molecular and neurobio-
logical basis of childhood
behavioral disorders.

Techniques are now
being explored to
implant genetically
altered cells into the ner-
vous system or Lo geneti-
cally alter cells within the
nervous system itself. In
addition, recent success
in the treatment of
Gaucher’s disease using
enzyme replacement
therapy establishes a tem-
plate for similar therapy
of other genetic metabol-
ic disorders. Such stud-
ies are very exciting and
may lead to treatments of
Parkinson's disease and
Huntington’s disease and
to methods of modulat-
ing neural pathways. These studies will also provide basic insights into
the development of the nervous system, the repair of the nervous sys-
tem after stroke or injury, and the mechanisms of memory, pain and
seizures,

& Future Plans and Potential Benefits

With the development of new brain imaging technologies that 2ilow
direct observation of the active brain, scientists will soon be able to
determine how structure and function correlate in the normal and dis-
eased human brain. The mapping of some areas, such as vision, is
moving forward quickly, while the understanding of more complex
processes such as memory or cognition remains a long-term goal, With
MEG, for example, it likely will be possible to monitor the activity of
the active brain and to track its changes in both time and space. This
will permit the noninvasive localization of the discharging lesions that
are the source of epileptic seizures, allowing for accurate surgical
removal and obviating the need for invasive techniques of diagnosis
such as the currently used depth electrode recording from the brain,
Through a combination of the imaging techniques now available, and




the utilization of sophisticated computer programs to manipulate the
images and data received, a functional map of the human brain is an
attainable goal by the end of the Decade of the Brain.

Research on nearal cireuitry has significant potential for application in
the following arcas: the design of novel computers based on biological
processes, more etficient uses of massive parallel processing systems for
high-speed computers and the production of artificial intelligence sys-

This computer mode! of
a specialized brain
neuron depicls the
fine-tuned distribution
of efectrochemical
polential along the
nerve cell's trunk

and branches Such
computer modeling
provides insight into
how neurons store
information

tems with enhanced “cognitive™ capabilities. This emergent technolo-
gv. based upon biologically inspired information processing strategies,
will result in major changes in the computer industry of the future,
This technology can provide the United States with an opportunity to
regain its preeminence in the highly competitive and economically
important international struggle for leadership in the world's informa-
tion-processing technologies,

What is it that neural networks should computer What aspects of bio-
logical intelligence would scientists like to emulate ina new genceration
of computational devicesz The answers 1o these questions are central
driving forces that are pushing basic research into an arena filled with
applications and technological opportunities, Optimally, neural net-
warks should learn spontancously as a result of experience, seek opti-
mal solutions for a given problem, accurately process ambiguous data
that is only approximately matched 1o what has already been stored in
memory, perform hypothesis testing and probability estimation, and
adjust rules used in processing information when presented with new
input data.

Achieving these capabilities will require coupling new information
derived from biological nervous systems with advances in technology,
computer design, optical information processing, algorithim develop-
ment and adaptive signal processing, Central to the enterprise, cer-
tainly in the long view, will be the identification of relevant principles
and abilities of biological nervous svstems to be emulated in artificial
neural systems. [tis not, and probably should not be, agoal of the
neural network research enterprise 1o duplicare a living human ner-
vous system in all ol its mystery and complexity. Rather, new insights
into principles of biological computation will emerge and should help
us develop new approaches to the use of computers,
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Over the next decade the genetie sequencing programs started in the
1980s will be enhanced by the ability to integrate theiv results with the
mapping and sequencing information obtained from additional
human genome studies, as well as by further technological advances in
molecular biology and microscopy. These and other developments will
provide us with powerful tools for the identification of the genes that
are associated with both normal and abnormal fornition of the brain
and nervous systen, These efforts have great potential for uncovering
the knowledge base necessary for understanding the source of maltor-
mations and disease processes in the human nervous systen,

The scarch for genetie determinants of growth, development and
regeneration of nervous tissue also should provide new potential
approaches to therapy of brain and behavioral disorders, Other areas
for future research include: 1) isolation of the genes for the many dev-
astating disorders of the brain and nervous system, including Batten’s
discase, schizophrenia, Huntington's discase, tuberous sclerosis,
Alzheimer's disease, dystonias, vetinal discases, Down syndrome, alco-
holism and the tendencey to seek drugs; 2) studies on the biochemical
characterization of neurogenetic disorders, and investigation of the
structure, function, expression and control of discase genes and other
genes relevant o neuronal development; and 3) development and
evaluation of treatment, including studies on gene therapy, genetically
altered cell line production, bone marrow transplants, chemical carri-
evs and other targeted delivery systems to the hrain,

International Activities

Disorders of the brain and behavior eross all geographic boundaries,
directly or indirectly affecting everyone in the world, Chinese men
and women suffer brain damage from sudden stroke; French newborns
suffer epileptic seizuves; an elderly Canadian woman loses control of
her body and mind to Alzheimer’s disease; voung adults around the
world grow increasingly confused, their memories eroded by the neu-
rological complications of acquired immunodeliciency syndrome
(AIDS). The economic and social costs of these disorders are borne

by all.

The causes of brain disease are equally diverse: flawed genes, viruses,
tratma, blood clots or a defective immune system, Sometimes, a disor-
der's cause cludes scientists, and little more is known about a disease
than its name. Yet the vast geographic range of brain and behavioral
disorders presents scientists with an ability to gather and compare o
large pool of data. For instance, investigators seeking factors that pre-
dispose some people to stroke can compare different populations
around the world 10 help elucidate the roles played by geneties and
environment. Similarly, research on epilepsy benefits from incidence
differences in North and South American countries,

A dramatic example of the potential for the international application
of research is the fact that effective application of current knowledge—




including information on the signilicance of vitunin A—could prevent
up to 80 percent of all blindness around the world, Carrent global
elforts wre designed o heighten public and governmental awareness of
the problem of blindness, maobilize available resources, promote the
development of new programs where needed, and inerease the eflee-
tiveness of existing programs, The United States currently supports
international research on blinding discases that have a major world-
wide impact.

I some cases, intertational research allows seientists to seek out and
study extended funilies aftected by brain diseases linked o a genetic
cause. Such families are rare and oftfer valuable chies about the causes,
complications and treatment of neurogenetic disorders, Henee, ULS.
scientists are turning to Europe and Canada to extend knowledge
about familial Alzheimer’s disease and 1o Iseael tor insights into a rare
metabolic disorder, Niemann-Pick discase,

® Accomplishments and Future Opportunities

To pursue all possible leads about the brain in health and disease, the
United Stites supports and works with scientists in institutions
throughout the world, International programs take many forms:

o joint researceh conducted under countrv-to-country
agrecments,

o cllorts involving multinational organizations,

o research grants and raining programs,

o collboritive research projects uniting individual U.S,
scientists and foreign colleagues, and

o international meetings o share knowledge,

Aging. Reported differences in the ocairrences of Alzheimer's discase
and multi-infirct dementia between Asian (Japanese as well as
Chinese) populations and Earopean-ancestry populations have stimu-
Lted further study ol these trends. Tnvestigators in Seattle, Japan and
Taiwan plan to conduet parallel studies in Asian-ancestry populations
using similn methodologies 1o ensure that researeh resulbts will bhe
comparable, Using the Swedish Twin Registry, o ULS. seientistand a
collaborator in Sweden are developing a study of the geneties of
Alzheimer’s disease,

Studies oba rare, ftal dementia, Creutzteldi-Jakob disease (GJD), have
identificd a mutation atffecting the gene for amyloid precarsor protein
in all Slovakian and Isvaeli paticnts studied, Amvloid precursor protein
is of particular interest to scientists because itis converted to an abnor-
matl forme in the brains of CJD patients, This deformed protein also
canaccimulate inabnormal deposits, called amyloid plagues, in
patients” brains, Such plagues are also a hallmark of Alzheimer’s dis-
case, a hetter known and more commaon form of dementia.. While dif-
ferent proteins ereate the anyloi ©deposits in Alzheimer's and GJD,
information about how the placues are formed in GJD may lead 1o new
understanding of the mechanisms of hoth discases,

American scientists working to ancover the cause ol Alzheimer’s dis-
vise are collaborating with an international team of investigators from
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the Soviet Union, United Kingdom, Federal Republic of Germany,
France, Mexico, Taly, Belginm and Canada, Through genetie studies of
mote than 40 Gunilies with o history of Alzheimer's disease, these scien-
tists have uncovered new evidence that Alzheimer's may represent
more than one disease, resulting from various ciuses, This team
expattded earlier results showing that some cases of inherited
Alzheimer's disease are linked o specilic genetic defects on chromo-
some 210 In their recent research, they tound that maost patients who
developed familial Alzheimer’s discase carly (betore the age of 65) had
i chromosome 21 defect. by contrast, most tamily members who devel-
oped Alzheimer's disease after age 65 did not have this genetie defeet,

Behavioral and Mental Disorders. Behavioral and mental disorders are
the trgets of collaborative rescarch in many regions of the world, For
example, scientists from the United States are working with the
European Science Foundation to study the molecular biology of men-
tal illness. UScndian collaborations wre addressing the problems of
schivophrenia, affective disorders and childhood mental illnesses,

Brain and Spinal Cord Injury. Canadian scientists are focusing on a
broad range of topics relevant to injury and malignancies of the ner-
vous system, They have developed a model of the blood-brain barrier
wsing cultured human cells and are employing this model o test deugs
and other substances for their ability 1o enter the brain, Investigators
are leading a dvear multicenter trial of the usefulness of carotid
endarterectomy in preventing stroke, This commonly performed
surgery clears fatty deposits from major arteries supplving blood to
the brain, butits usetulness is not clearly established. Other investiga-
tors are testing the nearoprotective effects of caleium-blocking agents.
These agents, which ave currently used to lower blood pressure, may
help limit the death of brain cells after stroke, Important work on
the causes and treatment of stroke is also proceeding in the People's
Republic of Ching, the Federal Republic of Germany, Sweden

and taly.

Communication and Sensory Disorders.  Cataract is the most
widespread form of curable blindness and will become even more sig-
nificant as the world population ages. In conjunction with the Pan-
American Association of Ophthabmology and Helen Keller
International, the United States has continued o help establish
Cataract-Free Zones i several Latin-American countries, The tech-
niques developed inall of these projects will hawve important implica-
tions for reducing the total cost of routine cataract surgery,

Particularly in Asia, vitamin A deficiency is a public health problem
and the leading canse of blindness amonyg preschool-aged children,
The most effective way of providing affordable prevention programs is
under study by U, scientists and Nepal's National Society for the
Prevention and Control of Blindness,

Participants in the US-USS.R. Program tor Health Cooperation in
Exe Diseases have reaftirmed the need for continued collaboration
under the program, which was begun in 1987, During the past vear,
scientists continued o pursue these coltaborative studies, which
include epidemiologic research and investigations of glavcoma,




cabtactand innnune fanction of the eve,
Under a Medicad Science and Public
Health Cooperative Agreement, saientisty
from both countiies have conduacted joint
rescarehon the biological elects of fow-
hrequenay elecromagnete vadiation,
Stientists conducted colluborative experi-
ments to evalinite sensitive tests that e
stine the hiological ettecs ol eleciomag-
netic lields on the nesvous sestem and o
validate research resulis obtained in the
United States and the Soviet Union,

he United States and the Tndian Coanil
of Medical Researchhane developed o cal
laborative blindness research program thu
inchudes projecs toaeduce Blinduess in
Indioc brom vitimin \ deficienoy, cataract
and Fales” disease. The United States is
also joining collaborative reseanch o
nprove Indi' s mass catarac surgen

e ention program.

Fhe United States has o mmher of cooper-
ative research programs with virious lor-

cign pattners (the Sovier Union, the

Fedesad Republic of Germany, France,

Canaedacand the Frropean Space Agenov) aimed an asing weightless
ness tostudy newrovestibulaoe phivsiotogy, Space Right provides a

Thie weighillesstiess of

. ) ) I the busi Bnsiolowical Spdee provides o utigue
tntgue cnvponment tor sctentists to study the basi phasiological poo- apportty for scientists

cesses by which the nenvons sestem senses aceeleration ad regubaes Al thee Natiotal Aerona
perception, orientation and hody position. Phis international reseanch 10s aid Space Adians

: : . . talion 1 study the
focises o otodith function, the sestibutar-ocudar retles, optokineti Mabott o Sy e
phystalogy of body sy

responses and visuals estibular interactions, teitis that setse gravily
and motion dnd canlrol
Development, Istaclk-US. Binational Seience Forndation goanis pesune sl movisient

dreassisting investigators troms o« US Taboraors in two scientific under-
takings. Ananalvas of how nerve cells commumicate in the develop
ing spinabcond anites USOscientists with imvestigatons leom Jerusadens,
D panticudar, this teamcis tving 1o understand the relation of sviaptic
connections e the properties ol nerve cells o the development

ol cootdinated movements. Theoretical studies of the wains in

which neurons process electrical signals dining movement e also
being conducted,

Ateam of USOscientists s heen cooperating with Yugoslavian col-
Teagues oncastuds o the abiline of FEG o predictrecanent fehnile
seizutes in childien,

Vdeguate nnnition is critical to notmal deselopment and pertor-
namce. Bons o adentity sond provide optinmal nutvitional intake ae
the docus of international research and assistanee programs,

Drugs and the Brain. Addiction. An agreement hetween the Unied
States and the National bustivare of Mental Health and Neuto Sciences
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After 4 muoniths g
tatgeted Jeiding progratn
thes Bangladeshi intant
has gdimed weght and
strengthe oltening the
Hope ot healthy tylure
T Ageny ot
intertiationa: Deyelnpiment
proffiates progrims
dirsclid gl ety
phystd tnctions gid
ey e potents
brat: debicits (Pholo
Lottesy of twin
ShatrCancern belgng

i Bangalore, India, has provided a framework for exchianges on o

rentresearch in substance addiction. Fhis scientific esciange is sup-
potted byaovariens ol diplomatic cons o foster international coopera
tion to prevent and reduoce the demasd tor illicit dioags,

Environmental lmpacts, Health efteas of the envitomment auby kinow
no interswtiondl boundaries, Collaborations between US. scientists
and their international counterparts include studies in Faiwan on the
clieas ol hutman exposine pols-

¢ hlorinated biphewvis resulting rom
the accidental contamination ol cook-
ing ail. Children bor o mothers
who had consumed the tainted oil
showed abnotasdities on heluwiogal
assessiments and delay of developimen-
tab milestones,

Learning and Memory, Lewning aned
memony have not heen taditional
areas of emplhiasis ininterational
research collishorations, However,
their relationship to other tactors,
including nutnition. is expected o
provide an impetas for increased
researchy especialhy i societios moving tosard womore industiialized
coonomy with the accompanving need tor more skitled Tabor, Ao
driving this tesearch area are advances in molecalar biologs and bhrain
imaging that allow new insights into how the hrain acguites, stores,
retrieses and uses intormation,

Rehabilitation and Restoration of Function, Scicntisis iom a U8, fab-
atatony and the John Cartine School of Medical Rescarch in Canbena,
Vustraliog huve been studving nensecell arrangements in biain regions
that contral comples volunty movements, The scientists e noking
at how ditlerent colonies of nemrons ansmit messages along the
spinal cord toactivate o inhibitspecific muscles or closels relaed
groups obmuscles. The investigatons we particadarly interested in the
function ol a brain wreaccabled the “supplementany motor wree," which
plivssomvsterious tole inimitiaing and guiding movements,
Uniderstanding the raole of various regions of the brain and spinal cond
is it toimproving rehabitivaion and theraps programs for paticnts
with b and spinal cond injy.

NMong-term study of calealation disorders i brainsdimaged patients
unites seientists rom the United Sttes with French investigators in
Pavis. The imternational tean is testing heainsdamaged patients o
define the mental stepsvequived o process numbers and caleule,
Fhev will then map where these steps take place in the brain,

Activities With International Organizations, Several US. Federal agen-
ciesare members of the World Health Onganization (WHO), and sap-
portits Colliborating Centers in the Newrosciences, Scientists it these
Centersywhichae stiategically positioned aound the world, investi-
parte brain and hehavioval disorders and develop communine programs,
Among the disorders studied are stroke, epilepsy and disorders velated
to childhood nunitional and developmental problems. Centers




exchange soenific ntonmation by sponsoning corderences aned coues
e and publishing proceedings ot those events These progams alse
mvohe etlots o increase the tanks of guabilied newoscientists withing
to ndertabe sophisticed investigations inmoie isolated, fess devel
oped tegions. The Intetnanonal Newroscicnees Fellowship Progiam
brngs mvestigators rom developing countres to the United States fon
advanced research naming. They then retmrn home to become fead
e newroscience tesearch and education in then owne cotnnies,

US Federad agencies spearheading Decade of the Brain ettorts will
promote e national colaboration with scientilic agencies and
otganizations i the following commtries, ol of whino i luve begon o
are phinning Decade of the Bragn activities:

Mesio Crech and Stovak Fedeval Repuibili Hungan
\enesnela Canteda Hals
Fovadon Federal Repiibhe of Gernam Spnbin

he Nethehands
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Like microscapic phone
- cables, axons (seen here
ay long. thin shrands)

- are elongaled netve cell
companents able 10
caty messages swittly
actoss ralatively ldrge
thstances




Drugs and the Brain/ Addiction

|
|
|

D abuse, which incdudes adeohol whuse and alcobolism, is a najo
heatth probdens that adtects almost evers Lanilyin ot conntes. Wi
A vse s ot contined o disoete segment of the popidation. The
problems created by deogg abose, such as prematire death, lost human
potential creased health ce comts, crime aned lost productiving,
alectevenvone, Seawrly L million Nmerican teenagers are enrrenth
wningg TR drngs, and suevess of women of chilibbearing age teseal
that N percent v used illicie diigs in the presions month, Futher
more, i FURG saves o 2w USC cities, iflicie doag abuise was
phicated i PE3OORS comergenes roomm visity and in 7,062 corergenc
roont deathss The smpact of aleohiol abiise and aleoholism is egualiy
devastating. Filty percent ob all nathic tatalities, 33 percent ot all
deowiing deaths e thivd feading case of injaes-selated death), and
Apercent of the otal deathy i the United States are alcohol velated,

Fhe conmmon denominator o all adeicive substances, inchading
alcoboland nicotine, is their protound, deeply ingrained eltect on
the brame Fhiveftear iy begin even hetore bieth, he wse ol
any deng during pregiane
poses sk o the developing
fetis. Nlcoholin particulu
has heen showi ta hine the
capciny 1o produce protowd
e to the fetal bain,
Lraggrcally, the aleohobindueed
fetal wleohol ssudiome iy one
ol the deading hiown catises ol
mentab renndition. At
bith, devgs iy imertere with e
lewning and memony, o addi
ton, cocaine, particularly in
the form ol "ciack,” appears o
hanve cavised i draniatis
erease in st oke invoung
adultsg other voung cocaine
users may sutler complivations
stch as seizures, brain hemon-
vhage and psvchosis,

Hesearch lurded Ly the
Nationgl thshilute on
Alcohol Abuse and
Alohohsm shows that
pableros of btain slech il
twhvibies - shown hwte
an colot shastng - dilter
i hotmal indvitduals
top) compared 1o those
it peopte al high nsk

tor daveloping alcohalism
tholtom)

The monety cost ol dreayg and
aleohol ahuiise iy ilso stagger-

g, Health e costs for treqt
ment alone are approsintely $2.7 billion a vear lor illicin diug abuse
and SK.7 hillion avewr tor alcoholbabuse. When lost wages, crime and
other consequences are considered, the total cost ol doag and aleahol
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Aol

TSN ARORAIeg § TR SRRy,




Pris P oo anoof noringl
Al o gt tragled
Drgeies By sienbials gt e
Hationgt iisttate n Uiy
Aliner deinuistigtes that
SO GAE (R0 igses
mwtghiolic gty
Watnes Cokobs g ani
gutiowtLoiresfinng o
Aty whiste Yhe Drgin &
sty fegh feyels of sher

Hotgth gtegs of Tuw
st g une gbilzation

abuse approaches SEO Billion asear making i one ol saciet s costle

est health problems

Droug addiction and aleoholisnn are diseases of the nain, resulting
trom peprated sell-administiation ol these substances. Fhisespoane
to dingy and aleohol resabvin fundamental. allwit incompleweh
untderstood, changes in the soucip e and fundion ol the rain
Fhese chamges ate manifested inavarien of fund tional hanges,
including intense crning and diagesecking beliavior, an iahiling o
experience pleasure, phyvsicl dependence viand oleinee 1o the
drg. withdvawal elfecs, dopression. paranoia and pwchosis,

Meohal micotine and deag dependence result ot acomples intera
tion o biedogical genetic and envitommental lactors Drags aned aleo-
holdependent pecsons experience intense cnaning, oletance and
severe phivsical eftects teons withehiwied all oF which mas contribute o
uncontollable wses M questions vegading the canses and teat:
ment of the addictions remain wiamswered, bat progress s been
e towand Both a genetic and biochemical understanding of addic
ton Additionalhy, researchers aee beginmiog o detine the elaracieris
oy of ellective treatments for those paticnts with chronic adeictive dis
orders who tend torelapse. T is hoped that sesearch condu e
duving the Decadde o the Bron will vesult i major Ineakthioughs in
o nederstanding of adedictive disordess and in the sibsequent desel-
vpiment ol more eflecive teatiment and presention wedhnologies,

& Accomplishments

Oue ol the most important advances i undesstanding doug addicion
has been the sdentficationy of the previse molecihn sies, o ieceprons,
i the b where diags exert theisacion. The discovens of opiate
teveptons atd natm il veomrmg opiate peptides i the boin started o
resoliution i o snderstanding of the vole of peptides and mulaple
recepton in bram functiene Recent stndies have abso ideniitied the
bran recepton tor tenahsdiocannabinel (e active chemical i mais
), phenodidine tor PCIY andcocaine. The basic genetie mecha-
nisis pegadating recepton funetion e being stdied and elaboraed.

Hui




Fions o understand the newobiologicalb mechamisims of dray addie-
tent have abso faolitated sabstantiad progressin disorders ather than
drug abuse For example, the medication nalitesone, an opiate antag-
ot it was developed w trear heroin addiction. i abso be asetul
ton treating o wide vatiets o othe medioad conditions, icliding wid-
den infant death swindrome. Inaddition, disconevies relaed 1o endoge-
prous apiotds iy have Lereahing implications ontsiede the vealm ol
g addiction, and conld e important for teating steoke, neaiopw-
chiatrie disorderscchirone pain, complications related o paraplegia
aneh othet disorders

Another magor accomplistunent has been the deselopment of i am-
il modded for dvag abuse. This ivone of the most etlective models
ever developed fon researe o g i discase. Sone animals will
soltentanhy selbadiminister the sme dinggs of abiise that lnans do,
whithe agnoring st digs which wre oot abused sy lasnins, Thew
artittals exhibie the same compubsive deagesecking belavion seen in
peopde adedicred todrags and will setbadimister pleasi eatimulating
s repested v o the point of ignoving other tewarding stitmoli such
as foed o the mup.mmndnp ol ether animals,

Ui this anmal moded i conpisetion with a vanien ol netosdientil-
i techodogies scentists e found evidence of specitic brain satems
it setivate “cewand centeas”™ i tesponae to the covonment. o
these teward conters, intense sersations of pleasire are helieved o e
generateth i respotise o matinal stiadi such s Tood and ses, aned 1o
artifieil st such s doags N deag s abiding so stimodate the reward
centers appedrs toche the teason why people addiced o diugs we
shiaessed with cbstainig aned vising e tigs

Fhas brasrewaid moded helps weesplaom the unconpollable natie
anhintensin of dog dependence and provides researchees with a ool
sty phaimacobogiead wned behavioral factors that contal drag;
seehing hetavior The model i now being ased o nnderstand hiow
e reward centers B ton st ally and how diogs iniluence these
Iy st ans for the deseldopment of potential ieatinents ton
thig addi non.

Redated stnehies liave showan that the bvae svstems esponsible tor dhog-
seehing betunior are aatonieally distiner fron those iediating physi-
Gabdependence v doags Sobmab will compabsivey sell-administes
metphone dieoth e the sewad conters ot the brain, but are not
phvsically dependent on morphine, be ey do ot go mito withdawal
when marphine s notaslable. On the other hand, animals do o
seltacdiister worplone into aaother specitic aea i the hrain bt
bevome phyvsicalhy dependent on the dieug following passive infusion
tite thas site

Do the Desade af thie Brsin, soentists will also cantinae b then
cttort o wndesstand s et ncanie addicion. Oy understanding
ob this adehctom has heen wdvaneed by the adentitication of nicotine
receptons and the genes coding tor sithunits ol these receptors, Futige
studhies will assess the pale of sach genes i micotine wlevanee and
dependence. naddmon, PET scanming with help identits the biologi-
cabsubstrates of hebuvionr supponr g huos micotine dependence,
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Sighilictnt advanees linve also been made in understanding the link
between the abuse of diags or aleahol and a genetic predisposition or
vitlerability toward secking deags or deohol. Studies of Gunilies, twins
andb adopted children, as well s animal models, hine established a
fnilial predisposition for aleoholism. Inaddition, recent studies o
anbial models have suggested that theve may be a genetically deter-
wined predisposition toward the abuse ot opiates and psschomotor
stimudants such as covaine. Molecular biologists wre currentlv working
to bewer understand the geneties of valnerabiling to deag abuse by
developing transgenic mice which caney the buman gene thought 1o be
a hivetor i the valnerabiling to certain kinds of deag abuse, These mice
are vitlnable becanse they provide seientists with atool that may fead o
a Clearer understiunding of the role of geneties in dirag abuse behavior,
which in turn will fucititate the development of ellective treatments,

@ Future Plans and Potentlal Beneli

Fhere are several areas in which significant advimees e expected
during the Decade of the Brain, These include: undersianding the
sprecitie biological etteets of diags on the steuctire and funetion of the
nervous swtes development of treatments for intervening in the vari-
oy stagges of drug use, such as craving, cuphoriia withdvawal and
pelapses cavitving the adverse ettects of diags of abuse an development
and brain tunctioning: and defining the influence of geneties on dirag-
seeking behavior and addiction,

I order to develop the most effective treanments for deag abuse, itis
necesairy to e a clear understanding o how deags interact with the
brain, Toaceamplish this, scientists will continue in their effors o
understand the bhasic nearobiology ol how diags allect nerve cells and
Irain tunctioning, They will work to expand the maodel of deag addic-
tion toindhude the biological basis tor deag cvaving and velapse, I the
nest 10 vears, itis expected that the biological mechanisms underiving
cuphoria, cvaving, relapse and other eftects of dreags on the brain will
he sulliciently understood o allow scientists to develop new medical
thevapies to teat droug addiction, Part ot this anderstanding will come
from computer-hased programs that clucidie the relationships
hetween receptors in the brain and abused deags as well as porentially
heneticial medications,

Lovestigators will build on the growing fotndation of information
about brainsdrog interactions w develop medications, wechnigues and
approaches thiat can be utilized

o block the eteas of abused diugs,

o reduce the aaaving tor abiused digs,

o reduce the withdvawad elfects of dvag addiction,

o reverse the toxic elfects of abused drugs,

o develop substitutes for abused diags with less tosic ettects, and
o prevent the intation of diag use,

b addition, novel approaches o teating addiction will be explored,
For example, vesearchers will investigae the possibilitg of aeilizing the
Chatacteristios o the hlood-brgin bavvier i such a way as o prevent




abused drugs trom getting into the hrain, The matermal-detal anit will
be studicd 1o see i medications can be developed tia will decrease the
mother' s addiction while exerting little or no eftecton the fetus,

Dirugs ot abuse also have tosie effects that are not gecessarily rebiated o
thein addictve qualities. This requires further study, Abused drugs
can intertere with impottant cogniitive processes such as learning

and memony,and some diggs produce long-term, and sometimes pet-
manent, brain damage. Gertain drags may also destrov specitic tvpes
of nerve cells, possibly resulting in premature onset of certain neuro-
logical disorders such as Parkinson's discase. I addition, mvestigators
are heginning to delineate the devastating etfects abused drugs can
e on development,

During the nest decade, investigators will also address questions relat-
e to genetically determined valuerability 1o drag abuse, Partical
attention will be focused on the effects of drug exposures on the brain
and nervous ssstem in high-use individaals,

One of the major issues that must be considered in developing efee-
tive treatiments tor addictive disorders is comorbidity—the coexistence
of substance abuse with other health problems, such as mental disor-
ders. People with drug o alcohol abuse disorders are seven times
more likely than the general populiation to have a history of mental dis-
orders, Among those with v adcobol abuse disorder, 37 percent also
il o have i mental disordercand 53 percent of those with adrag
abuse disorder hid or bive womental disorder,

Durving the Decade of the Brain, researchers will expand and improve
epidemiologic sunvey wechnigues to betier understand the relinionship
hetween substance abuse and mental disorders, Research efforts will
focus o understanding the basic, biological relationship of addictive
disorders o mental disordens, and on developing teatments thi take
into acconnt the presence of both disorders, Seientists will work to
derermine it there isagenetic link between the development of sub-
stance abuse and ather brain and belavioral disovders, or if comorbidi-
s rehued o envitonmental ctors, For exaample, atention defici
disorder, or hvperactivity, in adubis may Jead o antisocial behavior tha
restlis insocial isolation, This mav in tarn lead w substanee abuse,
Likewise, the use of certain drugs vy alter chemical svstems in the
brain, resulting in disorders such as depression o attention deficit dis
order. Altermativels, the comorbidity of these disorders may have
geneic component it resulis in genetically determined disturbinnces
HEsimiho nearotansimitier systems,

Scientists will o work ta develop specitic phavmacological interven-
tions tor substance abise and mental disorders that do not compro-
mise the treatment ol the concurrent disorder, or make it worse,

I addition, investigators will continue to determine the best mode

ol teatment when both disorders wre present, Eftoris 1o develop
eltective teatments will be greathy facilitated by a fundamental under
standing ol the newrotransmitter ssstems involved in cach of these
disease categories,
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| During the Decade of
the Bralin, special atten-
tion will be paid to
older population
groups. including those
- over 85, minorlties,

. women and the rural

| elderly. Because of

- advances In blomedical
science and an aging

* baby-boom population,
a greater number of
Amerlcans are living
longer and healthier
lives.




Aging and the Human Brain

A major shift in age distribution is taking place in this country.
Advances in biomedical science, coupled with an aging baby-boom
population, now allow a greater number of people to live longer and
healthier lives, By the year 2000, an estimated 13 percent of the U.S,
population will be 65 or older. At the same time, however, the inci-
dence of degenerative brain disorders such as Alzheimer's disease and
Parkinson’s disease is steadily increasing,

Brain function in the later vears has long been of interest to the lay
public as well as the research community. Contrary to popular belief,
major declines in cognitive abilities and “senility” do not accompany
advanced age in the absence of illness. Cognitive processing may be
slowed but seldom becomes an impossible task for healthy older peo-
ple. Certain functions such as vocabulary retrieval can even improve,
Among the many age-related disabilities that lead to institutional care,
those related to changes in brain functioning have the most significant
implications for public policy and priorities for further research.
Failure in cognitive functioning is one of the principal causes of institu-
tionalization of older people. In addition, changes in the brain affect-
ing sensory, motor and cognitive functioning have a profound influ-
ence on the quality of life of older individuals.

® Accomplishments

Alzheimer’s Disease and other Dementias. Dementia afflicts 10 percent
of people over 65. Dementia is the loss of the ability to learn new
information and to recall and use previously acquired knowledge effec-
tively. Itis the final product of a variety of disease processes. In the
elderly, Alzheimer’s disease is a prominent cause of dementia, but it is
becoming increasingly evident that it is not the only one, As our popu-
lation ages, the incidence of dementia will increase. Of those over 85
years of age, studies show that as many as 50 percent will be impaired
by dementia. This translates into a cost of well over $90 billion per
year spent on the care of people with dementia in homes, hospitals
and long-term care institutions. Four issues are focal points for current
research on Alzheimer’s disease and other dementias: identifying the
underlying causes of these disorders; identifying and understanding
the pathological changes that occur in the brain; developing accurate
diagnoses; and finding effective treatments.

The search for the cause of Alzheimer's disease has focused on the role
of genes, toxins, infectious agents, head trauma and stress, as well as
changes in the immune system, the endocrine system and normal
metabolic processes. Scientists are looking at each of these factors

as a possible cause of the disease, either alone or in combination.
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The characlerislic folds of
the human brain are
abnormally wide in this
Alzheimer's disease
patient, because brain
cells have died in the
course of disease.

Other investigators are exploving the possibility that the risk of
Alzheimer's discase might be inereased by age-reluated changes in
healthy brain tissue,

The identificition of genetic and biological markers for Alzhcimer's
disease will help clinicians make an early, accurate diagnosis of the dis-
order. Researchers have located an area on chromosome 21 that may
be linked to the carly onset of the familial form of the disease, The
protein, amyloid, that accumulates in plagues in the brains of
Alzheimer's patients is regulated by chromosome 21, Currently, scien-
tists are investigating whether amyloid deposits are causally related to
Alzheimer's dementia or whether they represent an unsuccessful
attempt by the brain to defend itself against damage done by other
toxic factors or pathological processes,

Advances in PET, single photon emission tomography and MRI have
helped scientists identify and wack over time the structural and func-
tional alterations in the brain as dementia progresses, Alzheimer's dis-
ease can he discriminated from other dementias on the basis of visual-
ized changes in nerve receptor distributions and density, Experimental
testing offers promise for improved diagnostic accuracy and earlier

dingnoses.

Farly and accurate diagnosis of Alzheimer's discase has alveady had

a major impact on the progress of research on dementia. In older peo-
ple, the discase is difficult to diagnose in its carly stages, and it is
sometimes mistaken for other kinds of dementias and mental discases,
Incorrect diagnosis is thought to be common, perhaps ranging from



10 to 30 percent in the general medical population. Curvently,
definitive diagnosis can be obtained only through the examination
ol brain tissue,

There is no effective method of prevention, treatment or cure for
Alzheimer's disease. However, recent research findingy indicate the
potential for use of nerve growth factor in treatment, The application
of ransgenic and implant technologies to research provides exciting
prospects for treatments including the divect implantation of altered
neurons that could synthesize and secrete brain transmitters or express
receptors where they are needed in the brain, The search for growth
factors and other biochemical determinants of neural growth, develop-
ment and regeneration could provide new pharmacologic approaches
to the therapy of degenerative diseases, In addition, there are a num-
her of new drugs that are strong candidates for clinical wials,

A potential animal model for Alzheimer's disease vecently has been
identified in aged primates with an abnormal brain-cell feature——the
neurofibrillary tangle, Last year a 34year-old monkey with impairment
ol spatial memory and learning disabilities was reported to have neurit-
ic plagues and neurofibrillary tangles upon autopsy, These findings
cemphasize the importance of continuing the study of aged primates as
animtl models for Alzheimer's disease.

Parkinson’s Disease. The frequency of Parkinson’s discase increases
markedly after age 50, Consequently, the inereasing number of older
people in the United States has led 1o an inerease in the number of
people who are developing parkinsonism. There are now perhaps
500,000 people with the disease in the United States, Parkinson’s dis-
case is e progressively disabling neurologic disorder caused by the
degeneration of dopamine-producing nerve cells that originate in an
area of the brain called the substantia nigra, Tremor, rigidity, undirect-
ed movement, impaired dexterity and postural instability result, often
accompiied by dementia and behavioral abnormalities.

A major advance in the treatment of Parkinson's disease was the intro-
duction of levodopa thevapy, This drug has permitted thousands of
elderly patients to live productive lives for one or two decades longer
than was previously possible, Unfortunately, patients receiving lev-
odopa over a long time often eventually sufter undesirable side effects
and a loss of therapewtic effect, New approaches under study include
surgery, new drugs and new drug-delivery systems,

This past year a clinical trial revealed that treatment with the drag
depremyl delays the progression of symptoms in patients with early
Parkinson’s disease and postpones the need for levodaopa therapy.,
This is the tirst time a drug has been developed that can slow the pro-
gression of a neurodegencerative disease, Deprenyl was also found to
increase significantly the time patients remained gainfully employed, a
benefit that will vield hundreds of millions of dollars annually in
inereased productivity and annual savings in health care costs,

Vision Disorders, Three age-related disorders of the visual system—

macular degeneration, glaucomivand cataract—are major causes of
blindness and visual disability, affecting millions of Americans, The
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development of Taser photocoagulation therapy, other new surgical
procedures and new drugs hus revolutionized reatment of these
conditions.

Hearing Impairments, One-third of persons over 65 have a hearing
loss sufticient to interfere with speech pereeption and eftective com-
numication, and the previdence vises with increasing age. The inner
car is primarily alfected, although anditory nerve and brain stem
degeneration probably also conteibutes to hearing disorders, Recent
work has demonstrated that with advancing age, certain neurotransinit-
tersare depleted in some brain stractures but not in others, suggesting
that some age-related hearing problems might be reversed or provent-
edin the future by correcting nearotransmitter imbadances,

® Future Plans and Potential Beneflts

Alzheimer's Disease. Major research opportunities exist for studies on
the cause, diagnosis and teatment of this discase, 1F as recent
research suggests, amyloid plavs o eritical role in nearonal death, and
chemicals known as tachykinin peptides block amyloid toxicity, then a
new Alzheimer’s thevapy suggests itsell. Further research on the mech-
anism of anwloid formation and amvloid neurotoxicity and the role of
tachvkinin peptides in the brain is likely to vield significant results,

Animal studies of skin fibroblast cells implanted into injured areas of
brain may one day lead to treatment for people with centeal nervous
svstem degeneration, Before implanting fibroblasts, scientists geneti-
callv modify the cells o secrete nerve growth tactor, Animals with

the madified implants have less nerve cell degeneration and demon-
strate enhanced sprouting of the axon portion of nerve cells. Though
clinical applications vequive much further study, these results are
encouraging. Growth fuctors and neural tissue implants, both resuh-
ing trom molecular technologies, offer new methods of improving
hrain funetion,

Other avenues being explored foeus on highly selective neurotransmit-
ters that promise to divectly influence functionally deficient nerve
receptors. Using recombinant DNA probes, neurotriansmitier systems
and familial inheritnce patterns will be determined, and genetic engi-
neering methads will be applicd o the development of biologically
active molecules for use in treatiment,

There is animmediate need for improved diagnostic sereening for
Alzheimer's disease, However, its diagnosis and screening will contin-
ue to be difficult and sometimes inaceurate until a beter understand-
ing of the normal aging process is achieved, The major difficulty in
diagnosis involves the definition of the discase itself and its varied and,
at times, subtle nanifestations, Alzhcimer's disease remains a com-
bined clinical and pathologic diagnosis. A continuing effort 1o define
the disease precisely and to develop methods of definitively distinguish-
ing Alzhcimer’s disease from other nervous system diseases must
remiin the subject of intense research. Meanwhile, the potential for
identifving genetic and other hiological diagnostic markers is promis-




ing. Advanced imaging technigues with EEG and PET will assist in
these studies by showing the changes in brain structure and
metabolism during the course of Alzheimer's as well as Parkinson’s
and Huntington's discases,

Parkinson's Disease, 1t has been shown that a synthetic drug, MPPTP,
produces parkinsonian disorders in non-human primates and other
animals as well as in man. These models are being used o explore the
use of new implantation wechniques which can replace or regenerate
the cells damaged in Parkinson's discase and restore healthy function,
Itis likely that cells from tissue cultures, including those from geneti-
cally engineered nerve cell lines, will prove usetul in obtaining a more
functionally eftective transplant.

For both Alzheimer's and Parkinson's diseases the following popula-
ton studies are planned:

¢ Epidemiologic studies will identify disease visk factors for
Alzheimer’s disease with attention to subgroups defined by age,
sex, race, ethnicity, sociocconomic status and urban/rural setting,

¢« Studies of precursors (e.g., dictary, medical, occupational, residen-
tial, environmental) to Parkinson's disease will determine whether
they predict the Ler development of Parkinson's disease (¢.4., con-
suming foods with a high vitmin F content may protect against
Parkinson's discase). Similar studies may be performed with those
who develop amyotrophic laerval selevosis and Alzheimer's disease,

New arcas of promising research on the sensory systems include:

Vislon, Ina group of diseases called glancoma, elevited pressure in
the eve leads to irveversible damage o the optic nerve and consequent
blindness. The most common form affects many people aged 70 or
older. Drag, surgical or Taser reatment of ghatcoma often can relieve
the elevated intraocular pressure and thus prevent or slow optic nerve
dimage, butitis impossible to determine which individuals are at risk
for eventual visual loss, Discovery of ways to detect glavcon atits very
carliest stages, betore nerve damage ocears, is important. New studies
on the cause and prevention of cataracts are also needed,

Hearing, The issue of hearing impairment associmted with aging (pres-
byeusis) is complex and includes central as well as peripheral anditory
features. New findings of changes in auditory system anatomy with
aging suggest new directions in restorative interventions, Other
rescarch results indicate that, even in those older adults who show
nosigns of periphoeral hearing loss as measured by intensity diserimina-
ton, frequency discrimination and duration discrimination tasks, there
can be significant decline in measures of central brain functions,

stuch as correct temporal ordering and sequencing of speech sounds.
‘This finding suggests that further vesearch on central brain mecha-
nisms may lead o new methods of reducing hearing impairment in
older adults,

Decade of the Brain

10U » 2000

E PIRLNG rung) Busnenorgy




Scientists at the National
institule on Aging use
PET 1o study changes
that occut in the brain of
patients with Alzhgimer's
disease Tha PET scan
on the boltom shows

the dramatic changes
Alzheimer's disease
causes

Taste and Smell, The relationships between food preference,

appetite and satietand the ability o taste e simellin the elderiy
are poorly understood. These relationships ave implications tor
the nutritional status of the elderiv, Future veseireh opportunities
include the study of variability in how well the elderly taste and
sielland the location of brain lesions responsible for olfacton loss
in the elderly.

Other emetging aveas of research opportunity include:

Sleep Disorders. Since amajority of elderly individuals experience
disturbances in normal patterns of sleep, vesearch in this area s
important. New methodologies now permit better documentation
of the natural history of certain sleep disorders iand of associated
underlving pathophysiology in the aging brain, pointing out new
research divections for clini-
val intervention,

Mental Disorders. The recoy-
nition of lnte-onset mental
disorders (e.g., hte-onset
schizophrenia) gives scientists
another perspective from
which to study such disorders,
The sime applies to atypical
depression in uter lile; sui-
cide is especially conmaon in
clderly men,

Alcohol Abuse, The effeet ol
aleohiol on central nervous
svstem function is of eritical
concertt in relation toits
interaction with medication
(eqin inducing delivium)
and ity impact on cognitive
performance (e.g., in cansing
antomobile erashes), Further
research could add to our
understanding of alcohols
drug interactions and other
citects of aleohol on the aging
brain,

A e Dieeare

Neurotoxing, Research on
the influence of newrotoxic substances anaging processes has only
recently begun, As a consequence, considerable effort needs o he
tocused on determining the influence of neurotoxic substances on
Wi processes,

Falls, The frequency of falls—a major cause of hip fracture leading
o institutionalization in elderly Americans—can be reduced
through research on the central nervous system, Such studies could
focus on risk factors relating to the influence of decrements in visual




and vestibular sestems and 1o the nervous ssstem ellects of medications
aned alcohol in assocition with fidls,

L all of the above promising areas of research attention will be paid
to special, older population groups, including the old-old (those over
B9y, minovities, women and the eusd eldedy, Research onaging builds
upon the increasing recognition that much of the decrement in fater
lite represents the impact of disease vather than the normal concomi-
tants of aging. his research builds, oo, on the growing recognition
that disorders and disabilities in older Americans can be modified,
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Rasearch with modern
imaging lechmques,
such as PET, is yielding
new maps of where and
how the brain processes
information  Above,
compulerized imagas of
PET scans show
mereased blood How to

- huian brain greas acli-
- valod while hearing,

soEiNg, speaking, of
thinking aboul the
meamng of a word




Human Behavior and Mental Disorders

Phe brain interacts with the world through behavior, Just how do the
properties of the human nervous sstenaltectan individual’s bela-
for, and vice versaz This question is increasingly important as scientists
and clinichans consider promising new therapies and interventions
that target the nervous system o address tormidable problems of men-
tal and physical health, These cmerging and tuture reatments e
mnaede possible by ew technology, new seientific technigues and a
vast improvement in o anderstanding of the human brain and
HeVOus syslen.

Mental illness aned other behavioral disorders are highly stigmatizing,
sucitlly distuptive and cconomically deaining=in 1988 alone behav
ioral disorders cost the nation almost $130 hillion, Development ol
cliective teawtments would theretore improve not only the lives of
those with mental disorders and their families, but alsa the cconamic
productivine of the nation. Scientists are now gaining some insight into
the bases of histonically intrictable diseases like sehicophrenia and
developing neanments lor depression and other devistiating mental ill-
tesses, Knowledge concerning the actions of nearotransmitiers, hor-
miones wnd sl peptides nia lead toan wriw of ellective, new neat-
ments. A better undenstinding of childhood developiment may ead 1o
ety detection of physical, emaotional or belavioral prablems (such as
violent behavion and mental illness or ity precursos,

8 Accomplishments

Schizophrenia, Roughly 2 million Americans sulter rom schivophie-
i, Phis disease strikes at the prime o lite (olten beginning in late
adolescencey and s large cconomic impact on the nation. Recent
vears lave seen major developments in what has long been lugely o
mvsterions diseases Duving the 19508 the st diags with anti-psychotie
properties were identified. Animal studies indicated thatan important
conman factar for the deags eftective in schizophreniis wis thiat the
decreased dopamine action by accupying dopiamine recepton, Asa
restlt, more specitic antipsvehotic deags were developed and many are
eltective in tewting more than 70 percent of those with schizaphrenia,
Recent research on nevrotasimitter receptors in anitmals suggeses that
at least thive classes of receptors tor dopamine may play a role i pay-
Choses and medinte the eftects of some antipsehotic drugs, The three
recepton hive recenthy been isolited and their genes cloned,

Bvestigation of brain abuormalities in schivophrenia and other disor-

ders has progressed rapidhy with the development of new brain imig-
ing technologios that allow the direct observintion of hrain activity,
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PE L allows studs of dopamine ad other newmotransaitten teceptors in
the brain tissue of living subjecs with schizophitenian. MRE scans come
plement the PET s datia by providing detaled anatomical pichiies
ol brain stractures. Sonne of the most advanced scanning tecdhnigues
have been wsed o study pans of identical ivins—one with schivoplue-
nitatnd one without=and have reveated abnonmalities in bradn stoae
tre and function in the schizophienic twins but not in the nonmal
twitis, suggesting that eavitemental o developmental tactors, as well
Ay genetic lnctors are involved in the deselopment ol schizaphienia,

Depression. Approsimatel 1 million Miericans will experience o
major depressive ifess i their Btetmes: Pechaps 50 percent of the
nean 30000 suicides cach sear are due 1o depression==this is particae
By trae i teenagers and the aged. Like schizophrenia, depression
retlects a delicate interphin between envivonmental factors wnd biologi-
val thoth genetic and nonsgenctior fnctors, A role for genetic factors
in depression and other alfective disorders is supported I iwin and
adoption studies, and enthusiasn tor the application ol moleculin
genetic technigues o the problem has increased recenty tollowing
prelminan reports of gene linkages in bipola gianicdepresive) div
order, On the other handan covivonmental event (o g, famidy crisis,
Joby loss or phivsical injur ) can actas a tiggering event lor a njor
depressive episodee,

New diagnostic approaches that combine tools of dinicl scienee,
molecalar hiotogs, nearobmaging wod nenrochemintey lawve vielded evis
dence ol spedtic abmormalities i depression. These tools have also
shiown thit there are many categories of these mood disordeas, incld:
i the newhy deseribed seisonal wlective diserder that is related 1o
seasontd changes i the amount ol davlight, Carrent reseind indi-
cattes that about 8O percent of those showing ssiptots of depression
cant e etlectivels meated with antidepressant medications, bright lighis
or other therapies,

Childhood Development. 1t is estimated that 12 pereent of all childien
and welolescents subter lrom various mental disorders that severely
inpair thelr intellecral, emotional, sociad and Lanitial hincdoning
Research over the last two desades in deselopmental nenrobiology and
genetios is paving the was for indenstanding the molecula and vear
binlogical bases of Childhood behavioval disorders, Animal studies on
the behasioral and physiological consequences of selectively disabling
certain nearotanvmiter sssters, such as the dopamine ssstem, i
shed Hight on conditions such as uttention deficit disarder and
Towretie's ssndvome. Additionaliy, the refinement of diagnostic cebtes
i tor bebawvioral disorders, the development of genetic linkage st
e, and abnerviations of hereditioy bases tor certain behaional disor
ders wie opening the was for identitving particalin genes associsted
with hehaviorad disorders. Autisin, for example, is i developmental dis
opder for which newrotransmitter studies show elevited serotonin e
ehv PET and electophivsiology seans shiow functionally impaired inter-
actions hetween brain regions, and genete stidies reveal the disarder's
awociation with the X chromosome.




Alcoholism and Drug Abuse, Scicntisis are examining all aspeots of the
comples circuitey of the brain toidentiy the canses and consegiences
ol behavior associated with alcoholism and diug abuse, Genene link
dages toaleoholian lave been Jound i sudies with animaloand
husmans, and there icgrowing evidence that Childeen and other vela
tives of aleoholics are at higher visk for deseloping aleobodism than the
general population. To aid in identifving those individuals who ma
have a genetic predisposition to abise of alcohol, sesearchens have
begron to identi maltiple biologieal and behasiorad matkers that ma
mrderlic ditterences in valnetabiling o atoohiol abuse, Sone of these
it ket esiatin peaple with a Lamily histors of aleoholism but wha
have never tiemselves been exposed o alcohol,

Busic Behavioral Research, Basic stuekies of bhebivior expand apon ined
pronide clues to gide tuethier basic nearoscience investigutions of
B meshanists, One example devives fiom the conmmon notion
tHat we temember vintdhy pothing rom infaney, The concept of
“temorv-updating” is the result of deselopmental studies that indicae
that an indant' s memories are highty enduring, even at 2 and 3 months
o g, s longg as new Jearning does not imertere,. What remains inthe
bt s active memor s function of how recenth the lenniog
vccurred and what has been attended o, on lewrned, in the imervening
peviod of tine. Learned experiences guichiy lose their uselidiess in
infanes==espericnces it were functionalls wsedul o the lmobile
imfant at 2 monthe e no domges relevant, hence not remembered,
when sitting-up of canling begine. Ethcient infoomation processing
reqquires the intant to retain only the mostreloant and usetul infornma:
ton. Feappears tat if the memon w "apdated,” the swaien isclemed
obalb brelevant itonmation. Natoare thus las set up the learing and
ey seatem of the intant for capabilities that teflecr the needs ol
the carhy months of lite. N search tor the neuronad conelates of “mem-
orvarpehate ™ will be integrated into stidies on the cellular basis o learn-
g andd iemon,

Other Research, 1n the past the neural and endosnine saatenis were
constdered to he mteractive bt separate. Pliis disting ton fas now
Beconme blinpred pantly because honmones aned small peptides are now
Kitemvn 1o be chemieal messengers that can ampliv o dimpen the
action of penve celiss Modern molecibn ols have led 1o the discon:
ey ol sich hovmones and peptides i the brain, These mesengers e
obten found in the sime nearons as the cassical newotinsimitters.

Fhe very recent clomng of the genes thiat eneode the steroid hormones
shouled advinnce studies on the astion of steroid hormenes i the e
VEEY s,

a Future Plans and Potentlal Benefi

Stidies an hehavior are highly complex, requiving multidisciplinan
approaches combining climcal expertise, behavioral and systems anily-
ses expertise in celtubn and molecular biotogy wnd newroimaging
technology, Scientints are now heginning wintegrate such seemingly
disparite approaches and aim, st o agreater understanding of
how the mterpline of eovivommental and hiological factors contributes
to hebawvion wnd cognition,
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High-priotity arcas for tutire vesearch inclade the tollowing: 1 claiby-
ing the genetic mechanisms associated with sviaptic transmission
hetween nevwrons, induding the identiicstion of genes that encode
molecules involved with swoaptic transmission and their regulation:

Y increasing understanding of the ssathesis, degradation, activation
and regulintion of the various clisses of nearotransmitier receptors;

B identitving and chavacterizing genes assoctated with behavioral disor-
derss b establishing strong thearetical bases tor the behavior of single
neurons and nearal networks: b understianding the nearal mecha.
nistis of thinking and emotion: and 6 identifving social and other
environmental factors, including nutrition, that can modulate brain
function across the lite span.

The recent discovery o methods 1o grow nerve cells in culiare should
markedly improve approaches for asking questions about how nerve
networks form, develop, process and retrieve information, Such
rescirch conld envich the thearies of cognitive development and
thereby stimulate importunt new questions about how the relationship
hetween brain and bebivior is established,

Research during the next decade will be aimed at identitving people
who are genetically predisposed o developing mental illness, isolating
the cnvitonmental factors thist may trigger disorders such as
schizophirenia, wnd defining the conditions in which those triggers
uperate, Basic investigations will be directed toward understunding the
pathophysiology of the dopamine and serotonin nearotransmiter sy
tens and how the envitonment interacts with them, Studies aimed
Chisracterizing and cloning brain receptors will ielp clarity the basic
abnovmalities undeviving sehizophventia and the mechanisims by which
antipsvchotic deags et These studies may lead o the design of more
ellective medicatdons with fewer side effects,

Rescarch on the voles of the newrotransmitters serotonin and nors
epinephrine in mental disorders will focus on the moleculine hiology of
newrotansniter receptors, second messenger systems, and changes in
neuronal function over thime, Clinkeal researchis divected 1o the devel
opment ol aconrite diagnostic instrments that can ditferentiae
among the types of depression. Biological markers—including genetie
i hers—andd newrological and hiochemical tests will be sought in
order o more accuratel separide primaey depressions from those asso-
cinted with drug and alcohol abuse, Alzhelmer's disease and other dis-
cine states, With this information, optimally effective treatments will
he developed tor cach diagnostic group, Some of these treatments are
likelv 1o be phavmacological; others will influence brain systems
through ahternative mechanisms suchas diet or light exposure,
Investigators will seek o understiund the mechanisms ol action of wadi-
tiomal antide pressant and anti-manicdepressive drugs, including lidhi-
i i the hope of developing even more efticacions medications with
tewer side effects,

Scientistis will seek aew therapeutic medications for depression and
other hehavioval disorders, For instance, peptides that interact with
corticatropin-releasing bormone or the thyroidsstimulisting hormaom
receptot=neither of which was thought 1o be involved in depression
several vears ago==ire currently heing studied to find new compounds
that achieve eftective antide pressant activity, Futire vesearch on the




relitionship between
the vaonus chenical
messeingers will pro-
vidle insight into
their tundtional role,
Phere isa great
need 1o know more
about how peptides
and hormones allect
patticuln behaviors,
Researchers need

to know where tue
act and how they
mediate then etfects
on brain tissue. \n
understanding ol
how suech agents
work could create a
Vst resevoi ol
ieas for new therae
pies for madilving
hehuwion,

Unattected

Frnare studies on
Childhood belhavions
with wdddiess the Lol
fomingg isstiess 11 Wi
are the genetin

e tons wnderhving
the stisceptibility ol
sonnie prople to e
ronmetal hal
fenge: ) What e
the brain medhie
nists throngh which
specitic cnvitommen:
tad events early in dite
modiiv the developiment ol these difterent beluwioral patternse

1 Whatwee the dongsterm health and helavoral conseguences o
estree reaciviny to eovicommental Chiallenge carly i lite, and can the
carth patierns of response be maditied i adulthood:

Adticiend

\nother promising area ol vesearch concerns the development of
Drain Ltevadization and how this mechanism is linked to the acquisi-
ton of inguage i childien, Advamces in this areasare likely, due 1o
the availabiling o new analvsis technigues for brain-evoked responses
that have heen generated in normally developing childeen, This
research could helpin the diagnosis of kimguage abnormalities,
rogress duning the decade is also probable on the question of how
stisvlating envivonments, earh i e, can help shape brain functions
it s influence acchild's cognitive deselopment. Advinices inthis
fickd ol research conld have important henefits for habies bovn at risk
for Eguage and other deselopmental disabilities. T new knowledge
cotddballow the identification of optimal eovironmental stimukation,
then procedwmes tor earlvintenvention could be implemented.

Stuthes using MR e
uncoveting ahnotnalihies
m the brains of sghize
phrenics These MH
seans ohdenhical twins
show enlarged brain ven
tricies (arrows) in the
sehizophren twin com
pared o the gnattected
win - Since idenhical
twins possess identical
grites these shuctural
difterences suggest that
eiyirpnmental nol genet
wactors Ligger
schizophrenia (Photos
cotitlesy of the National
Institute of Mental
Health )

Phevaude of the Bean YOt e 2000

ﬂ PrUNe g WINPTy




Erechnological
¢ advances in PET, MRI,
and EEG may someday
s roveal the lemporal
BN dynamics, neurochem-
sl IStry and sources of
8 brain events that com-
prise thinking itself, as
well as new insights
into the mechanism of
human mental illness.




Violent behavior not only claims the lives of over 20,000 Americans
each year, but the threat of violence severely detracts from the quality
of life in communities across the country, The development of effec-
tive strategies to prevent deaths and injuries resulting from violent
behavior depends in part on our understanding of the determinants of
violent behavior that are associated with childhood development.
Research is needed to determine which childhood exposures and
behaviors are associated with future violent behavior, and which inter-
ventions are most effective and developmentally appropriate to reduce
the effects of harmful exposure or to modity factors found to be pre-
dictive of violent behavior,

The clarification of brain mechanisms that underlie cognition is likely
to be particularly fruitful in the coming decade. Technological
advances in such areas as PET, MRI, MEG and EEG, that permit imag-
ing of dynamic aspects of brain function, will reveal the temporal
dynamics, neurochemistry and sources of brain events that comprise
thinking itself. The use of these technologies to evaluate human func-
tioning combined with new insights from animal and computer models
should ultimately provide the bases for a fuller understanding of the
mechanisms of human mental illness.
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This MRI scan show-
Ing a bultet in the brain
 was providad by the
- Centers for Diseass
. Control, whose agenda
| Includes research and
- programs aimed at
pravention, treatment
. and rehabilitation of
both unintentional and
intentional head
Injurles.




Brain and Spinal Cord Damage

Spectacular as the progression ol neuroscientific knowledge has been
in recent decades, it cannot yet relieve the burdens that encumber
many patients with newrological disorders, Middle-aged and elderly
men and women with Parkinson's, Huntington's and Alzheimer's dis-
cases still suffer as these disorders rob them fivst of their minds and
bodies and then of their lives, This same age group finds itself at
increased risk of stroke and brain tumors, Youngsters sl face devas-
tating disorders such as Gaucher's and Batten's discases, People in
their most productive vears still are afflicted with traumatic injury of
the brain and spinal cord, multiple sclerosis and epileptic seizures, dis-
orders that can damage fiumily relationships, self-esteem and economic
well-being, Within the next 10 vears, the causes of many brain disor-
ders could well be identified, including those for amyotrophic laeral
sclerosis; Alzheimer’s, Huntington's and Parkinson's diseases: autisimg
and mualtiple sclevosis, Better treatments for these afflictions are a

real possibility in the decade 1o come. Further progress depends on

a broad-based rescarch and research-training effort, uniting basic

and clinical studies, and taking full advantage of newly developed ech-
nologies that have alveady given promise of suceess, Inereased re-
search training is essential to capitalize on investments already made
and to encourage young scholars to pursue research careers, Exciting
new discoveries, instrumental to improving the nation’s health, are
within grasp.

® Accomplishments and Future Opportunities

Traumatic Brain and Spinal Cord Injury. Trauma to the central ner-
vous systen is i major public health problem and the focus of signifi-
cant research efforts, Over 2 million people suffer head injuries each
vear, and of these approximately 100,000 die and 500,000 require hos-
pitalization. Motor vehicles cause half of all traumatic brain injuries,
falls cause 21 percent, and some 12 percent are the result of assaults or
otherviolent acts, Each year, 5,000 survivors of traumatic brain injury
develop epilepsy. The economic costs of brain injury approach $25 bil-
lion per year. Spinal cord injuries have permanently paralyzed approx-
imately 250,000 Americans, In addition itis estimated that there are
over 13,000 hospital admissions cach year due to spinal cord injuries,
Even without permanent damage, those who survive severe brain and
spinal cord injury typically need 510 10 years of intensive medical treat-
ment and rehahilitation services,

1
g
3
g . . v . . . . s ’ E
T'he prevention of brain and spinal cord injuries is also important, In £
states with motoreyele helmet Laws, mortality rates due to neurological E
damage caused by motoreycele crashes are half those of states with par- ?
tinl or no helmet legiskuion. Programs are needed to inerease the use é
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Doctors al the National
institute of Neurological
Disorders and Stroke dis
cuss an X-ray showing an
aneurysim-— g weakened,
delormed blood vessel in
the brain that can rupture,
triggenng a stroke

of helmets by motorevelists and bicvelists, Biomechinies researe is
also needed o develop more effective helmets and determine the
mechanisims of head and spinal cord injuries that result from motor
vehicle crashes, sports activities and worksite incidents,

Vigorous intensive-care monitoring and carly treatment in paticnts
with head injuries have led w improved survival, Inanimal studies, sei-
entists have discovered that aseries of complex biochemical events that
oceur within the fiest 1O hours alter brain injury appear to make the
injury worse (Csecondary injury™). As rescirchers develop methods o
halt or retard such secondary injury, physicians will be able o reduce
the ultinmate severity of danmage o the brain alter injurv. Investigators
have also shown that damaged nerve cellsin the central nervous sys-
tem sprout new branches when they are in contact with supporting
cellse demaonstrating that adult brain cells have the capacity for repair
and growth, Scientists need winvestigate thoroughly how this prop-
erty can be used 1o repair the injured brain,

Multidisciplinary, clinical vesearch centers must develop the capahility
1o pursue epidemiologic studies of patients with hrain or spinal cord
injury within local commumities. Such centers should conduct clinical
trials velated o improved diagnosis and treanment of patients and
should integrate lahovinory research into these studies, T addition,
the dystunctional behavioral, cognitive and emotional responses of
people with these injuries need o be thoroughly understood.

The outlook for patients with spinal cord injury has always been very
poor, but it has improved, A multicenter elinical wial has recently
demonstrated that very high doses of methylprednisolone, given within
R hours of injury to paticnts with spinal cord injury, significantly
reduced the extent of
neurological dumage for
these patients, The
patients also showed
improved sensory and
motor function, Further
improvements in the
treatment of spinal cord
injuries require that sei-
entists understind the
inunune response, the
action of inhibitory pro-
teins, aud the molecular
mechanisms by which
internal seirs form an the
site of injury. Genetieally
enginecred cells might
provide the nextimpor-
tant step in spinal cord
regeneration. Medical researchers have already shown that ansplants
ol unenginecred cells survive, replicate and attempt to conneet with

existing tissue,

Infections of the Brain, There are more than 33 human infectious dis-
cases that seriously affect the brain and nervous system, T the 1980s,
four new infections diseases appeared:s AIDS, Lyme discase, tropical



spastic paraparesis svidrome and the spongitotm enceplialopathices.
Their care is one of the challenges ol the 1990s,

Newro- DS, AIDS appeared in the Late 1970s, and the retrovicus that
ey AIDS—HIV-L—now infects over T million Americans, More
than 70 percent of AIDS patients sutter from neurological problems,
which are the primany cause of death for nany, HHV-T has a predilec-
tion for cells of the nervous svstem ind ni seek these cells as a hape
boring place, causing latent infection, Patients with neuro-ATDS also
have a markediy increased incidence of a tvpe of vare brain tmor,
Investigantors are now tving to determine how the virus enters the
brain through the usually impencetrable blood-hrain barvier, how it
damages nepve cellsand how it establishes long-term residence in the
hrain,

Lyme Disease, Caused by a microscopic spirochete and spread by tiny
ticks, this discase creates aviariety of chronie neurological disabilities
that could he as devastating in the 19905 as syphilis—also spread by a
spirochete—was in the 1890s. Already the disease is ahimost epidemic
it various parts of the United Stes, Better methods are necded tor
the diagnosis and treatment of this discase,

Tropical Spastic Pavaparesis Syndvome, This disorder occurs not only in
the topics, butalsa in the United Sttes and other countries, Itis
characterized by progressive difficulty with walking, and patients ulti-
mattely requive aowheelchair, The cansal agent of this disease is anoth-
erretrovivus, HTLN-1 which was previously identified as a canse of
human T-cell leakemia, The association of HTLV-1 with a chronie dis-
case of the brain vaises questions about the vole of viruses in other
chironic, newrologic diseases such as multiple selevosis, Alzheimer's dis-
cine, Parkinson’s diseiase and certain tpes of brain wimors, Scientists
iy answer these questions through new, extremely sensitive, molecu-
lar biological teehnigues,

Spenyneform Eneephalopathy. The agents which cause this disorder are
unconventional viral particles, One of them, the serapie agent, which
was previously Himited o sheep, has appeared as aomajor epidemic in
cattle inthe United Kingdom. Called “miad cow disease,™ it is a disease
ol the nervous sstem, and spread o anew animal species hecanse
infected sheep were usedas aningredientin feed. Tehas created an
ceonomic disaster for the British agricultural community, There are
now fears that it coudd spread 1o umans adso through food ingredi-
ents. These unconventional “agents™ appear to be working by different
discase mechanisms than those of the usual viruses, The mechanisins
by which they spread, and possible approaches to their control, need
tobe aggressively pursued betore epidemies such as mad cow disease
spread o other animal populations, or conceivably to humans.

Epilepsy, Epilepsy is notasingle disease buta group of different disor-
ders allecting the brain with a common manifestation: recurrent,
dehilitating seizures. Approximately 2 million people in the United
States have epilepsy, and 20 million Americans will have at least one
seizure during their lives. Seizures are estimated to altect one of every
200 newhorn infants in the United States, and are frequently the fivst
indication of central nervous svstenn damage. Mortality rates of 10 per-
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cent luve been reported from statas epilepticus, which occurs whien
seizures persist tor long periods or occur so ireguenthy that there is no
recosery between attachs, Tnomany epileptic patients, the cause of the
seizuies has not been tound, Seicures nay be difficnlt o diagnose amd,
theretore, to treat,

About 70 percent of those who sufler recurrent seizures can satisfae-
torily control them, Current medications, however, do not adequately
control the seizures of many ol the 100,000 people who develop epi-
lepsy cich vear. While newly developed deags are effective for manm
paticnts, some wpes ol seizuees are vesistivt to dreag thevapy, Tn some
of these cases, surgical therapy is now used successfullve Thanks to new
imaging technigues that help determine the area ol brain invalved,
surgeny for epilepsy his hecome safe and, for wellselected patients,
extremely successtul, Experts estimate that 5,000 new patients in the
United States are suitable candidates for surgery for epilepsy each vear,
There is a need for the further development of the sigieal approach
o epilepsy sinee only about 500 patients receive this therapy annually,

Despite the progress made in conteolling epilepsy, very little is known
about the ciauses of seizures. A major question is how the brain con-
trols excitahility of nerve cells, Teis evident that some forms of epilepsy
have a genetic basise For instance, a normal cell can be wanstormed
into an abnormally excitable cell by certain wvpes of genetic manipula-
tion. The wechnologios are now available for identifving the genes that
may underlie these forms of epilepsy.

Seizvres have long been associned with dianges in behiwior, Learning,
attention and processing deficits hive been well deseribed in children
with epilepsy. Many ol these problems also peesist into adulthood.
Seientists must better identity, understand and develop specitie thera-
pies tor the tvpes of behavioral abnormalities seen in these conditions,

Stroke. Stroke (cerebroviseulr discase) and stroke-related brain ill-
nesses e the thivd leading cause of death in the United States,
Furthermore, brain danmage from stroke represents the Targest single
cause of neurologic evippling in the United Stues, Each vear approxi-
mately 350,000 persons sulfer a fiest stroke, and another 100,000 will
have wrecurvent attiaek, A fifth of these patients will die,and athivd
will remain permanently disabled, Stroke also bs increasingdy o major
contributor to the Lueelite dementia that affects more than two-litths of
Americans over 8l Indecd, stroke is the maost common cause ol dis-
ability requiring rehabilitation, and the annual social and financial
costs af stroke are well over $25 billion, Tmplementtion of the knowl-
edge gained throngh research, including research on animals, hias
reduced stroke deaths in the United Stares by 50 pereent. Now, howey-
erystroke vates are climbing again, as is the vesulting number of per-
sons disabled by stroke,

Recemtly, anticoagulant drugs were shown to be highly effective in
preventing certain forms of stroke. A major clinical wial showed tha
veatment with aspivin or warkarin greatly reduces the risk of stroke
in patients with atial fibrillation, General adoption of appropriate
treatment regimens is expected o resalt in a reduction of 20,000 10
30,000 strokes cachy vear, Clotdissolving sagents given at the onset of
stroke hive now been found 1o reduce the severity of the disease. In
addition, the Tatest research points to several entively new therapeutic




drug fumilies that may for the st time provide specific deags o pre-
vent stroke o lalt the tssue danuge tha devastates so many stroke-
atfected briins,

A nmjor advanee in stroke research is the discovers that there isa peri-
ad of dime immediately atter the injuey during which newrons sur-
rounding the area of the fesion are sick, but stilbalive, Recent vesvarch
shows that, although the miajor brain damage oceurs within the firs
few hours atter strokes injury o cell groups controlling important cog-
nitive functions sich s memory contintes tor as long as 2 davs, This
may provide a therapeatic “window of opportunin” during which brain
dimage may be limited. Intensive effort iy directed toward discovery ol
the critical parameters tor survival and the bestapproaches to salvage
those vulinerable nearons, New rescarch needs 1o be divected toward
developing etlective
medical interventions
anel evidhuating the surgi-
cal technigues now wide-
v used. Abso needed s
reseireh o achieve i bt
ter understanding of the
hrain's potential for
regeneration and a
search for agents to stim-
ubate this process. Such
agents also should facili-
tate the suceessiul rans-
plantition of voung
hrain cells intoareas ol
dannge in order o his
ten recovery, Reseiarch
on aninials will play a
critical role in those basie
studies,

We st continue to stress stroke prevention, Far more lives will be
saved by preventing this disease than by treating it We must design
studies to evaduate the long=term effects of complex prevention pro-
grams. Additional stroke visk factors—cspecially those in which inter-
vention may be possible—must be identified in order to continue
advances in stroke prevention research; this is particalarly important
for populations achigh risk of stroke, such as blacks and the elderly,

Brain Tumors, Brain tumors are the second most commaon malignan-
oy of childhood, There s a second incidence peak at the age of 55,
causing more than 35,000 deaths aoyvear, Scientists are conducting new
rescarch on the specific genetic codes that vegulate brain cell growth
and the balunce of growth-controlling factors, and considerable
progress has heen made in understanding brain tumors,

Brain timaors show highly viriable degrees of invasiveness, with differ-
ent rates of progression and biologic activity found in tumor sites grow-
ing adjacent to each other, The development of systems to divectly
slow the metabolic activity of tumors is now considered possible,
Future research must also focus on the genetic markers that define the

Dr Lewis P Rowland of
Columbia University lests
fing motor control In &
woman with amyotiophic
lateral sclerosis, a pro-
gressive and usually fatal
disease in which the
nerves and muscles for
voluntary movement
degenerale.
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| Improved imaging
tachniques suoh as
| CT, PET and MR usad
to locale and diagnose
prain disease and new
surgical tools such as
lasers have equipped
neurosurgaons {o per-
form operations not
possible a short while
800.




stages of tmon development, from the premadignant to the highh
invasive stages. The inherent relationship between brain tmon cells
and normal cells limits the opions tor managing maldigiant brain
tniors, i phivsicians often fear doing more damage than good
through an attempt at extensive siegeny, Tumor-kiling doses of s-rins
can severeh damiage normal brsin components and the tew, moderates
W eltective compounds iused tor chemotherapy all hive cumulative
toxic eflects on the bodv, Because of these limitations, extensive
teseiarch needs o be ditected woward determining the charaeteristics
o aomalignant brain tumor that setitapart rom other tissues aind
which can then be used as the tgets for thesapeatic imenentions,

Neurogenetic Disorders. OF all genetic disorders, onetourth aflect the
hrain and the nervous ssstem of both voung and old, Research in new
rogenetios involves studies of genetically transmitted disorders of the
brain and nervous sestem such s Huntington's disease, seurofibyo
matosis, tnots, dystonias, the herediay ataxiin and other discases,
Particulardy devastating are childhood disorderss such as Tiav-Sachs
diseitses the leukodystraphues and Batten's disease, all of which
inevitably lead to progressive brain deteriovation, dementia and

death, Avawhole, these disotders currenthy alfect more than 1 million
preople in the United Stites: Scientists hope o applhy newhy developed
genetic techniques o the diagnosis wnd treatment o these diseases
and other nervous sstem disorders not taditionally associated with
geneto cases,

Within the st decade, seientists e identified the chrommosomal
location foe several genes associted with disease in the nervous watem,
including those of Huntington's disease (chiromosonse 1, newrolibros
watosis L (chromosame 171 0von Hippel-Lindau disease (chromosome
3 tuberons sclerosis colromosomes aned T, Friedieich's ataxia
tChromesome hidiopathic torsion dystonia (chromosome 9y,
Duchenne mnscular dysttophy (N chromosome) aned others, These
stichies have abready led o pressmptomatic and carrier detection in
ity disorders, and o the identification of the disease gene in others,
Fhe clomimg of these genes will fead to more accurate testing and 1o
the developmen of model ssstems in which 1o test novel treatiments,

- Irian g wTHamy § SRSy,
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relinoblasioma, a fare
cancer of eye naural
lissue that each year
atfects about 500
American children.

| Rosearchers hava

- identilied the gene that
| normally prevenis this
process and have
shown thal inserting
{he noimal gens nlo
tumor cells causes
them lo behave like
riormal cells, suggest-
ing & potential therapy.




Communication and Sensory Disorders

Hurmin senses i bude Biearing, vision, tasting. simelling, toueching, bal
ancing and proprioception, although there ismuach overlap among die
citegories, Thes serve an the rais'sohannels of interaction with the
wothd in which it operates. Most communication and sensory disorders
are invisible el ot fatad aned, asca result, the antention given them in
the past las been inadedquate. Historicallv, mam of these disorders
Bave been imaccurately inked o mental illness or mental retardation,
I the Jast decade, however, tremendous advances lave been nade
hoth in understanding the disosedercand in deseloping presention and
teatinent intenentions lor them.

Unelerstanding the organs and mechanisms ol conmunication and
searsation s vital for comprehiension of the haman brain, For
example the olfacton nerve v ronte tat allows sabstanees, inchad
g chiemicaly und pathogenic ornganisins from the external world, o
coter the b diveals, hvpassing the bloeedbrain bavrier. The ese,
which has been apthy cabled the window of the brain, is the onlhy loca
tone i the body whiere blood vesseds can be divecty obsenved and
where certain viuse b thiseases imirron vseular diseases of the hnain,
he reninn i the ondy clinicoaliv visible nennal tissae in the body,
Moteonver, abiormal ese movements we wlso & conmon ssiptom ol
ner obogieal disease

® Accomplishments

Vislon, Secing objects i detal, depth and color invoalves i sevies ol
highhv comples processes These inehide searchimg and soanning eve
movements to boealize an image on the reting rethmng focalization
ated achie g focuss aned visial processiog. The visial pathway consises
ol i intricate and well-detined set of conmectiom, Distrbanee ol
Ayt ob this elaborate aind precise seaten can leadd o serions visaal
dhisonders,

Nevroncwntisty have identitied specitic regions of the brain involved in
the pevception of torpe, motion and color, which deminds some ol the
mont comples newral mteractions ocomrring i the brain, Scientisis
st PEE can view s threesdimensional imiap of acivities such i color
Procesing or motion processing s ditterent baip regions of a hivman
sithject who s awihe. MRE G e used 1o ditferentiote active brain
regions hom relinvely bsctive regions while o subject is invalved in
vivionn e tivities. Tinmunological studies banve ded o the development ol
manodonal antibodies to locate specitic wimsimitters in the vetinag and
the birain and studs how they funchon,
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hoowledge ot the neasal ccuits that control eve mosements has
increased vapidiv i recent vears, Focation of the master viteait, the
nearal integrnton,” has solved a longstanding puzzle of how the vast
arvany ol comands o the eves conttolled by avarien of swstems are
integrasted in one discrete arein Scietitists have chssitied five distinet
pes ol eve movements, The vestibulo-ocubiu tefles IVOR) s diiven In
the ongans of balance in the inper car and helps o compensite for the
motion ol the head and hods by keeping the toget image stable on the
retitie, The VOR by i basic tetles tiat works in hoth darkness and light,
Ohten the VOR s accompanied by second cliss of eve movements
wsed o center the eve incits orhitonce the eve has eached the limits
of ity el Vhitd tpe of eve movement is tpically a voluntay fast
eve movement used o acquite a arget or object ol interest. Anothe
twpe ol eve moverment is used to follow slow-moving objects when the
head is hebd siationay . The Bt sope o ese momement allows s o
heep an object stable on the retimas it moves either closer o usor
further awas, These ese movements do not work independenthy, b
vther e combined during ordimns tisks, Understanding these very
rich and comples imetactions shodd provide testile grouned tor
lurther investigitions,

Scientists tecemtiv localized the gene Tor a serious eve disorder, witoso-
il dominant retinitis pigmentoss, o cinomaosome 3. Retinitis pig
mentos is o anih o inherited discases, chianracterized bhea progressie
loss o vision due o the degeneration of photoreceptor celis in the
retitin of the eve, B s migor canse of blindness tha atfecs imore than
100000 individuals in this county alone, Moleculn genetc investigie
tions in humans with etnitis pigmentoss and inanimal mutants have
resolutionized this entive field ob researc . Scientists stidving patients
with a antosomal dominant tvpe o vetinitis pigmentosi for esample,
have recenthy identified womutation i the gene tor vhodapsin, o
phetorecepton protein that is critical tor night vision, T addition,
scientists huve begun to discover and diacterize delective genes

and proteins i g number of mouse and Diosophilaoetinal degener
HON Iutants.

Hearing, Duting the last decade signiticant progiess his heen made in
undenstanding how hearing loss mas be cansed by environmental fic-
s sueh as noise, dvags=—tnading amtibiotios=—and wosins. Within
the past vear scientists have sdentified the Jocations tor the genes rebas
ed 1o pumber o iporant genetically nansimitted forms of hearing
nngsninent: one ot o Mport’s sodvome, albivisim and Usher s
drome spe 2owhich s characterized by progressive hearing impair-
ment, blindues and babaoce disonders, Gene locations hine also been
identified tor newrolibromatosis inpe Eand tpe 20 which produee
oy on the nerses, indduding the auditon nenve.

One=thived of peesony over 60 have a hearing loss subficient o inteniere
with speech perception and effective conmunication, and the prevae
fence of sich doss oy with increasing age. Phe inner ean is primmariby
altecred, although changes in the auditors nerve and brin stem probie
bly also compribne to e heaing disorden, Recent work has shown
that with advancmg age. certain nearottansminters aee depleted o
peduced msome brain stricores it ot in others,




N new speech processor has heen deseloped tor use with muli-clannel
cochiear implants, Paticnts tested with the device show unprecedented
speech pereeption acenvaey, exceeding in some cases the results
achieved with comventional hearing aids worn by persons with fir less
heating loss,

Speech and Language. Studies ol neuromotor control of speech indi-
cate that siutterers have problems controlling and coordinating the
many sapid sequential movements necessary for smooth speech
production, Fhe timing
antd covrdination of moves
ments of the lips and jaw ol
stutterers have been tonnd
to be signilicantly dlif-
terent lrom those of novinal
sprathers. Such findings

st est an underiving new-
romotor control problem

i stuntering, and have
inplications lor treatment
ol the disorder,

Scientisty have discovered
that strohedinduced aphasia,
characterized Iy ancinabilin
to speak or understand the
spoken word, can he
improved by eatment with bromocriptine, & chiemical that acs like
the newrotnsmitter dopamine. Furthermore, they have discovered

The eye. sometunes called
“the window on the

that .‘ph.ni.l} ufowd’h\ \tm)kt* il e amelioned by administering brain" 1s the only body

npe b gangliosides immediatels after the suoke, tocation where blood ves
sels can be duectly

Smell and Tuste. Recent research on simelland taste has produeed ubserved and where cor-

. . - fain vascular diseases
Hnovee t [RLINY CHETHONM I (\\h cHion, dali on 4 A
improved diagnoses of chemosensory dastunction, data on signiticant MitTOr vascular diseases

cavsal factors and prelimimny tests of possible theviapies, Tests are in the bram
beang developed tor the dimical diagnosis and categorization ol
chemosenson disorders,

Spatial Orientation,  he sense of bady position reliative 1o space is
derived through aovarieny of sensory sestets that inelude vision, the
organs of bakimee in the inoer cargand the tactile, joint and muscle
stetch receptors. These sigiabs converge in the cential nervous svstem
to produce winternal pereeption of hody position. This multissensory
itegration ob infornrtion is essential for novial posture, gait and eve
moverment. M east 70 million Americans will satter trom balince dis-
i hances sometime in ey lives, The brain, however, has woremark-
able capacine o adapt to new sesony inputand recalibrate sensory-
motor relationships w resestablish notmal movement function. Future
researchowill he devoted o investigating how the brain veprograms its
ot soltware when faced with disease, injuiny or an unusual sensory
civitotnent, such ay space,
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Researchers from the
National Institute on
Deafness and Other
Communication Disorders
are mapping the gene that
causes Waardenburg syn-
drome, one of the most
common syndromic caus-
es of hereditary deafness.
In addition to hearing
loss, Waardenburg syn-
drome is characterized by
pigmentary changes, such
as a white forelock of hair
and, occasionally, one
brown and one blue eye.

& Future Plans and Potential Benefits

Currently, there is no cure for many retinal genetie diseases that pro-
gressively destroy the vision of people in all age groups, The Decade of
the Brain will see new studies of genetic defeets that can provide
insights into the causes of retinal discases, as well as the development
of effective therapies to repair or replace defective genes that will aid
in the cure of retinal genetic discases,

Optic neuritis is the second most commonly acquired optic nerve dis-
order in people under the age of 50, Optic neuritis, which can
advance to nerve demyeli-
nation, is often found in
patients who have or later
develop multiple sclerosis,
The goal of research in
this area is to clarify the
long-term course of
changes i1 visual function
in patients who have optic
neuritis and multiple scle-
rosis. The research
should also help explain
the relationship between
the two diseases,

Other important areas of
vision research include:

1) continued use of
immunological tools such
as monoclonal antibodies
to identify specific classes
of neurons and to learn
more about the functional specialization that exists at all levels of the
visual system; 2) determination of the identities and actions of the neu-
rotransmitters and neuromodulators in the visual system and how
these substances are regulated and released; 3) development and test-
ing of new mathematical models of eye movement systems; 4) analyses
of the mechanisms of the vestibulo-ocular reflex; and 5) refinement of
techniques for imaging the eye and the retinal nerve fiber layer, with
the objective of measuring damage in individual patients and assessing
clinical rescarch results.

In the United States, approximately 2 million people lost their hearing
before they acquired language (the pre-lingually deat). A large portion
of these individuals use a form of sign language as their primary mocde
of communication, Many use spoken English; many use both. The
patterns of language acquisition in such individuals are little under-
stood, We need to study patterns of acquisition of oral and signing lan-
guage and their relation to cognitive and psychosocial development
among deaf children. Factors associated with successful acquisition of
oral language also need o be identified,

Identifying auditory dysfunctions within the central nervous system
remains an art, particularly when unrelated inner ear dysfunction is



also present, A number of new diagnostic techniques under investiga-
tion, such as MRLand PET, may prove useful in this area,

Also necessary are multidisciplinary studies that focus on a number of
specific hearing disorders about which little is known. Methods for
carly detection of acoustic tumors need to be refined. There is a need
to better understand how infectious agents actually cause hearing loss,
by finding the location of damage and determining how prenatal infec-
tion occurs, In addition, further research is needed to determine the
incidence of severe hearing loss resulting from bacterial meningitis,
and to document the natural history of the hearing loss once it has
developed. The causes and mechanisms of specific language impair-
ment are unkirown,

Auditory problems in children and the development and maturation
of normal hearing are now appropriate subjects for systematic and
comprehensive investigation, Research on embryonic mechanisms in
the formation of the normal ear and also on normal, functioning audi-
tory pathways in the brain will lead to an understanding of the mecha-
nisms that produce congenital defects, and an ability to correct them,
In addition, normal metabolic, biochemical and immunologic changes
in the middle car, the cochlea and the brain over the life cycle should
be investigated. This research should be integrated with studies
focused on characterizing the cellular basis of hearing and the mecha-
nisms that regulate sensory cell regeneration and recovery of hearing
in damaged auditory systems.

For patients who have extensive cighth nerve damage but are not can-
didates for cochlear implants, neural prostheses implanted in the cen-
tral auditory nervous system may he a solution, Development and
assessment of cochlear and neural prostheses should be continued.

Speech disorders occur with relative frequency following brain injury
and in association with various neurological diseases, The dysarthrias,
or speech execution disorders, occur in almost all diseases of the cen-
tral nervous system, including Parkinson’s discase, amyotrophic lateral
sclerosis, Huntington's discase and multiple sclerosis, Research related
to the underlying brain mechanisms, diagnosis and treatment of

speech disorders is needed,

For the senses of taste and smell, research is needed to: 1) develop
additional diagnostic methods for smell and taste disorders as well as
instruments for monitoring their natural history; 2) investigate the role
of the olfactory nerve in the transport of toxins and pathogens to the
brain; and 3) find the causes of disorders of these senses and deter-
mine the prognosis for recovery. Since chemicals and pathogenic
organisims can gain entrance to the central nervous system through the
ollactory nerves, it is necessary to determine which of the viruses
responsible for central nervous system infections travel this route and
how to block this process,

Future rescarch on spatial orientation should be directed toward the
development of an artificial vestibular (balance) system. This vestibular
“prosthesis” would aid patients with balance disorders that result from
damage to the organs of balance in the inner ear or from central and
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patlent with blood
-vassel disease in the
retina~3 diabetic
complication that can
- cause blindness—has
- undergone laser treat-
k. ment (small clrcles), a
| therapy tested in clini-
- cal trials conducted by
the National Eye
Institute.




peripheral neural damage. Sinee falling constitutes a significant health
visk for the elderly, such asystem could also aid elderly patients with
balance problems. Eventually it could help astronants during sensory
adaptation to zero gravity and during the resadaptation that occurs on
return to Earth. A better understanding must be gained of how head,
eve and limb movements are spatially divected in three-dimensional
space. Mostresearch to date has been restricted to movement in one
plane of action to simplify the complexity of the problem. Expansion
of our analysis in three dimensions will enhance our understanding of
sensorv-motor integratic n during natural body movements,

Relationship with the Environment. An estimated 25 percent of all
compounds are neurotoxic, and about 44 percent of those produce
substantial sensory system dystunction. Physical agents such as noise or
high-intensity light can also damage sensory organs. An extensive
research program, focusing on visual and auditory function, is under
way to examine the eftfects of chemical or physical agents on sensory
function. The goals of this program are to develop procedures and
strategies which can be used to prevent exposure, and to provide pub-
lic education about compounds that are toxic to sensory systems, (See
Envirowmental Impacts on the Human Brain.)

Computational Vision, A better understanding of human vision will
enable scientists to design and implement machine-vision systems with
sophisticated image-processing capabilities. Computational models of
human vision with feature extraction and integration have been devel-
oped. By understanding and creating models of human vision, scien-
tists hope to improve human interface with realistic simulators and to
endow automated systems with biological visual capabilities. Much
work remains to be done, however. Current research is aimed at
improving and developing new models that account for visual process-
ing that leads to the recognition of visual forms. A new conceptual sys-
tem has recently emerged that explains the perceptual capability of
humans to infer object qualities from incomplete or ambiguous visual
information. The basic rescarch developments emerging from this
approach can be expected to have broad implications. Expected solu-
tions to engineering problems in machine vision, visual person-
machine interface design, and robotic control will find extensive indus-
trial application. New visual prosthetic devices with the capability to
serve as a “smart” visual processor for the visually impaired may also
come from such rescarch.

Much research on the sensory and communication systems has been
pioneering work applicable to the whole human nervous system,
Further research on the development, organization and function of
the sensory and communication systems should have wide-ranging sig-
nificance for understanding the principles of central nervous system
and brain function that could illuminate the sources of various neuro-
logical and psychiatric diseases.
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Dr. Francis Collins of
the University of

i Michigan examines the
leg of a young boy

B with neurofibromato-

# sis, a genstic disease
affecting many areas of
the body, including the
skin, nervous system
and skaleton,




Development of the Human Brain

The human brain is the most complex organ systenm in nature, What is
so remarkable is that the brain both coordinates major bodily func-
tions and provides a capacity for selt-awareness, for learning and for
adapting to an ever-changing environment, The development of this
marvelous machine is dependent upon processes that are set into
motion at conception and result in a structure consisting of billions

of cells,

When processes that guide the assembly und development of the brain
go awry, the resulting physical and behavioral anomalies lead to disabil-
ities=—disabilities that cause enormous morbidity to the child and the
family and, in the end, are the source of enormous costs to society,
Epidemiologists estimate that in 2 1o 3 percent of live births brain
development is faulty, causing move than half of all human congenital
abnormalities (including mental retardation), The cost of caring for
developmental faiture is more than $20 billion pey year in the United
States, Therefore a complete understanding of the developmental
mechanisms responsible for the function of the nervous systen is
essentialy research in this area is eritical for future prevention and
treatment of these disorders.

Three examples—birth defects, growth failure and abnormal
pubescence—serve to document the severity of the problem., Birth
defects are now recognized as the major crippler and cause of death in
infants, even as other causes of morbidity and mortality in this popula-
ton gradually decrease. Of these developmental defects, malforma-
tions and abnormalities of the nervous svstem are amony the most dey-
astating. To address this critical health problem, research in the
coming decade must focus on their etiology and prevention,

Each vear, approximately 100,000 American children fall below the
third percentile for height at school age. Aside from nutritional or
genetic factors, i cause for this growth failure will be found in only
about one-fifth of affected children, and only | percent will be diag-
nosed as having growth hormone deficiency, Because the brain is cru-
cial for controlling normal growth and development, many of the
unknown causes of growth failure will he found through detailed swd-
ies of brain function,

The metamorphosis of puberty and the psychological changes that
accompany it have long intrigued scientists and clinicians, and there is
a great need for more information ahout the brain-directed changes
that occur during this stage of development, These changes provide
drama enough when they occur normally at adolescence, but they are
startling and disruptive in the extreme when they occur precociously in
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toddlers or preschoolers, Less disruptive but equally exasperating to
the affected individuals and their Gunilies is the delaved onset off
puberty; adolescents with slowed phvsical and sexual development
often experience daily rejections—rejections which may leave lasting
cmotional scars,

Abnormalities of sensory development also take a heavy toll on chil-
dren's health, Approximately 3 percent of the population sutfer from a
loss of visual function in one eve Gamblyopia, or *lkwzy eye™), i condi-
tion thought to result from crossed eves, unequal visual input between
the two eves during very carly postnatal development, or congenital
cataracts during a eritical period of development that extends (rom
infuncy through carly childhood. Undetected, this condition can lead
to permanent blindness that is otherwise totally preventable, Myopia,
or nearsightedness, is a developmental disorder whose prevalence
increases throughout childhood. Fewer than 2 percent of American 5-
vear-olds are myopic, vet more than 15 pereent of high school gradu-
ates and 25 percent of the adult population are myopic, Both ambly-
opia and myopia are known to involve abnormal development of visual
brain mechanisims,

® Accomplishments

During the past 30 years, research on children has revolutionized our
knowledge of cognitive, behavioral and psychological development
during the period spanning birth through childhood, Infants are now
known to be sentient beings who learn, remember, emote, perceive
and meaningfully process sensory information within at least hours
after birth, Scientists have identified cognitive capacities during infan-
cy and characterized and followed their developmental milestones
throughout childhood. The new knowledge gained about these fie-
tors, and the value of early stimulation on brain and cognitive develop-
ment, formed the rationale for strategies for infants at risk and wis the
basis for social programs such as Head Start, Theories of cognition
hased upon developmental rescarch have stimulated the growth of
more powerful didactic methods for teaching our children and have
informed us about the processes that may underlie thinking.

Technological developments in the care of newborns have improved
their survival and neurologic health, The combined effect of the many
scientific advances of the last 20 years has been astriking reduction in
the mortality rate, Today more than 90 pereent of infants weighing |
to 1.6 kg at birth survive, Improvement in survival has been paralleled
hy improved neurological outcome, Most importantly, the proportion
of very low birth weight infants surviving without handicap has
increased from less than 10 percent to at least 60 percent. Nonetheless,
asignificant challenge remains.

Over the past 20 years, it has become clear that the central nervous sys-
tem is vulnerable to dictary deficiencies, The dictary conditions that
affect brain chemistry and function include chronic nutritional defi-
ciencies, which often have lasting effects on the brain if they occur dime-
ing development, as well as acute nutritional deficiencies, which pro-
duce short-lived neurochemical and hehavioral effects. The greatest
periods of vulnerability for the brain are late gestation and the carly
postnatal period. Reduced protein and calorie intake at this time pro-




duces deficits in glial cell prolifevadon and mvelinization, and in the
development of some nerve populations, Protein and calorie malnatri-
tion also leads to neurotransmitter deficits that may exacerbate the
enduring reductions in mental functon observed in children who were
severely malnourished carly in postnatal life. Premature infiants are a
subgroup of special coneern, because they are developmentally immae
ture and must receive their nuteients from ancartificial source by an
atvpical ronte. There are few biological data at present to guide appro-
priate nutritional strategy for ensuring optimal central nervous system
development in premature infants,

In addition o foodsrelated effects on bridn chemistry and funetion,
metabolic and other factors influence nutrient aceess to and wilization
by the central nervous system, Studdies on these factors range from
gene regidation and enzyme expression to morphology, behavior and
function.

Major technological breakthroughs in molecular biology and cell biol-
oy have occurred over the past b years, permitting identification of
the processes that lead to neural tube defects such as spina bifida,
meningonmvelocele and anencephaly, These new approaches will per-
mit the development of research strategies that will lead 1o appropriate
interventions, The recommendations emanating from recent research
conferences strongly suggest that a mulidiscipliniy approach is
needed o identify the causes of neural tube defects,

A central question of developmental biology is how the nervous system
is established in the embryo and how its complexity is generated,
Using developmental models, seientists are now beginning o identify
genes in mammals that are necessary for differentiation of nerve

cells, the techniques of ransgenic technology and homologous
recombination provide powertul tools for identitving the function of
developmentally regulated genes in mammals, Further, the availability
of novel cell lineage tracers and image-processing techniques will allow
developmental studies directed at characterizing the relationships
between cell tvpes and their patterns of interactions, This will permit
scientists to identify the role of a cell's environment in determining
what kind of nerve cell it will become and how these interactions will
attect its function,

Additional scientific advances in human development include a stag-
gering number of recent accomplishments that have direct relevance
to brain disorders. These include intrauterine diagnosis and therapy,
sereening programs for various diseases such as PKU, genetic determi-
nations, advances in the understanding of neuroendocrine control,
identification of infants at risk for sudden infant death syndrome, and
hetter understanding of the mental disorders of children. At the basic
level, prodigious accomplishments have been made, especially in
molecular biology and genetics, cellular biology, trophic factors, and
understanding the development of synapses and receptors, as well as
the action of neurotransmitters, These basic advances provide the fun-
damentals for the scientific accomplishments of the next decade of
brain research,
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Nobel Prive-winning rescarch in the 1960s using animal models foy
wnblvopia set the stuge Tor o carrent understanding of how abnor-
mal visual experience carlv in life can lead o profound changes in the
“wiring pattern” and nerve cellactivity of the brain's viswal centers,
These deficits can also be reversed during the eritical period of devel-
opment. Myopia in the growing eve can ilso be the result of abnomal
visual experience during a eritical period of development. Rescarch in
animals implicates the involvement of the dopamine sestem ol the reti-
it in this disorder, Further research on the anatomy, physiology and
neurochemistry of these disorders will lead to more effective treatment
and prevention strategies,

When partial or total heaving loss ocewrs early in lite, the development
of the structures in the brainstem that convey auditory information to
the britin for comprehension and association may be inhibited,
Scientists think that the effects of such central anditory changes on a
child’s ability to process anditory information and o develop speech
and kinguage skills are substantial. Even if the hearing loss cian be
cured, those central changes may persist. Recent preliminary studies
suggest that the development of those central effects may not be
inevitable, as had been widely assumed, but may be preventable or at
least minimized. Application of Tow-amplitude patterned electrical
stimulation to the cochlea has shown promise, as has the administra-
tion of a biological substance called a ganglioside. Thus, the treatment
of children who suffer severe 1o profound hearing loss as a result of
meningitis, trauma or other infections could be planned without the
accompanying concern that delay in selecting a treatment would resalt
in irreversible central auditory changes,

@ Future Plans and Potential Beneflts

During the coming decade seientists will have a number of extraordi-
iy research opportunities for identifving the processes involved in
the development of the central nervous systen and its behavioral
capacities. At the basic biological level these processes include the
molecular and cellular bases of newronal specification, the establish-
ment ol appropriate connections among neurons, and the association
of neurons into functional anatomical units, At the basic psychobio-
logical level these include the mechanisms that integrate cognition,
memory, learning and linguage acquisition. An understanding of
these underlying processes is the critical first step toward the develop-
ment of appropriate intervention strategies for the heterogeneous dis-
orders of development,

One of the major areas of excitement is in neurogenetics. Enormous
progress has been made with a few disorders such as Gaucher's discase
and muscular dystrophy, However, new research strategies are needed
to locate genes related to the specitic nature of the metabolic defects,
(See Basie Research.)

The development of weatment modalities for neurogenetic disorders is
especially difficult, becanse of challenges posed by the nervous system
that are not present in other organ systems. Neurons, for example, are
non-dividing cells, making it harder o introduce genes, The complex-
ity of the brain creates targeted delivery problems, and the blood-brain
barrier prevents many drugs and biological agents from entering the
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Modern neonatal
intensive care unils
have improved survival
and neurological out-
come among prema-
ture infants. (Photo
courtesy of the
National Institute of
Child Health and
Human Development.)




information processing associated with wemon developanent,
Comparative studies are wnder was using primate modeds wo help giin
an understanding of the evolution and deselopment of language learn-
i Stuedies wsing ansimal modelcare nos providing the st inlorma.
tion concerning the capacity o develoging fetuses to learn, Studies
using animal modelsare now providing the est information concerne
ing the capacits of deseloping tetases to dearn m atern. Such experic
mental work will supplement a growing bods of infonmation=<collet-
v v ulasonographive=on beliavioral patterna tvpical of the
developing human fetus, Studies of adolescents are ander wan o
determine how lateralization of hrain function develops and comes o
sutbsume ditterent spes of intellee ol capacitv==such as mathematical
and ver bl abilitiesin bhove and i,

Nonhunan primate models will be emploved 1o study genetie and
environmental effects on the expression of individual ditferences in
response 1o nild covivonmental exposure and stress throughout devel
opiient. Such differencesare monitored i a variens of sstems relleets
g multiple levels oF analvais, including measures of hypothalamie
phtnitarvadienal activity, psvchophivsiologlieal veactiviey, levels of
monoamines and their metabolites in the cerebrospinal Muid, and
comples belavioral repentoires,

An understanding of maternal Tetld interactions and carly childhood
development will be crivical o identitving what canses developmental
delav, how envivonmental agents abtect low bisth welight intants, and
how pediatric AIDS and imaternad substance abuse attect the newo-
hehavioral development of the cild. A science becomes inore sophis
ticated, mubidisciplinae stadies will be necesany tor idemtitving the
comples etiologies of such developmental disorders as spina biflda
and Iivdiocephaly mental vetandation, and learning disabilities such

s thvslenda,

Results trom the planned research ontlined above will shed light on
the cnnes of developmental disorders of the nervous svstem and
provide the hasis for designing appropriste prevention and internven
HOn strategies,
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The simple nervous
system in this liny
snail, Hermissenda
CIASSICOINIS, S1VAS a3
a scaled-down model

- for scientists sludying
the principles of learm-
ing (Photo courtesy of
Alan M. Kuzirian,
PhD)




Learning and Memory

Perhaps the most critical function of the nervous sstem s to learn and
retain ifornstion. This area of rescarch concerns the stuedy of intelli-
pent swstems that see, hear, understand and produce speech remem-
ber, solve problems, make decisions, prove theorenms, and design innoe-
vative products, Teisan inherently interdisciplinan activity, embracing
cognitive psvchiotogy, Hnguistion wned artificial intelligence, but incveass
inghv involving neuroscience, engineering, other bel wioral sciences
aned social selences as well, This vapidly imataring scientific ettortis dis
tinguished by its e of vigorous mathemitical and computer-sinmulis-
tion models o characterize the properties of intelligent behaviors,
both hislogical and artificial,

The appeal ol vesearch on learning is Bestand foremost the promise of
unclerstanding the workings of the humin intellect, one of the most
anclent and recaleitrunt pazeles known, The extent o which human
inteligence is il o and different trom artificially intelligent sys
tems his been i recarring seientific question sinee the iinvention of the
fivst crude computers, But there is important economic potential in
these stuelies s wells Usetul, Targesscale computer models and engi-
neering devices that exhibit intelligent behavior continue o be tinta-
lizinghy out of reach, The nation needs o realize the potential eco-
nomic gains inherent in the commercially viable, artificially intelligent
computer systemms thit result trom this research, In this regard, fundae
mentad brain research divected wward understanding learning and
memory will provide important information for medical, behavioral
and technological applications,

8 Accomplishments

Coneepts of how neurons funeton in learning have changed in recent
vears, Modern research s elose to thoroughly understanding some
tundimental features of the moleculiar basis of memaory, learning and
the “plasticity™ of hehavior, Investigators wee achieving insights into
how simple nerve systems adapt and how nearons that form local cir-
cuits proliferate, Scientists now know that longsterm memory involves
actial structaral changes in the bradn, and that short-term and long-
twerm memory involve ditferent arcas and processes in the brain, One
line of rescireh involves the search for the substances that change in
concentration or disteibution in the course of learning, These sub-
stances include varions neurotransmitiers, "second messengers,” ion
channels and receptors. Oune group of molecules in the brain—known
an excititory amino ackd receprors=—are used by nerve cells 1o commu-
nicite in diverse brain functions sach as memory, learning and cogni-
tion, The malfunction of these receptors may lead 1o learning, mem-
ary and ather neuvological disorders,
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Brain development during infancy and childhood affects learning,
memory and cognition in important ways. Very low birth weight,
preterm infants have been found to be at risk for mental retardation,
developmental disabilities and a variety of learning disorders.
Stimulation of growing infants and children significantly affects the
way their brains develop. In order to provide optimum stimulation
and development, it is important to understand how stimulation
“couples” with the developmental process.

Early nutrition also has been shown to have a significant effect on
brain growth, early development and later cognitive development,
Children who ingested a deficient formula at an average age of 7
months of age, a time when the brain is undergoing rapid growth,
demonstrated at ages 2 and 4 a correlation between the length of time
they received the deficient formula and low 1Q scores. At 9 and 10
years of age these children showed several functional deficiencies in
speech and language tests when compared with a group of age-
matched controls.

Several areas of research are receiving special attention, Studies to
measure brain electrical activity hold great promise for further
progress in diagnosing areas of brain dysfunction. For instance, among
children with reading disorders, measurements of brain electrical activ-
ity vary according to the type of reading disability they have. This anal-
ysis also enables objective discrimination between normal and learn-
ing-disabled children. Because learning disabilities result from brain
dysfunction, increased understanding of the basic mechanisms by
which brain cells store and transmit information is crucial. For exam-
ple, investigators are examining the relationship between the brain’s
neurochemistry and attentional deficits in learning disabilities, These
studies are revealing the biological basis of fundamental brain dysfunc-
tion, and should provide the opportunity for more effective therapies.
A new frontier in the field of learning disabilities research is provided
by brain imaging technologies like PET and MRI. These tools provide
insights into the brain networks involved in performing functions such
as reading and calculating. They also can relate brain function and
structure to specific learning disabilities,

As part of research on the neurological basis of language and learning,
adult dyslexics who had profound reading disabilities in childhood
were compared with control subjects on a speech-discrimination task
while undergoing PET. Significant differences between the two groups
suggest that language- or reading-impaired individuals have an inability
to use, or inefficiently use, those areas in the lett temporal lobe that
most people use to process speech and language. To compensate, cor-
responding regions in the right hemisphere temporal lobe are
engaged in speech processing, albeit with less efficiency, Scientists are
currently analyzing other arcas of the brain that may be used for
speech processing.

Significant research is directed toward understanding the fundamental
information-processing characteristics of humans, the nature of
acquired skill and knowledge, the processes of learning such skills, and
the instructional strategies to foster such learning. Four specific goals
are: 1) to define human “cognitive architectures,” i.e., the information




coding system, the neural processes that operate on that information,
and the mechanisms that control those processes to accomplish learn-
ing; 2) 1o provide precise descriptions of knowledge and skill in terms
of the cognitive structures and processes that generate the desired per-
formance; 3) to develop a theory of complex learning that explains the
processes by which structures of knowledge and complex cognitive pro-
cesses are acquired, and how they develop from less complex knowl-
edge and skill; and 4) o provide a theory of instruction that specifies
how to deliberately foster and optimize learning processes with suffi-
cient precision so that artificially intelligent tutoring systems might be
developed to provide effective instruction. The impact of such research
efforts on new and more powerful strategies for education could be
dramatic and very significant. Optimal teaching strategies can be
achieved only if we understand how to optimize conditions vis a vis
how the brain acquires, stores and retrieves information,

In studies such as these the technical approaches taken are quite
diverse, corresponding to the diverse research questions associated
with the four program objectives. Formal computer models have been
developed that explain the basis of the differences between different
ability levels in tests of spatial ability, general reasoning and mechani-
cal reasoning, Neural evidence can be used to answer questions about
the learning process to predict performance during successive stages of
learning. One principal objective of this research is to use neural evi-
dence to provide a better description of fundamental capacities of
humans to process information.

® Future Plans and Potential Benefits

During the Decade of the Brain, considerable progress will be made in
understanding how the brain stores memories and how we use this
knowledge to interact successfully with our environment,

Research in cognition is being encouraged in areas ranging from
mathematical schemes dealing with simple organisms to clinical studies
of patients with neurological disorders. Some of the investigations
envisioned could include the following:

o Investigation of the locations of learning and memory functions
through the use of brain scanning devices,

* Rescarch on non-human primates engaged in language-relevant
communication, including the use of numbers, and in repetitive,
event-related activities,

o Interdisciplinary approaches that bring together scientists to
investigate fundamental issues in learning and memory,
ranging from the genetic and molecular to the behavioral,

* Comprehensive analvsis of gender differences in the effects of neu-
rological injuries upon standardized cognitive measures, with atten-
tion to comparing patients with differing locations of injury, right- or

left-handedness, ete.
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Theories of cognition
based upon developmen-
lal research have stimulat-
ed the use of more power-
tul methods for teaching
chifdren and have led to a
more profound under-
standing of the processes
that underlie thinking.

Learning and memory have long been suspected of being especially
vulnerable to toxic substances found in the environment, In the
future, investigators will focus on better understanding the relation-
ships between environmental chemicals and the areas of the brain
related to cognition, learning and memory. Human research will be
complemented by unimal rescarch to beuer define the sites in the
nervous system vulnerable to attack by neurotoxic chemicals and the
mechanisms by which environmental chemicals adversely affect learn-
ing and memory, For example, there is currently great concern
regarding the extent to which Alzheimer's disease is associated with
exposure to aluminum, and the extent to which chronic exposure
to organic solvents is related to the dementia that accompanies
“painters’ syndrome.” Additional research is needed to pursue these
important questions.

Itis difficult to make sweeping generalizations about how a nutritional
deficiency will affect any one individual because cognitive develop-
ment is dependent on genetic as
well as environmental factors, and
because the relationship of the indi-
vidual to the environment is interac-
tive. Studying populations that
experience similar deficiencies,
however, may give us clues as to
how the brain reacts (o adverse
nutritional conditions.

The effects of manipulations of the
amygdala, a brain structure located
deep within the cerebral hemi-
sphere, on learning and the process-
ing of sensory information will be
assessed, One pianned study will
investigate whether the amygdala
contributes to the establishment of an increased state of arousal in the
presence of stimuli. The resuhts should yield new and important infor-
mation concerning the brain circuits that contribute to the processing
of sensory information and the most optimal conditions for learning.

Itis known that the brain structure called the hippocampus is involved
in many forms of learning. One study is investigating a novel theory
that the hippocampal formation enables an animal to construct a sin-
gle representation of the joint occurrence of two or more stimulus ele-
ments. An important point of this theory is that it provides a possible
explanation of how animals can solve problems in parallel to arrive at
non-linear solutions, The hippocampus also has a large number of
receptors that detect the presence of stress-related hormones in the
blood. Investigators are attempting to determine how stress negatively
influences learning and memory, and how the resence of stress hor-
mones aftects the normal function of the hippocampus.

As discussed in detail in Drugs and the Brain/Addiction, the brain is a
major target for the actions of alcohol and other drugs of ubuse. The
alterations in brain learning and memory functions due to alcohol and
other drugs of abuse are an important focus for research. Swudies of
learning and memory can add to our understanding of drug abuse by



clarifving the role of learning (conditioning) in the addictive process.
Such studies are important for understanding drug tolerance, sensitiza-
tion and perhaps craving. Since there is a growing public concern that
drug abuse in the workplace impairs cognitive processes and perform-
ance, studies are needed to characterize the acute effects of drugs on
cognition and performance and to evaluate potential residual effects,
Residual effects may occur during drug withdrawal, or might be long-
lasting or irreversible changes of drug-induced neurotoxicity, Opiate-
like substances which are naturally occurring in the human nervous
systetn modulate learning and memory, and studies of these effects
may improve our understanding of opiate addiction and the physiolog-
ical role of these substances related to cognition, During the Decade
of the Brain, rescarch will clarify the influence of drugs of abuse on the
neural areas involved in the processing, registry and retrieval of sensory
information as well as on arousal and motivational /attentional factors
that modify learning, memory and performance. The short-term and
long-term consequences of drug abuse on learning and memory proc-
esses will be examined.

In neurolinguistics and neurobiology a number of advances can be
expected. Scientists hope for an improved understanding of the
regions of the brain implicated in developmental dyslexia, attention
deficit disorder, language or reading impairment, autism and

other diagnostic categories that have some relationship to learning
disabilities,

Despite the research advances of the last 20 years and the increased
availability of services, a majority of hearing-impaired children still fail
to achieve functional literacy. Severe to profound deafness in early
childhood has been found to adversely affect subsequent achievement
in reading and writing. The severity of the problem suggests that this
issue needs careful attention. Research on the reading and writing
abilities and deficits of those with severe to profound deafness is
being encouraged,

Additional planned research includes studies of how the expression of
certain genes may be affected by neuronal activity during learning. Of
particular interest are genes related to the elements responsible for
communication between neurons (synapses), Construction of specific
neuronal circuits may be possible with further development of nerve
cell culture techniques. Modern techniques may enable the study of
the connections, coding capabilities and development of complex,
functioning assemblies of neurons. In particular, it should be possible
to test how such complex, but well defined, nerve systems react to acti-
vation and chemical agents. Having reliable structural information, as
well as cell lines that have high levels of receptors involved in learning,
should enable neuropharmacologists to design and test new drugs to
treat several neurological and learning disorders,
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By measuring brain

Department of
Veterans Affairs hope
to unvail one of the
brain's most vital and  :
least-understood func- !
tions.




Rehabilitation and Restoration of Function

Although more people today survive injuries and illnesses of the brain
and nervous system, there are significant gaps in the knowledge and
application of rehabilitative techniques that will help restore cognition,
communication, sensation, movement control and mobility for these
victims, Rehabilitation efforts have focused on developing and evaluat-
ing effective and affordable systems of rehabilitation, adaptable hous-
ing, assistive devices and programs to serve the needs of people with
disabilities. These efforts include research on head and spinal cord
injury, support for rehabilitation centers and universities conducting
rehabilitation research, training of health professionals to implement
model techniques of rehabilitative care, and development of programs
to reduce disabilities, Infants and children born with sensorimotor
deficits have different handicaps from those who lose functions later in
life, and therefore their vehabilitation needs are different,

8 Accomplishments

Brain and Spinal Cord Injury. Traumatic brain injury is the leading
cause of disability in children and young adults, affecting 400,000 to
600,000 people annuall.. Every 7 minutes someone becomes perma-
nently disabled as a result of a head injury, In addition, each year
10,000 to 12,000 Americans are disabled by trauma to the spinal cord.
The cost of care and services for patients with traumatic brain injury
alone approaches $25 billion per year. A major advance in research on
injuries to the central nervous system is the discovery that there is a
period of time immediately after the injury during which neurons sur-
rounding the lesion are sick, but still alive, Intensive effort is being
directed toward discovering the best approaches for salvaging those
vulnerable neurons, Scientists now have substantial evidence that if
the patient’s brain or spinal cord is treated within 8 hours of injury,
permatient damage can be prevented,

Prostheses. Federully conducted and supported research and develop-
ment have produced internationally acclaimed accomplishments in
comprehensive rehabilitation. The development of artificial limbs is
one area of noted accomplishment. The foundations laid during the
period after World War I have made American-developed techniques
for casting, fitting and aligning artificial limbs the standard, not only in
this country, but throughout most of the world, More recent rehabili-
tation research has led 1o such accomplishments as an improved artifi-
cial knee, a myocelectrie elbow and interchangeable electric hook and
hand, and the hydraulic ankle. Prostheses need to be developed for
the special needs of the growing child. Currently, rescarchers are
studying the use of robotics to assist those with spinal cord injuries,
Researchers are developing a robotic arm that responds to voice com-
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s, permitting a paralyzed individual to engage in such activities of
daily living as personal grooming, brushing teeth, washing and cating.

Pioneering efforts and accomplishiments are emerging from newral pros-
theses programs, A neural prosthesis is a rehabilitative deviee which
interfaces direetly with the nervous system to replace or extend fune-
tion in neurologically disabled individuals, Rescarch includes studies
in stimulation of the human nervous system, neural transplantation
and implantable microstimulators for muscle stimulation. Other
cfforts focus on developing auditory prostheses for the deaf, bladder
control prostheses for spinal cord injury victims, neuromuscular stimu-
lation for paralyzed individuals and visual prostheses for the blind.
Some of these devices will be helpful for the 11,000 children born
every year with spina bifida, the major cause of mobility impairment in
voung children,

Neural prostheses require very small electrodes that interface with
nerve cells, creating significant technical requirements, Considerable
cffort is being placed on improving electrode materials and developing
new, biologically compatible materials so that electrode function can
be further improved, Studies using animals to determine safe levels of
clectrical stimulation are also in progress.

The first electrical recordings from the human brain using microelec-
trodes that contain integrated electronic amplifiers were made in 1989,
Recordings of brain activity using electrodes such as these offer the
promise of providing a reliable system for generating commands to
control prosthetic muscle stimulators in paralyzed individuals, A new
clectrode implanted through the skin and designed for stimulation of
paralyzed muscle has been studied. Eighty pereent of these electrodes
remain functional after 1 year of implantation. A quadriplegic individ-
ual who received the first implanted neuromuscular stimulation system
has had the implanta total of 3 years and has had no significant com-
plications.

There is a great need o determine the most effective techniques for
remediating the neurobehavioral effects of traumatic brain injury.

Hearing. Scnsorineural (nerve) and mixed conductive hearing loss are
currently treated with hearing aids, All of these aids have inherent
problems, some of which should be alleviated by implantable hearing
aids that are capable of divectly driving the middle car bones (ossicles).
One significant breakthrough is the development of a completely digi-
tal (computerized) hearing aid. Also, a new speech processor has been
developed for use with car implants, Patients tested with the device
show unprecedented accuracy in speech perception,

The precursors of regenerated sensory cells may be the key to the self-
healing of the car's sensory tissue, just as the cells that produce new
skinare the key o wound healing. The precursors of animal sensory
cells have been identified and are the focus of intense investigations to
evialuate the moleculir mechanisms, as well as treatments that may be
used 1o trigger and to control the healing process,

Vision. Rescarch on low-vision impairments is aimed at enhancing
remaining vision, evaluating new and existing optical aids, developing



video magnification or image-cnhancement systems, and discovering
other ways to improve visual capabilities and performance. Rescarchers
are also studyving whether different combinations of color contrast and
luminance enhance or diminish visual performance. Others are
designing a prototype “intelligent” magnifier on a computer that will
have a high-resolution scanner to locate an image and adjust its magni-
fication, A small, portable reading aid that carries an image via optical
fibers from the printed page to o hand-held microscope eyepicee
enliarges the image and provides a kuge field of vision and good resolu-
tion of individual letters,

Restitution of Function. Scientists have explored a variety of approach-
es relating to restoring nerve function, These include tissue implants
to replace damaged nerve cells and the application of agents designed
to stimulate regrowth and repair of injured nerves, It is likely that in
some instances both approaches are effective and the implant itself
may stimulate nerve regrowth,

New research results have shown that very high doses of the steroid
methylprednisolone given promptly to patients with spinal cord injury
show significantly reduced loss of sensation and motor function, This
has rapidly established a new standard of treatment for both neurologi-
cally complete and incomplete spinal cord injuries. Further investiga-
tions will evaluate the efficacy ol nonsteroidal, rationally designed
drugs and attempt to determine if even carlier treatment holds greater
promise,

[eis particularly important to study and understand how the brain reor-
ganizes iself during rehabilitation after injuries to one or both hemi-
spheres. There is also a great need to design patientspecific strategies
for rehabilitation that will enhance the efficiency of current motor,
language and cognitive retraining after stroke or head trauma,

Rescarch on recovery after stroke and head injury reveals that the
brain is functionally more dynamic than was previously believed.
Neurons may be recruited from active areas of the brain to perform
alternate functions, Recent research on injury and regeneration in the
nervous system has led to optimism that injured neurons can survive
and that regrowth is possible. However, basic questions still need to be
answered, For example, it is not known when nearonal cell death s
complete, how long the injured axons can sustain regeneration,
whether support cells retain their normal characteristics, and i blood
supply returns to normal after injury, This work has important impli-
cations in the restitution of function of patients with motor deficits fol-
lowing a stroke or other type of brain injury. (See Brain and Spinal Cord
Damage.)

Investigators are examining the effects of electrical fields on recovery
of function after acute contusion injuries of the spinal cord. Nerve
growth and neurotrophic factors represent another possible avenue to
regrowth and regeneration, and the discovery of such factors in recem
vears has generated considerable interest.

Addiction. Advances have been made in research on rehabilitation for
those with addictive disorders. Scientists have developed medications
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that reduce the craving for nicotine, block the effects of heroin, and
reduce withdrawal effects from drug dependence. (See Drugy and the
Brain/Addiction.)

Imaging Technology. Investigators are conducting a number of inno-
vative rescarch projects on new imaging technology that nity assist in
the rehabilitation of nervous system damage. One example of this is
the use of MREin patients with head injuries, Brain lesions that would
have gone undetected are now being found using MRI, resulting in a
need for rehabilittion in patients who otherwise would not receive
such care, Improvements in the speed of MR scanning and in comput-
er software that detects and draws portions of the brain are providing a
new level of refinement to the study of brain vome, shape and form
differences in children with severe reading disability (dyslexia).
Studies of language disabilities and language distribution using PET
are identifying active areas of the brain in an effort to guide and evalu-
ate rehabilitation strategies. PET studies of the phases of paralysis have
heen used to develop new approaches for elinical management.
Studies using PET are also beginning to detect differential brain
metabolism in children and adults with attention deficit disorders, In
addition, PET technology has provided a means of analyzing brain
metabolism in children and adults with dyslexia,

Early detection of metabolic differences in children with attention
deficit disorder and/or learning disabilities may permit differential
teatment interventions, The information gained from such studies
can aid in the design of specifically tailoved programs that will maxi-
mize remaining functional capubility of the nervous system,




# Future Plans and Potential Benefiw

New and developing areas of rescarch on rehabilitation and restora-
tion of function are:

¢ The study of factors that promote the survival and growth of
neurons, and the study of supportive nervous tssue and its
interaction with neurons,

o ldentification of the genes that control the growth state of
nearons,

¢ Investigation of how severed or damaged neurons reconnect
with target cells,

¢ Refinement of long-lived electrodes for use in neural pros-
theses that can salely stimulate the nervous system,

¢ Investigation of the insertion of cultured neurons, grown on
an clectrade probe, into the central nervous system,

¢ Development of simple, quick and cost-efective tests 1o assess
the specific visual components of various tasks, in order 1o
provide a comprehensive picture of a patient’s visual
capacities,

¢ Determination of the features of an object that are required
tor its recognition to assist computational vision researchers
in developing lowsvision aids,

¢ Supportfor new low=vision aids to assist with drop-oft detec-
tion, e.g., curbs, ramps and stairs; image processing; route
finding: and text navigation,

Implantation of tissues, cells and cellular products into the central
nervous system continues to offer promise for rehabilitation after
spinal cord injury. Components of the nervous system and of placental
tissue appear to foster the growth of nerve fibers, One possible new
area of potential reatment for central nervous system trauma is the use
of nervous tissue from fetal animals to replace damaged areas of the
adult brain or spinal cord. Work is needed to understand the interac-
tions between the host nervous system and the implanted tissue, o
examine the long-term swrvival and growth of the implants, and to
assess the potential of the grafts to restore lost function, Studies on
neural tissue growth after implantation into brain and spinal cord are
continuing, as are studies of the effect of growth fuctors on regenera-
tion and repair. Efforts will be made to prolong the survival of cell
grafts,

The results of research using animal maodels suggest that common neu-
robiological mechanisms may underlie alcohol, nicotine and psychoac-
tive drug addiction, Future research is needed to understand the rela-
tionships of the neurophysiology of drug addiction and alcoliol
dependency, and to identify the rehabilitative efforts that may address
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the needs of patients with addictive disorders, Essential to the rehabill-
tation of the patient addicted 1o alcohol or other diugs is the develop-
ment of pharmacological agents that divectly interfere with drag-
taking behavior,

Great uncertainties exist in our understanding of how e nervous
system compensates for exposure to enviconmental chemicals,
Reseureh is needed to better understand how conditions of exposure
affect the rate and extent of tunctional compensation, the cellular and
moleculiar mechanismys involved, and whether there is vesidual risk
lollowing compensation,

The underlying processes involved in the recovery of damaged neu-
rons must be understoad to develop rational schemes for rehabiliae
tion after injury to the optic nerve network. Related research prob-
lems include the reduction of cell damage, the stimulation of
appropriate nerve growth, and the promotion of selective connections
hetween nerve cells, Factors outside the newron may determine the
success or failure of nerve regeneration, Study of these complex cellue
e intevactions requires multidisciplinary work,

For some speech-impaived individualy, the ability to communicate oral-
Iy will never be a possibility, and sugmentative or alternative communi-
cation systems must be used o provide these individuals with a viable
meany of communication. Although much progress has been made in
the application ol augmentative communication, a number of critical
issues remain to be addressed,

Neural prostheses implanted in various anditory centers of the central
nervous ssstem may help patients who have extensive nerve damage
and are not candidates for cochlear implants, Development and assess-
ment of cochlear and neural prostheses need o be continued, These
cftorts should include studies of enhanced signal processing tech-
nigues for application 1o neural prostheses, as well as to hearing alds
that can beneliva large percentage of the hearing impaired,

Advances in prosthetic and orthotic devices have improved ambulation
of children with amputation, limb deformities or muscle weakness,
However, in adulthood, individuals who have used these devices are
developing specific nerve and muscle disorders caused by long-term
use of the devices, Research on secondary complications of using an
assistive device is needed o prevent additional physical impairments
and subsequent disabling conditions,

The restoration of functional capacities through pharmacological
intervention may be significantly influenced by the developmental
stage of the individuals in reatment. Ttis essential to select phirmaco-
togical interventions that are age-specitic and duration-sensitive,
Eftective drug dose, site of drug action, mechanism of drug action and
sicle effects of drugs may differ amaong infants, children, adolescents
and adults who have central nervous system disorders, Future research
will focus on developing maximally etfective drug therapy for different
neurological impairments at different ages,
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Environmental Impacts on the Human Brain

The brain regubittes the funcdon of every organ systen in the boly,
ensuring that the internal environment which surrounds cach cell in
every organ is maintained at constant and optimal conditions, To
elfect this level of control, the brain constantly processes information
necessaty to make appropriate adjustments in the activity of cich sys-
tem, Part of that information is derived from the changes that might
oceur in the internal environment, and partis received from the exter-
nal eovironment. The sensory swstems gather informition from the
external environment, and this information iy then processed wt either
the conscious or subconscious level. The environment can also be the
souree ol additional inputs that may affect the internal environment,
These external environmental factors can be physical (e.g., nolse, light,
rudiation, temperature), chemical (e.g., toxing, drugs, solvents, pesti-
cides), blological (e.g.. HIV=1), or psvehological (stress). These envi-
ronmental factors, therefore, can alter the function and activity of dif-
terent organy, including the brain,

# Accomplishments

During the last decade significant progress has been made in under-
stansdding how environmental fuctors cause nervous systent dysfunction,
Through both animal and huaman studies, scientists are uncovering the
basic mechanisis underlyving nevwrotoxic events, and this new under-
standing has improved the ability o predict relationships between
exposire and newrotoxic responses. For example, research ha led o a
greater understanding of the mechanisms of cognitive dysfunction pro-
duced by mercury and lead and the neurological deficits produced by
myganophosphate insecticides. The mechanisms involved in some
chemically induced axoaal neuropathies have also been elueidated,
Recently, scientists discovered the mechanism of cognitive dystunction
produced by injection of domaoie acid, an excitatory amino acid,

Recent studies suggest that dietary levels of mineral elements (boron,
copper, zing, ivon and manganese) can influence both cognitive and
psychamotor function, For example, mood states hive been found to
he related o dietary consumption and blood concentrations of alu-
minum, caleivm, copper, iron, magnesium and zine in healthy adult
women, ron deficiency exacerbates the toxic effects of lead,
Nutrition studies of trace elements have revealed a relationship
between trace elements and changes in sleep patterns, Relationships
also have been observed between brain electrical activity (EEG) and
dictary copper, sevum iron and ferriting zine balance and thyroid fune-
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The National Institute of
Environmental Health
Sciences supports and
conducls research to
uncover how external fac-
10rs such as stress and
anvironmental toxins can
disrupt nervous system
faaction and, in turn, that
of other body systems

tion in healthy adult men and women participating in long-term stud-
ies. Itappears clear that the dietary and nutritional status of the indi-
vidual must be considered as well as other environmental factors that
may affect brain function and the central nervous system,

An important physical factor that affects brain function is environmen-
tal lighting. Research over the last decade has convincingly shown that
the seasonal alterations in mood, sleep and performance seen in indi-
viduals with seasonal affective disorder are due to the shortening of the
daylight hours during the winter months, Seasonal affective disorder
can be effectively treated by exposure to Lright light at the appropriate
time of day. Recently, investigators have shown that light is a very
important environmental factor for regulation of human circadian
rhythms and reproductive function, These studies have resulted in
important applications for treatment
of conditions such as sleep disorders,
jetlag and problems related to shift-
work.

Environmental factors can directly or
indirectly attect food or water intake
or metabolism. Scientists have shown
that the developing organism is very
sensitive to malnutrition, Investigators
are greatly interested in determining
whether the nervous system can recov-
er fully after a shortlived, early nutri-
tional insult.  Research with children revealed a correlation between a
long-term nutritionally deficient diet and lower 1Q scores, Years after
the nutritional deficiency, several residual deficits in affected children
were observed.,

Investigators have demonstrated that a number of chemicals, including
drugs of abuse, polychlorinated biphenyls, methylmercury and lead,
can adversely affect newborns, Malformations of the nervous system
comprise over half of all human congenital abnormalities, necessitat-
ing investigations of their epidemiology, causes and pathogenesis,
Developmental exposure to environmental factors such as lead can
also produce functional deficiencies in children, including perform-
ance deficits and decreased 1Q,

Scientists have recently linked environmental factors to the etiology of
certain neurodegenerative diseases, For example, it has been estab-
lished that ingestion of certain foods, such as the drought-resistant
grain pea, can cause lathyrism, a disease affecting motor neurons, The
active ingredient in the pea appears to be an indigenous excitatory
amino acid, Another example is the compound MPTP, first produced
during attempts to synthesize a “street drug.” In younger humans and
cxperimental animals, MPTP causes pathological changes and clinical
symptoms very similar 1o those of Parkinson’s discase,

Research has provided several developmental and adult neurotoxicity
testing imethods to evatuate a wide range ol hehavioral, neurochemical
and neuroanatomical endpoints associated with environmental factors,
In addition, scientists also have developed a battery of neurological

LI



and behavioral tests and used them to assess the potential neurotoxici-
ty produced by a number of chemicals, including toxic air pollutants,
contaminants ol drinking water, pesticides, metals and solvents. In
some instances, basic biomedical research has resulted ina clear
understanding of the progression of disease from the molecular lesion
to the clinical neurotoxic disorder.

& Future Plans and Potential Benefits

Evidence accumuldated in recent years strongly suggests that an interac-
tion between environmental factors and neural structures such as the
brain may precipitate a series of events leading to the development of
human neurological disorders. The use of modern molecular and cel-
lular biological approaches will help investigators develop new meth-
ods for evaluating the actions of neuro-
toxic agents, These techniques may
also lead to the development of new
approaches o prevent, diagnose and
treat the resulting neural disorders,

Future rescarch will emphasize studies
on the basic cellular and molecular
mechanisms underlying neural com-

munication, neuroendocrine regula-

4

tion and signal transduction in order
to provide a basis for understanding

how neurotoxic agents can cause spe-
cific neurological disorders, and affect cognitive, behavioral or
reproductive functions, Development of a mechanistic understanding
ot neurotoxicity will facilitate the discovery of biologic markers of
exposure to toxicants, as well as markers of early, subclinical neurotox-
ic effects. Integrated information gained from these studies can pro-
vide important clues for the development of appropriate diagnostic
and therapeutic strategies 1o prevent or treat environmentally related
disorders,

In the future, scientists also will analyze in vitro test methods designed
to identify mechanisms of action of neurotoxicants at the cellular level,
and determine how effectively these svstems predict chronic effects

in whole animals and humans. The development of adequate in vitro
testsystems will also provide an important and viaduable alternative

to in vive testing 1o evaliae neurotoxicity of compounds that may

not induce changes measurable by more conventional, whole-animal
technigues,

Future studies also will colleet more data on the extent to which neuro-
logic discases and psychiatric disorders are the result of exposure to
toxic environmental agents. Clinical evaluation of neurotoxic illness
and epidemiologic surveillance of populations at high risk for neuro-
toxicity have been inadequate. Existing surveillance systems will be
modified to provide better data on newrologic and psychiatyrie disor-
ders likely to be of envivonmental origin, Physicians and other health
care providers should be made more aware of the prevalence of sus-
pected environmentally and occupationally caused neurotoxicity,

Aided by modern comput-
er graphics, this scientist
at the Environmental
Protection Agency ana-
lyzes a brain wave pattern
from a patient who under-
went visual stimulation
By measuring specific
characteristics of such
brain waves, scientists
can identity normal and
impaired function in the
brain's visual cenlers.
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An important aspect in future vesearch will be the identification ol
exposed populations and the evaluation of those bearing an unusual
susceptbility to environmental factors, For instance, it is generally
believed that children are more susceptible than adults to some neuro-
toxicants and that carly exposure may accelerate the aging process. In
addition, older populations are believed to be at greater risk than the
voung. Future rescarch will focus on the possibilite " long-term,
low-level exposures to environmental factors can vesult in neurodegen-
crative discase following a long Latency after the initial insult,

In the coming decade it will be important to focus on the mechanisms
by which the exposure to environmental factors during pregnancy can
have an adverse effect on fetal development. The advances in under-
standing normal neural development will provide a baseline for identi-
fving the mechanisims by which exposure to environmental factors dur-
ing pregnancy can result in disorders of the human fetus, especially
those disorders occurring in the nervous svstem.

Studies with children have underscored the importance of uving to
link carly nutrition with later outcome. Because cognitive develop-
ment is dependent on genetic as well as environmental factors and
hecause the relationship ol the host to the environment is an interac-
tive one, it is difficult 1o draw conclusions about how a nutritional
insult will affect any one individual, Comparative studies of differing
populations having similir nutritional insults will give clues about how
the brain reacts to such adverse conditions,

International cooperative research includes studies of humans who
have been exposed to radiation. Recent findings in these studies
indicate that exposure to radiation may affect the normal migration
of neurons during fetal development. Future research may contribute
to an understanding of the mechanisms of neural migration and

the eftects of environmental agents such as radiation on these
mechanisis,

The expected benefits of further research with animal models, particu-
larly non-human primates such as rhesus monkeyvs, devive in kuge part
from the striking similarities in biobehavioral responses to stress
hetween rhesus monkeys and human infants and children. Some dis-
play extreme biobehavioral responses to mild environmental stressors
and appear to be at substantial visk for developing a variety of behayv-
ioral and health problems Later in life. Additional insights from the
use of a non-hwman primate model come from the opportunity to
study genetic-environmental interactions directly as they shape devel-
opmental trajectories, as well as to examine possible interactions and
lecdback loops wmong a variety of behavioral and physiological systems
in the same individuals throughout development.

Hearing loss attributable to hazardous noise levels is on the rise in our
society: more than 20 million Americans are exposed on a regular
basis to industrial or recreational noise that could result in hearing
loss, Hazardous noise exposure is at least partially responsible for
more thuan 35 percent of the 28 million cases of hearing loss in this
countiy—hearing loss which could be completely prevented.
Molecular biologists have recent’ * found evidence that heatshock pro-



teins formed in the
inner carin response
1o moderate levels off
sotnd may provide
some protection
against noise. Indeed,
preliminary evidencee
suggests that the car
may he “conditioned”
to withstand the effects
of loud noise with litle
permanent effect on
heartng, Thus, another
Factor i individual sus-
ceptibiin to noise may
be the abilitv to form
and retain heatsshock proteins in the inner care A major goal should
be o inerease awireness in the public about the hazards of noise and

An investigator prepares
brain tissue for sectioning

protect people’s hearing from noise-induced impairment, and mounting on micro-
scope shides. New stain-
Future research will emphasize the use of newly discovered technolo- 1ng techniques have

increased our understand-
. . . . . ing of how brain tissue is
genic animal models, seientists have been able (o obtain neuwronal el damaged by toxic com-

lines that maintain the characteristios of normal nearons, These cell pounds and disease

gies to study environmental inftuences on brain function, Using trans-

lines will be used to evaluate how environmental toxins and other face-
tors attect the function of kev neuronal systems at the cellulir and
molecular level. Computer-based image analdvsis will be used (o study
the developmient of the stractural complesity of nearons as they are
altected by environmental factors, including chemicals, physical factors
and biological agents such as HIV-T and s prowins, Teis anticipated
that this research will provide insight into mechanisms of svnaptic
transmiission, input etects on cireuit development, and identification
of those molecules that promote or retard newronal integrity,

Recent rescarch has suggested that some progressive newrodegenera-
tve disorders may he related to long-term exposure to environmental
factors, For example. the exposure to pesticides has been associated
with Parkinson’s disease, while aluminun has been implicated in the
ctiology of Alzheimer’s discase. Although the involvement of environ-
mentad factors in these nearodegencrative disarders has not been defi-
piteh established, it is clear that exposure 1o some chemicals can resuly
1 neurological ssndrome simikar o naturally occurving nearodegen-
erative discase, There isalso evidence linking diet 1o neurodegencera-
tve disorders, Future studies will he needed o clucidate the relation-
ship between the chronic exposure to common environmmental factors

and neurological discase,

Researchvin the tuture will focus onreducing the uncertainty associat-
ed with predicting human health visk hom experimental animal daa,
There isaneed o develop and tse tests based on chemical mecha-
nisims of action and stucture-activiey rebuionships o adentifvand cha-
acterize potental newrotoxicans, Tnaddition, aneed exists 1o develop
risk assessments for new environmental agents, such as those devived

through biotechnology,
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For Further Information on

Agency Programs, Contact:

& Office of Science and
Technology Policy

Federal Coordinating Council for
Science, Engineering, and
Technology

Office of Science and
Technology Policy

Washington, DC 20506

Phone: 202/395-5101

m Office of the Assistant Secretary
for Health

Oflice of the Assistant Secretary tor
Health

Department of Health and
Human Services

200 Independence Ave., SW,
Rm. 740G

Wiashington, DC 20201

Phone: 202/245-0301

® Office of Management and Budget

Health and Social Services Branch

Division of Hhuonan Resources,
Veterans and Labor

Office of Management and Budget

725 17¢h S, NWL R, 7002

Washington, DC 20503

Phone: 202739549260

| Agency for International
Development

Division of Applied Rescarch

Oftice of Health

Ageney for Internstional
Development

1601 N Kent St R, 720

Rosslviv, VA 22200

Phone: 7003/875--1705

m Centers for Disease Control
Division of Injury Control
Center for Environmental Health
and Injury Control
Centers for Discase Control
CEHIC:DIC (36)
1600 Clifton Rd., NE
Atlanta, GA 30329
Phone: 404 /4881696
40476 39-0906

8 Department of Agriculture
Human Nutrition
Agricultural Research Service
National Program Stafl’
Depurtment of Agriculture
Bldg. 005, BARC WEST
Belsville, MD 20705

Phone: 301/344-3210

8 Department of Commerce

Office of Technology
Conmnercialization

Department of Commerce

L4th and Constitution Aves,, NW,

Rin. 414
Wishington, DG 20230
Phone: 202/377-8100

® Department of Defense
Life Sciences

Oftice of Nawval Rescarch
Deparnnent of the Nawy
Department of Delense
BOO N, Quiney St
Arlington, VA 22217-5000
Phane: 703/690-4501
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B Department of Education
Division of Medical Sciences
National Institute on Disability and
Rehabilitation Research
Deparunent ol Education
00 Marvkind Ave.,, SW, R, 3431
Washington, DC 20202-2525
Phone: 202/732-1194

@ Department of Energy

Health Effects Research Division

Office tor Health and
Environmental Research

Office of Energy Rescarch

Department of Energy

19901 Germantown Rd.

ER 72, Rm. F-220

Germantown, MD 20874

Phone: 301/353-4507

@ Department of State

Science and Technology Atfairs
Department of State

2Ustand € Sts., NW, R, 7825
Washington, DC 20520

Phane: 202/647- 3004

@ Department of Veterans Affairs

Research and Development (14271

Veterans Health Services and
Research Administration

Department of Veterans Aflairs

810 Vermont Ave, NW

Washington, DC 20420

Phone: 202/233-2616

® Environmental Protection Agency
Health Etfects Research Laboraton
Environmental Protection Agency
Mail Code MD-H1

Rescarch Triangle Park, NC 27711
Phone: 91975412281

® Fogarty International Center
Fogarty International Center
Nattomal Instinutes of Health
Bldg. 31, Rim. B2¢.39
Bethesda, MD 208092

Phone: 3014901413

# National Acronautics and Space
Administration

Life Sciences Division

Code SBM

National Acronautics and Space
Administration Headguarters

600 Independence Ave,, SW,
Rm. 112

Washington, DC 20546

Phone: 202,453-1527

® National Eye Institute
National Eve Institute
National Institutes of Health
Bldg. 31, R, 6A0H
Bethesda, MD 20802

Phane: 301/490-4583

@ National Institute on Aging
National Institute on Aging
Nutional Institutes of Health
Bldg. 31, Rm. 2002
Bethesda, MD 208492

Phone: 301 /496-0216

® National Institute on Alcohol
Abuse and Alcoholism

Neurosciences and Behavioral
Rescarch Branch

Division of Basic Research

National Institute on Alcohol Abuse
and Alcoholism

Alcohol, Drug Abuse, and Mental
Health Administration

5600 Fishers Ly, R 16G05

Rockville, MDD 20857

Phone: 301 /4434223

301/4-43-3851

® National Institute of Child Health
and Human Development

Center lor Research for Mothers
and Children

National Institite of Chitd Health
and Hunan Develapment

National Institutes of Health

EIPN Bldg., R, 643

Rockville, MD 20852

Phone: 301 /49635097



@ National Institute on Deafness and
Other Communication Disorders

Division of Communication Sciences
and Disorders

National Institute on Deatness and
Other Communication Disorders

National Institutes of Health

EPN Bldg., Rin. 700

Bethesda, MD 20842

Phone: 301 /496- 1804

301/490-50062

8 National Institute on Drug Abuse

Office of Poliey and External Affairs

National Institute on Drug Abuse

Alcohol, Drug Abuse, and Mental
Health Administration

GO0 Fishers Lo, Rm, TOA3L

Rockville, M1 20857

Phone: 301/443-1887

# National Institute of
Environmental Health Sciences

Division of Intramural Research

National Institute of Environmental
Health Sciences

Natioma! Institutes of Health

PO, Box 12233

Research Triangle Park, NC 277049

Phone: 919/541-3205

® National Institute of Mental Health

National Institute of Mental Health

Alcohol, Drug Abuse, and Mengal
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Decade of the Brain Program Activities

AGENCY AlD che Hhon hOE DVA 1D

PROGRAM

Human Conununica- Health visk Decision- Ditterential - Schizo- Natural

behavior &  tion behaviors, making diagnosis ol phrenida history of

mental dis- rescarch tor - TV, under stress demenitia Hnaging, belavioral

orders health dementia post-traunit disorders
behavion stress

Communica-  Micronutri-  Sunveillinee Computa Auditory & Adaptive

tion & ents,blind- wstems tional vision, visual cquipment

sensory NESS presen- hinacoustic disorders

disorders tion provessing,

Learning &

Childhoad

SCHNOEY
motor
control

Plasticin,

Farlv child-

memory lead newral & hoaod
puisoning machine cognitive
intelligence retrining
Addiction Fetal Nuclear Addictive
expasire medicine disorders,
evittitions suthstancee
abuse
Brain & L.pi- Newrotosin, - Stereotactic Regenera- Tramma
spinal cord demiology, chemical & radio- ton, -
amage immunotosi- - biodefense surgery, ing ol
cology, cell biology locadizaion  medical per-
presention, of seizure sonnel,
neatnent, toci neuro-
rehabilita hiology
tion
Develop- Mrevention Epidemiol- Genetie Mental
ment of childhood oy, occupa- vode gene retardation
matnunition  tdonal expo- CXpression
s
Aging Demography - Risk factons, Nuclea Dementia Main-
& eprdemiol morbidins, medicine imaging, lenance of
ogy of aging  mortalin ditterential hehawional lunction
rish lactors dingnoses studies
Restoration  Prosthetios Neuralogic Newral Radiotheras Rehae Rehi-
of function  (low cost) & behavioral egeneration py tor beain bilitation, hilitation
sefuelae Hmors tohotics,

Environ- Einviron- Neurotosis
mental mental aents
impacts inpacts of

Heurotaxic
ARgeNs

artiticial
limbs, senso-
s



EPA

Chemical-
induced
mental dis-
orders

Alterations
in sensory
function

Chemical-

induced cog-

nitive dys-
function

Chemical-
induced
newro-
pathology

Develop-

mental new-
rotoxicology

Acceleraed

aging

Toxicant
induced

regeneration

Neurotoxic
agents

FIC

Internation-
al coopera-
tion in
biomedical
research

"

"

")

"

"

()

")

"

NASA

Crew beha-
ior & pertor-
manee in
space

Neurosen-
SOy
response o
gravity
changes

Eitect of
ity on

develop-

ment

Restore
vestibular &
neomoto
control

NEI

Psveho-
physics

Oculomotor
svstent vision
processing

Neuro-oph-
thahmology,
diabene

retinopathy

Strabismus,
amhlvopia,
myvopia

Ghiucoma,
cataracts,
macula
degenera-
tion

L.ow vision
rehahilitae
tion

NIA

Alzheimer's
assesstent
instruments

Age-related
changes,
pro-psy-
chosis lan-
Quage & age
vs, pathology

Cognition
Vs, neural
mechanism

Pro-
primmed
cell death

Alzheimer's

Strategies
for the aged
& prosthe-
SN,
improving
sleep

NIAAA

Alcoholic
dementia

Eflects off
aleohol

Genes &
environment

Fetal alcohol
sviidrome

Fhlect ol
aleohol with
increasing
aging

NICHD

Developmen-
tal psychol-
ORY

Dyslexia

Cognitive
develop-
ment, learn-
ing disabili-
ties

Fetal

exposure

Spina bilida

Mentad retar-
cation,

SIDS,
nutrition

Mental retie-
dation



NIDA

Comorbid-
iy, drug-
seeking
hehavior

Stimulus
propertivs ol
drugs

Operant &
classival con-
ditioning

Brain-
reward
mechanisms

Drug-
induced
neuros
toxicit

Fetal effects

Medicitions
develope
ment, tebit
hilitation

of addicts

NIDCD

Communica-
tion behay-
ior & perfor-
mance

Hearing,
speech,
voice, lan-
guage, bal-
anee, chemi-
cal setises

Language &
learning dis-
orders, plis-
teity

Prenatal &
acquired
toxic eftects

Aphasia,
maotot
speech dis
orders

Nearal
stthstrates of
senses &
communica-
tion

Biochemical,
physiologic,
anatoniictl
eftects

Prosthieses,
regrowt h,
augmented
conununica-
tion

NIEHS

Chemieal-
induced
behavior &
mental dis-
orders

Newro-
SCNHsOry
ICSPonses toy
environmens
Ll agents

Chemical-
induced
learning &
memory dis-
orders

Chemical:
induced
newro-
patholog

Develop-
mental neu-
rotoxicolo-
gy, disorders
of puberty

Fnviron-
mental
triggers &
seHesCenee,
excitotoxins
& hriin
function

Nuttitional
intervention
in ameliora-
ing toxicin

Neuratasic
agents

NIMH

Schizo-
phrenia,
depressive
disorders,
hehaviors,
mental dis-
orders

Cognitive
sciencee

Cognitive
S('i('n(’t‘

Comorbidity
(mental dis
orders &
addiction)

Brain dam-
'.usv & nmen-
tal disorders

Childhood
depression,
dautism

Mental &
behavioral
disorders in
the aged

Drugs,
implants,
psvechosocial
rehabilita
tion

Social/ psy-
chological/
cnvironmens-
tal influ-
enees an
brain fune-
tion

NINDS

Brain func-
tion &
hehavior

Neurobio-
logy of coy-
nition, tun-
dismental
studies ol
SCNSOTY 8V
tems

Brain
processing,
storage &
retrieval

Cellular
mechanisms

Stroke, hrain

& spinal
cord injury,
multiple
sclerosis,
epilepsy

Genetic &
developmen-
tal disorders

Alzheimer's,

nrkinson's,
Hunting-
ton's

Nenve
regrowth,
implants,
prostheses

Neurotoxins

NSF

Behavioral
endocrinolo-
gy develop-
mental psy-
chology

Transduc-
tion infor-
mation
enuy, conne
witational
inguistics

Synaptic
plasticity,
mechanism
of attention

Addictive
hehavior,
sociul jasy -

chology

Motor
behavior,
physiology,
atLtomy

Neuro-

enetics, cell
ﬁm-ugc
develop-
ment

Biochemical,
physiologic,
anatomical
cffects

Bioengineer-
ing, prosthe-

SUS, Tegeneri
tion

USDA

Nutrition,
hysiological
unction,

performance

Hormone-
neurohor-
mone inter-
actions,
nutrition &
develop-
ment

Nutrition &
aging

Environ-
mental stim-
ulation ol
neurophysi-
ology
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