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ANNUAL REPORT

July 1, 1975 through June 30, 1976

National Institute of Neurological and Communicative Disorders and Stroke
National Institutes of Health

Director's Report

Introduction

As the NINCDS commences its second quarter century, it does so

with a new administrative structure and differing demands on its programs.
The administrative reorganization and the continued level ing-off of

budgets are indicators of the end of an era--an era of beginning, of rapid
growth and expansion, and of maturity. In a more poignant way we are
reminded of the ending of an era by the deaths during this past year of
the Institute's first director and architect. Dr. Pearce Bailey, and of
several loyal and long supporters, Drs. Raymond Carhart, Roger Rossiter,
Ludwig von Sallmann, and Wilder Penfield. Each in his own way contributed
much to the NINCDS and each will be sorely missed.

The Institute formally took cognizance of its 25th anniversary in

November 1975 with special meetings of the present National Advisory
Council with many former council members and the present Board of
Scientific Counselors with a number of former counselors. A symposium
followed at which six invited speakers considered future research
prospects: Drs. Francis 0. Schmitt and Dominick Purpura for the neuro-
sciences; Drs. Fred Plum and Arthur Ward for neurology and neurosurgery;
and Drs. Merle Lawrence and Ira Hirsh for the communicative sciences.
At the evening dinner, two of the three former Institute directors,
Drs. Masland and MacNichol, joined us, and the third, Dr. Bailey, sent
us a message. In mid-December the occasion was climaxed by publication
of the 3-volume, 25th anniversary work. The Nervous System , which has
since become a best seller, reaching a wide and appreciative audience.

Administrative

One year after administrative reorganization into program areas,
the new look has not only survived the trials of transition but shaken
down into a reasonably smoothly functioning operation. Geographical
contiguity of all NINCDS extramural units did not become a reality until
February 1976, when the Westwood building group was able to join the
others in the Federal building near the NIH campus. The inevitable
dislocations occasioned by this consolidation have been succeeded by a

remarkably smoothly running operation, a clear tribute to the many
dedicated NINCDS staff members who made it possible. The one major
problem with reorganization has been the difficulty in the recruitment
of the additional key staff members needed to man the various branches
and subprograms. In the FY 1976 appropriation, the Congress provided
32 additional positions, so that the previous impossibly low personnel
ceiling could be raised sufficiently to accommodate vital recruitments.
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However, the continuiny ceiling on Federal civil service salaries, in

the face of sharply rising salaries elsewhere, has made such recruitments
virtually impossible in most cases. The resort to the IPA mechanism may
provide a short-term alternative, but it is hardly a solution to this
most pressing problem. Notable are our failures, so far, to recruit a

director for the Stroke and Central Nervous System Trauma Program or a

chief for the intramural Surgical Neurology Branch. In the latter case,
for example, the gap between $60,000 plus salaries in academia and the
$37,800 ceiling at NIH has frustrated the efforts of our search committee

and staff.

The final component in our reorganization was realized with the
selection of Dr. George Murray, a "graduate" of the NIH executive
development program, to be director of the NINCDS Office of Program
Planning and Evaluation. When staffed and fully operational, this unit
will provide to program directors, other top staff, and our outside
advisors the analyses of past and current operations and the budgetary
and programmatic impacts of future proposals that will be needed to
allocate effectively and optimally the available resources.

After nearly 20 years as NINCDS executive office, Mr. Eckart Wipf
retired at the end of 1975, to be succeeded by Mr. Paul Waugaman, a

former Institute administrative officer and also a product of the NIH
executive development program. The organization of our Intramural
Program has been streamlined by subdividing it into a laboratory research
division of 10 laboratories under Dr. Richard Irwin and a clinical research
division of 7 branches under Dr. Donald Calne.

Three off-campus, intramural operations now exist. One is at the
Marine Biological Laboratories at Woods Hole, Mass., where two of the

three sections of the Laboratory of Biophysics now reside, under
Dr. William Adelman, chief of the laboratory. This move recognized the

special needs in this program that could be provided more efficiently by

full-time work at the marine facility rather than annual treks back and
forth. A special visit in March 1976 to these units by the Board of
Scientific Counselors has assured us of the viability of this arrangement.

The second unit is at the Frederick Cancer Research Center at Fort
Detrick, Maryland, where a significant portion of the primate holdings
and slow-virus transmissability studies of the Laboratory of Central

Nervous System Studies are housed. The present temporary quarters will

soon be vacated for the Institute's newly renovated building 376, due to

be occupied by November 1976. The move should significantly enhance the
resources and research potential of this program.

Finally there is the research facility on Guam, established in 1959
to study in the native Chamorro population the extraordinarily high

incidence and prevalence of amyotrophic lateral sclerosis (ALS) and

Parkinson-dementia, which together account for 10-20 percent of all

deaths in this group on Guam. Active research on immunological factors
and experimental therapies continues. But the big news this year is

the survival of the unit and its patient population during typhoon
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Pamela, which devastated the island for two days with winds in excess of

140 m.p.h. The NINCDS staff and consultants on the island deserve very

special commendation for their spontaneous response to the emergency,

both in safeguarding the research facility and records as well as

ensuring the safety and well-being of nearly 100 patients in the program

scattered over the island.

Conferences and Commissions

During fiscal year 1976, the NINCDS supported wholly or in part a

number of conferences or workshops. In line with Congressional interests,

a workshop on autism was held at NIH in February 1976 at which leading

experts in research and clinical fields met to discuss current concepts

and to recommend future direction for research. A report of the

proceedings is in press. A similar workshop on ALS, supported by non-NIH

sources but with major NINCDS participation, was held in Los Angeles in

November, with a report also in press.

The 10th Princeton Stroke Conference took place in January 1976,

with a particularly provocative program that included sessions on

atherosclerosis, aging factors, and results of epidemiological surveys

in Japan, Hawaii and California. The Japanese study was especially

interesting because it documented relative prevalences of hemorrhagic

and occlusive forms of stroke comparable to that in the American_

population. Moreover, hypertension proved to be the principal risk

factor,. whereas hypercholesterolemia (clearly a factor in myocardial

infarctions in the same population) proved not to be a significant risk

factor for stroke.

At an international conference in Montreal on cerebral edema,

supported by non-NIH sources but with major NINCDS participation, recent

clinical observations by German investigators were striking. They

carried out long-term monitoring of intracranial pressure changes

measured by implanted sensors, which emphasized the importance of baro-

stabilization in brain tumor patients, and they demonstrated the efficacy

of high doses (lOrfold higher than usual) of dexamethasone in head

injury patients. These and other reports indicated a significant assault

on problems of cerebral edema and ischemia, but they also highlighted the

fact that essentially all the clinical research data came from European

investigators. As discussed at the conference, there is real concern

over the constraints imposed on North American research by the human

- experimentation and malpractice problems.

This year marked the start of the Institute's participation in the

World Health Organization program of collaborating centers for research

and training in the neurosciences. The NINCDS is currently one of seven

designated centers, the others being in Montreal, Strasbourg, Marseilles,

Moscow, Mexico City and Ibadan (Nigeria). At a preliminary meeting in

Geneva in January 1976, three NINCDS staff met with other center

representatives and WHO staff to prepare an agenda for the third

consultation on the program held in Montreal in April. In Geneva we

received briefings on WHO from Dr. Mahler, director-general, and
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Dr. Lambo, deputy director-general, and briefings on WHO programs in

cardiovascular disease, malnutrition, and fellowships. Subsequently at

the Montreal consultation the seven center directors developed protocols
for collaborative studies on stroke and on epilepsy and for training
programs. Concurrence was obtained with the plan for NINCDS to be

responsible financially and programmatically for training annually in

the U.S. six to eight fellows nominated by developing countries and
selected by a collaborating-centers review panel. Progress on the other
initiatives taken at the Montreal consultation may be expected during
this year. The designation of additional collaborating centers in Africa,
Asia and South America is planned by WHO, and the director, NINCDS, has

agreed to serve as special consultant to travel to and review for WHO
a number of such potential centers.

After almost two years of desultory negotiations with Soviet
authorities, a three-man delegation from the USSR on spinal cord injuries
arrived here in May 1976. This was partially in response to recommenda-
tions by the NANCDS Council subcommittee on central regeneration to

evaluate Soviet reports of enzyme therapy in the acute stages of cord
injury. Two conferences were held at which the Soviet visitors presented
clinical and experimental data, and visits were arranged to appropriate
U.S. laboratories and centers. The data from the Soviet clinics provided
results that did not differ from those already available in the United
States. Soviet emphasis on very early definitive treatment and agaressive
rehabilitation did not produce outcomes significantly different from
results of "unselected" series in the U.S. However, the experimental
studies on spinal rats treated acutely with local instillations of
hyaluronidase and/or trypsin enzyme preparations clearly seemed to
minimize scarring at the site of cord transection and possibly improved
the extent of motor recovery below the transection. The observations
warrant independent repetition of the same experiments and extension to
other species. One predictable result of the publicity attending the
visit of the Soviet scientists has been a substantial upsurge in public
pressure for more funds for more research on paraplegia and central
regeneration.

Analogous pressures resulted in legislation last summer establishing
commissions for epilepsy and for Huntington's disease. Although the
Institute and NIH moved quickly to charter the two commissions and to
nominate members, delays at higher levels prevented meetings until April
1976 for the epilepsy commission and July 1976 for the Huntington's
disease commission (with one member still to be appointed). Thus, the
programmatic and budgetary impacts of these commissions will not be fully
felt until fiscal year 1978.

The general problem of commissions deserves comment. Two years
after the multiple sclerosis (MS) commission submitted its report, the
Institute has been challenged by the National Multiple Sclerosis Society
directly in a series of meetings and indirectly through Congressional
contacts in terms of the adequacy of its response to the recommendations.
Despite the fact that the Institute had received none of the funding
specifically recommended by the commission, the NINCDS appeared to be
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placed in a position where it would be criticized whether it did nothing

or tried to implement recommendations within available resources at

the expense of other programs. Moreover, the issue surfaced of whether
or not research is directly relevant to MS; despite a consensus that

one could hardly be very specific in a disorder for which no cause, no

specific diagnostic procedures, no preventive measures, and no treatment
exist, and which clearly involves virological, immunological and genetic
factors. These problems are compounded by the pressures created more
recently by the diabetes commission. Obviously careful attention must
be given to the impact on program balance and on limited budgets that
special interest pressures, especially commissions, create. For this

reason, the NANCDS Council agreed at its June 1976 meeting to create
subcommittees to consider the recommendations of the MS and diabetes
commissions and their implementation by the Institute. In addition to

Council members, several ad hoc consultants have been carefully selected
for each subcommittee. Their reports due in January 1977, will form the

basis for the reports requested by the Congress at the time of the

FY 1978 appropriations hearings. We anticipate utilizing a similar
approach for recommendations of the epilepsy and Huntington's disease
commissions.

Extramural Programs

An overview of the entire NINCDS extramural programs for fiscal year
1976 indicates that there were 1735 awards totalling $110.8 million.
Of these 1200 were research grants (79 program project or center grants
and 1121 individual grants) at $90.1 million ($30.2 and $59.9 million,
respectively), plus 124 contracts at $10.8 million, and 416 fellowship
and training awards at $9.9 million. These accomplishments should be

tempered by the realization that there was an 8-month delay after the
beginning of FY 1976 before the appropriation for grants and contracts
became available, and legislative authority for training programs was
not renewed until nearly the end of the regular fiscal year. In the
past five years we have experienced a 45% increase in the number of
grant applications, with a rise in approval rates to 65% of the total,
reflecting mostly the increasing number of resubmissions. During fiscal

year 1976 only about 25% of the competing approved research grant
applications could be funded. The implications of these delays and
constraints for problems of program management should be self-evident.

Some of the developments recorded for each of the five extramural
program areas have been selected for brief mention. In the Stroke and
Central Nervous System Trauma Program , support was provided for 184
grant and contract awards totalling $17.8 million. This included 15
stroke centers, 6 spinal cord injury centers, and 5 head injury centers.
Much of the research continues to focus on the central problems of
ischemia and edema, and the roles of potassium leakage, transmitter
imbalances and astrocytic swelling. New developments in monitoring
regional blood flow, perfusion and metabolism appear promising, some of
which may be exploited in conjunction with proposed comprehensive stroke
programs designed to correlate management in the acute phases with
rehabilitation outcome. In experimentally induced cerebral vasospasm,
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studies by scanning electron microscopy have dramatically demonstrated
the formation of mural thrombi. It remains to be determined whether
these could relate to the symptomatology in transient ischemic attacks
(TIA). A better understanding of the significance of the TIA for
stroke is being sought in a planned, prospective, community study.
Additionally, collaborative studies in India and proposed in Nigeria may
contribute to this question as well as identifying other risk factors
more definitively. The Nigerian study would complement a domestic
study on stroke in black populations. A collaborative study of the
efficacy of superficial temporal-to-middle cerebral artery anastomosis
in TIA is in the planning stage. In cord and head injury patients a

controlled evaluation of steroid therapy is also being planned. A
number of projects relating to central regeneration were funded this
year, in accord with the NANCDS Council subcommittee recommendations.
Regardless of who deserves the credit, it is gratifying to note that
the latest statistics on mortality in the U.S. record significant
decreases for both stroke and trauma. We suspect that much of the
improvement reflects better management during the acute episode, as a

consequence of research supported by NINCDS, other NIH institutes and
the VA.

In the Communicative Disorders Program there were 311 grant and contract
awards, including 16 program project and center grants, for a total of
$19.55 million. Following the phase out of the information network
center at Johns Hopkins last year, there has been a careful evaluation
of National Library of Medicine capabilities. With development of an

appropriate Thesaurus it seems likely that an effective substitute
resource can be developed. Institute staff and consultants contributed
importantly to the deliberations of the federal hearing aid task force,
and an NINCDS-sponsored workshop on visual and tactile aids for the
deaf summarized the current status and future needs in this field.
Increasing attention is being focussed on speech and language areas,
as the whole problem of learning disabilities continues to be of concern.
Progress on a broad front continues in the auditory (cochlear)
prosthesis field--evaluation of previously implanted patients has been

completed and the report is awaited, while development continues of

more versatile stimulators and electrode arrays for experimental
evaluation.

These latter studies are shared with the neural prosthesis projects
in the Fundamental Neurosciences Program . During FY 1976 this program
supported altogether 367 grants and contracts, totalling $20.7 million.
It is our most diversified program aimed at the acquisition of

fundamental new knowledge along a broad front, with little obvious
direct relevance to specific disorders. All program areas support
fundamental research but in this specific program the orientation is

more clearly to basic principles with broad applicability. Only a few
of the many advances can be mentioned. Research on receptors has been
most fruitful, especially the- isolation and purification of cholinergic
(acetylcholine) receptors to permit a variety of important experimental
and clinical studies. Equally intriguing is the identification of
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specific opiate receptors on neurons in certain brain areas together

with the discovery of simple, endogenous pentapeptides with opiate-

like properties elaborated by the receptor neurons. Correlations

have been made between these findings and the phenomena of drug

tolerance, habituation and withdrawal. The observations provide us

with hitherto quite unexpected properties of certain central neurons

and presage not only breakthroughs for the drug-addiction problem but

also new approaches to the whole problem of pain mechanisms. Other

major areas concern the plasticity of the central nervous system--i .e.

,

the ability to delete or modify old connections, develop new connections

and reshape neural networks as part of the process of development,

adaptation, learning and perhaps regeneration--and the importance of

local circuits served by short-axon or axonless neurons interacting

through dendritic networks to modulate central activity. These neurons

have been thought of as comprising a "second" nervous system which is

likely to have profound implications for our understanding of central

processing and integrative functions.

By far the largest of the NINCDS extramural programs is the

Neurological Disorders Program , comprising in FY 1976 a total of 873

grant and contract awards, including 27 program project and center

grants, amounting altogether to $52.7 million. In the field of epilepsy,

two additional comprehensive epilepsy programs were approved and funded--

one at the University of Washington, Seattle, covering the states of

Washington, Alaska, Idaho and part of Montana, and the other at the

Medical College of Georgia, Augusta, covering the state of Georgia. These

bring the total to five, with the other three having exhibited good

progress during their first year. Another new anticonvulsant drug,

clonazepam (Clonopin) was approved for marketing, with special indications

for absences (petit mal ) seizures, and another promising new drug,

dipropyl acetate (Valproate; Depakine), used extensively in Europe for

the past 10. years for generalized seizures, is now under evaluation in

the U.S. by NINCDS grantees and contractors. In addition, the Institute

is engaged with industry in an extensive drug screening program in a_

search for more new anticonvulsants, and has contracted with the National

Bureau of Standards to develop drug reference standards for use in

quality control of clinical blood level analyses. In data drawn from the

collaborative perinatal project, analyses of cases of febrile seizures

in early childhood indicate that seizures persist only in those patients

with demonstrable neurological deficits at the time of the original

febrile seizures. Evaluations of chronic cerebellar stimulation as a

means of seizure control have suggested benefit to some patients, but

more experimental studies are needed in view of findings in several

clinics of significant losses or near absence of Purkinje cells in

cerebellar biopsy samples taken at the time of implanting the cere-

bellar electrodes. The implications of this finding for the stimulation

procedure as well as for epilepsy generally deserve careful evaluation.

In a number of other disease areas there has been encouraging

progress also. For Parkinson's disease, the dopamine agonists, such

as bromocriptine, are proving more effective than L-DOPA, with less

unpleasant side-effects. For Friedreich's ataxia, evidence of an
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enzymatic defect at the key, pyruvate oxidase stage of glucose metabo-

lism, and benefits from a ketogenic-type diet, may signal progress

in understanding this puzzling disorder. For muscular dystrophy a

number of investigators are assessing several apparent membrane
defects as a possible basis for the disease. Myasthenia gravis now

seems clearly to be an autoimmune disease caused by circulating im-

munoglobulin antibodies to the acetylcholine receptor at the neuromus-
cular junction. It is interesting that these studies have demonatrated
that there are pre-synaptic as well as post-synaptic acetylcholine
receptors at the junction, both of which are blocked by the circulating
antibodies. The pre-synaptic receptors may well provide for modulation
of nerve activity. In Huntington's disease, the finding of several
biochemical abnormalities may presage a beginning to our understanding
of the molecular basis for this disease and hopefully may lead to

antenatal screening procedures. Clues for Alzheimer's disease and the

senile dementias are also beginning to emerge. The characteristic
neurofibrillary tangles have been found to comprise the usual tubulin
protein but are misassembled or overproduced, perhaps on the basis of
gene derepression and/or a slow virus effect. The latter possibility
is also suggested by the fact that the typical neuritic or senile
plaques, which contain a core of amyloid, appear identical with
similar plaques specific in the brains of scrapie-infected animals.
Establishment of a link between slow virus infections of the central
nervous system and the senile dementias would be a major breakthrough
for a problem of serious dimensions for a major proportion of our older
citizens.

The neurovirology field in general continues to be very active,
with increasing attention given to defective and latent viruses.
Characterization of the measles virus responsible for subacute
sclerosing panencephalitis (SSPE) and of its RNA is well along. One of
the latent viruses, herpes, has been shown to enter autonomic as well
as sensory ganglia via retrograde axoplasmic transport from genital
infections. The J-C virus, one of the papova group responsible for
progressive multifocal leukodystrophy (PML), is clearly also tumori-
genic for the central nervous system. New techniques developed for
demonstration of latent neurotropic viruses include cell fusion and
co-cultivation of cells in tissue culture, use of DNA inhibitors to
induce viral synthesis, and resort to neonatal animals where suscepti-
bility is enhanced. Some of these studies are directed at ALS, as a

potential slow or latent virus disorder. Studies continue on
characterization of the C-type virus particle found in the Guamanian
brain material (both ALS and controls), and some evidence for
immunological factors in ALS has emerged.

The closely related prob'em of multiple sclerosis (MS) represents
a very active research area. In the experimental allergic encephalitis
(EAE) animal "model", pretreatment of animals with myelin basic protein
aborts the development of EAE, and EAE animals exhibit increased
activity of the enzymes which degrade myelin basic protein. A number
of immunological tests have been reported, including specific
oligoclonal antibodies in CSF, lymphocyte migration tests and the like,
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but all have suffered from imprecision and difficulty of replication.
An earlier report of the isolation of a transmissable factor from MS

brains was confirmed this year, but subsequent studies have been
somewhat equivocal. Evaluation of possible genetic factors in MS has

continued with attention to the histocompatibility antigen profiles in

the sera of matched controls and of MS patients in family "clusters"
and in the MS focus on the Orkney and Shetland Islands, where incidence
and prevalence rates are the highest in the world.

The NINCDS Office of Biometry and Epidemiology (OBE) is responsible
for support of the epidemiological study on MS in the two Scottish
islands. The study there has almost finished, with a major aspect being
the analyses of the histocompatibility antigen profiles. The OBE staff
has initiated under contract several other surveys within the United
States to study the incidence, prevalence and socioeconomic cost factors
for multiple sclerosis, brain tumors, spinal cord and head injuries,
and stroke. These studies are at the feasibility or pilot phases and are
closely monitored by consultants and advisory committees. A fifth survey
for epilepsy is in the planning stage. The use of sophisticated popula-
tion sampling techniques is being pioneered in these disease-oriented
surveys. Other NIH institutes and the National Center for Health
Statistics are watching the NINCDS experiences closely, and our OBE staff
is collaborating with these other units to capitalize on these techniques
for longer-range statistical purposes. These and other studies have been
strengthened by the recruitment of Dr. Bruce Schoenberg, a well trained
neurologist and neuroepidemiologist, to head the epidemiology section in

OBE.

Intramural Program

Research progress in the various intramural laboratories and branches
of the Institute continues to be exceptionally fruitful. Of the total
of $30.9 million allocated by the Institute to direct operations, $19.5
million (or about two- thirds) funded intramural research on 227 research
projects by a staff of nearly 400 permanent and temporary or visiting
personnel. The three newest components, the Laboratory of Neuro-
otolaryngology, the Neuro-immunology Branch, and the Laboratory of
Neuropharmacology are now fully operational, and the EEG Branch has been
reorganized into a Clinical Neurosciences Branch, incorporating the
previous EEG and neurophysiology units plus a section on functional
neurosurgery. This latter arrangement brings together all the intramural
clinical epilepsy research in one unit.

In contrast to the extramural projects which can only be selectively
summarized in the appropriate sections of this annual report, a summary
of each of the 227 intramural project is appended for perusal.
Accordingly only a few highlights are considered here. As an indication
of the extent of clinical research activities, 1310 EEG recordings were
carried out by the Clinical Neurosciences Branch, with two-thirds on
NINCDS patients and the remainder mostly on patients from NIMH and NCI.
A number of these were recorded on the wards or in intensive care units.
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During FY 1976 the Medical Neurology Branch, for example, admitted 317
patients for 7962 patient days, recorded 1135 outpatient visits,
examined 450 muscle biopsies, and provided 490 neurological consultations
to other NIH Clinical Center units. Also during this year the
computerized axial tomography instruments (CT head and body scanners)
were installed and became operational. The NINCDS defrayed part of the
cost of the first head scanner, and purchased a second head scanner for
research use by the staff of the Institute's section on neuroradiology.
As expected these instruments are already overtaxed by the number of
demands for scans from the NIH and from other federal facilities.

For a variety of myopathies, prednisone continues to prove thera-
peutically effective. In myasthenia gravis, its efficacy appears to
correlate with a relatively selective depression of circulating T-

lymphocytes. The combination of azathiaprine, another immunosuppressant
drug, and prednisone has markedly alleviated the calcification of muscle
and skin in some severe cases suffering from the polymyositis/
dermatomyositis disease complex. The use of tissue culture of muscle
cells has provided considerable insight into several myopathies. By

utilizing this approach, acid maltase deficiency is the first to be

established as a primary myopathy, since the biochemical and morphologi-
cal characteristics can be "reincarnated" in culture. Similar observa-
tions have now been made for phosphofructokinase deficiency myopathy.
Also the previously observed recovery of enzyme activity in cultures from
glycogen phosphorylase deficiency myopathy has been reconfirmed.

New methodologies have greatly facilitated research in a variety of
projects. A micromethod has been developed for determining the fluid
content of small tissue samples by obtaining the specific gravity in a

kerosene-bromobenzene liquid column. Thus, the extent of edema can be

evaluated in very localized brain or spinal cord areas. Using this
method, it has been shown for the first time that there is significant
local tissue edema within less than 10 minutes after the onset of
cerebral ischemia. With the use of horseradish peroxidase (HRP) which
is taken up by nerve endings and transported by retrograde axoplasmic
flow to neuronal cell bodies where it can be visualized electronmicros-
copically, it has now been shown that HRP injected intravenously is

taken up from muscle capillaries to enter the central nervous system.

This circumvention of the blood-brain barrier carries significant
implications for the ease of systemic entry of toxins (tetanus) and
viruses (rabies, polio) which are known to be carried into nerve cells
by the retrograde axoplasmic route. A similar HRP technique has alsj
proved useful in mapping the distribution of spinal motor neurons and

interneurons serving specific muscle groups. Such information may be

applicable to the ALS problem. By using freeze-fracture electron-
microscopic techniques specialized tight junctions have been

demonstrated between the apices of hair cells and supporting cells

separating perilymph from endolymph in the cochlea. These junct"'"ons

are more extensive and tighter than any seen in other tissue sites so

far. Presumably they may play a role in mechanoreception and in

mechanisms responsible for the special ionic composition of the

cochlear fluids. Companion studies on key enzymes have demonstrated

10a



carbonic anhydrase to be a major cochlear enzyme, comprising about 1%
of the membrane protein lateral to the endolymphatic space. Other
enzyme data indicate which transmitter agents are or are not likely to
mediate the activity of various cochlear and auditory nerve fibers.

)

Freeze-fracture electronmicroscopic techniques have also been
crucial in elucidating details of synaptic transmission. Institute
scientists have been able to show that at the nerve ending botulinum
toxin produces its paralytic effect by blocking exocytosis of the
synaptic-vesicle content of transmitter, probably by preventing the
entry into nerve terminals of calcium ions necessary for initiating
vesicle exocytosis. In contrast the venom of the brown widow spider
exerts its toxicity by promoting total exocytosis of all vesicles
simultaneously, probably by facilitating the entry of calcium ions.

Experimentally the venom can overcome the effects of the toxin. The
budding of viruses from cells is a closely analogous process, and the
same freeze-fracture electronmicroscopic techniques have been used to

study cells chronically infected with the SSPE measles virus. The in-

vestigators have been able to pinpoint the specific defect in assembly
of the viral membrane preliminary to maturation and budding, thus

accounting presumably for the slow virus infection in SSPE. Other
studies showed that sera from SSPE patients when mixed with complement
caused destruction of brain cells and that sera or CSF from SSPE

patients inhibited the development of cellular immunity to the measles
virus, presumably because of the presence in these fluids of a

"blocking" factor.

Virological research is active along a broad front. Intramural
scientists have documented the transmissability of the Creutzfeldt-Jakob
agent via transplanted tissues (e.g., cornea) and have established that

the agent. survives in tissue samples preserved in formalin for as long

as 8 months. These hazards to transplant recipients, surgeons, patholo-
gists, and the like are being widely publicized. Another high incidence

focus of ALS has been added to those on Guam and the Kii pennisula in

Japan. The latest is in western New Guinea and reinforces the conviction
that a slow virus type of agent could well be involved. Institute

scientists have made an especially valuable contribution by identifying

Patas monkeys as the asymptomatic carriers of simian hemorrhagic fever

virus, which frequently decimates colonies of rhesus (macaque) monkeys.

Thus preventive measures are now possible by isolating Patas stock and

protecting rhesus colonies with an immunostimulant preparation. In mice

-with latent herpes infections in dorsal root ganglia, injury to the

peripheral nerve reactivates the virus. This "model" may prove useful

in delineating factors responsible for latent virus reactivation m a

variety of disorders.

Among the most provocative of the viral studies are those on

defective interfering viral particles (DIP), particularly those formed
by RNA viruses of the myxo-, paramyxo- and rhabdo- virus families.
NINCDS intramural scientists have found that the DIP's comprise
.different parts of the normal viral genome but all contain the same 3'

and 5' end of the RNA sequence. With one or both of these ends the
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dip's bind to the viral replicase to reduce the amount of normal RNA

that can be made. Moreover, since the messenger RNA needed for viral

protein synthesis is transcribed only from normal viral RNA, the total

number of viruses (infective and non-infective) into which RNA molecules
can mature is reduced as a result of this interference with viral

protein synthesis. The persistence of virus in infected cells is not
related to virus-derived DNA but to the continued presence of viral
RNA itself, kept from expressing itself by autoinference from the DIP'S.
To detect the presence of such RNA molecules, the investigators
developed a new technique by which DNA complementarity to viral RNA
could be produced with reverse transcriptase, so that DNA hybridization
techniques could be used to ascertain whether certain viral nucleic
acids are actually present. Since these RNA viruses include measles,
influenza, rabies and others of clinical neurological importance, these
studies have widespread implications.

Clinical results with enzyme replacement therapy for one of the
lipid storage diseases, Gaucher's disease, continue to be surprisingly
promising. An efficiency of 40% has been estimated on the basis of
the ratio of glucocerebroside cleared from the liver (ascertained by
biopsy) to the unit activity of the enzyme administered. Experimentally
the injected enzyme persists in liver cells five-fold longer in animals
anesthetized or sedated with barbiturate. Regardless of the ultimate
applicability of these studies, some remarkably provocative observations
are being recorded. In another of the lipid storage diseases, Krabbe's
globoid leukodystrophy, diagnostic and screening procedures will be
considerably simplified as a result of the synthesis by NINCDS scientists
of a chromogenic analog of the galactocerebroside substrate for the
affected enzyme.

In a follow-up of previous findings that there is a characteristic
glycoprotein in myelin, NINCDS investigators have now localized it as
a surface component of myelin, where potentially it could serve as a

receptor or site of attachment for various toxic agents including
viruses. The whole field of cell receptors seems about to undergo a
major advance. Evidence is accumulating that dopaminergic receptors
may prove vital to a number of hormonal functions. Thus, in the use of
dopamine agonists, patients wth Parkinson's disease exhibit a low
growth hormone response, suggesting an attenuation of the sensitivity
of their dopamine receptors. In Huntington's disease the dopamine
agonists, such as bromocriptine, exacerbate the clinical symptomatology,
an observation indicative of probable hyperactivity of dopaminergic
systems. Interestingly in lead poisoning of the central nervous system
the increased release of dopamine and inhibition of its re-uptake
suggests that the toxic effect of lead may involve disruption of the
dopaminergic system.

Surely, some of the most intriguing observations in the receptor
context are those concerned with the role of specific gangliosides as
cell surface receptors for trophic hormones in a variety of tissues.
Intramural scientists have demonstrated, for example, that thyrotropin,
the thyroid stimulating hormone, reacts with the %-\^ ganglioside,
whose structure as such or as part of a glycoprotein is naturally
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present in thyroid cell membranes, where it presumably represents the

natural receptor for the hormone. The hormone is a glycoprotein of

known structure, and other hormones such as luteinizing hormone and

human chorionic gonadotropin have structural homologies with thyro-
tropin. Thus, the effects of these other glycopeptides may also be

mediated by gangliosides in the cell membranes of target cells. Of

special interest is the homology with cholera toxin. By using in tissue
culture a strain of cells lacking gangliosides, NINCDS investigators
showed that the addition of as few as 17,000 molecules of Gf/ii ganglio-
side per cell conferred sensitivity to the toxin, whereas normally such
cells remained completely unresponsive. In addition, the studies
demonstrated that the binding of one subunit of the toxin molecule to

the membrane ganglioside was a prerequisite for the other subunit of the
toxin molecule to be able to penetrate into the cell and exert its toxic
effects. It is remarkable how far this work has come from the relatively
"simple" beginnings of the study of ganglioside accumulation in Tay-Sachs
disease to observations on such diverse involvement of gangliosides as

in the enzymatic alterations of cultured cells transformed by oncogenic
viruses, in the effects of lipophilic acids in cellular morphology and
membrane transport, and in receptor functions for hormones and toxin
molecules.

Conclusion

In these and many other examples cited above, projects in the NINCDS
intramural program are characterized by highly effective collaboration
among several laboratories or branches within NINCDS and/or other units
at NIH or elsewhere . As research problems and the techniques to study
them become more complex-, this phenomenon of collaboration is increasingly
common and is certainly a major factor in the productivity of the

program. Space does not permit individual acknowledgement here of the
many non-NINCDS scientists who have contributed in this way, but a special
note of appreciation is in order.

The growing complexity of research also places greater demands on us

to disseminate and explain the results and applications. The Congress
has now taken special cognizance of the need to address this problem.
Within the Institute the major responsibility falls on the Office of
Scientific and Health Reports (OSHR), and details of their efforts are
provided in their report appended below. Among many examples during
FY 1976 are the 3000 inquiries from individuals about specific neurologi-
cal or communicative disorders, reponse to over 400,000 requests for

NINCDS publications, and provision of video tapes for viewing by more
than 85,000 physicians. The time has come to give this program the same
managerial recognition as other NINCDS programs. Accordingly we plan in

the coming year to expand the responsibilities of our Scientific
Information Program Advisory Committee (SIPAC) to maintain a continuing
overview of OSHR activities and to advise us on how to do the job even
more effectively.

No research program is better than the personnel responsible for

its management and implementation. Despite the severe constraints on

staffing under which the NINCDS has labored over the past several years,
we are blessed with an extraordinarily dedicated and able staff. A
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major ingredient has been an effective equal employment opportunity (^
(EEO) program. The NINCDS has been in the forefront at NIH in the
implementation of EEO principles and programs. There is still much to ,.

be done, but there is also much credit deserved by the EEO personnel '

and other Institute staff. Unless we can sustain these efforts in

the immediate future by enlightened personnel ceiling, recruitment, 1

promotion and pay policies, the Institute's abilities to carry out its

mission could be seriously impaired.

Such considerations have a special relevance this year, in light
of the recently released report of the President's Biomedical Research
Panel. At the end of the report the panel lists five areas for future
emphasis: population research, diabetes, genetic diseases, environ-
mental and toxicological research, and neurobiology. Of the first four,
all but population research now directly involve major neurological
problems. For neurobiology, the panel's conclusions deserve reiteration
here:

"Perhaps the ultimate challenge to biomedical research,
representing the very pinnacle of our understanding
of the human organism, lies in neurobiology: how the

brain and the nervous system develop, how they function
in health and disease, how thought occurs, how memory
is stored, how we reason, how we are motivated, and

how we interact with our physical and social environment.

We hope that man will one day have a better under-
standing of himself and live more harmoniously with
his fellow man. Thus, the study of brain and mind
deserves greatly increased attention not only in the

programs of the NIH and the ADAMHA but also from the

many different disciplines of biomedical and behavioral

science, as well as such fields as mathematics,
linguistics, and the communicative sciences. THIS

PANEL COMMENDS NEUROBIOLOGY AS A COMPELLING LONG-RANGE
INTEREST WORTHY OF NATIONAL ATTENTION."

C
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ANNUAL REPORT
For Period July 1, 1975 through June 30, 1976

Office of Program Planning and Evaluation
Office of the Director

National Institute of Neurological and

Communicative Disorders and Stroke

The Office of Program Planning and Evaluation, as staff advisors to the

Director and the Institute on program development and analysis, assists

the Director and the Institute program managers in the analysis and

evaluation of their programs, and in the development of strategic and

operational program plans to meet the long-range goals and immediate

objectives of the Institute. The Office provides staff support to

facilitate, coordinate, and integrate program planning, analysis, and

evaluation efforts in the categorical program areas and provides the

Director and the Executive staff with assistance in setting, articulating

and actualizing the goals of the Institute programs and strategies for

meeting those goals. The Office has developed with the staffs of program

areas of the Institute, a process to prepare annual implementation plans

which will form a basis for resource allocation decisions and a development
of budget requests for future years.

The Office has also accepted the responsibility to develop, for the

Institute, an integrated Program Information System. This will combine

scientific program summary data with fiscal and management data into an

integrated Institute-wide data base which will provide necessary information

required to effectively and efficiently plan and manage program activities
at all levels of the Institute. In order to assist the Institute in

developing a methodology for, and system design to support, the efficient
input, storage, and retrieval of the scientific data including the

content and anticipated product of the Institute research program efforts,

evaluation funds have been provided from the Assistant Secretary for

Health to support this project. In collaboration with, and with the

assistance of, the Office of Biometry, a review-and-analysis of Institute
program and management information needs is being carried out. Further,
a review-and-analysis of available information data systems both within
and outside of the Institute is also underway. An RFP was issued in

late spring to secure the technical support to develop a system design
and programming specifications for the proposed Program Information
System. Award of a contract is expected during the transition quarter.

The Office has been a focus of assistance to the Office of the Director,
NINCDS, and to all parts of the Institute, in (a) gathering and coordinating
input for,, and in developing special reports (oral or written) and issue
papers concerning the Institute's program efforts in specific areas
including population research; support of clinical application, control/
demonstration, basic research; technology assessment; studies on violence;
genetics; international studies; studies on children; studies on arboviruses;
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Indian health survey; clinical trials; studies on multiple sclerosis; research
on aging (statement on dementia); and studies on vision; (b) in reporting on
interagency concerns such as NINCDS studies in heart/lung, cancer, diabetes,
nutrition, and arthritis; (c) in working closely with all Institute elements
in developing (with special assistance from Budget office) a number of major
planning and budget documents including the Forward Plan (for both Fiscal
Year '77 and Fiscal Year '78) projecting the Institute's objectives and resource
needs through Fiscal Year '82, the preliminary Fiscal Year '77 budget for 0MB,
and the Evaluation Plan for Fiscal Year '76 in cooperation with OBE.

The Office provides a central management focus for the Institute's information
service programs, which provide summarized literature review, bibliographic
and reference to the scientific research and clinical community in fields
related to the Institute's mission. A plan is being developed for the
evaluation of these programs including the analysis of the options, and
possible alternative methods of providing for the objectives of these
services. It is hoped that this evaluation can, by mid-FY'77, provide to the
Director, necessary information for the decisions concerning the supplementa-
tion and/or restructuring of these information services. One area of specific
concern is information services in hearing, speech, and disorders of human
communication. During FY' 76, the contract with Johns Hopkins was discontinued
and alternatives are being sought, together with the Communicative Disorders
Program (see contract narrative NIH-NINCDS-71-2281) .

In addition, the Office provides a central focus for the administration of

foreign currency awards or P.L. 480 program. A special report on this program
is attached.

The Office continued to work on the following research projects:

1. Study of Mental Retardation — A record anchored retrospective study of

mental retardation cases as diagnosed in Georgetown University Clinic with
intent to discover etiological associations with selected prenatal variables
(genetic, socio-economic, obstetric) as these are compared in index cases with
sib and non-sib controls from the Georgetown Center as well as from the COLR
Study. (See Annual Report Project Number ZOl NS 01144-14 OPPE .

)

2. Public Health Im.plication Study -- A comparison of death rates (1959-1965,

fetal, neonatal, infant mortality): (a) In the COLR populations, intra- and

inter-institutionally, annually; (b) In the population of cities where these
institutions are located and from which the COLR studies have been selected;
and (c) In these two population samples. (See Annual Report Project
Number ZOI NS 01146-14 OPPE.)

3. Study of Labor — The pediatric outcome of vaginal deliveries in normal
pregnancy compared along selected parameters with the outcome of elective
Cesarian deliveries, with intent to discover, if possible, the effect of
uterine contraction, on time and prematurely, on normal growth and development
of the offspring. This study -is reactivated during FY' 77 in collaboration
with NICHHD; analysis and manuscript to be completed.
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4. A Study of Comparative Health — In selected ethnic U.S. groups, a survey
of incidence and prevalence of MS, ALS, Parkinson's disease, etc., and other
bio-phycho-social parameters to compare with adequate controls from samples
of population of the same ethnic origin in other lands. The comparison will
be made in a selected period of time and the analysis will hopefully reveal
some insight into the mechanism (genetic or environmental) of production of

these selected parameters. This study is in design.

5. Comparative Study of Schools of Thought in Medical Science and Practice —
(A study in medical care). In the U.S., allopathic medicine is thought and
practiced side by side with homeopathic medicine, etc. Many systems of

medicine are prevalent in India. In Lebanon, the American University has a

faculty of medicine and the French University has another faculty, thereby
offering a chance to compare French and American medicine. This has im-

plications not only to the systems of delivery of medical care but also to the

growing concern in training physician aides even in the developed countries.
This study is in design.

6. Administration Research in Collaboration with NICHHD — This is a test

of the hypothesis that authority and responsibility in any bureaucratic
hierarchy are equal only in middle levels and that authority disproportionately
increases the higher the level, and conversely, responsibility disproportion-
ately increases the lower the level. This study is in design.

The Office also surveys, searches, excerpts and abstract-reviews medical
literature as program needs arise; bibliographies and references are verified
and select 'documents are put together utilizing MEDLINE, MEDLARS, SIDLINE
and other computer systems.

The Office staff has also been active in a number of associated activities
such as coordinating the Combined Federal Campaign, U.S. Bond Drive, the
.Committee oh Science and Human Values, and NINCDS EEO Advisory Committee.

Finally, following the appointment in April of Dr. George C. Murray, as

the Director of the Office, (NINCDS Deputy Director, Dr. E. Eagles, had been
its Acting Chief) two additional professional staff members have been actively
recruited, and shoul'd be appointed early in the transition quarter. These
additional staff will provide for the expanding functional role and increased
activities of the Office as they evolve, particularly in the areas of program
analysis and evaluation, and in the development of the Program Information
System. (Total staff 8; 4 professionals).
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CONTRACT NARRATIVE
Office of Program Planning and Evaluation, NINCDS

Fiscal Year 1976

INFORMATION CENTER ON HEARING, SPEECH, AND DISORDERS OF HUMAN
COMMUNICATION (NOl-NINCDS-71-2281) , Johns Hopkins Univ., Baltimore, Md.

Title : Operation of an Information Center on Human Communications

Contractor's Project Directors : Michael Weiss, Ph.D., and Lois Lunin

There will be no continued funding for this project.

The Information Center was phased out of existence during the first six
months of FY'76. All publication activities were halted, and activity was
limited to closing down the Center.

Mailing lists and pertinent records were sent to NINCDS. Subscribers were
given refunds, and requests for existing publications were forwarded to

the Institute. The project officer took over the task of filling an
initial set of requests for bibliographies. Data base magnetic tapes were
transferred to the Institute.

The microfilm copies of original articles referenced in the Center's
alerting bulletin were transferred to the NIH library, where they are
now available to users of the library.

A cooperative erfort has begun with the National Library of Medicine to
improve both the indexing vocabulary and journal coverage by NLM in the
communicative disorders field. Eventually it may be possible to utilize
the NLM's capability to enhance retrieval of information on research results
in communicative disorders. This effort will continue through FY' 77.
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Special Report
Foreign Currency Credit Award Programs

(PL 480)

Fiscal Year 1976

The foreign currency credit award or PL 480 Program is a program of

research supported by United States owned foreign currencies which are
not convertible to dollars. It is authorized by the Agricultural Trade
Development Systems Act, 1954, Public Law 480, subsection 104K, which
permits the use of foreign currencies, "to conduct and support scientific
activities overseas, including programs and projects of scientific co-
operation between the United States and other countries such as coordi-
nated research against diseases common to all mankind, that are unique to

individual regions of the globe, and promote and support programs of

medical scientific research."

In Fiscal Year 1976, NINCDS had 22 ongoing projects. There was one
project in Egypt, six in India, five in Poland, and ten in Yugoslavia.
Funds are available in Pakistan and Tunisia, but we have no projects in

these countries. The scientific content of the PL 480 research is

complementary to other NINCDS research and covers both clinical and
laboratory studies.

Each of the PL 480 projects must have a U.S. scientist to serve as a

collaborating "Project Officer" who works with the foreign scientist in
varying degrees. The role of the U.S. project officer varies from that
of an active collaborator participating in the research to that of an
informed sponsor. However, the project officer must each year review the

expenditures and the progress report and advise the Institute whether the

progress has been satisfactory. Of the 22 projects, six have project
officers who are in the NINCDS. The other 16 project officers are in
universities' throughout the country.

Available funds for the Yugoslavian activities have been used up. New
projects must be done on the basis of U.S. dollars matched by Yugoslav
dinars. No great interest in doing this has been shown.

There is a large amount of money in Egypt available for PL 480 research
projects, but there is difficulty in finding qualified people. The
number one priority health problem is schistosomiasis, followed by
infectious diseases (including meningitis) . Egyptian researchers are

interested in the neurological diseases, particularly accidents and

injuries to the CNS. However, the facilities are very poor and modern
equipment in the laboratories is scarce. Clinicians and scientists
who have trained outside of the country are well trained and capable.

They are limited by the lack of facilities and financial support. Also,

there is very little infrastructure of technicians or facilities for
repair and maintenance of equipment. This is a reflection of the fact
that there is only about 40 percent literacy in the country.
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Egypt 03-006

India 01-015

01-016

01-024
01-034
01-040
01-041

In Poland, the funds available for use have been sharply curtailed and

will be fully obligated by December 31, 1976. f

The PL 480 program in Israel is totally phased out because all funds

have been used. The current projects are as follows:

Venoms of Poisonous Snakes

Neural Mechanisms in Regulation of Feeding

Behavior
Neurologic Investigations of Cerebrovascular f

Disorders
Collaborative Neurologic Studies
Neurotoxins from Plant Materials
Polypeptide Constituents of Snake Venoms
Effect of Protein Malnutrition on Brain
Metabolism

Poland 05-002 Characteristics of Muscle Disease
05-004 Biology and Pathology of the Neuron and

the Glia
05-013 Biology and Histochemistry of Gliomas
05-027 Biochemistry of Myelination and Demyelination

Now 05-092
05-035 Brain Fine Structure in Rabbits with

Hereditary Tremor

Yugoslavia 02-003 Neural Correlates of Behavior fl

02-006 Histogenesis of the Forebrain in the

Human Embryo
02-008 Function of Cholinesterases
02-015 Metabolism. Release and Uptake of

5-Hydroxytryptamine
02-020 Function of Biosynthesis of Ribosomes
02-023 Vestibular Influences on Cerebral Activity
02-025 Neuropathology of Close Brain Injury
02-041 Synaptic Transmission in Brain
02-042 Brain Survival in Anoxia and Hypothermia
02-090 Gene Transcription and Gene Expression

in Sea Urchin Embryos

Project 01-015 is concerned with the central and autonomic control
system modulating alimentary receptor activities and regulation of feeding
behavior. Project 02-003 is a large program to understand the function of
the nervous system by studying physiological and biochemical correlates of
behavior. In conjunction with this study is the development of a major l{

research source, the Internatj.onal Brain Research Laboratory in Yugoslavia.

Several projects are basically neurochemical or metabolism chemistry
studies, but they are generally unrelated. Project 02-042 is a study of
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the tolerance limiting role of metabolic events occurring in the brain at

conditions of anoxia induced at different levels of hypothermia down to

zero degrees Centigrade. Project 05-027 (now 05-092) is a study of the

role of neuroglia cells in the myelination and demyelination with emphasis

on the enzyme chemistry of the processes. This relates to human demy-
elinating diseases such as multiple sclerosis. Project 05-004 is somewhat
similar and is a study of the glia of the nervous system and their function

in diseases of the brain. Particular attention will be given here to the

intracellular oxidation reduction enzymes. This project terminated in FY76,

but a new proposal is anticipated. The control and regulation of protein
synthesis in biological systems is the focus of Project 02-020.

There is one neuropathological study, Project 05-035, which is a study of

the fine structure of the brains of rabbits with hereditary tremor. This
tremor is similar to that seen in Parkinson's disease and this study may
have some bearing on that disease.

There are a number of studies which relate to the neurological diseases
of children. One study. Project 01-024, is both biochemical and clinical
and deals with the enzymatic processes involved in the sulfation and
desulfation of glycosaminoglycans and cerebroside sulfate. These bio-
chemical mechanisms have been studied in specific metabolic disorders of

children. Using material from these patients the scientists working on
this project have identified specific enzyme defects. There is a study
that is related to nutrition of the brain. Project 01-041 studies the
effect of protein malnutrition on the brain, metabolism and development.

There is a project relating to trauma of the nervous system. Project
02-025 is a neuropathological study of closed brain injuries to determine
the topographic distribution and histopathology of closed head injuries.

Project 01-016 is a study of clinical angiographic and anatomic aspects of
cerebrovascular disease in India. Project 05-002 is an extensive multiple
disciplinary program for the study of muscle disease in Poland.
Project 05-013 is a study of the biology and histochemistry ot gliomas
using tissue culture and immunochemical methods. Project 02-090 is a new
study on gene transcription and gene expression in Sea Urchin Embryos.

There are projects concerned with naturally occurring neurotoxins. Of
these, Project 03-006 is concerned with obtaining material of the poi-
sonous animals such as snakes from the Middle East, North Africa, and as
far South as the Union of South Africa. Biochemical and physiological
studies will be carried out on the purified toxins which will also be
developed. Project 01-040 is a similar study being carried out in India,
studying the poisonous snakes of India. Project 01-034 is on neurotoxins
from plant materials, and is focusing on toxicity of B-disminopropionic
acid (ODPA) which is extracted from the seeds of Lathyrus Sativus in
India. This will be studied in connection with the development of human
lathyrism.
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There are three projects concerned with synaptic transmitters. Project
02-008 is to determine the role of the acetylcholinesterases in the

acetylcholine system transmission conduction of excitation. There are

two others which are somewhat related to the study of the metabolism
release of 5-hydroxytryptamine and its function as a transmitter in the

brain. Projects 02-015 and 02-041. These three are in Yugoslavia.

r
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SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAIIURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 01144-14 OPPE

PERIOD COVERED

July 1, 1975 through June 30, 1976

TITLE OF PROJECT (80 characters or less)

An Instrument for the Conduct of a Retrospective Study of Seizures,

Cerebral Palsy, Mental Retardation (M.R.) and Other Neurological and

Sensory Disorders of Infancy and Childhood.
NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: Z. A. Shakhashiri, M.D.

OTHER: Mr. Ernest Harley

Special Assistant OPPE, NINCDS

Systems Analyst EBRP, NICHHD

COOPERATING UNITS (if any)

lab/branch
OD-NINCDS
SECTION

Office of Program Planning and Evaluation

INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014

TOTAL MANYEARS:

.25

PROFESSIONAL:

.20

OTHER:

.05

SUMMARY OF WORK (200 words or less - underline keywords)

A retrospective instrument has been designed (index cases, with sib and non-sib
controls) for record-anchored Study of Mental Retardation (cases selected from
Georgetown (G.T.) University Hospital Specialty Clinic) as a pregnancy outcome.
Ten hypotheses were being tested, related to the biological and psycho-social
mechanisms underlying the occurrence of damage in the growing white child by
age 5 years: anoxia , toxic influences on brain, metabolic influences, trauma
to the head, infection of brain, dehydration of child, genetic or familial
factors, socio-economic status, prematurity , and nutrition . Heart disease ,

prenatal hypertension , breech presentation, bleeding . Cesarean Section (C.S.)
and Cephalopelvic Disproportion (C.P.D.), were noted more frequently in mothers
of M.R. ; and meconium , B.W. <2500, and neonatal head injury more frequently in
M.R. children themselves, than in the corresponding sib and non-sib controls.
Findings from G.T. data base are being compared to findings from prospective
Collaborative Perinatal Research (COLR) data base, using the same retrospective
Instrument. In view of less incomplete data in the latter, this comparison
would confirm or invalidate the initial findings from the former.

PHS-6040
(12-75)
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Project No. ZOl NS 01144-14 OPPE

Project Description:

Objectives : Design an instrument for the conduct of a retrospective study of
seizures, cerebral palsy, mental retardation and other neurological and sensory
disorders of infancy and childhood in order to test certain basic and
important hypotheses concerning the occurrence of neurological damage.

Methods Employed : Recognized damaged outcomes of pregnancy, especially mental
retardation, have been studied and -related to defined perinatal or postnatal
events which are involved in the biological or psycho-sociological mechanism
underlying the following hypotheses: (1) anoxia, (2) toxic influences on the
brain, (3) metabolic influences, (4) trauma to the head, (5) infection of the
brain, (6) dehydration of the child, (7) gene t ic or familial patterns,

(8) socio-economic statns, (9) prumatuT ity, smi CItJ) uoLl'lLluu.

Current Starns : Upon review the nidnusLript was CrtUCTzwif- tro the basis of
possible bias inherent In incomplete data as piesmced. Since the data base
is available on tape, another extended analysis tS" urnler way , comparing as

well, the emerging findings from this retiUbpcLLlve study with those from the

prospective COLR study when subjected to the sane InsrCTTBuent. The validation
of findings from the retrospective study would thos tier possible.

The retrospective instrument designed for the collection and analysis of the

Georgetown Study data has retrieved data frum ttnTlDtR tftta base. Ther

comparison of findings from these two sources of €!Sta ^tall be completed
during FY77.

Honors and Awards: None

Publications: None
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U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 01146-14 OPPE

PERIOD COVERED.

July 1, 1975 through June 30, 1976
TITLE OF PROJECT (80 characters or less)

Public Health Implications Study of Perinatal Mortality in the

Collaborative Study (COLR) and in the Collaborative Study Cities.

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: Z. A. Shakhashiri, M.D^

OTHER: Mr. Ernest Barley

Special Assistant OPPE, NINCDS

Systems Analyst EBRP, NICHHD

COOPERATING UNITS (if any)

LAB/BRANCH

OD-NINCDS
SECTION

Office of Program Planning and Evaluation
INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014

TOTAL MANYEARS:

.05

PROFESSIONAL:

.05 ,00

SUMMARY OF WORK (200 words or less - underline keywords)

Perinatal mortality of COLR children ( single births 1959-1966) was compared by
institution , race , sex , birth weight (b.w.), gestation length (g.l.) Regional
trends appeared in a steady decline, except for 1962. Females, for both races,

have lower b.w.; non-whites, for both sexes, have lower b.w., and shorter g.l.

Perinatal mortality, as well as fetal mortality , is lower for non-whites at

short g.l. and low b.w., and higher at long g.l. and high b.w. These data
formed the basis of a term paper by Dr. G. Bartlett, in a Sociology course
at Western Reserve.

Similar data are being analyzed from those COLR cities which supplied complete
data base as requested. Comparison with COLR data variables (mortality, g.l.,

b.w.) will appear in a manuscript by end of FY' 77. Additional studies are

contemplated for later, on multiple births , controlling on factors known to

effect mortality, g.l., b.w. (e.g.) parity , maternal age , prior pregnancies ,

legitimacy , etc.

PHS-6040
(12-75)
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i
Project No. ZOl NS 01146-14 OPPE

Project Description:

Objectives ; To evaluate fetal and infant mortality of the Collaborative

Study population and of the cities from which that population is drawn, with

the aim of comparing the two populations, city by city, and institution by

institution, on mortality characteristics.

Methods Employed : In addition to the data previously available from the ^t

National Center for Health Statistics for perinatal events, detailed data on *

natality and perinatal mortality were sought for the study cities from either

the state or city health departments, whichever had jurisdiction for these

records. The data include figures for livebirths, stillbirths, and deaths
under 24 hours, 1 day to 7 days, 8 days to 28 days and 1 month to 12 months,
evalnated by birth weight, length of gestation, race and sex, and plurality
fcrr the years 1959 through 1966. Corresponding data were compiled by in-

sd

E

C Lion for the PRB study population. The state or city health departments
furnished either completed tabulations or raw data to be tabulated.

Considerable effort has been expended to create a usable data file of the

external data being obtained in connection with this study. The aim is to

provide a file with more general utility than the limited scope of this
study. When such a file is created, the infonnation necessary to make use of

the file will be made available to interested persons.

Cuireiit Status : There has been an unavoidable delay in the preparation of the
manuscript describing the comparative trends of fetal, neonatal and infant
mortalities in the COLR population and in the population of the cities where
COLR institutions are located.

This manuscript shall be completed during FY77. The mortality trends of the
COLR population are already in view, but are to be compared with those in
the cities where the COLR institutions are located before the manuscript can
be considered complete.

Honors and Awards: None

Publications: None
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Annual Report
July 1, 1975 through June 30, 1^576

Office of Scientific and Health Reports (0SI1R)

Office of the Director
National Institute of Neurological and Communicative Disorders and Stroke

NINCDS information, publications, press, and public affairs activities

are centered in the Office of Scientific and Health Reports (OSHR) . The

Office is divided into three sections: Scientific Publications, Health

Reports, and Public Inquiries.

The Office is responsible for advising the Director and executive staff

on ways to enhance the Institute's public and professional image and on the

effective interpretation and reporting of Institute-conducted and supported

research findings. These findings are of interest and concern to many

audiences, including Congress, the Department and other agencies of government,

scientists, physicians, voluntary health agencies, and the general public.

The Office initiates many programs, as well as responds to Congressional,

Departmental, NIH, internal, and public requests.

This year and for the past 20 years, the OSHR has been responsible for

producing many Special Reports on disease categories designated by the House

Subcommittee on Appropriations. These state-of-the-art reports describe the

disorder, present the Institute's program, review research advances of the past

year including any new developments in therapy, and briefly project the

outlook for the future. The eight Special Reports requested this year were:

Stroke, Parkinson's Disease, Epilepsy, Cerebral Palsy, Spinal Cord Injury,

Multiple Sclerosis, Neuromuscular Disorders, and Communicative Disorders.

Coordination of the Institute's program with the programs of some 60

private voluntary agencies and professional societies is a major function of

the OSHR. This continued in Fiscal Year 1976 with the performance of many
information services, including an annual directory of voluntary agencies;
preparation of speeches and information materials as requested on specific

disorders; meeting with representatives of voluntary agencies to provide
advice; assisting with voluntary agency annual, scientific, and press meetings;
and various other types of assistance.

Disease areas requiring special attention during the year were multiple
sclerosis, amyotrophic lateral sclerosis, spinal cord injury and regeneration,
hearing and speech disorders, epilepsy, autism and Huntington's disease.

Questions on implementation of the recommendations of the Multiple
Sclerosis Commission were voluminous. A number of progress reports were
printed and distributed, extensive amounts of correspondence from members of

Congress and the public were handled, and information was provided on the

inauguration of an MS clinical research program at the NIK Clinical Center.

A large volume of correspondence on amyotrophic lateral sclerosis
related to patient admission in the ALS program at the Clinical Center, a

controversial snake venom treatment for ALS in Florida, and the establishment
of an ALS Foundation in California.
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Spinal cord injury and regeneration research was the subject of
widespread public interest this year, and considerable political pressure
was brought to bear in order to increase this research. This was touched
off by a trip made by Roger Frank, of Portland, Oregon to the U.S.S.R. for
treatment of spinal cord injury, and capped by a visit to NIH and other
medical centers by a team of Soviet neurosurgeons and neuroscientists.
OSHR services responding to the surge of interest included arranging for
a translation of one of the Soviet neurosurgeon's books; distributing a
report on the current status of research in nerve regeneration; writing
a lay summary of this report (to be published as a pamphlet), and handling
large amounts of correspondence and telephone inquiries.

The Office assisted in the orderly phasing out of services formerly
provided by the Information Center for Hearing and Speech at Johns Hopkins
University. Bibliographies which had been compiled by the Center were
duplicated and sent out to accommodate requests coming in after the
Center had closed.

Epilepsy remained a subject of special interest throughout the year.

Inquiries centered around the establishment of three comprehensive Epilepsy
Programs, the release of a new anticonvulsant drug, and the establishment
of an Epilepsy Commission.

A new emphasis on the problem of autism and the establishment of a

Huntington's Disease Commission also required special attention.

In the day-to-day operation of the OSHR, the three sections produced
publications, audiovisual materials, reports, press material, answers to

public inquiries, and served as an information resource on the many
disease categories within the Institute's purview.

The Office also provides services in connection with special events.

These included the NIH Open House and the celebration of the Institute's
25th anniversary. Anniversary activities included preparing invitations;
contracting for the printing of programs; conference, dinner, and trans-
portation arrangements; taping and transcribing of lectures; and many
other details.

Scientific Publications Section

The Scientific Publications Section produces and distributes publications,
both for the general public and for the various scientific audiences.

Publications production services are provided to various administrative
units of the Institute, a^ hoc committees preparing reports, and outside
organizations in the neurological field when sufficient need is demonstrated.

The services include planning, writing, editing, design layout, clearance,

distribution, storage, and later revising and reprinting, according to

demand. The Section works with the NIH Printing Unit, the Medical Arts

and Photography Branch, and the Government Printing Office. It also serves

as the Institute's supply center for publications.
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The largest publishing project ever undertaken by the Institute was
completed in December 1975. This was a three-volume, 2,000-page work
reviewing the entire spectrum of neurological and communicative disorders,
and was entitled "The Nervous System." It was published to celebrate
the Institute's 25th anniversary, and contained chapters by over 160
distinguished scientists. The Section served as liaison between authors )

and editors in organizing the subject matter and in coordinating editorial
changes. Distribution of some 300 sets to authors and various officials
was also handled by the Section.

The Institute's Monograph Series has been expanded by one new
publication and two others are presently in production. (Since 1965, 15

monographs have been published and 7 continue to be distributed) . The
latest monograph published, entitled The Scientific Basis of Spinal
Manipulative Therapy (June 1976) comprised the proceedings of a large

NIH conference on this subject, and has been distributed to some 2,000
medical schools, schools of osteopathy and chiropractic, and individuals.
The new monographs in production present reports on the status of manpower
in neurology and on manpower in the fields of audiology, speech pathology,
and otorhinolaryngology.

The Section also assisted in editing the text and discussion of the

Kroc Foundation Series, Vol. 5, GABA In Nervous System Function , based
on the February 1975 GABA (gamma-aminobutyric acid) conference jointly
sponsored by the Kroc Foundation and the NINCDS.

The Institute's highly popular Hope Through Research pamphlets and

companion fact sheets on neurological and communicative disorders continued
to be revised and reprinted as necessary. This year a new pamphlet on

myasthenia gravis was published; another on Parkinson's disease is in

press, and a third on stroke was in the planning stage as of June 1,

1976. Also, a new fact sheet on hydrocephalus was published, and two

others are undergoing revision. There are now 16 leaflets in the Hope

Through Research series and 5 fact sheets. These publications, three of

which are also in Spanish, are widely circulated to private voluntary
groups for distribution to patients and health workers and to students

for use in health related classes and course work. A contract was

negotiated with Supermarket Communications, Inc., to distribute 350,000
Hope Through Research leaflets in Fiscal 1977.

Bibliographies are also produced and distributed by the Section. These

include the Cerebrovascular Bibliography , a quarterly selection of

stroke references from Index Medicus ; a 1,700-page Epilepsy Bibliogratjhy,

covering the years from 1950 to 1975; and an annual bibliography of papers

resulting from the Collaborative Study on Cerebral Palsy, Mental Retardation,

and Other Neurological and Sensory Disorders of Infancy and Childhood.

Numerous other publication or revision projects were completed by

the Section.
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Public Inquiries Section

Staff members of this section spend a large part of their time
responding to letters and phone inquiries. In the past year, more than
3,000 inquiries required individually written letters answering specific
questions about neurological and communicative disorders. Many of these
required research or coordination with the Office of the Director,
intramural scientists and Institute grantees. Additional thousands of

inquiries were answered with printed materials. In all, NINCDS responded
to requests for 417,243 publications.

The OSHR interacts on a continuing ba^is with the 60 national voluntary
health agencies and professional societies which make up the National
Committee for Research in Neurological Disorders, This includes providing
material on Institute research, programs, and personnel to the editor of

the NCRND Newsletter, a publication of the National Committee.

Through an Exhibits Program, the OSHR brings the Institute's extramural
activities to the attention of the professional societies and health
agencies at national scientific meetings. Last year, a Program Exhibit
was shown at the American Academy of Ophthalmology and Otolaryngology
meeting in Dallas, the American Speech and Hearing Association meeting
in Washington, D.C., the American Academy of Neurology meeting in Toronto,
Canada, and the American Neurological Association meeting in San Francisco.
All arrangements for scheduling and manning the exhibit were handled by
the staff. These showings generated hundreds of requests for information
about Institute programs.

This section also keeps abreast of Advisory Council meetings, plans
the annual Council dinner, and updates a Council Directory. Additionally,
the head of this section is the liaison person with the extramural area,
is responsible for providing grantee information for use in Institute
reports and publications, and writes annual special reports for Congress
on cerebral palsy and spinal cord injury.

The OSHR also serves as the focal point for the Institute in discharging
its responsibilities under the Freedom of Information Act. Under this Act,
the Public Inquiries Section responded to 75 requests for summary minutes
of the meetings and to 20 requests for substantive program material from
the meetings. It also provided the Department with quarterly reports of
this activity.

Health Reports Section

The Health Reports Section prepares and distributes Institute
research and health reports (printed, filmed, and audio/video taped) to
scientists, members of Congress, voluntary agencies and the public for
both general information purposes and for continuing medical education.

4c



)

The Section's audiovisual production/taping studio facility became

fully operational at the beginning of FY 1976 in a converted laboratory

in the Auburn Building. The facility's equipment includes new recorders

which make precise videotape electronic editing possible and provide a

production capability which can be upgraded to TV broadcast standards.

Using these and other facilities, the Section this year produced 18

additional lectures in the Neuromuscular Disease series, seven lectures

given at a February NIH international conference on autism, and two special

presentations about NINCDS for the NIH Open House.

There is a large demand for videotaped lectures on neurological subjects

to meet continuing medical education programs of medical schools, m.edical

centers, hospitals, private clinics and practitioners.

During the past year, the original 28 tapes in the neuromuscular
series have been requested 2,573 times and are booked through August 1976.

As of May 1, 210 users had booked the tapes 2,113 times for an average
of 75 bookings per tape. The average showings per tape x-7ere 134 for a

total of 3,539 showings. The average vievjers per tape were 3,171, with
total audience of 85,617 for all tapes.

The multiple sclerosis tapes in two months had been requested 202

times for an average of 22 bookings per tape scheduled through September 1976.

Section staff members taped patients at a conference on Dystonia
Musculorum Deformans Jn New York City, and lectures in several other cities.

Locally they (1) covered the press conference which launched The Commission
for the Control of Epilepsy and its Consequences and that group's first
meeting; (2) taped and distributed through the Epilepsy Foundation of

America two TV public service announcements by the author of "I'm No Longer
Living A Lie," an article which appeared in the February Good Housekeeping
Magazine; (3) produced an audio tape of a February 1975 NINCDS-Kroc
Foundation conference on gamma-aminobutyric acid, (GABA) , and arranged
its partially-NINCDS-subsidized distribution through Audio Digest, Inc.,

a non-profit subsidiary of the California Medical Association; (4) supported
production personnel from ABC and a film company from CBS Educational
Films in their efforts to get Interesting footage about NINCDS research;
and (5) assisted Institute offices and other Institutes with their audiovisual
projects.

Several new presentations are in production. These include one-hour
programs on epidemiology methods, dystonia musculorum deformans, epilepsy,
and lipid storage disease research.

Press activities are conducted and coordinated through the Health
Reports Section. This year, to publicize the establishment of the Commission
for the Control of Epilepsy and its Consequences, the Section prepared and
distributed a press release to newspapers and the wire services, helped to
organize a press conference at the National Press Building, arranged for
a speaker, and videotaped and filmed the press conferences. Those
interviewed included Senators and Congressman who were instrumental in
developing legislation establishing the Commission.



Stories on Institute-supported or conducted research and announcements
of personnel appointments and organizational chanp,es were prepared by this
Section. These appeared on a continuing basis in the NIP Mews and Features,
the NIH Record, a number of daily nevi/spapers, and national magazines.

The Section also continued to assist in gathering background information
for news and features stories initiated by the press. Support provided to

a New York Times Magazine reporter in setting up interviews with NIIICDS

experts on communicative disorders resulted in a widely disseminated story
on noise and its effect on hearing.

Additionally, the Section helped to arrange and coordinate an interview
with Dr. Wesley Bradley, Director, Communicative Disorders Research Program,
with U. S. News and World Report , and later assisted in reviewing and
revising the transcript. The resulting article, "How Modern Life Can
Damage Your Hearing," is an excellent overview of disorders of communication
which has been reprinted for use in responding to public inquiries on this
subject.

The Section assisted Institute scientists and grantees in preparing
for press interviews and presentations at the annual meeting of the Society
for Neuroscience, and also participated in a science-writer's seminar which
was attended by both journalists and scientists, including Institute grantees,

In the past year, the head of the Section served as coordinator of

NINCDS-sponsored events in the NIR Open House. These included laboratory
tours, video taped presentations of Institute-supported research, exhibits,
and distribution of Institute publication. Arrangements for advance
publicity were also handled by the Section.

The Section's audiovisual services are available to all NINCDS
scientists. ' A system for requesting services, for deciding priorities and

obtaining approvals has been established.
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ANNUAL REPORT
For Period July 1, 1975 through June 30, 1976

Office of Biometry & Epidemiology
Office of the Director

National Institute of Neurological and
Communicative Disorders and Stroke

The Office of Biometry and Epidemiology (CBE) is established in the Office

of the Director, NINCDS, to advise the Director and consult with the

scientists in the Institute in the development of a program in biometry

and epidemiology, and in the increasing application of these concepts

and standards to programs of the NINCDS.

The Office of Bianetry and Epidemiology is responsible for research and

consultation in mathematics and mathematical statistics in the design,

analysis, and interpretation of small and large-scale experimental

investigations in neurology.

Ad-hoc descriptive and analytic epidemiologic investigations include

studies of the occurrence of neurological disease in human population

groups to establish base lines for the recognition of unusual patterns
of disease occurrence and trends over time, provide clues to the etiology

of disease, measure the social and econcanic inpact of neurological disease

on the U.S. population, permit the evaluation of treatment modalities,

and facilitate the planning of programs and facilities for individuals

with neurological disease.

It is responsible for the design, pretesting, and acconplishment of
surveys to measure the incidence, prevalence, and econcmic costs of

neurological disorders, distribution of treatment modalities, and asso-
ciated measures of disability.

The Office of Biometry and Epidemiology provides systems analysis and
conputer programming for all program areas of NINCDS. It is aiding in the

development of the NINCDS program information system.

The Office of Biometry and Epidemiology consists of the Office of the

Chief, the Section on Epidemiology, the Section on Mathematical Statistics,
the Section on Disease Statistics Surveys, and the Section on Systems
Design and Data Processing.

The report on the projects and services performed by the Office is listed
by major program area, and is followed by brief descriptions of Miscellaneous
Activities, Publications, and Future Plans.

OFFICE OF THE DIRECTOR, NINCDS

Surveys
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1. Surveys of the Incidence, Prevalence ^ and Costs of Neurological
Disorders ^

a. Head and Spinal Cord Injury
Contract No. NOl-NS-4-2334
Contractor: Research Triangle Institute
Amount of Contract: $757,124
Project Officer: Mr. William Weiss

b. Multiple Sclerosis f
Contract No. NOl-NS-4-2335^
Contractor: National Analysts
Amount of Contract: $613,740
Project Officer: Mr. William Weiss

c. Intracranial Neoplasms
Contract No. NOl-NS-4-2336
Contractor: Westat, Inc.

Amount of Contract: $661,431
Project Officer: Mr. William Weiss

The contractors for these surveys have conpleted their pilot studies.

They were reviewed by the multi-disciplinary advisory committees associated
with each survey, and by the Biometry and Epidemiology Advisory Committee
of NINCDS. Recommendations for approval of the main phases of these surveys
were made, subject to design changes based on the results of the pilot
studies. These changes were incorporated in the design of the national r
samples, and 0MB clearance documents for the three surveys were submitted. ^
Two surveys have been approved, and are now in progress. The 0MB clearance
documents for the Multiple Sclerosis Survey are in review.

The three studies are expected to report their final results by December, 1976.

2. Survey of Incidence, Prevalence, and Costs of Stroke

Contract No. NOl-NS-6-2333
Contractor: Westat, Inc.
Amount of Contract: $460,565
Project Officer: Mr. Bernard H. Kroll

The contract for the survey of stroke costs, incidence and prevalence
has been let. This survey, and the Intracranial Neoplasms Survey, are
funded in part with DHEW set-aside evaluation funds.

The initial study design has been reviewed by a committee of experts and |||

modifications to produce a final design have been completed and approved. ^
Pretests of the proposed forms and procedures are underway. The various
clearance documents have been approved.

3. Stroke Protocol in NCHS S.urvey



The National Center for Health Statistics has accepted the proposal from
NINCDS that a stroke protocol be included in the 1977 Health Interview

Survey. The primary objective of the stroke questionnaire is to provide
an estimate of the proportion of stroke cases who do not receive care at

a short-stay hospital. These data will supplement those collected from

the national sanple of short-stay hospitals. )

The final draft of the stroke protocol has been submitted and accepted by NCHS.

4. Design of the Epilepsy Prevalence Study

Principal Investigators; William Weiss, Bernard H. Kroll

New survey designs for identifying most epileptics are being explored.

These will be used to measure the incidence and prevalence of epilepsy.

The study will be conducted in close association with the National Epilepsy

Foundation and the American Pharmaceutical Association.

5. Proposed System for the Collection of Conprehensive
Chronic Disease Statistics

A proposal has been developed which outlines the elements of a system to

provide annual trend data on the incidence (and, subsequently, prevalence)

of a wide array of neurological (and other) disorders of patients treated

at short-stay hospitals. The system has a potential for expansion so that

patients with these disorders who receive ambulatory care by physicians,

or vrtio are cared for in nursing homes, but who receive no treatment at

short-stay hospitals, can also be identified.

One possible approach is to redevelop sane of the existing, recurrent

surveys of the National Center for Health Statistics. The NCHS Hospital

.Discharge Survey, the Ambulatory Care Survey, and the Nursing Home Survey

have the potential to be part of an integrated system for conprehensive

disease statistics data.

Initial investigative work is being carried out to determine the extent

of the revision in designs of the various NCHS surveys that would be

required for the system, to solicit participation from other NIH Insti-

tutes with regard to disorders of their interest, and to recommend a

pilot study involving joint NIH-NCHS sponsorship.

6. Invited Sessions on Surveys at the 1976 Meeting

of the American Public Health Association

OBE has organized two invited sessions at the 1976 annual meeting of the

APHA on the methodology and problems associated with national surveys of

chronic disorders.

One session - Topics in Medical Provider Surveys - will report on the

experiences of OBE staff and their contractors in the surveys of

neurological disorders.
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A second session will provide for a much-needed interchange between

epidemiologists and statisticians in regard to the appropriate objectives

of surveys of chronic disorders, their strengths and weaknesses, and the

potentials which exist for meeting multiple objectives. The format will

be that of a panel discussion.

EPIDEMIOLOGY

1. Multiple Sclerosis in the Shetland and Orkney Islands and
Caithness, Scotland

Contract No. NOl-NS-4-2321
Contractor: Massachusetts General Hospital
Amount of Contract: $389,362
Project Officer: Dr. Bruce S. Schoenberg

Principal Investigators: Dr. David C. Poskanzer, Dr. Derek Roberts,
Dr. Paul Terasaki, and Dr. John Sever

The Shetland and Orkney Islands and Caithness, Scotland have the highest
reported prevalence of multiple sclerosis anywhere in the world. The
reasons for this are being examined. All patients with multiple sclerosis
in the Shetland and Orkney Islands have been identified, and appropriate
controls were selected for each patient. For such individuals (both
patients and controls) , as well as certain family members of these indi-
viduals, a questionnaire was administered and blood was drawn to measure
the following: previous history of infection (confirmed by serology),
dietary history, sanitation history, history of exposure to animals,
occupational history, travel history, family pedigrees traced to 1776,
history of allergic diatheses, blood group and genetic marker determina-
tions (including HL-A, HL-B, and MLR determinations). Questionnaires
and bloods have been collected for individuals on the Shetland and Orkney
Islands. This material remains to be analyzed. It is expected that an
additional 1-2 years will be required for ccatiplete analysis of these data
and publication of appropriate reports.

The interview information has been entered onto code sheets designed
by OBE. Conplete data files have been prepared, edited and reviewed
against original records. Preliminary tabulations for the Orkney
Island have been conpleted and similar processing for the Shetland
Island is under way. As laboratory and genetic determinations are
conpleted, they will be submitted and added to the files for processing.
The completed files will be used for extensive multivariate analysis.

2. Epidemiologic Study of Amyotrophic Lateral Sclerosis and
Other Motor Neuron Diseases

Contract No. PH-43-64-44
Contractor: National Academy of Sciences
Amount of Contract: $150,928
Project Officer: Dr. Bruce S. Schoenberg
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Principal Investigators : Dr. Gilbert Beebe and Dr. John Kurtzke

The purpose of the study is to identify risk factors for the development
of motor neuron disease qnd to determine the natural history of this group
of diseases. The project is divided into three parts. In the first section
of the investigation. World War II service medical records from 500 veterans
who died of amyotrophic lateral sclerosis in the years 1963 through 1967 were
examined to measure potential risk factors for the subsequent development
of motor neuron disease. Appropriate controls were selected from service
life insurance holders. The second part of the study involved an extensive
interview survey of veterans currently hospitalized for motor neuron disease
to again assess clues to etiology. Brain tumor patients were selected as
matched controls. A final aspect of the study involves a follow-up of
veterans discharged from VA hospitals with a diagnosis of amyotrophic
lateral sclerosis to determine the natural history of the disease. It is

expected that the first part of this project will be completed during the
current fiscal year. Work on the remaining two sections is continuing.

3. Stroke Risk Factors in Panama

Contract No: NOl-NS-3-2304
Contractor: University of Texas at Houston, School of Public Health
Amount of Contract: $251,558
Project Officer: Dr. Bruce S. Schoenberg

Principal Investigators; Dr. Darwin Labarthe and Dr. Reuel Stallones

During the past year a study of stroke risk factors among various black
populations in Panama was conpleted. Stroke and hypertension are known
to be higher in blacks than whites. The purpose of this particular
investigation was to examine "genetically distinct" black populations,
each living in an urban and rural setting, to determine environmental
and genetic factors in these conditions. Information on family history,
life style, and cardiovascular disease was collected. In addition, blood
pressure measurements, anthropometric measurements, electrocardiographic
examinations, physical examinations, and laboratory examinations (including
serum lipids and 20 genetic markers) were carried out. Despite numerous
political difficulties, the group was able to collect what appeared to be
good information on a group of rural English-speaking blacks and a group
of rural Spanish-speaking blacks. These data are currently being analyzed
and a final report will be prepared in this fiscal year.

4. Conference/Workshop on Neurological Epidemiology

Principal Investigator ; Dr. Bruce S. Schoenberg

Plans have been initiated to conduct a two-day conference on neurological
epidemiology. The purpose of the meeting will be to; (1) review the
contributions of neurological epidemiology; (2) identify problems requiring
further investigation and highlight areas likely to generate advances in
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clinical neurology; and (3) recommend priorities for research in neuro-
epidemiology. Invited participants will include distinguished investiga-
tors in this field and the meeting will be open to all individuals with an
interest in the epidemiology of neurological diseases. The conference will
form the basis for a publication serving to disseminate information provided
at the meeting to all members of the neurological and neurosurgical community.

5. Prevalence of Major Neurological Disease in a Well-Defined
Population of Southern Blacks and Whites

Principal Investigators ; Drs.^Armin Haerer and Robert Currier
(Division of Neurology, Department of

Medicine, University of Mississippi),
and Dr. Bruce S. Schoenberg.

A number of preliminary investigations have indicated a rather marked
difference in the prevalence of several neurological diseases in blacks
as compared to whites. A possible artifact in such studies of neuro-
logical disease by race is that the black population may not be receiving
the same medical care as the white population, and consequently neuro-
logical disease in blacks may be missed. In an attenpt to circumvent
this problem, an investigation is being designed to survey an entire
county in Mississippi with a 40% black population. This county has
a population of about 25,000 individuals, and was selected because of
its population stability, cooperation of all existing medical personnel,
and close physical proximity to the University of Mississippi. Using
an initial questionnaire, each household within the county will be ^
visited and inquiries made of each individual residing in the household ^
as to the presence or absence of certain signs and symptoms. On the basis
of this initial screening form, all individuals suspected of having neuro-
logical disease will be examined by Dr. Armin Haerer of the University
of Mississippi. Well defined criteria for the diagnosis of major neuro-
logical disease will be developed. The survey will include cerebrovascular
disease, convulsive disorders, mental retardation, dementia, cerebral
palsy, and Parkinson's disease.

6. Descriptive Epidemiology of Primary Intracranial Neoplasms
in Children

Principal Investigators: Dr. Bruce S. Schoenberg, Devera G. Schoenberg,
Dr. Barbara W. Christine (Conn. State Department

of Health) and Dr. Manuel R. Gomez (Department

of Neurology, Mayo Clinic)

The descriptive epidemiology of primary intracranial neoplasms in children ^jj

under age 15 was examined for the well-defined populations of Rochester,

Minnesota, and the state of Connecticut. Information on incidence by
age and incidence by histologic tumor type was obtained. These data
were reviewed in relation to previous clinical series. It was possible
to establish, for the first time, the incidence rate for primary intra-

cranial neoplasms in children based on a well-defined population.
Results from this study have been published (see list of publications).
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7. Extracranial Malignancies Metastatic to Intracranial Neoplasms

Principal Investigators; Dr. Bruce S. Schoenberg, Dr. R. Jean Caiipbell

(Department of Pathological Anatomy, Mayo
Clinic) Dr. Albert Heck (Department of
Neurology, University of Maryland) , and '

Dr. R. Simon, Berkeley, Calif.

This study represents analysis of a series of cases in which an extracranial
malignancy metastasized to a primary intracranial neoplasm. The pathological
specimens are being carefully examined in hopes of providing clues to the
etiology of this phenomenon. A paper is being prepared_for publication.

8. Resolution of Reported Differences in the Incidence of
Primary Intracranial Neoplasms

"

Principal Investigators ; Dr. Bruce S. Schoenberg, Dr. Barbara W. Christine,
(Connecticut State Department of Health) and
Dr. Jack P. Whisnant (Department of Neurology,
Mayo Clinic)

Age-specific incidence curves from the state of Connecticut reveal a

small peak in childhood followed by a much taller, sharper peak with a

maximum between ages 55 and 65. This also holds true for data collected
from most large population-based registries. In contrast to this are the

age-specific incidence curves for Rochester, Minnesota, which show a steady
increase in incidence with increase in age. In addition, the reported

incidence rate at any particular age for Rochester, Minnesota, is higher

than conparable rates from other registries. The reasons for these

discrepancies are currently being analyzed. A manuscript concerning the

findings is being prepared for publication.

9. Descriptive Epidemiology of Primary Intracranial Neoplasms

Principal Investigators ; Dr. Bruce S. Schoenberg, Dr. Barbara W. Christine
(Connecticut State Department of Health) and

Dr. Jack P. Whisnant (Department of Neurology,

Mayo Clinic)

The descriptive epidemiology of primary intracranial neoplasms (including

tumors of the pituitary gland) has been studied with regard to incidence,

survival, and the association of these neoplasms with primary malignancies
of other sites. A significant association was found between breast cancer

and meningioma and this has been reported in the literature (see {-publica-

tions). A second paper describing incidence patterns by age, over time,

and by histologic type is being prepared for publication. Data on primary
intracranial neoplasms from the Third National Cancer Survey have been
obtained from the National Cancer Institute and will be similarly analyzed

These data, however, include only those neoplasms specified as "malignant".
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10. Cerebrovascular Disease in Children

Principal Investigators: Dr. Bruce S. Schoenberg, Devera G. Schoenberg, v
and Dr. James F. Mellinger (Department of

Neurology, Mayo Clinic)

The Mayo Clinic experience with cerebrovascular disease in children was

examined for the years 1965 through 1974. The medical record linkage sys-

tem available for all medical facilities caring for the Rochester popula-

tion makes it possible, for the first time, to establish an incidence ()

rate for cerebrovascular disease in children. These data have been

collected and are currently being analyzed. A paper based on these tabula-

tions is scheduled for presentation at the April meeting of the American

Academy of Neurology, and a manuscript is being prepared for publication.

11

.

Unusual Patterns of Cerebrovascular Disease

Principal Investigators: Dr. Bruce S. Schoenberg and Dr. Jack P. Whisnant
(Department of Neurology, Mayo Clinic)

Unusual clinical patterns of cerebrovascular disease in the experience of
the Mayo Clinic are being examined (e.g., the occurrence of more than 15-20

transient ischemic attacks/day) . Such material is being critically evaluated
in an attenpt to link unusual clinical presentations with specific patho-
logical lesions. ^
12

.

Study of Pre-existing Cardiac Disease and/or Hypertension as
Risk Factors for Subsequent Conpleted Stroke and Transient
Ischemic Attacks.

Principal Investigators: Dr. Bruce S. Schoenberg, Devera G. Schoenberg,
and Dr. Jack P. Whisnant (Department
of Neurology, Mayo Clinic)

This investigation is aimed at evaluating the effect of heart disease
and hypertension as potentially treatable precursors of stroke and
transient ischemic attacks. The objectives of the study are to determine
the following: (1) the risk of stroke and transient ischemic attacks in
individuals with heart disease and/or hypertension as compared to the
risk in individuals without these conditions; (2) whether the existence
of pre-existing heart disease and/or hypertension affects the type of
stroke and whether it affects survival following stroke; and (3) v^iether

there is a particular time interval following the onset of heart disease *j

or hypertension during which an individual is at high risk for stroke. ™
Data collection for this study has been ongoing since 1973 , and it is
estimated that an additional year will be required to complete the
investigation.
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13. The Association Between Myasthenia Gravis and Multiple Sclerosis

Principal Investigators: Dr. Bruce S. Schoenberg and Dr. Drake Duane

(Department of Neurology, Mayo Clinic)

There have been numerous reports of the association between myasthenia

gravis and multiple sclerosis. The Mayo Clinic experience with these two

diseases will be reviewed for cases of association, and this experience

will be analyzed in an attempt to determine whether this association

occurs more often than might be expected sinply on the basis of chance

occurrence.

14. Cerebrovascular Disease During Pregnancy and the Postpartum Period

Principal Investigators; Dr. Bruce S. Schoenberg and Dr. Burton Sandok

(Department of Neurology, Mayo Clinic)

This study will attenpt to define the incidence and nature of cerebro-

vascular disease in the young female as well as the incidence of such

events in the pregnant and non-pregnant population. This may provide

us with information to better understand the increased risk of cerebro-

vascular events presumed to occur in association with the use of oral

contraceptives. This investigation is just getting under way.

15. Study of an Increased Incidence of Neural Tube Defects in Infants
Born m Somerset, Kentucky

Principal Investigators; Dr. Carol E. Anderson (Birth Defects
Branch, Center for Disease Control) and
Dr. Bruce S. Schoenberg

Investigations are currently being carried out to determine the frequency
of neural tube defects in Sanerset, Kentucky and its surrounding county.

An increased incidence has been documented and ongoing studies are aimed

at discovering the etiology of this unusual pattern of occurrence. A
prospective study may be established to monitor the area's future
experience with neural tube defects.

16. Investigation of Motor Neuron Diseases in Residents of
Lehigh County, Pennsylvania

Principal Investigators; Dr. Matthew Zack (Cancer and Birth Defects
Division, Bureau of Epidemiology) Dr. Lawrence
Levitt, Neurologist, Allentown, Pennsylvania,
and Dr. Bruce S. Schoenberg

In October, 1975, Dr. Levitt notified the Center for Disease Control about
an apparently increased incidence of amyotrophic lateral sclerosis in

Allentown and surrounding Lehigh County, Pennsylvania. Dr. Matthew Zack
of the Center for Disease Control investigated this report and with the
assistance of Dr. Schoenberg and Dr. Levitt developed criteria for the
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epidemiological study of motor neuron diseases, investigated all potential ^
cases, and established an incidence rate for these diseases in Lehigh v
County, Pennsylvania. A paper is currently being prepared concerning
this investigation.

17. Investigation of a Reported High Incidence of Multiple Sclerosis
Among Residents of Italian Extraction Living m Iron Mountain ,

Michigan

Principal Investigators ; Dr. Bruce S. Schoenberg, and Dr. Carol E. (\
Anderson, EIS Officer, Birth Defects Branch,
Center for Disease Control, Atlanta, Georgia

On the basis of a report received from Dr. Jerry Chutkow, Mayo Clinic, of
a number of individuals in the same family with the diagnosis of multiple
sclerosis, an investigation was made of the multiple sclerosis experience
of the Iron Mountain, Michigan community. Case records of all individuals
from the community seen at the Mayo Clinic with a potential diagnosis of
multiple sclerosis were reviewed and verified for the accuracy of the
diagnosis. Initial efforts are underway to examine members of this
community and to obtain blood specimens for HL-A, HL-B, and MLR deter-
minations. There appears to be a definite excess of multiple sclerosis
among community residents of Italian extraction. Several affected members
of the community belong to a single family. This is quite unusual, and
may provide significant clues, since residents of Italy are known to
have a relatively low prevalence of multiple sclerosis.

18. Preparation of Video Tapes on the Principles of Neurological
Epidemiology

Principal Investigators; Dr. Bruce S. Schoenberg, and Mr. Robert Finney

A series of video tapes concerning the principles of epidemiology is
being prepared for use in medical schools, schools of public health,
and training programs in clinical neurology and neurosurgery. These
video tapes should serve as an effective means of increasing the
sophistication of neurologists and neurosurgeons in the area of neuro-
logical epidemiology. The tapes, when prepared, would be loaned to
appropriate institutions who request them. It is anticipated that an
initial series of four such video tapes will be prepared during this
fiscal year.

-STATISTICAL METHODOLOGY RESEARCH

1. Sensory Decision Theory for the Measurement of Pain

Principal Investigator ; Dr. T. C. Chen

The Office of Biometry and Epidemiology has investigated the efficiency
of a quantitative method currently proposed by some pain investigators for
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the measurement of experimentally induced pain. This method, using a
concept borrowed from sensory decision theory in psychophysics, claimed
the capability of discriminating between the sensory and the psychological
conponents in pain subjectively reported by patients. The accuracy of
this claim has been debated among other investigators. The purpose of
the study is to determine the validity of this method. A linear statis- s

tical model with probits was formulated and orthogonal contrasts were
used for the investigation. The results indicate that under certain
experimental conditions this method loses its ability to discriminate.
Hence, the analytical results can be misinterpreted when this method
is used in assessing the pain-relief effect of a drug or treatment.
Future work will involve a conputer simulation study to evaluate this
finding.

2. Statistical Methodology for the Analysis of Neuronal Spike-Train Data

Principal Investigators; Drs. T.C. Chen and G.L. Yang and Mr. R. Richter

The Office of Biometry and Epidemiology has developed a research project for
the study of statistical methodology for neuronal spike-train data analysis.
The purpose of this study is (1) to investigate the nature of the current
quantitative methods from an advanced stochastic process point of view, and

(2) to develop a comprehensive statistical procedure which would incorporate
more refined statistical techniques for analysing neuronal spike-train data.
Discussions with Institute scientists have been held for advice on the
validity of the concept of this study. References in the literature have
been studied and a project proposal prepared. The University of
Maryland Department of Mathematics will collaborate in the study.

3. Development of a National Pain Data Bank

Principal Investigator ; Dr. T. C. Chen

The Office of Biometry and Epidemiology has developed a plan for the
development of a national pain data bank, after studying its concept,
function and potential utilization for research on pain. A report of
this plan was prepared and presented at the First World Congress on
Pain (1975) sponsor'ed by the International Association for the Study of
Pain. The plan has drawn interest and support from a large group of
pain investigators. An essential preliminary is a nationwide effort
toward standardizing the terminology that is used in the clinical
diagnosis and treatment of pain, and developing a uniform list of
clinical and laboratory information relating to pain. Pilot studies can
be conducted within small groups of pain clinics to test various conceptual
and technical problems that may exist in the establishment and operation of

a pain data bank, without waiting for the conpletion of the above-mentioned
task. The Office of Biometry and Epidemiology is considering the design
of such studies with the support of IASP.

The Office of Biometry and Epidemiology organized an informational meeting
on surveys of chronic pain. The Assistant Director of the University of
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Washington Pain Clinic and an Assistant Professor of neuroepidemiology spoke

on 'Chronic pain - a national health problem' and 'Headache, the scope of /^

the problem'

.

^'

SYSTEMS ANALYSIS AND DATA PROCESSING

1. Budget Systems Design and Development

Principal Investigator ; Sebastian© A. Sciabbarrasi

In order to develop an approach toward a program information system an in- "
tensive effort was made to review the current procedures for budget infor-
mation reporting, to determine the sources and resources of budget data input,
and to examine reporting requirements.

This effort has been substantially conpleted and a report has teen written
for the Program Planning and Evaluation Office for its use in developing the
information systems within the Institute.

A draft of a contract project plan and request for proposals (RFP) was
prepared. DHEW Set-Aside Evaluation Funds have been approved to support
the development of the Program Information System. This will enable the
Institute to obtain the professional assistance needed to develop the
system specifications and some additional prograimiing support for the
entire system.

2. Annual Automatic Data Processing Report (ADPR) m

Principal Investigators; Robert Richter,
Kenneth A. Eisner

The purpose of the annual study is to obtain and report all needs for
automatic data processing (ADP) systems, software and services of the
Branches and Laboratories of the Institute. It also estimates the financial
requirements for these requests and presents them as an integrated package
to higher authority for review and concurrence.

It permits an orderly development of ADP needs each year within the funds
available for expenditure, consistent with the research plans of the Institute.

The system also includes reports on existing systems and software and meets
the 0MB requirements for reporting of machines, terminals and personal data
systems.

3. Data Processing of Contract Files /t

Principal Investigators ; Sylvia Edelstein, Loretta Cook

A contracts file is maintained for the use of the Contracts Officer, Extra-
mural Activities. It is updated and modified on request by that Office.
Monthly and demand reports are prepared.



4. Neuromed

Principal Investigators : Robert Richter, Alan Talbert

In prior years a computer system was developed to sinplify the use of

multivariate analysis methods by statisticians and data analysts in the •)

Office.

During this year new programs were added and the documentation refined
and improved. Plans for a seminar on its use and distribution of the

program and methods to the statisticians of NIH have been made for sometime
early in F.Y. 1977.

5. Investigation of Data Management Systems in Miniconputers

Principal Investigators : Robert Richter, Bernard H. Kroll

The advent of new technology and inprovements in minicomputer memory size
and speed have made it desirable to investigate the use of such devices
for projects of the Institute. Design specifications have been submitted
to various manufacturers and producers of software to determine tJie feasi-
bility of such proposals. The results of this investigation, if favorable,
may lead to the development of requests to obtain such software and/or
equipment for specific NINCDS projects.

6. Morbidity and Mortality Journal Reference Resources

Principal Investigator ; Naomi M. Hawkins

The Section has developed both coitputer and direct access to the National
Library of Medicine files and resources (Offline-Medline and SDILINE) and
prepares special reports for staff members in furtherance of their research,
as requested. In addition regular weekly and monthly reports on specific
disease categories are prepared for staff members.

DEVELOPMENTAL NEUROLOGY BRANCH

1. Cerebral Palsy Study

Principal Investigators: Drs. Karin B. Nelson and Jonas H. Ellenberg

The Office of Biometry and Epidemiology, in collaboration with Developmental
Neurology Branch staff, has made considerable progress towards the production
of a comprehensive monograph on cerebral palsy, based on the study data of
the Collaborative Perinatal Project. The preliminary screen of antecedent
obstetric variables and early clinical manifestations with regard to their
association with cerebral palsy diagnoses has been completed. The statistical
analysis of demographic factors (e.g., institution, race, socioeconcmnic
status, etc.) and their inpact on the incidence and risk of cerebral palsy
is in the process of assessment. A study of the natural history of cerebral
palsy from one to seven years of life has been compiled benefitting from the
prospective nature of the Collaborative Perinatal Project. Part of this mate-
rial was presented at the American Academy for Cerebral Palsy in September,
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1975, and will be sutiuitted for publication. Finally, the multivariate
analysis of the obstetric, early clinical and demographic factors is in
the planning stage. Extensive use will be made of the NEUROMED statistical
package developed in the Office of Biometry and Epidemiology to facilitate
the rapid execution of this complicated last phase of analysis. The completed
manuscript for the monograph on cerebral palsy is expected by July 1977.

2. Convulsive Disorders Study

Principal Investigators: Drs. K. B. Nelson and J.H. Ellenberg

During the current fiscal year the" convulsive disorders study overlapped
with the risk screen and demographic analyses for the cerebral palsy study.
Many of the listings of cases by special class groups and cross-tabulations
are being accomplished in OBE. The significant factors associated with
cerebral palsy and convulsive disorders differ as will the proposed multi-
variate analyses for the two studies. A cohort of some 1800 children in
the Collaborative Perinatal Project who ever experienced febrile seizures
is under study with regard to their risk for future afebrile seizures or
other morbid outcomes. Segments of this material have been presented to
the American Epilepsy Society (December 1975) and the American Epilepsy
Foundation (January 1976), and have been suhcnitted for publication. The
completed manuscript for the monograph on convulsive disorders is expected
by July 1977.

3. Birthweight-Gestation Study

Principal Investigators ; Dr. J. Hardy and E. D. Mellits

The Office of Biometry and Epidemiology has participated in the preliminary
analysis of the data for a study of prematurity based on the Collaborative
Perinatal Project data. Graphs, tables and charts showing the relationship
of birthweight and gestational age by race, sex, and survival status to
be used as illustrations in the first phase of the report have been coitpleted.
Polynomial regressions and covariance tables have been analyzed to determine
the extent of correlation between selected variables and birthweight and
gestational age. Itiese variables, along with others, will be used in phase
two.

With the data analysis for the first phase completed, the initial write-up
is in process. The Office of Biometry and Epidemiology is participating
in the selection of variables and types of statistical analysis to be used in

phase two. This phase is divided into three parts. First is an exa.nination

of the relationships between demographic and physical characteristics of the
gravida and the dependent variables. Second, the relationships between the
disease states and abnormal conditions affecting the gravida during pregnancy
will be considered to identify those adversely affecting either, and/or both,
birthweight and gestational age, and the other primary variables. Finally, a
birthweight index will be developed.

14d



4. "The First Year of Life"^ second voluine continuing the
presentation of the basic data of the CPP

Principal Investigators; Drs. J. Hardy and J. S. Drage, and E. Jackson

The Office of Biometry continued to participate in the preparation of the
book, "The First Year of Life", presenting selected basic data from the
Collaborative Perinatal Project. Current effort consists of preparation
and review of text, and finalization of tables and charts.

5. Visual Abnormality Study

Principal Investigators; Dr. R. Feinberg and E. Jackson

Analyses of the relationship between a large number of demographic, obstetric,
and pediatric variables with various visual abnormalities are under way.

In addition, conparisons are being made of visual diagnoses at different ages.

Further studies in additional depth will be made of those variables which
appear important.

Case histories of blind childern are being reviewed and a list of such children
is being prepared.

6. Minimal Brain Dysfunction Study

Principal Investigators; Drs. P. Nichols and T. C. Chen

The Office- of Biometry and Epidemiology provided extensive statistical
support in the data analysis of this study. During the past year, the

investigative team has completed a major statistical analysis toward
developing new scale variables for the measurement of the manifestation
of MBD diildren. Four scale variables representing school achievement,
hyperactivity behavior, socio-emotional iimiaturity and minor neurological
abnormality emerged from the correlation and factor analyses. The study
did not indicate the existence of a unique MBD syndrome. The scores of

these scale variables for each child in the cohort of study have been
computed and included in the MBD file. Their distributions by sex and

race were examined and compared. The preliminary results reveal some
differences in the incidence of these symptoms among sex and race groups
in the Collaborative Perinatal Project populations. Further work will be

carried out to determine how these symptoms are associated in the MBD

children. A large number of demographic, maternal, obstetric, and

pediatric variables are currently being screened for their relationship
with the MBD symptoms. A future study will relate these variables to

various MBD groups.

EXTRAMURAL ACTIVITIES PROGRAM

1. Data Processing for the Otolaryngology Survey

Principal Investigators; Sylvia Edelstein, Barbara Nichols

15d



The final tables for the analysis of this study were prepared during the
year and the final report was published and submitted to the project
officer by the contractor.

INTRAMURAL RESEARCH PRDGI^

1. L-Dopa - Bromocriptine Blind Study

Principal Investigators : Dr. R. Kartzinal, et. al. , and D.A. Sadowsky

Twenty Parkinson patients were treated with a placebo (P); a transition %
(T) of no drugs, L-dopa, or sinemet; and bromocriptine (B). All patients
were blind tested during all three (P, T, and B) periods on 23 variables
(tremor, rigidity, speech, balance, dexterity, gait, posture, dyskinesia,
etc.). Improvement and/or worsening of the patients under P, T, or B -

and especially B (bromocriptine) was determined by analyzing the data on
the 23 variables, plus three additional variables, an overall score, a
mean tremor score, and a mean dyskinesia score. Improvement was determined
by (1) using non-parametric statistics tests (Wilcoxin Matched-Pairs Signed-
Ranks Tests, Kendall Rank Correlation Coefficients, Wilson's Distribution
Free ANOVAS, etc.); (2) developing a measure of improvement or worsening
expressed as percent of inprovement or worsening; (3) analyzing and
conparing the scores on the 23 variables with other variables (age, blood
pressure, thalamotomy, dementia, duration of disease, etc.) by X^ tests,
etc.; and (4) interpreting and graphing all results.

A preliminary report on this study was presented at the 28th Annual Meeting
of the American Academy of Neurology, Toronto, Canada, April 30, 1976. A
manuscript on this material is currently in preparation.

INFECTIOUS DISEASES BRANCH

i

1. Immunosuppression Study

Principal Investigators ; Drs, W. T. London, J, H. Ellenbcrg, J. L. Sever
and A. Palmer

This study involved the examination of the innmune responses in severely
nutritionally deprived rhesus monkeys. Three diet groups were defined
(normal calories - normal protein, normal calories - low protein, low
calories - low protein), after intensive examination of the necessary
nutritional diet structure for the rhesus monkey. Monkeys were assigned
to the two test groups and the control group and challenged with several
different antigens (rubeola, rubella-munps, DPT, VEE-flu) sequentially
with sufficient time intervals between each administration to allow for ^
washout of any prior infection effect. The test animal groups were

"
then compared with control with regard to antibody response to the
several antigens. The Office of Biometry and Epidemiology participation
included design of the study, creation of a sophisticated computer control
system for monitoring correct diet intake and weight gain, and analysis
of results.
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2. Herpesvirus Induction of Cervical Cancer in Cebus Monkeys

Principal Investigators: Drs. W. T. London, A. Nahmias (Emory University)
and J. H. Ellent)erg

Several studies have indicated that herpesvirus (HSV) type 2 may be )

etiologically related to human cervical cancer. This study is investi-
gating the possible causal relationship between genital herpes and cervi-
cal cancer by attempting to induce cervical cancer in monkeys inoculated
genitally with the virus. The statistical design of the study was pro-
duced by the Office of Biometry and Epidemiology in FY 72. Continual
monitoring of the statistical aspects of the study has been required
to make adjustments in the study design as necessary, due to differing
rates of infection and reinfection in the Cebus model, and the excessive
variability in the measures of antibody response and success of virus
isolation. The study is expected to continue for at least another
two years before analysis will begin.

3. Serological Study of Patient Infections and Pregnancy Outcome

Principal Investigators: Drs. J. L. Sever and J. H. Ellenberg

This study involves the determination of antibody responses to 11 infectious
agents (mumps, rubella, herpesvirus, etc.) using serial sets of maternal
sera which have been obtained prospectively fran 5000 pregnant women with
abnormal pregnancy outcomes and a similar number of matched controls. The
general purpose of the study is to obtain information on the effect of
maternal, serologically confirmed clinical and sub-clinical infections on
the fetus and child. Staff of the Office of Biometry and Epidemiology have
now completed the design of the statistical analysis of this study which
is conplicated by factors such as the definition of positive or negative
antibody responses to specified antigens, where the blood sanples were drawn
at varying times during pregnancy. The conputer programs for the analysis
have been conpleted, and have been successfully tested on one of the abnor-
mality groups. The analysis is expected to be conpleted by the end of the
fiscal year.

4. Maternal Clinical Infections and Pregnancy Outcome

Principal Investigators: Drs. J. L. Sever and J. H. Ellenberg

In the Collaborative Perinatal Project, clinical infections were reported
in approximately 5,000 of 58,282 cases studied. The children born of these
pregnancies have been followed for up to 8 years. Data for all of the infec-
tions are being studied in terms of their relation to pregnancy outccme.
The infected mothers will be matched with noninfected controls and canpari-
sons made of rates of specified outcomes. This study was done in two parts;
the first part examined associations of maternal clinical infection with
outcomes in the children through the fourth year of their lives. The first
part of the analysis has now been ccanpleted and the second part which deals
with outcomes through the eighth year of life is expected to be conpleted
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by the end of this fiscal year. Staff of the Office of Biometry and
Epidemiology designed the statistical analysis of this study and worked
in close liaison with staff of the Developmental Neurology Branch in
developing complicated computer software necessary to implement the
analysis.

5. Analysis of Cord IgM Levels from Births in the Collaborative Perinatal
Project

Principal Investigators: Drs. J. L. Sever and J. H. Ellenberg

The general goals of this study are the examination of the association of
cord IgM levels with specific mother (and/or child) abnormalities, and with
etiologic characteristics of the cohort. The two phases of the study include
the establishment of a normal IgM distribution, stratified for key relevant
variables such as sex, race and maternal age and the comparison of morbidity
in children with high IgM as contrasted with children with normal IgM.
Questions of maternal leakage of high IgM, specific antigens generating
the high IgM, low IgM etc. , are also being considered. The Office of Biometry
and Epidemiology participated in the design and analysis of this study,
and we expect that it will continue into the next fiscal year.

6. Infections as a Cause of Infertility

Principal Investigators ; Drs. Jones and J. L. Sever

This pilot study consisting of 76 patients and their controls was set
up to consider the possible relation of infection with cytomegalovirus,
herpes I and herpes II viruses and toxoplasma gondii to infertility.
Clinical and laboratory evidence of infection with these agents was
studied in subjects (patients attending the infertility clinic) and
in controls (patients attending the obstetrical clinic at the same
hospital). The analysis of the data was done using the Wilcoxon
signed rank test and the paired t-test.

7. Analysis of Diabetic Mothers for Coxsackie B4 Antibody

Principal Investigators ; Drs. J. L. Sever and D. A. Fuccillo

It has been reported that mice inoculated with Coxsackie B4 developed
not only the previously recognized pancreatic disease of the noninsulin
producing cells, but also late insulin dependent disease. Because of this
report a study was initiated of 50 Collaborative Study women who have
diabetes, together with matched controls for each patient. The sera from
these women were tested for antibody to Coxsackie B4 virus by the neutrali-
zation method. The data was analyzed by the paired t-test.

8. Cellular Immunity in Multiple Sclerosis

Principal Investigator : Dr. D. A. Fuccillo

It has been reported that patients with multiple sclerosis (MS) lacked
a specific cellular recognition for measles antigen. Preliminary results
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on a small cohort of MS patients and controls were reported by Dr. Fuccillo
in the April 26, 1975 Lancet . Subsequently, Dr. Fuccillo added more MS
patients and controls to his cohort and the Office of Biometry and
Epidemiology participated in the revision of the tabulations and statistical
analyses of the new data set.

9. A Conparative Study of Antibody Levels found in Sera of Baltimore )

Inner City Children and Frederick County Children

Principal Investigators; Drs. J. Hardy and J. L. Sever

Approximately 1250 children ranging in age fron 2 to 19 were included in

this study. They were divided into 4 age groupings. Their sera were tested
for antibody to herpes I, herpes II, rubella, CMV and toxoplasmosis. Conpari-
sons between age groupings within a geographic area and between geographic
areas were made by X^ tests. Tables, graphs and sunmaries of the statistical
tests were provided to the principal investigators.

10. Systems Operation and Development of the Primate Information
Retrieval System (PIRS)

Principal Investigators ; Kenneth Eisner, Margaret Meadows, David Smith
and Sebastiano A. Sciabbarrasi

The System is used by the laboratory for colonies maintained by Dr. William
London and his staff. It keeps a conplete inventory of all monkeys in the

laboratory colonies, their life histories, and a record of the procedures
and studies for which these monkeys are used.

The reports supplied by the laboratory staff are processed by the Section,
and edited and maintained in a data base. Reports are prepared on a
regular basis and are used by laboratory staff to manage the colonies
and develop studies.

11. Design and Inplementation of Data Reports for the Cebus Monkey Study

Principal Investigators ; Kenneth Eisner, Sebastiano A. Sciabbarrasi

The laboratory data for the Cebus Monkey Study conducted by Dr. Palmer
have been integrated into the PIRS data file. Output reports are in the
final stages of development and testing prior to being made available to
Dr. Palmer for use in his study.

SURGICAL NEUROLOGY BRANCH

1. Surgical Prophylaxis for Stroke

Principal Investigators ; Drs. A.K. Ommaya and W. E. Lightfoote with
D. A. Sadowsky among the co- investigators

A controlled four year study of 100-150 patients with transient ischemic
attacks (TIA) is under way. These patients are to be treated with a
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comprehensive medical regimen (CMR) (controls) and an STA (superficial
temporal artery) - MO^ (Middle cerebral artery) shunt surgery plus the

CMR (diet, aspirin, persantin, and vitamins) (cases). To discover if

the clinical improvement and reduction in TIA and stroke incidence is

real, several statistical procedures must be followed - (1) set-up the
protocol; (2) make this a truly controlled study; (3) randanize the

order of patients receiving the CMR alone or the STA-MCA shunt plus CMR;

(4) record neurological deficits by administering Clinical Quantitative
Tests (CQT) before and at specified intervals after treatment; (5) assess
the efficiency of the two treatments by Sequential Analysis; (6) collect,
retrieve, process, analyze, and interpret all data arising from the study
(the CQT's; the psychometric and social evaluations; data from electro-
physiologic tests; isotope scans; tomography; angiography; and cerebral
blood flow; etc.). At this time patients have been examined but have not
been entered into the study since they did not meet all the physical
requirements of the protocol.

2. Combination Therapy for Gliomas

Principal Investigators; Drs. A. K. Ommaya, J. H. Wood and D.A. Sadowsky

A retrospective investigation was undertaken of 143 patients, 125 of whom
are available for a cerebral glioma study. These 125 glioma patients,
during the past ten years, were tumor graded by the Kernohan system as
astrocytomas Grade I, II, III, and IV, and treated with surgery; surgery
and radiotherapy; or surgery, radiotherapy, and a variety of chemotherapies.
In order to establish the limitations and advantages of these three types
of therapy as a measure of survival and especially the quality of survival,
the data were and will continue to be analyzed by use of modified life table
techniques (for median survival times and for probabilities of survival or
survival rates); ANOVAS; t-tests; regression and regression analyses; Kendall
rank correlation coefficients and other nonparametric statistics (for deter-
mining the relationships of survival times to concomitant variables, etc.);
graphs, etc.

A report on preliminary results of this study was presented at the National
Cancer Institute Synposium on Modern Concepts in Brain Tumor Therapy: Labora-
tory and Clinical Investigation, Atlanta, Ga. , February 26-28, 1976. A manu-
script for this material is currently in preparation.

3. Neuron Counts and Sizes

Principal Investigator ; Dr. R. Rajjoub

Statistical consultation was provided and analyses were performed on data
obtained from five control and seven epileptic patients. The Purkinje's
cell counts and surface measurements were tested for differences in counts
and measurements between controls and epileptics, stimulated and non-
stimulated in epileptics, and autopsied and stimulated in epileptics by
use of ANOVAS and t-tests.
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4. Craniotomy without Resection

Principal Investigators ; Drs. J. M. Van Buren, C. Ajmone-Marsan,

N. Mutsuga, and D. A. Sadowsky

Twenty-six epilepsy patients (over a 15 year period) who had undergone
^

craniotomy without resection were studied to summarize their treatment

and make conparisons with the treatment of patients with craniotomy

with resection. The analyses and coirparisonsjncluded: (1) frequency

distributions, graphs, and basic statistics (X's and a's); (2) conpari-

sons of fit frequencies with other variables (psychic change, ictus,

seizure clusters, head injuries, etc.); (3) comparisons of pre- and

postoperative data from a number of variables to determine their extent

of association; (4) computing "incidence of seizure" rates (as developed

by D. A. Sadowsky previously); and (5) coirparisons of all these with the

same information obtained for the patients with craniotomy with resections.

5. Cerebellar Stimulation - Seizure Study

Principal Investigator : Dr. J. H. Wood

Five epileptic patients have undergone a new type of surgery, namely,

iitplantation of cerebellar stimulators. To test differences between
GABA (gamnna-aminobutyric acid) and NE (norepinephrine) in CSF, the

patients received both cerebellar and caudate nucleus stimulation -

no, unilateral, and bilateral stimulation; and pre-operative, post-
operative, and post-stimulation stimulation. Relationships and differ-
ences between GABA and NE; no and unilateral stimulation; no and bilateral
stimulation; rre-op. and post-cp. stimulation; and post-stimulation
and post op. stimulation were determined by correlations, t-tests,
and ANOVAS.

DEVELOPMENTAL AND METABOLIC NEUROLOGY BRANCH

1. Measurement Data in Man

Principal Investigators ; Dr. A. Dekaban and D. A. Sadowsky

This study is based on a group of 4760 (2784 males and 1976 females)
patients, all of whom had measurements for 6 variables (age, sex, body
weight in kg., height in meters, brain weight in kg., and 5 categories
of diseases). These data were analyzed (using computers) by coirputa-

tions and evaluations of four sets of descriptive statistics - (1)

means, variances, standard deviations, and standard errors of the means -

height, body weight, and brain weight for both sexes for each year of
age; (2) correlation coefficients - four indices as functions of body
weight, height, and brain weight were obtained by sex and age and
correlated with age to determine the extent and measurement of the
relationship between these indices and age; (3) regression and regression
analysis - to describe and label the above relationships, regression and
regression analysis was used to fit the best fitting curves to these;
and (4) graphic presentation - graphs were drawn to illustrate the
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relationship between mean body weights, heights, and brain weights by
age for both sexes; and the relationships between the four indices and K^

age for both sexes. A manuscript for this material is currently in
preparation.

LABORATORY OF NEUROPATHOLOGY AND NEUROANATOMICAL SCIENCES

1. Morphological Studies of CNS Demyelination and Remyelination in
Model Systems

Principal Investigators; Drs. H. Webster and T. Tabira ^:

Double blind tests were conducted by injecting various Substances
(CSF aliquot from 18 patients with or without demyelinating disease,
rabbit sera, saline solution, etc.) into the optic nerves of tadpoles.
The nerves were removed and the lesions created in them by the injected
substances were counted. All experiments were conducted using randanized
and double blind slide selection. The data from these lesion counts were
analyzed and tested for differences between cases and controls, inoculated
and non- inoculated sides, the various substances, etc. by use of the
Kolmogorov-Smirnov Two-Sanple Test, tests to determine whether the "count"
data is coirpatible with a Poisson distribution, the Square Root Transfor-
mation, t-tests, ANOVAS, etc. These analyses enabled the investigators
to test quantitatively for and differentiate demyelinating activity.

2. Demyelinating Activity of Cerebrospinal Fluid from Multiple Sclerosis

Principal Investigators ; Drs. H. Webster and T. Tabira ^

This experiment is a new model, in vivo , system conducted as in Morpho-
logical Studies of CNS Demyelination and Remyelination in Model Systems
reported elsewhere in this report, with the addition of refrigeration
and heating of the CSF aliquots before injection, and the use of
perineurial injections of the sera. The "count" data were analyzed and
interpreted using the same method as reported elsev^rtiere.

3. Mast Cells

Principal Investigator; Dr. J. Caimiermeyer

In order to determine the number of mast cells in the area postrema,
12 animals were studied - six (3 males and 3 females) were treated with
trypan blue, and six (3 males and 3 females) were used as controls. Cell
counts, and light and heavy granulate cell counts were compared by ANOVAS
and t-tests for differences between sex, weight, mast cell counts, light /"

and heavy granulates, and treated and controls. ^

ELECTROENCEPHALOGRAPHY BRANCH

1. Potassium Kinetics in the Glumina Cream Focus of the Monkey

Principal Investigators ; Drs. D. Lewis, N. Mutsuga and W. Schuette

C
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Following a pilot study of six monkeys, a further study of 12 monkeys
with drug induced seizures was conducted. In order to determine the

relationship of fibrous astrocytes to potassium fall-off, the data
were analyzed by use of regression, regression analyses, covariance
analyses, ANOVAS, t-tests, graphing, etc.

OTHER ORGANIZATIONS
_

^

Department of Nutrition, School of Public Health ,

University of North Carolina

1. Supplemental Food Program for'womsn. Infants and Children (WIC)

Consultant ; William Weiss

CBE provided consultation leading to the final report on the evaluation
of the data of the WIC program with regard to the potential benefits of

the food supplements on the mothers and children.

Center for Health Studies, Research Triangle Institute

1. Targeted Study of Catastrophic Illness Addressing Spinal Injury

Consultant ; William Weiss

Membership on a Technical Advisory Panel for this contract sponsored
by the National Center for Health Services Research. This contract
piggybacks on the NINCDS Head and Spinal Cord Injury Survey, and uses
secondary source data as well.

The study's objectives include comparison of the effectiveness of
alternative treatment systems.

Division of Cancer Control & Rehabilitation, NCI

1. Survey of the Cost of Cancer Care

Consultant ; William Weiss

Membership on a canmittee to advise NCI on the development of a national
probability sairple survey to estimate costs of 12 major cancerous sites
(excluding intracranial neoplasms). Initial steps include analysis of
J.imited data of the Third National Cancer Survey, and multivariate analyses
of costs by cancer site, mode of therapy, disease stage, and demog.aphic
sub-groups.

2. Division of Cancer Cause and Prevention, NCI

Consultant ; Dr. Bruce S. Schoenberg

Provides technical merit review of all contract proposals, dealing with
epidemiology and biostatistics, submitted to the Division of Cancer Control
and Prevention of the National Cancer Institute, NIH.
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Public Services Laboratory, Georgetown University ^
1. Study for Economic Cost of Diseases and Illness

Consultant : William Weiss

Technical merit review of progress of research contract on an historical

study of costs of disease from 1900 to the year 2000.

Massachusetts General Hospital, Boston, Mass .
/*

1. A Serological Study of Multiple Sclerosis Patients

Principal Investigator; Dr. D. Poskanzer

The Office of Biometry and Epidemiology has investigated a statistical
problem in the estimation of rubeola and CMV titer levels for, and
comparison between, multiple sclerosis and control groups, where the
titer recording system includes both direct and indirect (rank order)
measurements. The conventional two-sairple tests in this case can not
be appropriately ajplied. An alternative approach, which embraces the
idea of data censoring and maximum likelihood estimation, has been
derived and has been suggested for use in the analysis of ummatched
data. The problem of analysis of matched data will be considered in

a further study.

Washington Clinic, Washington, D.C. (

1. A Screening Method for the Detection of Internal Carotid Occlusive Disease

Principal Investigators; Drs. W. Howell and T. C. Chen

A paper "Supraorbital Opacity Pulses During Carotid Compression; A Method
for the Detection of Carotid Obstruction" in which an Office of Biometry
and Epidemiology member is a co- investigator has been prepared and sub-
mitted to Stroke, a Journal of the American Heart Association, for
publication.

Veterans Administration Hospital

1. A Biostatistical Study of Post-operative Back Syndrome

Principal Investigators; Drs. G. Mathews, T. C. Chen, et. al.

The Office of Biometry and Epidemiology has collaborated with the Veterans
Administration Hospital, Washington, D. C, in planning and developing a
multidisciplinary study of tlie postoperative back syndrome. The objective
of this study is to evaluate the problem of unsuccessful operations of
laminectomy and disclidectomy patients, to better define the postoperative
back syndrome, and to derive scane predictive criteria as to which features
might indicate a predisposition to the postoperative back syndrome. The
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biostatistical phases of the study include designing systems for the collec-

tion and coiiputerization of preoperative, intra-operative and postoperative

multidisciplinary data; investigation of the statistical nature and the

correlational structures of these data; describing and discriminating between

the cases of surgical success and failure; and deriving statistical criteria

for predicting the probability of postoperative outcomes with pre- and intra-

operative data.

Division of Resources Analysis, Office of the Director (NIH )

1. Revision of Normality Testing Program

Principal Investigators : Mr. A. J. Talbert

An existing program for normality testing (written by Alan J. Talbert in

1974) was radically revised, inproved, and implemented in the form of a

service program to be used by non-prograimiers. The emphasis is on ease
of application. A literature study was made to determine the validity
and limitations of equal expected frequency intervals, which are used in

the chi-square test for normality in the program.

Clinical Center - NIH Medical Records Committee

1. Clinical Quantitative Tests

Principal Investigator ; D. A. Sadowsky

A battery of Clinical Quantitative Tests has been formulated and pre-
sented before the NIH Medical Records Conmittee for review and approval.
Final certification is under consideration, pending some revision and repre-
sentation to the coirmittee.

Mathematical Research Branch, NIAMDD

1. Nearest Neighbor Algorithms

Principal Investigator ; Rosalind B. Marimont

The nearest neighbor problem may be stated as follows - given a set of
points, X, in an s dimensional space, and a query point, q, to find the
one or more of the x which are closest to q. Any metric may be used,
but Euclidean distance is most common. The problem occurs in image
processing, for s=2, and in many classification problems for s > 2.

Drug screening schemes may involve high dimensionality. The straight-
forward distance computation can become quite expensive for large sets
of points, and none of the algorithms that save computing time in a low
dimensional space seem to work well in a high dimensional one.

A new method is being developed, and preliminary results are promising.
The method has two features - first, the use of a lower dimensional subspace
for a lower bound on distance, and second, rotation of the coordinate axes to
ensure that the chosen subspace will be optimal for the nearest neighbor
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problem. Simulations of 20 point library and query sets in a 10 dimensional
space have been run in MLAB on the PDPIO, and the dependence of the process
on several parameters studied.

2. Non-Euclidean Graphs in Health Statistics

Principal Investigator ; Rosalind B. Marimont

The problem is being studied in collaboration with Professor Max Woodbury
of Duke University. A large sample of patients were rated on 5 factors
relating to physical and emotional well-being. A cluster analysis showed
a number of typical states and transitions between them, which could be
studied by graphs. A property called parallelism was defined for pairs
of transitions. It was found that in some cases, the definition led to
anomalous results, in that "parallel" edges were incident on the same
node. A graph with this property was called non-Euclidean. An algorithm
has been devised and programmed to test for the non-Euclidean property,
and a general characterization of the property is being sought. It is

possible that a redefinition of "parallelism" may be necessary for the
best analysis of the data.

This project is temporarily in abeyance because of the necessity for
revision of some of the original data.

3. Methodology for Setting Numerical Goals and Timetables
for Increasing the Number of Minorities and Women in

Middle and Upper Grades

Principal Investigator ; Rosalind B. Marimont

The project was assigned by the EEO officer, NIH. A system called FAIR
(Feasible Allocation to I_mprove Representation) was devised. FAIR is

based on the system embodied in the consent decree which settled the
suit by the Equal Eirployment Opportunity Commission against AT&T. Data
on accessions, separations, and promotions for the past 3 years were
collected and smoothed to give reliable patterns. The FAIR system, which
sets goals in terms of normal turnover rates and available manpower pools,
was applied to these data, and computer simulations were run of three
years of operations. Turnover rates at NIH are such that if goals are
met, reasonable equality in GS grades 11-16 could be attained in from
5 to 11 years. A report embodying the methodology and results has 'jeen

-written, and is being studied by various segments of the NIH community,
including the Acting Director, NIH, the Division of Personnel Management,
and the EEO Council.

An abbreviated version has been accepted for publication by Public Personnel
Management, (Journal of the International Personnel Management Association).
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MISCELLftNEOUS ACTIVITIES

1. Dr. J. H. Ellenberg

Regular reviewer for articles submitted to the statistical journal
Technometrics.

2. Dr. Bruce S. Schoenberg

Abstractor in enzyme chemistry for Chemical Abstracts .

Production of a series of brief articles concerning eponymns in

neurology for the Southern Medical Journal .

Book reviews in neurology for Science Books published by the American
Association for the Advancement of Science.

Book Reviews in the history of neurology for the Journal of the History
of Medicine and Allied Sciences .

Member, Board of Editors, Minnesota Medicine.

Reviewer of articles for the following journals: Journal of the American
Medical Association, Journal of the National Cancer Institute, and Cancer .

Invited lecture:
Departments of Neurology and Neurosurgery
University of Mississippi, Jackson, Miss.
"The Epidemiology of Primary Intracranial
Neoplasms"
September 1975

Presentation:
4th Pan American Congress on Neurology
Mexico City, Mexico
"The Incidence of Primary Nervous System Neoplasms:
International Conparisons"
October 1975

Presentation:
American Academy of Neurology
Toronto, Canada
"Cerebrovascular Disease in Infants and Children:
A Study of Incidence, Clinical Features, and Survival"
April 1976

Presentation:
Commissioned Officers Association Meeting
New Orleans, Louisiana
"The Association Between Breast Cancer
and Meningiana"
May 1976
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Invited lecture: g
Department of Medical Statistics and Epidemiology \
Mayo Clinic, Rochester, Minnesota
"Case-Control Studie? of Motor Neuron Disease"

May 1976

PUBLICATICMS

Byar, D. P., Simon, R.M. , Friedwald, W.T. , Schlesselman, J.J.

,

Demets, D.L. , Ellenberg, J.H. , Gail, M.H. and Ware, J.H.: Randonized /

clinical trials; perspectives on some recent ideas. New England

Journal of Medicine , to be published in the current fiscal year.

Kartzinel, R. , et al and Sadowsky, D.A.: Treatment of parkinsonism:
bromocrystine, sinemet, and L-dopa. To be published by the 28th

Annual Meeting of the American Academy of Neurology, Toronto,
Canada, 1976.

Li, C.L., Ahlberg, D. , Lansdell, H., Chen, T.C., et al.:

Acupuncture and hypnosis: effect on induced pain.
Exp. Neurol . 49: 272-280, 1975.

Marimont, R.B. , Maize, K., & Harley, E. : Setting numerical
goals for equal enployment opportunity. Public Personnel Management ,

MayKIune 1976 (to be published).

Ommaya, A.K., Wood, J.H., and Sadowsky, D.A. : Combination therapy i

for gliomas. To be published in NCI Symposium on Modern Concepts
in Brain Tumor Therapy, Atlanta, Ga. , 1976.

Schoenberg, B.S. , Christine, B.W. , and Whisnant, J. P.: Nervous
system neoplasms and primary malignancies of other sites: the
unique association between meningiomas and breast cancer.
Neurology 25: 705-712, 1975.

Schoenberg, D.G. , and Schoenberg, B.S.: The death of the birth of
neurology: The neurologic contributions of Thomas Willis. Surgical
Neurology 4:401-406, 1975.

Schoenberg, B.S., and Schoenberg, D.G.: Of mice and men, of triunph
and tragedy, of murine models of malignant disease. Surgery ,

Gynecology and Obstetrics 141: 933-937, 1975.

Schoenberg, B.S.: Multiple Primary Malignancies. In Fraumeni, J.F.,
Jr. (Ed.): Persons at High Risk of Cancer: Inplications to Cancer (

Control . New York, Academic Press, 1975, pp. 103-118.

Schoenberg, B.S., Schoenberg, D.G., Christine, B.W. , and Gomez, M.R.

:

The epidemiology of primary intracranial neoplasms of childhood: a
population study. Mayo Clinic Proceedings 51: 51-56, 1976.
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Schoenberg, 3.S. , Mellinger, J.F. , Schoenberg, D.G.: Cerebrovascular

disease in infants and children: a study of incidence, clinical

features, and survival. Neurology 26: 358, 1976.

Schoenberg, D.G. , and Schoenberg, B.S.: Rounds with Dr. Thomas Willis.

Accepted for publication by the Southern Medical Journal.

FUTURE PLA^JS

With the expected recruitment, near the end of this fiscal year, of two
survey statisticians, plans for the next fiscal year include a start on
the analysis of the data of the intracranial neoplasms, multiple sclerosis,
and head and spinal cord injury surveys.

Pilot studies and workshops in anticipation of a major epilepsy survey are
planned. A new approach has been formulated for identifying a large pro-
portion of epilepsy patients, and this approach will be considered for
inplementation

.

If a cooperative relationship can be developed between NIH and NCHS, we
propose to develop a pilot study to test the feasibility of obtaining
annual trend data on the incidence and prevalence (subsequently) of a
wide array of neurological diseases, using redesigned, recurrent surveys
of NCHS.

QBE, in cooperation with the Communicative Disorders Program, plans to
develop a pilot study of speech and hearing disorders of elementary
school children in a school system in Maryland.

There are a variety of neurological disorders with high relative fre-
quency, for which no adequate population-based data are available. A
national sanple of the general population will be proposed to determine
epidemiologic patterns of headache by type, and to elucidate features of
the clinical history and examination which may be useful determinants
in prognosis and treatment.

There is a paucity of information on the relative frequency of dementia
in the elderly, and a study of this condition, its course and outcome,
in a probability-based sample of the general population of elderly indi-
viduals will be proposed, in collaboration with the National Institute
on Aging.

Similarly, a study of the relative frequency of lumbar and cervical radiculo-
pathy will be proposed.
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ANNUAL REPORT
Associate Director's Report

July 1, 1975 through June 30, 1976

Extramural Activities
National Institute of Neurological

and Communicative Disorders and Stroke

The Extramural Activities Program (EAP) , NINCDS , was organized in July
1975, to serve as the Institute coordination and focal point for science
administration, fiscal management and administrative management of its grant,

fellowship and research contract activities. The structure of EAP includes
units responsible for extramural committee management, data reporting and
analysis, scientific merit review, contract management, grants management
and program support services including processing; executive focal points

also have been established for the research grant programs, the research
contract programs and the manpower development programs. Fiscal Year 1976
was characterized by the establishment of these organizational units, the

definition of responsibilities, the development of operational patterns and
the conduct of Institute extramural activities; this latter point must be
emphasized for as these important organizational changes were being developed
and implemented, the extramural program activities of the Institute were in

full operation and had to be maintained at high levels of effectiveness and
efficiency. I am pleased to report that both the required organizational
changes were able to be implemented and ongoing program activities continued
with a minimum of confusion or disruption. Issues that require further
attention include functional elaboration of the responsibilities of program
area staff and EAP staff, relationships and relative responsibilities of the

Institute Program Planning Office and the EAP Data and Report Unit, and the
relative roles of EAP staff and program area staffs to the activity of the
National Advisory Council.

A major physical move of importance and consequence was accomplished in
March, 1976. This move placed all EAP personnel and all program area
personnel in the same building. As with any physical relocation, the move
is a mixture of blessings and horrors. With time and the development of new
work patterns, most problems will be resolved. A small number of renovations
are critically required; improvement of poor lighting resources now being jus-
tified by antediluvian lighting standards need attention, and improved
messenger services between the Federal Building, the Westwood Building, and
the NIH campus require development.

As indicated in the reports of the Extramural Program Directors and the
EAP Program Coordinators (EAP Deputy and Assistant Directors) , the delay in
the FY 1976 appropriation and the uncertainties of the probable level of the
appropriation delayed the implementation of Institute plans for the first
8 months of the fiscal year. During this period, relying upon innovative
management techniques and excellent rapport with the scientific community,
staff focused on maintaining the core research program and the development
of alternatives for program implementation at an appropriate time.
Conceptual approaches to program implementation at a flat level budget are
being developed and pilot activities initiated to pre-test these concepts.

le





In summary , the development of the EAP organization and its physical
relocation both occurred in Fiscal Year 1976. Several tangible problems
of space and resources require solution; a number of less tangible problems
involving the working relationships among staff require more precise
definition and focused attention. The tardiness of appropriation decisions
and the relative insecurity of appropriation and personnel resources have
delayed the initiation of needed program implementation and the maintenance
of ongoing programs. However, by relying upon both the staff's excellent
rapport with the neuroscience and communicative science communities and

the use of innovative administrative techniques, the core program was
continued with a minimum of disruption or uncertainty.
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ANNUAL REPORT
July 1, 1975 through June 30, 1976

EXTRAMURAL ACTIVITIES (RESEARCH GRANTS)
NATIONAL INSTITUTE OF NEUROLOGICAL AND COMMUNICATIVE DISORDERS AND STROKE

This portion of the NINCDS Annual Report is intended as an overall summary
of administrative, logistical and personnel problems and developments as

they pertain to the Extramural Activities Program, particularly research
grants. For purposes of cohesiveness, however, other activities (training
awards, contracts, etc.) are mentioned although they are discussed in more
detail elsewhere.

The research grant, contract and training programs of the NINCDS are focussed
on the identification, stimulation, and support of essential research problems
aimed at the improved diagnosis, treatment, and prevention of disorders of
the nervous system, the neuromuscular apparatus, the ear, and human communi-
cation. They include disorders of the young (cerebral palsy, epilepsy,
learning disabilities) of adulthood (head and spinal cord injury, multiple
sclerosis, brain tumors) and of the aged (stroke, parkinsonism, otosclerosis).
The administrative instruments used to accomplish these purposes include
research projects, research program projects, clinical research centers,
outpatient clinical research projects, specialized research centers, research
career awards, research career development awards, teacher-investigator
awards, institutional research fellowship awards, individual research fellow-
ship awards and contracts

.

The following Table shows the number of research grant applications considered
by the Council at its June meetings in recent years.

JUNE ' 70 JUNE ' 71 JUNE '7 2 JUNE '73 JUNE ' 74 JUNE ' 75 SEPT. '76 ^^

339 352 398 467 428 481 493

*Comparable to the June meetings on the basis of the new fiscal year.

The number of applications has increased more than 45 percent. This is
attributed primarily to the effectiveness of the research training programs
of the Institute in which the output of fully trained investigators has
only in recent years reached its full potential. It is tempting to suggest
that the leveling off in the number of requests since FY 19 73 is due to
the proposed phasing out of the training program in 1973. Another factor
may be that, because available funds have in the past permitted the funding
of such a small proportion of approved proposals, many investigators have
been discouraged from applying.

The following Table shows the number of research grants av^/arded and the total
amounts of funds expended (in millions) each year for the oast nine vears

.
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FY '68 FY '69 FY '70 FY '71 FY '72

NmiBER 1,780 1,798 1,267 1,256 1,280

DOLLARS $65.1 $67.8 $48.8 $48.8 $64.2

FY '73 Fi' '74 FY ' 75 FY '76

NUMBER 1.056* 1,065 1,221 1,200

DOLLARS S62.4* $70.0 $86.6 $90.4

^Exclusive of impounded funds.

The largest change was in FY '70 when all research on vision was removed
from this Institute to form the National Eye Institute. At that time the
number of grants decreased by 29% and the amount of funds by 28%. Until
FY '72 the number of projects supported has been maintained at approximately
the same level each year despite a marked increase in the cost of all aspects
of doing research. This was made possible in part by modest increases in

the amounts of funds available, but primarily by the fact that beginning in

FY '70 every research grant, competing and committed, was subject to a

negotiated reduction. All grants were negotiated downward by an amount
which hopefully would still allow the work to proceed, although productivity
doubtless was reduced because costs increased each year. These reductions,
in effect, made additional funds available for competing proposals in the

amounts of $7.0 million in FY '70, $5.0 million in FY '71 and $3.0 in FY '72.

FY '72 was the last year in which such reductions were made because the
National Institutes of Health decided that it was preferable to support fewer
and better projects adequately than to support more projects with insufficient
funds to do the work properly. The number of projects supported immediately
decreased by 16%. It should be emphasized, however, that even after reducing
each grant, funds were sufficient to support only the better half of approved
proposals. Some increase in funds in FY '75 and FY '76 made it possible
to bring the numbers of grants back almost to the number awarded in FY '70

after all of the projects on vision were transferred to the National Eye

Institute. Perhaps it should be mentioned that for many years the approval
rate for grant applications by the Initial Review Groups was almost exactly
50%. During the past 3-4 years this has increased to about 65%. We believe
this is due to the fact that an increasing number of disapproved applications
and many approved, but unfunded proposals, with the help of comments from
the Initial Review Groups are being resubmitted in an improved form. Funds

available this year permit supporting only about 25% of approved proposals.

For many years the Extramural Program was organized on the basis of a

Research Grants Branch and a Training Grants and Awards Branch. During FY '74

the activities were reorganized along more functional programmati:: lines

consisting of a Regular Programs Branch and a Special Programs Branch. The

primary responsibility of the former was the planning, development and

operation of the investigator- initiated research grant programs. The primary
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responsibility of the Special Programs Branch was the planning, development
and operation of the targeted grant programs including program projects,
clinical research centers, special projects, training programs and manpower
studies

.

During the past year (FY '76) the entire extramural effort of the Institute
has been reorganized and the complete grants and training activities have
been moved (March, 1976) from the Westwood Building to the Federal Building.
The reorganization into four scientific program areas and one administrative
and supervisory Extr'.ncral Activities Program is illustrated below:

COMMUNICATIVE
DISORDERS
PROGRAM

OFFICE OF THE DIRECTOR, NINCDS

~~~~I
FUNDAMENTAL

NEUROSCIENCES
PROGRAM

EXTRAMURAL
ACTIVITIES
PROGRAM

1

NEUROLOGICAL
DISORDERS
PROGRAM

STROKE AND
TRAUflA

PROGRAI'l

SCIENTIFIC EVALUATION
BRANCH

During the past eight months Program Directors have been appointed for each
of the four scientific program areas. Members of the professional and
secretarial staff of the former Regular Programs Branch and the Special
Programs Branch have been distributed among the four program areas and have
been combined with staff from the former Collaborative and Field Research
Program who worked primarily with contracts. Thus, the Director of each
Program theoretically may use either grants or contracts within wide limits
to accomplish the objectives of his Program. The question of whether research
training awards are to be fully interdigitated into this arrangement is still
under consideration. They have been coded by Program Area so they may be
included as part of the total effort of the appropriate Program. However,
the management and administration of research training awards is so different
from that for all other types of awards and the amounts of funds involved
are presently so modest, that it seems doubtful whether it would be advan-
tageous to fully integrate them with grants and contracts from the standpoint
of grant administration and management.

The Extramural Activities Program provides supervisory, coordinating and

service functions for the other Programs as well as for extramural activities

in general. The top staff consist of:

Director
Deputy Director (Research Grants)
Assistant Director for Manpower Programs
Assistant Director for Contract Research

The responsibilities of these people are apparent from their titles in that

they carry out an overall coordinating and supervisory function in regard
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to the implementation of recommendations of the NANCDS Council and Contract
Advisory Committees, and the processing and issuance of proposals and awards
in their respective areas. The Director, in consultation with the Director
NINCDS, in addition works closely with the other Program Directors on
questions of policy, distribution of funds, etc. Each of these p^'ople have
a summary of their activities elsewhere in this Report.

The Extramural Activities Program also includes a Grants Management Branch,
a Contracts Management Branch and an Office of Data Analysis and Reports,
each of which has its own summary of activities elsewhere in this Report.

Also included is a Scientific Evaluation Branch with the responsibility
for the initial review of all grant and contract proposals which are not
reviewed by Study Sections of the Division of Research Grants, an activity
of the Office of the Director, NIH. This Branch is presently composed of
five professional personnel and supporting staff including the Executive
Secretaries of the Communicative Disorders Program Project Committee, the
Neurological Disorders Program Project Committee A and the Neurological
Disorders Program Project Committee B. The establishment of this Branch
makes it possible, in agreement with NIH policy, to have a true dual review
system for grant applications and contract proposals in which the initial
review is carried out by Committees within the Institute. Previously the
Executive Secretaries usually administered and managed grants which were
reviewed by their own Committees. This responsibility has now been taken
over by the staff of the Program to which the proposal is assigned. This
Branch also has a summary of its activities elsewhere in this Report.

Last, but not least, is the Office of Program Support and Awards (grants
and contract processing). This group prepares, coordinates and assembles
all of the material for the final review of all grants and contracts. It
sees that copies of proposals are distributed to appropriate staff members
and it assembles 61 sets of books for each National Advisory Council meeting,
each set consisting of three books totalling some 500 pages of initial
review group recommendations. It also assembles similar books of material
for the Council Planning Subcommittee which meets about two weeks before
each Council meeting.

The rationale for the reorganization is that the Director of each Scientific
Program should have available all of the mechanisms (grants, contracts,
training awards) and he should use them more or less at his discretion to
best accomplish the objectives of his Program. It is further felt that the
Program Director, in consultation with the Advisory Committee which is being
established for each Program, should exert a fair degree of control and
direction on the program to best meet its specific objectives. It was
decided that this arrangement would function most effectively if the grants
activities and the contract activities were housed together. Therefore,
the grants staff were moved from the Westwood Building to the Federal
Building in March, 19 76.

Reservations on the part of the professional staff as to whether this
arrangement would in fact resu-lt in more effective research programs were
expressed in some detail in last year's Report. The main one was that science
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does not develop in a hit and miss fashion. New areas develop on] after the

original basic research has been done. The scientific community most
likely to sense these opportunities, and therefore, investigator .itiated

research is most likely to develop new, productive areas of rese.- ch. If

this thesis is accepted, any appreciable degree of direction or control on

a program may actually be disadvantageous except for highly applied aspects
in which it is clear that a specific job needs doing. Contracts were
intended to serve rather specific functions. An appreciable degree of

interchangeability between grants and contracts may work to the detriment of

both programs.

The problems which are arising are exactly those which have been faced by all
other Institutes organized in this way. The fundamental problem is to avoid
having the extramural effort of the Institute break up into four separate
and distinct programs, each going its independent way scientifically and
administratively. It is well known that research in one area is frequently
applicable to problems in another area. Therefore, it is essential that

the Programs be interrelated through staff discussions and adequate liaison.

This problem can be resolved to some extent by avoiding the allocation of

specific amounts of funds to each Program. This Institute and several other
Institutes have done this to a large extent for grant funds. In general
rather specific allocations of contract funds are made to each Program. In

the case of grants, the Program Directors have agreed that the best proposals
above a certain priority cut-off should be supported regardless of what their
relevance to a particular Program appears to be at the moment. An effort
is made to reserve a modest amount of funds which the Program Directors may
use to support other approved projects which they feel are especially important
to their Program. Since the needs and the opportunities of a specific Program
will vary from year to year, the advance allocation of specific amounts of
funds to each Program will only result in feast or famine rather than in the
effective development of new research fields because important unanticipated
opportunities that arise in the various Program Areas cannot be predicted.

In summary the reorganization and the move were based on the philosophy that:

1. A Program Director should exercise an appreciable degree of
direction and control of his Program.

2. This can be best accomplished by each Program Director having
available at least the two main mechanisms of project support
(grants and contracts) which should be utilized more or less
interchangeably to attain the objectives of the Program.

3. The joint utilization of grants and contracts would be most
effective if the respective staffs are housed in close proximity.

The first two points have been commented on above. The group that probably
is most disadvantaged by the move to the Federal Building is the Office of
Program Support and Awards (grant and contract processing) . This group
obtains thousands of copies of applications and summary statements from
the Division of Research Grants in the Westwood Building for each round of
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meetings. PnrticuLarlv In regard to summarv statements time is of the essencf^

because of the time required to prepare them bv the Executive Secretaries "
after the Study Section meeting and the urgency of receiving them as soon as

possible in order to include them in the books to be sent to the Council

members as far as possible in advance of the Council meeting. The professional

staff too, find the present arrangement to be of considerable inconvenience

since thev also frequently need to obtain special items from the Division of

Research Grants or have special problems for which a face to face discussion

with members of the Division of Research Grants staff (sometimes two or three)

would be much more effective than telephone conversations. There have been ^
a number of instances in which essential material was greatly delayed or was

delivered to the wrong location. As far as can be determined, this is the

onlv Institute in which arrangements were specifically made to house the

grants staff in close proximity to the contract staff. Only time will tell

whether this will increase program effectiveness enough to make up for the

inconvenience and frustration of being at a distance of several miles from

tlie Division of Research Grants.

There is little doubt that the reorganization has had a deleterious effect

on the morale of the professional staff who were formerly associated only

with research grants. These people were appointed, most of them many years

ago, as scientist administrators. They were expected to be or to become

experts in grant administration and management. They were not expected to

have more than a smattering of knowledge about the many scientific areas

represented by the grants for which they were responsible. Now they are

part of the staff of a Program in which the ultimate emphasis will be ^^
appreciable direction and control of the research to be supported for which ^^
an expert knowledge of the scientific fields is highly desirable if not

required. Naturally, they are concerned about their long range future as

new staff are brought in just out of the research laboratory and with an

in-depth knowledge of the field which they represent.

As a matter of record Table I is attached which shows the number of awards

and the amounts of funds expended for each type of award within each Program

Area.
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ANNUAL REPORT
July 1, 1975 - June 30, 1976

Contract Research Programs
Extramural Activities

National Institute of Neurological and Communicative
Disorders and Stroke

National Institutes of Health

The contract research programs of the Institute are primarily concerned with
practical use of knov/ledge and are designed to meet recognized needs in cases
where NINCDS has identified specific research problems requiring central direc-
tion, control, and management. The sharp overall upsurge in contract research
supported by the NIH has not been reflected in the NINCDS where the contract
budget has remained at a level of approximately seven to eight percent of the
Institute's budget for the last half-dozen years. This evenhanded approach
has allowed the NINCDS to take advantage of promising research leads not being
exploited under the grant mechanism without jeopardizing its primary commitment
to investigator-initiated grant-supported research.

Since July 15, 1975, the Institute has been operating under its reorganization
by program areas. Contract programs are now served by four separate groups in

the Extramural Activities Program. Contract solicitation, negotiation, and
administration are carried out by the Contracts Management Branch under the
direction of the Contracting Officer. Technical merit review is the responsi-
bility of the Scientific Evaluation Branch which utilizes both ad hoc review
groups and established committees in carrying out its mandate. Processing of
RFP requests and receipt of contract proposals is part of the work of the Office
of Grants and Contracts Processing. The Extramural Data Systems Section is

beginning the task of providing support for the contract information system.
Integration of the work of these groups with each other and with the program
areas has proceeded smoothly and effectively.

The reorganization served as the impetus for drafting a Policies and Procedures
document for contract research project initiation. After several drafts and
much discussion with the Program Directors and the Office of the Director,
NINCDS, the new policies became effective April 1, 1976. The guidelines cover
both contract solicitations and unsolicited proposals.

Elsewhere in this report, projected contract numbers and expenditures are given
with all contracts divided into four areas--communicative disorders, fundamental
neurosciences, neurological disorders, and stroke and trauma. Another, and
administratively more useful, way of looking at the same data is to divide
the contract program into seven parts:
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and Aqreeinents* Dollars**

26 2,697,000
7 464,000

16 634,000
14 1,543,000
44 4,596,000
20 901 ,000

1 -0-

128 $10,835,000

Number of Contracts

Intramural Research Program
Biometry and Epidemiology Branch, OD
Communicative Disorders Program (Extramural)
Fundamental Neurosciences Program (Extramural)
Neurological Disorders Program (Extramural)
Stroke and Neural Trauma Program (Extramural)
Extramural Activities Program

TOTAL

*Includes contr^'-^" adninistered by NINCDS but funded
by other Institutes.

**NINCDS funds only.

This breakout emphasizes the administrative units involved: the five Extra-
mural Program areas. Intramural Research, and the Office of the Director, NINCDS.

One significant trend deserves special mention; a rapidly increasing major
fraction of the NINCDS contract budget is being utilized to further the develop-
ment of comprehensive centers aimed at alleviating two wery important neurolog-
ical problems--epilepsy and stroke. The potential impact of this expenditure,
relative to the funds available to directed research for the entire mission of

the Institute, deserves special attention.
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Annual Report
July 1, 1975 through June 30, 1976

Manpower Programs
National Institute of Neurological and Communicative Disorders and Stroke

As the Institute entered FY '76, we continued to phase out support for the

old training grant program and the Postdoctoral Research Fellowship Program

which was authorized under the Weinberger authority. However, we were
intimately involved in four other training activities — the Institutional

and Individual National Research Service Award Programs, the NINCDS Teacher-

Investigator Program, and the Research Career Development Award Program.

Although a summary of the awards made in each of these programs appears in

Table 1, an explanation of the data is in order. The old training grants
data show 52 awards which were made to honor the final periods of recommended

support for this program. The figures for new training grants (Institutional
National Research Service Awards) show the amount awarded to support in the
-02 year the initial twelve awards made in this program. The figures do not

indicate that any new Institutional NRS awards will be made from FY '76 funds.

The figures for new fellowships (Individual National Research Service Awards)

represent a combination of 104 continuation awards and 137 new awards. Fif-
teen of the new awards were made following the November Council meeting and
the remainder we anticipate making following the June Council meeting. How-
ever, the number of new individual awards will be reduced if any new insti-
tutional applications are funded. Finally, the Table does not include 14

Postdoctoral Research Fellowship continuation awards made under the authority
of the old Weinberger Program which is in a phase-out status.

Old Training Grant Program

Two year awards were made to 52 grantees and this was for their final period
of recommended support. Under this program, a total of 31 institutions re-
ceived support for training in 16 disciplines. The disciplines in which the

largest numbers of awards were made are neurology (9 awards) , neurophysiology
(7 awards) , and otolaryngology (6 awards) . When these two-year awards termi-
nate on June 30, 1978, the Institute will have honored all of its obligations
to grantees supported through this program.

Postdoctoral Research Fellowship Program

This program, in which awards were made under the Weinberger authority, is in
a phase-out status. Fourteen continuation awards were made this year and one
additional year of recommended support to five of these awardees will be made
next year. All of our commitments will then be honored.

Institutional and Individual National Research Service Award Programs

For most of the year these programs were in limbo because their legislative
authority authorized an appropriation for only fiscal year 1975. On October
24, however, the NIH announced a continuation of these programs and by May,
the required legislation (P.L. 94-278) was enacted and new dates for the
receipt of applications were announced.
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In the Institutional National Research Service Award Program, we had twelve
active programs — five in developmental neurology, five in sensory physiology
and biophysics, and two in neurovirology — which received their second year
of recommended support. These programs had all received their initial year
of support in FY '75. No awards were made in neuroimmunology or for the
support of minority programs in the neurosciences. Forty-five new applications
which were submitted to meet the January 2 deadline for the receipt of appli-
cations were assigned to the Neurology Institute. It is impossible to predict
what action might be taken on these applications since many of them have not
yet received their technical merit review. If any awards are made, it will
reduce the number of NRSA's that are made to individuals.

During the year, the Institute was approved for making Institutional NRSA's
in two new areas — neurobiology and neuropathology /otopathology. This
increased the number of training areas to seven and the 45 applications
assigned to the Institute were distributed as follows:

Developmental Neurology 3

Minority Programs 3

Neurobiology 12

Neuropathology • 16

Neurovirology 3

Sensory Physiology and Biophysics 8

Applications for Individual National Research Service Awards were evaluated
at the November Council meeting. Of 101 applications for Individual Awards,
91 were recommended for approval and 10 were recommended for disapproval. Of

the 91 approved applications, 15 were funded, 27 were carried forward to com- %
pete in June, 46 were administratively withdrawn, and three were withdrawn
upon request by the applicant.

Following the June meeting of the Council, additional Individual National
Research Service Awards will be made. The successful applicants will be

selected from among the 27 applications being carried forward from the

November Council and 305 new applications currently in the review process.

There were no changes in the Individual NRSA program during this year. How-
ever, when announcements of the continuation of this program are again dis-

tributed, we plan to add neuroepidemiology as a new training area.

Teacher-Investigator Program (

At the beginning of the year, we had 18 Teacher-Investigator awarders, four

of whom had no additional years of recommended support. At the March Council
meeting, of 15 applications reviewed, 11 were recommended for approval and

four were recommended for disapproval. Of the 11 approved applications, the

Council recommended that six be funded making a total of 20 continuation and

new Teacher-Investigator awards for FY '76.

\(9
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Research Career Development Award Program

Research Career Development Award applications were reviewed at both the
November and March Council meetings and 22 new applications were funded.
During the fiscal year, 78 new and continuation awards had been made.

I-tANPOWER EVALUATION STUDIES

In the fall of 1972, the Institute awarded contracts to study manpower needs
in speech pathology and audiology, otolaryngology, neurology, and neuro-
logical surger-/ , AccuU a year later, a fifth contract was awarded to assess
manpower needs in the basic sciences related to neurology and the communi-
cative areas.

The manpower report in speech pathology and audiology was received a year
ago. However, the reports for otolaryngology, neurology, and neurological
surgery were received only this year. The manpower report in the neuro-
logical and communicative basic sciences has not yet been completed.

The Institute plans to have the Government Printing Office publish the four
manpower reports in two volumes, one for the neurological reports and one for
the communicative reports. A significant amount of time has been required
to prepare the manuscripts for publication and it is anticipated that the

reports in the communicative sciences will be ready for publication before
the end of the fiscal year. An appreciable amount of additional work will
be required before the neurology reports are in manuscript form.
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ANNUAL REPORT
July 1, 1975 through June 30, 1976

Contrs-ts Management Branch

Extramural Activities Program
National Institute of Neurological and Comn-iunicative Disorders ?nd Stroke

National Institutes of Health

During the fiscal year the Contracts Management Branch (CMB) was established
as an organizational entity at the Branch level. This action was in keeping

with the proposed Institute reorganization plan which was approved during

this reporting year.

The Contracts Management B^^anch consists of the Contracting Officer who is

Chief of the Branch, three Contract Specialists and two supporting staff.

The CMB is charged with the administration of some 128 research contracts
and Interagency Agreements totaling $11,569 million. In addition there are
fifty-eight (58) completed contracts in various stages of being closed out.

The CMB expects to award approximately 15 new contracts this FY. Added to

this workload is sixty-nine (69) renewals of existing contracts and over
80 actions modifying contracts which do not involve additional funds.

The Branch continues to make good progress in reducing the backlog of com-
pleted contracts that are not closed. During the reporting year authority
was granted by HEW to the individual Contracting Officers to conduct fiscal

audit on all completed contracts $100,000 or less. Previously the amount
was limited to $50,000. Sixteen (16) completed contracts were adminis-
tratively closed during the reporting year.

By far, the biggest single category of work in terms of labor-hours spent
is caused by administration of the Privacy Act of 1974. In addition to the

time spent in modifying the a-^fected contracts by July 1, 1976, there is

currently one contractor who steadfastly refuses to accept the fact that
the Privacy Act applies to contracts with that institution. The matter is

currently under review by the Institute Privacy Act Coordinator.
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ANNUAL REPORT
July 1, 1975 through June 30, 1976

Extramural Activities
Grants Management Branch

National Institute of Neurological and Communicative Disorders and Stroke

The Grants Management Office has been reorganized to service the Extramural
Activities by program area. Each area is serviced by a grants management
specialist. All budget, policy and financial questions pertaining to a pro-
gram area a/e refsrrad to the assigned grants management specialist.

The new National £.c;.iearch Service Award budgets have required greater review
prior to submission to their scientific review. Grantees have improperly
interpreted the level of funds to be requested for Postdoctoral Stipends.
This has resulted in a higher level of communication with the grantees to

clarify their requests.

In the Program Project Grant area the Grants Management Office has been
experiencing more involvement with the Program Staff In developing the ap-

proved budgets, by program area. The revised budget approvals and dele-
tions furnished to the program directors reflect each approved program
area, enabling them to better plan current and fiiture budgets.

It has been requested of our office by the Scientific Evaluation Branch, to

have a Specialist review an application prior to a site visit for relevant
information, and at times attend the Project Site visit on the more in-
volved Program Projects.

In view of the above and the additional involvement, our work load has in-

creased to the level where the need is becoming greater for another grants

management specialist.
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ANNUAL REPORT
July 1, 1975 through June 30, 1976

Scientific Evaluation Branch
National Institute of Neurological and Communicative Disorders and Stroke

The Scientific Evaluation Branch (SEB) was established in 1975 and assigned
responsibility for the technical merit and scientific review of Contracts,

Program Projects, Clinical Research Centers, Outpatient Research Centers,
Institutional Fellowships and Teacher-Investigator Awards. The Communicative
Disorders Review Committee, Neurological Program Project Committee A,

Neurological Program Project Committee B, and Special Review Committee are
components of the SEB and provide the initial technical merit and scientific
review of the proposals for the Institute. Summary statements are prepared
by the SEB for the Institute staff. Contract Review Board and/or the

Institute National Advisory Council.

The SEB has established liaison with the Intramural Program of the Institute,

the Communicative Disorders Program, Fundamental Neuroscience Program,
Neurological Disorders Program, and the Stroke and Trauma Program to

facilitate the technical merit and scientific review of contracts, grants
and fellowships. The SEB maintains a continuing liaison with leaders of
the communicative and neurological disorders scientific conmiunity for the
purpose of identifying the most qualified persons to serve on SEB panels
and committees.
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M'UMUAL REPORT

July 1, 1975 through June 30, 1976

Extramural Activities Program
Data Analysis and Reports

National Institute of Neurological and Communicative
Disorders and Stroke

The Office of Data Analysis and Reports, with its computerized infor-

mation retrieval system in parallel with a manual system, is fully opera-

tional for research and training grants, fellowship awards and institutional

trainee appointments. Since contracts were newly assigned to NINCDS-EA we

have not yet acquired the contracts data in our files. The operational

status of all previous data systems has been maintained, despite the great

surge of reclassification workload and the added retrieval activity occurring

as a result of shifting managerial responsibilities associated with the

NINCDS reorganization. Much of the new activity and workload is permanent,

and was anticipated. This caused us to train one more person in the reclassi-

fication processes and upgrade that position. To date the major shifts of

grants to new program areas has been managed without loss of data compara-

bility, i.e., numbers of grants and dollars awarded, by disorder grouping
or scientific discipline. Comparability usually is quite essential for con-

fidence in data accuracy when depending on computer retrieval information.

This group prepares data books, fiscal year-end summary books, special

reports, and verbally presented fiscal trend reports to Council, as well as

a frequently updaced listing of all targeted research grants. Most of these
types of DAR output have been improved somewhat, but some changes are signi-

ficant and warrant further elaboration because of the increased management
utility they provide and because of the workload implications. For example,

the data books were improved in format and will be published prior to Council
rather than after it. Our gi."oup will conduct a thorough study of the DRG
contracts data for NINCDS, and then will set up a storage and retrieval
system, compatible with DRG's if possible. These data will be added to the

data book when the edit is done and the formats have been developed and

programmed

.

Another major data extraction, storage, edit, and retrieval task is

underway and will be finished this fiscal year, but will not be incorporated
in any regularly produced DAR documents. This task deals with program pro-
jects and clinical centers and all of their included subprojects along with
the associated classification of these often multifaceted grants in order
to assure a more efficient transition of responsibility from technical merit
review to program area and vice versa. This task is addressed to this need.
Unfortunately the DRG data base is not accurate enough in reflecting reality
because of its dependence on the applications rather than the site visit
reports or summary statements. The task thus will be more onerous in pro-
portion to the number of grants involved. These two new data management
undertakings probably will mean that we will need our part-time STRIDE
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employee on a full-time basis when she finishes that study program.

t
No unusual delays or data management problems are anticipated, assuming

administrative support in improving the computer printing and courier services,

and assuming that revision of the NINCDS classification system does not
;

impose a greatly increased workload. '
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Table of Organization

Intramural Research Program

National Institute of Neurological and Communicative Disorders and Stroke
(Personnel on hand May 1976)

OFFICE OF THE DIRECTOR

Director, Intramural Research Program - Thomas N. Chase, M.D.

Laboratory Director, IRP - Richard L. Irwin, Ph.D.

Clinical Director, NINCDS - Donald B. Calne, M.D.

Medical Officer - Jacob A. Brody, M.D.
Medical Officer - Choh-Luh Li, M.D.

Administrative Officer - Glenn E. Hammond
Administrative Assistant - J. Loring Jenkins
Administrative Assistant - John H. Jones

Administrative Technician - Doris R. Perry
Secretary (Stenographer) - Margaret Henry
Secretary (Stenographer) - Vernita Bergmeyer
Travel Assistant - Ida M. Chernikoff
Biological Laboratory Technician (Animal) - George R. Duvall
Biological Laboratory Technician (Animal) - Adrian P. Loftis
Biological Laboratory Technician - Alexander Wheaton
Procurement Assistant - Patricia D. Williams
Biologist - Minnie Toure
Secretary (Stenographer) - Corinne C. Gillis
Administrative Technician - Joan K. Russo
Program Analyst - Andrea C. Gielen
Secretary (Stenographer) - Doris Selkowitz
Secretary (Typing) - Lillian L. Wease
Biological Laboratory Technician (Micro) - Charles E. Sartor
Budget Clerk (Typing) - Carolyn L. Peel
Clerk (DMT) - Pamela Barnicoat
Clerk-Stenographer - Joan E. Kraft
Clerk (Typing) - Elizabeth Bloom
Clerk (Typing) - Dorothy Mudrick
Clerk (Typing) - Beth A. Carman
Laboratory Worker - John R. Bowers
Laboratory Worker - Kenneth Oglesbee
Biological Aid (Micro) - Asela Russell

Section on Technical Development

Computer Systems Analyst - William H. Sheriff, Jr.
Staff Fellow - Bruce Smith, Ph.D.
Staff Fellow - Susan Hauser, Ph.D.
Engineering Technician - Michael J. Walsh
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KINCDS Guam Research Center

Medical Officer - Paul II. Hoffman, M.D.

Health Technician - Jose M. Torres

Health Technician - Manuel T. Cruz

Health Technician - Francisco Leon-Guerrero
Nurse - Marjorie Gillespie
Biological Laboratory Technician (Micro) - Luiz T. Munoz

Secretary (Typing) - Mary E. Hernandez

M.EDICAL NEUROLOGY BRAIJCH

Office of the Chief

Chief, Medical Neurology Branch - W. King Engel, M.D.

Surgeon - Barry W. Festoff, M.D.
Biological Laboratory Technician (Micro) - Guy G. Cunningham
Physiologist - E. Carolyn Derrer
Biologist - Mary A. Oberc
Microbiologist - Priscilla Chauvin
Surgeon - Jay D. Cook, M.D,

Surgeon - John L. Trotter, M.D.

Surgeon - Sidney C. Bean, M.D.

Surgeon - Benjamin Brooks, M.D.

Surgeon - Roger A. Brumback, M.D.

Surgeon - John W. Gittinger, M.D.

Surgeon - Roger W. Kula, M.D.

Surgeon - Robert Shebert, M.D.

Visiting Associate - Tulio Bertorini, M.D.

Visiting Associate - Neelupalli Reddy, M.D,

Visiting Fellow - Albert Dubrovsky, M.D.

Secretary - Lucy L. Riley

Biologist - Helen J. Osborne
Biological Laboratory Technician - Jane V. Lawrence

Biological Laboratory Technician - Gregory C, Zirzow

Biologist - William Creegan
Biological Laboratory Technician - Gregory Hubbard

Biological Laboratory Technician - Joseph Sciabbarrasi

Secretary (DMT) - Gertrude Vright
Biological Laboratory Technician - Samuel T, Carroll

Clerk (DMT) - Anne K. Lawrence
Histopathology Technician - Thelma Fletcher

Biological Laboratory Technician - James Chorbajian

Biological Aid (Micro) - Brian K. Zell

Clerk-Typist - Beverly Skelton
Clerk-Typist - Alberta L, Huff
Biological Aid - Margaret Vaughan
Laboratory VJorker - Matthew P. Meadov/c

Biological Aid - Janet M. Harner
Biological Aid - Henry T. Fones
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Biological Aid - Robert Vanderbilt

Clinical Applied Pharmacology Section

Biologist - Katherine Oliver
Secretary (DMT) - Emma P. Dick

SURGICAL NEUROLOGY BRANCH

Office of the Chief

Acting Chief, Surgical Neurology Branch - Ayub K. Ommaya, F.R.CS,
Surgeon - Ronald Uscinski, M.D.
Surgeon - James H. Wood, M.D.
Staff Fellow - Earl C. Mills, M.D.
Staff Fellow - Paul C. Williams, M.D.
Clerk (DMT) - Helen M. Andregg
Secretary (Steno) - Olga G. Williams
Clerk-Typist - Raymond F. Weaver

Applied Research in Surgical Neurology Section

Biological Laboratory Technician (Biochem) - M. Arthur Banks
Biological Laboratory Technician (Animal) - Calvin S. Hawkins
Biological Laboratory Technician (Animal) - Clifford A. Seay
Biological Aid - Stephen O'Donnell

Neuroradiology Section

Research Medical Officer - Giovanni Di Chlro, M.D.
Sr. Staff Fellow - Mary K. Hammock, M.D.
Sr. Staff Fellow - Rodney A. Brooks, M.D.
Clerk-Typist - M. Jacqueline Pattison
Clerk-Typist - Eileen Yellin
Biological Aid - Carlton Lampkins

CLINICAL NEUROSCIENCES BRANCH

Office of the Chief

Chief, Clinical Neurosciences Branch - Cosimo Ajmone Marsan, M.D.
Clerk-Stenographer - Myrtle Sullivan
Clerk (DMT) - Tina McDaniels

Clinical Neurophysiology Section

Surgeon - Donald W. King, M.D.
Surgeon - Boris A. Vem, M.D.
Surgeon - James B. Macon, M.D.
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EEG Technician - Joan Trettau i

Biologist - Stuart Walbridge *
EEG Technician - Martha H. Fair

Functional Neurosurgery Section

Associate Chief, Clinical Neurosciences Branch - John M. Van Buren, h.u

Research Psychologist - Paul Fedio, Jr., Ph.D.

Biologist - Rosemary C. Borke
Histopathology Technician - Martha L. Johnson ^
Psychologist - Ghislaine R. Frederick
Histopathology Technician - Vivian A. Betton
Surgeon - David M. Bear, M.D.

Clinical Psychologist - John Oubre
Clerk-Stenographer - Elizabeth Bliss

DEVELOPMENTAL AND METABOLIC NEUROLOGY BRANCH

Office of the Chief

Chief, Developmental & Metabolic Neurology - Roscoe 0. Brady, M.D.
Secretary (Stenographer) - Barbara W. Critzer
Clerk (DMT) - Lois A. Brown
Clerk-Typist - Shelia Y. Burr is
Visiting Fellow - Ricardo Duffard, Ph.D.
Visiting Fellow - Rosemary Mclntyre, Ph.D. (h

Enzymology and Genetics Section

Research Chemist - Richard Qualres , Ph.D.
Research Chemist - Peter H. Fishman, Ph.D.
Research Chemist - Peter G. Pentchev, Ph.D.
Chemist - Roy M. Bradley
Chemist - Jane M. Quirk
Biological Laboratory Technician - George E. Mook
Staff Fellow - John W. Kusiak, Ph.D.
Visiting Fellow - Laurence Mclntyre, Ph.D.

Neurochemical Methodology Section ,

Research Chemist - Andrew E. Gal, Ph.D.
Biological Laboratory Technician - Frank J. Fash

Clinical Investigation and Therapeutics Section

Assoc. Chief, Developmental & Metabolic Neuro. - Anatole Dekaban, M.D,
Research Chemist - George Constantopoulos , Ph.D.
Medical Technician - Jan K. Steusing
Surgeon - Michael P. Whyte, M.D.
Visiting Associate - Norio Sakuragawa, M.D.
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LABORATORY OF NEUROPATHOLOGY AND NEUROANATOMICAL SCIENCES

Office of the Chief

Chief, Neuropathology & Neuroanatomical Sciences - Igor Klatzo, M.D.
Biological Laboratory Technician (Animal) - Willie Perkins
Secretary (DMT) - Virginia Masterson
Biologist - Robert S. Graham
Biological Laboratory Technician (Animal) - Albert V. Cantu
Biological Laboratory Technician (Animal) - Melvin H. Carroll
Clerk-Stenographer - Patricia A. Bustin
Clerk-Typist - S. Joan Eskin
Visiting Fellow - Tsukasa Fujimoto, M.D.
Visiting Fellow - Dejan V. Micic, Ph.D.

Functional Neuroanatomy Section

Medical Officer - Thomas S. Reese, M.D.
Biological Laboratory Technician - Frank D. Nolan
Biological Laboratory Technician - Linda J. Perry
Visiting Fellow - Rosemary P. Rees, Ph.D.

Neurocytology Section

Research Physiologist - Milton Brightman, Ph.D.
Staff Fellow - Richard Broadwell, Ph.D.
Histopathology Technician - Gertrude Coping
Biological Laboratory Technician - Barbara F. Reese
Clerk-Typist - Katy Davis
Visiting Fellow - Masayasu Sato, M.D.

Experimental Neuropathology Section

Medical Officer - Jan Cammermeyer, M.D.
Biologist - Iris Fenton
Editorial Assistant - Jane T. Phelps
Biological Aid - Sophia Grabinski

Cerebrovascular Pathology Section

Biological Laboratory Technician - Joseph T. Walker

Cellular Neuropathology Section

Assoc. Chief, LNNS - Henry DeF. Webster, M.D.
Biological Laboratory Technician - Maureen O'Connell
Histopathology Technician - Kathryn Winchell
Biological Aid - Susan Larrick
Staff Fellow - Michael J. Cullen, Ph.D.
Biological Aid - Nancy A. Newkirk
Visiting Fellow - Takeshi Tabira, M.D.



Cellular Keurochemistry Section

Research Biologist - Janet Passonneau, Ph.D.
Sr. Staff Fellow - Uesley D. Lust, Ph.D.
Biologist - Sandra K. Crites
Biological Aid - Ann V. Deaton
Biological Aid - Karen Wayns
Visiting Fellow - Masashi Kobayashi, ^'.D.

Visiting Associate - Maria V, Gentina
Neuroc3'tob iology Sec t i o

n

Medical Officer - Maria Spatz, M.D.
Research Biologist - Margaret Murray, Ph.D.
Biological Laboratory Technician - >!adora E. Swink
Biologist - Joliet Y. Bembry

LABORATORY OF NEUROPHYSIOLOGY

Office of the Chief

Chief, Laboratory of Neurophysiology - Michelango Fuortes, M.D,
Electronics Technician - Anthony F. Bak
Biological Laboratory Technician - William L. Beane
Clerk (DMT) - Gloria K. Hall
CJerk-Typist - Daveen Y. Strahle
Visiting Scientist - Luigi A. Cervetto, M.D.
Visiting Fellow - Jiri Pochobradsky , Ph.D.

General Physiology Section

Chemist - Patricia Grimes
Visiting Scientist - Franco Conti, Ph.D.

Sensory Physiology Sec tion

Medical Officer - Thomas G. Smith, M.D.

Cell Biology Section

Research Biologist - Arnaldo Lasansky, t'.D.

Biological Laboratory Technician - Julia M. Lohr
Staff Fellow - Richard Nermann, Ph.D.
Visiting Fellow - Menachem Hanani, Ph.D.

I'euroral Interactions S ection

Head, Neuioi-al Interactions Section - Henry G. Wagner, M.J.
Sr. Staff Fellow - Ferenc I. Earosi, Ph.D.
Sr. Staff Fellow - Helga E. Stanbury, Ph.D.
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LABORATORY OF BIOPHYSICS

Office of the Chief

Chief, Laboratory of Biophysics - William J. Adelman, Jr., Ph.D.

Visiting Associate - Tadashi Akaike, M.D.
Staff Fellow - Eliahu Heldman, Ph.D.

Clerk (Typing) - Hazel W. Fermino
Visiting Fellow - Bernard Pailthorpe, Ph.D.

Neural Membranes Section

Research Biophysicist - Kenneth S. Cole, Ph.D.

Research Physiologist - Jay B. Wells, Ph.D.

Visiting Fellow - Robert J. French, Ph.D.

Neural Systems Section

Surgeon - Daniel L. Alkon, M.D.

Visiting Fellow - Yoram Grossman, Ph.D.

Molecular Biophysics Section

Acting Head, Molecular Biophysics Section - Gerald Ehrenstein, Ph.D.

Supervisory Research Physiologist - Robert E. Taylor, Ph.D.

Research Physicist - Richard Fitzhugh, Ph.D.

Research Physiologist - Daniel L. Gilbert, Ph.D.

Electrical Engineer - Leonard Binstock
Research Physicist - Harold Lecar , Ph.D.

Mathematician - John Shaw
Electronic Technician - Herbert A. Walters
Secretary (Stenographer) - Maxine Schaefer
Biological Aid - Sandra I. Dixon
Biological Laboratory Aid - Samuel C. Hurwitz

Biological Aid - Norman Magid
Visiting Fellow - Lida Firouzi, Ph.D.

LABORATORY OF NEUROCHEMISTRY

Office of the Chie f

Acting Chief, Laboratory of Neurochemistry - R. V/ayne Albers, Ph.D.

Surgeon - Lawrence Rodichok, M.D.

Clerk (Typing) - Sheri L. Carson
Clerk-Stenographer - Sylvia Levinson

Clerk-Typist - Jacqueline Childs
Biological Aid - Linda A. Garrett
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Amino Acid Chemistry Section

Chemist - Oscar M. Young
Staff Fellow - Stephen Goldman, Ph.D.

Enzyme Chemistry Section

Chemist - George J. Koval
Visiting Associate - Dou H. Jean, Ph.D.

Physical Science Technician - Eunice L. Summers

Physiology Metabolism Section

Research Chemist - Eberhard G. Trams, Ph.D.

Chemist - Carl J. Lauter
Staff Fellow - Dorri Rosenblatt, Ph.D.

Neuronal Development and Regeneration Section

Biological Laboratory Technician - Janina D. Ziemnowicz
Surgeon - Andrew Zalewski, M.D.
Sr. HSO - George F. Creswell

LABORATORY OF MOLECULAR BIOLOGY

Office of the Chief

Chief, Laboratory of Molecular Biology - Ernst Freese, Ph.D.
Visiting Associate - Chang-Chih Tai, Ph.D.
Staff Fellow - Peter Cooney, Ph.D.
Staff Fellow - Kenneth E. Rich, Ph.D.
Staff Fellow - Barbara C. Levin, Ph.D.
Secretary (Stenographer) - Geraldine Bitango
Clerk-Typist - Donna L. Hanyo
Clerk-Typist - Mary L. Keplinger
Visiting Fellow - Tadsko lijima, Ph.D.
Visiting Fellow - Patricia Whiteman, Ph.D.
Visiting Fellow - Ayub K. Yousufi, Ph.D.

Developmental Biology Section

Research Biologist - Elisabeth G.l:. Freese, Ph.D.
Chemist - Enid Galliers
Chemist - Cheryl Marks
Visiting Associate - Robert A. Pearce, Ph.D.
Sr. Staff Fellow - Richard C. Henneberry, Ph.D.
Biological Aid - Abraham Rosner
Visiting Fellow - E. East Atikkan, Ph.D.
Visiting Fellow - Kazuhito Watabe, Ph.D.
Visiting Fellow - Yasutaro Fujita, Ph.D.



Molecular Virology Section

Research Chemist - Robert A. Lazzarini, Ph.D.

Chemist - Leslye E. Johnson

Staff Fellow - Jack Keene, Ph.D.
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Annual Report of the Scientific Director
of the

National Institute of Neurological and
Communicative Disorders and Stroke
July 1, 1975 through June 30, 1976

The Intramural Research Program of the National Institute of Neurological and

Communicative Disorders and Stroke conducts research related to the nervous
system and its disorders in its Bethesda laboratories and clinics as well as

in facilities at Fort Detrick, Maryland, at Woods Hole, Massachusetts, and at
the Guam Research Center. Within this program, a broad array of basic and
clinical techniques are applied to studies embracing nearly every aspect of
the form and function of the nervous system.

The past year witnessed no major organizational changes, but rather marked the
successful completion of a number of previously initiated modifications.
Grouping of the Intramural Program's 17 laboratories and Branches into funda-
mental or clinically applied divisions, each headed by an appropriately desig-
nated line official, has functioned exceptionally well . The three recently
established laboratories (Neuroimmunology, Neurophlirmacology, and Neuro-
otolaryngology) are now fully operational, as is the newly reorganized Clinical
Neurosciences Branch. Sections of the Laboratory of Biophysics, transferred
late last year to the Marine Biological Laboratories in Woods Hole, are begin-
ning to function effectively. The Guam Research Center has been strengthened
by a more focused research effort, bolstered by the addition of professional
staff and new equipment.

Personnel and budgetary constraints continue to compel vigorous measures for
optimizing internal resource distribution and utilization. These endeavors
were most conspicuous in the area of personnel, which remained the most chal-
lenging problem faced by the Intramural Research Program. On May 1, 1976, 476
individuals worked in the Program, an increase of 53 over the preceding year's
total. However, this increase largely reflects strenuous attempts to recruit
ceiling-free personnel, since imposition of a partial hiring freeze decreased
budgeted staff by 3%. This reduction, plus the award of 19 new positions, will
enable the Intramural Program to be within its new ceiling for budgeted person-
nel by the close of the current fiscal year. Nevertheless, hiring restrictions
preferentially reduced the number of younger, non-tenured physicians and scien-
tists. Partial compensation derived from a dramatic expansion in ceiling-free
personnel: visiting fellows, guest workers and stay-in-school employees in-
creased 69%. In addition, the Intramural Program took advantage of the Inter-
governmental Personnel Act by recruiting 7 talented scientists from colleges
and universities to work temporarily at the Bethesda campus.

Administrative actions to improve the pattern of professional staffing also
operated to the Program's advantage. The drift towards a largely tenured
professional staff was reversed with the departure of 9% of the tenured doctoral
level personnel and attempts to discourage the conversion of younger scientists
to tenured status. But the hiring embargo decreased non-tenured doctoral level
personnel by nearly the same amount. On the other hand, the Intramural Program
succeeded in expanding the number of ceiling-free physicians and scientists by

In



73%, thus enabling a 6% increase in the total doctoral staff. Technical and
administrative support staffing grew by 26% during the year with a 7% increase
in budgeted and a 34% increase in non-ceiling support employees. Accordingly,
the ratio of total professional to total support personnel, which had gradually
declined in recent years to inefficiently low levels, began to improve.

On-campus research facilities expanded by 1100 sq. ft. during the year through
transfer of Building 36 modules vacated by the Collaborative and Field Research
Program. However, failure to recover loaned space in Building 36 continues to

delay implementation of an extensive and critically needed space reallocation
plan. Furthermore, limitations on the availability of research beds in the

Clinical Center still pose serious difficulties to the Intramural Program. It

is hoped that rapid implementation of a Bed Banking plan to facilitate inter-

institute sharing of clinical facilities, and the eventual availability of the

Ambulatory Care Research Facility will alleviate this impediment to clinical
research. Renovations of Building 376 at Fort Detrick are nearing completion,

and transfer of viral research operations to this facility are expected within
the coming year.

The annual Intramural allocation for "other objects" was $5.1 million, a de-

crease of $.6 million from the preceding fiscal year. Although adequate in

amount, delay in receiving the full apportionment until the third quarter caused

stringencies and operating inefficiencies for several laboratories. Research

contracts sponsored by intramural scientists received an allotment of $2.7
million, down $0.6 million from the preceding year.

During the year, 227 research projects were conducted, 40 new projects initiated,

20 completed, and 21 terminated. Collaborative efforts were carried out with

34 other federal agencies and 146 non-governmental institutions. Based on the

judgment of scientists reporting individual research projects, 40% of the

Intramural Program's other objects funds went to fundamental research, while

60% was devoted to clinically applied studies. Neurophysiology, neurochemistry

and neuroanatomy received the largest budgetary allocations in the basic neuro-

sciences, while applied studies of infectious (especially virologic), neuro-

muscular, vascular, and demyelinating disorders were accorded the largest sup-

port in the clinical neurosciences. On the basis of research bed utilization

in the NIH Clinical Center, studies of neuromuscular, convulsive, and extra-

pyramidal disorders remained most active.

By all available criteria. Intramural scientists enjoyed an exceptionally pro-

ductive year. During 1975, 213 research reports appeared in 108 different

scientific journals or books. Physiology, pathology, chemistry and virology/

immunology were represented by the greatest number of publications. Neurology ,

Advances in Neurology , Brain Research , Journal of Infectious Diseases ,

Biochimica et Biophysica Acta , Journal of General Physiology , Lancet , and

ExperimentaT~Neurology , in descending order, published the greatest number of

Intramural scientist authored articles. Seven Intramural researchers contri-

buted chapters to the Institute's 25th Anniversary Volumes, "The Nervous

System." In addition, numerous Intramural scientists were invited to present

lectures or seminars before learned society and university audiences in this

country and abroad. Others were elected to the editorial boards of prestigious
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journals and to the scientific advisory boards of various health voluntary and

professional organizations. Among those accorded public recognition for out-

standing scientific accomplishment were eight Intramural staff members given

the DHEW Distinguished Service Award or the PHS Meritorious Service Award.

Finally, rigorous tri annual evaluations of four Laboratories by the Institute's

Board of Scientific Counselors augmented by Ad Hoc specialists yielded highly

laudatory comments as well as priority scores averaging substantially superior

to those currently required by the Institute for funding of research grants.

During the past year, new knowledge development by Intramural scientists in

both basic and clinical neurosciences continued at an astonishing pace. These

findings are adequately detailed within the individual laboratory summaries and

accompanying project reports. Only a few selected examples, which seem of spe-

cial relevance to future progress, are adumbrated here.

The Laboratory of Molecular Biology has been investigating the cellular effects

of lipophilic acids, which include preservatives, antiseptics, and compounds

known to cause brain damage. These substances inhibit the growth of mammalian

cells by a general effect whose potency increases with the lipophilicity of

the compound. One short chained lipophilic acid, butyrate, has been found to

produce reversible morphologic changes and induce alkaline phosphatase and

sialyltransferase (the latter needed for synthesis of the sphingolipid GM3) in

HeLa cells. Another lipophilic acid, hexachlorophene, was shown to inhibit

bacteria by destroying the proton gradient across the cell membrane and thereby

starving them for substrate. The compound binds so tenaciously to cells that

it can only be washed off with highly lipophilic polymers, such as serum

albumin, suggesting that treatment for persons exposed to highly lipophilic

toxins might include repeated replacement of their serum albumin or washing

their blood with activated charcoal.

It is well known that members of the myxo-, paramyxo-, and rhabdovirus family

can enter the central nervous system normally or as a complication of a systemic

viral infection, and thus cause meningitis or encephalitis. Some of the in-

fections or their consequences appear to persist for years. These RNA viruses

are uniquely capable of producing defective particles which interfere with

multiplication of normal virus. While this autointerference may be essential

for the nonlethal outcome of a virus infection, it may also be responsible for

long-term persistence. At least two phenomena now appear to contribute to the

interference of normal virus development by the defective virus: first, dif-

ferent defective viruses seem to contain the same 3' and 5' end of the RNA

sequence; using one or both these ends, they bind to the viral replicase and

thereby reduce the synthesis of normal virus RNA. Second, mRNA neeaed for

viral protein synthesis seems to be transcribed only from the normal virus RNA;

thus the total number of viruses (infective and noninfective) into which the

RNA molecules can mature is reduced by interference with viral protein

synthesis. Viral persistence could not be related to the presence of virus

derived DNA in the cellular chromosome, but rather seemed to depend on the con-

tinued presence of viral RNA itself.

The Laboratory of Neural Control has focused research efforts on mammalian

central nervous system mechanisms involved in the control of movement. De-
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velopment of novel methods for obtaining recordings from experimental animals

which are awake and behaving with minimal restraint is an important aspect of

this research. Although the development of equipment and techniques for making

connections with the nervous system is rarely an end in itself, but rather

occurs in relation to a specific research problem, such efforts have proven

useful to investigators throughout the country.

Recent observations of impulse activity in spinal neurons after cutaneous nerve

stimulation indicate that recruitment patterns of alpha motoneurons within a

given nucleus are controlled largely by factors related to "synaptic organi-

zation" rather than to properties intrinsic to the cells themselves. The

Laboratory's demonstration that large changes in recruitment patterns can occur

in response to a single input system suggests that motoneuron "excitability"

and recruitment order are properties of the way in which synaptic input is

organized to particular neurons in the motor pool as well as to the interaction
of such organizational factors with intrinsic motoneuron properties such as

input resistance, time constant, and absolute voltage threshold.

An experimental design has been developed to answer the question of cell move-

ment specificity. Monkeys trained to alter cortical cell firing rates to get

rewards manage by producing various movements. Cortical neuron use not cor-

related to any movement is not rewarded. In this situation monkeys, working
with a particular cell over a long time period, "learn" to redefine their move-
ments to include only those appropriate to the neurons being studied.

The Laboratory of Neurochemistry has continued diversified efforts to explain
neural mechanisms in terms of molecular events. New data has been obtained
on physical parameters influencing the equilibrium between the two conforma-
tions of (Na + K''')-ATPase that differ in the orientation of the IC*" ionophor.
Measurements of the phosphorylation rate of this enzyme suggest the existence
of a hitherto unidentified intermediate in the hydrolysis of ATP. Studies in

mice varying in susceptibility to audiogenic seizures indicate that seizure-
prone animals exhibit relatively low calcium-stimulated ATPase activity. From
observations on the properties of this enzyme as a function of age, it was
inferred that several different isoenzymes may appear at different stages of
brain maturation. Investigation of factors permitting the active transport of
sodium and potassium to operate with increased efficiency at low temperatures
has implicated changes in the lipid composition of plasma membranes. Measure-
ments of the microviscosity of cell membranes and their lipids in brain prepa-
rations from hibernating and warm-adapted hamsters substantiate the importance
of membrane lipids in determining the physical properties of the membrane.

The Laboratory of Perinatal Physiology has continued to evaluate the ability
of anesthetics to modify deleterious effects of asphyxia on the fetal monkey
brain. Although high dose levels of pentobarbital may cause asphyxia by
venous pooling and resultant maternal hypotension, moderate dose anesthesia
actually improves oxygenation of the asphyxiated fetus, and thus may be of
therapeutic value. Other investigative efforts have dealt with the pathologic
effects of hypotension produced by ganglionic blocking agents. Measurements
of regional cerebral blood flow during arterial hypotention by both thermal
dilution and autoradiographic techniques indicate that a marked depression of
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blood pressure leads to a generalized diminution in flow throughout the cere-

bral tissues without significant regional variations. These results fail to

support the widely accepted "border zone" hypothesis of brain injury during

hypotension.

In the Laboratory of Biophysics, recent experiments on ion interactions in

open potassium channels of squid giant axon membrane have provided new infor-

mation concerning the energy barriers crossed by ions entering these channels,

and about the nature of ion binding sites within the channels. "Inertia" pre-

viously seen in potassium channels following large, brief depolarizations was

confirmed and calculations performed to examine predictions of the Hodgkin-

Huxley model under similar circumstances. These calculations indicate a quali-

tative divergence between experimental results and Hodgkin-Huxley predictions.

The experimental observations were, however, consistent with predictions of

the Baumann-Mueller model. Other laboratory elements have extended studies of

mechanisms by which simple neural networks process and store information on a

cellular level. A cell by cell analysis of the visual and vestibular pathways

of the Hermissenda crassicornia has, for example, demonstrated the dominent

role of presynaptic inhibition in producing persistent changes in network func-

tion.

The Laboratory of Central Nervous Systems studies has continued its pioneering

work with slow, latent, and temperate virus infections^ of the nervous system.

The successful demonstration that Kuru, a progressive degenerative disorder of

the central nervous system, is caused by a serially transmissable virus pos-

sessing unconventional biologic and biochemical properties yielded the neces-

sary techniques for the subsequent discovery of a virus etiology for several

other cerebral degenerative disorders including Creutzfeldt-Jakob disease,

familial Alzheimer's disease and progressive supranuclear palsy. These dis-

coveries have also enabled recognition that Creutzfeldt-Jakob disease may be

transmitted by transplantation surgery, warranting concern for possible con-

tamination of tissue transplantations from donors with dementia or other
neuronal degenerative conditions. It has also been possible to identify the

virus of transmissible virus dementia (CJD-type) as the cause of death of a

neurosurgeon, raising the possibility of occupational hazard. Recent demon-

stration of the transmissibility of scrapie from American sheep and English

goats to several species of nonhuman primates, producing in monkeys a disorder
which is indistinguishable from transmissible virus dementia of man, suggests

a close relationship between scrapie and human spongiform encephalopathies.

A large foci of epilepsy in the Wissel Lakes area of West New Guinea has been
found to result from cysticercosis with larvae of Taenia solium , a pig-tapeworm,
newly introduced into New Guinea. In contrast to previous beliefs, it now ap-

pears that convulsions are due not to death of the worm with resultant scarring
and calcification, but rather to acute inflamation from new invasion of the

brain by Taenia larvae.

The Laboratory of Neurophysiology has continued to study properties of neuronal
membranes, synapses, and receptors. By applying voltage clamp techniques to
molluscan neurons, monovalent and divalent cation conductances have been measured
in neurons which display pacemaker or bursting activity. Comparative investi-
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gations of fish visual pigments, using spectrophotometric techniques, have pro-
vided new interpretations of the absorption properties and evolutionary develop-
ment of these substances. Retinal studies designed to increase understanding
of photoreceptor mechanisms and provide clarification of the main principles
of retinal cell organization have revealed new properties in the synaptic ar-
rangement of bipolar and amacrine cells. Physiologic experiments on photo-
receptors have helped to define the role of calcium and other ions in the trans-
duction process. Other experiments have shown that rod and horizontal cells
of Bufo Marinus often develop voltage oscillations, strongly suggesting the
existence of reverberation pathways between these cell types.

The Laboratory of Neuropathology and Neuroanatomical Sciences has extended
previous investigations into the pathophysiology of cerebral ischemia. Experi-
ments in mongolian gerbils indicate that systemic hypertension during reestab-
lishment of circulation following an ischemic period has a markedly deleterious
effect on brain cell morphology and on the integrity of the blood brain barrier.
The former appears due in large measure to the reduction in the transport out
of brain of various toxic substances, including lactate. Ischemic brain edema,
resulting from an increased permeability of the blood brain barrier, now appears
to be attributable to: (1) increased vesicular transport across the endothelium
and (2) mechanical disruption of the endothelium in necrotic foci.

Other research has concerned the effects of experimentally induced seizures
on GABA and cyclic nucleotide levels in mouse brain. Some anticonvulsants,
including di propyl acetic acid, increased GABA and decreased cyclic GMP in the
cerebellum, while others, including phenobarbitol and phenytoin, decreased
cyclic GMP but had no effect on cerebellar GABA. During the period of in-

creased GABA and decreased cyclic GMP, the threshold for electrically induced
seizures was increased.

A new in vivo model has been developed using tadpole optic nerve to test the

myeli notoxicity of biologic fluids from patients with various neurologic dis-

orders. In double blind studies, CSF samples from 60% of patients with
multiple sclerosis had positive myeli notoxic activity which tended to correlate

with disease severity; no activity was found in 85% of CSF samples from control

patients, suggesting that the tadpole optic nerve model may be useful for in-

vestigating mechanisms of demyeli nation in multiple sclerosis.

It is now firmly established that horseradish peroxidase readily crosses from

muscle capillaries into axon terminals, and then migrates retrogradely to the

nerve cell body. These findings indicate for the first time how circulating

proteins, which are unable to penetrate the blood brain barrier, can gain en-

trance to central neurons having processes in contact with the per-'pheral cir-

culation.

Using a new method for capturing fleeting structural details in functioning

central synapses by combining rapid freezing with the freeze-fracture tech-

nique, it has been possible to show how synaptic vesicles fuse v^ith the surface

of the presynaptic membrane to discharge their contents. Components of the

synaptic vesicle wall, incorporated into the surface membrane during synaptic

activity have been found to be later recovered and incorporated into new
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synaptic vesicles. The freeze-fracture technique has also revealed that par-

ticulate structures, thought to be receptor molecules within the postsynaptic

membrane, may be specific for different types of synapses.

The Laboratory of Neuropharmacology has in its second year of operation con-

tinued basic and clinically applied studies of central synaptic mechanisms 1

Recent observations indicate that glutamic acid decarboxylase, the rate limit-

ing enzyme in GABA synthesis, may in vivo be no more than 60% saturated with

its cofactor, pyridoxal phosphate, and that certain endogenous substances may

reduce this binding to 40% or less. Accordingly, glutamic acid decarboxylase

activity may be regulated, at least partially, by factors which limit the

availability of pyridoxal phosphate to the apoenzyme. Related experiments

have provided some basis for the possibility that pharmacologically manipu-

latible differences exist between GABA-containing neurons comprising striatal

efferent systems and other GABA-containing neuronal pathways. This possibility

derives from the finding that substantial regional differences exist in GABA

turnover and that brain regions with faster rates of GABA turnover are much

more sensitive to the effects of drugs that diminish GABA synthesis.

Clinical studies of a new class of dopamine agonists now indicate that the ergot

derivative, bromocriptine, exceeds L-dopa in therapeutic efficacy in some

patients with idiopathic Parkinson's disease. Bromocriptine has been found to

be particularly useful in ameliorating "on-off" phenomena, a major complication

in the long-term treatment of parkinsonian patients with L-dopa. Attempts

to ameliorate choreatic movements in patients with Huntington's disease

through the administration of a centrally active cholinergic agonist, pilo-

carpine, were unsuccessful. Since pilocarpine is a relatively weak stimulator

of postsynaptic cholinergic receptors, however, these results cannot be con-

strued as ruling out the possibility that diminished striatal choline acetyl

-

transferase activity in Huntington's chorea patients reflects degeneration of

striatal neurons which use acetylcholine as their neurotransmitter, and there-

fore that pharmacologic attempts to restore cholinergic function might afford

symptomatic relief.

Studies on the pathogenesis of lead neurotoxicity have focused on the role of

central dopaminergic mechanisms. Incubation of brain minces with lead sig-

nificantly increased dopamine release and inhibited its reuptake, thus possibly

explaining the increased urinary excretion of catecholamine metabolites found

in children exposed to lead.

The Medical Neurology Branch has continued to apply basic research techniques

to clinical problems involving the neuromuscular system. New methods have been

found to detect early subcutaneous calcifications, which may later become a

disabling complication of childhood dermatomyositis, using either y^f^Tc-di-

phosphonate body scanning or xerography. By these techniques a remarkable

diminution in calcium could be demonstrated as patients responded to combined

azathiaprine plus high single dose, alternate day predisone therapy.

The laboratory has developed a new model of Duchenne muscular dystrophy. It

involves the focal application of a mitochondrial poison to muscle fibers in_

situ , resulting in a secondary loss of the integrity of the sarcolemmal mem-
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branes of the damaged fibers, and thus establishes an experimental basis for

che hypothesis that the human disorder reflects a primary defect in the energy

source within muscle fibers. Although the possibility of an ischemic mechanism

for Duchenne dystrophy has yet to be directly demonstrated, it has now been

shown that the pattern of histochemopathology in human muscle disease due to

vascular occlusion overlaps that of early Duchenne dystrophy as well as with

that of the laboratory's experimental ischemic myopathy in animals.

Last year the laboratory reported in sera of myasthenia gravis patients a newly
recognized IgG which blocks the binding of alpha bungarotoxin to human acetyl-
choline receptors both at the normal neuromuscular junction and at extra-
junctional receptors of denervated fibers. Recent studies indicate that all

myasthenia patients having an IgG antimuscle antibody also have this blocking
factor, although only half with blocking factor also had the antimuscle anti-
body. The junctional localization of the blocking factor is appropriate to

impair neuromuscular transmission and cause the characteristic weakness of
myasthenia gravis. Blocking factor positive myasthenia gravis sera has now
also been shown to inhibit the binding of alpha bungarotoxin to the diffuse
extrajunctional receptors of aneurally cultured htmian or animal muscle fibers.
The multifactorial nature of the disimmune phenomena in myasthenia gravis was
reemphasized by the laboratory's finding of an antinative-DNA antibody in the
sera of a significant number of myasthenic patients.

The Surgical Neurology Branch has continued laboratory and clinically applied
investigations of brain tumors. Studies in a murine glioma model showed that
significant increases in survival time occurred with preimmunization but not
with immunotherapy using standard subcutaneous immunization techniques. Chemo-
therapy with CCNU in the same model also increased survival time, and the
effects of preimmunization and CCNU were additive. A review of clinical ex-
perience in more than 100 patients with cerebral gliomas revealed that a combi-
nation of surgical resection, radiotherapy, and chemotherapy with oral CCNU
and intratumoral 8-azaguanine resulted in mean survival times for glioblastomas
nearly twice those found with conventional therapy (surgery plus radiotherapy
alone or plus radiotherapy and CCNU).

Clinical applications of computerized axial tomography have been further ex-
panded. Studies on leukoencephalophthies, Huntington's disease, post-irradia-
tion necrosis, and head injury are now in progress. The technique of computer
assisted myelography using metrizamide has now been introduced. Work also con-
tinues on a new type of computerized tomography using a proton beam which may
be five times more sensitive than current devices for detecting differences in
physical properties of materials.

In the Developmental and Metabolic Neurology Branch, enzyme replacement therapy
for inherited disorders remains a major focus of research interest. During
the year, the therapeutic efficacy of exogenous glucocerebrosidase in patients
with Gaucher 's disease has been established, thus augering well for enzyme
replacement therapy for other heritable metabolic disorders. Of potentially
great importance to enzyme replacement therapy is the recent observation that
exogenous enzymes are taken up by the liver and that various agents, including
pentobarbitol , protect them against degradation. In other studies, a chromo-



genie analog of galactocerebroside has been successfully synthetized and shown

to be a reliable reagent for the diagnosis of Krabbe's disease and for the

identification of heterozygous carriers of this disorder. The assay is so

facile that it can be reliably performed in general clinical chemistry labora-

tories. During the year, the laboratory has also demonstrated that gangliosides

function as cell surface receptors for trophic hormones. For example, thyrotro-

phic hormone was found to react strongly with ganglioside %]^' Thyroid mem-

branes contain this ganglioside and it may well serve as the natural receptor

for the trophic hormone.

Characterization of mucopolysaccharides in urine of patients with Maroteaux-

Lamy syndrome indicate that these glycosaminoglycans consist primarily of

dermatan sulphate and chondrotin-4-sulphate. The molecular size of the ex-

creted mucopolysaccharides presents a consistent pattern which will be useful

for diagnosis of the syndrome and for monitoring enzyme replacement trials

with sulphatase B.

Myel in-specific glycoproteins from the central and peripheral nervous systems

have now been isolated and their carbohydrate composition determined. They

appear to be highly sulphated, indicating an important functional aspect of

their constitution. Central nervous system glycoprotein has been shown to be

a surface component of myelin, and thus potentially susceptible to attachment

of viruses and modification by virus-associated enzymes.

Studies by the Infectious Diseases Branch have shown that Venezuelan equine

encephalitis virus produces porencephalic cysts and bilateral cataracts in

rhesus monkeys infected in utero . These findings are in agreement with

clinical reports from Central and South America and demonstrate the terato-

genic potential of this virus. A survey of patients with subacute sclerosing
panencephalitis (SSPE) in the United States showed a very significant as-

sociation with HL-A type W29, indicating a genetic component may operate along

with the measles virus in producing this disorder. Furthermore, brain cells

taken from patients with SSPE were found to be destroyed by SSPE sera together
with compliment. Specific inhibitions of measles cellular immunity were found

in the sera and CSF of patients with SSPE; CFS levels were approximately ten

times higher than serum levels. These findings suggest that a "blocking factor"
may contribute to the pathogenesis of this disorder. Electron microscopic
studies of tissues infected with SSPE measles virus have shown defective virus

budding, indicating that a specific defect in virus maturation occurs with this

chronic virus infection. .

The Neuroimmunology Branch, created two years ago, has begun investigations of

the mechanisms by which the interaction between viruses and the host immune
system either facilitates or inhibits the development of acute or chronic viral

infections. Because certain central nervous system disorders may be related
to an immunologic attack on myelin, elucidation of its molecular organization,
especially with respect to the outer membrane surface, has been undertaken.
Available evidence now indicates that a glycoprotein is a major molecular compo-
nent of the outer membrane surface of myelin. The laboratory has also initiated
studies of effector mechanisms operative in experimental allergic encephalomyel-
itis, and of immune function in patients with multiple sclerosis. Results of
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^^"^ confirmed an increased representation of HLA-A3j|lHLA-B7 and HLA-DW2 histocompatibility antigens.

*

The Laboratory of Experimental Neurology has found further evidence suggesting
that neuronal pathways mediating focal paroxysmal activity shift from subcor-
tical to cortical structures with maturation. A search is now underway for
subcortical circuits and nuclear masses involved in the propagation of seizure
activity. Studies of the delayed effects of X-irradiation on the brains of
adult monkeys have been extended to more closely simulate the clinical situa- Kftion. Primates subjected to daily supervoltage irradiation, bracketing the ^
usual human dose, developed small, widely scattered necrotic lesions, with a
predilection for the forebrain white matter. Subsequently, the lesions became
confluent and associated with brain swelling. Not only was there a delay of
weeks or months before onset of overt tissue breakdown, but the individual
lesions evidently appeared at different times, thus further protracting the
period of their clinical influence.

The Clinical Neurosciences Branch has studied. the effects of chronic, unilateral
alternating or bilateral cerebellar stimulation in epileptic patients- both
the frequency of spontaneous seizures and the requirement for anticonvulsant
drugs appeared to be reduced. Chronic cerebellar stimulation was also as-
sociated with a significant elevation in CSF levels of norepinephrine. Inter-
estingly, stimulation of the caudate nucleus in patients undergoing thalamotomy
for dyskinesia was followed by a substantial reduction in the CSF content of
this neurotransmitter. In other studies, the mean density of Purkinje cells
in the cerebella of epileptic patients was found to be less than 40% of that dfl
in control subjects who were free of neurologic disease. In all cases, ^
Purkinje cell loss was accompanied by isomorphic gliosis.

The Laboratory of Neuro-otolaryngology, one of the Intramural Program's more
recently formed research units, has initiated investigations into the morphology
and biochemistry of the inner ear. This work has resulted in the isolation and
purification of a major cochlear enzyme, a carbonic anhydrase. whose high
concentration in the cochlear membraneous wall suggests that it may play an
important role in maintaining electrolyte concentrations in the endolymphatic
fluid. Other investigations have provided support for the hypothesis that
olivocochlear neurons are cholinergic. On the other hand, available results
now indicate that neither acetylcholine, GABA, nor catecholamines serve as
major neurotransmitters for the auditory nerve in the cochlear nucleus. Elec-
tron mi croscdpic studies of membranes of auditory sensory neurons and ad-
joining supporting cells using thin sections and freeze-fracture techniques
have revealed tight junctions which may form the structural basis for the ionic
concentration differences between endolymph and perilymph, known to be neces-
sary for auditory function. Using similar electron microscopic techniques, (

'

synapses of the organ of Corti were studied. Both pre- and postsynaptic mem-
brane structures at inner hair cells were different from those at outer hair
cells, providing new evidence for the possibility that different hair cells may
use different transmitter substances.
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Annual Report of the Section on Technical Development

National Institute of Mental Health

National Institute of Neurological and Coimnunicative Disorders and Stroke

July 1, 1975 - June 30, 1976

Theodore R. Colburn, Ph.D., Chief

The Section on Technical Development is a group of engineers, computer
specialists, and technicians which provides technical services to the
Intramural Research Programs of NIMH and NINCDS. The major functions of
the Section are:

(1) Instrumentation research and development. Design and develop-
ment of instruments and instrumentation systems which represent advances
in the state-of-the-art. Most of the research within the Section falls

in this category, and is generally done in collaboration with investiga-
tors in the laboratories of NIMH and NINCDS.

(2) Production of custom instrumentation. Design and fabrication
of electronic, mechanical, and optical equipment to suit the particular
needs of the requesting investigator. These instruments, while often
quite compl-ex, utilize rather than advance the current state-of-the-art
in design techniques and components.

(3) Computer services. The Section assists the investigators in
data collection, reduction, and analysis, by supporting two laboratory
digital computers for general use, including real-time on-line applications,
dnd by providing programming service and technical consultation.

Additional services provided by the Section include consultation on:

measurement techniques, signal processing; noise and electro-magnetic
interference in data. measurement systems; and equipment purchases. Several
formal and informal courses for investigators are taught by Section per-
sonnel; topics include electrical circuit theory, operational amplifier
applications, digital logic design, and computer applications.

Due to manpower limitations and economic considerations, the Section
ia unable to provide .the following services: repair of commercial instru-
ments, duplication of off-the-shelf commercially available equipment, and

fabrication of non- instrument items (shelves, bookcases, etc.).
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INSTRUMENTATION

The follo\>rLng are selected instrumentation projects undertaken during

the past year. These are chosen from a total of 233 projects, and are rep-

resentative of the types of electronic instruments and systems developed

by the Section.

(1) Patient Activity Monitoring System. The Section began last year,

and completed this year, development of a wearable device to continuously

monitor the movement activity of an ambulatory human subject and record

the data in a solid state memory internal to the device. A piezoelectric

accelerometer generates a voltage as the subject moves; when the voltage

exceeds a preset threshold, a pulse is generated. The pulses, defined as

activity units, are counted during a standard time interval (e.g. 15 min.).

At the end of the interval, the total count is stored in memory , and a new

count initiated. The memory can store 256 counts, each of which is 0-3072

activity units. Thus, if the counting interval is 15 min., a 64 hour pro-

file of activity can be stored in the device. The counting interval may be

selected as 3.75, 7.5, 15, 30, or 60 min; other intervals are possible but

not used in practice.
More than twenty monitors are now in the field, used by six

different research groups. Applications include research on manic-depres-

sives, hyperactive children, drug addicts, subjects on special nutrition

diets, and restrained monkeys. The parts cost of each device is $120. It

is housed in a stainless steel case, 1.5 x 4.1 x 6.3 cm, and is attached to

a limb with a velcro strap.
Simple interfaces between the patient activity monitors and the

Section's two PDP-11/40 computers were developed. With the computer handling

the read-out, permanent storage, n'lmerical processing, and plotting of the

activity data, the need for manual data handling has been essentially

eliminated. This development has been a major factor in the success of the

activity monitoring programs thus far.

Each group that is using the activity monitors has been provided

with a small device that is used to reset the internal timer and clear the

memory of each monitor just prior to application of the monitor to the

patient. With this device, the reset and clear operations can be made inde-

pendent of the read-out computers.
An electro-mechanical calibration device has been developed for

quantitative characterization of each activity monitor's sensitivity to

simulated patient movement. The speed of a DC motor determines the ampli-

tude and frequency of acceleration that two monitors simultaneously undergo.

The motor speed is under programmed logical control so that acceleration

sequences can be accurately repeated.

(2) Isolated Iontophoresis Current Source. The primary feature of

this instrument is the ability to pass an iontophoretic current between two

intracellular micropipettes while minimizing any current flow to ground in

order to avoid electrical stimulation of the cell. For increased versa-

tility, the instrument also includes a ground-referenced current source and

a capacitance neutralized voltage recording amplifier. This combination
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permits measurement of cell membrane conductance changes due to intra-

cellular drug injections.

(3) Multi-Channel Iontophoresis Current Sources. This instrument

has been further refined since its design last year. The unique current

monitor has been improved to give an accurate reading even when the micro-

pipette becomes partially or completely blocked. This should prevent false

negative findings of drug efficacy and also permits the inclusion of an

unbalance current monitor. This device indicates when the difference between
the total drug current from the three pumping channels and the current from

the balance channel exceeds a preset unbalance level. In addition, the

application of the drug current for each of the three channels may be syn^

chronously controlled by a digital gate from an external timing device.

This facilitates both accurate repetitive drug application and computer
analysis of neuronal responses.

(4) Eye Movement Monitor. An instrument is being developed to monitor
horizontal eye position in monkeys. A beam of infrared light from a gallium
arsenide diode is directed toward the center of the cornea. The reflected
light is sensed by two matched phototransistors positioned on either side of

the cornea and directed toward the center of the eye over the iris -cornea
boundary. As the eye turns, the bulge of the cornea causes a variation in
the amount of infrared light reflected to the two phototransistors. The
transistors convert light intensity to voltages which ai^e differentially
amplified to produce an output voltage representative of horizontal eye
position. The three opto-electronic devices are rigidly mounted on the rim
of a machined circle of nylon fitted to an aluminum framework, which allows
the nylon eyepiece to be adjusted in three axes by means of small rack and
pinion gears. In addition, the eyepiece can be rotated about its vertical
axis and tilted toward or away from the eye. With these mechanical adjust-
ments the electronics can be arranged for optimum linearity, balance and
gain. At this time, the system is adequate for observing eye movements in
human subjects. Although the skull shape and disposition of monkeys is
somewhat different, the outlook for adapting the device to vision research
in monkeys is quite promising.

(5) Measurement of Activity of Confined Animals. During the past year,
the Section took on four separate projects to measure the movement activity
of animals in various confined situations.

(a) Rat Activity Monitoring Cage. A unique type of cage is being
developed to monitor the movement of unrestrained rats. The 30 x 30 cm floor
is divided into nine areas, each 10 x 10 cm, constructed of electrically
isolated metal grids. An audio frequency system employing solid-state
switching and capacitive coupling detects when the animal is contacting two
or more grids simultaneously, and determines which grids they are. Thus
patterns of movement can be determined. A tenth grid around the sidAs of
the cage, at an appropriate height, allows detection of when and where the
animal rears. In addition, the cage floor is mounted on shock absorbers
and equipped with accelerometers, as an additional measure of motion. Data
will be processed and recorded using a microprocessor system.
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(b) Activity Monitor for Restrained Rat. In order to detect
movement of a rat which is restrained by confinement in a very small volume,
a capacitive system was developed. Parallel metallic strips on the bottom
of the cage form a capacitor, for which the rat is part of the dielectric.
As the rat moves, the capacitance changes, thereby modulating the frequency
of an oscillator. The frequency change is demodulated using a phase- locked
loop, and the output voltage is proportional to movement. Common movement
of both rat and cage is rejected by this system.

(c) Rat Rotameter. The clockwise and counter-clockwise rotations
of a rat responding to drug treatment are measured by harnessing the animal
to an overhead rotating connector which permits relatively free movement.
CW and CCW rotations are measured via photo-isolators, the total count is

stored for a certain time interval, and the total interval count is con-
verted to analog signal for output to a strip-chart recorder,

(d) Activity of Monkeys in Restraining Chairs. A preliminary
study of the patterns of activity of monkeys confined in restraining chairs
is being carried out by simply affixing a Patient Activity Monitor to the
monkey's head and reading the activity data every two days. The system
ultimately to be developed will involve simultaneous on-line monitoring of
activity and internal temperature, with data logging controlled by a

microprocessor.

(6) Microprocessor Applications, A program to explore LSI technology
in the form of microprocessors was undertaken to evaluate the possibility
of applying the processing and control capabilities of these relatively
inexpensive devices towards the types of instrumentation designed by this
Section. A survey in the form of literature reviews and manufacturers
seminars on microprocessor specifications, techniques and applications, led
to the purchase of a microprocessor for evaluation. Results of the eval-
uation demonstrated numerous potential applications in the areas of interest.

Two typical examples are:

(a) Data Acquisition System. A microprocessor based system
.for continuous monitoring of activity from 16 rat exercise wheels was
developed. One full rotation of a wheel sets an appropriate flag bit; every
ten seconds the microprocessor scans all 16 flag bits and stores the data
on a digital tape cassette. Data analysis of the activity patterns is done
off-line on the Section's PDP-11/40 computer.

(b) Preprocessor for Movement Detector. A microprocessor will
be used to preprocess and record the data from the Rat Activity Monitoring
Cage described previously. The microprocessor will determine when the
animal moves from one grid to another, and will record these events, along
with integrated cage floor acceleration data, on a digital tape cassette.

(7) Condition Timer. A programmable timer was designed and constructed
for an ongoing study of mother-child learning behavior. The device is

used ito time sequences of experimental conditions with a short "time-out"
interval between conditions. The instrument allows the control of two
experimental modes; the interval of time in either mode is selectable
between 1 and 9,999 seconds. A four digit display shows the time remaining
in the present mode. Between modes a "time-out" interval is also selectable
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between and 9 seconds. Eight mode select switches allow the instrument
to be pre-programmed for an experimental session. The instrument provides
a complete manual control if desired.

(8) AR-11 Interface Panels. Two interface panels were built for the

PDP-11/10 computers to allow extended use of the computer's A to D, D to A,

and scope control capabilities. The interface allows the user easy access

to the 16 channels of A to D provided by the AR-11, and also allows the use

of some of the digital control lines that are available for interfacing to

certain display scopes. In addition, the interface includes a multi-use
Schmitt- trigger, and circuitry necessary to modify the output control
signals for use with existing displays.

(9) Isolated Current Monitor. An inexpensive current monitor has been
developed which provides an output voltage proportional to but isolated from
the input current. Photodiode optical isolators function in pairs to achieve
the isolation and to compensate for the inherent non-linearities of current

transfer in the isolators. When used in the return path of a "floating"
iontophoresis system, the device maintains isolation between the ionto-
phoretic current and the system recording cell responses, while providing
a measure of the stimulating current. The instrument measures from .5nA

to 5|jA of current of either polarity in a bandwidth of DC to 20 KHz.

(10) Psychological Testing Apparatus. Special 8x8 cm. transparent
panel switches were designed to mount in front of a computer graphic display
terminal on which stimuli are presented. The transparent panels, which are

inlaid in -a larger opaque panel covering the terminal, are mounted such that

vAen depressed, they activate photo-optical circuits interfaced to the
conqjuter. A different computer generated figure or shape is displayed
behind each transparent panel. The subject makes a selection by depressing
one switch; if the appropriate selection is made, a reward is dispensed
by program control into a small container at the top of the display panel.

(11) Respiration Monitor. A respiration monitor for monkeys under-
going brain surgery was designed and constructed utilizing a thermistor
bridge and A-C coupled operational amplifiers. Variable gain allows use
for adult or infant animals. The principal output is a meter movement
allowing qualitative assessment of the depth of breathing; however, alarm
circuitry is included which provides an audio alert if a selected time
interval elapses without respiration detection.

(12) Revolving Disc and Drive System. A 40 cm. diameter high inertia
revolving disc was constructed to be used in the study of cells that respond
to acceleration. A motor with sufficient torque and speed and a motor con-

troller were purchased to drive the turntable. The controller was modified
to provide a range of smooth accelerations and decelerations of the disc
as well as an adjustable steady state speed.
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COMPUTER SERVICES ^
In FY 1975, the Section on Technical Development initiated a survey

of the computer needs of the Intramural Program and developed a plan for a \

modified distributed network consisting of small, inexpensive satellite
computers in the laboratories supported by larger host computers in the '

major work areas. This year saw the delivery and installation of support
computers in Buildings 10 and 36, and in the Animal Center in Poolesville.

In addition, eight small computers were delivered to individual laboratories.

The support computers in Buildings 10 and 36 are run by the Section, while ^
the computer in Poolesville is run by the Laboratory of Brain Evolution and

Behavior, with software support from STD. The Section oversaw the install-
ation and initial running of the satellites.

Much of the programming effort was devoted to the development of
general purpose routines specific to the needs of the Intramural Program
and to study of the operating system and its utilization for neurophysio-
logical and psychological applications. Assistance was provided to indi-
vidual investigators for their specific applications-. Examples are a

high-speed digitization routine for subsequent analysis of the shape of
evoked potentials and a remote installation for recording potential changes
in the retina after light stimulation.

The installation and implementation of the new system has proceeded
on schedule. The functions of the SEL 810B have been replaced and the use
of that system will be terminated May 1, 1976. The microLINC 300 and .

PDP-12 have been transferred from the Section to perform dedicated appli- '

cations in other laboratories.

STD offered three introductory courses in minicomputer structure,
PDP-11 architecture and programming, and in the use of the operating system,
RT-11, These courses were conducted in lieu of the courses offered, for a
fee, by the manufacturers, and were specifically tailored for the user's
systems. In addition, STD offers follow-up advice and consultation, services
not offered by the manufacturer. STD also offers personalized instructions
for individuals beginning to use the computers, and short courses in pro-
gramming languages to small groups. STD personnel are available for advice
and consultation at all times to the users.

The Section conducted systems studies for a number of individual
laboratories, surveying their computer needs and offering a proposal for the
procurement of an appropriate system. As a result of these studies, 2

additional satellites have been ordered in NIMH and a computer system for
the analysis of autoradiographs of brain sections has been ordered for the
Laboratory of Cerebral Metabolism. Pending available funds, the Behavioral «

Biology Branch of NICHD will purchase a satellite and the Division of Special
Mental Health Research at St. Elizabeth's will purchase a support computer.
STD also assisted the users of the satellites in determining the appropriate
peripherals and scientific interfaces necessary for their experiments.

C
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Pl STD has been exploring the feasibility of using low cost, microcomputers
as laboratory instruments. We simulated a prototype system on a support
computer to read and store data from the Patient Activity Monitors for
future analysis, resulting in the design and procurement of a microcomputer
configuration for this purpose. STD is also conducting a study for the
feasibility of low cost data acquisition systems for physiological data.
Applications utilizing microcoiiq>uters and microprocessors are being eval-
uated by STD to see which will be more advantageous for specific applica-
tions. The Section is deeply involved in all areas utilizing the computer

Ql as a laboratory instrument and provides technical support and assistance
in all phases of development.

Mf
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ENGINEERING, COMPUTER and FABRICATION SERVICES

This table shows the distribution of the Section's workload among the
various laboratories.

LABORATORY OR BRANCH HOURS PERCENT

Adult Psychiatry Branch, NIMH ------------- 3150 13.15
Neurophysiology, NINCDS ---------------- 2770 10.92
Biophysics, NINCDS --- --------------- 1882 7.50
Behavioral Biology, NICHD --------------- 1839 7.27
Neurophysiology, NIMH -- -------------- 1698 7.08
Psychology & Psychopathology, NIMH ---------- 1614 6.73
Special Mental Health Research, St. E's, NIMH ----- 1567 6.53
Clinical Science, NIMH ---------------- 1501 6.26
Brain Evolution & Behavior, NIMH ----------- 1488 6.20
Developmental Psychology, NIMH ------------ 1386 5.68
Molecular Biology, NINCDS --------------- 1063 4.43
Equal Employment Opportunity, NIMH ---------- 965 4.02
Neuro-Otolaryngology, NINCDS --- ---------- 749 3. 01

Neuropharmacology, NINCDS - ------------- 623 2.60
Neurobiology, NIMH ------------------ 488 2.03
Neurochemistry, NINCDS ---------------- 445 1.85

Neuropathology &. Neuroanatomical Sciences, NINCDS - - - 264 1.10
Neurochemistry, NIMH ----------------- 246 1,02
Cerebral Metabolism, NIMH --------------- 239 .99

Experimental Neurology, NINCDS ------------ 168 .70

General & Comparative Biochemistry, NIMH ------- 166 .69

Medical Neurology, NINCDS --------------- 126 .53

Intramural Research Program, NINCDS ---------- 122 .508

Neuro- Immunology, NINCDS --- ------------ 45 .0018

Surgical Neurology, NINCDS ----------- - 34 .0014

NIMH (Total)'

NINCDS (Total)'

NICHD (Total)

TOTAL

*#

16,858 58.86

9,648 33.68

2,137 7.46

#

28,643 100.00

These figures include administrative time not shown in the above listing.

NICHD loans the Section one position, and is thus entitled to 2000 hours

of service.

I8n
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Guam Research Center Studies

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

Principal Investigator: T. N. Chase

Other Investigators: D. C. Gajdusek
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P. M. Hoffman
K. M. Chen
0. Cruz
Hideki Igisu
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Director

Chief
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Consultant
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SUMMARY OF WORK (200 words or less - underline keywords)

Guam Research Center is concerned with studying etiologic factors, pathogenetic
mechanisms and therapeutic approaches to Guamanian amyotrophic lateral sclerosis
(ALS) and parkinsonism-dementia (PD) . Current projects include: Maintenance of
a tissue bank in Bethesda; virologic studies Including the search for a possible
C-type virus particle; a detailed assessment of immune function including HI.-A
Typing , enumeration of circulating T-cells by the Rosette Method, the presence
of auto-antibodies, lymphocyte transformation to phytohemagglutin and several
common antigens such as PPD, Candida, and Streptokinase-Streptodornase as well
as mediator production (LI) ; and study of the long term effects of L-dopa in PD
patients.
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Project No. ZOl NS 00201-21 GDI ^
Objectives : To study etiologic factors, pathogenetic mechanisms and

therapeutic approaches to Guamanian amyotrophic lateral sclerosis (ALS) and

parkinsonism-dementia (PD)

.

Methods employed : Available epidemiological, neuropathological , neuro-

pharmacologic, virologic and immunologic techniques are employed. Special

emphasis was placed this year on methods for HLA typing, immunoglobulin
measurement, both in vitro and in vivo approaches to the study of cellular

immunity, and tissue culture.

Major findings : 1. HLA tjrping was performed on 60 PD patients, 23 ALS

patients and 67 controls. A higher percentage of W16 (HLF -W39) , a second

locus antigen, was seen in the PD group (25%) as compared to controls (7%) but

the difference was only of borderline significance. ALS patients had an inter-

mediate percentage (15%). The population in general showed a distribution of

antigens commonly associated with oriental populations with a high preponder-

ance of HLA — 2, 9, 10, WIO, and W5

.

2. Immunoglobulin levels were measured on 57 normal Guamanians , 3A ALS

patients and 61 PD patients. IgA levels were significantly higher in PD

patients than in controls while IgM levels were significantly lower than

control in PD. ALS cases generally showed higher levels of all three immuno-
globulins than controls, but not significantly so.

3. Diminished cellular immunity as measured by both in vitro and in vl^
parameters exists in both ALS and PD patients, although it is more striking
in PD. Enumeration of the T cells by the Rosette method showed that both
PD and ALS patients had values v^ich were significantly lower than age-
matched controls of the percentage of circulating lymphocytes that carried
the marker and of total number of circulating T cells.

4. In cooperation with Laboratory of Central Nervous System Studies,

diseased and normal brain and skin cells were grown and reproduced in culture.

No cytotoxic effects have been observed thus far, but the cultures are being

stored in Bethesda for future investigations.

5. Virologic studies in collaboration with Dr. Michael Viola, University

of Connecticut, and Dr. Lon White, Laboratory of Central Nervous System Studies,

continue to explore the possibility that a C-type virus particle is present In

Guamanian tissues. The major techniques being applied to this study are detec-

tion and characterization of the oncomovirus-like reverse transcriptase; and

use of nucleic acid hybridization to identify viral RNA or DNA in brain cells.

Steps are being taken to obtain sufficient quantities of enzyme tc perform tl^

necessary biochemical and immunological procedures for complete characteriza-

tion of the particle.

6. A tissue bank of frozen and fixed brains, spinal cords, spinal fluid,

sera and various internal organs is now being maintained in collaboration with

the Laboratory of Central Nervous System Studies. The inventory is currently

being computerized making specimens more readily available to collaborating



Project No. ZOl NS 00201-21 CD I R

7. Studies continue on the long-term therapeutic and toxic effects of

L-dopa in combination with a peripheral decarboxylase inhibitor in PD patients.

In addition, the effects on longevity of this treatment are being evaluated.

8. Computerized registries of all PD and ALS cases as well as controls

continue to be maintained both on Guam and in Bethesda.

9. A health survey was performed of Umatac, the area of highest incidence

of PD and ALS. Approximately 210 people were examined but only one probable

and several possible cases of PD were discovered. These cases will be followed.

10. Genetic analysis of family data on ALS and PD in Ltoatac has been com-

piled by the Center for Demographic and Population Genetics, University of

Texas at Houston.

11. The Research Center continues to provide diagnosis, follow-up and

treatment of patients on Guam as well as surrounding islands.

Significance to biomedical research and the program of the Institute :

Guam has the highest incidence in the world of motor neuron disease and the

unique disease PD. Documentation of the epidemiological, clinical, and

neuropathological aspects of ALS and PD have contributed to our knowledge of

related central nervous system degenerative diseases. In fields having no

known causes or cures, data such as these provide one of the most likely

avenues for development of concepts and facts which lead to prevention and

treatment

.

Proposed course ; Immunologic clues established this year will be pur-

sued in greater detail. The search for a C-type virus will continue as a

collaborative study between the Laboratory of Central Nervous System Studies

and the University of Connecticut.

Publications ; Viola M. , Frazier M. , White L. , Brody J. and

Spiegelman S. : RNA-Instructed NDA Polymerase Activity in a Cytoplasmic
Particulate Fraction in Brains from Guamanian Patients, The Journal of

Experimental Medicine, 145:483-494, 1975.
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Passing negative electrical current into the interior of a nerve cell in
the cortex produces hyperpol arization and inhibition of the cort ical neuron
Inhibition is followed by post-inhibitory depolarization and discharges.
Conversely passing positive electrical current into the interior of a cortical
neuron produces depolarization and excitation of the neuron followed by
post-excitatory hyperpol arization. High frequency depolarizing pulses applipd
to a neuron does not produce after-discharges but a prolonged post-excitatory
hyperpol arization of the cell membrane.
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Project Description:

Objective : To study the electrophysiological properties of the
individual nerve cells in the cerebral cortex under different experimental
conditions.

Methods Employed : Glass micropipette electrodes were inserted into ,

the cells in the motor cortex of anesthetized cats. The electrical activity
of the cells was recorded; and, thereafter, pulses of electrical current of
increasing intensity and of different frequencies were applied through the
intracellular recording electrode. The electrical resistance of the cell was
derived from the current-voltage ratio and the time constant of the cell
membrane and capacitance were calculated. This was carried out before and
after the application of strychnine to the exposed cortex. In some
experiments, repetitive electrical stimulation was also applied to the surface
of the cortex through a gross electrode adjacent to the recording micropipette
electrode, or to the individual cells through the recording micropipette
electrode.

Major Findings : Some of the electrical properties of cortical neurons
have been reported previously. The preliminary observations suggest that they
dre different from neurons under the effect of strychnine. For instance, the
resistivity of normal cortical neurons measures (9.17 ± 2.68) x 10^ ohms while
that of the epileptic neuron was found to be in the order of 5 to 6 x 10^ ohms.
Further, epileptiform activity of the cortex requires "synchronous" presynaptic
bombardments- and there is good evidence of negative feedback through the axon \

collaterals to the epileptic neurons. Finally, the hypothesis or theory of
Burns (1962) was tested. According to Burns' theory, repetitive discharges
of a single cortical neuron would produce after-discharges which spread in all

directions; thereby precipitating local epileptiform activity of the cortex.
The present study proves that this theory is not valid, apparently due to the
povjerful negative feedback system among the cortical neurons. Reports of
these findings are in process.

Significance to Biomedical Research and the Program of the Institute :

The electrical properties of the cell determine the cell's "natural" behavior
as well as its response to the environment. If the electrical properties of
the epileptic neurons are different from that of normal cortical neurons, it

seems likely that any effective pharmacological treatment will restore the

normal electrical properties. Similarly, the electrical measurements may
serve as a criterion of the effectiveness of the treatment.

Proposed Course of Project : This project was terminated last year
because of the fact that the principal investigator was fully occupied by a (

study in regard to acupuncture-analgesia. Since the acupuncture-analgesia
project was discontinued, the present study is again re-activated with special

emphasis in pharmacological treatment of epilepsy.

Publications: None
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When the dorsal portion of the caudate nucleus was anodally polarized
in reference to the ventral portion, the neurons in the anterior sigmoid gyrus
were found to be depolarized; whereas when the dorsal portion was cathodally
polarized, the neurons became hyperpol arized. The hyperpolarization response
of the cortical neurons has a higher threshold than the depolarization response
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Project Description:

Objective: To study the functional organization of the pyramidal and

extrapyramidal pathways.

Methods Employed: Intracellular and extracellular micropipette
electrodes were used to record the activity of the nerve cells in the motor

(

cortex of the cat and stimulation was applied to the basal nuclear structures.

In the past year stimulation was applied primarily to the caudate nucleus and

nucleus ventral is lateralis of the thalamus.

Major Findings : The discharges of cells in the motor cortex increase

or decrease and the membrane potential increases or decreases in response to

polarization of the ipsilateral caudate nucleus.

Significance to Biomedical Research and the Program of the Institute :

This study provides further information about the interaction of the pyramidal

and extrapyramidal system at the central level. The present investigator is

aware, however, that the regulatory effect of the extrapyramidal system on

motor function may be found in the cells of the motor cortex itself because
4-5% of the cells in the motor cortex have descending axons in the medullary
pyramid. He is also aware that one of the causes of involuntary movements
is due to metabolic disturbances of the subcortical basal structures and that

pharmaceutical treatment of the abnormal movements is directed to the metabolic
activity of the basal structures. The extension of the present study may add ,

to our understanding of the function or dysfunction of motor movement and of %
the physiological action of some of the drugs in the treatment of Parkinson's
disease.

Proposed Course of Project: This project was terminated last academic
year because of the fact that the present investigator was fully occupied by

a study in regard to acupuncture-analgesia. Since the program of acupuncture-
analgesia was discontinued, the present investigator had more time to renew
his past interest in the study of motor function at the cellular level. It is

anticipated that further experiments will be carried out with particular
reference to the effect of pharmacological agents on the subcortical basal
structures.

Publ ications:

Li, C.L. and Ratcheson, R.A.: Polarization of caudate nucleus and
excitability of neurons in motorsensory cortex. Exp . Neurol . 50:

134-145, 1976. /
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OTHER:
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SUMMARY OF WORK (200 words or less - underline keywords)

Acupuncture and hypnosis were given in separated sessions to healthy
volunteers. Before, during and after induction of acupuncture or hypnosis
painful e ectrical stimuli were applied to the supraorbital branch of the right
trigeminal nerve. During this time blood samples and electroencephalograms
were taken. It was found that acupuncture does not reduce the pain sensation
while hypnosis does. Finally, under acupuncture treatment there is no change
""1 the blood chemistry and brain waves .

This project has been terminated.

PHS-6040
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Stimulation of the saphenous peripheral nerve v^ith haversine wave

electrical current selectively evoked C-fiber responses. With this technique,

the excitability characteristics of the A^ and C-fibers were determined. A

similar experiment was carried out with sympathetic nerves. Finally,

interaction of the impulses generated by A and C fibers at different "levels by

the central nervous system, and effects of different pharmaceutical e.gents on

the C-fiber responses were investigated.

PHS-6040
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Project Description:

Objectives : To study the physiological mechanisms of pain and changes t

in pain responses to other sensory inputs and to pharmacological agents.

Methods Employed : The saphenous nerves, vagus and cervical sympathetic,
of the cat were used. They were stimulated through a function generator with
Haver-sine-wave electrical pulses of varying intensities and durations. This ^

differentiates the C component and A-delta component from the other components
of the responses initiated by the mixed nerve. The C and the A-delta
component were also recorded with extracellular and intracellular electrodes
in the central nervous system at different levels. Interaction of these
responses with other responses initiated from the mixed sensory nerve fibers
was studied. These responses were also studied under the influence of various
analgesic agents.

Major Findings : We have developed a method to differentially activate
the A or C fibers in a periferal nerve. The C-fibers have a rheobase of 0.033
ma and chronaxy of 1.5 msec; the A-delta fibers have a rheobase of 0.0166 ma
and chronaxy of 0.45 msec. The average conduction velocity of the A-beta
fibers is 85.8 meters per sec, of the A-delta fibers, 11.2 meters per sec,
and of the C-fibers, 0.92 meters per second. These findings indicate that the
A-fibers have a threshold of 75 times as high as the C-fibers. The present
study also discloses that there is a large component of C fibers in the vagus
nerve.

Significance to Biomedical Research and the Program of the Institute :

Needless to say, pain has a history a: long as the human race, yet its
mechanisms remain to be understood. Similarly, there are at least 154
pharmaceutical products which are known to alleviate pain, but their site of
action is generally unknown. For example, it is still debatable whether
sodium salicylate acts on the receptors, peripheral nerves or on the midbrain
reticular formation even though the perivascular nerve fibers were claimed to
be the site of action. The present investigation may contribute to our
knowledge of pain and therapy of pain.

Proposed Course of Project : The present study is to be continued with
particular emphasis on the cell activity and the electrical properties of the
cell membranes in the central nervous system in response to pain and analgesic
agents.

Publications:

Li, C.L. and Bak, A.: Excitability characteristics of the A- and C-Fibersji
in a peripheral nerve. Exp. Neurol . 50: 67-79, 1976.

Li, C.L., Ahlberg, D. , Lansdell, H., Gravitz, M.A., Chen, T.C., Ting, C.Y.,
Bak, A.F. and Blessing, D.: Acupuncture and hypnosis: Effects on induced
pain. Exp. Neurol . 49: 272-280, 1975.
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Mathews, G. and Li, C.L.: Psychogenic pain: A critique. Pain (Journal
of the International Association for the Study of Pain) (In~Press).

Mathews, G. and Li, C.L.: Common Errors in Pain Management.
In Wittkower, E.D. (Ed.): A Psychosomatic Approach to Medical Practice
New York, Harper & Row. (In Press) ~'
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Annual Report

July 1, 1975 through June 30, 1976

Medical Neurology Branch, IRP

National Institute of Neurological and Communicative Disorders and Stroke

W. King Engel, M.D.

Chief, Medical Neurology Branch

Introduction : An inter-related multidimensional attack on the chosen

target diseases is emphasized in our application of basic research techniques

to clinical neurologic problems. The current techniques consist of: histo-

chemistry, tissue culture, electronmicroscopy, immunology, autoradiography,
biochemistry, and clinical neurophysiology. In the human neurologic disorders

studied, these techniques support thrusts to seek: (a) more precise morphologic,

electrical, immunologic and chemical definition of the abnormalities;
(b) separation of each disorder into more distinct and often new sub- forms;

(c) specific or symptomatic treatment; and (d) induced animal models closely
related to the human pathophysiologic states. Our main emphasis is on the

neuromuscular diseases -- they are considered to be affecting more than

1,000,000 persons in the country.

For the clinical investigations, 317 patients were admitted for a total

of 7,962 patient days, and there were 1,135 outpatient visits. About 450
human muscle biopsies were processed histochemically and reported out --

about 100 of those were from outside hospitals. Many other outside biopsies
are submitted for formal opinion. Neurologic consultations were provided on

490 patients of other departments in the Clinical Center, with performance of

indicated muscle and nerve biopsies and electromyograms-. In the past year,
19 papers were published, 34 are in press, and there were more than 60 pre-

sentations to meetings.

The one-year approved residency training program in neurology was con-
tinued. Approximately 12 neurologists and, other physicians and 10 technicians
came this past year to learn clinical research techniques in neurology,
especially in neuromuscular diseases and the application of enzyme histo-
chemistry thereto. A few residents from various other hospitals rotate through
our service. The fourth annual 3-day course on neuromuscular diseases in

Houston, in collaboration with the Veterans Administration and Baylor, was
organized and most of the lectures given by our present and former staff.
Four years ago we initiated (with lO-OD) the NINCDS videotape series of
teaching lectures by putting the speakers of the first Houston symposium on
tape -- more than 1,000 requests for those tapes have been filled.

Many of our former trainees are full professors, associate professors,
and assistant professors in academic departments, and many are directors of
Muscular Dystrophy Clinics and Myasthenia Gravis Clinics; many are Medical
Advisory Board members of the national Muscular Dystrophy, Myasthenia Gravis,
Amyotrophic Lateral Sclerosis, and Multiple Sclerosis Society/Association/
Foundation.
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A collaborative program on neuromuscular diseases with INSERM, Paris,

through Hopital Salpetriere and Hopital des Enfants Malades has been developed.

Myopathies are non-neurogenic, primary or secondary diseases of muscle.

Some, such as the dermatomyositis/polymyositis group, are often at least

partially treatable but their cause and details of their probably "dysimmune"

pathogenesis are not known; others are not treatable but their cause is

known, e.g., genetic deficiency of phosphorylase, phosphofructokinase, acid-

maltase or carnitine-palmatyl -transferase; while still others, such as Duchenne

muscular dystrophy and others bearing the name dystrophy, are both of unknown

pathogenesis and untreatable.

The polymyositis/dermatomyositis (PM/DM) disease-complex is an acquired
disorder causing progressive deterioration of muscle in children and adults.

The primary cause is not known but the pathogenic mechanism is considered
"autoimmune" or "dysimmune". All patients were seriously incapacitated and

many fatal before the introduction of anti-dysimmune therapy. Our studies
involve improving diagnostic methods, seeking the cause and analyzing the

pathogenic mechanisms, and improving methods of treatment.

The special variation of anti-dysimmune treatment we introduced to this

disease 8 1/2 years ago, long-term high-single-dose alternate-day prednisone
(LT-HSDAD-Pred) has continued to be, in our series (about 60 cases) and others',

the single best available treatment for children and adults (without or with

an associated cancer). It has the greatest benefit/ side- effect ratio and

is easiest to manage. However, because not all patients respond, we are

defining some of the parameters of their immunologic response to prednisone

and seeking predictive parameters thereof.

By use of T- and B- lymphocyte cell markers, T- and B-lymphocyte

mitogens, and T-lymphocyte cytotoxicity on tissue-cultured chromium- labeled

muscle fibers, we have now published that in PM/DM patients, while HSDAD-Pred

is clinically cumulatively effective for months and longer, its measurable

effect on the peripheral circulating lymphocytes, using currently available

techniques, lasts less than 24 hrs; and these effects are more profound on

the T- lymphocytes. We are now correlating these data with concurrently obtained

blood levels of prednisone and prednisolone to determine any hypoabsorption or

hypercatabolizm of the drug (with P,CC). In patients, children and adults,

inadequately responding to prednisone we have found on an occasional -case

basis some remarkably therapeutic responses to added azathiaprine (3 mg/kg/d)
-- to more clearly establish the efficacy of azathiaprine, a double-blind

trial is being conducted. We are also measuring the patients' lymphocyte

reponses to azathiaprine.

Massive subcutaneous calcification can be a disabling complication of

childhood DM. We have found new ways to clinically detect it in its early

stages, isotopically with Tc-diphosphonate body scanning (with NM,CC) and

by xerography (for microscopic detection methods, v.i.) (with R,CC).

However, our therapeutic trials with diphosphonate have not been beneficial

(also not beneficial in a patient with myositis ossificans). However, in

some severely affected patients the calcium has remarkably diminished as the

muscle and skin were responding to our combined azathiaprine-HSDAD-Pred pro-
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gram. The reasons for this calcification are being sought by our histochemi-
cal, electronmicroscopic, and autoradiographic studies (v.i.). The exact
mechanism of muscle damage in PM/DM is unknown. Previously we have reported
immunoglobulin complexes deposited in blood vessels in 83% of the childhood
cases and 29% of adult cases, findings supporting our earlier hypothesis that
an aspect of muscle damage may be vascular. While disorders of both immuno-
globulins (produced by B-lymphocytes) and direct immunocyte toxicity (T-lympho-
cytes) might be occurring in all cases of PM/DM, perhaps the former (deposited
as intravascular immune complexes) are more muscle-damaging in the childhood
form and latter ai"e more pathogenic in the ddult form. We are now attempting
to correlate a possible vascular mechanism with our histochemical finding of
preferential perifascicular involvement (occurring especially in childhood DM),

as well as relating our findings in patients to our- experimental animal model
of muscle ischemia (v.i.). It is conceivable that the immunologic abnormali-
ties of PM/DM are ultimately provoked by a viral infection; however, our
attempts to see or "rescue" a virus from PM/DM patients' muscle directly after
tissue culture of it, or after animal inoculation, thus far have been negative
(with NYU, ID-NINCDS, and NCI).

A new and possibly disease-characteristic histochemical finding in PM/DM

patients of microscopic foci calcium accumulation in collagenous connective
tissue of muscle and subcutaneous regions has been demonstrated histochemically

at both the light-microscopic (alizarin-red method) and EM (pyroantimonate
method) levels. Its pathogenesis is being sought, as is its correlation with

our positive ^^'"Tc-diphosphonate patient-scans for calcium, our autoradio-
graphs of patient skin and muscle biopsies for calcium, and our previously

described highly-disease-characteristic histochemical finding of alkaline-
phosphatase staining in the intramuscular connective tissue.

Duchenne muscular dystrophy (DMD ) is an hereditary progressive deteriora-

tion of muscle in children, usually causing wheel-chair or bed confinement by

age 12 and death by age 20 years. Cause and treatment are not knc*m. Our

studies involve improving diagnostic methods, seeking the basic cause, and

trying experimental therapy when available. We also seek fuller understanding
of the basic biology and pathologic responses of muscle. The other myopathies

and the other neuromuscular diseases of unknown nature which we study are often

devastating to children or adults, and in their study our general objectives

are the same.

Current competing hypotheses of the pathogenesis of DMD are: (a) primary
or secondary defect of blood supply to muscle, (b) primary defect of energy
source within the muscle fiber, and (c) primary muscle- fiber membrane defect.

Although many others favor c, we favor a or b. Some of the findings in DMD

muscle considered by others to be supportive of c we consider to be invalid

res'ults or not distinguishing between c and b. The defect of erythrocyte
morphology reported by others we are reporting as not present in our contolled

studies. The defect of the muscle- fiber membrane evident by peroxidase pene-

tration reported by others we find not disease specific. The alteration of

muscle homogenate adenyl cyclase reported by others we have reservations about
because (i) it wasn't exclusive to DMD, and (ii) its cellular site (presumed
by them to be muscle fiber sarcolemma) was not known from those biochemical
studies. Our own newly developed histochemical method for adenylcyclase (AC)

3p



shov/s highest muscle AC in blood vessels and almost none detectable in normal

muscle, but fairly high amounts of AC diffusely throughout the interior of
regenerating fibers, especially evident in DMD biopsies.

Our new model involving the focal application of a mitochondrial poison
to muscle fibers in situ , which results in the secondary loss of sarcolemmal
membrane integrity of the damaged fibers, establishes an experimental basis for
at least the possibility of hypothesis b, in harmony with our clinical demon-
stration that in muscle phosphorylase deficiency ischemic exercise precipitates
acute breakdown of the sarcolemmal membrane barrier, allowing marked creatine-
phosphokinase (CPK) egress and calcium ingress (detected by scanning with
99mTc-diphosphonate)

.

Our ischemia hypothesis for DMD, which proposes a functional defect on the
arterial side of the vascular tree, has been based on our studies of the
histochemopathology of DMD muscle and of our experimental ischemic myopathy in
animals. As yet, an ischemia mechanism, although possible in DMD patients,
has not been demonstrated in them directly. We are, though, now reporting
that in known ischemic human muscle, caused by occlusive vascular disease, the
pattern of histochemopathology of muscle (groups of necrotic or regenerating
fibers in fields of normality) overlaps that of early DMD and of our experi-
mental ischemic myopathy in animals, thus at least being harmonious with the
ischemia hypothesis (with VAH,D.C.). A number of investigators are now
attempting to evaluate our ischemia hypothesis. Although some feel they are
disproving it, we have in a published formal forum provided counter-arguments
of those criticisms suggesting that they are incorrectly based or inconclusive.

We used the ischemia myopathy model to study some of the details of the
mechanisms of muscle fiber damage. One result was the development of a new,
rapid and simple radioisotopic method, based on uptake. of 99mjc_diphosphonate,
of quantitating active skeletal muscle damage in experimental animals — that
uptake was directly correlated with other more arduously determined parameters
of muscle damage, loss of muscle K"*" and elevation of plasma CPK (with AFRRI).
We have now shown that those parameters are also directly correlated with
uptake of ^H-diphosphonate and with calcium uptake, the latter presumably the
basis for the diphosphonate accumulations. Our autoradiography shows the
uptake of 3H-diphosphonate to be within muscle fibers, ones necrotic and even
intact ones (presumably pre-necrotic or perhaps reversibly injured) -- this
correlates very well (in histochemically-stained serial sections) with calcium
accumulation within and complete loss of phosphorylase/glycogen staining
from those fibers. We have shown that calcium accumulation in damaged muscle
fibers is also evident by light- and electronmicroscopy-histochemistry in
various human disorders -- it is not disease-specific but it is a new way to
identify damaged fibers, including minimally affected ones not identifiable
by other methods. Our electronmicroscopy-histochemical method (pyroantimonate)
shows the calcium increase in the pathologic fibers to be in mitochondria >

sarcoplasmic reticulum > myofibrils. Nuclei (nucleoli and heterochromatin)
are also calciumed. These are the same organelles we find calciumed when
normal intact muscle is soaked in a high calcium solution.

From all of these studies we have formulated a new hypothesis covering
molecular aspects of muscle fiber damage, as follows: (a) an^ damage to the
sarcolemma -- be it exogenous (e.g., trauma, ischemia), endogenous deficiency
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of energy supply (e.g., phosphorylase deficiency, mitochondrial poison) or,

conceivable but not tested, a direct primary or secondary sarcolemmal defect
-- can break the normal sarcolemmal barrier to calcium (Cat"^ / Caj"^ normally

about 10,000-20,000/1); (b) the influxing Ca+"'" is taken up by those organelles

known to normally have the greatest capacity to do so, i.e., mitochondria >

SR > myofibrils, and nuclei; (c) this heavy calcii^ accumulation eventually

can damage organellar function -- e.g., a high Ca is known to reduce

mitochondrial ATP synthesis, which presumably would lead to further

impairment of the sarcolemmal barrier and increasing damage of the muscle

fiber; (d) the molecular death of the fiber may be due to the heavy calcium

influx; if only mild influx recovery might occur.

Along with these theoretical and experimental data, we have demonstrated

that patient scanning with 99mj(;_ciiphosphonate can be used to detect abnormal

uptake, presumably based on abnormal accumulations of calcium, in various dis-

orders of muscle. There is: (a) greatest uptake in the polymyositis/
dermatomyositis complex (probably enhanced by diffuse radiologically-invisible
but histochemically and electromicroscopically-evident calcium in connective
tissue of muscle and subcutaneous regions), (b) only moderate uptake in DMD

even though the patients have yery high serum CPK; (c) normal or minimally
increased uptake in neurogenic involvement; (d) surprising moderately high

uptake, in the presence of normal serum CPK's, in muscle of patients with
ragged- red fibers (which contain abnormal mitochondria); (e) very high uptake

in phosphorylase-deficiency muscle acutely damaged by ischemic exercise and
in muscle acutely damaged by trauma (viz., at the site of muscle biopsy).

A survey chapter (>500 references) of the biology of the muscle cell in

relation to myopathies has been written.

Other myopathies . Tissue culture of human muscle -biopsies provides
growing muscle fibers free of all neural, vascular, and humoral factors
present in the patients. After we developed a new program (reported last year)

for achieving abundant, reproducible and mature growth of human fibers in

culture, including spontaneous twitching, and for precisely selecting certain
fibers for enzyme histochemistry, immunohistochemistry, EM, or EM-histo-
chemistry, we turned our attention to culturing the biochemically and
the morphologically distinct myopathies.

In adult-onset acid maltase deficiency we have reported the first
"reincarnation" in cultured muscle fibers of the biochemical and morphological
defects characteristic of the disease -- the muscle fibers in the biopsy and
the ones newly grown in culture (with NYU) were identical by histology
(vacuoles), histochemistry (acid phosphatase high in the vacuoles),
electronmicroscopy (glycogen accumulated in lysosomes) and biochemistry (with
Columbia) (absent acid maltase by the natural substrate method, 5-10% of
normal acid maltase by the artifical substrate method, normal neutral maltase),
normal kinetics of neutral and the trace-amount acid maltase, elevated acid
phosphatase. This is the first establishment of a neuromuscular disease as a

primary myopathy. It provides a new test system for manipulations directed
toward the treatment or prevention of muscle- fiber damage in this disease with-
out inducing any risk to the patient. Further, we have now similarly shown
reincarnation of the severe biochemical and morphologic defects in 4 chronic-
infantile cases of acid maltase deficiency and partial defects in 3 heterozygotes.
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We recently reincarnated a second metabolically distinct myopathy,
phosphofructokinase (PFK) deficiency. Extremely reduced levels of that enzyme
were found in muscle fibers cultured from a patient with a new combined syndrome
of muscle and erythrocyte PFK deficiency and hypolipoproteinemia (with NYU and
Columbia). Growth of that muscle in culture was enhanced by B-hydroxybutyrate
added to the medium, a ketone-body providing one of the alternate energy
sources which that muscle must be depending on since its glucose-utilization
pathway is defective (with NYU).

In a third glycogenolytic-enzyme defect of muscle, phosphorylase
deficiency, we have confirmed our previous finding that the enzymatic absence
of the muscle fibers is "cured" with their growth in culture -- actually the
remarkable and unexpected recovery of phosphorylase activity is seen in
fibers in the regenerative state in culture and in vivo (with NYU). The
therapeutic thrust need now is to provoke appearance of that phosphorylase
in the mature fibers of the patient.

A morphologically characteristic defect, "cabbage bodies" (multi-
lamilated material in lysosomes) in muscle fibers of a patient with a chronic
myopathy, were reproduced in his cultured muscle fibers (with NYU). Although
the biochemical defect is not known, both the biopsied and cultured muscle
had elevated acid phosphatase, suggesting the patient has a defect of a

yet-unpinpointed lysosomal hydrolytic enzyme (with NYU and Hopital des
Enfants Malades, Paris). We are assaying 12 different lysosomal enzymes in
our cultures of human and animal muscle to search for defects thereof (with
NYU and Hopital des Enfants Malades, Paris).

"Ragged-red" muscle fibers, which contain severe mitochondrial abnormalities,
are the commonest histochemical accompaniment in limb muscles of the mixed
syndrome of progressive external ophthalmoplegia in our series of 41 patients
(after myasthenia gravis and myotonic atrophy are excluded). Some, though
not all, of those mitochondrial changes have been reincarnated in limb
muscle cultured from such patients (with NYU) -- the mitochondrial crystal-
like inclusions have not been. In the original biopsies those mitochondrial
inclusions usually lacked cytochrome oxidase staining by our EM- cytochemistry.

In tissue cultures of "normal" chick embryo skeletal muscle we were able
to induce certain bizarre changes of mitochondrial morphology by pulses of
dinitrophenol (DNP), but did not produce all the mitochondrial changes
occurring in the human "ragged-red" fibers (with NYU). In the course of that
study we found that DNP markedly promoted the detectability of avian oncorna-
virus (the now-preferred name for the group which includes leucosis and Rous
sarcoma viruses) in all such "normal" chick muscle cultures -- virus was
evident morphologically (C-particles) and by complement fixation titers (COFAL)
(with NYU). This demonstrated that the "normal" chick embryo muscle cultures
so frequently used by various investigators for physiologic, biochemical,
immunologic and developmental studies are actually virally-contaminated test
objects. The question of whether that oncornavirus has a "normal" role in

development of "normal" chick muscle in vivo or in vitro is raised by this
study. Our finding the C-particles exclusively in dilations attributed to

T-tubules raises the intriguing possibility that T-tubules might be the
aqueducts of virus infestation of or shedding from muscle fibers. The question
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of viruses harbored in mitochondria (as "mitochondriophages", analogous to
bacteriophages) is raised by the C-particles being provoked by DNP, an uncoupler
of mitochondria oxidative phosphorylation. Finally, we have raised the specu-
lation that such mitochondrophages might be responsible for the changes in the
ragged-red- fiber diseases.

A new type of mitochondrial abnormality, light- cored dense particles, has
been reported in skeletal muscle fibers of a patient with cardiac "assymetric
septal hypertrophy". A new neuromuscular disorder, striped loss of mito-
chondria, has been found in a family with dominantly inherited distal muscle
weakness. In biopsies of 3 patients with sporadic chronic myopathies we have
by electronmicroscopy found under the plasmalemma long strands suggesting viral
material. In a patient with late-onset rod disease, an entity first described
by us a few years ago, an associated unusual serum paraprotein, IgG/lambda
myeloma protein has been found. Its significance is not known.

We have now reported in 3 cases a new clinically-delineated "levitated
arms syndrome" and identified the cause as muscle fibrosis resulting from
iatrogenic intramuscular injections into the deltoids, especially of
pentazocine (Talwin). One patient also had levitated legs (evident when
sitting) from pentazocine injections into the rectus femoris muscles. Two
were successfully treated by surgical transection of fibrous bands, in the
deltoids of both and also the recti femoris in one. These cases demonstrate
a newly- recognized, preventable, and treatable iatrogenic disease.

Neuromuscular disorders of uncertain classification . Selective atrophy
of the type-II (glycolytic-rich, oxidative poor) muscle fibers, especially
the subtype I IB fibers, has been shown to be the basis of cachectic atrophy
accompanying cancer and other chronic debilitating disorders. We have now
reported a detailed analysis of this phenomenon and formulated possible hypo-
thetical mechanisms. They are: (a) a "Sparafucile" factor (v.i.), directly or

indirectly resulting from the cancer, indiscriminately assassinating the type-
II fibers, vs. (b) a muscle-fiber martyrdom mechanism of protein catabolism to

supply energy substrate, via the alanine shunt and glyconeogenesis, to cells
more vital to the organism. The possible neurogenic vs. myogenic pathogeneses
of the type-II atrophy have been analysed and theoretical models based on

empiric findings constructed. Evaluation of the mechanism of type-II fiber
atrophy in cancer patients is important because this "remote effect" muscle
weakness is often the most crippling aspect of cancer — if the molecular
mechanism can be discovered it might be treatable independently of treatment
and response of the cancer itself. And improvement of the muscle weakness
and wasting could even make the patient better able to withstand the rigors of
direct anti -cancer therapy.

Malignant hyperthermia (MH) is a syndrome, 70% fatal, of acute rise of
body temperature and muscle rigidity during general anaesthesia. A number
of the patients have underlying not-well-defined neuromuscular disorders.
In one MH patient, and his father, we have identified central-core disease
(CCD), with its typical type-I muscle fiber predominance (with Children's
Hospital, Wash., D.C.). Because there are in the literature two other
families with CCD and MH, we have issued a caution to all our CCD patients
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and their physicians regarding the possibility of MH during general anaesthesia.
The mechanism(s) of the attack of MH is not known. It appears that there

is an excess of free intracellular calcium in the muscle fiber, which we
propose might be due to an effect of the anaesthetic or muscle- relaxant agent
on the calcium-barrier function of the sarcolemma (v.s.). We are now
investigating why central core disease, which we have earlier postulated to

be due to a congenital monophasic neuropathy mainly affecting the type-II units,
should predispose to the development of MH.

Myotonic atrophy (myotonic dystrophy) is of unknown pathogenesis. We
have previously raised the possibility of at least partially a neurogenic
aspect. To evaluate myotonic phenomena by various parameters we have set up
the animal model of 20,25 diazacholesterol-induced myotonia (originally
described by others). Although the animals become markedly myotonic, we find
that their muscle reveals no histochemical alterations.

The systemic approach in application of a rapid short (5-stain) and long
(18-stain) battery of histochemical reactions to fresh-frozen sections of
human muscle biopsies (including basic stains developed, e.g., our modified
tri chrome) and the concepts in the analytical approach to neuromuscular
pathology we have developed are being followed in nearly all centers for
neuromuscular research throughout the world.

Cross-category and basic aspects . Previously we have formalized and
seen adopted by the World Federation of Neurology our long-used nomenclature
for histochemical types of human limb-muscle fibers, based on two types, I and
II. One of our former trainees has shown histochemical subtypes of the type-II
fibers. Now we have published histochemical distinction of two subtypes, lA
and IB, of the type-I fibers and shown selective involvement of a subtype in
certain human neuromusuclar disorders (with NYU).

Eye muscle fibers histochemically are not exactly like limb muscle fibers.
We have demonstrated their normal histochemical patterns in Rhesus monkey
and identified 3 types, "fine", "granular" and "coarse". The first two types
have one endplate per fiber and probably are types of twitch fibers; the
last has multiple endplates and may be a tonic fiber. Following denervation
the first two developed extrajunctional acetylcholine receptors but the coarse
fibers did not -- no fibers were positive beyond 13 weeks post-denervation.

The autoradiography laboratory was established in our own Branch this
year. We have begun with ^H-diphosphonate to demonstrate intracellular
calcium (v.s,). Now we are developing a technique for doing autoradiography
of biopsy samples following injection of some of the short-lived gamma-
emitting radionuclides used in patient scanning, to establish direct
scanning-histoautoradiographic correlations.

Mammalian sarcolemmal membranes have received major biochemical emphasis.
Results of the following studies are now being published. Not only have
pure fractions of rat sarcolemma been obtained, but methods have been perfected
that provide adequate quantities of sarcolemmal membrane from human muscle
obtained from limb amputation or radical mastectomy. With the sarcolemmal
membrane fractions and subfractions, methods have been established for studying



+ + +
acetylcholine receptor, acetylcholinesterase, Na -K ATPas|^(Na -stimulated

phosphorylation), adenylcyclase, divalent cation (viz., Ca ) binding/

transport, and Ca"'"'*"-stimulated ATPase. Some of these have been studied in

sarcoplasmic reticulum fractions as well. Elucidated have been detailed
properties of: (a) the adenylcyclase (i.e., fraction localization, kinetics,

catecholamine-activation, guanylyl-inidodiphosphate activation, insulin and

glucagon inhibition, and response to denervation in "red" cf. "white" muscle

of animals); (b) the sarcolemmal protein phosphorylation (i.e., Na"*" enhance-
ment blocked by K"*", phosphorprotein state suggesting an acylphospha;fe^bond,

high turnover rate suggesting it is a functional intermediate of Na K ATPase,

and molecular weiglj!|); (c) the effect of denervation on this transport ATPase
system; (d) the Ca uptake and release by human sarcoplasmic reticulum^SR)
(i.e., by use of specific antibodies made against SR which block the Ca

uptake and inhibit adenylcyclase but do not affect ATPase activity, suggesting
different localization of these functions within the SR) ; (e) the role of

bound-calcium in the regulation of Ca"*" transport by SR; and (f) physicochemical
properties of ACh-receptor cf. acetylcholinesterase. These assays are now
being used to seek biochemical defects of sarcolemmal or sarcoplasmic reticulum
function in muscle biopsies from patients with various neuromuscular disorders.

Insulin receptor function is being analysed in our cultured chick muscle
fibers as the first step toward studies of diabetic neuropathy patients (with
Georgetown U.). The effect of dibutyryl cyclic AMP and a cAMP-phosphodi-
esterase inhibitor (phthalazinol) on growth and maturation of human and
animal cultured muscle fibers is being evaluated (with NYU).

Periodic paralyses (PP ) are hereditary or acquired disorders causing
chronic weakness punctuated by attacks of paralysis. Associated metabolic
abnormalities are known but the actual pathogenic mechanisms are not. Standard
palliative preventive therapy in the idiopathic hypokalemic form of PP is

potassium, and more recently ace tazol amide. Our studies involve improving
diagnostic methods, seeking the causes and analysing the pathogenic mechanisms,
and improving methods of treatment.

In the hypokalemia form of PP, the treatment we introduced, long-term
acetazol amide, has continued to be the best prophylactic agent both for pre-
venting attacks and improving "inter-attack weakness. It is now in the text-
books as such. Two of our patients have been treated successfully for more
than 10 years. Renal calculi in one of 26 patients, possibly but not definitely
related to the acetazolamide, have been the only suspected side-effect.
Since muscle does not contain carbonic anhydrase, the mechanism of acetazola-
mide benefit in hypokalemic PP remains unknown -- we are investigating it.
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Myasthenia gravis (MG) is an acquired disorder affecting transmission
at the neuromuscular junction, mainly in adults and older children. The
primary cause is not known but the pathogenic mechanism is considered to be
"autoimmune" or "dysimmune". Untreated patients are usually seriously
handicapped and many die. Palliative treatment with anticholinesterases and
anti-pathogenic treatment consisting of thymectomy, ACTH and, most recently,
prednisone has helped considerably but much disability, some fatality, and
drug side-effects persist. Our studies involve improving diagnostic methods,
seeking the cause and analyzing the pathogenic mechanisms, and improving
methods of treatment. We also seek fuller understanding of the basic biology
and pathologic responses of the neuromuscular junction.

Last year we reported the identification of a newly recognized blocking
factor, an IgG, in the sera of MG patients which blocks binding of alpha-
bungarotoxin (aBT) to the human junctional acetylcholine receptor (AChR) at
the normal neuromuscular junction (41% of MG patients) and extrajunctional
AChR of denervated human fibers (72% of MG patients, including all who had a
thymoma) -- the latter being the more sensitive assay -- presumably because
the factor itself is binding to the AChR (with NIHL). Now we have reported
that in a correlative study all MG patients having the IgG antimuscle antibody
(first found by others) also had the blocking factor (although only half
having the latter had the former) (the only discordant finding was in one
non-myasthenic myositis patient with thymoma who had antimuscle antibody but
no detectable blocking factor) -- we suggest these may be the same antibody
or, if different, apparently virtually always co-produced. The junctional
localization of the blocking factor puts it in the correct position to impair
neuromuscular transmission and cause the weakness of MG. Although we think
this is likely, the factor has not been shown to produce weakness in any test
system. We have not been able to induce weakness of newborn mice by injecting
IgG blocking-factor-positive MG sera during pregnancy or into the newborns.
Blocking-factor-positive MG sera were shown to block the binding of aBT to the
diffuse extrajunctional receptors of aneurally cultured human, rat, and chick
.muscle fibers (with NYU).

Since we have shown by electromyographic-immunohistochemistry that aBT
binds, and presumably localizes AChR, at the neuromuscular junction both to
the crests of the post-synaptic muscle membrane folds and to a lesser extent
to the pre-synaptic axonal membrane, the blocking factor, if indeed pathogenic,
would act both post- and pre-synaptically. Data from other types of studies
by others support a pre- as well as a post-synaptic locus of AChR in normal
neuromuscular junctions. On the basis of the blocking factor, we have revised
our multistep hypothesis of the pathogenesis of MG and in doing so realized
its striking analogy to the scenario of Verdi's Rigoletto . We therefore term
the presumably-detrimental blocking factor a "Sparafucile" molecule after
Verdi's hired assassin who without malice killed the unintended victim, in
fact, killed the beloved daughter, Gilda (the AChR receptor in MG) of
Rigoletto, who planned the assassination to be of the Duke of Mantua. It is
evident from further analysis of the scenario that the answer to MG will only
come with the identification and treatment or prevention of Count Monterone's
curse (? an environmental factor, ?? viral).
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We are investigating which cells, presumably B-lymphocytes, make the

blocking factor in MG patients, and why, and how its production or presumed
detrimental action can be prevented.

That the thymus is involved in many cases of MG is well known, but its

role is not. Our counts of T- and B-lymphocytes in fresh thymus removed from
MG patients during therapeutic thymectomy have not confirmed an increased
percentage of the latter as reported by others. Mixed lymphocyte reactions
with MG thymus are being analysed by light- and electronmicroscopy. Our EM

of MG thymuses has thus far failed to reveal a virus, as have tissue culture
studies. The multifactorial nature of the dysimmune phenomena in MG was
reemphasized by the finding of anti-native-DNA antibody in the sera of a

significant number of patients (with NIAMDD)

.

Working with the induced autoimmune model (rabbits injected with
electric-fish AChR), originated by others, of experimental allergic MG
(EAMG) (with Cornell) we demonstrated: (a) binding of that rabbit sera to

human neuromuscular junctions but not to extrajunctional receptor at light-
microscopic resolutions, (b) binding of it by electronmicroscopic resolution
to the plasmalemma of cultured human, rat and chick fibers (with NYU),

(c) binding of that sera to the original antigen in a radioimmunoassay we

developed (with IB), (d) similarities but also distinct differences of the

model with human MG, indicating it is not a perfect model of the latter
although it could still be a model-in-principle, (e) toxicity of EAMG sera
to reinnervated muscle in tissue culture which did not exceed the toxicity
of normal rabbit sera (surprisingly toxic).

Confirmed and adopted by most other physicians has been the treatment we
introduced to MG, long-term high-single-dose alternate-day prednisone (LT-

HSDAD-Pred). In our own series it continues to be extremely beneficial in

the majority of cases, 37 of 40, and for as long as 10 years in a child and
6 years in an adult. Responding best are the older-onset patients, especially
the older males. Our 3 non-responders were females in the menstruating
age group. Interestingly, none of our responding patients has become
absolved of his requirement for prednisone, even after a gradual tapering
of the dose. For example, two patients have exacerbated 3 months after
stopping a 5 mg q.o.d. dose (this is about the length of time taken for
resumption of abnormal IgG synthesis as measured by others in another disease).
We have recently modified the treatment slightly by giving, to patients not
simultaneously taking anticholinesterase drugs, the single-dose 100 mg

prednisone daily for the initial 2-4 weeks before converting to the

alternate-day schedule, apparently resulting in more rapid improvement.
Fragile patients are not taken off their anticholinesterases but in them
prednisone is given in a gradually incrementing single-dose-daily schedule
beginning with 10-20 mg. Regarding combining anticholinesterase and
prednisone, we find that low doses of one can be combined with the other
advantageously -- but that patients taking both drugs sometimes seem to have

a more "brittle" myasthenia and must be watched carefully for ingravescent

overdosage by the anticholinesterase. However, because neither anti-

cholinesterase nor prednisone treatment is either curative or completely
preventative, more details of the pathokinesis are needed (v.s.).
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The effect of the HSDAD-prednisone treatment on lymphocytes was measured

Sr^^n ^-^^""^ ^'" ^ "^'"^^'" °^ ^^ ^"^ other patients. At 6 hrs after
the 8:00 a.m. prednisone dose there is marked depression of T-lymphocyte
counts and lymphocyte reponses to T-lymphocyte mitogens with a lesser effect <

on B-lymphocytes and response to B-lymphocyte mitogens, and there was returnof these measurable effects to normal by 24 hrs. after the dose -- yetclinically the prednisone has a cumulative effect over weeks and months.

Partial sternal-splitting continues to be our preferred approach tothymectomy (with NIHL) - the mortality is essentially zero. The suprasternalapproach for us is inadequate for satisfactory removal of all thyme tissueWe continueto demonstrate that "out-of-control" MG patients often can be iremarkably improved by treating co-existant medical problems such as chronic
'

respiratory infections, urinary tract infections, and anemias - possibly

Ho;^^!^"^'
^-^eloriatiye problems must be sought in each MG patient bydetailed general medical investigation.

.n Mr^n^''^'"^^^^^^
ancillary benefit that broad-aspect nursing can provide to

n rs?n cTre aonrnarTfn''^
''\''"'^'

V"
°'' P^*^'^"^^ " °"^ "lulti dimensionalnursing care approach for myasthenics has been videotaped (with Nur^^inq COand made available for general distribution - this undoubtedly wi'lheloimprove the care and perhaps save the lives of some myasthenic pal ents withserious disease, especially in hospitals not frequently caring for such pitients.

short"aJSion'<;f^f?R^m?i"''
(Tensilon), contrary to its usually considered

de?ailPd H?n?rJ"]2H ;-'^''^ ^''' preliminarily reported the documentation bydetailed clinical and electromyographic testing an improvement in strengthand neuromuscular transmission lasting 1-2 hrs. in several MG patients

used (overuspH'"w.-S°P'"'%'r'^ '"P^^^^^ edrophonium tests are commonly (used (overused;, without careful vital capacity monitoring, for adiustinadosage of other anticholinesterases.
«- "y. rur aajusting

hoon 1"^!! ?^ectrophysiologic type of defect of neuromuscular transmission hasbeen found in a patient with a fatigue syndrome and chronic renal dTslae—after a brief tetanus there is a diminished but broadened total-muscleaction-potential which gradually recovers during rest or slow sti^mu^ationand It IS not ameliorated by edrophonium, guanidinl! 0^03+°
'^^'""^^*^°"'

studv^-iUtPr-'LV^hfn'u"'^
"^\^'""3 'P ^^^ electromyographic equipment tostudy Jitter and blocking" phenomena recently described bv othPr<; itIS important diagnostically and investigatively in MG patients

C
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Amyotrophic lateral sclerosis (ALS ) is a progressive neurologic disease
affecting motor neurons, of adults, usually leading to death within 1-3 years

of onset. The cause and treatment of ALS are unknown. Our studies involve
improving diagnostic methods, delineating subtypes of ALS and other possibly
treatable diseases mimicing ALS (several cases of which we have found in the

past year), seeking the basic cause and trying experimental therapy when
available. We also seek fuller understanding of the basic biology and patho-
logic responses of the motor neurons. We have especially pursued a possible
metabolic cause, but have also looked for evidence of viral causation.

Detailed, repeated and reproducible radioimmunoassay studies of more
than 125 patients have revealed that in ALS patients there is a distinctly
low cerebrospinal fluid (CSF) level (compared to paranormals and myopathy and
polyneuropathy disease-controls) of cAMP, and a slight decrease of cGMP (with
Naval Medical Center). I. V. -probenecid studies demonstrate this is due not to

increased clearance of cAMP or cGMP from CSF but probably to decreased
synthesis in the neural tissue (or perhaps increased breakdown, or both).
The low levels of cAMP, but not of cGMP, were corrected with a phosphodiesterase
inhibitor, phthalazinol , which had no effect on plasma cAMP and cGMP (with

Institute of Japan Atherosclerosis Research Foundation). The significance
of this newly recognized biochemical defect in the pathogenesis of ALS
remains unknown. We have shown, in ALS and non-ALS patients, that cAMP in

plasma does not cross the blood-brain barrier during acute elevations --

glucagon raised plasma cAMP 'iQ-fold and urine cAMP rose, but there was no
change of cAMP in CSF; no change in cGMP of plasma or CSF followed glucagon.
Thus, CSF levels of cAMP reflect only metabolism of it within the central
nervous system. The glucagon caused a 2- fold rise of blood glucose and a

concomitant rise in CSF glucose. CSF cAMP and cGMP are somewhat elevated in

patients with spasticity of various causes (excluding ALS).

The cells from which cAMP in the CSF arises are not known. We have
developed a new technique for histochemically demonstrating adenyl cyclase,
the enzyme synthesizing cAMP. It shows, in the spinal cord, cerebellum,
brain stem and cerebrum, that the greatest amount is in the blood vessels
with much lesser amounts in neural or glial tissue; almost none occurs in
purkinje cells, while anterior horn motor neurons have slight to moderate
amounts. A large amount was also in the epithelial cells of the choroid
plexus and in the pineal cells. In lower motor neurons (LMNs) cAMP could,
if its presence there is significant, conceivably have some role in
excitatory or inhibitory transmission, in proximately or remotely generated
trophic effects, and/or in internal metabolism such as in the rich glycogen
metabolism machinery (that we have previously demonstrated to be a special
characteristic of LMNs and cortical motor neurons and which, therefore,
could conceivably be the site of the defect causing ALS).

Previously we have reported a neurologic abnormality with certain
features like ALS in many cases of primary and secondary hyperparathyroidism;
we have also studied a few cases with both frank hyperparathyroidism and
frank ALS. To study the possible role of abnormality of parathyroid function
and/or calcium metabolism in ordinary ALS, we have done radioisotopic calcium
retention tests (n=80) on ALS patients and disease-controls: we have found
abnormally low calcium retention in 63% of ALS, 60% of polyneuropathy, and
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only 35% of myopathy patients (with NNMC). So far, treatment with 20,25
dihydrotachysterol has been found to reverse the calcium- retention defect in
some ALS patients but not result in clinical improvement.

Phthalazinol treatment of ALS patients, although able to raise their
low CSF cAMP, has not resulted in consistent therapeutic benefit to date.

In ALS patients, including those with a late-post-polio progressive
muscular atrophy syndrome, we continue to search for evidence of a viral
cause in ALS sera, CSF and tissues by viral antibody profiling (polio 1,2,3,
mumps, measles, rubella, coxsackie, and influenza A and B (with ID, NINCDS)),
and various tissue culture techniques (including activation techniques and
evaluation by morphologic, antigenic, and reverse transcriptase assays).
To date no viral evidence has been found. Nevertheless, an animal model of
reactivation of a latent virus infection was established -- latent infection
of mouse dorsal root ganglia with herpes simplex virus type 2 or 1 could be
reactivated by injuring the peripheral nerve (with NIDR). Evaluation of HLA
types has not revealed any predominant type represented in our ALS patient
group.

From our cumulative experience with more than 500 patients with ALS or
ALS-like syndromes we emphasize that (a) about 10 are chronic, surviving more
than 5-15 years (and therefore giving false hope to experimental therapists
if they are not aware of this subgroup), and (b) as many as 15% or so of the
cases referred to us as ALS have a different disease, more benign, and
occasionally treatable -- they are identified by careful clinical and
laboratory examinations.

Two extensive chapters have been written, one on numerous aspects of the
biology of the lower motor neurons as a basis for understanding and
investigating diseases thereof (>1000 references), and the other on various
aspects of the several motor neuron diseases (>ji00 references).

Previously we have introduced the new concept, on the basis of our com-
bined electromyography (EMG) and histochemistry studies, our open-biopsy-EMG
technique, and on theoretical grounds, that an EMG pattern on voluntary effort
of brief-duration small -amplitude overly-abundant motor-unit action potentials
(BSAPs), sometimes polyphasic (BSAPPs) is just as possibly a reflection of
neuropathic as of myopathic diseases -- and we criticized the established (and

we would say vacuous cliche of "myopathic EMG" for that pattern. Initially
not met with enthusiasm by hard-core electromyographers, our hypothesis is now
becoming accepted by at least some of them, as well as by many less tradition
bound investigators.

Altered influence of the lower motor neuron on muscle fibers was
identified and studied by use of the new a-bungarotoxin immunoperoxidase
technique at light-microscopic and EM levels for identifying acetylcholine
receptors (AChRs). Especially useful was the visualization of the AChRs when
present diffusely in the plasmalemma following denervation. Last year we
demonstrated that the diffuse extrajunctional AChR can be used for identifying
and "dating" denervated fibers. This year we have used it to look for
evidence of altered neural influence in several diseases not generally con-

14p



sidered neurogenic but ones in which we have previously postulated possibly
to be on a neurogenic rather than a myopathic basis -- they include central

core disease, type-I- fiber hypotrophy with and without central nuclei,
myotonic atrophy, myotonia congenita, some cases of benign congenital hypotonia,
some of type-II-fiber atrophy, and congenital and adult-onset rod diseases.
None of these disorders showed extrajunctional AChRs by light-microscopy --

however, the question is still not fully resolved because: (a) there could be

slight extrajunctional aBT binding that is demonstrable only by electron-
microscopy, or (b) there could be in some of those diseases a subtle
incomplete neurogenic alteration of neural influence partially affecting muscle
fiber function and morphology without allowing extrajunctional AChR to develop
in those fibers.

Conversely, a new concept of "myogenous mal-innervation" was formulated.
It was based on our demonstration that: (a) diffuse extrajunctional ACh-receptors
were present on "regenerating-degenerating" muscle fibers in myopathic
biopsies of our patients, (b) human, rat, and chick embryo skeletal muscle
grown in tissue culture without innervation (pre-innervated muscle) has diffuse
extrajunctional ACh-receptors (with NYU), and (c) in adult animals, segments
of muscle fibers experimentally separated from their motor innervation point
but remaining viable develop diffuse extrajunctional ACh-receptors. Thus we

have formulated a "law of mal-innervation", since it becomes evident that

the presence of diffuse extrajunctional AChR in muscle fiber plasmalemma

is certainly a sign of mal-innervation of the muscle fiber but it is not
pathogenesis-specific since it can be either a neurogenous or a myogenous

de-innervation or dys-innervation, or a primary non-innervation.

The n'eurogenously denervated fibers in ALS-patient biopsies with

demonstrable extrajunctional receptors were used as the more sensitive
assay for finding the blocking factor in sera of myasthenia gravis patients

(V.S.).

In patients with scoliosis, our studies have continued to show a wide

variety of neuromuscular diseases (by muscle biopsy histochemistry and

electromyography) to be associated with and probably causing scoliosis. The

most common pathology is some form of neurogenic muscular atrophy. Some of

our scoliosis cases were previously considered "idiopathic". We therefore

are embarking on a broad collaborative survey to define any underlying neuro-

muscular pathology in all available cases of "idiopathic scoliosis".

We have utilized new techniques for identifying T- and B-lymphocytes in

human cerebrospinal fluid in more than 100 patients. The mean percencs of

total CSF lymphocytes are, respectively, 72 and 16 (12 being null cells).

Changes in various diseases are being investigated, as are the responses to

prednisone.
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Polyneuropathy (Peripheral Neuropathy) (PN) : The peripheral neuropathies
comprise a group of disorders of various causes, more than half unknown.
They always cause serious physical handicap sooner or later in the course of
the disease, sometimes associated with intractable pain and ulceration and
loss of feet and hands. Our studies seek to delineate the underlying causes
and where possible develop a treatment. We also seek fuller understanding of
the basic biology and pathologic responses of the lower motor and sensory
neurons and peripheral nerves.

The majority of patients we see are of undiscernable cause. Those
which are non-familial we may treat with LT-HSDAD-prednisone, especially if
less than 5-years duration. We have had good to outstanding success in more
than 25 such patients, most having been given-up on by others and some having
come with diagnoses of non-treatable diseases (e.g., ALS or "Charcot-Marie-Tooth'
disease). Long-term treatment is required -- too-rapid reduction of dosage
too soon often results in exacerbation of disease. Excellent results have been
sustained for as long as 11 years in an adult and 8 1/2 years in a child
(who at age 20 is still regaining motor skills). Our correlative studies
indicate that patients most likely to respond are dysschwannian in type (slow
nerve-conduction times), relapsing, with elevated CSF protein, but even some
non-relapsing patients without slowed nerve conduction times and with normal
CSF have responded to LT-HSDAD-pred.

An often undiagnosed cause of sensory-greater- than-motor neuropathy
beginning in adulthood is "idiopathic" amyloidosis. We propose the com-
bination of crystal violet stain with fresh-frozen sections of a muscle
biopsy (proven by us by a decade of use) as the choice method of diagnosing
this disorder. In our most recent 10 cases of non- familial amyloid poly-
neuropathy, the onset was in later adulthood (mean age 54); 8 were male.
We emphasize that this disorder is associated with, and probably the result
of, a plasma cell dyscrasia, detectable in 8/10 of our patients as multiple
myeloma, and/or serum and/or urine "paraprotein" immunoglobulin fragments.
We propose that the neuropathy is due to a systemic metabolic abnormality,
possibly related to a circulating abnormal protein fragment (i.e., a
Sparafucile phenomenon, v.s.), rather than to pressures from multifocal
"amyloid" deposits of immunoglobulin fragments. Our treating 6 amyloid
patients with melphalan, an "anti-myeloma" agent, has not been of obvious
value. A radioisotope scanning method has proved to be a new diagnostic
technique for identifying amyloid in soft tissues -- highly suggestive of
this diagnosis is (in the presence of a normal soft-tissue x-ray) a diffusely
positive scan, presumably based on binding of the tracer to cations that are
binding to the very anionic amyloid fibrils, a mechanism supported by our EM
histochemistry studies of amyloid.

We have recently established combined studies of patient nerve biopsies
in vitro -- including in vitro nerve conduction velocities of fast and slow
fibers, teased fiber histochemistry, electronmicroscopy, and EM- histochemistry
(with autoradiography to be added imminently), allowing more precise and direct
multidimensional analyses of the afflicted nerves in polyneuropathy patients.
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Anterograde axoplasmic transport of protein, glycoprotein and other

substances from the neuron soma to the periphery is critical in maintaining

integrity of the peripheral nerves. There is also a retrograde axonal trans-

port, the normal role of which is uncertain but, we hypothesize, may serve

for: (a) continuous monitoring by the soma of its distal self (e.g., regarding

the necessity or not for axonal regeneration), (b) monitoring the external

environment of its tip, and (c) acquisition of nutrients; it may also serve

as the mechanism by which toxic substances are acquired (v.i.). Our auto-

radiographic studies (with Johns Hopkins) have demonstrated in animals a

rapid anterograde transportation to the axon synaptic terminal at the

neuromuscular junction and accumulation there of large amounts of protein
and glycoprotein synthesized in the lower motor neuron soma from precursors
leucine and fucose injected into the ventral horn less than 24 hrs. earlier.
This demonstrated that these rapidly transported axonal proteins and
glycoproteins go rapidly to the geographic location where they can be used,

hypothetical ly, for (a) remodeling of the axonal tips and (b) trophic
influence on muscle -- both possibilities we are studying further. Combined
electronmicroscopy and autoradiography demonstrated that ligature of the

nerve interrupted both anterograde and retrograde rapid axonal transport,
causing intra-axonal accumulation of masses of smooth vesicular membranes on

both proximal and distal sides of the ligature and of substances labeled from
precursors injected centrally or peripherally respectively. Those results
suggest that fast anterograde and retrograde axonal transport are yery similar
processes carrying predominantly membranous organelles and constituting a

system of bidirectional fast transport (which is interrupted focally by the

nerve ligation). Studies of axonal transport provide a means for investigating
the origin and fate of axonal organelles in pathologic processes. Our
autoradiographic studies have also shown: (a) direct evidence for
retrograde intra-axonal transport of tetanus toxin, and (b) that fast ante-

rograde axonal transport provides a necessary contribution to motor nerve
regeneration in experimentally sectioned nerves.

A new principle/model for inducing an experimental allergic neuropathy
(EAN) in animals has been demonstrated. It involves immunization with
soluble nerve protein (in contrast to lipid-associated protein of myelin
used in previous EAN models). This represents a new potential model of some
human dysimmune dysneuronal peripheral neuropathies, such as in some patients
we have seen with prednisone- responsive neuropathies without demonstrable
schwann-cell involvement. It also represents a new approach to studying
certain dysimmune disorders of the CNS, such as multiple sclerosis and
parainfectious encephalopathies. Since our EAN animals also have a

component of blockade of neuromuscular transmission that is responsive to

edrophonium, the model may have some relevance to myasthenia gravis or
other disorders of the neuromuscular junction.

The group of spinocerebellar degenerations comprises diseases of various
causes, a few known, most not. They always result in serious physical
handicap sooner or later in the course of the disease, and sometimes mental
deterioration. Our studies seek to delineate the underlying causes, and
where possible attempt to develop a treatment. Previously, we have
delineated some specific disorders within this group, e.g., acanthocytosis-
with-normal lipoproteins and pyruvate decarboxylase deficiency (ataxia
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intermittent), and defective oxidation of puruvate in some patients with
the Friedreich's ataxia sub-syndrome. Now we have identified a patient with
spinocerebellar degeneration as having "sea-blue histiocytosis". In one of
our familial cases of slowly progressive dementing spinocerebellar degenera-
tion syndrome fatal at age 17, we discovered intraneuronal storage material,
some lipofuscin-like and PAS-positive and some PAS-negative. This material
has now been identified by others as Gj^^-gangloside.

cAMP is thought by some to be a mediator of synaptic transmission of
some systems in the cerebellum. Our newly developed histochemical technique
for demonstrating adenyl cyclase (AC), its synthesizing enzyme, shows the
greatest amount to be in cerebellar blood vessels, especially those adjacent
to the bases of the purkinje cells, while the purkinje cells themselves are
nearly negative. From this study a concern is raised regarding the possible
influence of blood-vessel AC and cAMP in biochemical assays of homogenates
of microdissected tissue samples.

Some patients with spinocerebellar degeneration have slow eye movements.
It was found that they made abnormally slow refixational eye movements by the
saccadic system (i.e., they were slow saccades) rather than by the voluntary
pursuit system. This has led to the proposal of a new conceptual scheme
of how both normal and defective saccadic eye movements might be generated.
Study of a group of related patients with familial late-onset cerebellar
ataxia has revealed new information about non-visual control of eye position,
since the striking abnormality was a defective smooth-pursuit and fixation
system. The patients showed evidence of various non-visual mechanisms of
maintaining eye position that have not been previously delineated. Rebound
nystagmus was shown to occur in normal individuals if fixation is eliminated -

however it becomes clinically apparent in patients with spinocerebellar
degeneration because of a coexisting defect of visually-mediated fixation
mechanisms. Thus rebound nystagmus can be interpreted as a manifestation
of one of the brain's compensatory mechanisms for maintaining eye position
when visual systems are ineffective.

Progressive spastic paraplegia is a progressively crippling disorder of
children and adults. The causes are not known. Identified were three
unrelated patients with a syndrome of chronic adrenal insufficiency from
infancy and juvenile-onset of progressive spastic paraplegia and "onion-bulb"
peripheral neuropathy, with normal intelligence (with NIAMDD). A single
metabolic defect is postulated to underlie the abnormalities in the neural

and adrenal tissues (? an adrenoleucodystrophy variant).

Oph thai mo- neurology : We have shown that the various neuromuscular
disorders affecting the eyes, if correctly evidenced by their limb-mjscle
pathology, can be on a neuropathic or myopathic basis. They cause various
degrees of handicaps. Our studies seek to delineate the underlying disorder,
analyze the neuro-ophthalmologic defect, and, if possible, seek methods of
treatment. We also seek fuller understanding of the basic biology and

pathologic responses of the eye neuromuscular apparatus. The com'nonest

associated limb-muscle pathology of the progressive external ophthalmoplegia
syndrome (in our series of 41 patients, after myasthenia gravis and myotonic
atrophy are excluded) is a syndrome characterized by "ragged-red" muscle
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fibers in limb muscles, whether or not the limbs themselves are weak. Those

ragged-red fibers contain mitochondrial abnormalities of various types.

We have partly but not completely re-incarnated those mitochondrial changes

in muscle tissue-cultured from such patients; and we have produced mitochondrial
changes in cultured normal chick muscle by dinitrophenol (v.s.) (with NYU).

Other limb muscle pathology associated with progressive external ophthalmoplegia
in our cases includes (i) a vacuolar myopathy plus neuropathy, (ii) type-I-

fiber hypotrophy with central nuclei, (iii) only denervation, (iv) only
morphologically nonspecific myopathy, and (v) type-II-fiber smallness.

The histochemical fiber-typing of normal animal eye muscles and the different
post-denervation response of extrajunctional receptor distribution of those

fiber- types was shown (v.s.). Abnormalities of eye movement in the spino-

cerebellar ataxias and in myasthenia gravis are discussed above.

EM- histochemistry for calcium (with NEI) has shown its discrete localization
within the sacs of the outer segment of the rod cells of the retina. This

suggests that the sacs may have a function of calcium storage-and-discharge
with photoexcitation analogous to that of the sarcoplasmic reticulum of

muscle. The finding has importance in the hypotheses of photo-electrical
coupling mechanisms.

Progressive blindness was described in two children with acute
lymphocytic leukemia intensively treated with chemotherapy and radiation and

considered a possible complication of that therapy (with NEI).
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Serial No, Z01 NS 01 034-14 m ^
Objectives: To more fully elaborate the clinical, histochemical,

biochemical, ultrastructural, electrophysiologic and immunologic abnormali-
ties of patients with the various myopathies. To further sub-classify
patients in each category using those parameters. To seek pathogenic
mechanisms, using a variety of different techniques including tissue culture
and the ones listed above, applied to the patient's body fluids and tissues,
especially to the muscle biopsy specimens. To treat myopathic disorders by
different methods in order to learn which is most effective within each M
disease category. To prqduce animal models of pathogenic phenomena. '

Methods Employed: A variety of techniques encompassing histochemistry,
biochemistry, autoradiography, radionuclide scanning, electrophysiology,
electronmicroscopy, tissue culture and immunology are applied to patients
with the various myopathies and induced animal-models thereof.

Patient Material: Patients and diagnostic material from Medical
Neurology Branch patients and from outside patients from whom diagnostic
muscle biopsies were obtained and sent here for study.

Major Findings :

Myopathies are non-neurogenic, primary or secondary diseases of muscle.
Some, such as the dermatomyositis/polymyositis group, are often at least
partially treatable but their cause and details of their probably "dysiirmune"
pathogenesis are not known; others are not treatable but their cause is Hknown, e.g., genetic deficiency of phosphorylase, phosphofructokinase, acid- '
maltase or carnitine-palmatyl- transferase; while still others, such as Duchenne
muscular dystrophy and others bearing the name dystrophy, are both of unknown
pathogenesis and untreatable.

..
The polymyositi s/dermatomvositis (PM/DM) disease-complex is an acquired

disorder causing progressive deterioration of muscle in children and adults.
The primary cause is not known but the pathogenic mechanism is considered
autoimmune" or "dysimmune". All patients were seriously incapacitated and

many fatal before the introduction of a nti- dysimmune therapy. Our studies
involve improving diagnostic methods, seeking the cause and analysing the
pathogenic mechanisms, and improving methods of treatment.

The special variation of a nti -dysimmune treatment we introduced to this

?i^T^ucnA^ V^ ^^^""^ ^3°' ""o^g-term high-single-dose alternate-day prednisone ^(LT-HSDAD-Pred) has continued to be, in our series (about 60 cases) and others^
the single best available treatment for children and adults (without or with
an associated cancer). It has the greatest benefit/side-effect ra,tio and
is easiest to manage. However, because not all patients respond, we are
defining some of the parameters of their immunologic response to prednisone
and seeking predictive parameters thereof.
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By use of T- and B- lymphocyte cell markers, T- and B-lymphocyte
mitogens, and T-lymphocyte cytotoxicity on tissue-cultured chromiuno- labeled
muscle fibers, we have now published that in PM/DM patients, while HSDAD-Pred
is clinically cumulatively effective for months and longer, its measurable
effect on the peripheral circulating lymphocytes, using currently a^vailable

techniques, lasts less than 24 hrs; and these effects are more profound on

the T- lymphocytes. We are now correlating these data with concurrently obtained
blood levels of prednisone and prednisolone to determine any hypoabsorption or

hypercatabolizm of the drug (with P,CC). In patients, children and adults,

inadequately responding to prednisone we have found on an occasional -case
basis soine reinarkably therapeutic responses to added azathiaprine (3 mg/kg/d)
~ to more clearly establish the efficacy of azathiaprine, a double-blind

trial is being conducted. We are also measuring the patients' lymphocyte
reponses to azathiaprine.

Massive subcutaneous calcification can be a disabling complication of
childhood DM. We have found new ways to clinically detect it in its early
stages, isotopically with 99i'n"c-diphosphonate'body scanning (with NM.CC) and

by xerography (for microscopic detection methods, v.i.) (with R,CC).

However, our therapeutic trials with diphosphonate have not been beneficial
(also not beneficial in a patient with myositis ossificans). However, in

some severely affected patients the calcium has remarkably diminished as the

muscle and skin were responding to our combined azathiaprine-HSDAD-Pred, pro-

gram. The reasons for this calcification are being sought by our histochemi-
cal, electronmicroscopic, and autoradiographic studies (v.i.). The exact
mechanism of muscle damage in PM/DM is unknown. Previously we have reported
immunoglobulin complexes deposited in blood vessels in 83% of the childhood
cases and 29% of adult cases, findings supporting our earlier hypothesis that

an aspect of muscle damage may be vascular. While disorders of both immuno-

globulins (produced by B- lymphocytes) and direct immunocyte toxicity (T-lympho-

cytes) might be occurring in all cases of PM/DM, perhaps the former (deposited

as intravascular innune complexes) are more muscle-damaging in the childhood
form and latter are more pathogenic in the adult form. We are now attempting
to correlate a possible vascular mechanism with our histochemical finding of

preferential peri fascicular involvement (occurring especially in childhood DM),

as well as relating our findings in patients to our experimental animal model

of muscle ischemia (v.i.). It is conceivable that the immunologic abnormali-
ties of PM/DM are ultimately provoked by a viral infection; however, our
attempts to see or "rescue" a virus from PM/DM patients' muscle directly after
tissue culture of it, or after animal inoculation, thus far have been negative
(with NYU, ID-NINCDS, and NCI).

A new and possibly disease-characteristic histochemical finding in PM/DM
patients of microscopic foci calcium accumulation in collagenous connective
tissue of muscle and subcutaneous regions has been demonstrated histochemical ly
at both the light-microscopic (alizarin-red method) and EM (pyroantlmonate
method) levels. Its pathogenesis is being sought, as is its corfvlation with
our positive 99mTc-d1phosphonate patient-scans for calcium, our autoradlo-
graphs of patient skin and muscle biopsies for calcium, and our previously
described highly-disease-characteristic histochemical finding of alkallne-

. phosphatase staining in the intramuscular connective tissue.
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We used the ischemia myopathy model to study some of the details of the

mechanisms of muscle fiber damage. One result was the development of a new,

rapid and simple radioisotopic method, based on uptake of "'"Tc-diphosphonate,

of quantitating active skeletal muscle damage in experimental animals — that

uptake was directly correlated with other more arduously determined parameters

of muscle damage, loss of muscle K+ and elevation of plasma CPK (with AFRRI).

We have now shown that those parameters are also directly correlated with

uptake of ^H-diphosphonate and with calcium uptake, the latter presumably the

basis for the diphosphonate accumulations. Our autoradiography shows the

uptake of 3H-diphosphonate to be within muscle fibers, ones necrotic and even

intact ones (presumably pre-necrotic or perhaps reversibly injured) ~ this

correlates very well (in histochemically-stained serial sections) with calcium

accumulation within and con^lete loss of phosphorylase/glycogen staining
from those fibers. We have shown that calcium accumulation in damaged muscle
fibers is also evident by light- and electronmicroscopy-histochemistry in

various human disorders -- it is not disease-specific but it is a new way to

identify damaged fibers, including minimally affected ones not identifiable
by other methods. Our electronmicroscopy-histochemical method. (pyroantimonate)
shows the calcium increase in the pathologic fibers to be in mitochondria >

sarcoplasmic reticulum > myofibrils. Nuclei (nucleoli and heterochromatin)
are also calciumed. These are the same organelles we find calciumed when
normal intact muscle is soaked in a high calcium solution.

From all of these studies we have formulated a new hypothesis covering
molecular aspects of muscle fiber damage, as follows: (a) any damage to the
sarcolerrana — be it exogenous (e.g., trauma, ischemia), endogenous deficiency
of energy supply (e.g., phosphorylase deficiency, mitochondrial poison) or,

conceivable but not tested, a direct primary or secondary sarcolemmal defect
— can break the normal sarcolemmal barrier to calcium (Cao / Cal|~*" normally
about 10,000-20,000/1); (b) the influxing Ca"*"*" is taken up by those organelles
known to normally have the greatest capacity to do so, i.e., mitochondria >

SR > myofibrils, and nuclei; (c) this heavy calcium accumulation eventually
can damage organellar function — e.g., a high Ca++ is known to reduce
mitochondrial ATP synthesis, which presumably would lead to further
impairment of the sarcolemmal barrier and increasing damage of the muscle
fiber; (d) the molecular death of the fiber may be due to the heavy calcium
influx; if only mild influx recovery might occur.

Along with these theoretical and experimental data, we have demonstrated
that patient scanning with 99mxc-diphosphonate can be used to detect abnormal
uptake, presumably based on abnormal accumulations of calcium, in various dis-
orders of muscle. There is: (a) greatest uptake in the polynyositis/
dermatomyositis complex (probably enhanced by diffuse radiologically-invisible
but histochemically and electromicroscopically-evident calcium in connective
tissue of muscle and subcutaneous regions), (b) only moderate uptake in DMD
even though the patients have very high serum CPK; (c) normal or minimally
increased uptake in neurogenic involvement; (d) surprising moderately high
uptake, in the presence of normal serum CPK's, in muscle of patients with
ragged-red fibers (which contain abnormal mitochondria); (e) very high uptake
in phosphorylase-deficiency muscle acutely damaged by ischemic exercise and
in muscle acutely damaged by trauma (viz., at the site of muscle biopsy).
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A survey chapter (>500 references) of the biology of the muscle cell in

relation to myopathies has been written.

Other myopathies . Tissue culture of human muscle biopsies provides
growing muscle fibers free of all neural, vascular, and humoral factors
present in the patients. After we developed a new program (reported last year)
for achieving abundant, reproducible and mature growth of human fibers in

culture, including spontaneous twitching, and for precisely selecting certain ^
fibers for enzyme histoohemistry, immunohistochemistry, EM, or EM-histo-
chemistry, we turned our attention to culturing the biochemically and
the morphologically distinct myopathies.

In adult-onset acid maltase deficiency we have reported the first
"reincarnation" in cultured muscle fibers of the biochemical and morphological
defects characteristic of the disease -- the muscle fibers in the biopsy and
the ones newly grown in culture (with NYU) were identical by histology
(vacuoles), histochemistry (acid phosphatase high in the vacuoles),
electronmicroscopy (glycogen accumulated in lysosomes) and biochemistry (with
Columbia) (absent acid maltase by the natural substrate method, 5-10% of
normal acid maltase by the artifical substrate method, normal neutral maltase),
normal kinetics of neutral and the trace-amount acid maltase, elevated acid
phosphatase. This is the first establishment of a neuromuscular disease as a

primary myopathy. It provides a new test system for manipulations directed
toward the treatment or prevention of muscle- fiber damage in this disease with-
out inducing any risk to the patient. Further, we have now similarly shown ^
reincarnation of the severe biochemical and morphologic defects in 4 chronic-
infantile cases of acid maltase deficiency and partial defects in 3 heterozy-
gotes.

We recently reincarnated a second metabolically distinct myopathy,
phosphofructokinase (PFK) deficiency. Extremely reduced levels of that enzyme
were found in muscle fibers cultured from a patient with a new combined syndrome
of muscle and erythrocyte PFK deficiency and hypolipoproteinemia (with NYU and
Columbia). Growth of that muscle in culture was enhanced by B-hydroxybutyrate
added to the medium, a ketone-body providing one of the alternate energy
sources which that muscle must be depending on since its glucose-utilization
pathway is defective (with NYU).

In a third glycogenolytic-enzyme defect of muscle, phosphorylase
deficiency, we have confirmed our previous finding that the enzymatic absence ^
of the muscle fibers is "cured" with their growth in culture -- actually the •^
remarkable and unexpected recovery of phosphorylase activity is seen in

fibers in the regenerative state in culture and in vivo (with NYU). The

therapeutic thrust need now is to provoke appearance of that phosphorylase
in the mature fibers of the patient.

A morphologically characteristic defect, "cabbage bodies' (multi-

lamilated material in lysosomes) in muscle fibers of a patient with a chronic
myopathy, were reproduced in his cultured muscle fibers (with NYU). Although
the biochemical defect is not known, both the biopsied and cultured muscle
had elevated acid phosphatase, suggesting the patient has a defect of a
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yet-unpinpointed lysosomal hydrolytic enzyme (with NYU and HSpital des

Enfants Malades, Paris). We are assaying 12 different lysosomal enzymes in

our cultures of human and animal muscle to search for defects thereof (with

NYU and H^pital des Enfants Malades, Paris).

"Ragged- red" muscle fibers, which contain severe mitochondrial abnormali-
ties, are the commonest histochemical accompaniment in limb muscles of the

mixed syndrome of progressive external ophthalmoplegia in our series of 41

patients (after myasthenia gravis and myotonic atrophy are excluded). Some,

though not all, of those mitochondrial changes have been reincarnated in limb

muscle cultured from such patients (with NYU) -- the mitochondrial crystal-

like inclusions have not been. In the original biopsies those mitochondrial

inclusions usually lacked cytochrome oxidase staining by our EM-cytochemistry.

In tissue cultures of "normal" chick embryo skeletal muscle we were able

to induce certain bizarre changes of mitochondrial morphology by pulses of

dinitrophenol (DNP), but did not produce all the mitochondrial changes
occurring in the human "ragged-red" fibers (with NYU). In the course of that

study we found that DNP markedly promoted the detectability of avian oncorna-

virus (the now-preferred name for the group which includes leucosis and Rous

sarcoma viruses) in all such "normal" chick muscle cultures -- virus was

evident morphologically (C-particles) and by complement fixation titers (COFAL)

(with NYU). This demonstrated that the "normal" chick embryo muscle cultures

so frequently used by various investigators for physiologic, biochemic'al

,

immunologic and developmental studies are actually vi rally-contaminated test

objects.' The question of whether that oncornavirus has a "normal" role in

development of "normal" chick muscle in vivo or in vitro is raised by this

study. Our finding the C-particles exclusively in dilations attributed to

T-tubules raises the intriguing possibility that T-tubules might be the

aqueducts of virus infestation of or shedding from muscle fibers. The question

of viruses harbored in mitochondria (as "mitochondriophages", analogous to

bacteriophages) is raised by the C-particles being provoked by DNP, an un-

coupler of mitochondria oxidative phosphorylation. Finally, we have raised

the speculation that such mi tochondrophages might be responsible for the

changes in the ragged- red- fiber diseases.

A new type of mitochondrial abnormality, light-cored dense particles, has

been reported in skeletal muscle fibers of a patient with cardiac "assymetric

septal hypertrophy". A new neuromuscular disorder, striped loss of mito-

chondria, has been found in a family with dominantly inherited distal muscle

weakness. In biopsies of 3 patients with sporadic chronic rnyopathies we have

by electronmicroscopy found under the plasmalemma long strands suggesting viral

material. In a patient with late-onset rod disease, an entity first described

by us a few years ago, an associated unusual serum paraprotein, IgG/lambda

myeloma protein has been found. Its significance is not known.
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We have now reported in 3 cases a new clinically-delineated "levitated "
arms syndrome" and identified the cause as muscle fibrosis resulting from
iatrogenic intramuscular injections into the deltoids, especially of
pentazocine (Talwin). One patient also had levitated legs (evident when
sitting) from pentazocine injections into the rectus femoris muscles. Two
were successfully treated by surgical transection of fibrous bands, in the
deltoids of both and also the recti femoris in one. These cases demonstrate
a newly- recognized, preventable, and treatable iatrogenic disease.

Neuromuscular disorders of uncertain classification . Selective atrophy *
of the type-II (glycolytic-rich, oxidative poor) muscle fibers, especially
the subtype IIB fibers, has been shown to be the basis of cachectic atrophy
accompanying cancer and other chronic debilitating disorders. We have now
reported a detailed analysis of this phenomenon and formulated possible hypo-
thetical mechanisms. They are: (a) a "Sparafucile" factor (v.i.), directly or
indirectly resulting from the cancer, indiscriminately assassinating the type-
II fibers, vs. (b) a muscle-fiber martyrdom mechanism of protein catabolism to
supply energy substrate, via the alanine shunt and glyconeogenesis, to cells
more vital to the organism. The possible neurogenic vs. rnyogenic pathogeneses
of the type-II atrophy have been analysed and theoretical models based on
empiric findings constructed. Evaluation of the mechanism of type-II fiber
atrophy in cancer patients is important because this "remote effect" muscle
weakness is often the most crippling aspect of cancer — if the molecular
mechanism can be discovered it might be treatable independently of treatment
and response of the cancer itself. And improvement of the muscle weakness
and wasting could even make the patient better able to withstand the rigors of (I
direct anti-cancer therapy. '

Malignant hyperthermia (MH) is a syndrome, 70% fatal, of acute rise of
body temperature and muscle rigidity during general anaesthesia. A number
of the patients have underlying not-well-defined neuromuscular disorders.
In one MH patient, and his father, we have identified central -core disease
(CCD), with its typical type-I muscle fiber predominance (with Children's
Hospital, Wash., D.C.). Because there are in the literature two other
families with CCD and MH, we have issued a caution to all our CCD patients
and their physicians regarding the possibility of MH during general anaesthesia.
The mechanism(s) of the attack of MH is not known. It appears that there
is an excess of free intracellular calcium in the muscle fiber, which we
propose might be due to an effect of the anaesthetic or muscle-relaxant agent
on the calcium- barrier function of the sarcolemma (v.s.). We are now
investigating why central core disease, which we have earlier postulated to / [l

be due to a congenital monophasic neuropathy mainly affecting the type-II units, '^

should predispose to the development of MH.

Myotonic atrophy (myotonic dystrophy) is of unknown pathogenesis. We
have previously raised the possibility of at least partially a neurogenic
aspect. To evaluate myotonic phenomena by various parameters we have set up
the animal model of 20,25 diazacholesterol-induced myotonia (originally
described by others). Although the animals become markedly myotonic, we find
that their muscle reveals no histochemical alterations.
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The systemic approach in application of a rapid short (5-stain) and long

(18-stain) battery of histochemical reactions to fresh-frozen sections of
human muscle biopsies (including basic stains developed, e.g., our modified
trichrome) and the concepts in the analytical approach to neuromuscular
pathology we have developed are being followed in nearly all centers for
neuromuscular research throughout the world.

Cross-category and basic aspects . Previously we have formalized and
seen adopted by the World Federation of Neurology our long-used nomenclature
for histochemical types of human limb-muscle fibers, based on two types, I and
II. One of our former trainees has shown histochemical subtypes of the type-II
fibers. Now we have published histochemical distinction of two subtypes, lA

and IB, of the type-I fibers and shown selective involvement of a subtype in

certain human neuromusuclar disorders (with NYU).

Eye muscle fibers histochemically are not exactly like limb muscle fibers.
We have demonstrated their normal histochemical patterns in Rhesus monkey
and identified 3 types, "fine", "granular" and "coarse". The first two types
have one endplate per fiber and probably are types of twitch fibers; the
last has multiple endplates and may be a tonic fiber. Following denervation
the first two developed extrajunctional acetylcholine receptors but the coarse
fibers did not -- no fibers were positive beyond 13 weeks post-denervation.

The autoradiography laboratory was established in our own Branch this
year. We have begun with 3H-diphosphonate to demonstrate intracellular
calcium (v.s.). Now we are developing a technique for doing autoradiography
of biopsy samples following injection of some of the short-lived gamma-
emitting radionuclides used in patient scanning, to establish direct
scanning-hlstoautoradiographic correlations.

Mammalian sarcolemmal membranes have received major biochemical emphasis.
Results of the following studies are now being published. Not only have
pure fractions of rat sarcolemma been obtained, but methods have been perfected
that provide adequate quantities of sarcolemmal membrane from human muscle
obtained from limb amputation or radical mastectotny. With the sarcolemmal
membrane fractions and subfractions, methods have b^en established for studying
acetylcholine receptor, acetylcholinesterase, Na'''-K ATPase (Na''"-stimulated
phosphorylati on ),^^denyl cyclase, divalent cation (viz., Ca"'"'") binding/
transport, and Ca -stimulated ATPase. Some of these have been studied in
sarcoplasmic reticulum fractions as well. Elucidated have been detailed
properties of: (a) the adenylcyclase (i.e., fraction localization, kinetics,
catechol ami ne-activati on, guanylyl-inidodiphosphate activation, insulin and
glucagon inhibition, and response to denervation in "red" cf. "white" muscle
of animals); (b) the sarcolemmal protein phosphorylation (i.e., Na"*" enhance-
ment blocked by K"*", phosphorprotein state suggesting an acylphosphate bond,
high turnover rate suggesting it is a functional intermediate of Na K'*"ATPase,
and molecular weig^J); (c) the effect of denervation on this transport ATPase
system; (d) the Ca uptake and release by human sarcoplasmic reticulumJ^SR)
(i.e., by use of specific antibodies made against SR which block the Ca
uptake and inhibit adenylcyclase but do not affect ATPase activity, suggesting
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different localization of these functions within the SR) ; (e) the role of
bound-calcium in the regulation of Ca"^"*" transport by SR; and (f) physicochemical
properties of ACh- receptor cf. acetylcholinesterase. These assays are now
being used to seek biochemical defects of sarcolemmal or sarcoplasmic reticulum
function in muscle biopsies from patients with various neuromuscular disorders.

Insulin receptor function is being analysed in our cultured chick muscle
fibers as the first step toward studies of diabetic neuropathy patients (with ^
Georgetown University). The effect of dibutyryl cyclic AMP and a cAMP-phos- %
phodiesterase inhibitor (phthalazinol) on growth and maturation of human and
animal cultured muscle fibers is being evaluated (with NYU).

Significance to Bio-Medical Research and the Program of the Institute :

These findings provide new information on the pathologic and pathogenic aspects
of the various myopathies, on the treatment of some, and on animal-models of
some of the myopathies.

Proposed Course of Project : The studies underway are part of a long-tenW
project consisting of interrelated studies which will continue for several years.
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Project Description:

Objectives : In ALS and other diseases affecting the lower motor neurons,

we are seeking (a) more precise morphologic and chemical definition of the

abnormalities; (b) separation of each disorder into more distinct, and often

new, subforms; (c) specific or symptomatic therapeutic response; (d) new
methods of analysing the abnormalities; and (e) animal models of the human

pathophysiologic states. ^
Methods Employed : A variety of techniques, encompassing histochemistry,

biochemistry, autoradiography, radionuclide scanning, electrophysiology,
electronmicroscopy, immunology and tissue culture are applied to patients with
the various diseases covered in this category and to induced animal -models
thereof. Conducted were double-blind, single-blind and non-blinded thera-
peutic trials, the efficacy of which is judged by clinical testing, functional
evaluation, and serial quantitative evaluation of muscle function using an
apparatus designed by us for quantitating isometric muscle tension.

Patient Material : Medical Neurology Branch patients and neurology
consultation patients from the various services of the Clinical Center, who
had diagnostic muscle biopsy and other diagnostic procedures.

Major Findings :

Amyotrophic lateral sclerosis (ALS ) is a progressive neurologic diseas^
affecting motor neurons, of adults, usually leading to death within 1-3 yecl^
of onset. The cause and treatment of ALS are unknown. Our studies involve
improving diagnostic methods, delineating subtypes of ALS and other possibly
treatable diseases mimicing ALS (several cases of which we have found in the
past year), seeking the basic cause and trying experimental therapy when
available. We also seek fuller understanding of the basic biology and patho-
logic responses of the motor neurons. We have especially pursued a possible
metabolic cause, but have also looked for evidence of viral causation.

Detailed, repeated and reproducible radioiirenunoassay studies of more
than 125 patients have revealed that in ALS patients there is a distinctly
low cerebrospinal fluid (CSF) level (compared to paranormal s and myopathy and
polyneuropathy disease-controls) of cAMP, and a slight decrease of cGMP (with
Naval Medical Center). I. V. -probenecid studies demonstrate this is due not to
increased clearance of cAMP or cGMP from CSF but probably to decreased
synthesis in the neural tissue (or perhaps increased breakdown, or both), (f^
The low levels of cAMP, but not of cGMP, were corrected with a phosphodies^ase
inhibitor, phthalazinol , which had no effect on plasma cAMP and cGMP (with
Institute of Japan Atherosclerosis Research Foundation). The significance
of this newly recognized biochemical defect in the pathogenesis of ALS
remains unknown. We have shown, in ALS and non-ALS patients, that cAMP in
plasma does not cross the blood-brain barrier during acute elevations --

glucagon raised plasma cAMP 40-fold and urine cAMP rose, but there was no
change of cAMP in CSF; no change in cGMP of plasma or CSF followed glucagon.
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Thus, CSF levels of cAMP reflect only metabolism of It within the central

nervous system. The glucagon caused a 2-fold rise of blood glucose and a

concomitant rise in CSF glucose. CSF cAMP and cGMP are somewhat elevated in

patients with spasticity of various causes (excluding ALS).

The cells from which cAMP in the CSF arises are not known. We have

developed a new technique for histochemically demonstrating adenyl cyclase,

the enzyme synthesizing cAMP. It shows, in the spinal cord, cerebellum,

brain stem and cerebrum, that the greatest amount is in the blood vessels
with much lesser amounts in neural or glial tissue; almost none occurs in

purkinje cells, while anterior horn motor neurons have slight to moderate
amounts. A large amount was also in the epithelial cells of the choroid
plexus and in the pineal cells. In lower motor neurons (LMNs) cAMP could,

if its presence there is significant, conceivably have some role in

excitatory or inhibitory transmission, in proximately or remotely generated

trophic effects, and/or in internal metabolism such as in the rich glycogen
metabolism machinery (that we have previously demonstrated to be a special

characteristic of LMNs and cortical motor neurons and which, therefore,
could conceivably be the site of the defect causing ALS).

Previously we have reported a neurologic abnormality with certain
features like ALS in many cases of primary and secondary hyperparathyroidism;
we have also studied a few cases with both frank hyperparathyroidism and
frank ALS. To study the possible role of abnormality of parathyroid function
and/or calcium metabolism in ordinary ALS, we have done radioisotopic calcium
retention tests (n«80) on ALS patients and disease- controls: we have found
abnormally low calcium retention in 63% of ALS, 60% of polyneuropathy, and
only 35% of myopathy patients (with NNMC). So far, treatment with 20,25
dihydrotachysterol has been found to reverse the calcium- retention defect in

some ALS patients but not result in clinical improvement.

Phthalazinol treatment of ALS patients, although able to raise- their
low CSF cAMP, has not resulted in consistent therapeutic benefit to date.

In ALS patients, including those with a late-post-poli» progressive
muscular atrophy syndrome, we continue to search for evidence of a viral
cause in ALS sera, CSF and tissues by viral antibody profiling (polio 1,2,3,
mumps, measles, rubella, coxsackie, and influenza A and B (with ID, NINCDS)},
and various tissue culture techniques (including activation techniques and
evaluation by morphologic, antigenic, and reverse transcriptase assays).
To date no viral evidence has been found. Nevertheless, an animal model of
reactivation of a latent virus infection was established — latent infection
of mouse dorsal root ganglia with herpes simplex virus type 2 or 1 could be
reactivated by injuring the peripheral nerve (with NIDR). Evaluation of HLA
types has not revealed any predominant type represented in our ALS patient
group.
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From our cumulative experience with more than 500 patients with ALS or
ALS-like syndromes we emphasize that (a) about 10 are chronic, surviving more
than 5-15 years (and therefore giving false hope to experimental therapists
if they are not aware of this subgroup), and (b) as many as 15% or so of the
cases referred to us as ALS have a different disease, more benign, and
occasionally treatable -- they are identified by careful clinical and
laboratory examinations. ^

Two extensive chapters have been written, one on numerous aspects of the

biology of the lower motor neurons as a basis for understanding and
investigating diseases thereof (>1000 references), and the other on various
aspects of the several motor neuron diseases (>300 references).

Previously we have introduced the new concept, on the basis of our com-

bined electromyography (EMG) and histochemistry studies, our open-biopsy-EMG
technique, and on theoretical grounds, that an EMG pattern on voluntary effort
of brief-duration small -amplitude overly-abundant motor-unit action potentials
(BSAPs), sometimes polyphasic (BSAPPs) is just as possibly a reflection of

neuropathic as of myopathic diseases -- and we criticized the established (and

we would say vacuous cliche' of "myopathic EMG" for that pattern. Initially

not met with enthusiasm by hard-core electromyographers, our hypothesis is now

becoming accepted by at least some of them, as well as by many less tradition

bound investigators.

Altered influence of the lower motor neuron on muscle fibers was ^^
identified and studied by use of the new a-bungarotoxin immunoperoxidase
technique at light-microscopic and EM levels for identifying acetylcholine
receptors (AChRs). Especially useful was the visualization of the AChRs when
present diffusely in the plasmalemma following denervation. Last year we
demonstrated that the diffuse extrajunctional AChR can be used for identifying
and "dating" denervated fibers. This year we have used it to look for

evidence of altered neural influence in several diseases not generally con-

sidered neurogenic but ones in which we have previously postulated possibly

to be on a neurogenic rather than a myopathic basis -- they include central

core disease, type- I- fiber hypotrophy with and without central nuclei,

myotonic atrophy, myotonia congenita, some cases of benign congenital hypotonia,
some of type-II-fiber atrophy, and congenital and adult-onset rod diseases.

None of these disorders showed extrajunctional AChRs by light-microscopy ~
however, the question is still not fully resolved because: (a) there could be

slight extrajunctional aBBT binding that is demonstrable only by electron- ^
microscopy, or (b) there could be in some of those diseases a subtle ^
incomplete neurogenic alteration of neural influence partially affecting muscle

fiber function and morphology without allowing extrajunctional AChR to develop

in those fibers.

Conversely, a new concept of "myogenous mal-innervation" was formulated.

It was based on our demonstration that: (a) diffuse extrajunctional ACh-receptors
were present on "regenerating-degenerating" muscle fibers in myopathic
biopsies of our patients, (b) human, rat, and chick embryo skeletal muscle
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grown in tissue culture without innervation (pre-innervated muscle) has diffuse
extrajunctional ACh-receptors (with NYU), and (c) in adult animals, segments
of muscle fibers experimentally separated from their motor innervation point
but remaining viable develop diffuse extrajunctional ACh-receptors. thus we
have formulated a "law of mal- innervation", since it becomes evident that
the presence of diffuse extrajunctional AChR in muscle fiber plasmalemma
is certainly a sign of mal-innervation of the muscle fiber but it is not
pathogenesis -specific since it can be either a neurogenous or a myogenous
de- innervation or dys- innervation, or a primary non- innervation.

The neurogenously denervated fibers in ALS-patient biopsies with
demonstrable extrajunctional receptors were used as the more sensitive
assay for finding the blocking factor in sera of myasthenia gravis patients
(v.s.).

In patients with scoliosis, our studies have continued to show a wide
variety of neuromuscular diseases (by muscle biopsy histochemistry and
electromyography) to be associated with and pt^bably causing scoliosis. The
most common pathology is some form of neurogenic muscular atrophy. Some of
our scoliosis cases were previously considered "idiopathic". We therefore
are embarking on a broad collaborative survey to define any underlying neuro-
muscular pathology in all available cases of "idiopathic scoliosis".

We have utilized new techniques for identifying T- and B-lymphocytes in

human cerebrospinal fluid in more than 100 patients. The mean percents of
total CSF lymphocytes are, respectively, 72 and 16 (12 being null cells).
Changes in various diseases are being investigated, as are the responses to

prednisone.

Polyneuropathy (Peripheral Neuropathy) (PN) : The peripheral neuropathies
comprise a group of disorders of various causes, more than half unknown.
They always cause serious physical handicap sooner or later in the course of
the disease, sometimes associated with intractable pain and ulceration and
loss of feet and hands. Our studies seek to delineate the underlying causes
and where possible develop a treatment. We also seek fuller understanding of

the basic biology and pathologic responses of the lower motor and sensory
neurons and peripheral nerves.

The majority of patients we see are of undiscemable cause. Those
which are non-familial we may treat with LT-HSDAD-prednisone, especially if

less than 5-years duration. We have had good to outstanding success in more
than 25 such patients, most having been given-up on by others and some having
come with diagnoses of non- treatable diseases (e.g., ALS or "Charcot-Marie-
Tooth" disease). Long-term treatment is required -- too-rapid reduction of

dosage too soon often results in exacerbation of disease. Excellent results

have been sustained for as long as 11 years in an adult and 8 1/2 years in a

child (who at age 20 is still regaining motor skills). Our correlative studies
indicate that patients most likely to respond are c(ysschwannian in type (slow
nerve-conduction times), relapsing, with elevated CSF protein, but even some
non-relapsing patients without slowed nerve conduction times and with normal
CSF have responded to LT-HSDAD-pred.
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An often undiagnosed cause of sensory-greater- than-motor neuropathy ^
beginning in adulthood is "idiopathic" amyloidosis. We propose the com-

bination of crystal violet stain with fresh-frozen sections of a muscle
biopsy (proven by us by a decade of use) as the choice method of diagnosing
this disorder. In our most recent 10 cases of non- familial amyloid poly-

neuropathy, the onset was in later adulthood (mean age 54); 8 were male.

We emphasize that this disorder is associated with, and probably the result
of, a plasma cell dyscrasia, detectable in 8/10 of our patients as multiple
myeloma, and/or serum and/or urine "paraprotein" immunoglobulin fragments. X^
We propose that the neuropathy is due to a systemic metabolic abnormality,
possibly related to a circulating abnormal protein fragment (i.e., a

Sparafucile phenomenon, v.s.), rather than to pressures from multifocal
"amyloid" deposits of immunoglobulin fragments. Our treating 6 amyloid
patients with melphalan, an " an ti -myeloma" agent, has not been of obvious
value. A radioisotope scanning method has proved to be a new diagnostic
technique for identifying amyloid in soft tissues -- highly suggestive of
this diagnosis is (in the presence of a normal soft- tissue x-ray) a diffusely
positive scan, presumably based on binding of the tracer to cations that are
binding to the very anionic amyloid fibrils, a mechanism supported by our EM
histochemistry studies of amyloid.

We have recently established combined studies of patient nerve biopsies
in vitro -- including in vitro nerve conduction velocities of fast and slow
fibers, teased fiber histochemistry, electronmicroscopy, and EM-histochemistry
(with autoradiography to be added imminently), allowing more precise and direct
multidimensional analyses of the afflicted nerves in polyneuropathy patients. i4»

Anterograde axoplasmic transport of protein, glycoprotein and other
substances from the neuron soma to the periphery is critical in maintaining
integrity of the peripheral nerves. There is also a retrograde axonal trans-
port, the normal role of which is uncertain but, we hypothesize, may serve
for: (a) continuous monitoring by the soma of its distal self (e.g., regarding
the necessity or not for axonal regeneration), (b) monitoring the external
environment of its tip, and (c) acquisition of nutrients; it may also serve
as the mechanism by which toxic substances are acquired (v.i.). Our auto-
radiographic studies (with Johns Hopkins) have demonstrated in animals a
rapid anterograde transportation to the axon synaptic terminal at the
neuromuscular junction and accumulation there of large amounts of protein
and glycoprotein synthesized in the lower motor neuron soma from precursors
leucine and fucose injected into the ventral horn less than 24 hrs. earlier.
This demonstrated that these rapidly transported axonal proteins and i

glycoproteins go rapidly to the geographic location where they can be used,
hypothetical ly, for (a) remodeling of the axonal tips and (b) trophic
influence on muscle -- both possibilities we are stuclying further. Combined
electronmicroscopy and autoradiography demonstrated that ligature of the
nerve interrupted both anterograde and retrograde rapid axonal transport,
causing intra-axonal accumulation of masses of smooth vesicular membranes on
both proximal and distal sides of the ligature and of substances labeled from
precursors injected centrally or peripherally respectively. Those results
suggest that fast anterograde and retrograde axonal transport are ^^v)/ similar
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processes carrying predominantly membranous organelles and constituting a

system of bidirectional fast transport (which is interrupted focal 1y by the
nerve ligation). Studies of axonal transport provide a means for investigating
the origin and fate of axonal organelles in pathologic processes. Our
autoradiographic studies have also shown: (a) direct evidence for
retrograde intra-axonal transport of tetanus toxin, and (b) that fast ante-
rograde axonal transport provides a necessary contribution to motor nerve
regeneration in experimentally sectioned nerves.

A new principle/model for inducing an experimental allergic neuropathy
(EAN) in animals has been demonstrated. It involves immunization with
soluble nerve protein (in contrast to lipid-associated protein of myelin
used in previous EAN models). This represents a new potential model of some
human dysimmune dysneuronal peripheral neuropathies, such as in some patients
we have seen with prednisone-responsive neuropathies without demonstrable
schwann-cell involvement. It also represents a new approach to studying
certain dysimmune disorders of the CNS, such as multiple sclerosis and
parainfectious encephalopathies. Since our EAN animals also have a
component of blockade of neuromuscular transmission that is responsive to
edrophonium, the model may have some relevance to myasthenia gravis or
other disorders of the neuromuscular junction.

The group of spinocerebellar degenerations comprises diseases of various
causes, a few known, most not. They always result in serious physical
handicap sooner or later in the course of the disease, and sometimes mental
deterioration. Our studies seek to delineate the underlying causes, and
where possible attempt to develop a treatment. Previously, we have
delineated some specific disorders within this group, e.g., acanthocytosis-
with-normal lipoproteins and pyruvate decarbo^o'lase deficiency (ataxia
intermittent), and defective oxidation of puruvate in some patients with
the Friedreich's ataxia sub-syndrome. Now we have identified a patient with
spinocerebellar degeneration as having "sea-blue histiocytosis". In one of
our familial cases of slowly progressive dementing spinocerebellar degenera-
tion syndrome fatal at age 17, we discovered intraneuronal storage material,
some lipofuscin-like and PAS-positive and some PAS-negative. This material
has now been identified by others as Gw^-gangloside.

cAMP is thought by some to be a mediator of synaptic transmission of
some systems in the cerebellum. Our newly developed histochemical technique
for demonstrating adenyl cyclase (AC), its synthesizing enzyme, shows the
greatest amount to be in cerebellar blood vessels, especially those adjacent
to the bases of the purkinje cells, while the purkinje cells themselves are
nearly negative. From this study a concern is raised regarding the possible
influence of blood-vessel AC and cAMP in biochemical assays of homogenates
of microdissected tissue samples.
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Some patients with spinocerebellar degeneration have slow eye movements.

It was found that they made abnormally slow refixational eye movements by the
saccadic system (i.e., they were slow saccades) rather than by the voluntary
pursuit system. This has led to the proposal of a new conceptual scheme
of how both normal and defective saccadic eye movements might be generated.
Study of a group of related patients with familial late-onset cerebellar
ataxia has revealed new information about non-visual control of eye position,
since the striking abnormality was a defective smooth-pursuit and fixation ^
system. The patients showed evidence of various non-visual mechanisms of
maintaining eye position that have not been previously delineated. Rebound
nystagmus was shown to occur in normal individuals if fixation is eliminated ~
however it becomes clinically apparent in patients with spinocerebellar
degeneration because of a coexisting defect of visually-mediated fixation
mechanisms. Thus rebound nystagmus can be interpreted as a manifestation
of one of the brain's compensatory mechanisms for maintaining eye position
when visual systems are ineffective.

Progressive spastic paraplegia is a progressively crippling disorder of
children and adults. The causes are not known. Identified were three
unrelated patients with a syndrome of chronic adrenal insufficiency from
infancy and juvenile-onset of progressive spastic paraplegia and "onion-bulb"
peripheral neuropathy, with normal intelligence (with NIAMDD). A singly
metabolic defect is postulated to underlie the abnormalities in the neural
and adrenal tissues (? an adrenoleucodys trophy variant).

Ophthalmo-neurulogy : We have shown that the various neuromuscular
disorders affecting the eyes, if correctly evidenced by their limb-muscle
pathology, can be on a neuropathic or myopathic basis. They cause various
degrees of handicaps. Our studies seek to delineate the underlying disorder,
analyze the neuro-ophthalmologic defect, and, if possible, seek methods of
treatment. We also seek fuller understanding of the basic biology and
pathologic responses of the eye neuromuscular apparatus. The commonest
associated limb-muscle pathology of the progressive external ophthalmoplegia
syndrome (in our series of 41 patients, after myasthenia gravis and myotonic
atrophy are excluded) is a syndrome characterized by "ragged-red" muscle
fibers in limb muscles, whether or not the limbs themselves are weak. Thos« -.

ragged- red fibers contain mitochondrial abnormalities of various types.
We have partly but not completely re- incarnated those mitochondrial changes
in muscle tissue-cultured from such patients; and we have produced mitochondrial
changes in cultured normal chick muscle by dinitrophenol (v.s.) (with NYU). . ^
Other limb muscle pathology associated with progressive external opn thai mopleg^
in our cases includes (i) a vacuolar myopathy plus neuropathy, (ii) type-I-
fiber hypotrophy with central nuclei, (iii) only denervation, (iv) only
morphologically nonspecific myopathy, and (v) type- I I -fiber small ness.
The histochemical fiber-typing of normal animal eye muscles and the different
post-denervation response of extrajunctional receptor distribution of those
fiber- types was shown (v.s.). Abnormalities of eye movement in the spino-
cerebellar ataxias and in myasthenia gravis are discussed above.

46p



Serial No. ZOl NS 01039-14

EM-histochemistry for calcium (with NEI) has shown its discrete localization
within the sacs of the outer segment of the rod cells of the retina. This

suggests that the sacs may have a function of calcium storage-and-discharge
with photoexcitation analogous to that of the sarcoplasmic reticulum of

muscle. The finding has importance in the hypotheses of photo-electrical
coupling mechanisms.

Progressive blindness was described in two children with acute

lymphocytic leukemia intensively treated with chemotherapy and radiation and

considered a possible complication of that therapy (with NEI).

Significance to Bio-Medical Research and the Program of the Institute :

These findings provide new information on the pathologic and pathogenic

aspects of the various lower motor neuron disorders, peripheral neuropathies,

and spinocerebellar degenerations, on the treatment of some, on animal -models

of some of these disorders.

Proposed Course of Project : To more fully develop the interlinked basic

and clinical studies underway directed toward clarification of the patho-

genesis and identification of the etiology, and toward elaboration of means

of treatment and prevention of these disorders."
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Project Description:

Objectives : To define more clearly and to treat those disorders

affecting the neuromuscular apparatus which present primarily with episodic
weakness or paralysis. Attention is directed toward those conditions in

which evidence suggests that the main site of intermittent dysfunction is

somewhere within the following portions of the muscle fiber: sarcolemtna,

T-system, sarcoplasmic reticulum, myofibrillar complex (i.e., the total

excitation-contraction coupling mechanism). Studies are done with agents w
which are either provocative or therapeutic with respect to periodic
paralysis syndromes, with a view to obtaining more information regarding
abnormalities of pertinent metabolic pathways and methods of treatment.

Methods Employed : Various techniques of clinical investigation
(including electromyography and clinical biochemistry), muscle biopsy with
samples for histochemical analysis, electronroicroscopy, and biochemical
assays of tissue were utilized. Provocation loading tests and therapeutic
trials to raise or lower potassium or sodium were used. Acetazolanride was
administered as a prophylactic agent for hypokalemic periodic paralysis.

Patient Material : Patients of all ages are admitted to the Medical
Neurology Branch for this project if they have: intermittent muscular weak-
ness associated with familial periodic paralysis, hypo- or hyperkalemic;
isolated examples of periodic paralysis with potassium disturbances;
thyrotoxic periodic paralysis; paramyotonia congenita; or myotonia congenita^
(Patients with myasthenia gravis are part of another Medical Neurology ^
Branch project by that name.)

Major Findings : Periodic paralyses (PP) are hereditary or acquired dis-
orders causing chronic weakness punctuated by attacks of paralysis. Associated
metabolic abnormalities are known but the actual pathogenic mechanisms are
not. Standard palliative preventive therapy in the idiopathic hypokalemic form
of PP is potassium, and more recently ace tazol amide. Our studies involve
improving diagnostic methods, seeking the causes and analysing the pathogenic
mechanisms, and improving methods of treatment.

In the hypokalemic form of PP, the treatment we introduced, long-term
acetazol amide, has continued to be the best prophylactic agent both for pre-
venting attacks and improving inter-attack weakness. It is now in the text-
books as such. Two of our patients have been treated successfully for more
than 10 years. Renal calculi in one of 26 patients, possibly but not ^
definitely related to the acetazol amide, have been the only suspected side-
effect. Since muscle does not contain carbonic anhydrase, the mechanism of
acetazolamide benefit in hypokalemic PP remains unknown -- we are investi-
gating it.

Proposed Course of Project : To explore in more detail, with patients and
animals, the mechanism of action of acetazolamide prophylaxis in hypokalemic
periodic paralysis and the pathogenesis of the disease itself. To seek even
better therapeutic agents.

Publications: None ^
52p



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUItaER (Oo NOT use thia sfMct)

U.S. DEPARTMENT OF PROJECT NUMBER
HEALTH, EDUCATION, AND WELFARE

I

''^^'-'So?fSk'^'"'"" iZOl NS 01190-12 MN
INTRAKWiU. RESEARCH PROJECT

PERIOD COVERED , , , _^^ ^ , „
July 1, 1975 tnrough June 30;

TITLE OF PROJECT (80 charteters or less)

Myasthenia Gravis (MG)

1976

NAMES, LABORATORY AND INSTITUTE AFF3L S AFION)^ AHU TITLES Cif PRINCIPAL INVEST iSATORS ANO AU OTHER

PROFESSIONAL PERSONNEL ENGAGED <M tviL ?KOJcOir

PI: W. King Engel , M.D,. , Chief, Medical Neurology Branch, NINCDS

OTHER: John L. Trotter, H.C. , K^-dic - Gnne , m NlrlCDS

Jay D. Cook, M.u., l>tec!icdl Cfnctr, i^I?' NINCDS

Adam N. Bender, M.D,, Assisidn- Prt-^'essor of Medicine, Mt. Sinai Hospital,

. New York, NY

Steven P. Ringel, M„D,, Chief of Neurology, University of Colorado
Medical Center, Denver, CO

Richard B. Rosenbdum, H.O. , Resident in Neurology, University of

California Meciical Center, Sdn Fraric^iSCJ, CA

Benjamin R. Brocks, M.O., CliAical Associate, MN NINCDS
Charles L. Mclntosn, n.D., Senior Surgeon, Surgery Branch, IR, NHLI

COOPERATING UNITS (it any)

Mt. Sinai Hospital, New York, NY
University of Colorado Medical Center, Denver, CO
University of California Medical Center, San Francisco, CA

a»7H ^"^"^^* ^"' ^'"-i

Medical Neurology Branch
SECTION

INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, MD 20014
TOTAL MAIIYEARSt

3.0
PROFESSIONAL!

1.5
OTHERi

1.5
SUMMARY OF UORK (200 Mords or Itss - undcrlini kaywords)

To apply clinical, immunologic, histochemical , pharmacologic,
electrophysiologic, autoradiographic, radionuclide-scanning, tissue-culture
and electronmicroscopic techniques to investigate the etiology and pathogenesis
of myasthenia gravis . To seek new or improved methods of treatment.

PHS-6040
(^2-75)

53d



Serial No. Z01 NS 01190-12 MN .

Project Description:

Objectives : To apply clinical, immunologic, histochemical , pharmacologic,
electrophysiologic, autoradiographic, radionucli de-scanning, tissue-culture
and electronmicroscopic techniques to investigate the etiology and patho-
genesis of myasthenia gravis. To seek new or improved methods of treatment.

Methods Employed : A variety of basic and clinical investigative i

techniques, as detailed b^low, were applied to patients with myasthenia
gravis and other disorders of neuromuscular transmission, and to induced
animal-models thereof.

Patient Material : Myasthenia gravis patients, and patients with other
disorders of neuromuscular transmission, participated in the investigative
studies and therapeutic trials. Sera, muscle, thymus and other tissue were
obtained during diagnostic or therapeutic procedures from these Medical
Neurology Branch patients.

Major Findings :

Myasthenia gravis (MG) is an acquired disorder affecting transmission
at the neuromuscular junction, mainly in adults and older children. The
primary cause is not known but the pathogenic mechanism is considered to' be
"autoimmune" or "dysimmune". Untreated patients are usually seriously
handicapped and many die. Palliative treatment with anticholinesterases and
anti -pathogenic treatment consisting of thymectomy, ACTH and, most recently,
prednisone has helped considerably but much disability, some fatality, and
drug side-effects persist. Our studies involve improving diagnostic methods,
seeking the cause and analyzing the pathogenic mechanisms, and improving
methods of treatment. We also seek fuller understanding of the basic biologiy
.and pathologic responses of the neuromuscular junction.

Last year we reported the identification of a newly recognized blocking
factor, an IgG, in the sera of M6 patients which blocks binding of alpha-
bungarotoxin (aBT) to the human junctional acetylcholine receptor (AChR) at
the normal neuromuscular junction (41% of MG patients) and extrajunctional
AChR of denervated human fibers (72% of MG patients, including all who had a

thymoma) -- the latter being the more sensitive assay -- presumably because
the factor itself is binding to the AChR (with NIHL). Now we have reported
that in a correlative study all MG patients having the IgG antimuscle antibody
(first found by others) also had the blocking factor (although only half
having the latter had the former) (the only discordant finding was in one
non-myasthenic myositis patient with thymoma who had antimuscle antibody but
no detectable blocking factor) -- we suggest these may be the same antibody
or, if different, apparently virtually always co-produced. The junctional
localization of the blocking factor puts it in the correct position to impair
neuromuscular transmission and cause the weakness of MG. Although we think
this is likely, the factor has not been shown to produce weakness in any test
system. We have not been able to induce weakness of newborn mice by injecting
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IgG blocking- factor-positive MG sera during pregnancy or into the newborns.

Blocking- factor-positive MG sera were shown to block the binding of aBT to the

diffuse extrajunctional receptors of aneurally cultured human, rat, and chick

muscle fibers (with NYU).

Since we have shown by electromyographic-immunohistochemistry that aBT
binds, and presumably localizes AChR, at the neuromuscular junction both to

the crests of the post-synaptic muscle membrane folds and to a lesser extent

to the pre-synaptic axonal membrane, the blocking factor, if indeed pathogenic,

would act both post- and pre-synaptically. Data from other types of studies
by others support a pre- as well as a post-synaptic locus of AChR in normal

neuromuscular junctions. On the basis of the blocking factor, we have revised
our multistep hypothesis of the pathogenesis of MG and in doing so realized
its striking analogy to the scenario of Verdi's Rigoletto . We therefore term

the presumably-detrimental blocking factor a "Sparafucile" molecule after
Verdi's hired assassin who without malice killed the unintended victim, in

fact, killed the beloved daughter, Gilda (the AChR receptor in MG) of

Rigoletto, who planned the assassination to be of the Duke of Mantua. It is

evident from further analysis of the scenario that the answer to MG will only
come with the identification and treatment or prevention of Count Monterone's
curse (? an environmental factor, ?? viral).

We are investigating which cells, presumably B-lymphocytes, make tihe

blocking factor in MG patients, and why, and how its production or presumed

detrimental action can be prevented.

That the thymus is involved in many cases of MG is well known, but its

role is not. Our counts of T- and B-lymphocytes in fresh thymus removed from

MG patients during therapeutic thymectomy have not confirmed an increased

percentage of the latter as reported by others. Mixed lymphocyte reactions

with MG thymus are being analysed by light- and electronmicroscopy. Our EM

of MG thymuses has thus far failed to reveal a virus, as have tissue culture

studies. The multifactorial nature of the dysimmune phenomena in MG was

reemphasized by the finding of anti-native-DNA antibody in the sera of a

significant number of patients (with NIAMDD).

Working with the induced autoimmune model (rabbits injected with
electric-fish AChR), originated by others, of experimental allergic MG

(EAMG) (with Cornell) we demonstrated: (a) binding of that rabbit sera to

human neuromuscular junctions but not to extrajunctional receptor at light-

microscopic resolutions, (b) binding of it by electronmicroscopic resolution

to the plasmalemma of cultured human, rat and chick fibers (with NYU),

(c) binding of that sera to the original antigen in a radioimmunoassay we

developed (with IB), (d) similarities but also distinct differences of the

model with human MG, indicating it is not a perfect model of the latter

although it could still be a model-in-principle, (e) toxicity of EAMG sera

to reinnervated muscle in tissue culture which did not exceed the toxicity
of normal rabbit sera (surprisingly toxic).
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Confirmed and adopted by most other physicians has been the treatment we

introduced to MG, long-term high-single-dose alternate-day prednisone (LT-

HSDAD-Pred). In our own series it continues to be extremely beneficial in

the majority of cases, 37 of 40, and for as long as 10 years in a child and

6 years in an adult. Responding best are the older-onset patients, especially

the older males. Our 3 non-responders were females in the menstruating
age group. Interestingly, none of our responding patients has become
absolved of his requirement for prednisone, even after a gradual tapering ^
of the dose. For example, two patients have exacerbated 3 months after W
stopping a 5 mg q.o.d. dose (this is about the length of time taken for
resumption of abnormal IgG synthesis as measured by others in another disease).
We have recently modified the treatment slightly by giving, to patients not
simultaneously taking anticholinesterase drugs, the single-dose 100 mg
prednisone daily for the initial 2-4 weeks before converting to the
alternate-day schedule, apparently resulting in more rapid improvement.
Fragile patients are not taken off their anticholinesterases but in them
prednisone is given in a gradually incrementing single-dose-daily schedule
beginning with 10-20 mg. Regarding combining anticholinesterase and
prednisone, we find that low doses of one can be combined with the other
advantageously -- but that patients taking both drugs sometimes seem to have
a more "brittle" myasthenia and must be watched carefully for ingravescent
overdosage by the anticholinesterase. However, because neither anti-
cholinesterase nor prednisone treatment is either curative or completely
preventative, more details of the pathokinesis are needed (v.s.).

The effect of the HSDAD- prednisone treatment on lymphocytes was measured 9
over a 48-hour cycle in a number of MG and other patients. At 6 hrs. after
the 8:00 a.m. prednisone dose there is marked depression of T-lymphocyte
counts and lymphocyte reponses to T-lymphocyte mitogens with a lesser effect
on B- lymphocytes and response to B- lymphocyte mitogens, and there was return
of these measurable effects to normal by 24 hrs. after the dose -- yet
clinically the prednisone has a cumulative effect over weeks and months.

Partial sternal -splitting continues to be our preferred approach to
thymectomy (with NIHL) -- the mortality is essentially zero. The suprasternal
approach for us is inadequate for satisfactory removal of all thymic tissue.
We continue to demonstrate that "out- of- control" MG patients often can be
remarkably improved by treating co-existant medical problems such as chronic
respiratory infections, urinary tract infections, and anemias — possibly
co-existing, ameloriative problems must be sought in each MG patient by ^
detailed general medical investigation. ^

The remarkable ancillary benefit that broad-aspect nursing can provide to
an MG patient is repeatedly evidenced in our patients — our multidimensional
nursing care approach for myasthenics has been videotaped (with Nursing, CC)
and made available for general distribution — this undoubtedly will help
improve the care and perhaps save the lives of some r\yasthenic patients with
serious disease, especially in hospitals not frequently caring for such
patients.
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With i.v. edrophonium (Tensilon), contrary to its usually considered

short action of 5-10 min.. we have pre1im1r.ar"!'!y reported the documentation by

detailed clinical and electromyographic testing an improvement in strength

and neuromuscular transmission lasting 1-2 hrs. In several MG patiijnta.

This has practical importance since repeated edrophonium tests are conmonly

used (overused), without careful vital capacity moRltoring, for adjusting

dosage of other anticholinesterases.

A new electrophysiologic type of defect of neuromuscular transmission has

been found in a patient with a fatigue syndrome and chronic renal disease —
after a brief tetanus there is a diminished but broadened total-muscle
action-potential which gradually recovers during rest or slow stimulation,
and it is not ameliorated by edrophonium, guanidine, or Ca .

We have just completed setting up the electroniyographic equipment to

study "jitter" and "blocking" phenomena recently described by others ~ it

is important diagnostically and investigatively in MG patients.

Significance to Bio-Medical Research and the Program of the Institute :

These findings present new information on the pathologic and pathogenic
aspects of myasthenia gravis, and other defects of neuromuscular transmission,
on treatment, and on corresponding animal -models.

Proposed Course of Project : To develop more fully the interlinked
basic and clinical studies underway directed toward clarification of the

pathogenesis and identification of the etiology, and toward elaboration of

better means of treatment and prevention.
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Rosenbaum, R. B. , Bender, A. N. and Engel, W. K. : Prolonged response
' to edrophonium in myasthenia gravis. Trans. Am. Neurol. Assoc .

100:233-235. 1975.

Engel, W. K. : Myasthenia gravis, corticosteroids, anticholinesterases.
Ann. N. Y. Acad. Sci . . 1975, in press.

Trotter, J. L., Ringel, S. P., Cook, J. D., Engel, W. K. , Eldefrawi, M.

E. and McFarlin, D. L.: Experimental autoimmune niyasthenia gravis (EAMG):
Morphological and immunological studies. Neurology , 1976, in press.

Gershwin, M. E., Glinski, W., Bender, A. N., Ringel, S. P., Steinberg,
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ANNUAL REPORT
July 1, 1975 through June 30, 1976

Surgical Neurology Branch, IRP

National Institute of Neurological and Communicative Disorders and Stroke

A. K. Ommaya, M.D., F.R.C.S., Acting Chief

Summary of Studies in Surgical Neurology Branch

In spite of major administrative rearrangements and retrenchment of space
and personnel from this branch, the primary orientation of our studies has
been successfully revised. Surgically treatable diseases of the nervous
system and the methods required to understand and manage such diseases are
now the chief concern of our research projects. Studies are being pursued
in the following six major areas using both clinical and experimental
research protocols.

I . Brain Tumors

A. Experimental . Trials of active immunotherapy and adoptive immuno-
therapy in a murine glioma model have shown that significant increase
of survival time occurred only with preimmunization and not with immuno-
therapy, using standared subcutaneous immunization techniques. Chemotherapy
with CCNU in the same model was also successful in increasing survival time,
and the effects of preimmunization and CCNU were additive. A model for the
study of intracerebral immunologic reactions of the delayed hypersensitivity
class (DH) in the subhuman primate was developed. Intracerebral DH reactions
to PPD could be evoked safely in rhesus monkeys. This finding opens the
avenue of using intratumoral DH reactions to induce regression in malignant
gliomas similar to that shown in a variety of other neoplasms. We also
demonstrated a significant correlation between in vivo intradermal PPD
reactions and intracerebral PPD reactions, thus indicating that skin
testing with DH-invoking agents could be used clinically to predict the
occurrence and possible intensity of intracerebral DH reactions.

Currently, we are developing two new brain tumor model systems. First,
in athymic nude mice we are implanting human glioma tissue cells (both
subcutaneously and intracerebrally) in order to develop a reliable small
animal model of a glioma more identical to the human case than our earlier
murine glioma system. This will be used in basic studies on the immuno-
biology of gliomas as well as to test a variety of intratumoral DH-inducing
agents and combination adjuvant therapies (e.g. cryotherapy and chemotherapy).
Secondly, a large animal model is being developed in the subhuman primate to
test early detection techniques, both neuroradiologic (e.g. computed
tomography) and immunochemical.

B. Clinical Trials

A review of our experience in the management of 106 patients with
cerebral gliomas has been completed. The data show that our combination
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therapy of extensive surgical resection controlled by microsurgical
technique plus radiotherapy, plus chemotherapy with oral CCNU and intra-
tumoral 8-Azaguanine has resulted in mean survival times of 93 weeks for
grade 4 malignant gliomas (glioblastoma multiforme). This pilot study is

encouraging when compared to the mean survival times of less than 40 weeks
for conventional therapy (surgery plus radiotherapy) in the historical data,
and of 48 weeks for the best results of the NCI-supported multicenter Brain
Tumor Study Groups' controlled study of the combination of surgery plus
radiotherapy, plus CCNU chemotherapy only. A detailed analysis of our
results is now in press. In order to test the apparent value of our
technique of combined therapy, with special reference to our unique
intratumoral method, a controlled study protocol is now in development
which will compare the quality and quantity of survival in two sequentially
randomized populations of malignant glioma patients, both receiving surgical
implantation of an intratumoral device but only one group being given
the intratumoral chemotherapy. A separate protocol to evaluate the
adjuvant value of immunotherapy using intratumoral C. parvum to induce a
DH reaction after completion of chemotherapy is also in planning.

Collaborative studies on nervous system neoplasia in which the branch
plays a major role include a search for a viral etiology of human gliomas
grown in tissue culture, using electromicroscopic and other techniques
(with the Infectious Diseases Branch, NINCDS) . A separate study demon-
strating the value of intrathecal chemotherapy in meningeal leukemia
has also been completed with the Pediatric Oncology Branch, NCI.

II. Stroke

This is now an active area for investigation by both the neuroradiologic
and neurosurgical arms of our branch. Experimental studies in animal
models as well as clinical trials in man are in progress.

A. Experimental

The transorbital MCA occlusion monkey stroke model of Garcia is being
used to evaluate neuroradiologic techniques, including computed tomography
for their value in understanding the pathophysiology of cerebral blood
flow in strokes. Neuroradiologic techniques correlated with neurologic
and neuropathologic observations are also being used in a study of the
effect of venous obstruction on cerebral structure, function and blood
flow in the monkey. To date the techniques required for these studies
have been successfully developed.

The intracarotid silicone embolization primate stroke model of Molinari
is being used to study alterations in neurotransmitter in the CSF at
various stages during and after embolic strokes. Our preliminary data
support the hypothesis that CSF GABA elevations could be indicative of
"silent" infarctions, i.e. three-fold elevation of CSF GABA after
embolization, with highest levels in animals having significant pathologic
changes irrespective of the fact whether clinical symptoms were present
or absent.



B. Clinical Trials

A randomized controlled clinical trial of microneurosurgical anasto-

mosis between the superficial temporal artery and the middle cerebral

artery (STA-MCA) for prevention of stroke in patients with transient
ischemic attacks of the anterior cerebral circulation is now in progress.

An outpatient stroke clinic has been organized and patient referrals to

this study are increasing satisfactorily. This is a 3-year clinical trial,

by which time it is hoped that statistically adequate numbers of patients
will have been accrued to the two arms of the study.

A parallel clinical study of CSF neurotransmitter levels in TIA

patients before and after entry into our clinical trial of STA-MCA surgery

is also in progress. The goal is to determine if such CSF indices can

provide useful diagnostic or prognostic data for cerebral ischemia.

III. Spinal Cord Disease

This area has long been an active field for close collaboration
between the neuroradiologic and neurosurgical arms of our branch.

A. Experimental

Neuroradiologic methods, particularly angiography, are being used to

develop correlations with neuropathologic changes after post-radiation

spinal cord myelitis in monkies. A similar approach is also being

pursued to evaluate the blood-CNS barrier and its varying degree of damage

by radiographic contrast media in a spinal cord model in monkeys. A

threshold for post-angiographic paraplegia in this model has been defined

for one type of contrast medium.

Spinal Cord Trauma is being investigated experimentally using a primate

model which features cord trauma, produced with A programmable dynamic

cord-impact device which may be applied without prior laminectomy. The

resultant injuries are being studied with evoked potential and neuropathologic

methods. Preliminary data suggest that it is the severity of the primary

neural damage, and not the secondary vascular or neurotransmitter responses,

that is the main determinent of the final outcome for reversible or

irreversible paraplegia.

B. Clinical Trials

In a large series of patients the diagnostic value of spinal cord
'selective arteriography and radioisotope angiography have been well
demonstrated. The former radiographic method provides key information to

guide the neurosurgeon in cases of arteriovenous malformations, tumors,
obstructive vascular disease, trauma and post-radiation damage of the sfiinal

cord. The latter isotopic technique provides a convenient screening
method for the more "high-flow" types of vascular lesions of the spinal
cord. Angiography in six patients with thoracic disc herniations has
provided valuable information to aid the neurosurgeon in the surgery of
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such lesions. A study of CSF iodine content after angiography is also in

progress as a basis for explaining post-angiographic paraplegia. In ,

some patients this complication of angiography may be reversed by CSF

replacement with normal saline, i.e. an attempt to wash out excess contrast

media stagnating in the extracellular environment of spinal cord neurones.

A neurosurgical study of arteriovenous malformations of the spinal

cord has now been completed and data in 100 cases is undergoing analysis.

This is the largest personal series of surgically treated cases with
this lesion in the world and the results of this study will be published
in a monograph. Detailed neurosurgical techniques for management of all 4

of the many variations of this lesion will be thus made widely available.

IV. Head Inj ury

This continues to be a major focus of our work although the constraints
of the Clinical Center preclude the development of significant in-house
clinical research in this area.

A. Experimental

A hypothesis which reconciles the paralytic and amnesic phenomena of
cerebral concussion has been developed and tested by our experimental model
in monkies. Satisfactory correlations of clinical and experimental
data predicted by our hypothesis have been shown. Current head injury
research at such NINCDS Head Injury Research Centers as the University
of Pennsylvania have been directly modeled on our concepts and methods.
The recent pathologic data on fatal head injuries in man, reported by §
Dr. Hume Adams of Glasgow, have also served to strengthen our hypothesis
which provides for the first time testable concepts for the mechanism of
traumatic unconsciousness as well as other sequelae of head injury.

Current experimental investigations are serving to validate a
comprehensive finite element mathematical model of the head-neck system
which when complete will serve to predict tolerances and guide engineering
design for head protection systems nationally as well as internationally.

The pathophysiology of head injury is being studied in our model
by a combination of two non-invasive methods which we have pioneered in
head injury research; namely, analysis of averaged evoked responses and
the use of computed tomography. These data will be evaluated against
morphologic and metabolic data obtained using our unique O15 facility.
In addition, we are re-examining the problem of brain edema in head
injury, a subject hitherto somewhat confused by contributions based on
models not duplicating actual head injury, e.g. the cryogenic and cytotoxic
models. These studies will form the preclude to experimental testing |
of new therapeutic techniques aimed at blocking those effects of the
secondary responses of trauma which inhibit or retard optimal post-
traumatic neural reintegration.
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B. Clinical Trials

A clinical study of computed tomography In head Injuries is being

carried out In collaboration with the Departments of Neurosurgery and

Radiology of the George Washington University Medical School. This is

a retrospective analysis of clinical, CT and pathologic data (where

available). The necessity of CT in head injury management and also in

the possible prediction of final outcome are the main aspects of this

study.

V . The Cerebrospinal Fluid

A. Experimental

An experimental model for chronic ventricular and lumbar CSF fluid

sampling and drug injections has been developed in monkies with the

Pediatric Oncology Branch. The pharmacokinetics and neurotoxicity of

chronic intrathecal methotrexate and 8-Azaguanine therapy are being
investigated. This model has been shown to be ideal for chronic physiologic,
chemotherapeutic and neurotoxicity studies wherein the role of the CSF
and its pathways have to be evaluated. In a separate fieuroradiologic
study the spinal flow of CSF has been demonstrated and correlated with
clinical observations.

B. Clinical Trials

The techniques of isotope ventriculography and cisternography developed
in this branch have proven to be of considerable clinical use to the
neurosurgeon treating hydrocephalus, both Infantile and adult. Work in
this year has provided additional potential diagnostic uses in the
management of porencephaly and hemispheric tumors. The circulation and
particularly the spinal descent of CSF followed by such techniques has
also been clearly described for the first time in man.

Neurochemical studies of the CSF in a variety of neurologic and
psychiatric disorders have also been conducted in collaboration with
investigators in the NIMH. Plasma and CSF Norepinephrine (NE) levels
in patients undergoing caudate nucleus stimulation during surgical
thalamotomy for involuntary movements were measured and significant
reductions in CSF NE levels were found, contrary to earlier reports of
NE increases in CSF. CSF NE was also found to be significantly decreased
in patients with caudate atrophy (Huntington's chorea) as compared to
age and sex-matched controls, suggesting a neurochemical basis for the
autonomic dysfunction in Huntington's chorea patients.

CSF NE levels were also found to change after chronic cerebellar
stimulation for epilepsy. Thus NE levels rose significantly after
16 hours of bilateral cerebellar stimulation. This alteration in NE
may reflect changes in NE metabolism in epilepsy and may relate to the
clinically noted suppression of seizures by cerebellar stimulation.
Thus animal studies have shown that intraventricularly Injected NE can
abort experimental convulsions.
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VI, Technical Developments in Neuroradiology and Neurosurgery

A. Computed Tomography

The most important technical advance in diagnostic medicine since
the discovery of X-rays is undoubtedly the development of computed
tomography (CAT). This technique is now a major tool of research in our
branch and is the main area of research for the Section on Neuroradiology.
Studies on leukoencephalopathies, Huntington's disease, post-radiation
necrosis, and atypical teratomas have been pursued by this section.
Scans carried out before and after positional change of head or eyes
have provided added information. The technique of computer-assisted
myelography using metrizamide has been introduced. A new type of CAT
using protons which can detect differences in physical properties of
material at the 0.1% level (as compared to the 0.5% level of current CAT
devices) is being planned.

CT techniques are also being used in the serial evaluation of patients
with head injury. Experimental studies of serial changes in the attenuation
coefficients of the brain after head injury correlated with physio-
pathologic data are being planned.

B. A Neurosurgical Videomicroscope System

Microneurosurgery is probably the single most significant advance in
neurosurgical technique since the improvement in anesthetic techniques
facilitated operating on the brain and spinal cord. The operative mortality
and morbidity of the neurosurgeon using the microscope for tumors,
malformations and aneurysms has markedly decreased. Limiting factors in
the more v/idespread use of and general acceptance of the microscope in
neurosurgery are related to the generally poor human factors engineering
in the operator-microscope-patient system. A careful study of these
factors has resulted in a new concept for microneurosurgery embodied in
the videomicroscope system, a purchase order for which has been submitted.
I t is believed that the purchase and use of this system will provide a
unique national model for training neurosurgeons to adopt microneuro-
surgical procedures in all their major operations. It will certainly
enhance our therapeutically directed research on brain tumors and strokes.
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Project Description ;

Objectives ;

1. To understand the mechanisms of mechanical trauma to the nervous j

system and its responses to grades of such trauma. I

2. To design rational methods for protection, prevention, diagnosis,

prognosis and treatment of trauma to the brain and spinal cord. ^
Methods ;

1. Utilizing programmable head accelerating devices, subhuman primates

are subjected to controlled head accelerations to obtain reproducible injury

at three levels; subconcussive, concussive with no sequelae and concussive
with sequelae.

2. Utilizing O^j a study of cerebral blood flow and metabolism at

varying levels of brain injury in our primate model is being developed.
This study will compare the flow and metabolic changes with alterations in

neurophysiologic functions as measured by somatosensory, visual and auditory
evoked potentials. Correlation of these data with behavioral and pathologic
data will enable a clear analysis of the primary and secondary effects of

neural trauma.
3. Utilizing computed tomography, the serial noninvasive evaluation

of head injury in our primate model will be carried out. These data will
be correlated with similar data from head injured patients. a

4. A study of the dynamics of brain swelling and brain edema in our
head injury model using neurochemical and physiologic techniques has also
been initiated.

Major Findings ;

Based on the experimental work of the past 5 years a hypothesis for cerebral
concussion has been developed and published. This hypothesis is able to

explain for the first time both the paralytic and amnesic phenomena of

cerebral concussion and predicts the possible mechanism for post-traumatic
sequelae. Data produced from clinical observations and from our experimental
model in the monkey have not been able to refute this hypothesis to date.
The experimental methodology and research design leading to our current
hypothesis have proven to be very successful and have been copied by the

Head Injury Center at the University of Pennsylvania. Our hypothesis also

predicted certain pathological findings for head injury in man which have
recently been confirmed by Dr. Hume Adams in a report on fatal head injuries
in Glasgow. .

Our hypothesis has also served as a predictor for the finding of subdural
hematomas in battered children where no evidence of direct head impact has
been found. Pediatricians treating this condition have accepted the
mechanism which we have proposed; namely, indirect accelerative effect on
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the head produced by shaking the child, which thus results in large subdural

hematomas without any evidence of direct blows to the head. Our preliminary

work with computed tomography for head injury research has established the

basis for correlating linear attenuation coefficients in vitro with the data

found in vivo in patients. This study is being done in collaboration with

the George Washington University Medical School.

Significance to Biomedical Research and the Program of the Institute :

1. Our work is continuing to provide the standard criteria nationally

and internationally for experimental studies in neural trauma research.

2. Correlation of neurophysiologic (evoked potential), physiologic

(cerebral blood flow and metabolism) and pathologic data in our experimental

models will enable us to separate the primary and secondary effects of neural

t rauma

.

3. Validation of a mathematical model for head injury will enable

significant improvements in head injury protection and prevention strategies.

Proposed Course :

1. Develop the techniques of eboked potentials and C.A.T. as clinically

practical, serial, noninvasive methods for diagnosis and prognosis of neural

trauma severity. C.A.T. will be used to measure volumetric and blood brain

barrier changes in the brain, both in the animal model and in patients after

head injury.
2. Develop the method of cerebral compliance measurement as a prognostic

index for brain survival in neural trauma.

3. Test new therapies aimed at blocking secondary responses to trauma

and accelerating neural reintegration after injury.

Publications :

Ommaya, A.K. and Gennarelli, T.A.: Experimental Head Injury. In Vinken,

P.J. and Bruyn, G.W. (Eds.): Handbook of Clinical Neurology . Injuries

of the Brain and Skull . New York, American Elsevier Publishing Co., 1975,

vol. 23, chapt. 4, pp. 67-90.

Ommaya, A.K. : Spinal Fluid Fistulae. In Keener, E.B. (Ed.): Clinical

Neurosurgery . Baltimore, Maryland, Williams and Wilkins, 1976, chapt. 27.

In press.

Ommaya, A.K. : Surgical management of head injuries in athletes. The

Physician and Sportsmedicine 4: 56-63, 1976.

9q



A



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo' NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF
INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 01025-14 SN

PERIOD COVERED

July 1. 1975 to June 30, 1976
TITLE OF PROJECT (80 characters or less)

Tumors of the Nervous System

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: A. K. Ommaya
OTHER: D. P. Houchens

Actg. Chief, Surg. Neurol.
Senior Staff Fellow

SN NINCDS
LEG NCI

COOPERATING UNITS (if any)

Laboratory of Experimental Chemotherapy, Division of Cancer Treatment,

Drug Research & Development, National Cancer Institute

Surgical Neurology Branch

INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

3.0

PROFESSIONAL:

2.0

OTHER:

1.0
SUMMARY OF WORK (200 words or less - underline keywords

A controlled clinical study of the effect of intratumoral chemotherapy using
8-Azaguanine is being tested, comparing this method, given in combination with
systemic CCNU after surgery and radiotherapy, to the effect of adjuvant chemo-
t herapy with CCNU given alone. In a pilot study our methods have increased the
mean survival time to approximately twice that reported by other centers using
CCNU alone after surgery and radiotherapy. We are developing an experimental
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Project Description ; t

Objectives ;

1. To develop surgical and immunochemotherapeutic methods for the
treatment of human malignant gliomas and other "inoperable" tumors of the
nervous system.

2. To evaluate immunologic parameters of patients undergoing therapy
of brain tumors. ^

3. To develop animal models suitable for evaluation of immunotherapy
"

and chemotherapy trials.
4. To evaluate the a) immunological identification of tumor-specific

antigens; b) chemical makeup of tumor-associated antigens, initially assumed
to be in glycoproteins isolated from tumor cell membranes; c) antigenicity of
tumor-associated glycoproteins.

5. To improve the quality and quantity of survival of patients with
malignant brain tumors.

Methods Employed ;

1. Microneurosurgical techniques to enhance maximal reduction of tumor
cell mass.

2. Patients with histologically verified glioblastoma multiforme and
malxgnant astrocytomas (Grades III and IV) are selected. The extent of
neurological deficit and intracranial mass anatomy is established clinically
and neuroradiologically, including evaluation by computerized axial /
tomography before and after maximal tumor resection and treatment with radio-therapy .

3. Cerebrospinal fluid reservoirs and intratumoral cysts are insertedto allow evacuation of tumor-bed contents and for infusion of chemothera-
peutic agents or agents to induce intratumoral delayed hypersensitivity
reactions. -^

4. Patients were randomized into a prospective controlled study to

IT?^?rmT''°f
^^'^ chemotherapy with CCNU and 8-Azaquanine versus chemotherapywith CCNU alone. (Both groups receiving the intratumor cyst implant.)

5. The program of combined chemotherapy utilizes oral CCNU, 130 me/someter body surface, and intratumoral 8-Azaguanine, 100 mg. by infusion, theoral drug being given for 6 doses, one dose per 6-8 week period or untilonset of liver or marrow disturbance. The intratumoral drug is given oncea week for 6 weeks and then once a month for one year, and once a monthindefinitely after that.
6. A murine glioma model has been developed which can reliably inducemm /tl

''''°'°''^ ^"^ "'^^ ^""^ P''°''^'^^ l^'^g^ ^"^^^^« °f "lis for immuno-therapy of that tumor. This animal model was also used to test varying A
thfSfT%°^ ^"^""°*^^"^Py' chemotherapy, radiotherapy and also to check*tne effect of splenectomy on tumor growth with and without therapy

7. A model of human glioma in nude mice is being developed
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Major Findings ;

The experimental model of a murine glioma has proven not to be adequate for

further trials of immunotherapy, particularly for testing intratumoral

immunochemotherapeutic techniques. Accordingly, a new model for the growth

o f human gliomas in nude mice is being developed which would allow large

subcutaneous tumors to be used for this purpose. A primate model for

intracerebral immunologic reactions has been developed and intracerebral

delayed hypersensitive reactions have been studied. This finding opens the

avenue for using intratumor DH reactions to induce regression in malignant

gliomas similar to that shown in a variety of other neoplasms. A signifi-

cant correlation between in vivo intradermal PPD reactions and intracerebral

PPD reactions has been shown. This would indicate that skin testing with
DH-invoking agents could be used clinically to predict the occurrence and

possible intensity of intracerebral DH reactions.

We have reviewed our experience in 106 patients with cerebral glioma. Our

combination therapy with extensive surgical resection controlled by micro-
surgical technique J

. followed by radiotherapy and chemotherapy with oral CCNU
and intratumoral 8-Azaguanine, has resulted in mean survival times of 93

weeks for Grade 4 malignant gliomas.

This pilot study is encouraging when one compares our results with the mean
survival time of less than 40 weeks for conventional therapy (surgery +
radiotherapy) as available in historical data. The NCI multicenter Brain
Tumor Study Group has conducted a controlled study of the effect of surgery
plus chemotherapy with CCNU after radiotherapy, and the mean survival time

of this study was only 48 weeks. Our current controlled study is designed
to test the hypothesis that our method holds promise for survivals of longer
duration with better quality.

Significance to Biomedical Research and the Program of the Institute ;

1. Active or adoptive immunotherapy of gliomas by subcutaneous inoculation
technique will not add significantly to glioma management at the present
stage of our knowledge.

2

.

Advances in the understanding of glioma immunotherapy would be of value
for the understanding of solid tumor behavior in general.

Proposed Course :

1 . Our current controlled clinical protocol evaluates the effect of intra-
tiimoral chemotherapy with 8-Azaguanine given in combination with systemic
CCNU versus CCNU alone. Chemotherapy in both is conducted after radical
surgical resection using microsurgical control and radiotherapy, using
conventional supervoltage technique.
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2

.

If the model of the human glioma in the nude mouse proves to be

successful, we will pursue a study of various agents to produce maximum

reduction of the glioma using intratumoral and local techniques.

3. The significance of vascular factors in brain neoplasia will be correlated

with the immunologic data.

•*«« -"* i:

Publications;

m

Ommaya, A.K. : Immunotherapy of Gliomas: A Review. In Thompson, R.A. and

Green, J.R. (Eds.): Advances in Neurology . New York, Raven Press, 1976,

vol. 15, pp. 337-359.

Spiegel, A.M., Di Chiro, G., Gorden, P., Ommaya, A.K. , Kollns, J. and

Pomeroy, T.C.: Computerized axial tomographic scan as an aid in the diagnosis

and treatment of intracranial atypical teratomas. Ann. Intern. Med . In press.
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Project Description: (
*

Objectives : A gamma emitting isotope injected within the cerebrospinal

fluid pathways will permit in subsequent head scans the pictoral outline of

the ventricular system (isotope-ventriculography) and of the subarachnoid
intracranial spaces (isotope-cisternography). Information about the anatom-
ical status of the cerebrospinal fluid cavities, and, by multiple serial

scans, of the normal and abnormal dynamics of the cerebrospinal fluid itself
will be obtained. The spinal CSF spaces may also be evaluated. /^^

Methods Employed : The radioisotope cisternography and ventriculography
procedures are now well established.

Recently we have devoted particular attention to one aspect of the CSF

flow, i.e., its descent to the spinal subarachnoid space. Experiments have

been carried out in the Rhesus monkey after injection of radiopharmaceuticals
within the ventricular system. The scinti photographic data are appraised with
the assistance of a computer. Digital analysis is performed using a small

dedicated computer (HP 5407A Hewlett Packard Scintigraphic Data Analyzer),
mated to the Anger camera. For this purpose the pin-hole collimator is posi-
tioned so that the entire lateral length of the cerebrospinal space is within
the field of view of the Anger camera detector. Nine region of interest
cursors are drawn: one over the cerebral convexity, and one to include the
entire spinal subarachnoid space. Time-activity curves are obtained from each
region of interest, simultaneously without moving the animal for the next
three and one-half hours. ^

Preliminary experience has been gained in clinical material on the
descent to the spinal subarachnoid space of the CSF. Many patients, all new-
born infants, and all with abnormalities of the CSF circulation--the majority
was made up of cases of myelomeningocele--have been subjected to the following
procedure. A radiopharmaceutical has been injected into the lateral ventricles
of the brain and the descent of the cerebral spinal fluid into the spinal canal

has been studied with an Anger camera, and in selected cases with the help of
a computer. When the computer has been used, total gathering of the data has

been attained above the entire spine for a period of at least one hour follow-
ing the intraventricular injection. A number of patients affected by menin-
geal leukemia, and in whom radioisotope ventriculography was carried out, were
also followed up with spine scanning for the propose of gaining experience with
the spinal CSF descent.

Major Findings : During the current fiscal year we have:

1) Gained additional experience with cisternography in cases of poren- •
cephaly. k

2) Added to the number of cases of supratentorial and hemispheric gliomas
studied by radioisotope cisternography. The characteristic pattern of lack of
ascent of the radiopharmaceutical on the tumoral side has been confirmed.
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3) Injected radiopharmaceuticals within the lateral ventricles of Rhesus

monkeys with the intent of studying the spinal CSF flow. A pattern of early
spinal subarachnoid descent has been noted. This is followed first by equil-
ibration, and later by decrease of spinal radioactivity as well as concomitant
augmentation of cerebral convexity subarachnoid activity. When the radio-

pharmaceutical is introduced via the ci sterna magna, the observed downward
spinal pattern is even more marked, whereas an injection into the anterior
basal cisterns is followed by a prevalent ascending direction of the tagged

albumin toward the convexity of the brain.

4) Injected radiopharmaceuticals within the lateral ventricles of human

patients (newborns, children and adults) and followed the spinal descent of

the radionuclide.

5) Gained additional experience with radionuclide ventriculography in

patients with intracerebral neoplasm, meningeal infection and low pressure
hydrocephalus. Important applications were assessment of CSF shunts, deter-
mining distribution of intrathecally administered drugs, evaluating functional

status of hydrocephalus, and assessing the progression of neoplastic invasion
of the ventricular system.

Significance to Bio-Medical Research and the Program of the Institute :

Leg i ons of authors are studying this remarkable fluid (CSF) which still re-

mains uncomprehended since Cotugno first described it in 1764. In particular,
we now have a diagnostic tool to gather information about the "terra incognita"
which is represented by the basal and convexity subarachnoid pathways.

Last year's investigations should have practical implication for the
diagnosis and followup of such conditions as porencephaly and hemispheric
glioma.

The CSF spinal descent studies should enable us to determine what is the

importance of the spinal CSF route of flow as an alternative pathway of re-

sorption. The observations of the spinal descent pattern of the CSF have also
heuristic significance in regard to a possible analysis of metabolites and

drugs distribution through the CSF from the endocranial cavity to the spinal

theca.

Proposed Course of Project : Further information about the normal and

abnormal cerebrospinal fluid cavities, and the normal pathologic flow of the

CSF will be gathered by the techniques of isotope-cisternography and isotope-
ventriculography.

Publications: Di Chiro, G., Hammock, M.K. and Bleyer, W.A.: Spinal descent
of cerebrospinal fluid in man. Neurology 26: 1-8, 1976.
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Selective arteriography (radiographic) of the spinal cord is a diagnostic
technique which has proven to be very informative in cases of arteriovenous
malformation, tumor, obstructive vascular disease, trauma, and postradiation
damage of the spinal cord.

Radioisotope angiography of the spinal cord offers distinct advantages as a

screening method, and in certain types of intraspinal pathology may give
information not available by any other diagnostic test.
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Cooperating Units: Department of Neurosurgery, George Washington University/
(Continued) Medical School, Washington, D. C.

Project Description:

Objectives : The introduction of cerebral angiography (1927) has markedly
increased our knowledge of the vascular pathology of the brain. The vascular
pathology of the spinal cord, on the other hand, remains a largely unexplored
area.

(•
Since 1964 we have been carrying out angiographic studies of the spinal

cord and developed this technique into a reliable diagnostic tool. Selective
injection of the contrast medium has made the difference between an occasional
demonstration, and the consistent visualization of the spinal cord vasculature.

The usefulness of selective arteriography in cases of spinal cord arter-
iovenous malformations is now well established. We are continuing to use this
technique to: 1) Learn more about the pathophysiology of the spinal cord
arteriovenous malformations so that a better treatment of these important and
frequent lesions may be developed. 2) Evaluate how useful spinal cord angio-
graphy is in cases of spinal cord tumors. 3) Establish whether or not this
technique can be of diagnostic value in the study of obstructive spinal cord
vascular disease. 4) Assess the usefulness of this technique in interverte-
bral disc pathology. 5) Evaluate the diagnostic possibilities of this pro-
cedure in posttraumatic spinal cord injury with or without vertebral fractures.
6) Establish the value and limits of newly introduced radioisotopic angio-
graphy of the spinal cord. 7) Explore possible emergency therapeutic means( ^
which could be employed to treat and cure, or at least minimize the effects
of the dreadful postangiographic cord complications. 8) Acquire new informa-
tion regarding the fine vasculature of the human spinal cord, with particular
emphasis on the intrinsic vessels (sulcal or central arteries and other per-
forating or penetrating branches) . This goal is accomplished by post-mortem
microangiographic techniques in cadavers of all age groups. We are paying
particular attention to cords of aged adults.

Methods Employed : Selective arteriograms with modern catheter techniques
are carried out in patients in whom spinal cord vascular or tumoral lesions
are suspected. The subtraction technique is used to better visualize the

injected vessels. In addition, in the last fiscal year we have gained con-

siderable experience with the direct radiographic magnification angiograms.

For the technique of radioisotope angiography of the spinal cord a bolus

of 15 mCi of ^'™Tc human serum albumin (1 to 2 ml) is injected in a left ante-

cubital vein. Immediately afterwards, cinescintiphotographic or rapid flow

Polaroid views of the various segments of the spine are obtained with an -

Anger scintillation camera. In the last fiscal year our scintiphotographid-

data have been significantly ameliorated by a computer assisted analysis and

reconstruction of images, as well as by isometric contour computer display of

the data.
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For the post-mortem studies of the vessels of the human spinal cords,
(aged adults) we have used our previously developed microangiographic tech-
niques.

Based on the observation made elsewhere, that in two patients who died '

soon after aortography with spinal cord complications , the iodine content in

the CSF was enormously increased, we are attempting an emergency therapeutic
method consisting of flushing out the "iodine contaminated" CSF.

Ma.i or Findings : During the current fiscal year we have

:

1) Studied patients with spinal cord pathology due to intervertebral
disc disease. Particularly rewarding has been the information obtained in

cases of herniation of the thoracic discs (six patients) . Direct radiographic
magnification has been especially useful in these cases. By spinal cord

arteriography, we can reach a definite diagnosis of this condition together

with an evaluation of the degree of impingement on the cord and its vessels

by the protruding disc. This diagnosis is indispensable for a correct

surgical therapy of this pathological condition: the exposure of the herni-

ated thoracic disc should not be achieved through posterior laminectomy, but

rather through a lateral retropleural or lateral transpleural approach.

2) We have concentrated our attention on post-mortem microangiographic

evaluation of the aged human cord with a comparative appraisal of the intrin-

sic vasculature in the various segments (cervical, high- and mid-thoracic,

and thoracolumbar)

.

3) In several patients who, in other hospital centers, developed para-

plegia immediately after abdominal aortography, flushing out of the CSF and

substitution with normal saline solution has been carried out, on an emergency

basis, under our suggestion and guidance. This lavage has resulted in every
]

Instance in a rapid amelioration of the paraplegia. The improvement has been

concomitant with a decrease of the CSF iodine content. For comparison purposes
j

we have been gathering CSF samples during the various stages of different J
angiographic procedures, particularly selective arteriography of the spinal '

cord. In patients without neurological complications the postangiographic

raise of the iodine content in the CSF is minimal.

Significance to Bjo-Medical Research and the Program of the Institute :

Radiographic and radioisotopic angiography of the spinal cord are increasing

our understanding of the large group of conditions in which vascular lesions

of the cord represent the basic pathologic element.

Proposed Course of Project : Post-mortem microangiography of the aged

adults' cords should offer new insights on such conditions as obstructive

vascular disease of the cord due to arteriosclerosis and cervical spondylosis,

and possibly on degenerative and demyelinating cord diseases.

We are "watching" for possible further technical developments of the
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technique of selective arteriography of the spinal cord. We have recently
f

established the value of direct radiographic magnification, and we are con-
sidering initiating the use of angiotomography for a better visualization of
the smaller vessels, possibly the intrinsic arteries and veins of the cord.

Improved x-ray vascular contrast media will also enhance the diagnostic
possibilities of spinal cord angiography. We are following very closely the
recent developments in the area of polimeric, ion-balanced and non-ionic
iodinated x-rays contrast media.

('

We will dedicate much of our attention to technical improvements in the
newly introduced radioisotope angiography of the spinal cord. This method,
which we are extensively using as a screening and followup procedure, could
become a more definitive and informative diagnostic examination. By increas-
ing our resolution through a computer-assisted reconstruction and enhancement
of the images, we diould be able to extract a lot of diagnostic information
from this simple and innocuous technique.

Publications: Di Chiro, G. : -Recognition of radiculomedullary arteries.
(Letter to the Editor) Brit. J. Radiol . (In Press).

Di Chiro, G. : Arteries of Spinal Cord: A chart to be used as

a guide to avoid unintentional abusive angiographic-contrast-
media injections into arteries supplying the spinal cord.
Eastman Kodak Company , 1975.

CC
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Project Descritpion: V

Objectives : The clinical value of the NIH developed technique of
selective arteriography in the management of arteriovenous malformations and
tumors (in particular hemangioblastomas) of the spinal cord is now well

established.

In order to expand the clinical applications of arteriography of the
spinal cord we are working with experimental angiographic and microangio-

((

graphic models in primates.

Previously, we have concentrated our attention on the area of experi-
mental obstructive vascular disease of the spinal cord in the Rhesus monkey.
In the past fiscal year much of our experimental investigation has dealt with
an iatrogenic pathological condition: Postradiation myelomalacia (myelitis).

In the area of postradiation myelitis we are particularly interested in

establishing whether the basic pathological lesion of this dreadful complica-
tion is primarily neurogenic or vascular.

Methods Employed : Preradiation angiographic studies (selective technique)
of the thoracolumbar segment of the spinal cord are carried out in young,
healthy Rhesus monkeys. Soon after, selective irradiation of the thoraco-
lumbar cord using the LINAC accelerator (A. F. R.R.I.) is initiated. Total
dosage and modalities of delivery are chosen to approximate the radiation pro-
tocol which most often seems to cause myelomalacia in human patients. ((*

At the end of the radiation, the monkeys are kept under careful observa-
tion for periods of many months. Neurological testing of the lower limbs is

performed twice a week. If and when the monkeys show signs of developing or

established paraplegia, repeat selective arteriography of the irradiated
segment is carried out. Following this, the animals are perfused for micro-
angiography of the spinal cord and then sacrificed. The cord is studied by
gross observation, microangiography, routine histology and special myelin
stains. Careful gross and histological analysis of the neighboring aortic
segment, its branches and the pertinent radiculomedullary arteries is also
carried out.

Major Findings : We are on the course of evaluating the pathological
changes of the spinal cord from monkeys in which we successfully induced
postradiation paraplegia (myelopathy).

Significance to Bio-Medical Research and the Program of the Institute :

We should be able to shed some light on the pathogenesis of the postradiatiqr
myelitis. This is not a rare complication in human patients (over 500 cases^
have been reported in the literature).

Proposed Course of Project : Appraisal of the postradiation data which
we have already collected as well as new data in other irradiated animals
now under observation. We will attempt to study (by angiography and micro-

c
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angiography) human patients (or human specimens) with postradiation spinal
cord damage.

Publications: None

J
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Project Description:
^

Objectives : "Stroke" is one of the pathological conditions which
recently has been a target attacked from many different sides. For instance,
in the last ten years, a great amount of research has been dedicated to the
angiographic evaluation of the cerebrovascular obstructive disease. The
major emphasis, however, has been put on the arteriographic findings. A
perusal of the literature clearly shows that only scattered observations have
been made regarding the phlebographic changes. The neuropathological studie"
(Hahn, Loeb, Ziilch) , on the other hand, have pointed out the fact that the
obstructive venous pathology, although not as frequent as its arterial counter-

part, represents an important entity.

We intend to explore the angiographic changes occurring in the cerebral
vessels after experimental obstruction of the various brain venous channels
(veins and dural sinuses) in a primate experimental model. We are particu-
larly interested in establishing, on the basis of these experiments, which
venous occlusions can be well tolerated and which are, instead, incompatible
with good function. We will try to appraise, again angiographically, what
types of compensatory mechanisms take place after the venous ligations. Do
new venous draining pathways open, and if so, which and how efficient are
these reserve dischange routes? The angiographic work will be carried out in

close connection with an analysis of the clinical status of the operated
animals

.

The knowledge acquired in our experimental models will be extended to

human material. t

Methods Employed : Catheter arteriographic studies in the monkey
(Macaca mulatta) are performed before and after ligation of one or several of
the large endocranial venous channels

.

Together with the post surgical angiographic evaluation, an analysis of
the clinical condition of the monkeys is carried out. After various periods
of time following the venous ligations, the animals are finally sacrificed in

order to carry out microangiographic and gross and microscopic neuropathologic
studies.

We are planning microangiographic studies of brains (supplied by the

AFIP) of patients who have died of possible cerebral thrombophlebitis.

Major Findings : We have acquired a significant degree of experience in

the evaluation of the monkey cerebral angiography. We have been impressed by

the remarkable similarity of the major, and even medium size vessels (arteries,

veins, dural sinuses) in the Rhesus mondey and man. We have good evidence,^
therefore, that the primate model will be applicable to the goals of our

research project.

We have carried out in a group of Rhesus monkeys, ligation of the

superior longitudinal sinus in its anterior, middle or posterior third.
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Cerebral angiographic studies have been performed before and at various time
intervals after the ligation. We are now in the process of evaluating our
angiographic, surgical, gross and light microscopic anatomo-pathologic find-
ings in the operated monkeys.

Significance to Bio-Medical Research and the Program of the Institute ;

This prbject can increase our understanding of the pathophysiology of the
cerebrovascular occlusive disease. Possibly, we will be able to recognize
the separate specific conditions (mainly due to venous drainage impairment) in

the large group of pathologic entities which are classified under the heading

of "stroke".

Proposed Course of Project : We intend to continue our experimental in-

vestigation in monkeys.

Later on we intend to apply the acquired experimental knowledge to the

human clinical experience.

Publications : None
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SUMMARY OF WORK (200 words or less - underline keywords)

An experimental stroke model in the Rhesus monkey has been developed. The

"stroked" animals are being evaluated by x-ray angiography, radionuclide

scanning, radionuclide cerebral blood flow determination, radionuclide parti

-

icles (macroaggregates) transit, fluorescein angiography, Laser-Doppler

velocimetry.microangiography, and autoradiography. The CBF in the experi-

mental infarcted brain is being modified by various physiological, chemical,

pharmacological and surgical (revascularization) means. In a collateral

experiment various parameters of the cerebral circulation are being studied

after production of arterial spasm in the circle of Willis in monkeys. The

spasm is caused by total blood -or fractions thereof- introduction within the

subarachnoidal space (chiasmatic cistern).
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Project Description: (

Objectives : Although an enormous number of studies have been carried
out on the cerebral blood flow (CBS), the actual behavior of the small

cerebral vessels (arteries, capillaries, and veins) in physiologic and path-
ologic conditions is not yet clear. In fact, in recent years, new concepts--
luxury perfusion, intracerebral steal, blue arteries and red veins, loss of
autoregulation--have been introduced. These concepts have not brought about
increased clarification, but rather additional confusion. We are convinced >>

that morphological analysis of the vessels still remains a potential source'
of significant information in the area of normal and pathological CBS. We

intend, therefore, to pursue the matter of extracting information regarding
the circulatory conditions of the brain from radiographic observations,
substantiated in selected instances by radioisotopic methods and possibly
other diagnostic and research techniques.

Methods Employed : Radiographic and radioisotopic observations of the
cerebral circulation represent the main tools to be used in this study.

An experimental stroke model in Rhesus monkeys has been developed. The
middle cerebral artery is occluded at its origin through the superior orbital
fissure after the removal of the eyeball. This technique (Garcia) offers
various advantages. Particularly important is the fact that the produced
infarction is consistent in its anatomical location (medial -inferior district
of the ipsilateral basal ganglia) and its extent. Also, because no crani-
ectomy is needed, subsequent studies with radioisotopic scanning are easily
interpretable. r

Two additional technical modalities are used for the evaluation of our
"poststroke" experimental animals. One of these modalities is original and

consists of the indwelling carotid catheter. This permits us to carry out
a variety of injections and blood sample collections at serial intervals
during long postoperative periods (weeks and even months). The second modal-
ity is the application of standard lucite calvaria for direct observation of
the cerebral cortex.

After production of the anemic infarction our multi-pronged evaluation
includes:

A) Periodic neurologic testing.

B) Periodic conventional static radionuclide brain scanning.

C) Periodic magnification internal carotid angiography (an indwelling .

catheter is positioned in the internal carotid artery of some of the stroked v.

monkeys).

D) Periodic radioisotopic angiographic studies (Tc pertechnetate) and
periodic 133 xe washout studies (through indwelling internal carotid catheter),
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All the radionuclide flow data are gathered with an Anger camera and

stored on tape. Subsequently, the data on tape are analyzed by a computer-
assisted program. Multiple cursors are drawn in the central part and at the

periphery of the infarcted area. The purpose of this approach is to evaluate
the centripetal and centrifugal blood flow in the infarcted area at various
stages of development of the infarction. The data should be of assistance in

the evaluation of the circulation parameters in the initiating, evolving, com-

plete, and resolving stroke. The centripetal and centrifugal flow is evaluated
second by second after the intracarotid injection of the radiopharmaceutical.

E) Acute polarographic deep electrodes are used in some of these animals

for recording oxygen availability.

F) At various intervals after the creation of the stroke, the animals

are sacrificed by a "sudden death" technique and immediately afterwards per-

fused with a special micropaque solution for post-mortem microangiographic
studies.

G) The "sudden death" is accomplished under various attempts at modifying
the pathophysiology of the CSF: hyperventilation, hypercarbia, anoxia, hyper-
and hypo-tension, use of vasodilators.

H) In a few monkeys perfusion with the radioiodinated albumin macro-
aggregates for scanning appraisal of the infarcted hemisphere has also been

carried out.

I) In selected monkeys the changes of the superficial vasculature are
followed up by means of fluorescein angiography of the exposed cortical

surface.

J) In selected monkeys Laser-Doppler velocimetry is used to evaluate
superficial (cortical) CBF in the various size vessels. This is accomplished
with a preparation which includes the lucite calvaria and the indwelling
carotid catheter.

K) A day-by-day histological analysis of the anemic infarction is under-
way. Stroked monkeys are sacrificed for this purpose, one at each sequential

day, after the production of the stroke.

L) We plan to study the infarcted monkeys by Computer Assisted Tomography
(CAT) as soon as a device for this technique (EMI-Scanner) will be available
to us.

M) We are getting ready to start "revascularization" of our infarcted
monkeys with an original method of by-pass procedure to the middle cerebral

artery distal to the occlusion. The "revascularized" monkeys will be sub-

jected to all the above multi -pronged testing.

In a collateral experiment various parameters of the cerebral circulation

are being studied after production of arterial spasm in the circle of Willis
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in monkeys. The spasm is caused by total blood, or fractions thereof, intr^
duction within the subarachnoidal space (chiasmatic cistern).

Major Findings : We are yery pleased with the experimental stroke model

which we have developed. The possibilities of investigation with this model

are practically unlimited. We have started evaluating the many data available

to us from the first group of infarcted monkeys.

1) The stroke model used gives a consistent area of infarction in deep^
cerebral layers with a minimal amount of brain exposure.

'

2) Microangiograms prepared in the manner described can fix at a point

in time the dynamic changes taking place in the microvasculature.

3) The method allows us to duplicate in deeper structures some of the

observations of others on the reaction of surface vessels.

4) We can demonstrate changes in vessel morphology following PaC02

changes both in normal and infarcted monkeys.

5) Both hypo- and hyper-capnia decrease the perfusion of zones of ischemia

during the acute phase. Hypocapnia accelerates the rate of ischemia to a

greater extent than hypercapnia.

6) In completed stroke at the five day interval, hyperventilation hypo-

capnia may increase perfusion of nonischemic portions of the brain as comparAf*

to normocapnic and hypercapnic animals. *

7) By polarographic depth electrodes determination, a reversal of the

normal 02a response in the ischemic brain to either low or high PaC02 levels

has been observed. This would suggest that attempts at manipulation of cere-

bral blood flow to ischemic or infarcted brain using hypo- or hyper-capnia

would not be consistently successful due to the variable response obtained.

8) A correlative study between sequential radionuclide brain scanning

and time-lapse microangiograms has been completed. In the majority of animals

brain scintigraphy becomes positive by two weeks to regress toward negative

by four to six weeks after the ligation of the middle cerebral artery. The

increased radioisotope uptake in the affected area is clearly related to neo-

vascularization around the area of infarct as shown by the microangiograms.

Decreased vascularity, peripheral gliosis and central cavity formation are

the main factors determining the diminution of the radionuclide penetration

in the involved area at later stages.

Significance to Bio-Medical Research and the Program of the Institute : C
We are hopeful that the computer analysis of our radioisotope angiography

data in and around the infarcted area will be informative. In particular the

determination of the centripetal, and centrifugal blood flow in the area of the

lesion should enable us to draw some conclusion on the mechanisms of resolu-

tion of the infarction and perhaps a better understanding of the important
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phenomenon of the luxury perfusion.

We are confident that with our strokemodel we will be able to contribute
both in the basic area of C6F pathophysiology of the infarcted brain, as well
as in the practical management of the patients with stroke. Perhaps we will

shed some light on such fundamental questions as: a) if and when we should
hyperventilate patients with stroke; b) when, if ever, induced hypercarbia
may be useful in these patients; c) what is the optimal level at which the
blood pressure should be maintained during the various stages of stroke; d)

if, when, and which vasodilators should be used.

We have hopes that our "revascularization" approach may prove to be effi-
cacious, practical, and applicable to human patients.

The arterial spasm production after subarachnoidal injection of blood
into the chiasmatic cistern is an excellent model simulating the important
problem of human arterial spasm following subarachnoidal hemorrhage. This
event generally follows rupture of arterial and arteriovenous aneurysms of
the brain.

Proposed Course of Project : This is a long-range research project. The
evaluation of the cerebral blood flow both in experimental models and in

clinical material is still in its infancy, but we are convinced that it will

develop into a full discipline.

Publications: Peters, N.D. and D1 Chiro, G.: A model for spasm of the
anterior cerebral artery. Stroke (In Press).

Hammock, M.K., Di Chiro, G. and Pongpatirojana, A.: Technique
for placement of experimental indwelling carotid artery catheter,

J. Neurosurg . (In Press).
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lodinated contrast media which are injected within blood vessels and CSF
cavities still cause neurological complications" The inner mechanism of
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SUMMARY OF WORK (200 words or less - underline keywords)

Computer Assisted Tomography (CAT ) represents the main research area of the
Section on Neuroradiology. Our experience with one of the devices for this
technique, the ACTA-Scanner , continues. We are acquiring direct clinical
experience with another unit, the EMI-Scanner , which was installed in May of
1975 in the Clinical Center: more than 1,700 patients have been studied. A
body EMI-Scanner and a second (experimental) head EMI-Scanner are being in-
stalled.

Preliminary feasibility tests to build a totally new type of CAT device , which
will use protons rather than x-rays, are well advanced.

A number of mathematical and physical projects have been completed or are beinc
carried out: review of the reconstruction algorithms; effect of beam hardeninc
on the quality of the scan; signal vs. noise ratio; computer assisted sub
traction.

Clinical studies include CAT research on: demyelinating diseases, degenerative
and atrophic processes, postradiation necrosis, spinal cord diseases, oculo-
orbital lesions.
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Project Description:

Objectives : Computer Assisted Tomography (CAT) is a revolutionary
diagnostic method which is having a stunning impact on the practice of neuro-

radiology. This technique, which was introduced in early 1972 in England, has

already been described in detail in a large number of reports in the European

and American literature. At least 12 types of devices for transmission recon-

structive tomography are now operational and being used in patient evaluation.

In the area of emission reconstructive tomography (this actually preceeded the

transmission approach) one center (University of Pennsylvania) is in the fore-

front.

We have had direct experience with one unit for CAT, the ACTA-Scanner, ^
for over two years. Our experience with a second unit, the British built

EMI-Scanner, started in May of 1975. We have studied over 1, 00 patients
with the latter unit. A second head EMI-Scanner is being installed and is

being used in a few clinical studies; this unit will be employed also for

experimental work in primates. A body EMI-Scanner is also being installed in

the Clinical Center; in the neuroradiological field, this unit will be used

for particular cranio-cerebral , oculo-orbital and spine-spinal cord problems

in human patients.

Our basic experiments which will serve as a fundament to build a protons

scanner (PROTO-Scanner) are far advanced.

Methods Employed : Clinical CAT scanning is now a standard diagnostic
procedure.

Basic experiments being carried out as a preliminary step to build the

PROTO-Scanner, involve determination in various phantoms of the absorption #
coefficient of the proton beam produced by a cyclotron. The phantoms include^
organic materials (particularly organic solutions of various concentrations).

Major Findings : In the clinical area we have:

1) Accumulated a significant number of cases of demyelinating degenerative
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processes ("leukoencephalopathies" in the broadest sense).

2) Studied a large number of Parkinsonians and a smaller group of

patients affected hy Huntington's disease. An accurate evaluation of the
findings in these patients will be possible when the data on the normal, age-
matched, size of the ventricular system-subarachnoidal spaces is known. For

this purpose a "normal control" study will soon be underway.

3) Observed interesting findings concerning postradiation necrosis of the

brain. These findings may mimic brain tumors (recurrence or spread). Their
recognition, therefore, is of capital importance.

4) Studied a number of patients with the so-called "atypical" teratoma
syndrome. Here we have encountered findings which are quite characteristic,
if not pathognomonic.

5) Introduced the concept of dynamic CAT, i.e., carried out scans before
and after active or passive positional changes: supine scans followed by

prone scans; scans of the eye in primary gaze followed by scans with shifted
gaze.

6) Continued our work on the spinal cord. We have developed the tech-
nique of Computer Assisted Myelography (CAM). This is accomplished after the
lumbar injection of metrizamide (a nonionic, hydrosoluble, radiographic con-

trast medium used in Europe for myelography). We have also continued our

research on spinal cord cavities (syringo-hydromyelia). Particularly inter-
esting are some preliminary results on the cord sagittal and coronal images

reconstructed from axial transverse scans. A deconvolution program is used

for this purpose.

In the physics area the most important finding has been the demonstration
that protons can be used to detect differences in the physical properties of
material at the 0.1% level. This is a significant advance when compared with
the h% resolution limit of the present commercial scanners.

Significance to Bio-Medical Research and the Program of the Institute :

The diagnostic abilities in the area of neuroradiological disease are funda-
mentally altered by the introduction of CAT. The progress in this area is

fast. Statements regarding the future significance of this methodology could
be surpassed and rendered obsolete in a short time.

Proposed Course of Project : In the Section on Neuroradiology CAT will be

the main area of research for years to come. We will proceed with a multi-
pronged approach: theory (mathematics, physics); analytical studies; planning
and building a new type of CAT device; clinical work on the brain, spinal cord
and eye; experimental research on primates.

An "International Symposium on Computer Assisted Tomography in Nontumoral
Diseases of the Brain, Spinal Cord and Eye," sponsored by NINCDS, will take
place on the NIH campus, October 11-15, 1976.
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Med. Biol . (In Press).
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in computed tomography. Radiology 117: 561-572, 1975. ^

Brooks, R.A. and Di Chiro, G.: Statistical errors and resolu-
tion limits in x-ray reconstructive tomography. Med. Phys .

(In Press).

Axelbaum, S.P., Schellinger, D., Luessenhop, A.J., Di Chiro, G,,

Harbert, J.C. and Twigg H.L.: Intracerebral hematoma: Diag-

nosis with automatic computerized transverse axial (ACTA) scan-

ning. JAMA 235: 641-643, 1975.

Harbert, J.C, Axelbaum,S.P. , Schellinger, D. and Di Chiro, G.:
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imaging studies of the central nervous system. In DeBlanc, H.J.,

Jr. and Sorenson, J. A. (Eds): Noninvasive Brain Imaging: Com-

puted Tomography and Radionuclides . New York, The Society of

Nuclear Medicine, Inc., 1975, pp. 183-193
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spinal cord after lumbar intrathecal introduction of metriza-
mide (Computer Assisted Myelography). Radiology (In Press).
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nizable by computer assisted tomography but not by traditional
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Tomographiae, Genoa Italy, September 11-13, 1975 , Excerpta
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SUMMARY OF WORK (200 words or less - underline keywords)

This is a randomized, controlled clinical trial of microneurosurgical anastomosis
between the superficial temporal artery and the middle cerebral artery for
prevention of stroke in patients with transient ischemic attacks related to the
anterior cerebral circulation . Patients with such symptoms are admitted for
workup which includes angiography and EMI Scan and isotope studies to quantify
the blood flow in the brain. Randomization between a medical arm and a surgical
arm are done after diagnosing the presence and severity of transient ischemic
attacks.

PHS-6040
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Project Description : %'

Objectives ;

It is well established that the development of an adequate collateral
circulation is the key factor in enabling patients to tolerate severe

occlusive lesions of the cerebral circulation. Strokes occur when age and

atherosclerosis render available collateral pathways inadequate. Approxi-
mately 90% of all strokes are occlusive and of these 50-80% have brief A
warning episodes of diffuse or focal reversible neurologic deficit, i.e.

t ransient ischemic attacks (TIA)

.

A number of neurosurgeons have demonstrated the feasibility of a technique
for increasing collateral CBF to the anterior circulation by anastomosing
the superficial temporal artery (STA) to a cortical branch of the middle
cerebral artery (MCA). This technique has now been well established as a

practical surgical technique, with postoperative patency rates for the STA-
MCA bypass exceeding 90% and with clinical, CBF and psychometric data
showing significant improvement over preoperative levels. To date, however,
no controlled study of this type of prophylactic surgery for stroke has been
carried out.

This project seeks, therefore, to control the medical management and test
the variable of STA-MCA surgery by randomizing it in a series of patients
with anterior circulation TIA receiving uniform medical therapy. Sequentially
ordered groups of patients receiving either medical therapy alone or medical |

plus surgical therapy will be compared for TIA and stroke incidence, pre-
and post-treatment clinical status, cerebral blood flow changes and psycho-
metric performance.

Methods Employed ;

1

.

Clinical Testing . Detailed quantitative neurological testing will be
performed before and at specified intervals after the initiation of treatment.

2

.

Electrophysiologic Testing . Serial electroencephalography will be carried
out during outpatient and inpatient attendance. Averaged evoked potential
assay of somatosensory, visual and auditory functions will be carried out
before and after the treatment period at the time of the CBF estimations.

3

.

Isotope Scanning . Isotope scans will be carried out before and after the
treatment. Post-treatment scans will be done 3 months and 12 months after
initiation of therapy.

4

.

Computerized Tomography (EMI Scan) . CT scans before and after treatment
will be obtained. Ventricular capacity and visible lesions will be recorded
in terms of volume using a video-planimeter developed in the Television
Engineering Branch of the Clinical Center. Lesions wJ,ll be identified
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visually as well as by checking for numerical deviations from the norm in

terms of recorded linear attenuation coefficients.

5

.

Angiography . Cerebral pan-angiography via a transfemoral catheter will
be obtained once before and after treatment initiation. The post-treatment
angiogram will be obtained prior to patient discharge, but not less than

2 weeks after treatment initiation.

6

.

Cerebral Blood Flow Measurement . This will be carried out before and
after treatment, immediately before and after the angiography. A third
estimate will be made one year after the initiation of the treatment. The
technique of CBF measurement will be the noninvasive method of Austin et al.

using a bolus of 10-15 mc of ^^Xenon injected intravenously, as modified in

the Nuclear Medicine Department of the Clinical Center.

7. Psychometric and Social Evaluation . The patient's psychologic and social
status will be evaluated before, one month after, and one year after the
treatment by a Clinical Psychologist and a Social Worker.

8. Each patient will be assigned to one of two categories, the first
receiving continuing medical therapy alone, the second receiving a TCA-MCA
anastomosis plus medical and appropriate supportive therapy.

9. Surgical Technique . This will be as described by Reichman and others.

Major Findings ;

To date 27 patients have been referred to the study, of which 3 have been
admitted for further investigation. One of these cases is ready for random-
ization. It will take some time to develop an adequate number of cases for

this study.

Significance to Biomedical Research and the Program of the Institute :

The data on cerebral blood flow and computerized tomography of these patients
will be of value in understanding strokes and cerebrovascular diseases. The
value of a surgically attractive technique will be established.

Proposed Course :

It is proposed to attract a Senior Investigator for this project via the IPA
mechanism. Experience to date has shown that only a full-time effort will
enable the number of cases needed for the project to become adequate.

Publications ;

None
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ANNUAL REPORT

July 1, 1975 through June 30, 1976

Laboratory of Central Nervous System Studies

National Institute of Neurological and Communicative Disorders and Stroke

The Laboratory of Central Nervous System Studies under the direction of

D. Carleton Gajdusek, M.D. comprises two major projects: (1) Neurobiology of

Population Isolates—the Study of Child Growth and Development, Behavior and

Learning, and Disease Patterns in Primitive Cultures; and (2) Chronic Central

Nervous System Disease Studies—Slow, Latent and Temperate Virus Infections.

Both projects are an outgrowth of the Study of Child Growth and Disease

Patterns in Primitive Cultures. It was this parent organization that gave

rise to the discovery of kuru, a heredofamilial subacute progressive
degenerative disease of the central nervous system of the Fore people in the

Eastern Highlands of Papua New Guinea. It was this study that led to the

demonstration that kuru is caused by a serially transmissible virus which
possesses unconventional biological and biochemical properties. It was the

successful transmission of kuru and the isolation of the virus which provided
the necessary techniques for the subsequent discovery of a viral etiology for

some forms of presenile and senile dementias of man, particularly the

Creutzfeldt-Jakob type and more recently certain forms of familial Alzheimer's
disease and progressive supranuclear palsy.

These discoveries made possible the recognition that Creutzfeldt-Jakob
disease may be transmitted by transplantation surgery, e.g. as in the case of
corneal grafts that occurred accidentally in the United States, warranting
just concern for possible contamination in all tissue transplantations from
donors dying with presenile and senile dementias. Moreover, they have led to

the demonstration that the virus of Creutzfeldt-Jakob disease remains viable
and can be recovered from human tissue that has been preserved in 10% formalin
for more than 8 months. It has also been possible to identify the virus of
transmissible virus dementia (CJD-type) as the cause of death in a
neurosurgeon and to raise the possibility of occupational hazard. These
findings enabled us to apply our research data to the very real need for
caution on the part of neurosurgeons and neuropathologists in the area of
occupational hazards in handling tissues from CJD patients. In the past year,
with our demonstration of the transmissibility of scrapie disease from
American sheep and English goats to several species of non-human primates,
manifested by a disease in the experimental monkey which is indistinguishable
from the transmissible virus dementia originating from man, we are confronted
with the urgent question of the possible relationship between scrapie of sheep
and the spongiform encephalopathies of man.

The elucidation of the etiology and epidemiology of a rare, exotic
disease restricted to a small population isolate—kuru in New Guinea—has now
brought us to worldwide considerations that have importance for all of
medicine and microbiology. For neurology, specifically, we have considerable
new insights into the whole range of presenile dementias, and, in particular,
to the larger problems of Alzheimer's disease, familial and senile dementias.
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and the processes of CNS aging. The implications of vertical transmission of
slow virus infections, of conjugal transmission of these diseases, and of host
genetic control of disease expression for all genetic diseases, and the
relationship of these slow virus infection processes to those which may lead
to neoplastic transformation are obvious.

The major problems among the degenerative diseases of multiple sclerosis,
amyotrophic lateral sclerosis, and Parkinsonism remain unsolved although there
are tantalizing laboratory and epidemiological data pointing to the possible
role of virus-like agents in these diseases. Perhaps the masked and defective
slow infections with conventional viruses such as are seen in PML and SSPE may
provide the best leads for studying these diseases.

The foci of high incidence of amyotrophic lateral sclerosis with
associated high incidence of parkinsonism-dementia complex among the Chamorro
people on Guam and the Japanese of the Kii Peninsula remain continuing,
challenges. Our discovery and re-evaluation, during the 1974, 1975 and 1976
field trips to the South Pacific, of the very small but very intense foci of
such motor neuron diseases with associated high incidence of Parkinsonism,
parkinsonism-dementia, and other peculiar bradykinetic and myoclonic dementia
syndromes among the Auyu and Jaqai people in a remote population of West New
Guinea, suggests strongly that some common etiological factor may underlie
the occurrence of all these very different syndromes, as they occur strangely
in this one small population and are not found in the much larger surrounding
populations. This ALS-PD focus was extended as a result of the 1976 patrol to
Ganda. Several additional villages in West Irian have now been added to the
growing list of foci of ALS-PD with deaths occurring since 1965. A program
of demographic and epidemiologic field work to intensively study these foci
has already been designed and will be conducted within the upcoming fiscal
year. This will require 4-6 months of intensive field study.

The models of lysogenicity and of subviral genetically active
macromolecular structures from the study of bacterial viruses and bacterial
genetics supply ample imaginative framework for an expression of our ideas of
possible mechanisms of infectious pathogenesis in man. The unconventional
viruses of the spongiform encephalopathies tax even our imagination in
relation to molecular biology gained from these studies in bacteria.

For a now-disappearing disease, kuru, in a small primitive population to

have brought us this far is ample reason for pursuing intensively the
challenges offered by the still inexplicable high incidence and peculiar
profusion of different neurological syndromes, pathologically distinct yet
apparently somehow related to each other, which have been discovered in the
'several small population enclaves we have investigated. Thus, the high
incidence of ALS , ALS-PD on Guam and among a small population of people in
West New Guinea, coupled with the high incidence of ALS on the Kii peninsula
of Japan may indeed offer the best opportunity of solving the problem of this
sclerosing disease which in the United States has an incidence as high as that
of multiple sclerosis.
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The delineation of infection as the etiology of heredofamilial and
presenile and senile dementias of man was made possible only through the
concomitant studies of the neurobiology of population isolates. In this area
we have been engrossed in the investigation of deaf-mutism, mental
subnormality and other congenital central nervous system defects associated
with endemic goiter in the Central Highlands of Western New Guinea, as well as

patterns of delayed puberty, slow growth rates, and of early aging in isolated
Melanesian groups. Ethnic drug abuse (particularly of kava) , strange patterns
of psychosexual development, pseudohermaphroditism, and culturally-determined
responses to pain, and roots of aesthetic expression, have all been under
study. Foci in primitive population isolates of familial periodic paralysis,
progressive muscular dystrophy (both the pseudohypertrophic type of Duchenne
and the non—pseudohypertrophic distal type) , amyotrophic lateral sclerosis and
Parkinsonism, are also being investigated. Genetic studies on human evolution
led to the discovery of new genetic factors among haptoglobin, hemoglobin, and
red cell enzyme pleomorphisms and the definition of their biochemical
structure.

The further significance of scientific investigations of small population
enclaves of remote populations has been even mbre dramatically apparent during
the 1975-1976 field trip with our re-evaluation of what may turn out to be one

of the largest "epidemics of epilepsy" ever recorded. This is occurring in
the Wissel Lakes area of West New Guinea and is the result of cysticercosis,
with the larvae of Taenia solium , the pig-tape worm, which has been newly
introduced into New Guinea. Our recent studies have led us to conclude that

the natural history of cysticercosis epilepsy is not a result of death of the
worm, scarring and calcification of lesions, as much of the literature
suggests, but is an early sign in inflammation from new invasion of the brain
by the Taenia larvae. First, convulsions often occur even before the first
subcutaneous nodules appear, and as the nodules increase in number, additional
seizures occur. The high incidence of severe third degree bums, which may
even result in death, is a direct result of cysticercosis-induced unexpected
seizures which occur during the sleeping hours, throwing the patient into the
house fire. The unclothed people, living at 2000 meter elevation, need to

sleep close to the home fires on cold nights. We are able to date the first
introduction of Taenia solium into the area and to plot the spread of
Taeniasis in pigs and man, and of cysticercosis and associated epilepsy in man
to other previously Taenia-free areas. With Dr. Budi Subianto, the local
Indonesian Medical Officer, we have planned a neuroepidemiologic study aimed
at elucidating the natural history of the epilepsy and acute psychoses and
other neurological complications which have occurred concomitantly with the
emergence of subcutaneous cysticercosis nodules.

Dr. Gajdusek has been invited by Soviet investigators as the consultant
to their study of the huge focus of a chronic degenerative basal ganglia
extrapyramidal disorder called Vilyuisk encephalitis, which is restricted to

the Yakut people in eastern Siberia. For his visit, many investigators,

including the Minister of Health of the Yakut Republic, were brought to

Moscow, along with four patients suffering from the advanced stages of the

disease. There were three days of presentations of the field epidemiological,
clinical and laboratory data which had been accumulated, and several hours of

discussions on the direction the future studies should take. The disease is a
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syndrome which has not been previously encountered elsewhere. There is a high

possibility that it is a slow virus infection. Our Soviet colleagues have (^
indicated that they will invite us to participate in future meetings devoted

to this disease.

The development and maturation of the two major projects of this
H

laboratory resulted from cross-fertilization of each since their origin, and
both have grown from the basic studies on child growth and development and
disease patterns in primitive cultures. And, although the two projects, each
composed of many subsections, differ markedly in the inquiries they phrase ^
and the techniques of investigation they employ, much of the field data V^^
collected from one project is also requisite for the studies in other
projects. Both are served by the same investigators who function as a team.
These scientists derive their creative stimulus, dedication and enthusiasm,
to a great extent from the atypical and exotic biological, social, and
cultural materials presented and the diverse, frequently unconventional
approaches phrased by the two projects.

Principal Investigators: D. Carleton Gajdusek, M.D.
Clarence J. Gibbs, Jr., Ph.D.
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Medical Research, Edmonton; Dr. M. Kinsboume, Hospital for Sick Children,
Toronto; Dr. J. A. Hildes, Arctic Medical Research Unit, University of
Manitoba, Winnipeg.

ENGLAND : Mrs. Elisabeth Beck, Dr. P.M. Daniel, Department of Neuropathology,
Maudsley Hospital, Institute of Psychiatry, London; Dr. A.J. Duggan, Wellcome
Museum, London; Dr. G. Edsall, London.

FIJI : Dr. R. Crocombe, University of South Pacific, Suva.

FINLAND : Dr. J. Lahdevirta, Department of Medicine, University of Finland,
Helsinki.

FRANCE : Dr. Francoise Cathala, Salpetriere Hospital, Paris and INSERM, Lyon;
Dr. M. Godelier, Laboratory of Social Anthropology, I'Ecole Pratique des
Hautes Etudes, Paris; Dr. J. Guiart, Musee de I'Homme, Paris;
Dr. R. MacLennan, International Agency for Research on Cancer, Lyon;
Dr. J. Bert, University of Marseille, Marseille.

GERMANY : Dr. R. Hassler, Prof. Kruecke, Dr. H. Stephan, Max-Planck Institute
for Neurology, Frankfurt.

INDONESIA : Java—Dr. J. Sulianti-Saroso, Public Health Department, Jakarta;
Dr. K. Sorenson, NAMRU-2, Jakarta; Dr. J. Dean, Summer Institute of

Linguistics, Bogor; Irian Jaya—Dr. T. Gerungen, Dr. L.R. Tumada, Dr. Wasito,
Public Health Department, Jayapura; Dr. A. Gunawan, Dr. A.M. Hutapea,
Dr. E.A. Iswandi, Dr. B. Kawengian, Dr. L. Kristanda; Dr. D.B. Subianto,
Public Health Department, Enarotali; Dr. Widodo, Public Health Department,
Kepi; Dr. K. Dresser, T. Benoit, Associated Aviation, Sentani;
Dr. W. Schweifenhoeval, Public Health, Department, Sentani; Bishop A. Sowada,
Fathers J. Donkers, D. Callus, B. Mischke, F. Trenkenshuh, B. van Oe.rs,

Catholic Mission Center; Dr. C. Hoogeland, Aboahe.

ITALY : M. and Dr. A. Jablonko, Perugia.

NETHERLANDS : Dr. L.N. Went, State University of Leiden.

NEW HEBRIDES : Dr. Baudson, Dr. P. de Carfort, Dr. R. Greenhough, Dr. Retard,
Medical Service, Port Vila; Captain J. Barley, Condominium Government, Port
Vila; N. Woodward, British Residency, Port Vila.
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COOFER.ATING UNITS: continued

PAPUA NEW GUINEA : Dr. J. Onno, Dr. A. Tarutia, Dr. J. Tuvi, Public Health

Department, Port Moresby; Jack Baker, Department of Administration, Port

Moresby; Dr. K. Clezy, Dr. D. Dowd, Dr. H.M. Candy, Dr. A. Saweri, Faculty
of Medicine, University of Papua New Guinea, Boroko, Port Moresby;
Dr. G. Mosuwadoga, Robert Mitten, Dirk Schmit, Papua New Guinea Museum, Port
Moresby; Dr. U. Beier, Institute of Papua New Guinea Studies, Port Moresby;
Dr. V. Zigas, Public Health Deparftnent, Kimbe, West New Britain;

Dr. J^L. Gressitt, Wau Ecology Institute, Wau, Morobe Provine; Rev. H. Gericke,

Evangelical Lutheran Mission, Okapa, Eastern Highlands, Provine;
Rev. W.R. Wiesner, Reb. Stuart Merriam, Koiye, Waneri, Anua and Tosetnam,
Okapa, Eastern Highlands; Undopmaina, Martin, Marawaka, Eastern Highlands,
Provine

.

SCOTLAND : Dr. J. MacCregor, Lerwick; Drs. L. and B. Herzberg, Dundee.

SINGAPORE : Dr. M. Simons, W.H.O. Immunology Research and Training Center,

University of Singapore; Dr. Kok Ann Lim, Department of Bacteriology,
University of Singapore; Dr. Ivor Polunin, Department of Social Medicine,
University of Singapore; Mr. Lim Chong Keat, University of Singapore.

SOLOMON ISLANDS ; Dr. A. Solomon, Medical Services; Dr. P. Beck, Ministry of

Health and Welfare; Drs. B. Wilkin and D.S. MacKay, Central Hospital, Honiara.

TAIWAN: Dr. P. Beasley, NAMRU-2, Taipei.

TRUST TERRITORY OF THE U.S. : Dr. M.T. Ueki, MacDonald Memorial Hospital,
Palau; Peter Tigweyar, Ifulik Atev, Western Caroline Islands; Dr. P. Huitema,

Ponape Hospital, Kolonia; Mr. Hilary Tacheliol, Yap District Office, Western
Caroline Islands.

U.S.S.R. : Dr. P. A. Petrov, Director, Ministry of Health, lakutsk, A.S.S.R.;
Dr. M.P. Chiimakov, Dr. Luoff, Dr. K. Umanskii and Dr. L. Goldfarb, Institute
of Poliomyelitis and Virus Encephali tides, Moscow; Dr. L. Fadeeva, Institute
of Virology, Moscow; Dr. V. Zhdanov, Dr. A. A. Smorodentsev, Dr. V.I. Il'yenko,

All-Union Research Institute of Influenza, Leningrad.

UNITED STATES : Alabama—Dr. C.J. Hoff, Department of Medical Genetics,

University of South Alabama Medical School; California—J. Boykin, College of

the Pacific, Valencia; Dr. P. Terasaki, Rehabilitation Center, University of

California, Los Angeles; Dr. R.L. Walford, Center for Health Sciences,

University of California, Los Angeles; Dr. Ted Schwartz, Department of

Anthropology, UCLA, Los Angeles; Dr. S.A. Brown, School of Public Health,

University of California, Berkeley; Dr. L.L. Cavalli-Sforza, Stanford
University, Stanford; Colorado—Dr. S. Wiesenfeld, National Jewish Hospital,
Denver; Connecticut—Dr. J. Casals, Rockefeller Laboratory, Yale University,

New Haven; Delaware— Dr. R. Rodrigue, Wilmington; District of Columbia—
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COOPERATING UNITS: continued

Dr. G. Gibson, Smithsonian Institution; Hawaii—Dr. A. Diwan, University of

Hawaii School of Medicine, Honolulu; Drs. L. Rosen, G. Wallace and R. Tesh,

Pacific Research Station, NIAID, Honolulu; Maryland—Drs. K. Shah, R, Roos,
Department of Neurology, Johns Hopkins University Hospital, Baltimore;
Dr. K. Brown, Dr. W.C. Leyshon, Laboratory of Developmental Biology and
Anomalies, NIDR, NIH, Bethesda; Dr. C. Plato, Gerontology Section, NICHD, NIH,
Bethesda; Dr. P. Maclean, Laboratory of Brain Evolution and Behavior, NIMH,
NIH, Bethesda; Drs. F. Neva, L.H. Miller, Laboratory of Parasitic Diseases,
NIAID, NIH, Bethesda; Dr. J. Wolff, Clinical Endocrinology Branch, NIAMH, NIH,
Bethesda; Dr. J. Sever, NINCDS, NIH, Bethesda; Dr. C. Wisseman, School of
Medicine, University of Maryland, Baltimore; Massachusetts—Dr. P. Fetchko,
E. Dodge, Peabody Museum, Salem; Dr. N. Geschwind, Neurology Unit, Beth Israel
Hospital, Boston; Dr. John Enders, Dr. M. Oxraan, Dr. R. Ferber, Children's
Hospital Medical Center, Boston; L.K. Marshall, Boston; K. Muller, Harvard
University, Cambridge; Michigan—Dr. E.A. Rodin, Department of Mental Health,
Lafayette Clinic, Detroit; Dr. T.M. Ernst, Department of Anthropology,
University of Michigan, Ann Arbor; North Carolina—Dr. D. Lang, Department of
Pediatrics, Duke University, Durham; New York—Dr. R.E. Peterson, Department
of Medicine, Cornell Medical Center, New York; Dr. P. Kennedy, Program of
American Studies, State University of New York, Buffalo; Dr. R. Glasse, Queens
College, Flushing; Dr. S. Lindenbaum, York College, CUNY, Jamaica;
Dr. Alan Lomax, Applied Social Research, Columbia University, New York;
Dr. Margaret Mead, American Museum of Natural History, New York; E.L. Schieff-
lin, Fordham Univeristy, Bronx; Ohio—Dr. A. Steinberg, Case Western Reserve
University, Cleveland; Pennsylvania—Dr. D. O'Brien, Department of
Anthropology, Temple University, Philadelphia; Dr. N. Chagnon, Dr. P.T, Baker,
Pennsylvania State University, University Park; Rhode Island—Dr. T. Kiefer,
Brown University, Providence; Washington—Dr. R. DiGiacomo, Department of
Epidemiology, Dr. P. Kunstadter, Department of Preventive Medicine, University
of Washington, Seattle.

VENEZUELA : L.T. Laffer and F. Melchiorri, Caracas.
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Sub-Project I: Study of the developmental patterning of the human

nervous system (cybernetics of human development)

.

Sub-Project II: Human evolutionary studies in isolated primitive groups.

Sub-Project III: Studies of isolated Mlcronesian populations.

Sub-Project IV: Studies of isolated New Guinea populations.

Sub-Project V: Studies of Australian Aborigines.

Sub-Project VI: Studies of isolated New Hebrides and Solomon Islands

populations.

Sub-Project VII: Studies of Central and South America Indians.

Sub-Project VIII: Developmental, genetic and disease patterns in primitive
populations of Asia, Africa, Indonesia, Melanesia,
Micronesia, Poljmesia and the Arctic.

Sub-Project IX: Experimental developmental neuropediatrics in infantile
prograimning: an empirical approach to the language of

information input into the nervous system.

Sub-Project X: Ciphers and notation for the coding of sensory data for

neurological information processing.

Sub-Project XI: Racial distribution and neuroanatomic variations in the
structure of the human brain.

Sub-Project XII: Studies of high incidence of neurological diseases in
specific racial and ethnic groups and in primitive or
geographic population isolates.

Project Description: Neurobiology of Population Isolates: Study of Child
Growth and Development, Behavior and Learning, and
Disease Patterns in Primitive Cultures
(described fully on pages llr through 18r)

Publications: Listed on pages 4 Or through 44r.
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NEUROBIOLOGY OF POPULATION ISOLATES:

Study of Child Growth and Development,
Behavior and Learning and Disease Patterns in Primitive Cultures

Our goal has been to increase our understanding of human population
biology in the areas of neurobiology, immunology, genetics and the study of
behavioral patterns and diverse styles and modes of learning associated with
natural experiments in remote, isolated, technologically simple human
population groups throughout the world. Our overall research program in this
area has been directed towards problems of neurological development and
learning patterns in children f rom-^diverse cultural settings which are found
in these isolated primitive populations. Laboratory studies on human biology,
genetics and associated molecular biology, on immunology, virology and
biochemistry, and on biological adaptation to diverse and extreme
environmental conditions have all been directed at solving problems which
have been carefully chosen from small isolated bands still living in the
primitive situation in which these problems may be more appropriately studied
than in the larger civilized societies. Nutritional studies, studies on
reproduction and fertility, use of drugs on neuroendocrine influences on age
of sexual maturation and aging, and studies of the selective advantage and the
establishment of population equilibrium with genetic polymorphisms are under
way. The unusual and odd alternative methods of employing the central nervous
system in its higher cerebral function of patterns of language, cognitive
style, computation (number sense and calculation without a number system) , and
psychosexual culturally-modified behavior, and methods of visual, auditory and
tactile learning are providing data on alternative forms of possible
neurological functioning for man. We should remain unaware of such
alternative forms of neurological functioning, and be unable to produce or
investigate them in the clinic or laboratory, once the natural cultural
experiments in primitive human population isolates were finally amalgamated
into the modem civilized cultural veneer which is now imposed on almost all
members of the community of man.

During the expedition to West New Guinea this year, our knowledge of the
focus of an extremely high incidence of ALS with associated parkinsonism and
dementia syndromes was greatly extended. New cases have continued to appear
with undiminished frequency in a group of villages of the Jaqai and Auyu
cultures with a total population of about 5000. The incidence of ALS in these
affected villages is over one thousand- fold that usually seen in Europe,
Japan, Australia, and America and is thus considerably higher than the high
incidence found among the Chamorro people on Guam and the Japanese in the Kii
peninsula. Further examples of familial incidence were found. The perimeter
of the area containing the affected villages was more accurately determined
and a wider area of surrounding populations was surveyed for all neurological
diseases. The demographic study of the affected and unaffected surrounding
populations was expanded. The interesting conclusions already possible are:

(1) there is no chance that genetic mixing has occurred between these
populations and other populations of known high incidence; (2) the associated
high incidence of parkinsonism and dementia syndromes with high incidence of

motor neuron disease, and the absence of these latter syndromes in the
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villages in which motor neuron disease is not found, recapitulates this
interesting association found among the Chamorro on Guam and the Japanese on
the Kii Peninsula.

This year our section has for the first time been extensively involved
in the reassessment of the epidemiological and genetic investigation of the
high incidence ALS-PD on Guam among the Chamorro peoples. In the past, our
attention to this focus has been restricted to laboratory investigations on
specimens provided from the field team there. We have completed and have
underway red cell typing and serological testing of serum from patients for
their immune status to a large number of viruses and other microbial agents,
and this is being controlled by an- extension of our long-standing sero-
epidemiological investigations on the Chamorro and other Micronesian
populations. Blood genetic studies, including blood groups, 24-red cell
enzyme systems and serum protein systems, as well as HLA typing and mixed
leukocyte agglutination on patients and on control subjects are under way. We
already know that there is no high level association of either ALS or PD
syndromes with HLA type, but at a low level, interesting associations are
becoming apparent. The establishment of our tissue culture laboratory for a

period of several months on Guam, during which brain cell and visceral cell
and skin biopsy tissue cultures were established on many patients and sent
back to the NIH, will be discussed in the report of Chronic CNS Disease
Studies (pages 25 r through 46r)

.

Return epidemiological investigations in the kuru region perhaps offer
our best chance of discovering the mode of transmission and biological
maintenance of one of the unconventional viruses. The mode of transmission,
dissemination and maintenance of the agent of the transmissible virus dementia
(Creutzfeldt-Jakob disease) has eluded us. Strangely, that of kuru seems
perfectly and totally elucidated. Kuru has continued to disappear with fewer
deaths each year: 63 in 1973; 54 in 1974; 35 in 1975; and currently five
patients have died in 1976, with 17 living patients now under study who may
die before the end of this year. Every year the youngest patient is a year or
more older; no person bom since cannibalism ceased in his village has died of
kuru. There is strong epidemiological evidence against transplacental or
neonatal transmission, since of several hundred children bom during active
kuru disease to patients studied before 1963, none have developed the disease.
Our experience with kuru in South Fore children in the early years of
investigation would have led us to expect several dozen such kuru deaths
already in childhood in this series. Thus, transmission to her fetus or
infant during pregnancy and parturition in a kuru patient is not the source of
kuru in childhood. With the current vast decrease in the incidence and
prevalence of kuru, it is now possible to plot "bursts" of kuru patients who
'are related by co-residence two or more decades earlier in a household in

which a kuru death and the cannibalistic consumption of the kuru v ictim by
kinsmen occurred. Such "bursts" indicate an incubation period of 20 years or
more. This year, within such "burst" episodes, two instances of
simultaneous kuru in siblings have been discovered. Thus far, no case of kuru
has been seen in an individual born and nurtured outside the kuru region and
no contact case has developed in an immigrant into the region since
cannibalism and warfare ceased. Dr. Michael Alpers, working with our section,
is currently continuing the field epidemiological study of kuru in New Guinea.
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During previous and the current field studies in Papua New Guinea and in

West New Guinea (Irian Jaya, Indonesia), and smaller Melanesian Islands,

focal degenerative neurological diseases have been found, and further studied

in numerous isolated populations. Foci under study include: (1) a strangely

severe form of familial periodic paralysis with associated hypokalemic
complete heart block on the island of Tongariki in the New Hebrides; (2) a

large family with pseudohypertrophic muscular dystrophy, deaf-mutism, and
feeblemindedness among the Nakanai people of West New Britain; (3) an
extended family with a distal form of non-pseudohypertrophic muscular
dystrophy in the Sentani Lake region of West New Guinea; (4) a family with
virtual blindness produced by extreme congenital hypersensitivity to light in

the absence of albinism among the Tjitak people of West New Guinea; and (5)

several other varieties of familial mental deficiencies in different
Melanesian groups. The family with pseudohypertrophic muscular dystrophy,
deaf-mutism and feeblemindedness demonstrates complete dissociation of each
syndrome of this triad from the other two in one or more individuals; other
individuals show two or all three of these abnormalities. The family with
distal non-pseudohypertrophic muscular dystrophy has had one individual with
an unusual malignant course lasting less than one year to death.

The discovery last year of a case of Creutzfeldt-Jakob disease (proved by
the examination of a brain biopsy) in a New Guinea Highlander living far
outside the kuru region has added strength to the speculation that kuru may
have originated by the rapid man-to-man passage through cannibalistic ritual
of CJD virus from a sporadic case of the disease in a Highland New Guinean.
Laboratoiry evidence of the rapid change in the virulence properties of the
virus by the mode of passage support this hypothesis. It is of interest that
the presence of CJD and of kuru in Highland New Guineans cannot be linked to
sheep or goats carrying the scrapie virus, for both of the human diseases have
occurred before these animal species were introduced to the affected peoples.

This year we returned to survey the "epidemic of epilepsy" in the Wissel
Lakes area of West New Guinea, which Drs. Subianto and Tumada and Gunawan of
the Irian Jaya Department of Health are studying. The epilepsy had resulted
from the introduction in 1971 of the pig-tapeworm. Taenia solium , with the
importation of new pigs for breeding stock from western Indonesia. The New
Guinea Highlands were known to be free of Taenia solium in pigs and man prior
to this, and current surveys indicate that they are still free, with the
exception of the focus spreading from the Wissel Lakes region.

The introduction of Taenia solium was first recognized by the natives
themselves on butchering their pigs, when they found for the first time the
larval cysts producing "measly pork". Within a year. Dr. Tumada discovered
intestinal taeniasis in over ten percent of the school children and
subsequently intestinal taeniasis has increased in frequency to over twenty
percent in some regions, and has gradually spread to involve the whole Ekari
population (some 60,000), and some of the adjoining populations.

About one year after intestinal taeniasis in man (eggs and proglottids
in stools) was discovered, subcutaneous nodules began to be noted by the
natives themselves as a phenomenon new to them. On surgical excision of the
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troublesome nodules, both the natives and doctors were immediately aware that

they had the same disease as their pigs. This has been substantiated by
parasitological study. Such cysticercosis is the result of consuming Taenia
solium eggs from human fecal contamination and not from eating measly pork.

During the last three years an intense epidemic of severe burns has occurred
in adolescents and adults, unlike any seen in the previous three decades of

medical experience in the Highlands. The almost naked people, living at 2000
meters elevation, find it necessary to sleep huddled close to the house fires
to keep warm at night. Severe, sometimes fatal bums have occurred as the
result of grand mal convulsions occurring at night in people with no previous
history of epilepsy. Many of the several hundred new epileptics whom the
doctors have seen have had their first seizure and resulting severe burns

—

many requiring amputation—before any subcutaneous nodules diagnostic of
cysticercosis had appeared. Subsequently, during convalescence from their
bums, further seizures and the new appearance of subcutaneous cysticercosis
nodules have been noted in many patients. These observations suggest that the
cysticercosis induced epilepsy is occurring during the early stages of larval
invasion, rather than late in the disease, with death of the larval and
resulting inflammation, sclerosis and calcification of the cysts, as reported
in the literature. This is further substantiated by the unique opportunity
this epidemic has afforded to study the natural history of cysticercosis-
induced epilepsy. A well-planned epidemiological and clinical study of the
neurological disease is under way. It is already evident that after one or a
few further seizures, most patients are having no further seizures or residual
neurological signs or symptoms. A few patients, however, have progressed from
their first seizure to severe generalized debilitating neurological disease,
coma and death. The brain of one such autopsied child, loaded with large
cysts, is under neuropathological study. Some patients are also displaying
acute psychosis, with dangerous violent behavior concomitant with the
emergence of subcutaneous cysticercosis nodules, and this is obviously another
form of cysticercosis with CNS involvement. Some such psychotic patients also
have convulsions; others do not.

The evaluation of a focus of male pseudohermaphroditism in the New Guinea
Highlands has continued with an eighteen-year perspective on the problem,
which we discovered and first reported two decades ago. The syndrome results
in infants and children reared as girls changing to obvious males in habitus
and partially so in genital appearance with puberty. This year the field
expedition in a very remote area of the Highlands of New Guinea made possible
the complete delineation of the focus of this disorder among the Anga people,
and a summary of the clinical and sociological aspects of the problem is
currently in preparation, with over a decade of longitudinal studies on a
number of patients. The focus consists of more than a dozen patients, eight
of whom have been studied in detail, and genetic and clinical laboratory
investigations are under way. The focus appears to be similar to the one
discovered recently in the Dominican Republic by Dr. R.E. Peterson of
Cornell University, involving steroid 5-a-reductase deficiency. Biochemical
studies to determine this issue are now in progress.

Studies on malarial antibody are now completed from the extensive
serological testing of sera collected on our U.S. Research Vessel Alpha Helix
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expedition to the Npw Hebrides and Solomon Islands in 1972. Results indicate
that fluorescent antibody test for malaria has very limited usefulness in
defining the malarial species prevalent in an endemic area and has emphasized
the necessity for more specific reagents (e.g. to each malarial species) for
this test to be of any practical value in malarial seroepidemiology.

Studies on SV-40 and BK virus are continuing, with the examination of
pre- and post-infection sera from humans inoculated with SV-40 virus in the
late 1950 's, and show that documented SV-40 infection in man does not induce
heterologous antibody to the related BK papovavirus.

We have documented and will soon publish the very early acquisition of
CMV and EBV virus in the remote isolated human populations of the South
Pacific. Almost 100% of all subjects under four years of age were sero-
positive for both viruses; of 16 subjects under two years of age all were
seropositive. This is attributed to the close interpersonal contact between a
single infant and the many individuals who handle him, a cultural practice
which exists in the open expanded family setting, as contrasted with the
Western nuclear family, where only a few close family members handle and feed
the infant and, thus, reduce the possibility of the child's handler being the
spreader of herpes virus.

We have completed testing several hundred sera from Highland Quechua
Indians of Peru for immunological response to various respiratory viruses. In
this hypoxic environment of altitude (14,000 feet), the major cause of death
is respiratory complications in both young and old; such disease stress is
more emphatic in an oxygen-deficient environment and we are studying ways in
which this population biologically adjusts to such circumstances with very
little Western medical practices existing, and with no cultural and
technological modifications of hypoxic stress possible.

A study of Group A arboviruses in the South Pacific has recently been
completed and published in collaboration with Dr. L. Rosen and Dr. R. Tesh of
NIAID, in which we and the Hawaii laboratory have elucidated the extent and
range of these viruses from Southeast Asia to Micronesia, New Hebrides, the
Solomon Islands and New Guinea. Under investigation currently are the
Group B arboviruses, the results of which will be published this year.

Studies of Clostridium tetani are in progress to determine if natural
immunity exists in isolated human populations throughout the world. In view
of the recent indications that a natural immunity to the toxin may exist, a
worldwide serological survey of isolated populations which are without prior
significant contact with people outside their areas or with immunization
p'rograms is currently being conducted.

During the course of investigations of kuru and other subacute and
degenerative neurological disorders, long-term studies of the human biology of
the affected populations and non-affected control populations were undertaken
toward elucidating the causes and etiological factors contributing to the
expression of these diseases. The major groups under study are Melanesian
natives living as population isolates in the Eastern Highlands of Papua New
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Guinea. These investigations have included surveys of such populations to

determine the spectrum of disease incidence, and to assess the present and

past impact of various diseases on these populations. Field evaluations are

supplemented by serological tests, including complement fixation,
neutralization, hemagglutination inhibition and fluorescent antibody
determinations to detect the presence of specific antibody to a wide range of

microbial pathogens. Such seroepidemiological studies of primitive isolated
populations in conjunction with other epidemiological, ecological, genetic,

immunological and biochemical data provide unique opportunities for

investigating the pathogenesis and etiology of many diseases in a situation
more amenable to analysis than is the complex situation that exists in
advanced cosmopolitan communities. ^ A series of papers are underway, some are

already published, which report the results of the seroepidemiological survey
of the Eastern Highlands of Papua New Guinea, West New Guinea and Micronesia.
These include studies on the incidence and age distribution of infections with
bacteria and viruses, rickettsiae, parasitic helminths and protozoa,
mycoplasma, treponemata, leptospirae, Bedsoniae, and fungi.

Potent tools of mathematical population genetics have been used with our

massive genetic pleomorphism data on primitive groups for the analyses of the

multilocus genetic effects in determining expression of neurological diseases

such as kuru and a similar approach is imder way for the transmissible virus

dementias. Genetic distance techniques, including genetic tree construction
and principal components analyses are also used. From populations in the

Eastern Highlands of New Guinea, red cells, serum and leucocyte types have
been analyzed for major genetic polymorphic systems. These include ABO, MNS,

Rh, Kell, Diego, Duffy, Wright, Lewis and P blood group systems; serimi

protein polymorphic factors: transferrins, haptoglobins, albumin, group-

specific protein (Gc) and Gm and Inv allotypes of immunoglobin G, and many red

cell enzymes. Such genetic studies are used to test for degrees of

population isolation, drift, migration, and vinusual gene frequencies as might

occur. The possibility of detecting associations of genetic factors with
disease underlies much of the motivation of this quest. For kuru and ALS-PD,

as in multiple sclerosis and ankylosing spongylitis, there is already some

success in this direction.

Growth and development studies in primitive New Guinea cultures have
yielded evidence for delayed puberty, slow growth rates, and early aging in
certain peoples, particularly for the short-statured populations in the

Highlands of New Guinea. Preliminary evidence suggests high levels of

pituitary growth hormone from the pituitary glands obtained at autopsy, and
in serum specimens. The growth rate seems to be proportional to, and the age

of puberty inversely proportional to the mean adult stature. Extreme early
aging of a small subset of individuals in several Highland cultures,

associated with small stature and later puberty, is under Investigation.

Our efforts to document the development and neurological patterning in

the disappearing primitive cultures has resulted in one of the largest

archives of such documentation in the world. The collection and preservation
of cinema data from New Guinean, Oceanian, African, Australian aborigine and
American Indian groups as they live as hunter-gatherers or primitive hoe and
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digging stick agriculturists, provided for many years the only such
documentation of the life and behavior of man as he lived and evolved for

most of his evolutionary history of about three million years.

This section has now been instrumental in establishing and financing the

National Anthropological Film Center at the Smithsonian Institution. The
Director of this new national facility was transferred to the Smithsonian
Institution from this NINCDS project, where he was trained and had worked for

over a decade. The large section of research films which form the nucleus of
that new Smithsonian Archive of the National Anthropological Film Center, were
films transferred from the NINCDS Archive where all of the research films for
this new facility had been prepared. The methods and procedures for
documenting and of preparing and preserving research films developed in this
section are now generally in use in that Archive, and elsewhere.

Currently, studies using cinema recordings of diverse tremors and
movement disorders in culturally, ethnically and geographically isolated
populations are in progress. Similarly, the study of chronological
progression of Creutzfeldt-Jakob disease, kuru and ALS-PD, and muscular
dystrophy is being attempted by comparisons of cinema records during different
stages of the disease in a given patient.

Cinema analysis of hysterical equivalents or dissociation syndromes and
other "infectious", often epidemic movement disorders akin to amok, koro,
lulu, latah, sangtaingua and "wild man" behavior in Melanesian, Micronesian
and Malaysian populations is underway as part of a major study of culturally
patterned and determined modes of psychological breakdown. Many of these
syndromes closely resemble epilepsy, tetanus, kuru and other neurological
movement disorders. The mechanisms of copying and mimicking and reenacting
patterned behavior involved in these culturally specific S3mdromes, suggest
parallels in such widely diverse phenomena as those of sighting unidentified
flying objects; faddish phenomena, such as panty raids, summer riots, sudden
changes of tonsorial and dress style; fashions of hijacking, sit-ins, drug
abuse, and epidemic suicides, kidnappings or assassinations; tarantula,
shakers and other dance manias; confessions of witchcraft; consumer
purchasing; and many other follow-the-leader social phenonena. Faddish and
fashionable pursuit of goals, techniques or ideas, is only too evident in our
own fields of research as well. That they may have un understandable
neurophysiological substratum, as Paul MacLean's studies indicate, in
echolalia, echopraxia and suggestibility in hysteria patients is entertained.

Our many and diverse investigations have evolved about the theme of
elucidating the medical problems in the cultures of primitive man, or man
living in small isolated communities, by carefully selecting problems of
immunological, virological, biochemical, genetic, reproductive biological,
endocrinological, nutritional and psychiatric interest which are pertinent to
long-term studies of growth, behavior, emotional responses to stress and human
biology and disease pattern in these groups. This opportunistic use and study
of such "natural experiments" has already resulted in major contributions to
microbiology, molecular biology, genetics, biochemistry, endocrinology and
other basic sciences and also to many clinical disciplines of importance far
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beyond the application of the findings to the problems encountered in the
primitive or isolated comD-Lunities studied. The value of these findings to

the people under investigation, suffering inordinately from the disorders
that have focused our attention, is obvious.
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Sub-Project I: Attempts to isolate, identify and characterize
transmissible agents from humans and animals with

subacute degenerative diseases of the central nervous
system: transmissible heredofamilial diseases,

pre-senile and senile dementias of the sporadic and

familial types and primary sclerosing and demyelinating
diseases.

Sub-Project II: Characterization and pathogenesis of kuru virus.

Sub-Project III: Characterization and pathogenesis of Creutzfeldt-Jakob
disease (transmissible dementia) virus.

Sub-Project IV: Scrapie: studies on the purification, physical and
biological characterization and nature of the virus.

Sub-Project V: In vivo and in vitro host range of the subacute
spongiform virus encephalopathies.

Sub-Project VI: Isolation and characterization of adenovirus from the
urine of chimpanzees.

Sub-Project VII: Fluorescent antibody studies on the intracellular
localization and identification of viral antigens in
vivo and In vitro in tissues from patients with
subacute diseases of the CNS.

Sub-Project VIII: Tissue and cell culture in vitro studies of virus induced
slow infections of man and animals,

Sub-Project IX: The syncytium forming viruses (simian and human foamy
viruses)

.

Sub-Project X: Studies on transformed human brain tissue in vitro and
characterization of associated virus.

Sub-Project XI: Electron microscopic membrane studies of subacute
spongiform virus encephalopathies.

Sub-Project XII: Characterization and identification of new herpes
viruses from explant cultures of tissues from sub-human
primates.

Sub-Project XIII: Studies on persistent asymptomatic cytomegalovirus
infections of healthy rhesus monkeys.

Sub-Project XIV: Focal movement disorders in rhesus monkeys following
experimental infection with a strain of tick-borne
encephalitis virus.
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Development of serological and innnunological test system
for use in the study of slow infections of the CNS.

Immxme responsiveness of multiple sclerosis patients to

established viral antigens by detection of specific
antibodies in serinn and cerebrospinal fluids collected
serially during remission and exacerbation.

Animal management and intercurrent diseases in sub-human
primates on long-term studies of slow infections.

Studies to determine the possible presence of cryptic
viral genomes in human brain tissues.

Sequential development of kuru induced neuropathological
lesions in spider monkeys.

Studies on the isolation, characterization,
identification and pathogenicity of type C viruses from
human and animal tissues.

Biochemical studies of the etiology of amyotrophic
lateral sclerosis and Parkinsonism dementia.

In vitro transformation of CNS cells persistently
infected with subacute spongiform virus
encephalopathies.

Study of mitochondrial mutants from scrapie infected
mouse brain cells.

Previous Serial Number: NDS (I)-65CNSS 969

Project Description: Chronic Central Nervous System Disease Studies
(described fully on pages 26r through 39r)

.

Publications: Listed on pages 4 Or through 44r.

The projects (I through XKIII) listed herein, as itemized in the Project
Reports of previous years, have continued throughout this year and have been
expanded, as are reflected in the extensive list of publications and the
summary in pages 26r - 44r. Contractural phases of this work are being
conducted at:

Gulf South Research Institute, New Iberia, Louisiana $ 445,000
Public Health Research Institute of New York, Otisville 74,000
Center for Primate Biology, University of California,

Davis, California 100,000
Department of Molecular Biology, University of Connecticut 101,000
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m
CHRONIC CENTRAL NERVOUS SYSTEM DISEASE STUDIES:

Study of Slow, Latent and Temperate Virus Infections

Viral diseases have generally been considered acute and self-limiting,
leading quickly to either death or recovery. Chronic diseases not otherwise
classifible have long been labeled as degenerative. We have now proven that
certain types of heredofamilial, presenile and senile dementias of the kuru,
Creutzfeldt-Jakob disease and familial Alzheimer's disease types are slowly
evolving infections of the central nervous system induced by viruses. These
viruses have unusual biological and biochemical properties and we thus refer
to them as the "unconventional" viruses belonging to the group subacute
spongiform encephalopathies. Other central nervous system diseases
associated with "slow infectious processes", such as progressive multifocal
leucoencephalopathy and subacute sclerosing panencephalitis, are caused by the
more conventional type viruses such as papovavi ruses (JC and SV-40) , measles,
and rubella. Most subacute and chronic progressive degenerative diseases of
the central nervous system have been classified as disorders of unknown
etiology. Few, if any, are curable and although some are genetically
determined, many cases of the same disorders are sporadic and do not have a
history in a close relative. That apparently heredofamilial forms of some
progressive degenerative disorders would prove transmissible as their sporadic
counterparts came as a surprise and awakened the possibility of a pathogenesis
regulated by a genetically determined susceptibility, or a turning on, or
derepression, of a usually masked or latent, potentially slow-acting virus.

Kuru proved the first chronic human neurologic disease to be a virus-
induced slow infection. The demonstrated transmissibility of this disease set
the field for intensive investigation of many more important degenerative
diseases that we then realized might have related pathogenesis. Thus, soon
after the transmission of kuru, the presenile dementias of the Creutzfeldt-
Jakob type were proved to be equivalents of kuru, but with worldwide nonexotic
distribution. Both the sporadic and familial forms of this type of dementia
have now been shown to be transmissible to a wide variety of experimental
hosts. We have recently demonstrated that the virus of CJD in human brain
tissue is not inactivated following more than 8 months storage in 10% formal-
saline fixative. The disease is transmissible from human to human by trans-
plantation surgery and is associated with an incubation period of 18 months.
Studies on the pathogenesis of the disease in human patients have shown that
the virus reaches high concentration in brain and is widely distributed in
many tissues of the patient, e.g. brain, liver, kidney, cornea, lymph nodes.
The occurrence of this disease in a pediatric neurosurgeon suggests strongly
the possibility of occupational hazards in the handling of tissues of CJD
patients. The development of the disease in a recipient of corneal grafts
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from a donor dying with CJD warrants grave concern over the utilization for

transplantation of tissues from donors dying with any of the currently
recognized presenile and senile dementias and sclerosing diseases.

Prior to our isolation of the virus of transmissible presenile deman':

of the Creutzfeld t-Jakob type, the world literature contained references tc

about 150 cases of this disease. Since 1968 we have collected tissues at

surgical biopsy or early autopsy from more than 250 additional cases and have
records on many more suggesting an annual incidence of about 1-2 per millicn
population. We have been aware of occasional clustering of cases in small
populations, admittedly lacking in natural boundaries, and the unexplained
absence of any cases over periods of many years in some large population
centers where, at an earlier date, cases were more frequent. This geographic

and temporal clustering does not apply to a majority of cases and is

unexplained by the 10% of the cases that are familial. Matthews has recently
made a similar observation in two clusters in England. There are two reports
of conjugal disease in which husband and wife died of CJD within a few years
of each other. The demonstration of a 30-fold higher incidence of CJ disease
in Israel in Jews of origin from Libya (31.3 per million population) above

that in those of European origin, may offer important epidemiological clues

toward the elucidation of the source of infection. Although most cases of CJ

disease are sporadic there are families in which the disease has occurred in

siblings, parents and close maternal and/or paternal relatives over several

generations. We have inoculated specimens from 11 familial cases. From 6

such families the virus has now been isolated by the experimental transmission
of the disease to nonhuman primates of several species, demonstrating for the

first time that in MAN disease with apparently genetic determination may by

caused by a "slow virus". In addition to the familial cases we have
transmitted CJD from 60 sporadic cases.

These findings have added impetus to our already extensive studies of

Huntington's chorea. Pick's disease, Parkinsonism-dementia and even senile

dementia. They have formed the basis of our most recent discovery that two

cases of familial Alzheimer's disease were transmissible to nonhuman primates

inducing a fatal subacute spongiform encephalopathy in the experimental host

and associated with incubation periods of 23 and 29 months, respectively,

which is not unlike those observed in animals dying with experimental CJD. It

is worthy to note that the brain biopsy tissue of one of the patients that

caused a fatal disease in the nonhuman primate is from a patient who is still

alive and demented 4 years following neurosurgery. More recently we have

observed a fatal subacute central nervous system disease in primates
inoculated with brain tissue from a patient that had died with a diagnosis

clinically and histologically of progressive supranuclear palsy. Thus, these

investigations have so broadened the picture of CJ disease that we now must

refer to transmissible virus dementias . This is necessary, since the diseases

in patients with subacute or chronic dementia whose clinical and pathological

diagnosis have been Alzheimer's disease, papulosis atrophicans maligna of

Degos, and progressive supranuclear palsy have been transmitted to nonhuman

primates as subacute spongiform encephalopathies. Thus, the trail from kuru

to CJ disease now embraces studies of presenile and senile dementias of all

sorts, including "dementia praecox", the organic brain disease associated with

late uncontrolled schizophrenia.
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The demonstration that non-inflannnatory chronic degenerative, even

heredofamilial, central nervous system disorders can be of virus etiology made

possible the demonstration that subacute sclerosing panencephalitis of

children and adolescents and progressive multifocal leucoencephalopathy were

also "slow virus diseases'". These models, namely that of defective virus

infections with cell-to-cell spread of virus or replicating virus subunits,

and that of long latent, masked or suppressed infection reactivated by
immunosuppression have led to reconsideration of the possibility that slow and

defective infection may underlie the pathogenesis of multiple sclerosis,

amyotrophic lateral sclerosis, Parkinson's disease and many other degenerative
CNS disorders.

The immunological investigation of antibody activities in the
cerebrospinal fluid and serum of multiple sclerosis patients, particularly
those with acute courses as in neuromyelitis optica or Devic's sjmdrome, has
led to our suspicion that not all but at least some of these patients are
suffering from delayed and slow, defective virus infections, probably with
defective measles virus or with an as yet unidentified myxovirus antigenically
related to measles. Intensive studies with whole virus and virus subunit
antigens of serial CSF and sera, and y-globulin extracted from autopsy brain
specimens for antibody activity is underway in attempts to find clues as to
the possible role of virus infection in this disease. Nucleic acid homology
studies using MS and ALS brain tissue and purified viral nucleic acid probes
made from selected candidate viruses are being pursued.

The seroepidemlological study of the JC papovavirus isolated from the
brains of patients dying with PML has confirmed the hypothesis that this
disease may be caused by a latent virus which infected man early in life. We
have determined the presence and patterns of the acquisition of antibodies to
JC, BK, and SV-40 papovaviruses in isolated primitive groups with no contact
either with subhuman primates or with vaccines. This has helped elucidate
the biological behavior of these viruses.

In an attempt to unmask the viruses in diseases suspected of being caused
by defective or masked virus infection, we are studying brain cells and cells
derived from visceral tissues that have been grown ^Jl vitro by both primary
explant and trypsinized disruption techniques from human and nonhuman tissues
obtained at surgical biopsy or early autopsy. Co-cultivation, cell fusion
with sendai and lysolecithin, and shocking with BrdU and IrdU induction are
major techniques employed. The presence of a virus in these cultures is
sought by a search for cpe, hemadsorption, staining for inclusion bodies and
fluorescent antibodies, interferon production, viral interference, exposure
to cytotoxic antibody, and visualization of virus particles by electron
microscopy.

As a byproduct to the work, many masked and latent viruses have been
isolated from tissues obtained from chimpanzees and many species of old world
and new world monkeys. These include herpesviruses, new ape and simian
adenoviruses, a wide series of new simian foamy viruses and several strains of
type C oncornaviruses from the brains of three gibbon apes. These three type
C viruses (GBr-l, GBr-2 and GBr-3) were isolated by co- cultivation of normal
gibbon ape brain tissues with cultured mammalian cell lines. The tissues,
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frozen since 1968, were obtained from two animals inoculated with brain

extracts from human patients with kuru and from one uninoculated cagemate.

By viral interference tests and by inmunologic studies of the viral

polymerases and major internal structural proteins (P-30) , the new isolates

are typical members of a .group cf mammalian type C viruses infectious for

primates. By nucleic acid hybridization, the viruses isolated from the

gibbon brains, while highly related to one another, can be readily

distinguished from the previously isolated type C viruses of this group. The

infectious type C viruses isolated to date can now be classified into four

listinct groups. A similar search for C particles in the human kuru brains

that had been used to inoculate two of the gibbon apes, employing identical

techniques, failed to elicit virus or reverse transcriptase.

Of particular interest has been the isolation of adenoviruses from the

urine of chimpanzees. Viruria has persisted in 3 chimpanzees for over 16

months. Two animals died but neither had viruria at the time of death and

cell cultures derived from the urinary tract of one animal grew normally
without cytopathic effect. Affected chimpanzees shed more than 10^ logs of

virus in their urine. The virus has been shown to induce lethal tumors in

aamsters. Studies of T-antigen associated with one of the new strains of

chimpanzee adenovirus (A-226-1) are in progress.

New simian foamy viruses continue to emerge from our cultivation of

nonhuman primate tissues ±n vitro . Although they are associated with a

reverse transcriptase they have not as yet caused cell transformation in vitro
nor have they induced tumors in vivo in monkeys or laboratory rodents. It has

been shown that these syncytia forming viruses are present not only in brains
but in all major organs, lymphocytes and placental tissues of nonhuman
primates. In every instance tested homologous antibody is present in the

animal from whose tissues the virus has been isolated. During this past year
considerable emphasis has been placed on studies of the foamy viruses. This
has been warranted not only because they pose a unique problem in their
frequent detection in animal tissues without evidence of an associated
disease, but more because of the reported isolation by Epstein of a human
foamy virus from a patient with nasopharyngeal carcinoma and the isolation by
Balayan in Entebbe of two additional syncytium forming viruses from Burkitt's
lymphoma organ cultures. Their role in the etiology of disease is presently
unknown but we have extensive studies underway to determine the significance
of these viruses. We have recently completed a "cross" fluorescent-antibody
study of the Epstein human foamy and simian foamy serotjrpes 1 thru 8 in an
effort to determine if a serological relationship exists between the human
isolate and the simian prototype viruses. Thus far, these studies show that

using indirect and direct FA tests a strong two-way cross-relationship exists
between simian foamy virus type 6 isolated from the chimpanzee and the human
foamy virus. This has been confirmed by neutralization studies. No cross
reactivity has been demonstrated to foamy viruses types 1, 2 or 3 by either
foamy type 6 or the Epstein human foamy virus. Scores of human sera have been
examined for antibody to the human virus but no positive sera have been found.
Additional studies employing sera from East African patients with
nasophamygeal carcinoma and controls are being pursued. The data thus far
strongly suggest that the Epstein foamy virus may be another strain of
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chimpanzee type 6 foamy virus possible acquired through contact. Molecular
hybridization studies to determine sequence of viral genomes shared by these
two viruses are underway in collaboration with Todaro and his group at NCI.
During this fiscal year we have isolated additional strains of foamy viruses
from chimpanzees (4), cynomolgus (1), rhesus (1), and spider (1) monkeys. Of
interest is the new spider isolate which appears to be a second serotype
isolated from this species of new world monkey.

Thus, although a plethora of virus strains have been successfully
unmasked in tissues from nonhuman primates grown in vitro the same techniques
applied to human tissues in our search for latent, masked and incomplete
viruses in human tissues, particularly of the central nervous system, have not
proved rewarding. A total of 125 human tissue specimens were received in
tissue culture fluids during this reporting period. Sixty-five of these were
from autopsy or skin biopsy specimens from patients with ALS or ALS-PD on
Guam and 60 were from patients dying with other diseases, e.g. CJD (4),
astrocytomas (2) , dementia of unknown etiology (2) , multiple sclerosis (1)

,

and glial sarcoma (1). More than 1000 ampules, each containing 10^ to 10^

viable cells of these established cell lines were prepared and stored in
liquid nitrogen. Coverslip preparations of selected cultures were made for
FA and acridine orange staining and some were stored at -70°C for future
testing. Supernatant fluids of selected cultures were tested for viruses by
subculturing onto primary HEK and WI-38 cells. No cytopathogenic agents were
detected.

In one instance a very thorough search using viral interference and FA
techniques was made to find rubella virus in the brain of a patient with MS
and high specific rubella virus antibody titers. No agent was isolated and
falling antibody titers to the rubella antigen suggested that the patient may
simply have undergone an incidental preceding infection. In yet another
instance, a radical left hemispherectomy was performed on an MS patient in
Vienna, Austria and the biopsied tissues were submitted to our laboratory for
study. A major effort is being made to isolate an agent from these tissues by
direct animal Inoculation and by in vitro studies. Co-cultivation of this
brain upon receipt with 12 established cell lines of various type tissues has
yielded no recognizable cpe, no evidence of hemagglutination (tested at
passage levels 2 and 4), and no evidence of reverse transcriptase.
Lysolecithin fusion' and low temperature fusion of the patients brain cell line
and normal human brain with MA-184, MA-134 and MA-104 cells has yielded no
recognizable cpe or hemagglutinin. BrdU and IrdU treatment of the MS and
normal human brain cultures co-cultivated with MA-184, MA-134, and MA-104 cell
lines showed no reverse transcriptase or HA activity. HA activity was not
detected in allantoic fluids harvested on day 13 from embryonated hens' eggs
inoculated on day 8 with fused MS and normal human brain cultures. Further
passages of allantoic fluids in embryonated eggs is underway and a].l specimens
are being tested for HA activity. The diagnosis of MS made by the
contributing physician was confirmed in the US on gluteraldehyde fixed brain
tissue which contained new active plaques and evidence of old plaques. Some
of this material has been made available under code for testing tor the
presence of the putative MS virus from Henle in Philadelphia.
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The long maintenance of brain cells, presumably astroglial ceils,

dedifferentiated on passage to resemble fibroblasts, regularly result in cell
lines which propagate for very long periods or indefinitely and show many
properties that suggest transformation. We have been impressed at the bei .^i

and quicker growth of brain cell extract cultures from subjects with subaL...

spongiform virus encephalopathies than from accident victims and normal
animals. The more obvious transformation, with full loss of contact
inhibition among cells, has occurred in three cases with human brain cells anr)

two cases of mouse brain cells, one derived from normal mice and the other
from scrapie-infected mice, respectively. In the first instance of human
brain cell transformation, a CJ disease patient's brain derived cell line
spontaneously transformed at the third serial subculture level and was
subsequently shown to be carrying a Mason-Pfizer monkey mammary tumor virus
related agent (MP-MV oncornavirus) . The "C" type particle isolated from these
transformed cells is weakly associated with a reverse transcriptase and by
molecular hybridization studies has been shown to be closely related but not
identical to MP-MV. The validity of this isolate from human brain has been
supported by the work of other investigators who have, subsequent to our

report, isolated similar tj^je MP-MV related viruses from human tissues. The
other two transformations we have observed have occurred in two brain cell

lines from CJ patients which showed full loss of contact inhibition but
without the presence of recognizable virions in the transformed cells. In

addition, a transformed cell line from a class II astrocytoma has been
established and carried for many passages suggesting infinite duration;
however, we have not been able to isolate an agent. The cultures from this

astrocytoma do not manifest a reverse transcriptase either on their own or

following co-cultivation on "C" type virus permissive cell lines, and they do

not inducfe tumors or clinical disease in animals. Finally, it is significant
to note that many of our cell lines derived from central nervous system and

other types of tissues from htimans and experimentally inoculated and control
animals appear to have unexpectedly long life, suggestive of transformed
cells. Studies are underway to determine the state of these cell lines; they

are being routinely monitored for evidence of reverse transcriptase. Thus,

these apparent transformations and hte occasional sudden spontaneous complete

transformation of human brain cell lines continue to stimulate speculation
that the slow virus-cell interaction in the degenerative central nervous
system diseases may be related to the slow virus-cell interaction in cell

transformation and carcinogenesis. The use of the term "temperate" in naming
our laboratory in 1962 seems to have been prophetic.

The remarkable demonstration that subacute fatal brain diseases are

transmissible highly pathogenic diseases has overshadowed the full

appreciation that they are caused by a group of "atypical" and "unconventional"

viruses unlike any others known to physicians and microbiologists in the

field of infectious diseases, which we have termed the subacute spongiform
virus encephalopathies. Other central nervous system degenerative diseases

are slow, rumbling, non-productive even defective infections caused by viruses

such as measles, rubella, cytomegalovirus, herpes simplex, adenovirus type 32,

and true encephalitis viruses. The "atypical" viruses (kuru, Crautzfeldt-

Jakob disease, familial Alzheimer's disease, scrapie and transmissible mink

encephalopathy) are serially transmissible, self-replicating agents that pass

through membrane filters which withhold all bacterial-sized microorganisms.
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They cause a fatal disease reproducible with only slight variations noted in

the incubation periods, clinical signs and neuropathological lesions they

induce in a wide variety of experimental hosts. The "atypical" viruses
(kuru, CJD, scrapie and TME) have unusual resistance to ultraviolet radiation

and ionizing radiation, to ultrasonication, to heat, proteases and nucleases
and to formaldehyde. They are not associated with a recognizable virion on

electron microscopic study of infected cells in vivo or J^ vitro , or

concentrated virus preparations by zonal sucrose density banding.

The atypical properties of scrapie have led to speculations that scrapie
lacks nucleic acid and may be a "self-replicating" membrane fragment. Our
data have demonstrated that scrapie infectivity is intimately associated with
the plasma membrane of infected cells, but our working hypothesis on the
nature of scrapie includes nucleic acid of small molecular weight. Thus, a

major effort in this laboratory has been and continues to be directed toward
the molecular-biological elucidation of the composition, structure and
interrelationships of this group of atypical viruses. On the molecular level
two approaches to the Iji vitro monitoring of plcogram quantities of scrapie
specific nucleic acid extracted from infected brain are being tested. The
first is nonenzymatic labeling with ^25-[- ^y ^ modified Commerforal procedure.
The second is long term exposure of ethidium fluorescence by utilizing slab
gel electrophoresis in direct comparison of nucleic acid extracts.

Scrapie virus has been partially purified by fluorocarbon precipitation
of proteins and density gradient banding using the zonal rotor technique.
Low-speed supernatants of pressure-disrupted scrapie infected mouse brains
were fractionated either directly or after differential ultrafiltration by
isopynic centrifugation in buffered sucrose gradients. In the former
experiment, 86% of the recovered scrapie infectivity was concentrated in three
peaks of densities, 1.19, 1.26, and 1.29 grams per ml. In the later
experiment, after ultrafiltration, 87% of the recovered infectivity was
distributed heterogeneously from density 1.14 to 1.24 grams per ml. Although
the infectivity regions contained considerable UV 260 and 280 nm absorbing
material, the absorbance profiles did not suggest any obvious correlation
with the infectivity peaks. The three lysosomal (N-acetyl-6-IVglucosaminidase,
acid phosphatase, 6-galactosidase) and one mitochondrial (INT-succinate
reductase) enzyme activities assayed banded at lower densities than the
infectivity peaks. Electron microscopy revealed smooth vesicular membranes
and mitochondrial fragments in all regions containing high infectivity. In
another series of similar experiments on the purification and concentration
of scrapie, infected mouse brain suspensions were processed through cell
disruption by pressure bomb, centrifuged, filtered and sonicated to produce a
"cleaner" preparation of infected starting materials with which to perform
density gradients, simultaneously, on CsCl, sucrose, and metrizamide. The
goal was to determine whether the density of the infective particle is
influenced by physical characteristics of the gradient material. Preliminary
results indicate that freeze-thaw cycles do not affect the distribution of
infectivity although they markedly affect the distribution of protein and
nucleic acid in the gradient. Further, infectivity is well preserved in CsCl
over the time limit tested and the distribution of infectivity is the
different gradient materials is similar, with a broad peak at about a density
of 1.20 grams per ml.
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We have continued our work in collaboration with Dr. Raymond LaLarJeL uii

inactlvation of scrapie, kuru and CJD viruses by UV irradiation and ionizing

irradiation. The results of these studies confirm the reported high

resistance of scrapie virus to UV inactivation at 250 nm and an UV

inactivation actio.-, spectrum with 6-fold increased sensitivity at 237 nm over

that an 254 nm or 280 nm. This may not be taken as proof that no genetic

information exists in the scrapie virus as DNA or RNA molecules since work

with the smallest viruses, called viroids, indicates a similar resistance to

UV inactivation in crude infected plant sap preparations. There is also a

great effect of small RNA size on UV sensitivity, as has been shown by the

high resistance of the purified viroid KNA to UV inactivation, and a similar

high UV resistance with the purified very small RNA (80-100,000 daltons MW)

of tobacco ring spot satellite virus. Partial purification of scrapie
infected mouse brain with fluorocarbon selective deproteinization techniques

only slightly increases UV sensitivity at 254 nm. Fluorocarbon purified
scrapie was not inactivated by RNAase A, RNAase III or DNAase I. Autoclaving
(212°C/20 lbs psi for 45-60 mins) , dry heat sterilization procedures
(289 "0/2 hrs) and treatment with 5% sodium hypochlorite completely inactivated
scrapie virus both in whole tissues and in suspensions of infected tissues.

Working with Cho (Nature 257 : 685-686, 1975) we have been able to confirm
the presence of 12-14 nm size particles in normal and scrapie infected mouse
brains, and to extend these observations to normal and kuru and CJD-infected
chimpanzee brains which have undergone extensive extractions with fluorocarbon
followed by ultracentrifugation concentration. We have been unable, however,
to distinguish infected from uninfected tissue using Cho's method. We have
observed both the Cho-reported "infection specific band" from sedimentation to

equilibrium as well as "clear" 14 nm particles in both infected and uninfected
tissue. These same empty particles are remarkably similar in morphology, size
and density to those observed in purified preparations of horse ferritin.
However, due to the importance of Cho's claim to have isolated the scrapie
virus, we will continue to characterize the particles obtained from both
infected and uninfected tissues, by immunological and biochemical methods in
order to establish their identifies more definitively. Our data strongly
suggest that the 12-14 nm particles are apoferritin particles and not
the viruses of scrapie, kuru or Creutzfeldt-Jakob disease.

In the previous annual report we gave preliminary data on the use of
freeze- fracture studies of cell membranes of scrapie-affected mouse
cerebellum. These studies had been initiated in the hope of better defining
the membrane subunit structures we assume contain the infectious genome of
scrapie. During this year these studies to elicit structural changes in the
membrane of cells infected with scrapie were continued. Control mice and mice
inoculated with scrapie virus, matched as to source, strain and age, were
perfused with aldehyde fixatives through the heart, during the asymptomatic
incubation period and in various stages of clinical disease. Fixed brain
slices and pellets were frozen in glycerol and freeze fractured in a Balzer
freeze-etcher apparatus. Replicas of the fractured membrane were then studied
under EM. Structural changes were observed in the membranes of cells from
scrapie-infected mice but not in the brains from normal control mice. In the
scrapie brain abnormal changes were observed in the neural and astrocytic
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membranes of clinically-affected mice. The inner most limiting membrane of
vacuole walls lacked the intramembrane particles present on normal neuronal
and glial meinbranes. Astrocytes around the vacuoles were characterized by an
increased number of "assemblies". Structural abnormalities were also
observed in membranes at some distance from the vacuoles. The unusual
fracturing pattern observed suggested that abnormal adherence might exist
between cells at a point where infection is spreading from cell to cell. The
freeze-fracture technique failed to demonstrate a scrapie specific virus-like
structure.

Preliminary studies already reveal the same type of structural changes of
membrane in brain cells from CJD infected tissues. Attempts are in progress
to characterize further the vacuoles of status spongiosis in both human
(original) and nonhuman primate (transmitted) CJ diseases by correlating the
findings of transmission (TEM) and scanning (SEM) electron microscopy. Both
the biopsied and autopsied brain specimens from two CJD patients and two CJD
monkeys (1 spider and 1 capuchin) were prefixed in gluteraldehyde . The
monkeys were killed by Kamovsky's perfusion method. All tissues were
post-osmicated for both TEM and SEM. For SEM, the fixed specimens were placed
in acetone, freeze-fractured in liquid nitrogen, and then critical-point dried
before cooling with gold for SEM. Both human and monkey specimens were
processed in the same manner along with two human controls and a normal
monkey. Vacuoles were readily detected on both TEM and SEM and appeared to be
composed of clusters of blisters of varied sizes. On SEM, these vacuoles
contained ruptured or intact physaliphorous blisters of which inner and outer
surfaces are attached with small vesicles (70 to 150 nm) and particles. The
outer surfaces of the blisters are uneven and often demonstrate a
superficially ulcerated appearance in comparison to the smooth fractured
surfaces in the vicinity. On TEM, many small vesicles within the blisters
suggest that at least some of the blisters are derived from swollen terminal
axons. The membranes of the blisters are irregularly curled and fragmented
and often appear puffy and amorphous. They are associated with fine dense

,
granules (5 to 10 nm) in chains resembling staining precipitates. This puffy
membrane may not be a tangentially cut unit membrane, but an altered and
focally thickened membrane. The features of the vacuoles, on either TEM or
SEM, in the human and monkey CJ diseases are essentially identical and no
similar changes were observed in control human and monkey brains examined.
Too little is known about the appearance of various pathological states in
freeze-fractured neural membranes to determine whether any of these changes
are specific to scrapie and CJ disease. They are changes absent in normal
tissues examined and may represent changes in the organizations of proteins
associated with the development of virus infectivity in membrane subunits.

In an attempt to develop in vitro method of studying scrapie, Kuru and
CJD we have prepared SV-40 virus-infected cultures from brains of chimpanzees
with experimental kuru and CJ disease, brain cell lines derived from each of
two patients with CJ disease, and mice and hamsters with scrapie disease.
These cultures appear to be altered in properties so that they grow faster
than the original cultures (transformed), and all express SV-40 T-antigens.
Animals have been inoculated with aliquots of these cultures to determine if
the agents of spongiform encephalopathy persist and/or replicate in these
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transformed cell lines. If virus replication continues in such cells with
rapid c^ll division rate we would have a much needed tool for scrapie work
both for providing known scrapie infected cells and for production of large
quantities of infectious virus.

To investigate the intracellular location of the scrapie virus by the
techniques of cell enucleation and cytoplasm fusion we have derived a mutant
brain cell using one of the scrapie mouse brain cultures infected with SV-4C
virus, and selecting clones of cells highly resistant to ordinarily lethal
doses of chloramphenicol. Simultaneous resistance to amphotericin-B
demonstrates that this is not due to altered permeability; chloramphenicol
resistance of this type is known to be carried by mitochondrial genes.

We have continued our work on the host range of the subacute spongiform
virus encephalopathies. The cat is susceptible to CJ disease; the mink is

susceptible to kuru. We expect that these two non-primate hosts for the
human virus infections will make further study of these viruses somewhat less

expensive. We are trying to confirm the reports of the transmission of CJ

disease to mice and to guinea pigs; in our earlier work these species have not
been susceptible.

The transmission and serial passage of scrapie virus from American
scrapied sheep brain, as well as from goats and mice infected experimentally,
to several species of new world and old world monkeys, with disease clinically
and pathologically indistinguishable from that produced by CJ disease in the
experimental primates, has reawakened our earlier suspicions that scrapie may
be closely related to the occurrence of the subacute spongiform virus
encephalopathies in man. In these studies we have demonstrated evidence of

virus-strain variation. Passage of the English strain of scrapie (Compton)

through nonhuman primates has altered its properties so that it has not yet
induced disease following inoculation of scrapie-infected monkey brain into

sheep, goats or several mouse lines known to be susceptible. In contrast,
passage of American strains of scrapie through nonhuman primates has not
altered their host range and inoculation of these materials into sheep, goats

and mice results in clinically and histologically confirmed scrapie. Thus,
the biological property of host range changes on passage in new hosts as do

those of incubation period and virulence. Such properties cannot be used to

establish relationships between the atypical viruses of this group. In the

absence, as yet, of proven antigenicity or identified nucleic acid in the
agents, neither serological specificity nor nucleic acid homology can be used
to answer the compelling question of the relationship between the viruses of

kuru, Creutzfeldt- Jakob disease, scrapie and transmissible mink encf-phalopathy

.

The NINCDS Research Center, located on Guam, for studying Amyotrophic
Lateral Sclerosis and parkinsonism-dementia among the Chamorro people on Guam
and in the Mariana Islands has been transfered to the scientific supervision
of this laboratory. In view of over two decades of fruitless search for the
etiology of either of these syndromes we have now done some hard thinking
about the future course of studies. For ALS-PD there are not the enticing
epidemiological data foxmd in multiple slcerosis which suggest strongly a

foreshadowing event in childhood which determines the likelihood of MS in
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later life, as the immunological finding of high measles active antibodies in

the CSF and serum, and of y-globulin changes suggestive of an infection-
precipitated immunological event. The extensive primate and small animal and

tissue culture inoculation studies on brain biopsy and early autopsy tissue

have all been negative. We have transferred part of our tissue culture
facility to the Guam laboratory and collected brain and visceral tissues from
early autopsies on ALS and PD and control patients to establish over 60 cell

lines of brain and peripheral tissues for biochemical and genetic and
microbiological study back at NIH and in collaborating laboratories abroad.
Also, we have established fibroblast cultures from many patients from skin
biopsies for similar studies. These have been successfully carried to the
NIH and to other laboratories. Extensive attempts to obtain a oncornavirus
from such cultures by co-cultivation with a "walpurgisnacht-like" array of

reputedly C-type virus-free cells (bat lung, dog thymus, gorilla brain,
human rhabdomyosarcoma, mink lung, rhesus lung, cat kidney, wild mouse)
used by Todaro in the National Cancer Institute's screening program with
monitoring for the appearance of reverse transcriptase activity of C-type
particles and electron microscope screening has yielded no agents in spite of
the usual success of such techniques when we use brain tissue from
chimpanzees, gibbons or monkeys (see above) . Biochemical and genetic analyses
are in progress and the aliquots of the live cells remain available in liquid
nitrogen storage.

Viola and Brody have previously reported that a DNA polymerase capable of
copying a UNA template was present in extremely low concentrations in brains
from Guamanians with ALS-PD. Only reactions using brains from Guamanian
patients and controls generated hydrogen bonded RNA-DNA hybrids, whereas a
number of controls and ALS patients from the United States with other
neurological diseases were negative. This "suggested" RNA instructed DNA
polymerase (RIDP) in Guamanian brains and not a normal cellular RNA-primed
DNA-dependent DNA polymerase. However, because these results were obtained
from relatively crude preparations of brain, in collaboration with Dr. Viola,
we begin a systematic fractionation and partial purification of the relevant
DNA-polymerase from normal brain and a comparison of these with DNA-polymerase
in ALS-PD brains to ascertain if a viral poljnnerase is present in the diseased
tissues. The long term goal of these studies is the unambiguous characteriza-
tion of viral RIDP in ALS-PD brains IF present, and the development of specific
antisera to this enzyme. During the first nine months of this study
significant accomplishments have been (1) development of the methodology for
DNA-polymerase purification from human brain; (2) partial purification and
characterization of two enzymes from normal brain not previously detected in
brain from any species; (3) systematic fractionation of normal human brain and
assay for endogenous RIDP activity with failure to detect this enzyme in such
normal control brain; (4) detection of an end-addition enzyme (terminal
deoxynucleotidyl transferase) in normal brain of potential general importance
in brain biology; and (5) large-scale purification of the DNA polymerase in
brains of Guamanian ALS-PD patients, designed to detect and purify any RIDP
present. Work has also continued on the application and development of
nucleic acid hybridization techniques for the detection of viral nucleotide
sequences in DNA extracted from diseased central nervous system tissues and
cells in vitro . Preparations of CNS DNA from Chamorro patients with ALS-PD
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have, within the limitations of the methods employed, been negative with

purified viral probes of poliovirus type 1, HSV-I, HSV-II, murine sarcoma

virus and Rauscher leukemia virus. The principal obstacles in these studies

have been difficulties in the preparation of pure viral probes of high
specific activity, ar -^ problems in the extraction of nucleic acids from frozen

tissueso Nevertheless, large quantities of unlabeled polio 1, polio 2, polio

3, HSV-I 3 HSV-II, visna virus and 1504 virus (neuropathic wild mouse
oncornavirus) have been prepared, concentrated and will be used in the

preparation of radioisotopically-labeled probes.

This year other studies on Guam have included HLA t3^ing, determining
immunoglobulin levels, cellular immunity as measured by both in vitro and
in vivo methods and establishment of extensive tissue culture work involving
diseased and control tissues. HLA typing was performed on 60 PD patients, 23

ALS patients and 67 controls. A higher percentage of W-16 (HLB-W39) a second
locus antigen was seen in the PD group (25%) , than in the ALS group (15%) and
in the controls (7%); these differences are not statistically significant.
The population studied showed a distribution of antigens commonly associated
with Oriental populations with a high preponderance of HLA 2, 9, 10, W-10 and
W-5 . HLA 3 and 7 were detected in only one ALS case and one control.
Immunoglobulin levels were measured in 57 normal Guamanians, 34 ALS patients
and 61 PD patients. IgA levels were significantly higher in PD patients than
in controls (255 - 11.7 lU/ml vs 223 - 8.9 lU/ml p < 0.05) while IgM levels
were significantly lower than control PD (162 - 9.7 lU/ml vs 200 - 12.4 lU/ml

p < 0.05) . ALS cases generally showed slightly higher levels of all three
immtmoglobulins than controls. Diminished cellular immunity as measured by
both in vitro and in vivo parameters exists in both ALS and PD patients.
Enumeration of T-cells by the Rosette method showed that both PD and ALS
patients were significantly lower than age-matched controls both by the
percentage of circulating lymphocytes that carried the marker and total number
of circulating_T-cells._|_ (ALS x = 970 - 41.0 p < 0.05; PD x = 866 - 80.0 p <

0.05; normals x = 1570 - 70.1 p < 0.05). Skin testing of both groups showed
that they were less reactive to three standard skin test antigens: PPD,
Candida extract, and streptokinase-streptodomase. The rosette totals
correlate with the skin test reactivity, in that those patients with the low
numbers of T-cells were least reactive on skin testing.

Our discovery of an even more intense high incidence ALS focus (although
smaller) in Jaqai and Aujni peoples of West New Guinea and the finding of
parkinsonism and dementia syndromes in high incidence in this totally
independent, genetically unrelated focus is further evidence that a common
etiology underlies the different clinical and pathological syndromes. These
foci of high incidence of ALS-PD have now been found in three Pacific
populations namely, the Kii Peninsula of Japan, southern West New Guinea, and
on Guam, Rota, Tinian and Saipan. These populations obviously continue to
represent potential but unsolved keys to the solution of the ALS enigma.

We have continued our previously reported studies on focal movement
disorder in rhesus monkeys following their experimental infection with a
strain of tick-borne encephalitis. Using the PK-15 cell-Langat virus plaque
system we examined neutralizing antibodies in the sera of monkeys recovering
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from experimental tick-borne encephalitis. No difference in antibody levels
was seen between monkeys with and without chronic movement disorders. Titers
were low, presumably because Langat virus was used instead of the homologous
strain of virus.

In yet another series of experiments we have been studying persistent
asymptomatic cytomegalovirus infections in monkeys. CMV antigens were
prepared for evaluating cell-mediated immunity (CMI) using the lymphocyte
transformation test, with incorporation of tritiated thymidine into TCA-
precipitable material as evidence of transformation. Preliminary tests, using
both live virus and UV-inactivated antigens, suggest that monkeys chronically
infected with CMV have persistently positive lymphocyte transformation in the
presence of homologous simian, but not with the antigenically related
heterologous simian or himian CMV's. The same seems to be true of humans. One
vervet monkey inoculated with rhesus CMV showed no evidence of acquired CMI to
the rhesus virus. Further immunization studies with monkey and human CMV's
are in progress. Finally, although we have never isolated CMV from chimpanzee
urine, we have detected antibodies in chimpanzee sera which react with human
and simian CMV antigens by FA.

Thus, the studies we have been conducting have provided new insights into
our understanding of the etiologies of chronic diseases of the human brain and
have been instrumental in providing additional models for studying the basic
mechanisms of persistent, latent, masked and defective viruses. The most
significant unanswered crucial questions arising from our studies on the
subacute spongiform virus encephalopathies are related to the biological
origin and mode of survival of the agents in nature and the relationship of
the transmissible agents to each other. The diseases these viruses evoke are
not artificial diseases, produced by researchers tampering with cellular
macromolecular structures, as some would have it. They are naturally
occurring diseases, for none of which do we know the mode of dissemination or
maintenance which is adequate to explain their long-term persistence. Fore
kuru, caused by the contamination of close kinsmen within a mourning family
group by the opening of the skull of dead victims in a rite of cannibalism,
during which all girls, women, babe-in-arms, and toddlers of the kuru victim's
family were thoroughly contaminated with the virus, seems to provide a full
explanation of the unique epidemiological findings in kuru and their change
over the past two d'ecades. The disease is gradually disappearing with the
cessation of cannibalism and has already disappeared in children, with
progressively increasing age of the youngest victim. However, this does not
provide us with a satisfactory explanation for the origin of kuru. Was it the

unlikely event of a sporadic case of worldwide CJD, which in the unusual
cultural setting of New Guinea produced a unique epidemic? Serial passage of

brain in man in successive cannibalistic rituals might have resulted in a

change in the clinical picture of the disease, with modification o^ the
virulence of the original agent. Another possibility might be that the serial
brain passage that occurred in this ritual inoculation of brain from
successive victims in multiple sequential passages into their kinsmen yielded
a new neurotrophic strain of virus from some well-known virus. We must also
wonder if a ubiquitous, or at least a well-known virus may not be modified
into a defective, incomplete, or highly integrated or repressed agent in vivo
in the course of its long masked state in the individual host. Such a
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modified virus may no longer be easily recognizable either antigenically or

structurally because of failure of full synthesis of viral subunits or of

their assembly into a known virion.

The successful transmissions of scrapie to five species of nonhuman

primates in which the virus induces a disease clinically and

neuropathologically indistinguishable from experimental CJD provides an

additional explanation for the origin of human spongiform encephalopathies.

Certain strains of the scrapie virus, as a result of passage into nonhuman

primates, develop an altered host range, for they no longer produce disease

when inoculated back into sheep, goats or mice. Our data make it clear that

neither the incubation periods nof host range, nor the distribution or

intensity of neuropathological lesions, can be interpreted as having any

significance toward unraveling the possible relationships of the four viruses

causing the subacute spongiform virus encephalopathies. The possibility that

all four of these viruses are not just closely related agents, but different

strains of a single virus which have been modified in different hosts, is

easily entertained. It is the unraveling of this problem that remains the

thrust of these studies.

39 r



Serial Nos. ZOl NS 00969 and 01282-12 CNSS

Publications

Asher, D.M., Gibbs, C.J., Jr. and Gajdusek, D.C.: Pathogenesis of spongi-

form encephalopathies. Ann. Clin. Lab. Sci . 6: 84-103, 1976.

Beck, E., Bak, I.J., Christ, J.F., Gajdusek, D.C., Gibbs, C. J. , Jr. and

Hassler, R. : Experimental kuru in the spider monkey. Histopathological

and ultrastructural studies of the brain during early stages of incubation.

Brain, 98: 592-612, 1975.

Benfante, R.J. and Gajdusek, D.C.: Serological measurement of specific
antibody as a tool in assessment of the impact of infectious diseases on

human populations. Am. J. Trop. Med. Hyg ., in press.

Brody, J. A. and Gibbs, C.J., Jr.: Chronic neurological diseases. Subacute
sclerosing panencephalitis, progressive multifocal leukoencephalopathy,
kuru, Creutzfeldt-Jakob disease. In Evans, A.S. (Ed.): Viral Infections
of Man . Chapter 24. New York, Plenum Press, pp 519-537, 1976.

Brown, P., Collins, W.E., Gajdusek, D.C. and Miller, L.H. : An evaluation
of malaria fluorescent antibody patterns in several remote island popula-
tions of the New Hebrides, Solomons, Western Carolines and New Guinea. Am .

J. Trop. Med. Hyg ., in press.

Brown, P. and Morris, J. A.: Serologic response to BK virus following human
infection with SV40. Proc. Soc. Exp. Biol. Med . 152: 130-131, 1976.

Brown, P., Sadowsky, D. and Gajdusek, D.C: Acute and chronic obstructive
airway disease in an isolated Pacific island population. Am. J. Epidemiol .,

in press.

Brown, P., Sarragne, M. , Chany, C. , Gibbs, C.J., Jr. and Gajdusek, D.C:
Tissue antagonists of interferon in primate brain. In Geraldes, A. (Ed.):
Effects of Interferon on Cells, Viruses and the Immune System . London,
Academic Press, pp. 337-343, 1975.

Brown, P., Tsai, T. and Gajdusek, D.C: Seroepidemiology of human papova-
viruses: discovery of virgin populations and some unusual patterns of anti-
body prevalence among remote peoples of the world. Am. J. Epidemiol . 102:
331-340, 1975.

DiGiacomo, R.7., Hooks, J.J., Gibbs, C.J., Jr. and Gajdusek, D.C: Pelvic
endometriosis and simian foamy virus infection in a pig-tailed macaque.
Vet . Pathol . , in press.

DiGiacomo, R.F., McDonagh, B.F., Gibbs, C.J., Jr. and Gajdusek, D.C: The
progression and evaluation of hematologic and serum biochemical values in
the chimpanzee. J. Med. Primatol. 4: 188-203, 1975.

4 Or



Serial Nos. ZOl NS 00969 and 01282-12 CNSS

£spana, C, Gajdusek, D.C., Gibbs, C.J., Jr. and Lock, K. : Transmission of

"rpnt^feldt-Jakob disea^se to the patas monkey (Erythrocebus patas) . With
cytopathological changes in vitro cultivated brain cells. Intervirology , in

press.

Espana, C, Gajdusek, D.C., Gibbs, C.J., Jr., Osborn, B.I., Gribble, D.H.

and Cardinet, G.H. : Transmission of Creutzfeldt-Jakob disease to the stump-
tail macaque (Macaca arctoides) . Proc. Soc. Exp. Biol. Med . 149: 723-724,

1975.

Gajdusek, D.C.: Slow and latent viruses and the aging nervous system. In

Maletta, G.J. (Ed.): Survey Report on the Aging Nervous System . DREW Publi-
cation No. (NIH) 74-296, pp. 149-167, 1974. Washington, D.C., Govt. Print,

Off.

Gajdusek, D.C.: Medical and population genetic survey of the Banks and
Torres Islands of the New Hebrides, and the southern islands of the British
Solomon Islands Protectorate. In Alpha Helix Research Program 1972-74 , pp.
25-32, 1975. UNOLS, University of California, San Diego.

Gajdusek, D.C.: The possibility of slow virus infection in the etiology of
rheumatoid arthritis. In Report of the Research Work Group, National Com-
mittee on Arthritis and Related Musculoskeletal Diseases , NIAMD, NIH,
November 1975, pp. 116-118.

Gajdusek, D.C.: Pneumocystis carinii as the cause of human disease: histor-
ical perspective and magnitude of the problem. In Robbins, J.B. and DeVita,
V.T. (Eds.): Symposium on Pneumocystis Carinii Infection . Monograph Series
43, J. Nat. Cancer Inst., in press.

Gajdusek, B.C.: On the concept of slow virus infections and the pathogen-
esis of the subacute spongiform encephalopathies. In Kono, R. (Ed.): Pro-
ceedings of the Symposium on Slow Virus Infections , Tokyo, in press.

Gajdusek, D.C. and Alpers, M.P.: Recent data on the properties of the
viruses of kuru and transmissible virus dementias. Papua New Guinea Med . J .,

18: 207-213, 1975.

Gajdusek, D.C, Alpers, M.P. and Gibbs, C.J., Jr.: Kuru: epidemiological
and virological studies of a unique New Guinea disease with wide significance
to general medicine. In Hornabrook, R.W. (Ed.): Symposium on Kuru , in press.

Gajdusek, D.C. and Garruto, R.M. : The focus of hyperendemic goiter, creti-
nism and associated deaf-mutism in Western New Guinea. In Watts, E.S.,
Johnston, F.E. and Lasker, G.W. (Eds.): Biosocial Interrelations in Popula-
tion Adaptation . The Hague, Mouton Publishers, pp. 267-285, 1975.

4lr



Serial Nos. ZOl NS 00969 and 01282-12 CNSS

Gajdusek, D.C. and Gibbs, C.J., Jr.: Slow virus infections of the nervous
system and the Laboratories of Slow, Latent and Temperate Virus Infections.
In Tower, D.B. (Ed.-in-Chief ) : The Nervous System . Vol. 2: Chase, T.N.
(Ed.): The Clinical Neurosciences, pp. 113-135, 1975. New York, Raven Press.

Gajdusek, D.C. and Gibbs, C.J., Jr.: Kuru, Creutzfeldt-Jakob disease and
transmissible presenile dementias. In ter Meulen, V. and Katz, M. (Eds.):
Application of Concepts of Modern Biological Research to Investigation of
Slow Virus Infections of the CNS ,-,in press.

Gajdusek, D.C, Gibbs, C.J., Jr., Traub, R.D. and Collins, G. : Survival of
Creutzfeldt-Jakob disease virus in formol-fixed brain tissue: transmission
to chimpanzee from fixed brain of corneal transplant recipient. N. Engl .

J. Med . 294: 553, 1976.

Gajdusek, D.C, Leyshon, W.C, Kirk, R.L., Blake, N.M. , Keats, B. and
McDermid, E.M. : Genetic differentiation amon-g populations in Western New
Guinea. Am. J. Phys. Anthrop . , in press.

Garruto, R.M. : Review of biological studies of Yemenite and Kurdish Jews
in Israel and other groups in Southwest Asia. Parts 1 to 13, Philosophical
Transactions of the Royal Society of London, Series B. Hum. Biol . 47: 385-

387, 1975.

Garruto,. R.M. : Hematology. Chapter 17. In Baker, P.T. and Little, M.A.
(Eds.): Man in the Andes: a Multidisciplinary Study of High Altitude Que-
chua . U.S. Inter. Biol. Progr., in press. Stroudsburg, Pa., Dowden,
Hutchison and Ross.

Garruto, R.H. and Hoff, C.J.: Genetic history and affinities. Chapter 5.

In Baker, P.T. and Little, M.A. (Eds.): Man in the Andes: a Multidiscipli-

nary Study of High Altitude Quechua . U.S. Inter. Biol. Progr., in press.
Stroudsburg, Pa., Dowden, Hutchison and Ross.

Garruto, R.M. , Hoff, C, Baker, P.T. and Jacobi, H.J. : Phenotypic variation
in ABO and Rh blood groups, PTC tasting ability and lingual rotation among
Southern Peruvian Quechua Indians. Hum. Biol . 47: 193-199, 1975.

Gibbs, C.J., Jr.: The nature of scrapie and related agents. In Kono, R.

(Ed.): Proceedings of the Symposium on Slow Virus Infections , Japan, in press.

Gibbs, C.J., Jr. and Gajdusek, D.C: Studies on the viruses of subacute
spongiform encephalopathies using primates their only available indicator.
In First Inter-American Conference on Conservation and Utilization of
American Nonhuman Primates in Biomedical Research . Scientific Fubl. No. 317,
PAHO, Washington, D.C pp. 83-109, 1976.

42r



Serial Nos. ZOl 00969 and 01282-12 CNSS

Hoff, C, Baker, P.T., Garruto, R. , Haas, J. and Spector, R. : Variaciones
altitudinales en pulso y presion arterial en natives Andinos del Peru.

Arch. Inst. Biol. Andina 5: 57-67, 1972 (1975).

Hooks, J.J. and Gibbs, C.J., Jr.: The foamy viruses. Bacteriol. Rev . 39:

169-185, 1975.

Lai, P.K., Alpers, M.P. and Mackay-Scollay, E.M. : In vitro evaluation cf

cell-mediated immunity to Epstein Barr herpesvirus by cell migration inhi-

bition tests. J. Natl. Cancer Ingt . 55: 1319-1322, 1975.

Lampert, P., Gajdusek, D.C. and Gibbs, C.J., Jr.: Pathology of dendrites
in subacute spongiform encephalopathies. In Kreutzberg, G.W. (Ed.):

Physiology and Pathology of Dendrites , 12: 465-470, 1975. New York, Raven
Press.

Lang, D., Gajdusek, D.C. and Garruto, R.M. : Early acquisition of cytomegalo-

virus and Epstein-Barr virus antibody in several isolated Melanesian popu-
lations. Am. J. Epidemiol ., in press.

Lewis, Monica A., Frye, L.D., Gibbs, C.J., Jr., Chou, S.M., Cutchins, E.G.,

Gajdusek, D.C. and Ward, G. : Isolation and characterization of two new
herpes-like viruses from capuchin monkeys. Infect. Immun . , in press.

Masters, C.L., Alpers, M.P., Gajdusek, D.C, Gibbs, C.J., Jr. and Kakulas,

B.A.: Experimental kuru in the gibbon and sooty mangabey and Creutzfeldt-
Jakob disease in the pigtail macaque. With a summary of the host range of

the subacute spongiform virus encephalopathies. J. Med. Primatol ., in press.

Masters, C.L., Kakulas, B.A., Alpers, M.P., Gajdusek, D.C. and Gibbs, C.J.,

Jr. : Preclinical lesions and their progression in the experimental spongi-

form encephalopathies (kuru and Creutzfeldt-Jakob disease) in primates. J.

Neuropathol. Exp. Neurol ., in press.

Nemo, G.J., Gibbs, C.J., Jr., Cornelius, R.L. and Gajdusek, D.C: Attempt

to demonstrate infection of cell cultures with kuru and Creutzfeldt-Jakob
viruses by virus interference. Proc. Soc. Exp. Biol. Med ., in press.

Plato, CC, Gajdusek, D.C and MacLennan, R. : The dermatoglyphics of the

peoples of New Guinea: a review. In Mavalwala, J. (Ed.): Dermatoglyphics ,

an International Perspective . The Hague, Mouton Publishers, in press.

Siakotos, A.N., Bucana, C, Gajdusek, D.C, Gibbs, C.J., Jr. and Traub, R.D. :

Partial purification of the scrapie agent from mouse brain by pressure dis-
ruption and zonal centrifugation in a sucrose-sodium chloride gradient.
Virology 70: 230-237, 1976.

43r



Serial Nos. ZOl NS 00969 and 01282-12 CNSS

Todaro, G.J., Lieber, M.M. , Benveniste, R.E., Sherr, C.J., Gibbs, C.J., Jr. *

and Gajdusek, D.C.: Infectious primate type C viruses: three isolates be-
longing to a new subgroup from the brains of normal gibbons. Virology 67:

335-343, 1975. '

Traub, R.D., Gajdusek, D.C. and Gibbs, C.J., Jr.: Precautions in autopsies
on Creutzfeldt-Jakob disease. Am. J. Clin. Pathol . 64: p. 287, 1975.

Traub, R. , Gajdusek, D.C. and Gibbs, C.J., Jr.: Transmissible virus demen- '

tias. The relation of transmissible spongiform encephalopathy to Creutzfeldt-
Jakob disease. In Klnsbourne, M. and Smith, L. (Eds.): Aging, Dementia and
Cerebral Function . Flushing, New York, Spectrum Publishing Company, in press.

Wiesenfeld, S.L. and Gajdusek, D.C: Genetic studies in relation to kuru.
VI. Evaluation of increased liability to kuru in the Gc Ab-Ab individuals.
Am. J. Hum. Genet . 27: 498-504, 1975.

Wiesenfeld, S.L. and Gajdusek, D.C: Genetic structure and heterozygosity
in the kuru region. Eastern Highlands of New Guinea. Am. J. Phys. AnthropoL ,

in press.

44r



ANNUAL REPORT

July 1, 1975 through June 30, 1976
Clinical Neurosciences Branch

lational Institute of Neurological and Communicative
Disorders and Stroke

Cosimo Ajmone Marsan, M.D., Chief

Summary of Program Activity

Thi
created
El ectro
the old
section
the act
d i a g n s

the ove
particu
shoul d

of this
consequ
enti re

s i s t

recen
enceph
Neuro

s : Fu

i v i t i e

tic s e

ral 1 e

1 ar of
be poi
secti

ent un
f i seal

he fi

tly a

al ogr
surgi
n c t i

s of
rvi ce
valua
thos

nted
on' s

avail
peri

rst Annua
s an amal
aphy and
cal Branc
nal Neuro
the latte
for al

1

t i n of t

e of the
out that
chief (Sa
ability o

od.

1 Report
gamation
Clinical
h. The
surgery
r i n c 1 u d

pati ents
he a c t i

V

Section
these ha
bbatical
f new cl

of t

of t

Neur
new B

and C

ing,
in t

i t i e s

on Fu
ve be
leav

i nica

his Br
he pre
ophysi
ranch
1 i nica
as in
he Cli
of th

notion
en h i n

e) as
1 mate

anch which has been
-existing Branch of
ology with part of
consists of two
1 Neurophysiology,
the past, a clinical-
nical Center. In

e Branch, and in
al Neurosurgery, it
dered by the absence
well as by the
rial through the

1 . Cl inical -Diagnosti c Service

The activity related to tiis Service in the just completed
fiscal period has involved a total of 3.8 man/years (0.8 profes-
sional and 3.0 technical -secretarial ) . This total, which is
similar to that of the preceding fiscal period, is down from the
over 5 man/years of recent years. The difference is due to the
reduction in technical staff (2 EEG technologists versus 3-4 in
the past). Whereas this reduction has not significantly affected
the total number of EEG examinations, it has seriously interfered
with the handling of emergency referrals, frequently requiring the
cancellation or rescheduling of examinations (of particular
inconvenience in the case of out patients) and limiting the
service to the week-day's working hours. The occasional, unavoid-
able absence of one or both of the two technicians has, of course,
accentuated these problems.

From the time the last Report was prepared (April 10, 1975)
to that of the present Report (April 12, 1976) a total of 1310
EEG tracings have been obtained and interpreted, in patients
referred to our laboratory as part of their routine clinical work-
up or for specific research projects originating outside of this
Branch and/or Institute. The distribution of these referrals
according to the various Institutes of origin has been:
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INSTITUTE NO.

NINCDS
NIMH
NCI
NIAMD
NHLI
NIAID
NCHD
Misc.

(OP 358)

TOTAL

864 65.7
196 15.0
107 8.2
62 4.8
42 3.2
28 2.1
2 0.2
9 0.8

1310 100.0

A considerable number of the 446 examinations requested by
Institutes other than NINCDS had to be carried out on the ward,
at the patient's bed or in the Intensive Care Unit. In addition
to the EEG examinations, which include those performed in four
patients with chronically implanted depth electrodes, three
records were obtained directly from the exposed cortex in the
course of surgical intervention. This unusually small number of
non-routine procedures reflects the situation referred to in the
introduction .

2. Research Activity

The present Report includes a total of 20 projects, 9 new and
^1 representing a continuation of old projects. Of these, 7 are
of a primary clinical nature while the other 13 are experimental.
Two additional projects in which our professional staff have been
actively involved are described in the Report of the Laboratory
of Neural Control. Of the 20 projects, six have been completed
while the others are expected to continue through or be completed
within the coming fiscal period. A total of 14, related papers
have been published or are currently in press.

a ) Clinical

Work in the Functional Neurosurgery program has continued to
provide new information of a fundamental nature re garding the
human nervous system. Quantitative determinations of the density
of Purkinje cells in the cerebellum of 7 epileptic patients were
compared with those in 5 patients without epilepsy or neurologic
.disease. The controls showed a mean density of 3. 56 Purkinje
cells/linear mm. of cortex/lOy section (SD = 0.18) while the
e p i 1 e p t i cs had a mean density of 1.35 (SD = 0.82) cell?. In all
cases th e loss of cells was accompanied by isomorp hie gliosis.
Three of the epileptics had devices for cerebellar stimul ation
impl ante d. Of these the patient showing the lowest count of
Purkinje cells appeared to have the best degree of seizure control
associat ed with stimulation. This curious situatiion raises ques-
tion as to the role of Purkinje discharge in seizure control.
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As part of the same project, two additional studies deal with
the diagnosis and treatment of complex cases of medically intrac-
table seizure disorders. Specifically these studies emphasize
the use of chronically implanted recording electrodes and the
information they provide for the localization of the epileptogenic
process in patients with complex partial seizures and multiple or
bitemporal "foci" and in patients with partial seizure originating
in extratemporal structures. These and the preceding studies have
been completed and related papers are either in press or have been
publ i shed
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The opportunity offered by cortical exposure in the course of

surgery for treatment of epilepsy has been utilized to study
differences in oxidative responses to electrical stimuli in

presumably pathological human cortex. This investigation based

on the use of television fluorometry to monitor NADh changes, is

expected to continue. Preliminary results and technical details

have been published or are being prepared for publication. A

summary is available in the description of the related project

(01939b-05).
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Another project deals with dyskinetic patients. In 5 of such
cases undergoing thalamotomy through a frontal approach control
radioenzymatic assays of lumbar CSF norephi nephri ne concentrations
before and 12 days after surgery showed no significant alterations.
Stimulation within the caudate nucleus, however, was followed by
a significant f al 1 in CSF norepinephrine concentration. This
suggests that in man there are efferent noradrenergic pathways which
are inhibited by stimulation in the caudate nucleus.

Clinical investigations were designed to identify brain mech-
anisms in man which mediate speech, language and memory. Gentle
stimulation of the surface and depths of the human brain was used
to plot distinct areas supporting linguistic behavior. In the
posterior region, the vital language zone codes man's experiences
and provides a mechanism for retrieving memory data. More anterior
areas along the temporal lobe are not important in language and,
instead, advance memory and learning by storing information. In
the frontal region, there lies an area which is vital to the
function of forming and uttering speech and articulation. In
addition, this brain region regulates the rules of grammar and
syntax in speech.

The subcortical relays to these areas, specifically the pul-
vinar nuclei, play a lesser role in language and memory. These
nuclei enter stimulus processing at an early, pre-perceptual phase.
Other subcortical systems like the cingulum do not influence
cognitive processes directly, and seem to participate in directing
behavior via emotional impetus to reinforce learning. In the
right brain, these structures subserve different functions. In
contrast to the verbal skills of the left hemisphere, the right
hemisphere and subcortex employ visual, spatial strategies.

Brain-behavior relations in personality development and
character formation were examined in terms of changes produced by
different brain lesions. In a study of epileptic patients,
individuals with left temporal insult displayed a poor self-image,
tended to exaggerate their problems and to adopt a reflective,
ideative posture. The right temporal epileptic patients were more
self-assured, tended to deny personal problems and were described
as very emotive.

In contrast to these studies where brain lesions were asso-
ciated with intellectual disorders, "functional insult" via
sensory deprivation had a disabling effect on neural development.
Preliminary study of deaf individuals by non-invasive techniques
revealed that the language brain under these conditions is less
efficient in processing verbal information. These data argue for
the reliance of language on auditory signals and the importance
of cross-modal integration in language formation.
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b) Experimental Research

A number of investigations deal with cortical metabolic changes
in various experimental situations. Specifically they deal with
the oxygen consumption, monitoring of blood flow, Hgb saturation
and NADH fluorescence changes as well as with the release of
potassium and its clearance in the cortex of different animals
during and following local cortical stimulation, stimulation of
the brain stem reticular formation, in the course of Metrazol-
induced seizures and after the experimental production of chronic
epileptogenic foci, as well as under normal or hypotensive con-
ditions or during cerebral ischemia of various degrees.

The main purpose of one project was to confirm the validity
of the cortical fluorescence method j_n vivo as an indicator of
NADH changes and, indirectly, of changes in oxygen consumption
rate. Following repetitive stimulation of a cortical region
drained by the sagittal sinus, NADH fluorescence levels were
monitored and oxygen consumption rate was calculated from the
sinus blood flow and Hgb saturation values. The high, significant
correlations found between the maximal changes' in these two param-
eters (as well as between cortical [K'^Iq changes and oxygen con-
sumption) would suggest that, indeed, cortical fluorescence
changes can be considered as a reliable indication of changes in
oxygen consumption rate, even in the living animal. The practical
application of the NADH fluorescence method in vivo and its
reliable interpretation, however, have been limited in the past
to relatively discrete or quasi motionless cortical regions because
of the unpredictable changes of specularly reflected ultraviolet
light with tissue motion and gross vascular changes. The intro-
duction in our laboratory, of i.v. Na fluorescein, has provided a

method to evaluate changes in the sagittal sinus blood flow (since
such changes seem to be related to the product of the blood pressure
and the square of changes in 529 nM fluorescence) as well as
serving as a practical reference for NADH fluorometry. This has
permitted the application of the latter method to the study of
large areas of cortical tissue and in the presence of significant
blood flow alterations. It has thus been possible to investigate
metabolic changes during Metrazol induced seizures and reticular
system activation. These investigations have shown that, in both
situations, NADH tends to decrease ( i.e. oxidation increases )

over large cortical areas, but the occurrence and extent of NADH
changes are quite variable in different and more discrete cortical
regions (as indicated by densi tometric analysis during videotape
playback). This variability was particularly prominent during
reticular activation which was generally accompanied by marked
increases in blood pressure. Indeed, these experiments have shown
the important role of blood pressure levels (and, more specifically,
of cerebral ischemia) in determining the entity and direction of
metabolic changes in these experimental situations. Thus, Metrazol-
induced seizures in the normotensive animal were accompanied by a
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Two experimental projects deal with basic mechanisms of
epileptiform activity. The purpose of one is to determine whether
GABA receptor antagonism is involved in the development of the
acute epileptogenic effects of penicillin in the cerebral cortex
of cat. The experimental design includes the use of multiple
barrelled micropi pettes for the extracellular recordino from a

single cortical neuron and simultaneous iontophoresis of peni-
cillin , GABA, and other various amino acids of known excitatory
and inhibitory action. These experiments, which are still in
course, would seem to suggest that GABA receptor antagonism is
unlikely to be the crucial mechanisms whereby penicillin exercises
its epileptogenic effect. The other project attempts to investi-
gate the role of deaf f erentation in the development of epileptic
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activity. The experimental model utilizes the spinal trigeminal
nucleus of cat several weeks following retrogasserian trigeminal
rhizotomy and includes the study of unit firing patterns in both
intact and deafferented nuclei, in resting conditions, following
sensory stimulation and in response to various iontophoretical ly

applied putative neurotransmitter agents. This series of experi-
ments is still in course and the findings are too preliminary to
permit any definite conclusion. Both these projects are to be
continued through, and are expected to be completed within, the
next fiscal period.

Of the two last projects carried out in collaboration with
NS-LNNS, one deals with axonal injury and retrograde cell body
reaction; the other with the effects of triodothyroni ne on axonal
regeneration. The two investigations are performed using both
immature and mature rats. Both projects have been recently
initiated and the specific objectives, methods and findings derived
from preliminary observations are outlined in the related Project
description.
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ANNUAL REPORT

July 1, 1975 through June 30, 1976
Clinical Neurosciences Branch

National Institute of Neurological and Communicative
Disorders and Stroke

Cosimo Ajmone Marsan, M.D., Chief
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From the time the last Report was prepared (April 10, 1975)
to that of the present Report (April 12, 1976) a total of 1310

EEG tracings have been obtained and interpreted, in patients
referred to our laboratory as part of their routine clinical work-

up or for specific research projects originating outside of this

Branch and/or Institute. The distribution of these referrals

according to the various Institutes of origin has been:
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INSTITUTE NO,

NINCDS
NIMH
NCI
NIAMD
NHLI
NIAID
NCHD
Misc.

(OP 358)

TOTAL

864 65.7
196 15.0
107 8.2
62 4.8
42 3.2
28 2.1
2 0.2
9 0.8

1310 100.0

A considerable number of the 446 examinations requested by
Institutes other than NINCDS had to be carried out on the ward,
at the patient's bed or in the Intensive Care Unit. In addition
to the EEG examinations, which include those performed in four
patients with chronically implanted depth electrodes, three
records were obtained directly from the exposed cortex in the
course of surgical intervention. This unusually small number of
non-routine procedures reflects the situation referred to in the
introduction.

2. Research Activity

The present Report includes a total of 20 projects, 9 new and
il representing a continuation of old projects. Of these, 7 are
of a primary clinical nature while the other 13 are experimental.
Two additional projects in which our professional staff have been
actively involved are described in the Report of the Laboratory
of Neural Control. Of the 20 projects, six have been completed
while the others are expected to continue through or be completed
within the coming fiscal period. A totalof 14, related papers
have been published or are currently in press.
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As part of the same project, two additional studies deal with
the diagnosis and treatment of complex cases of medically intrac-
table seizure disorders. Specifically these studies emphasize
the use of chronically implanted recording electrodes and the
information they provide for the localization of the epileptogenic
process in patients with complex partial seizures and multiple or
bitemporal "foci" and in patients with partial seizure originating
in extratemporal structures. These and the preceding studies have
been completed and related papers are either in press or have been
publ i shed

.
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The opportunity offered by cortical exposure in the course of
surgery for treatment of epilepsy has been utilized to study
differences in oxidative responses to electrical stimuli in

presumably pathological human cortex. This investigation based
on the use of television fluorometry to monitor NADh changes, is

expected to continue. Preliminary results and technical details

have been published or are being prepared for publication. A

summary is available in the description of the related project
(01939b-05).
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Another project deals with dyskinetic patients. In 5 of such
cases undergoing thalamotomy through a frontal approach control
radioenzymatic assays of lumbar CSF norephi nephri ne concentrations
before and 12 days after surgery shov^/ed no significant alterations.
Stimulation within the caudate nucleus, however, was followed by
a significant f al

1

in CSF norepinephrine concentration. This
suggests that in man there are efferent noradrenergic pathways which
are inhibited by stimulation in the caudate nucleus.

Clinical investigations were designed to identify brain mech-
anisms in man which mediate speech, language and memory. Gentle
stimulation of the surface and depths of the human brain was used
to plot distinct areas supporting linguistic behavior. In the
posterior region, the vital language zone codes man's experiences
and provides a mechanism for retrieving memory data. More anterior
areas along the temporal lobe are not important in language and,
instead, advance memory and learning by storing information. In
the frontal region, there lies an area which is vital to the
function of forming and uttering speech and articulation. In
addition, this brain region regulates the rules of grammar and
syntax in speech.

The subcortical relays to these areas, specifically the pul-
vinar nuclei, play a lesser role in language and memory. These
nuclei enter stimulus processing at an early, pre-perceptual phase.
Other subcortical systems like the cingulum do not influence
cognitive processes directly, and seem to participate in directing
behavior via emotional impetus to reinforce learning. In the
right brain, these structures subserve different functions. In
contrast to the verbal skills of the left hemisphere, the right
hemisphere and subcortex employ visual, spatial strategies.

Brain-behavior relations in personality development and
character formation were examined in terms of changes produced by
different brain lesions. In a study of epileptic patients,
individuals with left temporal insult displayed a poor self-image,
tended to exaggerate their problems and to adopt a reflective,
ideative posture. The right temporal epileptic patients were more
self-assured, tended to deny personal problems and were described
as very emotive.

In contrast to these studies where brain lesions were asso-
ciated with intellectual disorders, "functional insult" via
sensory deprivation had a disabling effect on neural development.
Preliminary study of deaf individuals by non-invasive techniques
revealed that the language brain under these conditions is less
efficient in processing verbal information. These data argue for
the reliance of language on auditory signals and the importance
of cross-modal integration in language formation.
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b) Experimental Research

A number of investigations deal with cortical metabolic changes
in various experimental situations. Specifically they deal with
the oxygen consumption, monitoring of blood flow, Hgb saturation
and NADH fluorescence changes as well as with the release of
potassium and its clearance in the cortex of different animals
during and following local cortical stimulation, stimulation of
the brain stem reticular formation, in the course of Metrazol-
induced seizures and after the experimental production of chronic
epileptogenic foci, as well as under normal or hypotensive con-
ditions or during cerebral ischemia of various degrees.

The mai
of the cort
NADH change
rate. Foil
drained by
monitored a

sinus blood
correl ation
eters (as w
sumption) w
changes can
oxygen cons
application
reliable in
to relative
of the unpr
light with
duction in
method to e

such change
and the squ
serving as
permitted t

large areas
blood flow
metabolic c

system acti
situations ,

over large
changes are
regions (as
pi ayback)

.

reticular a

increases i

the importa
of cerebral
metabolic c

induced sei

n purpose of
ical fluores
s and, indir
owing repeti
the sagittal
nd oxygen co
flow and Hg

s found betw
ell as betwe
ould suggest
be consider

umption rate
of the NADH
terpretation
ly discrete
edic table ch
tissue motio
our laborato
valuate chan
s seem to be
are of chang
a practical
he applicati
of cortical

al terations .

hanges durin
vat ion. The
NADH tends

cortical are
quite varia
indicated b

This variab
ctivation wh
n blood pres
nt role of b

ischemia) i

hanges in th
zures in the

one p
cence
ectly,
t i V e s

sinus
nsumpt
b satu
een th
en cor
that

,

ed as
, even
f 1 uor

, howe
or qua
anges
n and
ry, of
g e s in
relat

es in
ref ere
on of
ti ssu
It h

g Metr
s e i n V

to dec
as , bu
b 1 e in

y dens
i 1 i ty
ich wa
sure,
lood p
n dete
ese ex
normo

rojec
metho
of c

timul
, NAD
ion r

rati
e max
t i c a 1

inde
a rel
in t

escen
ver

,

si mo
of sp
gross

i . V.
the

ed to
529 n

nee f

the 1

e and
as th
azol
e s t i g
rease
t the
diff

i tome
was p
s gen
Inde

ressu
rmi ni

p e r i m
ten si

t was to
d in V i

V

hanges i

ation of
H fluore
ate was
n val ues
imal cha
[K-]„ c

ed, cort
i a b 1 e in
he 1 i V i n

ce metho
have bee
ti onl ess
ecul arly
vascula
Na fluo
sagittal
the pro

M fluore
or NADH
atter me
in the

us been
induced
a t i n s h

( i.e.
occurre

erent an
trie ana
a r t i c u 1 a

eral ly a

ed, thes
re level
ng the e

e n t a 1 si

ve anima

c n f i

£ as
n oxyg
a cor
scence
cal cul
. The
nges" i

hanges
ical f

di cati
g a n i m
d i n V

n 1 i m i

corti
ref 1 e

r chan
rescei
sinus

duct
scence
f luoro
thod t

presen
p s s i b

s e i z u r

ave sh
X i d a t

nee an
d more
lysis
rly pr
ccompa
e expe
s (and
nti ty
tuati
1 were

rm the
an indi
en cons
tical r

1 evel

s

ated fr
high,

n these
and ox

1 uoresc
on of c

al. Th
i v an
ted in
cal reg
cted ul

ges. T

n, has
bl ood

f the b

) as we
me try.

the s

ce of s

le to i

es and
own tha
ion i n c

d exten
d i s c r e

during
omi nent
nied by
riments
, more
and d i r

ns. Th
accomp

valid
cator
u m p t i

e g i n

were
om th
s i g n i

two
ygen
ence
hange
e pra
d its
the p
ions
travi
he i n

p r V i

f 1 ow
I ood
II as
This
tudy
i g n i f

nvest
reti c

t, in
rease
t of
te CO
video
duri
mark
have

speci
ectio
us , M

anied

ity
of

on

e

f i cant
param-
con-

s in
cti cal

ast
because
ol et
tro-
ded a

(since
pressure

has
of
icant
igate
ul ar
both

s )

NADH
r t i c a 1

tape
ng
ed
shown

f i c a 1 1 y

,

n of
etrazol

-

by a

5s



paral 1 el

whereas
during "

it was a

cl earanc
s u g g e s t i

el evated
that sue
was not
i nterpre
K reupt
by a d i f

epi lepto
of alumi
could be
of extra
of exper
Annual R

would se
t i g a t i n

devel ope
terpreta
contri bu
the cort
same gen
ying NAD
during a

procedur
areas

.

cortical
Na fluor
vation t

immedi at
which St
surround
coronary
ti veness

NAD
the
hypo
1 so
e of
ng t

h cl

a mo
ted
ake
fere
geni
na c

dem
cell
imen
epor
em t

of
d fr
tion
te s

ex.
eral
H fl

cute
e CO
As i

1 ev
esce
hat
e , a

ood
ing
vas
of

H dec
corre
ten si
found
extr

he ro

]o.
earan
noexp
by im
proce
nt ex
c ti s

ream)
onstr
ul ar
ts an
t, th

dep
this
om a

and
i g n i f

A fi

tech
uores
occl

n s i s t

n the
el , N

in fl

an i

,

ccura
out a

t i s s u

cul ar
coron

reas
lati
ve"
tha

acel
1 e

Prob
ce i

onen
piyi
ss.
peri
sue
, a

ated
K+ c

d of
e cl

end
ques
set
i n d i

ican
nal
niqu
cenc
usio
entl
abo

ADH
uore
V . i

te d

s a

e

.

sur
ary

e an
on b

sei z

t is
lula
fan
ably
n bo
tial
ng a

A s

ment
(gli
smal
bet

1 ear
rel

eara
prim
tion
of e

cate
tly
seri
es w
e ch
n of
y ca
ve m

fluo
seen
njec
el in
dark
This
gery
bypa

d cort
etween
ures .

chemi a

r K+ a

02-de
of gr

th nor
f unct
possi

i m i 1 a r

al app
a 1 sea
1 but
ween e

ance.
ated p
nee of
arily
by me

X p e r i m
that

to the
es of
as ear
anges
a cor

used a

e n t i n

rescen
ce.
tion
e a t i n

r e g i

teehn
, for
ss gra

i cal
thes
In t

woul
fter
pende
eater
moten
ion.
bier
inte

roach
r ind
s i g n i

xtent
On t

rojee
el ev

on ac
ans
ental
passi
cl ea

i nves
ri ed
in th
onary
n i ne
ed ex
ce wa
f pra
f flu
of t

n aga
ique
i n s t a

fts.

cxyg
e tw
he s

d te
the
nt p

i nt
si ve
Sue

ol e

rpre
. I

uced
f i ea
of

he b

ts d

ated
ti ve
f a

dat
ve d

rane
tiga
out
e i n

art
reas
peri
s ev
etic
ores
he i

i nst
coul
nee

en c

va
ame
nd t

end
roce
eres
and

h Ob
of g
tati
n fa
by

nt n

reae
asi s

escr
[K+
pro

math
a wo
iffu
e of
ti on
with
tact
ery
e i n

ment
al ua
al i

cein
sche
the

d be
to e

onsu
ri ab
seri

si

of e

ss i

t, i

i se
serv
lial
on h

ct

,

i ntr
egat
ti ve
of

i bed

^2
'

cess
emat
uld
si on
el e

s wh
the

, ex
in t

NAD
s ca
ted
nter
wou

mi e

bri
use

val u

mpti
1 es w
es of
ow do
aeh i

n the
t was
hemic
a t i n

cell
as be
w i t h i

acort
i ve e

gl io

these
i n t

n cer
. Fu
ical
e n f i

i s u

vated
ich u

purp
posed
he ca
H in
rri ed
i n re
est w
Id re
myoca
ghtly
ful i

ate t

n 1 ncr
as los
exper

wn the
etal e

contr
al so
prepa
has b

s i n t

en sup
n a fo
ical i

orrel

a

sis an
two s

he pre
ebral
rther
model
rm thi
n 1 i k e 1

t i 1 i z e

ose of
myoca

t. Su
the i s

out a

ferenc
as the
suit i

r d i a 1

f 1 uor
n huma
he eff

ease,
t

iments

p i s d e ,

ol of
noted
rations
een
hi s

ported
cus of
njection
tion
d speed
e r i e s

V i u s

cortex
i n V e s -

s i n-

y to
i n

the
stud-

r d i u m
ch a

chemi

c

t the
e to
obser-

n the
area
escent
n

ec-

Two experimental projects deal with basic mechanisms of
epileptiform activity. The purpose of one is to determine whether
GABA receptor antagonism is involved in the development of the
.acute epileptogenic effects of penicillin in the cerebral cortex
of cat. The experimental design includes the use of multiple
barrelled mi cropi pettes for the extracellular recordinrj from a

single cortical neuron and simultaneous iontophoresis of peni-
cillin , GABA, and other various amino acids of known excitatory
and inhibitory action. These experiments, which are still in
course, would seem to suggest that GABA receptor antagonism is
unlikely to be the crucial mechanisms whereby penicillin exercises
its epileptogenic effect. Th« other project attempts to investi-
gate the role of deaf

f

erentation in the development of epileptic
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activity. The experimental model utilizes the spinal trigeminal
nucleus of cat several weeks following retrogasserian trigeminal
rhizotomy and includes the study of unit firing patterns in both
intact and deafferented nuclei, in resting conditions, following
sensory stimulation and in response to various iontophoretical ly

applied putative neurotransmitter agents. This series of experi-
ments is still in course and the findings are too preliminary to
permit any definite conclusion. Both these projects are to be
continued through, and are expected to be completed within, the
next fiscal period.

Of the two last projects carried out in collaboration with
NS-LNNS, one deals with axonal injury and retrograde cell body
reaction; the other with the effects of triodothyroni ne on axonal
regeneration. The two investigations are performed using both
immature and mature rats. Both projects have been recently
initiated and the specific objectives, methods and findings derived
from preliminary observations are outlined in the related Project
description.
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Quantitative studies of Purkinje cell population over Crus I & II
near the midline showed significant atrophy of 3 individuals under-
going implantation of cerebellar stimulators & postmortem material
from 4 other epileptics . Five normal autopsy specimens showed
Purkinje populations nearly twice the epileptic. This finding brin
into question the therapeutic rationale of cerebellar stimulation
which is usually considered to be to Increase the Inhibitory dis-
charge of the Purkinje cells.
Using a radioenzymatic assay method the norepinephrine content of

the CSF was found to decrease following stimulation of the striatum
in 5 patients undergoing stereotaxtic thalamotomy. Control studies
ruled out effects of simple surgical Intervention. This suggested
stimulation induced inhibition of noradrenergic pathways.
In patients with temporal lobe seizures subject to additional foci.

In this complicated group, most cases would not have been accepted
for tciporal lobectomy without ttie use of depth electrodes. The i

•tftfltlMtl tnfonnation penrftte* tft« cure or significant improvement
tn $«» 2S-^Y of the patients with a follow-up averaging 8.2 years.
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Serial No. 101 WS 0(noO»n 1^
Project Description: "?-,'

Objectives :

1. To study causal mechanisms of epileptic seizures in nrati
and other primates.

•x

2. To study the electrographic characteristics of piTTi frijdiil
activity in the brain of man and other primates. ' ?»--

3. To study the approved methods of surgical therapy fo«r^''}
these lesions and develop new therapeutic methods. ^

4. To make use of opportunities in diagnosis ami .tl
the study of neurophysiological and neuropsychological

Methods Employed :

1. Clinical neurological examination.

2. Special radiograptttc and other contrast exanrNiatfoirs* \

3. Electrographtc, inrcTtrding electrocorticographic am* stmrext
EEG examination. ^^.

4. Physiological and psychological techniques as indicat«i

5. Histological and cfrtmrfcal examinations as required. ^

Major Findings :

a) A pilot study of the effects of chronic interiffitterrt :

cerebellar stimulation was made on five individuals in t#hon tie
devices were implanted between March-July 1974. The only c(m$h
lications have been the. chronic accumulation of CSF about tS«t
chest receivers due to difficulty in achievhrg a watertfgtft smU
about the wires as they pass through the dura of the posterti^'
fossa. Two patients have required wound revisions to correct-'
this, and one has had two wound revisions, yet with further
recurrence. Intermittent elevations in blood pressure to border-
line hypertensive levels have been noted since the onset of :.

stimulation in all five patients. Honrever, no cause am! effesct
phenomena could be shown by blood pressure iiwnitor1«§ duringt; Ji— -

periods of non-stimulation and stimulation. X"
••^^
ft

All patients had previously had an average of 1+ fit/dteyjg»d
have been maintained on full medication. The Laboratory of "^

Neural Control has provided support for testing the stiKvlatrfiai
devices and calibrating the current output fn situ <terlog- :tl

10s
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Implantation operation. It has also provided a simple and
effective method of double-blind stimulation. Preliminary results
of seizure charting during the double-blind study suggest that
four of the five patients have increases in seizure frequency
during periods of ineffective cerebellar stimulation.

No patient has had complete suppression of all his setrtrr^ by
chronic cerebellar stimulation however all have experiei»c«<
partial seizure inhibition that appears additive to that caused
by his anticonvulsant medications. Phenobarbital dosages have
been reduced in all patients as compared with dosages taken prior
to the surgical implantation of the cerebellar electrode. The
families of all the patients have been enthusiastic about the
results of stimulation on the basis that the patients have less
seizures, are more alert, responsive etc. These improrefneiits In
mentation have been documented by psychometric testing a^nd may be
due to reductions in phenobarbital dosages.

b) Study of the cerebellum of epileptics

Quantitative studies of the Purkinje cell population in three
of the patients with cerebellar stimulators show severe atrophy,
with counts of 0.6, 1.0 and 2.6 Purkinje cells/mm. of cortical
surface (Purkinje cells showing a nucleolus with counts adjusted
for lOu sections) with biopsies taken over the horizontal fissure
in crus I and II about 1 cm. from the midline. Similar samples
from four other epileptic brains in our collection showed counts
of 0.7, 1.1, 1.3 and 1.6. Five normals varied from 3.3 - 3.8
cfells/mm. surface.

If the rationale of cerebellar stimulation is to increase
the inhibitory discharge of the Purkinje cells, this finding
brings the basic rationale into question.

c) Study of cerebrospinal fluid neurochemical alterations
induced by cerebellar stimulation in epileptic patients.

Lumbar cerebrospinal fluid norepinephrine concentrations were
determined by radioenzymatic assay in four epileptic patients
receiving chronic unilateral, alternating cerebellar stimulation.
Stimulation was discontinued for seven days after which cerebro-
spinal fluid norepinephrine levels decreased significantly.
Cerebrospinal fluid norepinephrine concentrations rose signif-
icantly after 16 hours of bilateral, continuous stimulation as
compared to levels determined after the week without stimulation.
Cerebrospinal fluid adenosine monophosphate levels determined by
radioimmunoassay were not significantly altered by either mode of
stimulation.

lis



Serial No. ZOTNS 001 00-23 ^i
This neurochemical study suggests that both unilateral alter]

nating and bilateral, continuous cerebellar stimulation induces
significant elevations in steady-state cerebrospinal fluid nor-epinephrine levels. These alterations in norepinephrine metab-olism may suppress seizures.

ZOT u\ mfifl7'nfi'l'SP?'"i^'*
microelectrode developed by project No.iOl NS 01687-06 LNLC has been subject to mechanical problems inapplication to the human brain during craniotomy for epilepsy.When it functioned reliably, the extracellular records wereremarkab e in permitting the continued recording from the sameneuron (or small group) for many minutes despite the wide respi

n? ?h-I ^cr r*''^!?*'
pulsations of the cortex. A systematic study

uL .t ^°^ spike-extracellular unit activity interrelationship i

has as yet not been practical. The progress in design, however,
is very encouraging. ^ uwcTcr

,

rese
e) Temporal-lobe seizures with additional foci treated by
cti on

.

"^

oi..^'^ ^
i-

P«*^?"^s with psychomotor seizures and epileptiformelectrographic activity localized to one temporal regibn but withadditional complicating foci (either suprasylvian or one the
n^??n

side) have been studied with repeated scalp EEG exami ,

yfmnnJf/? : "5^" possible, with chronically implanted electroocs

uTrJn.nJ^thT.!:-' ^^«"*iJ«^ly carried out in such cases and

L?!Ln ^SJ !*cn5l'
procedure renders a fair number of patient

isafu? rJ.^^t?;:'*
50%) either seizure-free or with significant anduseful reduction in their seizure frequency. The cure and imorov

wTtJourarfnr'.tfw" ^Jl'^**"? "^ ^^*^' *^"'P°'-«1 resection w]?? or
llu.i S ^*"?^ "'^^ implanted electrodes were approximatelyequal. However, the implanted electrodes permitted surgicaltreatment of certain cases which would have been rejected on thebasis of evidence derived from the scalp recordings alone.

»^«-,-?L ^? o^^these 34 patients with persisting EEG epileptiform
?S ri^^J" ^^t

postoperative period, only one had su°h activityin a different location in a follow-up period of 6 years Noevidence of spreading epileptic activity or appearance of "mirrorfoci was seen during a follow-up period averaging 8.2 yearsSeizure remission up to 15 years with eventual recurrence of'theoriginal seizure type may occur following surgical therapy.Follow-up studies of surgical epileptic treatment of less^han
3 to 5 years are of doubtful value.

of pylr^Jomnn^ri ^'"T^^t cortical recording in seizure disordersOT extratemporal origin.

in JIlI^
Study is based on 28 patients with intractable seizures-In whom exclusively extratemporal or a combination of temporal ^^d

12s
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extratemporal electrodes were chronically implanted for the

localization of their epileptogenic process and possible surgical
treatment. Mainly on the basis of data derived from this part-

icular technique of investigation, surgical treatment was event-
ually carried out in 14 patients. It is concluded that the use
of implanted electrodes in seizure disorders of probable extra-
temporal origin can be of real diagnostic benefit in certain
specific situations. In most instances, however, this technique
simply serves to demonstrate the complexity of an apparently
simple case or, of greater clinical consequence, might tend to
over simplify cases which are actually very complex. Indeed,
many data in this study raise some doubts about the validity of
the classical concepts of "focal" epilepsy.

g) Functional localization is supplementary motor area.

In 9 patients with seizures it was possible to restudy the
supplenjentary motor area with implanted depth electrodes con-
trolled radiological ly. Although the results confirmed the
representation of gross motor movements of a postural adjustment
type in this region, the contraversive head turning, long
considered a part of this movement complex did not appear from
stimulation of the medial hemisphere although often obtained
from stimulation of descending fibers from the premotor region
of the lateral hemisphere. In addition sensory responses were
often obtained. These were frequently of an ipsilateral or bi-
lateral referral and involved large areas of body usually with
a proximal distribution. These new findings may assist in
interpreting the localizing significance of observed clinical
seizures.

Pub! ications :

Wood, J.H., Ziegler, M.G., Lake, R.C., Sode, J., Brooks, B.R.,
Van Buren, J.M.: Elevations in cerebrospinal fluid nor-
epinephrine during unilateral, alternating and bilateral,
continuous cerebellar stimulation in man. J. Neurosurg. :

in press, 1976.

Rajjoub, R.K., Wood, J.H., Van Buren, J.M.: Significance of
Purkinje cell density in seizure suppression by chronic
cerebellar stimulation. Neurology (Minneap.): In press, 1976.

Van Buren, J.M., Ajmone Marsan, C, Mutsuga, N.: Temporal-
lobe seizures with additional foci treated by resection.
J. Neurosurg. 43: 596-607, 1975.
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Ludwig, B.I., Ajmone Marsan,
direct cortical recording in
temporal origin. Neurology :

C, Van Buren, J.M.: Depth and
seizure disorders of extra-
in press, 1976.
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Cerebrospinal fluid norepinephrine concentrations were preoperative ly

determined in five patients. Stereotaxic thalamotomy was performed

using depth coagulating electrodes. No significant alterations in pre-

stimulation lumbar cerebrospinal fluid norepinephrine levels were

noted twelve days after electrode installation. Twelve hours after inter-

mittent electrical stimulation of the caudate nucleus , lumbar cerebrospinal

norepinephrine concentration was significantly decreased suggesting

stimulation- induced inhibition of noradrenergic pathways. In nine

Huntingtonian patients with caudate atrophy norepinephrine levels were

significantly lower than those noted in nine age-and sex-matched control

patients.
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Project Description:

Objectives: Neurological disease characterized by dyskinesias offers
a two-fold opportunity for research. The pathological aspects of the disease
itself may be studied as well as the pathophysiology of the motor system.
The second aspect is the unparalleled opportunities afforded for neurophysio-
logical and biochemical studies in man by stereotaxic surgery in the treatment
of dyskTnesias. Studies made directly of the disease itself have not received
great emphasis in the present research since they require biochemical and
pathological support.

Methods Employed : Depth electrode stimulation employs specially built
electrodes and a current-monitored stimulator. Norepinephrine content in
cerebrospinal fluid is determined by radioenzymatic assay techniques. |

Major Findings: Lumbar cerebrospinal fluid norepinephrine concentrations
were preoperatively determined in five patients using a radioenzymatic assay
technique. Stereotaxic thalamotomy was performed using depth coagulating
electrodes with stimulating points at 5.0 mm intervals along the shaft. No
significant alterations in prestimulation lumbar cerebrospinal fluid nore-
pinephrine levels were noted twelve days after electrode installation. Stimu-
lating points within the caudate nucleus were anatomically localized using
ventricular landmarks and stimulation-induced neurophysiological response were
recorded. Twelve hours after intermittent electrical stimulation of the /

caudate nucleus, lumbar cerebrospinal norepinephrine concentration was signtn-
cantly decreased suggesting stimulation-induced inhibition of noradrenergic
pathways.

LuBbar cerebrospinal fluid norepinephrine concentrations were determined by
radioenzymatic assay in nine Huntingtonian patients with caudate atrophy.
These norenphrine levels were significantly lower than those noted in nine
age-and sex-matched control patients.

Significan ce to Bio-Medical Research and the Program of the Institute : The
use of a human subject who is cooperative and unsedated permits many tests of
sensory and psychological function which are impossible in lower animals, even
with time-consuming conditioning experiments. The use of the human subject is,
therefore, not a duplication of animal experimentation but an extension of this.

^.
Proposed Course of the Pro.iect : Dyskinesia patients will be studied as

they become available in support of projects related to neuropsychological
biochemical studies. At the present time the personnel support does not per-
mit further studies utilizing the neurophysiological opportunities offered bv
the surgical approach.

Publications:

Wood. J.H., Lake, C.R. , Ziegler, M.D.: Neurophysiologic and neurochemical
alterations during electrical stimulation of human caudate nucleus. J. ,

Neurosurg . : In press, 1976. ~
v,.
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Wood, J.H., ;'i>c,U-:-. M-G ;
' ske. C.R., Shaulson, I., Brooks, B.R.,

Van Buren, J.M.: Cereprflspinal flirid norepinephrine reductions in man after
degeneration aini eleotr-icai st Jmijlat'on of the caudate nucleus. Arch. Neurol
ii! press, !9/0.
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Project Description:

Objectives: This project is directed toward the study ofbasic neuroanatomy and neurophysiology in man, making use ofpathological material and the opportunities for study affordedthe operative treatment of neurological disease.

Methods Employed :

Anatomical studies:

1. Serial sections of human and animal brains in celloidinfor myeline and Nissl series.
i-eiioiain

r.innl\J^A^^°^
and Staining of primate brains with Nauta tech-nique for demonstration of degenerating pathways.

by

Major Findings: Due to the absence of the principal inv

ostponed.^ ^^^'^ °^ *^'' project has been temporaril
vest!
y

as
The problems, of course, center upon the sp

well as time and space required to produce t

ecialized talent
he "stains."

decarboxylase with perioxidase. which would apply well to th
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epileptic project. The logistics of collaboration here are
difficult since he resides in California. The possible use of a

tritium label opens further possibilities for topographical
studies. With the exception of one paper from Dr. Roberts' group,
no studies of this type were reported at the meeting of the
American Association of Anatomists, indicating our opportunity to
advance rapidly in this field if proper liaison can be made.
Personnel training in electron microscopy is continuing.

Publ ications :

Van Buren, J.M., Borke, R.C., Modesti , L.M. : The sensory
and nonsensory portions of the nucleus "Ventralis Posterior"
thalami of chimpanzee and man. J. Neurosurg . in press, 1976.

Van Buren, J.M. and Fedio, P.: Functional representation on
the medical aspect of the frontirT lobe in man. J. Neurosurg.
44: 275-2S9, 1976.
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pared with that of neurosurgical patients. Suspect disturbances in brain-
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Behavioral characteristics are studied in patients with temporal lobe epileptic
foci ' Patients and raters independently complete true-false questionnaires
which probe specific features of behavior and emotion , and permit analysis of
distortions in self perception . Temporal epileptic patients are compared with
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left and right hemispheres in regulating emotions in man.
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4. Only the temporal epileptic groups demonstrated significant

distortions of self-perception. Right temporal patients specifically "denied"

socially undesirable behavior. Left temporal subjects prtiirtn^ed a contrast-

ing "catastrophic" exaggeration of socially disapproved tendencies while

minimizing desirable, conscientious behavior. In general, right temporal

patients enhanced their self images, while left subjects tended to view them-

selves negatively.

Significance to Biomedical Research and the Program of the Institute :

By identifying specific behavioral sequelae of a temporal lobe focus, these

observations further neuroanatomical understanding of emotional processes.

The results may be interpreted as a consequence of enhanced sensory-limbic

associations. This interpretation regarding the effects of temporal lobe

epilepsy in human subjects is consistent with extensive anitridi experimentation

en sensory-limbic disconnections. The findings quantitatively support an

asymr^etry of emotional processing within the right arvi left ha^i spheres cf

man.

Proposed Course of Project : Testing of additional psychiatric and

neurologic contrast groups (nontemporal epileptics) is planned.

Publications:

Bearr D. : Temporal Lobe Epilepsy - A Syndrome of Sensory Limbic Hyper-

connection; Cortex (In Press)
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The disabling effects of brain damage in man were evaluated on a broad range
of perceptual , learning and memory functions. Changes in the intellectual
behavior of neurological ly handicapped individuals were evaluated before and
after brain surgery and during electrical stimulation of the surface and depths
of the brain. In contrast to these cases with confirmed brain injury, the
effects of peripheral, sensory deficits were assessed in terms of possible
neuropsychological dysfunctioning, and communicative disorders .
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Project Description:

Objectives :

1. Outline brain mechanisms which support speech and language functions,
and code information to be held for immediate (short-term) or for delayed
(long-term) memory to assess the effects of injury to these brain regions on
communication skills and memory.

2. Compare the effects of injury to the brain with conditions wherein
there are sensory restrictions to language development as with congenital
deafness.

3. Compare the effects of brain lesions during infancy vs. adulthood on
the neuropsychological development and recovery of intellectual abilities.

Methods Employed :

1. The laterality and general outline of cortical zones instrumental in
perception and immediate memory were mapped by stimulation of the cortex dur-
ing neurosurgical treatment of epileptic patients. The behavioral tests
utilized verbal or nonverbal materials: photographs of common objects or com-
plex visual patterns. In each case, the subject was instructed to name the
object, or to discriminate several patterns; a short-term memory command was (
also included for each task.

2. The organization of cortical and subcortical systems which enable
man to speak and to use language or to remember events over varying periods
of time was studied during electrical stimulation with therapeutic electrodes
in the thalamus.

3. In collaboration with Dr. George Ojemann at the University of
Washington, a study was designed to evaluate the role of cortical speech
areas in grammatical or syntactical organization of language. Electrical
stimulation was applied over the frontal (Broca) speech cortex during per-
formance by patients on various tests of grammar.

4. The cerebral organization and lateral representation of -language in
the brain of deaf individuals will be evaluated by non-invasive, behavioral
techniques. The testing procedure uses a tachistoscope, an apparatus which
projects visual material at high speed (msec) onto the left or right visual
fields, which in turn transmit the information directly to the left or right
brain for processing. Accuracy of recognition for stimuli appearing in the
left or right field reflects the efficiency of processing by left or right
hemisphere.
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Major Findings :

1. The ability to identify objects and to ren.Siibei L.i.wi:- names v^as

studied during electrical stimulation of the exposed surface of the brain in

patients undergoing surgery for the relief of epilepsy. This speech rnspping

and memory of complex visual patterns.

The general findings conform to established observations that language
and related verbal processes rely upon an intact left brain. In the posterior
temporo-parietal regions (Wernicke's area) of the left hemisphere, we were
able to map a distinct zone which is indispensable for identifying verbal

material. There was a disruption of language, the patient being unable to

find the name of simple objects. Stimulation' of the left frontal cortex
(Broca's area) also interfered with object naming, albeit to a lesser degree.

Stimulation of Broca's area did not prevent the patient from recognizing or

remembering objects but from stating the name until after stimulation was

terminated.

Whereas the classic deficit in language with Wernicke's aphasia emerges

as an inability to name, this process is preserved when Broca's area is stimu-

lated, instead, speech production is upset. Broca's aphasia, however, may
also include low level linguistic problems, such as disturbances in grammar.

With Dr. Ojerhann, we have shown that stimulation over Broca's area prevents

patients from being able to formulate comparatives or to convert nouns into

action verbs.

2. Stimulation of the right hemisphere, while sparing verbal processes,

interfered with the patients' ability to match visual patterns. As with nam-

ing errors, the occurrence of visual perceptual errors was coincident with

stimulation of the right posterior, but not the anterior temporal surface.

3. In each cerebral hemisphere, memory presses the anterior and posterior

temporal regions into different support services. The primary or immediate

memory system may be intimately linked with the anterior temporal lobe and

medial structures (hippocampal complex), while the posterior temporo-parietal

cortex may support secondary or long-term memory. Our findings correlate

anterograde memory errors with stimulation of the anterior temporal lobe, and

retrograde errors with posterior temporal stimulation. With anterior cortical

stimulation, information could be retrieved from an immediate memory store,
• but newly perceived information could not be deposited into the same storage

system for subsequent recall. This may be a defect in the consolidation

rather than retrieval mechanism in that stimulation prevents the memory trace
from being established for immediate recall.

In contrast, with cortical stimulation of the posterior temporal region,
• recently stored information could not be retrieved even though other
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information could be simultaneously transferred into the same storage system.
This indicates that, in man, memory for recent and remote information may be
served by a corinon retrieval mechanism. Therefore, patients who suffer stroke
or other forms of insult which invade the primary language zones are apt to
display aphasia and a significant memory disorder.

3. Mechanisms for perception and memory were probed by electrical stimu-
lation via therepeutic electrodes in the lateral thalamus. Stimulation
within the left pulvinar nucleus induced transient dysphasia and a retrograde
loss in recent memory for verbal memoranda. In contrast, comparable stimula-
tion of the right pulvinar failed to disrupt verbal behavior and instead,
interfered with perception and recognition of complex visual patterns. The
findings suggest that an asymmetry in the functional organization of linguistic
and nonverbal processes appears to exist at the level of the lateral thalamus, i

At first glance, the left and right pulvinar nuclei behave like the ipsi-
'

lateral cortex with regard to identifying, registering and retrieving from
immediate memory, verbal and nonverbal material.

However, the behavioral deficits accompanying cortical and subcortical
stimulation appear to be different. Specifically, the data suggest that
dysphasia and amnesia were inseparable during cortical, but not thalamic
stimulation. That is, if the patients were unable to name objects during ,cortical stimulation, they also experienced severe memory impairment. With ^

thalamic stimulation, recent memory was occasionally spared while at the sametime, the pacient experienced dysphasia. This suggests that the registers orstores vital for coding information are dependent upon cortical mechanisms,
rhe contribution of the pulvinar, and other posterior thalamic nuclei may belimited to pre-perceptual processing, that is, attenuating and shuttling
sensory information to the cortical stations for interpretation and analysis.

,• A-^'-^ ^J^ ^J"^/ °^ *^^ operational efficiency of the 'language brain' inindividuals who have been deprived of auditory experiences by congenital deaf-ness, IS in the preliminary phase. Individuals who became deaf before lan-

Si^tt ^"^il's
were acquired (pre-lingual ) are impaired neurolinguistically.

hr^^n^L tn IS" k'
'^"^ ^^ *^^ ^^'^"" °^ auditory input into the languagebrain or to the absence of cross modal integration, that is, auditory -

visual, requires further investigation.

n.^^l\
In collaboration with Dr. Butters, Aphasia Unit, Boston VA Hospital,patients with parietal lesions or Korsakoff's Syndrome (VA Hospital), or withtemporal lobe lesions (NINCDS) are being studied on a wide range of aemory

IJ I' J^!.''"'*'^^ ^^^^ s^°w that Korsakoff patients (with presumed subcorti-
cal or limbic damage) are more susceptible to the effects of distraction dur-ing learning than patients with cortical injury regardless of the type ofmaterial to be memorized. Experimental manipulation of learning trials
(massed vs. spaced practice) also showed the Korsakoff patients to be more
vulnerable to the effects of proactive inhibition.

(
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Significance to Biomedical Research and the Proaram of the Institute :

The investigations contribute to the basic Lr/ie^'i'^ar-iir/j cf the devslofsnent

and organization of structural -functional relationships in the human central

nervous systari. This research advances cl't'^iical knowledge of the relation-
ships between brain dysfunctions and amnesia, dysphasia, dyslexia and kindred

communicative disnrce'?.

Proposed Course of the '"''^oj_§c_t ' ^ battery of tests is being designed to

examine adaptive strategies used by neurologic or sensory handicapped patients
to compensate for visuomotor or language disorders. Visual and auditory tasks
will be developed to further delineate immediate and long-term memory impair-
ment in patients with lateralized cortical and subcortical lesions. Parallel

studies of internenii spheric relations will De made during deep brain stimula-
tion and during cortical stimulation of patients in the neurosurgical opera-
ting suite.

Publications:

Fedio, P.: The Cortical and Thalamic Mechanisms of Memory. Bulletin
of the International Neuropsychology Society, January, 1976.

Rosenthal, L. S. and Fedio, P.: Recognition Thresholds in the Central
and Lateral Visual Fields Following Temporal Lobectomy. Cortex 1 1 : 217-229,
1975.
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SUMMARY OF WORK (200 words or less - underline keywords)
In 8 patients undergoing excision of epileptogenic lesions . 70 observations
were made. In 42 instances NADH levels changed 3-157o in response to

cortical stimulation . Studies of spread of NADH change indicate that this
does not extend outward symmetrically from the region of stimulation but may
vary from area to area in an asymmetrical fashion. These variable responses
may reflect local tissue changes related to the epileptogenic process.

PHS-6040
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SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT 'Jse this space)

U.S. DEPARTMENT OF PROJECT NUMBER
HEALTH, EDUCATION, AND WELFARE i

PUBLIC HEALTH SERVICE |

NOTICE OF
INTRAMURAL RESEARCH PROJECT

j
zpi jjs 02213-01 CN

PERIOD COVERED

July 1, 1975 through June 30, 1976

TiTLE OF PROJECT (80 characters or less)

Neuron response to axon injury in the irmnature 2nd the mature rat

NAMtS, LABORATORY AND INSTifbiE AFTiL! ATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL EiJGAGED CN THE TROJEOT

Tl: Risemary C. Borke Biologist CN NINCDS

OTIiER: M.W. Brightman, Ph.D. Section Head LNNS NINCDS

COOPERATING UNITS (if any)

Laboratory of Neuropathology and Neuroanatomical Sciences, NINCDS

lab/branch

Clinical Neurosciences
SECTION .

Functional Neurosurgery
INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

0.5
PROFESSIONAL:

0.5
OTHER:

SUMMARY OF WORK (200 words or less - underline keywords)

Ligation of the hypoglossal nerve at 7 days post partum results in irreversiblt
chromato lysis and subsequent cell death of neurons of hypoglossal nucleus . In

contrast, ligation of the hypoglossal nerve in 3 week old animal is

accompanied by reversible chromatolysis with functional recovery of the

affected neurons within 45-55 days following the axonal injury . The use of

these two maturity states therefore will provide a model for further
investigations of the basic sequence of how the cell body changes following

injury to axon relate to the processes of nerve regeneration and degeneration .

PHS-6040 7,,
(12-75)
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Project Description:

Objectives :

1. To compare the u1 trastructural features of retrograde
responses to nerve crush and ligation in a system capable of
regeneration (three-week-old rat) with a system incapable of
regeneration (one-week-old rat).

2. To study the sequency of events of the progressive chang
in the perikaryon capacity to respond to axonal injury.

3. To study the u1 trastructural mechanism by which neurons
are switched to a different metabolic program from tha operating
during the cortical maturation period of neurons.

4. To compare the glial reaction to axon injury in immaturei
and mature animals.

I

5. To correlate the cell body responses with axonal regener-
ation in cells capable of regeneration (young adults) and cells
incapable of regeneration (newborn - 7 days).

6. To study the membrane events of the axon and cell body ni

neurons' subjected to nerve crush and ligation.

Methods Employed :

1. Surgical techniques of ligation and nerve crush of hypo-
glossal nerve in rats.

2. Transmission Electron Microscopy of the u1 trastructural
changes associated with axon regeneration and retrograde resecti
of the cell body.

3. Electron staining using tannic acid to delineate alter'
ations in surface membrane coats of synapses on soma and dendritj
of hypoglossal nucleus cells.

4. Freeze fracture techniques of hypoglossal nucleus and
nerve in normal and injured neurons to study the membrane events

,_

associated with the retrograde responses. \

5. Neurophysiological stimulation techniques as needed to
\

test functional regeneration of axons.

Major Findings : This study was initiated recently, therefore
significant findings are not available at this time.
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Preliminary experiments have been conducted to determine a

model in which the cells are capable of nerve regpneration and
')ne in which the neurons are inc^ibabl <=: u-f ''.'i,-?-'\er-\t\or-- ^Hp
resuVts of these experiments demons '-ratt' that the ZUi o-?' 'Vri"'} n

rat is at a birth maturity spectrum between the immature ~tate
of hamster CNS and the mature state of rabbit CNS. Ligacion of
the hypoglossal nerve at 7-days post partum results in irrevers-
ible chromatolysi s and subsequent cell death of neurons of hypo-
glossal nucleus. In contrast, ligation of the hypoglossal n^we
in 3-week old animal is accompanied by reversible chromatolysi

s

with functional recovery of the affected neurons within 45-55 days
following the axonal injury. The use of these two maturity states
therefore will provide a model for further investigations of the
basic sequence of how the cell body changes following injury tc
axon relate to the processes of nerve regeneration and degener-
ation.

Proposed Course of the Project: To continue as described into
the next fiscal year.

Publications, none.
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SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do »0T use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, ,AND .jELF.^Ht

PUBLIC HEALTH SERVICE
NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZO: NS 02214-01 CN

PERIOD COVERED

July 1, 1975 Chroagh June 50, 1976

TLt OF PROJECT (80 charactprs or less)

Effects of 3, 5, 3 Iriioco-LThyroniae on cell body and axons following

njury to hypoglossal ntrve.

NAMES, LABORATORY AND INSTlTUfE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROt-'ESSIONAL PERSONNEL ENGAGED ON THE PROJECT

CN NINCDSPI: Rosemary C= Borke

n-U-iS : M-W . iJr igl.tnian , Ph . ;>

.

Biologist
Sewition Head LNNS NINCDS

COOPERATING UNITS (if any)

Laboratory of Neuropathology and Neuroanatomical Sciences, NINCDS

lab/branch

Clinical Neurosciences
SECTION

Functional Neurosurgery

INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014

TOTAL MANYEARS:

0.5
PROFESSIONAL:

0.5
OTHER:

SUMMARY OF WORK (200 words or less - underline keywords)

Preliminary experiments are in progress to determine a drug dosage level
which ensures maximum protein synthesis without toxicity to the animal
over long term administration. The effects of Triiodothyronine (T3) will
be studied in models capable of regeneration as well as those in which
regeneration is limited. Studying the effects of T3 on these two different
systems affords the opportunity to determine the basic mechanism of action
of T3 on axonal regeneration .

)

PHS-6040
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Project Description

Objectives :

1. To study the effect of Triiodothyronine (T3) on themtiation and enhancement of the cell body response to axonalegeneration.

2. To determine if T3 (a hormone known to stimulate proteinynthesisj may encourage regeneration in neurons whose reqener-
tion capacity is limited.

3. To study the effects of T3 on events which are apart of
e axon reaction of injured neuron (for example: glial reactiontraction of dendrites).

'^action,

4. To compare the membrane events' associated with injury to
hypoglossal nerve with those of nerve injury and administration

5. To determine if the protein synthesis effect of T3 on
injured nerves is a local (at site of injury) or central (at cellbody of injured axons). v cii

th
re

Methods Employed

1.

r
1. Surgical ligation and/or nerve crush of hypoglossal nerve

in immature and mature rats.

2

opera
. Daily subcutaneous administration of T3 pre-and post-
t i V e 1 y

.

3. Transmission Electron Microscopy of the ul trastructural
observations of changes in cell body and axons following injury
and subsequent administration of T3. ^ ^

j

4. Ele-ctron staining methods including tannic acid to deter-
mine alterations in surface coats of synapses on soma and dendrite;
of hypoglossal nucleus cells.

5. Freeze fracture techniques of hypoglossal nucleus and
nerve to study membrane events associated with nerve injury and
T3 administration.

6. Light microscopic examination of thyroid gland to deter-
mine the functional state of gland in normal vs T3 animals.

7. Neurophysiological studies to determine the functional
regeneration of axons.

i
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Major Findings : This study has just been initiatad and there-
fore no findings are available at this time.

r r's: iis'i r;ar>' experiments are "in progr^'-.s tr- de tern; in'; :>
^'-,9

dosage level which ensures maximum protein synthesis without
toxicity to the animal over long term administration.

The effects of Triiodothyronine (T3) will be studipd in models
capable of regeneration as well as those 1n which regeneration is

limited. Studying the effects of T3 on these two different
systems affords the opportunity to determine:

a) if system incapable of regeneration can be switched to a

metabolic program which augments the regenerative capacity.

b) if the increase in protein synthesis produced by T3 is
local (at site of injury) or central (at cell body of
injured axons).

c) the basic mechanism of action of T3 on axonal regeneration.

Proposed Course of the Project : To continue as described into
the next fiscal year.

Publications: none.
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SMITHSONIAN SCtENCE INFORMATION EXCHANGE U.S. DEPARTMENT OF """-'

PROJECT NUMBER (Do WOT use tl-.U spice) lHf-:AL,TH, EDlICATIOi^, AND WELFARE i

I PUBLIC HEALTH SERVICE
NOTICE OF I

i
iHTRWIORM. SE8EARCH PSOJEC I ZOl NS 02096-03 CN

PERIOD COVERED

July 1, 1975 Uiro uah Jua-- JG, J. S 76_
["lit OF PROJECT (80 character''! or less)

Effects of reticular st Iraulation «nd Mctrarjol seizures on the electrical
- nd metabolic act•-^rit:1' uf the cyt r.orrf.>%

INAMES, LABORATORY AND IMSHTUTC AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

'"' ^.. Vsrri, M.D.

Tl'ER: WoC. V/hitehouse
W.H. Schuette

(Ilxriici'. Associate

Section head
Biomedical Engineer

CN NINCDS

PSD CC
BEX DRS

COOPERATING UNITS (if any)

Biomedical Engineering Branch, Division of Research Services
Television Engineering Section, Clinical Center

lab/branch

Clinical Neurosciences
SECTION

Clinical Neurophysiology
INSTITUTE AND L0T;AT10N

NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

0.4

PROFESSIONAL:

0.2

OTHER:

0.2
SUMMARY OF WORK (200 words or less - underline keywords)

1. Using the fluorescein reference described in the previous report, reliable
recordings of cortical NADH fluorescence changes were made.
2. Brain stem stimulation caused a marked elevation of BP and a simultaneous
decrease in NADH fluorescence over large cortical areas. The changes in NADH
were not always seen, however, during densitometric analysis of smaller cortica
regions during video-tape playback. Repeated analyses demonstrated absolutely
no consistency in the distribution of anomalous NADH changes.
3. Metrazol seizures were usually accompanied by large decreases in NADH
fluorescence over most cortical areas, although small cortical regions
manifesting anomalous ictal increases in NADH were occasionally observed.
4. Changes in sagittal sinus flow and cortical 529 nM fluorescence occurred
simultaneously during brain stem stimulation and seizures.

PHS-6040
(12-75)
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98: 405-409. 1975

fluorometry. Brain Res. :
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[SMITHSONIAN SCIENCE INFORMATION EXCHANGE U.S. DEPARTMENT OF

PROJECT NUMBER (Do NOT use this space) HEALTH. EDUCATION, i\NO WELFARE
PUBLlu HEALTH SERVICE

NOTICE OF
INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 02121-02 CN

PERIOD COVERED.

July 1, 1975 through June 30, 1976

rTTtrr"OF~PROuECT (80 characters or less)

I - - Jf- clearance in epileptogenic glial scars of hlumina creain. fjci iu tecc

Mulartr.

r;;.r;£3, LAEORATCRY and institute affiliations, and titles of PRSNCIPAL investigators AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: D.V. Lewis, M.D.

N. Mutsuga, M.D.

OTHER: W.H. Schuette
J.M. Van Buren, M.D.

Clinical Associate
Visiting Fellow

Biomedical Engineer
Associate Chief

CN NTIS^CTJ*^

CN NINCDS

BEX DRS
CN NINCDS

COOPERATING UNITS (If any)

Biomedical Engineering Branch, Division of Research Services
Television Engineering Section, Clinical Center

lab/branch

Clinical Neurosciences
SECTION

Clinical Neurophysiology

INSTITUTE AND LOCATION

"NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

0.9
PROFESSIONAL:

0.8
OTHER:

0.1
SUMMARY OF WORK (200 words or less - underline keywords)

Reactive gliosis at the sites. in which potassium clearance was measured was
quantitated histologically and correlated with potassium clearance rates.

A small, significant correlation was observed, with dense gliosis associated
with slowed potassium clearance, although the baseline potassium level

appeared no different in actively epileptogenic areas or gliotic areas

compared with normal areas. The results suggest a negative correlation
between reactive gliosis and rapidity of extracellular potassium clearance.

PHS-6040
(12-75) 47s
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Project Description

Objectives: To correlate any observed chanap«: in ri^+i
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''"'''' completed. Paper to

Publication*; ; none.
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U.S. DEPARTMENT OF
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PROJECT NUMBER
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PERIOD COVEREC ^„ ,„,,
July 1, 1975 Khrough June 30, 1976

TlTLl OF PROJECT (80 characters or less)

Fluorometric and oxygen consumption changes in the cat cortex

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: D.V. Lewis, M.D.

OTHER: W.H. Schuette

Clinical Associate

Biomedical Engineer

CN NINCDS

BEI DRS

COOPERATING UNITS (if any)

Biomedical Engineering Branch, Division of Research Services

Television Engineering Section, Clinical Center

lab/branch

Clinical Neurosciences
SECTION

Clinical Neurophysiology
INSTITUTE AND LX)0AT10N

NINCDS, NIH, Bethesda, Maryland 20014

TOTAL MANYEARS:

0.3
PROFESSIONAL:

0.2
OTHER:

0.1

SUMMARY OF WORK (200 words or less - underline keywords)

NADH fluorescence within the cortical area drained by the sinus, could be

correlated with oxygen consumption changes calculated from the sinus flow

and saturation values. The onset and peak values of calculated oxygen
consumption and NADH fluorescence changes usually occurred within several

seconds of one another and high, significant correlations were found between
the maximum changes in both parameters following stimulation. Also the

magnitude of fK^ln changes and calculated oxygen consumption changes

correlated well.

PHS-6040
(1.2-75) _
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Project Description:

Objectives : To correlate oxygen consumption, blood flow and
Hgb saturation with NADH fluorescence changes in the cat cortex
during direct cortical stimulation. If the NADH fluorescence
changes can be correlated with separate on line measures of O2
consumption this will strengthen and clarify the relationship
between fluorometric changes and O2 consumption rates. In addition,
with [K ]q (see below) and NADH monitoring along with flow, some
information on the local regulation of cerebral blood flow may be
obtained.

Methods Employed : Intracellular redox changes as indicated by
changes in the ratio of oxidized to reduced nicotine adenine
dineucleotide are monitored f 1 uorometrical ly in the superficial
1 mm of the cat cerebral cortex. Blood flow from the monitored
area is measured by a drip meter from the cannulated sagittal
sinus. Hgb saturation is measured continuously in the cannula
by means of a miniature oximeter.
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Proposed Course of the Project: Project completed. A paper is

in press,

Publ ications :

Lewis, D.V. and Schuette, W.H.: NADH fluorescence, [K"'']o and

oxygen consumption in cat cerebral cortex during direct

cortical stimulation. Brain Res.

:

in press, 1976.
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SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF
I NTRANURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 02124-02 CN

PERIOD COVERED
July 1, 1975 through June 30, 1976

TITLE OF PROJECT (80 characters or less)

Cortical 02 consumption and [k j in relation to NADH oxidation during

cortical activation and Metrazol seizures.

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: B. Vern, M.D.
OTHER: W.H. Schuette

W.C. Whitehouse
N. Mutsuga, M.D.

Clinical Associate
Biomedical Engineer
Section Head
Visiting Fellow

CN NINCDS
BE I DRS
PSD CC
CN NINCDS

COOPERATING UNITS (if any)

Biomedical Engineering Branch, Division of Research Services

Televisio.n Engineering Section, Clinical Center

lab/branch

Clinical Neurosciences
SECT I.ON

Clinical Neurophsyiology
INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

0.6

PROFESSIONAL:

0.4

OTHER:

0.2
SUMMARY OF WORK (200 words or less - underline keywords)

The time integrals of NADH decreases and cortical O2 consumption increases
during normotensive seizures were linearly related. There was no correlation
between NADH oxidation and O2 consumption during hypotensive seizures.

Increases in cortical oxidative metabolism following brain stem stimulation
were related to the concomitant increases in blood pressure and SSF rather
than to activation of ECoG . Cortical ischemia was characterized by a

simultaneous increase in NADH fluorescence and decrease in O2 consumption.

The clearance of extracellular K after the termination of ictal activity

, was not a monoexponential function. This clearance was slowed by ischemia.

PHS-6040
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Project Description:

Objectives :

1. To study the relationship between cortical oxygen con-
sumption and NADH oxidation during cortical activation.

2. To study the effects of ischemia on ictal changes in
cortical NADH fluorescence, O2 consumption, and [K''']^.

Methods Employed : Cats were anesthetized, paralyzed, and
artifically ventilated. After exposure of the cortex, the
superior sagittal sinus was cannulated. Sagittal sinus blood
flow (SSF) and venous oxygen hemoglobin saturation were monitored,
enabling the calculation of relative cortical oxygen consumption.
Cortical NADH fluorescence was continuously monitored with a

television fluorometer. The cortex was activated either by brain
stem stimulation or by i.v. Metrazol injection.

In addition to the methods described in the previous report
(02096) cortical [K"'"]^ was recorded with K'^'-sensi ti ve micro-
electrodes during Metrazol seizures, following bilateral thoraco-
tomy.

In order to induce ischemia during seizures, two methods were
f

employed: lowering of blood pressure and carotid artery occlusion,

Major Findings:

1. The time integrals of NADH decreases and of increases in
cortical oxygen consumption during normotensive seizures were
linearly related. There was no correlation between NADH oxida-
tion and O2 consumption during hypotensive seizures.

2. Increases in cortical oxidative metabolism following brain
stem stimulation were related to the concomitant increases in
blood pressure and SSF rather than to activation of the ECoG.

3. Cortical ischemia was characterized by a simultaneous
increase in NADH fluorescence and decrease in O2 consumption.

4. The clearance of extracellular K"*" after the termination
of ictal activity was not a monoexponential function. This clear-
ance was slowed by ischemia. The pattern and behavior of the
K"*" clearance curves observed were consistent with a major partic-
ipation of an O2 dependent process in the control of elevated
[K Iq- The role of glial cells in this process was suggested.

Proposed Course of the Project : This project is completed. A
paper is currently in press and another is in preparation.
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Publications:

Vern, B., Schuette, W.H., Whitehouse, W.C. and Mutsuga, N.

Cortical oxygen consumption and NADH fluorescence during
Metrazol^' s^:1zures in norniotensive and hypotensive cats.
Exper. Neurol

.

: In press, 1976.

53s





I

'SMITHSONIAN SCIENCE INFORMATION EXCHANGE U.S. DEPARTMENT OF
PROJECT NIIMBEP (Oo NO"' un Hi, soa.::-' IhEA. IS "niJCAJI Oi: All" wi . >'

I

f-UBi-lv. hEALTh oEft\/ICL
NOTICE OF

INTRAMURAL RESEARCH PROJECT

Ppn.iFnT MiiMREP

ZOl NS 02206-01 CN

PERIOD COVERED

July 1, 1975 through June 3n, 1975

TITLE OF PROJECT (80 characters or less)

Contribution of passive diffusion to clearance of exti-aceiluiar poca:J.-^iiim.

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: B. Vern, M.D.
OTHER : W.H. Schuette

L. Thibault

Clinical Associate
Biomedical Engineer
Biomedical Engineer

CN NINCDS
BE I DRS
BE I DRS

COOPERATING UNITS (if any)

Biomedical Engineering Branch, Division of Research Services

>
lab/branch

Clinical Neurosciences
SECTION

Clinical Neurophysiology
INSTITUTE AND LOCATION

NINCDS. NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

0.4

PROFESSIONAL:

0.2

OTHER:

0.2
SUMMARY OF WORK (200 words or less - underline keywords)

A mathematical model for [K"''] clearance , incorporating both passive

diffusion and active uptake processes, was developed. After specifying

the initial conditions (the spatial profiles of [K"*"] at time = following

electrical stimulation), the experimental data were incorporated into the

mathematical formulation. Passive diffusion probably makes a relatively

insignificant contribution to the clearance of elevated [K"^ in the

cortex . Active processes are probably more important in this regard.

PHS-6040
(12-75)
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Objectives: To determine thediffusion to the clearance of estimulation.

Serial No. ZOl HS 022nfi-m ^
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PERIOD COVERED

July 1, 1975 through June 30, 1976

TITLE OF PROJECT (80 characters or less)

NADH fluorescence' and [K''"] in the gerbil cortex following carotid

artery occlusion.

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: B. Vern, M.D.

OTHER: N. Mutsuga, M.D.

W.C. Whitehouse

Clinical Associate
Visiting Fellow
Section Head

CN NINCDS
CN NINCDS
PSD CC

COOPERATING UNITS (if any)

Television Engineering Section, Clinical Center

LAB/BRANCH

Clinical Neurosciences
SECTION

Clinical Neurnphysi'nlngy
INSTITUTE AND LOCATION

NINCDS. NIH. Be the sda. Maryland 20014
TOTAL MANYEARS:

0.4

PROFESSIONAL:

0.2

OTHERj

0.2
SUMMARY OF WORK (200 words or less - underline keywords)

Unilateral carotid occlusion caused an ipsilateral increase in NADH

fluorescence which was usually reversible if the occlusion was not

maintained longer than about 1 min. Stable [l^JL^ recordings were

difficult to obtain because of the susceptibility of the gerbil cortex

to spreading depression .

PHS-6040
(12-75)
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Serial No. Z01 NS 02207-01 Ct#

Objectives: To detect possibly lateralized alteration.:

occlII^IZ^'^'^'
metabolism during uni laJeral caro??d°art
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Publ ications : none,
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ISMITHSONIAN SCIENCE INFORMATION EXCHANGE U.S. DEPARTMENT OF | PROJECT NUMBER
PROJECT NUMBER (Oo NOT use this soace) |hEALTK, EDUCATION, AM?. mLJ -^i^

' FU8LIU HEALTH SERVICE
NOTICE OF

INTRAMURAL RESEARCH PROJECT ZOl NS 02208-01 CN
PERIOD COVERED-

July 1, 1975 through June 30, 1976

TITLE OF PROJECT (80 characters or less)

Relationship between cortical blood flow and 529 nM fluorescence

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: B. Vern, M.D. Clinical Associate CN NINCDS
OTHER: W.H. Schuette Biomedical Engineer BEX DRS

W.C. Whitehouse Section Head PSD CC

COOPERATING UNITS (if any)

Biomedical Engineering Branch, Division of Research Services
Television Engineering Branch, Clinical Center

LAB/BRANCH

Clinical Neurosciences
SECTION

Clinical Neurophysiology
INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

0.4
PROFESSIONAL:

0.2
OTHER:

0.2

SUMMARY OF WORK (200 words or less - underline keywords)

Preliminary analysis indicates that sagittal sinus blood flow changes

are related to the product of the blood pressure and the square of

changes in 529 nM fluorescence intensity in most cortical areas which
are probably within the sagittal sinus drainage bed.

PHS-6040 5 e
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Serial No. Z01 NS 02208-01 Cf
Project Description:

Objectives: To define a semiquantitative relationship

so^'T^rf?u^'lL^Iin'l°°'
'^°^ '^' ''^ fluorescence of i!5:^nJected

Methods Employed: The cortex was widely exposed in anesthe-tized paralyzed, artifically ventilated cats. Vent lation ratewas adjusted to give an end-expiratory [CO2] of between 3 5 and4.5% The cortex was illuminated with UV 1 ght and viewed wi?h
mon? ored'a?ter"?hrf •• '''V-''' ''' "^ fluorescence wasmonitored after the i.v. injection of 3-5cc of 1% sodium flunrpscein. Sagittal sinus blood flow (SSF) was mon tored with a driocounter/integrator attached to a sagittal sinus cannulTRPwfc'^monitored through a femoral arterial cannula ChanSes in SS?

r?te%:;^n"'of\S!'Sr ^^^—\---es or by Ra?Saco]o"g?c'alterations of the BP. Regional cortical changes in 529 nMfluorescence were determined by video-densitometry!

are re I atPH'tn''!?^'
' ^"-^.^'"^'^^^y analysis indicates the SSF changes

of chanae! in 52% nK'??"'*
°^ *^" ^^°°^ pressure and the square^

^L.c ..u^ u
^^^ ""^ fluorescence intensity in most corticalareas which are probably within the sagittal sinus drainage bed.

.on
P^Posed Course of the Prniprt- The validity of the fBP x (529 MM I luorescence change) calculation will be farther nvesti

Inhalation:''"'
'''''''' '''''''' ''''' '' induceS'^Jth 5^002

Publ ications : none.
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SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do MOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF
INTRAMRM. RESEARCH PROJECT

PRO iPrj NUMBER

ZOl NS 02209-01 CN

PERIOD COVERED

July 1, 1975 through June 30, 1976

"iTLH OF PROJECT (80 characters or less)

NADH fluorometry of the jji vivo cat heart during acute coronary
occlusion. »

NAMF.G;, LABORATORY AND iNSrlTUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: B. Vern, M.D„ Clinical Associate CN NINCDS
DiilER. W.H. Schuette Biomedical Engineer BEX DRS

W.C. Whitehouse Section Head PSD CC

COOPERATING UNITS (if any)

Biomedical Engineering Branch, Division of Research Services
Television Engineering Section, Clinical Center

lab/branch

Clinical Neurosciences
SECTION

Clinical Neurophysiology
INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

0.2
PROFESSIONAL:

0.1
OTHER:

0.1
SUMMARY OF WORK (200 words or less - underline keywords)

Fluorescein injection following acute coronary occlusion caused the

ischemic area of myocardium to appear dark against brightly fluorescent
surrounding tissue. The border between normal and ischemic tissue
was always clearly defined. Coronary occlusion always caused an
increase in NADH fluorescence in the ischemic areas. Simultaneous
changes in 529 nM fluorescence in these areas suggested an increase
in the blood volume of acutely "ischemic" myocardium. These
techniques may have a broad applicability in human coronary vascular
surgery , e.g., to evaluate the effectiveness of coronary bypass
grafts

.
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Serial No. ZOl NS 02209-01 CN m

Project Description:

Objectives : To record changes in NADH fluorescence of the
intact exposed myocardium during acute occlusion of a coronary
artery.

Methods Employed : Cats were anesthetized with barbiturate,
immobilized with Flaxedil, and respired with 100% 02- The
anterior surface of the myocardium was exposed through a mid-
sternal approach. Arterial BP was monitored and used to assess
the level of anesthesia. A silk suture was passed around either
the entire left anterior descending coronary artery or one of its
major branches in such a way as to allow rapid and reversible
vascular occlusion. The heart was then viewed with a television
fluorometer. NADH fluorescence was measured using sodium
fluorescein fluorescence as a reference. The areas of ischemia
were visualized by i.v. injections of fluorescein immediately
following coronary occlusion.

Major Findings: Fluorescein injection following acute
coronary occlusion caused the ischemic area of myocardium to
appear dark against brightly fluorescent surrounding tissue. The
border between normal and ischemic tissue was always clearly
defined. Coronary occlusion always caused an increase in NADH
fluorescence in the ischemic areas. Simultaneous changes in fy

529 nN fluorescence in these areas suggested an increase in the -
blood volume of acutely "ischemic" myocardium. These techniques
may have a broad applicability in human coronary vascular
surgery, e.g., to evaluate the effectiveness of coronary bypass
grafts. •

Proposed Course of the Project : This project is completed.
A manuscript is being prepared.

Publications: none.
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U.S. DEPARTMENT OF
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PUBLIC HEALTH SERVICE

NOTICE OF
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PROJECT ^iUMBER

ZOl NS 02210-01 CN

PERIOD COVERED
'

July 1, 1975 through June 30, 1976

TITLE OF PROJECT (80 characters or less)

GABA antagonism by Penicillin in Somatosensory Cortex

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: J.B. Macon, M.D. Clinical Associate CN NINCDS

COOPERATING UNITS (if any)

lab/branch

Clinical Neurosciences
SECTION

clinical Neurophysiology
INSJITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

0.7

PROFESSIONAL:

0.5
OTHER:

0.2

SUMMARY OF WORK (200 words or less - underline keywords)

GABA iontophoresis produced inhibitory effects on the firing rate of all

somatosensory cortex neurons encountered. Other amino acids including

glycine , B-alanine, and taurine had less potent inhibitory effects. All

neurons were excited by glutamate or d, l-homocvsteic acid . Penicillin

iontophoresis produced an increase in spontaneous firing rate of most units

studied. GABA inhibition is weakly antagonized by iontophoretic currents

greater than 100 nA of penicillin. GABA receptor antagonism is unlikely

to be the primary mechanism by which penicillin produces acute epileptic

foci.

PHS-6040
(12-75)
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Serial No. Z01 NS 02210-01 CN

Project Description:

Objectives : To determine if garnma amino butyric acid (GABA)

receptor antagonism plays a role in the evolution of acute

penicillin epileptic foci in feline somatosensory cortex.

Methods Employed : Extracellular single unit activity in cat

somatosensory cortex was studied via one barrel of a compound

seven-barrelled micropipette. Penicillin and putative neuro-

transmitter agents were delivered by iontophoresis from the other

six barrels. The recording electrode protruded 40-50y distal to

a five-barrel pipette containing neurotransmitter agents. A

penicillin electrode was placed 40-50y proximal to the five-

barrel electrode. The compound micropipette was placed in the

postcruciate or coronal gyri of the cat cortex under visual contro

The cat was anesthetized lightly with Nembutal and paralyzed with

Flaxedil and artifically respired. In some experiments penicillin

was applied topically by a small pledget rather by iontophoresis.

Major Findings : GABA iontophoresis produced inhibitory effect

on the firing rate of all somatosensory cortex neurons encountered

Other amino acids including glycine, B-alanine, and taurine had

less potent inhibitory effects. All neurons were excited by

glutamate or d, 1 -homocysteic acid.

Penicillin iontophoresis produced an increase in spontaneous
firing rate of most units studied. Enhanced evoked responses and

increased receptive field size occurred in most cases. During
penicillin iontophoresis initial studies indicate that GABA
inhibition is weakly antagonized by iontophoretic currents greater

than 100 nA of penicillin.

Single units firing in bursts as part of a topical penicillin

focus exhibited an increased background activity between bursts

when glutamate was iontophoresed. GABA iontophoresis to such

units elminated this background activity without inhibiting the

unit bursts which were occurring simultaneously with surface
interictal spikes.

Preliminary results indicate that penicillin applied directly
to a cortical neuron may weakly antagonize GABA receptors, but

that penicillin topical foci contain neurons with intact GABA

receptors. This suggests that GABA receptor antagonism is un-

likely to be the primary mechanism by which penicillin produces

acute epileptic foci.

Proposed Course of the Project : To continue throughout the

next fiscal year. Plan to investigate possible antagonism by

penicillin agents and to compare with other epileptogenic agents
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jricluci ing bicucul '! Inej strychnine, and picrotoxin.

Publications: none.
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SMITHSONIAN SCIENCE INFORMATION EXCHANGE U.S. DEPARTMENT OF PRO-IFCt NUMBER
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PUBLIC HEALTH SERVICE
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INTRAIIURAL RESEARCH PROJECT ZOl NS 02211-01 CN

PERIOD COVERED-

July 1, 1975 through June 30, 1976
TITLE OF PROJECT (80 characters or less)

Deafferentation Hj^jeractivity in the Spinal Trigeminal Nucleus

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: J.B. Macon, M.D. Clinical Associate CN NINCDS

COOPERATING UNITS (if any)

Experimental Surgery Unit, Veterinary Resources Branch, Division of Research
Services

lab/branch

Clinical Neurosciences
section

Clinical Neurophysiology
institute AND location

NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

0.7

PROFESSIONAL:

0.5

OTHER:

0.2
SUMMARY OF WORK (200 words or less - underline keywords)

To determine if deafferentation plays a role in the development of
epileptiform- like activity in subcortical structures. Eleven cats have under-
gone successful retrogasserian trigeminal rhizotomy to date. Two normal cats
have been studied to provide control responses. Neurons of the normal spinal
trigeminal nucleus were found to have low spontaneous rates and strong
evoked responses from the appropriate receptive fields. Latency to skin
stimulation in n. interpolaris or caudalis ranged from 2-5 msec. Neurons
were inhibited by GABA . B-alanine . and glycine . Neurons were excited by
glutamate and d, l-homocysteic acid .

PHS-6040 6 7c
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Serial No. ZOl NS 02211-01 CN

J
Project Description:

Objectives : To investigate the mechanism of increased spontaneous
activity of neuronal firing in the feline spinal trigeminal nucleus follow-
ing retrogasserian trigeminal rhizotomy. To determine if deafferentation
plays a role in the development of epileptiform- like activity in subcortical
structures.

Methods Employed : Six-barrelled compound micropipettes were used to

record extracellular single unit activity in the cat spinal trigeminal

nucleus while iontophoresing putative neurotransmitter agents. Unilateral
retrogasserian trigeminal rhizotomies were performed by the subtemporal
approach 2 weeks - 3 months prior to recording. The contralateral spinal
nucleus was used as control to compare results with deafferented neurons of
the ipsi lateral side.

Major Findings : Eleven cats have undergone successful retrogasserian
trigeminal rhizotomy to date. Two normal cats have been studied to provide
control responses. Neurons of the normal spinal trigeminal nucleus were
found to have low spontaneous rates and strong evoked responses from the
appropriate receptive fields. Latency to skin stimulation in n. interpolaris
or caudalis ranged from 2-5 msec. Neurons were inhibited by GABA, B-alanine, -»

and glycine. Neurons were excited by glutamate and d, 1-homocysteic acid. ^
Proposed Course of Project : To continue throughout the next fiscal year.

Plan to study the sensitivity of deafferented neurons to iontophoretically
applied neurotransmitters 2 weeks - 3 months post rhizotomy. Attempt to
determine whether there is a modification of receptor sensitivity in the
deafferented neuron to account for the observed spontaneous hyperactivity.

Publications: None
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U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF
INTRMMML RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 02212-01 CN

PERIOD COVERED

July 1, 1975 through June 30, 1976
TITLE OF PROJECT (80 characters or less)

Clinical ictal patterns in epileptics with EEG temporal lobe foci

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: C, Ajmone Marsan, M.D.
D.W. King, M.D.

Chief
Clinical Associate

CN NINCDS
CN NINCDS

COOPERATING UNITS (if any)

None

LAB/BRANCH

Clinical Neurosciences
SECTION

Clinical Neurophysiology
INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014

TOTAL MANYEARS:

0.7
PROFESSIONAL:

0.7
OTHER:

SUMMARY OF WORK (200 words or less - underline keywords)

This study utilizes over 200 patients. These are selected from the files
of our laboratory on the basis of a) presence of EEG epileptiform activity
localized within one or both temporal regions; b) availability of reliable
and detailed repeated observations and description of seizure episodes. This
project is expected to yield data which may throw some light on the patho-
physiology of temporal lobe seizures . From a practical viewpoint the study
should provide useful information for a more accurate localization of the

epileptogenic process and a better selection of candidates for surgical
treatment.

'))
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Serial No. ZOl NS 02212-01

Project Description:

Objectives : The ictal clinical manifestations of "temporal"
epilepsy are extremely complex and variable in different patients
or in the same subject at different times. This project is an
attempt to analyze in detail such manifestations and to correlate
them with the actual localization of the inter-ictal electro-
graphic signs.

Methods Employed and Major Findings : This study utilizes over
200 patients . These are selected from the files of our laboratory
on the basis of a) presence of EEG epileptiform activity localized
within one or both temporal regions; b) availability of reliable
and detailed repeated observations and description of seizure
episodes. The study is still at the stage of data collection and
tabulation: no major findings are available.

Significance : This project is expected to yield -i nteresting
data wnich may throw some light on the pathophysiology of temporal
lobe seizures. From a practical viewpoint the study should
provide useful information for a more accurate localization of
the epileptogenic process and a better selection of possible
candidates for surgical treatment, this helping in the management
of the main seizure disorder.

Proposed Course of the Project : This project should be
completed within the next fiscal period.

Publications: none.
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ANNUAL REPORT
July 1, 1975 through June 30, 1976

Developmental and Metabolic Neurology Branch

National Institute of Neurological and Communicative Disorders and Stroke
Roscoe 0. Brady, Chief

The Branch has continued to be one of the foremost research units in

the world with regard to contributions to the control and therapy of

disorders of the nervous system. Many of the findings in the immediate
past year and in previous years have had direct application for the
treatment of patients, diagnosis of heritable diseases, and genetic
counseling for inherited metabolic disorders. Insight has been obtained
into the control of a newly identified form of inherited metabolic diseases,
namely conditions caused by deficiencies of synthetic enzymes. Other work
deals with specific pathogenetic aspects of neoplastic diseases, multiple
sclerosis, a novel heritable triad associated with mental retardation,
mucopolysaccharidoses, and factors that predispose younger individuals to

stroke. Because these investigations cover a wide but related base for
the control and therapy of a number of human disordersj this report is

divided into the following relevant categories:

I. Enzyme Replacement Therapy for Inherited Diseases

During the past year we have established the efficacy of exogenous
glucocerebrosidase iii vivo . This enzyme is lacking in patients with
Gaucher 's disease. Thus, for every unit of enzyme activity injected
(a unit catalyzes the hydrolysis of 1 nanomole of glucocerebroside per hour)
we find that 0.4 nanomole of glucocerebroside has been cleared from the
liver in each of three patients infused with glucocerebrosidase. This
efficiency is very encouraging since it is obvious that a considerable
amount of the enzyme is taken up by tissues other than liver, and in order
for the enzyme to exert its physiological effect, it must be pinocytized
by the liver cell, packaged into intracellular lysosomes, and be brought
into effective contact with the accumulating lipid. That the body carries
out all of these operations with 40% efficiency augurs well for enzyme
replacement therapy for heritable metabolic diseases.

Another discovery of potentially great importance for enzyme replacement
therapy was made in the past year in the course of investigating infusion
of enzymes into monkeys, rats, and rabbits. It was observed that the
injected enzyme persisted in the liver of the injected animal very much
longer if the animal were anaesthetized continuously. The enzyme was
shown to have been taken up by the liver cell, but it was protected from
catabolism and loss of activity by various agents such as pentobarbital
and Tilerone. For example, the half- life of glucocerebrosidase in the
liver of the control animals is 6 hours, whereas it is greater than 30 hours
in animals sedated with pentobarbital. It must be determined whether the
surviving enzyme is functioning during this extended period of time. If it

is catalytically active, this observation will undoubtedly play a major
role in devising strategies of enzyme replacement.

It



II. Synthesis of Diagnostic Reagents

We have had a major breakthrough in the development of a chromogenic
reagent for the diagnosis of Krabbe's globoid cell leukodystrophy.
We have synthesized a chromogenic analogue of galactocerebroside, 2-hexa--

decanoglamino-4-nitrophenyl-3-£-galactopyranoside, that has been shown to
be a reliable reagent for the diagnosis of Krabbe's disease and the
identification of heterozygous carriers of this disorder. The reactions
involved demonstrated in the following figure:

Galactocerebrosidase

HjO (+NaOH)

2-Hexadecanoylamino-4-Nitrophenvl/3-D - Galactopyranoside

CHjOH

(CH2),4

(Yellow Product)

Previously, the diagnosis of these patients, detection of carriers and

the monitoring of pregnancies at risk for this disorder required the use

of radioactive galactocerebroside. These determinations were therefore

restricted to a few research laboratories. The assay with the newly

synthesized analogue is so facile that general clinical chemistry

laboratories can now perform these tests.

2t



III. Roles of Gangliosides as Cell Receptors, Alterations in Malignant

Transformation and Heritable Disorders of Anabolism .

A major breakthrough has occurred in our understanding of the
function of acidic glycolipids known as gangliosides. In collaboration
with the Section on Biochemistry of Cell Regulation, LBP, NIAMDD, we have
demonstrated that one of the functions of gangliosides is to act as cell

surface receptors for trophic hormones. In particular, we- have shown

that thyrotrophic hormone reacts very strongly with ganglioside Gqj^^.

Thyroid membranes contain this ganglioside, and it seems very likely

that it (or a glycoprotein with exactly the same oligosaccharide configura-

tion) is the natural receptor for the trophic hormone. Substantiation
for this assertion was found in subsequent experiments with rat thyroid
tumor cells which lack this ganglioside. These cells do not respond to

thyrotropin. Thyrotropin is a glycoprotein whose amino acid sequence
is completely established. Furthermore, it has been shown that the

amino acid sequences of luteinizing hormone, human chlorionic gonadotropin,
and cholera toxin have homology with thyrotropin. It is therefore very
likely that the effects of these glycopeptides are also mediated by
gangliosides on cell membranes. This fact has already been established
for cholera toxin where it was shown that the uptake of as little as

17,000 molecules of ganglioside G„^ per cell can confer sensitivity to

cholera toxin to cells previously unresponsive to this glycopeptide.
The latter experiments were carried out in collaboration with the

Laboratory of Cellular Metabolism, NHL&BI. These important observations

provide significant insight into the mechanism of action of trophic

hormones.

In the annual report for FY 1974, we documented the first known case

of an inherited defect of ganglioside biosynthesis. We demonstrated that

the metabolic lesion in the propositus was exactly the opposite of Tay-

Sachs disease; namely an inability to synthesize ganglioside G^,- due to

a deficiency of a anabolic enzyme rather than an insufficiency of a

catabolic enzyme as seen in all the lipid storage diseases. We have
recently discovered a second patient with exactly the same phenotypic
abnormalities as the index case and we are confident that an identical

anabolic enzymatic defect will be demonstrated in this infant. Furthermore,

we shall undertake a comprehensive examination concerning the possibility
that the maternal X- chromosome carries a DNA virus such as SV 40 or polyoma
virus. These viruses are tumorigenic in rodents and their presence
-causes exactly the same metabolic defect when cells are transformed by

these agents.

IV. Myelination

We have isolated myelin-specific glycoproteins from the central and

peripheral nervous systems. The carbohydrate composition has been determined

and the major components have been shown to be fucose, mannose, galactose,

N-acetylglucosamine and N-acetylneuraminic acid. The glycoproteins are

highly sulfated indicating an important functional aspect of their con-

st



stitution; i.e., they are very acid compounds like the mucopoly-

saccharides.

The glycoprotein in the central nervous system has been shown to be

a surface component of myelin. Hence, it is potentially susceptible
to attachment of viruses and modification by virus-associated enzymes.

The physiological significance of such changes is not completely under-

stood at this time but is is certainly conceivable that alterations
in the composition of myelin glycoproteins could cause structural and

immunological abnormalities. Changes such as these have long been
thought to be involved in the pathogenesis of myelin-destructive
diseases such as multiple sclerosis.

V. Epilepsy

Metabolic profiles of ant i- epileptic drugs were monitored in a

nuiii>er of epileptic patients. It was found that phenobarbital is

hydroxylated in the para position of the benzene ringe and that much
of the derivative appears in the urine conjugated with glucuronic acid.
However, the data indicate that most of administered phenobarbital is

eliminated by man in the form of still unidentified metabolites.

Studies with epileptic patients indicate that vigilance and reaction
times are the most useful parameters in evaluating the psychological
effects of anti-epileptic drugs. These determinations may be helpful
for evaluating the borderline between therapeutic and toxic levels of
anti- epileptic drugs. Regimens for optimal seizure control and functional
efficiency may now be better quant itated. Thus, the management of
seizure patients is now amenable to more precise evaluation and more
effective control of epilepsy should become available.

VI. Mental Retardation

A study has revealed a heritable condition associated with brain
damage that appears to be a novel syndrome that is transmitted as an
autosomal dominant trait. The symptoms comprise a triad of (1) progressive
mental retardation with onset between 12 and 30 years of age; (2) incoordina-
tion and slow eye pursuit without rapid saccades or nystagmus; and
(3) an associated nevus of Ota in the last generation in each family.
Death generally occurred prior to 45 years of age. Pathological findings
revealed degeneration of nuclear groups in the upper brainstem and a
moderate degree of cortical atrophy. The etiology of this unique
condition remains to be classified. Its identification should serve as
a point of departure for the elucidation of developmental abnormalities
having a common molecular basis.

V.
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VII. Mucopolysaccharidoses

We have characterized the mucopolysaccharides in the urine of
patients with the Maroteaux-Lamy syndrome. These glycosaminoglycans
consist primarily of dermatan sulfate (80%) and chondrotin-4-sulfate.
The molecular size of the excreted mucopolysaccharides presented a

consistent pattern which will be useful for the diagnosis of this
syndrome and for monitoring enzyme replacement trials with sulfatase B

which will be undertaken for the treatment of patients with this condition.

VIII. Stroke

A significant proportion (22 out of 171) of young patients
with strokes were found to have hypercholesterolemia and/or hypertri-
glyceridemia. The familial preponderance of these conditions has been
demonstrated. The predisposing factors to stroke in young individuals
will be further evaluated and the possibility of dietary modification of
these conditions will be investigated. These observations will be
coupled with our studies on the therapy of Fabry's disease where patients
are known to have a predisposition to strokes. The effect of enzyme
replacement therapy in this disorder will be investigated as a model
for the treatment of cerebrovascular disease.

IX. Award

The Branch was honored in FY 76 by the selection of the Chief of the
Branch for the distinguished Achievement Award by the Editors of Modem
Medicine.
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U.S. DEPARTIENT OF

POBLIC HEALTfiSERVICE

itrnAKKM. fffEsuRcn nrajECT

PROJECT NUmER

ZOl NS 00706-17 DMN

(PBlIKi COTf-'ftf:;

Jtsiy 1, 1975 CO Jtme 30, 1976

ch«r«cter
3 of tsjel

!\: di^erae etlolog:^

mTn~U' PROJEO; (80 ch«r«cter! or~less)
~

j,nbo:.T^i errors of tsjetatjoiism, cerebral degeneration and brain dysfunction

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

Pi: Anatole S. Dekaban, M.D., Ph.D., Associate Chief, DMN, NIBCDS

OTHER: George Constantopoulos , Ph.D., Biochemist, DMN, NINCDS
Michael P. Whyte, M.D., Clinical Associate, DMN, NINCDS
Norlo Sakuragawa, M.D., Visiting Fellow, DMN, NINCDS
Jan K. Steuslng, Research Associate, DMN, NINCDS

COOPERATING UNITS (if any)

None

lab/ BRANCH

Developmental and Metabolic Neurology Branch
SE5Tn

Clinical Investigations and Therapeutics
INSTITUTE AND LOCATION

NINCDS. NIH, Bethesda, Maryland 20014
TOTAL MANtEARSi PROFESSIONAL:

1.9

OTHERt

0.1
SUMMARY OF WORK (200 words or less - underline keywords)

Project No. ZOl NS 01523-08 DMN was incorporated in this project. Because of
its scope, this is a long range study. According to conservative estimates fb
this cotmtry, over four million people are permanently handicapped by mental
retardation (frequently of familial type) , birth defects , progressive cerebral
degeneration and inborn errors of metabolism . The principal aim is to stutiy
the pathogenesis and etiology of these diverse disorders, to identify
heterozygotes, and to institute therapeutic modification of the course of the
respective diseases. The methodological approach Includes clinical and
genetic appraisal, tissue culture , enzymology

, pathology and ch^^^^^^«try of
lipidoses and mucopolysaccharidoses .
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Project No . ZOl NS 00706-17 T)m(
\\

Project Description :

' ^"'

and inborn errors of meta^li^ Lf^^^ 5^'"' cerebral degenerations
over four million people in t^ U S f^ T"".""'

'^''^ ^°"^^ ^° .study the pathogenesis and etiology 'of tSL"^ieersrd""%' ^"\'^ ^° '•
frequently of genetic origin 2^ fl °,1 V

diverse disorders which are
including ident^ficati^roTheterozygotes" sf^'l

diagnostic tests
modifications of the course nVtZ ^ \ ^ ^° ^^^^itute therapeutic
preventive .ea.„e. ."h": itu^^.TllTlllLtlntl^Al.'^^'"

stsffj.^Tffli-, ;Stfthf flll"'':"^^?^
"^ " outpatients were

for Investigation iTthls^rdei^r?^
^^^^ categories were admitted

sphlngollpiloses, «rold ll^f^.^fn'','"''''''']
""=°Polysaccharidoses,

Methods Employed ;

"'
'^^'l^T.:l:\Tj:e'^^^^^^^^ -sessment of

2) Determination of profiles oJfif^^'^ T"" ''^f
^PPropriate. ^

polysaccharides and carbohydrates i^ ?T^d
^'^"^' P-°^-i--. "--- ||

urine. and cerebrospinal ?iuid ' ^'^ '^^'^ appropriate, in

''
8e^'tic°'dSS:s%\\'lL'^\,^:,^^^ ^-^^^-^^ ^^^"'^ ^^"*^-^-« °^
using banding technique

' '
P"P«-tion of the karyotypes

studies using radioactive substancS rnltJ
turnover

the first instance thf rlt t^f
to respective tissue cultures. In

respective1:::?e:/^:,-Lts":r; f^^Ltd^""'
^^^^^^^ ^ ^^^

d'S^o^iS: %rlZ^:^\l:iTir': " "^"^-^' ^- definitive
are^sed for biochemical chemlL'l

"" Pe-fo™ed and the tissues
scopic studies. '

''^^'^^''^^^ enzymatic and electron micro-

p'^::KL"%:r,\^c^:x:f ^'^ ''^\^^^^ ^^ ^"^-^-^ -^--^r
plasma or fo^ed blood e?::e:ts"%%^n:f""r"'^^f^'

'°™°-^'
and others.

elements, transfusion, dietary modifications
In case the patient with a metabolic disease A1..

5)

6)

8t
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Major Findings ;

1) Comprehensive and frequently pioneering studies were conducted In
various types of iiucDpolysaccharldc-es 'yPS} types I-Vl , !%It- -

disciplinary approach was used eticompassing detailed cllaicolj
pathological, chemical and enzymatic studies. Peripheral blood
components and fibroblast tissue cultures were utilized for
determination of enzyme activities. Here, the accomplishments of
our biochemist. Dr. Constantopoulos are particularly noteworthy.
Using analytical methods as well as a spectmm of catabolic enzymes,
he determined in detail for the first time the composition of muco-
polysaccharides in different organs of the patients who died irtth

the diagnosis of MPS type III A and MPS type V and extended the
knowledge of chemistry in MPS types I and II.

In addition, therapeutic modification studies were conducted in
selected patients with MPS type III, y and VI, using long-range
administration of corticosteroids (alternate day dosages) . The
corticosteroid administration was associated with improvement of
joint mobility and temporary slight amelioration of mental perform-
ance and behavior. The metabolic changes in mucopolysaccharides was
evaluated by determination of pol3mieric and break-down products of
urinary mucopolysaccharides accompanied administration of cortico-
steroids. In general, most of these patients showed a short lasting
initial increase in the urinary mucopolysaccharides which was then
followed by a sustained reduction. Also, variable changes in ratios
of darmatan sulfate to heparan sulfate took place in the patients
with MPS types II and V.

2) Concentrated efforts were made to introduce therapeutic modifi-
cations of selected inborn errors of metabolism. A measure of
success was obtained in treatment of kinky hair disease with a new
method of parenteral administration of copper, and guiding of
chelating dosages of penicillamine of Wilson's disease by repeated
metabolic balance studies of copper when both low copper diet and
penicillamine were used. The Intravenous infusion of Isolated
enzymes: trihexosldase and glucocerebrosidase to the patients with
Fabry's and Gaucher 's diseases and their effects on the excessively
stored material in various tissues were described in detail in
the project No. ZOl NS 00815-16 DMN.

3) A study of megalencephaly i.e., of patients with abnormally large
brains were completed and new classification and definitions
offered. The condition was foimd to be heterogeneous even after
neoplasia were excluded. Among 31 patients tabulated, an abnormally
large head (exceeding 2 1/2 standard deviations for the age) was
first noted under 1 year of age in 77 per cent of cases. Mental
retardation and neurological abnormalities were encountered in 58
per cent and abnormalities other than neurological were present in

9t
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22.5 per cent of cases. In those patients who died and autopsy was

performed, congenital malformations were the most common abnormality,

accounting for two-thirds of cases. The type of malformation varied

from minor cytoarchitectonic imperfections to severe arhinencephaly
^

and heterotopias with defective formation of gyri. Thus, the

teratogenetic period of the malformation ranged between 4 weeks and

over 7 months of gestation. Several presumptive etiological factorfi.

were evaluated. The finding, that the condition was infrequently
[

present in several members of the same family, some of whom had
normal intelligenc, makes this condition even more interesting;
additional study is warranted.

4) A study of a family with what appears to be a new s3mdrome was made.
Dominant transmission of an abnormal trait was traced through three
consecutive generations. The triad abnormalities consisted of the
following triad: progressive mental deterioration with age of onset
between 13 and 30 years, incoordination and slow eye pursuit without
rapid saccades or nystagmus , an associated finding in the last
generation was presence of the nevus of Ota. Death generally
occurred prior to the age of 45 years. Degeneration of nuclear
groups predominantly in the upper brainstem and moderate degree of
cortical atrophy was found at autopsy of one affected person.

Significance to Bio-Medical Research and the Program of the Institute ; ^
Since the majority of infections affecting man are now under quite satis-
factory control, the time has come for increased attention to accord a
measure of control to such common disorders as hereditary diseases, con-
genital malformations, mental retardation and degenerative conditions
affecting the nervous system. Improved methodology makes it now feasible to
advance our knowledge and institute some control in certain of the crippling
chronic disorders. These include prenatal diagnosis, enzyme infusions,
dietary modifications and institution of certain eugenic measures. Since
many of the disorders affect exclusively or predominantly the nervous system
the study of etiology and pathogenesis as well as institution of therapeu-
tic trials are of importance in furthering the main mission of our Institute.

Proposed Course of the Project : This is a broad and long range project of
our Section. During the next years increasing emphasis will be given to the
underlying genetic mechanisms of the hereditary diseases and to therapeutic (

modifications of respective disorders.

Publications ;

1. Dekaban, A.S. and Sakuragawa, N. : Megalencephaly . Chapter in
Handbook of Clinical Neurology (in press)

.

2. Dekaban, A.S. and Brady, R.O.: Therapeutic approaches to selected
disorders of inborn errors of metabolism with neruological involve-
ment. Int. J. Neurology (in press). I

lot
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-i. Whyte, M. and Dekaban, A.S.: Familial cerebral degeneration with
&XUW eye ai&veiiieiits, iscntal retardation and incidental nevus of Ota.

Cliild Neurol, and Dgyelopm. Med , (in press)

.

4. Dekaban, A.S.: Inborn errors of copper metabolism: Kinky hair
disease and hepatolenticular degeneration. Materia Medica Polna
(in press)

.

5. Constantopoulos, G., McComb, R.D. and Dekaban, A.S.: Neurochemistry
of the Mucopolysaccharidoses: Brain glycosaminoglycans in normals
and four types of mucopolysaccharidoses. J. of Neurochem .,

(in press)

.
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Procedures are developed for the purification of enzymes from tissues such
as human placenta that are lacking in patients with Gaucher 's disease , Fabry's
disease , Tay-Sachs disease and Niemann-Pick disease . The effects of enzyme
replacement therapy in patients with these disorders is under investigation.
Procedures are developed for the diagnosis of patients with these disorders,
the detection of heterozygous carriers of these genetic traits, and for the
monitoring of pregnancies at risk for each of these diseases.

PH8-6040
fl2-7S\
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Project Description :

i

Objectives : (1) To elucidate the biosynthetic pathways for the formation
of long chain fatty acids, cerebrosides, gangliosides, and sphingomyelin:

(2) to study the control mechanisms which regulate these processes;

(3) to study the metabolic fate of sphingolipids in normal and lipo-
dystrophic disease states, and (4) to provide diagnostic and therapeutic
procedures for the amelioration and control of the lipid storage
diseases

.

Methods : Glucocerebroside and galactocerebroside labeled with ^^C in
either the hexose or fatty acid portion of the molecule have been
synthesized, l^c-iabeled sphingomyelin and gluco-and galactopsychosine
have been similarly prepared. Ceramide-trihexoside and ceramide tetra
hexoside (globoside) specifically labeled with radioactive hydrogen-%
have been prepared. The metabolism of these labeled materials has been
investigated in vivo and in^ vitro . Human placenta has proved' to be
a convenient and rich source of sphingolipid hydrolases . Isolation of
these enzymes for therapeutic replacement trials is a major continuing
portion of this project.

Major Findings : (1) We have previously reported that enzyme replacement
in Gaucher 's disease and Fabry's disease promises to be effective
therapeutic procedures for the amelioration of these disorders. A
long lasting reduction of blood glucocerebroside, the accumulating lipid
in Gaucher 's disease was observed in two of three patients infused with
purified huiian placental glucocerebrosidase. Patients with Gaucher'

s

disease have sidjnormal activity of this enzyme in their tissues. The
lack of change in blood glucocerebroside in the third recipient is most
likely due to the fact that only 8% of the accumulated lipid was
cleared from the liver in this patient whereas there was a 26% reduction
in accumulated in liver glucocerebroside in the first two patients. The
discrepancy in the percentage cleared was due to the fact that the third
patient had 24 times more glucocerebroside in her liver than the first
and 11 times more than the second. An observation that is of particular
importance was that in all three recipients, a constant amount of gluco-
cerebroside was cleared per unit of enzyme injected. Thus, we now
know precisely how effective the exogenous glucocerebrosidase is in vivo .

Therefore, we can estimate how much enzyme will be required by Gaucher
patients by determining the amount of glucocerebroside in a liver
biopsy specimen obtained prior to the enzyme replacement trial.

(2) We have found that sedation of animals injected with human placental
glucocerebrosidase dramatically prolongs the presence of the exogenous
enzyme in the animal tissues . This observation has great potential
importance for enzyme replacement in huunans if it can be shown that the
exogenous enzyme is catalytically active over the extended period of time.
We are currently devising experiments to provide this information.

14t
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v^j The parification of cjie major isozymes of a-galactosidase from human
:1" ".'::. Iz has beer^ accoiipiLsncd. Major biochemical differences between

the two isozynes hrve bren. detected including 1) Km values for the

art.lfirlal substrate A"WEt.hylui!*)elliferyl-a-D-galactopyranoside, 2)

specificity fox the natural substrate ceramidetrihexoside and other

artificial substrates, 3) susceptibility to neuraminidase and heat

treatment and 4) subunit conposition.

Then we infused a third Fabry patient with human placental ceramidetri-

hexosidase in order to examine the effect of this enzyme on the

pathological accumulation of ceramidetrihexoside in the patient's kidneys.

A satisfactory preinfusion percutaneous renal biopsy was carried out,

but the biopsy obtained after administration of the enzyme was

not a representative sa]i5>le of kidney cortex and medulla. Therefore,

a comparison of ceramidetrihexoside in these specimens was inpossible.

Future investigations of enzyme replacement in Fabry's disease will be

carried out with open kidney biopsies to insure uniformity and

comparability of the samples.

(4) We have demonstrated that administration of hexosaminidase A to a

patient with Tay-Sachs disease resulted in about 4 times more total

enzymatic activity in the patient's liver than was actually infused.

We had previously observed a similar augmentation of enzymatic activity

in the liver of a patient with Fabry's disease who received ceramidetri-

hexosidase. Together these experiments strongly suggest that a subunit of

the active exogenous enzyme has caused a configurational change in the

mutated catalytically inactive enzymes in the tissues of these patients.

If these observations can be siibstantiated, it suggests that such activa-

tion is an important bonus and provides further impetios for enzyme replace-

ment trials in human genetic diseases.

(5) We continue to serve as a center for the diagnosis of patients and

detection of carriers for all of the lipid storage diseases. Requests

and samples come from all over the world for these assays. Much of 6ur

efforts are devoted to the monitoring of pregnancies at risk for

heritable metabolic disorders. During the past year we performed more
than 297 diagnostic assays for physicians and genetic counselors

.

Significance : Enzyme replacement appeals to offer considerable promise
for the treatment of Gaucher's disease and Fabry's disease. It is

expected that the deleterious clinical course in these patients will
be ameliorated by this therapy.

Proposed Course : We will continue to carry out and monitor the long-

term effects of enzyme infusion in patients with Gaucher's disease and
Fabry's disease. The effect of infusing substantially larger doses
of enzyme will be investigated. Preliminary studies of enzyme replace-
ment with purified sphingomyelinase will be initiated in patients with
Niemann-Pick disease. We shall attempt to design a system to determine
whether hexosaminidase A obtained from various sources can be taken iq>

by brain cells. This information is critical for developing a strategy
for replacement therapy for Tay-Sachs disease.
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Publications :

1. Brady, R. 0.: Biochemical genetics in neurology. Arch. Neurol . 33:

145-151, 1976.

2. Brady, R. 0.: Complex lipids: from laboratory to layman.
Trends in Biochemical Sciences 1: 51-53, 1976.

3. Brady, R. 0.: Lipidoses. In D. B. Tower and T. N. Chase (Eds.):
The Nervous System, Vol. 2, The Clinical Neurosciences . New York,
Raven Press, 1975, pp. 219-277.

4. Golde, D. W., Schneider, E. L., Bainton, D. F., Pentchev, P. C,
Brady, R. 0., Epstein, C. J., and Cline, M. J. Pathogenesis of
one variant of sea-blue histiocytosis. Lab. Invest . 33: 371-378,
1975.

5. Pentchev, P. G., Brady, R. 0., Gal, A. E., and Hibbert, 5. R.:

Replacement therapy for inherited enzyme deficiency. Sustained
clearance of accumulated glucocerebroside in Gaucher 's disease
following infusion of purified glucocerebrosidase. J . Mo 1 . Med . 1:

73-78, 1975.

6. Tower, D. B. and Brady, R. 0. (Eds.): The Nervous System, Vol. 1 ,

The ^asic Neurosciences . New York, Raven Press, 1975, 685 pp.

Patent

Pentchev, P. G. and Brady, R. 0.: Isolation of glucocerebrosidase
from human placental tissue. United States Patent No. 3,910,822
issued October 7, 1975.
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SUMMARY OF WORK (200 words or less - underline keywords)

This is a long range project. Epilepsy is a common neurological disorder often
resulting in considerable disability over many years of a patients life. The
most effective treatment in the majority of patients is the use of various
anticonvulsant agents . There is marked variablity of the metabolism of the
anticonvulsants from patient to patient. A dosage regimen considered thera-
peatlc may result in considerable slowing of mental performance. Our invest-
igative work includes: 1) Clinical determination of the most effective
therapeutic regimen, 2) Chemical determination of plasma levels of the

anticonvulsants and their metabolites , 3) Turnover studies of these medications
and their metabolites utilizing non-radioactive labelled anticonvulsants , 4)
Inplenentation of special testing to determine changes in patients mental
perfoToance with variation bf their therapeutic regimen.

PH8-4040 ITT"
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Project Description ;

Objectives ; In previous years we have contributed to the diagnosis,

treatment and long-range management of epilepsy in children. Our

current studies are centered on the assassBent of the metabolism of

anticonvulsant drugs in patients whose seizures are particularly diffi-
cult to control. The second important aspect in the management of both
children and adults with chronic epilepsy is prevention of excessive
drowsiness and slowing of mental activity resulting from high doaea of

anticonvulsant medication. Since no universally applicable tests for
subtile variations in the mental performance in our subjects are avail-
able, these need to be developed.

Patient Material ; 28 inpatients and 24 outpatients.

Methods Employed ;

1. Using metabolic profiles for «&tlCMrvttlaaBt ftg«nts developed by ua
(Clin. Neurol, and Nextrosurg. 3/4: 16e>179, 1974), «• hwe contlmiad
to explore variations in drug netabolism in patients whose epilepsy
is complicated by thyroid disease or abnormal growth and in patients
who in addition to anticonvulsants are receiving certain hormones.
Preliminary observations indicate acceleration of drug metabolisa
in hyperthyroidism.

2. Bio-transformation of phenobarbital to p-hydroxyphenobarbital ims
studied quantitatively by gas-liquid chromatography in 8 epileptic
patients, receiving phenobarbital orally and also in 1 normal volun-
teer. Following intravenous infusion of a single dose, a) pheno-
barbital as well as conjugated and unconjugated p-hydroxyphenobarbltal
were present in the urine of each patient, but m-hydroxyphenobarbltal
was not detected despite high sensitivity of the assay of 0.25 pg/ml,
b) incubation of urines of these patients with enayme 3-glucuronldftee
liberated conjugated p-hydroxyphenobarbital, but the incubatioa with
sulfatase had no effect; therefore p-hydroxyphenoberbltal ranged
between 24Z and 771 (mean 42X) , the recovery of the single dose in a
normal volunteer over the period of 16 days after injection amounted
to 30%. Phenobarbital, p-hydroxyphenobarbital and m-hydroxypheno-
barbital, were not detected in the feces of 4 patients. These results
suggest that metabolites other than those listed (and as yet unknown)
may be implicated in the elimination of phenobarbital in man; however,
degradation of phenobarbital by rupture of the phenobarbital ring can
not be ruled out.

3. Fifteen epileptic patients had their dose of anticonvulsant drugs
changed twice, each time by 30-50 per cent of the initial medication.
Before the dose change, the patients were given 6 specially adapted
mental performance tests, which were designed to measure vigilance,
reaction time and certain aspects of memory. Serum drug levels were

also monitored. The main results, include assessment of effects of
drugs on mental performance and avaluatlon of the psychological tests
used, a) Vigilance and reaction time tests were the most useful in

18t
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-vsili^tfcu « A sifects of x-wi±Oisa doses of the laedicatlon; the memory
u£isiki$ showed s'isdlar, bnt less definite trends; and rote calculation
^^-1 Lfl^ck slfeiEigQ wsre. of qg particular value In the study, b) On
tfc« fresta for v^.gUjancy. and reaction time, the greatest number of
p^tif^^t® »^«T~fo-raMKl. best ax? ths lowest dose of their medication, the
re«p«ctive percentages being 45.8 and 56. By comparison, fewest
patients perfonned best on their highest dose, the percentage being
16.7 for vigilance and 12.5 for reaction time; while the percentages-
en medium dose were 37.5 and 31.2 on the respective tests, c) Use
of well-standardized, yet simplified mental performance tests in
combination with changes in the dosage of medication can help in
reaching a compromise between acceptable seizure control and avoid-
ance of excessive slowing of mental activity.

S Ignificance to Bio-Medical Research and the Program of the

.

Institute ;

There are approximately two million individuals in this country with
epilepsy. The anguish of the affected patients and their families and
economic loss are enormous. Currently, the time has come to place treatment
of epilepsy on a better scientific basis with chemical control; this should
be associated with prevention of unnecessary impairment of mental perforata
ance by excessive medication.

Proposed Course of the Project : The modification of treatment of recurrent
cerebral seizures and a better control of the t3rpe and dosages of the
medication used by determination of balance studies of antiepileptic drugs
will continue. There is a need for further refinement in the testing format
to assess the patients adaptive and motor performance.

Publications :

1. Dekaban, A.S. and Lehman, E.: Effects of different dosages of
anticonvulsant drugs on mental performance in patients with chronic
epilepsy. Acta Neurol. Scan. 52: 319-330, 1975.
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SUMMARY OF WRK (200 words or less - underline keywords)

Mthough gangliosides are ubiquitous components of cell membranes, the function of
these glycosphingolipids is obscure. We are developing several systems to investi
gate their function, (i) HeLa cells undergo a striking morphological differentia-
tion in response to butyrate. This shape change is associated with induction of
a specific glycosyltransferase and an increase in ganglioside content but not with
alterations in surface glycoproteins, (ii) Ganglioside Gmi is the presumed surface
nenfcrane receptor for cholera Toxin . A line of chemically-transformed mouse fibro-
blasts can not synthesize Gmj. These Gmi-deficient cultured cells are unrespon-
sive, to cholera toxin; but following binding of [^H]-Gmi from the culture medium,
the cells now respond to the toxin as measured by an increase in cyclic AMP .

[)ther gangliosides can not substitute for Gmi in these cells, (iii) . Certain
gangliosides inhibit the binding of thyrotropin to thyroid meinbranes and the
subsequent stimulation of adeftiylate cyclase . These same gangliosides are found in
liig^ aaiounts in thyroid membranes and induce a conformational change in the hor
none. Cholera toxin partially competes with thyrotropin binding, undergoes a
confomational change in the presence of Gmi and has a region of aaiino acid sequenke
liOBOlogr with thyrotropin and related elycDprotein hormones. A sinilar mechanisin
of. action of cholera toxin and glycupfti feTif hoj^nongg is indicated.

PHS-6040 "ZTF
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Proj ect Description ;

Objectives : To investigate the function of membrane glycosphingolipids in
the regulation of cell proliferation, cell morphology, hormone action
and toxin sensitivity; to explore the regulation of glycosphingolipid
biosynthesis during development and differentiation and relate these
findings to anabolic heritable disorders; to determine the imderlying ^mechanism of altered glycosphingolipid biosynthesis in neoplastic %tissues; these studies are being extended to other membrane glycocon-
jugates

.

Methods: The glycosphingolipid composition of cultured cells and tissues
IS determined by extractions and purification of this class of lipids
followed by separation of individual glycolipids on thin-layer chromato-
grams. Metabolism in cultured cells is determined by adding radiolabelled
sugars to the culture medium and isolating the labelled glycosphingolipids.
Biosynthesis iji vitro is analyzed by assaying the activities of the glyco-
syl transferases involved in glycosphingolipid synthesis. Surface glyco-
conjugates are labelled by selective oxidation with galactose oxidase or
periodate and subsequent reduction with sodium borotritide. Gangliosides
radiolabeled in specific portions of the molecule are prepared by specific
enzymatic reactions. Thus [^^C]-N-acetylneuraminyl-lactosylceramide
(l_ C]-Gj^3) IS synthesized from lactosylceramide and CMP-[^^C] sialic acid
with the specific sialyltransferase activity. g

Membrane glycoproteins of cultured cells are analyzed by adding ^^C-or Un-
labeled precursors (L-fucose or D-glucosamine) to the culture medium.
Surface labeled glycoproteins are removed from intact cells by selective
digestion with trypsin and converted to glycopeptides by protease digestion.
Glycopeptides are separated by gel filtration column chromatography;
glycopeptides from different cell lines such as normal (^H-labeled) and
transformed (i^c labelled) are compared by co-chromatography and double-
labelled isotope counting techniques.

Major Findings :

^- Studies on Role of Glycosphingolipids in Morphological Differentiation
of Cultured Cells . These studies are in collaboration with the

Laboratory of Molecular Biology, IRP, NINCDS (ZOl-NS-02224-Ol-LMB) . HeLa
cells extend neurite-like processes when cultured in the presence of (u
certain short chain fatty acids such as butyrate. We have previously ^
shown that butyrate-treated HeLa have increased amounts of the ganglioside
Gm3 and activity of CMP-sialic acid: lactosylceramide sialyltransferase
('v.20-fold)

. The increase in sialyltransferase activity precedes the
changes in cell shape and both processes require RNA and protein synthesis
We recently observed that when butyrate-treated HeLa cells are transferred*
to fresh medium containing low levels of cycloheximide (0.5 yg/ml)

,

the cells retain their neurite-like processes for i;^) to 72 hours in the
absence of butyrate. Cellular content of G^s remain elevated over
untreated cells or butyrate-treated cells transferredto control medium
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-^ryaraberTY and Fisknaai, wmmscript STtdnnitted to Exp . Cell Res .). There

IS an ;?nridiiBBat of sialcglycopeptides derived from the sxirfaces of HeLa
ceiis treated with btityrate and decanoate. While both of these fatty

Acids inhibit HeLa cell growth only butyrate induces morphological changes

iS/.d ^^% bioir;n.-thesis . (Fishiiiaii and Henneberry, manuscript submitted to

J. Biol. Chem.) . These results further support the specific involvement of
gangliosides in morphological differentiation.

B. Interaction of Cholera Toxin with Ganglioside Receptors on Cell Surfaces .

These studies are in collaboration with the Laboratoiy of Cellular MetaboliSB
National Heart and Lung Institute (ZOl-HL-00606-04 LCM) . Previous studies
have implicated the ganglioside Gmi as the specific cell surface receptor
for the bacterial enterotoxin choleragen. We have used a ganglioside-
deficient moose cell line to directly deaonstrate the role of Gf/n as the
toxin receptor. NCTC 2071, a line of chemically transfbrmed mouse
fibroblasts, can be propagated in chemically defined medium. These cells

lack Gm2, and do not respond to cholera toxin as measured by activation of
adenylate cyclase and elevation of intracell cyclic AMP levels. Ylhea

[%]-GJ^^2 is added to culture medium, the cells bind the ganglioside and
now respond to the toxin CMoss, Fishman, Manganiello, Vaughan and Brady,
Proc. Nat. Acad. Sci . 76, in press). Cyclic AMP accumulation was proport-
ional to the muober of molecules of G|^ bound per cell and amount of
cholera toxin added. Inability of the NCTC 2071 cells to synthesize Gmi is

due to absence of specific glycosyltransferase activities. Although the
cells could bind other exogenous gangliosides such as [•'^CI-Gjq, [^*C]-

Gm2 and [3H]-Gpj_, they remained unresponsive to cholera toxin. These
studies clearly indicate that Gj^ji is the natural and specific receptor
for choleragen and suggest that gangliosides may fimction as meidiirane

receptors for other biological active peptides

.

C. Interaction of Thyrotropin with Gangliosides . These studies are in
collaboration with the Section on Biochemistry of Cell RegiHation,
Laboratory of Biochemical Pharmacology, National Institute of Arthritis,
Metabolism and Digestive Diseases (201 AM 23960-09-6BP) . Thyroid
stimulating hormone (TSH) binds to specific receptors on thyroid membranes.
Gangliosides are potent inhibitors of TSH binding; Gj,,, , G^, and G.- are
the most effective inhibitors . These same gangliosides complex witn the
hormone and induce conformational changes in polypeptide stmcture based
on studies in the ultracentrifuge and spectrophotofluorimeter. In
addition, these same gangliosides cire found in high amounts in bovine
thyroid membranes (Mullin, Fishman, Lee, Aloj , et al , Proc. Nat. Acad.
Sci . USA 73: 842-846, 1976). We have also discovered that the B-siibunit of
thyrotropin (which is the binding subxmit) has a region of sequence homology
with the B-subunit of cholera toxin (which is its binding subunit) . In
addition, this same region of similar amino acid seqiiences is found in
other glycopeptide hormones such as luteinizing hormone, human chorionic
gonadotropin and follicle-stimulating hormone (Ledley, Mullin, Lee, Aloj,
Fishman et al , Biochem. Biophys. Res. Coamim ., in press, 1976). These
observations suggest that all of these peptides may have a similar
mechanism of action.
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The binding subunits first bind to oligosaccharide chains on the receptor
which results in a conformational change in the hormone or toxin structure.
This change allows the a or A subunlt to activate adenylate cyclase. In
support of these concepts we have shown that cholera toxin inhibits the
binding of TSH to thyroid membranes (Mullin, Aloj , Fishman, et al, Proc.
Nat. Acad. Sci. USA , in press, 1976). In addition, there is a~cooperative
aspect to the interaction of these two peptides with the membrane receptor^
At appropriate concentrations of cholera toxin,binding of TSH can either ^
be increased or decreased. In an analogous manner, TSH can increase the
binding of cholera toxin to these membranes.

Significance: These studies are providing information on the function of
membrane glycosphingolipids and the regulation of their biosynthesis. We
have two important model systems for understanding the function of these
complex lipids. One is the dramatic association of increased ganglioside
synthesis during cellular differentiation. This model may have in^jortant

iii5)lication for the observed changes in ganglioside metabolisiD during
brain development . TTie second is the role of gangliosides 'as membrane
receptors for toxins and hormones and their possible role as potentiators
of toxin and hormone action by inducing conformational changes in these
polypeptides

.

Proposed Course : The project will be continued with emphasis placed on
the functional aspects of membrane glycoconjugates. We have initiated I

studies on possible abnormal ganglioside metabolism in thyroid diseases
and thyroid tumors. We are also screening sera from patients with thyroid
diseases for antibodies against gangliosides. Many of these diseases have
an immimological aspect and the detection of such antibodies could have
important diagnostic as well as therapeutic implications. We are expanding
our observations to include possible ganglioside interactions with other
glycoprotein hormones such as human chorionic gonadotropin and luteinizing
hormone

.

We are now studying a recently bom sibling to our described patient with
an anabolic sphingolipidoses (Fishman et al. Science 187: 68-70, 1975).

The sibling appears to have the same metabolic disease and skin fibroblasts

from the patient have been established in culture. We plan in applying

our knowledge about cholera toxin-ganglioside interactions in human
fibroblasts as a diagnostic and research tool to these cells. /

Publications :

1. Bailey, J. M., Fishman, P. H., Kusiak, J. W., Mulhem, S. A., and

Pentchev, P. G.: Mutarotase (Aldose- 1-Epimerase) from Kidney Cortex.

Methods Enzymol . 41B: 471-484, 1975.
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2. Brady, R. 0.: Cojnposition of membranes of cells transformed by
tunnorigenic DNA and RNA viruses. Amer. J. Clin. Path . 63: 685-694,
1975.

3. Fishman, P. H., Bradley, R. M., and Henneberry, R. C: But>'Xi2te-Incjci,-.

Glycolipid Biosynthesis in HeLa Cells: Properties of the Induced
Sialyltransferase. Arch. Biochem. Biophys . 172: 618-626, 1976.

4. Fishman, P. H., and Brady, R. 0.: Modification of Membrane Glycolipids
by Oncogenic Agents. In Perkins, E. G., and Witting, L. A. (Eds.):

Lipid Chemistry and Biochemistry . New York, Academic Press, 1975,

pp. 105-126.

5. Fishman, P. H., Brady, R. 0., and Aaronson, S. A.: A Comparison of
MeiBbrane Glycoconjugates from Mouse Cells Transformed by Murine and
Primate RNA Sarcoma Viruses. Biochemistry 15: 201-208, 1976.

6. Fishman, P. H. , Moss, J., and Vaughan, M. : Uptake and Metabolism of
Gangliosides in Transformed Mouse Fibroblasts: Relationship of
Ganglioside Structure to Choleragen Response. J. Biol. Chem . 251:

in press

.

7. Fishman, P. H., Pentchev, P. G. , and Bailey, J. M.: Mutarotase from

Higher Plants. Methods Enzymol . 41B: 484-487, 1975.

8. Maclaren, N. K., Max, S. R., Comblath, M. , Brady, R. 0., Ozand, P. T.,

Campbell,. J., Rennels, M., Mergner, W. J., and Garcia, J. H.

:

Gm3 gangliosidosis: A novel human sphingolipodystrophy. Pediatrics

57: 106-110, 1976.

9. Tanaka, J., Garcia, J. H., Max, S. R., Viloria, J. E., Kamijyo, Y.,

Maclaren, N. K., Comblath, M. , and Brady, R. 0.: Cerebral sponginess

and Gjij3 gangliosidosis: ultrastructure and probable pathogenesis.

J. Exp. Neuropath. Neurol . XXXIV 249-262, 1975.
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Project Description :

Objectives : To prepare sphingolipids labeled with radioactive isotopes

.

The compounds are used for metabolic studies and as diagnostic tools
in investigations related to hereditary lipid storage diseases.

Methods and Major Findings : A multitude of approaches were used in
g

labelling glycolipids such as chemical synthesis, partial synthesis, *

minor synthetic modifications, functional group exchange and tritium
gas exposure. These methods could be classified into two categories:
specific and non-specific labelling. The ideal approach is the specific
labelling which consist of the tagging of a complex molecule at a pre-
determined atom. Total synthesis is the best way to accomplish this
but up to now only few sphingolipids have been synthesized. We synthe-
sized sphingosine, psychosine and galactocerebroside specifically
labelled by total synthesis. However, our main effort is directed toward
methods which would allow specific labelling of atoms yet would not
necessitate tedious syntheses . An interesting technique which we
developed is called the functional group exchange. A chemical grou^)

such as an acetyl or carboxyl is split from a molecule and is replaced
with a similar but radioactive one. With this approach we could prepare
aminosugars even gangliosides . Using the approach - minor synthetic
modification; we prepared asialo ganglioside, Tay Sachs ganglioside and
ceramidetrihexoside. In this approach oxidation and reduction of an i

alcohol group in the molecule with a radioactive reducing agent would
reestablish the original lipid in radioactive form. The lipids used as

starting material for this approach were isolated from human tissues.
Tritium gas exposure a non-specific approach, was repeatedly used for
labelling ceramide dihexoside, dihexoside and globoside. By this
method all the non-labile hydrogen atoms in a molecule become radioactive.
This procedure is relatively simple but the purification of the resulting
compounds are coii5)lex. Also this type of compound require more
elaborate enzyme assays.

Significance : The con^jounds are indispensable in the detection,

identification and isolation of enzymes connected to lipid storage
diseases. Also studies related to qualitative and quantitative deter-

mination of enzymes in animal or human tissues necessitate these labelled
substrates. Prenatal diagnoses are of rising importance. These labelled
compounds play a key role in these diagnostic procedures. As a thera- '

peutic approach, this branch initiated replacement therapy by the

administration of the missing enzyme in hereditary diseases. The

monitoring of the enzyme levels during and after this therapeutic proce-
dure was done by the use of these radioactive substrates . It would be

also of great interest to develop new methods which would allow to prepare

relatively easily and inexpensively these compounds for the use of
clinicians and for researchers who are not connected to large research

centers

.
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Proposed Course : Work on this project continues in thr«e major
directions: 1. Glycolipids will be labeled by using the above mentioned
techniques with '^^C and Tritium. 2. The approach using "minor synth'tii
modification" will be extended and used on lipids which were not pT&i? -^-"n.

at all or not prepared by this technique. Also the replacement of the
enzymatic oxidation will be explored. 3. Work will continue on the
development of the technique: labelling of functional group exchange.

Publications :

See Project Nos. ZOl NS 00815-16 DMN and ZOl NS 00816-16 DMN.
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SUMMARY OF WORK (200 words or less - underline keywords) The major protein in myelin of the
peripheral nervous system is a glycoprotdn . Myelin purified from the central n
system also contains a glycoprotein, but it is quantitatively a minor component ol

the isolated myelin. This CNS glycoprotein appears to be selectively concentrated
in membranes which are transitional between compact myelin and the oligodendro-
glial surface membrane . We are purifying this glycoprotein which is in the myelin
oligodendroglial complex so that its chemistry and immimogenicity can be studied
This glycoprotein undergoes a chemical change in developing rat brain which may
involve its carbohydrate moieties . Since glycoproteins are known to be involved
in recognition and contact phenomena, we are investigating its role in developing
brain as the oligodendroglial surface membrane makes contact with axons and
is spiraled and compacted to form mature myelin. Glycoproteins are also known
to be cell surface antigens and receptors for viruses. Therefore, we are
investigating the possible rdle of the myelin-associated glycoprotein in the
autoimmune or infectious aspects of multiple sclerosis and other demyelinating
diseases.
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ii&j'jT protein of FNS myelin is a glycoprotein whereas the glycoproteins
svjciwiatsd with CNS E^elin are qioantitatively minor components. The
riycopeptides frojs both types of myelin contain fucose, mannose, galactose,
N-^c?tylgJ.-aco«Twines, sialic acid, and sulfate. Most of the galactose,
sialic acid and sulfate of CNS myelin are in the larger glycopeptide
fraction, whereas the smaller fraction, whereas the smaller fraction
contains primarily mannose and N-acetylglucosamine.

Substantial progress has been made toward developing a practical procedure
for purifying moderate amounts of the most prominent glycoprotein of CNS
myelin for chemical and immunological characterization. As reported
last year, the binding of this glycoprotein to Con A-Sepharose is complex,
possibly due to microheterogeneity in the oligosaccharide moieties of
the protein. However, we have now developed conditions for using
Con-A-Sepharose whereby a population of niyelin glycoproteins which is

enriched in the major component can be separated from nonglycosylated
proteins and some of the other glycoproteins. This procedure together
with solvent fractionation and preparative SDS gel electrophoresis results
in about a 75-fold purification of the glycoprotein over myelin. Analyti-
cal SDS gel electrophoresis of the fraction shows the major glycoprotein
band and 2-3 minor bands which account for only 10-15% of the protein.

As previously reported, double labeling experiments in rats showed
that the major fucose- labeled glycoprotein of immature CNS myelin has a
higher apparent molecular weight on SDS gels than that in mature myelin.
This predominant doubly labeled glycoprotein component from immature and
mature rats was partially purified by preparative gel electrophoresis
and converted to glycopeptides by exhaustive pronase digestion. Gel
filtration on Sephadex G-50 separated the radioactive glycopeptides into
several classes which were designated A,B,C and D from high to low
molecular weight. The glycopeptides from immature myelin were enriched
in the highest molecular weight class relative to those fr(»i mature myelin.
Neuraminidase treatment of the glycoprotein prior to pronase digestion
largely eliminated the developmental differences which were apparent by
gel filtration of glycopeptides. This indicates that there is a slightly
higher content of large molecular weight, sialic acid-rich oligosaccharide
units in the glycoprotein of immature myelin. However, neuraminidase
treatment did not reduce the magnitude of the developmental difference
revealed by electrophoresing the intact glycoprotein on SDS gels, although
it did decrease the apparent molecular weight of the glycoprotein of
both immature and mature myelin by an amoiint comparable to the develop-
mental difference. Therefore, the higher apparent molecular weigjit for
the glycoprotein from immature myelin on SDS gels is not due primarily to
its higher sialic acid content. As another approach to elucidating the
chCTiical basis of this developmental change, we are now beginning to
characterize trypsin fragments of the glycoprotein from mature and imnatiire
myelin. Preliminary experiments indicate that the glycoprotein is very
susceptible to mild trypsin treatment of intact myelin and is degraded
to at least two fragments with molecular weights of approximately 80,000
and 20,000 daltons, respectively.
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Surface labeling experiments on the intact spinal cord with sodium r^Hlborohydride and galactose oxidase have been completed and indica?^ ihaJ

leLt'nar'n '?'' T'T'^" "^'^"^ gl/coprotSn in myelin Is ^t

de^roa^^^i ^ °'^ '^'^ °" ^^^ "^'"™^1 ^"^^^^^ °f ^he myelin-oligo-dendroglial complex. The studies also showed that isolated myelincontains a relatively low molecular weight glycoprotein running in the

lTeTiiT\i"^"°". °' ''' ^''' "'^'^^^^ ^^ ^'^ susceptible to surface

fucose particularly m long term incorporatioH-stUdles . Since otherlaboratories have reported data suggesting that proteolipid is aglycoprotein, we carefully examined this small molecular weight glyco-protein. The results clearly showed that this fucose labeled glycoprotein

the ba^s^'T'it-f"""
?-°^-°lipid on appropriate gel systems'aJid o^

n^nt^^ f/ "'''^'u^
'" "^S^^'^ solvents. Also we partially purifiedproteolipid from rat brain and were unable to detect sugars characteristic

nrofio3f"' ^ ?^ '^"^""^^ chromatography. The results indicate Jhatproteolipid is not glycosylated in rat brain.

Previous studies on CNS myelin subfractions indicated that the majorglycoprotein, 2 '3 '-cyclic nucleotide 3'-phosphohydrolase (CNP) and

fn""^*, K °^^tl
^^^^ molecular weight proteins are most concentratedin the heavy subfraction. Electron microscopy of this fraction showedmany single membranes and vesicles without the classical periodicity ofmyelin. Our interpretation of these findings is that the heavy myelin ,subfraction is enriched in membranes which are derived from the oligo- I'plasma membrane but are not compacted into mult ilarameliar myelin. These

oligodendraglial derived membranes (henceforth referred to as ODM) mayinclude loose, uncorapacted myelin, membranes from the inner or outersurface of of the myelin sheath which peeled off during isolation
membranes of the processes leading from the oligodendroglial cell 'body
to the myelin, and paranodal membranes which form the junction with theaxolemma. Many of these ODM are not recovered in conventional myelin
preparations. We have now succeeded in utilizing differential and
density gradient centrifugation to isolate membrane fractions which
are ordinarily discarded during myelin purification and which have CNP
specific activities two to four fold higher than those in conventional
myelin. These membrane fractions are also enriched in glycoprotein
and other high molecular weight proteins, but contain low levels of basicprotein and proteolipid. Electron microscopy shows that these fractions
contain little recognizable myelin and are enriched in single membranes IOur interpretation of these results is that these fractions are even
more enriched than the heavy myelin subfraction in ODM which are trans-
sitional between myelin and the oligodendroglial surface membrajie.

Henry Webster and colleagues in LNNS have shown that the optic nerve of
Xenopus tadpoles provides a useful mode for studying demyelinating agents.The suitability of this model from demyelinating agents such as serum or
cerebrospinal fluid of multiple sclerosis patients may depend in part onthe biochemical similarity of Xenopus myelin to mammalian myelin We
have begun a biochemical analysis of myelin from Xenopus brain and spinal

(
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cord. Preliminary results indicate that Xenopus myelin contains tha
major myelin proteins, basic protein and proteolipid, although the basic
protein is of slightly higher molecular weight than that in human niyel.^Ts,

Significance : The probable localization of the major myelin-as?ociat«i
glycoprotein of the OJS in uncompacted myelin membranes and in other
oligodendroglial derived surface membranes, as suggested by the sub-
fractionation and surface probe studies, has important implications for
processes of myelination and demyelination. In this localization the
glycoprotein would be accessible for interactions with other cells and
with pathological agents such as antibodies and viruses. With regard
to myelin formation, there is considerable evidence in the literature
indicating that cell surface glycoproteins are involved in recognition
phenomena and in specific interactions between cells. The myelin-
associated glycoproteins of the CNS could be involved in interactions
between oligodendroglial and axonal meiribranes or between different layers
of myelin as they are spiraled and compacted. Many demyelinating diseases
such as multiple sclerosis are believed to involve autoimmune and/or
viral processes. Membrane glycoproteins are known to be cell surface
antigens and receptors for viruses. Therefore, it is reasonable to
suppose that the rayelin-associated glycoprotein could be directly involved
in demyelinating diseases. For exanqjle, in multiple sclerosis a viral
induced change in the sugars on the glycoprotein could cause it to be
recognized as a foreign antigen and subject to autoimmune attack.

For these reasons, information about the chemistry, immunogenicity,
and localization of myelin-associated glycoproteins will increase our
imderstanding of the molecular mechanisms of myelinogenesis and

derayelination. The carbohydrate analyses of normal adult rat myelin give
us a baseline from which to evaluate developmental and pathological changes
in these critical membranes which appear to be transitional between the

oligodendrocyte and conqiact myelin. However, the most significant advance
is the progress in devising a practical procedure for purifying sufficient
amounts of the most prominent myelin-associated glycoprotein for chemical
and immunological analysis. The important studies which will be possible
with the purified glycoprotein are indicated in the next section.

Proposed Course : One or more additional purification steps will be
developed to remove the minor contaminants from the relatively pure
glycoprotein preparation which we can now obtain. The amino acid and
carbohydrate composition of the purified glycoprotein will be deteirrined.

Antisera to the pure glycoprotein will be prepared and immunohistochemical
techniques will be used to precisely localize it in the myelin and oligo-
dendrocytes. The purified glycoprotein will be used to determine if
multiple sclerosis patients have antibodies or sensitized cells directed
against it. Also the fragments of the glycoprotein obtained by mild
trypsin treatment of intact myelin will be characterized with particular
emphasis on elucidating the chemical reason for the developmental change
in the glycoprotein.
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A partially purified myelin glycoprotein fraction will be prepared by
affinity chromatography on Con A-Sepharose but without the subsequent
steps used to completely purify major component. This fraction is !

enriched in the most prominent myelin glycoprotein and does not
i

contain the major myelin proteins, proteolipid and basic protein. It

has the advantage that it can be obtained relatively rapidly in good
yield. It will be used to immunize rabbits whose serum will be tested .

for demyelinating activity on cultured brain explants in collaboration %
with Dr. Frederick Seil of Stanford University. These experiments are
designed to determine if the demyelinating factor in the serum of
multiple sclerosis patients or animals with experimental demyelinating
diseases such as EAE (especially the chronic forms which more closely
resemble multiple sclerosis) • The protein,, glycoprotein and lipid
composition of myelin and ODM fractions will be determined in an attenqit

to identify the earliest and most significant changes in myelin and
oligodendroglial membranes. Also, the protein, glycoprotein and lipid
analysis of Xenopus myelin will be completed in order to obtain more
information about the suitability of Xenopus tadpole optic nerve as a
model for mammalian demyelinating diseases.

Publications :

1. Matthieu, J.-M., Everly, J. L., Brady, R. 0. and Quarles, R. H.:

[•55s]Sulfate incorporation into myelin glycoproteins. II. Peripheral
nervous tissue. Biochem. Biophys . Acta . 392: 159-166, 1975.

2. Matthieu, J.-M., Quarles, R. H., Poduslo, J. F. and Brady, R. 0.:
[^^S] Sulfate incorporation into myelin glycoproteins: I. Central
nervous tissue. Biochem. Biophys. Acta . 392: 167-174, 1975.

3. Poduslo, J., Quarles, R. H. and Brady, R. 0.: External labeling of
galactose in surface membrane glycoproteins of the intact myelin
sheath. J. Biol. Chem . 251: 153-158, 1976.

4. Quarles, R. H. : Glycoproteins in the nervous system. In Brady, R. 0.
(Ed

.
) : NINCDS 25th Anniversary Volume , Basic Neurosciences Section .

New York, Raven Press, pp. 493-501, 1975,

5. Quarles, R. H.: Effects of pronase and neuraminidase treatment on a
myelin-associated glycoprotein in developing brain. Biochem. J .

156: 143-150, 1976.

6. Zimmerman, A. W. , Matthieu, J.-M., Quarles, R. H., Brady, R. 0. and
Hsu, J. M. : Hypomyelination in copper deficient rats: Effects of
prenatal and postnatal copper replacement. Arch. Neurology 33: 111-119

j

1976.

7. Zimmerman, A.W., Quarles, R.H., Webster, H.deF., Matthieu, J. M.,
and Brady, R. 0.: Characterization and protein analysis of myelin
subfractions in rat brain: developmental and regional comparisons.
J. Neurochem . 25: 749-757, 1975.
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SUMMARY OF WORK (200 words or less - undtrlin* keywords)

C erebrovascular disease is one of the missions of this Institute and we have
initiated a study of the role of excessively elevated plasma lipids on the patho-
genesis of strokes . The initial phases of this investigation include: 1) The
incidence of strokes in patients with primary h3rperlipoproteinemia , 2) Assessment
of relative frequencies of strokes in various tjrpes of hyperlipoproteinemia, 3)
The composition of plasma phospholipids in various types of primary hyperlipo-
proteinemia. The specific laboratory methods include: determination of
partitioned plasma lipids and lipoproteins in fasting state.
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Project Description :

Objectives: Cerebrovascular disease is one nf t-hc. f
of neurological morbidity and mortalitv nf f """^^ "™°°^ ""«^«

abnormal patte^Hf linon^nK?
%^"^'*i'^^^ hyperlipidemia) and

content and'c'o'^L ion^r^IStioned lipids' '^TT.'''''
'° ^^"'^ ^^^

with transient or definitive strokes Id ?.
lipoproteins in patient

members of families with W.^i^.! f persons at high risk such as

s-£ rii.£:;•'=• •"• ««rii's^s -a-:„ ,

Methods Employed ;

'

j: PJ.;^.^.-^^^^
-tary habits.

3. fP-ial^examination of the retinal blood vessels and peripheral -

'^*

^uafrf^f '
^^^'^^"^""Phalographic. electrocardiographic, and ^

5 S^P^ T^n ^f"^«^°^ ^"^eys of blood and urine. C
^So^'d

'''" '°'''=^'^'' ""''"^ angiography and brain scan are ^
''

proc^SurL'':" :LlllT^^''^'^°''^''
'^^"^ "^^^ established chemical

•

^ ll^:ti:i:,%:7l7e:t^^^^^^ °^ ^^^^ ^- ^^- ^^ ^hndren

'

^^'S^cL°;h°k '"T" l^r^"'"^^ '^ P^P^- electrophoresis, and

Sa^ie^t'c^^t^^L'g^tl^?^'^^^ '^ electrophoresis and density

ana nyperllpoprotelnemla into the fnnr- ,^^^:^«..^„.. 4.

w-1-i-.i scroKe
well with the 3nT,,-«J«I^»^

diffemet types corresponded quite
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Significance to Bio-Medical Research and the Program of the Instieate .

One of the title words of this Institute is "Stroke" and there is clearly
defined obligation to investigate the etiology, pathogenesis and preventive
measures of cerebrovascular disease. Primary hyperlipoproteinemia is
associated with permanent elevation of principal plasma lipids: cholestex^sl
or triglycerides or both. For this reason young patients with familial
hjrperlipoproteinemia are particularly suited for studies on cerebrovascular
disease.

Proposed Course of the Project : This project was just begun; because of its
promise and valuable initial resiilts, it will be continued during years to
come. First paper has been submitted for publication.

Fubllcations : None
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PROFESSIONAL ?ERSONNEL ENQAGED ON THE PROJECT

PI: A. S. Dekaban, Assoc. Chief, DMN,NINCDS
OTHER: R. 0. Brady, Chief, DMN, NINCDS

P. G. Pentchev, Biochemist, DMN, NINCDS
A. E. Gal, Organic Chemist, DMN, NINCDS
M. Zelkowitz, Clinical Assoc, DMN, NINCDS

COOPERATING UNITS (if any)

None

lab/branch

Developmental and Metabolic Neurology Branch
seBTTW

.
—Clinical Investigationa and Therapeutics
institute and LOCATION

NINCDS. NIH. Bethesda. Maryland 20014
TOTAL MANYEARSi

1.0

PROFESSIONAL!

0.5

OTHERl

0.5
SUMMARY OF WORK (200 worda or lias > undtrllni kt^Horda)

Enzyme replacement trials were carried out in two patients with Fabry's
disease and three patients with Gaucher's disease . The quantity of
accumulating lipid in the blood and liver decreased following injection
of the requisite enzymes.
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Proj ect Description :

Objectives: TTie underlying abnormality in Fabry's disease is defic-io^rvof an enzyme a-galactosyl hydrolase, which is^ecessa^ for catSolis7
disorf^r"^^"'°''P''= galactosylgalactosylglucosylc^amde?^e
disorder is transmitted as an X-linked trait and is characterized

^fJis'uil" c' '^'r''^^'^'''
^'^" ^^^^°- (angiok^^atoS co^orisdiffusum

,
corneal opacities, intractable burning pain in the extremitiiliprogressive renal dysfunction and general fatiguf/ The life spS^r^^'

fanur" '
'h"'"^

occurring in early to mid-aduU years usuallJ'^Som renalfailure, cardiac, or cerebral complications.

The basic abnormality in Gaucher-s disease is a deficient enzyme activity

cerL'dr'^ff' "'l''
'"'"'^'^^ "^"-"^^l °' Si— '--- gSlyl!

^
ceramide. This results m excessive accumulation of this glycolipid in

life's :tiL"'i::it°;rf'''''^; ''T""'
^^^'^^"^ ^° ^^^^ fS^s-ng^"

^olve^t ^ ^^'°'P'^°"^«^'^' '"^^'"^^l abnormality and neurological

We have demonstrated (New Engl. J, Med 289-9-14 iqt^i i-h^t ;«*

purtfi:S
°' '^^^^ voluii-oF^mpTetif'matched ^hite M o '^

1iTorTf°"^ 1purified enzyme--ceramide trihexosidase to the patients with fII^^s ^

tefoLTf r° r.' \"^fr^
inrprovement in biochemical abnormalitj inthe form of a substantial decrease of excessively accumulating glycolipidSimilar results were obtained after infusions of glucocerebrofida^e to ftwo patients with Gaucher's disease (New Engl . J.^Med. 291: 989-^3, ?974)

In order to produce amelioration of the clinical abnormality, a repetitive

ir^i'Se^^'n^ °^ :^' ''f
'^'^"^ ^"^>^^^ ^° ^^-^ patients^^ould Cve to

blood SoH. °^S^,^^^spl^tation (kidneys), successive infusion of

nin^f/ ^ ^ °'' °^ purified enzymes are very involved and expensiveprocedures and are still in an experimental phase. Proper sel^cti^i of

?5a" is'^L^'^ii''"".'
°' ^P^""'^ indicLion for sSch theSe'ictnais IS now m order and in progress.

Material: 7 inpatients and 25 outpatient visits.

^Jh^d^: Active enzymes, glucocerebrosidase and ceramidetrihexosidaseare obtained from human placenta by extraction and fractionation with

S^h^r TltTlo^
Subsequently the enzyme is purified by passages on , i

Z^A .
columns, ion exchange chromatography including DEAE and ^

TlltT T'°" ^""^^^^ ^°l"""s- T^e final enzyme proteins are homo-geneous and pure. The enzymes are suspended in albuminated saline andsubmitted to the NIH Pharmaceutical Development Service for s?uJ? ofsterility and pyrogenicity in order to obtain their clearance for intra-venous administration to the patients.

S5^i^/f-^^^ ^""T^V^^^ ^^ preceded and followed by examination ofthe blood, liver and kidney tissues obtained by needle or open biopsy.This will permit detemdnation of the quantitative change in theexcessively accumulating umnetabolized substrate. 4\
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Medical literature fi-om 1920 to 1973 was scrutiniz'^d for detsdied ca'-a

reports on Fabry's disease. The data thus obtained plus the data from
7 of our ovm patients was analyzed for age of onset of the disease,
predominant clinical abnorraality and conrplications

.

Major Findings :

1. Intravenous infusions of purified glucocerebrosidase to two patients
with Gaucher's disease caused a substantial decrease in the quantity of
glucocerebroside in erythrocytes of these patients. Likewise there was a

decrease of this glycolipid in the liver following enzyme infusion as

compared to the preinfusion value. There was no obvious change in

patient' clinical condition following enzyme infusion and actually this

was not expected after only two consecutive infusions. The theoretical
value of these trials to correct the biochemical errors are far
reaching and further infusions are planned.

2. Clinical data on 80 patients with Fabry's disease were evaluated for

age of onset, characteristics of life history of the disease and the
complications. This was done in order to provide criteria for better
selection of patients for enzyme replacement trials and lay down the

indications. The mean age of onset of Fabry's disease in 48 males still

alive was 10.2 years and in 17 males who died, the mean age of onset was

8,1 years. This suggests that eventual enzyme replacement therapy
to be effective should start early, before irreversible changes occur.

The mean survival age of 23 patients who died was 38.7 years. Autopsy
examination showed the presence of renal damage in all patients; the

coexisting complications, included occlusive condition of coronary
arteries, liver involvement and cerebrovascular disease.

Propose^ Course of the Project : This project will be terminated as a

separate entity and the principal activities will be subsumed uner

Project No. ZOl NS 00815-16 DMN.

Publications :

1. Dekaban, A. S., and Zelkowitz, M.

:

Fabry's disease: evaluation of

age of onset and natural history as preliminary steps to replacement

therapy trials. Clin. Proc. Child. Hosp. Natl. Med. Ctr . XXXI ;

223-228, 1975.
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PI: Anatole S. Dekaban, M.D., Ph.D., Aeaoclate Chief, DMNB, NINCDS

OTHER: Jan K. Steuslng, Reaaarch Aaaoclate, DMNB, NINCDS
Roger Aamodt, Ph.D., Senior Invaatlgator, NMD, CC
Warren Rumble, B.Sc, Research Aaaoclate, NMD, CC

COOPERATINQ UNITE (if ny)

Nuclear Medicine Department, Clinical Center, NTH

lab/branch

Developmantal and Metabolic Neurology Branch
&E(iTI0f4

Clinical Inveatlgatlons and Therapautlca
INSTITUTE AND LOCATION

NINCDS, NIH, Betheeda, Maryland 20014
TOTAL MANYEARSi

1.1
PROFESSIONAL!

O.A
OTHERi

0.7

SUMMARY OF WORK (200 word* or !•• - undirlln* h«/worda

In the courae of study of Inborn errora of metabollam , we have encountered four
patients with Kinky hair dlaeaaa, a rare sublethal dlaorder. The condition waa
preaumed to be caused by absorptive defect of copper but the extant of the
deficit was not known. Using Intravanoua and oral admlnlatratlon of laballad
^^Cu to the same patients, wc damonatrated the extent of abaorptlve defect of
copper to be In the range of 11-13 per cent. These patients retain the abacrbad
or Infused copper 3-4 tlaea longer than unaffected controla. Subsequently, «•
have modified the method of parantaral administration of copper by ualng aub-
cutaneoua Infualon In low conaatratlon to permit long range ambulatory therapy
In young Infanta.
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Project Description ;

Objectives : Kinky hair disease (KHD) is a genetically determined disorder
of copper metabolism. It is Inherited as an X-linked recessive trait and
so far the condition has been sublethal. The main clinical features of

this disease include epileptic attacks, mental deterioration, spas-
ticity and brittle hair. The last feature resulting from abnormal cross-
linking of keratin which is copper dependent. Pathological abnormalities
include, cerebral degeneration and defects of elastica interna of arteries.
The main laboratory findings include very low plasma copper (less than 12%
of normal), low ceruloplasmin (less than 20% normal) and low tissue copper.
The underlying abnormality of the disease seems to be related to Impaired
absorption of copper from the gastrointestinal tract. This required
confirmation and determination of the extent of the defect.

This project alms to study absorption and turnover of labelled copper ^^Cu
in patients with KHD, and normal controls. Knowlcsdge of the percentage of
copper absorption by KEQ) patients will facilitate derelopBent of appro-
priate therapy.

Patient Material : 4 Inpatients.

Methods Employed :

1. Determination of serxm copper by dilution method utilizing atomic
absorption spectrophotometer. Determination of ceruloplasmin using
p-phenylenediamine method of Ravin.

2. Intravenous and at later date oral administration of ^''Cu (half-life
61.7 hours)

.

3. Dally measurement of total body ^^Cu radioactivity using 60 cm arc
with two 8 X 4" Nal (TI) scintillation detectors and Packard Instru-
ment 1024 Channel Pulse Height Analyzer. An Injection or ingestion
duplicate to be counted just prior to each measurement on the patient,

and resulting values to be used to correct patient data for physical
decay of ^^Cu.

4. Probe measurements to be made using a Nuclear-Chicago dual probe and

a Hamner Electronics Co., scaler.
5. Radioactivity of stools, urine and blood to be measured daily.

Major Findings :

Intravenous and oral administration of ^^Cu to the same subject permitted

us a precise calculation of the percent absorption of labelled °"Cu.

, (1) The measured gastrointestinal absorption of the labelled copper in 3

patients with KHD ranged between 11 and 13% of normal.

(2) The patients with KHD retained the injected or absorbed labelled
copper 3-4 times longer than normal controls. This indicates
increased demand for copper and possible recycling of this element
in the body.
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(3) The retained ^^Cu remained longer in the liver: the uptake of ccpper
by the red blood cells was almost normal, indicating preferential
utilization of the plasma copper, even though its level was Icrw.

(4) Kinky hair disease is a sublethal condition with the onset of
symptoms under 3 months of age. After demonstration of the ajctsnt

of absorptive defect of the copper from gastrointestinal tract we
have embarked on therapeutic trials. Conjugation of copper with
chelating agents, amino acids or peptides failed to Increase
absorption of copper. However, we have developed a therapeutic
regimen which corrects the biochemical defect indefinitely and
maintains the serum copper and ceruloplasmln at normal levels,
ameliorating the patient's clinical condition. Essentially the
treatment consists of subcutaneous infusion of 1-2 mg of copper
sulfate in 25-50 ml of saline (0.04 mg of CuSO^/ml) given by slow
drip over 1-2 hours. The infusions are given every 3-4 days in four
alternate sites: two beneath the lower border of the scapula and
two at the level of the eighth rib in the midscapular line. We were
able to maintain this therapy for seven months with satisfactory
results. The reason for this manner of administration- is a high
toxicity of copper salt to the tissue unless greatly diluted. Intra-
venous infusions of large volume of saline containing copper salt
proved impractical in young infants and could not be maintained on
an ambulatory basis. Using the method of subcutaneous infusion of

. copper sulfate in two patients with KHD we were able to correct the
biochemical defect : plasma copper and ceruloplasmln were brought to

normal values and maintained at this level for a long time. The
clinical course of the patients was improved (Dekaban and Steusing,
Lancet . Dec. 21: 1523, 1974).

Significance to Bio-Medical Research and the Program of the Institute :

Demonstration of the greatly decreased but not absolute lack of the absorption
of oral copper will have important implications in devising therapy for the
patients with KHD. We have already tried to administer orally conjugated
copper with various chelating agents and polypeptides, so far this was with-
out success but further approaches are indicated. We were successful in

devising the parenteral therapy with copper sulfate in the form of large
subcutaneous infusions. This permitted complete correction of the bio-
chemical abnormality in the plasma by reversion of the copper and cerulo-
plasmln to normal levels.

Proposed Course of the Project ; The objectives were reached, results
published and this project is considered completed.

Publications :

1. Dekaban, A.S., Aamodt, R., Rumble, W.F., Johnson, G.S. and O'Reilly,
S.: Kinky hair disease. Study of copper metabolism utilizing ^''Cu;

some reference to Wilson's disease. Arch. Neurol . 32: 672-675, 1975.
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2. Dekaban, A.S.: Inborn errors of copper metabolism: Kinky hair disease
and hepatolenticular degeneration. Therapeutic approaches. Materia
Medica Polona (in press)

.
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0.2
PROFESSIONAL!

0.2
OTHERt

None

SUMMARY OF WORK (200 words or lass - Hnd.rlin* ktywords)

Characterization of the urinary glycosaminoglycans (GAG) excreted by a patient
with MPS-VI (Maroteaux-Lamy) . Determination of the amount, composition and
molecular weight distribution of the urinary GAG chemically defines MPS-VI
and may help in the diagnosis.
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Project Description ;

mucopolysaccharidosis.
patients with other types of

Material
; Urine from a patient with type MPS-VI.

Methods Employed; Isolation and measurement of total CAC fr-on, •

fractionaltion of the indivlduAl tap hr/l
o^ total GAG from urine;

M^jo^ Findings
:

1. Presence of mucopolysaccharidurla ? rh^ r/^rof chondroitin-4-sulfate r^ho„^ on'/^
y^='ccnariauria. 2. The GAG consist

TKo^^
"'-'-Ln 4 suirate Qabout 20/^) and dermatan sulfate (about 807^There was not excessive excretion of heparan sulfate T llT l^ '

Significance to Bio^ledical R^^
The understanding of biochemical abnormality in tvne VI MPq ^^^ h^

|l2£05jd course of the Proijct: Recently, the deficient enzyme In MPS-VI

t s'^f'^nt"::' t,UXS'H "^°""^?.- N-aeetylgalactoe^lne-4^„Mat..e.
7^ ^

or interest that both dermatan sulfate and chondroitin-4-sulfate whichin our study were found to be excreted excessively in the urine of the' (
patient with MPS-VI, contain N-acetylgalactosamine-4-sulfate

'

!° ''^K,''^^^^
°^ """^ studies we have encountered 4 patients who clinicallv

we?rava1l^le"'lnd"' t^'"^'^^^^
^^^^ ^° «^S-VI. L of those patie^ti

'
were available and we have now shown that both have Arylsulfatase Bdeficiency. We intend to fully document these patients.
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Publications ;

1. Constantopoulos, G. and Dekaban, A.S.: Chemical definition of muco-

polysaccharidoses. Cllnlca Chlmlca Acta . 59: 321-336, 1975
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0.7
OTHERt

0.7

SUMMARY OF WORK (200 words or less - underline keywords)

Compounds were synthesized which are glycolipid analogs and which give
a chromophoric moiety upon enzymatic hydrolysis . These con;)ounds
are used in enzymatic research and as diagnostic reagents in Niemann-
Pick . Gaucher 's and Krabbe's disease.
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Project Description :

Objectives : The compounds to be syTithesized in the framev/ork of this
project are molecules similar to glycolipids which when cleaved
enzymatically provide a chromophore useful for the diagnosis of lipid
storage diseases and for the identification of heterozygous carriers

,

Methods and Major Findings : Further work was done related to improve-
ments of the synthesis of 2-hexadecanoylaniino-4-nitrophenyi phosptioiyl-
choline (HNP) . This substance resembling sphingora>'elin but having a
benzene ring instead of the aliphatic chain gives due to its nitrophenyl
moiety intense coloration upon enzymatic attack. It is a reliable
chromogenic substrate used for assaying sphingomyelinase activity in
diverse human tissue samples. It is used for the diagnosis of homo-
zygotes and detection of heterozygous carriers of Niemann-Pick disease.
Based on the chemistry of this conqjound, the research on non-radioactive
substrates were extended to other lipidoses'. Compounds were synthesized
which could be used as substrates for measuring gluco and galactocere-
broside levels in tissue extracts. 2-Hexadecanoylamino-4-nitrophenyl
glucoside showed to be a useful compound for the diagnosis of Gaucher 's

disease. 2-Hexadecanoylamino-4-nitrophenyl galactoside can be used for
the diagnosis of Krabbe's disease. Work is also going on on the synthesis
of a substrate which would make feasible the diagnosis with a chromogenic
substrate in Farber's disease, a disease characterized by the lack of
ceramidase.

Significance : These new compounds were thoroughly tested and they have
been found useful for the diagnosis of lipid storage diseases. These
findings are a major breakthrough because the radiolabeled products
are scarce, expensive, and not widely available. Tlie chromogenic
substances can be used and easily handled by practitioners and clinical

chemists with no danger of radioactive contamination and they eliminate

the necessity of costly and con^jlex radioactive scanning techniques.

Proposed Course : Based on the basic idea established by this project,

compounds will be synthesized with chromophoric moieties which hopefully

will be specific for the detection of other enzyme deficiency disorders.

Publications:

1. Gal, A. E., Brady, R. 0., Hibbert, S. R. and Pentchev, P. G.

:

A practical chromogenic procedure for the detection of homozygotes

and heterozygous carriers of Niemann-Pick disease. New Engl . J .

Med . 293: 632-636, 1975.

2. Gal, A. E., and Fash, F. J.: Synthesis of 2-hexadecanoylamino-4-

nitrophenyl phosphorylcholine hydroxide, a chromogenic substrate

for assaying sphingomyelinase activity. Chem. Phys. Lipids 16:

71-79, 1976.
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Gal, A. E., Pentchev, P. G. and Fash, F. J. : A novel chromogenic
substrate for assaying glucocerebrosidase activity. Manuscript
submitted.
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SUMMARY OF WORK (200 words or less - underline keywords)

New analytical techniques were developed and used in enzymatic research
and in clinical investigations of lipidoses . Enzyme purification was
studied by affinity chromatography. The lipid content in human tissues,
the diagnosis of lipid storage diseases by gas , thin-layer chromatography
and other techniques were studied at the microgram level. Also preparative
work was done and used in connection with further synthetic work and for
the preparation of lipid standards .
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Project Description :

Objectives : To develop techniques by which the separation and chemical
analysis of biologic materials related to sphingoiipidoses can be J

advanced. This work involves the following approaches: 1. Improvement
of techniques leading to the separation of enzymes. 2. Development of
ultramicro analytical methods for the determination of lipids in ^
biological materials

.

Methods : 1. Work on the separation of enzyines is related to affinity
chromatography, a technique whereby an enzyme is temporarily fixed to a
column containing a molecule (ligand) which reacts with an enzyme by
immobilizing it. An insoluble inert support (such as agarose) is bound
to a spacer arm which contains the ligand. The latter is usually a
synthetic compoxmd similar in its complexity to the substrate with which
the enzyme interacts. A great number of ligands were synthesized by us
and the corresponding affinity columns were assembled. 2. The development
of methods for the determination of lipids in small samples of biological
materials of human origin such as erythrocytes, leukocytes, fibroblast
serum, cerebrospinal fluid, urine or biopsy samples from kidney, liver
and brain. The individual sphingolipids are present usually only in
submicrogram quantities in these samples. For the separation of such
lipids, thin layer and gas chromatographic procedures combined with column-
liquid chromatography was used. |

Quantitive evaluation was made by scanning of the thin-layer plates or by
gas chromatography. Much work was done in areas not covered by existing
literature references

.

Major Findings : In^jroved purification of the enzymes were achieved by
using affinity chromatography systems . Considerably more work has to be
done before the advantage of these procedures could be evaluated in gains
in man-hour work. Gas chromatography of glucose originating from lipids

could not be determined previously. This problem was solved by us. Also
a new thin-layer chromatography system was developed which resulted in

more reliable results using only small amounts of specimen. A novel
technique was developed in which lipids present in the same sample (but

not attacked by the exogenous enzyme)were used as internal standards.
Improved analytical techniques showed practical results particularly in

( |

the studies related to replacement therapy of enzymes where the decrease
of lipid levels in the liver and erythrocytes of patients could be
established and through these procedures, evaluation of the therapeutic

administration of enzymes can be assessed.

Significance : The purification of the missing enzymes required for the

therapy of the lipid storage diseases is a complex, tedious, and costly
procedure. The use of affinity chromatography should provide a signi-

ficantly siii5)lified method. The identification of accumulated lipids in

human tissues for the diagnosis and control of inherited lipid diseases

is dependent on the sensitivity of the analytical techniques. The
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importance of accuracy in working with trace amounts of material in
biological specimens necessitates improved techniques at the submicrogram
level.

Proposed Course : Efforts to improve the purification of enzymes by
affinity chromatography or by other chemical operations will continue as
well as by utilizing other advanced techniques. Much more work has to be
done in relation to the improvement of microanalytical procedures; for
example, the ultramicrodetermination of aminosugars and sialic acid
needs further development. Some of the existing methods are too complex
and their simplification will be investigated. The application of other
techniques including high speed (or pressure) liquid chromatography
or the use of mass spectroscopy will be explored.

Publications :

See Project No. ZOl NS 00815-16 DMN
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ANITOAL REPORT
July 1, 1975 through June 30, 1976

Laboratory of Neuropathology and Neuroanatomical Sciences, IRP

National Institute of Neurological and Conmunicative
Disorders and Stroke

Igor Klatzo, Chief

The major research efforts of this laboratory have been directed

towards further elucidation of pathophysiology of cerebral ischemia ,

demyelinating diseases , and mechanisms of synaptic transmission .

Cerebral ischemia was studied in the three sections of the LNNS using

the Mongolian gerbils as an experimental model.

In the Section on Cerebrovascular Pathology , effects of increased

systemic blood pressure (SBP ) were evaluated in the postischeraic periods.

It was demonstrated that elevated SBP following re-establishment of circula-

tion produces a markedly deleterious effect expressed by a more sever histo-

logical injury, marked retention of the lactate, and accelerated damage of

the blood-brain barrier (BBB) in the hypertensive groups of animals. With

additional evidence of increased transport of various substances into the

parenchyma in the hypertensive animals , it appears that the main cause for

increased brain tissue damage in the hypertensive gerbils is the reduced

transport out of the brain parenchyma of various waste and toxic products,

such as lactate.

The studies on the behaviour of biogenic amines indicated that ischemia

results primarily in an increased release of the amines and reduction of

their levels in the brain tissue. On the other hand, there is an accumulation
of the metabolites of dopamine, norepinephrine and 5-HT due to their
inhibited out-transport from the brain, as it can be deducted from the

similarity in the action of probenicid and ischemia on the pargyline treated
animals

.

Application of graded kerosine-bromobenzine colimin method of Nelson
for measurement of the specific gravity of the brain tissue allowed an
estimation of water uptake in even small specimens taken from various anatom-
ical brain structures. Thus it was possible to outline dynamic profiles in

the development of ischemic brain edema . The specific gravity measurement
revealed that following onset of ischemia there is an appreciable uptake of

water within 10 minutes. Three to five hours after re-establishment of the

circulation two groups of animals can be recognized: 1) gerbils in which
edema persists at the same level and the animals do not show any extensive
necrosis or BBB damage, and 2) gerbils which reveal extremely low specific
gravity, necrotic foci and damage of the BBB.
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Otherwise, increased permeability of the BBB , which introduces an
element of vasogenic edema into ischemic injury, can be recognized as being r~
of two types: 1) dependent on the increased vesicular transport across the
endothelium and 2) due to mechanical disruption of endothelium in the necrotic
foci. The problem of ischemic edema is of considerable clinical importance
because a control or reduction of the abnormal water uptake can greatly
influence the neuronal recovery and the clinical prognosis. Our current I

experiments are thus designed to elucidate various mechanisms involved in
ischemic edema formation.

The Section on Neurocytobiology continued to investigate the cerebral
transport phenomena altered by pathological conditions especially those of
ischemia and to characterize the histochemical and biochemical properties
related to the transport function of capillaries, glla, and neurons grown
in organotypic cerebellar culture of the cultured ralcrovessels in the pia
arachnoid explants. The most important observations were as follows: 1) In
ischemia, the vesicular transport in cerebral arterioles, venules, and
capillaries progressively increased with the dnraticm of cerebral blood
supply deprivation which, otherwise, never resulted in degeneration of the
endothelial cells in the brain vessels. 2) The progressively decreased
specific 2-deoxy-D-glucose uptake In the synaptosomes, seen during cerebral
ischemia of 30-180 minutes, returned to the level of controls 1 hour after
re-establishment of cerebral circulation. It appears, at least initially,
the synaptosomal transport fimction can be restored following ischemia of
1-3 hour duration. 3) A simple method was developed to isolate and enzymatic
and metabolic active fraction of cerebral mlcrovessels from nonvascular brain
tissue which showed a saturable uptake of 2-deoxy-D-% glucose. The Km for
3h 2DG was .1 mM and the uptake was inhibited by 3- -methyl-D-glucose , the
unmetabolizable glucose analogue and by phlorizin and phloretln the inhibitors
of glucose carrier transport. 4) The cerebral capillary fraction obtained
for rabbits subjected to oxygen saturation or pC02 tension change showed
greater reduction of 2DG uptake in hypoxic than hypercapnlc and an increased
uptake in hypocapnic when the uptakes were calculated as per cent of control
uptake. The effects of an altered p02 saturation and pC02 tension on the
capillary fraction were similar to the one obtained in the rabbit brain
studied in vivo suggesting that the cerebral glucose uptake may be directly
related to the capillary function.

The comparative studies of amino acid uptake in pia arachnoid explants
and fetal fibroblastic culture have shown that the uptake of both the

metabolizable isoleucine and the unmetabolizable cycloleuclne take place by
facilitated carrier mechanism. However, the pia arachnoid is distinctly
different from the fibroblasts in being unable to accumulate the amino acid.
For example, the concentration of isoleucine in the pia arachnoid explants
never exceeded the concentration of the amino acid in the medium, vhlle the

fibroblastic uptake was 12 times higher than level of isoleucine in the

incubating media. The myelinated cerebellar cultures composed of glla,

neurons, and granular cells, but almost devoid of capillaries, took up the

unmetabolizable 3MG and the partially metabolizable 2DG by NaCl Independent
facilitated carrier mechanism in 60% and by diffusion In 402 at pH 7.0. The
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Km, that is the concentration of half maximal uptake of 3MG and 2DG was 11 yM
respectively. Ultras tructurally, the capillaries grown in organotypic cere-
bellar cultures showed the same characteristic features as the one in situ .

For example, the intercellular tight junctions were identifiable and the

alkaline phosphatase was confined to the plasma membrane. Two types of ATPase
activity were demonstrated in the cerebellar cultures. In the glia and
neuropil, the enzyme activity was associated with (Na"^ - K+) active trans-
port system since the enzymatic reaction was inhibited by 1 mM ouabain or

1 mM showdoraycin. In the neurons, the ATPase reactivity was enhanced by
ouabain and its function remains to be clarified.

In the Section on Cellular Neurochemistry , a major project has been
concerned with the study of biochemical changes during ischemia and recovery
following ischemia. Unilateral ischemia in Mongolian gerblls was accomplished

by ligation of the left common carotid artery. The effects of Ischemia after

varying periods of ligation, the recovery after recirculation, and the sus-
ceptibility of the brain to a second period of ischemia were examined. The

energy reserves of brain, P-creatine, ATP, glucose and glycogen were
measured, as well as lactate, glutamate, y-amino butyric acid, cyclic AMP,

cyclic GMP, dopamine, norepinephrine and 5-hydroxytryptamlne. It was found
that the brain was hyper-reactive to a second ischemic insult after one hour
of recirculation, and was hyporeactive following 5 and 20 hours of recircu-
lation. The significance of the altered response to a second ischemic
episode is presently unclear, but may be important to the clinical situation
where multiple insults are not uncommon. A similar phenomenon has also been
observed histologically in the hippocampus.

Additional studies on short-term effects of bilateral Ischemia have
been performed. The cyclic AMP levels showed an Initial (1 mln. of ischemia)

large 18-fold Increase followed by a decrease to levels only 5-fold greater
than control at 5 mln. of ischemia. After unilateral Ischemia, there was a

large post-lschemlc rise in cyclic AMP levels at 5 mln. of recirculation
"after 5 mln. of ischemia, in contrast, there was no postlschemlc increase at

5 mln. after 1 min. of bilateral ischemia. Pretreatment of the gerblls with
100 mg/kg of theophylline prevented the ischemic-lnduced Increase in cyclic

AMP, but not the postlschemlc-Induced Increase. Whether the effect of

theophylline is related to its ability to improve survival follofwlng an

Ischemic episode or not is currently under investigation.

The effect of oxygen and glucose deprivation in C-6 astrocytoma and

C-1300 neuroblastoma cells in culture is being investigated as a corollary to

the ischemic studies in gerblls.

Another project has been concerned with the effects of seizures Induced

either by electroshock or drugs (isoniazid and pentylenetetrazole) on y-amino

butyric acid (GABA) and cyclic GMP in the cerebral cortex and cerebellum of

mouse brain. One group of anticonvulsant drugs, such as dipropylacetic acid,

increased GABA and decreased cyclic GMP in the cerebellum. Another group of

drugs , including phenobarbital and phenytoln decreased the cyclic GMP but had

no effect on the GABA in the cerebellum. Neither group had a significant
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effect on the cyclic G^fP in the cerebral cortex. Those agents which affected

the GABA levels had similar effects in both the cerebral cortex and cerebellum.

During the period of increased GABA and decreased cyclic GMP concentrations

,

the threshold for seizure as determined by electroconvulsive shock was

increased.

Convulsants such as isoniazid and pentylenetetrazol increased the cyclic
GMP in both cerebellum and cerebral cortex. None of the pharmacological
manipulations tested significantly affected the levels of cyclic AMP. Maximal
electroshock increase both cyclic AMP and cyclic GMP in the cerebral cortex
and cerebellum. Pretreatment of the mice with 20 mg/kg phenytoin, a dose
which diminishes the convulsive response, reduced the cerebellar cyclic GMP
response by 50 per cent but had little or no effect on the other cyclic nucleo-
tide changes

.

The GABA shunt metabolites and enzymes are also being examined in C-6
astrocytoma and C-13000 neuroblastoma cells in culture. GABA in neuroblastoma
cells is found to be one-tenth the concentration found in glioma cells, while
GABA transaminase activity is either lacking in astrocytoma cells, or is less
than one-tenth of the activity in neuroblastoma cells. The cells afford an
opportunity to compare the effects of anticonvulsants and inhibitors of the
GABA pathway on cells of glial and neural origin.

The regulation of glycogen metabolism in cell cultures of neuronal
origin has been examined. Both C-6 astrocytoma cells and C-1300 neuroblastoma
cells show increased glycogen synthesis in response to glucose in the medium
with an accouqianying increase in active glycogen synthase and decreased active
phosphorylase. As glucose reaches a critical level in the medium (about ^ni^) ^

glycogen©lysis occurs. The amount of glycogen phosphorylase in the active
form increases, and the amount of glycogen synthase in the active form
decreases. Insulin will promote glucose entry into both cell types, and
accelerates glycogenesis with increased synthase in the active form. All of
these changes occur without alterations in cyclic AMP. However, in response
to hormone administration (norepinephrine) cyclic AMP in the C-6 cells is
elevated ten-fold, with consequent activation of phosphorylase, inactivation
of synthase and breakdown of glycogen stores. Phosphodiesterase inhibitors,
which prevent the breakdown of cyclic AMP, and adenyl cyclase stimulators
can also stimulate cyclic AMP increases glycogenolysis in both C-6 astrocytoma
and C-1300 neuroblastoma cells.

The alteration of NAD+/NADH ratios and the metabolic pattern of normal
and transformed fibroblasts has been studied in 5 cell lines. Removal of
glucose increases the NAD^/NADh ratio, within 5 minutes, and ATP declines to
75% of control after two hours. When galactose was the carbon source the
NAD+/NAIKI ratios resembled those in the absence of glucose; mannose or
fructose produced intermediate ratio. There was an inverse relationship
between the NAD+/NADH ratio and growth for glucose, fructose and mannose.
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In the Section on Cellular Neuropathology , the demyelinating disease

research program has been continued and a new rn vivo model has been

developed to test the myelinotoxicity of CSF from patients with multiple

sclerosis (MS) and other neurological diseases . It now has been used to test

CSF from more than 50 patients. In double blind tests, the CSF samples from

60% of patients with a definite clinical diagnosis of active MS had positive

myelinotoxic activity which seemed to correlate best with the severity of the

disease, not with high CSF levels of either gamma globulin or total protein.

The incidence of positive and borderline activity was much lower in CSFs from

patients with possible MS and optic neuritis. Activity was negative in 85%

of CSFs from a control group of patients with other neurological diseases.

These results suggest that tadpole optic nerves are a useful, relatively

simple in vivo model for investigating mechanisms of derayelination in multiple

sclerosis. Only 0.5 ml. of unconcentrated CSF is needed for a test and the

result is known in five days.

The Section on Neurocytology is concerned with the mechanisms and

consequences of retrograde transport of protein within axoplasm . It has been
established, during the past year, that horseradish peroxidase (HRP) injected

into peripheral blood enters neuronal cell bodies surrounded by cerebral
capillaries impermeable to the protein. The route of entry into the neuronal
soma is not extracellular but rather intracellular. HRP readily crosses
muscle capillaries to be pinocytosed by axon terminals from which the protein
migrates retrogradely, by fast axoplasmic streaming, back to the parent cell
body. These experiments were the first to show that circulating protein,
unavailable to neurons from cerebral blood can actually enter the neurons
from peripheral blood.

A proof of the transcellular route has been to ligate the hypoglossal
nerve. HRP that enters the cell bodies of the XII nerve muscles does not
enter those on the ligated side. These findings have been extended over the
past few months, by demonstrating that the lack of protein on the ligated
side is not only due to blockage of retrograde axonal transport but to a
heightened enzymatic degradation of protein. Twelve hours after intravenous
injection of HRP, the protein enters both hypoglossal nuclei. When, at this
time, one nerve is ligated after the protein has entered the cell bodies,
and 12 additional hours later, the brain is fixed, the cell bodies on the
ligated side contain some but very little HRP. A retrograde reaction to
nerve crush is an increase in number and enzymatic activity of lysosomes,
reactions which account for our observations.

It has been claimed recently, that in situ neuronal cell bodies them-
selves can directly take up significant amounts of protein from the
surrounding extracellular space. However, when we perfuse HRP through the
cerebral ventricles, periventricular neurons, including those of the hypo-
glossal nucleus, become surrounded by protein. Even after 4 hours, very
little if any protein is pinocytosed by the soma and dendrites. We are now
examining, electron microscopically, which axoplasmic organelles are capable
of transporting protein. Do vesicles, vacuoles or endoplasmic reticulum
accumulate in the dammed portion of axoplasm on the distal side of a ligature?
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Can lysosomes form in that portion of an axon separated from its soma by a
ligature?

A second area of investigation is on the putnDorted blood-brain barrier
to lipids . We have recently found that polyunsaturated fatty acids (fa),
readily visible in the electronmicroscope, when injected at high concentration
into the carotid artery of rats , act as a soap and pass directly across the
endothelial cell membrane of both extra- and intracerebral blood vessels.
The fat droplets then penetrate the surrounding smooth muscle cells of the
vessels and tend to aggregate next to mitochondria. Droplets also consist-
ently enter the perinuclear cistern^ of various cell types but never the
nucleus itself. The entry into axons appears to be confined primarily to the
axoplasmic matrix.

A related project is to test the basic tenet that in frozen, fractured
cell membranes, the uonparticle region is the lipid phase. By intercalating
sterols such as cholesterol and ergosterol and other lipids including those
in liposomes, into cell membranes of cerebral vessels and choroid plexus
epithelium, the nonparticle area should increase. We are conducting these
experiments in normal and stroke-prone rats to see whether lipids can be
intercalated iriore readily into the cell membranes of the latter group.

In the Section on Functional Neuroanatomy , a major research effort is

concerned with the structural basis of synaptic transmission . This project
seeks to clarify the exact location and mechanism of synaptic transmission
in the central and peripheral nervous system. It is carried out by examining
synapses with the electron microscope to determine the influence of various
functional states on their structure.

This year the Section published a method for capturing the fleeting
structural details in functioning synapses by freezing them very rapidly,
thereby avoiding the use of chemical fixatives and cryoprotective agents
which alter profoundly the structure of synapses. By combining this method
with the freeze-fracture technique it was possible to see how synaptic
vesicles fuse with the surface of the synapse to discharge their contents.
Also, particulate components of the synaptic vesicle wall, which are
incorporated into the surface membrane during synaptic activity to be later
recovered and incorporated into new synaptic vesicles were recognized. This

finding of particle recycling confirms earlier work which showed that local
recycling of synaptic vesicles replaces those lost during synaptic activity.

Freeze-fracturing is now being applied to see whether exocytosis and
membrane recycling occur in different pharmacological types of synapses.
So far, the results at synapses using glutamate (or aspartate) as a trans-
mitter are consistent with the conclusions above. The effects of bctulin
toxin and black widow spider venom on synapses are also explored. So far,

the results indicate that the toxin specifically blocks exocytosis, probably
by preventing calcium ions from entering the nerve terminal, and that the
venom lets calcium ions into excite exocytosis. One of the most interesting
findings, which supports these conclusions, is that the venom can overcome
the effect of the toxin, so that the normal distribution of exocytosis



reappears. The clinical usefulness of this finding is limited, however,
unless a way could be found to return the exocytosis to control by nerve
impulses arriving at the synapse.

The freeze-fracture technique has also yielded new information about

the structure of the postsynaptic membrane. Particulate structures, thought

to be receptor molecules within the postsynaptic membrane, appear to be
specific for different types of synapse. Nicotinic receptors at excitatory
cholinergic synapses always have the same structure, regardless of the species

of animal examined, but presumed cholinergic synapses in the middle ear, which
are thought to be inhibitory, have^a different type of postsynaptic speciali-
zation. Conversely, neuromuscular synapses, which are excitatory, have
different types of postsynaptic specializations depending on whether acetyl-
choline or glutamate is the transmitter. While more chemical types of

synapses need to be examined, these studies indicate that identification of

pharmacological types of synapses might be approached with anatomical
techniques

.

A second major project in the Section on Functional Neuroanatomy refers

to permeability of cellular layers in the vertebrate nervous system . Unlike
most regions of the brain, the median eminence lacks a blood-brain barrier
(BBB) at the walls of its blood vessels. However, it is isolated from the

cerebrospinal fluid (CSF) by a specialized ependyma which acts as a barrier
between its parenchyma and the overlying CSF. Similarly, the dural covering
of the brain lacks a BBB but embedded in the underlying arachnoid is a

specialized "barrier layer" of cells between the dura and the CSF. This

barrier layer of the arachnoid is missing at arachnoid villae where CSF is

reabsorbed. The conclusion which emerges from these studies is that the

brain and CSF are separated from the blood by a continuous layer of cells

which act as a barrier to proteins. This barrier layer is absent at only a

few locations for specific purposes such as reabsorption of CSF.

Barriers in the organ of Corti of the mammalian inner ear were the

object of a collaborative study with the Laboratory of Neuro-Otolaryngology.
The perilymph is separated from the endolymphic fluid by tight junctions
between the apices of hair and supporting cells. The freeze-fracture
technique was used ^o examine these junctions and they are more extensive
and, presumably, "tighter" than in any other tissue studied so far. Their

unique form also suggests that they might have functions other than to

prevent mixing of endolymph and perilymph and, perhaps, are involved in the

first steps in the sensing of mechanical displacements in the organ of Corti.

A third interest has been neurotrophic viruses , a project undertaken in

collaboration with the Infectious Diseases Branch. We hoped to elucidate how
neurotrophic viruses form in infected cells but also expected that infected

cells would serve as good experimental subjects with which to develop methods

to see how components of their membrane, such as viral antigens, are aggregated

in special regions of the cell surface. For these purposes, techniques for

seeing surface details as small as single protein molecules , and a way to tag

these surface sites with antibodies were developed. These techniques made

it possible to see how viral membrane is assembled and with this knowledge it
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was possible to pinpoint the steps which are missing in chronic (slow) viral
infections with such agents as the strain of measle virus which causes sub-

acute sclerosing panencephalitis. IiJhether the same deficits are responsible
for the development of slow virus infection in patients remains to be seen.

The Section on Experimental Neuropathology has been engaged in studies
on cerebral fat emboli, cerebral siderosis, the effect of hormones on retro-
grade reaction after severance of the facial nerve and on mast cells .

The role of fat emboli occurring in a variety of experimental and
clinical conditions is widely disputed; in the opinion of some authors, they
are incidental observations of no significance as cause of death, while
others maintain that the presence of such emboli is an unequivocal sign of

intra vitam circulation. The unusual demonstration of fat emboli in the brain
and retina of normal animals fixed by perfusion could not be explained on the
basis of current experience. By a repeated review of the manner in which the
material was perfused, the source of the fat was finally found to be tissue
fat which had accumulated on the cerebral surface during removal of the
brain; fat emboli of such origin should be termed false fat emboli. For the
emboli to lodge in the cerebral blood vessels, several conditions must
coexist. When the brain is fixed by perfusion, the viscous blood is replaced
by a liquid fixative, and if there are openings in the pia and blood vessels,
the fat can be sucked or aspirated into the vascular channels as the conse-
quence of stretching and constricting of blood vessels during manipulation
of the brain. In support of this view, it was found experimentally that the
emboli were more numerous when the brain was removed under ample covering of
oil, and their formation was prevented when the brain was removed under
continuous flow of water. Histologic differences between such emboli and
intravital emboli were assessed in acute experiments with injection of oil.
In order to prevent the introduction of connective tissue fat and to avoid
diagnostic uncertainties, brains fixed by perfusion should be removed under
flow of water and the optic nerve ligated whenever the question of fat emboli
arises.

In subacute experiments with intravenous and intraperitoneal injection
of oil, focal diffusion of iron was noted in the vicinity of tissue lesions.
By this deposition of iron, the site of damaged blood-brain barrier is
permanently marked, and conversely, in the absence of such changes, as in
the brains with false emboli, it can be concluded that microcirculation has
not been compromised and that the false emboli have not circulated intra
vitam . The origin of the iron and the effect of diffused iron on tissue
elements are being explored in different animals in which the hematologic
status is being analyzed.

The effect of hormones on the reactive changes after severance of the
facial nerve has been investigated in acute experiments with cortisone. This
drug was found in the acute phase to accelerate the rate of degeneration and
to delay the rate of recovery. A more prolonged effect on the rate of
regeneration will be assessed microscopically in the brains of operated
animals treated with this drug and allowed to survive the operation for
several months. For the purpose of comparison, similarly operated animals
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were treated with a thyroid hormone preparation, which is said to promote
neuronal regeneration and functional recovery from peripheral nerve tran-

section. A preliminary review of the microscopic sections disclosed that the

acute morphologic reaction is of the same intensity as in nontreated animals.
In order to estimate differences in the severity of neuronal loss, material
from animals with prolonged survival is being prepared. In some instances,
the animals were reoperated to establish whether treatment with any one of

these hormones can be of benefit to neurons exposed to repeated insults.

Mast cells occur in the brains of most animals and tend to aggregate in
large numbers in certain regions. Although they contain several biologically
active substances, such as heparin, histamine and serotonin, their role in
the nervous system is still unknown. A previous study demonstrated their
transition from active to exhausted forms, as evidenced by progressive
depletion of cytoplasmic material and pyknosis of nuclei. The nature of these
changes will be elucidated with the electron microscope in a collaborative
study with the Armed Forces Radiobiology Institute. This may provide a basis
to evaluate changes in the functional capacity of the mast cells and to
establish the degree of interaction between these cells and nervous tissue
elements

.
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SUMMARY OF WORK (200 words or less - underline keywords)

The changes in glycogen concentrations during and following ischemic episodes
were studied. Mongolian gerbils were made ischemic by occlusion of the
left carotid artery. After either 1_ £r 3^ hours of occlusion, glycogen
levels in the ischemic cortex were 10% of control. Following recirculation ,

glycogen levels were normal after 1 hour in both ischemic groups. After
1 week or recirculation, glycogen levels were twice normal concentrations
in animals that had been ischemic 1 hour. In the 3^ hour ischemic group,
glycogen concentrations increased to 170% of control after 5 hours of recir-
culation. In this group, glycogen was still elevated after 20 hours or
1 week of recirculation.
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Project Description:

Objectives : To further explore factors in the turnover, accumulation
and disappearance of glycogen in the brain. To determine the effects of
trauma, drugs, and altered physiological states such as hypothermia, ischemia,
or drug administration on glycogen metabolism.

Methods Employed : Mongolian gerbils, 50-60 g were anesthetized v/ith

sodium pentobarbital (35 mg/kg, i.p.) and unilateral ischemia was produced
by occluding the left common carotid artery with an aneurysm clip. The
animals with neurological symptoms were frozen after 1 or 3 hours of ischemia,
or after 1 hour to 1 week of recirculation. The cerebral cortex was excised
at -20° from the hemispheres ipsilateral or contralateral to the occluded
artery. Sham-operated animals were also used as controls. The tissue was
extracted in 0.03N HCl and the glycogen measured by an enzymic procedure.

Major Findings : The glycogen concentration in the contralateral
cerebral cortex was essentially the same as that of sham-operated gerbils
(19 nmoles/mg protein). Occlusion of the common carotid reduced the glycogen
concentration to 1.5 or 1.8 nmoles/mg protein after 1 or 3 hours of ischemia.
After 1 hour of recirculation, glycogen concentration appeared normal in both
groups of animals previously made ischemic. In the 1 hour ischemic group
glycogen appeared normal until after 1 week of recirculation. At this time,
the glycogen was twice the normal concentration. After 3 hours of ischemia,
and 5 hours of recirculation, cerebral glycogen was increased 170% over
control values. After 20 hours and 1 week of circulation, the glycogen
stores in this group were still elevated.

Significance to Biomedical Research and the Program of the Institute :

The decreases in glycogen stores were comparable after 1 or 3 hours of

ischemia. 'Following recirculation the restoration to normal values required
1 hour. However, in the 3 hour ischemic group, glycogen concentrations
increased above normal after 5 hours of recirculation and persisted for 1

week. In the 1 hour ischemic group, the glycogen appeared normal until after
1 week of recirculation. The biochemical events following recirculation
appear to reflect the severity of ischemic insult more accurately than those
changes occurring during the ischemic period. Once the ischemic threshold is

reached, the length of time required for the development of lesions is an
inverse function of the length of the initial ischemic interval. Lesions
appear earlier after longer periods of ischemia.

Proposed Course of the Project : Further studies will be made in the

relationship of glycogen accumulation to ischemia and recirculation.
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Publications: Lust, W. D. , Passonneau, J. V., and Crites, S. K. : The
measurement of glycogen in tissues by amylo-a-l,4-a-l,6-gluco-
sidase after the destruction of preexisting glucose. Anal .

Biochem . 68: 328-331, 1975.

Mrsulja, B. B. , Lust, W. D. , Mrsulja, B. J., Passonneau, J. V.

,

and Klatzo, I.: Brain glycogen following experimental cerebral
ischemia; biochemical evidence for maturation phenomenon.
Experientia , 1976 (in press).
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SUMMARY OF WORK (200 words or less - underline keywords)

The levels of cyclic nucleotides were determined in both cerebellum and

cerebral cortex following either pharmacological treatment or during
electrically-induced seizures . Generally, neurotropic agents which either
depress the CNS or protect against seizures decrease cerebellum cyclic GMP

and agents which stimulate the CNS increase the cyclic GMP. Cyclic AMP

is not pharmacologically responsive in either region. Electroconvulsive
shock increases the levels of both cyclic nucleotides in both the cerebellum
and the cerebral cortex. However, there is a temporal disparity in the

cyclic nucleotide responses which favors the concept that the two cyclic
nucleotides have separate and distinct roles in the CNS.

PHS-6040
(12-75)

15u



Pro.ject No. ZOl NS 01942-05 LNNS

Project Description:

Obiectives : To determine if either pharmacological or ohysiological
alterations of brain metabolism would affect the steady state levels of
cyclic AMP and/or cyclic GMP in vivo.

Methods Employed : Mice were rapidly frozen in liquid nitrogen at the
appropriate times following treatment. The brains were removed at -25°
weighed and extracted in perchlori_c acid. The neutralized PCA extracts'were
used m all subsequent metabolic measurements. Cyclic GMP was measured byan enzymic-cycllng technique or by the immunoassay method of Steiner, and
cyclic AMP was measured by a radioactive binding assay.

Electroconvulsive shock (ECS) was applied by corneal electrodes at an
intensity of 50 mA for a duration of 0.2 sec. The electroshock produces a
convulsive response manifested by (a) a tonic extensor phase (0-15 sec )

I
^,^^^™"^"t clonic phase (15-30 sec), and (c) a postictal depressivephase (^ 30 sec). ^

^onox"^u
^^^ thermal experiments, the mice were rendered (a) hypothermic

(20 ) by forcing them to swim for 1-2 min. in a water back followed by a
10 min. stay in a cold chamber, and (b) hyperthermic (41°) by placing them
under a heat lamp. Rectal temperatures were monitored with a tele-
thermometer.

Major Findings
: The continuation of the work on electroconvulsive shock

(ECS) anT ischemia (produced by decapitation) confirmed our previous find-
ings that the levels of cyclic AMP increase rapidly following both treatmentsm all areas of the brain tested. The levels of cyclic GMP in the cere-
bellum also increase almost 4-fold following ECS. The major difference

• between the cyclic nucleotide responses in the cerebellum is that the maximal
change m cyclic AMP occurs at 15 seconds and precedes the cyclic GMP peak
by approximately 4 5 seconds. Relating the cerebellar cyclic nucleotide
responses to convulsive behavior, it is apparent that the major cyclic AMP
changes occur during the excitable states (tonic, 0-15 sec and clonic,
15-30 sec), and cyclic GMP during the depressive state (postictal, greater
than 20 sec). Although the levels of cyclic nucleotides drop rapidly
following their maximal ECS-induced changes, the restoration of cyclic AMP
and cyclic GMP to control levels was not reached by 2 40 seconds. In addi-
tion, the cyclic AMP response to ECS differs in the cerebral cortex and the
cerebellum. The cyclic AMP response in the cerebral cortex is 2-3 fold
greater than that in the cerebellum and the peak response occurs ac 45 sec
post-ECS or some 30 seconds after the cerebellar maximum. In contrast
the cyclic AMP increase following decapitation is greater in the cerebellum
than in the cerebral cortex.

To determine what effect altered body temperature would have on cyclic
nucleotides, mice were rendered hypothermic (20°) or hyperthermic (41°) as
described in the methods. In hypothermic mice, the levels of cyclic AMP
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were lower than normothermic values in both the cerebellum and the cerebral
cortex. The levels of cyclic GMP were not affected. Further, the cyclic
AMP increases following either decapitation or ECS were significantly
reduced. In hyperthermic mice, both cyclic nucleotides were unchanged
in NIH mice; however, the concentrations of cyclic GMP increased 2-fold
in the DBA-2N strain of mice. Hypothermia delays the cyclic AMP response
to ECS in the cerebral cortex. Although the peak levels resulting from ECS

are approximately the same in both hypothermic and normothermic mice, the

hypothermic maximum occurs at 240 sec. post-ECS, some 3 min. after the

normothermic peak. From the measurements of ATP, phosphocreatin, glucose
and phosphorylase a., post-ECS, it appears (as is the cafee with cyclic AMP)

that hypothermia only affects the time course and not the magnitude of these

metabolic changes

.

In pharmacological studies, phenobarbital, papaverine and MgSO^ signi-

ficantly decreased the levels of cerebellar cyclic GMP. Phenobarbital (100

mg/kg IP) lowered cyclic GMP within 5 min. and the levels remained at 20%

of control for up to 90 min. Of all the drugs tested, only chlorpromazine
and trifluopromazine lowered cyclic AMP levels. Pretreatment with two

drugs, amphetamine (10 mg/kg IP) which elevates GMP 2-fold, or phenobar-
bital (20 mg/kg IP) which decreases cyclic GMP 50%, had no effect on the

ECS-induced increase in cyclic nucleotides, in spite of significant
alterations in overt convulsive behavior.

The anti-convulsant agents, phenytoin, clonazepam (C) and diproply-
acetic acid (DPA) decreased cerebellar cyclic GMP levels by more than 50%.

Conversely, the convulsant agents, isoniazid (INH)
,
pentylenetetrazol (PTZ)

and theophylline increased the cyclic GMP levels by at least 3- fold. And in

combination, the convulsant-induced elevation of cyclic GMP was inhibited by

the anti-convulsant agents. Specifically, DPA and C blocked the INH-induced
increase in cyclic GMP, and C blocked the PTZ-induced increase. Thus, these

anti-convulsant agents were not only able to block the chemically-induced
seizures, but also the increase in cerebellar cyclic GMP.

A time course following 400 mg/kg IP of DPA provides additional evidence
for a relationship between anti-convulsant activity and cerebellar cyclic GMP

levels. Anti-convulsant activity here was defined as the ability to abolish
tonic extension following ECS. The levels of cyclic GMP were depressed at

1/2 hour and 1 hour after injection when more than 60% of the mice were pro-

tected against seizures. As anti-convulsant activity diminished at 2 and

.4 hours, the cyclic GMP returned to control levels. So, the lowered cyclic
GMP levels coincided temporally with the anti-convulsant activity.

Additional studies with anti-convulsants demonstrated that all the

agents with the exception of Diamox depressed cerebellar cyclic GMP levels.

Four anti-convulsants were found to have no effect on the levels of cerebral

cortical cyclic GMP. In contrast, the convulsants, isoniazid and pentylene-

tetrazol, increased the levels of cyclic GMP in the cerebral cortex, as

well as the cerebellum. ECS also increased the levels of cyclic GMP some

5- fold in the cerebral cortex.
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Mice pretreated with 20 mg/kg of phenytoin exhibited a clonic-type
convulsion instead of the, tonic extension normally observed following ECS.

In spite of the alterations in convulsive behavior, the ECS-induced changes
in cyclic nucleotides were only minimally affected by the agent. The cyclic
GMP elevation in the cerebellum was reduced by 50%, whereas the cyclic AMP
changes and the cyclic GMP increase in the cerebral cortex exhibited little
or no change.

Utilizing a more sensitive cyclic GMP assay, it was reconfirmed that
cerebellar cyclic GMP levels were about an order of magnitude greater than
those in the cerebral cortex. Decapitation (anoxia) did not elevate cyclic
GMP in either region as was previously reported by other investigators.
Pretreatment with ethanol (2 g/kg) reduced cyclic GMP in both cerebellum
and cerebral cortex. Decapitation (15 sec.) along with ethanol pretreatment
produced a greater decrease in cyclic GMP than that observed with ethanol
alone. Further, ethanol which had no effect on the levels of cyclic AMP
reduced the decapitation-induced increase in cyclic AMP.

Using four different fixation techniques, the levels of cyclic AMP
were lowest in the microwave irradiated by brain with increasing amounts
in brains which were freeze-blown, frozen by immersion and frozen following
decapitation. In comparison, the degree of anoxia as determined by the
changes in ATP, phosphocreatine and lactate was lowest in the freeze-blown
brain, with increasing anoxia in brains which were frozen by immersion,
irradiated and frozen following decapitation.

Significance to Biomedical Pesearch and the Program of the Institute ;

Both the ECS and pharmacological data favor the argument that cyclic AMP
and cyclic GMP are independently regulated in vivo . The possibility of a
direct relationship between elevated cyclic GMP and depression seems remote,
since pharmacologically-induced depression either reduced or had no effect
on cyclic GMP levels. There is an increasing amount of evidence favoring
an association between either lowered cyclic AMP or elevated cyclic GMP
and CNS excitation; and between elevated cyclic AMP or lowered cyclic GMP
and CNS depression. Thus, neural events following a number of neurotropic
agents or such treatments as ECS or brain injury might be defined by the
cyclic nucleotide profiles. From our studies with pharmacological agents,
the levels of cerebellar cyclic GMP appear to reflect a behavioral spectrum
from depression to convulsion; CNS depressants and anti-convulsant agents
lower cyclic GMP while convulsant agents elevate cyclic GMP. Thus, cyclic
GMP in the cerebellum may serve as a molecular indicator of the degree of
CNS excitability, and therefore may be useful in our understanding of the
mechanism of action of a variety of neurotropic drugs.

The ECS- and anoxia-induced changes in brain cyclic AMP exhibit regional
variation. Thus, while the cerebellum is more sensitive to the stimulus of
anoxia, the cerebral cortex is more responsive to the electrical stimulus.
Although hypothermia does slow metabolic events in the brain, it is apparent
that only the temporal relationships and not the magnitude of response are
affected.
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The cyclic nucleotide elevation following ECS has been attributed by

others to be a result of the apnea-induced anoxia which occurs during tonic

extension. The absence ot a cyclic GMP increase in either cortex or

cerebellum 15 sec. after decapitation would tend to refute this explanation.

Further, reduction of the anoxic period during tonic extension by phenytoin
had only a slight effect on the cyclic nucleotide response. These results
would tend to decrease the likelihood that anoxia is the major stimulus to

the cyclic nucleotide increases after electroshock.

Since cyclic AMP increases rapidly in the brain following decapitation,
low cyclic AMP levels have been equated with rapid fixation. However,
following microwave irradiation low levels of cyclic AMP were obtained
although the irradiated brains were anoxic by other criteria. Of the
fixation methods tested, freeze-blowing and freezing intact most closely
approximate the in vivo state.

Proposed Course of the Project : Presently, the primary emphasis is on
the relationship of cerebellar cyclic GMP to the different types of anti-
convulsant agents, and their different anti-convulsant activities (anti-
pentylenetetrazol, anti-ECS , etc.). Also, more extensive studies on the
seizure-dependent rise of cyclic nucleotides whether chemically- or
electrically-induced are being undertaken in other regions, as well as the
cerebellum.

Publications: Lust, W. D. , Goldberg, N. D. , and Passonneau, J. V.: Cyclic
nucleotides in murine brain: The temporal relationship of
changes induced in adenosine 3' ,5'-monophosphate and guanosine
3' ,5 '-monophosphate following maximal electroshock or decapi-
tation. J. Neurochem. 26: 5-10, 1976.

Lust, W. D. and Passonneau, J. V.: Cyclic nucleotides in
murine brain: Effect of hypothermia on adenosine 3', 5' mono-
phosphate, glycogen phosphorylase, glycogen synthase and
metabolites following maximal electroshock or decapitation.
J. Neurochem. 26: 11-16, 1976.

Lust, W. D. , Kupferberg, H. J., Passonneau, J. V., and
Penry, J. K. : On the mechanism of action of sodium valproate:
The relationship of GABA and cyclic AMP levels to anti-
convulsant activity. Epilim Symposium. Nottingham, England,
1976 (in press)

.
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SUMMARY OF WORK (200 words or less - underline keywords)

Studies are being carried out on 2 cell lines in culture. C-1300 neuroblas-

toma cells, and C-6 astrocytoma cells are used to investigate differences,

if any between the metabolism of cells of glial and neural origin. The

regulation of cyclic AMP and cyclic GMP concentrations in the cells , and the

fluctuation of these compounds in response to hormones and/or drugs is under

investigation. C-6 cells respond to norepinephrine , and C-1300 cells respond

'to prostaglandin E, in that adenyl cyclase is activated and cyclic AMP con-

centrations increase. Both cell lines have phosphodies teras

e

activities

which are specific for the degradation of the 2 cyclic nucleotides, and both

enzyme activities can be induced. The effect of thiamine deficiency or

metabolites and thiamine-linked enzymes has been investigated in both cell

lines. A study of the effects of glucose deprivation and/or anaerobiasis has

also been undertaken.

PHS-6040
(12-75)
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Project Description:

Objectives : To investigate the regulation of metabolism in a glioma and

a neuroblastoma cell line.

Methods Employed : The cells are being grown in a CO2 incubator in the

laboratory. Homogenates of the cells are analyzed for various metabolites,
such as cyclic AMP, cyclic GMP, and pyridine nucleotides, as well as for

enzymes such as the adenylate and guanylate cyclases, cAMP phosphodiesterase
and glycogen synthetase and phosphorylase. All of these analytical methods
have been used in the laboratory on whole brain and are thus easily adaptable
for use with the cells. In addition, the effect of various agents on the

morphology of the cells will be undertaken.

Major Findings ; The glioma cells contain an adenylate cyclase which is

responsive to catecholamines such as norepinephrine. Activation of the
cyclase by norepinephrine elevates the intracellular cyclic AM level, resul-
ting in the breakdown of glycogen due to inactivation of the glycogen syn-
thetase and activation of the phosphorylase (Browning, E. T. , Schwartz. J. P.,
and Breckenridge , B. M. : Molec. Pharmacol . 10: 162, 1974). The expression
of the norepinephrine receptor has been shown to require cell contact.
Activity of the cyclic AMP phosphodiesterase can also be regulated, by growth
of the cells in either dibutyryl cAMP or in bromo-deoxy-uridine , an agent
which causes dedifferentiation (Schwartz, J. P., Morris, N. R. , and Brecken-
ridge, B. M. : J. Biol. Chem . 248: 26^9, 1973). Treatment of the glioma
cells with norepinephrine not only results in short-term effects , but also
causes an induction of the phosphodiesterase. The induction has been shown
to be mediated by cyclic AMP via the 6-receptor and to require new protein
synthesis.

The effects of other hormones and drugs, such as depolarizing agents, on
the metabolism of both cyclic AMP and cyclic GMP, have also been studied.
In addition, both cell lines have been shown to contain individual phospho-
diesterases specific for the 2 cyclic nucleotides, which can be independently
induced.

In addition to cyclic AMP metabolism, a study of the energy metabolism
of both cell lines has been carried out. The kinetics of glucose uptake, of
glycogen breakdown, and of pyruvate and lactate efflux and uptake have been
studied. The effect of thiamine deficiency, brought about by growth without
thiamine or in the presence of the anti-thiamine drug pyrithiamine, on the
above parameters as well as thiamine levels and thiamine-requiring enzymes
has also been examined. In addition, the effects of the local anesthetic,
tetracaine, on this system have been studied.

Significance to Biomedical Research and the Program of the Institute :

A study of the regulation of metabolism in the brain is complicated by the
presence of several cell types and the inability to determine in which cells
metabolic alterations are occurring. Such studies are facilitated by the
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use of the two distinct cell lines, the glioma (rat C-6 line) and the neuro-

blastoma (mouse C-1300 line) , because regulation can be studied in each cell

line separately. Until these cell lines became available, for example, it

had not been realized that glial cells might be hormone-responsive. Such

results suggest that the glial cells may have a greater involvement in brain
function than the supportive one originally envisaged. Although these two

cell lines are tumor cells, they offer a first approach to the problem of

regulation of metabolism in the brain, which might be followed up in normal
brain cells when the isolation techniques for glial and neuronal cells have
been perfected.

Proposed Course of the Project : A thorough investigation of the regula-
tion of cyclic AMP and cyclic GMP levels , of other energy-related parameters

,

and of pyridine nucleotide ratios will be undertaken, in both cell lines.

Studies on ion transport are also planned, as are morphological studies of

the effects of various agents and growth conditions. The effects of glucose
deprivation and/or anaerobiasis on both cell lines is being investigated.
Further studies related to the effect of thiamine deficiency on thiamine-de-
pendent enzymes and the pentose shunt are planned.

Publications: Lust, W. D. , Schwartz, J. P., and Passonneau, J. V.:

Glycolytic metabolism in cultured cells of the nervous system.
I. Glucose transport and metabolism in the C-6 glioma cell
line. Molee. Cell. Biochem . 8: 169-176, 1975.

Schwartz, J. P., Lust, W. D. , Lauderdale, V., and Passonneau,
J. V. : Glycolytic metabolism in cultured cells of the nervous
system. II. Regulation of pyruvate and lactate metabolism in
the C-6 glioma cell line. Molec. Cell. Biochem . 9: 67-72,
1975.

Schwartz, J. P., Lust, W. D. , Shlrazawa, R. , and Passonneau,
J. V. : Glycolytic metabolism in cultured cells of the nervous
system. III. The effects of thiamine deficiency and pyrithl-
amine on the C-6 glioma and C-1300 neuroblastoma cell lines.
Molec. Cell. Biochem. 9: 73-78, 1975.
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SUMMARY OF WORK (200 words or less - underline keywords)

The changes in NAD'*'/NADH ratios during cell growth in normal and transformed
cells has been investigated. In the presence of glucose that ratio is 2 to

3, removal of glucose increases the ratio 4-fold, as does the substitution
of galactose for glucose. No other hexose or carbon source can substitute
for glucose completely for growth. The redox state varies widely dependent

' on the hexose used as the carbon source. There are striking changes in cell
morphology associated with different sugars. Differences in rate of sugar
transport could not explain these differences; nor could the activity of

hexokinase explain the differences observed between fructose and glucose .

PHS-6040
(12-75)
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Project Description:

Objectives : To investigate the factors which regulate the NAD+/NADH

ratio and the metabolic pattern in normal and transformed cell lines.

Methods Employed : The cells are grown in tissue culture. Cell extracts

are analyzed for various metabolites such as NAD"^, NADH, ATP and cyclic AMP

by a variety of fluorometric and immunological methods.

Major Findings : The cells are extremely sensitive to the presence and

concentration of glucose in the medium. Five minutes after removal of

glucose, the NAD''"/NADH ratio increases 3-A-fold, followed by a much more
gradual decline in ATP (20% fall in 2 hrs.). Readdition of glucose restores
the redox state within 5 seconds. No other sugar can substitute for glucose
completely for growth: the redox state of cells grown on other sugars also
ranges widely. For example, the NAD^/NADH ratio in all cell lines tested
was 2-3 in the presence of glucose, but 10-15 when galactose was substituted.
There are no apparent changes in cyclic nucleotide metabolism related to these
metabolic changes, but there are striking changes in cell morphology.
Differences in the rates of sugar transport cannot explain these differences.

Significance to Biomedical Research and the Program of the Institute :

The pyridine nucleotides (NAD"*" and NADH) are involved in many of the oxida-
tion-reduction reactions of a cell. The ratio of NAD+ to NADH is therefore
a basic indicator of the metabolic state and growth properties of the cells.
The differences in the ratio found between normal and tumor cells must
therefore reflect the metabolic alteration in transformed cells. The ability
to regulate this ratio in confluent transformed cells might thereby allow
restoration to the growth and metabolic state of normal cells. Alteration
of the glucose level or of the sugar source available may be one key to such
regulation.

Proposed Course of the Project : This project has been terminated.

Publications: Johnson, G. S. and Schwartz, J. P.: Effects of sugars on the
physiology of cultured fibroblasts. Exp. Cell Res . 97:
281-290, 1976.

Schwartz, J. P. and Johnson, G. S.: Metabolic effects of
glucose deprivation and of various sugars in normal and trans-
formed fibroblast cell lines. Arch. Biochem . 173: 237-24S,
1976.
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SUMMARY OF WORK (200 words or less - underline keywords)

The regulation of glycogen metabolism has been studied in C-6 astrocytoma
and C-1300 neuroblastoma cell lines in culture. There appear to be two

principal modes of controlling glycogen synthesis and breakdown. The con-

centrations of glycogen in the cells , and the amount of glycogen phosphorylase

and glycogen synthase in the active forms can be regulated by the available
glucose supply ; however, there is a maximum level of glycogen which is not

exceeded even in the presence of greatly increased glucose supply. When
glucose in the medium falls below a critical level, phosphorylase is activated

and glycogenolysis occurs. Substances which cause cyclic 3' ,5' -AMP to be
elevated in the cells also stimulate glycogenolysis. In C-6 glioma cells ,

norepinephrine is effective; in C-1300 neuroblastoma cells, prostaglandin E ,

is effective. Both cell lines respond to the phosphodies terase inhibitor ,

isobutyl methylxanthine, and the adenyl cyclase stimulator adenosine.

PHS-6040
(12-75)
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Project Description:

Objectives : To determine the factors regulating glycogen metabolism in
glioma and neuroblastoma cell lines.

Methods Employed : Two cloned cell lines, C-6 astrocytoma cells (rat
brain) and C-1300 neuroblastoma cells (mouse cord) are grown in a CO2 incu-
bator. Cells are rapidly fixed by freezing in liquid nitrogen to preserve
the ill vivo state. Homogenates of ^he cells are analyzed for total glycogen
phosphorylase and total glycogen synthase, as well as the per cent of those
enzymes which are in the a^ or active form. Extracts of cells grown under
identical conditions are analyzed for glycogen, glucose, glucose 6-P, uridine
diphosphoglucose and cyclic 3',5'-AMP (cyclic AMP) content. The two cell
lines have been investigated with regard to response to available energy
sources in the medium, as well as the influence of phosphodiesterase inhibi-
tors, stimulators of adenyl cyclase, and insulin.

Major Findings : The concentration of glycogen in C-6 glioma cells and
C-1300 neuroblastoma cells is regulated in part by available energy sources,
in this case glucose. However, there is a maximum level of glycogen which
is not exceeded, even if the glucose concentration is increased from 5 to
50 mM in the medium. The rate of formation and concentration of glycogen in
the cells are the same in either case. The peak level of glycogen in C-6
glioma cells is twice that of the neuroblastoma cells; the concentrations
are 100-12-0 and 40-50 nmoles/mg protein in the C-6 and C-1300 cells, respec-
tively. Similarly, the amount of glycogen synthase in the C-6 cells is twice
that of the C-1300 cells, and the glycogen is accumulated faster in the C-6
cells. If insulin is added in the presence of glucose, intracellular con-
centrations of glucose increase; the amount of glycogen phosphorylase, the
degradative enzyme, in the active form is decreased; the amount of glycogen
synthase (the synthetic enzyme) in the active form is increased; and
glycogen stores increase. All of these changes, which are related to avail-
able nutrients, occur without alterations in cyclic AMP concentrations in
the cells.

However, the cells will respond to a variety of stimuli; certain
hormones, phosphodiesterase inhibitors, or stimulators of adenyl cyclase,
cause intracellular concentrations of cyclic AMP to increase. In the case of
norepinephrine, cyclic AMP increases more than 10-fold in C-6 cells and
phosphorylase is converted primarily to the active form (4-fold increase)

,

Synthase to the inactive form and glycogenolysis occurs. Norepinephrine had
no effect on C-1300 neuroblastoma cells. Prostaglandin E^ was effective in
raising cyclic AMP concentrations in C-1300 neuroblastoma cells. Isobutyl
methy Ixanthine , a phosphodiesterase inhibitor, increased cyclic AMP in both
cell lines, with consequent phosphorylase activation and degradation of

glycogen. Adenosine, an activator of adenyl cyclase, potentiated the effect
of isobutyl methyIxanthine in C-6 astrocytoma cells.
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Significance to Biomedical Research and the Program of the Institute :

It has been demonstrated in these two cell lines of neural origin that

regulation of glycogen metabolism can be exerted by regulation of supply of

glucose. Previously, in mammalian systems, we showed that brain glycogen
would increase if blood glucose levels were maintained at high concentrations,
and if insulin were present. No glycogen increases in the brain could be
demonstrated in alloxan diabetic mice, although blood glucose levels were
10-fold greater than normal. The demonstration of insulin effects in neural
tissue is of great importance and has not previously been shown without
ambiguity. In addition, the response of the cells to hormones and drugs has
shown that the cyclic AMP activating system for phosphorylase can be con-

trolled by a variety of agents. The response of the glycogen synthesizing
and degrading system, is thus under two modes of control which permits glycogen
to be stored under ordinary conditions, and mobilized in response to stimula-
tory agents.

Proposed Course of the Project : Further studies are being made to

determine the control of the amount of glycogen synthase, which also varies

in response to the glucose in the medium. When glucose was increased 10-fold
total synthase activity decreased to one-fourth the activity in the presence
of 5 mM glucose. Whether this decrease in activity is due to protein
degradation, "extra phosphorylation" or steric hindrance by the macromolecular
glycogen will be investigated.

Publications: Passonneau, J. V. and Crites, S. K. : Regulation of glycogen
metabolism in astrocytoma and neuroblastoma cells in culture.
J. Biol. Chem. 251: 2015-2022, 1976.
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SUMMARY OF WORK (200 words or less - underline keywords)

Various biochemical parameters were investigated in the gerbil cerebral cortex
both during and after occlusion of the common carotid artery. Ischemia
produced large changes in the energy metabolites, cyclic nucleotides and
certain neurotransmitters , but had little or no effect on enzyme activities
with the exception of protein kinase. From the data on the brain metabolites,
there does not seem to be a major secondary change in energy metabolites for

up to 6 hours of ischemia, but there is a gradual time-dependent change in the

levels of putative neurotransmitters during the entire 6 hours of ischemia.
Recovery from the ischemdc insult was marked by a rapid restoration of energy
metabolites, a short-term large increase in cyclic AMP, and a significant

reduction in enzyme activities of Na"*", K+-activated ATPase and adenylate
cyclase. The results on enzyme and metabolites seem to indicate that the

recovery process is dependent on the intensity of the ischemic insult and that
recovery is more than a mere reversal of the ischemic-induced events. The
pathological significance of these ischemia-related biochemical events are
currently under investigation.

PHS-6040
(12-75)
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Project Description:

Objectives; To determine the alteration in enzymes, metabolites and
putative neurotransmitters during long-term unilateral ischemia in the gerbil
cerebral cortex; and, further, to monitor the recovery of these metabolites
following a period of ischemia.

Methods Employed : Mongolian gerbils were anesthetized and the left com-
mon carotid artery was looped with a suture. As the gerbils emerged from the
anesthesia, the artery was ligated:- If the gerbils exhibited positive neuro-
logical symptoms, they were frozen in liquid nitrogen at various periods
following ligation.

The cerebral cortex was removed at -20° and extracted in perchloric
acid. The left hemisphere served as the ischemic side and the right as the
control. ATP, P-creatine, glucose, glycogen, glutamate, citrate and gamma
aminobutyric acid (GABA) were determined enzymically. Cyclic GMP was
measured by immunoassay and cyclic AMP by the protein binding method.
Dopamine, norepinephrine and 5-hydroxytryptamine were measured fluorometri-
cally.

In the recovery studies, the carotid artery was occluded with a clip for
the appropriate time and then released. At various times following release,
the gerbils were frozen and brains removed as described above.

Major Findings: By most of the criteria previously established in the
decapitated mouse brains, the left cerebral cortex following the ligation of
the left common carotid artery is in fact ischemic. From 1/2 to 6 hours
after ligation, the ATP, P-creatine, glycogen and glucose were decreased by
60% or more and remained low for the entire period. The right or control

.cerebral cbrtex was essentially the same as a sham control up to 6 hours.

Cyclic AMP in the ischemic side increased 7-fold to a maximum at 2 hours
and thereafter decreased to control values by 6 hours. GABA increased with
time in the ischemic cerebral cortex to a maximum 5-fold greater than control
at 6 hours. In addition, putative neurotransmitters, dopamine, norepinephrine
and 5-hydroxytryptamine decreased with increasing time of ligation. The
initial decrease in dopamine and norepinephrine occurred within 30 minutes
while that for 5-hydroxytryptamine occurred only after 3 hours of ischemia.

In the recovery studies, the metabolites were measured 5 minutf^s , 1, 5
and 20 hours after either 1 or 3 hours of ischemia. All the metabolites
measured were essentially back to control levels by 1 hour of recovery. Even
though cyclic AMP was restored by 1 hour, this cyclic nucleotide increased an
additional 5-fold over the already elevated cyclic AMP levels after 5 minutes
of recovery.
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The effect of short-term ischemia were investigated utilizing bilateral
ligation of the gerbil common carotid arteries. The levels of ATP, P-creatine,
glucose and glycogen were maximally depressed after 1 minute of ischemia. The
cyclic AMP levels increased 19-fold after 1 minute of ischemia and thereafter
decreased to a level approximately 5-fold greater than control at 5 minutes
of ischemia. Thus, the time course of cyclic AMP changes during ischemia is

marked by an early large rise, followed by a drop of cyclic AMP to a plateau
some 5-fold greater than control which persists for up to 2 hours and finally
by a gradual decrease to control levels at 6 hours of ischemia. Recovery of

ATP, P-creatine and glucose after both 1 and 5 minutes of ischemia was

essentially complete with 5 minutes of recirculation. The large post-ischemic
increase in cyclic AMP was observed at 5 minutes of recirculation following
5 but not 1 minute of ischemia. Theophylline pretreatment markedly reduced

the ischemic but not the post-ischemic induced increase in cyclic AMP. While

the cerebellum was not anoxic as indicated by the levels of ATP and P-creatine,

there were small but consistent changes in the levels of the cyclic nucleo-

tides and GABA. Both GABA at 5 minutes and cyclic AMP at 1 minute increased;

whereas, cyclic GMP decreased at both 1 and 5 minutes of carotid occlusion.

During recovery, the cyclic GMP levels decreased further to 24% of control.

The effects of ischemia on the activities of adenylate cyclase (A.C.),

protein kinase and ATPase were investigated. Particulate cyclic AMP-dependent
protein kinase of all the enzymes tested was the only one to decrease during

ischemia. While the activities of Na"*" - K^-activated ATPase and A.C. were
unaffected, during ischemia, the activities of both enzymes decreased to 50%

of the right side (control) value after 5 hours of recirculation. The control

level of ATPase activity was restored after 20 hours of recirculation, while

that for A.C. took up to 1 week of recirculation. Four other enzymes,
including phosphodiesterases, soluble protein kinase and Mg-dependent ATPase,

were unaffected during and after ischemia.

Significance to Biomedical Research and the Program of the Institute ;

The gerbil model for unilateral ischemia permits the investigation of the long

term effects of ischemia. From the measurement of the energy metabolites,
the ischemic state is established by 30 minutes and remains for as long as the

artery is ligated. The lowering of cyclic GMP and the elevation of both cyclic

AMP and GABA all indicate the depressed state of the cerebral cortex. The

reason for the decrease of cyclic AMP following peak levels at 2 hours is not

clear, but may indicate a secondary stage of ischemic damage.

The rapid recovery following 1 and 3 hours of ischemia in spite of histo-

chemical evidence of brain damage suggests that a major portion of the cortical

cells do remain viable even after 3 hours of ischemia.

While the total restoration of the metabolites (1 h post-ischemic values)

only appears to be compromised after 6 h of ischemia, the rate of recovery

(5 m post-ischemic values) decreases with increasing periods of ischemia.

Indications of a diminished rate of recovery as reflected by the ATP levels

developed between 5 and 30 minutes of an ischemic insult.
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The large changes in cyclic nucleotides probably reflect the severe

biochemical perturbations ^which occur in the brain both during and after
ischemia. It is quite evident that certain events occur in the ischemic
cerebral cortex between 1 and 5 m of ischemia which permit the large
post-ischemdc accumulation of cyclic AMP observed at 5 m of recirculation
after 5 but not 1 m of ischemia. The current thinking is that certain
adenylate cyclase agonists are being liberated during the first five minutes
of ischemia but that their expression is not manifested (in terms of elevated
cyclic AMP) because of the low levels of the substrate for adenylate cyclase,
ATP. Upon recirculation, the ATP levels are rapidly regenerated and in the
presence of the available agonists, a burst of cyclic AMP production ensues.
Thus, a proper temporal relationship between the loss of ATP and the libera-
tion of adenylate cyclase agonists is critical to the cyclic AMP accumulation
during recirculation. Theophylline is a potent anti-adenosine agent besides
being a phosphodiesterase inhibitor. The fact that theophylline reduced the
ischemic but not the post-ischemic rise in cyclic AMP indicates that (1) two
different agonists may be involved and (2) adenosine may be the stimulus to
the cyclic AMP accumulation during ischemia. Cyclic GMP levels decrease
during ischemia and remain low during recirculation except for 1 and 5 m of
recirculation when there is a 4-fold increase. Based on electrophysiological
results from other laboratories, it would appear that neuronal excitability
is reduced by cyclic AMP and increased by cyclic GMP. Therefore, the elevated
cyclic AMP levels and the reduced cyclic GMP levels during and after ischemia
would collectively have an inhibitory influence on cortical excitability.

The pathological significance of the post-ischemic rise in cyclic AMP to
the recoverability of the ischemic cortex is presently unclear and is currently
under investigation.

Proposed Course of the Project : The major emphasis is presently on the
biochemical characteristics of recovery. In addition, the nature of the
large recovery induced increase in cyclic AMP after short-term ischemia will
be investigated more extensively.

Publications: Lust, W. D. , Mrsulja, B. B. , Mrsulja, B. J., Passonneau J. V.,
and Klatzo, I.: Putative neurotransmitters and cyclic nucleo-
tides in prolonged ischemia of the cerebral cortex. Brain Res .

98: 394-399, 1975.

Mrsulja, B. B. , Lust, W. D. , Mrsulja, B. J., Passonneau, J. V.,
and Klatzo, I.: Brain glycogen following experimental cerebral
ischemia in gerbils. Experientia , 1976 (in press).

Mrsulja, B. B., Lust, W. D. , Mrsulja, B. J., Passonneau, J. V.,
and Klatzo, I.: Post-ischemic changes in certain metabolites
following prolonged ischemia in the gerbil cerebral cortex.
J. Neurochem . , 1976 (in press).
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SUMMARY OF WORK (200 words or less - underline keywords)

GABA shunt metabolites and enzymes have been measured in mouse brain and glia. .

and neuronal cells in culture . GABA concentrations in brain and cultured
glioma cells are comparable, whereas the neuroblastoma cells contain one-tenth
as much. In general, the enzyme activities measured, GABA transaminase ,

succinic semialdehyde dehydrogenase and glutamate dehydrogenase are much
lower in the cultured cells, and GABA transaminase is absent from the glial
cells. The anticonvulsant drugs, aminooxyacetate (ADA) and dipropylacetate
(DPA) , elevated GABA concentrations in mouse brain and neuroblastoma cells.
Only DPA affected the concentrations of GABA in glioma cells. The convulsant
drug , isoniazid, depresses GABA levels in brain, had no effect in glioma cell^
and increased GABA in the neuroblastoma cells.

PHS-6040
(12-75)
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Project Description:

Objectives : To investigate the a-aminobutyric acid (GABA) shunt
metabolites and enzymes in glioma and neuroblastoma cells in culture, and to
study the effects of convulsant and anticonvulsant drugs.

Methods Employed : Cells are grown in a CO2 incubator. Enzyme activi-
ties related to the GABA pathway are measured in homogenates of cells.
Metabolites of the GABA shunt are measured in perchloric acid extracts of the
cells. Both measurements employ sensitive enzymatic and/or radioisotope
techniques.

Major Findings ; The concentration of GABA in the neuroblastoma cell
line is 10-fold greater than in the astrocytoma cells. The respective con-
centrations are 6.0 and 0.55 nmoles/mg protein, as compared with 11 nmoles/mg
protein in mouse brain. Glutamate concentration in both cell lines was
90 nmoles/mg protein compared with 118 nmoles/mg protein in mouse brain. The
concentrations of a-ketoglutarate were 0.81, 2.29, 0.97 nmoles/mg protein in
mouse brain, astrocytoma cells, and neuroblastoma cells, respectively. GABA
transaminase activity was at least 10-fold greater in neuroblastoma cells
than in the astrocytoma cells, and there is some question that the enzyme may
be lacking entirely in the glioma cells. Such a finding would explain the
higher GABA concentrations in the astrocytoma cells, since further metabolism
of GABA would not be possible; Glutamate dehydrogenase activity in the
astrocytoma cells was half that in mouse brain, which is 1200 nmoles/mg
protein/hr. The activity in the neuroblastoma cells was only a tenth of that
in brain. The activity of succinic semialdehyde dehydrogenase was 145, 15,

and 30 nmoles/mg protein/hr. in mouse brain, C-6 astrocytoma cells, and
neuroblastoma cells, respectively. The effects of anticonvulsant and convul-
sant drugs were investigated. Aminooxyacetate, an anticonvulsant, elevated
GABA concentrations in mouse brain and neuroblastoma cells, but not astro-
cytoma cells. Another anticonvulsant, dipropylacetate, increased GABA con-
centrations in mouse brain and in both cell lines. A convulsant drug,
isoniazid, which depresses GABA levels in mouse brain, had no effect in the
astrocytoma cells, and elevated GABA in the neuroblastoma cells. The rela-
tionship of the drug effects to the enzyme activities is under investigation.

Significance to Biomedical Research and the Program of the Institute ;

The mechanism of action of anticonvulsant and convulsant drugs has been the
subject of extensive investigations. GABA, an inhibitory neurotransFitter,
has been implicated as one possibility of drug action. When anticonvulsant
drugs are administered to mice, the cerebellar levels of GABA incre/ase,

cyclic GMP decreases, and the threshold for seizures (electroconvulsive
shock) is elevated. It is possible by using cells in culture to determine
whether glioma and neuroblastoma cells are affected differently, and to

isolate the site of action of the drugs.
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Proposed Course of the Project : Further studies will be made to

establish which drugs are acting on cells in culture and at which enzymic

step. Cyclic GMP concentrations, which are altered in the brain of an intact

animal, will also be analyzed.

Publications : None

37u





SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAUURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 01995-04 LNNS

PERIOD COVERED

July 1, 1975 to June 30, 1976
TITLE OF PROJECT (80 characters or less)

Morphological Studies of' CNS Demyelination and Remyelination in

Model Systems

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

LNNS NINCDS
LNNS NINCDS
LNNS NINCDS
U. of Md.

Harvard Med. School

PI: H. deF. Webster Associate Chief
OTHER: T. Tabira Visiting Fellow

M. J. Cullen Staff Fellow
P. J. Reier Assist. Prof. Anatomy
S. H. Wray Assist. Prof. Neurology

COOPERATING UNITS (If any)

Department of Anatomy, University of Maryland School of Medicine
Department of Neurology, Harvard Medical School

lab/branch

Laboratory of Neuropathology and Neuroanatomical Sciences
SECTION

Section on Cellular Neuropathology

INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014

TOTAL MANYEARS:

5.1
PROFESSIONAL:

3.3

SUMMARY OF WORK (200 words or less - underline keywords)

The long range goal of this project is to use morphological methods such as
light and electron microscopy , freeze-fracture techniques , and electron
dense tracers to study mechanisms of CNS demyelination and myelin formation
in an in vivo model of a myelinated CNS tract, the optic nerves of Xenopus
tadpoles. Current studies include myelin lesions produced by cerebrospinal
fluid from multiple sclerosis patients , hexachlorophene intoxication , and
low temperature .

PHS-6040
(12-75)

39u



Project No. ZOl NS 01995-OA LNNS

Project Description:

Objectives: 1) Unconcentrated cerebrospinal fluid from more than 50%
of patxents with severe clinically active MS produces significantly elevated
lesion counts in optic nerves of tadpoles 48 hrs. after it is injected
perineurially. To investigate the mechanism of this myelinotoxic effect the
optic nerve lesions were studied at intervals after one or multiple injections
of a positive CSF. 2) To study the effect of low temperature on CNS myelina-

u°" ^^o^L^^^
""^"^^^ °^ Xeno£us tadpoles

. 3) To determine whether hexachloro-
phene (HCP) has an effect on the si-ze and distribution of intramembranous
particles in CNS myelin.

Methods Employed: 1) Twelve pi of unconcentrated CSF (either coded or
myelinotoxic) or a saline control solution were injected around the right
optic nerve of groups of stage 54 Xenopus tadpoles. At intervals thereafterusually 48 hrs.), optic nerve whole mounts were prepared and randomized;
then myelin lesions were counted by examining them with a differential-inter-
ference contrast microscope. 2) Groups of stage 54 Xenopus tadpoles were
maintained at temperatures of 4°, 7°, 10°. and IS'C for 1-7 days. Some in
the first 3 groups were sacrificed after 1, 3, and 7 days; the remainder
recovered at room temperature for 1-2 weeks. After perfusion fixation, opticnerves were removed, postfixed, embedded and sectioned for electron micro-
scopic study. 3) Groups of stage 54 Xenopus tadpoles were immersed in HCP,
0.2 Mgm/ml, for 1-10 days and freeze-fracture replicas of their optic nerveswere prepared. Horseradish peroxidase was injected perineurially into
tadpoles exposed to HCP for 7 days and their optic nerves were then prepared
ror electron microscopic examination.

Major Findings: 1) After a single injection of a myelinotoxic CSF, the
most common optic nerve abnormality was the presence of small ovoids scattered
at random along myelin internodes . They were most frequent in the middle
segment of the nerve and in electron micrographs, the ovoids were found in
areas of focal myelin breakdown. The number of myelin lesions reached amaximum two days after injection and decreased thereafter. If a CSF with
myelinotoxic activity was diluted or heated for 30 minutes at 60°C before itwas injected, the number of myelin lesions was similar to that found in
controls. After multiple injections of a myelinotoxic CSF, the optic nerveswere much more abnormal. Breakdown of myelin sheaths was more extensive and
some demyelmated axons were observed. 2) When Xenopus tadpoles were main-
tained at 4-10°C for 3-7 days, there were abnormalities in myelinated axons
and glial cells. Altered oligodendrocyte processes were associated with
axons containing fewer than normal numbers of microtubules. Inner tongue
processes of these myelinated fibers were frequently enlarged and contained
membranous honeycomb structures. Changes in outer tongue processes were
similar but less frequent. In tadpoles maintained at 7°, the optic nerves
were transected; the above changes were not observed dis tally nor were they
seen m optic nerves of tadpoles injected with colchicine or vinblastine.
3) In optic nerves from tadpoles immersed in HCP, the inner half of myelin
membranes adjacent to intramyelinic vacuoles contained numerous particles-
whose size and random distribution were similar to that seen in normal
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sheaths. Often, however, there were focal, particle-free elevations on

membrane surfaces bounding vacuoles; such were not found in normal myelin.
These particle-free regions frequently projected into the myelin vacuoles
and were similar to the multivesiculated membrane blebs observed in thin
sections. Strands of particles, corresponding to light junctions commonly
seen in normal myelin sheaths, were also present on inner membrane surfaces
of vacuolated sheaths. These particles did not appear to be altered by HCP

exposure. When a macromolecular tracer, horseradish peroxidase, was injected
perineurially in tadpoles exposed to HCP, it readily penetrated the optic
nerve parenchyma; none was found in the myelin vacuoles.

Significance to Biomedical Research and the Program of the Institute ;

1) The results of our double blind tests strongly suggest that the CSF of

many patients with severe clinically active multiple sclerosis contains a

heat labile factor that has a concentration dependent toxic effect on the

CNS myelin sheaths in tadpole optic nerves. Fractions of positive CSFs are

currently being prepared and tested in order to characterize the nature of

the CSF myelinotoxic factor. The results also have shown our double blind
CSF test is useful for investigating mechanisms of myelin breakdown in

multiple sclerosis and other demyelinating diseases. Only 0.5 ml. of uncon-
centrated CSF is needed and the result is known in 5 days. 2) Our data show

that maintenance of tadpoles at low temperature produces distinctive changes

in oligodendrocytes that are forming myelin. These alterations are not seen

during Wallerian degeneration nor are they directly related to the dissocia-
tion of microtubules. 3) The above results show that the massive vacuolation

and splitting of CNS myelin sheaths produced by HCP is not associated with

diffuse changes in the number, size, and distribution of intramembranous

particles. Also, the structure of tight junctions in the sheath remains

normal and penetration of macromolecular tracers into the vacuolar myelin

lesions is prevented.

Proposed Course of the Project : To be continued. The above results

have been presented at the Annual Meetings of the American Association of

Anatomists and the American Association of Neuropathologists.

Publications: Tabira, T. , Webster, H. deF. , and Wray, S. H. : Demyelinating

activity of cerebrospinal fluid from multiple sclerosis

patients tested in a new model system, the optic nerves of

Xenopus tadpoles. Trans. ANA 100: 103-106, 1975.

Reier, P. J.,. Tabira, T. , and Webster, H. deF.: The penetra-

tion of fluorescent and electron dense tracers into Xenopus

tadpole optic nerves following perineural injection, Brain
Res . 102: 229-244, 1976.

Tabira, T. , Webster, H. deF., and Wray, S. H. : In vivo test

for myelinotoxicity of cerebrospinal fluid. Brain Res . , 1976

(in press)

.
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Tabira, T. , Webster, H. deF. , and Wray , S. H.: Multiple
sclerosis: Cerebrospinal fluid produces myelin lesions in
tadpole optic nerves. New Eng. J. Med . , 1976 (in press).
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The long range goal of this project is to use freeze fracture techniques and
electron microscopy to study the structure of myelin and cell membranes in
CNS tissue and in subcellular fractions. Current experiments include exami-
nation of optic nerves from the mouse mutant, Jimpy , and the study of CNS
myelin fractions prepared from Xenopus brains and spinal cords.

PHS-6040
(12-75)
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Project Description:

Objectives : 1) To study the distribution of axon membrane particles in
freeze-fracture preparations of optic nerves from neonatal Jimpy and control
mice and also to determine the diameters of these axons and their relation-
ships with glial cell processes. 2) To isolate myelin from Xenopus frogs
and correlate the electron microscopic appearance of myelin fractions with
their protein and lipid composition (Dr. Quarles , ZOl NS 01808-06 DMN)

.

Methods : 1) Freeze-fracture replicas of lightly fixed optic nerves from
9 and 18 d. Jimpy and control mice were prepared and studied with the electron
microscope. Other blocks of the same optic nerves were postfixed, embedded,
and sectioned for electron microscopic examination. 2) Brains and spinal
cords of Xenopus frogs were used to prepare CNS myelin fractions which were
fixed, dehydrated, embedded, and sectioned for electron microscopic examina-
tion.

Major Findings : 1) In electron micrographs of longitudinally fractured
optic nerves, there were fewer particles on cytoplasmic faces of Jimpy axon
membranes than on control axolemmas at 9 and 18 d. of age. Measurements of
axon diameters at these ages showed that in Jimpy, growth of axons was
retarded and that smaller axons were more severely affected. Also, at 9 d.

of age, more than 90% of the axons in control and Jimpy optic nerves had
other axons as neighbors. The percentage of axons that were surrounded by
glial processes was higher in Jimpy nerves but many of these processes
belonged to astrocytes instead of oligodendrocytes. At 9 d. , about 2% of the
axons in Jimpy and control nerves were surrounded by loose and compact myelin
spirals. By 18 d., however, compact myelin sheaths surrounded almost 50%
of control axons but only 1% in Jimpy, the same percentage found at 9 d.

2) Multilayered membranous whorls with the characteristic lamellar appearance
and periodicity of myelin were present in fractions isolated from Xenopus
brain and spinal cord. They did not differ significantly from those seen in
myelin fractions isolated from rat, mouse, and bovine CNS.

Significance to Biomedical Research and the Program of the Institute ;

1) In the mouse mutant, Jimpy, there is a severe defect in CNS myelination.
The major abnormalities are found in oligodendrocytes; there are alterations
also in the few myelin sheaths that are formed. The cellular mechanisms
responsible for the defect in CNS myelination are still poorly understood
and the above observations are among the first to suggest that it iriay be
associated with abnormal axonal development. However, additional data,
including studies of other axonal populations, will be needed to assess the

significance of our results. 2) The characterization of adult ard immature
Xenopus myelin has become an important priority because it has recently been
shown in CN, L>JNS , NINCDS , that the optic nerves of Xenopus tadpoles are a

useful in vivo model for studies of experimental and human demyelinating
diseases.
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Proposed Course of the Project : To be continued. The above findings

have been presented at the Annual Meeting of the American Association of

Neuropathologists

.

Publications: Reier, P. J., Matthieu, J.-M. , and Zimmerman, A. W, : Myelin
deficiency in hereditary pituitary dwarfism: A biochemical
and morphological study. J. Neuropath. Exp. Neurol . 34:

465-477, 1975.

Zimmerman, A. W. , Quarles, R. H. , Webster, H. deF. , Matthieu,
J.-M., and Brady, R. 0.: Characterization and protein analysis

of myelin subfractions in rat brain: Developmental and

regional comparisons. J. Neurochem . 25: 749-758, 1975.
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SUMMARY OF WORK (200 words or less - underline keywords)

The incidence of the blood-brain barrier (BBB ) damage , evident by blue stain-
ing of the brain tissue, was related to the duration of ischemia and to the
duration of release following carotid occlusion. Thus, e.g., in gerbils sub-
jected to 6 hours ischemia, all animals showed the BBB damage 1 hour after
release of occlusion. On the other hand, gerbils with 1 hour left carotid
occlusion showed 100% incidence of the BBB damage only 20 hours following
release of carotid clipping. Raising the systemic arterial blood pressure
accelerated significantly the BBB damage; e.g., a 100% incidence of the BBB
damage was evident in gerbils with 147.8 mean arterial blood pressure (MABP)
within 15 minutes after release, whereas in animals with the normal MABP
(72.4), such incidence was present only after 5 hours of release of carotid
occlusion. The histological changes characteristic of ischemic damage
clearly preceded the BBB injury.

PHS-6040
(12-75)

47u



Project No. ZOl NS 023D5 -03 LNNS

Project Description:

Objectives ; One of the complications of cerebral ischemia is the
development of brain edema. Two main types of brain edema are the cytotoxic
and vasogenic varieties which can be differentiated on the basis of the
behavior of the blood-brain barrier (BBB) . The objective of this study has
been to elucidate the nature of ischemic brain edema by studying in a model
of experimental cerebral ischemia the behavior of the BBB and the abnormal
increase in brain tissue fluid, the essential criterion of any type of brain
edema.

Methods Employed : Mongolian gerbils (Meriones unguiculatus) in which,
due to anatomical irregularities of the circulus of Willis, an occlusion of
the common carotid artery on the neck produces in about 30% of animals an
ischemic injury in the ipsilateral cerebral hemisphere, were used as an
experimental model for cerebral ischemia. In this project, the left common
carotid artery was clipped on the neck for various periods of time. For
evaluation of the BBB, Evans blue dye was injected intravenously as a tracer.
The systemic arterial blood pressure was monitored by intrafemoral catheter
connected with a transducer. Abnormal increase of the brain tissue fluid was
estimated by wet/dry weight ratios. After decapitation, the brains were
taken out and the separated hemispheres were weighed (fresh weight). After
drying at 98°C for six days, the samples were weighed again (dry weight).
Histological changes were evaluated in brain tissue fixed by paraformaldehyde
perfusion., embedded in paraffin and stained with hematoxylin eosin and cresyl
violet.

Major Findings: The estimation of wet/dry weight ratios revealed a
progressive accumulation of the fluid in relation to the duration of carotid
occlusion. Definite evidence of brain edema was apparent in animals sacri-
ficed after 3 hours of carotid clipping which showed 7.34 + 1.01 mean swell-
ing percentage in the left hemisphere. In animals with 18 hours occlusion,
the swelling of the infarcted hemisphere amounted to 22%. The incidence
of the BBB damage, evident by blue staining of the brain tissue, was related
to the duration of ischemia and to the duration of release following carotid
occlusion. Thus, e.g., in gerbils subjected to 6 hours ischemia, all animals
showed the BBB damage 1 hour after release of occlusion. On the other hand,
gerbils with 1 hour left carotid occlusion showed 100% incidence of the BBB
damage only 20 hours following release of carotid clipping. Raising the
systemic arterial blood pressure accelerated significantly the BBB damage;
.e.g., a 100% incidence of the BBB damage was evident in gerbils with 147.8
mean arterial blood pressure (MABP) within 15 minutes after release, whereas
in animals with the normal MABP (72.4), such incidence was presen'; only after
5 hours of release of carotid occlusion. The histological changes character-
istic of ischemic damage clearly preceded the BBB injury. They were first
recognizable in animals sacrificed 30 minutes after carotid occlusion. They
were progressively increasing during the period of release of carotid occlu-
sion. This was in agreement with the observation that the histolo^gical pic-
ture of ischemic damage was similar in intensity in gerbils sacrificed
immediately 6 hours after ischemia with that in animals with 1 hour occlusion
and sacrificed 20 hours after release of the clipping.
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Significance to Biomedical Research and the Program of the Institute :

The elucidation of the nature of ischemic brain edema is potentially of
great value for the clinical management of stroke patients. The studies
described above indicate that following ischemia there is a development of

brain edema which is primarily of cytotoxic type. Only in later stages when
there is damage to cerebral blood vessels and their increased permeability
to BBB tracers, a leakage of sertim components is adding a vasogenic com-
ponent to overall picture of brain edema. These findings might be of
importance for designing proper treatment of patients suffering from cerebral
ischemia. ^

Proposed Course of the Project ; This project has been completed.

Publications: Ito, U., Go, K. G. , Walker, J. T., Jr., Spatz, M. , and
Klatzo, 1. : Experimental cerebral ischemia in Mongolian
gerbils. III. Behaviour of the blood-brain barrier.
Acta Neuropath . 34: 1-6, 1976.
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Light microscopic observations of the resin embedded tissue showed the
affected neurons as rounded cells with the characteristic eccentric nucleus,
central cytoplasmic dark granules and some vacuoles. Under the electron
microscope, the central part of the cytoplasm was devoid of endoplasmic
reticulum and it was filled with mitochondria of bizarre shape and of dif-
ferent sizes, with numerous lysosome-like structures , with several vacuoles
and with small (60-80 nm) electron-dense inclusions of ragged contour and
not membrane bound; these inclusions may represent glycogen deposits. The
Golgi apparatus was either absent or was seen in the form of irregularly
arranged cisternae or of a group of vesicles. Thiamine pyrophosphatase
reaction was seen in some short cisternae or vesicles. Acid phosphatase
activity was present in many of the lysosome-like structures suggesting the
formation of secondary lysosomes and autophagosomes

.

PHS-6040
(iZ-T'i)
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Project Description:

Objectives: In a previous study (Ito, U. , Spatz, M. , Walker, J. T. , Jr.,
and Klatzo, I.: Experimental cerebral ischemia in Mongolian gerbils. I.
Light microscopic observations. Acta Neuropath . 32: 209-223, 1975) a marked
neuronal reaction in H2 sector of Ammon's horn was observed in gerbils sub-
jected to 15 minutes of common carotid artery clipping and 20 hours release.
This lesion was characterized by prominent cells with eccentric nuclei,
central cytoplasmic eosinophilia aod either complete absence or peripheral i

cytoplasmic presence of Nissl bodies. These light microscopic changes are
morphologically similar to some cases of neuronal chromatolysis . The present
study was designated to investigate the morphologic and histoenzymatic
changes of this ischemic lesion by electronmicroscopy.

Methods Employed ; Gerbils were subjected to unilateral or bilateral
clamping of the carotid arteries for periods ranging from 7 to 15 minutes.
Twenty hours after release of the clamp, the animals were perfused through
the heart with 15 ml of balanced salt solution followed by 1% paraformalde-
hyde-1.25% glutaraldehyde solution, and then by a 4% paraformaldehyde-5%
glutaraldehyde fixing solution. Three hours afterwards, the brain was
removed, the selected areas of hippocampus were cut and processed for
Araldite or Epon embedding. For histochemistry only the 1% paraformaldehyde-
1.25% glutaraldehyde fixing solution was used, the brain was removed 30
minutes after perfusion, and 50y thick sections from selected hippocampal

'

regions were incubated for acid phosphatase, thiamine pyrophosphatase and
endogenous peroxidase and then processed for electronmicroscopy.

|

Major Findings : Light microscopic observations of the resin embedded
tissue showed the affected neurons as rounded cells with the characteristic
eccentric nucleus, central cytoplasmic dark granules and some vacuoles.

Under the electron microscope, the eccentric nucleus had a kidney-like
shape with its concavity facing the center of the cell. Irregular and short
cisternae of the rough endoplasmic reticulum and also membrane-free ribosomes
were seen at the periphery of the cell. The central part of the cytoplasm
was devoid of endoplasmic reticulum and it was filled with mitochondria of
bizarre shape and of different sizes, with numerous lysosome-like structures,
with several vacuoles and with small (60-80 nm) electron-dense inclusions of
ragged contour and not membrane bound; these inclusions may represent glycogen
deposits. The Golgi apparatus was either absent or was seen in the form of
•irregularly arranged cisternae or of a group of vesicles. Thiamine pyrophos-
phatase reaction was seen in some short cisternae or vesicles.

Acid phosphatase activity was present in many of the lysosome-like i
structures suggesting the formation of secondary lysosomes and autophasosomes.
No normal GERL (Novikoff) was seen in the affected neurons.

Significance to Biomedical Research and the Program of the Institute :

The structural and functional elucidation of cerebral lesions caused by
ischemia of short duration is of great clinical importance for the basic
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understanding of cerebrovascular disease process as well as its prevention
and possible therapy.

Proposed Course of the Project : This project has been completed and
the manuscript of the paper has been sent for publication in Acta Neuropath .

Publications: None
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The first detectable changes in the activities of all dehydrogenases was seen
as a slight decrease in the staining intensity of ischemic hemisphere in
animals subjected to 2 hours ischemia. The greatest diminution of the
demonstrable enzymatic staining product was seen after 9 hours of ischemia.
The slight decrease of non-specific acid monophosphatase activity was also
not seen prior to 2 hours ischemia. In later stages of ischemia, a loss of
enzjmiatic activity was seen in the severely damaged region, while the sur-
rounding areas showed an increased activity of the acid phosphatase. No
significant change in the activity of alkaline phosphatase was demonstrated
in ischemic regions at any time. Animals killed within 1 hour of ischemia
showed a diminution of phosphorylase activity prominent on the ischemic side.
By 6 and 9 hours of ischemia, phosphorylase activity was completely suppressed
Necrotic areas revealed markedly diminished or complete loss of total phos-
phorylase activity, while the rest of the hemisphere exhibited hyperactivity
of the same enzyme and increased glycogen content, especially close to the
necrotic areas.

PHS-6040
(12-75)
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Project Description:

Objectives : The Mongolian gerbils possess a high susceptibility for

the development of cerebral infarction following unilateral ligation of the

conmon carotid artery due to frequent absence of arterial communication be-

tween the cerebral and vertebral system. The contralateral hemisphere then
serves as a control (Kahn, K, , Neurol . 22: 510-515, 1972). The purpose of

the present investigation was to study ischemic effect on the various
enzymes activities in the brain histochemically.

Methods Employed : The histochemical investigation .was performed on

several groups of Mongolian gerbils which were subjected to unilateral
ischemia of 30 and 60 minutes, 2, 3, 6 and 9 hours. Fresh frozen sections
were used for the histochemical enzyme evaluation of the ischemic and control
hemispheres. The following enzymes were investigated: respiratory enzymes
succinic (SDH), lactic (L-DH) , glutamic (G-DH) , glucose-6-phosphate (G-6PDH)

;

dehydrogenases were demonstrated by Nitro BT-methods. Cytochrome oxidase
(COX) activity was studied according to Burstone's p-aminodiphenylanine
method. Sections heated at 60°C prior to incubation served as controls.
L-leucyl-6-naphthylamide was used as a substrate according to the Gomori's
modified method by Burstone and Fold. Alkaline and acid non-specific phos-
phatase activities were assessed by Burstone's naphthol AS-phosphate methods
using naphthol AS-TR as a substrate for both enzymes but with different pH
of the incubating medium. Total glycogen phosphorylase -activity was demon-
strated by Takeuchi and Kuriaki. The brain sections were incubated at 37 °C
in Navikoff's and Goldfisher's (1961) medium for thiamine pyrophosphatase
(TPP-ase). For evaluation of glycogen, the brain tissue was fixed by per-
fusion with paraformaldehyde embedded in paraffin and stained according to
the cold Schiff's method, preceded by 1 hour of incubation in 5% Dimedon
(5,5'-Dimethyl-l,3-cyclohexadion) solution (Bulmer, D. , Stain Tech . 34:

95, 1959).

Major Findings : The first detectable changes in the activities of all
dehydrogenases was seen as a slight decrease in the staining intensity of
ischemic hemisphere in animals subjected to 2 hours ischemia. The loss of
the dehydrogenase a:ctivities was parallel with the duration of ischemia. The
greatest diminution of the demonstrable enzymatic staining product was seen
after 9 hours of ischemia. The slight decrease of non-specific acid mono-
phosphatase activity was also not seen prior to 2 hours ischemia. It man-
ifested itself by slight decrease of stainable neuronal cytoplasm granule
in H2 and H3 sector of the Ammon's horn and thalamus. However, at the
periphery of the ischemic lesion (in the thalamo-hypothalamic region) a
higher more diffuse (nongranular) cytoplasmic activity of the acid phos-
phatase was seen than on the contralateral control side. In later stages
of ischemia, a loss of enzymatic activity was seen in the severely damaged
region while the surrounding areas showed an increased activity of the acid
phosphatase. No significant change in the activity of alkaline -phosphatase
was demonstrated in ischemic regions at any time. Cytochemical studies of
the Golgi apparatus revealed no abnormalities earlier than after 3 hours.
At this stage of ischemia, the cortex, hippocampus and thalamus showed very
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slight decrease of the staining intensity. In many of these places, the

neurons were completely devoid of enzyme activity. In addition to this,

there was an unusual increase in the number of neurons with diffuse or

granular cytoplasmic and nuclear staining. In zones of advanced necrosis,

diminished staining of the blood vessels and glia were seen in the TPP-ase

preparations. Total phosphorylase was the only one enzyme which was

changed after 1 hour of ischemia. Animals killed within 1 hour of ischemia

showed a diminution of phosphorylase activity prominent on the ischemic side.

By 6 and 9 hours of ischemia, phosphorylase activity was completely suppressed.

Necrotic areas revealed markedly diminished or complete loss of total phos-

phorylase activity, while the rest of the hemisphere exhibited hyperactivity

of the same enzyme and increased glycogen content, especially close to the

necrotic areas. Cytologically, the increased glycogen and enzymatic activity

were situated mainly within the astrocytes and in the neuropil.

Significance to Biomedical Research and the Program of the Institute :

The histochemical evaluation of several groups of enzymes after various

periods of brain ischemia will be helpful in assessing the extent of ischemic

effect in cerebral metabolism. Such studies are very important for the

understanding of the ischemic process: development, arrest, and possible

prevention.

Proposed Course of the Project : This project has been completed and the

results are being described and prepared for publication.

Publications : None
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The histochemical regional ischemic changes have been directly related to

the duration of the blood supply restriction to the brain and the following
period of reestablished circulation. At the end of ischemic insult and
after 1 hour of common carotid artery clip release, no differences in

enzymatic activities were seen between ischemic and non-ischemic Ammon's
horn. Twenty hours after restoration of cerebral circulation, the oxidative
mitochondrial enzymes S-DH , L-DH , G-DH , G-6-DH and C-OH were markedly
increased in the pyramidal cells of sabiculiim and H3 sector of the hippo-
campus. The proteolytic enzyme aminopeptidase and the Golgi's marker
TPP-ase were also increased in the same part of Ammon's horn.

PHS-6040
(12-75)
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Project Description:

Objectives : In previous studies we have observed a "maturation
phenomena" of cerebral lesions in unilateral ischemia of gerbils. The
rate of "maturation" of the ischemic lesions was directly related to the
intensity (duration) of the ischemic insult (Ito, U. , Spatz, M. , Walker, J.

T, , Jr. and Klatzo, I.: Experimental cerebral ischemia in Mongolian gerbils.
I. Light microscopic observations. Acta Neuropath . 32: 209-223, 1975).
The investigation reported here was designated to evaluate and possibly ^

elucidate the mechanism responsible for this phenomena.

Methods Employed : Regional cerebral ischemia was produced in Mongolian
gerbils by clipping of the common carotid artery (unilateral or bilateral)
for various periods of time. Animals with neurological signs of infarction
were sacrificed either immediately after the end of the ischemic period
(7.5, 15, 60 and 180 minutes), or after 1, 5, 20 hours, 1 and 4 weeks of

recirculation. The following enzymes were investigated: respiratory
enzymes succinic (SDH) , lactic (LDH) , glutamic (G-DH) , glucose-6-phosphate
(G-6PDH) ; dehydrogenases were demonstrated by Nitro BT-methods. Cytochrome
oxidase (COX) activity was studied according to Burstone's p-amlnodiphenyl-
anine method. Sections heated to 60°C prior to incubation served as con-
trols. L-leucyl-B-naphtylamide was used as a substrate according to the
Gomori's modified method by Burs tone and Fold. Alkaline and acid non-
specific phosphatase activities were assessed by Burstone's naphthol AS-
phosphate, methods , using naphthol AS-TR as a substrate for both enzymes,
but with different pH of the incubating medium. Total glycogen-phosphorylase {

activity was demonstrated by Takeuchi and Kuriari. The brain sections were
incubated at 37°C in Navikoff's and Goldfisher's (1961) medium for thiamine
pyrophosphatase (TPP-ase). For glycogen demonstration the brain tissue was
fixed by perfusion with paraformaldehyde embedded in paraffin and stained
according to the cold Schiff's method, preceded by 1 hour of incubation in
5% Dimedon (5,5-Dimethyl-l,3-cyclohexadion) solution (Bulmer, D. , Stain
Tech . 34: 95, 1959).

Major Finding^ : The histochemical regional ischemic changes have been
directly related to the duration of the blood supply restriction to the brain
and the following period of reestablished circulation. However, individual
variation in the activity of all enzymes examined were also found in the

group of animals subjected to the same duration of experimental ischemia.

The experimental animals were divided into two distinct groups according to

the histochemical enzymatic observations : (1) short period of ischemia
(7.5 and 15 minutes) with various recovery periods: At the end of ischemic
insult and after 1 hour of common carotid artery clip release, no differences
in enzymatic activities were seen between ischemic and non- ischemic Ammon's |
horn. Twenty hours after restoration of cerebral circulation, the oxidative
mitochondrial enzymes S-DH, L-DH, G-DH, G-6-DH and C-OH were markedly in-
creased in the pyramidal cells of sabiculum and H3 sector of the hippocampus.
The proteolytic enzyme aminopeptidase and the Golgi's marker TPP-ase were
also increased in the same part of Ammon's horn. Furthermore, the activity
of acid phosphatase was seen as an increased diffuse and homogeneous
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reaction in the neuronal cytoplasm of the affected ischemic side, as

compared to the cytoplasmic granular reaction on the control side. One
week after the ischemic insult all of the above mentioned enzymes were
increased as compared to controls, but to a lesser degree than after 20 hours
of clip release. In addition, the H2 sector showed focally increased acti-

vity of all above mentioned enzymes. (2) Long period of ischemia (1 and 3

hours) with various recovery periods: The activity of all investigated
enzymes in the brain vms decreased at each of the examined periods of re-

established cerebral circulation. The loss of activity was progressive
and directly related to the duration of the restored circulation. The dif-

ference in the intensity of the observed activity between the ischemic and

non-ischemic hemisphere was slight at 1 hour but extremely marked at 1 week
after the ischemic insult. However, the group of animals subjected to

1 hour carotid artery occlusion and 1 week release show a characteristic
exception to this rule; namely, an increased activity of lysosomal and

proteolytic enzymes.

Significance to Biomedical Research and the Program of the Institute:

Upon completion of this study, it will be possible to ascertain the rela-

tionship of the intensity (duration) of ischemic insult to the recovery of

cerebral lesions. The basic evaluation of cerebrocellular recovery potential

is of great prognostic and therapeutic importance, clinically.

Proposed Course of the Project : This project has been completed and

the manuscript pertaining to this work is being prepared for publication.

Pub 1 ications : None
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,

significantly decreased the levels of HVA, MOPEG-SO^ and 5-HIAA. This
decrease could be prevented by: CD blockage of active out-transport of
metabolites from the braiti of CSE by means of probenecid or (2) by the
exposure of the animals to ischemia. It appears that ischemia has the same
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Project Description:

Objectives : The catechol and indol amines are thought to play an
important role in cerebral function and their relationship to neuro-
pathology is also pointed out. In cerebral ischemia we found the changes
of dopamine, norepinephrine and serotonin and here we are reporting about
the changes of their main metabolites, homovanillic acid (HVA) , 3-methoxy-
4-hydroxy-phenyl-ethylglycol-sulphate (MOPEG-SO^) and 5-hydroxy-indo] acetic
acid (5-HIAA) , respectively.

Methods Employed : Experiments were conducted on Mongolian gerbils.
Unilateral cerebral ischemia was produced by ligation of one common carotid
artery of the neck. Following ligature, the animals with neurological signs
of cerebral infarction were sacrificed 30 minutes, 1, 2, 3 and 6 hours after
onset of ischemia. Also, gerbils received pargyline (75 mg/kg) 30 minutes
prior to treatment with probenecid (200 mg/kg) or production of ischemia.
In this experiment, animals were sacrificed 2 hours thereafter. In all
animals in ischemic and control hemisphere, concentrations of HVA, MOPEG-SO4
and 5-HIAA were analyzed spectrophotofluorometrically.

Major Findings : Cerebral ischemia of 30 minutes duration significantly
increases the level of HVA, while it has no influence on MOPEG-SO^ and 5-HIAA
levels. MOPEG-SO4 level was not changed 1 hour after onset of ischemic,
while that of 5-HIAA was increased. However, MOPEG-SO4 level was increased
after 2 hours of ischemia. It took about 2 hours for catecholamine
metabolites to reach the highest values, and 1 hour for 5-HIAA. Thereafter,
these levels remained unchanged. In gerbils' brains, inhibitor of mono-
amine oxidase, pargyline, significantly decreased the levels of HVA,
MOPEG-SO, and 5-HIAA. This decrease could be prevented by: (1) blockage
of active out-transport of metabolites from the brain of CSF by means of
probenecid, or (2) by the exposure of the animals to ischemia. It appears
that ischemia has the same influence on pargyline-treated animals as
probenecid.

Significance to Biomedical Research and the Program of the Institute :

In addition to the well known increase of lactate in ischemia which in-
fluences the pH of nervous tissue, retention of organic acids, metabolites
of catechol and indol amines might also be a factor involved in producing
tissue acidosis. This retention in ischemia is probably due to the altered
out-transport of HVA, MOPEG-SO^ and 5-HIAA from the tissue and CSF.

Proposed Course of the Project : This project has been completf:d and
the resulting paper has been sent for publication.

Publications: None
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The cerebral ischemia in gerbils is accompanied by: (1) decreased rate of
DA , NOR and 5-HT sjmthesis in cerebral cortex as indicated by: (a) decreased
accumulation of NOR and 5-HT after inhibition of monoamine oxidase by means
of pargyline , and (b) further reduction of DA, NOR and 5-HT after inhibition
of tyrosine hydroxylase and tryptophan hydroxylase by means of AMPT and
PCPA, respectively. C2) An altered active out-transport of HVA, MOPEG-SO

and 5-HIAA from the tissue or CSF as indicated by: (a) increased accumula-
tion of HVA, MOPEG-SO, and 5-HIAA in ischemia following the inhibition of

active transport by means of probenecid , and (b) accumulation of HVA and

MOPEG-SO4 in ischemia following inhibition of catecholamine synthesis by

means of AMPT and accumulation of 5-HIAA after inhibition of 5-HT synthesis
by means of PCPA.

PHS-6040
(12-75)
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Project Description:

Objectives : Gerbils exhibiting cerebral infarction showed in cerebral
cortex decreased levels of dopamine (DA) , norepinephrine (NOR) , and

serotonin (5-HT) and increased levels of homovanillic acid (HVA) , 3-methoxy-

A-hydroxy-phenylethylglycol-sulphate (MOPEG-SO,) and 5-hydroxy-indolacetic
acid (5-HIAA) metabolites of monoamines, respectively. In order to clarify
behavior or biogenic amines and their main metabolites in ischemia, we
applied pharmacologic measurement of amine turnover and steady-state kinetics
studies.

Methods Employed : All analyses were conducted on Mongolian gerbils
showing the neurological signs of cerebral infarction. Two to four hours
prior to the common carotic artery occlusion, the following modulators of

biogenic amine metabolism were injected i.p.: pargyline (75 mg/kg), alfa-
methyl-p-tyrosine (AMPT, 400 mg/kg), p-chlorphenylalanine (PCPA, 500 mg/kg),
probenecid (200 mg/kg), pyrogallol (200 rag/kg), and 2-3 hours after occlu-
sion the levels of DA, NOR, 5-HT, HVA, MOPEG-SO4 and 5-HIAA were measured
fluorometrically. Steady-state kinetics study was applied to calculate
the turnover rate and turnover time of biogenic amines in ischemia.

Major Findings : Our results suggest that the cerebral ischemia in
gerbils is accompanied by: (1) decreased rate of DA, NOR and 5-HT synthesis
in cerebral cortex as indicated by: (a) decreased accumulation of NOR and
5-HT after inhibition of monoamine oxidase by means of pargyline, and (b)

further reduction of DA, NOR, and 5-HT after inhibition of tyrosine
hydroxylase and tryptophan hydrox>'lase by means of AMPT and PCPA, respect-
ively. (2) An altered active out-transport of HVA, MOPEG-SO^ and 5-HIAA
from the tissue or CSF as indicated by: (a) increased accumulation of HVA,
MOPEG-SO4 and 5-HIAA in ischemia following the inhibition of active trans-
port by means of probenecid, and (b) accumulation of HVA and MOPEG-SO^ in
ischemia following inhibition of catecholamine synthesis by means of
AMPT and accumulation of 5-HIAA after inhibition of 5-HT synthesis by means
of PCPA. (3) Possible potentiated 0-methylation as indicated by increased
levels of DA and NOR following inhibition of catechol-0-methyl-transferase
by means of pyrogallol.

Significance to Biomedical Research and the Program of the Institute :

Our results suggest synaptosomal release and probably depletion of biogenic
amines during ischemia, inhibition of synthesis and degradation of these
monoamines and alteration of active transport of their main metabolites from
the brain tissue. Such behavior of catechol and indol amines and their
metabolites in ischemia might be responsible or might cause further ischemic
injury in surrounding brain tissue primarily not affected. At the same time,
data implicates the possibility of using drugs which can modify the level
or action of brain monoamines and at least the eictension of ischemic brain
damage

.
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Proposed Course of the Project : This project has been completed.

Publications: Mrsulja, B. B. , Mrsulja, B. J., Spatz, M. and Klatzo, I.:

Action of cerebral ischemia on decreased levels of 3-methoxy-
4-hjrdroxy-phenylethylglycol sulfate, homovanillic acid an
5-hydroxy-indoleacetic acid produced by pargyline. Brain
Res . 98: 388-393, 1975.
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One hour after onset of ischemia, 5-HT level was significantly increased
in ischemic hemispheres, and was not further changed up to 6 hours duration
of ischemia. The levels of DA and NOR were reduced 1 hour after the occlu-
sion was established and the reduction of these concentrations were pro-
portional to the duration of ischemia. In recovery after ischemia, one
hour and 15 minute occlusion, as well as 1 hour after 1 hour occlusion, 5-HT
level was significantly higher than it was during ischemia, while in gerbils
which were Ischemic for longer periods, 5-HT levels were significantly lower
than in ischemia. Twenty hours after the clip was removed, 5-HT level in
animals which were ischemic only for 15 minutes reached the peak and was
higher than 1 hour after the clip was removed in the same experi'Jiental group
of animals. The behavior of DA and NOR was in agreement with the principles
of the "maturation phenomenon" , i.e., the lowest depressions of these
catecholamines were observed at 20 hour post-ischemic period following 15
minute occlusion and at 5 hours after release following 1 hour ischemia.

PHS-6040
(12-75)
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Project Description:

Gbjectives : The molecular basis of the vulnerability of brain in

ischemia is not completely understood. When brain becomes severely

ischemic as a consequence of thrombi, emboli or the vasospasm that can

follow hemorrhage or trauma, it too probably "leaks" various intercellular
constituents that normally are stored in high concentrations. The result-
ing inappropriate loss of several of these compounds; the monoamine neuro-
transmitters, norepinephrine, dopamine, and serotonin may exacerbate the

pathophysiological changes caused by initial ischemia. In this report,

we are presenting the behavior of biogenic amines in and following ischemia
of various periods of duration.

Methods Employed : Mongolian 'gerbils were subjected to left common
carotic occlusion and those with neurological signs of cerebral infarction
were sacrificed: (a) 15 minutes, 1, 3 and 6 hours after onset of ischemia,
or (b) 1 and 20 hours and 1 week after ischemia lasting 15 minutes, 1, 3

and 6 hours, respectively. Brain dopamine (DA), norepinephrine (NOR) and
serotonin (5-HT) in ischemic and control brain hemispheres were assayed
fluorometrically by the method of Cox and Perhach (1973). Histochemical
studies of NOR and 5-HT in ischemia were done using the freeze-dried
fluorescence method of Falk and Hillarp (1966) as described by Olsson and
Ungerstedt (1970).

Maj or Findings ; In 15 minute ischemic animals, no changes were found
in the levels of DA, NOR and 5-HT. One hour after onset of ischemia, 5-HT
level was significantly increased in ischemic hemispheres, and was not
further changed up to 6 hours duration of ischemia. The levels of DA and
NOR were reduced 1 hour after the occlusion was established and the reduc-
tion of these concentrations were proportional to the duration of ischemia.
In recovery after ischemia, one hour after 15 minute occlusion, as well as
one hour after one hour occlusion, 5-HT level was significantly higher
than it was during ischemia, while in gerbils which were ischemic for
longer periods, 5-HT levels were significantly lower than in ischemia.
Twenty hours after the clip was removed, 5-HT level in animals which were
ischemic only for 15 minutes reached the peak and was higher than one hour
after the clip was removed in the same experimental group of animals. The
behavior of DA and NOR was in agreement with the principles of the
"maturation phenomenon", i.e. the lowest depressions of these catecholamines
were observed at 20 hour post-ischemic period following 15 minute occlusion
and at 5 hours after release following 1 hour ischemia. On the other hand,
5-HT level in animals clipped for 6 hours was not different from the level
of the control hemisphere. The behavior of NOR in recovery in gerbils
which were occluded for shorter periods (15 and 60 minutes) is different
from the behavior of this catecholamine in animals which were ischemic for
longer periods (3 and 6 hours). Reduced NOR level in gerbils which were
ischemic for longer periods recovered after the ischemia. On the other
hand, in gerbils which were ischemic for the shorter periods, NOR content
showed biphasical behavior. One hour after the clip was removed NOR was
higher than in controls; 20 hours after ischemia NOR level was lower than
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in controls. During recovery periods, DA levels were reduced propor-
tionally to the time of duration of ischemia. However, recovery of DA
concentration was more prftnounced in animals which were ischemic for the

longer periods.

Significance to Biomedical Research and the Program of the Institute:
These findings showed the involvement of monoamines in biochemistry of brain
ischemia. In addition, data especially that of serotonin, confirmed the
"maturation phenomenon." Complex alteration in biogenic amines metabolites
after ischemia of short term may be expected in the period which follows
the ischemic episode.

Proposed Course of the Project : This project has been completed. The
resulting publication has been accepted by Acta Neuropathologica .

Publications: Mrsulja, B. B., Mrsulja, B. J., Spatz, M. , Ito, U., Walker,
J. T., Jr., and Klatzo, I.: Experimental cerebral ischemia
in Mongolian gerbils. IV. Behaviour of _ biogenic amines.
Acta Neuropath ., 1976 (in press).
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SUMMARY OF WORK (200 words or less - underline keywords

In symptoms positive groups of gerbils significant decrease of glucose

and glycogen and increase of lactate and pyruvate was obtained 5 minutes

after onset of ischemia in all brain structures of the hemisphere ipsilateral

to the occlusion. The lowest content of glycogen was obtained 1 hour after

carotic artery occlusion. Lactate and pyruvate concentrations increased

and that of glucose decreased with duration of ischemia. Nine hours after

onset of ischemia glycogen content was much higher than in the controls.

Accumulated glycogen was histochemically observed in areas bordering the

infarction. In recovery from one hour ischemia, in symptoms positive

animals, levels of glucose, pyruvate and glycogen were not different from

the controls 1 hour after the occlusion was removed. Lactate was signifi-

cantly elevated even after 20 hours of recovery. Glycogen content was

higher at that time and was elevated even 1 week after the release.

PHS-6040
(12-75)
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Project Description:

Objectives ; The Mongolian gerbils possess a high susceptibility for

the development of cerebral infarction following unilateral ligation of the

common carotic artery due to frequent absence of arterial communication
between the cerebral and vertebral system (Levine, S. and Payan, H. , Exp .

Neurol . 16: 225, 1966). The project described here was designed to evalu-
ate the effect of ischemia on carbohydrate (glucose, glycogen, lactate and
pyruvate) metabolism. In addition, the possibility of recovery of these
metabolites following ischemia was approached.

Methods Employed : Mature Mongolian gerbils were subjected to the left
common carotic artery clipping for 5, 15, 30 minutes, 1, 3, 5 and 9 hours.
The left common carotic artery was also clipped for 1 hour and then
released; the animals were sacrificed 1, 5 and 20 hours and 1 week after
the release of the common carotic occlusion. All the animals with unilateral
carotid artery occlusion were divided into two groups: with and without
cerebral s>Tnptoms (Kahn, K. , Neurol . 22: 510, 1972). The whole animals
were rapidly frozen in liquid nitrogen and the following brain regions of
left and right (control) hemispheres were dissected respectively: cortex,
caudate, thalamus, and hippocampus. In cases of 1, 3, 5 and 9 hours of
cerebral ischemia and in recovery, the brain was divided into left and
right hemispheres of symptoms positive and S3miptoms negative animals since
1 hour of carotic occlusion induced profound changes in all investigated
brain structures. Concents of glucose, lactate, pyruvate and glycogen were
determined by enzymic methods spectrophotometrically. Glycogen content was
also verified histochemically

.

Major Findings : In symptoms positive groups of gerbils significant
decrease of glucose and glycogen and increase of lactate and pyruvate was
obtained 5 minutes after onset of ischemia in all brain structures of the
hemisphere ipsilateral to the occlusion. The lowest content of glycogen
was obtained 1 hour after carotic artery occlusion. Lactate and pyruvate
concentrations increased and that of glucose decreased with duration of
ischemia. Nine hours after onset of ischemia glycogen content was much
higher than in the controls. Accumulated glycogen was histochemically
observed in areas bordering the infarction. In groups of gerbils without
neurological signs of infarction, no changes were found after 5 minutes
of clipping. On the other hand, the findings similar to the symptoms
positive animals, but less pronounced, were found in caudate after 15 minutes,
in thalamus after 30 minutes, and in cortex and hippocampus after 60 minutes
duration of occlusion. The lowest concentrations of glycogen and glucose,
and the highest of lactate and pyruvate were obtained 3 hours after occlu-
sion. The values obtained 9 hours after clipping were in the range of
controls. In recovery from 1 hour ischemia, in symptoms negative gerbils,
levels of glucose, lactate, pyruvate and glycogen returned to the control
values during 1 hour. In symptoms positive animals, levels of glucose,
pyruvate and glycogen were not different from the controls 1 hour after the
occlusion was removed. Lactate was significantly elevated even after 20 hours
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of recovery. Glycogen content was higher at that time and was elevated
even 1 week after the release.

Significance to Biomedical Research and the Program of the Institute ;

The results support the possibility of a "maturation phenomenon" which
seems to be a general principle applicable to various parameters in ischemic
injury. The rate of maturation of the lesions is directly related to the
intensity (duration) of an ischemic insult, a lesser intensity resulting in

slower development of lesions. Data for glycogen particularly supported
this phenomenon. Ischemia of 1 hour duration shows accumulation of glycogen
20 hours after the clip was removed; the phenomenon observed after 9 hours of

ischemia. The principle of "maturation" may be operative in clinical situ-
ations, and it could explain deterioration of the clinical conditions, in
particular, after variable latent periods following ischemic insult.

Proposed Course of the Project ; This project has been completed.

Publications; Mrsulja, B. B., Mrsulja, B. J., Ito, U. , Walker, J. T. , Jr.,

Spatz, M. , and Klatzo, I.; Experimental cerebral ischemia
in Mongolian gerbils. II. Changes in carbohydrates. Acta
Neuropath . 33; 91-103, 1975.
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Glucose and glycogen were found decreased, while lactate and pyruvate
increased after 1 hour of ischemic damage and except for lactate, returned
to the control levels 1 hour following the ischemic episode. The recovery
of metabolites was stimulated in the ischemic animals when they were under the

. influence of anesthesia during the recovery period. Increased systemic blood
pressure did not alter the levels of carbohydrates in the control hemisphere
contralateral to the occlusion. On the other hand, the recovery of glycogen,
lactate and pyruvate was depressed, while that of glucose stimulated when the
systemic blood pressure was increased during 1 hour recovery period and main-
tained at 150 mmHg.
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Project Description:

Objectives : In previous studies we demonstrated that hypertensive

periods account for a greatly increased incidence of blood-brain barrier
damage, and it produced more severe histopathologic lesions than the ones

observed in the corresponding normotensive animals. These investigations
are the continuation study of influence of increased systemic blood pressure
on the recovery of carbohydrates following the ischemic injury.

Methods Employed: Mature Mongolian gerbils were subjected to the common
carotic artery clipping and the animals with the neurological signs of

cerebral infarction (Kahn, K. , Neurol . 22: 510, 1972) were: (a) sacrificed
immediately after 1 hour clipping; (b) clipped for 1 hour and then the
occlusion was released for 1 hour; (c) clipped for 1 hour, reanesthetized
with sodium pentobarbital and sacrificed 1 hour after clip was removed; and
(d) treated as the previous group, but during the release period systemic
blood pressure was maintained at 150 mmHg. All animals were killed by
stirring the whole animal into liquid nitrogen and left (ischemic) and right
(control) hemispheres were dissected and analyzed for glucose, glycogen,
lactate and pyruvate using the enzymic spectrophotometric method.

Major Findings : Glucose and glycogen were found decreased, while lactate
and pyruvate increased after 1 hour of ischemic damage and except for lactate,
returned to the control levels 1 hour following the ischemic episode.
The recovery of metabolites was stimulated in the ischemic animals when they
were under the influence of anesthesia during the recovery period. Increased
systemic blood pressure did not alter the levels of carbohydrates in the
control hemisphere contralateral to the occlusion. On the other hand,
the recovery of glycogen, lactate and pyruvate was depressed, while that of
glucose stimulated when the systemic blood pressure was increased during
1 hour recovery period and maintained at 150 mmHg.

Significance to Biomedical Research and the Program of the Institute :

The results reported here show that obviously the post-ischemic elevation
of the systemic blood pressure during the period of reestablished circula-
tion has a deleterious effect on the ischemically affected brain tissue.
Even though the findings presented here can't be completely equated with
the cerebral ischemia in man, they might be of great clinical significance
in considering the appropriate therapy.

Proposed Course of the Project : This project has been completed.

Publications: Klatzo, I., Ito, U. , Go, K. G. , Westergaard, E., Spatz, M.

and Walker, J. T. , Jr.: Experimental Brain Ischemia in Ger-
bils. In Vllth International Congress of Neuropathology,
Budapest, Hungary. Amsterdam, Excerpta Medica, 1975, pp. 565-
568.
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SUMMARY OF WORK (200 words or less - underline keywords)

Using the specific gravity deteirminations on abnormal uptake of water by
the brain tissue was followed in gerbils which were subjected to cerebral
ischemia by occlusion of the common carotid artery at the neck. The
significant edematous change was demonstrable in various brain structures
subjected to ischemia within 10 minutes following occlusion. In the post-
ischemic periods, animals which developed necrotic changes revealed
extremely low specific gravity of the affected tissue and a conspicuous
damage of the blood-brain barrier, as demonstrated by the extravasation
of the Evan's blue tracer.
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Project Description:

Objectives : Edema constitutes the most important complication of
cerebral ischemia. Therefore, an evaluation of the mechanisms involved
in ischemic brain edema is of great clinical relevance. Objective of
this study is to apply a sensitive technique for demonstration of an
abnormal water uptake by the brain tissue and to correlate the obtained
data with the concommitant behaviour of the blood-brain barrier and histo-
logical tissue changes. This should elucidate the nature of ischemic brain
edema

.

^

Methods Employed : Mongolian gerbils are subjected to unilateral occlu-
sion of the common carotid artery at the neck for various periods of time
and sacrificed either with the remaining clip or at various time intervals
following release of the occlusion. For evaluation of the blood-brain
barrier (BBB) changes, the animals are injected with 2% solution of Evan's
blue. Following the sacrifice by decapitation, the brains are rapidly
removed and submerged in kerosene. Small samples representing the cerebral
cortex, hippocampus and basal ganglia are removed from the ischemic and
the opposite control hemispheres. Visible blue discoloration of the brain
due to abnormal penetration of the Evan's blue into the brain tissue is
recorded and photographed. The small samples are dropped into the gradient
column of kerosene and bromobenzene prepared according to the method of
Nelson (Nelson, S. R. , Manz, M.-L., and Maxwell, J. A.: Use of specific
gravity in the management of cerebral edema. J. Appl. Physiol . 30: 268-
271, 1971). The specific gravity of the samples is recorded using standards.
The corresponding brain tissue is fixed by immersion in buffered para-
formaldehyde and the histological slides are prepared and stained with
Cresyl Violet and H & E methods.

Major Findings : An abnormal water uptake expressed by lowering of
specific gravity of the brain tissue samples was demonstrable already
after 10 minutes of unreleased ischemic occlusion. The lowering of specific
gravity progressed with the duration of the occlusion up to 6 hours after
which it remained unchanged when estimated at 9 hr. occlusion. When the
occlusion was released after 1 hr. ischemia, the amount of edema during
the first 5 post-ischemic hours remained unchanged. During the 5 to 20 hour
post-ischemic periods, two groups of animals could be recognized: (1) in
one group the abnormal water uptake remained unchanged, and (2) the second
group of gerbils showed extremely low specific gravity of the tissue on
the side of occlusion. In these animals it was possible to correlate the
low specific gravity values with the damage of the BBB and the histological
picture of severe tissue necrosis.

Significance to Biomedical Research and the Program of the Institute ;

The study on ischemic brain edema is of great clinical relevance. It is
obvious that an ischemic brain injury is characterized by marked hetero-
genicity concerning the intensity of changes, ranging from irreversibly
damaged tissue to that showing only relatively slight changes. It can be
assumed that by controlling the complicating edema large territories of
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brain tissue affected by ischemia can be recovered and the final extent of
ischemic tissue distinction can be greatly reduced. Application of some
rational and effective measures for control and treatment of an ischemic
insult can be possible by precise elucidation of the mechanisms involved
in the development of the ischemic brain edema.

Proposed Course of the Project : The experiments will be conducted to

acquire statistically meaningful data which allow establishing the dynamic
profiles of ischemic brain edema and which elucidate the pathomechanisms
involved. >»

Publications: None
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Project Description:

Objectives: To determine what effect hormonal treatment may
have on the recovery phases of motor neurons subjected to
transection of their axons.

Methods Employed : Rabbits were treated with cortisone or
thyronine for a week prior to severance of the facial nerve.

After short and prolonged survival, the animals were sacri-
ficed and fixed by perfusion in deep anesthesia.

Serial sections of the brain stem were stained for glycogen
and with PAS-gallocyanin

.

Major Findings : Preliminary studies revealed that, after
cortisone treatment, there is in the operated animals a depres-
sion of reactive mitosis in microglial cells and an acute deple-
tion of glycogen in neurons. The acute neuronal reaction is the
same after thyronine treatment as in untreated animals.

After experimental operations designed to study the chronic
effect of these two hormones., no differences in clinical mani-
festations have been detected.

Significance : After a study on the acute depressing effect of
cortisone on neuronal perikarya and neuroglial elements, it is
of interest to determine whether an opposite reaction can be
obtained by introduction of another hormone, such as thyronine,
which is said to accelerate peripheral nerve regeneration. By
counting the number of cells remaining in the facial nucleus
after single operation or reoperation, one should be in a
position to conclude decisively whether administration of either
of the two hormones can be of any benefit or can affect the
vulnerability of nervous tissue. Definite guidelines for
clinical application must await results of such experiments.

Proposed Course of Project : Preparation and examination of
histologic material from hormone-treated animals with prolonged
survival after single transection or reoperation.

F>ubli cat ions : None

86u



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 01676-08 LNNS

PERIOD COVERED

July 1, 1975 to June 30, 1976
TITLE OF PROJECT (80 characters or less)

A comparative study of the area postrema

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: J. Cammermeyer Head, Section on Experimental LNNS NINCDS
Neuropathology

COOPERATING UNITS (if any)

None

LAB/BRANCH Laboratory of Neuropathology and Neuroanatomical
Sciences

Section on Experimental Neuropathology
INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS: PROFESSIONAL:

SUMMARY OF WORK (200 words or less - underline keywords)

Terminated .

PHS-6040
(12-75)

"S7^





SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Oo NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERulCE

NOTICE OF
INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 02002-04 LNNS

PERIOD COVERED

July 1, 1975 to June 30, 1976
TITLE OF PROJECT (80 characters or less)

Mast cells in the brain

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT-

PI I J. Cammermeyer Head, Section on Experimental LNNS NINCTS
Neuropathology

OTHER: J„ L. Ribas Research Scientist AFRI

COOPERATING UNITS (if any)

Department of Neurobiology, Armed Forces Radio-
biology Institute, Bethesda, Maryland

LAB/BRANCH Laboratory of Neuropathology and Neuroanatomical
Sciences

Section on Experimental Neuropathology
INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland
TOTAL MANYEARS:

0.6
PROFESSIONAL:
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SUMMARY OF WORK (200 words or less - underline keywords)

The functional role of mast cells , which are diffusely
dispersed in the brain and aggregate in larger numbers in
paraventricular regions, is still disputed. These cells
are known to contain several biochemically active substances
enabling them to prevent coagulation, control blood circu-
lation, and take an active part in transmission of nerve
impulses and in neurovegetative functions. On the basis of
morphologic characteristics, the mast cells are considered
to be in a labile stage of activity which can progress to
exhaustion and cell death. By a quantitative study of such
cell forms, indirect evidence of interaction between these
cells and nervous tissue elements may be established. To
this end, electron microscopic and quantitative studies have
been initiated.

PHS-6040
(12-75)
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Project Description:
,

Objectives : To determine the significance of cytoplasmic
pallor and nuclear pyknosis of mast cells in the central nervous
system in an effort to clarify the functional role of these cells,

Methods Employed : Examination of microscopic sections from
the brains of various animals with the aid of a specific stain-
ing technique for mast cells.

Major Findings : The appearance of mast cells varies greatly;
pallor, as an expression of loss of biologically active material,
is often associated with 16ss of the nucleus.

Significance : Since mast cells contain a variety of
substances - heparin, histamine, serotonin, dopamine, etc. -

which are known to act on coagulability and viscosity of blood,
diameter and permeability of blood vessels and neuronal function,
and since these cells occur in many parts of the brain but in
varying numbers, it is assumed that their presence depends on
functional requirements. If this is the case, they may play
a role in controlling blood flow and neuronal interaction in the
brain. The microscopic demonstration of pallor and nuclear
loss may suggest that mast cells disintegrate in situ as their
functional capacity is exhausted.

Proposed Course of Project : The specificity of degranulation
and nuclear pyknosis in mast cells is to be investigated in
serial sections of brain stem in different animal species.

In another investigation, started in collaboration with
Dr. J. L. Ribas , the electron microscopic characteristics of
mast cells in different functional stages will be ascertained.

Publications

:

Cammermeyer, J.: Factors contributing to denucleation of
cerebral mast cells. Acta Anat. (in press).

90u



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 02003-04 LNNS

PERIOD COVERED

July 1. 1975 to June 30. 1976
TITLE OF PROJECT (80 characters or less)

The thalamo-choroidal body

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: J. Cammermeyer Head, Section on Experimental LNNS NINCDS
Neuropathology

OTHER: E. Westergaard Lektor (Assoc. Prof.) Anatomy Department
University of

Copenhagen

COOPERATING UNITS (if any)

Anatomy Department C, University of Copenhagen
2100 Copenhagen 0, Denmark

lab/branch Laboratory of Neuropathology and Neuroanatomical
Sciences

Section on Experimental Neuropathology
INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland
TOTAL MANYEARS: PROFESSIONAL: OTHER:

SUMMARY OF WORK (200 words or less - underline keywords)

The taenia thalami in the cat has a complex structure for
which the term thalamo-choroidal body has been coined. A
study of its submicroscopic structure is contemplated in
order to help to clarify its functional role, which, as yet
unknown, is conjectured to be the control of blood flow to
the choroid plexus of the third ventricle.

PHS-6040
('2-75)
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Project Description:

Objectives : To subject the taenia thalami in cat to an
ultramicroscopic survey because of its prominence in this species

Methods Employed : The variety of elements in this region
have been identified by conventional light microscopic techniques

Major Findings : A region "rich in blood vessels and collagenous
fibers, nerve cells, supporting glial elements, plasma cells and
mast cells occupies the taenia thalami of the cat.

Significance : On the basis of its complex structure, it has
been speculated that this region may serve a chemoreceptive or
baroreceptive function.

Proposed Course of Project : To examine the submicroscopic
composition of the thalamo-choroidal body.

I>ublications : None
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CUMMARY OF WORK (200 words or less - underline keywords)

The volumetric manifestation of edema or swelling of the spinal
cord will be explored in animal material in order to clarify
factors involved in the pathogenesis of acute myelopathies
and to formulate methods for their prevention and cure.

PHS-6040
(12-75)
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Project Description:

Objectives : To elucidate the mechanism of spinal cord lesions.

Methods Employed : For an orientation of the characteristics
of edema within the spinal cord, the volume of each segment of
the spinal cord is measured prior to and after immersion in water
for varying lengths of time.

Major Findings: (1) When the spinal cord is immersed in
fluids , the degree of swelling varies with tonicity of the solute
as well as with region.

(2) Splitting of the surrounding membranes demonstrated a

far greater swelling which in the intact spinal cord is restricted
by the membranes.

Significance : In some preliminary reviews, it was found
that the human spinal cord becomes firmer during swelling
because of the restrictive action of the superficial membranes,
a reaction also noticeable in the cat spinal cord.

Since resistance to swelling by the unyielding membranes
results in abnormal blood circulation, edema can cause spinal
cord lesions. Knowledge of the role of edema in the pathogenesis
of spinal cord diseases is important for the establishment of
guidelines for treatment and prevention of spinal cord edema
occurring as a complication to a number of human diseases, such
as trauma, viral infection (poliomyelitis), allergic manifesta-
tions (multiple sclerosis), cancer, etc. The results of
post-mortem experiments purporting to mimic intravital processes
will serve as a foundation for additional experimental investi-
gations .

Proposed Course of Project : To define criteria whereby
morphologic evidence of compromised blood flow can be determined.

Ihiblications : None
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For the purpose of controlling changes in volume of the
brain during fixation, a special device has been designed
and a baseline of volumes for different species has been
established

.

PHS-6040
(12-75)
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Project Description:

Objectives : To measure the volume of brains from small animals
in order to test the effect of fixation and dehydration.

Methods EmpJo^'^ed : An apparatus was designed for direct measure-
ment of small brains utilizing the same principle as laid down
earlier in the design of an apparatus for volumentric measurement
of segments of the intact spUnal cord. Simultaneous measurement
of the brain weight permitted calculation of the specific gravity.

Major Findings : When brains of animals of different species
were fixed by perfusion first with saline and then with Bouin's
solution, their specific gravity remained constant.

The volume of the Bouin-fixed brains was unaffected by flow,
rate, amount or temperature of the fixative.

Significance : For standardization of the histologic prepara-
tion of the brain, it is important that volume of tissues be
controlled. Constancy in volume reflects adequacy of the
preparatory technique, a requirement for estimating the status
of the neurons. The results obtained may provide a baseline
for assessing the effect of experimentally produced damage or
edema in the brain.

Proposed Course of Project : To compare the changes in volume
of brains during the process of alcohol dehydration after fixa-
tion by immersion and by perfusion.

Publications: None
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SUMMARY OF WORK (200 words or less - underline keywords)

In control animals fixed by perfusion, isolated fat emboli occur
in scattered cerebral blood vessels. Their origin from connec-
tive tissue fat released in the course of autopsy is supported
by (1) the histologic demonstration of fat on the surface of the
brain , (2) the occurrence of fat emboli in pial arteries and
in superficial cerebral blood vessels which have been torn,
(3) the greater frequency of fat emboli when the brain is
covered with oil, and (4) the prevention of such emboli when
the brain is exposed under water. They are associated with
post-mortem removal of the brain and do not reflect an intra-
vital circulation of fat.

In acute fat embolism induced by injection of oil , the emboli
are separated by closely packed erythrocytes; under such condi-
tions, a transport during life becomes evident.

PHS-6040
(12-75)
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Project Description:

Objectives : To assess the morphologic characteristics, source
and mode of development of fat emboli in normal animals fixed by
perfusion

.

Methods Employed : Animals were fixed by perfusion, and oil
red O fat-stained frozen sections were prepared from representa-
tive blocks of the brains.

Major Findings : In approximately 25% of the normal rabbits
and cats fixed by perfusion, a few isolated fat emboli occur in
\eins and arteries near the cerebral surface. Their formation
was found to depend on accumulation of tissue fat on the brain
surface during the autopsy, tearing of the leptomeninges and
superficial cerebral blood vessels, and suction caused by
stretching and constriction of blood vessels during removal of
the brain. When the brain is exposed under continuous flow of
water, the development of such false emboli can be prevented.

For comparison, oil was injected into blood vessels and the
animals were sacrificed shortly thereafter. Such fat emboli in
perfused-fixed material abut columns of closely packed erythro-
cytes. After prolonged intervals between injection and perfusion,
tissue changes of different types develop. The absence of any
such changes in the normal perfused-f ixed animals indicates that
the isolated emboli in these animals had not circulated during
life.

Significance : The observation that fat emboli occur in
perfused-fixed normal material invalidates the diagnostic value
of such vascular occlusions unless the autopsy was performed
under special precautions by the application of running water.
The occurrence of single or isolated fat emboli in empty vas-
cular channels can not be taken as a sign of intra-vital circu-
lation in material fixed by perfusion; even in material fixed
by immersion, similar precautions during removal of the brain
should be followed in order to assure unequivocal diagnosis.
The simultaneous occurrence of fat and erythrocytes is an
important criterion of intra-vital transport of fat.

Proposed Course of Project : To determine the occurrence of
fat emboli in different laboratory animals fixed by perfusion
and to develop methods to prevent formation of such emboli.

P>ublications : None
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Fat emboli in normal flattened retina fixed by perfusion
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PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT
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lab/branch Laboratory of Neuropathology and Neuroanatomical
Sciences
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TOTAL MANYEARS:

0.6
PROFESSIONAL:

0.2 0.4
SUMMARY OF WORK (200 words or less - underline keywords)

The unexpected demonstration of fat emboli in flattened retina
of perfused-f ixed animals is associated with influx of
extraneous fat during removal of the eye and preparation of the
flattened retina. Embolization of this type can be prevented
by ligating the optic nerve prior to removal of the eye.

PHS-6040
(12-75)
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Project Description:

Obj.ectives : To determine the frequency, origin and diagnostic
criteria of fat emboli in the retina of animals fixed by
perfusion.

Methods Employed : In animals fixed by perfusion, the optic
nerve was ligated and the retina carefully separated from the
sclera. The loosened retina-, after staining with oil red 0,
was flattened on a slide and covered with L^lycerin gelatin.

Major Findings : On rare occasions, fat emboli were demon-
strable in the flattened retina of cats which had been fixed by
perfusion. The emboli occluded larger blood vessels but did not
usually enter into the smallest blood vessels or capillaries.
The blood vessels were free of erythrocytes. After injection
of oil, the fat emboli occluding numerous blood vessels formed
a wide-meshed network of embolized capillaries. In order to
prevent formation of the emboli, the optic nerve was ligated
prior to removal of the eye and during flattening of the retina.
The corpus vitreum contained large amounts of fat, which should
be flushed away with running water.

Significance : Since fat emboli in normal retina fixed by
perfusion can be avoided by ligation of the optic nerve, as well
as by ample flushing with running water, they are regarded as
artifactual in nature. The realization that such emboli may
complicate experimental material is important for a correct
interpretation of morphologic observations and for the unequi-
vocal diagnosis of retinal fat embolism.

Proposed Course of Project : To develop techniques whereby
formation of false fat emboli is prevented and to determine
their occurrence in different animals.

Fhjblications : None
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PI: J. Cammermeyer Head, Section on Experimental
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LNNS NINCDS

COOPERATING UNITS (if any)
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TOTAL MANYEARS:

0.9
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SUMMARY OF WORK (200 words or less - underline keywords)

In the course of a study on fat embolism in the cat, a focal
diffusion of iron was demonstrated ubiquitously through the
brain at sites of damaged blood-brain barrier . The role of
changes in serum iron concentration in the diffusion of iron
is being explored in experiments on different animal species,
Under such conditions, it should be possible to determine
whether iron has any toxic effect on tissue elements.

PHS-6040
(12-75)
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Project Description:

Objectives : To determine the source of focal deposition
of iron.

Methods Employed: Cerebral fat embolism is induced by intra-
venous , intracardial and intraperitoneal injection of oil.
Serum iron levels are determined by the Technicon Auto-Analyzer
method. The autopsy is performed with precautions to prevent
introduction of extraneous fat. Histologic material consists of
frozen sections stained with oil red and paraffin sections
stained by the Turnbull blue method for iron and other methods
for study of different elements.

Major Findings : In animals injected with oil into the systemic
circulation, there are, ubiquitously through the brain, multiple
foci with iron deposited in astrocytes, microglial cells and
oligodendrocytes. These foci are more numerous than the lesions
observed in PAS-gallocyanin-stained sections in which a loss of
nerve cells and nerve fibers, progressive changes of astrocytes
and proliferative changes of microglial cells are demonstrable.

In a pilot survey, analysis of serum iron has disclosed changes
in concentration of circulating iron following injection of oil,
suggesting that serum iron may be the source of perivascularly
deposited iron.

Significance : In animals, as well as in man, because of the
normal content of serum iron in the blood, the diffusion of iron
acts as an inherent marker of blood -brain barrier damage. The
demonstration of such damage can then be determined under con-
ditions when it is inadvisable to inject acid semicolloidal dyes,
generally used in experiments to reveal any vascular damage. In
addition, the toxic effect of perivascularly deposited iron on
tissue elements can be estimated and factors contributing to
ferruginization of neuronal and glial elements can be explored.

Proposed Course of Project : To examine histologically material
from different laboratory animals subjected to serum iron analysis
following injection of oil, in order to determine (a) the
severity of serum iron changes in the blood (dog), (b) when they
may occur after injection of oil (cat), and (c) whether the
experimental changes are influenced by the age of the animal
(monkey)

,

Publications : None

102u



SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 01442-10 LNNS

PERIOD COVERED

Jtily 1, 1975 to June 30, 1976
TITLE OF PROJECT (80 characters or less)

Permeability of Cellular Layers in the Vertebrate Nervous System

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER
PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT
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INSTITUTE AND LOCATION

NINCDS, NIH, Bethesda, Maryland 20014
TOTAL MANYEARS:

0.2

PROFESSIONAL:

0.1

OTHER:

0.1
SUMMARY OF WORK (200 words or less - underline keywords)

The location and nature of extracellular barriers to colloidal substances at
a variety of locations in the nervous system was determined. At the meningeal
covering of the brain, at the special ependyma covering the median eminence
and area postrema , and at the reticular lamina in the organ of Corti , extensive^
systems of tight junctions form continuous bands surrounding cells and occlud-
ing extracellular spaces. It is these bands of junctions which control the
movement of colloidal and probably ionic substances in intervening extracellu-
lar spaces. No tight junctions are found at the astrocytic border of the braiiji

but other membrane specializations revealed by the freeze-fracture technique
suggest that these cells also participate in the blood-brain barrier system.
These data on the cellular basis of brain barriers, as well as the new struc-
tural approaches used in these studies, afford a basis to design experimental
studies of a variety of clinically important conditions which depend on or
produce damage to brain barriers. They also give rise to new ideas about the
roles of various cells associated with neurons and about the function of barri^
systems in special regions, such as the organ of Corti.

PHS-6040
(1^-75)
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Project Description:

Objectives : Determination of the structural basis of biologically
and clinically important barriers by studying the pathways taken by colloids
and large molecular weight solutes to cross the various cellular layers
associated with the nervous system. Currently being studied are: (1)

ependyma covering the median eminence and area postrema; (2) arachnoid-
dural membrane; (3) glial borders of the brain; and (4) organ of Corti
in the inner ear.

Methods Employed : Various methods are used to prepkre brains of labor-
atory animals for examination with the electron microscope. The cytochemical
method of Karnovsky is used to localize purified horseradish peroxidase
(MW 40,000) or microperoxidases (MW less than 2000) after they are injected
into the blood or cerebrospinal fluid. Junctions between cells bordering
these compartments are examined with the electron microscope after applying
special stains for intercellular junctions. The freeze-fracture technique
has become of major importance to determine the structure and deployment of
these junctions.

Major Findings : Peroxidase injected into the cerebrospinal fluid of the
subarachnoid space in the mouse is able to pass between cells of the pia-
arachnoid layer, cross the basement lamina of the brain, and pass between
the astrocytic processes forming the limiting surface of the brain to reach
typically open interstitial spaces of the brain. However, peroxidase does
not cross from ventricular cerebrospinal fluid into the median eminence and
area postrema. The basis of this selective barrier is a system of tight
junctions within the specialized epithelial cells lining the ventricular
surface over these regions.

Unlike most regions of the brain, the median eminence lacks a blood-
brain barrier (BBB) at the walls of its blood vessels. However, it is iso-
lated from the cerebrospinal fluid (CSF) by a specialized ependyma which
acts as a barrier between its parenchyma and the overlying CSF. Similarly,
the dural covering of the brain lacks a BBB but embedded in the underlying
arachnoid is a specialized "barrier layer" of cells between the dura and
the CSF. This barrier layer of the arachnoid is missing at arachnoid villae
where CSF is reabsorbed. The conclusion which emerges from these studies
is that the brain and CSF are separated from the blood by a continuous layer
of cells which act as a barrier to proteins. This barrier layer is absent
at only a few locations for specific purposes such as reabsorption of CSF.

Other studies of the blood-brain barrier, using the freeze-fracture
technique, permitted a more detailed look at the limiting astroglial membrane
of the brain where it faces the CSF. Although there is no barrier to pro-
teins in this layer, a complex system of intercellular junctions and other

specializations of the astrocytic membranes were discovered. Whiile this sig-

nificance to the BBB system is not clear yet, this finding focuses attention
on the astroglia as possibly having a subtle role in the blood-brain barrier

system.
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Barriers in the organ of Corti of the mammalian inner ear were the

object of a collaborative study with Dr. Robert Gulley. The perilymph is

separated from the endolymphic fluid by tight junctions between the apicej^

of hair and supporting cells. The freeze-fracture technique was used to

examine these junctions and they are more extensive, and presumably,
"tighter" than in any other tissue studied so far. Their unique form also

suggests that they might have functions other than to prevent mixing of

endolymph and perilymph and, perhaps, are involved in the first steps in

the sensing of mechanical displacements in the organ of Corti.

Significance to Biomedical Research and the Program of the Institute ;

We are determining the permeability to small proteins of special cellular

layers associated with blood vessels and meninges of the blood vessels and

brain surfaces. Our determinations depend on cytological techniques that

show specifically which components of which layers are permeable. Thus we

are able to determine the cells as well as the probable mechanisms that

control the chemical environment of the brain, (blood-brain barrier and

blood-cerebrospinal fluid barriers) . By applying this knowledge it is

possible to determine the changes in cell and cell membrane structure

which are responsible for pathological changes in the brain barrier system,

such as those which occur during acute experimental meningitis. Also of

interest is that our recent data indicates a possible role for astrocytes

in the brain barrier system. This possibility will focus attention on

the role of these glial cells in pathological conditions affecting the

brain barrier system.

These data on the cellular basis of the BBB, as well as the anatomical

techniques used in these studies, afford a basis to design experimental
studies of a variety of clinical disorders which depend on or produce

disruption of the BBB. They also give rise to new ideas about the roles of

the various cells associated with neurons and about the function of barrier

systems in special regions such as the organ of Corti.

Proposed Course of the Project ; The work on the arachnoid membrane has

been completed and' published. The work on the glial membranes, done in con-

junction with Project No. ZOl NS 02145-02 LNNS, has been published. The next

step is to find a culture preparation where these membranes can be studied
in vitro and their components isolated. We do not have plans to attempt this

in the next year. The work on the organ of Corti has been completed and is

being published. We expect to spend little time on this project in the next
'year. The paper on the median eminence was done in conjunction with Project
No. ZOl NS 02145-02 LNNS.

Publications; Brightman, M. W. , Prescott, L., Reese, T. S.; Intercellular
junctions of special ependyina. In Knigge, L. M., Scott,

D. E., Kobayashi, H. , and Ishii, S, (Eds.); Brain-Endocrine
Interaction II . The Ventricular System in Neuroendocrine

Mechanisms

.

Basel, Karger, 1975, pp. 146-165.
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Brightman, M. W. , and Reese, T. S.: Membrane specializations
of ependymal cells and astrocytes. In Tower, D. B. (Ed.):
The Nervous System, Vol. I: The Basic Neurosciences . New
York, Raven Press, 1975, pp. 267-277.

Nabeshima, S., Reese, T. S., Landis, D. M. D., and Brightman,
M. W. : Junctions in the meninges and marginal glia. J . Comp .

Neurol . 164: 127-169, 1975.

Gulley, R. L., and Reese, T. S.: Intercellular junctions in
the reticular lamina of the organ of Corti. J. Neurocytol .

1976 (in press).
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SUMMARY OF WORK (200 words or less - underline keywords)

This project seeks to determine the location and mechanism of transmitter
secretion and reception at synapses . In order to capture the fleeting struc-
tural changes which accompany discharge of synaptic vesicles , methods for rapid
freezing synapses have been developed. Structural changes are then visualized
at the cell membrane level by preparing the frozen tissues with freeze-fracture
technique . The freeze-fracture technique also reveals structural details which
may be specific for different pharmacological types of synapses; this relation-
ship is being investigated by examining the structure of the post-synaptic
memb rane in different types of synapses . New methods are also being tried
for marking specific chemical activities, such as receptors , to identify them
in freeze-fracture, as well as conventional thin section preparations. The
assembly of viral membranes is being used as a simple model with which to
develop these techniques. The significance of this work is that it defines the
normal structure of synapses and relates normal variations in structure to dif-
ferent functional states. Thus, it becomes possible to distinguish pathologica!.
changes in structure, which is an issue of great importance in looking for
the etiology of epilepsy or myesthenia gravis with structural techniques.

PHS-6040
(12-75)
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Project Description:

Objectives : Synapses are sites where electrical signals pass between
neurons or between neurons and muscle cells. This project seeks to find
the exact location and mechanism of synaptic transmission in the central
and peripheral nervous systems.

Methods Employed : Synapses are prepared for examination in the
electron microscope by the freeze-fracture technique in order to visualize
the internal structure of their surface membranes. The vertebrate nerve-
muscle synapse has been the main object of study in the last year, but
nerve muscle synapses from insects have also been examined because they
use glutamate rather than acetylcholine as a neurotransmitter. Isolated
muscles are exposed to a variety of different ionic environments in con-
junction with different schedules of electrical nerve stimulation, black
widow spider venom, and botulinium toxin. They are then put in an aldehyde
fixative, or frozen in a special apparatus designed in our laboratory, in
order to capture fleeting structural changes associated with synaptic
vesicle discharge and recovery. They are then freeze-fractured and the

resulting replicas of split membranes examined in a high resolution
electron microscope.

Major Findings : This year we published a method for capturing the

fleeting structural details in functioning synapses by freezing them very
rapidly, thereby avoiding the use of chemical fixatives and cryoprotective
agents which alter profoundly the structure of synapses. By combining this

method with the freeze-f racture technique we have been able to see how
syanptic vesicles fuse with the surface of the synapse to discharge their

contents. Also, we have recognized particulate components of the synaptic
vesicle wall which are incorporated into the surface membrane during
synaptic activity to be later recovered and incorporated into new synaptic

vesicles. This finding of particle recycling confirms earlier work which
showed that local recycling of synaptic vesicles replaces those lost during
synaptic activity.

Freeze-fracturing is now being applied to see whether exocytosis and

membrane recycling occur in different pharmacological types of synapses.

So far, the results at synapses using glutamate (or aspartate) as a trans-

mitter are consistent with the conclusions above. We are also exploring

the effects of botulin toxin and black widow spider venom on synapses.

So far, the results indicate that the toxin specifically blocks exocytosis,

probably by preventing calcium ions from entering the nerve terminal, and

that the venom lets calcium ions in to excite exocytosis. One of the most

interesting findings, which supports these conclusions, is that the venom

can overcome the effect of the toxin, so that the normal distribution of

exocytosis reappears. The clinical usefulness of this finding is limited,

however, unless a way could be found to return the exocytosis to control

by nerve impulses arriving at the synapse.
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The freeze-fracture technique has yielded new information about the
structure of the post-synaptic membrane. Particulate structures, thought
to be receptor molecules within the post-synaptic membrane, appear to be
specific for different types of synapse. This year, new information has
indicated that these particle aggregates are specific for each chemical
and functional type of synapse. Nicotinic receptors at excitatory
cholinergic synapses always have the same structure, regardless of the
species of animal examined, but presumed cholinergic synapses in the middle
ear, which are thought to be inhibitory, have a different type of post-
synaptic specialization. Conversely, neuromuscular synapses, which are
excitatory, have different types of post-synaptic specializations depend-
ing on whether acetylcholine or glutamate is the transmitter. While more
chemical types of synapses need to be examined, these studies indicate
that identification of pharmacological types of synapses might be
approached with anatomical techniques.

A major effort has recently been made to develop new techniques for
examining the cell surface at a molecular level. These efforts have been
successful and have been applied to a study viral budding in tissue culture
in collaboration with Dr. Monique Dubois-Dalcq, Infectious Diseases Branch,
NINCDS (Project No. ZOl NS 02034-04 ID). We hoped to see how neurotrophic
viruses form in infected cells but also expected that infected cells would
serve as good experimental subjects with which to develop methods to see

how components of the membranes are assembled in special regions of their

surface. For these purposes, we developed techniques for seeing surface

details as small as single protein molecules, and a way to tag these sur-

face sites with antibodies. These techniques made it possible to see how
viral membrane is assembled and with this knowledge it was possible to

pinpoint the steps which are missing in chronic (slow) viral infections

with such agents as the strain of measle virus which causes subacute

sclerosing panencephalitis. The same techniques are now being applied to

cultured neurons to see how the post-sjmaptic membrane at synapses is

assembled, a problem which is central to understanding both the develop-

ment and regeneration of synapses.

Significance to Biomedical Research and the Program of the Institute ;

One of the most immediately practical aspects of the studies on synapses

is that they define the normal structure of various types of sjmapses in a

variety of fimctional states. This knowledge will permit distinction be-

tween normal and pathological, as well as between resting and active

synapses, with the electron microscope. In structural studies of epileptic

brains, it should now be possible to distinguish normally active from
pathologically active synapses. Similarly, in diseases involving peripheral

nerve-muscle synapses at neuromuscular junctions, it will be possible to

distinguish pathological states from changes resulting from increased or

decreased activity. The finding that different chemical types of synapses

are distinguished by the freeze-fracture technique may contribute to the

task of determining the chemical organization of synapses in the central

nervous system. Knowledge about the locations and pharmacological types

of various central nervous system synapses will make it possible to

understand the action of drugs on the brain on a cellular level.
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Proposed Course of the Project : The work on the organ of Corti has

been completed and submitted for publication. The method for rapid freezing

is now reliable and has been published. The work on insect neuromuscular

junctions and the work with venoms and toxins will be presented at the

Neuroscience and Cell Biology Meetings. The work on viral budding, in both

productive and chronic infections, is in the process of publication. In the

next year, we plan to use the rapid freezing method to look at membrane
fusion, using discharge of synaptic vesicles and fusion of virus with the

host cell membrane as test systems. We hope the work on neurotoxins, on
insect neuromuscular junctions, and on frog sympathetic ganglion synapses
can be finished and prepared for publication next year.

Publications: Dubois-Dalcq, M.', and Reese, T. S.: Structural changes in

the membrane of vero cells infected with a paramyxovirus.
J. Cell Biol . 67: 551-565, 1975.

Heuser, J. E., Landis, D. M. D., and Reese, T. S.: Preserva-
tion of rapidly changing structures in synapses by rapid
freezing. Cold Spring Harbor Symposium on the Synapse , 1975
(in press)

.

Dubois-Dalcq, M. , Reese, T. S., Murphy, M. and Fuccillo, D.:
Defective bud formation in human cells chronically infected
with SSPE virus. J. Virol ., 1976 (in press).

Kenkart, M. , Landis, D. M. D., and Reese, T. S.: Similarity
of junctions between plasma membranes and endoplasmic reticu-
lum in muscle and neurons. J. Cell Biol. , 1976 (in press).
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SUMMARY OF WORK (200 words or less - underline keywords)

The passage of small and large radiolabeled molecules with and without

Evan's blue marker from blood to brain has been investigated in order to

elucidate the blood-brain barrier permeability and its relationship to

the development of ischemic cerebral edema . This investigation is still

in progress. The preliminary results are as follows: (A) Long-term ischemic

gerbils subjected to cerebral ischemia of 3 hours and 15 minutes recovery

period showed only an increase in sucrose and dextrose values in the affected

hemisphere whenever extravasation of Evan's blue albumin complex was seen

in the cerebral tissue. Three hours after reestablishment of cerebral circu-

lation following ischemia of 3 hours duration, the cerebral levels of dextrose

were found increased only in animals with increased BBB permeability to Evan s

blue. However, the cerebral sucrose levels were increased irrespective of

presence or absence of increased permeability blood-brain barrier to Evan's

blue. (B) So far, RISA was investigated only in short-term ischemia of 1 hour

and various recovery periods showing an increased level after 20 hours of

recovery in two out of six animals.

PHS-6040
(12-75)
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Project Description:

Objectives : Cerebral edema was found to be the most common feature

in gerbils subjected to various periods of cerebral ischemia (Ito, U.

,

Spatz, M. , Walker, J. T., Jr., and Klatzo, I., Acta Neuropath . 32: 209-223,

1975). Moreover, in short-term ischemia, a biphasic change in cerebral water
content was observed in the affected hemisphere which appears to be related

to the absence or presence of increased blood-brain barrier (BBB) permeability
after the cerebral circulation was reestablished (unpublished observation).
Therefore, this study was undertaken to investigate the passage of small
and large radiolabeled molecules with and without Evan's blue from blood to

brain in order to elucidate the functional status of the BBB and possible
mechanism responsible for the development of cerebral ischemic edema.

Methods Employed : Several groups of gerbils were subjected to 1 and
3 hours common carotid clipping and various periods of clip release. Only
animals with neurological signs were injected with the radiolabeled sub-
stances with and without Evan's blue via femoral vein 20 minutes prior to

the termination of the experimental period. After decapitation, the brains
were removed quickly and each hemisphere was divided into two parts. The
cerebral samples were weighed and processed for liquid scintillation count-
ing or gamma counting.

Major Findings : This investigation is in progress. So far, the
following observations were made: (1) no differences were observed in the
cerebral level of RISA between the affected and unaffected, as well as
from control hemisphere, 1 and 5 hours after clip release of 1 hour duration-
Twenty hours after the cerebral circulation was reestablished following 1 hour
occlusion, two out of six animals showed a 30% higher level of RISA in the
hemisphere ipsilateral as compared to the hemisphere contralateral to arterial
clipping. The animals subjected to cerebral ischemia for 3 hours and 15 min.
recovery period showed an increased sucrose and dextrose value in the affected
hemisphere only whenever the Evan's blue extravasation was present in the
cerebral tissue. Three hours after the cerebral circulation was reestablished
following 3 hours of ischemia, the cerebral level of dextrose were found
increased in animals with increased BBB permeability to Evan's blue albumin
complex. However, all animals showed a 40% increased sucrose level in the
ischemic hemisphere irrespective of the presence or absence of increased BBB
permeability to Evan's blue.

Significance to Biomedical Research and the Program of the Institute :

The basic comprehension of the blood-brain barrier functions concerned with
the passage of nutrient and non-nutrient substances from blood to brain
following cerebral ischemia is of major importance (1) for the understanding
of the mechanism responsible for the development of ischemic edema, as well
as elucidating other pathophysiological processes occurring in cerebrovascular
disease and many other neurological disorders, and (2) for selecting the
best therapeutic approach to a given disease.
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Proposed Course of the Project : This model will be useful to study

the facilitated transport of different substances, which may be altered

in ischemic edema.

Publications : None
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SUMMARY OF WORK (200 words or less - underline keywords)

Experimentally, cerebral ischemic edema can be produced easily in 30% of

Mongolian gerbils by tinilateral ligation of the common carotid artery .

The cerebral water content was assessed by the determination of wet and

dry weight and the specific gravity of the tissues. In short-term ischemia

of 1 hour duration, th,e cereb'ral water content was increased, but did not

.show any progression until 10 hours after the release of arterial occlusion.

At this time, the percent of water content was more pronounced coinciding
with the increased permeability of blood-brain barrier to Evan's blue tracer
A week later only half of the animals showed recovery. In long-term ischemia,

progressive acciimulation of water content was observed with prolonged duratior.

of ischemia.

PHS-6040
(12-75)
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Project Description:

Objectives : In human cerebral ischemia, brain edema is considered

to be an important factor in causing mortality (Shaw, C, Alvord, E., and

Berry, R. , Arch. Neurol . 1: 161-177-1959). Experimentally, cerebral ischemia

can be easily produced in Mongolian gerbils by ligation of a single common

carotid artery (Levine, S., Payan, H. , Exp. Neurol . 16: 252-255, 1966; Kahn,

K. , Arch. Path . 69: 544-553, 1972; Ito et al.. Acta Neuropath . 32: 209-223,

1975). In our recent studies of ischemic brain edema, in gerbils, a pro-

gressive decrease in percent of dry weight (i.e., an increased water content)

with a net loss of potassium and with a net gain of Na was observed in the

affected hemisphere as compared to the unaffected and the control hemisphere

in long-term ischemia. The present investigation has been a continuation of

this study to determine the changes occurring in the brain after short

period of ischemia and various recovery periods as compared to the long

period of ischemia.

Methods Employed : Several groups of adult gerbils were subjected to

vinilateral clipping and clip release of the left common carotid artery for

various periods of time. Only the gerbils with definite cerebral symptoms

were selected for this study. Two different methods were used for the

determination of cerebral water content: (1) wet and dry weights, and (2)

specific gravity, which allows the assay of small samples of brain tissue

and therefore, regional alteration in the water content can be established
(Nelson, et al. , J. Appl. Physiol . 30: 268-271, 1971).

Major Findings : An increase in water content of the brain tissue was
observed already after 15 minutes of common carotid artery occlusion. In
short-term ischemia of 1 hour duration, the cerebral water content (deter-
mined by both methods) was increased, but shows little variations until
10 hours following clip release. At this time, an increased BBB permeability
to Evan's blue albumin complex was seen in the brain. A week later, the
examined animals can be divided into two groups of which one shows complete
recovery only. In long-term ischemia, the reduction of the specific gravity
in the cortex, basal ganglia and hippocampus progressed with the length of
occlusion as was previously observed by the wet and dry weight determination
of water content. The contributing factors in the recovery periods such as
increased blood-brain barrier permeability and tissue necrosis, which most
probably are responsible for secondary increase in cerebral water content,
are under evaluation.

Significance to Biomedical Research and the Program of the Institute :

Cerebral edema occurs as one of the major complications of many neurological
disorders such as ischemia, trauma, tumors, chemical poisoning, and others.
The basic understanding of the type of edema and its development is very
crucial for the clinician who is faced not only with the diagnosis, but with
the appropriate selection of treatment. Thus, various investigations of
this problem are essential for finding the factor or factors responsible for
the occurrence of cerebral edema and its treatment.
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Proposed Course of the Project ; The study of brain edema in ischemia
will be concerned with the continuous effort to differentiate the early
cytogenie from the secondary vasogenic component of the cerebral edema. The
investigation will include electron microscopic and radioisotopic evaluation
of the ischemic brain in gerbils..

Publications: Go, K. G., Spatz, M. , Klatzo, I., and Pappius, H. M. : The
development of ischemic cerebral edema in gerbils. Proceed-
ings of the International Symposium "Pathophysiological ,

Biochemical and Morphological Aspects of Cerebral Ischemia
and Arterial Hypertension" , Warsaw, Poland, 1976 (in press).
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SUMMARY OF WORK (200 words or less - underline keywords)

In severe hypoxia , S^Oj of 15-18% of the uptake of various amino acids tested

decreased from blood to brain. L-tyrosine , L-methionine and D-leucine showed

a lower brain uptake than L-alanine , D-leucine and L-histidine . However,

L-serine was slightly affected and L-glutamic acid passage across the blood-

brain barrier was not affected by hypoxia. Similar reduction of the amino

, acids brain uptake, except for L-leucine and L-glutamic acid, was observed

in severe hypercapnia (pC02 98-150 mmHg). On the other hand, in hypo-

capnia ,
(pCO^ 15-18 mmHg) the brain uptake of L-tyrosine and L-mathionine

appeared little altered, while the other tested substances revealed a normal

or increased uptake.
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Project Description:

Oblectives ; This project is a continuation study of the effect of

oxygen saturation and carbon dioxide tension on the transport of amino

acids from blood to brain in rabbits.

Methods Employed : Young adult rabbits were anesthetized and ventilation

controlled with a small animal respirator. By varying the rate of ventila-

tion and concentrations of inspired gases, it was possible to regulate the

p02, PCO2 and pH of arterial blood. Blood pressure was monitored throughout
the experiments and blood gas levels measured in a pH/blood gas analyzer.
A radioactive mixture of tritiated H„0 and a carbon-14 labeled amino acid
was injected into the cerebral circulation via the right common carotid
artery 15 seconds prior to decapitation. The brain was removed and a

portion of cortex processed by standard techniques for radioactive counting.
Uptake of the test substance was expressed in terms of a brain uptake index
(BUI).

Major Findings : In severe hypoxia S.O2 of 15-18%, the uptake of the
amino acids tested decreased from blood to brain. L-tyrosine, L-methionine
and D-leucine showed a lower brain uptake than L-alanine, L-leucine, and
L-histidine. However, L-serine was slightly affected and L-glutamic acid
passage across the blood-brain barrier (BBB) was not affected by hypoxia.
Similar reduction of the amino acids brain uptake except for L-leucine
and L-glutamic acid was observed in severe hypercapnia (pC02 98-150 mmHg)

.

On the other hand, in hypocapnia (pC02 15-18 mmHg) the BUI of L-tyrosine
and L-methionine appeared little altered, while the other tested compoxmds
revealed the BUI to be increased or normal. These changes cannot be attrib-
uted to any class of amino acid with the exception of glutamic acid, which
was unaffected and belongs to acidic amino acid group, although our pre-
liminary studies showed a difference between essential and non-essential
amino acids.

Significance to Biomedical Research and the Program of the Institute :

Oxygen saturation, pC02 and pH represent factors, which individually or
combined, may play a role in altering the blood-brain barrier and contribute
to the tissue damage resulting from cerebral ischemia. Since many of the
amino acids are essential cerebral nutrients, the elucidation of the factors
affecting their uptake of the brain should help in understanding the patho-
physiologic process involved in ischemia and may suggest means of preventing
irreversible damage. Part of this work was presented at the International
Society for Neurochemistry Satellite Symposium "Transport Phenomena in the
Nervous System; Physiological and Pathological Aspects", Padua, Italy
September 9-11, 1975.

Proposed Course of the Project : This model will be used for continuing
evaluation of the effect of altered oxygen saturation and pCO« tension on
the transport of other amino acids and catecholamines across the BBB. Also,
blood flow studies using Xenon clearance method are planned in order to
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quantltate the effect of cerebral blood flow which could be partially
respons3.ble for the obser\;ed uptake of various substances from blood to

brain.

Publications: Berson, F. , Spatz, M. , and Klatzo, I.: Effects of oxygen
saturation and pC02 on brain uptake of glucose analogues in
rabbits. Stroke 6: 691-694, 1975.

Spatz, M. , Berson, F. , Fujimoto, T. , and Klatzo, I.: Transport
of Nutrients and Non-Nutrients Across the Blood-Brain Barrier
in Pathological Conditions. In Cervos-Navarro, J. (Ed.):

The Cerebral Vessel Wall . New York, Raven Press, 1976,

pp. 225-232.

Spatz, M. and Klatzo, I.: Pathological Aspects of Brain
Transport Phenomena. In Levi, G. , Battistin, L. , and Lajtha,
A. (Eds . ) : Transport Phenomena in the Nervous System: Physio-
logical and Pathological Aspects . New York, Plenum Press,

1976, pp. 479-495.
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SUMMARY OF WORK (200 words or less - underline keywords)

The myelinated organotypic cerebellar cultures composed of glia, neurones

and granular cells, but almost devoid of capillaries, took up the non-

metabolizable 3-0-methyl-D-glucose (3-MG) and the partially metabolizable

2-deoxy"D-glucose (2-DG) by NaCl independent carrier mechanism in 60%

and by diffusion in 40% at pH 7.0. The Km that is the apparent concentration

of half maxiTnal uptake of 3h 3-MG and ^h 2-DG was 11 yM and 4 yM, respectively

PHS-6040
(12-75)
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Project Description:

Objectives : The changes in brain uptake of nutrients and non-nutrient
substances in disease processes may depend on the integrity of the cerebral
capillaries and/or neurones and glia. Since organotypic cerebellar cul-

tures are composed of various cellular elements, we undertook to explore
the possibility of utilizing organotypic CNS explants to study the permeabil-
ity of brain cells to sugars in the living intact state. This study is a
continued investigation of several parameters of glucose analogues uptake
by cerebellar cultures in order to characterize its uptake under physiologic
conditions.

Methods Employed : The Maximow technique was used for cultivation of

explants from newborn rat cerebellum. The cultures were fed twice a week
with equal parts of Eagle basal media containing glutamine, fetal calf
serum, bovine servim ultrafiltrate, Simm's balanced salt solution (BSS)

supplemented with 10% dextrose. Fourteen day old explants, washed with
dextrose-free BSS, were used for H methyl-D-glucose or H 2-deoxy-D-glucose
(10 yc/1 ul) transport studies. The culture incubated for various periods
of time contained .5 yc of the labeled substance in .5 ml dextrose-free
media or BSS. For the inhibition studies glucose, methyl-D-glucose,
2-deoxy-D-glucose, xylose and phlorizin in various concentrations were
added to the labeled solution. In addition, the extracellular space was
determined with -"-^C sucrose or '^C inulin. After the incubation, the medium
was removed and the cultures were washed three times with BSS. Pooled
samples (2-7 cultures) were either weighed or assayed for protein content
(Lowry, 0. H. ) , solubilized and processed for liquid scintillation counting.

Major Findings ; The myelinating organotypic cerebellar cultures were
composed of glial cells, large neurones and granular cells. The highest
accumulations of ^H 3-MG and -^H 2-DG in the cerebellar explants were found
after 30 minutes of incubation at pH 7 - 7.2. At this pH, the least dif-
fusion of the tested substances occurred from the media into the cultures.
The Km that is the apparent concentration of half maximal uptake of 3-MG and
2-DG was 11 yM and 4 yM, respectively. Elimination of NaCl from the media
did not significantly change the uptake of either ^H 3-MG or 3h 2-DG of the
explants. The uptake of % 3-MG was 44 mM/mg tissue from NaCl-free medium
and 42 mM/mg tissue from regular medium, while the uptake of ^H 2-DG was
123 mM/mg~ P and 131 mM/mg~^P by the cerebellar cultures in NaCl-free
and normal medium, respectively.

Significance to Biomedical Research and the Program of the Institute :

The cerebellar tissue culture is an excellent model for the study of trans-
port across the cellular membrane elements without the interference of
cerebral vessels. These investigations have been focused on creating the
environmental and cytogenic conditions in tissue cultures similar to the
one existing in normal and diseased brain in order to determine the cellular
functions in many neurological disorders associated with ischemia, edema,
neurotoxicity and others.
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Proposed Course of the Project : This continued investigation will be
concerned with the uptake of radiolabeled glucose analogues in cultures sub-

jected to hypoxia, and an' excess of metabolites which are present in the
brain tissue subjected to ischemia. This model will also be used for
defining the uptake of amino acids under normal and pathological conditions.

Publications: None
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SUMMARY OF WORK (200 words or less - underline keywords)

Ultrastructurally, the capillaries cultivated in the organotypic cerebellar

explants showed the same characteristic t ight jimction between the

endothelial cells as the one seen in situ. The alkaline phosphatase

activity was confined to the plasma membrane.

PHS-6040
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Project Description:

Objectives : The concept of blood-brain barrier (BBB) is essentially

functional. Nevertheless, realization of the function to admit or exclude

certain types of substances to the cerebral tissue must be based, at least

in part, on morphological and histochemical factors of the capillaries. It

occurred to us that the organotypic cerebellar and pia arachnoid cultures
might be suitable for the isolation, identification and histochemical studies

of the BBB capillaries in order to define and differentiate their function
from the capillaries of tissue unrelated to the BBB system.

Methods Employed : The Maxiraow technique was used for cultivation of

capillaries from cerebellar or lepto-meningeal explants. The cerebellum
was stripped from meninges and each one sectioned into small fragments.
The cerebellar tissue was placed while the meninges were spread in collagen-
coated cover slips. The cultures were fed and washed twice weekly. The
nutrient medium was composed of equal parts of balanced salt solution (BSS)

,

fetal calf serxom, some serum ultrafiltrate supplemented with 300 mg% of
glucose. The outgrowth of cells and the formation of capillaries have been
observed by light and phase microscopy for over two months. Representative
cultures were photographed living, with phase and subsequently fixed in
glutaraldehyde and post-fixed with osmium for plain ultrastructural examina-
tion. Another group of similar or sister cultures was incubated for alkaline
phosphatase prior to the preparation of the blocks for electron microscopy.

Major Findini^s : This continuing investigation of enzymatic and morpho-
logic properties of endothelial cells in cerebellar and lepto-meningeal
organotypic cultures has been extended to the ultrastructural level. So
far, a pilot study has been done showing the same characteristic features of
the cerebellar capillaries grown in culture as in situ. The tight junctions
can be identified between the endothelial cells. The activity of the
alkaline phosphatase was confined to the plasma membrane.

Significance to Biomedical Research and the Program of the Institute :

The cerebellar and/or lepto-meningeal organotypic cultures are a suitable
model for studying the function of the endothelial cells and their role in
transport and/or metabolism of the brain in health and disease. Such
information is of great importance for the understanding of many neurological
disease processes, especially the cerebrovascular disorders.

Proposed Course of the Project : This model will be utilized also
for the study of other capillary enzymes localization in these organotypic
cultures by electron microscopy. Furthermore, the cultivated microvessels
will be examined by scanning microscope and their properties compared with
capillaries of organs not involved in the blood-brain barrier.

Publications: Renkawek, K. , Murray, M. R. , Spatz, M. , and Klatzo, I.:
Distinctive histochemical characteristics of brain capillaries
in organotypic culture. Exptl. Neurol . 50: 194-206, 1976.
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SUMMARY OF WORK (200 words or less - underline keywords)

Mongolian gerbils subjected to unilateral cerebral ischemia showed an
increased 'vesicular transport of peroxidase in the cerebral arterioles,
venules and capillaries in the affected cerebral hemisphere. The amount of
transferred peroxidase across the microvessels increased with duration of
cerebral blood supply deprivation, which, never resulted in degeneration of
the endothelial cells in the brain vessels. The intercellular spaces
between the endotfi^elial cells were free of peroxidase from the linnen to
the first ablirmtnal tight Itmction .

PHS-6040
(12-75)
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Project Description:

Objectives : Cerebral infarctions occur in 30-50% of gerbils subjected
to the occlusion of a single common carotid artery (Ito, U. , Spatz, M.

,

Walker, J. T. , Jr., and Klatzo, I., Acta Neuropath . 32: 209-223, 1975). In
the animals with cerebral injury, an augmented facilitated transport of
glucose analogues was observed after 6 hours, while an increased passive dif-
fusion of glucose occurred after 18 hours of carotid artery clipping. In
gerbils without apparent cerebral damage, only the facilitated transport of
glucose analogues was found to be increased irrespective of the duration
of carotid artery occlusion. These findings suggested tHat the observed
change and the type of glucose transport may depend on the integrity of the
cerebral capillaries (Spatz, M. , Go, K. G. , and Klatzo, I., The effect of
ischemia on the brain uptake of l^C glucose analogues and l^C sucrose. In
Cervos-Navarro, J. (Ed.): Pathology of Cerebral Microcirculation . Berlin,
West Germany, Walter de Gruyter & Co., 1974, pp. 361-366). Thus, the present
investigation was designed to evaluate the status of the cerebral capillaries
by electron microscopy in ischemic gerbils.

Methods Employed : Several groups of gerbils submitted to various
periods of left common carotid artery occlusion and 1 hour release were
injected with horseradish peroxidase (10 mg/100 g body weight) as the blood-
brain barrier (BBB) tracer. The horseradish peroxidase was allowed to cir-
culate for 5 minutes and thereafter the brains were perfused with para-
formaldehyde. Selective tissue sections of the cerebral hemisphere were
processed for light and electron microscopy from animals with and without
cerebral symptoms.

Major Findings : In the post-ischemic period after 3 hours of unilateral
common carotid artery occlusion, the affected cerebral hemisphere of the
gerbils showed a slight increased swelling of the astroglial processes with
an increased permeability of arterioles, venules and capillaries to the horse-
radish peroxidase tracer. These changes were more pronounced after 6 hours
of ischemia, but the plasma membrane of the astroglial cells adjacent to

the vessels were not permeable to the peroxidase. The occlusions of 18 hours
severely damaged the plasma membranes of the neuroglial cells and the
peroxidase was observed in the cytoplasm of the astroglial endfeet and in the
cytoplasm of other cells. No endothelial cell damage was seen at any time,
although the number of peroxidase vesicles in the endothelial cells pro-
gressively increased with the duration of ischemia. Part of this work was
presented at the International Symposium on "Pathophysiological, Biochemical
and Morphological Aspects of Cerebral Ischemia and Arterial Hypertension",
Sept. 18-20, 1975, Warsaw, Poland.

Significance to Biomedical Research and the Program of the Institute:
The elucidation of the nature and sequence of vascular and parenchjrmatous

ischemic brain injury is of major importance in the understanding of the

cerebrovascular disease process. The exploration of the established animal
model system for cerebral ischemia should be helpful and useful in the

comprehension and treatment of this disease process in man.
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Proposed Course of the Project : This investigation has been and will
be concerned with the study of ultrastructural changes in the brain during
and following different periods of cerebral ischemia in order to delineate
the sequential pathological processes occurring in the cerebral vessels and
parenchyma.

Publications: Westergaard, E. , Go, K. G. , Klatzo, I., and Spatz, M.

:

Increased permeability of cerebral vessels to horseradish
peroxidase induced by ischemia in Mongolian gerbils. Acta
Neuropath . , 1976 (in press).
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SUMMARY OF WORK (200 words or less - underline keywords)

The comparative studies of amino acids uptake in pia arachnoid explants
and fetal fibroblas tic cultures have shown that the uptake of both
the metabolizable H isoleucine and the non-metabolizable H cytoleucine
take place by facilitated carrier mechanism. However, the pia arachnoid
is distinctly different from the fibroblasts in being unable to accumulate
the amino acid isoleucine.

PHS-6040
(12-75)
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Project Description:

Objectives : Facilitated carrier mediated glucose transport was des-
cribed in organotypic pia arachnoid cultures recently (Spatz, M. , Renkawek,
K. , Murray, M. R. , and Klatzo, I.: Brain Res . 100: 710-715, 1975). This
is a continuation study of pia arachnoid cultures in order to characterize
its functions under normal and pathological conditions.

Methods Employed : Pia arachnoid explants from newborn rats were cul-
tivated in the Maximo?-? double covef slip depression slide assembly according
to the technique of Allerand and Murray, 1968. Fetal fibroblasts were grown
in MEM Eagle's media containing 1 mM glutamine and 10% fetal calf serum.
Radiolabeled uptake of isoleucine and the non-metabolizable cycloleucine
were studied in 14 day old cultures. The experiments were performed in
triplicate in saline (BSS) washed cultures. They were incubated in .05 ml
of BSS containing .5 yc of the -^H labeled isoleucine or cycloleucine and
.025 Mc of l^C inulin at pH 7.4 for 5-30 minutes. Various concentrations
of either unlabeled cycloleucine or isoleucine or L-leucine or D-leucine
were added to the incubation media for the inhibition studies. Thereafter,
the cultures were washed, extracted with 10% trichloracetic acid and the
amount of isotope was determined by liquid scintillation counter. The
protein was assayed according to Lowry et al. technique (J. Biol. Chem . 193:
265-275, 1951).

Major Findings: The isoleucine uptake of pia arachnoid explants was
lower than in the fibroblastic cultures. The concentration of isoleucine
in the pia arachnoid never exceeded the concentration of the medium, while
the fibroblastic cultures uptake was 12 times higher than the concentration
of isoleucine in incubated cultures. In both types of cultures, the uptake
was saturable and 70-80% of the uptake could be inhibited by 1 mM of un-
labeled isoleucine. The uptake of cycloleucine so far has been determined
in pia arachnoid cultures only. Its uptake increased with time of incu-
bation between 5-30 minutes and could be inhibited either by unlabeled
cycloleucine, isoleucine, L-leucine, but not by D-leucine. The preliminary
data suggest that the uptake of both the metabolizable and non-metabolizable
amino acid uptake take place by facilitated carrier mediated transport in
pia arachnoid, as well as fibroblasts. However, the pLa arachnoid is
distinctly different from the fibroblast in being unable to accumulate
the amino acid isoleucine.

Significance to Biomedical Research and the Program of the Institute :

The pia arachnoid explant due to its relatively simple composition of pial
membrane and vessels is an excellent model for the investigation o^: its
function. The determination and evaluations of the uptake of various sub-
stances by pia arachnoid will permit us to assess the permeability of these
structures. Thus, these studies will be helpful in defining its properties
and possible role in relation to blood and spinal fluid in the normal and
diseased state.
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Proposed Course of the Project : The continued investigations v/ij.j. ^

concerned with defining and eliciting the factors responsible for the

amino acid uptake under normal conditions. Therefore, the kinetics and

the Influence of electrolytes, metabolites, and drugs will be determined

in both ti^pes of cultures. Thereafter, this model will be used to study

the amino acids uptake under pathological conditions.

Publications: Spatz, M. , Renkawek, K. , Murray, M. R. , and Klatzo, I.:

Uptake of radiolabeled glucose analogues by organotypic
pia arachnoid cultures. Brain Res. 100: 710-715, 1975.
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3 3
The specific synaptosomal uptake of _H 2-deoxy-D-glucose ( H 2-DG) was pro-
gressively reduced in cerebral ischemia of 30-180 minutes duration. Two
major groups were observed in which: (1) the specific entry of % 2-DG was
decreased 25-53% (relative uptake 77-47%), and (2) the reduction from 45-72%
(relative uptake 55-28%) as compared to the relative uptake of control (100%)
After 180 minutes of ischemia, the specific uptake of ^H 2-DG was almost
completely lost. The decreased synaptosomal transport function could not be
restored by addition of various metabolites to the incubated media. However,
complete recovery of synaptosomal % 2-DG uptake was observed 60 minutes after
reestablishment of cerebral circulation in all gerbils subjected to 60 and
180 minutes of ischemia.

PHS-6040
(12-75)
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Project Description:

Objectives : Deprivation of oxygen reduces the brain uptake of glucose
and glucose analogues from blood to brain in dog and rabbits, respectively
(Betz, A. L. , Gilboe, D. D. , and Drewes, L. R. : Brain Res . 67: 307-316,
1974; Berson, F. G. Spatz, M. , and Klatzo, I.: Stroke 6: 691-696, 1975).
The altered glucose brain uptake could have occurred in one or more sites
in which glucose transport may have taken place, such as capillary endothe-
lium, neurons and glia. Since neurons exhibit greater oxidative metabolism
than glia (Rose, S. P. R. : The Biochemistry of Neurones and Glia. In Davison,
A. N. and Dobbing, J. (Eds.): Applied Neurochemistry . Philadelphia, F. A.

Davis, 1968, pp. 332-355), and nerve terminals may account for a high
oxidative metabolism in gray matter (Lowry, 0. H. et al. , J. Biol. Chem . 270:

39, 1954), it was thought to be of great importance to investigate the
transport functions of synaptosomes in cerebral ischemia and post-ischemic
period in gerbils.

Methods Employed : Several groups of gerbils were subjected to left
common carotid artery clipping and release of the occlusion for various
periods of time. The gerbils were killed by decapitation and the synapto-
somes of left and right hemispheres were prepared separately by the method
of Diamond and Molfay (J. Neurochem . 19: 1899, 1972). Aliquots of synapto-
somal suspensions (.1 ml) were incubated in duplicate for 15 minutes at

37*'C in 0.5 ml of pH 7.4 solution containing 264 mM sucrose, 26 mM potassium
phosphate, and 140 mM of 3h 2-deoxy-D-glucose (3h 2-DG) . The nonspecific
entry of radioactive sugar was measured in synaptosomes in which nonradio-
active glucose analogue replaced an equal concentration of sucrose in the

incubation solution. The uptake was stopped by ice-cold sucrose and the

contents were immediately filtered and rinsed with cold BSS (Diamond, I., and

Fishman, R. A.: J. Neurochem . 20: 1533, 1973).

Major Findings : The specific uptake of 3h 2-DG was altered by cerebral
ischemia of 30-180 minutes duration. The entry of the labeled hexose was
progressively decreased with the length of ischemic period, and could be
divided into two major groups. The specific entry of % 2-DG into ischemic
synaptosomes (left) in one group was decreased 23-53% (relative uptake
77-47% and in the other group from 45-72% (relative uptake 55-28%) as

compared to the relative uptake of control (right = 100%) side after 30-60

minutes of ischemia, respectively. After 180 minutes (3 hours) of ischemia,
the specific entry % 2-DG was almost completely lost in the synaptosomes
from the ischemic cerebral hemdsphere. The decreased synaptosomal transport
functions of 3h 2-DG could not be restored by addition of metabolites such

as cAMP, ADP, ATP and PEP to the incubation media. However, the specific
entry of 3h 2-DG in the ischemic synaptosomes was restored after 5 minutes
of reestablished cerebral circulation in two out of six animals subjected to

1 hour of ischemia and in two out of four gerbils ischemic for 3 hours.
Complete recovery of ^-H 2-DG uptake by the synaptosomes from the ischemic
hemisphere v/as observed 60 minutes after the release of the left common
carotid clip in all gerbils subjected to 1 and 3 hours of occlusion.
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Significance to Biomedical Research and the Program of the Insticut fc.-

The basic comprehension of neuronal function in cerebral ischemia is of

major importance for: (1) understanding of the pathophysiological process
occurring in the cerebrovascular disease, and (2) for selecting the best
therapeutic approach to this disease.

Proposed Course of the Project : This model system will be used to stud;

the glucose transport during the recovery period after ischemia. In additiv

future investigations include the transport of amino acids and biogenic
amines in the ischemic synaptosomes.

Publications: Spatz, M. , Mrsulja, B. B., Mrsulja, B. J., and Klatzo, I.:

Recovery of decreased synaptosomal 2-deoxy-D-(3H) -glucose
uptake after cerebral ischemia in Mongolian gerbils.
Brain Res. 103: 193-198, 1976.
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1 .0
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SUMMARY OF WORK (200 words or less - underline keywords)

A simple method was developed to isolate enzymatic and metabolic active
fraction of cerebral microvessels from nonvascular brain tissue which
showed a saturable uptake of 2'-deoxy-D-(H) glucose. The Km for %
2-deoxy-'D"glucose was 0.1 mM and the uptake was inhibited by the non-
metabolizable 3^Q-methyl-D-glucose and the inhibitors of carrier transport
phlorizin and phloretin.

PHS-6040
(12-75)
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Project Description:

Objectives : Few different procedures have been described for the

isolation of brain capillaries recently. However, the methods were
cumbersome requiring repeated use of nylon cloth sieve or glass beads columns
for elimination of nonvascular cerebral tissue in order to obtain relatively
pure fractions of capillaries (Goldstein, G. U. , Wolinsky, J. S. , and Diamond,
I., J. Neurochem . 25: 715-717, 1975; Joo, F. , and Karunshina, I., Cytobios
8: 41-48, 1975; and Orlowski, M. , ^essa, G. , and Green, J. P., Science 184:
66-68, 1974). The purpose of this study was to modify the technique for
isolation of pure cerebral capillary fractions which could be used for
transport and metabolic investigations of cerebral microvessels in normal
and pathological conditions.

Methods Employed : Rabbit cerebral tissue (forebrain freed from pia
arachnoid membrane) was homogenized in a cold Ringer's solution containing
1% bovine serum albumin at 10 mM Hepes. The h.omogenate was centrifuged
twice at 1000 g for 10 minutes. Then the resuspended pellet was layered
over a sucrose gradient and ultracentrifuged at 58,000 g for 30 minutes.
The pellet was examined histologically, and histochemically and the capil-
lary uptake of 2-deoxy-D-glucose (2-DG) was determined using radioactive
hexose.

Major Findings : The isolated microvessels revealed histologically
a predominance of strands, ribbons and coils of tubular structures comprised
of single layer of cells devoid of smooth muscle containing reticulum fibers
consistent with capillaries. Histochemically, an intense activity of
Y-glutamyl-transpeptidase and butyryl-cholinesterase was demonstrated in the
endothelial cells. The specific uptake of -'H 2-DG was saturable with in-
creased substrate concentrations. The uptake of this partially metabolizable
hexose could be inhibited up to 80% with progressively increased unlabeled
non-metabolizable 3-0-methyl-D-glucose, 1 mM phlorizin and 1 mM phloretin.

Significance to Biomedical Research and the Program of the Institute :

The availability of an easy technique for the separation of cerebral capil-
laries from the nonvascular tissue provides a good method for the study of
transport metabolic phenomena occurring on the blood-brain barrier level
in normal and pathologic conditions, for example, in ischemia.

Proposed Course of the Project : This model system will be used for the
study of glucose, amino acids and biogenic amines uptake in microvessels
obtained from the brains subjected to altered p02 saturation, and pCO^
tension, ischemia and recovery.

Publications: Mrsulja, B. B. , Mrsulja, B. J., Fujimoto, T. , Klatzo, I.,

and Spatz, M. : Isolation of brain capillaries: A simplified

technique. Brain Res . , 1976 (in press).
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SUMMARY OF WORK (200 words or less - underline keywords)

Two types of ATPase activity were demonstrated in cerebellar cultures.

In the glia and neuropil the enzyme activity is associated with the (Na"''-K+)

active transport system , since the enzymatic reaction was inhibited by

1 mM ouabain or showdomycin. In the neurons the ATPase reactivity was

enhanced by ouabain and its ftmction remaining to be clarified.

PHS-6040
(12-75)
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Project Description:

Objectives: Guth et al. (J. Histochem. Cytochem. 22: 320-326, 1974)

described a new histochemical technique specific for the demonstration of

(Na+ - IC^) activated adenosine triphosphatase (ATPase) without the use

of divalent cautions such as Pb"^ or Ca"^ which are inhibitory to this

enzyme. Therefore, the previous methods were unsatisfactory for the

visualization and localization of the (Na+ - K+) ATPase. The purpose
of this study was first to demonstrate the ATPase associated with active
transport systems in normal organotypic cerebellar cultures in order to

evaluate this enzjnne activity in pathological conditions; for example,
in hypoxia and anoxia in the future.

Methods Employed : The organotypic cerebellar cultures (14-28 days
in vitro ) and sections of cerebellum were incubated in a. solution containing
p-nitrophenyl phosphate substrate, KCl, MgCl, dimethyl-sulfoxide in 2-amino-
2-methyl-l-propanol buffer pH 9.0 at 37°C for 1-3 hours. For the inhibition
studies, 1 mM ouabain or showdomycin were added to the incubatory mixture.
Control slides, cultures and frozen sections of cerebellum were incubated
without p-nitrophenyl phosphate substrate.

Major Findings : The best enzyme reaction was seen in the glia cells,
neurons and neuropil, but only In a few fibers after 1.5-3 hours incubation.
One mM ouabain or showdomycin inhibited the enzyme reaction in the cerebellar
slides and in the glia cells and neuropil, but not in the neurons of the
cerebellar cultures. The enzymatic membranes reaction observed in neuronal
body and processes was rather enhanced than inhibited by 1-10 mM of ouabain
in the incubating solution. All the cerebellar nuclei and Purkinje cells
showed a very strong reaction, while a lesser enzymatic reaction was seen in
the cell membranes.

Significance to Biomedical Research and the Program of the Institute :

The localization and evaluation of the ATPase in these cultures may shed
more light on the fimction of the cellular elements of the cerebellum. Such
basic information is important for the understanding of normal fimction of
the cerebellum which could serve to elucidate the pathophysiology of neuro-
logical disorders.

Proposed Course of the Project : This investigation is incomplete yet
and requires further characterization of the observed neuronal ATPase activity
to elucidate its function.

Publications: None
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SUMMARY OF WORK (200 words or less - underline keywords)

The cerebral capillary fraction uptake from brains of rabbits subjected to

p02 saturation or pC02 tension change showed greater reduction of ^h

2-deoxy-D-glucose uptake in hypoxia than hypercapnia and an increased

uptake in hypocapnia when the uptake was calculated as percent of control

uptake. The effects of the altered p02 saturation and PCO2 tension in the

capillary fraction were similar to the one obtained in the rabbit brain

studied in viyo suggesting that the cerebral glucose uptake may be directly

related to the' capillary function.

PHS-6040
(12-75)
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Project Description:

Oblectives : In previous studies we observed a decreased brain uptake
of glucose analogues in severe hypoxia and hypercapnia, while an increased
uptake of these substances was found In hypocapnia using the double isotope
technique of Oldendorf (Berson, F. , Spatz, M. , and Klatzo, I., Stroke 7:

4, 1976). These changes in the brain uptake could be the result of an
altered transport in the capillaries and/or neurons and glia. Since the
isolation of metabolically active cerebral capillaries became possible
(Mrsulja, B. B., Mrsulja, B. J., FHJimoto, T. , Klatzo, I., and Spatz, M.

,

Brain Res . , 1976 in press) we thought that such a fraction would be of great
help in clarifying certain aspects of transport processes occurring under
these conditions.

Methods Employed: Rabbits were subjected to two 15 minute controlled
ventilation periods: in the first 15 minutes all animals were respirated
to stabilize them in the normal range of blood gas values, and in the
second 15 minutes the rabbits received an appropriate combination of O2,

CO2 and N„ for the desired stable changes in the blood gases. Thereafter,

the animals were killed by decapitation and the cerebral microvessels were
separated from the nonvascular tissue by fractionation (Mrsulja, B. B. et.

al. , Brain Res . , 1976 in press). The obtained cerebral capillary fraction
was used for: (1) determination of Y~glutamyl-transpeptidase and butyryl-
cholinesterases, and (2) the uptake of % 2-deoxy-D-glucose (2-DG) was
assayed in vitro .

Major Findings : The activity of both enzymes, y-glutamyl- transpeptidase
and butyryl cholinesterase, in the cerebral capillaries obtained from rabbits
subjected to either hypoxia, hypercapnia or hypocapnia was not different from
the one observed in control fractions. A reduction of -'H 2-DG uptake was
fotmd in the capillaries obtained from hypoxia and hypercapnia, while an
increased uptake was observed in the cerebral capillary fraction from hypo-
capnic animals. (Relative uptake: control 100%, hypoxia 40%, hypercapnia
70%, and hypocapnia 168%.) The effect of an altered p02 saturation and pC02
tension in this study appears to be similar to that observed ±n vivo by the
brain uptake index (BUI) technique of Oldendorf suggesting the noted decreased
or increased brain uptake index of % 2-DG have most probably taken place on
the capillary level.

Significance to Biomedical Research and the Program of the Institute :

Based on our preliminary results the usefulness of the capillary fraction is
promising for the study of some parameters of brain transport phenojienon
occurring in both physiological and pathological conditions. The knowledge
of the functional state of cerebral capillaries is extremely important,
since it may either be responsible for many metabolic changes occurring in
the brain, and/or it may reflect the altered metabolic state of the brain in
many disease processes.

Proposed Course of the Project : This similar model will be used for the
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study of the cerebral capillary fimction in ischemia and recovery period
of gerbils subjected to cerebral ischemia.

Publications: None
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SUMMARY OF WORK (200 words or less - underline keywords)

In order to ascertain the effects of stretching on internal structure of smooth
muscle cell memb ranes , the nerve connectives of the mollusk Aplysia were
stretched twice and three times their normal length, fixed, and either freeze-
fractured or embedded in plastic. The connectives contain numerous, isolated
smooth muscle cells (SMC). The sarcolemma of the SMC, like that of vertebrate
smooth muscle, is indented in the form of numerous pits or caveolae . Unlike mos
other species, the pits leave a natural marker in the form of "bumps" about
65-130 A wide inside their membranes. In the stretched connectives, the fractuifed
sarcolemmas display many more clusters of these "bumps", indicating that the
caveolar membrane had become flattened and pulled into the fracture p lane . The
pits do not appear to be involved in pinocytosis; even after prolonged soaking <\i

the connective in peroxidase solutions; the only layer of reaction product was
that bound to the pits which communicated with the extracellular space. The
results signify that the pits can be unfolded during stretch and thus increase
the extensibility of the sarcolemma. Because of its structure, the pit membrane;
should be distinguishable from isolated fragments of sarcolemma and so lends
itself to biochemical assessment of a possible role in stimulus - contraction

coupling.

PHS-6040
(12-75)
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Project Description:

Objectives : To examine changes in structure of sarcolennnal caveolae
which have hitherto been considered as pinocytotic.

Methods Enyloyed : Ganglia in the mollusk Aplysia, are surrounded by a
sheath in which is embedded isolated, separate smooth muscle cells. The
sheaths were either quenched in liquid nitrogen or fixed first before freezing.
Bits of sheath were then fractured^in vacuo. Other sheaths, stretched three
times their normal length were also fixed, frozen, and cleaved. Portions of
all sheaths were embedded in plastic and sectioned for electron microscopy,
including several that had been soaked in HRP for 30 minutes to 6 hours and
one specimen in 90 pM CaCl .

Major Findings : The sarcolemma, like that of vertebrate smooth muscle
bears hemi-desmosomes and is indented to form many pits or caveolae. Unlike
most other species, the pits have a natural marker in the form of "bumps",
about 65-130 A wide, within their membranes. In the stretched connectives,
the fractured sarcolemmas display many more clusters of these "bumps" indi-
cating that the caveolar membrane had become flattened and pulled into the
fracture plane. The muscle cells were thinner in the stretched preparations
and the sarcolemma of some were broken. HRP coated the pits, but did not
appear to have been pinocytosed.

Significance to Biomedical Research and the Program of the Institute :

The sarcolemmal pits can be stretched and so provide for extensibility of
the muscle membrane. Because of their distinctive structure, their physical
and chemical properties can be compared with the rest of the sarcolemma and

may include a leak in excitation-contraction coupling.

Proposed Course of the Project : An account of this work is to be
published.

Publications: Prescott, L., and Brightman, M. W. : Distinctive particles
within the frozen, cleaved membrane of caveolae in Aplysia
smooth muscle. Tissue & Cell , 1976 (in press).
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In order to determine the structural changes inside the membranes of nerves

and surrounding glia during degeneration and regeneration , the ventral nerve

cord of crayfish was chosen because of its accessibility, and therefore, minimal!

scarring after the cord is sectioned. In intact animals and in those with

sectioned roots, the nerve roots were either soaked in peroxidase (HRF) or

freeze-fractured . In both normal and degenerating roots, a hitherto unsus-

pected system of trans glial channels accessible to HRP has been reccgnized in

both thin plastic sections and freeze-fracture replicas. The channels, about

240 A wide, are straight and short, being as long as the thin glial sheets are

wide. The frequency is about 16 per ym^ in both normal and degenerating areas.

In replicas, the channel openings appear as circular depressions or protuber-

ances. In degenerating roots, the glial cells become disorganized but still lia

close to axons. The gap junctions between glial cells increase in number but

diminish in size. The observations signify that in the ventral cord, trans-

glial channels may provide extracellular short-cuts whereby water, ions and

metabolites move quickly from interstitial fluid to axonal membranes. The

observations raise the question of whether shortened diffusion pathways per-

meate glial scars in mammals.

PHS-6040
(12-75)
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Project Description:

Objectives : To examine structural changes inside the membranes of nerves
and surrounding glial cells during degeneration and regeneration.

Methods Employed : The nerve roots of the 6th abdominal ganglion in cray-
fish are so stiperficial that only a little dissection is required for their
exposure. Scarring is, therefore, minimal. Exposed roots were soaked in
peroxidase for 1 hour. In other crayfish intact roots and those that had
been cut 1 to 5 weeks prior to fixation were frozen and fractured.

Major Findings : In the normal and regenerating nerve roots of crayfish,
a hitherto unsuspected system of transglial channels accessible to peroxidase
has been recognized in both thin 'sections and freeze-fracture replicas . The
channels, about 240 A wide, are straight and short, being as long as the thin
glial sheets are wide. Then frequency is about 16 per ym'^ normal roots and
13 per ym2 in regenerating area. In replicas, the channel openings appear as
circular depressions or pits and protuberances or bosses.

In regenerating roots, the glial cells become disorganized but still lie
close to axons. The gap junctions between glial cells increase in number but
diminish in size.

Significance to Biomedical Research and the Program of the Institute:
The diffusion path from periglial fluid spaces to axonai membrane is shortened
by transglial channels which could act as short-cuts for the flow of metabo-
lites and ions.

Proposed Course of the Project ; The work on transglial channels is being
prepared for publication. The obsexrvations on glial junctions are to be
extended to longer time periods of regeneration.

Publications: Brightman, M. W. , Shivers, R. R., and Prescott, L.: Morphology
of the walls around fluid compartments in nervous tissue. In
Cserr, H. (Ed.) : Fluid Environment of the Brain . New York,
Academic Press, 1975, pp. 3-29.
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SUMMARY OF WORK (200 words or less - underline keywords)

Does an increase in int ralutm' nal pressure of cerebral blood vessels lower
the blood-brain barrier to protein ? The arterial blood pressure of rats
was recorded continuously from the femoral artery through a pressure gauge.
After the vasopressor, Aramine^, was injected intravenously, the pressure rose
from 90 to 150 mm Hg. At this threshold, blood-borne peroxidase escaped from
some blood vessels and appeared as brown spots in fixed, incubated sections.
The entire brain was sectioned and the brown spots tallied . There was gradient
of exudate numbers, the highest being in the forebrain, the lowest in the brain
stem. Further, the total number of openings in immature rats was less than in
mature animals. When Evans blue dye was given directly before Aramine and HRP
sometime later, only blue spots appeared 1 to 2 hours after Aramine infusion;
the barrier opening was reversible. When the intraluminal pressure was raised
by rapid infusion of a bolus of saline or aldehyde, into one carotid artery,
many brown exudates appeared on the injected side within a few minutes. The
results indicate that the vascular infusion of a bolus of fluid, including
radiocontrast material, may result in a transient break in the blood-brain
barrier to proteins.

PHS-6040
(12-75)
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Pro.ject No. ZOl NS 0214A-02 LNNS

Project Description:

Objectives : To see if and how a rise in the intraluminal pressure of
cerebral blood vessels affects their permeability to blood-borne protein.

Methods Employed : The baseline arterial pressure is recorded continu-
ously from the femoral artery of adult rats. A solution of Evans blue, then
peroxidase (HRP) is injected into a femoral vein followed by 0.5 mg/kilo body
weight of the vasopressor, Aramine. When the blood pressure (bp) exceeds
60 mg Hg above resting level, the brain is fixed and processed for HRP activ-
ity. The HRP exudates appear as brown spots which are counted for each of
five regions of the brain. In a second group, the blue dye is given first
and from 2 minutes to 20 hours after Aramine, HRP is given to test for
reversibility of barrier opening. In a third group, a bolus of saline or
fixative with HRP is rapidly infused into one carotid artery.

Major Findings : In 30 rats, the rise in bp during Aramine injections
was accompanied by the appearance of randomly scattered blue spots in the
cortex and in the parenchyma and many more brown, HRP spot-exudates . The
number of spots is greatest in the cerebrum and least in the medulla. The
opening of the barrier is reversed within 1 to 2 hours. In 12 rats given
the fluid bolus, the number of HRP exudates were far more numerous but their
distribution was similar on tht side of the brain supplied by the bolus-in-
jected carotid artery

Significance to Biomedical Research and the Program of the Institute :

A moderate, transient hypertension is accompanied by an escape from cerebral
blood vessels of blood-borne substances as large as albumin, HRP and pre-
sumably, smaller substances. Thus, therapeutic or toxic agents, normally
excluded from the brain, can enter during such a brief episode.

Proposed Course of the Project : To publish these findings.

Publications: None
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Protein, such as peroxidase (HRP) circulating in the blood, cannot reach neurons
from surrounding capillaries because of the blood-brain barrier. We have foimd,
however, that the protein can enter motor , sensory and preganglionic neuronal
cell bodies by moving retrogradely up their axons after crossing permeable cap-
illaries in muscle and certain brain regions. Thus, high concentrations of HRP
injected intravenously into mice cross muscle capillaries and are pinocytosed by
axon terminals at myoneural jimctions. The protein, then transported within
axons, reaches the cell bodies of cranial motor neurons such as VI, VII, IX, X,

XI and XII. Since the XII nerve nucleus lies near permeable cerebral vessels,
it is possible that their cell bodies may incorporate HRP directly from extra-
cellular clefts. The entry of HRP is from the periphery, however, because when
one hypoglossal nerve was ligated, its cell bodies were unlabeled whereas,
those on the opposite side were. Ligation or criosh increases lysosomal activity
so that HRP, already delivered to cell bodies, is enzymatically degraded. The
results imply that protein, including nerve growth factor, and tetanus toxin and

other macromolecules can enter neurons from peripheral blood long after the sub-

stance has been cleared from the blood

PHS-6040
(12-75)
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Project No. ZOl NS 02145-02 LNNS

Project Description:

Objectives ; To follow the uptake and retrograde transport of blood-
borne protein in various neurons.

Methods Employed : Peroxidase (HRP) , from 30-90 mg, is injected intra-
venously in intact mice and in those with one hypoglossal nerve ligated.
In other mice, the HRP is perfused through the cerebral ventricles. The
brains and nerves are examined by light- and electron-microscopy.

Major Findings : HRP, by crossing permeable vessels of muscle and
autonomic ganglia, becomes available to axon terminals which pinocytose the
protein. The HRP is transported retrogradely in their axons to the parent
cell bodies within the central 'nervous system (CNS) . Ligation of one XII
nerve not only prevents this movement, but when HRP is allowed to reach the
cell bodies before ligation, the protein is enzymatically degraded at a far
greater rate than within intact neurons. HRP, coming from the ventricles,
is pinocytosed to a lesser degree by neuronal cell bodies directly and enters
their lysosomes. It appears that, with respect to retrograde transport,
labeling of smooth endoplasmic reticulum is more certainly indicative of
HRP transport to cell bodies than is entry into lysosomes.

Significance to Biomedical Research and the Program of the Institute ;

Blood-borne protein is taken up by axon terminals of certain neurons pro-
jecting within and without the CNS and transported back to their cell bodies
in brain and spinal cord. In this way, other proteins such as tetanus toxin,
nerve-growth factor and viruses may also bypass the blood-brain barrier to
enter the CNS long after they have been cleared from the blood.

Proposed Course of the Project : To determine, electronmicroscopically,
in which organelles the HRP travels within axons, to see whether they
accumulate on either side of a ligature, and to compare this mode of trans-
port with that in neurosecretory neurons.

Publications: Brightman, M. W. , Prescott, L. , and Reese, T. S.: Inter-
cellular junctions of special ependyma. In Scott, D. E.,
and Kobayashl, M. (Eds.): Proceedings of the Second Inter-
national Symposium on Brain-Endocrine Interaction , Basel,
Switzerland, S. Karger, 1975, pp. 146-165.

Brightman, M. W. , and Reese, T. S.: Membrane specializations
of ependymal cells and astrocytes. In Tower, D. B. (Ed.):
The Nervous System, Vol I; The Basic Neurosciences . New
York, Raven Press, 1975, pp. 267-277.

Broadwell, R. D., and Brightman, M. W. : Entry of peroxidase
into neurons of the central and peripheral nervous systems
from extracerebral and cerebral blood. J. Comp. Neurol .

166: 259-283, 1976.
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SUMMARY OF WORK (200 words or less - underline keywords)

To test the hypothesis that, in freeze-fractured membranes , the non-p articulatfe
phase is lipid , attempts are being made to intercalate lipid into cell mem-
branes. If the density of particles, presimiably protein, in a unit area
decreases, then the thesis is correct. Large amounts of fatty acids (fa),
injected into a carotid artery of rats, acts as a detergent and rapidly crosse^
vessels. Droplets of the polyunsaturated fa, linolenic acid, are osmiophllic,
and can be seen fusing with the endothelial cell membrane. Droplets then cros^
the sarcolemma of the smooth muscle cells (SMC) of the tunica media. The fa
droplets in the SMC tend to cluster aroimd mitochondria , whose oxidative
phosphorylation is known to be uncoupled by fa. No droplets were ever seen
within the nucleus of any cell type. Since the choroid plexus epithelium has
numerous particles within its cell membrane, fa was also perfused throughout
the cerebral ventricles. Droplets not only entered these cells but passed
extracellularly between them. Neutral lipids, such as cholesterol , are being
infused for 48 hours or fed for 3 months in order to determine whether they caji

be intercalated more readily into stroke-prone rats as compared with normal
animals. Liposomes are also being applied to cells in vivo and in vitro .

PHS-6040
(12-75)
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Project No. ZOl NS 02200-01 LNNS

Project Description: {(

Objectives : To determine whether particles within frozen, cleaved
cell membranes can be redistributed by intercalating lipid into the membranes
and whether this effect is more pronounced in stroke-prone rats.

Methods Employed : Polyunsaturated fatty acids (fa) , mono- and di-
glycerides are infused either into the carotid artery of adult normal and
stroke-prone rats or into the stomach of 7 day old rats. A high cholesterol /
diet is fed to others for several dOnths or infused into the cerebral
ventricles. Liposomes are to be incubated with choroid plexus in_ vitro .

Tissue is embedded in plastic or freeze-fractured and viewed by light and
electron optics.

Major Findings : Droplets of linolenic acid act as a soap and freely
cross cell membranes. Droplets have been "caught in the act" of fusing with
endothelial cell membranes and penetrating into the cytoplasm. In smooth
muscle, fa preferentially clusters around mitochondria. Although the peri-
nuclear cistern of various cell types is penetrated, the nucleus is always
free of droplets. The fracture faces of choroid plexus epithelium is studded
with numerous particles believed to be protein. Prolonged cholesterol feed-

ing does not change the distribution of the particles.

Significance to Biomedical Research and the Program of the Institute :

Because of its high content of protein particles, the cell membrane of choroid

plexus epithelium and, to a lesser extent, blood vessels, are well suited to
^

test the hypothesis that the non-particulate phase in fracture planes is lipid.

Proposed Course of the Project : To incubate choroid plexus with lipo-

somes composed of bileaflets for 1 minute to 48 hours in order to see whether
particle-free patches appear within the membranes As a result of fusion.

Publications: None
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ANNUAL REPORT
July 1, 1975 through June 30, 1976

Laboratory of Neural Control, Intramural Research
National Institute of Neurological and Communicative Disorders and Stroke

Robert E. Burke, M.D., Chief (Acting)

Introduction

From its inception in 1967 until April, 1975, the Laboratory of

Neural Control (LNLC) has as its primary mission the development
of methods and strategies for applying the results of fundamental
neuroscience research to the problem of prosthetic aids for neuro-
logically handicapped patients. The founding Chief of LNLC
recruited a staff with multidisciplinary interests, including the

fields of bioengineering, physics, mathematics and computer sciences
in addition to training in neurophysiology and/or in medicine. There
have been no identifiable boundaries between applied and fundamental
research interests within the Laboratory. Problems of prosthetic
devices have suggested research questions of basic importance and a

number of technical developments arising from the prosthetics area
have opened new possibilities for experiments. Because of the
converse dependence of applied studies on the results of fundamental
research, the Laboratory has always had a strong program of basic
investigations. The transfer of management of the Neural Prosthesis
Program to the Fundamental Neurosciences Program, and the change in

emphasis as to the description of current research work in LNLC do

not signal any real alteration in the close mixing of "fundamental"
and "applied" studies which has characterized this Laboratory from
its beginning. Members of the Fundamental Neurosciences Program have
maintained close contact with members of LNLC in order to facilitate
the interchange of ideas which has proven so fruitful in the past.

Present Organization

Essentially all of the research work currently in progress in

LNLC has to do with investigation of central nervous system mechanisms
involved in the control of movement in mammals. Several projects are
concerned with analysis of movement-related systems in the spinal
cord, studied mainly in the cat. Such projects include detailed
studies of the motor unit population of a typical large limb muscle
in the cat, the medial gastrocnemius (Intrinsic Properties of Motor
Units)

, physiological and anatomical studies of neuronal circuits in
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the cat spinal cord as they relate to the motoneuron output cells
(Motor Control Systems in the Spinal Cord) , and studies designed to
provide information about activity in spinal neurons and in primary
afferent fibers during locomotion in awake, intact cats (Neuron
Activity During Locomotion). These aspects of motor control as
studied at the spinal cord level are clearly interrelated, and there
is a corresponding overlap of personnel engaged in the projects.

Another long range project in LNLC has to do with studies of
the activity of neurons in the monkey motor cortex during voluntary
limb movements, either spontaneous or conditioned. (Cortical
Mechanisms of Voluntary Motor Control). This project also has
a close interrelation with the others noted above, since the
inferences drawn on the basis of observations of correlations
between cortical neuron activity and limb movement depend very much
on the interaction of descending cortical activity with spinal
segmental mechanisms. This latter subject is as yet not well defined
and remains an important next step in motor control research.

Some of the research projects mentioned above utilize
methods and techniques that have become standard in neurophysiological
laboratories. However, very important aspects of the current work
on cortical voluntary control of movement and of neuronal activity
during locomotion in intact cats require the development of novel
methods for obtaining useful recordings from experimental animals
that are awake, comfortable and behaving with minimal restraint.
Such developments have been possible within LNLC because the
Laboratory is suitably equipped and, more importantly, has staff
members with the interest and expertise to use new materials and novel
designs for electrodes to solve the problems inherent in chronic re-
cording from moving animals. The research project "Techniques for
Making Connections with the Nervous System" is maintained as a
separate, identifiable item to highlight the importance of applied
technology to furthering the research goals of the Laboratory. The
work done under this project on materials testing, fabrication
techniques, etc., is almost never done as an end in itself, but rather
in relation to a specific problem in one of the Laboratory research
projects. Nevertheless, the findings and methods developed in the
area of applied technology have proven useful to other investigators
outside the Laboratory, both at NIH and in the academic community
throughout the country.

The field of motor system neurophysiology has in the past
advanced mainly through experimental approaches using anesthetized
or neurologically reduced animal preparations suitable for the
available recording techniques. Much remains to be done with such
preparations but the field has clearly advanced to a point where
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meaningful questions must be asked in preparations that are in fact

moving normally. LNLC is uniquely equipped to carry forward research

in this direction. Much of the work with moving animals has been,

and will necessarily remain, in the area of developing the necessary
tools to produce meaningful data. However, this research is reaching

the stage at which questions of' fundamental physiological importance
can be answered, applying the wealth of information from reduced
preparations to the problem of normal animal movement.

Project Summaries

Motor Control Systems in the Spinal Cord.

This project involves a neurophysiological and, to some extent,

neuroanatomical study of the neuronal circuits that are present in

spinal cord segments and are related to the control of movement.

Over the past several years, we have defined some quantitative
patterns of synaptic organization among motoneurons of the medial
gastrocnemius (MG) pool which innervate defined types of motor

units. We have been concerned with this motor unit pool because of

the growing evidence that the different types of motor units present

in this muscle reflect functional specializations optimized for

different ranges of motor output. Further work along this line

requires analysis of interneuron circuits in the cord segment, with
particular reference to the convergence of various sorts of primary

afferent input to particular interneuron pathways, and the control

of transmission along these pathways by other inputs descending to

the cord from supraspinal structures. Information about patterns of

input convergence can be obtained from observation of changes in

synaptic potentials within alpha motoneurons produced by activation

of one or another input system, and of both systems together at

appropriate intervals.

The series of experiments completed this year on firing

patterns of MG motoneurons after cutaneous nerve stimulation has

been done largely to provide evidence that the recruitment patterns

of alpha motoneurons within a given motor nucleus are controlled

importantly, and perhaps overwhelmingly, by factors that can be

described as related to "synaptic organization". There is in the

literature an often expressed assumption that recruitment of motoneurons
depends only on some property intrinsic to the cells themselves, such

as neuronal size. On closer examination of the available data from
this and other laboratories, such an explanation appears highly
unlikely. Our present demonstration that large changes in recruitment
pattern can occur in response to a single input system seems very
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strong evidence in favor of the view that motoneuron "excitability"
and the order of recruitment are properties of the spinal segment
system, i.e., are due to the way in which synaptic input is organized
to particular neurons in the motor pool, and to the interaction of
such organizational factors with intrinsic motoneuron properties
such as input resistance, time constant, and absolute voltage
threshold.

We have initiated this year a series of experiments designed to
study individual spinal interneurons that project directly to alpha
motoneurons. As a first step, a mapping of candidate "last-order"
interneurons was done using retrograde transport of the protein marker,
horseradish peroxidase. These maps can now be used to guide a search
for individual interneurons, recorded mainly with extracellular
techniques, that can be shown to project monosynaptically to moto-
neurons recorded with a second micropipette using the technique of
spike triggered averaging. This will be a technically difficult
study, but it seems worth the effort since we may be able to gain
information about the organization of segmental interneuronal circuits
not obtainable in any other way. Secondly, the method may provide
an opportunity to examine the details of synaptic transmission
between interneurons and motoneurons, resulting in data that can be
compared with results from group la to motoneuron synapses. The
latter results are at present controversial and difficult to
interpret, and comparison with other synaptic systems to motoneurons
should be helpful.

Intrinsic Properties of Motor Units.

This project is an outgrowth of the above project on Spinal
Motor Control Systems. It was identified as a separate item in
last year's Annual Report because recent work in this area has taken
a tack toward examination of factors that either maintain motor unit
characteristics or produce changes in them. Such factors are often
referred to as "trophic", but it must be noted 'that the current state
of information about "trophic" interactions between motoneurons and
the muscle fibers they innervate is filled with confusing and
sometimes contradictory evidence. Much of the experimental work in
this field has used whole muscles that are in fact not pure populations
of one muscle fiber (or motor unit) type. Data accumulated on the
basis of observations of whole muscle contractions, or whole muscle
biochemistry, are often difficult to interpret because of the hetero-
geneity of the fiber populations tested. We have been convinced that
an attack on some issues of trophic interactions must be attempted
by analyzing the properties of motor units one at a time. This is a
painstaking and difficult approach but it has two advantages: 1.)
some of the difficulties with mixed unit populations can be resolved
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without ambiguity; and 2.) possible alterations in electrophysiological
properties of alpha motoneurons and their synaptic inputs can also be

tested.

This experimental approach is possible in LNLC because we have

accumulated a detailed data base on the normal characteristics of

motor units in the MG muscle of cats. Our experience with analyses
of MG motor unit populations after chronic immobilization or compensatory
hypertrophy indicate that the method is valid and provides, when
combined with muscle histochemistry, a rather complete picture of

altered motor unit populations. It is particularly interesting that

there is preliminary evidence suggesting a change in synaptic strength
with immobilization atrophy, our first indication so far of trophic
effects of altered use on CNS synaptic transmission.

Part of this year's program has included a detailed analysis
of the anatomy of the medial gastrocnemus (MG) and soleus motor nuclei
using peroxidase tracer techniques. The results have confirmed previous
less direct evidence as to the distribution of alpha and gamma motoneurons
within the motor nuclei, and has also provided new data on tracer uptake
characteristics of these two species of motoneurons. Anatomical
cell marking techniques will be added to our technical armamentarium
in further work in this area.

Neuron Activity During Locomotion.

This project represents the coming together of several lines
of work within LNLC over the past 5 years. We have been concerned
about the general problem of how to apply information gained from
traditional neurophysiological experiments (studies of spinal
reflexes, properties of peripheral receptors, etc.) to studies of
CNS control of normal movements in intact animals. Past Annual Reports
have mentioned efforts to record activity in individual motor units
during normal movements using methods permitting motor unit type
identification. This approach, although frustrated by severe
technical problems, has led to a focus on the cat hindlimb and on
treadmill locomotion as a model system well suited for investigation.

Over the past several years, experience with various types of

implanted electrodes for recording unitary neuronal activity in
intact moving animals has shown that some methods are indeed suitable
for obtaining data on the patterns of activity in peripheral afferent
fibers. The major problem at the moment is to obtain reasonably
large samples of data from afferents that can be identified unambiguously
as to specific type and receptive field. Our experience to date has
been sufficiently encouraging to justify assembling a sophisticated
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data recording and processing system including a videotape capability
to record movements on the treadmill, a magnetic tape and computer
system to take electrophysiological data, and a time code generator
to permit movement and unit data to be correlated.

Recording of identifiable afferents during locomotion is a

suitable first step in this work, since there is very little information
about activity in any type of peripheral afferent during normal walking
in intact cats. Such data is particularly important with respect to
joint receptors and to muscle spindle afferents, since, in the latter
case, the degree of alpha-gamma coactivation during locomotion is a
point on which there is some present controversy.

Cortical Mechanisms of Voluntary Motor Control.

Over the past decade, there has been considerable interest
in recording the behavior of neurons in the monkey motor cortex
during the production of voluntary movements. Such experiments were
made possible by the development of appropriate recording techniques in
the Laboratories of NIMH. However, the experimental design most widely used
leaves a number of important issues unexplored, including the
specificity of the association between neuron activity and particular
movements, and the destination of the cortical cell axon (i.e., it is
usually unknown whether the axon reaches the spinal cord or ends in
the brain stem, subcortical nuclei or even within the cortex itself)

.

The present project was begun a number of years ago mainly to

examine the feasibility of using the discharge patterns of motor
cortex neurons to control external (prosthetic) devices. This goal
led to the development of electrodes that can be implanted chronically
in motor cortex to record the activity of individual neurons over
many hours or even days. Secondly, the goal also dictated exploration
of the issue of whether monkeys could be trained to produce various
rates of cortical cell firing irrespective of whether or not movements
were produced, or of the specific nature of movements emitted. These
original goals have now led to the development of an experimental
capability in which a number of fundamentally important questions can
be attacked, including the issue of neuron - movement specificity and
the identification of axonal destination of recorded cortical neurons.

Monkeys, trained to alter cortical cell firing rates to get
rewards, manage this situation by producing movements of various sorts.
Cortical neurons without correlation to any movement are not successfully
used to attain rewards. Thus, the monkeys are "learning", not to

produce cell discharge in isolation, but rather to produce a movement
associated with the discharge of the cell being recorded. The movement
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is not selected by the experimenter. Monkeys in this situation, working

with a particular cell over the long time periods made possible by the

map pin electrodes, appear to refine their movements to just those

appropriate to the neurons under test. Thus, the answer to the question

of cell-movement specificity can be effectively sought using this

experimental design.

The map pin electrodes can be chronically implanted in the spinal
cord. It seems entirely feasible that these can be used to stimulate
axons of cortical neurons arriving at the cervical spinal cord and

thus identify at least that subset of recorded neurons that are indeed
corticospinal.

Models of Neural Interaction.

The main problem dealth with during the past year has been a theoretical

analysis of some possible models for signal processing in neuronal
networks. Such analyses are relevant to information processing
anywhere in the CNS, and it would be a significant advance if the

kinds of conceptual network models that have been developed for

processing spatially organized input such as in the visual system
can be adapted for dealing with the complex spatial - temporal
coding patterns evidently present in input from somatic proprioceptors.

Techniques for Making Contact with the Nervous System.

This project is in some respects not a formal research project
in the sense that the term is used for other aspects of the LNLC

program. Many of the activities relate to techniques and instrument-

ation developed to fill specific needs in the other LNLC projects.
Such developments include further modification of the already very

successful map pin electrode, now in first trials for implantation

into the spinal cord. An implantable force transducer to sense

individual muscle forces during normal movements appears successful
and should greatly benefit our kinesiological work in locomotion.

Special instrumentation, such as a miniaturized 10 channel high
impedance amplifier and a servo-controlled muscle stretching device,

are precisely tailored for LNLC projects but may well find wider use

outside the Laboratory in time.

Other aspects of this project relate to collaborative work
with research groups outside LNLC, but heavily dependent on the

technical expertise available within this Laboratory. Examples
include the final development of a floating microdrive device, built
in the Biomedical Engineering and Instrumentation Branch primarily for

use in clinical research in epilepsy, but constructed, tested and

modified with significant input from LNLC staff. A 16 channel EEC
telemetry system has been assembled and modified for patient monitoring
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in the Clinical Center again with a large input from LNLC staff members.
Another very promising collaboration has been in adapting the polymer,
Parylene-C, for use as a substrate for tissue culture. LNLC is almost
unique in its Parylene facility and this facility has been used to further
the tissue culture research on nerve and muscle cells being done in the
Behavioral Biology Branch, NICHD.

Finally, it should be noted that some of the work done in this
Project is in fact self-contained research. This has been mainly
evaluations of various materials (conductors, insulators, etc.) for
suitability for use in further development of specialized techniques.
Such in-house testing is not particularly glamorous but is necessary
for the efficient and cost-effective development of novel methodologies.
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PROFESSIONAL:
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SUMMARY OF WORK (200 words or less - underline keywords)

This project is designed to provide information on the mechanisms
operating within reflex systems which include alpha motoneurons

as the output link, as well as on the interconnection and interaction
of different reflex systems. Particular consideration is given to

correlations between synaptic organization , intrinsic neuronal

properties, dynamic behavior and the physiological characteristics
of the muscle fibers innervated by the moroneurons studies.
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Project Description:

Objectives

:

This project is designed to provide information on

the organization of those neuronal systems in the spinal cord of

mammals which ultimately control the discharge of alpha motoneurons,
and on the interaction of primary afferent and supraspinal descending
systems in the control of information flow in the segmental motor
mechanisms

.

Methods Employed

:

The experimental work of this project primarily
involves acute preparations (adult cats) studied either under anesthesia
(mainly pentobarbital) or unanesthetized following destruction of the

supratentorial brain (decerebrate preparations). In some experiments,

intracellular recording techniques are used to record synaptic events
produced in medial gastrocnemius motoneurons by activity in a variety of

synaptic input systems, including primary afferent fibers from muscle and

cutaneous receptors as well as in fibers descending from various supra-
spinal structures. Input pathways are activated either by electrical
or natural stimuli. Other experiments have monitored motoneuron discharge
patterns either by recording single motor unit electromyographic potentials
(EMG) in target muscles or by recording motoneuron axon discharges in

small filaments of muscle nerves.

A second series of experiments was completed during this fiscal year
which involved deposition of the tracer material horseradish peroxidase
in the motor nucleus of the medial gastrocnemius muscle through a

precisely placed micropipette. After 24 hours' survival, cats so injected
were sacrificed under anesthesia, perfused with fixative and the spinal
cord processed for histological demonstration of the peroxidase tracer
in spinal interneurons.

Major Findings:

A. Organization of synaptic input to motor units of defined type.

During FY 1975, most of our attention in this phase of the project
has been on the effect of cutaneous afferent input from the hind foot
on recruitment patterns of medial gastrocnemius (MG) motor units. We
have shown that, in unanesthetized decrebrate cats, motor units in the
soleus muscle (a close synergist of MG composed almost exclusively of

slow twitch [type S] motor units) are powerfully inhibited by sural
nerve (cutaneous) afferents of low to medium electrical threshold,
while many motor units in the MG are simultaneously excited in an
equally powerful manner. Our major question, given this observation,
was whether type S motor units within the MG motor unit pool might be
inhibited by the sural stimulus while other, presumably fast twitch

lOv



Project No. ZOl NS 01686 08 LNLC

(type F) motor units were excited. Our attempts to demonstrate such a

reversal of unit recruitment pattern has involved production of enhanced

activity in both MG and soleus motor unit pools by longitudinal vibration

of either or both muscles (producing the tonic vibration reflex), and

then conditioning this input by a short tetanic stimulation of the sural

nerve. The discharge patterns of MG motor units have been studied using

discrete electromyographic (EMG) recordings or by recording the discharge
of small numbers of MG motor axons in a cut filament of the MG muscle
nerve isolated just proximal to where the whole nerve enters the MG muscle.

Both recording techniques clearly demonstrate that many MG motoneurons

are powerfully excited by the same sural nerve input that inhibits firing

in synergist soleus motoneurons. We also have a number of EMG and nerve

filament recordings which clearly suggest that some MG motoneurons
recruited during the tonic vibration reflex are then inhibited by the

sural input. However, it has been technically very difficult to provide

unambiguous demonstration of the drop out of some MG neurons because of

the massive additional firing produced in previously silent motoneurons

by the sural stimulation. Nevertheless, even though the relatively

clear recordings are few in number, they appear to be sufficient to

establish the point that large reversals in recruitment pattern can in

fact occur under the conditions of this experiment. This result is

consistent with our hypothesis that the major factor controlling motoneuron
recruitment is the organization of synaptic input to the motoneuron pool,

rather than some factor (s) intrinsic to the motoneurons themselves. It

is technically impossible at this time to identify the units inhibited

by sural stimulation as type S, but there is indirect evidence that

this is probably the case.

B. Anatomical identification of last-order interneurons.

This phase of the project was begun in FY 1975 and completed during
FY 1976. A total of 15 cats were used, in which horseradish peroxidase
type VI (HRP) was injected through a micropipette into the center of

the MG motor nucleus in the spinal cord. After 24 hours, the animals
were perfused with fixative under anesthesia and the spinal cord was
processed for histological demonstration of the enzyme tracer. The sizes

and positions of interneurons showing the tracer label were plotted on

diagrams of the section outlines. This work has provided us with spinal

cord maps indicating the positions and relative densities of interneurons,
some of which must project to the medial gastrocnemius nucleus (and

therefore presumably to MG motoneurons directly) . We intend to use
this information in the next phase of this project, which is to study
individual interneurons that project directly to MG motoneurons of
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defined motor unit type.

Significance to Biomedical Research and the Program of the Institute:

• With few exceptions, active movement of mammals in space is

accomplished by motor units with motoneurons located in the spinal cord.
Analysis of the central nervous system control of movement requires
detailed understanding of the organization and interaction of input
systems to the spinal cord segments, both from peripheral afferent sources
and from supraspinal structures. There is now considerable evidence for
the existence of functional specializations among the muscle fibers of
different motor unit types, indicating rather precise patterns of motor
unit "usage" during movements of various sorts. The long-range goal of
the present project is to analyze the patterns of neuronal organization
present in the spinal cord as they relate to motor unit type in order to
further our understanding of how motor units, and therefore movements, are
controlled. Such studies are of clear relevance to analyses of both
normal and abnormal movement patterns in man and bear importantly on
the interpretation of results of clinical neurophysiological investigations
in normal human subjects, and in patients with neurological diseases.

Proposed course of the project:

Examination of the effects of cutaneous input on motoneuron discharge
patterns during vibration reflexes will be concluded during this fiscal
year. Major attention will then turn again to intracellular recording
techniques with an investigation of the interaction between cutaneous
input and descending input from various brain stem structures, as this
interaction is manifest in MG motoneurons belonging to motor units of

defined type. This work was begun several years ago but has progressed
slowly, awaiting the acquisition of a signal averaging device which is

now available. In addition, we intend to make use of the anatomical
localization of presumed last-order interneurons in the spinal cord to

search for individual interneurons that are connected monosynaptically
with MG motoneurons. This work will also require the signal averaging
system in order to study synaptic potentials produced by the recorded
interneurons using the method of spike triggered averaging.

Keyword Descriptors:

Motoneurons
Motor units
Interneurons
Spinal cord

12v



Project No. ZOl NS 01686 08 LNLC

Publications

:

Burke, R.E., Rymer, W.Z. and Walsh, J.V. Relative strength of

synaptic input from short latency pathways to motor units of

defined type in cat medial gastrocnemius. J. Neurophysiol.
In press. 1976.

Burke, R.E., The physiology of alpha motoneurons and their
synaptic input in relation to the problem of ALS . In: J. M.

Andrews, R.T. John and M.A.B. Brazier, (eds . ) . Amyotrophic
Lateral Sclerosis: Recent Research Trends. New York: Academic
Press. In press. 1976.
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peripheral nervous system in acute and chronic neurophysiological
preparations

.
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Project Description:

Objectives: Successful monitoring of neural activity from the

peripheral or central nervous system requires the development of

techniques as they apply to unique recording situations. These include
both acute and chronic preparations in which stable and discriminable
single unit activity is required, including animal preparations that are
awake, comfortable and either free to move or moving with minimal restraint,

Methods Employed:

A. Materials suited for biological implantation.

The evaluation of the physical properties and biocompatibility of
Parylene-C, iridium and certain medical grade silastic rubbers has
continued

.

B. Designs for a chronic recording intracortical microelectrodes

,

1. An array of 4 "map pin" electrodes has been designed
and implanted in the spinal cord of cats in the L6 region.

2. Histological evaluation of neural tissue after electrode
implantation for varying periods of time up to one year
is being performed in cat and monkey.

3. "Hair brush" electrode arrays containing three or more
electrodes have been built and implanted for study of

small neuronal pools and electrode to cell migration.

4. Glow discharge techniques have been applied to the surface
of parylene to change its surface characteristics from

hydrophobic to hydrophylic.

C. Microelectrode introducer capable of tracking the moving
brain.

The introducer, a device developed previously and described in

last year's Annual Report, has been used to record intracellularly
from neurons in the cerebral cortex of monkey using a modified glass
pipette electrode. Continued use of the device in humans is

anticipated for studying epileptogenic activity of single neurons
before removal of the damaged area.
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D. Electrode arrays for chronic recording from nerve fibers.

Two rabbits have been implanted using the cuff electrode system

in which the nerve to the tenuissimus muscle was captured and the 1 mm
lead cable was brought directly through the skin, with favorable results

as regards infection and long term recording performance of the implanted
electrode system.

E. Chronic single unit recording from dorsal root ganglion.

The original electrode system has been modified with favorable

results. The present system consists of 4-6 50 micron diameter 90%

platinum-10% iridium alloy wires with Pyre-ML (polyimide) insulation.
The wires are threaded through a thin-wall silastic tube leading from

a connector saddle on the cat's back to a strain relief anchoring
to the L7 dorsal spine. The wires are trimmed obliquely and inserted
by hand into the L7 ganglion via a small laminotomy at the base of the
L7 spine, leaving a loop of wire to take up relative motion during walking

F. 16-Channel EEG telemetry system.

A continuous loop tape system was developed which allows selective
recording on tape of a multiphase telemetry signal with a memory for

EEG activity up to 4 minutes prior to the start of a clinical seizure.

This data reduction system allows the clinician to concentrate on EEG
activity just before and during a seizure without the burden of storing
and examining large amounts of interictal EEG records

.

G. Development of specialized substrates for nerve and muscle
tissue culture.

Glass coverslips are coated with 700 angstrom layers of Parylene-C.
The surface which is normally hydrophobic can be modified to any
degree of hydrophilicity

, producing any desired degree of cellular
adhesion and propagation. Using photolithographic techniques,
the surface can be arranged in patterns to cause, for example,
alignment of randomly plated single myoblasts into parallel bands
of muscle fibers.

H. Microelectrode drive system for extracellular recordings.
A stepping microdrive system has been developed that mounts on an
animal's head for (single unit) extracellular recordings using
metal microelectrodes. The electrode is moved in 5 micron steps
over a range of 24 millimeters. The electrode position is dis-
played on a 4 digit L.E.D. readout in which the counter to the
LED is reversible.
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I. Muscle puller employing servomechanism for constant tension
under varying loads.

A motor driven muscle puller has been developed which utilizes a

strain gauge to set and maintain steady tension on the muscle.
Gating circuits have been built into the unit for automatic
disabling while the same device measures muscle contraction during
stimulation.

J. 10-Channel high impedance amplifier system.

A custom designed 4 channel, low noise preamplifier with high
input impedance has been developed and used which mounts directly on
the back of freely moving cats for recording from microelectrodes in
the spinal cord. Hybridization of the design to incorporate 10

amplifier stages is anticipated in order to miniaturize the system to

a more functional size.

K. Implantable strain gauge for monitoring muscle tension from
associated tendon.

A miniature semiconductor strain gauge which is glued to a small
uniquely designed stainless steel substrate has been implanted in cat.
The intact tendon is fitted onto the device v/hich then measures absolute
forces generated by the muscle during normal animal movements.

L. Analog delay for on-line confirmation of neuroelectric signals.
An analog delay circuit employing a recently developed charge-

coupled shift register device has been developed and successfully
used to obtain on-line visual confirmation of single units from records
containing activity from several different neurons.

Major Findings:

Parylene-C has been found to be extremely non-reactive in a study
in which eight cats were implanted with "map pin" electrodes insulated
with glass or Parylene. The tissue reaction to Parylene after one
year in situ (cerebral cortex) compared favorably to the reaction to

glass-coated electrodes after only one month in place.

Modified "map pin" electrodes have recorded single unit activity in
the spinal cord of cat for up to three weeks.

The microelectrode introducer has successfully recorded intracellular
activity from the same cell in the cerebral cortex of monkey for up to
15 minutes.
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Cuff electrode assemblies have recorded distinguishable afferent

and efferent activity among approximately 100 nerve fibers for several
weeks during normal movements in rabbit. Afferent and efferent fibers
each fire at the beginning and end of flexion.

Chronically implanted electrodes in dorsal root ganglion of cat

have recorded separable unit activity from 1 to 3 cells of several types

for periods long enough to record the activity in normal locomotion and

then acutely identifying the units.

The 16 channel EEC telemetry system has been used successfully in

epileptic patients. In one patient suspected of having a unilateral
temporal focus, a 10 hour telemetry record demonstrated bilateral

temporal foci.

Hydrophilic Parylene-C without collagen or other coating appears
to be an excellent substrate for most lines of neuronal and muscle
tissue tested in tissue culture. Muscle fibers attached to the surface
appear to have greater adhesion and can be maintained much further
toward maturity than previously possible.

Muscle tension can be quantified during normal locomotion in

freely moving cats by the use of a strain gauge assembly attached
directly to the tendon.

Significance to Biomedical Research and the Program of the Institute:

The successful development of techniques for recording signals from
the nervous system is essential to the success of' ongoing experiments

in the laboratory. These newly developed techniques are also beneficial
to other laboratories involved in neurophysiological research and may
have an impact in the development of prosthetic devices for the

neurologically handicapped.

Proposed Course of Project:

Continued modification of the "map pin" electrode for application
in other structures of the central nervous system such as the cerebellar
cortex is anticipated. Also, studies designed to optimize the electrodes'

performance for periods exceeding 6 months will be conducted with regard
to histotoxicity of electrode materials and electrode to cell migration.
Electrode arrays for peripheral nerve and dorsal root ganglion will be

used to study neural activity with regard to locomotion in awake
animals. The telemetry system will continue to provide EEC recordings
from epileptic patients. Various patterns and surface properties of

Parylene coated substrates for tissue culture will be explored in order
to control the propagation and relative distribution of several
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different cell lines. Plans to attach the strain gauge assembly to

all three tendons associated with the tricep surae muscles in cats is

anticipated to determine the correlation of integrated EMG to muscle

tension. Some of the projects discussed need further development and

work will continue on them. Further cooperation with the Neural

Prosthesis Program is anticipated.

Keyword Descriptors:

Chronic single unit recording
Microelectrode
Hybridization
Glow discharge
Semiconductors strain gauge
EEG telemetry
Materials testing
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Loeb, G.E., Bak, M.J., Salcman, M. and Schmidt, E.M,: Evaluation of
a new biocompatible dielectric coating: Parylene insulated chronic
microelectrodes. 28th ACEMB , 1975.^

Bak, M.J., Loeb, G.E., Schmidt, E.M. and Salcman, M. : Parylene-C as
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This project is designed to investigate the behavior of individual
neurons in the primate motor cortex during the production of
spontaneous or conditioned limb movements in awake, minimally
restrained animals. Long term chronic recordings from single motor
cortex neurons are obtained with special microelectrodes . The
location and coding properties of cortical neurons as they relate
to various types of limb movement are being investigated.
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Project Description:

Objectives: The major goal of this project is to study the behavior
of neurons in the motor cortex of primates in relation to spontaneous or
conditioned limb movements. This involves the study of relationships between
the firing patterns of cortical neurons and the measurable parameters
associated with simple movements. One aim is to determine whether it is
possible to extract enough information from the spike trains of small sets
of cortical neurons to be able to predict the time course and amplitude of
various motor responses. This requires a careful study of the types of
cells (judged by response characteristics) to be found in the motor cortex,
their frequency of occurrence, location and specific function.

Methods Employed: Monkeys were initially trained to move a handle
that positioned a cursor light to one of eight spots. The monkey was required
to match the position of his cursor light to one of eight target lights.
When a match occurred for a prescribed length of time, a juice reward was
delivered to the monkey. After implantation of up to a dozen "map pin"
chronic microelectrodes in the motor cortex, the animal's cursor light was
controlled by the firing pattern of a single cortical neuron. The task
was the same as before except the handle was removed and the monkey was then
allowed to make free arm movements. Correlations were sought between
cortical neuron behavior and the type of movement selected by the animal.

Major Findings:

1) Monkeys are capable of controlling the firing rate of cortical
neurons through operant conditioning techniques. Neurons that can be so

conditioned are usually associated with discrete limb movements. Thus, we
are probably conditioning limb movement even though the reward criterion is

placed on the firing of a single neuron. Dividing the maximum firing rate of

a cell up into eight discrete ranges, monkeys have been able to control the

cell firing rate at an accuracy level as high as 94% when 80 random target

positions were specified. If cortical neuron firing frequency were used to

control an external device, the maximum information transfer rate so

far achieved by a monkey has been 1.9 bits/sec. Doing the same task,

but utilizing a wrist flexion or extension to move a handle results in an
information transfer rate of 4.9 bits/sec. Thus, the maximum information
transfer rate so far obtained for a cortical neuron was approximately 1/3

of the rate achieved with a trained movement.

2) Chronic "map pin" microelectrodes have also been implanted in the

vicinity of an area in precentral motor cortex that had previously been
rendered epileptogenic with alumina cream. With these electrodes it has
been possible to record extracellularly from the same cortical neuron
prior to, during, and after a "clinical seizure. Before and during each
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seizure "epileptic" neurons fired in bursts with short interspike intervals
that have not been observed in "normal" cortical neurons. Only for a

short period after each seizure did the neurons fire in a "normal" manner.
The ability to monitor "epileptic" neurons for long periods should provide
a method for evaluating the effects of drugs on the firing patterns of

abnormal neurons and extending the period of "normal" firing.

3) A floating microdrive for extracellular recording has been developed
and successfully tested in monkeys and in a human patient undergoing surgery
for epilepsy. Microelectrodes are supported by novel frictionless air
bearings that allow the electrode to follow cortical pulsations up to 3 mm.

Recordings from single cells were obtained for up to 17.5 minutes before
experimental protocol required moving the electrode to a new position.

Due to the stability of extracellular recordings obtained with the

floating microdrive, the instrument was modified to utilize glass pipettes
for intracellular recording. The instrument was successfully tested on

monkeys where 23 intracellular recordings were obtained that lasted on the

average of 7.4 minutes while the cortex was free to pulsate.

Significance to Biomedical Research and the Program of the Institute:

Through our studies we are obtaining a better understanding of the

function of the motor cortex in relation to the generation and control
of voluntary movement. The "map pin" electrodes have provided single
unit recordings for many months which make feasible studies on movement
under a variety of conditions. This work also has significance for the

development of cortically-controlled prosthetic devices, although the
electrodes are not yet satisfactory for obtaining prosthetic control
signals where recordings for a number of years are required. The development
of the floating microdrive has provided an instrument that can be used to

search for "abnormal" neuronal activity in patients undergoing surgery
for focal epilepsy. The instrument holds promise for more precisely
localizing abnormal cortex.

Proposed Course of Project: Work will continue in the area of

obtaining long-term chronic recordings from cells of the motor cortex.
Different insulation materials will be investigated to determine if

recording time can be extended. The main emphasis of the project will
be on obtaining a better understanding of the function of the motor
cortex. Conditioning of single cell activity will be combined with
videotape monitoring of associated limb movements. By being able to

characterize the activity of a cell under several different conditions
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we should be able to better characterize the coding properties of
movement-related motor cortex neurons.

Keyword Descriptors:

Chronic recording
Epilepsy
Floating microdrive
Human single cell recording
Intracellular recording
Motor cortex
Operant conditioning
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Goldstein, S.R., Schmidt, E.M., Bierley, F.L. and Bak, M. J. : A gas bearing
mechanism for stable electrical recording from individual neurons in
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Measurement and Control 97: Series G, No. 3, 234-242, 1975.
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The presence of a small percentage of myelinated afferents in
ventral roots has been demonstrated. The techniques developed
have been adapted for recording from afferents during normal
movements

.
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Project Description:

The results presented in the previous report for FY 1975 were
prepared for publication and for presentation at the annual Society
for Neuroscience Meeting. This project has been terminated. The
further work on chronic recording methods is described in another
project report this year (Neuron Activity During Locomotion; Project
No, ZOl NS 02080 02 LNLC).

Publications:

Loeb, G.E., "Decreased conduction velocity in the proximal projections
of myelinated dorsal root ganglion cells in the cat", Brain Research

,

103:381-385, 1976.

Loeb, G.E., "Ventral root projections of myelinated dorsal root ganglion
cells in the cat". Brain Research , 106:159-165, 1976.
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SUMMARY OF WORK (200 words or less - underline keywords)

Hidden source variables are being estimated in model systems
by forming independent functions of the data variables. The
response of the membrane potential of neurons to extracellular
pulsed fields is being calculated.
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Project Description:

Objectives:

1. To develop the hypothesis of independent sources. This
hypothesis states that correlated data variables can sometimes be
considered as functions of hypothetical independent source variables
and that these source variables may be recovered as independent
functions of the data variables.

2. To calculate the responses of neurons to externally
applied fields.

Methods Employed: Mathematics and computer modeling, as
described in earlier project reports concerning projects I and II.

Major Findings:

Six results have been mentioned in the previous two project
reports which utilize independent sources. Each result is concerned
with calculating a matrix L which will recover linearly mixed source
variables from data. These results were briefly:

1. If the source variables are non-Gaussian, a matrix which
generates from the data new independent variables will equal L.

2. Two formulas giving L directly from the 2nd and 3rd cross
moments of the data.

3. Formulas for the number of data samples required to calculate
L using No. 2 above.

4. Simple conditions on the new variables which L must satisfy.

5. Two "growth rules" which guide an initial guess for the

value of L to a final correct value.

In writing up No. 2 above for publication, subtle errors have
been detected and corrected. The formulae have been carefully tested
and used successfully when the number of source and data variables
had five different values, up to 5 and 7 respectively. They are

now written in publishable final form.

One of the growth rules in No . 5 has been reprogrammed for a

small computer so that larger problems can be computed inexpensively.
The first such problem attempted, revealed that features for retinal
patterns cannot be calculated until the method is modified to apply
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when the occurrence of a feature is not entirely under the control
of the source variables, but is subject to some "noise".

Significance to Biomedical Research and the Program of the Institute:

1. Some neurons may use the principle of independent sources to

adjust the strength of their interconnections.

2. The response of neuronal membranes to pulsed fields from an

electrode on the surface of the brain must be known before we can
assess the efficiency of the electrodes presently being used as auxililary
sensory channels.

Proposed course of project:

a. Results No. 1,2,3,4 and 5 can now be published in four papers.

It has been very difficult to finalize No. 2, and now that this is done,

Nos. 1 & 2 can be published. Nos . 3,4 and 5 will be much less difficult
to complete and publish.

b. An effort will be made to generalize the results in objective 1

to accept data that are not completely determined by the source variables,

but which have some intrinsic variability. This would greatly enhance
the usefulness of these methods.

c. The technique used in objective 2 has been described in an earlier
report. Now it will be used to calculate space and time profiles of membrane
potential responses to a variety of applied pulses for neurons in a variety
of positions with respect to the stimulating electrode, and the results
published. This will also be presented in a symposium on sensory prostheses.

Keyword Descriptors:

Factor analyses
Feature detection
Extracellular stimulus

Publications: None
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The activity of spinal neurons is being monitored during normal

locomotion , using multichannel chronic nerve fiber electrodes

for spinal roots, and chronic wire electrodes for cell bodies,
in order to better understand the role of these neurons in

natural motor control.
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Project Description:

Objectives: The major goal of this project is to examine
directly the roles of spinal neurons and primary afferent fibers in

normal movement which up till now have been inferred from paralyzed
or decebrate acute preparations. The principle current emphasis
is on incoming activity in dorsal roots, and the main questions relate
to the role of afferents as part of a system of servo-mechanisms;
spinal reflexes elicited by both cutaneous and proprioceptive afferent
activity are now known to have a profound effect on locomotory patterns.

Methods Employed:

1. Calculations of potential distributions of myelinated
fibers were made using the Basic language on the DCRT DEC-10 computer.

2. Tube electrodes used in these experiments were described in

last year's project report. The back pack and recording system are
described below.

3. For recording from the dorsal root ganglion (DRG) , insulated
fine wires were inserted into the L7 DRG of the cat via a small
laminotomy. These electrodes, together with a number of EMG leads
implanted in leg muscles, are terminated in a connector affixed to

the cat's back.

4. The recording system now consists of a multi-channel
amplifier in a back-pack, a 14-channel FM tape recorder, a treadmill,

a video tape recording system, a PDP-12 computer, a timing synchronizer,

and a flexible interconnect arrangement . Video records are used to

locate significant epochs in the movement to 1/60 sec. accuracy, for

comparison with unit activity using the computer.

Major Findings:

1. We now have published predictions for the node currents
of mammalian nerve fibers of various diameters, and the associated
extracellular potential fields within nerve bundles, which can both

guide efforts to record from these fibers and suggest basic experiments

on them. The prediction of large longitudinal fields near nodes

suggests a longitudinal electrode configuration as optimal for chronic

recording.

2. Insulated fine wires simply cut off and inserted into a

dorsal root ganglion can record separable unit activity from 1-3 DRG
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cells of several types, stable at least long enough for recording
activity in normal locomotion and then acutely identifying the units,

3. By capturing the nerve to the tenuissimus muscle, (a knee
flexor and hip extensor) in the rabbit in two of our tube electrodes
in series, we have recorded distinguishable afferent and efferent
activity among about 100 nerve fibers for weeks during normal
movements. Afferents and efferents were each found to fire at the
beginning and end of knee flexion.

Significance to Biomedical Research and the Program of the Institute:

The study of mammalian locomotion has been concentrated on the

cat hind limb, where considerable knowledge is already available
concerning the physiological and anatomical properties of the muscles,
motor neurons, afferents, and spinal reflexes. However, the details
of the functioning of this system during normal locomotion under
cerebral control can at present only be inferred, giving rise to a
number of competing control theory hypotheses. This new methodology
should provide data needed for testing such hypotheses and formulating

new ones. An understanding of the normal control of movement is

essential to understanding a number of degenerative diseases of the

spinal cord (e.g. ALS, transverse myelitis, etc.) affecting locomotion.

A longer range application of the technique of chronic afferent monitor-
ing is in the field of functional neuromuscular stimulation (FNS)

.

Sophisticated devices designed to restore motor function by bypassing
CNS lesions (e.g. paraplegics) will probably require some form of

closed loop servo-control utilizing transducers of muscle length and

tension and of skin pressure. If it proves possible to stably record
afferent activity over long periods of time, such biological transducers
could improve the function and simplify the design and implantation of
complete FNS systems.

Proposed course of project: For the wire electrodes, a series
of semi-chronic experiments is planned in which implantation in the

DRG and recovery is followed by a recording session during which
locomotion and consequent afferent activity is assessed as previously
described. Immediately afterward, while still connected to the amplifier
system, the animal will be anesthetized and the muscles and nerves of

the hind limb dissected out to allow characterization of the units
recorded, including receptor modality, site of endings, conduction
velocity, and sensitivity. The next phase of the experiments is pro-
jected to include the study of afferent activity during perturbations
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of the gait, looking particularly at the question of phase dependent
reflexes. A longer range goal includes the simultaneous recording of

motor unit activity from similarly implanted chronic microelectrodes
in the spinal cord (apparently feasible but considerably less stable
according to one preliminary experiment to date) .

Chronic recording experiments on nerve fibers will continue
and improvements to resolve units will be sought as follows:

1. Standard and smaller tube electrodes will be used to

capture dorsal rootlets, and the rootlets will be partly crushed
to reduce the number of active fibers.

2. Fine wires will be inserted into the captured rootlets
longitudinally, either to detect the predicted longitudinally
extended unit potentials, or as additional contacts recording
mixtures of units different from those seen by the standard side-tube contact,
Signals from several such contacts might yield resolvable units
when rightly combined.

3. Tube electrodes will be adapted to attempt to capture
fibers within the spinal cord. Longitudinal contacts will also

be inserted into the cord.

4. Successful chronic nerve fiber preparations may be stable

for many days, and if so, will be used to examine the change in the

activity of muscle afferent fibers over longer time periods.

Keyword Descriptors:

locomotion
chronic recording
spinal cord
somathesis
afferent neurons

Publications:

Marks, W.B. and Loeb, G.E. Action currents, internodal potentials,
and extracellular records of myelinated mammalian nerve fibers

derived from node potentials. Biophys. J. (1976), In press. /^

Hoffer, J. A. and Marks, W.B.: Flexor afferent and efferent activity
during locomotion in intact rabbits. International Conference on
Neural Control of Locomotion , 1975, p. 43.
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This project is designed to provide infoirmation on the ranges and
distributions of the electrophysiological and morphological
characteristics of alpha motoneurons and of the interrelated
mechanical, histochemical and morphological properties of the
muscle fibers innervated by them (i.e., the muscle unit). The
motor unit populations in normal animals are compared with those
in animals after various conditioning treatments

.
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Project Description

Objective: This project is designed to provide information on the
ranges and distributions of electrophysiological, mechanical, histochemical
and morphological characteristics of individual motor units in mammals,
principally in the cat. In addition, we have investigated the changes in
the properties produced by altered usage in adult animals.

Methods Employed: For the most part, acute experiments are carried out
in anesthetized cats, using intracellular recording and stimulation of alpha
motoneurons to ensure functional isolation of single motor units. The
electrophysiological properties of the innervating motoneurons can be examined
using conventional techniques and then the mechanical properties of the
innervated muscle unit is assessed by recording tension production at the
appropriate tendon during stimulation of the motoneuron through the intra-
cellular pipette. For specific experimental series, various conditioning
situations have been used to alter the activity of the motor unit pool under
study, such as surgical removal of synergist muscles or immobilization of the
appropriate limb by joint pinning.

A second series of experiments has been done during FY 1976 in which the
tracer substance horseradish peroxidase type VI (HRP) was injected under
sterile conditions into the medial gastrocnemius (MG) muscle, as well as
into the soleus muscle of the opposite hindleg, in cats under pentobarbital
anesthesia. After a four day survival period, the animals were perfused
with fixative solution under deep anesthesia and the spinal cord was pro-
cessed by frozen section techniques for demonstration of HRP staining in

motoneurons

.

Maj or FInd ings

:

A. Motor units after immobilization atrophy.

A study of medial gastrocnemius (MG) motor units properties
after long-term (6-7 months) partial immobilization of the left hind
leg at knee and ankle was begun during FY 1975. During the past year,
four cats surgically prepared with steel pins through the knee and ankle
joints of the left leg, were examined with our usual techniques for

motor unit analysis. The mechanical properties of unit muscle fibers
were assessed using intracellular stimulating microelectrodes to ensure
functional isolation of single units. The data from units in immobilized
MG muscles were compared to a large series of MG units obtained from normal
cats of about the same size and body weight. We found striking diminution in

i

i
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the average tetanic and twitch tensions of type FR and of type S motor
units, with little change in twitch contraction times or motor unit
resistance to fatigue. The average tension output of type FF units was
much less decreased. Motor units in the atrophic MG muscles (wet weight
averaged about 60% of that of MG muscles on the unoperated side) were
still identifiable as to motor unit type by the same criteria applied
to units in normal animals

.

The ankle extensor muscles MG, lateral gastrocnemius and soleus were
all removed from both the operated and unoperated legs in each animal
and frozen at -160°C for histochemical analysis. The cross section area
of fibers in matched regions of MG on operated and unoperated sides were
compared. The most striking degree of atrophy (measured in terms of fiber
cross-section area) was found among the fibers which showed the histo-
chemical profile characteristic of type FR muscle units. There was in
general somewhat less fiber area decrease in fibers presumed to belong
to type S units. The fibers with the histochemical profile of type FF
units showed the least change in fiber area. Despite the striking atrophy
in many FR and S unit fibers, the histochemical profiles and the overall
mosaic of fiber types in the MG were essentially the same as found in

normal muscle.

The electrophysiological properties of the alpha motoneurons of
atrophic motor units appeared to be normal as far as they were tested.
However, the maximum amplitude of group la monosynaptic excitatory
postsynaptic potentials were less than expected (compared to normal
data in the respective motor unit groups)

.

These findings indicate striking differential degrees of atrophy
in the various groups of motor units normally present in the cat MG,
with the greatest atrophy found among the fatigue resistant S and FR
unit groups. The data also suggest that immobilization may produce
some long-term decrease in the strength of synaptic action on motoneurons
from muscle stretch receptors. These findings clearly required further
study and during the past year, a second series of cats has been pre-
pared in our Laboratory using somewhat larger steel pins than in the
first series to give more complete immobilization particularly at the
knee. Some of these animals will be examined at short survival periods
(3 to 6 weeks) and the rest will be studies after 4 to 6 months of
nearly complete limb immobilization.

B. The anatomical characteristics of alpha and gamma motoneurons
making up the medial gastrocnemius and soleus motor nuclei in the spinal
cord.
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During the past year, we have studied the morphology of the MG and

soleus motor nuclei using the exogenous protein tracer horseradish

peroxidase (HRP) , which labels neurons by retrograde transport. We

injected relatively large doses of HRP (50 mg total for MG; 25 mg for

soleus) throughout the respective muscles. Both alpha and gamma
motoneurons (identified by measurement of cell soma diameters) are

labeled . The gamma motoneurons are in general more heavily labeled

with HRP than are alpha cells, and also exhibit larger labeled granules.

This finding may provide a means of identifying alpha and gamma motoneurons
in sections suitable for electron microscopy. Alpha and gamma motoneurons
are intermingled through the MG and soleus motor nuclei. However, there
is a clear rostral predominance of large alpha cells in the MG nucleus
which matches our previous finding that the somatotopically-related
dorsal margin of the MG muscle contains mainly fibers belonging to type
FF motor units. The type FF units are clearly innervated by the larger
alpha motoneurons on the basis of other physiological criteria. Previous
evidence has suggested a rostral to caudal somotopy in the MG nucleus
matching a dorsal to ventral margin location of innervated muscle units
in the MG muscle.

Significance to Biomedical Research and the Program of the Institute;

Analysis of the control of movement by the central nervous system
requires consideration of the properties and functional specialization
of motor units, as these are the quantal elements from which all skeletal
movements are composed. Study of the interrelation between the intrinsic
properties of motor units, including both the motoneuron and muscle unit
portions, and the organization of synaptic input to the same units has
aided our understanding of the control problem and has suggested new
avenues for research. In addition, elucidation of the detailed inter-
relation between the physiological, morphological and histochemical
characteristics of muscle units in animal muscle has immediate relevance
to investigations of human neuromuscular disease, in which electromyography
and muscle histochemistry play important diagnostic and research roles.
There is growing evidence that the basic pattern of motor unit organization
in animals and man is similar in principle.

Proposed course of the project:

It is anticipated that the series of immobilized animals now
being prepared should provide material to complete this phase of

the investigation of immobilization atrophy. Analysis of physio-
logical data and of the histochemical preparations will carry the
project into the next fiscal year. The study of the anatomy of the
MG and soleus motor nuclei is ess-entially complete with regard to
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light microscopy. We have initiated a further collaborative study

of the ultrastructural correlates of these results which, if successful,

should open a further avenue for investigation. Several pilot experiments
during the past year were designed to examine motor unit properties

in animals subjected to partial spinal cord section and consequent
/'long-term alterations in muscle tone. It is anticipated that such
collaborative studies will continue.

Keyword Descriptors:

muscle fibers
contractile properties of muscle
motoneurons
"trophic" effects

Publications

:

Burke, R.E. : A comment on the existence of motor unit "types"
In: Tower, D.B. and Brady, R.O. (Eds.) The Nervous System
Vol. 1 The Basic Neurosciences. New York, Raven Press, 1975,

pp. 611-619.

Burke, R.E.: The motor unit viewed from above. Bradley, W.G.

,

Gardner-Medwin, D. and Walton, J.N. (Eds.), In: Recent Advances
in Myology (Proc. IlIrd International Congress on Muscle Diseases.)
Amsterdam: Excerpta Medica, 1975, pp. 64-69.

Burke, R.E., Rudomin, P. and Zajac, F.E. The effect of activation
history on tension production by individual muscle units.
Brain Res. In press, 1976.
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The objectives of this study have been to obtain a better
understanding of the organization of human motoneuron pools ,

and to determine the extent of control a human has over the
recruitment order and firing frequency of single motor units
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Project Description:

Objectives: The objectives of this study are twofold: the
first being to obtain a better understanding of the organization
of motoneuron pools, and the second to determine the extent of
control a human has over the firing frequency of a single motor
unit

.

Methods Employed: Bipolar platinum wire electrodes (1 mil
insulated wire exposed only at the tips) are introduced into
selected muscles of the hand and arm with a hypodermic needle.
The electrodes normally record the activity of several motor units
in the muscle. Potentials generated by different motor units
usually have different waveshapes that allow one to separate
the multi-unit data into single unit activity with "on-line"
discriminators. The activity of a single motor unit is fed back
to the subject in terms of an auditory tone and a visual display
of waveshape. The subject is then asked to control the firing
frequency of the motor unit and also try to modify the order of

recruitment of motor units.

Major Findings:

1) Some subjects have been able to consciously modify the

recruitment order of motor units that are normally recruited
near each other. Units that are widely separated in normal
recruitment threshold have not been recruited in reverse
order by any subjects.

2) In some muscles the recruitment order of motor units appears
to be a function of previous activity of the motor unit. After
a unit has fired for some time it becomes difficult to recruit
that unit and another unit becomes easier to recruit. This
phenomena appears to be analogous to "rotation" among motor
units, which is a point of some past controversy.

Significance to Biomedical Research and Program of the Institute:

The analysis of single motor unit activity in humans will provide
us with a better understanding of the organization of the neuro-
muscular system, and this work complements animal studies on motor
units in this Laboratory. The ability to record these signals
reliably may also provide a source of signals that could be used
to control stimulation of paralyzed muscles or control a prosthetic
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device in a more refined method than is possible with gross EMG

electrodes.

Keyword Descriptors:

Single motor units
Recruitment order of motor units
Voluntary control of motor units

Proposed Course of Project:

This project will be terminated on June 30, 1976.

Publications: None
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ANNUAL REPORT
July 1, 19 7 5 through June 30, 1S"0

Laboratory of Neurophysiology, Intramural Research
National Institute of Neurological and Communicative Disorders

and Stroke

M. G. F. Fuortes, M.D., Chief

Six scientists have joined the LNP during the fiscal year;
eight have left the Laboratory so that the staff includes now
seventeen professionals. The supporting staff consists of one
secretary and three technicians , as in previous years . Seven
scientists presently at LNP do not occupy positions. As a
consequence, of the sixteen positions assigned to the Laboratory,
only fourteen have been occupied during most of the fiscal year.
Candidates for these openings are now available and it is
expected that the positions will be filled around July 1976.

Many activities have been reorganized taking advantage of
the PDP-11 computer which was purchased last year. The computer
is now connected to several electrophysiological setups , and is
used on-line for A to D conversion, storing, plotting and
analyzing data. Graphic programs have been developed in collab-
oration with the Section on Technical Development. These pro-
grams provide a rapid and economical method for preparing
illustrations and slides of remarkably high quality. The larger
computer at DCRT was extensively used for model building and
other mathematical applications.

The experimental studies include work on membranes, synapses,
and receptors. The problems under consideration are investigated
by making use of anatomical, electrophysiological or spectro-
photometric methods

.

Membrane properties are studied applying voltage-clamp
techniques to molluscan neurons . The conductances to monovalent
and divalent cations are analyzed in neurons which display
pacemaker or bursting activity. The effects of various drugs
and biochemical compounds on such activities have been investi-
gated and it is hoped that the results will lead to conclusions
applicable to the interpretation of epileptic activities.

Spectrophotometric studies of visual pigments have been
successfully continued. Comparative investigation of these
pigments of fish have been performed in collaboration with the
University of Montreal. The work has provided new interpreta-
tions of the absorption properties and evolutionary development
of visual pigments.

Iw



Studies on the retina are still actively pursued with the
aim of understanding the mode and actions of photoreceptors and
to clarify the main principles of organizations of retinal cells

.

The collaboration established in past years with the University
of Cambridge, England and with the Italian National Research
Council (C.N.R.) is being continued. The anatomical studies
performed this year have revealed new properties in the synaptic
organization of bipolar and amacrine cells. Physiological
experiments have been performed on photoreceptors and have been
useful in clarifying the role of calcium and other ions in the
transduction process. Other experiments have shown that rods
and horizontal cells of Bufo Marinus often develop voltage
oscillations which strongly suggest the existence of reverbera-
tion pathways between these few cell types. The work on receptors
is now being supplemented by noise analysis.

The major results of the studies mentioned above have been
reported in seventeen articles published during the year.

Cf
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Project Description:

Objectives : To investigate the fine structure and functi.on
of the synapses between receptors and other retinal neurons.

Methods Employed : Electron microscopy combined with silver
impregnationsT)y the method of Golgi. Electrical recordings v-jith

intracellular microelectrodes

.

«
Major Findings : The responses to light of bipolar cells were

intracellularly recorded in the retina of the larval tiger
salamander. The identity of the impaled cells was established by
means of Procion yellow injections. As already known for other
retinae, two main types of bipolar cell responses could be
distinguished, since in one type, illumination of the center of
the receptive field resulted in hyperpolarization and in the
other produced depolarization. In either instance illumination
of the surround elicited a response of opposite sign to that
evoked by illumination of the center. The surround response
could be observed without any preceding or simultaneous illumina-
tion of the center. Because of the antagonistic effect of the
surround, responses to large circles of dim light were of smaller
amplitude than those evoked by small circles. With bright flashes,
however, the responses to large light circles had the same
amplitude as those to small circles. Such an observation was ^
interpreted as a suppression of the surround antagonism when the "
center is brightly illuminated, and this could be shown to be the
case when a light annulus was flashed during steady illumination
of the center with a small light circle: as the intensity of the
light circle was increased, the response to the annulus decreased
and finally disappeared.

Significance to Bio-medical Research and the Program of the
Institute : It is hoped that these observations will help in
identifying the. mechanisms of synaptic transmission between
photoreceptor cells and second order neurons , and provide a
better knowledge of the neuronal networks involved in the
processing of visual information within the retina.

Proposed Course of the Project : The responses of bipolar
and horizontal cells will be compared following stimulation with
various light patterns, in order to understand the circuitry
underlying the suppression of the surround effect on bipolar cells ^
when the center is brightly illuminated. ™

Publications

:

Lasansky, A: Interactions between horizontal cells of the
salamander retina. Invest. Ophthal. In press.
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An unconventional 'form of electrical activity was observed in the
rod photoreceptors of the vertebrate retina . This activity
manifested itself in the form of periodic variations in membrane
potential. Various intracellular microelectrode experiments
were undertaken in the retina of the road, Bufo Marinus , to decide
v'hether these oscillations resulted from single cell mechanisms or
from interactions between the photoreceptors and the secorid order
retinal neurons, the horizontal cells . It was observed that the
receptive field of the rod oscillations was similar in size to the
receptive field of the horizontal cell light response and much
larger than the receptive field of the rod light response. The
chemical, sodium aspartate , was delivered to the retina and the
oscillations were eliminated. Sodium aspartate blocks synaptic
transmission from rods to the horizontal cells. The results of
these experiments support the interaction hypothesis, and as such,
represent the first experimental verification of the existance of
a neural feedback pathway from horizontal cells to a pure rod type
[photoreceptor.

PHS-6040
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I

Project Description:

Objectives : The principal objectives are 1) to describe
the conditions which elicit the oscillatory state and 2) to
determine whether the oscillatory state is a single cell or a

network phenomenon.

Methods Employed : Intracellular recordings were performed
in the eyecup of Bufo Marinus using high resistance microelec-
trodes. Retinal temperature was controlled with a Peltier
device. The retina was kept in an oxygenated or anaerobic state
by the use of externally applied gases. Retinal light stimula-
tion was accomplished with a tvjo channel photostimulator . The
color, size, shape, and intensity of the light stimulation could
be controlled independently in the two channels . • The experiments
were performed using two different preparative techniques; the
eyecup preparation and the isolated, inverted and perfused retina,
The latter preparation was used to test the effects of various
chemicals on the electrical properties of the retinal neurons.

Major Findings : The retinal neurons of Bufo Marinus can
exist m at least two states. In the conventional state, the
responses recorded from the rod photoreceptors, the horizontal
cells, the bipolar cells and the ganglion cells are similar to
those described in other vertebrate retinae. The other state is
characterized by oscillator'y responses. In this state, the
retinal neurons of Bufo exhibit either transient oscillations
following test flash stimulation or sustained oscillations which
can persist for up to fifteen minutes. The oscillations were
typically between 1 and 3 Hz . In the eyecup preparation, the
rod oscillations were approximately sinusoidal while the hori-
zontal cell oscillations usually exhibited rectification:
oscillating components which were more depolarizing than the
dark-adapted baseline were observed while hyperpolarizing
components were absent. In the isolated retina instead both rod
and horizontal cell oscillations were sinusoidal. The oscilla-
tory state was transient and lasted typically for three to
fifteen minutes. Before and after the oscillatory state was
observed, the more conventional behavior occurs.

Experimental conditions which augment or inhibit the
oscillatory state were described previously in the project de-
scription of last years project report. It was also found that
perfusion of the retina with HEPES buffer always triggered
transient oscillations in the rods and horizontal cells.

The experiments described below were undertaken to decide
whether the rod oscillations' were a result of single cell
mechanisms or a result of interactions between the rods and the
horizontal cells. In the first class of experiments, the recep-

6w
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tive field properties of rod oscillations were investigated. It

was found that small diameter spots which produced maximal
excitation of the underlying rods would neither provide much
horizontal cell excitation nor elicit oscillations in the rods.
Enlarging the spot diameter from 60 to 1200 microns produced
large rod responses, large horizontal cell responses and often
oscillations in both rods and horizontal cells.

The second class of experiments were designed to study the
effect of a block of synaptic transmission from rods to hori-
zontal cells with the agent, sodium aspartate. It was observed
that 2 mM sodium aspartate eliminated the horizontal cell
response but had little effect on the rod response. In these
conditions oscillations were completely eliminated in both rods
and horizontal cells. The oscillations could be -restored upon
returning to the normal ringers solution.

The results of these experiments support the hypothesis that
the oscillations arise from interactions between horizontal cells
and rod photoreceptors . A precedent for such a feedback pathway
from horizontal cells to cone type photoreceptors in the turtle
retina has been established by earlier work done in this
laboratory.

Significance to Bio-medical Research and the Program of the
Institute : This project has significance at two levels . First

,

at the basic level, the oscillatory state was used to obtain the
information about neural interactions in the retina, i.e., the
oscillations appear to result from excitatory and inhibitory
interactions between the rods and horizontal cells. Second, at
the applied level, the retinal oscillations which occur sponta-
neously and transiently might serve as a model system for testing
drugs used as antiepileptics . Also, since the oscillations
appear to result from neural interactions , a detailed understand-
ing of the oscillations and the conditions which generate the
oscillatory state might provide basic insight into the mechanisms
of epilepsy.

Proposed Course of the Project . Project is completed.

Publications

:

Nermann, R.A. and Pochobradsky , J.: Oscillations in rod and
horizontal cell membrane potential ; evidence for feedback to
rods in the vertebrate retina. J. Physiol. In press.
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Project Description: ^
Objectives : The principal objective of this study is to

characterize the ion species that are involved in the transduction
of light stimulation into the electrical response of the photo-
receptor.

Methods Employed : Intracellular recordings of electrical
potential and conductance will be performed in the isolated re^ina^
of Bufo Marinus using glass capillary microelectrodes . The retina
IS mounted _ in a chamber which allows perfusion of the photoreceptor
with solutions of various ionic compositions. Dissection of the
preparation and microelectrode positioning is accomplished using
infrared visualization provided with commercially available
infrared to visible image converters. '.

Major Findings : The initial phase of this study was concern-
ed V7ith implementation of the experiments and determination of
their feasibility. It was observed that photoreceptors can be
impaled and recorded from while the perfusate was switched to anumber of different ionic compositions. The total wash-out time
of the perfusion chamber is about two minutes and satisfactory
impalement of rod photoreceptors for periods as long as M5 minutesusing these techniques could be maintained.

Preliminary results are as follows:
'^

^
,

Effecrs of reducing external sodium . External sodium wasreduced by replacement of sodium chloride with choline chlorideor with tris. Decrease of external sodium causes rod hyper-
polarization and reduction of response amplitude with littleeffect on response kinetics.

Effects of increasing external potassinm. External potassiumwas increased with equimolar reduction of glucose (which waspresent m the "normal" Ringers solution). Increased potassiumcauses _ rod depolarization and reduction of the response amplitudeFor brighter test flashes, the initial peak of the response
experienced greater reduction than the plateau component of theresponse.

. .

Effects of extrinsic currents : Hvperpn i ari y i na and depolar-izing extrinsic currents up to 3X10 ^^A were passed through the ^microelectrode and thei- action on the rod response was studied. flHyperpolarizmg currents had little effect on the amplitude ofthe rod response or its kinetics. Depolarizing currents -educedthe amplitude of both peak and plateau components of the responseto the same extent.

was, ..
Effects of the cardiac glycoside ouabain : 0.1 mM ouabaindelivered to the retina causing a gradual depolarization and ,^

lOw
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. ^ _ ;
_

- / the amplitude of the light response. The initial
p^ja. c] I'.e I'esponse was. reduced more than the plateau.

These preliminary results suggest that light not only reduces
ube permeability of the rod plasma membrane to sodium but also
chat other Tuechanisms are involved in the genesis of the rod light
T'esponse (perhaps potassium conductance changes). Further, the
experiments with extrinsic current suggest that the conductance
of the rod plasm.ar membrane may be voltage-dependent.

Significance to Bio-medical Research and the Program of the
Institute: ThTs" project has significance primarily at the basic
research level. Much is known about the ionic mechanisms involved
in propagation of electrical signals along- the nerve axons and in

synaptic transmission. To date, no description of a primary
sensory transducer has been presented which can account for the
preliminary results described above. A comparison of the ionic
specificities involved in the generation of the rod light response
with the membrane properties of axons may provide fundamental
insight into the basic mechanisms underlying neuron function.

Proposed Course of the Project : The experimental results
just described were preliminary and as such are considered to be
pilot studies to direct future experiments. These results must
be repeated and expanded. Complete characterization of the
relationship between ionic concentrations and membrane polariza-
tion and liglit response amplitudes will be determined. From
these measurements, the ionic composition of the cytoplasm of the
rod may be deduced. Further experiments performed with ouabain
may provide answers to the question of an involvement of electro-
genie pumps in the generation of the rod response.

Publications : None
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Project Description:

Objectives : To investigate the role of calcium in the trans-
duction process in the turtle photoreceptors.

Methods Employed : Cone responses were recorded intracellu-
larly with glass microelectrodes in a perfused eyecup preparation.
Internal or external concentration was varied, and the responses
to various stimulis were recorded. A special perfusion system '

has been developed to change the external calcium concentration;
the internal calcium concentration was varied by iontophoretic or
pressure injection of a calcium chelating agent through the re-
cording microelectrode

.

To improve the speed and accuracy of data acquisition and
storage, an on-line link-up with our PDP 11 computer system has
been developed.

Major Findings : It was found that addition of EGTA to the
external medium results in a depolarization of the membrane in
the dark, a decrease of the amplitude of the responses to dim
flashes, an enhancement of the amplitude and a slowing of the time
course of the response to bright flashes. Low external calcium
results in an increased membrane conductance, and this change can
explain, the depolarization of the cell in the dark and the modi-
fication of the amplitude of the response to both dim and bright
flashes. Increased conductance, however, cannot explain the
changes in the time course of the response. Lowering the internal
calcium concentration results only in a decrease of the amplitude
of the response. Experimental results are analyzed using the model
developed by Baylor, Hodgkin and Lamb.

Significance to Bio-medical Research and the Program of the
Institute : The purpose of this project is to advance our under-
standmg of the, excitation transduction process in photoreceptors.

Proposed Course of the Project : Studies will be continued
to determine the role of the calcium in the transduction process.
Since one of the investigators is returning to Switzerland,
collaboration will be established between this laboratory and the
.laboratory in the Department of Physiology, Medical Faculty,
University of Geneva.

Publications

:

Fuortes, M.G.F.: Interactions and Feedbacks in the Turtle
Retina. In Zettler, F. and Weiler, R. (Ed.): Physiology
of the Retina. SpringerrVerlag of Heidelberg. In press.
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Noise analysis is performed on photoreceptor cells of vertebrates
in light and darkness. It is found that noxse decreases with
illumination but the origin of the noise is as yet unclear.
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Project Description:

Objectives : To clarify the elementary mechanisms leading to

photoreceptoi^ responses.

Methods Employed : Turtle or toad retinae are isolated and
perfused. Low-resistance microelectrodes are inserted in the
retina and their noise (Np) is measured. Retinal rods and cones
are then impaled and the noise measurement is repeated in light
(N, ) and darkness (Np^) . Difference spectra are then constructed
of Np-N. and N.-N^. It is thought that the results will provide
useful information on the mechanisms responsible for the re-
sponses of rods and cones.

Major Findings : Since this project was initiated only a
few months ago, the results obtained so far are preliminary'.
Present evidence indicates that in both rods and cones, noise is
usually greater in darkness than in light. The results however
are quite variable both in different cells and in one cell at
different times. For this reason it appears doubtful that the
noise recorded in these experiments is due to fluctuations in the
number of ionic channels in the photoreceptor membrane.

Significance to Bio-medical Research and the Program of the
Institute : Recent work on the retina has revealed new basic
mechanisms of neuronal action. In photoreceptors, illumination
evokes hyperpolarization and increased membrane resistance,
suggesting that more "sodium channels" open in darkness than
during illumination. These results, together with the kinetic
properties of the response had led to the view that light causes
the production of particles which block the sodium channels.
Noise analysis should provide useful details on the mechanisms of
this unconventional action.

Proposed Course of the Project : Noise analysis will be
continued m photorecep-:ors and will be extended to other retinal
cells. Voltage fluctuations are recorded from rods and cones in
darkness or during constant illumination. The power spectrum of
the fluctuations is analyzed in the hope that it will provide
useful information on the elementary mechanisms of visual
responses of vertebrate photoreceptors.

Publications: None
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Theoretical equations which predict the electrical response of
turtle cones to light stimuli are modified on the basis of

Main features of the existingexperiments with low calcium
theory are preserved, only some of its 19 parameters are chan
and one parameter is added. Central points of the new theory
that blocking of light sensitive channels takes place even in
darkness and that blocking particles are removed by calcium
buffer EGTA.
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Project Description:

Objectives : To propose and test a theory of the electrical
responses, of turtle cones deprived of calcium.

Methods Employed : Hodgkin's theory of turtle cone responses
was adapted to explain experiments done in this laboratory (proj-
ect no. ZOl NS 02221-01 LNP). The responses were defined in ^
terms of a set of differential and algebraic equations. These "
were solved numerically on a digital computer DEC-10. Programs
were developed to allow simulation, least square fitting,
changes of the model between runs, and plotting and tabulating
the results. The language of choice was MLAB.

Major Findings : Electrical responses to light are attributed
to changes of sodium current through the outer segment membranes.
It is proposed that sodium channels are blocked by a blocking
substance Z, whose production is triggered by light.

When the eyecup was perfused with calcium buffer EGTA, the
saturating responses to bright flashes grew bigger due to the
depolarization of the resting level. This was explained by the
assumption that initial concentration z,„ of Z, in darkness is
normally greater than zero, and reduced by EGtA. An estimate of
z,„ was. obtained from least square fitting of Michaelis-Menten A
type relationship to responses to steps. If all EGTA does is to ~
reduce pre-existing z-, „ (say, indirectly by depleting the reservoir
of its dark source), then a suitable background could compensate
for it. Experiments show that it is not the case. Combination
of EGTA .and background can imitate normal peak height, but short-
enes time to peak. This result was, however, predicted when it
was assumed that EGTA removes not only pre-existing Z , but also
that generated by light. Thus EGTA either speeds up conversion
of Z to Z or drains it off via an independent leak. The latter
was assumed. The analysis of responses to steps also supported
this hypothesis.

Other modifications of the Hodgkin's model were tested.
First, it was assumed that EGTA changes the rate of the reaction
Yj- to Z, . Parameter a" assumed a role of concentration of extra-

• cellular Ca, while Y^. was the light controlled permeability to
Ca. Such model did not reproduce the change of the resting poten-
tial. Secondly, a suitable increase of G. alone (dark conductances
of light sensitive channels) could mimic the increase of peak "
hyperpolarization after bright flash and its decrease after dim
flash, but did not reproduce the change of time to peak.

The mentioned findings are compatible with the hypothesis
that calcium is the blocking substance.
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Significance to Bio-medical Research and the Program of the
Institute : This project may contribute to better understanding
of excitation of vertebrate photoreceptors . More may be learned
about complex role of Ca in nerve system and in retina in partic-
ular.

Proposed Course of the Project : To conclude this work on
turtle cones, new experiments with high Ca and EGTA injection
will be performed and analyzed. Later, the role of calcium in
toad rods will be studied.

Publications : None
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The purpose of this project is to study the molecular nature of
visual pigments . The topics of interest are: 1) Spectroscopic
properties of visual pigments by computer analysis of absorption
spectra; 2) Correlations between cone cell morphology and visual
pigment content in goldfish ; 3) Correlations between cone
morphology, pigment type, habitat, and evolutionary trends among
the bony fishes ; M- ) Band s tructure in visual pigment absorption
spectra; 5l Roles of phospholipids in solubilized cattle
rhodopsin

.
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Project Description:

Objectives : It is the long range purpose of this project
to study the chemical and structural nature of visual pigments
and the photoreceptors containing them pertaining to photic
excitation. Topics of current study are: 1) Spectroscopic
properties of vertebrate visual pigments by computer analysis
of absorption spectra obtained from single photoreceptors by
microspectrophotometry and by spectrophotometry of pigments in
solution; 2) Correlation of cone cell morphology with visual
pigment content by histologic examination and microspectro-
photometry of the goldfish retina (with W.K. Stell); 3) Inter
relationships between photoreceptor morphology, cone and rod
connectivity with second order neurons, visual pigment content
as to type, animal habitat, and evolutionary trends in bony fishes
by light and electron microscopy and microspectrophotometry (with
M.A. Ali and H.J. Wagner); 4) Band structure of visual pigment and
related absorption spectra by theoretical spectroscopic methods
(with C. Sandorfy); 5) Roles of phospholipids in solubilized
cattle rhodopsin by combining chemical treatments of extracts with
spectroscopic and post-photolized kinetic measurements (with
H. Shichi )

.

Methods Employed : The main experimental method is absorption
spectroscopy of visible and ultraviolet light by single cells and
by microscopic and usual volumes of solutions. Other methods are:
histology for light and electron microscopy, chemical separations
and purifications (chromatography), computer analysis and modeling
and theoretical spectroscopy.

Major Findings : In the course of the computer analysis of
experimental spectra, it was discovered that the total area (or
the sum of the areas of the three major components) is about the
same in the molar extinction vs. wavenumber spectra of the
prosthetic groups and of the corresponding visual pigments. Thus,
11-cis dehydroretinal forms a spectroscopic continuum with all the
porphyropsins and 11-cis retinal another continuum with all the
rhodopsins. The apparent spectral transformations in both series
were described as parameter variations in the sum of three
Gaussian functions which were obtained by curve-fitting to a
principal set of" experimental spectra. The analytic functional
descriptions so obtained permit the accurate generation of all
vertebrate visual pigment spectra, replacing previously existing
nomograms and the hypothesis of invariance of oscillator strength
of the main bands.

Significance to Bio-medical Research and the Program of the
Institute : The accurate description of absorption spectra is
fundamental to physiologists and psychophysicists concerned with
vision. The chemical nature of rhodopsin and the band structure
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of its absorption spectrum are fundamental aspects of a detailed
understanding of its function, namely, how light is capable of
initiating a process of cell excitation.

Proposed Course of the Project : It is to be discontinued
as the principal investigator ' s appointment terminates on
June 29, 1976.

Publications

:

Harosi, F.I.: Microspectrophotometry : the technique and
some of its pitfalls. In Ali, M.A. (Ed.): Vision in Fishes :

New Approaches in Research . New York, Plenum, 1975,
pp. 43-54.

Harosi, F.I.: Linear dichroism of rods and cones. In Ali,
M.A. (Ed.): Vision in Fishes : New Approaches in Research .

New York, Plenum, 1975, pp. 55-65.

Harosi, F.I.: Absorption spectra and linear dichroism of
some amphibian photoreceptors. J. Gen. Physiol . 66: 357-382

^ 1975.

Stell, W.K. and Harosi, F.I.: Cone structure and visual
pigment content in the retina of the goldfish. Vision Res .

In press.

Harosi, F.I.: Spectral relations of cone pigments in
goldfish. J. Gen. Physiol. In press.

3 3w





SMITHSONIAN SCIENCE INFORMATION EXCHANGE
PROJECT NUMBER (Do NOT use this space)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF

INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 02152-02 LNP

PERIOD COVERED

July 1, 1975 to June 30, 1976
TITLE OF PROJECT (80 characters or less)

Neural Connections in the Retina

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: H. Kolb
OTHER: E. V. Famiglietti , Jr.

R. Nelson
P. Gouras

Senior Staff Fellow
Post-doctoral Fellow
Staff Fellow
Head, Section on

Physiology

LNP NINCDS!
LVR NEI
LVR NEI
LVR NEI ;

COOPERATING UNITS (if any)

National Eye Institute
Bethesda, Maryland

lab/branch

Laboratory of Neurophysiology
SECTION

Section on Neuronal Interactions
INSTITUTE and LOCATION

NINCDS, NIH, Bethes da , Maryland 2001U
TOTAL MANYEARS:

2.0

PROFESSIONAL:

1.5 0.5
SUMMARY OF WORK (200 words or less - underline keywords)

In cat retina the rod and cone pathways remain segregated into
separate neuronal types in the vertical pathways
the two cone pathways remain segregated in cat ret
contacts with the cones at the OPL and by segregat
to different subtypes of the same ganglion cell cl
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Project Description: '

Objectives : To attain an understanding of the neural cir-
cuitry of the vertebrate retina.

Methods Employed : The retina of the vertebrate eye (cat or
monkey) is studied by 1) light microscopy of Golgi-impregnated
material, 2) electron microscopy of Golgi-impregnated material,
3) ultra-thin serial sectioning techniques and 4) correlations \
with micro-electrode recordings and Procion marking of neurons.

Major Findings : In the retina of the cat the synaptic rela-
tionships of the neurons in the two plexiform layers has been
studied. The rod and cone pathways remain segregated by vertical
neuron chains -photoreceptors-biopolars-(amacrines )-ganglion cells,
but mixing of rod and cone signals appears to happen by means of
electrical or gap junctions at the photoreceptor level and in the
two plexiform layers. Thus, in the outer plexiform layer (OPL)
cone pedicles have basal processes which project to touch neighbor-
ing rods by means of minute gap junctions. Physiological studies
indicate that these junctions are concerned with mixing rod and
cone signals (Nelson, 1976). The rods do not appear to have any
morphological counterpart of electrical junctions in the retina of
the cat

.

In the inner plexiform layer (IPL) the rod and cone channels (

remain segregated by stratification of their axon terminals in
different portions of the neuropil. Thus rod biopolars end deep
in the IPL and do not contact ganglion cells directly but use in-
stead an internuncial amacrine (All) to pass information to cer-
tain ganglion cells. The rod pathway is thus disynaptic to
ganglion cells in contrast to the monosynaptic direct cone path-
way. However, the two cone bipolar types in cat retina (flat and
invaginating) differ in contacting exclusively different subtypes
of ganglion ce^l of the same class. Flat bipolars synapse only on
ganglion cells branching in sublamina A, i.e. classes la, Ila and
Ilia, while invaginating cone bipolars connect only to ganglion
cells in lb, lib and Illb which branch only in sublamina B of the
IPL.

Rod and cone signals do eventually converge at the ganglion
cells. In fact we know from physiological experiments that all
ganglion cells in cat retina have rod and cone input. A gap
junction between the All amacrine cell in the rod pathway and the |
invaginating cone bipolar is a means whereby rod and cone infor-
mation is mixed in the IPL before the ganglion cells. In addi-
tion some amacrines must be interlinked across the retina and be
contacting both rod and cone bipolar terminals in the IPL before
synapsing on the ganglion cells. One amacrine cell type, the
interplexiform cell has dendrites in both plexiform layers and
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appears to be concerned with feeding back information from the IPT
to primarily bipolar cell dendrites in the OPL. Thus, this type
is also mixing rod and cone pathways although in a diffuse manner
integrating units over a wide area of the retina.

Significance to Bio-medical Research and the Program of the
Institute : Studies of the structure of the retina will provide
a valuable understanding of the connections of the cells within
the retina and will in all probability relate to neural circuitry
elsewhere in the CNS . Many programs of this Institute are con-
cerned with the physiology and marking of single retinal neurons
and thus knowing the morphology and connectivity of these same
neurons is essential for our further understanding of visual
events.

Proposed Course of the Project : It is proposed to continue
the study of the structure of the retina to obtain further in-
sights into the relevance of structure to function in the CNS.

Publications

:

Nelson, R., Lutzow, A., Kolb, H. and Gouras , P.: Horizontal
cells in cat retina with independent dendritic systems.
Science 189: 137-139, 1975.

Boycott, B.B., Bowling, J.E., Fisher, S.K., Kolb, H. and
Laties, A.M.: Interplexiform cells of the mammalian retina
and their comparison with catecholamine-containing retinal
cells. Proc. Roy. Soc . 191: 353-368, 1975.

Kolb, H. , Famiglietti, E.V. and Nelson, R.: Neural connec-
tions in the inner plexiform layer of the cat's retina:
Third Symposium on "The Structure of the Eye." Jap. J .

Ophthal . In press.

Nelson, R., Kolb, H., Famiglietti, E.V. and Gouras, P.:
Neural responses in the rod and cone systems of the cat
retina: Intracellular recordings and Procion stains.
Invest. Ophthal . In press.

Kolb, H. and Famiglietti, E.V.: Rod and cone pathways in
the retina of the cat. Invest. Ophthal. In press.
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A rapid scanning microspec~rophotometer has been designed and
constructed which allows absorption spectra to be measured
between 350 and 650 nm at a speed of 0.6 msec per wavelength
band (10 nm) . Experiments on frog (Rana pipens ) are in progress
to measure the effects of several variables on visual pigment
(rhodopsin) kinetic changes. These variables include pH

,

temperature, divalent cations ,
presence and absence of pigment

epithelium and degree of attachment of rod outer segments.
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Project Description:

Objectives : The objective of this research is the develop-
ment of rapid scanning microspectrophotometric techniques for
investigation of the chemical kinetics of excitable cells.
Although these techniques are being developed to study the
molecular steps coupling photoexcitation of visual pigments to
the excitation of the electrical response of the cells, their
more general application to cellular physiology will also be
considered.

Methods Employed : The microspectrophotometer samples trans-
mittance at spectral wave bands between 350 and 650 nm, either
sequentially or in random order, at rates of 600 microseconds per
sample point. The system uses a rapid scan monochromator in
which the entrance slit has been replaced by the image of a
cathode ray tube face.

Major Findings : As a result of the improvements in and
further testing of the rapid scanning microspectrophotometer,
detailed in last years Annual Report, the instrument is currently
operational and biological experiments have been underway since
June 1975. These experiments have been performed on retinas
from the frog, Rana pipiens . As a further test of the machine
and to .attain competence with the biological preparation, the
initial experiments attempted to reproduce experiments previously
reported in the literature by other laboratories. These earlier
experiments were performed on slow microspectrophotometors and
hence were concerned with the slow kinetics of visual pigments.
Specifically, our initial experiments dealt with the reported
effects of pH on visual pigment spectra and kinetics. Many
experiments were consistent with those in the literature;
however, in all pH categories, there were discrepancies in the
data which could not be ascribed to "failures" or "artefacts."
Current experinjents in progress are attempting to discover those
preparation variables (degree of attachment of the retinae to the
pigmented epithelium, connected vs. separated rod outer segments,
preparation oxidation, divalent cations, etc.) which can
account for the variation observed.

Significance to Bio-medical Research and the Program of the
Institute : This proj ect should provide the ip^eciTic Iiis trumenta-
tion and techniques for the measurement and analyses of the
transduction steps which couple the stimulus to the electrical
changes in the excitable membrane of photoreceptors. It will
also provide a useful tool for similar study of other molecular
systems functioning within living cells, for which aa increasing
need has developed.

4 0w



I

Project No. ZOl NS 01690-08 LNP

Proposed Course of the Project : The aforementioned studies
to account for experimental variation will be undertaken. In
addition, since our experiments have shown that the main
time-limitation in the microspectrophotometor ' s performance is in
the energy and hence the duration of the light pulse required to
bleach visual pigment adequately, alternative methods are being
explored to achieve a brighter bleaching light.

Publications : None

J
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Electrophysiological experiments with microelectrodes have been
performed on chick muscle cells grown in tissue culture and on
identified neurons of molluscs. Using the voltage clamp
technique the membrane conductances underlying slow membrane
potential responses m these preparations have been investigated.
Studies on the muscle cells have concentrated on the voltage and
time dependent characteristics of the chlorid e conductance under-
lying the chloride spike and on the relationship of this spike to
the caffeine contracture. Studies on the molluscan neurons have
concentrated on the mem.brane conductances underlying both the
spontaneous pacemaker activity and the epileptoform activity found
in these neurons. The^e experiments have focused mainly on the
role of the cation (Na

, K , Ca' ) conductances in the generation
and control of both types of electrical activity. In additionthe effects and the mechanisms of action of various drugs and

'

hormones on such activity have been investigated.
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Project Description:

Obj ectives : The objective of this research is to gain in-
sight into the membrane mechanisms which are responsible for the
activity of single cells.

Methods Employed : The electrical properties of single cells
are recorded with intracellular microelectrodes and analyzed
under a variety of experimental conditions. The technique of
voltage-clamping the membrane potential is the most important
method employed in these experiments. This technique requires
the penetration of single cells with two microelectrodes, one
for monitoring the membrane potential, the other for supplying
the current necessary to clamp the membrane potential at the
desired level. Using this technique the role of the various ionic
conductances responsible for the electrical responses of the
membrane can be studied. In addition,, the effects of changing
the intracellular and/or extracellular ions and of adding
pharmacological agents on membrane properties can be evaluated.

Because of the necessity of taking many measurements from
each experiment, the data is often recorded on magnetic tape
for later analysis with a PDP-11 computer (see below).

The anatomical properties of the cells are studied with
conventional light and electronmicroscope techniques.

Major Findings : This project involves the investigation
of the electrical characteristics of nerve and muscle tissue,
with particular emphasis on slow membrane processes. This past
year most investigations have been on chick muscle cells grown
in tissue culture and on neurosecretory cells of molluscs.

1. Tissue cultured muscle cells . A number of electrical
properties of the chick muscle cells have been identified and
studied during the course of development of these cells from their
immature, myoblastic stage to an apparently "mature" stage. One
particularly interesting electrical response in these cells is a
slow "spike" which is associated with a slow contraction of the
muscle. This spike appears quite early in development and changes
.with maturation. The results of electrophysiological investiga-
tions indicate that it is generated by a voltage-and time-
dependent change in the muscle membrane's chloride permeability.
Thus, the chick muscle has three types of spikes: 1) a conven-
tional, fast sodium spike, 2) a slower calcium spike and 3) a very
slow chloride spike.

In order to have a technically manageable preparation for the
voltage clamp experiments, the m.uscle cells have been grown in
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10-20 nanomolar colchicine, which results in a spherical, iso-
potential cell (a myosac) with apparently normal membrane
electrophysiological properties. The electronmicrographic studies
indicate that colchicine prevents the formation of microtubules
and hence the elongation of the cell into a tubular fiber. These
myosacs have all the spikes (sodium, calcium, and chloride) of
the normal muscle, as well as sensitivity to acetylcholine.
Moreover, they can contract spontaneously or following stimulation.

During this past year the experiments, which allow charac-
terization of the voltage-dependent chloride conductance that
underlies the slow chloride spike, were completed and a paper
dealing with this data is in preparation. In addition studies
were undertaken to compare and contrast the electrical and
mechanical events associated with the electrically-evoked chloride
spike and the chemically-evoked caffeine contraction. Another
matter of interest has been the characterization of the resting
chloride conductance and permeability of the tissue cultured
muscle. We have been confronted, in this regard, with a vexing
problem, namely, that the original data obtained by Dr. Fukuda
cannot be confirmed in more recent experiments by Dr. Akaike.
We have examined carefully all the relevant variables we know of
but have been unable to discover the basis of these discrepent
results. We plan to have Drs . Fukuda and Akaike work together
on this, important problem in an attempt to resolve the issues.

2. Molluscan neurosecretory cells . One aim of the study of
the snail neurosecretory cells is an understanding of the membrane
mechanism underlying the bursting, pacemaker activity (BPA).
Voltage-clamp analysis has ghown that bursting cells have an
N-shaped, steady-state current-voltage (I-V) curve. The cell has
no "resting" potential but oscillates between the two positive
slope regions of the I-V curve.

As previously reported, ionic studies have shown that the two
positive slopes of the I-V curve result from high potassium
conductances, which are voltage-and time-dependent. The positive
slope at large negative potentials is due to anomalous rectifi-
cation while that at small negative and positive potentials is

due to other potassium conductances. The negative slope region
.of the N-shaped curve is due to a voltage-dependent, but apparently
time-independent sodium conductance. Previously, a qualitative
model of the membrane mechanisms underlying spontaneous pacemaker
or oscillatory activity in molluscan neurosecretory cells was
developed and published. Central to this model are the differ-
ences between the voltage, and time-dependencies of the sodium
conductance and of the potassium conductances.
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During this past year most of the experiments were devoted tow
developing and using experimental paradigms which provide some
separation and thereby better measurement of the several voltage
and time dependent conductances. The experiments have been
successful but the analysis of the data by hand has proved extreme-
ly laborious and time consuming. Since V7e have lost access to
the PDF-12 computer previously used to analyze voltage-clamp data,
new data analysis programs are currently being developed for use
on the PDP 11/10 computer recently obtained by our laboratory. ^
Mr. William Sheriff, of the Section on Technical Development, is
collaborating with us in this effort. When the data in hand are
analyzed and the characteristics of the cell's membrane conduct-
ances documented, the result should be a fuller account of such
conductances than heretofore possible and the techniques develop-
ed should have a wider utility than our own specific experiments.

As reported last year and recently published, we have found
that certain polypeptides, similar to and including vasopressin,
significantly increase bursting pacemaker activity in molluscan
neurosecretory cells. Using our new experimental paradigms
(see above), provisional results indicate that these polypeptides
may exert their effects primarily by an action on the voltage
dependent potassium conductances of these neurons. Results from
other laboratories on other neuronal systems suggest that our
findings may be of interest to disciplines other than the neuro- ^
physiology of invertebrates (see below). ^

During this past year. Dr. Kin Futamachi joined our labora-
tory as a post-doctoral fellow. Since arriving Dr. Futamachi has
learned the techniques necessary to study snail neurons with the
voltage-clamp. In addition, he has collaborated in the develop-
ment of a new voltage clamp system for his own use. By incorpo-
rating several electronic techniques novel to voltage clamping.
Dr. Futamachi has a system superior to those currently available.

Dr. Futamachi brings to our research program considerable
experience in the electrophysiological study of epileptogenic
neurons in experimentally induced epilepsy. He intends to
investigate, with the voltage clamp technique, vertebrate neurons,
grown in tissue culture, which are known to have electrophysio-
logical properties sxmilar to epileptogenic neurons found in
vertebrate neurons in vivo. His goal is to determine the membrane
and/or synaptic mechanisms by which neurons become epileptogenic. ^This work will be done in collaboration with Dr. Phillip Nelson's ^
group of NICHHD,

During his own experiments with snail neurons , and while he
was gaining experience with the voltage-clamp technique,
Dr. Futamachi discovered that certain experimental maneuvers cause
otherwise normal cells to produce a variety of electrical activity

i
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quai.itatively similar to that found in vertebrate epileptogenic
neurons. These maneuvers include alteration of the divalent
cations in the extracellular fluid. Currently Dr. Futamachi is
investigating the mechanisms underlying these phenomena, which
were entirely unexpected. In addition, he plans to investigate
the action of pharmacological agents on this epileptogenic-like
activity. These agents include both those known to cause or
enhance epilepsy as well as those known to be of therapeutic
benefit in clinical and experimental conditions. Dr. Futamachi '

s

results with the technically more manageable invertebrate neurons
will be useful in planning his experiments on vertebrate neurons.

Significance to Bio-medical Research and the Program of the
Institute : In the few years that this research project has been
in existence, a number of scientific problems hav6 been investi-
gated which are not only of interest on their own right but also
may be of wider importance to biomedical science. Such potential
importance supports the contention, held by many biologically-
oriented medical scientists, that the judicious selection of a
experimentally manageable preparation, which possesses a phenomena
of some general interest, is the most likely to yield meaningful
and potentially significant results.

Our experiments with molluscan neurons illustrate this
potential importance in several different areas.

In the first place, our results and our model of spontaneous
pacemaker activity may be related to similar activity found in
other excitable tissue such as heart muscle and some vertebrate
central neurons system neurons. Secondly, similar considerations
may apply to our recent finding of epileptogenic-like activity
in molluscan neurons with respect to experimental and clinical
epilepsy. Furthermore, in both of these areas (pacemaker activity
and epileptogenic activity), the use of these preparations to
assess the mechanisms of action of pharmacological agents may
prove useful, since experiments can be done with these preparations
that are extremely difficult or impossible to perform in higher
species

.

In addition, our results on the effects and mechanism of
action of polypeptides, like vasopressin, on molluscan neurons
has assumed a potential importance quite unexpected at the time
the experiments were undertaken. Recently a number of scientists
in neurophysiology, neuropharmacology and psychopharmacology
have focused their attention on the effects and mode(s) of action
of a number of peptides and polypeptides on neurohumoral and
on exclusively neuronal systems in various species. Currently,
there is considerable controversy over whether these compounds
^ct like conventional neurotransmitters, such as acetylcholine, or
whether they have some "other" mechanism of action. Our results
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with molluscan neurons demonstrate that one polypeptide, vaso- ^
pressin, has an "other" mode of action, which is quite unlike that
of conventional transmitters.

While our experiments with tissue cultured muscle has
produced results of theoretical and specific scientific interest,
it is unclear how they may be related to other areas of biomedical
science. For example, we have yet to ascertain what role, if any,
certain phenemona, like the chloride spike, play in growth and
maturation of skeletal muscle or whether they are merely atavistic
expressions of the biogenic law. Moreover, exactly how and to
what purpose they are merely transient expressions of the myo-
cytes' genetic apparatus are unknown.

Proposed Course of the Project : We proposed to continue our
analyses of the several voltage-and time-dependent conductances
found on molluscan neurons, using the .experimental methods we
have developed. These analyses should be performed more
efficiently when programs for the PDP 11 become available. Once
the characteristics of these molluscan neuron membranes have
been adequately documented, such knowledge will be the basis for
studies both of the epileptogenic activity in these neurons as
well as the mode of action of pharmacological agents of interest.
Such agents include those which are known to affect pacemaker
activity and those which affect epileptogenic activity. These
studies, in turn, should be useful in our planned investigations
of vertebrate tissue cultured neurons.

The future course of our laboratory's research on tissue
cultured muscle cells is uncertain. As mentioned, Drs . Fukuda
and Akaike will attempt to resolve the question of such cells'
resting chloride permeability; but subsequently their research
activities will probably proceed independently our our lab.
With Dr. Akaike 's recent departure, no one is currently continuing
research on tissue cultured muscle in our laboratory, despite
attempts to locate a suitable replacement. For example, a recent
graduate from the Illinois Institute of Technology, Dr. Donna
Gruol , applied to our laboratory to work, in collaboration with
Dr. Phillip Nelson's group, on a very interesting problem con-
cerning normal and dystrophic muscle cells grown in tissue culture.
.Her proposed project seemed especially attractive because it dealt
with a scientific problem of interest in its own right and also
had obvious potential relevance to other, including clinical,
areas of biom.edical science, like muscular dystrophy. Because of
Institute and laboratory problems with position allocations, we
did not have a laboratory slot to offer Dr. Gruol. We had,
therefore, to make her acceptance by the laboratory provisional
upon her obtaining a postdoctoral fellowship from the NIH
Extramural Program. As a result of insufficient and uncertain
funding in that program. Dr. Gruol was not awarded a fellowship.
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Until some satisfactory arrangement can be found, this part of
our research program will be regretably suspended.

Publications

:

Fukuda, J.: A voltage clamp study of currents of spherical
muscle cells grown in tissue culture. Naturs 257: '408-''-H0

,

1975.

Barker, J.L. and Smith, T.G., Jr.: Peptide regulation of
neuronal membrane properties. Brain Res . 103: 167-170,
1975.

Fukuda, J., Henkart , M.P., Fischbach, G.D. and Smith, T.G.,
Jr. : Physiological and structural properties of colchicine
treated chick skeletal muscle cells grown in tissue culture.
Dev. Biol . 49: 395-411, 1976.

Fukuda, J., Fischbach, G.D. and Smith, T.G., Jr.: A voltage
clamp study of the sodium, calcium and chloride spikes of
chick skeletal muscle cells grown in tissue culture. Dev .

Biol. 49: 412-424, 1975.

49w





Annual Report
July 1, 1975 thru June 30, 1976

National Institute of Neurological Communicative
Disorders and Stroke

Laboratory of Biophysics
William J. Adelman, Jr., PhD, Chief

INTRODUCTION

The research program of the Laboratory of Biophysics is concerned with
investigating molecular and cellular mechanisms responsible for excitation,
membrane potentials, the generation of the nerve impulse, and synaptic
activity. This program involves the study of natural membranes and artifi-
cial membrane systems. The laboratory is concerned with the biophysical
basis for the functioning of simple nervous systems and With uncovering the
cellular basis for such integrative neural functions as behavior and learning.
The laboratory makes wide use of physical and chemical techniques, on-line
and off-line digital computers and a variety of applied mathematical methods.
During the period of this report the laboratory underwent a major reorgani-
zation. Two units and three sections were established. One of these units
was established on a year-round basis at the Marine Biological Laboratory in
Woods Hole, Mass. The Woods Hole Unit is composed of 2 sections; the Section
on Neural Membranes and the Section on Neural Systems. The Bethesda unit of
the laboratory was formed into a Section on Molecular Biophysics. The follow-
ing advantages were seen in establishing a laboratory at Woods Hole:

(1) For a number of years the Laboratory of Biophysics conducted
research on tne squid giant axon during summers at the Marine Biological
Laboratory. Since squid are available in Woods Hole in adequate numbers from
April 15 thru December 1, the data collection period for this research by the
Laboratory of Biophysics scientists would be greatly extended.

(2) One of the laboratory's more recent major research efforts has been
the study of integrated functions of simple nervous systems in certain marine
species.

^
The superb animal collection and survey facilities available at the

Marine Biological Laboratory permit numerous comparative studies of neural
systems, axons, receptors, etc. found in these marine organisms.

(3) One aspect of this program has been the correlation of animal be-
havior with neural function. The Marine Biological Laboratory (MBL) possesses
highly suitable animal behavior and mariculture facilities which will greatly
facilitate these studies.

WOODS HOLE UNIT OF THE LABORATORY OF BIOPHYSICS :

Section on Neural Membranes .

The Section on Neural Membranes has been concerned with characterizing
in as much detail as possible, the model nerve fiber formed by the squid
giant axon. Intracellular, membrane, and extracellular components of this
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total system are studied. The primary thrust has been the examination of
sodium and potassium channels in the axon membrane. These studies have been
correlated with findings made on artificial membrane model systems such as

the channel aggregation model, and with kinetic model schemes such as the
energy barrier - ion site model and the specific ion site (SIS) model.
Extensive studies are being carried out on the mal<eup of the intracellular
neural cytoske leton , its protein structure and the relation of this cyto-
plasmic structure to important values related to nerve impulse conduction as

the axoplasmic resistance and viscosity. As the external Schwann sheath has

been shown to influence the behavior of the axon, modifying its information
processing in a non-synaptic manner, this sheath has been subject to an ex-

tensive electrophysiological and electronmi crograph analysis. Models derived
from these studies have provided an anatomi ca 1 /phys iologi cal basis for such

important entities as the Frankenhaeuser-Hodgki n space and the series
resistance. The section has also been concerned with pioneering and develop-
ing new methods and techniques for the study of neural phenomena.

The experimental program of the section has made the following advances.
Experiments on ion interactions in open potassium channels of the squid giant

axon membrane have provided information about the energy barriers crossed by

ions entering these channels and about the nature of ion binding sites within
these channels. An extensive review on competition, saturation and inhibi-

tion of membrane ion currents in nerve, muscle and bi layer systems has given

breadth and scope to the ion interaction studies in squid nerve membrane.

The "inertia" seen previously in potassium channels following large brief

depolarizations was confirmed and the study was extended. Extensive calcula-
tions were performed to examine predictions of the Hodgki n-Huxley model under

similar circumstances. These calculations indicated a qualitative divergence
between experimental results and Hodgki n-Huxley predictions. In contrast, the

experimental observations were consistent with predictions of the Baumann-
Mueller model. In another study, a specific ion-site interaction scheme
using enzyme kinetic methods was applied to describe the inhibitory effect of

external potassium ions on inward sodium currents in the squid giant axon.

In a collaborative effort with Carnegie-Mellon University, squid and

Myxicola axon neural filaments were examined as to their structure and bio-

chemical makeup. Of particular interest were intermediate sized neural

filaments of 10 nM diameter. 10 nM filaments were also found in smooth muscle

cells of chicken gizzard. Evidence was obtained indicating that these were

related to a protein having a molecular weight of l60,000 Daltons. The pro-

teins from squid and Myxicola axoplasm were shown to coelect rophorese with the

protein from the chicken gizzard muscle. As these intermediate filaments are

found in many eucaryotic cells, such filaments have been taken by many workers

to be an important part of the cytoskeleton . The section has cortinued its

studies on the Schwann sheaths enclosing the giant axons of both squid and

Myxicola. On the basis of montage electronmi crographs , it has been possible

to derive an anatomical reconstruction of the Schwann sheath. Using this

model, the resistance in series, with the„exci table membrane of the giant axon

has been calculated to be about 0.6JT-cm . The importance and significance of

the Schwann sheath in non-synaptic modulation of neural activity was

communicated to the Society for Neuroscience in an invited symposium lecture
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at the 1975 Annual Meeting in New York City. Analysis of impedance measure-
ments made on the squid giant axon has indicated that these are consistent
with the anatomy of the Schwann sheath as revealed by electronmicroscopy

.

Calculated values for the series resistance from both the anatomical model
and the impedance measurements are consistent with biophysical and physio-
logical measurements of the value of the series resistance.

One of the major projects and services rendered by the Laboratory of
Biophysics has been the development of data acquisitions systems for obtain-
ing excitable membrane conductance data in a form that can be analyzed by
digital computing machines. The latest advance in this area was the
establishment in Woods Hole of a new system making use of a PDP-11/10 digital
computer with dual floppy disks, 9-track read-write magnetic tape, graphics
terminal, and hard-copy units as peripherals. This system is now being used
in the study of Ion interactions in sodium and potassium channels in the
squid giant axon by the Section on Neural Membranes. The general configura-
tion of this unit and its software operating system has been used as a model
by the Section on Technical Development of NINCDS/NIMH for designing and
constructing systems to be used by other laboratories in the institutes. New
bridge techniques for measuring impedance of giant axon membranes and Schwann
sheaths have been developed. Easly tests of an "underground" bridge indicate
it will be a great improvement over more conventional bridge techniques.

The above highlights of the program of the Section on Neural Membranes
are examples of its integrated approach to understanding the role of the
excitable membrane in neural phenomena, not only in terms of ion channels,
per se, but as this role is influenced by intracellular and extracellular
structures as wel 1

.

Section on Neural Systems

The principal objective of the section is to study the mechanisms by

which simple neural networks process information with particular emphasis on
mechanisms of learning. The nervous system of Hermissenda crassicornis has
proven to be an excellent model for information processing at several levels:
sensory transduction by photoreceptors and hair cells, analysis of synaptic
circuitry, changes in synaptic circuitry produced by conditioning paradigms
administered to intact animals as well as to isolated nervous systems,
membrane properties modified by conditioning, identification of critical
developmental stages for the neural networks studied as well as stages
critical for learning.

Although in the past many neural preparations have been studied with
'similar goals, none have been understood with the precision necessary to
ask questions about neural network function on a cellular level. Because a

cell by cell analysis has been possible for the visual and vestibular
pathways of Hermi ssenda , cellular principles of network function have
emerged. Presynaptic inhibition, for example, has now been shown to be

responsible for persistent changes of network function.

The approach of the Section, because of Its residence at the Marine
Biological Laboratory, can be broad both in the scientific methods employed
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as well as in its spectrum of biological interests. A large number of marine

forms at different evolutionary stages, are available for comparative

studies. Flowing seawater holding facilities make possible long-term behav-

ioral and correlated electrophysiological and biochemical analyses.

Mariculture of successive Hermissenda generations is also becoming a reality.

Among the techniques employed thus far are the following: simultaneous

intracellular recording from multiple neural elements, paired stimulation of

the visual and vestibular pathways using a rotating table, iontophoresis of

fluorescent dyes and electron dense materials, automated behavioral monitor-

ing, subcellular fractionation, protein phosphorylation analysis and uptake

of neurotransmitter precursors.

Taking a broad approach in pursuit of Its primary objective, the section

has brought together a number of scientists highly trained in a variety of

disciplines: electrophys iology , animal behavior, biochemistry, histology and

embryology. This breadth of scientific technique and biological perspective

are already yielding important results. These include cellular mechanisms

of conditioning, non-synaptic i nterneuronal communication, transducer

properties of hair cells, electronmi croscopi ca 1 identification of synaptic

endings, neurochemi stry of network elements, and veliger physiology.

Bethesda Unit of the Laboratory of Biophysics

Section on Molecular Biophysics

The Section on Molecular Biophysics is concerned with uncovering

mechanisms responsible for controlling ionic current flow across axonal

membranes and the influence of various chemical and pharmacological agents

on these ionic movements. The section also examines acetylcholine activated

ionic channels in post-synapt i c membranes. Electri'cal fluctuations are

measured in tissue-cultured skeletal muscle cells in order to determine unit

conductances of excitable ionic channels. Ionic channels in lipid bilayers

are studied. In particular, hemocyanin channels and EIM (excitability-

inducing material of bacterial origin) are examined both as to their negative

resistance characteristics and their single channel opening and closing

kinetics. A number of mathematical model systems are studied. These include

models for the phenomena of anodal break excitation in nerve, the optimal

motor control of muscular motion, the basis for periodic bursts of impulses

in bursting pacemaker neurons. One aspect of the mathematical studies is

the development of interactive computer programs for solving nerve equations.

Another program of the section involves a study of the influence of

drugs and physical variables, such as pressure on the voltage dependence of

ionic channels in axonal and synaptic membranes. The action of drugs, such

as yohimbin, and toxins, such as Batrachotoxi n , are examined in detail.

Another effort of the section is to determine how and to what extent the

perineurium is involved in the maintenance and regulation of the ionic and

metabolic environment of the axons of peripheral nerves. Various mechanisms
for ion permeability across the perineurium are of interest in this study,

and efforts are made to choose among alternative possibilities.
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The general aim of this project has been to improve electric*? 1 Tiipaaur«»"«^ts
of excitable meiri)rane characteristics consistent with physical and cheacLcal
methods for the study of nerve membrane ionic channels. Two major approaches
were used. The first involved the development of methods for rapid anal3rsi8 of
ionic channel conductances by means of computer controlled voltage clamp
techniques. A new data acquisition system for controlling voltage clamp ex^
periments on-line and acquiring excitable membrane conductance data in a form
that can be analyzed by digital conqjuting machines has been designed and con-
structed. Programs for car tying out this analysis were developed. The second
approach Involved analysis of excitable mendrrane characteristics by »»w"ff of
impedance measurements. Improvement of bridge impedance techniques to achieve
greater accuracy were made. Impedance measureggents on giant axons and an
investigation of effects of polarizations for comparison with step and ramp
techniques and ion conduction models were carried out. This project was
supportive of a nundjer of other projects in terms of the developnent of relevant
hardware and software.
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_Methods Employed ;
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developed. This „e„ "uSrSnl" brfdL hL'f'"""'
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,
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°''^"""^ ^^^" ^-^ ^^own ^
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""''^'^- ^'^^ Schwann

have long been wanted. In some cases tferr^ .^^^^ frequency data that
least suspicions that the ^^^^J^^ZJ^-^^^ --^^
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at tissue or electrode boundaries. Two recent attempts to measure axon
aeinbrane Impedance with internal guarded electrodes have been difficult in

the already overcrowded axon interior - as well as controversial. However,
an apparently novel circuit, called an "underground bridge", uses external
iBeastrring and guard electrodes. It functioned in preliminary tests but with
unknown accuracy. Although its utility for the squid axon may be limited by
Internal electrode impedance and low signal to noise ratio at Woods Hole it

shotxld have several other applications, including elimination of edge
effects particularly in thin tissues.

Proposed Course of Project : (Continual development in this area is

planned and expected.

Pablicatxorrs :

Adelman, W.J. Jr., and French, R.J. The Squid Giant Axon. Oceanus ,

Vol. 19, No. 2, pp. 6-16, 1976.

Cole, K.S. Neuromembranes : paths of ions. In Worden, F.G., Adelman, G.,

and Inogey, J. P. (Eds.): The Neurosciences ; Paths of Discovery . Cambridge,
mx Fvessy pp. 143-157, 1975.

*'^'.
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SUMMARY OF WORK (200 words or less - underline keywords)

Voltage clamp experiments were carried out to determine the function and
structure of ionic channels in single giant nerve fibers . Information was ob-
tained about the position and properties of membrane ionic channel sites that
limit conductances and determine ionic selectivity by an analysis of the
interaction between current-carrying and blocking ions .

' The ability of various
kinetic models to describe the flow of ions through open potassiim channels was
tested. Kinetics of ionic blocking of channels were studied to gain informa-
tion about energy barriers crossed by ions entering channels, and about the
nature of ion binding sites within the channels. Analogies between the
kinetics of ionic currents across the nerve meinbrane and those seen in excit-
able lipid bilayer mem[brane preparations treated with channel forming agents
were investigated. Evidence was obtained to indicate that membrane sodivm
current is mediated by a specific ion-site interaction .
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Project Description

Objectives ;

(1) To obtain information about the position and properties of sites
that limit membrane conductance and determine ionic selectivity, by analysis,
of interactions between current-carrying and blocking ions. To relate the W
dependence of the rate of the blocking reaction on temperature, voltage and
ionic concentration to molecular events involved in the entry of ions into
the channels. To test the ability of various kinetic models to describe
xonic current flow through channels in which the gating mechanism is open.

(2) To investigate possible analogies between the kinetics of ionic
currents across the axon membrane and those seen in lipid bilayer prepara-
tions treated with channel forming agents, and thus extend our understanding
of time and voltage dependent gating of axondl currents.

(3) To investigate the possibility that membrane sodium current is
mediated by a specific ion-site (SIS) interaction and that within the SIS
framework the "ionic channel" mechanism may be treated using enzyme kinetics
methods.

Methods Employed ;

(1) Voltage clamp studies were performed on both internally perfused
and Intact sqi^id giant axons bathed in modified artificial seawater contain-
ing 240 mM K and various Cs concentrations from to 200 mM. TrlsCl was
added to keep ionic strength constant, and tetrodotoxln was added to the
solutions so as to completely block sodium channels. Kinetics of Cs effects
on both inward and outward currents were analyzed. Curve fitting and ex-
ploratory modelling was carried out using the MLAB program on DCRT's PDP-10
computer.

(2) Internally perfused squid giant axons were voltage clamped with
appropriate pulse patterns so as to examine the kinetics of the opening and
closing of both sodium and potassium channels. Observed channel relaxation
kinetics were compared with the predictions of the Hodgkin-Huxley equations
and the Baumann-Mueller molecular aggregation channel model. _

(3) Squid giant axons were bathed in artificial seawater solutions in
^^

which both sodium concentration and potassium concentration were varied.
Three potassium concentrations were used (10, 25, and 50 mM) ; for each
potassium concentration, sodium was varied between 150 and 430 mM. The
axons were voltage clamped in each of these solutions and sodium currents
were recorded. The data was analyzed under the assumption that for a
constant membrane potential (zero mV) the sodium conductance is determined
by a specific ion-channel site (SIS) reaction.

lOx
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Major Findings ;

(1) The blocking reaction of external Cs with the K channel takes place

over a time scale that is measurable with the voltage clamp technique (on

the order of a msec) at low Cs concentrations. The electrical work done in

moving a Cs ion onto the blocking site is greater than that which would be

done moving an univalent ion through the whole membrane field. A physical

picture consistent with the data is that there is a site capable of binding

one Cs ion in the K chsmnel, accessible from the external solution. In

reaching that site a Cs ion displaces at least one ion through the membrane

field and out of the channel. A previously unreported effect of external Cs,

a small increase in the outward currents through the K channel, was de-

scribed. The increase was dependent on Cs concentration, and was time

dependent

.

(2) The "inertia" seen previously in potassium channels following large

brief depolarizations was confirmed and the study was extended. Extensive

calculations were performed to examine predictions of the Hodgkin-Huxley
model under similar circumstances. These calculations indicated a qualitative
divergence between experimental results and Hodgkin-Huxley predictions. In
contrast, the experimental observations were consistent with predictions of

the Baumann^fueller model. In another set of experiments, sodium channel
relaxation kinetics were shown to be consistent with the Baumann-Mueller
predictions and not Hodgkin-Huxley predictions. In addition to the above
experiments and calculations, evidence was found for a potassium current
inactivat'ion mechanism.

(3) Sodium currents were shown to be proportional to sodium concentra-
tion and inversely proportional to potassium concentration. The sodium
current density values were expressed in terms of SIS-reaction rates which
were compared, by means of minimization techniques, with those computed for
varioiis reaction mechanisms. It was found that the dependence of peak in-
ward sodium current on external sodlinn and potassium can be described in
terms of saturation reactions. The experimental data fit well the kinetics
of a positive cooperative homotropic reaction, involving at least two
allosteric sites. One of these sites may be catalytic while the other,
either catalytic or regulatory. The inhibitory effect of external potassium
on inward sodium current, can be described by a reversible competitive or
noncompetitive inhibition mechanism. The values of the dissociation constant
of the inhibitor-site "complex" (K..) were found to be close to the external
potassiimi concentration under physiological conditions.

Proposed Course of the Project ;

(1) Properties of the inner and outer mouths of the K channel are to be
coinpared using Cs as a probe. Data for both external and internal Cs are
already on hand. Studies of the properties of the inner mouth of the K
channel are to be extended using Na and Li which are also known to block the
channel when applied, internally. Effects of temperature on the blocking
reactions will be studied to obtain information about the energy barriers
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Publications:

Cohen. M., Palti, Y. and Adelman, Jr. W J Ton-f. asodium currents in squid axnno ^r, = i j •
"^^ dependence in

interactions. J^^t^^^^^'tlrToitnT."' °' ''^^"''^ '°" "^^--1"

French, R.j. and Adelman, Jr W J ro™,,^,--.*.-
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The purpose of this project was to examine subcellular and extracellular
structure of nerve and muscle fibers and relate such structure to function.
Intermediate size neurofilaments from both squid and Myxicola axoplasm measure
10 nM in diameter. 10 nM filaments found in smooth muscle cells of chicken
gizzard apparently represent an underlying cytoskeleton . Presumptive evidence
that both neurofilaments and muscle filaments contain the same protein (160,000
Daltons) was derived from co-electrophoresis experiments in which the protein
isolated from chicken gizzard coincided with either squid axoplasm protein or
with Myxicola axon protein. Intermediate filaments are found in many eucaryotic
cells and are presumably important cellular components.

On the basis of electromicrographic reconstruction of the squid axon
Schwann sheath structure, a model was constructed which predicted a resistance
in series with axolemma of 0.6 cm2. Analysis of impedance measurements
suggested that the Impedance in series with the axon membrane can be represented
by structural elements similar to those seen In the electronmicroscope and that
the derived series resistance has a value consistent with both anatomically and
biophysically measurements. New values of Lolieo a-rm, o«j a i ^
cztoglagm resistance confirmed previous esf^Srll.

°° ^^ AElxgia neuron

PHS-60i0
M5_-Ic^
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Project Description

Objectives :

fibers!^
^° ''''"""' "''''' P'"'"'"^ '" '-^^ cytoplasm of nerve and muscle

and water fluxes h^^!
P^^'^^°"-' ^P^ce to outer basement membrane. Ionana water r luxes between axolemma and bulk extrarpll nlar fi. :^o \.

(^.:^r:nb^:u-:n^'-:rrt;3^r.^

T :Tb ecuvltrth?: ^"^"°?^^:"' '^se) ^thods ar:':sld'to ::as:r:"r
Schwann sheath L^f'""K°^ '^" '"°-''^"' "^= ^° °^^«'" ^" arfatomica]bchwann sheath model for the series resistance and to correlate predictions

by ^^nsT iloh
'''

r^^H °! ''' ^^^'" resistance with ^It^es'^b^ ^dby means of biophysical and physiological experimentation.

of giinl Ixons''™"'
''' -"esistance in series with the excitable membranes

W To determine the resistivity of neuronal cytoplasm.

Methods Employed :

cle.nin^of'^"^ ^T' ^'°^ '^^ '^"'^' Loligo pealfei were carefully dissected

out so th!t !"'^ ^""^ ""' blotlidT^rfe^^^plasm was careLl ly roted
stored It yo'c'untM ""T^'"'

-"^-'-^^^ the axoplasm. Axoplasm ^astored at 70 C until ready for use. Polyacry lamide gel electrophoresis wa^

970 uslna"rL''"','°
''' "^^'°' °' '''"'''^'' ^ ^'- (BlocheS ^" 06"

aid ' ""'"?. 5-6% gels containing ]% sodium dodecylTul fate (SDS) . The

?h !r/'l'w'!'^^ "''^ P'""*^'"^ °f ^""^^ molecular weight according tothe method of Weber and Osborn (Biochem. 2^i,:4/»06 (1969)) using paraZs^nalbumin, oyalbumen, chymot ryps in , myoglobin, and gamma gobuWn as s^IndardsSquid axoplasm was prepared for electrophoresis in two ways Chole axoolasm'was ground in 10 mM Tris pH 7.2, 1 mM EDTA. U SDS and app ed di ectly' o

oL'p M^ic^^i^n^rn"'
''°"-' r '''''''' ^^^'"^^ this'solutio.; ovirn ght.borne purification and separation from large amounts of tubulin and smallermolecular weight proteins was achieved by grinding in an ice-cotd soTu on

reage t'and ;h. ''
I 5 -M MgC12, 10 mM Tris pH 7 2 and kO mM Clelandsreagent and then centrifuging at 50.000 RPM for three hours. The precipitatewas dissolved m Tr is-SDS-EDTA and then dialyzed overnight. Ail p^^te ns

::f:rr:?:cir:;;^r:!i!"
^"

'° ^^ "^'-^^— -^ ^°"- ^ ^^^
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The axon from the sabellid worm Myxicola infundibul is was dissected
from the dorsal side. Two cuts the length of the worm were made on either
side of the fecal groove. The skin was peeled off between these two cuts
and the axon lay beneath only a thin layer of muscle and connective tissue.
The axon was lifted out and cleaned as carefully as possible and stored at

-70 C until used. Myxicola axons were best prepared for electrophoresis by

grinding and dissolving in an ice-cold solution containing 0.6 M KCl, 5 niM

MgCl2 and 10 mM Tris pH 1.1. This suspension was left cold overnight and

ATP (0.015 gms 10 ml) was added for 1 hour in the morning. This suspension
was centrifuged 15 minutes at 20,000 RPM and the clear supernatant was used

for electrophoresis - after dialysis to Tris -SDS-EDTA. Proteins can be

isolated from the various baVids by cutting out the unstained band and eluting
Ik-kZ hours in 10 mM Tris pH 7-2 and U SDS. Protein concentrations were
determined by the method of Lowry (Biochem. 193:265-272 (1951)).
Preparations were negatively stained using 1% uranyl acetate and examined in

a JEOL transmission electronmicroscope. ,

(2) To correlate Rj with sheath anatomy, axons of Lol igo .pea lei were
fixed and stained. Cross and longitudinal sections were examined by trans-

mission electronmicroscopy. Collage photographs were assembled and

measurements made of width and frequency of clefts entering the sheath from
the periaxonal space and leaving the sheath at the basement membrane.

(3) The original 19^7 method to estimate Rg as well obtain the most

direct value for membrane capacity was to apply a step of constant current

from an axial electrode to a guarded external electrode and measure the

transient potential between them. This is still the simplest and most

direct in concept. However, as equipment and experiments developed in power

and speed the current step has not been made instantaneous on the u sec

scale and. a correction is needed. This is relatively simple for an

approximately exponential current rise but of uncertain accuracy otherwise

—

such as for the slow initial rise which is sometimes hard to avoid.

{k) The several methods for measurement of cytoplasmic resistivity

without cell invasion are indirect and have given inconsistent and widely

varying results in many forms which seem not to have been explained in any

single case. Recent investigations of axons and ganglia within a single

small internal electrode have resulted in even wider spread of data and

some uncertainty of the contributions of the electrode impedances. Although

there was a wide spread of values for squid axoplasm, they were in the range

of some earlier conclusions. Another approach was to measure the resistance

between two small electrodes as they were moved toward each other from the

ends of an axon immersed in sucrose. ion loss across the membrane made this

. impractical so the same procedure was used on axoplasm extruded into a glass

capi 1 lary.
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Major Findings : ^

57,000; 45.006; 4I.0S0; 22:oio dluons^ ' '"""^ ""'•°°°' ''•™°^ "»<"'•

<ilan»ter. Th«a r«re?entll?n. ;""":"'"' fil™"-" 'OO angstroms in

than the thin"llaSs (Ic??„ Sn «^'"! "^1" '''^"^"' "•"="'= "'3'r
(myosin I50A). Th^e^ntar^dra?^ =i^

and sn,a1 l.r than the thick fila^ts
with a prote n which has a I^?!^? '"T"«= ^PP"-- " he associated
determined by SDS gel e ectrolh^r "°'?t- °' ""°''"'' '^°-°''° "=1""= «
siicin, and iutinf^be^'^ns'trTba^ds :b^;:i„^^r::"th^",er " ;he°:%'he^

''

Zt:iToZ",:T. --'"'™P^-«"- "itb cent.if.ged':^uid"p"para%ions,

proteins,.ins;s:^':r:h7:h\:'e^S^-°''r? de»x,nstrated the presence of ™„f

Sfe^PhS?J?rs has n^t'bee'n Cod^'bfe.'" "
""'""^ "'"^"^ '"' '"' ^el

sheath'ciln ."IVToV^'cTJ: Z''" «: "-,-' °f -°" =-face has a
the basement membrane? '^he cleft branchino'T

'"".'" '"' "-"'^ ="' "
sheath. A model was used to predict SL."-""'.^' '' '"^^ "°" ""
and can be lumped into a truncat.d^„

"' *"7'"9 t*"^ ^lofts contain seawa,
,

resistancr-o-ihe outer Ln:",:!"!:'':" '"''"^"''
"^ "='"" '-"""» '"'
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(3) A paper has been published of an analysis of a dispersion in the

first axon data of 1937 which gives a reasonable value for Rg and a capacity,

open to interpretation, for the Schwann sheath. A note has been published

generalizing the current method for measuring Rg. The analogue solutions

for the Laplace equation showed the dilute solution to hold, without analysis,

for such a dense tissue. A similar analogue solution for square, membrane

covered cylinders, appearing in December, similarly followed the dilute

analysis for the capacity - but application to the complex sheath structure

is uncertain. It seems highly probable that the analogue solutions for dense

three dimensional tissues will similarly extend the dilute results. These
should be made, but even now the results pose a challenge to the powers of

mathematical Physics which have done so much with the Laplace equation.

(4) A paper on squid axoplasm resistivity was published with another by

the AFRRI Group and they mostly confirm the best of previous values. The
Aplysia work on cytoplasmic resistivity has been extended to higher
frequencies with better indications of an axoplasmic conductance comparable
to squid. A lack of evidence for membranes and the high apparent electrode
impedances in the ganglion are unexplained - unless they can be shown to be

cause and effect. This work will be discontinued at AFRRI, but might be

continued at the University of Pennsylvania soon.

Proposed Course of Project :

(1) We will prepare milligram quantities of the protein (160,000D) from
squid axoplasm and myxicola. These proteins will be compared with that

isolated from chicken gizzard at Carnegie Mellon University using cyanogen
bromide peptide maps and analyses of their amino acid compositions.

(2) The anatomical modeling of the Schwann sheath is being extended to
the sheath of Myxicola axons.

(3) The Schwann sheath on squid axons will not be continued except to
look for a rational analysis of irregular membrane geometries and hope for
comparisons of the extracellular volumes from impedance and electron-
micrograph data.

More analysis is needed to account for the 5 - 10% discrepancies
between calculated and measured membrane capacities for square cylindrical
cells in square array. Analysis and analogs have been given for seven
cases. Analog experiments on the capacity of membrane covered cubes in

cubic array have been started. If the several problems are solved and the
answer is as expected, the value of impedance measurements will be consider-
ably increased in general and the mathematical challenges to explain the
high concentration Laplace solutions will be yet stronger.
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The principal objective of this project is to study the mechanisms by which
slaple neural networks process information with particular emphasis on mechanlaBi
of learning. The nervous system of Hermissenda crassicomis has proven to be an
excellent model for information processing at several levels: sensory tvrtm-
duction by photoreceptors and hair cells, analysis of S3maptic circuitry ,

changes in synaptic circuitry produced by conditioning paradigms administered to
Intact animals as well as to isolated nervous systems, membrane properties
modified by conditioning , identification of critical developmental stages for
the neural networks studied as well as stages critical for learning.

Techniques eoqiloyed thus far to pursue these questions Indode: sianltanvMi
Intracellular recording from mill tiple neural elements, paired stlmmlation of tbs
visual and vestibtilar pathways using a rotating table, iontophonesls of
fluorescent dyes and electron dense materials, automated behavioral monitoring
of intact Hermissenda . Other methods include biochemical and developnental
approaches to the above probleas. These Include marlenlture , si^cellnlar
fractionation protein phosphorylation analysis, and uptake of
preoxrsors.
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Project Description :

Object i ves

:

1

(1) To study the mechanisms by which simple neural networks process
information with particular emphasis on mechanisms of learning. Information
processing at several levels is of interest:

a. Sensory transduction by photoreceptors and hair cells.
b. Synaptic interactions between primary sensory receptors.
c. Synaptic interactions between primary and higher order neural

elements.
d. Intersensory communication: e.g. synaptic interaction between

the visual and gravitational sensory pathways.
e. Changes of synaptic interaction produced by conditioning

paradigms administered to the intact animals as well as to the
isolated nervous systens.

f. Hembrane and synaptic properties modified by conditioning.
g. Identification of critical developmental stages of the neural

networks studied as well as stages critical for learning.

Methods Employed :

(1) The nudibranch mollusc Hermissenda crass i corn is is the principal dmexperimental preparation. Other marine species are also being screened to >U
provide favorable preparations for specific experimental
questions. Intracellular recording from several neural cells simultaneously
has been the mam technique used thus far. Means for simultaneously stimu-lating the visual and vestibular pathways (which has permitted conditioning)while recording intracellular potentials have been developed in our labora-tory, lontophonesis of fluorescent dyes (e.g. Procion Yellow) and electrondense materials (e.g. cobalt) are also being used extensively.

(2) Other methods allow biochemical and developmental approaches to theproblems of interest. These include mariculture, subcellular fractionation,protein phosphorylation analysis, uptake of neurotransmitter precursorsetc. Automated behavioral monitoring now permits long-term studies of
'

intact Hermi ssenda .

Major Findings : i

(1) Past work has focused on four major areas:

a. Receptor physiology,
b. Neural network analysis,
c. Behavioral conditioning with neural correlates, and
d. Cellular conditioning in isolated nervous systems.

be*n noLlKi' J^''
P^'V^'°'?9y= With an improved rotatory stimulus it hasbeen possible to characterize more exactly the nature of adequate stimula-tion of hair cells. Specifically, hair responses to changes in angular (
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acceleration could be carefully compared to responses to changes in angular

velocity. Stimulus threshold, the role of adaptation, stimulus-response

relationships, and hair cell noise have also been carefully investigated.

(3) Cellular Conditioning : Stimulus paradigms have been developed for

stimulation of the visual and vestibular pathways in isolated Hermi ssenda

nervous systems. These paradigms can now be characterized as conditioning

paradigms because of their required temporal specificity, their cellular

specificity, and the long-lasting neural changes they produce. Type A but

not Type B photoreceptors respond with fewer impulses to a light stimulus

following repeated temporally specific pairing of light and rotation. This

conditioning effect can now be explained by a mechanism involving a long-

term network bias: Type B photoreceptor inhibition of Type A cells is

enhanced by pairing the inhibitory effect (through the hair cells) of ro-

tation with the exciting effect of light. This network bias was further

demonstrated by simultaneously recording from the pre- and post-synapt i

c

elements, the Type B and A photoreceptors.

{k) Regulation of Impulse Activity by Extracellular Potassium: The role

of changes in extracellular potassium for regulation of imiulse activity has

been examined for Type A and B receptors. Type A impulses are much

more sensitive than Type B to changes in extracellular potassium. This

could be explained largely by inactivation due to membrane potential

elevation. Significant accumulation of potassium occurred following Type A

1 ight responses.

These phenomena appear to bias the photoreceptor network in each eye

against Type A firing and for Type B activity. Such a bias might pre-

dispose the network to the longer term changes observed in the conditioning
stud ies

.

(5) Electronmicroscopic Identification of Synaptic Junctions : Techniques
for iontophoretic injection of the electron dense substances, cobalt and

horseradish peroxidase, have been successfully adapted for identifying
synaptic junctions in Hqirmi ssenda . Histologic processing, involving both
histochemical and cryostatic methods, has also been developed. These
techniques, in conjunction with past and ongoing electrophysiologic studies,
should provide conclusive demonstration of monosynaptic connections within
the neural networks of Hermissenda and possibly other relatively simple
marine forms of interest.

(6) Biochemical Analyses : Neurotransmitter substances have been
identified and characterized in the isolated ci rcumesophageal nervous system
as well as isolated structures such as the eyes, statocyst, and optic
ganglia of Hermissenda . Uptake of radioactive precursors and synthesis of
neurotransmitter substance, particularly acetylcholine, have been observed
in these structures. Single cell analyses are now being prepared. These
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months. The oroDer r,af,,r=T
."grmissenija over many weeks and possibly

to be tested V„Tues:TX<ZZ°:2V°: """""•=" maintenance of Inimaf
voiding facilities of .he'^ln^rer^To.Ta^::";;^:^,"" "^'"^ '^' ''""'

t^e fl'na,^T?^STiWpho?frlf!iS^;^"r '"' 'r -"« =f""v ->sed to

--^-e feeding a.T^.T^nL\redrs'dt:?-e?i„-?:e-a-;tyi;:,

Proposed Course of Projec t:

aforeie^ti;::d^\ura^''nIL:r^:':?f^b^' '^'^^'^ ""^ -^^'n the
intracellular record ingard^nr^oes s pTi '^' "^ the techniques of
placed on electronmicroscop ic v sua 1 za ion of ??

^'"Ph^^is wi
1 1 be

absorption of hydrogen peroxidlse^nH/f ^, f
"" ^°"tacts aided by axonal

limited, however, t^ th:^Tt:or^: a^dVd ^ ;;sed'^^: ll^T
^'" "°^ '^^ '-

way, that mediating chemoreceot ion wi 11 .? ^ ^^"'' ^^nsory path-
marine forms with potent?atly anaW.^h !

"'° ?^ '"^PP"'^" '" addition, other
be explored.

^^nt.ally analyzable neural networks and behavior will

with ind wt^hoXhysi^l^gr^^J^mrilJion '"p^r"' °" '^
'

^ ^^" ^--^-'^
the behavior of membrane ?onicrh^

""''^ ^" ' ^^ '"^d^ ^o identify
duction in the hatr celts.

" responsible for stimulus trans- '

(3) Cellular mechanisms resoonsihlp foi? ^h^ i • .,

>on,-te™ inhibition I^^U^I^IX^^,^--^::^^-^^'^ '^ '-

stance's 'wi;hinT;e"!i:u"^,td":::!°r J -^'^r=
°< neuto,.ans.itt.. sub- ^

are a. so planned to de" i^Jsubce lu" a'r ZTr."'l'"l'
'' <=""""-"' Studies

neura, changes produced by thrc"di't i'^^inrpa^r^ad l^^^^^d.'
'°'' "" '''

>>'ynlVZnirs:\ZnizTni ::d'beha'"'°r' '° ==""-- '^^ -"p-=-
comparability of changes observed JorH

conditioning as well as the
animals with more evo?"d nerZf sy teL""""" - " '"^"^^ "'"''-^ ""
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(6) Hermi ssenda wi 1 1 be raised through successive generations. It is

planned to combine all of the above approaches with mariculture. The ex-

istence of clearly identified neural networks in Hermi ssenda together with

mariculture offer for the first time the possibility of using genetic

mapping to study principles of neural organization, development, and

learn ing

.

(7) The many marine forms available at the Marine Biological Laboratory

(MBL) will be screened to identify other neural networks and synaptic

junctions. The general izabi 1 i ty of principles and phenomena observed in

Hermi ssenda may then be tested and compared for other evolutionary stages.

Publ icat ions:

Alkon, D.L. Responses of Hair Cells to.Statocyst Rotation, The
Journal of General Physi ology, Vol. 66: 507-530, 1975.

Alkon, D.L. Signal Transformation with Pairing of Sensory Stimuli.
Journal of General Physiology , Vol. 67: 197-211, I976

i)
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The long-range purpose of this project is to study the function and
structure of membrane ionic channels . The areas of present research are:

1) The permeability of organic cations in the sodivnn channel of Myxicola ,

2) The influence of ionic strength on ionic selectivity.
3) The effects of neurotoxins on the axonal membrane in M3rxicola ;

4) The kinetics of various ions (mainly calcium, magnesium and cesium)
through the sodium channels of the squid giant axon ,

5) The influence of charge on ionic permeability in tissue-cultured cells
derived from chick embryo muscles.

J

PHS-6040
(12-7S)
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w1thoU^'^fS^pliL\lontf\\\j?aiL^ J^^°" *^^ "«^^« "'embrane

'

individual ion currents and to observe ?he ef?e'cfolTh^
''""' °^

external and internal environmentr Thocf • °^ changes in normal
addition of various chem^rlJ^nH n^ "? environments are altered by
changing the ?o ?c enJ?:on^n a' sTL" ?^^"Jh'^';.'^

^^ ^^^^ ^^ ^y <
transporting molecules on the ratPo? iL ^ ^^^ ?^^^^* °^ ^^^'^Se of the
channels. The long range objec??ves are thp'fnT''^^" f^'^^^h acetylcholine
tures and mechanises by^h?cft'h'^^^lr^e'bifftJ^s'^Tc'onJJoll^d'.''^

^*^"^-

prepaFflf§|-?f^^ (arSSL^glfSt^^^ *^f^"^^"
-^ -P^°^^^ -

giant axon of Nicola /the^TSrli^ ? amn i.t^ ^°'' "^"^ experiments on the
Squid giant axSS^^'squtd g a^faxiris nKliJ^^^!?" '2"*"°^' ^^^
averaging techniques are used stanrfJ^H Li- T"^ Perfused and signal

these cens. anj ^adli-^tiJelSc^? l^\T.l T^lT^rlZ^'/ZtlV."

potential control wre:iasre5"°sla^%er*a%^'?r';~.J°"'^ "'"'"I'' """hcontaining the oraanic cat?™ tJ. ™. j
'" sodium-free solutions (

Goldman equation TO?eus^?o'ohL?nth!'"^^ r-'^"'^
potential and the

blockiS'as'Jlle «?an;if'BH'?rioJl!L"lj;''l!°^'";
"*"""''" "-^ substantially

ty versus pH uTZlVt^^tZ'tLJ^^^ZTtZl^T''^ '''™=^"'-
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The charges on the molecules affect the rate of their pemiMtlon.

The molecules tested so far. included tris (hydroxymethy) aminomethane and

methyl amine. The charged form of both these molecules are more permeable

than their uncharged form.

Signi ficance to Biomedical Research and the Program of the Institute:

The detenni nation of the relative permeabilities of different Ions tnrough

sodiim channels of Mvxicola provides information to test hypotheses that

the sodium channel is lined with oxygen atoms. Furthermore, the result

strongly suggest that widely differing species have sodiiin channels that

are very similar.

TJie result that cAldun ions cam bind at a partlculer site in the

sodiwn channel not bnly provides information about the d»n«el, but also

offers a possible method for blocking sodium channels.

The preliminary result that charge plays a crucial role in determining

ionic permeability is also of considerable value in determining the

mechanism for cationic selectivity m channels. In particular. JJis
result

shows that the cation selectivity does not depend priroartly on cation size

(cations tend to be significantly smaller than anions), but on the electri-

cal charge, itself.

Pmoosed Course of Project : Study mixtures of organic cations and

sodium for competitTon. btudy the following toxins in greater detail:

veratridine. batrachotoxii*. aconitine, and scorpion vena*. I* "*«
J«"

reported (Catterall. PWS. 72: 1782. 197$) that interactions of these

toxins have been examined by means of 22^.°" «ci table cell cultures

where specific sites have been found. #icola «ons will be voltage
•

clamped to further studfy the interaction of tnese toxins in order te^

( r^erve the ionic currents. (2) Study the kinetics to see fthere are

U; ?Snges in the meaiirane. (3) Determine if
^^.IJ^^S*!; 'Jl^Jl^d

related to the gating mechanism, by measuring gating currents before and

[JteTapplicatiSn of the toxins. Additional experiments on the squid giant

S^aS^lanned to further quantify the results. In Pfticular. it is

proposed to attempt to measure the instenteneous current Jo ^Jje
curvefor

STcalcium current through the sodium channels. /^'T^etylchone channels

?; cSltured muscle cells it is planned (1) to study ^^ PJl^JJ 15y.°r2x

several other organic molecules in order to confirm present ^^ISJl^ Lrt
tn^aMsurerotessiw pefuMbility with increase in proton concentration and

S ^cU^tSr tSrJTSch difference between ?od^« "^ P?*-";^^^,^
permeability as a function of pH in the Achchannels; a^(3) to ij^^^

% effect of pH and charge on the c»tit»n permeablTlty/WiWiiifr s«ftt«»

channels.

Publications :

Keynes, R.D.. F.R.S., Bezanilla. P.. Rojas. E. and Taylor. R.E.: The
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rate of action of tetrodotoxin on sodium conductance in the squid giant
axon. Phil Trans. R. Soc. Lond. B . 270: 365-375, 1975.

Rojas, E. and Taylor, R.E.: Simultaneous measurements of magnesium,
calcium and sodium influxes in perfused squid giant axons under membrane
potential control. J. Physiol . 252: 1-27, 1975.

(
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Electrical Fluctuations were measured in tissue-cultured skeletal
muscle cells in order to determine the unit conductance of excitable
ionic channels . Theoretical studies were performed in an attempt to
reconcile the existing data on gating currents , conductance-activation

' kinetics ( voltage-clamp data) and electrical noise fluctuations as

complementary ways to explore excitability.
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Project Description

Objectives : To determine the conductances and other transport

properties of ionic channels in excitable membranes. To develop a

molecular model of the gating process by which the channels regulate

ion permeability during excitation.

Methods Employed : Electrical fluctuations are measured by monitoring

the changes in electrical current noise induced when neurotransmitters are

iontophoretically released at the postsynaptic membrane. Chick skeletal

muscle cells grown in tissue culture are altered by vinblastine and

colchicine application and electrical measurements are made using a two-

mi croelectrode voltage clamp. Current noise spectra are recorded by on

line computation using a Fast-Fourier Transport program.

Theoretical analysis of the gating-current phenomena and of the

spectrum of excitability fluctuations was performed in conjunction with

an analysis of the kinetics of the conductance transients in electrically

and chemically excitable membranes.

Major Findings : The experiments on acetylcholine and carbachol noise

in tissue cultured muscle cells have been completed and a manuscript has

been prepared for publication. The major results are the determination of

a value of 39 pS for the conductance of the post-synaptic channel, at a

temperature of 25°C. The conductance increases with temperature, with a

of 1.'6, as might be expected for a low-barrier hydrated pore. From

m postsynaptic power spectrum, the relaxation time of the gating process

was determined, and shown to have a sharp temperature dependence, Q^g= 5.

Carbachol experiments showed a similar conductance per channel, but a

faster conductance relaxation time.

Significance to Biomedical Research and the Program of the Institute:

The study of chemical transmission at the meuromuscuiar synapse by

electrical fluctuation methods provides a means of understanding the

nature of chemically mediated synaptic transmission, which is the most

important membrane process underlying integration in the central nervous

system.

The study of the effects of vinblastine treatment on tissue-cultured

excitable cells has established the feasibility of using these cells as a

stable preparation for voltage-clamp analysis. This method can lead to

the extension of noise analysis to other varieties of excitable cells in

tissue culture.

ProDosed Course of Project : The noise studies of Ach channels in

tissue-cultured muscle cells have been completed. The mi croelectrode

voltage clamp and electrical noise measurements will now be modified for

the study of other types of excitable cells. The theoretical analysis

of gating transients, noise spectra and conductance kinetics will be

continued.
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SUMMARY OF WORK (200 words or less - underline keywords)

The aim of the project is to incorporate ionic channels in lipid bilayer

s

and to study their properties - particularly their electrical properties. In

particular, we have studied hemocyanin channels and EIM (excitability-inducing

material of bacterial origin) channels. Both of these channels exhibit nega-

tive resistance with moderate doping concentrations. One long-range objective

is to relate this negative-resistance behavior to properties of single channels

We have recently started another program, whose purpose is to incorporate

biological channels into lipid bilayers, primarily by membrane fusion. The

loijg-range objectives of this program are to determine single-channel proper-

ties of biological channels as well as to learn more about membrane fusion.

PHS-6040
(12-75)
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Project Description :

The study of several different voltage-dependent ionic channels allows

comparisons of the channel properties and their gating mechanisms. EIM and

hemocyanin (and other bi layer channels investigated elsewhere) all seem to

have discrete conductance levels with conductance differences of the order

of 100 pS. The number of discrete levels, on the other hand, shows con- #
siderable variability. EIM has only two conductance levels, and thus

represents the simplest system that can have negative resistance. We have

recently shown that hemocyanin has at least five discrete conductance levels

and a large number of sublevels within each of the main levels. Transitions

between sublevels are at least 1000 times faster than transitions between

main levels.

It is likely that each conductance state represents a particular
moleculsr confomwrtlon. Thus, different ctmmels have different niahirs of
stable conformations and different voltage-dependent transition wttes brtaen
the conformations. These are differences in details. All of these channels

„

change their conductance in response to membrane voltage, and the responses

are sufficiently voltage-dependent to produce negative resistance when the

manbrane contains many channels.

We hope to extend these results to the determination of single-channel

properties of biological channels. The most difficult step in this direc- ^
tion is the incorporation of these channels in a bi layer. We are trying to

obtain channel incorporation by fusion of small cells with lipid bilayers.

In attempting to do this, we plan to try several different lipids and

several different cells. We also plan to searc+i for experimental conditions

(such as ionic strength and temperature) that will be conducive to membrane

fusion.

Spin-label ESR experiments provide a means of assessing changes In lipid

structure. An experiment performed with this technique demonstrated that the

interaction of human platelets with thrombin does not involve any substantial

change in lipid organization. Another experiment using this technique is

planned to test whether local anesthetics affect the lipid organization of

nerve membranes.

Publications :
((

Alvarez, 0., Diaz, E., and Latorre, R.: Voltage-Dependent Conductance

Induced by Hemocyanin in Black Lipid Films. Biochimica et Biophysics Acta

389: 444-448 (1975).

Latorre, R., Alvarez, 0., Ehrenstein, G., Espinoza, M. and Reyes, J.:

The Nature of the Voltage-Dependent Conductance of the Hemocyanin Channel.
J. Mewb. Biol . 25: 163-182 (1975).

C
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Lecar, H., Ehrenstein, G., and Latorre, R.: Mechanism for Channel
Gating in Excitable Bi layers. NY Acad. Sci . Vol 264: 304-313 (1975).

Sachs F. and Feirman, R.D.: Spin-Labelled Human Platelets.
Thrombosis Res . 8: 43-50 (1976).

;
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Mathematical models for the following phenomena were studied.

1) The dependence of threshold to anodal break excitation on temperature in

the Hodqkin-Huxlev nerve equations .

2) Optimal motor control functions required to minimize either total energy

expended or total time of a muscular motion .

3) The mathematical basis of periodic bursts of impulses in a simple model

of a bursting pacemaker .

4) The development of interactive computer programs for solving nerve membrane

equations in current~and voltage clamp and for threshold search

PHS-M40 35x



ZOl NS 02091-03 LB

Project Description :

Computations of anodal break excitation in the Hodgkin-Huxley equations
showed the unexpected appearance of a critical temperature, above which
anodal break excitation cannot be elicited. Mathematical analysis of the
equations showed that this phenomenon originates in the saturation of the
conductance variables (m, h, n) for strongly hyperpolarized membrane g
potentials. Since such saturation is a ge eral property of membrane modelC
the search for this critical temperature by improved experimental methods
would help to test present and future models. This portion of the project
has been completed.

The optimal motor control input signal to a simple muscle model without
series elastic element, acting against a combined constafit and Inertia! load,
previously determined for minimum total energy, has now been found also for
minimum total time. For a lengthening muscle, and for shortening with a
large enough mass and/or a small enough shortening distance, the t>(0 solu-
tions are identical, but can differ appreciably for smaller masses and
larger distances. Such analysis by optimal control theory provides a
testable hypothesis for predicting muscular motor inputs, which could be
extended to more complicated and realistic models including more than one
muscle, and limb constraints. Further extensions of the method include
models with series elastic element, and dependence of tension on muscle
length. g\

In collaborating with Dr. John Rinzel, a simple model of a bursting
pacemaker, formed by adding a new equation to the BVP model of the nerve
membrane, has been studied in an attempt to discover how it produces
regular and irregular sequences of impulse bursts. These bursts have been
observed in both analog and digital computations with the model. They
appear to be the result of the slow oscillatory interaction of the new slow
variable, which mimics a stimulating current, with the averaged membrane
potential. This causes the alternate appearance and disappearance of the
faster oscillation representing the repetitive firing of impulses. The
reason for the irregularity is not yet clear. It is hoped that nonlinear
mathematical analysis will explain the observed properties of bursting pace-
maker neurons, in terms of more accurate models based on experiments.

The interactive computer programs which have been developed for the
convenient solution of the Hodgkin-Huxley and other membrane equations y
under current clamp, including threshold searches, have been made available
to the public through NTIS. Other programs for solving modified Hodgkin-
Huxley equations under voltage clamp have been developed for the use of
laboratory members in Woods Hole. Future developments may Include the
modification of the earlier programs to include ramp input currents.

36x



i

I

An analysis of spherical aberratlmts In lenses has been mftd» for the
purpose of clarifying the reason for the characteristic dependence of
uf aberrations on the third power of the distance from the axis. It ms
found that this dependence Is based on general relations between the radial
and axial terms in Laplace's equation.

Publications :

FitzHugh, R.: Nerve Membrane Model . FORTRAN programs to compute
solutions to Hodgkin-Huxley equations. Magnetic tape distributed by

National Technical Infonmtlon Service, U. S. Dept. of Conmerce. NTIS
Accession No. PB243847/AS. 1975.

FitzHugh, R.: Anodal excitation in the Hodgkln-Huxley nerve model.
Biophys. J . 16.: 209-226. 1976.

Ehrenstein, G.: On the derivation of spherical aberrations. Amer.
J. Physics 43: 745. 1975.
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It is the purpose of this project to better understand the mechanism of
the ionic conductances in membranes which are voltage dependent, i.e.,
excitable. One of the methods is to study the effect of chemicals which
interact with ionic channels, in order to find out more about the channels.
In particular, we went to learn where the voltage-dependent gates are located
and how the gates respond to electric fields. Currently, we are studying
yohimbine which changes the voltage-dependent sodium conductance in the
membrane of the squid giant axon . We are especially interested in the site
of yohimbine binding to the membrane.

Other studies designed to learn more about the mechanism of voltage-
dependent conductance are:

1) The effect of pressure on axonal and synaptic membranes of the squid .

2) The effects of membrane potential on the calcium channel in- the
barnacle muscle membrane.

PHS-6040
(12-75)
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Project Description
^

The object of this project is to try to understand the mechanism of the |

ionic conductances which are voltage dependent.

We have studied the effects of yohimbine, an indole alkaloid. Yohimb/' ^

causes decreases in action potential amplitudes when repeatedly pulsed.
Sodium currents were measured in the squid giant axon using the voltage-
clamp technique. When depolarizing test pulses were at least two minutes
apart, there was a decrease in the sodium current associated with no voltage
or time constant changes. This effect we have termed the tonic effect.
Although yohimbine acts both internally and externally, we have determined
that its site of action is on the inside. When depolarizing test pulses, of
short duration, at frequencies of one hertz or greater were used, there was
a further reduction in sodium currents. The magnitude of this further
reduction was increased for increasingly depolarized test pulses and tias

decreased for increasingly hyperpolarized prepulses. The time to reach a

final steady sodium current was decreased by increasing either the depolari-
zation of the test pulses or the hyperpolarization of the prepulse. This
voltage-dependent effect is not consistent with an electric field effect on
the binding constant of the drug with its site. We plan to study more care-
fully this voltage-dependent effect by decreasing the test pulse durations
instead of altering the frequencies of stimulation. ^

Experiments are also being conducted on the effect of yohimbine on the
passive sodium uptake on cultured neuroblastoma cells to determine the site
of membrane binding. Other workers have shown that batrachotoxin (BTX)
causes an increase in the passive sodium uptake and that it is probably due
to an activation of the sodium channel. Yohimbine inhibits this BTX effect.
Experiments are planned to determine whether this inhibition Is competitive
or non-competitive.

We have previously shown that increased helium pressure slows down the
action potential and the voltage-clamped sodium and potassium currents in the
squid giant axon. Further experiments altering the prepulse conditions did
not exhibit a pressure effect on the sodium inactivation process. We also
studied the squid giant synapse under high helium pressure. The pre-
synaptic nerve was stimulated extracellularly and the post-synaptic potent"

i
was recorded using an insulated platinum wire exposed at its tip and placeo
longitudinally down the axon to the synapse. With repetitive stimulation,
the synapse fatigues more easily. Thus, at 200 atmospheres the number of
action potentials before complete fatigue occurs is only about 5% of the
number when there is no helium pressure. Since a high pressure neurological

syndrome occurs in man exposed to pressures greater than twenty atmospheres,
experiments using pressure on excitable membranes might be able to explain
some of the effects of this syndrome.

^Ox
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^\ \iB also plan to test how Inhibitors of calclut current (such as verapa-
mil) Influence the voltage-clamped calclua currents In the nmbrane of the
oamacle imtscle. In particular, the sltat of action of the Inhibitors will

be studied. Me are especially interested in whether these a^nts block
c£lciun channels or affect the gates of the channels.

Publications:

Ehrenste1n» C, Gilbert, D.L., and Liplcky, R.J.: Does phospholipid
flip-flop affect axon potassium channels? Blophys. J. 15: 847'849i 1975.

_ _ Hemler$on». J.l.,Jr..Mid 611bcrt« 04^: SloNtii^ 9f Ionic currents fn

the v&ltage-el«ipid sqoid axon by htllBriiwafi;;: -Wrtyy 25g! -3ST-362,
'1975; --"•'

: .... —-.• • -.L
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SUWIARY OF WORK (200 words or less - underline keywords)

The purpose of this project is to determine how and to what extent

the perineurian is involved in the maintenance and regulation of the ionic

and metabolic environment of the axons of peripheral nerves. The topics of

interest include: (1) passive penneability to electrolytes and non-

electrolytes; (2) active transport of ions; (3) facilitated diffusion or

transport of amino acids and glucose; (4) electrical impedance and short

circuit currents; (5) the determination of the normally existing composi-

tion of the extracellular fluid in the endoneurium .

PNS-M40 -w>
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Project Description :

The extracellular space in the endoneuri um of peripheral nerves is

isolated by the endothelial lining of cell capillaries and by the single
layer of cells in the perineurium which are connected together by tight
junctions. This project is concerned with the study of the role of the #
epithelial cell layer in the perineurium.

The methods employed are principally the standard techniques used to

study unidirectional fluxes of various substances across the isolated and
perfused perineural sheath of the frog or toad, including the use of radio-
active tracers. In addition, histological techniques are employed in

collaborttlen trith specialists In electron nicroscopy, and electrical
nezsiirenents' are mftde using intemftl and extemtl voltage and current
anptriylng eleetrodes.

This is a new project and the only major findings of note are the
confirmation of early unpublished results of the principal investigator on
the impedance of the isolated sheath.

The blood-nerve barrier bears the same relation to peripheral nerve
axons as the blood-brain barrier does to the brain. Very little work has-
been done in this area. It is not known, for example, how the composltlofC
of the fluid in the extracellular space compares with cerebrospinal fluid.
It would appear that the barriers in the perineurium would be Intimately
involved in-a number of functions of the axons and in a variety of peri-
pheral neuropathies.

The proposed course of this project is to begin to explore the passive
penneablTlty, active transport, facilitated diffusion and electrical
impedance of the perineurium and to relate these to structural features
as revealed by electron microscopy.

€
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Annual Report

July 1, 1975 through June 30, 1976

Laboratory of Experimental Neurology, Intramural Research Program

National Institute of Neurological and Communicative Disorders and Stroke

William F. Caveness, M.D»

General Statement

This is a small laboratory with five/four permanent positions. Its productivity is

dependent upon the conceptual and technical competence of each of its staff, the effec-

tive contract support for processing anatomical specimen and supply of newborn monkeys,

and and the collaboration of scientists at Harvard University, and at other branches and

laboratories at NIH.

This activity is a continuation of a primate laboratory established at Columbia

University in 1958 as an adjunct to the Seizure Clinic for Children, Columbia Presbyte-

rian Medical Center, both under my direction. Its initial purpose was to better under-

stand clinical seizure patterns in infants and young children by studying the evolving

seizure patterns in the developing brain of the monkey. The first eight years of this

investigation is summarized in Ontogeny of Focal Seizures, chapter 19, in Basic

Mechanisms of the Epilepsies, Little, Brown and Co., 1969.

In 1961, in collaboration with Brookhaven National Laboratories, a series of

studies were begun on the delayed effects of x-irradiation on the cerebral cortex of the

Macaco mulatto. This was prompted by the clinical observations on the wards of the

Neurological Institute of New York of delayed spinal cord necrosis that followed in a

matter of months the unintentional exposure of the cord during irradiation therapy for

neoplasms of the nasopharynx, lung or mediastinal structures. The results of the first six

years of these investigations are set forth in Pathogenesis of X-irradiation Effects in the

Monkey Cerebral Cortex, Brain Research, 1968, 7: Special Issue.

Following the Korean Conflict, there began studies of sequelae in men who were
seen by me at the time of their head injuries, in combat or support activities. These

findings are summarized in Chapter 15, Vol . 15, The Epilepsies and Chapter 25, Vol . 24,
Injuries of the Brain and Skull Part II, Handbook of Clinical Neurology, North Holland

Publishing Co., Amsterdam, 1974 and 1976, respectively.

The Laboratory was established within the Intramural Program, NINCDS, NIH,
April 1969 with the physical transfer of records and equipment from New York to Bethesda

in March 1970.
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Current Sclenfific Effort:

1) Experimental Focal Seizures in the Monkey.

(a) Ontogeny: Earlier electrographlc end clinical findings, indicative of the

dependence of the seizure pattern on regional organization in the central nervous system,

led us to postulate that while the cerebral cortex in the newborn is able to support focal

paroxysmal activity, it Is dependent upon the subcortical somatotoplcally linked nuclear

masses and circuits for the full development of focal abnormality, its propagation to other

parts of the cortex and to a common final pathway that results in the clinical seizure. In

the 24 month old (pubescent) monkey, on the other hand, the propagation is under the

control of cortical circuitry. To test this concept, two experimental procedures were

carried out just prior to penicillin induced focal activity in the motor face area of the

right cerebral cortex. By undercutting the site of activation, the propagation was blocked

in the newborn and unimpeded at 24 months of age. Interrupting the intracortical con-

nections by circumsecting the activation site had negligible effect in the newborn, but

blocked the propagation at 24 months. These findings support the concept that the

effective neuronal organization for the propagation of focal paroxysmal activity shifts

from subcortical to cortical with maturation. The anatomical substrate in the cerebral

cortex for the described seizure activity has been extensively investigated with particular

attention to the developing fiber systems, as delineated by Nauta techniques, and the

developing pyramidal and stellate cells as demonstrated In Golgi preparations. At birth,

cortico-'cortlcol connections are poorly developed, and cortico-subcortlcal circuits are

well demarkated. In contrast, cortico-cortical connections are prominent at 24 months

of age. This increase in cortical connectivity is reflected In the postnatal architectonic

development of layers II and III, the loci of the most dramatic events of the postnatal

developrnent. These studies have been completed and the results published.

(b) Subcortical Factors:

Blood Flow Studies: A logical extension of the preceding observations is a search

for the subcortical circuits and nuclear masses that are involved In the propagation of the

seizure activity. Previous studies by others have attempted to define "preferential"

pathways by depth recording or by selective destruction of subcortical structures. For us

it seemed wise to gain a global appraisal prior to the definitive study of individual

elements. For this we have employed the f '''^Cl antlpyrlne technique for tho determin-

ation of regional cerebral blood flow during selected phases In the propagation. The

assumption, based on sound observations by others. Is that an increase in neuronal

activity will be reflected by an increase In blood flow.

With the cooperation of the Laboratory of Cerebral Metabolism, NIMH, we have

developed the I C] antlpyrlne method and added modifications that permit the section-

ing of the whole head for the autoradiograms and the magnification by five of the radio-

grams for optical density measurements. This prevents distortion In the brain sections and

facilitates densitometric measurement of the Isotope uptake in small subcortical nuclear
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masses, respectively. In brief: The diffusable radioactive tracer, 200^c/l<g body weight,

is infused over a sixty second period during the development of a focal seizure. The

monkey is then decapitated and the head immediately immersed in a Freon bath chilled

to -loot by liquid nitrogen. In short the fit is frozen in the brain. Subsequently the

brain, in its case, is serially sectioned at 30 micro with a PMV Cryo-microtome at a

temperature of -20t. Approximately 100 sections from each brain are dried at 60°C and

placed on blue sensitive X-ray film for macroautoradiographs. From the determination of

the concentration of the [ ''^C] antipyrine In the arterial blood and the concentration of

the tracer in the macroautoradiographs, the value of the actual regional cerebral blood

flow in millilitres per gram per minute is calculated from the formula devised by Kety.

Two advantages in exploring subcortical mechanisms In the newborn are being

exploited. First, the level of development and Integration of the cortex is such that the

better developed subcortical systems are likely to have a clearer expression. Secondly,

the propagation of seizure activity, at this age, is protracted in time providing a better

opportunity to observe the sequential Involvement of neuronal aggregates. In the current

series, the seizure activity Is being interrupted at two, three and five minutes following

the Injection of penicillin. In those with the least progression, the electroencephalo-

graphlc paroxysmal activity has been sporadic and limited to the right sensori -motor area.

The accompanying increased blood flow has been limited to the right sensori -motor cortex

and the right putamen. With better defined electrographlc activity and contralateral

clinical phenomena, e.g. face or hand, the Ipsilateral increase in blood flow was found

in the sensprl-motor cortex, supplementary cortex, putamen, globus pallidus, VL, VPL,

VPM, substantia nigra and contralateral lobulus simplex of the cerebellum. With further

progression of the electrographlc expression and contralateral clinical phenomena involv-

ing more than one part, e.g. face and hand, the increased blood flow was found in the

just described areas, plus the ipsilateral Subthalamic nucleus. Red nucleus. Pontine

nucleus, arid the contralateral anterior and posterior lobes and nuclei of the cerebellum.

This clear cut progression in subcortical structures is set forth In Table 1

.

A similar pattern with a faster progression to subcortical structures was found in

pubescent and young adult monkeys.

The yield from this appraisal of brain function during the propagation of a focal

seizure prompted a refinement that provides a greater resolution In the autoradiograms

and a closer approximation to the metabolic state, i.e. the use of C-deoxyg!ucose for

the quantitative estimation of the rates of glucose consumption in the various r,tructural

components of the brain.

Biogenic Amines: Within the past year we have added an Important parameter to

the studies of cortical and subcortical structures that are implicated In the propagation of

focal seizures. With the Laboratory of Clinical Sciences, Section on Histopharmacology,

NIMH, we are examining the changes in neurotransmitters or their enzymes in the areas

that have shown increased blood flow. In the routine sectioning of the frozen head,

when a structure of interest Is exposed, first the section for the autoradlogram Is taken.
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then a sample of the structure Is obtained with an 18-22 gauge needle from the block

remaining in the cryostat. The material is immediately transferred to the appropriate

solutions for micro-assay of dopamine, norepinephrine, choline acetyl transferase, and

glutamic acid decarboxylase. A small numerical ticket marks the defect in the block

which is then photographed. These procedures are carried out faster than they can be

described with minimal elevation in cryostat temperature. As of April 15, 1976, only

three animals have been completed: One control and two with focal seizures. This series

will employ young adult monkeys, 3 Kg in weight.

Electrographic Observations: These studies followed the observed prominence of

the increased blood flow in the cerebellum during seizure activity. The simultaneous

recording of the electrical activity from the right and left cerebral cortex and the right

and left anterior lobes of the cerebellar cortex in six 3 Kg animals has demonstrated

concomitant paroxysmal activity in the face area of the cerebral motor cortex and the

somatotopic representation of the face in the anterior lobe of the contralateral cerebellar

cortex. Further, with the advance of the seizure activity to the hand area in the cerebral

cortex there is a similar advance to the hand representation in the cerebellar cortex.

These electrical phenomena are accompanied by clonic movements in the face and hand,

respectively. We plan to exploit this model in two ways: a) the determination of the

effect on the cerebellar activity of interrupting the sensory Input from muscles and tendons

during the focal seizure, by paralyzing the animal prior to the penicillin injection, and

b) determining the effect on the propagation of the focal seizure by cooling the paramedian

region of the contralaterol anterior lobe of the cerebellum.

Slgnlf l ccoce to Bio-Medical Research and the Program of the Institute: This

established model of focal seizures will permit the manipulation of cortical and subcorti-

cal activity by pharmacological or physical agents. This should provide new approaches

to medical and/or surgical therapy for selected forms of the Epilepsies.

2) Delayed Effects of Ionizing Irradiation on the Brain of the Monkey.

Three modes of brain irradiation in the young adult Macaco mulatto have been
employed to demonstrate phenomena of clinical interest.

(a) In the first model, the right occipital lobe of 24 animals were exposed to

3,500 rods of orthovoltoge radiation, in a single dose. The source was a General Electric

Maxitron X-ray machine, operating at 250 KVP and 30 MA. The target to skin distance

was 23 cm and the dose rate was 300-350 rad/min. An 0.5 copper filter and an aluminum
parbolic filter resulted in an x-ray beam having a half-value layer equal to 2.15 mm of

copper.

The early ultrastructurol changes were found to be subtle, implicating glycogen
metabolism, and perhaps enzyme systems, as reflected by altered lysosomes. With routine

histology, and Golgl Cox preparations, the sequential changes prior to 20 weeks were
limited to minimal, scattered astrocytic or microglial reactions with occasional
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pei-ivascula, coiieclions of mononuclear cells. Around twelve weeks there were detectable

though not pronounced alterations in dendritic arbors and to a less extent, a loss in cell

bodies. From 20 to 24 weeks, there was a rather abrupt breakdown in neural tissue, rep-

resented most clearly in focal areas of myelin destruction, accompanied by proliferative

and degenerative changes in astrocytes, microglia and oligodendroglia, and collections

of mononuclear cells. Vascular changes included proliferation, occlusion, degeneration

and haemorrhagic exudates. Around the periphery were hyperplasia of glia, telangiectasia,

and an inflammatory reaction, in the following weeks the focal areas coalesced into

wider areas of tissue destruction that were accompanied by reparative processes of varying

but incomplete degree.

As a part of this complex lesion, there was a massive break in the blood brain

barrier, the clinical implications of which could be profound. To delineate this, an

additional set of monkeys received by vein, Evans Blue dye, 2 ml/kg two hours before

they were killed. The irradiated right occipital lobe was swollen and deeply stained.

The swelling extended from the irradiated region throughout the right hemisphere causing

gross brain distortion. To monitor the changes in cerebral spinal fluid pressure, an in-

dwelling catheter reservoir system was employed that permitted sequential measurements

of cisternal pressure. In 8 out of 12 irradiated monkeys the pressure curves indicated a

delayed, abrupt rise that might take place as early as 18 weeks or as late as 36 weeks

following the exposure. The pressure increase achieved an elevation of 3 or more times

baseline within a period of two weeks and was reflected in papilledema (4/8), oculomotor

palsies (3/8), behavioral blindness (4/8), gross depression in visual evoked response (8/8)

and predominatly delta activity in the background electroencephalographic activity (8/8).

The four animals that developed behavioral blindness are of special interest. The unilateral

destruction of the visual cortex is insufficient to account for this as is the bilateral papil-

ledema, since the blindness and papilledema did not always occur in the some animal.

Rather, we believe the blindness to be the result of gross distortion of the visual pathways

within the brain, i.e. the swelling in the right hemisphere and the compression in the left,

implicating particularly the lateral geniculate bodies. Three of the twelve animals

showed only a mild elevation in CSF pressure, never more than twice baseline, between

the 20th and 36th week. Observed for 52 weeks, none of these animals showed abnormal

clinical signs, although all showed mild depression of the visual evoked response on the

right. When killed, all showed some staining with Evans Blue, but less pronounced histo-

logical changes at the irradiated site than that seen in the previous group of eight

monkeys. A single monkey showed an appreciable but more gradual increase in CSF

pressure, three times baseline at 22 weeks with a return to, and below, baseline from the

40th week. There was papilledema from the 18th to 30th week, and absent visual evoked

response from the 25th to 30th v/eek, then a gradual recovery of the latter during the

remainder of the 52 weeks of observation. When killed, the brain showed no staining

with Evans Blue but rather a shrunken fibrotic lesion in the irradiated right occipital lobe.

The lateral geniculate body on the right showed cell loss involving all lamina, evidently

the remnant of pronounced edema in the right hemisphere.

As an extension from the observations of this model we determined the regional

cerebral blood flow (rCBF), by the [^^C] antipyrine method for evidence of metabolic



impairment, not only within the developing lesions, but throughout the brain. For this,

one monkey was killed at baseline, three during the phase of development of increased

CSF pressure, one at its peak, and one upon recovery. Two unirradiated animals served

as controls. The findings indicated that as the CSF pressure increased the blood flow

decreased. -This decrease was at first greater in the right hemisphere, the side of the

lesion, and in the white matter more than the grey matter. However at the highest

pressures the blood flow was decreased bilaterally in both white and grey matter. Of
perhaps grave significance was the only partial recovery in blood flow in the monkey
whose intracranial pressure had returned to normal . While there was greater improvement

in grey than white matter, there remained a diffuse reduction in blood flow suggesting a

long term impairment in cellular metabolism and/or blood flow regulatory mechanisms.

The principles demonstrated by this first mode of Irradiation, i.e. a portion of the

brain with a single dose of 3,500 rods, are: 1) There is a protracted delay, in weeks or

months, before there is overt breakdown of neuronal tissue. 2) Once this starts the

destructive process proceeds quickly. 3) A prominent feature is a break in the blood brain

barrier, that not only contributes to the local destruction, but through the migrating

plasmatic fluid can damage remote areas, either directly through separation and compres-

sion of neuronal elements, or Indirectly through distortion of brain structures and impair-

ment of CSF circulation. 4) The lesions seldom. If ever, heal, in the time span studied.

In those Instances In which the reparative processes "seal" off the lesions, there may

remain focal, and perhaps diffuse, impairment In neuronal function as a remnant of the

destructive processes.

(b) In the second model the whole brain was subjected to a single exposure of

supervoltage irradiation. Three groups of four monkeys each received 1,000, 1,500 and

2,000 rods, respectively. The source was a linear accelerator with an electron beam

energy of 20 MeV, that after colllmation was converted to photons by tantalum foils and

flattened by a lead disc to provide a nearly constant radiation field. The dose rate was

200 rads/mln. The source axis distance was 180 cm.

Those with the whole brain exposed to 1,000 rods in a single dose demonstrated no

clinical signs. Those Irradiated with 1,500 rods showed progressive neurological abnor-

malities, including diminished motor activity, myoclonic jerks, high amplitude slow

waves (delta activity) In the background BEG, papilledema and loss of visual acuity.

With whole brain exposure to 2,000 rods, none of the monkeys survived beyond 26 weeks.

Their deteriorating condition Included crippling loss in motor power and dexterity with

finally an inability to injest food. Three out of the four, had pronounced papilledema

beginning in the 8th week, the fourth, had blurred disc margins in the 12th week, that

was less evident at the time of sacrifice.

The brains of those exposed to 1 ,000 rods showed no abnormality. The brains of

those subjected to 1,500 rods, that were killed at or beyond 52 weeks showed evidence

of swelling and symmetrically dilated ventricular systems. When sectioned, the brain of

the monkey killed at 26 weeks, showed scattered focal lesions in the forebrain white
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matfer. These consisted of discrete, minute areas of necrosis. In some of which there were
mineral deposits. The monkey killed at 52 weeks, showed wide spread areas of coalesc-

ing necrosis involving primarily the white matter of the cerebral hemispheres, along with

focal lesions in the brain stem and cerebellum. In the focal lesions there v/as some
mineralization with very little found in the confluent areas of necrosis. Vascular changes

included amorphorous, subendothelial deposits in the small arteries, and capillary

telangiectasia. The monkey killed at 78 weeks, had a pattern of confluent and focal

necrosis similar in kind, but less in degree than that shown in the monkey killed at 52

weeks. The monkey killed at 102 weeks, on gross examination showed atrophic as well

as oedematous changes, along with cerebellar tonsilar herniation. The histological exami-

nation of this brain is not yet complete. With whole brain exposure to 2,000 rods, the

most striking gross abnormality in all four brains was the symmetrical enlargement of the

ventricular system. Upon sectioning, they all had a wide scatter of focal necrotic

lesions that, though very high in number had not yet shown coalescing or confluence.

The large number of fresh lesions in the brain stem undoubtedly contributed to the Inability

to survive. Table 2.

The principles to be derived from this second model are straightforward: 1) Whole
brain exposure to 1,000 rods in a single dose causes no lesions In the first 104 weeks

following irradiation. 2) Exposure to 1,500 rods causes small focal areas of necrosis in

the forebrain white matter at 26 weeks, but a much more extensive Involvement at and

beyond 52 weeks that includes confluent areas of necrosis in grey and white matter, with

focal lesions extending Into the brain stem. At and beyond 52 weeks there is ventricular

dilation,' evidently from brain loss. 3) Exposure to 2,000 rods causes such a wide scatter

of focal areas of necrosis throughout the brain, including a large number In the brain

stem, that survival beyond 20-26 weeks is not possible. All showed atrophic gyri and

enlarged ventricular systems.

(c) In the third model, the whole brain was subjected to fractionated exposures

of supervoltage Irradiation, at approximately 200 rods a day five days a week, with the

same equipment described for the previous series. To bracket the human exposure of

6,000 rods, now used for malignant gliomas in several medical centers in the United

States, three groups of four monkeys each received 4,000, 6,000 and 8,000 rods in

courses of 4, 6, and 8 weeks, respectively.

The monkeys exposed to 4,000 rods showed no functional abnormality. Those that

received 6,000 rods showed alteration in visual evoked response and/or papilledema from

the 8th week following irradiation, the latter usually receding between the 16th and 24th

week. From the 32nd week high amplitude slow waves were apparent in the EEC Those

that received 8,000 rods exhibited a course not unlike those that recelveo 6,000 rods up

to 26 weeks. Beyond that time there was a progressive deterioration reflected In severe

Impairment in motor function, papilledema followed by optic atrophy and behavioral

blindness, and prominent delta activity In the EEG.
The animals that received 4,000 rods had no structural abnormalities. In those

exposed to 6,000 rods, the one killed at 26 weeks, showed 143 lesions scattered through-

out the forebrain, predominantly In the white matter of the corona radiata, centrum
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semiovale and internal capsule, with a fair number in the central grey matter. These

consisted of areas of necrosis, 1 mm or less in diameter, attended with varying degrees of

vascular, glial and macrophage reactions. The individual lesions were of different ages.

The most recent consisted of a central core of necrotic brain surrounded by a narrow rim

of macrophage response. Slightly older lesions contained numerous macrophages through-

out. The oldest showed mineral deposits that stained for both calcium and iron. Myelin

sections adjacent to the NissI sections at times revealed corresponding areas of palor that

often exceeded in extent the area of necrosis, suggesting focal "vasogenic" edema.

Adjacent to the punctate lesions were occasional grossly altered vascular endothelial

cells. Quite apart from these, were areas of capillary proliferation, or telangiectasia,

5-8 mm in extent. At 52 weeks, there were only 12 small necrotic lesions, and most of

these were mineralized. In addition there were innumerable minute areas of mineral

deposits that may have represented remnants of larger necrotic lesions, or degenerated

vascular walls or plasma products. A more active process was reflected in widespread

areas of dilated capillaries or telangiectasia, more than were seen at 26 weeks. At 66

weeks there were 63 small necrotic lesions with varying degrees of associated reactions

including mineralization In 49. There were also scattered minute mineral deposits

bilaterally. At 78 weeks there was a wide distribution of 242 focal necrotic lesions with

a somewhat greater extension into the brain stem than was seen in the animals that were

killed at shorter intervals. The accompanying vascular reactions and mineral deposits

were, however, more apparent. From the preceding it appears that in the monkeys

exposed to 6,000 rods there is a tendency to fewer and fewer necrotic lesions to appear

with the passage of time with a progressively larger number that are mineralized, sug-

gesting a tendency toword healing. The monkey killed at 78 weeks showed more lesions

than were found at earlier intervals, but few of these were recent, sustaining the impres-

sion of a trend toward repair.

The effects from 8,000 rods at 26 weeks, e.g. 64 focal lesions, were similar in

kind but greater in degree, than those from 6,000 rods. One monkey killed off schedule

at 32 weeks, showed 2,089 focal lesions throughout the white and grey matter of the

brain, with 115 in the brain stem. At 52 weeks there was a confluence of necrotic lesions

in the swollen cerebral hemispheres including thalamus and basal ganglia, but fewer focal

lesions in the brain stem than were found in the monkey that was incapasltated at 32

weeks. At 78 weeks there was massive brain destruction from confluent necrotic lesions

in the cerebral hemispheres. The loss in brain substance was reflected in the atrophy of

the gyri and marked enlargement of the ventricular system. These monkeys exposed to

8,000 rods demonstrate with the passage of time a consistant, progressive increase in

number and confluence of necrotic lesions. Even within this relentless course the monkey
killed at 78 weeks showed a somewhat less active and more atrophic process than the

monkey killed at 52 weeks. Table 3.

From this third model, employing fractionated exposure to high energy irradiation,

the following implications may be considered: l)The extent of the delayed effects Is dose
dependent. The effects from 4,000 rods are negligible; from 6,000 rods, considerable;

from 8,000 rods, profound. 2) The resultant necrotic lesions from 6,000 rods are small,

widely scattered, with a predilection for the forebrain white matter but not excluding the

central grey matter and brain stem. The possibility of focal us well as general clinical
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phenomeno is inherent in this kind of brain damage. 3) The time course is important. Not

only is there a delay of weeks or months before there is overt tissue breakdown but the

individual lesions, evidently begin their cycle at different times, with the probability of

their overall influence extending over a protracted period. Although there is an apparent

trend toward recession in numbers of fresh necrotic lesions, adequate repair may be delayed

or never occur. The effects at one year from 6,000 rods include considerable minerali-

zation of the necrotic lesions, but a far greater extent of telangiectasia than found at six

months. 4) At one phase in the developing areas of necrosis there may be multiple minute

breaks in the blood brain barrier that when sufficient in number cause diffuse brain swell-

ing, reflected by papilledema. 5) The lesions from 8,000 rods at six months are not

strikingly different from those following 6,000 rods, however, by twelve months the

extensive and coalescing lesions from the former produce gross brain destruction.

Current and future activities: A definitive series was started in July 1975 that will

more closely simulate the human therapeutic experience and provide more precise infor-

mation regarding the pathogenesis of the radiation lesions. Twenty-one adult male

monkeys, 8 to 12 kilos in weight, were selected to more closely approximate in their age

the adult humans that are irradiated for malignant gliomias. The brains of these animals

were exposed to 6,000 rods of supervoltage radiation in a six week course, with alternate

sides of the head exposed on alternate days. They are being killed, in sets of three, at

sequential intervals following the beginning of the radiation course, to gain a better

concept of the development and degree of recession of the lesions produced by this mode

of irradiation. Their clinical course is being monitored by neurological observations,

funduscopic photography, and spinal fluid examination for protein and lactic dehydrogenase,

To these regularly scheduled examinations there will be added computerized axial tomo-

graphy, that is expected to be available in May 1976. The latter should not only provide

evidence of brain loss as reflected in dilated ventricles but, with the use of enhancement

techniques, evidence of breaks in the blood brain barrier that would give a dynamic

appraisal of the location and degree of tissue breakdown, and repair.

Significance to Bio-Medical Research and the Program of the Institute: The

principal advantage in simulating a therapeutic radiation regime in a monkey model is to

observe the effects In a brain uncomplicated by pre-existing pathology, e.g. that result-

ing from a neoplasm, surgical trauma or chemotherapy. This kind of information will be

useful in the planning of therapeutic efforts in man, with attention to "risk-benefit"

factors, and in the interpretation of fresh neurological findings following therapy. There

is a direct relevance to a major program of the Cancer Institute, i.e. the Brain Tumor

Study Group, and we are privileged to share in their findings as this group is made aware

of our results.

3) Structural and Functional Sequelae of Penetrating Head Injury, Phase I.

A registry for Head and Spinal Cord Injuries, as they occurred in military combat

in Vietnam, was developed at the request of the Surgeon General of the U.S. Navy and

was implemented with the cooperation of the Surgeons General of the U.S. Army and
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U.S. Air Force. The purpose was fo insure uniformity of data collection and to identify

cases for present and future studies. The yield from field surgeons, 1967 to 1970, was
2,043 entries that included 1,683 head injuries, 329 spinal cord injuries and 31 combi-
nations of the two. The average age at time of injury was 21 .6 years. A rigorous

appraisal demonstrated the uniformity and completeness of 1,540 head injury forms.

Ninety per cent of these were the result of explosively propelled missiles, 10% the result

of vehicular accidents, falls, or blunt objects. In 85% there was local brain destruction,

as evidenced by penetration of the dura with cortical laceration. Sixty per cent of those

were accompanied by immediate loss in consciousness, by history. Thirty per cent were
in coma responding only to pain at time of examination, that was generally within six

hours of injury. This provides an opportunity to group selected cases by regions of focal

damage, with and without alteration in consciousness. These categories constitute a

background against which the natural history of sequelae may be determined.

A contract project entitled, "Structural and Functional Sequelae of Penetrating

Head Injury, Phase I", was submitted to NINCDS in May 1975. A Feasibility Study for

Phase 1 was approved in March 1976, and will be implemented in May 1976. The

conduct of this plan will update the clinical data on 1,500 selected cases from the

Registry, by a review of the accumulated Military and Veteran Administration hospital

records since the time of injury. The assembly of the records, abstracting the pertinent

data, coding, transfer to magnetic tape, and analyses of sequelae, so identified, will be

carried out in cooperation with the Medical Follow-up Agency of the National Research

Council, NAS, the Physical Sciences Laboratory of the Division of Computer Research

and Technology, NIH, and three specially qualified professionals at the Eastern Virginia

Medical School, Vanderbilt University Medical School and Harvard Medical School,

respectively. Concomitant with the completion of Phase I will be the planning of Phase

II, i.e., an in-hospital examination of three quarters of these head injured casualties

with techniques not previously available, including computerized axial tomography for

the determination of brain loss. A second project proposal will be required for Phase II

.

Significance to Bio-Medical Research and the Program of the Institute: The

observations during the acute phase of injury in these cases are more uniform and probably

more accurate than any previous series of comparable size. This provides an extraordinary

opportunity for studies of prognostic factors and the natural history of disabilities in central

nervous system trauma in man. The recent development of new techniques for evaluating

functional deficits, e.g. regarding language and memory and new techniques for determin-

ing alterations in brain structure e.g. the CAT Scan, will afford an unique opportunity in

Phase II for fresh insight into posttraumatic sequelae and into the function cf the remain-

ing brain.
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Administrative Consfraints: At the outset, this Laboratory was allocated five

permanent positions. Two of these have been used for Visiting Associates or Visiting

Scientists, that are invited for two year periods. Within the last year, first a "freeze" '

on new appointments followed by a reduction in "ceiling," i.e., from five to four

permanent positions, caused a gap of four and one-half months when the Laboratory was

inadequately staffed for the supervision of the new irradiation series and for the neuro-

surgical procedures required for the studies in focal seizures. While no deficits occurred^
this placed an excessive burden on the remaining members of the Laboratory, and delayea

the analyses and publication of completed work. Temporary relief has been afforded by

the appointment of a previously selected, specifically qualified Visiting Associate for one

year. However, the inability to reappoint this man in August, 1976, for a second year,

will again impose a critical handicap to the productivity of this Laboratory.

<
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Focal seizures are created in monkeys , at birth and at pubescence, by injecting

25,000 units of penicillin into the right face-hand area of the cerebral motor cortex. The
development and propagation of the seizure is monitored by electroencephalography,

electromyography and clinical observations. At selected intervals during the propagation

of the focal seizures the animal is decapitated, the head frozen and the active subcortical

neuronal aggregates are delineated by an increase in the regional cerebral blood flow as

determined by the C antipyrine method . The structures so identified are sampled for

microassay of neurotransmitters or their enzymes.
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Projecf No.: ZOl NS 02158-02 LEN

Project Description

Objectives: To better understand the subcortical neuronal aggregates that arecntK:al to the propagation of focal paroxysmal activity originating infhe sentori-rnot::

fe^^g?^: '': '^^ e^^oblished animal model, focal seizures are induced by

hand area of'th -T?
^^ P^'-"- '" 0-025 cc of aqueous solution 3 mm into the fa'ce-hand area of he r.ght mo or cortex of the Macaco mulatto. The onset and elaboration ofthe attack pattern >s simultaneously monitored by electroencephalography ^r electro-cort.cography, electromyography and clinical observations.

P /
°r electro

I FM .
^'^^^^^ oncogenetic observations, completed in Project No. ZOl NS 01694-07

suon;rt r"r
^he postulate that while the cerebral cortex in the newborn is able toupport focal paroxysmal act, v.ty, it is dependent upon the subcortical somatotopicallyImked nuclear masses and circuits for the full development of focal abnormality, itspropagat.on to other parts of the cortex and to a common final pathway that results in thecl.n.cal seizure In the 24 month old (pubescent) monkey, on the other hand, the propa-gation ,s under the control of cortical circuitry. To test this concept, two experimental

procedures were earned out ,ust prior to penicillin induced focal activity in the motorface area of the r.ght cerebra cortex. By undercutting the site of activation, the propa-gat.on was blocked m the newborn and unimpeded at 24 months of age. Interrupting the
mtracort.cal connections by circumsecting the activation site had negligible effect in thenewborn, but blocked the propagation at 24 months. These findings support the concept
that the effect.ve neuronal organization for the propagation of focal paroxysmal activity
shifts from subcortical to cortical with maturation. The anatomical substrate in the
cerebral cortex for the described seizure activity has been extensively investigated with
particular attention to the developing fiber systems, as delineated by Nauta techniques,and the developing pyramidal and stellate ceils as demonstrated in Golgi preparationsAt b,r h, cortico-cortical connections are poorly developed, and cortico-subcortical
c.rcu.ts are well demorkated. In contrast, cortico-cortical connections are prominent at
/4 months of age. This increase in cortical connectivity is reflected in the postnatal
arch.tec on.c development of layers II and III, the loci of the most dramatic events of the
postnatal development.

Current Methods: A logical extension of the preceding observations is a search
tor the subcortical circuits and nuclear masses that are involved in the propagation of theseizure activity. Previous studies by others have attempted to define "preferential " path-ways by depth recording or by selective destruction of subcortical structures. For us itseemed wise to gain a global aporaisal prior to the definitive study of individual elements.
For this we have employed the O^C] antipyrine technique for the determination of regional
cerebral blood flow during selected phases in the propagation. The assumption, based on

rnTncretTrn'bTo^M!^^' '^ ''°' °" '"^"°^^ '" "^"^°"°' °^^'^'^^ -" '^ -^'-^^^ ^y
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With the cooperation of the Laboratory of Cerebral Metabolism, NIMH, we have

developed the ['^C] antipyrine method and added modifications that permit the sectioning

of the whole head for the autoradiograms arid the magnification by five of the radiograms

for optical density measurements. This prevents distortion in the brain sections and facili-

tates densitometric measurement of the isotope uptake in small subcortical nuclear masses,

respectively. In brief: The diffusable radioactive tracer, 200 uc/kg body weight, is in-

fused over a sixty second period during the development of a focal seizure. The monkey

is then decapitated and the head immediately immersed in a Freon bath chilled to -]OCrC

by liquid nitrogen. In short the fit is frozen in the brain. Subsequently the brain, in its

case, is serially sectioned at 30 micro with a PMV Cryo-microtome at a temperature of

-20'^. Approximately 100 sections from each brain are dried at 60°C and placed on blue

sensitive X-ray film for macroautoradiographs. From the determination of the concentra-

tion of the [^'''^C] antipyrine in the arterial blood and the concentration of the tracer in

the macroautoradiographs, the value of the actual regional cerebral blood flow In milli-

lltres per gram per minute is calculated from the forfnula devised by Kety.

Two advantages in exploring subcortical mechanisms in the newborn are being

exploited. First, the level of development and Integration of the cortex Is such that the

better developed subcortical systems are likely to have a clearer expression. Secondly,

the propagation of seizure activity, at this age, is protracted in time providing a better

opportunity to observe the sequential involvement of neuronal aggregates.

Major Findings: In a series of 15 newborn monkeys the seizure activity was

interrupted at two, three or five minutes following the injection of penicillin. In those

with the least progression, the electroencephalographic paroxysmal activity was sporadic

and limited to the right sensori-motor area. The accompanying increased blood flow was

limited to the right sensori-motor cortex and the right putamen. With better defined

electrographic activity and contralateral clinical phenomena, e.g. face or hand, the

ipsilateral Increase in blood flow was found In the sensori-motor cortex, supplementary

motor cortex, putamen, globus pallidus, thalamic VL, VPL and VPM, substantia nigra

and contralateral lobulus simplex of the cerebellum. With further progression of the

electrographic expression and contralateral clinical phenomena involving more than one

part, e.g. face and hand, the Increased blood flow was found in the described areas,

plus the ipsilateral, caudate, thalamic CM and MD, Subthalamic nucleus. Red nucleus.

Pontine nucleus, and the contrc!ateral anterior and posterior lobes and nude" of the

cerebellum. This clear cut progression in subcortical structures is set forth Ii Table 1.

A similar pattern with a faster progression to subcortical structures was found in pubescent

and young adult monkeys.

The yield from this appraisal of brain function during the propagation of a focal

seizure prompted a refinement that provides a greater resolution In the autoradiograms and

a closer approximation to the metabolic state, i.e. the use of ''^C-deoxyglucose for the

quantitative estimation of the rates of glucose consumption in the various structural

components of the brain.
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Within the past year we have added an important parameter to the studies of

wThTheT b' r''"?n.'^''7c
'^°' "'' '"P''^^^^' '" '^' propagation of focal seizures.W.th the Laboratory of CIm.cal Sciences, Section on Histopharmacology, NIMH, we are

•ZTTAl^ .r^^' i" l^"''°^'-°"^^'^^^'-^
o'^ ^l^eir enzymes in the areas that have shown

increased blood flow In the routine sectioning of the frozen head, when a structure of
interest ,s exposed f.rst the section for the autoradiogram is taken, then a sample of thestructure ,s obtamed with an 18-22 gauge needle from the block remaining in the cryostat.The material ,s immed.ately transferred to the appropriate solutions for micro-assay ofdopamme, norepmephnne, choline acetyl transferase, and glutamic acid decarboxylase.A small numencal ticket marks the defect in the block which is then photographed. Theseprocedures are carried out faster than they can be described with minimal elevation in
cryostat temperature. As of April 15, 1976, only three animals have been completed:One control and two with focal seizures. This series will employ young adult monkeys,o l\g in weight. > ^ ^ / ,

\ncreas.A!nAr'^°Vu°'
''

u^m^
^"^'"'^^'^^ '^ ^"'^"^ °" '^^ ^^^^^^^ prominence of theincreased blood flow in the cerebellum during the seizure activity and consists of the

simultaneous recording of the surface electrical activity from the cerebral cortex and thecerebellar cortex during the propagation of the paroxysmal phenomena.

bllnt.r I

''°^'^'^./°"'-^f",'^°"'<eys, 3.0-3.5 Kg, under halothane anesthesia, receivedbilateral convexity and suboccipital craniectomies. The dura was reflected over the

c^Xtld of;'
•'' r I

'^"^°'' ''' ^^°"^^^^^^ ^'""^- ^^ --^-' corticaldectrodes (consisted of foyi pairs of platmum contacts, encased in a thin plastic sheath. Each con-tact was
1 mm ,n diameter with 2 mm clearance between the inner edges of each pairThe pairs were separated by 4 mm. The total array was placed adjacent to the right

'

central sulcus opposite the convexity of the arcuate sulcus, providing 15 mm coverage

trulk a\ 'k
' :^:,^^^-^-9 fr°- ^he face-hand area over the representation o^armunk and leg. A similar array of electrodes was slipped beneath the tentorium, provid-'

ngJ5 mm coverage over the left paravermal region of the cerebellum, with its somato-

[TellT
'°'' °' '°.^'' ""'''' °"' '°"^^ extremities. For ancillary use, comparableelectrode arrays were positioned over the left cerebral cortex and the rfght cerebellarcortex respectively. C osures were effected by gel foam and scalp clips. Three hoursafter the completion of the surgical procedures and the end of the anesthesia the c^it cal

t^d^n^heTrr'^r' ""' ''' °"'^°' ^""^ °'^^' '" ° P-- position,' the heTHxed and the limbs loosely restrained. The focal seizures were induced in the usual

ofTrr L r'''''°"
°'

o''°°°
""'^^ °^ P-'-"- -^° -- 4 of the face-hand areaof the ngh motor cortex. Prior to and throughout the development and propagoHon o^theeizures bipolar recording of the surface electrical activity was obtained, 'f^o: hendicated pairs of electrodes, with a Grass 8-18 electroencephalograph. Clinical mani-festations were monitored by visual observations and by electromyography from themuscu ature o the left face and extremities. After one hour of data colleZn theanima was killed with an excessive dose of pentobarbital and the electrode pos'it o s

18y
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Results: There was a very close correlation between the initial and subsequent

rhythmic spike activity from the right cerebral and the left cerebellar cortices, as

evidenced by the following: a) In eleven out of fourteen monkeys, the time of onset of

the spike activity in the right cerebral cortex and the left cerebellar cortex was identical,

as recorded by the ink-writing equipment. In the remaining three, the lag in the appear-

ance of the first spike from the contralateral cerebellum was 20", 40", and 64" re-

spectively; b) With the cessation of spike activity in the cerebral cortex, there was a

simultaneous cessation in the cerebellar spike activity; c)With progression of the focal

fit, and the increase in complexity of the cerebral wave form, e.g., bursts of multiple

spikes, the same complexity appeared in the cerebellar cortex; d) When the frequency of

the paroxysmal activity changed in the cerebral cortex, e.g. a sudden transient shift

from 3 Hz to 5 Hz, a precisely similar change took place in the cerebellar cortex;

e) With the advent of clinical expression the spike activity in the electromyogram was

coincident with the spike activity in both the cerebral and cerebellar cortices. The

location of the spike activity was somatotopically related, i.e. the paroxysmal activity

in the face-hand area of the precentral gyrus of the right cerebral cortex was coincident

with that in the left lobulus simplex, representative of the face in the cerebellar cortex;

f) When the paroxysmal activity progressed from the face-hand area of the cerebral

cortex to those of arm, trunk, and leg, a comparable progression took place from the

contralateral lobulus simplex, representing face, to those parts of the anterior lobe of the

cerebellum representing the upper and lower extremities. These phenomena were

accompanied by an appropriate contralateral clinical progression from face to upper and

lower extremities. In three of the animals in which the penicillin injection was shifted

to the leg-foot areas in the motor strip, the somatotopic progression was in the opposite

direction, simultaneously in the cerebral and cerebellar cortices, as well as in the

clinical expression.

Proposed Course: The energetic pursuit of the combined deoxyglucose and neuro-

transmitter studies of subcortical structures that are critical to the propagation of a focal

seizure. Further, the cerebral -cerebellar electrogrophic model will be exploited in two
ways: a) the determination of the effect on the cerebellar activity of interrupting the

sensory input from muscles and tendons during the focal seizure, by paralyzing the animal

prior to the penicillin injection, and b) determining the effect on the propagation of the

focal seizure by cooling the paramedian region of the contralateral anterior lobe of the

cerebellum.

Significance to Bio-Medical Research and the Program of the Institute : The

results from these investigations should delineate the principal subcortical factors in the

propagation of focal seizures in the monkey and thereby provide fresh approaches to

therapeutic efforts in man.
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Publications:

Ueno, H., Yamashifa, Y. and Caveness, W.F.: Regional cerebral blood flow
pattern in focal epileptiform seizures in the monkey. Exp. Neurol 47- 81-
96, 1975. —^ -'

Caveness, W.F., Ueno, H. and Kemper, T.L.: Subcortical factors in
experimental jacksonian seizures. Proceedings of the Vll th International
Congress of Neuropathology, Budap"^ September 1-7 , 1974. Excerotn
Med I ca, Amsterdam, 1975, pp 29-34.

'
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In the study of subcortical structures that are brought into play with the propagation

of paroxysmal activity from a penicillin focus In the motor cortex of the monkey, a question

of importance is: which of these neuronal aggregates are essential to the full development

of the experimental focal seizure? In seeking an answer, neuronal blockade of structures

with previously demonstrated involvement will be brought about by a sterotectically con-

trolled cryoprobe . The instrument at hand permits graded cooling at its tip, that is 0.1 cm
In diameter and monitored by a microthermocouple. By using non destructive degrees of

cooling in selected subcortical areas, the objective will be to temporarily Interrupt the

progression of the paroxysmal activity, thereby demonstrating the importance of these areas

in fit production.

2ly

PHS-6040



Project No.: Z01 NS 02 190-01 -I.EN

Project Description

Obje ctives: To interrupt, in o reversible manner, the paroxysmal activity in

cortical or subcortical neuronal aggregates during the propagation of an experimental

focal seizure.

Background: The delineation of cortical and subcorticol structures that sequen-

tially come into play during the propagation of a focal sei/.ure has been accomplished

with the use of C antipyrine regional cerebral blood flow studies. It is expected the

definition of the role played by these stiuctures will [>e enhanced by the ' C deoxy-

glucose metliod which should provide quantitative evaluations of glucose utilization.

When the latter technique is used in combination with the neurotransmittei studies, as

described in Project No.: ZOl NS 02158-02-LEN, a limited number of structures should

stand out as of critical importance to the production of the seizure*. The stiucture so

identified will be the target for thermal manipulation.

Methods to be Employed: Utilizing the established model of local seizures in-

duced by the injection of 25,000 units of penicillin in the face-hand area of the right

motor cortex, an attempt will be made to prevent or to interrupt the propagation ol the

parosysmol activity by coolitjg selected sulicorlicol structures. Structuics that may be

considered include the ipsilatcral globus pallidus, thalamic VL, VPl or VPM, substantio

nigra, and contralateral parovermal aspects ol the anterior and posterior lobes ol the

cerebellum. The mode of locally lowering the temperature is a specifically constructed

cryoprobc, 0. I cm in diameter and 10 cm in length that may be attached to a stereotactic

probe carrier lor proper insertion into the monkey brain. The coolinf) is limited to a

silver hemisphere, 0.1 x 0.05 cm, at the tip which is monitored by a microthermocouple

.

The tip also serves as a monopolar electrode. The gradations in control ol cooling at the

tip should provide reversible blockade of neural (unction, expected bi-tween O'' and -5'^

centigrade. This instrument is at hand and op<>rational . It will be put info systematic

use in June 1976

.

Significance to Biomedical l\es<"arch and the Program ol the Institute: Tlu> results

from these investigations should eflectively supplement th(> understondinij ol subcortical

factors in the propagation ol local scMZures. I urthiN , they should [irovide n Iresh

approach to surgical therapy lor selecftnl aspects o( the Fpilep.ics

.
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As a part of a continuing series of studies on the delayed effects of ionizing

irradiation on the brain of the monkey , the current effort includes sequential observations

after whole brain exposure to 6000 rods of supervoltage radiation, in divided doses over a

six week period. The protocol simulates as closely as possible that used by twehve medical
centers in therapy of malignant gliomas in humans.
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Projecl- Description

Background: Previous studies of the delayed effects from 3,500 rods of ortho-

voltage radiation, in a single dose, to the right occipital lobe of the young adult

Macaco mulatto employed three approaches that yielded the information reported in the

completed project, Z01 NS 01693-07-LEN.

In brief, the first was concerned with those structural changes that could be

detected through the sequential sacrifice of 24 monkeys, in sets of three, over a period

of 44 weeks. The early ultrastructural changes were found to be subtle, implicating

glycogen metabolism, and perhaps enzyme systems, as reflected by altered lysosomes.

With routine histology, and Golgi Cox preparations, the sequential changes prior to 20

weeks were limited to minimal, scattered astrocytic or microglial reactions with

occasional perivascular collections of mononuclear cells. Around twelve weeks there

were detectable though not pronounced alterations in dendritic arbors and to a less extent,

a loss in cell bodies. From 20 to 24 weeks, there was a rather abrupt breakdown in neural

tissue, represented most clearly in focal areas of myelin destruction, accompanied by

proliferative and degenerative changes in astrocytes, microglia and oligodendroglia, and
collections of mononuclear cells. Vascular changes included proliferation, occlusion,

degeneration and haemorrhagic exudates. Around the periphery were hyperplasia of glia,

telangiectasia, and an inflammatory reaction. In the following weeks the focal areas

coalesced into wider areas of tissue destruction that were accompanied by reparative

processes of varying but incomplete degree.

As a part of this complex lesion there was a massive break in the blood brain

barrier, the clinical implications of which could be profound. To delineate this, an

additional set of monkeys received by vein, Evans Blue dye, 2 ml/kg two hours before

they were killed. The irradiated right occipital lobe was swollen and deeply stained.

The swelling extended from the irradiated region throughout the right hemisphere causing

gross brain distortion. To monitor the changes in cerebral spinal fluid pressure, an

indwelling catheter reservoir system was employed that permitted sequential measurements

of cisternal pressure. In 8 out of 12 irradiated monkeys the pressure curves indicated a

delayed, abrupt rise that might take place as early as 18 weeks or as late as 36 weeks

following the exposure. The pressure increase achieved an elevation of 3 or more times

baseline within a period of two weeks and was reflected in papilledema (4/8), oculo-

motor palsies (3/8), behavioral blindness (4/8), gross depression in visual evoked re-

sponse (8/8) and predominotly delta activity in the background electroenceohalographic

activity (8/8). The four animals that developed blindness are of special interest. The

unilateral destruction of the visual cortex is insufficient to account for this as is the bi-

lateral papilledema, since the blindness and papilledema did not always occur in the

same animal . Rather, we believe,the blindness to be the result of gross distortion of the

visual pathways within the brain, i.e. the swelling in the right hemisphere and the

compression in the left, implicating particularly the lateral geniculate bodies. Three of

the twelve animals showed only a mild elevation of CSF pressure, never more than twice

24y
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baseline, between the 20th and 36th week. Observed for 52 weeks, none of these

animals showed abnormal clinical signs, although all showed mild depression of the visual

evoked response on the right. When killed, all showed some staining with Evans Blue,

but less pronounced histological changes at the irradiated site than that seen in the prev-

ious group of eight monkeys. A single monkey showed an appreciable but more gradual

increase in CSF pressure, three times baseline at 22 weeks with a return to, and below,

baseline from the 40th week. There was papilledema from the 18th to 30th week, and

absent visual evoked response from the 25th to 30th week, then a gradual recovery of the

latter during the remainder of the 52 weeks of observation. When killed, the brain show-

ed no staining with Evans Blue but rather a shrunken fibrotic lesion in the irradiated right

occipital lobe. The lateral geniculate body on the right showed cell loss involving all

lamina, evidently the remnant of pronounced edema in the right hemisphere.

As an extension to this model we determined the regional cerebral blood flow

(rCBF), by the [ C] antipyrine method for evidence of metabolic impairment, not only

within the develqping lesions, but throughout the brain. For this, one monkey was killed

at baseline, three during the phase of development of increased CSF pressure, one at its

peak, and one upon recovery. Two unirradiated animals served as controls. The findings

indicated that as the CSF pressure increased the blood flow decreased. This decrease was

at first greater in the right hemisphere, the side of the lesion, and in the white matter

more than the grey matter. However at the highest pressures the blood flow was decreased

bilaterally in both white and grey matter. Of perhaps grave significance was the only

partial recovery in blood flow in the monkey whose intracranial pressure had returned to

normal. While there was greater improvement in grey than white matter, there remained

a diffuse reduction in blood flow suggesting a long-term impairment in cellular metabolism

and/or blood flow regulatory mechanisms.

After these extensive studies of the delayed effects following a single exposure of

3,500 rods of orthovoltage radiation to a limited portion of the brain, we were confronted

with two questions: 1) What, if any, of these effects would be observed if the whole brain

were exposed to supervoltage irradiation in a single dose, and 2) What, if any, of these

effects would be observed if the exposure were divided and delivered to the whole brain

in a manner similar to that utilized in standardized therapeutic procedures? Of particular

interest was the protocol employed by the Brain Tumor Study Group, sponsored by the

Cancer Institute, NIH. For their irradiation of malignant gliomas, they use a 6,000 rods

mid plane tumor dose over a period of 6-7 weeks with lateral parallel opposing fields.

With megavoltage equipment, source axis distance of not less than 75 cm one a mid plane

depth dose rate of not less than 33 rods per minute, daily increments of approximately 200

rods per day are delivered during a five day week.

Current Objective: To determine the effects on normal brain from super voltage

radition within the therapeutic range.
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Methods Employed, first: In twelve monkeys, 3 kg in weight, the whole brain was

subjected to a single exposure of supervoltage irradiation. Three groups of four monkeys

each received 1,000, 1,500 and 2,000 rods, respectively. The source was a linear

accelerator with an electron beam energy of 20 MeV, that after collimation was converted

to photons by tantalum foils and flattened by a lead disc to provide a nearly constant

radiation field. Shielding with three to eight inches of lead provided protection except

for an opening limited to the external borders of the brain, as determined by routine skull

x-ray. Dosimetry by thermoluminescent dosimeters and ionizing chambers indicated a

variation of less than 5% throughout phantom brains. Irradiated unilaterally, from the

left. The dose rate at mid plane was 200 rods per minute. The source-axis distance was

150 cm. The geometry of the exposure was determined at the Armed Forces Radlobiology

Research Institute and the Irradiations were carried out In that facility. Four additional

monkeys served as controls. When one from each group was killed at 26, 52, 78 or 104

weeks after irradiation the brains were fixed by perfusion with paraformaldehyde, embed-
ded whole in celloidin, and cut in serial sections at a thickness of 35 ju. Every twentieth

section was stained for myelin by the Loyez method and the adjacent section for nerve

cells and glial nuclei with the NIssI method. An additional set, 100 sections apart, was

stained with H & E and PAS for vascular and other structures.

Major Findings: Those with the whole brain exposed to 1,000 rods in a single dose

demonstrated no clinical s'gns. Those irradiated with 1,500 rods showed progressive

neurological abnormalities. Including diminished motor activity, myoclonic jerks, high

amplitude slow waves in the background FEG, papilledema and loss of visual acuity.

With whole brain exposure to 2,000 rods, none of the monkeys survived beyond 26 weeks.
Their deteriorating condition Included crippling loss in motor power and dexterity with

finally an inability to injest food. Three out of the four, had pronounced papilledema

beginning in the 8th week, the fourth, had blurred disc margins in the 12th week, that

was less evident af the time of sacrifice.

The brains of those exposed to 1,000 rods showed no abnormality. The brains of

those subjected to 1,500 rods, that were killed at or beyond 52 weeks showed evidence of

swelling and symmetrically dilated ventricular systems. When sectioned, the brain of the

monkey killed at 26 weeks, showed scattered focal lesions in the forebrain white matter.

These consisted of discrete, minute areas of necrosis, in some of which there were mineral

deposits. The monkey killed at 52 weeks, showed wide spread areas of coalescing necrosis

involving primarily the white matter of the cerebral hemispheres, along with focal lesions

in the brain stem and cerebellum. In the focal lesions there was some mineral izeration

with very little found in the confluent areas of necrosis. Vascular changes Included

amorphorous, subendothellal deposits in the small arteries, and capillary telangiectasis.

The monkey killed at 78 weeks, had a pattern of confluent and focal necrosis similar in

kind, but less in degree than that shown In the monkey killed at 52 weeks. The monkey
killed at 102 weeks, on gross examination showed atrophic as well as oedematous changes,
along with cerebellar tonsllar herniation. The histological examination of this brain Is
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not yet complete. With whole brain exposure to 2,000 rods, the most striking gross

abnormality in ail four brains was the symmetrical enlargement of the ventricular system.

Upon sectioning, they all had a wide scatter of focal necrotic lesions that, though very

high in number had not yet shown coalescing or confluence. The large number of fresh

lesions in the brain stem undoubtedly contributed to the inability of any of the four to

survive beyond 26 weeks. Table 2.

Methods Employed, second: In twelve monkeys, the whole brain was subjected to

fractionated exposures of supervoltage irradiation, at approximately 200 rods a day five

days a week, with the same equipment described for the previous series. To bracket the

human exposure of 6,000 rods, now used for malignant gliomas in twelve centers in the

United States, three groups of four monkeys each received 4,000, 6,000 and 8,000 rods

in courses of 4, 6, and 8 weeks, respectively.

Major Findings: The monkeys exposed to 4,000 rods showed no functional ab-

normalities'! Those that received 6,000 rods showed alteration in visual evoked response

and/or papilledema from the 8th week following irradiation, the latter usually receding

between the 16th and 24th week. From the 32nd week high amplitude slow waves were

apparent in the BEG. Those that received 8,000 rods exhibited a course not unlike those

that received 6,000 rods up to 26 weeks. Beyond that time there was a progressive

deterioration reflected in severe impairment in motor function, papilledema followed by

optic atrophy and behavioral blindness, and prominent delta activity in the EEG. The

brains of the animals that received 4,000 rods showed no structural abnormalities. In

those exposed to 6,000 rods, the animal killed at 26 weeks, showed 143 lesions scattered

throughout the forebrain, predominantly in the white matter of the corona radiata, centrum

semiovale and internal capsule, with a fair number in the central grey matter. These

consisted of areas of necrosis, 1 mm or less in diameter, attended with varying degrees of

vascular, glial and macrophage reactions. The individual lesions were of different ages.

The most recent consisted of a central core of necrotic brain surrounded by a narrow rim

of macrophage response. Slightly older lesions contained numerous macrophages through-

out. The oldest showed mineral deposits that stained for both calcium and iron. Myelin
sections adjacent to the NissI sections at times revealed corresponding areas of palor that

often exceeded in extent the area of necrosis, suggesting focal "vasogenic" edema.
Adjacent to the punctate lesions were occasional grossly altered vascular endothelial

cells. Quite apart from these, were areas of capillary proliferation, or telangiectasia,

5-8 mm in extent. At 52 weeks there were only 12 small necrotic lesions, and most of

these were mineralized. In addition there were innumerable minute areas of mineral

deposits that may have represented remnants of larger necrotic lesions, or degenerated
vascular walls or plasma products. A more active process was reflected in widespread
areas of dilated capillaries or telangiectasia, more than were seen at 26 weeks. At 66
weeks there were 63 small necrotic lesions with varying degrees of associated reactions

including mineralization in 49. There were also scattered minute mineral deposits bi-

laterally. At 78 weeks there was a wide distribution of 242 focal necrotic lesions with a
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somewhat greater extension into the brain stern than was seen in the animals that were \

killed at shorter intervals. The accompanying vascular reactions and mineral deposits

were, however, more apparent. From the preceding it appears that in the monkey ex- j

posed to 6,000 rods there is a tendency to fewer and fewer necrotic lesions to appear with

the passage of time with a progressively larger number that are mineralized, suggesting a

tendency toward healing. The monkey killed at 78 weeks showed more lesions than were ^
found at earlier intervals, but few of these were recent, sustaining the impression of a W
trend toward repair. The effects from 8,000 rods at 26 weeks included 64 focal lesions,

that were similar in kind but greater in degree, than those from 6^000 rods. One monkey

killed off schedule at 32 weeks, showed 2,089 focal lesions throughout the white and

grey matter of the brain, with 1 15 in the brain stem. At 52 weeks there was a confluence

of necrotic lesions in the swollen cerebral hemispheres including thalamus and basal

ganglia, but fewer focal lesions in the brain stem than were found in the monkey that was

incapasitated at 32 weeks. At 78 weeks there was massive brain destruction from confluent

necrotic lesions in the cerebral hemispheres. The loss in brain substance was reflected in

the atrophy of the gyri and marked enlargement of the ventricular system. These monkeys

exposed to 8,000 rods demonstrate with the passage of time a consistant, progressive in-

crease in number and confluence of necrotic lesions. Even within this relentless course

the monkey killed at 78 weeks showed a somewhat less active and more atrophic process

than the monkey killed at 52 weeks. Table 3.

Present and Future Activities: A definitive series was started in July 1975 that ~
will more closely simulate the human therapeutic experience and provide more precise

information regarding the pathogenesis of the radiation lesions. Twenty-one adult male

monkeys, 8 to 12 kilos in weight, were selected to more closely approximate in their age

the adult humans that are irradiated for malignant gliomias. The brains of these animals

were exposed to 6,000 rods of supervoltage radiation in a six week course, with alternate

sides of the head exposed on alternate days. They are being killed, in sets of three, at

sequential intervals following the beginning of the radiation course, to gain a better

concept of the development and degree of recession of the lesions produced by this mode

of irradiation. Their clinical course is being monitored by neurological observations,

funduscopic photography and spinal fluid examination for protein and lactic dehydrogenase.

To these regularly scheduled examinations there will be added computerized axial tomog-

raphy, that is expected to be available in May 1976. The latter should not only provide

evidence of brain loss as reflected in dilated ventricles but, with the use of enhancement

techniques, evidence of breaks in the blood brain barrier that would give a dynamic

appraisal of the location and degree of tissue breakdown, and repair. /

Significance to Bio-Medical Research and the Program of the Institute : The

principal advantage in simulating a therapeutic regime in a monkey model is to observe

the effects in a brain uncomplicated by pre-existing pathology, e.g. that resulting from

a neoplasm, surgical trauma or chemotherapy. This kind of information will be useful in

the planning of therapeutic efforts in man, with attention to "risk-benefit" factors, and

in the interpretation of fresh neurological findings following therapy. Further, there is a
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direct relevance to a major program of the Cancer Institute, i.e. the Brain Tumor Stud/

Group, and we are priviledged to share in their findings as this group is made aware ot

our results.

Publications:

Caveness, W.F., Kemper, T.L,, and Vernon, M.L .: Is an infectious agent

involved in the delayed effects of C.N.S. irradiation? Proceedings of the Vllth

Congress of Neuropathology, Budapest, Hungary, September 1-7, 1974, Excerpta

Medico, Amsterdam, 1975, pp. 87-95.

Tanaka, A., Ueno, H., Yamashita, Y., and Caveness, W. R.: Regional

cerebral blood flow in delayed brain swelling following x-irradiation of the

right occipital lobe in the monkey. Brain Res. 96 : 233-246, 1975.

Nakagaki, H., Brunhart, G., Kemper, T.L., and Caveness, W.F.: Monkey

brain damage from radiation in the therapeutic range. J. Neurosurg. 44:3-1 1

,

1976.
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Objective: To determine the loss in brain substance and the alteration in brain

function, 8-10 years after brain damage incurred during the Vietnam war. The resource

for this is a Registry of 1500 Head Injuries compiled in the field by Military Surgeons

from 1967 to 1970. The characteristics of the injury and the initial dilsability is recorded

in detail, according to a prospective plan.

To achieve this objective, a plan has been developed, titled Phase I, and a team
assembled to a) collect, review and analyze the intervening medical records and b) plan.

Phase II. The latter will utilize an unique approach to the loss or alteration in structure,

i.e., computerized axial tomography, and other techniques, not available in previous

studies of sequelae. A Feasibility Study for Phase I will be initiated in the late Spring

of 1976.

During FY 1976, Project No. ZOl NS 01952-04-LEN was incorporated with
this project.
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Project Description

Objectives: To determine the loss in brain substance and the alteration in brain

function, 8-10 years after brain damage incurred during the Vietnam War.

Background: A registry for Head and Spinal Cord Injuries, as they occurred in / |

military combat in Vietnam, was developed at the request of the Surgeon General of the

U.S. Navy and was implemented with the cooperation of the Surgeons General of the

U.S. Army and U.S. Air Force. The purpose was to insure uniformity of data collection

and to identify cases for present and future studies. The yield from field surgeons, 1967

to 1970, was 2,043 entries that included 1,683 head injuries, 329 spinal cord injuries and

31 combinations of the two. The average age at time of injury was 21 .6 years. A rigorous

appraisal demonstrated the uniformity and completeness of 1,540 head injury forms. Nine-
ty per cent of these were the result of explosively propelled missiles. 10% the result of

vehicular accidents, falls, or blunt objects. In 85% there was local brain destruction, as

evidenced by penetration of the dura with cortical laceration. Sixty per cent of these

were accompanied by immediate loss in consciousness, by history. Thirty per cent were

in coma responding only to pain at time of examination, that was generally within six

hours of injury. This provides an opportunity to group selected cases by regions of focal

damage, with and without alteration in consciousness. These categories constitute a

background against which the natural history of sequelae may be determined. The analysis / |

of the Registry content was completed in Project No.: Z01 NS 01952-04-LEN. '

Current Methods : A contract project entitled, "Anatomical and Functional Seque-

lae of Pentrating Head Injury, Phase I", was submitted to NINCDS in May 1975. A
Feasibility Study for Phase I was approved in March 1976, and will be implemented in

May 1976. The conduct of this plan will update the clinical data on 1,500 selected cases

from the Registry, by a review of the accumulated Military and Veteran Administration

hospital records since the time of injury. The assembly of the records, abstracting the

pertinent data, coding, transfer to magnetic tape, and analyses of sequelae, so Identified,

will be carried out in cooperation with the Medical Follow-up Agency of the National

Research Council, NAS, the Physical Sciences Laboratory of the Division of Computer

Research and Technology, NIH, and three qualified professionals at the Eastern Virginia

Medical School, Vanderbilt University Medical School and Harvard Medical School,

respectively. Concomitant with the completion of Phase I will be the planning of Phase II,

I.e., an in-hospital examination of three quarters of these head injured casualties with

techniques not previously available, including computerized axial tomograpliy for the
|

determination of brain loss. A second project proposal will be required for Phase II .

Significance to Bio-Medical Research and the Program of the Institute: The

observations during the acute phase of injury in these cases are more uniform and probably

more accurate than any previous series of comparable size. This provides an extraordinary

opportunity for studies of prognostic factors and the natural history of disabilities in central

nervous system trauma in man. The recent development of new techniques for evaluating i |
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functional deficits, e.g. regarding language and memory and new techniques for deter-
mining alterations in brain structure e.g. the CAT Scan, will afford an unique opportunity
in Phase II for fresh insight in posttraumatic sequelae and into the function of the remain-
ing brain.

This project is consistent with the efforts to improve the understanding and man-
agement of the effects of trauma now being sponsored by the Stroke and Trauma Program
of Nl NCOS and the General Trauma Program of the Institute of General Medical Sciences.

The participation of the Medical Follow-up Agency, National Research Council,
and the professionals at the Universities indicated are made possible through contract
mechanisms.
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ANNUAL REPORT

July 1, 1975 through June 30, 1976

Laboratory of Neurochemistry, Intramural Research

National Institute of Neurological and Communicative
Disorders and Stroke

R. W. Albers, Acting Chief

The projects within LNC are directed toward explaining neural mechanisms

in terms of molecular events. These projects reflect the independent and

diverse interests of the scientists within the laboratory who have developed

a correspondingly wide range of techniques and expertise.

The reports of the individual Sections are summarized below.

The Section on Enzyme Chemistry obtained data on the physical parameters

which influence the equilibrium between the two conformations of the (Na + K )

ATPase that differ in the orientation of the K"^ ionophor.

New measurements of the rate of phosphorylation of this enzyme which were

obtained with high speed quenching apparatus have given indication of the

existence of a hitherto unidentified intermediate in the hydrolysis of ATP.

Specific antisera to the polypeptide subunits of the (Na"*" + K+) -ATPase

have been employed in studies of the localization of this enzyme within the

central nervous system and also to study the organization of the enzyme sub-

units within the plasma membrane.
The Section on Physiology and Metabolism has extended its studies on

ecto-enzymes in cultured cell lines to a study of a Ca"*^ -stimulated ATPase in

different strains of mice that vary in susceptibility to audiogenic seizures.

The more susceptible mice exhibit lower Ca -ATPase activity. From studies of

the property of this enzyme as a function of age, it was inferred that several

different isozymes may appear at different stages of brain maturation.
This section also maintains an interest in the use of marine organisms in

the study of membrane processes. Methods have been developed for isolating
plasma membranes from sea urchin embryos, preparatory to a study of plasma
membrane biosynthesis.

Studies of the Section on Neural Development and Regeneration are

directed to problems of nerve regeneration and the determinants of functional

neuronal connections. Ganglion transplants are being studied with respect to

the immunological factors that determine survival or rejection and permit
successful innervation of end-organs.

Functional homografts of adult ganglia, by these criteria, have occurred
between animals that differ in both major and minor histocompatibility loci

and that have been made immunologically tolerant.
Homografts between animals that differ only in the minor histocompatibility

loci have survived 35 days without induction of immune tolerance, although
rejection ultimately occurred.

Studies of the neurotrophic factor that induces tongue epithelia to
differentiate into taste buds are underway utilizing the techniques developed
in the transplant studies.

The Section on Amino Acids and Electrolytes is engaged in a study of
regulation of Na+ and K"*" balance in brain tissue of hibernators. The primary
interest has been to elucidate the factors that permit Na"*" and K active
transport to operate with increased efficiency at low temperature. This
appears to result from changes in the lipid composition of plasma membranes.
Measurements of the microvisosity of cell membranes and their lipids were
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.obtained comparing preparations from hibernating and from warm-adapted hamster
Tsrains. The results substantiate the importance of changes in membrane lipids ^
in determining the physical properties of the membrane. Comparative studies ^
of the kinetics of the (Na"*" + K )-ATPase demonstrate certain stages of the

mechanism that are particularly sensitive and play a role in adaptation.
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SUMMARY OF WORK (200 words or less - underline keywords)

Current studies are directed toward elucidation of the mechanism and
structure of the (Na"*" + K"'")-ATPase which is the enzymatic expression of
active sodiiun transport. The two polypeptide subunits have been isolated
from the enzyme. Antisera to each have been prepared and employed in studies
which indicate that the two antigenic loci are well separated.

Transient kinetics of phosphorylation show evidence for a new enzyme
intermediate which accumulates in the early stages of the ATPase reaction.

Steady-state kinetics have shown a pH and temperature dependence of the
comformational equilibrium of the ATPase

.
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Project Description :

Objectives : To assess the functions, molecular structures and mechanisms
of enzymes and enzyme systems which characterize neural tissues or which
respond to neural influences. Current studies are directed toward
elucidation of the mechanism and structure of the (Na"*" + K^J-ATPase which
is the enzymatic expression of active Na"*" transport and hence of the
membrane potential-generating system of neural tissues.

More specific objectives of the current year have been: (1) To investigate
the functional and structural relationships between the two different
polypeptide subunits of the (Na* + K"'')-ATPase; (2) To obtain information
about the mechanism of the transport process through the measurement of the
transient kinetics of enzyme phosphorylation and hydrolysis.

Isolated plasma mendjrane fragments from brain and Electrophorus
rgan sirt the starting materials fox oor (Ma"^ K )-ATPase stDdi<

Methods :

electric organ sirt the starting materials fox oor (Ma"^ K")-ATPase studies.

The further purification of the euz^ne depends upon disociati^n of the
membranes with detergent. The detergent -solubilized enzyme can be isolated
from other membrane proteins by preparative gel electrophoresis. The sub-
units are dissociated by sodium dodecyl sulfate and isolated by preparative
gel electrophoresis.

Standard techniques for producing anti-sera in rabbits are employed using
these proteins as antigens.

The rapid kinetics of phosphorylation and hydrolysis employ an apparatus
designed by Dr. Froehlich of NIA which permits quenching of the enzymic
reaction with acid with a time resolution of 5 milliseconds.

Steady-state kinetics enqjloying spectrophotometric measuremerrt of initial
enzyme rates have been sq^plied to a study of the pH and temperature effects
on the conformation of the enyzme.

Major Findings : (a) Our earlier studies have defined two distinct
conformations of the (Na* + IT^-ATPase whidt differ in their binding
constants for K*. We have now shown that the equilibrium between these two
conformations is sensitive to temperature and to pH. The form with high
K^-affinity is favored by low temperature and low pH. The tentative con-

clusion is that these two forms differ in the orientation of the K ionophor
with respect to the intra- and extracellular fluid phases.

(b) lite specific antisera to the detergent -soliri>ilired ATPase and to the
individual ATPase subunits will bind to the ATPase-containing men*rane
fragments. We have shown that the antibody to each subunit specifically
protects that subunit from proteolytic degradation by trypsin. Binding of
an antibody to one stdnmit does not prevent binding of antibody to the
other subtmit despite the large size of the antibody molecule. Taken
tuseClwT' with utlicx c vltleuce, diXs suggests that the antigemc' sxtes tot
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the two subunits reside on opposite sides of the plasma membrane.

(c) Transient kinetics of the enzyme phosphorylation and subsequent
hydrolysis have been measuared at different ATP concentrations. We have
established that the phosphoryl enzyme is formed earlier than the first
appearance of inorganic phosphate. This is firm evidence that the phos-
phorylenzyme is a normal intermediate of the reaction. Moreover, the
initial level of phosphorylenzyme may exceed its steady-state level. This
indicates the existence of a subsequent rate-limiting intermediate, hitherto
undetected. A reaction sequence which includes a slowly-dissociating, acid
labile phosphate intermediate can be fit to the kinetic data. Computer
simulation has permitted calculation of rate constants for each step of the
nechsDtlsB.

Proposed Course ; The transient kinetic studies give some support to the
proposal that the ATPase may exhibit the" "half-of-sites" phenomenon. To
act in this way an enzyme must be organized in dimeric form, each monomer
participating in the catalytic cycle 180 degrees out of phase with 'the

other. Experiments are planned to test this possibility.

Several lines of evidence suggest that the organization of the sodiiim pvaip

ATPxse in nteubranes is subject to various control mechanisms. These controls
may involve a more highly organized complex of protein molecules than is

evident in the detergent -solubilized enzyme. It is proposed to explore
methods which may permit elucidation of the topographical and functional
organization of proteins within the membrane. We have begun some explora-
tion of the use of antibody localization of ATPase at the electron micro-
scopic level of resolution. This work appears to confirm the biochemical
evidence that the major antigens of the two subunits are on opposite sides
of the membrane. Information about the disposition of subunits within
the plane of the membrane will require some improvement in resolution. A
preliiainaiy collaboration, with Drs. John Wood and Thomas Reese, indicates
that the surface replica technique nay be valuable for these studies. We

intend to continue the development of the use of immunochemical techniques
for the localization of membrane- proteins.

Preliminary studies are xmderway to characterize the regulation of guanine
nucleotide metabolism in brain. GTP is specifically required for such
functions as microtubule assembly, protein glycosylation and adenylcyclase

activation, as well as 3',5'-cGMP synthesis. GTP is produced at one point
in the Kreb's cycle and may be regulated separately from ATP production
although there appear to have been no studies directed to this question.
Depending vipan the outcome of these studies, a new project may be initiated.

SigaJfJcaacm'. Active Na* transport appears to be the principal metabolic

a^ivity of nerve cells. In most cases it is cottpled to the accumulation of
K . Extrusion of intracellular Na is the basis for maintaining the resting
membrane potential of nearly all animal cells. In the nervous system, it

provides the linkage through which oxidative metabolism supplies energy to
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produce the nerve action potential, to release neurotransmitteTS, and to
reacctnmlate these transmitters or their metabolites.

n

Witt respect to the more general aspects of cell aets^yolism, Na
is closely linked to cellular uptake of carbc^ydrates , aaiiio adds tod xrfttet

nutrients.

Various investigators have proposed that malfunctions of this systea Bay be
involved in such pathologies as epilepsy, myotonias, muscle atrophy, slow
virus encephalopathy, etc.

Ptiblications :

1. Albers, R. W. : The (Sodium plus Potassium) -Transport ATPase in "Tbrn

Enzymes of Biological Membranes," Vol. 3, pp. 283-301, edited by
A. N. MBTtomsi, PlflBOB Press, 1976.

Proeblidi, J. P., Albers, R. W. , Kbral, G. J., GbeiVttl, R. ^w^
Evidence for a Neir Intermediate State in the Medianism of (Na K )-
Adenosine Triphosphatase. J. Biol . Chem . , in press, 1976.

Jean, D. H. , Albers, R. W. , Guth, L. and Aron, H. J.: Differences
between the Heavy Chains of Fast and Slow Muscle Mjrosin. Experiawntal
Netcrology 49: 750-757, 1975. (Tl
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SUMMARY OF WORK (200 words or less - underline keywords)

The purpose of this project is to explore the great variety and abundance of the
marine environment for molecular models of neurochemical systems . In particular
we search for species or phenomena which display an amplification (or simplifica-
tion) of hiiman or mammalian physiology (e.g. electric eel^ aplysial) . We have
used the sea urchin embryo to study the. biosynthesis of plasma membranes . Of
special interest to us is the question how certain membrane constituents are built
into the membrane or area- activated into functional units there. We have also
tried this year to obtain primary cultures from the brains of teleosts and
elasraobranchi.
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Project Description :

Objectives : To exploit for the study of neurobiology the great variety and
abundance and the biochemical specialization of oceanic life. In

particular we have selected to study some aspects of neurochemistry in
marine organisms where certain tissues, species or phenomena constitute an
evolutionary amplification of normal human physiology.

a
Methods : Our studies have been concerned with the metabolism of plasma
membranes and transmitter substances. The methodology in use is adjusted
to specific requirements according to current laboratory techniques. Use
is made of radioactive precursors, i.e. labeled biogenic amines are intro-
duced for studies of their metabolism iii vivo or ii\ vitro . Common enzymo-
logical approaches are used when appropriate, especially in drug
metabolism, toxicology, and when the effects of putative transmitters on
metabolic pathways are investigated.

Experimental animals or organisms used: various kinds of Selachians,
Torpedinidae, several species of Teleosts, in particular Electrophorus
electricus and Pacific salmon (Oncorrhyncus spp.); small crustaceans,
Ecchinoderms , Aplysia . Emphasis has been placed on the study of membranes,
electric organs and nervous tissues or tissues which are of interest to our
principal program on structure and function of excitable membranes.

Major Findings : This past year we have made a first attempt to culture CNS \
derived cells from teleosts and selachians. We have used essentially the

same techniques which we employ for the culture of primary glia cell lines

from neonatal mice. This work was done at the Mote Marine Laboratory with

the collaboration of the staff there. We have not yet succeeded in

establishing a viable cell line from fish brains and we will repeat this

attei^t under improved conditions.

We have also continued our studies on the plasma membranes of developing

sea urchin eirf>ryos. The sea urchin provides us with an elegant tool for

the study of plasma membrane biosynthesis. Following fertilization the

egg divides approximately every hour and during the first ten divisions

about one thousand cells are fonsed. The plasma membrane during the same

period increases about ten-fold while biomass of the embryo does not

change. Our main interest in recent investigations has been focused on

enzymes which occur characteristically in the plasma membrane. We have J
explored a variety of techniques to prepare plasma membranes from develop-

ing sea urchin eniiryos. One of the difficulties in making well controlled

studies on plasma membrane biosynthesis in sea urchins is that, as the

eiabryo develops through its initial stages, the density of the embryo and

of the plasma nei^rane changes. Therefore the conditions for isolating

mendiranes from a 4 cell stage embryo are different from those used for a

64 or 1024 cell embryo.

We now have the methods fairly well worked out for preparing partially

purified plasma membranes from the urchin embryo.
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Proposed Coiirse : On partially purified plasma membrane preparations we
will study the characteristics of several phosphoesterhydrolases . The
proposed investigations interdigitate with other work currently going on
in our laboratory and which will be described in detail in Project No.

ZOl NS 01481-09 LNC.

Publications :

1. S. Patton, I. M. Zulak and E. G. Trains: Fatty acid Metabolism via
Triglyceride in the salmon heart. J. Mol. Cell. Cardiol. 7, 857-865, 1975.

9z



^<^



SBtTHSONIAN SCIENCE INFORMATION EXCKAWGE
PROJEo. JiBHR (Do FK"» 5-; this apace)

U.S. DEPARTMENT OF

HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

NOTICE OF
iNTRAHUtM. RESEARCH PROJECT

PROJECT NUMBER

ZOl NS 01481-09 LNC

PERIOD COVERED
July 1, 1975 to June 30, 1976

TITLE OF PROJECT (30 characters or less)

Studies on the con^josition and metabolism of cellular membranes

NAMES, LABORATORY AND INSTITUTE AFFILIATIONS, AND TITLES OF PRINCIPAL INVESTIGATORS AND ALL OTHER

PROFESSIONAL PERSONNEL ENGAGED ON THE PROJECT

PI: E. G. Trams, Oiief, Section Phys. § Metab. LNC NINCDS
OTTER: C. J. Lauter, Chemist LNC NINCDS

W. Reichert, Staff Fellow LNCl NINCDS
D. E. Rosenblatt, Staff Fellow LNC NINCDS

COOPERATING UNITS (if any)

None

LAB/BRANCH
Laboratory of Neurochemistry

SECTION
Physiology and Metabolism

INSTITUTE AND LOCATION
NINCDS, NIH, Bethesda, Maryland 20014

TOTAL MANYEARS:

2.8
PROFESSIONAL:

1.8
OTHERj

1.0
SUMMARY OF WORK (200 words or less - underline keywords)

The objective of this project is to elucidate the inter-relationship
between molecular composition of the plasma membrane and the functions
that the membrane building blocks serve in transport , bioelectrogenesis
and inter- cellular communication . Plasma membranes are isolated from
tissues (brain) or from cultures of CNS" derived cells and membrane-
characteristic macromolecules are studied, isolated and purified. In
particular the function of membrane ecto-enzymes was one of the objec-
tives of our studies. Some of this work may have a possible bearing
on the biochemistry of CNS cells in convulsive diseases . We have
found that in seizure-prone mice (DBA) there is a deficiency of a
Calcium-activated ATPase . This ATPase is probably identical with one
of the ecto-enzymes, whiqh we identified in glia or neuroblastoma.
Other animal models of epilepsy are studied.
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Project Description:

Objectives : To elucidate the inter-relationship between the molecular com-
position of the plasma membrane and the fimctions that macromolecular build-
ing blocks serve in transport, bioelectrogenesis and intercellular communi-
cation.

Methods : We continued the propagation of varioxjs tissue culture cell lines
in the laboratory. Established clones of mouse neuroblastoma (N-18) human
astrocytoma (Cox Clone) , rat glioma and neonatal hamster (NN) astrocytes
were carried in routine monolayer cultures. In addition, we have developed
cell cultures from neonatal mouse brain. These monolayer cultures have
served for the study of ecto-enzymes of the plasma membrane. We also have
used the cell cultures as sources for plasma membrane preparations, as
enzyme sources and for a variety of metabolic studies concerned with the
role of adenine nucleotides as modulators of e'en permeability. We have
applied our previous findings on the roles of extra-cellular ATP and the
ecto-enzymes to investigations of their possible role in convulsive dis-
orders. We have measured a variety of plasma membrane ecto-enzymes in
brains of mice which are susceptible to audiogenic seizures. In addition
we have investigated the effects of sialidase treatment on ecto-enzyme
activity.

Major Findings : It is possible that hiraian epilepsy is caused by qualitative
or quantitative molecular inconopetencies of brain cells. With certain ani-
mal models of the disease the assumption may be readily conceded, because
some genotypes will produce seizure-prone individuals with consistency.
The analogy to molecular diseases where a lack of enzymes produces metabolic
disorder is compelling. Our working hypothesis was based on observations
of two phenomena which may have an intimate physiological relationship.
1) We had previously found that several different cell types display ecto-
enzyme activities, among which a plasma membrane ecto-ATPase (stimulated by
Ca or Mg ) was most prominent. It can now be implied from reports of
other investigators that ecto-enzymes are common and perhaps ubiquitous in
eukaryotic cells. 2) We have observed that the addition of ATP to the
medium of certain cultured cell lines produced a transient increase in mem-
brane permeability. Astrocyte cultures derived from brains of neonatal
Syrian hamsters (NN) responded to ATP concentrations as low as 10~ M. Simi-
lar effects of ATP have been reported by others in various systems.

In an organized cell system, such as the brain, the translocation of cyto-
plasmic ATP to the cell surface may have an effect equivalent to the addi-
tion of exogenous ATP to cell cultures. If so, ATP may play a physiological
role and function to effect transient membrane destabilization.

If cytoplasmic ATP were to react with the cell surface, triggering an
increase in permeability and efflux of K into the extracellular space,
a lowering of excitability threshold might ensue. One of the functions of
plasma menft)rane ecto-ATPase migjit be to terminate, or moderate, this effect
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of ATP. We argued that an impairment of ecto-ATPase function would result
in a de-stabilization of the controls critical to the maintenance of the
excitability threshold. Susceptibility to convulsive seizure could thus

be related to a qualitative or quantitative-incompetency of membrane ecto-
ATPase. In brain homogenates, the total Ca -stimulated ATPase activity
does not only reflect ecto-ATPase activity, but a part of the Ca-ATPase
in homogenates showed the characteristics of ecto-ATPases observed in cell

cultures derived from the CNS. In order to obtain some measure of the

activity of other characteristic plasma membrane enzymes we have assayed
the homogenates for 5' -nucleotidase and p-nitrophenylphosphatase.

It was also known that in rats older than 18 days, visual deprivation
lowers electroshock seizure threshold and decreases brain Mg -ATPase and
(Na + K ) -ATPase. We investigated changes of cerebral Mg -ATPase and

(Na + K ) -ATPase in the audiogenic seizure model of auditory deprivation.

DBA/2N and C57B1/6N strains were chosen for their differences. in seizure

susceptibility. For the Na*,K*-ATPase e3q)eriments, a total of 28 litters

(13 DBA/2N, 15 C57B1/6N) and 150 animals (71 DBA/2N, 79 C57B1/6N) were
used. Using nonexposed littermates as controls, mice were individually
e^qrosed to a llj db re 0.002 dy^e/cm^. We were unable to detect differences
in cerebral Mg -ATPase and (Na + K ) -ATPase activities with sound exposure

and audiogenic seizures. Both seizure sxjsceptible and seizure resistant
strains were investigated and animals were examined at ages when they were

susceptible to the convulsive effects of sound. Enzyme activities were
assayed in homogenate, microsome and synaptosome fractions. Although almost

90% of the sound treated DBA/2N animals had a generalized seizure, enzyme
activities were not significantly different from control values.

• There were many similarities between the Ca -stimulated ATPase in

Bouse brain homogenates and ecto-ATPases observed in monolayer cultures of
noijse neuroblastoma (N-18), neonatal astrocytes (NN) and human astrocytoma

(Cox Clone). In tissue cultiires, optimal Ca concentrations were between
0.1 and 0.2 nW while in mouse_brain homogenates 1-2 mM Ca was required
for optimal activity. The Ca -ATPase was not inhibited by ouabain, N-ethyl-
malemide, colchidine, or barbiturates in either brain homogenates or tissue

cultures. No stimulation of activity was obtained by the addition of dith-

iothreitol or p-mercaptoethanol. In motise brain and in tissue cultures, the

enzyme was inhibited 20-30% by equimolar concentrations of ADP or 5'-adenyl-

ylnido-diphosphate (AMP-PNP) . Neither adenosine nor 5 '-AMP was inhibitory.

There were consistent differences between the activity of Ca -ATPases

in the DBA and control (C57 § C3H) mice throughout the entire observation
period. The enzyme deficiency in the DBA enzyme assayed about 30% less than

riie C57 or C3H enzymes. Thereafter the Ca *-ATPase in DBA was constant at

25% below that of C57 or C3H. The deficiency of the enzyme in the DBA mice

was more obvious in the experiments in which the kinetic constants were

estimated. There was a marked difference in the V^^ of the Ca -ATPase

. in the two poptilations and a substantial increase m rate was evident daring
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the 21-28 day period. The apparent K in both populations more than
doubled between 7 and 60 days. Furthermore, the K values which we obtained
seemed to fall into sets grouped aroimd the values of 0.17, 0.23, 0.33 and
0.42 mM for ATP.

Upon .issay of Ca -stimulated ATPase in F^ hybrids of DBA x C57, we /fl

found that the activity was about half-way between those of the parent ^
strains. One explanation for the co-existence (or sequential predominance)
of different Ca -ATPase isozymes is that a pattern based on molecular phy-
logeny is repeated as the animal ages.

5 'Nucleotidase is probably the most widely accepted plasma mranbrane

marker enzyme, though it is not necessarily a con^onent which is unique to
plasma membranes. p-Nitrophenylphosphatase occurs in several forms; the
so-called neutral p-NPPase, which was determined in these experimaats, is

thougjit to be a oonstitaent element of the sodicm traasport system
(Na ,K -ATPase) and therefore localized predominantly in the plasma membrane.
The activities of these two enzymes at each time period were virtually the
same in DBA, C57 and C3H mice. Both enzymes showed a substantial increase
in specific activity in our brain homogenate preparations between day 21
and 28. If they are viewed, however, as an index of plasma menfcrane func-
tion it can be concluded that no generalized iii5)airment of the membrane
existed in the DBA mouse. ^

The deficiency in the Ca -ATPase which we report here appears to be
a rather moderate one, especially in con5)arison to some other molecular
diseases where pronoimced enzyme deficiencies occur. Our enzyme prepara-
tion was not expected, however, to differentiate between several Ca -stim-
ulated ATPases which have been found in brain. We were also aware of the
limitations imposed by the use of animal models for epilepsy. The use of
DBA mice in partiailar has been reviewed by several investigators. Other
models may be equally pertinent or misleading. Conceivably, individuals
are convulsors when the frequency of genes conditioning susceptibility
passes a threshold. Applied to our concept of an underlying error in ecto-
ATPase performance, this can be restated as a lack of genes for the synthe-
sis of a Ca -ATPase isozyme during a specified period. Susceptibility is
manifested when a lower enzymic threshold is passed. Enzyme polymorphism
or different gene expressions for the same catalytic activity has been^widely/
accepted in a variety of disorders. We interpret the data from the Ca *-

ATPase kinetics experiments as representing a pattern of sequential produc-
tion of isozymes. Differences between DBA and control animals appear just
prior to the period of maximum seizure sensitivity. These differences may
reflect failure to either synthesize a Ca *-ATPase isozyme or delay of its
synthesis. This enzymatic defect, for reasons which were stated in our
working hypothesis, may render the animal temporarily sensitive.
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Proposed Course : We shall make further investigations into the role of
the ecto-enzymes. Althou^ our attention is focused on experiments which
relate to inter-cellular conmrunication and excitability, we shall keep in
mind that the ecto-enzymes may serve other phenomena, such as cell adhesion
or recognition or in micropinocyl:osis

.

We are also planning to use other animal models for the study of a
possible molecular deficiency in convulsive diseases.

Publications :

1. Reichert, W. H. : Cerebral Magnesium and Sodium-Potassium ATPase
following audiogenic seizures in mice. Exp. Neurol. 49: 596-600
(1975).

2. Trams, E. G. and Lauter, C. J. : Adenosine deaminase of cultured
brain cells. Biochem. J. 152: 681-687 (1975).
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The purpose of this project is to investigate the mechanisms by which injured
neurons regenerate their nerve fibers and to evaluate neuronal and extra-neuronal
factors that may influence the establishment of functional connections.
Presently neuronal transplantation studies are being performed to determine
whether neurons in homografts survive or are rejected by the immune response and
whether neurons if they survive (immunosuppression may be needed to insure
survival) can regenerate their nerve fibers and innervate appropriate end-organs.
The results to date show that neurons can survive in homografts of ganglia if the
recipient animal (rat) is rendered immunological ly tolerant . Furthermore these
neurons seem capable of surviving permanently (18 months to date) in the tolerant
host and they can regenerate nerve fibers into tongue tissue and still perform
their trophic function of inducing taste buds .
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Project Description :

Background of Project : The purpose of this project is to investigate the
mechanisms by which injured neurons regenerate their nerve fibers and to
evaluate neuronal and extra-neirronal factors that may influence the estab- ^
lishment of fimctional connections. The interaction occurring between (1
neurons and taste buds is being used as a model since taste buds develop
under the influence of the nerve, the nerve is required for the maintenance
of the buds, and because the buds disappear after denervation and reappear
after nerve fiber regeneration. Some insight into the factors responsible
for taste bud formation mi^t be obtained if a tissue reconfcination technique
were used to determine any neuronal and tissue (i.e., epithelial) specifici-
ties involved in bud formation. Farbman CJ. Cell Biol. 52_: 449, 1972) has
tried tissue cTilture techniques but he as well as I have not been success-
ful in producing any consistent growth of buds. On the crdier hand, I have
found many regenerated taste buds when a sensory ganglion (i.e., vagal no-
dose) and a tongue graft (i.e., containing the vallate papilla) were trans-
planted and combined in the anterior chamber of the eyes of rats. These
initial studies were performed with tissue isografts (grafts between geneti-
cally similar animals which do not evoke an immune response) but recently
we have repeated them and combined homografts of ganglia (grafts between
genetically different animals of the same species which do evoke an. immune ^,
response) with tongue isografts. We used homografts of ganglia in order toil
determine (1) whether neurons would survive or be rejected by the immune
response and (2) whether homografted neurons would regenerate their nerve
fibers and form functional connections. Before describing the results
obtained it is pertinent to review the factors which constitute the basis
of homograft rejection:

(1) the antigens which elicit the immune response which results in
homograft destruction are called histocompatibility antigens;

(2) the development of these antigens is imder genetic control and
the genes concerned are called histocon^jatibility genes;

(3) a number of different genetic loci, which are located on different
chromosomes, code for histocompatibility antigens; ^,.

(4) histocompatibility genes are codominant, that is both genes on
homologous chromosomes express their product and if two different
genes are present two different histocompatibility antigens are
produced (this differs from the more coflmion dominant—recessive
gene traits where a dominant gene may prevent any expression of
the recessive gene product)

;

(5) all histocompatibility antigens are not of equivalent potency in
regard to the intensity of the immsnse response they provoke;
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C6) one histocompatibility locus codes the most potent antigens and
homogxafts containing them are rejected rapidly. (This locus
is referred to as the major histocompatibility locus, named H-2
in the mouse, H-1 or Ag-B in the rat, and HL-A in man, and its
antigens are designated as major histocon^jatibility antigens)

;

(7) all other histocompatibility loci specify weaker antigens and
trigger milder immune responses so that homografts containing
them experience extended survival;

(8) randomly bred individuals are genetically different and as a con-
sequence these homografts will usually have different major and
minor histocompatibility antigens;

(9) it is possible to have identical genes at the major locus (and
therefore the same major histocompatibility antigens) because
this locus segregates as a single unit and there is little gene
recombination Ce.g.» two children may have the same major genes
but would differ at minor ones since minor ones are multiple,
have frequent gene crossing-over, and are inherited independently);

(10) a given homogxaft may have different major and minor histocompati-
bility antigens or only different minor ones relative to the recip-

• ient;

(11) the type of major antigens on a homograft can be identified (tissue-
typing) by performing an appropriate serological study and a
lymphocyte stimulation test (minor antigens cannot as yet be
typed)

.

In view of the above, homograft studies were performed with Lewis (LE),
Fischer (FR) , and Brown Norway (BN) inbred rats. The LE and FR rat strains
are identical at the major locus but differ at minor ones so that homografts
between them assess the immune response to minor histocompatibility antigens.
On the other hand, BN rats differ from the LE and FR rats at the major and
minor loci and grafts between LE and BN or FR and BN animals evaluate the
immune response to major and minor histocon^jatibility antigens. This pro-
tocal offers information as to what might happen in clinical transplantation
since the LE and FR results could be related to sibling transplantation when
major compatibility exists and only minor histoinconpatibili ties prevail and
the LE and BN findings related to homografts from random donors wherein major
and minor histocompatibility differences occur.

Pertinent Past Studies : Previous studies demonstrated that neurons in homo-
grafts of ganglia were rejected within 35 days when LE ganglia were trans-
planted into the anterior chamber of the eyes or into the stemamastoid
muscles of BN rats. However, if BN rats were rendered immunologically
tolerant, LE neurons survived and regenerated nerve fibers into BN tongue
grafts and caused the regeneration of taste buds. Two important questions
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to be answered are (1) how long can LE neurons survive in tolerant BN rats,
and (2) are long-term surviving LE neurons functional (i.e., can they induce
taste buds). The solution to the latter question posed a problem since
tongue grafts develop cysts after 50-70 days in the eye. Encystment caused
the tongue epithelium to become atrophied and usually few or no bud devel-
oped. Three ways were considered for determining the long-term functional i

capacity of homografted neurons in tolerant rats: (1) transplant the gang-
lion, wait the desired length of time, and then add the tongue graft; (2)
devise a new method of putting the tongue graft in the eye that would pre-
vent cyst formation; and (3) reinnervate the tongue "in situ."

In contrast to the results with LE and BN animals, neurons survived at 35
days when FR ganglion were transplanted to LE recipients. The ultimate fate
of these homografts, which bear only minor histocompatibility antigens,
needs to be determined, and if rejection occurs, experiments to induce
immunological tolerance and to show functionail regeneration must be under-
taken.

Methods Employed : BN rats were made immunologically tolerant of LE grafts
by injecting the BN rats as neonates with (LE x BN)i^bone marrow cells.
The immune system of the BN rat is not fully competent at birth and as a
result of the exposure to LE histocompatibility antigens it develops a

tolerance to LE antigens and subsequent LE grafts survive. When the neo- /I

natally-treated BN rats were 100 days old they received a neonatal LE gang-
lion into each eye and each stemomastoid muscle. A BN tongue graft was
combined with the LE ganglion in one eye so that the functional capacity
of homografted LE neurons could be determined. The LE ganglion and tongue
graft in the eye and one LE ganglion in muscle were examined at 70 days.

The LE ganglion in the other eye and muscle were used to determine the

long-term survival and function of the LE neurons in tolerant (determined
by the findings in the 70 day LE grafts) BN rats. Eleven tolerant-BN rats

survived 18 months after receiving the LE ganglia and at this time a BN
tongue graft was placed into the eye in contact with the purportedly
surviving LE ganglion. We were confident LE neurons were present at 18

months because we examined LE ganglia from other tolerant BN rats at regular
intervals and always found neurons. Furthermore, we could by visual inspec-

tion follow the size of the eye graft and its constant size and appearance

indicated neurons probably were present. While the above experiment was iiy

progress a new technique of putting the tongue graft in the eye was devisecr.

Instead of putting it in the anterior chamber of the eye, the tongue graft

was exteriorized by placing it in the confines of a corneal biopsy opening.

Thus the epithelial surface of the tongue now faced outward and was not

covered by the cornea. Some tongue grafts were exteriorized in the eye

without adding a ganglion while in other eyes a ganglion was first put in

and then the tongue graft added and exteriorized. Since this was a new

technique most grafts were performed with isogenic grafts and not imtil the

merit of the "exteriorized technique" proven were tolerant animals used.

The exteriorized grafts were examined after 90 days, a time at which anter-

ior chamber tongue grafts would have developed into cysts. The fate of (
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neurons in adult homografts of ganglion between LE and FR rats (i.e.,

grafts with only minor histoconpatibility differences) was determined by
placing ganglia in the eyes or muscles. In anticipation of rejection some
LE or FR neonates were injected with appropriate lymph node cells to induce
tolerance to LE or FR homografts. In this experiment grafts and tolerance
were studied in reciprocal homografts in both the LE and FR animals. Also
we were comparing the effectiveness of lymph node cells to bone marrow cells

in inducing tolerance. Tongue grafts were added to the tolerant LE or FR

animal to test the functional capacity of surviving neurons. In all stud-

ies normal rats were used to determine if rejection of homografts did occur.

Frozen sections of ganglia were examined by light microscopical histochemi-
cal stains in order to determine the presence of neurons, nerve fibers,
taste buds, and immune cells.

Major Findings :

1. Normal BN rats rejected neonatal LE ganglia with the result that no
neurons were present in them. It did take 70 days for rejection to occur
which, is twice the time it takes to reject adult LE ganglia. LE neurons
did survive in homografts in tolerant BN rats at 70 days and they were able

to induce the regeneration of taste buds. In fact LE neurons survived in

tolerant EH rats at all times LE ganglia were examined (.i.e., at 6, 8, 10,

14, and 18 months). When tongue isografts were added to the LE ganglia at

18 months', 8 of 11 developed taste buds. Thxis, after being isolated for

18 months, LE neirrons could if presented with an appropriate end organ re-

generate their nerve fibers and cause bud regeneration. It is noteworthy
that there was no significant difference in the number of surviving LE

neurons over the 18 months' period that they were in the eye or muscle of

tolerant BN rats.

2. The exteriorized tongue grafts in isogenic or tolerant animals did

not develop cysts and their morphology was well preserved at 90 days. It

is very probable that the exteriorized graft would be maintained indefinitely.

It is of interest (1) that the exteriorized tongue graft was preserved regard-

less of whether a ganglion was added or whether the tongue graft was alone;

(2) that taste buds were found in the ducts of von Ebner's salivary gland;

C3) that nerve fibers intrinsic to the eye induced buds (i.e., buds appeared

in tongue grafts to whidi no ganglion was added) ; and (4) that two types of

nerve fibers (based on their cholinesterase staining) caused taste bud

regeneration. Examination of taste buds in their normal locations also

revealed two different types of nerves present (a previously unreported find-

ing) thus confirming the eye results.

(3) Neurons in homografts from FR to LE or from LE to FR rats were ulti-

mately rejected. The speed of rejection was variable and some grafts were

not rejected until 100 days. Previously all homografts with minor antigens

had neurons at 30-50 days. Tolerance was successfully induced in both rat

strains by neonatal-lymph node treatment. Both tolerant strains had similar

n;tB4>ers of neurons in homografts and these numbers compared favorably to

those found in tolerant animals treate witih bone marrow. Examination of
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Sver^'S%"""''°'' f'" '''^=' 8^-^!^ ^"oved that some bud» appeared

r; id'oi s^ L"f^LitL^°s.^-s.Sd^:;jt/^^^^^^^^^^ -
h^sraftS S^oS."'""" "=^''^'»" "^ " ^ —*= «»^ f--"! -rvivlx.g

Significance ; (l

neurons differing in SZff^^^^ antigens are acutely rejected whereas

thev are rejected H^I/\ f^'
^°^°^ ^°°«^' ^""^^^^ ^^*^ ultimately

induced Jth the ;es^S; n ""'If? ^^^ "^^^ °^ ho«,grafts can be
in ^on.r.sl\T:^Tll'J^\:^ZftT^^^^^ pe^anently.
induced tolerance ^o^«™«^^

"wgrarcs like skin where only bone narrow
by bone ^^^oVl^rZ: c^ir^ ^r'^K *" ^=*«=-"««"vely
aurrlye In homograf« lnScat« Jtat ^r5^^ ^' neonatal neurons could
be performed. Prerious att™f= ?!, ?^ ""°°" "^'™ boBoisrafting can
beca„ae „„ neuroL^ri^ed^nd t^nSff^ dav ™? "=""? ''"«'
However, it is now known ^h.^

cne tlrst few days of transplantation.
can sur;ive,1ven i^sUu for uTlT% "^k^^^"

°" embryonic CNS isografts
A' Q-i iQ-f/\ ^^ "P ^° ^2 months (Das, T.I.T.. J Life ^ri

xnarrow or lymph node ceUr^Ss L^. ^ rendered tolerant by adult bo^
CNS homograhs can be used ^ZJ. feasible to study the possibility that
tissue. The recent renor^ ^h T^ f °f

^'"'^'"^^ *^^^ "P^^^ °f i"::""d CNS

structural^\rf\^\L^^:rre'^ t::^L°n'o^%rn^"^^ T^^^ ^^^^^ ^^^
Windle, Anat. Rec. 181- 4?T 107^^

^^ ^^**^" (Matinian and
uses of neoronarg^aH^: ' ^ encourages the exploration of therapeutic

J^rph^^^'^o^- ^o\^^^^^^^^
and maintain their

For example, it is nossiblp m .^ ^ ^f^^^^^ ^^°^s of research possible.
graft ^deUr^^: ^eSer p^s cS" ^a^rL" eL'S"?

*'°«^^ ^'^ '-^'
the buds or whether a fvf^^lt H^f^ ^? 5 ^^ needed for nerve to induce
the external location oftll ton^T M'^'t^^''''^

^" Involved. In addition
drugs into it w^lch ^ght lndlc^S%r

\^''°"^'' P^™^' *^^^ injection of
bud formation. iSe Ending tha'tast^ T. '! °'/^" receptors involved in
of Intrinsic nerve fibers of th^ IT ^tl

developed under the influence (

ducts can give 7se totHtl\^ Ti f
"'^*' cuboidal epithelium of salivar^

specific cfaSal gangllfand enlthell^'?^'" '5" °°''°" ^^^^ "^^ -—« -^
can give rise to taste buds (Oa^evL^r^'"'' ^^ "'^'^"'^ ^°°8ue regions
is the fact that by using thie^erioflls^' ~ ''* "''>' °^ ^Portance
were two types of nerve fibers which c^S 1 T^ ^"^' ^^ ^°""^ '^^^'^ ^^^^^
fiber stained intenselv fZ- t T.

^'"'^"''^ '^^^'^^ ^"^s (i.e., one type
Further study s'^SIh^t" h L°'s^rd1?L%::c'"'r

^''^
f' °'^^^ ''' -^>-

activity was present in normarbZ on the fr"^ n "^"^^ '5^'^ cholinesterase
activity) or back (i.e. had cho^TnJr ^^•^•' ^^'^^^'^ cholinesteraseU.e., had cholinesterase activity) of the tongue. This

22z



)
Project No. ZOl NS 01586-09 LBC

difference In chollnesterase activity could.be used to substantiate
Oakley's proposition that tongue tissue regulates the type nerve it allows
to enter and form buds (Oakley, J. Physiol, 188 ; 353, 1967). Taste responses
differ in the front and back of the tongue and Interestingly, Oakley found
the responses did not change after crossing the taste nerves. It is possible

. to perform this cross-lnnervation experiment in the eye (combine nodose
f ganglion with grafts from the front of the tongue and combine the geniculate

ganglion with the posterior tongue's vallate papilla) and see whether a par-
ticular tongue region excludes nerve fibers of a given chollnesterase type.

Proposed Course of Project ;

A) Immunological studies:

1) Determine the Immunological response to CNS homografts. I

assume rejection will occur because it is known CNS tissue
has histocompatibility antigens but tolerance to CNS tissue
probably can be achieved.

2) Determine the Immunological response to homografts in other
species. All my previous studies were done in rats and con-
firmatory results in other animals is desirable.

"
3) Determine whether reflex connections can be established between

the homografted neurons and the recipient neurons.

4) Investigate the use of the "nude mouse" (an animal with thymus
agenesis and no cell mediated Immunity) as an "in vivo" recipi-
ent for neuronal heterograf ts. For example, it should be pos-
sible to combine a rat ganglia with a mouse tongue graft or a
newt ganglia with a rat tongue graft in the eye of the nude
mouse to see if the trophic agent for taste buds is the same
in various animals. If successful human tissue could be simi-
larly studied (Dr . Goshgarian is presently doing this study)

.

5) Investigate whether mammalian neurons can perform trophic func-
tions in the newt. For example, can rat sensory neurons induce

^ limb regeneration in the newt. If they can, one must determine
W why no such regeneration occurs in mammals (study under super-

vision of Dr . Goshgarian)

.

B) Nerve Regeneration;

1) Determine whether the spinal cord environment is condusive to
nerve fiber regeneration over great distances. A peripheral
nerve will be Implanted into a transected spinal cord and the
distance it grows determined by horseradish peroxidase tracing
(Dr. Goshgarian has been doing spinal cord transections and

^ has perfected the HRP tracing technique.
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1975). A simple evalul^lon .Tu ^^2£^J^urol. 48: 83,
nerve to taste LTslZZ.^tt It

'°"' '^ "^^""^^^""^ ^^^
and their numbers in thyro?^^i^ 5^ ''^'^ °^ "^"^^ °f buds
If thyroid hormone aids^e^ere^ '"' —treated animals,
to promote the groJh nf h

^^f^"^^^txon it might be used
CNS tissue. ^ ^ °^ homografted neurons or of injured

i

Sfr:::n:^:tifrehicl ;^^tJfia^ ^^t r'^^'^''^ -^^- -
423, 1975) claim restores cSST ^^^ ""'"^^^ (Anat. Rec. 181:restores CNS function in injii^id^^Iiial-^rd.
Investigate the factors which allow i-u^
its injured spinal cord and see Jf th^!

" .'° naturally repair
injured mammalian cord fstudi!! i . ^ ""^ ^^ ^PpHed to then cord (studies Tbeing conducted by Dr. Goshgarlan),

C) Neuron-taste bud interactions:

firmation and my i^nological studies ^^-^f.''"''^^
"^^^ --

guinea pigs.
"logical studies will be extended to

fr\1nnd^\To1X\"n" fto'^^ "^^ ^°"^^ ^"^^ ^-^ ^^e
the type of taste ne^e^fiC'thre^^erSr ''^^"^ "^'^^^^

ceristics of taste buds and neurons in the eye.
Determine whether nerve fibers r-t »
not induce buds actually enter tt u """T

^^^^"^ "^^^^ do
some barrier preventing this In sit;"^:-

^^^^^^^^-^ °- -
With the hypoglossal nfrve ^11 be perfo^^d!"''""

''^"'"^

fomiS%:s:: wi"^n°L:^:T'r ^-^ """^-^- ^^-- ^^
separate epitheU^m and c'^nn^ctiJe ti^s"

''^^^P^--^ to

recombinations made (i.e skin In.^^?"^
^""^ '^'^^ ^^'"^°"«

tlve tissue) to see if anv ^^^^,
^P^'^helium and tongue connec-

the neural LluL^M^'/L^^tion"^^"'^^'^^ "^^^^^

L\^™i^\^^^^\^,f-f^/J^^e Plant lectms influence taste bud
membranes and if they bind^o^\'' '"^^'^ molecules on cellthey bind to the correct molecule on epithelial

4)

1)

2)

3)

4)

5)
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or nerye cell membrane they might Inhibit taste bud forma-
tion. Such studies could provide insight into receptors
involved in bud formation.

Publications: None
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SUMMARY OF WORK (200 words or less - underline keywords)

It is the purpose of this study to resolve the cold resistant nature of the
brain of a mammlian hibemator . The topics of interest and investigation
are: (1) Electrolyte metabolism , primarily that associated with Na"*" and K*
balance , energy transduction in biomembranes, (2) membrane lipid turnover ,

(3) membrane biogenesis . The use of a hibernating species of mammal, the
hamster , is employed in these studies, since it can alter naturally when
cold exposed, both the chemical and physical nature of it neural elements.
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Project Description :

Objective : To elucidate the biochemical basis of the regulation of cation
balance in brain.

Methods : Cation balance in brain is considered to be the result of two
catagories of events: (1) anabolic processes, primarily active transport,
which create a non-equilbrium distribution of electrolytes: (2) catabolic i

processes, such as membrane excitation and passive leaks, which permit
electrolytes to redistribute toward equilbrium. These two catagories can
generally be distinguished on the basis of their responses to temperature:
anabolic processes have high temperature coefficients while catabolic
processes, as here defined, have a low temperature dependence.

The strategy employed in this research is to compare the electrolyte
metabolism and related processes in warm-adapted hamsters with those of
cold adapted (hibernating) hamsters. To this, end a stock of hibernating
hamsters is maintained.

Specific Methods : A working hypothesis of the current project is that
alterations in membrane lipids are central to the cold-adaptation
phenomenon. A physical approach was employed to investigate the fluid
properties of the membrane. An apolar fluorochromic dye was incorporated
into membrane fragments as well as their extracted lipids. Changes in the

fluorescence polarization of the probe with respect to temperature were m\

monitored and membrane viscosity was empirically determined.

Standard techniques of enzyme isolation and assay were used for further
characterization of the (Na"*" + K''')ATPase from brain of both the warm-
adapted a.nd hibernating hamster.

Major Finding : In the past year the fluid nature of brain membrane
fragments and their associated lipids were described. It was found that

the lipid adaptation in hibernation reported in Am. J. Physiol . 228 :

834-838, 1975 does in fact favor a more fluid membrane at both
normothermic and low temperatures. It was concluded from these studies

that the fluid properties of the membrane of the adapted state are

dependent upon the interaction of both cholesterol and membrane protein to

the intrinsic phospholipid bilayer.

Studies on the kinetic behavior of the (Na* + K'^)ATPase from the adapted ^
state has revealed the acclimation sites within the enzymatic cycle. These

sites involve those steps within the catalytic cycle of the enzyne in which

the major conformational events presumably occur. These conformational

events are believed to represent in biochemical terms the sequential

description of Na* and K"*" translocation across the membrane. Further these

proposed acclimation sites are the temperature sensitive sites of the

(Na* + K'^)ATPase in general.

One important finding from these kinetic studies arose from the effect of

(
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very low temperature (7.5 C) on the enzyme from non-hibemating mammals.
The enzyme becomes "locked" positionally in the membrane and possesses
little (Na* + K+)ATPase activity whereas K^pNPPase activity predominates.

Significance : The significance of the past year's work is useful in regard
to imderstanding the energy transduction processes that occur in the
mendsrane and how the lipid environment modulates these processes. One of
the major energy transformations that occur in the membrane is the enzymatic
system that accounts for electrolyte metabolism. The enzyme, (Na"*" + K"*")-

ATPase, requires membrane phospholipids and further the physical state of
these membrane lipids modulates enzymatic activity. As the membrane
becomes less fluid or more viscid as a result of hypothermia, cation
transport begins to fail. The failure is not the result of insufficient
energy (ATP) to drive the system, but is the result of a magnification of
the energy barriers that the enzyme must overcome. The energy barrier
apparently is associated with an increased ordered state within the
mendsrane bilayer. The use of temperature as ja probe to resolve this
enzymatic transduction mechanism and the use of the hibemator as a tool

has given us an unique opportunity to assess the limitations of the
hypothermic state, especially when employed in certain surgical procedures.

Further, the maintenance of a "dynamically" fluid membrane at normothermic
tenqjerature may help to explain the mechanism of action of a number of
neuropharmaceutics, neurotransmitter effects on membrane, and a number of
neuropathologies that affect electrolyte imbalance in brain as a result of
membrane lipid alterations. Localized ordering or disordering of the

lipid bilayer as a result of these effectors and/or pathologies will modify
electrolyte metabolism (both active and passive) in neural elements. Again
the use of the hibemator has given us a potential to understand the

dynamic state that the membrane possesses and its exploitation (i.e. the

use of the hibemator) must be considered to the fullest.

Proposed Course : The lipid adaptation in brain that occurs as a result of

cold exposure in those mammals that are destined to hibernate is the major

thesis for forthcoming investigations. Two specific lines of approach are

foreseen to address the problem associated with the biochemical basis of

this unique mammalian adaptation. The biochemical events that describe

the adaptation are at present unknown and deserve attention. Investigations
are proposed on fatty acid desaturase, cholesterol turnover, and phospho-

lipid biosynthesis in brain of both the warm- adapted and hibernating
hamster. Of these three goals little is known about fatty acid desaturase

in adult mammalian brain in general and nothing is known of these three

areas in a hibemator.

Since the adaptation apparently involves both myelin sheath and neural

meabrane lipids, it is conceivable that the adaptation encompasses a

restructuring process of both nerve cell membrane and myelin sheath lipid.

An understanding of these events would be of paramount importance in

elucidating those events associated with the turnover of neuronal membranes

in general. The use of the hibemator as a tool may be instrumental and
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offer a unique advantage to approach these questions.

The long range endeavor of this project will be an attempt to resolve the
mechanism that describes and initiates the events associated with the lipid
adaptation. The "trigger" may be either humoral or genetic. If genetic, a
genomic sequence that is specifically encoded may only be expressed when
the animal is exposed to the cold, thus an internal event. If humoral, a
chemical message may be released by some element in the CNS that initiates
the lipid metabolic events via an external route. Which ever process \
initiates and directs the adaptation its resolution and description may be
instrumental in understanding the ontogenetic processes that occur in brain
during development.

Publications :

1. Goldman, S. S. and Albers, R. W. : Cold Resistence of the Brain During
Hibernation. Temperature Sensitivity of the Partial Reactions of the
Na, K-ATPase. Arch . Biochem . Biophys . 169 : 540-544, 1975.

2. Tower, D. B.
, Goldman, S. S. and Young, 0. M. : Oxygen Consumption by

Frozen and Thawed Cerebrocortical Slices from Warm-adapted or Hibernating
Hamsters: The Protective Effects of Hybernation. J. Neurochem . (in press),

c
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Antibody against purified (Na"*" + K"^3-ATPase of Electrophorus electric organ
has been used to localize the active sodium transport system in brain of a
smaller closely-related species at the ultrastructural level. The indirect
peroxidase technique was employed. Localization to plasma membranes of
neurons and glia was observed. In oligadendroglia the distribution extends
to myelinated axons where it is restricted to the outermost edge of compacted
myelin. Along axolemma of myelinated axons it is restricted to the portions
at the node of Ranvier not covered by myelin.
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Project Description :

Objectives : (a) To determine the distribution of (Na^ + K^)-ATPase in
structures of the nervous system; and (b) to explore the relationship of
the observed ATPase distribution to the function of the nervous system.

Methods : Immunocytochemical localization by the indirect peroxidase method
and subsequent examination by electron microscopy. Antibody to (Na + K )-'^
ATPase is produced in rabbits. The adsorbed antibody is identified by its
reaction with peroxidase-conjugate goat -anti -rabbit Fab.

Major Findings : Antibody raised against purified (Na + K )-ATPase of
Electrophorus electric organ cross reacts with the (Na + K ) -ATPase
prepared from brains of the closely related small electric fish, Stemarchus
albifrons. This species is cheaper, more readily available and more
convenient to prepare for electron microscopy than Electrophorus. Our
initial electron microscopic studies have shown excellent localization of
cyctochemical reaction product in animals treated with the antisera and
essentially no reaction product in brains of animals treated with pre-
immune sera.

Fine structural localization of the enzyme includes plasma membranes of the
somata and dendrites of neurons, and the somata and processes of glia.

The reaction product associated with plasma membranes of oligodendroglia 4
extends to myelinated axons where it is restricted to the outermost edge of
the compacted myelin. The distribution along axolemma of myelinated axons
is restricted to the portions at the node of Ranvier not covered by mylein.

Thus it is evident that the axolemmal proteins in the nodal region are not
' subject to free lateral diffusion.

Significance : The technique of immunohistochemical localization at the

ultrastructural level is perhaps the most versatile and powerful tool that
is presently available to bridge between the studies of molecular and
cellular structures. Techniques of protein chemistry and enzyme kinetics
permit one to make deductions about molecular structure and molecular
events. Conventional electron microscopy has attained a level of resolution
which readily visualizes macromolecular structures. Immunohistocheraistry
offers a general approach to the identification of these structures in ^
terms of their biochemical functions. In the case of membrane proteins,

many biochemical and physical measurements are limited to the soluble forms

of these proteins. The combination of biochemical and electron microscopic
techniques provides a means of determining higher orders of molecular
organization that may be destroyed by solubilization procedures.

The information about localization within the membrane raises basic questions

such as how such proteins are "anchored" within a particular segment of the

membrane. As the rtormal patem of localization is established, this will

. provide a basis for conq>arison with pathological states which involve
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defective membrane functions.

Future Course: Several observations concerning the localization of the
(Na+ + K )-ATPase in relation to synaptic and intra-cellular membranes will
require further studies. These will probably include studies of sub-
cellular fractions. They will also involve denervation, regeneration and
the use of various pharmacological blocking agents.

We plan to extend the technique to other species for particular purposes.
Thus we wish to investigate the ontogeny of sodium pump localization. This
can be best done in chick and will require purification and development of
antisera to chicken brain (Na+ + K+)-ATPase.

Preliminary experiaents in collaboration with Dr. T. H. Oh of the Depart-
ment of Anatomy, University of Maryland, have shown that explants of
spinal cord of Electrophorus can be maintained and cell outgrowth occurs.
Cultures of electric organ have been maintained but without appreciable
outgrowth

.

We plan to investigate possible neurotropic effects on electroplax
development. Dr. Oh has been successful in delineating specific neurotropic
protein factors that stimulate growth and development of chick and
mammalian skeletal muscle. Electric organ tissue is a skeletal muscle
derivative. Because of its high degree of specialization in terms of
cholinergic membrane receptors and sodium pumping, we consider that the
development of a system to culture this tissue would open up numerous
possibilities for the study of factors which influence the differentiation
and biosynthesis of excitable membrane components.

Publications : None

.
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