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The brain is the seat of intelligence, the interpreter of
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covered in the first specialty area, followed by research findings devoted to
aging and the brain. Section 3 profiles findings on human behavior and mental
Aisorders, and section 4 describes research on damage to the brain and spinal
cord. Commun‘cation and sensory disorders are treated in the following
section. Seccions 6 and 7 e:amine the davelopment of the brain and detail the
intricacies of learning and memory. Section 8 investigates rehabili:taticn and
restoration cf brain functicn and section 9 outliines environmental impacts on
the brain. A chart, which summarizes the nine towic areas, appeatrs in the
back. (RJIM)

khhkhhkkhkhhkhhkhrhhdrrhrhhkkhkhkbdrrkbkhkhk kb rhkrrhkkhkrrhkrkhkrrdkhkhhkrbhkRbrrhkhkhkhkhkhkhkhkkhrhbhbhbhhbkkhdkhikihk

- Reproductions supplied by EDRS are the best that can be made *

* from the original document. *
I E R R R R RS LR E R TR E RIS IR IR R RS ES RS RZ2RSE SRR RS RS2 R 2R R X222 X R X R R R R 8




ED 410 480

2
E
e
n il
i
oL
by
B
2.
-
—-
<
=
=]
'-
T ho
2
=
e
<,
=

- Subesmmitted an Brai -
o . U.8. GEPARTMENT OF EDUCATION

Office of Educations) Research and Improvement
EDUCATIONAL RESOURCES INFORMA

CENTER (ERIC) TioN

Behatignal Seienedt
(Znn"nn'llu"v on Like _l("'“"‘:‘:-li.\(,l l,_‘“j‘hh, ) - O This document hes been reproduced as
v . . P o o - recaivad f1Om the parson or o/gaNZatiOn
.: et S T R ongimating it
ST e wil o LR A B O Minor changos have been made 16 1
Fede |.ll-(.lnul(l_u_ldnf_lg Comil lm: . RS Nt Changas have improve
Seicned. Fognidering, and. Fedhnolowgy
uenee L) R ! )-. AngL Iy . ‘*‘ R : ® PoInts of view Of OPHNIONS 1AIAG 10 This dOt. v
. B . e Ll : - mant do not necessariy sent othcual
) Lo oL R i . o LR DERI poston or pahcy
Office of Seience and Ledhmolbg
.
'

IR NS

10407

o Dicade of the Brain




000G = Q661 TIEIY YL JO SPBII(]

Maximizing Human Potental

Sulxoinmitice on Brain and
Behavioral Sciences

® Committee on Lile Sciences and Health

8 Federal Coordinating Counait for

Scienee, kngincering, and 1echnolog

A Oflice of Science and Technologs Policy

For administrative use only




[ .
[ Silvio O. Ceate
1021 - 10}

This report resulted directly 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
for new methods to treat and prevent brain and behavioral disorders,
Mr. Conte mtroduced legislation o declare the 1990s the Decade of
the Bram. As a result of Mr. Conte’s vision, public, congressional, and
mternatonal intervest in brain and behavioral rescarch continues to
grow,

We respecttully vecognize Mr. Cone’s dedication and conuibntion to
improving the health and welkbeing ol Americans in the Decade of the
Brain and hevond,
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The brain is the most sensitive and complicated part of the human

hody; it ic the sear of intelligence, interpreter of senses and

controller of movement. Viewed as mysterious and incomprehensible
in the past, the human brain is at last vielding 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 last 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 powertul 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 heen inaccessible,

The challenge is enormous: more than 50 million Americans are
affected each vear by brain disorders that range from stroke, brain and
spinal cord injury and neuroger etic diseases, to Alzheimer’s diseasc,
schizophrenia, alcoholism and drug abuse. One in four Americans at
some point in life will suffer 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. Treaument, rehabilitation and related consequences of
brain diseases cost America an estimated $305 billion each vear.

Advancing our capability to understand and effectively treat the many
biain 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-based research effort using the newly developed technolo-
gies that have already given promise of success.

Recent advances in our 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,

Ducade of the Bran 1990 @ 2000 |




This report presents highlights of the most promising areas of brai
and behavioral sciences research being carried out by the Federal
agencies responsible for directing. conducting and supporting suc.
rescarch. Fach chapter inchades recent significant accomplishmer
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 th
brain and behavioral sciences. This interageney inventory allows
these groups to coordinate their research, promote collaboration
among their scientists, program managers and the institutions thesy
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 19905 as the Decade of the Brain recognizes bot
the wemendous opportinities presented by recent and anticipated
advances in brain rescarch and the enormous costs that disorders ¢
the brain exact in human suffering, financial sacrifice and national
resources. The compelling nessage ot the Decade of the Brain is
that the brain and behavioral sciences are rich with the scientific
nicans aind opportunities 10 expand owr knowledge, produce new,
high-tevel technological innovations fer industry, and reduce the
personal and financial burden of b related disorders for the
nation. The decade of the 19908 is wie ideal time 1o take masimal
advantage of these opportuntries.

D. Allan Bromley
Dot
Office of Scence and Fechnology Polieny
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m Legislative History

Fursuant o the House Connuittee on Appropriations report on the
fiscalveanr TOSK budget ton the Depanment ot Health and Human
Senvices (DHEIS), the Natonal Advisory Nearological Disorders and
Stroke Coundil and the Natonat Advison Mental Health Coundil were
ashed 1o prepare teports o Cangress setting forth newosciences nrjor-
itics and pragrams. The purpose of the reports was 1o assist the com-
mittce momuating s commimment to the nest 10 veats as the Decade
ol the Bram.

On March 801989 the late Congressinan Silvio O, Conte inuaduced
HJRes 7 o designate the decade beginning January 1, 19890 as the
Decade of the Bran, A companion bill (S [ Res 173) was introduced
v Senator Donald W Riegle, Jro T Res 171 passed the THouse on
June 29 e the Senare on juble 13,

Fhe Presidentsigned the bilban Julv 25 19809 and it becamie Publi
Law Noo 10108 On fulv 1701990, President Bush issued a Decade of

the Brain Prochomation. calling upon all public ollicials and the people

of the United States to observe the decade with appropriate programe

and activities.
# Office of Science and Technology Policy

Congress has requested that the Otfice of Science and Techmology
Policy (OST lead Federal acinities i coovdinating the saientlic
ctort tor the Decade of the Brain (Hotse Report 101450y, In
vesporse. the OSTPS Federal Coordinaung, Coundl for Sdence,
Fogineermg. ansd Lechnology (FCCSE T Commtiee on Life Scicnces
and Health s tormed a Subcommittec on Braim and Behavioral

Scienges.

This Subconmmttee s composed ot representatines from the fnlowing

Federal depantinents aind agencies:

Agena lor International Development
Depaniment ol Agriculine

Departiment of Commerce

Depariment of Detense

Department of Fducation

Deparnment of Foeigy

Department of Healtheand Human Senviees

Dt o the Bam 1900« ana n




Departient of Stae

Department ot Veterans Attans

Frvirommentad Protection dgena

National Aeronauncs and Space \imninistration
Natotnal Science Foundation

Office of Management and Budget

Oftice of Science and Techinalogy Pohoy

Fhe FCOSET Commutee om D ite Saences and Health, chaned in
DHELS Asastant Searctans for Headth, James O Mason ML D Dy P
has Charged this Subcommittee wath:

designing a pln o integrate rescarch etfonns,
monitoring scientifie progress in the tield,

developing mechanisms for international colfaboration,
reviewing natomal and international policy issnes,

uaislating rescarch discoveries into treatment and prevention

applications, and
strengthening disease prevestion sttegies through the under-
standing of high-risk behanviors.




Exccutve Sutmmary

he LS Decade of the Braan offers scientsts throughout the Federal
Government 4 unigque oppartunine o advance and apply seientific
knowledye about the bram aud nenons sestem. Durving the nesy 10
vears, scientists hope o masimize human potential through studies of
human belavion senses and connnunication. learning and memory,
wenetic Chemical altetations, and cvitonmentd interactions, Progiess
m these arcas showld iead toveducuons i mording from brain aod
nenvons sustent disorders and to improvements in the qualin of lite.

Saveral developments have comverged o make the goats ot the Decade
ol the Brain attainable in the 19908

o Lhe saence essential to an undestanding ol the brain has
manned drannmncally i the past tew decades, perminting a
wreater ransfer of basic Liboratons knowledge to practical
apphcations,

L he methodologies and reseach tools to exanime the processes
atwork in the healthy and the unhealthe eain are vapidly
naturing,

Medical researc b and ather professional mstiutaons and
otganizatons in the United Statos and countries aronnd the
world are strongh commitred o advancing om understanding of
the hinman b,

This report identifies nine research arcas that could form the basis of
an integrated progran in the brain and behavioral seiences. A ehan
stmnuarizing the Federal activities in these nine areas niw be found a
the hack ot the reports Iy addition, three areas that span the nine
resein charcis—hasic reseanc i rechnology and mternatiomal
acinitios—are considered,

m Cross-Cutting Program Arcs

Basic Research. Present knowledge about die brain and i ivous sestem
i« built upon the foundation of basic research. Man exanples of
important basic vesearch questions onwhich work must continue can
be cited. These indude: how nerves compmnicate normallv between
and mnony thenmselves; how genes determine norimad nerve pathway s,
networks and neural development: and how normal bodv chemicals
sirechas transmetiers and hormones affect brain functon, The new
Federal initiative to sequence the human genome is another example of
research thae will vield basic information that can be applied o under-

Dcacke obihie By 110 e 2000
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standing the hunan brain and behavior,. Providing i full descrniption
of the Tinman genetic profile s st step rowand eveating individual-
ized prevention and weatment programs for those atrisk for genetic
disorders. Other important applications of this research indude devel-
opment of new technolagios inaatonsition, microscopy and toboticos,
tools that will md stidhes amed a undestandimg the moteculan Tune
tion of the brain, Continted use of aninals for seientific studies will
he ervitical fon basie reseanch,

Technology. \dv.ancesin newroscience weehmology, imduding sophisii-

cated computers, modeling techmigues and brain imaging techuolopy,
hive deamatically boosted seientisty” capacity to understand brein
funcnon and duvshimction. These 1ools allow sciennisis to caprure,
store and analvze biological data, and to areate simuabattons of brain
tunction. There s great promise that molecular genetes stadies of the
brain will resultin new methods of detecting and potentially correct-
ing mam caarenth untireatable geneticall based diseases of the biain
and central nervous ssstem Inaddition fo linthering canvent knowd-
edge of hunman disease. researchvin these areas is likels o revolution
e vital natonal industries such as computer and solid stare silicon
lip mdusties.

International Activities. Scicnce is by natate international, and many of
the advances in baam researchin the coming decade will resuht from
wotk conducted in scientific centers around the world, Scientises trom
the United States aee taking advantage of the worldwide interest in the
brain by joining in a number of micinational collaborative research
projects, induding studies on Alzhenmer’s disease, cataracts and the
molecalnn hiology of mental illness,

#® Drugs and the Brain - Addiction

awing anrescarch generated nothe Decade of the Brain, saientises
hope o find solutions to the growing national tagedy of drag and
alcohol abuse. ALarming numbers of eenagers and women of child-
bearing age use Hlicit diugs vegulady and cad vear thousands of
cmergency toom visits and deathis are cansed by diag abise. Alcohiol
abise and alcohohsm are fictors i hall of all wealfic deaths, and feral
alcohol wndrome is i leading canse of mental retardation, The health
costs incurred by drg and aleohol abuse and theiv cousequences total
nearh SIS0 billicn avear. Rescarch efforts are providing the frame-
work tor understanding the protound altect that drags of abuse ave
on normal brain tunction, and progress s being made on revealing the
genetic ana biochemical aspeas obaddicton,

@ Aging and the Human Brain

Adteady narease i the indidence of degenerative brain disorders such
as Alzhenuer’s and Pankinson's diseases has accompanied the npward
shiti i the ULSage distibation. OQun sodiens now spends well over $90
hillion anmually on the care ol people with dementiacand this figure
will almost certainhy continue o vise. Currentrescarch priotities
include identfving and undewstandimg the canses of dementiaand the
pathological changes that occur in the brains of individuals with these
disorders, developing acenrate diagnose s and finding treatments for
brain disorders of the elderh,




= Human Behavio* and Mental Disorders

Mental and hehavioral disorders atfear mithone of Xmenwan chil-
dren and adudts, and have enormous cconomic and social conse-
quences for our nation, Using the new research rechnologies avil-
able onlv i the past decade, scientists are now beginning 1o gain
insight inta such devastating, discases as schizophrenias Tivestigatons
abso continue ta develop eltective treatments for depressive dison-
dars and other severe memdal illnesses. An expansion of recent stud-
ies should lead w a beter undernstanding of the causes of mental
disorders, the reltionship between envitonmentad triggers and bio-
togical valnerabiling and the most ellective mcans of reating ihe
victims of mental illnesses. Development of ettective neatments
would improve not only the lives of vietims, bt also the cconomi
productivity of the nation,

& Brain and Spinal Cord Damage

Damage o the central nenvaus swstem is a major public health prob-
lenr and the focus ol significant rescarch eHorts on a number of
conditions including head and spinal cord injury, epilepss. inlec-
tions discases that allect the brain and nersous ssstem stroke and
genenc disorders. Head and spinal rord injunes Wil or disable hun-
dreds of thousands of US. ciizens cach vear. Prevention of such
mjanes and the developmentand refinement of treatments are

high rescan e priorities. Steady progress is being nuude in finding
new drag treatments for epdlepsy, and new imaging techniques aie
helping saentists develap safe and successtul surgical approaches

tor some patients, In the past decade, we have witnessed the emetr -
gence of four new infections divense—AIDS, Lyvme discase, nopicad
spastic paraparesis and the spongiform encephalopathies—that sevi-
oush atfect the brain and nenvous ssstem. This bhrings to nearl 10
the nuunber of such diseases that afflict humans, In the Unived
States stroke is the third teading cause of death and the most com-
mon cause of disabibity requiring veliabilitation. ‘Fhe sodial and
financial costs of sttoke are well over 823 billion cach vear. Progress
i stroke rescardh and educating the pubite about researeh resuldis
have alveadh reduced stroke deaths in the United States by 50 per-
cent. This progressis likely 1o continue under Decade of the Brain
intiatives. More than million Americans have genetre disarders than
affect the brain and nervous svstenn. New molecular genetie tech-
niques have helped scientists identifc chiromosomal focations for
several genes associated with nervous sastem diseasesc which mas in
turn open new doars to diaguosis and teatineent,

Animal models for disorders of the brain and spinal cord are criti-
callv important for rescarch on the mechanisms and possible treat-
ments for these disorders. What scientists are fearning fram the use
of monkevs in sescarelr has the potential to alleviae or cure nearo-
logical discases such as Parkinson™s and Alzheimer's, Preliminary
1escatch using cats puved the wav (o aew treatment that has sub-
stantially diminished the extent of paralvsis following spital cond
injury. Animals will continue to be a valuable and necessarv compo-
nent of biomedical research during the Decade of the Buan.




s Communication and Sensory Disorders

Because most disorders of h-t'lmun senses are invisible and not fatal,
they have not received sulficient research attenton. During the last
decade wremendous advances have been made in understanding how
cuesin 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 o the Decade of the Brain include clarifving 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 sensorv developruent, cognition and lan-
guage development will inprave the outlook for those suffering from a
variety of sensorv and communicative disorders.

a Development of the Human Brain

I'he delicately balanced svstem that guides the assembly of the brain,
especially during fetal development and in the months after birth,
can someiimes fail, leading to often devastating disabilities. In the
United States, we spend more than $20 billion each vear caring for
chitdren and adutlts with birth detects, growth taiture, whnormal
pubescence and other developmental disabilities. Understanding the
mechanisms responsible for both normal and faulty development of
the nervous svstem is essential for future prevention and treatment of
these disorders.

@ Learning and Memory

The ability to learn and retein intormation may be the most impostant
tunction of the nervous svstem. Research in this area is interdisci-
plinary, involving rescarchers in the neurosciences, cognitive psveholo-
gv. behavioral sciences, enginecring, and other technical Helds of
study, Fundamental brain research tocused on learning and memory
mav vield important information for those concerned with treating
individnals with learning disabilites, dvslexia, and other disorders
related to learning and memon. There is also important economic
potential in these studies. Our nation needs the technological produe-
tivitv inherent in large-scale computer models and engineering devices
that simulate intelligent behavior, Conunerciallv viable, artificially
intelligent computer svstems are teasible in the Decade of the Brain,

8 Rehabilitation and Restoration of Function

Successes in improving sivival alter injuries and illnesses involving the
brain and nervous system have made rehabilitiion and restoration of
function mereasingly important elements of medical care. The Uinited
States has achieved mujor accomplishinents in rehabilitative tech-
niques to help patients with o runge of disabilities. The development
of artificial limbs is especially notable, and pionecering accomplish-
ments are emerging from research on neural prostheses—devices that
directly assist the nervous system to replace or extend netrological
function. These devices include auditory prostheses for the deaf, blad-




der control prostheses for spinal cord injury vietims, nearomuscular
stimubation for paralvsed individuals, and visual prostheses for the
vistallv impaired.

# Environmental impacts on the Human Brain

Recent studies have improved vur knowledge ot tia cnvironmental
factors such as pestcides, dietan minetabs and hazardous noise lev-
els, cause pervans ssiem dastunction, Saentisies are uncovering the
hasic mechanisis underhing newrotoxic events, and this new
undenstuiding has improved the abiline (o predict relaionships
between expostire and responses of the nervous swstenn.
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Cross-Cutting Program Areas

Basic Research

Jasic nedrosdienice exploies the brain and nenous svstem to discover
the fundamental wavs i which newons work, The discoveries that
come from this research are the building blocks needed to answer
questions about the brain, behavior, disease and intelligence. Because
the human brain is so complex and sull Targely diftficult to study, itis
necessary Lo Gty out basic rescarch on comparatively simpler hiologi-
cal svstems and on ingenious models. For example, much of what

is known about the basic mechanisms ot the human retina came it
I from work on the horseshoe erab, Basic studies on eravlish have
given scientists a great deal of fundamemal knowledge abowt spinal
reflexes. And basic rescarch on the squid glant axon has provided
most of the fundamental knowledge regarding how individuad axons
conduct signals.

Basic nenroscience research in a broad range of ficlds s alwave needed
to search for clues to brain function. Studies may be onsvstenss rang-
g from a few neuronal cells in o Liboratory dish, to invertebrate
brains with onls a few hundred cells, to brain subsvstems in vertebranes.
Vertebrate studies extend from ancient species sueh as the lamprey
through levels of increasing biological complexity 1o the human,
Complementing these stadies are the basic laboraton expetiments on
the brain’s function in behavior, on the win we use onr senses to con-
trol movement, and on the interactions between endocrine and nen-
1S Svatems,

One of the exciting aspeets of current work on the brain is that disci-
plines that were previoush insulated from cach other. such as molecu-
lar biology. clectrophysialogy, neuroanatomy, psvehology, engineciing
and computer modeling of neural networks, are coming together i
wavs that were ondv dreamed of just a few vears ago.

Rescarch on such disparate organisis as frait flies and mamals i
revealing fundamental simifarities in the wavs their nervous systems ate
put together during embrvonic development. Scientisis are isolating
and characterizing genes on the molecular fevel that determine neural
circuits involved in complex behaviors studied by psvehologists, The
findings at cach level of analvsis are considerably enriched, and in
many cases made possible, by lindings at other levels. Today an inte-
grated approach 1o basic rescarch on the nervous system is part of a
natural progression huilding on past discoveries. Studics of the
molecnles involved in the developmentand tunction of brain cells

interact closely with studies of animal behavior and human psvehology.

1 uvingg dutunvepy




Three technological developments in the past decade are driving cur-

rent neuroscience eftorts that are leading to novel findings. First, neu-
roscientists have new abilities 1 trace pathwavs and 1o identify particu-
lar cell tepes as the resilt of an explosion of new anatomical
techniques, including powertul new stains and intracellular dves tor
histology, voltage-sensitive dves for real-time monitoring of whole pop-
ulations of cells, immunoevtochemical echniques to fabel casses of
cells, brain-scan imaging (PET, MRI, ete.3, and contocal microscopy
tor living tissue. Second, computers have come into virtally every lab,
allowing real-time data analvsis, sophistcated stimalus creation, very
high temporal resolution of electrophvsiological events, and temen-
dous data caprure and storage capabilities, T a few cases, major come
putational efforts with supercomputers or paratlel processors have fed
to development of theories about much more complex systems of
model neurons, Third, the tools of molecular genetes are conung
nio neuroscience, with cRNA libraries, studies of protein expression,
and genetic mutants and markers used in novelb wavs to probe normal
and abnormal nearal stractare and tunction.,

The unpact of hasic research is not alwavs immediatels evident, For
example, the fruittul culmination of vears of work in genetics now
elfers hope for treannent of nearogencetic disease. The discoveries
that tormed the foundation for scientific advancement in this rescarch
~manated from several fundamental discoveries dating back to 1928,
In taet, the original work that clearly established the function of DNA
took 13 vears to complete. The benefits of this basie researeln e evi-
dent todin in the biotechnolog enterprises that develop new diagnos
ties, biologics, drugs. vaccines and gene therapy,

® Accomplishments and Future Opportunities

Ehe brain is the most complex organ of the human bodv, To under-
stand how the braim functions, scientists studs the cellular units of the
brain catled negrons. Today we know that ncawons are enveloped by
specialized membranes containing channels designed o regulbate elee-
trical excitability. The investigation of neuronal excitabiliny has
allowed saentsts 1o begin to understand how neuarons transmit sigials.
Stimulated by intracellular elecuical activity, neurons communicate
with cach other by releasing chemical substances called neurotransmit-
ters or neuromaodulbators, Fhese substances act i avariety of wavs to
stmulate or inhibit other neurons. Thus, the bram s an intricate Let-
work of clectricallv and chemically active cells that are continuously
influcnced by the substances they containg as well as by hormones and
other agents carried in the blood.

More recent rescarch has shown that nevronal communication is even
maore cotplex than originallyv expected. For instance. we now know
that multiple "messenger” svstems inside the neurons interact with the
channets in the nearonal membranes, providing many sites where nen-
ral acuyvity can be influenced.

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




Most chinical advances in the brain and behavioral sciences are based
on the findings of fundamental biomedical research, For example. a
specitic triunsmitter i the brain, dopamine, has been inked 1o a man-
ber of neurological disorders including drug addicuon, schicophrenia,
Parkinson's disease and Tourene’s ssndrome. Rescarchers now know
that it is the dopamine-containing neurons that degenerate in
Parkinson’s disease. Therapies which block the breakdown of
dopamine are being used 10 catbat carly stages of this disease.
Similarlv, schizophrenia is associated with enhanced activity of the
dopamme svstem. Dvags that block the activity of excess transmitter
are used for therapy,

Another major

accomplishment

over the past decade

has been the devel-

apinent of a maodel

to explain the

cuphori induced by

avaricty of common-

b abused drags

(¢, cocaine,

amphctamines, mor-

phine. herom, nico-

tine). Scientists think

that many drags ae

dabused hecanse they

activate the

dopamine swstem

which. alonyg with

other neurotransmit-

ters, mediates the

experience of pleas-

wes Tnvestigators use this model 1o develop potential treatments for
dirug addiction—rcocaine antagonists are a partcular focus—aimed st
blocking drug-induced enphoria and craving,

Huntington’s disease is a fal, inherited neurological discase associat-
cdwith the degeneration of motor swstems, e directly atfects 25,000
people annmallv, Speatically aflected are cells that are involved in the
coordination of movement.and cells which connol pereeption and
memony. Through basic rescarch scientists have linked selective eell
destruction 1o a specific toxin that binds 10 a receptor on the neuron,
Clinical studies will be undertaken to exivnine the eftectiveness of
receptor antagonists in slowing the progression of Huntington’s dis-
case. Major cttorts should he made to discover new antagonists,

Basic rescarch on movement has revealed that precise timing is essen-
tal tor smooth and coordinated movement, and that postural adjust-
ments are carefully conuolled v mechanical impedance. Neuro-
scicnttists cantanavze quantitatively how a single newron matches the

miechanical stress on amuscle in the maintenance of & movement ol

posune. Understanding this ssstem will provide fundamental informa-

Basic research employs
sophisticated toois to
uncover the fundamental
structure and workings
of the brain and nerves
in 1his photo by
National Science
Foundation grantees
modern labell:ng tech-
mgues and high-power
microscopy reveal a
constetlation ot special-
ed brain neurons
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The hyman brain—g

3-pound mass of nterwy-

ven nerve cells that cen-
trols our activity and

thoughts—1s at las! yietd-

Ing up its secrels
Neuroscience research
nas learned more about
the bram in the last 10
years tnan througheut ail
of history

tion for numerons applications, vanging from the desien of
autanomous robots to the rehabilitation of stoke victims,

Modern research into the molecular basis of learning and memon is
based on an understanding of some fundamental features of nerve
cells. Scientists have achieved insights into how specific brain circuits
mav change as a Function of experience (learning). For instance.
investigators have discovered that in the hippocampus, an arca of the
brain that is associated with memon, a high-frequency elecuical stimu-
Liion (analogous to experience) produces a long-lasting change Ganal-
ogous to memoryy in the response to that stimulation. Scientists have
determined that this response is dependent on aspedilic neurotrans
mitter, aned thes are currenthv investigating the meclanism by which
the response is developed.

Scientists investigating the neuroendocrine swstem have discovered a
unique protein that appears to be essential to the biological clock that
determines daily
rhythims controlled In
the brain. This discov-
enstemming from
molecular biolagical
studies of a gene in the
fruit flv, has led invesu-
gators to the exciting
finding that these same
proteins are also present
in the brains of verte-
brates, indicating the
importance of genes to
brain function over mil-
lions of vears in differ-
ent spedies. Fune
experiments will clariby
which cellvare responsi-
ble for keeping the brain “on time.” This rescarch could have a signifi-
cant impact on the productivity of shift workers, on the wanetfulness of
travelers required to cross multiple time zones.and on treauments tor
avariet of mental and physical disordets that require vesetting hiolog-
ical clocks.

Food intake, appetite and bodv weight are controlled by the brain
through interaction with peripheral signals. In recent animal experi-
ments, ivestigators discovered that a peptide nawrally found in the
brain stimulates feeding when injected into a specific brain region, the
hypothakiunus. The hvpothesis is that circulating glucose sugar raises
the insulin level, which then acts to regulate the release of the peptide
that stimulates appetite and feeding. Testing hvpotheses such as this
mav ultimately lead to advances in understanding and wreating
appetite and boady weight disorders.

Scientists studving sensory svstems investigate how external physical
stimuli are detected and wanslated by the brain, Scientists now under-
stand that activity of the seuses may be initated by microscopic events
between and within nerve cells, Research at this cellular and subeellu-
lar scale has heen extremeh active and frutful.
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Maodern technigues for monitoring the aciivine of neurons are enabling
scientisis o understand senson perception m the complex centers of
the brain. such as the priman sensony cortex. This work produces ven
precise quantitaiive data, often using human subjects by primate
vision, recent studies ol motion detection have shown that the "local”™
process ot detecuing the movement of edges in a pattern can be sepa-
tated trom the “global™ process of detecting the movement of a whole
pattern. Scientists canidentify separate areas of the bram where these
processes occur. Similar studies of visual memon and recognition are
bringing the imvestigation of «ellular mechanisms o the studs of high-
e1 cognitive funcions.,

A central question in the study of the brain and bhebavior is how the
extremeh complex nenouas ssstem is assembled, complete with just the
conect number of cells and the right nenve connectons and function-
W arenitn, Formanon, growth, plasticity, regeneration and aging of
the nenvons ssseem are all important phenomena related 1o this ques-
tion. Studies ol the cbrvonice Hines of descent, or lineages, of individ-
wdl newrons i simple ssstems are clariiving the importance of genetic
and emvinonmental interactions. Permanent dves allow scientsts (o
mark individual nemrons and follow them thyoughont development ol
the organism.

Moleardar newrohiology has thrived over the last decade. To dare,
mvestigators have localized the chiromosomal site for more than 50
genes related o brain and behavioral disorders, To understand how
genes catse disease and developmental disorders however, the genes
themselves must be isolated and basie studies performed. The emer-
gence of powerful new rescarch wedimologies promises wo assist greath
the sty of tdentified genes by allowing specific mutations 1o be ana-
hzed i laboraton aninals, These techmigues will abso aid inyevealing
the neurogenetios ol deselopment, and hence the basis of nervous svs-
tem malformations.

One example of research that vields basic information and new tech-
nologies that can be applicd o understanding the brain and behav-
tor—and masimizing hunwn potetdal—is the newl inttiated human
genome rescarch program. Sequencing the hunan genome will con-
tribute to the discoven of genetie errors that underlie specitic disor-
ders, and thus one dav permit the identilication of individuals who are
at tisk tor genctically hased diseases of the brain. From this informa-

tion, unigue preventive and therapeutic sirategies can he designed.

The i gename prograim also indudes the development of major
new technolozies inarcas of autonucion, optimization and robotics, as
well as in spedific areas suchvas tunneling clection microscopy, These
techinologices will provide new bases for understanding the molecular
tunction of the bramand new methods of diagnosis and therapyin

many areas of medicine,

Future rescarch will emphasize the origin of congenital abnormalities,
focusing on the initial formation ot the neural tube, which develops
into the brain and spinal cord, and the generanon ol neurons and
their supporting cells. The late of individual cetls and their progeny
will he defined and the plasticity of the nervous svstem will be assessed.
Imvestigators will be able to identify the genes that divect the develop-
ment of the brain and the maintenance ofindividudl cell function in
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animal models, and then compare these data with information on
mapping and sequending obained from hunan genome studies,

An exaple of this research is that conducted on retinoblastoma, a
cancer of nearal tissie in the retina that afleets about 300 American
children each vear, Unchecked, retinoblastoma spreads to the optic
nerve and other parts of the eve. Most retinoblastonua is passed along
through a defect of a chromosome on which part or all of the
retinoblistoma gene is missing. Researeh has Ted to the discovery ol
the gene, which, when presentand functioning properly, codes tor
the protein that controls cancer growth in the inherited form of this
discase. More recenidy, rescarchers have shown that introduction of
nornul retinoblistema genes into tumor cells causes them to behave
like normal cells, thereby opening new avenues for a potential therapy
tor this cancer. Other researchers have deseloped a mouse maodel
that will allow the study of malignant ransformation of neural tissue,
and will ard thase attempting 1o develop and test drugs for retinoblas-
tom therapy.

Phemdketonuria (PRUD s an autosomal recessive disordes with aa inci-
dence of about 1in FLOOO births in the United States. Affected individ-
wals lack a liver ensvine, phenvialanine hvdroxvlsse (PAID. Untreated,
PKU is characterized by severe mental retardation. behavioral prob-
lenis, epifepsy and other signs of neurologic impairmert. Screening
programs for PKU in newborns have been suceesstul in diagnosing
infunts, and carly dictary therapy has largely prevented the develop-
ment of impairnents. Using recombinant DNA technology, the
normal human gene responsible for the production of the PALT
cname has been produced and cloned. The development of an ani-
mal model that is genetically deficient in producing PAH is ijmportani
to determine whether insertion of the gene conld supply the eritical
enAame activitv and to contrast the effectiveness of gene therapy with
dietary theraps.

Thus, as Louis Pastenr once said, "Chance favors the preparved mind.”
Busic rescarchers are secking to prepare minds and to provide the
knowledge necessary to make and use important discoveries. To con-
tinue to achicve chimcal suceesses, we must maintain ow focuson the
basic cesearch that leads to clinical, educational, hehavioral and wech-
nologicat applications, It is anly through @ strong scicnce foundation
that we will realize e potential ot the Decade of the Brain,

Technology

For the past 30 vears the major force motivating basic rescaveh in the
brain wiences has been, and continues 10 be. the belief that through
such reseavch scientists will be able to effectively diagnase and treat
injuries 1o, or discases of, the nervons system. Thus, clinical applica-
tion of basic research on the nervous svstem has been the daminant
“chriver ™ for much of the reseatch, both past and pressenr There is a
new “driver” now emerging to provide additional motivation tor the
strong support of basic research in the brain sciences. This driver, o
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application arey, is techaalogical leadership and economic vitality.
Recent advances in our understanding of the nervous system are stimu-

tating the development of new high technologies in the design of
advanced silicon chips as well as revolutionary computer architectures,
A major emphasis on basic brain sciences during the Decade of the
Brain will undoubtediv acecleraie these and other efforts,

» Accomplishments

Thice technological developments in the past decade are now provid-
ing new opportunities for brain research, Fust came an explosion ot
new techniques for understanding the brain, including new brain
imaging technologies. These imaging techmologies are providing clini-
cians and rescarchers alike with the capability to undersiand brain
function and dvsfunction in wavs never before possible. Second, new,
sophisticated computers and associated modeling technigues have
been developed. providing scientists with aremendous eapabilities for
capturing, storing and analvzing data, and creatung biologically plausi-
ble simulations of brain functions. These computers and techniques
are now teading to the development of new theovies about complex
svstems of artificial networks of newvons tha are stimulating the devel-
opment of new compruer designs likely to revolutionize the 1.8, com-
puter and solid state silicon chip industries. Third, the tools of molec-
ular genetics are being applicd to brain vescarch. Gene libraries,
studies of the proteins produced as a result of genetic divection, and

¢ ot mmtants and markers are also being used in novel wavs to
probe normal and abnormal neural structure and funcion. The
resulting new knowledge will lead to the abilitv to detect and corveet
nmany genetically based discises of thie brain and central nervous s
tem=—diseases that are currently untreatable.

Imaging Technology. I'lic non-invasive nature of new brain imaging
techniques allows investigators to observe directly deep bhrain stac-
nuesand their functional activities. Chiet amonyg these technigues are
pusitron emission tomography (PETY magnetic resonance imaging
(MR} and magnetoencephalography (MEG).

With PLT, investigators have achieved significant advances in nnder-
standing the normal ind the diseased bram. PET can measure non-
invasively the relative levels of metabolic activity in the human brain
wnd can image the working pavts of the brain—a feat barely imagined
20 vears ago. PET is being used to study a large number of disorders,
inchuding stroke, schizophrenta, brain tumors, epilepsy, depression,
Parkinsom's disease, Alzhetmer’s disease, Tuntington's discase and
Tourette’s syndrome. The technique is useful in finding clues to other
medical problems such as dmg addiction, and in evaluating the effec-
tiveness ol medications. For example. PET studies show a covrelation
between the distribution kineties of Tabelled cocaine in the brain and
the subjective “high™ associated with the abuse of this substance. This
may lead w insights into the mechanisins of addictions and o poten-
tial therapies. Investigators are also using PET to study higher cogni-
tive funcuons such as learning. thinking and memony,

MRI, ancther brain imaging technigue, uses magnetic ficlds and radio

waves to produce an image that provides information about the stre-
tire and biochemistry of tre brain. MRE scans complement PET scan
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This patient 15 undergoing
MEG. the newest tech
nique toi 1Imaging and
¢1agnosing brain disor-
ders MEG detects mag-
netic S1gnals created by
the smati electncal d's-
charges of nerve cell

data by providing detailed anatomical images of both surface and deep
brain structures. Because of MRI's ability to see through bone, it has
been especially usefud for scanning the brain and spinal cord in areas

which have previouslv remained hidden. Through spectroscopy, the

MRI can also be used 1o examine the chemstry of living tissues, detect-
ing changes caused by discase.

MEG is the newest technique heing used for diagnostic purposes,
The small electrical currents produced by nerve cells ereate magneuce
fields, which can be measured outside the brain by a magnetometer.
Recording these measurements has several advantages over previously
used eehnigues: the magnetic fields emerge undistorted throngh
the skull and scatp, no electrodes are needed, and the scan can be
made without physical contact, Extraordinan three-dimensional
tocalizations of brain lesions are bemg imade possible by this new
physiclogic technique.

Neural Networks and Neurocomputing. 1n the past wo decades the
amount of informaton known about nervous ssstems has expanded
explosively. At the same time, seientists have made dramatic advances
msilicon chip technology and conventional computer science. These
concurrent events, coupled with the growing awareness of the limits of
comentional computing, have set the stage tor what is likely to be a sci-
entific resolution having dramatic and widespread influences through-
out science, technologyv and, accordingly, societv. Nenral networks and
neurocomputing vepresent vadical departures trom conventional
approaches o digital compaters, Nearallv inspired and biologically
realistic computer processing elements have alreadv been shown 1o
have the capacity to do useful. comples computations, ouperforming.
Hsomme cases, sinnlar computations wade by comventional compeiters.

Current research programs are directed towards an understanding of
neural information processing based upon brain ciranitios. Newral -
tems are being evialated tor their capacity o pertorm computations
required for image processing, acoustic airalyses, speech recognition,
agnal classification and the organization of motor output. Memories
based npon newral nerwork concepts ae investigated to assess their
properties and inlormation-storage capacitv. Neurophvsiological and
neuroanatomical data are used to understand the najor classes of dis
tinct biological neural actworks and how thev differ. The goal is o
beter understand the processes used by the brain in its role as a bio-
logical infonmation-processing svstem and to clarify the natire of new-
ral computations in network processing. Significant progress in this
vesearch will produce a new genetation of biclogically inspired artifi-
cial neural newworks and computers, while at the same thime providing
major insights into the natre of biological information processing.
human learing and memon, and the fundamental organizational
principles of the bhuain

This research program is explicith interdisciplinan in nawne and in
content, with rescarch teams composed of - cinascientists and engi-
neers, physicists, mathematicians and computer saentists. Progress
to date has been significant. 1t pursued agguressively. this unique

and exciting scientific and technological adventure will renmigocate
the United States chip manntacning and compuier industries and




could help the United States strengthen its position as a leading tech-
nelogical force in information processing.

Molecular Genetics and Biotechnology. About oue-third of the func-
tional lunan genome is involved in brain activity, and at least 500
inherited diseases have major neurological manifestatinns, As a whole,
these disorders occur in more than 1 million people in the United
States. Particularly devastating are children’s disorders such as Tay-
Sachs discase. the leukodys-

trophies and Batten's dis-

case, all of which inevitably

lead wo progressive brain

deterioration, dementia

and death.

Within the last decade, the

use of molecudar genetic

techniques has allowed the

identification and location

of several genes that are

associated with discases of

the nervouns svsieni. These

studies have already led o

presviuptomatic and carrier

detection in many disor-

ders and 1o the identifica-

ton of the disease-causing

gene inothers, The

cloning of these genes will lead to more accurate testing and to the T

Researchers sponsored

) by the Department of

(Sce Busie Research ) ! Energy are devising and
testing new brain imaging

Although in the past geuetic linkage studics were limited by the tack of - technologies. Here, GT

and MRI studres of a

15-month infant with

intraclabie seizures
ic arcas of the genome are being mapped. Using molecular genetic showed no abnormal

developnient of model systems in which to examine novel treatments.

markers 10 scan the human genome, rapid advances have increased
the number of candidate genes and markers so that much more specif-

technigques—coupled with supercomputer, computational and model- brain structures Exper-

- e . mental PET, however,
building capabilitics—abnormal genetic seqences can be detected ! X
1§ capabilitics nal gene qt- revealed metabolic
and traced 1o specilic genes. The national effort to map and sequence gafects 1hroughout the
the hiuman genome fiather increases the likelthoad that defective left hemisphere, which
were subsequently
treated surgically Since

There have t wveral © N o . - trealment, alt seizures
here have been several recent success stories in ne nurogenetc have slopped and the

genes can he identified and their expression better understoaod.

teseat ch. One is the discovery of the gene responsible tor Duchenne chi'd has deveioped nor-
muscufar dystrophy. Using the tools of molecular biology, scientists mally

found the gene and its product, dvstrophin, which is needed for noi-

mal muscle function. This discoven led w a treatiment in which nor-

mal muscle cellsare injected into defective muscle, become tused

with the host cells and produce dvstrophin. the missing protein prod-

uct. The gene for neurofibiomatosis 1also has been discovered

recently. as has a gene which codes tor the protein that coutrols cancer

growtlr in the inherited form of retinoblastoma, a cancer of nenral eve

aewan | iz gy

tisstte. Rescarchers have also localized a gene tor retinitis pigmentosi,

an arras of discases that atfect viston, to chromosome 3, which also ca-

v
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Scienbsts creating nevral
prostheses to aid disabied
indviduals are developing
tiny probes and cables--
shown here adjacent to a
comn-—able to interface
with nerve ceils

ries the gene for rhodopsin, the lightsensitive protein found in
photoreceptors,

Following preliminary ieports of inkages in bipolar (manic<depressive)
disorder, schizophrenia and Alzheimer’s disease, investigators are
inceeasingly applying molecular genetic methodologies and biotech-
nology to the study of behavioral and psvehiatric disorders. Research
over the last iwo decades in developmental neurobiology and genetics
lor certain behavioral
disorders such as autism
is « 0 paving the wav for
understanding the
molecular and nearobio-
logical husis of childhood
behavioral disorders,

Techniques are now
being explored to
implant genetically
altered cells into the ner-
10N Systenm or o genet-
cally alter cells within the
nervous svstem itself. In
addition, recent success
in the treatiment of
Gaucher’s discase using
engvine replacement
therapy establishes a tem-
plate for similar therapy
of ather genetic metabaol-
ic disorders. Such stud-
ies are verv exciting and
may lead to wreatiments of
Parkinson’s disease and
Huntington's discase and
to methods of modulat-
ing neural pathways. These studies will also provide basie insights into
the development of the nervous system, the repair of the nervotis svs-
tenm afier stroke or injury, and the mechanistms of memory, pain and
seizures.

m Future Plans and Potential Benefits

With the development of new brain imaging technologies that allow
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 arcas, 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 ol epileptic scizures, allowing for accurate surgical
removal and obwviating 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

28




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

Research on neural circnitey has significant potential tor application in
the following areas: the design of novel computers based on biological

pracesses, more efficient uses of massive parallel processing systems for
high-speed compuiters and the production of artificial intelligence sys-

This computer mode! of
a speciaiized brain
neuron depicts the
fine-tuned distribution
of eiectrochemical
potential along the
nerve ceif’s trunk

and tranches  Such
computer modeting
provides insight into
how neurons store
information

tems with enhanced “cognitive” capabilities. This emergent technolo-
gy, based upon bhiologically inspired information processing strategies,
will result in major changes in the computer industiy of the fiture,
This technology can provide the United States with an opportunity to
regaintits preeminence in the highly competitive and economically
nuportant international struggle fov leadevship in the world's intorma-
tion-processing technologies.

What is it that newal networks should computer What aspects of bio-
logical intelligence would scientists like 10 emulaie in a new generation
of computational devices: The answers to these questions ave central
driving forces that arve pushing basic rescarch into an arena filled with
applications and technological opportuntties. Optimally, neural net-
works should Tearn spontaneously as a result of experience, seek opsti-
mal solitions for a given problem, accurately process ambiguous data
that is onk approximately matched o what has alveady been stored in
wemory, perform hvpothesis testing and probability estintation, and
adjust niles 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, algorithm develop-
wment and adaptive signal processing. Central to the enterprise, cer-
tainly in the long view, will be the identilication of relevant principles
and abilities of biological nervous svstenis to be enudated tn artificial
neural svstems. IUis not, and probably should not be, a goal of the
neural networ k research enterprise to duplicate a living human ner-
vous systent in all of its mvstery 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 genetic sequencing programs started in the
1980s will be enhanced by the ability to integrate their results with the
mapping and sequencing information obtained from additional

human genome studics, as well as by further technological advances in

molecular biology and microscopy These and other developments will
provide s with powertul tools tor the identification of the genes that
are associated with both normal and abnormal formation of the brain ’
andd nervous system. These efforts have great potential for uncovering

the knowledge base necessary for nnderstanding the sowvee of malfor-

mations and discase processes in the human nervous system.,

The search for genetic 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 disarders ot the brain and nervous svstem, incfuding Batten’s
discase, schizophrenia, Huntington's disease. tuberous sclerosis,
Alzheimer’s discase, dvstonias, retinal diseases, Down ssudrome, alco-
holism and the tendency to seek drugs; 2) stndies on the brochemical
characterization of neurogenetic disorders, and investigation of the

structure, function, expression and control of discase genes and other

genes relevant to nearonal developments and 3) development and
evaluation of treatment. including studies on gene therapy, genetically
altered cell line praduction, bone marrow transplants, chenncal carri-

s and other targeted delivery svstems to the brain.,

International Activities

Disorders of the brainand behavior cvoss all geographic boundaries,

directly or indirectly alfecting evervone in the world, Chinese men

and women suffer brain daomage fronmsudden sieoke: French newborns

sutfer epileptic seizures: an elderly Canadian woman loses control of
her body and mind 1o Alzheimer’s discase: voung adults around the
s eroded by the neu-

wotld grow increasingly confused, their memori
rological complications of acquired immunodeticiency syndrome
(AIDS). The economic and social costs of these disorders are borne

by oadl,

The causes of brain disease are equally diverse: flawed genes, viruses,
trawma, blood clots or a defective immune systeim. Sometimes, a disor-

der's canse eludes scientists, and little more is known about a discase
than its name. Yet the vast geographic range of brain and behavioral
disorders presents scientists with an ability to gather and compare a
large poal of data. For instance, investigators seeking factors that pre-
dispose some people o stroke can compare difterent populations
around the world to help elucidate the roles plaved by genetics and
environment. Similarly, research on epilepsy benefits from incidence
differences in North and South American countries.

A dramatic example of the potentiad for the inteinational application
of researchis the taccthat elfective application of current knowledge—
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including information on the significance of vitamin A—coald prevent
up 1o 80 percent of ali blindness around the world. Carrent global
efforts are designed to heighten public and governmental awareness of
the problem of blindness, mobilize available resources, promote the
development of new programs where needed, and increase the effee-
tiveness af existing programs. The United States currently supports
intermational research on blinding diseases that have a major world-
wide ipact.

In some cases, imenational research allows scientists o seek ot and
stdy extended tamilies affected by brain discases linked 10 a genetic
cause. Such families are rare and ofter valuable clues about the causes,
complications and weatment of newrogencetic disorders. Henee, ULS,
scientsts are turning to Enrope and Canada to extend knowledge
about famihal Alzhenner’s disease and to Israel tor insights into wrare
metabolic disorder, Niemann-Pick discase,

m Accomplishments and Future Opportuniues

To pursuc all possible leads about the brainin health and disease. the
United States supports and works with scientists in instinutions
throughout the world. International programs take many forins:

jointresearch conducted under countnv-tocountn
agreements,

cltorts involving multinational organizatons,
research grants and training programs,

collaborative research projects uniting individonal U.S,
scientists and foreign colleagues. and

international meetings to share knowledge.

Aging. Reponted differences in the occurrences of Alzhcimenr’s disease
and multi-infaret dementia between Asian (Japanese as well as
Chinese) populations and European-ancestry populations have stinmwu-
lated further study of these trends. Investigators in Seattle. Japan and
Taiwan plan o conduct paraliel studies in Asian-ancestry populations
wsing similar methodologies to ensure that research resalts witl be
comparable. Using the Swedish Twin Registry, a US. scicutist and a
collaborator in Sweden are developing a study of the genetios of
Alzheimer's disease.

Studies of a rare, fatal dementia, Crentzteldi-Jakob disease (C]D), have
identified a nmtation affecting the gene for amvloid precursor protein
in all Slovakian and Israeli patients studied. Amvloid precusor protein
is of particular interest to scientists because it is converted to an abnor-
wal lorm in the brains of CJD patients. This deformed protein also
canacenmulate in abnormal deposits, called amvloid plagues., in
patients” brains, Such plagues are atso a hallmark of Alzheimer’s dis-
case, @ better known and more common form of dementia. While dif-
ferent proteins create the amyloid deposits in Alzheimer’s and CJD,
information about how the plagies are formed in CJD may lead o new
understanding of the mechanisms of both diseases,

American seientists working to nncover the cause of Alzheimer’s dis-
case are collabovating with an international teamn of investigators from
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the Soviet Union, United Kingdom, Federal Republic of Germany,
France, Mexico, Taly, Belgium and Canada. Through genetic studies of
more than 40 families with a history of Alzheimer’s disease, these scien-
tists have uncovered new evidence that Alzheimer's may represent
more than one disease, resulting from various causes. This (cam
expanded carlier results showing that some cases of inherited
Alzheimer’s disease are linked to specific genetic defects on chromo-
some 21, In their recent research, they found that most patients who
(I(-\'('lupc(l familial AlZheimer's disease early (before the age of 65) had
a chromosome 21 defect. In contrast, most family members who devel-
oped Alzheimer’s disease after age 65 did not have this genetie defect.

Behavioral and Mental Disorders. Behavioral wind mental disorders are
the tugets of collaborative rescarch in many regions of the world. Fo
cxample. scientists from the United States are working with the
European Science Foundation to study the molecular biology of men-
tal illness. US-Indian collaborations are addressing the problems off
schizophrenia, affective disorders and childhood mental illnesses.

Brain and Spinal Cord Injury. Canadian saientists wre focusing ona
broad range of topics refevant to injury and malignancies of the ner-
vous system.. Thew have developed a maodel of the blood-brain barvier
wsing cultured human cells and are emploving this madel to test drugs
and other substances for their ability to enter the brain. Investigators
are leading a S-vear multicenter trial of the nsefulness of carotid
cndarerectomy i preventing stroke. This commonly perlormed
surgery clears fatty deposits from major arteries supplving blood to

the brain. but its usefulness is not clearly established. Other investiga-

tors are testing the neuroprotective etfeets of caleinm-blocking agents.
These agents, which are currenty used to lower blood pressuee, may
help limit the death of brain cells alter stroke. Important work on

the causes and treatment of stroke is ailso proceeding in the People’s
Republic of Chinag, the Federal Republic of Gernran, Sweden

and Traly,

Communication and Sensory Disorders. CataracCis 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 Assocition of Oplhithalmology and Helen Keller
International, the United States has continued to help establish
Cataract-Free Zones in several Latin-American countries. ‘The tech-
nigues developed incall of these projects will have importnt implica-
tions for reducing the total cost of routine cataract surgery.

Particularly in Asia. vitimin A deficieney is a public health problem
and the leading cause of blindness aimong preschoolaged children.,
I'he most etfedtive wav of providing aftordable prevention programs is
nnder study by US, scientists and Nepal's National Sodicty [or the
Prevention and Control of Blindness.

Participants in the U.S-US.S.R. Program tor Health Cooperation in
Eve Discases have reattirmed the need for continued collaboration
under the program, which was begun in 1987, During the past vear,
scientists continued to pursue these collaborative studies, which
include epidemiologic rescarch and imestigations of glancoma,
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cataract and immune function of the eve.
Under a Medical Science and Public
Health Cooperative Agreement, scicntists
frour both countries have conducted joint
research on the biological etfects of low-
frequency elecromagnetic radiation,
Scientisis conducted collaborative experi-
ments to evaluate sensitive tests that mea-
surce the biological effects of electromag-
netic fields on the nervons svstem and to
validate research resnlts obtained i the

Unnted States and the Soviet Union,

The United States and the Indian Council
of Medical Research have developed a col-
laborative blindness rescarch program that
mchides projects to reduce blindness in
Iidia ftom vitamin A deficiencey, cataraect
and Eales” disease. The United States is
abso joining collaborative vescaveh to
unprove India’s mass cataract surgen
intervention program.

The United States has a number of couper-

ative rescarch programs with various fer-

eign partiiers (the Soviet Union, the

Federal Republic of Germany, France,

Canada and the Furopean Space Agency) aimed at using weightless-
ness to stiely neurovestibular physiology. Space flight provides a
unique environment for scientists to study the hasic physiologicat pro-
cesses by which the nervous system senses aceeleration and regulates
perception, orientation and body position. This international research
focuses on otolith function, the vestibular-ocular reflex, optokinetic
responses and visual-vestibular interactions.

Development. Isracl-U.5. Binational Science Foundation granms

are assisting investigators from a U.S, taboraton in two scientific under-
takings. An analvsis of how nerve cells communicate in the develop-
ing spinal cord unites UK scientsts with investgators from Jerusalem.
In partcudar, this tean is uving 1o understand the relation of ssiaptic
connections and the properties ol neve cells o the development

of coordinated movements, Theoretical studies of the ways in

which neurons process electrical signals during movement are also
being conducted.

Ateinm of TS, seientists has been cooperating with Yagoslavian col-
leagues onastudy of the abilin of EEG o predict recnrvend febrile
serzures in childven,

Adequate nutrition is critical to nonal development and perfor
mance, Ellorts to identiby and provide optimal natritional intake are
the tocus of interational research and assistance programs.

Drugs and the Brain/Addiction. .An agrecent bewween the United
States and the Navional Institute of Mentl Flealth and Neuro Sciences

The weightiessness of
spdce provides a uinque
opportutity for scientists
at the Nahional Aeronau-
tics and Space Adiminis-
lration 10 study the
phystology of body sys-
tems that sense gravity
and motinn and control
posture and movement
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After 3 months in a
largeted feeding program
Ims Bangladeshi infant
has gained weight and
strength, otferng the
hope of a healthy future
The Agency fo
International Development
promotes programs
dwrected at restoring
physical functions and
reducing the petential for
brain deficts {Photo
courtesy of lrwin J
Shorr/Cor e Ireland )

in Bangalore, India, has provided a tramework for exchanges on cur-
rent research in substance addiction. This scientific exchange is sup-
ported by a variety of diplomatic efforts to foster internat.onal coopera-
tion to prevent and reduce the demand forillicit drugs.

Environmental Impacts. Health effects of the environment wruly know

no international boundaries. Collaborations between ULS. scientists

and their international counterparts include studies in Taiwan on the
effects of human exposure to poh-
chlorinited hiphenvls resulting from
the accidental contamisation of cook-
ing oil. Children born to mothers
who had consumed the ainted oil
showed abnormalities on behavioral
assessments and delas of developmen-
tal milestones.

Learning and Memory. [.caring and
memory have not been tradittional
arcas of emphasis in international
rescarch collaborations. However.
thetr relationship to other factors,
including nutrition, is expected to
provide an impetus for increased
restarch, especially in societies moving toward a more industrialized
economy with the accompanving need for more skilled abor, Also
driving this research arca are advances in molecular biology and brain
imaging that allow new insights into how the brain acquires, stores,
retrieves and uses information.

Rehabiliiation and Restoration of Function. Scientists from a US. lab-
oratory and the John Cartin School of Medical Rescarch in Canberra,
Australia, have been studving nerve-cell arrangements in hrain regions
that control complex voluntay movements. The scientists are looking
at how different colonies of neurons transmit messages along the
spinal cord to activate or inhibit specific muscles or closely related
groups of muscles. The investigators are particularly interested in the
function of a brain area called the “supplementary motor area,” which
plavs a mvsterious role in initiating and guiding movements,
Understanding the role of various regions of the brain and spinal cord
is vital to improving rehabilitation and therapy programs for patients
with brain and spinal cord injiry,

A long-term study of calculation disorders in brain-damaged paticnts
unites scientists from the United States with French investigators in
Paris. The international team is testing brain-damaged patients o
define the mental steps required to process numbers and caleulate.

Thev will then map where these steps take place in the brain.

Activities With International Organizations. Several U.S, Federal agen-
cies are members of the World Health Organization (WHO)Y, and sup-
port its Collaboratng Cernters in the Newmosciences, Sosertists at these
Centers, which are strategically positioned around the world, investi-

gate brain and behavioral disorders and develop commumity programs.
Among the disorders studied are stroke, epilepsy and disorders related
to childhood nutridonal and developmental problems. Centers
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exchange scientific information by sponsoring conlerences and cours-
es and publishing proceedings of those events. These programs also
involve efforts to incre ase the ranks of qualified neuroscientists willing
to undertake sophisticated investigations in more isolated, less devel-
oped regions. The International Neurosciences Fellowship Program
brings investiga.ors from developing countries to the United States for
advanced rescarch vaining, They then return home ro become lead-

ers in neuroscience research and education in their own countries.

U8, Federal ageudies sprarheading Decade of the Brain eforts will
promote international collaboration with scientific agencies and
organizations in the following countrics, all of which have begun or
are planning Decade of the Brain activities;

Mexico Crech and Slovak Federadd Republic Hungan
Venesaela Canada halv
Ecuador Federal Republic of Germany Spain
The Netherlands
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Drug abuse, which inchades aleohob abuse and aleoholism, is @ major
health problem that atfects alimost every tamily in onr countv. tlicit
drug use is not contined 1o a discrete segment of the population. The
problems created by drug abuse, such as premature death, lost human
potential, increased health care costs, crime and fost productivity,
aftfect evervone. Nearly 1.6 million American ieenagers are currently
using iliat drugs, and survevs of women of child-bearing age reveal
that 8 pereent have used illicit drugs in the previous month. Further-
maore, i1 a 1989 strvey of 21 major US, cities, illicit drug abuse was
mnplicated in 139,685 emergeney room visits and in 7,162 emergeney
room deaths. The impact of alcohol abuse and alcoholism is equally
devastating. Fily percent ot all uallic latalities, 33 percent ol all
drowning deaths (tire third leading cause of injurv-related death), and
3 pereent of the total deaths in the United States are aleohal related.

The common denominator of all addictive substances, including
alcohol and nicotinie. is their profound, deeply ingrained elfect on
the brain. This eftect may begin even before birth. The use of
any drug during pregnancy R

’ B : Research funded by the

poses a risk to the developing . National Instiyte an
fetus. Alcohol in particular o ‘ : - Aicohol Abuse and

has been shown to have the . s | Alcoholism shows that
capacity to produce profound | . - RSN paller is of brain electrical
Lumasse he fetal brai . Lt : actw ties—shown here
damage 10 the tetal brain, ) _ ; as Clor shading—diler
Tragically, the alcoholinduced  § Z b inrormal individuals

fetal alcohol ssadrome is one B s ) - R (i) compared to those
; . i people at high nsk

. S e ) for developing alcoholism
mental vetardation. After . : o M (outon)

of the leading known causes of
birth, drugs may interfere with
learning and memory. Inaddi-
tion, cocaine, particularly in
the form of “crack.” appears to
have caused a dramatic
mcrease in stroke in voung
adults; other vonng cocaine
users may sufler complications
such as seizures, brain hemor-
rhage and psvchasis,

The monetary cost of drug and

alcohol abuse is also stagger-

ing. Health care costs for treat-

ment alone are approximately 32.7 billion a year for illicit drug abuse
and $8.7 billionr a year for alcohol abuse. When lost wages, crime and

other consequences are considered, the total cost of drug and alcohol ;
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This PET scan of normal
and cacaine-tieated
brains by scientists at the
Nationa! Instifute on Drug
Abuse demonstrates that
coCante use decreases
metabolic activity
Warmer colors (red and
yellow) correspond to
areas where *he hrain s
using high ieveis vl ener-
gy i the form of glucose
Cooler colors (biye and
violet) mark areas of {ow-
est giucose ut.hzanon

abuse approaches $150 billion a vear, making it one of societ's costli-
est health problems.

Drug addiction and alcoholism are discases of the brain, resulting
trom repeited self-administrstion of these substances, This exposure
to drugs and alcohol resuits in lundamental, albeit incompletely
understood, changes in the structure and function of the hrain.
These changes are manifested ina variety of funcional changes,
including intense craving and drug-seeking behavior, an inabilitv to
expetience pleasure, physical dependence on and tolerance to the
drug, withdrawal effects, depression, paranoia and paehosis,

Alcohol, nicatine and drug dependence resuldt from a complex interac-
tion of biological, genetic and enviconmental factors. Drug- and alco-
hol<dependent persons experience intense craving. tolerance and
severe physical effects from withdrawal, alt of which mav contribute to
uncontraltable use. Manv questions regarding the causes and vreat-
ment of the addictions remain unanswered, but progress has been
made toward both a genetic and biochemical understanding of addic-
tion. Additionally, researchers are beginning 1o define the characteris-
tics of effective treatments tor those patients with chronic addictive dis
orders who tend to relapse. Itis hoped that rescarch conducted
during the Decade of the Brain will vesult in major breakthroughs in
owr understanding of addictive disorders and in the subsequent devel-
opment of more effecive teament and prevention technologies.

® Accomplishments

One of the most important advinees i understanding drug addiction
has been the identification: of the prease molecular sites, or receptors,
it the braw where drugs exert thedr action. The discovens of opiate
rereptors and naturally occurring opiate peptides in the brain started a
revolution ju our understanding of the role of peptides and mudtiple
receptors in brain function. Recent studics have abso identified the

brain receptors for tetrahvdrocannabinol (the active chemical tn mari-
juana), phencyclidine (or PCP) and cocaine. The basic genetic mecha-
nisms regulating receptor function are being studied and elaborated.
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Ettores to understand the neurobiological mechanisms of drug addic-
tion have also facilitated substantial progress in disorders other than
drug abuse. For example, the medication nalirexone, an opiate antag-
onist that was developed to treat heroin addiction, may also be useful
tor treating a wide variety of other medical conditions, including sud-
den infant death svadrome. In addition, discoveries related 1o endoge-
nouns opioids mav have farrcaching implications outside the realim off
ding addiction, and could be important for treating stroke, neurapsy-
chiatric disorders, chronic pain, complications related to paraplegia
and other disorders,

Another major accomplishment has been the development of an ani-
mal model tor drug abuse. This is one of the most eftective models
ever developed for researeh on a human disease. Some animals will
votuntavily self-administer the same drugs of abuse that lnnnans do,
while tgnoving most drugs which are not abused by humans, These
aninnls exhibit the same compulsive drug-seeking behavior seen in
people addicted o dengs and will self-adminisier pleasure-stimulning
dmgs repeatedly, to the point of ignoring other rewarding stimuli such
as food or the companionship of other animals.,

Using this aniinal model in conjuncuon with a variew of neuroscientif-
ic technofogies, scientists have found evidence of specific brain svstenis
that activate "reward centers”™ in response to the environment. In
these veward centers, intense sensations of pleasure ave believed ta be
generated i response o namral stimulis such as food and sex.and 1o
artificial stimulis such as drugs. A drug’s ability 1o stimnlate the reward
centers appears to be the reason why people addicted to drugs are
ubsessed with obtaining and using diugs.

This brain-resard maodel helps 1o explain the uncontrollable nare
and intensity of diug dependence and provides rescarchers with a tool
to study pharmacological and behavioral factors that control drug-
secking behavior. The model is now being used to understand how
brain-reward centers function naturally and how drugs influence these
hrain systems, and for the development of potental reatments lor
drug addiction,

Related studies have shown that the brain svstews responsible for drug-
secking behavior are anatomicalls distinet from those mediating physi-
cal dependence on drugs. Aninuals will compulsively self-adinister
morphine directlv into the veward centers of the brain, butare not
physically dependent onnorphine, i.e., they do not go into withdrawal
when morphine is not available. On the other hand, animals do not
self-=administer morphine into another specific arca i the brain ant
hecome phyvsically dependent on the diig following passive infusion
into this site.

During the Decade of the Brain, scientists will also continue in their
efforts to understand and treat nicotine addiction. Our understanding
of this addiction has been advanced by the identification of nicotine
teceptars d e genes codimg for subunits of these 1ecepiors, Fatue
studies will assess the vole of such genes in nicotine tolerance aud
dependence. Inaddition, PET scanning will help identity the biologi-
cal substrates of hehavion suppaor ting hunan nicotine dependence.
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Significant advances have also been made in understanding the link
between the abuse of drugs or alcohol and a genetic predisposition or
vulnerability toward seeking drugs or alcohol. Studies of families, twins
and adopted children, as well as animal models, have established a
familial predisposition tor alcoholism. In addition, recent studies of
animal models have suggested that there may be a genetically deter-
mined predisposition toward the abuse of opiates and psvchomotor
stimulants such as cocaine. Molecular biologists are currently working
to better undersiand the genetics of vulnerability to drug abuse by
developing transgenic mice which carry the human gene thought to be
a factor in the vulnerability to certain kinds of drug abuse. These mice
are valuable becanse they provide scicntists with a tool that mav lead 1o
a clearer understanding ot the role ol genetics in drug abuse behavior,
which in i will facilitate the development of eflective treatments.

= Future Plans and Potential Benefits

There are several arcas in which significant advances are expected
during the Decade of the Brain, These indude: understanding the
specific bivlogical effects of drugs on the structure and function of the
nervons system: development o treatients for intervening in the vari-
ouy stages of drug wse, such as craving, euphoria, withdrawal and
relapses clavifving the adverse etlects of drugs of abuse on development
and brain functioning: and detining the influence of geneties on drug-
secking hehavior and addiction,

tu order ta develop the maost effectve treatments for drug abuse. & iy
necessiny o have a clear understanding of how drugs interact with the
brain. To accomplish this, scicutists will continue in their effors 1o
understand the basic neurobiology of how drugs affect nerve cells and

brain functioning. Thev will work to expand the model of deug addic-
tion to include the biological basis for drug craving and relapse. In the

next [0 vears, itis expected that the biological mechanisms underlving
cuphoria, craving, relapse and other effects of drugs on the brain will
be sufficientls understood 1o allow scientists 1o develop new medical
therapies to treat drng addiction, Partof this understmding will come
from computer-based programs that clucidate the relationships
between receptors in the brain and abused drugs as well as potentially
benehicial medications.

Investigators will build on the growing toundanon of information
about brain-drug interactions to develop medications, techniques and
approaches that can be atilized o

block the cliects of abused drugs,

reduce the craving for abused drugs,

reduce the withdrawal eftects of diug addicion,

reverse the toxic effects of abused drugs.

develop sebstitintes for abused drugs with less toxic eflects and
prevent the initiation of drag use.

In addition. navel approaches to treating addiction will be explored.
For example, researchers will imvestigate the possibility of utilizing the
Charactensoes of the hlood-brain bartier in such awav as te prevent




abused drugs from getting into the brain, The maternal-fetal unit wiil
be studied 1o see il medications can be developed that will decizase the
mother's addiction while exerting little or no effect on the fetus.

Drugs of abuse also have toxic eftects that are not necessarily related to
their addictive qualities. This requires further studv., Abused drugs
can interfere wi h important cognitive processes such as learning

and memory, and some drugs produce long-term, and sometimes per-

manent, brain damage. Certain drugs may also destroy specific types

of nerve cells, possibly resulting in premature onset of certain neuro-
logical disorders such as Parkinson’s disease. o addivon, investigatons
are beginning to delineate the devastating effects abused drugs can
have on development.

During the next decade, investigators will also address questions relat-
ed to genetically determined vulnerability to drug abuse. Particular
attention will be focused on the effects of drug exposures on the brain
and nervous system in high-use dividaals.

One of the major issues that ast be causidered in developing effec-
tive treatments for addictive disorders is comorbiditv—the coexistence
of substance abuse with other health problems, such as mental disor-
ders. People with drug or alcohiol abuse disorders are seven times
more likely than the generad population to have a history of mental dis-
orders. Among those with an alcohol abuse disorder, 37 percent also
had or have a mental disorder, and 53 percent of those with a drug
abuse disorder had or have a mental disorder.

During the Decade of the Brain, rescarchers will expand and improve
epidenniologic sivey techniques to better understand the relationship
between substance abuse and meal disorders. Rescareh efforts will
tocus an understanding the basic, biological relationship of addictive
disorders (o mental disorders, and on developing treatments that take
into account the presence of both disorders. Scientists will work to
determine if there is a genetic link between the development of sub-
stance abuse and other biain and behavioral disorders. or if comorhidi-
w is refated o environmental factors, For example, attention deticit
disorder, or yperactivity, in adults may lead 1o antisocal behavior that
results insocial isolation. This mav in turn lead to snbstance abuse.
Likewise. thie wse of certain drugs mav alter chemical svstens in the
brain. resutting in disordevs such as depression ov attention Jeticit dis
order. Ahernative v, the comorbidity of these disorders may have a
genetic component that vesults in genetically determined disturbances
I sumlar nenrotransmitter systenis,

Scientists will aiso work to develop specific pharmacological intenven-
aons or substaln e abuise and mental disorders that do not compro-
nise the tredatine ai of the concurrent disorder, or make it worse.

In addition, investigators will continne to detennine the best mode
of treatment when both disorders are present, Eftorts to develop
eftective treatinents will be greatly facilitated by a fundamentaf under-
standing ot the neurotransmitter svstems involved in cach of these
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A major shift mage 1 ribution is taking place in this country,
Advances in biomedical science, coupled with an aging babv-boom
population, now allow a greater munber of people to live longer and
healthicr lives. By the vear 2000, an estimated 13 percent of the US.
population will be 65 or older. At the same ime, however, the inci-
dence of degencerative brain disorders such as Alzheimer’s disease and
Parkinson's eisease s steadily increasing,

Brain function in the later vears has long been of interest to the lay
public as well as the vesearch conununity. Contrary to popular belief,
wajor declines in cognitive abilities and “senilin™ do not accompany
advanced age in the absence of illness. Cognitive processing may be
slowed but seldom becomes i impossible task for healthy older peo-
ple. Certain functions such as vocabulary retrieval can even improve.
Amang the many age-related disabilities that lead o institutional care,
those related to changes in brain functioning have the most significant
implications for public pulicy and priorities for further research.
Failwre mn cognitive functioning is one of the prinapal causes of institu-
tionalization of older people. In addition. changes in the brain affect-
ing semson, motor and cognitive functiomng have o profonnd influ-
ence on the quality of life of older mdividuals.

m Accomplishments

Alzheimer’s Disease and other Dementias. Dementia afflicts 10 percent
of people over 63, Dementia is the loss of the ability to learn new
information and to recali and use previoushy acquited knowledge effec-
tvelv. Ttis the final product of a variety of disease proccsses. In the
clderly, Alzhenner’s discase is a prominent cause of dementia, but it is
becoming increasingly evident that it is not the onlv one. As our popu-
lation ages, the mcidence of dementia will increase. Of those over 85

vears 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
vear spent on the care of people with dementia in homes, hospitals
and tong-term care institutions, Four issues are focal points for current
research on Alzheimer’s disease and ather dementias: identifving the
underhing causes of these disorders: identifving and understanding
the pathological changes that occur in the brain: developing accutate
diagnoses; and finding eflective treatments.

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

as a possible canse of the discase, either alone or in combination.
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The chdractenstic 1oids ot
the human brain are
dbnormally wide inthis
Aizheimer s gisease
patent because Digin
Leiis have dred in the
course of disedse

Other investigators are exploring the possibility that the risk of
Alzheimer’s discase might be increased by age-related changes in
healthy brain tissuc.

The identification of genetic and biological markers for Alzheimer's
disease will help clinicians make an carly, aceurate diagnosis of the dis-
order. Rescarchers have located an arvea on chromosome 21 that may
be linked to the early onset of the famidial form of the disease, The
protein, amvloid, that accomulates in plaques in the brains of
Alzheimer’s patients is regulated by chromasome 21, Carrently, 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 [actors or pathological processes.

Advances in PET, single photon emission tomography and MRI have
helped seientists identify and track over time the structural and fune-
tional alterations in the brain as dementia progresses. Alzheimer’s dis-
vase tan be 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 canlier
ciagnoses.

Farlv and accurate diagnosis of Alzheimer’s disease has abready had

a major impact on the progress of research on dementia. In older peo-

ple, the disease is difficnlt to diagnose inits cauly stages, and it is
somcetimes mistaken for other kinds of dementias and mental diseases,
Incorvect dingnosis is thought to be common, perhaps ranging from




190 10 30 percent in the general medical population. Currently,
definitive diagnosis can be obtained only through the examination
of brain tissue.

There is no efiective method of prevention, treatment or cure tor
Alzheimer’s disease. However, recent research findings indicate the
potential for use of nerve growth factor in weannent. The application
of vansgenic and implant technologies to research provides exciting
prospects for treatments including the divect implantation of altered
neurons that could synthesize and seerete brain transmitters or express
receptors where they are needed in the brain. The search for growth
tactors and other biochemical determinants of neurai growth, develop-
ment and regeneration could provide new pharmacologic approaches
to the therapy of degencrative diseases. [n addition. there are a nuin-
ber of new drugs that are strong candidates for clinical tials,

A potential animal model for Alzhenner’s disease recently has been
identified in aged primates with an abnormal brain-cell feature—the
neurofibrillary tangle. Last vear a 3bvearold monkey with impairment
of spatial memory and learning disabilities was reported to have nearit-
ic plagues and neurofibrillary tangles upon autopsv. These findings
emphasize the importance of continuing the studv of aged primates as
auinial models for Alzheimerts disease.

Parkinson’s Disease. The frequencey of Parkinson’s discase increases
markedly after age 50. Cousequently, the increasing number of older
people in the United States has led to an increase in the number of
peaple who are developing parkinsonism. There are now perhaps
300,000 peaple with the disease in the United States. Parkinson's dis-
case isa progressively disabling neurologic disorder caused by the
degeneration of dopamine-producing nerve eells that oviginate inan
area of the brain called the substantia nigra. Tremor, rigidity, undirect-
ed movement, impaired dexteritv and postural instabilin result. often
accompaiied by dewmentia and behavioral abnormalities,

A major advance in the reatment of Parkinson’s disease was the intro-
duction of levodopa therapy. This drug has perniitted thousands of
clderly patients to live productive lives tor one or two decades longer
than was previously possible. Unfortunately, patients receiving lev-
odopa over a long time often eventually sutfer undesirable side eftects
and aloss of therapeutic eftect. New approaches under studv include
surgery, new drugs and new drug-delivery systems,

This past vear a climeal wrial revealed that treatment with the drug

depreml delays the progression of symptoms in patients with carly

Parkinson’s disease and postpones the need for levodopa therapy.
This is the tirst time a drug has been developed that can slow the pro-
gression of a nenrodegenerative disease. Deprenyl was also found to
increase significantly the time patients reniined gainfully cmploved, a
benefit that will vield hundreds of millions of dollats annually in
increased procuctivity and annual savings in health care costs,

Vision Disorders. Three ageelated disorders of the visual svstenmi—

macular degeneration, glaucoma and cataraci—ire majot causes of
Blindness and visual disability. affecting millions of Americans, The
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development of laser photocoagulation therapy, other new surgical
procedures and new drugs has revolutionized treatment of these
conditions.

Hearing Impairments. One-third ot persons over 63 have a hearing
loss sufficient to interfere with speech perception and effective com-
munication, and the prevalence rises with increasing age. The inner
ear s primarily affected, although audnorny nerve and brain stem
degeneration probably also contributes to hearing disorders. Recent
work has demonstrated that with advancing age, certain neurowansmit-
ters are depleted in some brain structures but not in others, suggesting
that some age-related hearing problems might be reversed or prevent-
edin the inture by correcung neurotransmiiter imbalances.

m Future Plans and Potential Benefits

Alzheimer’s Disease. Major research opportunities exist for studies on
the cause, diagnosis and treatiment of this disease. If, as recent
research suggests, amvloid plavs a critical role in neuronal death, and
chemicals known as tachvkinin peptides block amvloid toxicity, then a
new Absheimer’s therapy suggests itself. Farther researcli on the niech-
anism ot amvloid formation and amyloid 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 central nervous
svstem degeneration. Before implanting fibroblasts, scientists geneti-
cally modify the cells 1o secrete nerve growth factor. Animals with

the maodified implants have less nerse cell degeneration and demon-
strate enhanced sprouting of the axon portion of nerve cells. Though
clinical applications require much further stady, these tesults are
encomraging. Growth factors and neural tissue implants, both result-
ing from molecular technologics, offer new methods of improving
brain functon.,

Other avenues being explored focus on highly selective neurotransmit-
ters that promise to divectly influence functionally deficient nerve
receptors. Using recombinant DNA probes, neurotransmitter systems
and familial inheritance patterns will be determined, and genetic engi-
neering methods will be applicd o the development of hiologically
active molecules for use in weaunent.

There is an immediate need for improved disgnostic sereening for
Al/heimer’s disease, However, its diagnosis and screening will contin-
e to be difficult and sometimes inaccurate until a better understand-
ing of the normal aging process is achieved. The major dilticulty in
diggnosts involves the definition of the disease tself and its varied and,
at tmes, sitbtle manifestations. Alzheimer's disease remains 4 com-
bined clinical and pathologic liagnosis. A continuing effort to define
the disease precisely and to develop methods of definitively distinguish-
ing Alzhcimer’s discase from other nervous system discases must
remain the subject of intense research. Meanwhile, the potential for
identifving genetic and other hological diagnostic markers is promis-
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ing. Advanced imaging techniques 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 diseases.

Parkinson’s Disease. It has been shown that a ssnthetic drug, MPTP,
produces parkinsonian disorders tn non-human primates and other
animats as well as in man. These models are being used to explore the
use ol pew implantation technigues which can replace or regenerate
the cells damaged in Parkinson's disease and restore healthy function.
It is likely that cells from tissue cultures, including those from geneti-
cally engineered nerve cell lines. will prove usetul in obtaining 4 more
functionally eflective tansplant,

For botlry Alzheimer’s and Parkinson's diseases the following popula-
tion studies are planned:

Epidemiologic studics will identify discase sk faciors for
Alzheimer’s discase with attention to subgroups delined by age,
seX. race, cthnicity, socioeconomic status and urban /rural setting.

Studies of precursors (e.g.. dietary, medical, occupational, residen-
tial, environmental) to Parkinson's disease will determine whether
they predict the later development of Parkinson’s discase (e.g., con-
sumung foods with a high vitunin E content may protect against
Parkinson’s discase). Similar studies mav be performed with those

who develop amvottophic lateral sclerosis and Alzheimer’s discase.
New arcas of promising rescarch on the sensory sestems include:

Vision. v a group of discases called glancoma, elevated pressure in
the eve leads to irveversible damage to the optic uenve and consequeni
blindness. The most common form aftects many people aged 70 or
older. Drug, surgical or laser treaument of glauncoma often can relieve
the clevated mtraocular pressine and thus prevent or slow optic nerve
chunage, but it is impossible to determine which individuals ave at risk
tor eventual visual loss. Discovery of wavs to detear glancoma at its verv
carliest stages. before nerve damage oceurs, is importait. New stuchies
on the cause and prevention of cataracts are also needed.

Hearing. The issue of hearing impairment associated with aging (pres-
bycusis) is complex and includes central as well as peripheral auditon
features. New findings of changes in auditory system anatoruy with
aging suggest new directions in restorative interventions. Other
rescarch results indicate that, even in those older adults who show

no signs of pevipheral heating loss as measured by ntensity discrimina-
tion. frequend, discrimination and duration discrimination tasks, theve
can be significant dechne in measures ol central brain functions,

such as correct temporal ordering and sequencing of speech sounds.
This finding suggests that huther research on central brain mecha-
nisms may lead to new methods of reducing Learing impairment in
older adults.
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Scientists at the Nationat
Institute on Aging use
PET to study changes
that occur in Ihe bran of
patients with Alzheimer's
disease The PET scan
on the bottem shows

the dramatic changes
Alzhermer's disease
causes

Taste and Smell. The refationships between lood preterence,
appetite and satiety, and the ability to taste and smell in the elderh
are poorly understood. These relationships have implications tor
the nutritional status of the elderly. Future research opportunities
include the study of variability in how well the elderly taste and
smell, and the location of brain lestons responsible for olfactory loss
in the celderly.

Other emerging areas of research opportunity indude:

Sleep Disorders. Since a majority of elderly individuals experience

disturbances in normal patterns of sleep, rescavch in this area is

important. New methodologies now permit better documentation

of the natural history of certain sleep disorders and of assodiated

underlying pathophysiology in the aging brain, pointing out new
research directions for clini-
cal intervention.

Mental Disorders. The recog-
nition of late-onset mental
disorders (e.g., Tate-onset
schizophrenia) gives scientists
another perspective from
which 1o study such disorders.,
The same applies to atypical
depression in Tater life; swi-
cide 15 especially common in
clderlh men.
"Colitrol -
A Alcohol Abuse. The effect of
alcohol on central nervous
system function 1s of eritical
concern in relation to its
mteraction with medication
(c.g..in inducing delirinm)
and in its impact on cognitive
performance (e.g., in causing
automobile crashes). Further
rescarch could add to ow
understanding of alcohol-
drug interactions and other
cftects of alcohol on the aging
brain.

'AlznAelmers.DiS'ea_s'e '

Neurotoxins, Rescarch on
the influence of neurotoxic substances on aging processes has only
recently begun. As a consequence, considerable effort needs to be
focused on determining the influence of neurntoxic substances on
dZINg processes.

Falls. The frequency of falls—a major canse of hip fracture Teading
to institutionalization in elderly Americans—can be reduced
through research on the central nervous system. Such studies could
tocus on risk factors relating to the influence of deerements in visual
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and vestibular systems and 1o the nervous svstem eftects of medications

and alcohol in association with falls,

In all of the above promising areas of research, attention will be paid
to spedial, older population groups, including the old-old (those oves
83), minorities, women and the rural elderly. Research on aging builds
upon the mereasing recognition that much of the decrement in later

life represents the impact of disease rather than the normat concomi-
tants of aging. This rescarch builds. too, on the growing recognition
that disorders and disabilities in older Americans can be modified.
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The brain interacts with the world through behavior. Just how do the
properties of the human nervous system aflect an individual's behav-
ior, and vice versa? This question is increasingly important as scientists
and clinicians consider promising new therapies and interventions
that target the nervous system to address fovmidable problems of men-
tal and physical health. These emerging and future treaiments are
made possible by new technology, new scientific techniques and a
vastimprovement in our understanding of the hunan brain and
NEvoUs systen.

Mental illness and other behavioral disorders are highlv stigmatizing,
sociallv disruptive and economically draining—mn 1988 alone behay-
ioral disorders cost the nation almost $130 billion. Development of
cftective treaunents would therefore improve not onk the lives of
those with mental disorders and their families, but also the economic
productivity of the nation. Scientists are now gaining some insight into
the bases of historically inttactable diseases like schizophrenia and
developing treatments tor depression and other devasiating menual ill-
nesses. Knowledge concerning the actions of neurotransmitters, hor-
mones and small peptides mav lead to an arrav of effeciive, new treat-
ments. A bewer understanding of childhood development may lead to
carlv detection of physical, emotional or hbehavioral problems (such as
violent hehavion) and meontal illness or its precursors.

8 Accomplishments

Schizophrenia. Roughlv 2 million Americans suffer from schizophre-
mia. This discase strikes at the prime of life (often beginning in late
adolescence) and has a large ¢cononic impact on the nation,. Recent
vears have seen njor developments in what has long been fargely a
mvstetious discase. During the 14950s the first drugs with anti-psveholic
properties were identified. Animal stadies indicated that an importnt
conmon factor for the drugs effective in schizophrenia was that thev
decreased dopamine action by occupving dopamine receptors. As 4
result, more specific antipsvehotic drugs were developed and maay are
effective in wreating more than 70 percent of those with schizopluenia,
Recent research on neurotransnitter receptars in animals suggests that
at least three classes of receptons for dopamine may play a role in psy-
choses and mediate the effects of some antipsyehotic drigs. The three
1eceptors have recently been isolated and their genes cloned.

Lnvestigation of brain abnormalities in schizophrenia and other disor-
dets has progressed rapidiv with the development of new brain imag-
ing technologies that allow the direct observation of brain activit.
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PET allows study of dopamine und other neurotransmitier receptors in
the brain tissue of living subjects with schivophrenia. MRI scans com-
plement the PET scan data by providing detailed anatomical pictures
of brain structures. Some of the most advanced scanning technigues
have been used o study pairs of identical twins—one with schizophre-
nia and one without—and have revealed abnormalities in brain struc-
ture and function in the schizophrenic twins but not in the normal
twins, suggesting that environmental or developmental factors, as well
as genetic factors, are involved o the development of schizophrenia.

Depression. Approximately 15 million Aimericans will expericnce a
major depressive illness in their lifetimes. Perhaps 50 percent of the
ncarly 30,000 suicides each year are due o depression——this is particu-
larlv rue in teenagers and the aged. Like schizophrenia, depression
reflects o delicate interplay between environmental factors and biologi-
cal (hoth genetic and non-genetic) factors. A role for genetic tactors
in depression and other affective disorders is supported by twin and
adoption studies, and cathusiasim for the application of moleculu
genetice technigues to the problem has incrcased recently following
preliminay reports of gene linkages in bipolar (manicdepressive) dis-
arder. On the other hand, an envisonmental event (e.g., family crisiy,
job loss or physical injury) can act as a triggering event for a major
depressive episode.

New diagnostic approaches that combine tools of clinical science,
moleenlar biology, newroimaging and neurochemistry have vielded evi-
dence of specific abnormalities in depression. These ools have also
shown that there are many categaries of these mood disorders. includ-
ing the newl described seasonal affective disonder that is related to
seasonil changes in the amount of davlight. Correntresearch indi-

cates that about B percent of those showing svinptoms of depression

can he effectively treated with antidepressant medications, bright lights
or other therapies.

Childhood Development. It is estimated that 12 percent of all children
and adolescents suffer trom various mental disorders that severeh
impair theirintellectnal, emotional, social and familial functioning.
Rescarch over the last two decades in developmental neurobiology and
genetics is paving the way for understanding the molecular and neuro-
biological bases of childhood behavioral disorders. Animal studies on
the behavioral and physiological consequences af selectively disabling
certain neurotransmitter svstems, such as the dopamine svstem, may
shed light on conditions such as attention deficit disorder and
Tourette’s ssndrome. Additionally, the refinement of diagnostic crite-
ria for behaviorat disorders, the development of genctic linkage stud-
ies, and observations of hereditary bas- s for certain behavioral disor-
ders are opening the way for identifving, particular genes associated
with behavioral disorders, Autism, for example, is a developmental dis-
order for which neurotransmitter studies show elevated serotonin lev-
cls, PET and electrophysiology scans show functionally impaired inter-
actions between biain regions, and genetie studies reveal the disorder’s
association with the X cliromosome.




Alcoholism and Drug Abuse. Scicntists are examining all aspects of the
complex areuitny of the braim w identfv the causes and consequences
of behavior associated with alcoholism and drug abuse. Genetic link-
ages ta alcoholism have been lound i studies with animals and
hunans, and there is growing evidence that children and other rela-
tives of alcohaolies are at higher risk tor developing alcoholism than the
general population. To aid in identifving those individuabs who mav
have a genetic predisposition to abuse of aleohol. researchers have
begun to identity multiple biological and bebavioral markers that mas
wnderlie differences m valnerabilin 1o alcohaol abuse. Some of these
markers exist in people with a family historv of alcoholism but who

have never themselves been exeased to alcohol.

Basic Behavioral Research. Basic studies of behavior expand upon and
provide clues to guide further basic neuroscience investigations of
brain mechanisms. One example derives from the common notion
that we remembei vittuallv nothing from infancy. The concept of
“memorv-updating” is the result of developmental suudies that indicate
that an infant’s memories are highlv enduring, even at 2 and 3 months
of age. as long as new learning does nat interfere. What remains in the
infant’s active memaory is afunction of how recently the tearning
occurred and what has been attended to, or leimed. in the inenvening
petiod of tme. Leuned experiences quickly lose their usetulness in
infancyv—cexperiences that were tunctionally usetul to the immaobile
nfantat 2 months are no longer relevant, hence not remembered,
when sitting-np or crasling begins, Efficient infermation processing
requires the infant o retain onlv the most relevant and useful informa-
tion. ltappears that it the memony is "updated,” the sesiem is cleared
of all irrelevant information. Nature thus has set up the learning e
menmory svsten of the infant tor capabilities that reflect the needs of
the early months o life, Asecarch o the newonal correlaies of "mem-
orv-update” will be integrated into stidies on the cellular basis ot learn-
ing and memon,

Other Research. In the past, the newral and endocrine sstems were
considered to be interactive but separate. Ths distinction has now
become blurred, parth hecause bormones and sndl peptides are now
hnown (o be chiemical niessengers that can wplidy or dampet te
action of nerve cells. Modern molecular tools have led to the discov-
ey of such hormones.and peptides in the briain, These imessengers are
often found in the same nearons as the chissical neurotransmiters.
The verv recent cloning of the genes that encode the steroid hormones
shonld advance studies on the action of steroid hormones in the ner-

vous svstenn.
a Future Plans and Potential Benefits

Studies on behavior are highly comples. requiring muludisciplinan
approaches combining clinical expertise, behavioral and svstems anah-
ses, expertise in cellular and molecnlar biology and neuroimaging
technology. Scientists are now beginning to integrate such secmingh
disparate approaches and aim, at last, fo1 o greater understanding of
how the interplav of environmental and biological factors contributes
to behavior and cognition.
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High-priority areas tor future rescarch include the following: 1) clarify-
ing the genetic mechanisms associated with synaptic tansmission
between neurons, including the identification of genes that encode
molecules involved with synaptic transmissicn and therr regulation;

2) increasing understanding of the synthesis, degradation, activation
and regulation of the various classes of neurotransmitter receptors;

3} identifving and characterizing genes associated with behavioral disor-
ders; 4) establishing sirong theoretical bases for the hehavior of single
newrons and neural networks; 5) understanding the neural mecha-
ni.ms of thinking and emotion: and 6) identitving social and other
environmental factors, inchiding nutrition, that can modilate brain
tunction across the lite span.

The recent discovery of methods to grow nerve cells in coiume should
warkedly improve approaches for asking questions about how nerve
newworks torm. develop, process and retrieve information. Such
research could eurich the theories of cognitive development and
thereby stimulate important new questions about how the relationship
between brain and behavior is established.

Research during the nest decade will e aimed at identifving people
who are genetically predisposed to developing mentat itlvess, isolating
the environmental factors that nav trigger disorders such as
schizophrenia. and defining the conditions in which those triggers
operate. Basic investigations will be divected toward understanding the

pathophysiology of the dopamine and serotonin neurotransmitter svs-

tems and how the environmment interacts with then Studies aimed at
chatacetizing and doning brain receptots will help darify the basie
abnormalities underlving schizophrenia and the mechanisms by which
antipsvchotic drugs act. These studies mav lead to the design of more
cifective medications with fewer side effects.

Research on the roles of the teurotransmitters serotonin and nor-
vpinephrine in mental disorders will focus on the molecular biology of
neuwrotransmitter receptors, second messenger svstems, and changes in
neuromd function over time. Clinteal vescarch s divected to the devel-
opment of accurate diagnostic instraments that can differentiate
among the tvpes of depression,  Biological markers—including genetic
markers—and neurological and biochemical tests will be sought in
order to more accurately separate primary depressions from those asso-
aated with drug and alcohol abuse, Alzheimen’s disease and other dis-
case states. With this information, optimally effective treatments will
be developed for cach diagnostic group. Some of these treatiments are
likelv to be pharmacological; others will influence brain systems
through alternative mechanisms such as diet or light exposure.
Investigators will seek (o understand the mechanisms ot action of tradhi-
tonal antidepressant .ond ant-manic-depressive drugs, including lithi-
um. in the hope of deseloping even more efficacious medications with
fewer side effects.

Scientists will seek new therapeutic medications for depression and
other behavioral disorders. For instance. peptides that interact with
corticotropin-releasing hormone or the thvroid-stinmilating hormone
1eceptor—neither of which was thought to be involved in depression
several vears ago—are currently being studied to find new compounds
that achieve effective antidepressant activity. Future research on the
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their functional role.

to know where they

understanding of
how such agents
work could create a
vast reservoir of
ideas for new thera-
pies for moditving
bhehavior,

Future studies on

childhiood behaviors

will address the fol-

lowing issues: 1) What

are the genetic

factors underlying

the susceptibility of

some people to envi-

rommental chal-

lenge? 2) What are

the brain mecha-

nisms through which

specific environmen-

tal events early in life

madity the development of these different behavioral patterns?

3) What are the long-term health and behavioral consequences of
extreme reactivity to environmental challenge early in life, and can the
carhy patterns of response be modified in adulthood?

Another promising area of research concevns the development of
brain lateralization and how this mechanism is linked to the acquisi-
tion of language in children. Advances in this area are likely, due to
the availability of new analvsis techniques tor brain-e oked responses
that have been generated in normally developing children, This
research could help in the diagnosis of language abnormalities.
Progress during the decade is also probable on the question of how
stimulating environments, early in lite, can help shape brain functians
that may intluence a child’s cognitive development. Advances in this
ficld of rescarch could have important benefits for babies born at risk
for language and other developmental disabilities. If new knowledge
could allow the identification of optimal environmental stmulation,
then procedires tor early intervention could be impleviented.
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Violent behavior not only claims the lives of over 20,000 Americans
cach year, but the threat of violence severely detracts from the quality
of life in communities across the counuy. 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 exposire or to modily factors found to be pre-
dictive of violent behavior.,

The clarification of brain mechanisms that underlie cognition is likelv
to be particularly fruitful in the coming decade. Technologieal
advances in such areas as PET, MRI, MEG and EEG, that permit imag-
ing of dynumic aspects of brain function, will reveal the temporal
dynamics, neurochemistry and sources of brain events that comprise
thinking itselt. The use of these technologies 10 evaluite human func-
tioning combined with new insights from animal and computer models
should ultimately provide the bases for a tuller nnderstanding of the
mechanisms of human mental iliness.
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Spectacular as the progression of neuroscientific knowledge has bheen
in recent decades, it cannot vet relieve the burdens that encumber
manv patients with nenrological disorders. Middle-aged and elderly
men and women with Parkinson’s, Huntington's and Alzhcimer’s dis-
cases still suffer as these disorders rob them {ivst of their minds and
badies and then of their tives. This same age group finds itself at
increased risk of stroke and brain wmors, Youngswers sl face devas-
tating disorders such as Gaucher's and Bawen’s discases, People in
their most productive vears still are afflicted with traumatic injury of’
the bram and spinal cord, multiple sclerosis and epileptic seiznres, dis-
orders that can damage family relationships, sel-esteem and economic
well-being, Within the next 10 vears, the causes of maay brain disor-
ders could well be identified, including those for amyvotrophic lateral
sclerosis; Alzheimer’s, Huntington's and Parkinson’s discases: autism;
and multiple sclerosis. Better treatments for these afflictions are a
real possibility in the decade to come. Further progress depends on

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

and clinical studies, and taking full advantage of newly developed 1edh-
nologies that have already given promise of suceess. Inarecased re-
search training is essential o capitalize ou investments already made
and o encourage younyg scholars 1o pursue rescarch careers. Exciting
new discoveries, instrumental to improving the nation’s health, are
within grasp.

u Accomplishments and Future Opportunities

Traumatic Brain and Spinal Cord Injury. Trauma to the central ner-
vous svstem is 4 major public health problem aid the focus of siguifi-
cant research efforts. Over 2 million people sutfer head injuries cach
vear, and of these approximately 100,000 dic and 500,000 require hos-
pitalization. Motor vehicles cause half of ail traumatic brain injuries,
falls cause 21 percent, and some 12 pereent are the result of assaults or
other violent acts. Each vear, 5.000 sivivors of tranmatic brain injury
develop epilepsy. The economic costs of brain injury approach $25 bil-
lon per vear. Spinal cord injuries have permanently paralyzed approx-
imatel 250,000 Amevicans. In addition itis estimated that there are
over 13000 hospital admissions eaclt year due to spinai cord injuries.
Even without permancent damage, those who survive severe brain and
spinal cord injury typically need 5 to 10 vears ol intensive medical treat-
ment and rehabilitation services,

The prevenmtion of brain and spinal cord injuries is also important. [n
states with motorevele helmet laws, mortalite rates due to nemological
damage caused by motorevele crashes are half those of states with par-
tial or no helmet legislation. Programs are needed to inerease the nse
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Doctors at the Nationai
Institute of Neurolngecal
Disorders and Stroke ¢is-
Cuss an X-ray showing an
aneurysm-——a weakened
detormed blood vessel in
the brasn that can rupture
linggenng a sticke

of helinets by motoreyclists and bicvelists, Biomechanics research is
abo needed to develop more effective helmets and determine the
mechanisins 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 patients
with head injuries have ted 1o improved suvival Tn animal studies, sci-
entists have discovered that a series of complex biochemical events that
occur within the tirst 10 hours after brain mjury appear to make the
ijury worse ("secondary injuny). As researchers develop methods o
halt or retard such secondary injuny, physicians will be able to reduce
the ultimate severin of damage to the beain after injurv, Investigators
have also shown that damaged nerve cells in the ceniral nenous sys-
tem sproit new branches when thev are’ in contact with supporting
cells demonstrating that adult brazn cells have the capacity for repair
and growth. Scientists need o investigate thoroughly how this prop-
ety can be msed o repair the injured brain.

Muludisciplinan. dinical resegrch centers must develop the capabilio
o pursue epidemialogic stindies of patients with brain or spinal cord
injury within local communities. Such centers should conduct clinical
trials related o improved diagnosis and treamiert of patients and
should integrate laboratorv rescavch into these studies. In addition,
the dvstunctional behavioral, cognitive and emotional responses of
prople with these injuries need o be thoroughly imderstood.,

The outlook for patients with spinal cord injury has alwayvs been very
peor, but it has improved. A mudticenter clinical trial has recently
demonstrated that very high doses ol methviprednisolone, given within
& hours of injury 10 patients with spinal cord inpury, significantly
reduced the extent of
newrological damage for
these patients. The
patients also showed
improved senson and
motor function. Further
improvements in the
wreatnient of spinal cord

injuries require that sci-
entists understand the
inmune responsce. the
action of inhibitory pro-
teins, and the molecular
mechanisms Iy which
mternal scars torm at the
site of injun. Genetically
engineered cells might
provide the next impor-
Lt step inspinal cord
regenetation. Medical researchess have alveads Shown that vansplants
of unengineerved cells sunvive replicate and atempt o connect with
existing tissue.

Infections of the Brain. There aie more than 35 hunan mlections chis-

cases that serioushy atfect the brain and nervous sesten., In the T980s,
four new infectious diseases appeared: AIDS, Lyme disease, tropical
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spastic paraparesis svndrome and the spongiform encephalopathices.
Thetr cure is one ot the challenges of the 19905,

Newro AIDS. AIDS appeared in the Lue 19705, and the retrovirus tha
causes AIDS—HIV-1—now infects over 1 omillion Americans. More
than 70 percent of AIDS patients suffer from neurological problems,
which are the priman canse of death for many, HIV-1 has a predilec-
ton tor cells of the nenvous swatem and may seek these cellsas a har-
horing place. cansing latent intection. Patients with neuro-AIDS also
have w markedlv inereased incidence of a tvpe of rare brain tumor.
Lnvestigators are now trving to determine how the virus enters the
brain through the wsudlly impenetrable blood-brain barrier, how it
damages nerve cells, and how it establishes long-term residence in the
brain.

Lxme Disease, Cansed by miaroscopic spivochete and spread by tiny
ticks, this disease creates a varien of chironie nearological disabilites
that could be as devastating in the 1990s as svphilis—also spread by a
spirochete—was in the 1890s. Already the discase is ahmost epidemic
i vartous parts of the United States. Better methods are necded ton

the dingnasis and treaunent of this disease.

Drspreat? “pastee Peraparesss Syndvoms This disorder occn s not only in
the ropies, but also in the United States and othier countries. Itis
characterized by a progressive diflicnln with watking, and patients ulti-
mately requine awheek hain, The causal agent of this disease is anoth-
et retrovitus, TV, which was previously identified as @ cause of
human T-cell feukemia, The associatnon of HTTN-1 with a chronie dis-
caxe of the brain raises questions about the vole of viruses in other
chironic. newrologic diseases such as nudtiple selerosis, Alzheimer’s dis-
case. Parkinson’s disease and certant tvpes of brain timors, Scientists
may answet these questions through new. extremely sensitive, imolecu-

L biological techniques.

Spemgrform Encephalopatln. The agents which caose this disorder are
unconventional viral particles. One of them, the scrapie agent. which
war previoush fimited to sheep, has appeared as o uujor epidemic in
cattde in the United Kingdom. Called “niad cow discase.™ it is a discase
of the nervous s-stem, and spread o a new anintal species becanse
intected sheep were used asan ingredient in teed. Tohas created an
ceconomic disaster for the Brinsh agricultaral community. There are
now fears that it could spread to humans also througn toad mgredi-
cnts. These unconventional “agents™ appear to be warking by different
discase mechanisins than those of the usual viruses, The mechanisms
by which they spread, and possible approaches o their control, need
to be aggressivels pursued before epidemics such as mad cow disease
spiead 1o other animal populations, o1 conceivably to humans,

Epilepsy. Epileps is notasingle disease but a group of difterent disor-
ders alfecting the bram with a common manifestation: recatrent,
debilivning seizures. Approximatel 2 million people in the United

# Husmuxegy

suates have epilepsy,and 20 mitlion Americans will have at least one
serare during their lives, Seizures e estimated (o affect one of every
200 newbont infants in the United States, and are trequently the firsy
indhcation of central nenous swstem damage. Mortahin vates of 1 per-
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cent have been reported from siatus epilepticus, which occurs whien
seizures persist for long periods or occur so frequently that there is no
recovery between attacks. In many epileptic patients, the cause of the
seizures has not been found. Seizures may be difficult to diagnose and,
therefore, to treat.

About 70 percent of those who suffer recurrent seizures can satisfac-

torily control them. Current medications, however, do not adequately

control the seizures of many of the 100,000 people who develop epi-
lepsy cach vear. While newly developed drugs are effective for nnany
patients, some twpes of seizures are resistant to drug therapy. In some
of these cases, surgical therapy is now used successfullv. Thanks to new
imaging techniques that help determine the area of brain involved,
swrgery for epilepsy has become safe and, (or wellselected patients,
extremelvsuccesstul. Experts estimate that 5,000 new patients in the
United States are suitable candidates for sirgery for epilepsy cach vear.
There is a need for the further development of the surgical approach
to epilepsy since onlvabout 500 patients receive this therapy annually.

Despite the progress made in controlling epilepsy, very litde is known
about the causes of seizures. A major question is how the brain con-
trols excitability of nerve cells. Itis evident that some forms of epilepsy
have a genetic basis. For instance, a normal cell can be transformed
into an abnormally excitable cell by certain tvpes of genetic manipula-
ton. The technologies are now available for identifving the genes that
may underlie these forms of epilepsy.

Scizures have long been associued with changes in behavior, Leerning,
attention and processing deficits have been well deseribed in children
with epilepsy. Many of these problems also persist into adnlthood.
Scientists must better identifv, understand and develop specific thera-
pies for the tpes of behavioral abnormalities seen in these conditions.

Stroke. Sutroke (cerebrovascular disease) and strokerelated brain ill-
nesses are the third leading canse of death in the United States.
Furthermore, brain damage from stroke represents the largest single
canse of neurologic erippling in the United States. Each vear approxi-
mately 350,000 persons suffer a first stroke, and another 100,000 will
have a recurrent attack. A fifth ol these patients will die, and a third
will remain permanenthy disabled. Stroke also is increasingly a major
contributor to the Late-life dementa that atlects more than two-fifths of
Americans over 80, Indeed, stroke is the most common cause of dis-
ability requiring rehabilitation. and the annual social and financial
costs of stroke are well over 825 billion. Implementation of the knowl-
edge gained through research, including rescarch on animals, has
veduced stroke deaths in the United States by 50 percent. Now, howey-
er, stroke rates are climbing again, as is the resulting number of per-
sons disabled by stroke.

Recently, anticoagulant drugs were shown to be highly effective in
preventing certain forms of stroke. A major clinical trial showed that
treatment with aspirin or warfarin greatly veducees the risk of stroke

in patients with atrial fibrillation. General adoption of appropriate
treatment regimens is expected to result in a reduction of 20,000 10
30.000 strokes each vear. Clotlissolving agents given at the onset of
stroke have now been found to reduce the severity of the disease. In
addition, the latest researeh points to several entirely new therapeutic
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drug families that may for the first time provide specitic drugs o pre-
vent strohe or hadt the tissue damage that devastates so many strohe-
aftected bruins.

A major advance i stroke research is the discovery that there is a peri-
od of time immediately after the injury during which neurons sur-
rounding the area of the lesion are sick, but stiil alive. Recent research
shows that, although the major brain damage occurs within the firsi
few hours atter stroke. injury 1o cell groups conrolling imporiant cog-
nitive functions such as memory continues for as long as 2 days. This
may provide a therapeutic “window of opportunity” during which brain
damige may be Jimited. Intensive effort is directed toward discovery of
the critical patameters tor survival and the best approaches to salvage
those vulnerable neurons. New research needs to be directed toward
developing etfective
medical interventions
and evaluanung the sargi-
cal techniques now wide-
Iy used. Also needed is
research to achiceve o bet-
ter understanding of the

brain’s potential for
regeneration and a
search for agents to stim-
ulute this process. Such
agents also should facili-
tate the successful trans
plantation of voung
brain cells into areas of
damage in order to has-
ten recoveryv. Rescarch
on animals will play a
critical role in those basic | ##  SSEEE
V¥t~

& .
We must continue to stress stroke prevention. Far more fives will be
saved by preventing this disease than by treating it. We must design

stuchies.

studies 1o evaluate the long-term cffects of complex prevention pro-
grams. Additional stroke risk factors—especially those in which inter-
ventton na be possible—must be identified in order o continue
advances in stroke prevention researchs this is particularh important
for populations at high risk of stroke, such as blacks and the elderiy,

Brain Tumors. Brain tumors are the second most common malignan-
ey ol childhood. There is a second incidence peak at the age of 55,
cansing morce than 35,000 deaths a vear. Scientists are conducting new
roscarch on the specifie genetie codes that regulate brain cefl growth
and the balane ¢ of growth-controthug factors, and considerable
progress has been made in understanding brain tumors,

Brain tumors show highly variable degrees of invasiveness, with differ
ent rates of progression and biologic activity found in tumor sites grow-
ing adjacent to cach other. The development ol systems 1o dircctly
slow the metabolic activity of tumors is now considered possible.
Futire rescarch must also focos on the genetic markers that define the
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stages of wmor development, from the premalignant to the highly
invasive stages. The inherent relationship between brain tumor cells
and normal cells limits the options for managing malignant brain
tumors, and physicians often fear doing more damage than good
through an attempt at extensive surgery. Tumor-killing doses ol x-rays
van severely damage normal brain components and the few, moderate-
Iy effective compounds used for chemotherapy all have cumulative
toxi¢ effects on the body., Because of these limitations, extensive
research needs o be directed toward determining the characteristics
of'a malignant brain tumor that set it apart from other tissues and
which can then be used as the targets for therapeutic interventions,

Neurogenetic Disorders. Of all genetic disorders, « arth affect the
brain and the nervous system of both young and old. nesearch in neu-
rogenetics involves studies ol genetically transmitted disorders of the
brain and nervous system such as Huntington's disease, neurofibro-
matosis, tumors, dystonias, the hereditary ataxias and other discases.
Particularly devastating are childhood disorders such as Tay-Sachs
disease, the leukodystrophies and Batten's disease, all of which
inevitably lead to progressive brain deterioration, dementia and

death. As a whole, these disorders carrently affect more than 1 million
people in the United States. Scientists hope to apply newly developed
genetic techniques to the diagnosis and treatment of these diseascs
and other nervous system disorders not traditionally associated with
ZENCHC Catses.

Within the last decade, scientists have identified the chromosomal
location for several genes associated with disease in the nervous system,
including those of Huntington’s discase (chromosome 4), neurotibro-
matosis 1 (chromosome 17), von Hippel-Lindau disease (chromosome
3), tuberous sclerosis (chromosomes 9 and 11), Friedreich’s ataxia
(chromosome Y), idiopathic torsion dystonia (chromosome 9),
Duchenne muscular dystrophy (X chromosome) and others., Thesc
studies have already led to presvmptomatic and carrier detection in
many disorders, and to the identification of the discase gene in others.
The cloning of these genes will lead to more accurate testing and to
the development of model systems in which to test novel treatments.
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Human senses include hearing, vision, tasting, smelling, touching. bal-
ancing and proprioception. atthough there is much overlap among the
categories, Thev senve as the brain’s channels of interaction with the
world in which it operates. Most communicaion and sensory disorders
are invisible and not fatal and. as a result, the attention given them in
the past has been inadequate. Histovicallv, many of these disorders
have beea inaccurately linked to mental illness or mental retardation.
In the last decade, however, tremendous advances have been made
both in understanding the disorders and in developing prevention and
treatment interventions for them,

Understanding the organs and mechanisms of communication and
sensation is vital for comprehension of the lluman brain. For
example, the olfactory nerve is a route that allows substances, includ-
ing chemicals and pathogenic organisms from the external world, 10
enter the brain directly, bypassing the blood-brain barrier. The eve,
which has beenapthy called the window of the brain, is the only loca-
tion in the bodv where blood vessels can be directly observed and
where certain vascular diseases mirror vascular diseases of the brain.
The retina is the only dlinically visible nearal dssue in the body.
Moreover, abnoral ese movements are also a common svimptowm ot

neurological disease,
8 Accomplishments

Vision. Sceing objects in detail, depth ancd color involves a series of
highly complex processes. These inchide searching and scanning eve
movenients to localize an image on the retina: refining localization
and achieving focus; and visual processing. The visual pathway consists
of an intricate and well-defined et of connections. Disturbance of

any part of this elaborate and precise system can lead o serious visual

disorders.

Neuroscientists have identificd specific regions of the brain mvolved in
the perception of form, motion and color. which demands some of the
most complex neural interactions occurring in the brain. Scientists
using PET can view a three<dimensional map of activities such as colon
processing or motion processing in different brain regions of a hurnan
subject who is awake. MRI can be used o differentiate active brain
regions from relatively inactive regions while a subject is involved in
vision activities. Immunological studies have led to the development of
monoclonal antibodies to locate specific transmitters in the reting and
the brain and study how thev lunction.
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Knowledge of the neural circuits that control eve movements has
increased rapidly in recentvears. Location of the master circuit, the
"neural integrator,” has solved a longstanding puzzie of how the vast
array of commands to the eyes controlled by a variety of systems are
integrated in one discrete arca. Scientists have classified five distinet
types of eve movements, The vestibulo-ocnlar reflex (VOR) is driven by
the organs of balance in the inner car and helps to compensate for the
motion of the head and body by keeping the tuget image stable on the
retina, The VOR iy a basic refles that works in hoth darkness and ligha.
Often the VOR is accompanied by a second class of eve movements
msed to center the eve i its orbit once the eve has reached the limits
of its travel. A third tvpe of eve movement is typicall a voluntary fast
cve movement used to acquire a target or object of interest. Another
type of eve movement is used to follow slow-moving objects when the
head is held stationary. The fifth type of eve movement allows us to
keep an object stable on the retina as it moves either closer o us or
further away. These eve movements do not work independently, but
rather wre combined during ordinary tasks, Understanding these very
rich and complex interactions should provide fertile ground for
hurther investigations,

saentsts recently localized the gene for a serious eve disorder, autoso-
mal dominant retinitis pigmentosa, to chromosome 3. Retinitis pig-
mentosa iy a family of inherited diseases, charactevized by a progressive
loss ol vision due to the degeneration of photoreceptor cells in the
retina of the eve. Ieis a major cause of blindness that atfcats maore than
100,000 individuals in this counuy alone. Molecular genetic investiga-
tons in humans with retinitis pigimentosa and in animal mucants have
revolutionized this entive field of vescarch. Scientists sidving patients
with an autosomal dominant i pe of vetinitis pigmentosa, for example,
have recently identilied a matation i the gene tor vhodopsin, a
photoreceptor protein that is critical for night vision. I addition.,
scientists have begun o discover and characterize defective genes

and proteins in a number of mouse and Drosophila retnal degenera-
ton nutants.

Hearing. Dring the last decade significant progress has been made in
understanding how hearing loss imay e caused by envirommental fac-
wors siich as noise, drugs—inchuding antibiotics—and toxins, Within
the past vear, scientists have identified the locations fov the genes relat-
¢ 1o a number of important genetcally transmitted forms of hearing
impairment: one form of Alport’s ssndrome, albinism and Usher syn-
drome type 2, which is characterized by progressive hearing inpair-
ment, blinduess and balance disorders. Gene locations lave also been
identilied for nenrofibromatosis tvpe 1 and tpe 2, which produce
wumors on the nenves, including the auditory nerve.

One-third of persons over 65 have a hiearing loss sutficient to intertere
with speech pereeption and eftective commuuication, and the preva-
lence of such loss rises with inercasing age. The inner caris primariby
alfected, although changes in the auditory nerve and brain stem proba-
bls also contribute to the hearing disorders. Recent work has shown
that with advanemg age. certaun neurotransmitters are depleted o
reduced in some bra structures but not in others,
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A new speech pracessor has been developed for use with mwulti-channel
cochlear implants. Patients tested with the device show unprecedented
speech perception accuracy, exceeding in some cases the results
achieved with conventional hearing aids worn by persons with fur less
hearing loss.

Speech and Language. Studies of neuromotor control of speech indi-
cate that stutterers have problems controlling and coordinating the
many rapid sequential movements necessary for smooth speech
production. The timing
and coordination of move-
ments of the lips and jaw of
stutterers have been found
to be significantly dif-
ferent trom those of normal
speakers. Such findings
suggest an underlving neu-
romotor control problem
in stuttering, and have
implications for n zatinent
of the disorder.

Scientists have discovered
that stroke-induced aphasia,
characterized by an inability
to speak or understand the
spoken word, can be
improved by treatment with bromocriptine, a chemical that acts like
the nevrotransmitter dopamine. Furthermore, they have discovered
that aphasia caused by stroke can be ameliorated by administering
npe [ gangliosides immediately after the stroke.

Smell and Taste. Reccnt research on smell and taste has produced
improved diagnoses of chemosensory dystunction, data on significaut
causal factors and preliminary tests of possible therapies. Tests are
being developed for the clinical diagnosis and categorization of
chemosensory disorders.

Spatial Orientation. The sense of body position relative to space is
derived through avariety of sensory systems that include vision, the
organs ol balance in the inner ear, and the tactile, joint and muscle
stretch receptors. These <ignals converge in the central nervous system
o produce an internal perception of body position.  This multi-sensory
integration of information is essential for normal posture, gait and eve
movenment. At least 75 million Americans will suffer from balance dis-
twrbances sometime in their ives. The brain, however, has a rernark-
able capacity to adapt to new sensory input and recalibiate seusory-
motor relationships to re-establish normal movement funetion. Future
research will be devoted to investigating how the brain reprograms its
own software when faced with disease, injury or an unusual sensorv
cuvitonment, such as space.

The eye, sometimes called
“the window on the
brain." is the only body
focation where blood ves-
sels can be directly
observed and where cer-
lain vascular diseases
mirror vascular diseases
in the brain.
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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
cCOmmoN Syndromic caus
gs of heredilary deainess
in addition tn hearing
loss. Waardenburg syn-
drome is characienzed 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 tor many retinal genetic diseases that pro-
gressively destrov the vision of people in all age groups. The Decade of
the Brain will see new studies of genetic defects that can provide
insights into the causes of retinal diseases, as well as the development
of effective therapies to repair or replace defective genes that will aid
inn the cure of retinal genetic diseases.

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 clarifv the
long-term course of
changes in visual function
in patients who have optic
neuritis and multiple scle-
rosis. The rescarch
should also help explain
the relationship between
the two discases.

Other importaat arcas of
vision research include:

1) continued use of
immunological tools such
as monoclonal antibodies
to identifv specific classes
of neurons and o learn
more about the functional specialization that exists at all levels of the
visual ssstem: 2) determination of the identities and actions of the neu-
rotransimitters and newromodulators in the visual svstem and how
these substances are regulated and released; 3) development and test-
ing of’ new mathematical mmodels of eve movement systems; 4) analvses
of the mechanisms of the vestibulo-on ular reflex; and 5) velinement of
techuiques for imaging the eve and the retinal nerve fiher laver. with
the objective of measuring damage in individual patients and assessing
clinical research results,

In the United States, approximately 2 million people lost their hearing
betore they acquired language (the pre-lingunallv deal). A large portion
of these individuals use a form of sign language as their primary mode
of comummication. Manv use spoken English; many use both. The
patterns of langnage 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 psvchosocial development
among deaf children. Factors associated with successful acquisition of
oral language also need o be identified.

ldentifving auditory dysfinctions within the central nervous svstem
remains an art, particularly when unrelated inner car dvsfunction is
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also present. A number of new diagnostic techniques under investiga-
tion, such as MRI and PET, mav prove usetul in this area.

Also necessary are multidisciplinary studies that focus on a number of
specific hearing disorders about whien little is known. Methaods tor
early detection of acoustic tumors need to be refined. There is a need
to better understand how infections agents actually canse hearing loss,
by linding the location of damage and determining how prenatal infec-
tion oceurs, 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 anknown.

Andirory problems in children and the development and maturation
of normal hearing ure now appropriate subjeets for systematic and
comprehensive investigation. Research on embryonic inechanisms in
the formation of the normal ear and also on normal, functioning audi-
tory pathwayvs in the brain will lead 1o anm 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 rescarch should be integrated with siudies
focused on characterizing the cellular basis of hearing and the mecha-
nisms that regulate sensory cell regeneration and recovery of hearing
in danaged auditory systems.,

For patients who have extensive eighth nerve damage but are not can-
cdidates for cochlear implants, neural prostheses implanted in the cen-
tral auditory nervons system may be 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 dvsarthrias,
or speech execution disorders, oceur in almost all diseases of the cen-
tral nervous system, including Parkinson's disease, amvotrophic lateral
sclerosts, Huntington's discase amd multiple sclerosis. Research related
o the underlving brain mechanisms, diagnosis and treatment ot
speech disorders is needed.

For the senses of aste 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
hrain: and 3) find the canses of disorders of these senses and detei-
mine the prognosis tor recovery. Since chemicals and pathogenic
organismuis can gain entrance to the central nervous system throngh the
olfactory nerves, it is necessarv to determine which of the viruses
responsible for central nervous system infections travel this vonte and
how 10 block this process,

Future 1esearch on spatial orientation should be directed toward the
development of an artificial vestibular (balance) svstem, This vestibular
“prosthesis™ would aid patients with balance disorders that result from
damage 1o the organs of balance in the inner ear or from central andd
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Lo peripheral neural damage. Since falling constitutes a significant health
‘ risk for the clderly, such a system could also aid elderly patients with
balance problems. Eveutually it could help astronauts during sensory

: adaptation to zero gravity and during the re-adaptation that oceurs on
s return to Farth, A better understanding must be gained of how head,
' eve and limb movements are spatially direeted in three-dimensional
space. Most rescarch to date has been restricted to movement in one
plane of action to simplify the complexity of the problem. Expansion
of our analvsis in three dimensions will enhance our understanding of
seimon-motor integration 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 svstem dysfunction. Phytical agents such as noise or
ST high-intensity light can also damage sensory organs. An extensive

research program, focusing on visual and auditory function, is under
way to examine the effects 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 compeounds that are toxic to sensory systems. (See
Envivonmental Impacts en the Human Brain.)

Computational Vision. A hetter understanding of human vision will
enable scientists to design and implement machine-vision systens with
sopliisticated image-processing capabilities. Computational models of
human vision with leature extraction and imegration 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 visial capabilities. Much
work remains to be done, however. Current rescarch is aimed a

improving and developing new models that account for visnal 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 quatities from incomplete or ambiguous visual
utformation. The basic rescarch developments emerging fron 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 induy-
trial application. New visual prosthetic devices with the capability to

4 serve as a1 simart” visual processor for the visuany impaired mav also

= come from such research.

Much research on the sensorv and communication systems has been
pionccring work applicable to the whole human nervons system.
Further research on the development, organization and function of
the sensory and communication sysiems should have wide-ranging sig-
nilicance for understanding the principlies ol central nervous system
and brain function that could illuminate the sources of various neuro-

logical and psychiatric discases.
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The human brain is the most complex organ svstem in nature. What i
so remarkable is that the brain both coordinates major bodily func-
tions and provides a capacity for self-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 and development of the brain
go awry, the resulting phvsical and behavioral anomalies lead to disabil-
ities—disabilities that cause enormous morbidity to the child and the
family and, in the end, are the sonrce of enormous costs 10 society.
Epidemiologists estimate that in 2 to 3 percent of live births brain
development is faulty, causing more than half of all hnman congenital
abnormalities (including mental retardation). The cost of caring tor
developmental tailure is more than $20 billion per vear in the United
States. Theretore a complete understanding of the developmental
mechanisms responsible for the function of the nernous svstemis
essential: research in this areais critical for futire prevention and
treatment of these disorders.

Three examples—birth defects, growth failure and abnormal
pubcescence—serve to document the severity of the problem. Birth
detects are now recognized as the major crippler and cause of death in

mfants, even as other canses of morbidity and mortality m this popula-
tion gradually decrease. Of these developmental defects, malforma-

uons and abnormalitios of the nervons svstem are among the most dey-
astating. To address this critical health problem, research in the
coming decade must focus on their etiology and prevention,

Fach vear, approximately 100,000 American children fall below the
third percentile tor heightat school age. Aside from nutritional o
genetic factors, a cause for this growth failure will be found in only
about oneifth of affected children. and only T percent will be diag-
nosed as having growth honmone deficieney. Because the brain is cru-
cial for controlling normial growth and development, many of the
unknown causes of growth failure will be found through detailed stid-
ies of brain function.

The metamorphosis of puberty and the psyehological changes that
accompany it have long intnigued scientists and clinicians, and there is
agreat need tor more intonnation about the bram-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 families is the delayed onset of
puberty: adolescents with slowed physical and  xual development
often experience daily rejections—rejections which may leave lasting
emotional scars.

Abnormalities of sensory development also take a heavy toll on chil-
dren’s health, Approximately 3 percent of the pepulation suffer from a
loss of visual function in one ¢ye (amblyopia, or “lazy eye”), a condi-
tion thought 1o result from crossed cyes, unequal visual input between
the wo eyes during very early postnatal development, or congenital
cataracts during a critical period of development that extends from
infancy 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 mvopic, vet more than 15 percent of high school gradu-
ates and 25 percent of the adult population are myopic. Both ambly-
opia and mvopia are known to involve abnormal development of visual
brain mechanisms.

= 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
alter birth. Scientists have identified cognitive capacities during infan-
cv and characterized and followed their developmental milestones
throughout childhood. The new knowledge gained about these fac-
tors, and the value of early stimulation on brain and cognitive develop-
ment, formed the rationale for strategies for infants at risk and was the
basis for social programs such as Head Stt. Theories of cognition
based nupon developmental research have siimulated the growth of
more powerful didactic methods for teaching our children and have
informed us abow the processes that mav underlie thinking.

Technological developments in the care of newborns have improved
their survival and neurologic heaith. The combined effect of the many
scientific advances of the last 20 vears has been a striking reduction in
the mortality rate. Todav more than 90 percent of infants weighing 1
to 1.5 kg at birth survive. Improvement in survival has been paralleled
by improved neurological outcome. Most importantly, the proportion
of verv low birth weight infants suwrviving without handicap has
increased from less than 10 percent to at least 60 percent. Nonetheless,
a siynificant challenge remains.

Over the past 20 years, it has become clear that the central nervous sys
tem is vulnerable to dietary deficiencies. The dietary conditions that
affect brain chemistry and fuprction include chronic nutritional defi-
ciencies, which often have lasting effects on the brain if they occur dur-
ing development, as well as acnte nutritional defictencies, which pro-
duce shartlived neurochemical and behavioral etfects. The greatest
periods of vitlnerability for the brain are late gestation and the early
pustnatdl periad. Reduced protein and calorie intake at this time pro-
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duces deficits in glial cell proliferation and myelinization, and in the
development of some nerve populations. Protein and calorie malnutri-
tion also leads to neurotransmitter deficits that may exacerbate the
enduring reductions in mental function observed in children who were
severely malnourished early in postnatal life. Premature infants are a
subgroup of special concern, because they are developmentally imma-
ture and must receive their nutrients from an artificial source by an
atypical route. 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 to tood-related effects on brain chemistry and function,
metabolic and other factors influence nutrient access to and utilization
by the central nervous svstem. Studies on these factors range from
gene regulation and enzyme expression to morphology, behavior and
funcion.

Major technological breakthroughs in molecular biology and cell biol-
ogy have occurred over the past 5 vears, permitting identification of
the processes that lead to neural tube defects such as spina bifida,
meningomyelocele and anencephaly. These new approaches will per-
mit the development of research strategies that will lead to appropriate
interventions. The recommendations emanating from recent research
conferences swrongly suggest that a multidisciplinary approach is
needed ro 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 developmemnal models, scientists are now beginning to identity
genes in mammals that are necessary for differentiation of nerve

cells. The techniques of transgenic technology and homologous
recombination provide powerful tools for identifying the function of
developmentally regnlated genes in mammals. Further, the availability
of novel cell lineage tracers and image-processing techniques will allow
developruenal studies directed at characterizing the relationships
bewween cell types 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
affect ats function.

Additional scientific advances in human development include a stug-
gering number of recent accomplishments that have direct relevance
to brain disorders. These include intrauterine diagnosis and therapv,
screening 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 ssudrome, and
better understanding of the mental disorders of children. At the basie
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 nenrotransmitters. These basic advances provide the fun-
damentals for the scientific accomplishments of the next decade of
brain research,
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Nobel Prize-winning research in the 1960s using ammal models for
amblvopia set the stage for our current understanding of how abnor-
mal visual experience early in life can lead to profound changes in the
“wiring pattern” and nerve cell activity of the brali.  visual centers.
These deficits can also be reversed during the critical period of devel-
opment. Mvopia in the growing eve can also be the resuit of abnormal
visual experience during a critical period of development. Research in
animals implicates the involvement of the dopamine system of the ret-
na in this disorder. Further research on the anatomy, physiology and
neurochemistry of these disorders will lead to more effective weaument
and prevention strategies.

When partial or total hearing loss occurs early in lite, the development
of the structures in the brainstem that convey auditory information to
the brain for comprehension and association may be inhibited.
Scientists think that the effects of such central anditory changes on a
child’s abilitv to process auditory information and to develop speech
and language skills are substantial. Even if the hearing loss can be
cured, those central changes may persist. Recent prefiminary studics
suggest that the development of those central effects may not be
iitevitable, as had been widely assumed, but may be preventable or at
least minimized. Application of low-amplitude patterned electrical
stimulation to the cochlea has shown promise, as has the administra-
tion of a biological substance calied a ganglioside. Thus, the treatment
of children who suffer severe to profound hearing loss as a result of
meningitis, trauma or other infections could be planned withow the
accompanying concern that delay in selecting a treatment would result
in irreversible central auditory changes.

& Future Plans and Potential Benefits

During the coming decade scientists will have ¢ nuinber of extraordi-
nary research opportunities for identifving the processes involved in
the developmeut of the central nervous system and its behavioral
capacities. At the basic biological level these processes includé the
molecular and cellular bases of neuronal specification, the establish-
ment of 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 language 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 disease
and muscular dystrophy. However, new rescarch strategies are needed
to locate genes related to the specitic nature of the metabolic defects.
(Sec Basic Research.)

The development of treatment modalities for neurogenetic disorders is
especially ditficult, because of challenges posed by the nervous system
that are not present in other organ systems. Neurons, for example, are
non~dividing cells, imaking it harder to 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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brain. Nevertheless, a number of promising new strategies are on the
horizon: viral vectors may allow gene delivery to the nervous system,

Recent research (n chil-

ducti ¢ ically al dcell i - off or brai dren has revolutionized
production of geunetically altered cell lines may ofter means for brain knowledge about cagi-

repair by autologous brain cell transplantation, bone marrow trans- tve. behaviaral and psy-
plants mayv correct sume enzvime defictendies, and osmotic perturba- chologucal developmerit

tions—as well as chemical carriers—mav provide means for waversing
the blood-brain barricr.  Scientists participating in the Human
Genome Project will be identifving the genes for a number of genetic
disorders of the developing nervous sustem, such as Tay-Sachs disease
and Rett syndrome.

Rescarch on the developmental effects of abused drugs is a top priori-
v, involving major methodological issues related to studying the etfects
of prenatal drug exposure. Rescarch in this area includes developing
animal models for studving the neurobiological and neurobehavioral
ctccts of drug exposure during development, banman clinical studies,
epidemiological studies of behavioral and psvchosacial development,
and treatment and prevention studies. Developmental neurobiology
studies address the neced for precise, systematic information on the
existence, persistence and functional significance of brain effects due
to perinatal exposure to drugs ot abuse.

In developmental psychobiology, future questions will focus on the
general issue of when and how relationships between the brain and
behavior develop, especially the timing of human acquisition of the
capacities 1o know and become aware, to fearn and remember, and to
communicate through speech, language. reading and writing.
Behavioral scientists have begun to employ new technologies to charace-
terize clectrophysiological events associated with the development of
cognition (eventrelated potentials, PET scans and BEAM) in voung
inlants. Classical conditioning techniques involving the eveblink reflex
are being studied not only in animal models hut even in human babies
10 gain an understanding of the role plaved by the hippocampus in
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information processing associated with memory development,
Comparauve studies are under way using primate models to help gain
an understanding of the evolution and development of language learn-
ing. Studies using animal models are now providing the first informa-
tion concerning the capacity of developing fetuses to learn. Studics
using animal models are now providing the first information concern-
ing the capacity of developing fetuses to learn in utero. Such experi-
mental work will supplement a growing body of informatian—collect-
ed via ultrasonography-—on behavioral patterns typical of the
developing human fetus. Studies of adolescents are nnder wav to
determine how lateralization of brain function develops and comes 10
subsume different tvpes of intellectual capacity—such as mathematical
and verbal abilities—in hoys and girls,

Non-human primate models will be emploved to study genetic and
cnvironmental effects on the expression of individual differences in
response to mild environmental exposure and siress throughout devel-
opment. Such differences are monitored in a variety of systems reflect-
ing muhiple levels of analysis, including measures of hypothalamic-
pituitarv-adrenal activity, psvchaphysiological reactivity, levels of
monoamines and their metabolites in the cerebrospinal fluid, and
complex behavioral repertoires,

An understanding of matermal/ fetal interactions and early childhood
development will be critical to identifyving what causes developmental
delay, how envitonmental agents aflect low birth weight imfants, and
how pediatric AIDS and maternal substance abuse aftect the neuro-
behavioral development of the child. As science becomes mote sophis-

tcated, muludisciplinary studies will be necessary for identifving the
complex ctiologies of such developmental disorders as spina bifida
and hvdracephaly, mental retardation, and leaming disabilities such

as dyslexia.

Results from the planned rescarch outined above will shed light on
the causes of developmental disorders of the nervous system and

provide the basis for designing appropriate prevention and interven-
. tion strategies.
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Learning and Memory

Perhaps the most critical function of the nervous system is to learn and
retain information. This area of research concerns the study of intelli-
gent systems that see, hear, understand and produce speech, reniem-

ber, solve problems, make decisions, prove theorems, and design inno-
vative products. It is an inherently interdisciplinary activity, embracing
cognitive psychology. linguistics and artificial intelligence, but increas-
ingly involving neuroscience, engineering, other behavioral sciences

and social sciences as well. This rapidly maturing scientific effort is dis- S
tinguished by its use of rigorous mathematical and computersimula- S
tion models to characterize the properties of intelligent behaviors, 3
both biological and artificial. S

The appeal of research on learning is first and foremost the promise of
understanding the workings of the human intellect, one of the most
ancient and recalcitrant puzzles known. The extent to which human
intelligence is similar to and different from artificially intelligent sys-

terns has been a recurring scientific question since the invention of the
first crude computers. But there is important economic potential in
these studies as well. Useful, largescale computer models and engi-
neering devices that exhibit intelligent behavior continue to be tanta-
lizingly out of reach. The nation needs to realize the potential eco-
nomic gains inherent in the commercially viable, artificially intelligent
computer systems that result from this rescarch. In this regard, funda-
mental brain research directed toward understanding learning and
memory will provide important information for medical, behavioral
and technological applications.

® Accomplishments

Concepts of how neurons function in learning have changed in recent .
years. Modern research is close to thovoughly understanding some
fundamental features of the molecular basis of memory, learning and
the “plasticity” of behavior. Investigators are achieving insights into
how simple nerve systems adapt and how neurons that form local cir-
cuits proliferate. Scientists now know that long-term memory involves
actual strurtural changes in the brain, and that short-term and long-
term memory involve different areas and processes in the brain. One
line of research involves the search for the substances that chznge in
concentration or distribution in the course of learning. These sub-
stances include various neurotransmitters, “second messengers,” ion
channcels and receptors, One group of molecules in the brain—known
as excitatory amino acid receptors—are used by nerve cells to commu-
nicate in diverse brain fnctions such as memory, tearning and cogri-
tion. The malfunciion of these receptors may lead to learing, mem-
orv and other nearofogical 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 o-der to provide optimum stimilation
and developmeny, 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 developiment.
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. AtY and 10
vears of age these children showed several functional deficiencies in
speech and langnage tests when compared with a group of age-
matched controls.

Several areas of rescarch 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 varv according to the type of reading disability they have. This anal-
vsis also enables objective discrimination between normal and learn-
ing-disabled children. Because learning disabilities result from brain
dvsfuncuon, 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
neurochemistn and attentional deficits in learning disabilities. These
studies are revealing the biological basis of fundamental brain dysfunc-
tion, and should provide the opportunity for wmore effective therapies.
A new frontier in the field of lcarning 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 ditferences between the two groups
suggest that language- or reading-impaired individuals have an inability
10 use, or inefliciently use, those areas in the left temporal lobe that
most people use to process speech and language. To compensate, cor-
responding regions in the right hemisphere temporal lobe are
engaged inspeech processing, albeit with less efficiency. Scientists are
currently analvzing other arcis of the brain that mav be used for
speech processing,.

Significant research is directed toward understanding the fundamental
information-processing characteristics of humans, the nawre ol
acquired skill and knowledge, the processes of learning such skills, and
the instructional strategies to foster such learning. Foun specific goals
are: 1) to define hunuan “cognitive architectures,” i.e., the information
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coding system, the ncural processes that operate on that information,
and the mechanisms that control those processes to accomplish learn-
ing: 2) to 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) to provide a theory of instruction that specifies
how 6 deliberately fuster 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. Optimmai tcaching strategies can be
achieved only if we understand how to optimize condittons 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 abilitv. general reasoning and mechani-
calreasoning. Neural evidence can be used to answer questions abont
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 « better description of fundamental capacities of
humans to process information.

m 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 cogmition is being encouraged in arcas ranging from
wathematical schiemes dealing with simple organisins to clinical studies
of patients with neurological disorders. Some of the investigations
emvisioned conld include the following:

Investigation of the locations of learning and memon functions
through the use ot brain scanning devices.

Reseach on non-human primates engaged in language-relevant
communication, induding the use of numbers, and in repetitive,
event-related activities.

Interdisciplinary approaches that hring together scientists to
investigate fundamental issues in learing and memory,
ranging from the genetic and molecular to the behavioral.

Comprehensive analysis of gender differences in the effects of neu-
rological injuries upon standardized cognitive mcasures, with atten-
tion to comparing paticnts with differing locations of injuiy, right- o1
left-handediiess, ete.
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Theories of cogmition
nased upon developmen-
tal research have stimutat-
2d the ysa of more powes-
{ul methods for teaching
children and have led to a
more profound yngas-
standirg of Ihe processes
that uraerlie thinking

Learning and memory have long been suspected of being especi:{llly
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, Humnan research will be
complemented by animal research to better define the sites in the
nervous system vulnerable to attack by neurotoxic chemizals 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.

It is difficult to make sweeping generalizations about how a nutntonal
deficiency will affect any one individual because cognitive develop-

ment is dependent on genetic as
well as environmental factors, and
hecause the relationship of the indi-
vidual to the environment is interac-
tive. Studying populations that
experience similar deficiencies,
however, may give us clues as 1o
how the brain reacts to adverse
nutritional conditions.

The etfects ot 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. Once planned study will
investigate whether the amygdala
contributes to the establishment of an increased state of arousal in the
presence of stimuli. The results should vield new and important infor-
mation concerning the brain circuits that contribute to the processing
of sensary information and the most optimal conditions for kearing,

[tis 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 occurvence of two or more stimulus cle-
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 presence of stress hor-
mones affects the normal function of the hippocampus.

As discussed in detail in Drugs and the Brais. fAddiction, the brain is a
major target for the actions of alcohol and other drugs of abuse. The
alterations in brain learning and memory functions dne to aleo' ol and
other drugs of abuse are ann important tocus for research. Studies of
learning and memory can add to our understanding of drug abuse by
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clarifying 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 10 evaluate potential residual effects.
Residual effects may occur during drag withdrawzl, or might be long-
lasting vr irreversible changes of drug-induced neurotoxicity. Opiate-
like substances which are naturally occurring in the human nenous
svstem modulate learning and memory, and studies of these effects
niay improve our understanding of opiate addiction and the phvsiolog-
ical role of these substances related o cognition. During the Decade
of the Brain, research 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 memoy proc-
esses will be examined.

In neurolinguistics and neurobiology a number of advances can be
expected. Scienusts hiope for an improved understanding of the
regions of the brain implicated in developmental dvslexia, attention
deficit disorder, language or reading impairment, autisni and
other diagnostic categories that have some relationship to learning
disabilities.

Despite the research advances of the Tast 20 vears and the increased
availability of services, a majority of hearing-impaired children still fail
to achieve functional literacy. Severe to profound deafness in carly
childliood 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 o profound deafoess is
being encouraged.

Additional planned research includes studies of how the expression of
cestain genes may be affected by neuronal activity during learning. Of
particular interest are genes related to the elemerns responsible for
communication between neurons (svnapses). Construction of specific
ucuronal circuits may be possible with further development of nerve
cell culture techniques. Modern techniques miay enable the study of
the connections, coding capabilitics and development of complex,
functioning assemblies of neurons. In particular, it should be possible
to test how such complex, but well defined. nerve svstems 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
weat ser erel nenrological and learning disorders.
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Although more people today survive injuries and illnesses of the brain
and nervous system, there are signiticant 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 afforduable systems of rehabilitation, adaptable hous-
g, assistive devices and programs (o serve the needs of people with
disabilitics. 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. Intants and children born with sensorimotor
deficits have difterent handicaps froin those who lose functions later in
life, and therefore their rehabilitation needs are difterent.

® Accomplishments

Brain and Spinal Cord Injury. Traumatic brain injurvis the leading
canse of disability in childien and young adults, affecting 100,000 w0
600,000 people annually. Every 7 mimutes someone becomes perma-
nenthy disabled as a result of a head inpury. Incaddition, each year
1,000 to 12,000 Americans are disabled by trauma to the spinal cord.
The cost of care and services for patients with travimatic brain injury
alone approaches 825 billion per vear. A major advance in research on
injurics to the central nervous svstem is the discovery that there is a
period of time immediately after the injury during which nceurons sur-
rounding the lesion are sick, but stlf alive. Intensive etlortas being
divected toward discovering the bestapproaches for sahvaging those
vulnerable newrons, Scentists now have substantial evidence thaeif
the patient’s brain or spinal cord is treated within 8 hours of injuy,
permanent damage can be prevented.

Prostheses. Fedetalh conducted and supported vescarcl and develop-
ment have procduced internationally accaimed accomplishiments in
comprehensive rehabilitation. The development of artificial limbs is
one arca of noted accomplishment. The foundations laid during the
period alter World War 11 have made Amencan<leveloped techniques
for casting, fitting and aligning artiticial limbs the standard, not only in
this caumtry, but throughout most of the world, More recent relabili-
tation rescarch has led to such accomplishments as an improved artifi-
cial knee,anvoelectiic elbow and interchangeable electric hook and
hand. and the hividaulic ankle. Prostheses need to be developed for

the special needs of the growing child, Currently, rescarchers are

studving the use of tohotics to assist those with spinal cord injunes.
Rescarchers are developing a robotic arm that responds to voice com-
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nrands, permitting a paralyzed individual to engage in such activities of
daily living as personal grooming, brushing teeth, washing and eating, .

Pioncering efforts and accomplishments are emerging from neural pros-
theses programs. A neural prosthesis is a rehabilitauve device which
interfaces directly with the nervous systen to replace or extend func-
tion in neurologically disabled individuals. Research includes studies
in stimulation of the human nervous system, neural transplantation

— -] and implantable microstimulators [or muscle stimulation. Other

' ettorts focus on developing auditory prostheses for the deaf, bladder
control prostheses for spinal cord injury victims, neuremuscular 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 vear with spina bifida. the major canse of mobility impairment in
voung children.

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

Doy The first electrical recordings from the human brain using microelee-
trades 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 o
control prosthetic muscle stimulators in paralvzed individuals. A new

clecrrode implanted through the skin and designed for stimulation of
paralyzed imuscle has been studied. Eightv percent of these electrodes
remain functional after vear of implantation. A quadriplegic individ-
ual who received the first implanted neuromuscutar stimulation svstem
has had the implant a total ot 3 vears and has had no significant com-

plications.

Ihere isa great need o determine the most effective techniques for
temediating the newrobehavioral effects of tranmatic brain injury.

Hearing. Scnsorineural (nerve) and mixed conductive hearing loss are
- currently treated with hearing aids. Al of these aids huve inherent

problems, some of which should be alleviated by implantable hearing
aids that are capable of directlv driving the middle ear 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 inspeech perception,

The precursors of regenerated sensory cells mav be the key wo the self-
healing of the ear’s sensory tissue, just as the cells that produce new
skin are the key to wound healing. The precursors of animal sensory
cells have been identified and are the focus of intense investigations 1o
evaluate the molecular mechanisins, as well as treatments that mav be
used to tngger and to control the healing process.

Vision. Rescarch on low-visim impairents is aimed at enhancing
remauning vision, evaluating new and existing optical aids, developing
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video magnification or image-enhancement systems, and discovering
other ways to improve visual capabilities and performance. Researchers
are also studyving whether ditterent combinations of color contrast and
luminance enhance or diminish visual performance. Others are
designing a prototype “intelligent” magnificr on a computer that will
have a high-resolution scanner to locate an image and adjust its nagni-
fication. A small, portable reading aid that carries an image via optical
fibers from the printed page to a hand-held microscope eyepiece
enlarges the image and provides a large field of vision and good resolu-

ton of individual letters.

Restitution of Function. Scientists have explored a variew 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 repaiv of injured nerves. [t is likely that in
sotne instances both approaches are effective and the implant itsell
may stimulate nerve regrowth.

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

It is particularly important to study and understand how the brain reor-
ganizes itsell during rehabilitation after injuries to one or both hemi-
spheres. There is also a great need to design patient-specific strategies
tor 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 injory reveals that the
brain is functionally more dynamic than was previously believed.
Neurons nay be recruited from active areas of the brain to perfornin
alternate tunctions. Recent research on injuny and regenceration in the
nervons system has led o optimism that injored nearons cen survive
and that regrowth is possible. However, basic questions still need to be
answered. For example, itis not known when neuronal cell death is
complete. how long the injured axons can sustain regeneration,
whether support cells retain their normal characteristics, and if blood
supply returns to nosmal adter ingury. This work has irmportant imphi-
cations in the restitution of function of patients with motor deficits lel-
lowing a stroke or other type ol brain injury. (See Brain and Spinal Cord
Damage.)

Investigators are examining the efleats of electrical ficlds on recoven
of function after acute contusion injuries of the spinal cord. Nerve

grewth and nenrotrophic factors represent another possible avenue to '2"
regrowth and regeneration, and the discovery of such tactors in recent g
vears has generated considerable interest. =
Addiction. Advances have been made in research on vehabilitation for i
those with addictive disorders. Scientists luwve developed medications -_-

N
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Measuring the lectrical
actwity of muscies near
the temples. which can
tighten during anxiety. 1S
a st step toward
biofeedback therapy
aimed 2t relieving tension
n patients with post-trau-
matic stress disorder

that reduce the craving for nicotine, block the effects of heroin, and
reduce withdrawal effects from drug dependence. (See Drugs and the
Brain/Addiction.)

Imaging Technology. Investigators are conducting a number of inno-
vative research projects on new imaging technology that may assist in
the rehabilitation of nervous system damage. One example of this is
the use of MRI in patients with head injuries. Brain lesions that would
have gone undetected are now being found using MRI, resulting in a
need for rehabilitation in patients who otherwise would not receive
such care. lmprovements in the speed of MRI scanning and in comput-
cr software that detects and draws portions of the brain are providing a
new level of refinement 1o the study of brain volume, 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
beenned to develop new approaches for clinical management.
Studies using PET are also beginning to detect differential brain
metabolism in children and adults with attention deficit disorders. 1n
addition, PE'T technology has provided a means of analvzing brain
metabolist in children and adults with dyslexia.

Farly detection of metabolic differences in children with attention

deficit disorder and/or learning disabilities inay permit differential
treatment inte~ventions. The information gained {romn such studies
can aid in the design of spedifically tailored programs that will maxi-
mize remaining functional capability of the nervous system.




8 Future Plans and Potential Benefits

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

The study of factors that promote the survival and growth of
ncurons, and the study of supportive nervous tissue and its
interaction with neurons.

Identification of the gencs that control the growth state of

neurons,

Investigation of how severed or damaged neurons reconnect

with tai get cells.

Refinement of long-lived electrodes for use in nearal pros-
theses that can sately stimudate the nervous system.

Investigation of the insertion of cultured neurons, grown on
an clectrode probe. into the central nervous svstem.

Development of sinple, quick and costeffective tests to assess
tie speciftic visual components of various tasks, in order to

provide a comprehensive picture of a patient’s visuat

capacities.

Determination of the features of an object that are required
for its recognition 10 assist computational vision researchers

in developing low=vision aids.

Support for new lowsvision aids to assist with drop-oft detec-
tion, ¢.g.. cwhs, ramps and sirs: image processing: route

finding: and wext navigation.

Implantation of tissues, cells and cellular products into the central
nervous systetn continues to ofter promise for rehabilitation after
spinal cord injury. Components of the nervous swstem and of placental
tissne appear to foster the growth of nerve fibers. One possible new
area of potential treatment for central nervous system trawma is the use

of nervous tissue from fetal animals to replace damaged arcas of the
adult brain or spinal cord. Work is needed to understand the intevac-
tons hetween the host nervous system and the implanted tissue, to
examine the long-term survival and growth of the implant-. and to
assess the potential of the gralfts to restore lost function. Studlies on
neural tissue growth atter implantation into brain and spinal cord are
continuing, as are studies of the effect of growth factors on regenera-
tion and repait. Efforts will be made to prolong the survival of cell

gralts.

The results of research using animal models 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 nenrophysiology of drug addiction and alcohol
dependency, and to identify the rehabilitative ettorts that may address

! fenusiog urewiy By,
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the needs of patients with addictive disorders. Essential to the rehabili-
tation of the patient addicted to alcohol or other drugs is the develop-
ment of pharmacological agents that directly interfere with drug-
taking behavior,

Great uncertaintics exist in our understanding of how the nervous
system compensates for exposure to environmentat chemicals.
Researcliis needed to better understand how conditions of exposure

affect the rate and extent of functional cor..pensation, the cellular and
molecular mechanisms involved, and whether there is residual risk
following compensation.

The underlying processes involved in the recovery of damaged neu-
rons must be understood to develop rational schemes for rehabilita-
tion after injury to the optic nerve network. Related research prob-
lems * :clude the reduction of cell damage, the stmulation of
appropriate nerve growth, and the promotion of sclective conncections
between nerve cells. Factors outside the neuron may determine the
success or failure of nerve regeueration. Studyv of these complex cellu-
lar teractions reguires multidisciplinary we <.

For some speech-impaired individuals, the ability to communicate oral-
v will never be a possibility, and augmentative or alternative cotrmmuni-
cation systems must be used to provide these individuals with a viable
means of communication. Although much progress has been made in
the application ol angmentative communication, a number of critical
issues remain 10 be addressed.

Neural prostheses implanted in various auditory centers of the central
nervous system may help patients who have extensive nerve damage
and are not candidates for cochlear implants. Development and assess-
ment of cachlear and neural prostheses need to be continued. These
cfforts should include studies of enhanced signal processing tech-
niques for application to neural prostheses, as well as to hearing aids
that can henelit o 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
wse of the devices. Research on secondary complications of using an
assistive device is needed to prevent additional physical impairn: nts
and subsequent disabling conditions,

The restoration of functional capacities throngh pharmacotogical
intervention mayv be significamly influenced by the developmental
stage of the individuals in treatment. It is essential to select pharmaco-
logical intersentions that are age-specilic and duration-sensitive.
Effective drug dosc. site of drug action, mechanism of drug action and
side effects of drugs may differ among infants, children, adolescents
and adults who have cenmral nervous svstem disorders. Future research
will tocus on developing maximally effective drug therapy tor different
neurological impairments at different ages.
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The braim regulates the funcion of every organ svstem in the body,

censuring that the internal environment which siurounds cach cefl in
cverv argan iy utaintained at constant and optimal conditions. To
effedi ihis level of control, the brain constantly processes information
necessary to make appropriate adjustments in the activity of each svs-
tem, Part of thatinformation is derived trom the changes that nught
accur itr the internal environment, and part is received from the exter-
nal envitonment. The sensory svstems gather informaton tfrom the
external enviromment. and this information is then processed at either
the conscious or subeonscious level. The environment can also be the
source of additonal inputs that may attect the internal environment,
These external environmental factors can be physical (¢.g., noise, light,
radiation, temperature}, chemical (e.g., toxins, drugs, solvents, pesti-
cides), biological (e.g., HIV-1), or psvehological (stress), These envi-
ronmental factors, therefore, can alter the function and activity of dif=
ferent organs, including the brain,

m Accomplishments

During the last decade stgnificant progress has been made in under-
standing how environmental factors cause nervous svstem dysfunction,
Through both animal and hunan sidies, scientists are uncovering the
basic mechanisis underhving neurotoxic events, and this new under-
standing has improved the ability 1o predict relationships between
expostire and neurotoxic responses. For example, research has led to a
greater understanding of the mechanisms of cognitive dvsfunction pro-
duced by mercury and lead and the neurological deficits produced by
organophosphate insecticides. The mechanisms involved in some
chemically induced axondl newropathies have also been elucidared.
Recently, seientists discovered the mechanisim of cognitive dysfunction
produced by injection ol domoic acid, an excitatory amino acid.

Recent studios suggest that dictary levels of mineral elements (boron,
copper, zine, iron and manganese) can influence both cognitive and
pstchomotor function. For example, mood states have been found to
be related w dietary constnption and biood concentrations of alu-
minum. calcium. copper, iron, magnesium and zinc in healthy adulg
womcit. Tron deficiency exacerbates the toxie effects of lead.
Nutrition studies of trace elements have revealed «relationship
between trace elements and changes in sleep patterns. Relationships
also have been abserved between brain elecuical activiny (EEG) and
dietary copper, setum iton and ferriting zing balance and thyroid fune-
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The Natianal Institute of
Environmental Health
Sciences supports and
conaucts fesearch 1o

LRcover how external tac-

tors such as stress and
enviconmental 1oxins can
disrupt nervous system
function and, in turn. that
of other body Systems

tion in healthy adult men and women participating in long-term stud-
ies. [t appears 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 tactor 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
davlight hours during the winter months. Seasonal affective disorder
can he effectively treated by exposure to bright light at the appropriate
time of day. Recently, investigators have shown that light is a verv
important environmental tactor 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 iclated to shift-
work.

Envirommental factors can dircetly or
indirectly atfect 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 systen can recov-
er fully after a short-lived, carly nutri-
tional insult. Research with children revealed a correlation hetween a
long-term nutritonally deficient diet and lower IQ) scores. Years after
the nutritional deficiencey, several residual deficits in atfected children
were observed.

Investigators have demonstrated that a number of chemicals, including
drugs of abuse, polvchlorinated biphenyls, methvlmercury 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 pertorm-
ance deficits and decreased 1Q).

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

Rescareh has provided several developmental and adult neurotoxicity
testing methods to evaluate a wide range of behavioral, neurochemnical
and neuroanatomical endpoints associated with environmental factors.
In addition, scientists also have developed i hattery of neurological
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and hehavioral tests and used them 1o assess the porential nenrotoxici-
v produced by a number of chemicals, including toxic air pollutants,
contaminants of drinking water, pesticides, metals and solvents. In
some instances, basic hiomedical research has resulted ina clear
understunding of the progression of disease trom the malecular lesion
to the clinical newvotoxic disorder,

& Future Plans and Potential Benefits

Evidence accumulated in recentyvears strongly suggests that an interac-
tion between environmental factors and neurval stractures such as the

brain may precipitate a series of events leading o the development of

human neurological disorders. The use of modern molecular and cel-
lukar biolagical approaches will Eelp investigators develop new meth-
ods for evaluating the actons ol meuro-

toxic agents. These techniques niay

also lead o the development of new

approaches to prevent, diagnose and

reat the resulting neutal disorders,

Future research will emphasize sudies

an the basie cellular and molecular

mechanisms underlving nearal com-

munication, neuroendaocrine regula-

tion and signal ransdnction in arder

1o provide a basis {for understanding

how meurotoxic igents can canse spe-

cifie neurological disorders, and affect cognitive, behavioral or
repraductive functions. Development of a mechanistic understanding
of nearotoxiciny will facilitate the discovens of biologic markers of
cxposure to toxednts, as well as markers of carly, subclinical neurotox-
ic etfects. Integrated information gained from these sindies can pro-
vide important clues for the deselopiment of appropriate diagnostic
and therapeutic strategies to prevent or treat environmentally related
disorders.

In the tutare, weientistvabso will analvze on vitio test methods designed
to adentiby mechanisims of action of nenrotoxicants at the cellular level,
and determine how effectively these svstems predict chronic effeets

in whole animals and humans, The development of adequaie i v
test sustems will also provide an impottant and valuable alternative

o in vrwa testing to evalugdte neurotoxicity of compounds that mav

not induce clunges measuriable by more conventonal, whole-animal
techniques.

Future studies also will collect more data on the extent to which neuro-
logic discases and psvchiatric disorders are the result of exposure to
toxic environmental agents. Clinical evaluation of neurotoxic ilhness
and epidennologic surveiilance of populations at hugh risk for nenro-
toxicity have been inadequate. Existing sunveillance systems will be
modified to provide better data on neuralogic and psychirie disor-
ders tikely to be of environmental origin. Physicians and other health
care providers shoulkd be made more aware of the prevalence of sus-
pected environmentalls and occupationally caused neurotoxicity.

Aided by modern compul-

er graphics, this scientist
at the Envirenmental
Protection Agency ana-
lyzes a orain wave pallern
{rom a patient who under
went visua! stimulation
By measuring specific
characteristics of such
brain waves scientists
can identity normal ana
impaired tunction in the
bran’s visual centers
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An important aspect in future research will be the identification of
exposed populations and the evaluation of those bearing an unusual
susceptibility to environmental factors, For instance, it is generally
believed that children are more susceptible than adults to some ncuro-
toxicants and that early exposure may accelervate the aging process. In
addition, older populations are believed 1o be at greater risk than the
voung. Future research will focus on the possibility that long-term,
low-level exposures to environmental factors can result in newrodegen-
crative disease following a long lateney after the initial insult.

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

Studies with children have underscored the importance of tving to
link carly nuprition with Later outcome. Bedause cognitive develop-
ment is dependent on genetic as well as environtental factors and
because the relationship of the host to the environment is an interac-
1ive one, it s difficndt to dvaw conclusions about how a nutritionat
insult will affect any one individual. Comparative studies of differing
populations having simitar nuoritional insulis will give chies about how
the brain reacts to such adverse conditions,

International cooperative research includes studies of hunums whao
have been exposed to radiation. Recent findings in these studies
indicate that exposure o radiation may aftect the normal migration
of neurons during fetal development. Future research may contribute
to an understanding of the mechanisms of nenral migration and

the effects of environmental agents such as radiation on these
mechatisms,

The expected benefits of further vescarch with aninal models, particn-
farlv non-human primates such as rhesus monkevs, derive in Large part
trom the striking similarities in biobehavioral responses (o stress
between rhestus monkevs and human infants and children, Some dis:
plav extreme biobehavioral responses to mild environmental stressors
and appear to be at substantial risk for developing a variety of behayv-
ioval and health problems later in life. Additional insights from the
use of a non-human primate model come from the opportunity to
study genetic-environmental intevactions directly as thev shape devel
opmental tajectories, as well as to examine possible interactions and
feedback loops among a variety of behavioral and physiological svstems
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 exposire is at least partially responsible for
more than 35 percent of the 28 million cases of hearing loss in this
countn—hearing loss which could be completely prevented.
Molecular biologists have secenth found evidende that heatshock pro-
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teins formed in the
inner ear in response
to moderate fevels of
sound may provide
SOmME protection
against noise. Indeed,
preliminary evidence
suggests that the car
mav be "conditioned™
to withstand the cffects
of loud noise with litde
permanent eftect on
hearing. Thus, another
factor in individual sus-
ceptibility to noise mav
be the ability to form
and retain heasshock proteins in the inner ear. A major goal should
be o increase awareness in the public about the hazards of noise anc
protect people’s hearing trom noise-induced impairment.

Future rescarch will emphasize the use of newh discovered echnolo-
gies to study environmmental influences on brain function, Using trans
gente aninal models, scientists have been able to obtain neuronal cell
lines that maintain the characieristics ol normal neurons. These eell
lines will be used 1o evaluate how enviconmental toxins and other fac-
tors affect the function of key neuronal svstems at the cellular and
molceceutar level, Computer-hased image analysis will be used o study
the developnient of the soructural complexits of neurons as thev are
affected by environmental factors, including chemicals, physical factors
and biological agents such as HIV-1 and its proteins, [eis anncipated
that this research will provide insight into mechanisis of svnaptic
transmission, imput cffects on crcuit development, and identification
of those molecules that promote or retard newonal integrity.

Recent rescarel has suggested that some progressive nenrodegencera-
tive disorders mav be related to long-tenm exposure to environmental
factors. For example, the exposure 1o pesticides s been associated
with Parkinson’s disease, while alnminum has been implicated in the
ctiology of Alzheimer’s disease. Althongh the involvement of environ-
mental factors in these nenrodegenerative disorders has not been deti-
nitely established, itis elear that exposure to some chemicals can result
in a neurological ssndrome similar to maturally ocourring neurodegen-
erative disease. There is also evidence linking diet 1o neurodegencera-
tive disorders. Futwre studies will be needed 1o elucidate the relation-
shiip between the chronic exposure 1o common environmental factors
and nemological disease,

Research in the futire will focus on reducing the uncertitinty assoctat-
cd with predicting human healts risk from experimental animal data.
There is a need to develop and use tests based on chemical mecha-
nisms of action and structure-activity relationships to dentity and char-
acterize potential nevrotoxicants. In addition, a need exists to develop
risk assessments for new environmental agents, such as those derived
through biotechnology.,

« An invesligalor prepares
brain tissue for sectioning
and mounting on micro-
scope stides New stain-
ing lechnigues have
inCreaseq our unoerstany-
ing of how brain tissue 15
damaged by toxic com-
pounds and disease
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For Further Information on
Agency Programs, Contact:

m Office of Science and
Technology Policy

Federal Coordinating Coundil for
Scienee, Engineering, and
Technolog

OfTice of Science and
Technology Policy

Washington, DC 20506

Phone: 20123955101

m Office of the Assistant Secretary
for Health

OfMce of the Assistant Secretan tor
Health

Department of Health and
Human Services

200 Independence Wwe, SW.
Rm. 7406,

Washington, DC 20201

Phone. 2022456301

8 Office of Management and Budget

Health and Social Services Branch

Division of Human Resources,
Veterans and Labor

Oftlic e of Management and Budget

725 17th S, NW, R, 7002

Washington, DC 20503

Phone  202/395-4926

8 Agency for Internationat
Developmrmnt

Division of Applied Research

Olfice of Health

Agenay lor International
Development

1601 N, Kent St Rm. 720

Rosshon, VA 22200

Phone: 703/875-4705

8 Centers for Disease Control
Livision of Injury Control
Center for Environmental Health
and Injurv Control
Centers for Distase Control
CEHIC:DIC (36)
1600 Cldton Rd., N
Adanta, GA 30324
Phone: 404 /488-4696
404 /639-0906

® Department of Agriculture
Human Nutrition
Agricultural Research Senvice
Nattonal Program Stafl
Depariment of Agriculiure
Bldyg. 005, BARC WEST
Beltsville, MD 20705

Phone: 301/344-3216

® Department of Commerce

Ottice of Technology
Commetcialization

Department of Commeree

1 1th and Constitution Aves,, NW,
Rimn. 4414

Washington. DC 20230

Phone: 2027577-8100)

®m Devartment of Defense
Life Sciences

Oftice of Naval Research
Department of the Nawy
Department of Defense
BOU M. Quiney St
Arlingron, VA 22217-5000
Phone: 70376964501
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N Department of Education

Duvision of Medical Sciences

National Institute on Disability and
Rehabilivation Research

Department of Educaton

400 Marvland Ave., SW, Rm. 3431

Washington, D, 20202-2525

Phone: 202/732-1194

B Department of Energy

Health Effects Research Division

Office tor Health and
Environmental Resedarch

Oftlice of Energy Rescarch

Department of Energy

19901 Germantown Rd.

FR 72, Rm. E-220

Germantown, MD 20874

Phone: 5i11/353-4507

B Department of State

Science and Technology AHairs
Deparunent of State

21stand C Sts., NW, R, 7825
Washingron, DC 20520

Phone: 202/647- 3004

8 Department of Veterans Affairs

Research and Development (142.°1)

Veterans Health Services and
Rescarch Administration

Department of Veterans Aflairs

810 Vermont Ave., NW

Washington, DC 20420

Phone: 202/233-2616

@8 Environmental Protection Agency
Health Eftects Research Laboratory
Environmental Prowection Agency
Mail Code MD-51

Rescarch Triangle Park, NC 27711
Phone: 919/541.2251

@ Fogarty International Center
Fogartv International Center
National Institutes of Health
Bldg. 31, Rm. B2(34
Bethesda, MDD 20892

Phone. 301 /4961415

® National Aeronautics and Space
Administration

Life Sciences Paision

Cade SBM

National Aeronautics and Space
Admmistration Headquarters

600 tndependence Ave., SW,
Rm. 112

Washingtou. DC 20040

Phone: 202/453-1527

@ National Eye Institute
Nationai Eve Institute
National [nstitutes of Tlealth
Bldg. 31, Rm. 6A0H
Bethesda, MD 20892

Phone: 301 /496-4583

® National Institute on Aging
National [nstitute on Aging
National Institwtes of Heatih
Bldg. 31, Rm. 2002
Bethesda, MDY 20892

Phone: 301 7496-02 16

B National Insuinte on Alcohol
Abuse and Alcoholism

Neuroscienes and Behavioral
Research Branch

Division ol Basic Research

National [nstitute on Alcohol Abuse
and Alcoholism

Alcohol, Drug Abuse, and Mental
Health Administration

S600 Fishers Tn., Rin. 16Co0

Rackyille, MY BORAT

Phone: 301/443-4223

301/143-385)

# National Institute of Child Health
and Human Development

Coenter for Rescarch for Mothers
and Children

Nation:ad Institute ot Child Health

and Human Development

National [nstitutes of Health
EPN Bldg., Rm. 643
Rockville, MDD 20852
Phone: 301 /4965097




m National Institute on Deafness and
Other Communication Disorders

Division of Communication Sciences
and Disorders

National Institute on Deafness and
Other Conumunication Disorders

National Institutes of Tlealth

EPN Bldg., Rm. 700

Bethesda, MD 208492

Phaone: 301 /496- 1804

301 4965062

8 National Institute on Drug Abuse

Office of Policy and External Affairs

Navonal Institute on Drug Abuse

Alcohol, Drug Abuse, and Mental
Health Administration

5600 Fishers Tn,, R FOARI

Rockyville, MDD 20857

Phone: 301/343-1887

8 Natonal Institute of
Environmental Health Sciences

Division of Intramural Rescarch

National Institute of Frvironuental
Health Saences

National Institutes of Health

P.O. Box 12233

Rescarch Trimgle Park. NC 27700

Phone: $19/7511-3205

® National Institute of Mental Health

National Instiwute of Mentat Health

Alcohol, Drug Abuse, and Mental
Health Administration

3600 Fishers L., R 1799

Rockville, MD 20857

Phone: 301 /443-36773

m National Institute of Neurological
Disorders and Stroke

Natonal Institute of Neurological
Disorders and Stroke

National Institutes of Health

Bldg. 31, Rm. 8A06

Bethesda, MDD 20892

Phone: 301/496-5924

m National Science Foundation

Division of Behaviordl and Neoral
Sciences

National Science Foundation

IR00 G St., NW, Rin. 320

Washingtan, DC 20550

Phone: 202/357-7040
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While supplics last, single copies of this docu-
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National Institute of Neurological Disorders
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National Institutes of Health
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Bethesda, MD 20892

(301) 496-5924
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AB5 Port Roval Rd.
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