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PREFACE

Although the 20-year period since man’s entry into space is brief in terms of the known history
of man on this planet, it is nevertheless a considerable span of years for a scientific endeavor. During
this span, the achievements have been extraordinary, from thoroughly reliable, repeated insertions
of spacecraft into orbit and well-controlled, safe returns to Earth, through linkage of vehicles in
space and several landings on and safe returns from the Moon, to comfortable and productive
orbital flights of up to three months and successful analyses for evidence of biological activity on
Mars. In all of this endeavor of spectacular engineering and science, the role of biomedical sciences
has mainly and necessarily been concerned with the requirements for human safety. Not until the
Skylab flights could a substantial effort be mounted to observe, with some precision, human
performance and physiological/medical functions in the strange environment of space. Outlines
became visible, but much substance remains to be filled in to clarify the picture. Now, as the
requests for approval and support of experiments are beginning to come in for the Shuttle/Spacelab
Program, we are at the threshold of a fine opportunity to learn more definitively how man’s life
functions and fundamental biological processes are affected by weightlessness and other special
characteristics of space. Even though the flights presently planned are of short duration, the
possibility exists to find significant leads for more specific life science studies in longer
flights — which hopefully will be supportable and conducted in the later 1980s.

Biological and medical consultation has been available to NASA in various forms, usually
ad hoc, since the early 1960’s. Formal establishment of the Life Sciences Advisory Committee took
place in 1971. Since then, the Committee has given the Director for Life Sciences and NASA
administration a variety of recommendations on particular biomedical activities as needed at the
time. Finally, about 18 months ago, the Committee decided to undertake an organized, extensive
review of the Life Sciences Program. A series of meetings of the full Committee, and more recently
of an editorial team, has produced the present document.

The Committee was aware of a concurrent study being conducted by a special committee
chaired by Dr. Neal Bricker, sponsored by the Space Science Board, Assembly of Mathematical and
Physical Sciences, National Research Council/National Academy of Sciences. Some exchange of
information took place between that study group and this Committee through attendance of two
members of this Committee for a short time at the Snowmass Workshop in August 1977, but the
SSB/NAS Report has not yet been released as of the time of submission for publication of this
Report.

The purposes of this study and accompanying Report, “Future Directions for the Life Sciences
in NASA,” are:

(1) to provide NASA management with a concise picture (as we see it) of the major elements
of the Life Sciences program and problems,

iii



(2) to indicate the special, singular nature of the biological/medical concerns and efforts
within the engineering and physical science programs which make up the bulk of NASA’s
activities, and

(3) to provide a series of suggestions in recommendation form as a basis for attempting to
handle more effectively the important responsibilities of Life Sciences.

This document, we believe, provides many practical items as points of reference for dialogue and
discussion, directed toward clarifying the diverse roles of the Life Sciences Program in future NASA
activities.

This Report is the final effort of most members of the current Life Sciences Advisory
Committee, a major turnover of the Committee being anticipated. It is suggested that future LSAC
members should, from time to time, review, revise, and update this Report, as a means of
stimulating a continuing, dynamic vitalization of Life Sciences programs and activities.

The Report is organized in two sections; Section I is essentially the Report, itself, and Section II
is a set of Appendices which provide discussion in depth of the various program areas of Medical
Sciences, Biomedical Systems and Operations, Biological Sciences, and Payloads and Applications.
The recommendations of the Committee are given in the Executive Summary of Section I; together
with their accompanying rationales, these recommendations are presented in bare skeletal form, the
detailed background being in the Appendices. Section I also contains a chapter on Status and
Projections in relatively slender form and closes with Perspectives for what we hope will be a
healthy future for the Life Sciences in NASA.

I wish to express thanks to the members of the Committee, and particularly to the Committee’s
Editorial Team, for their intensely interested participation in the preparation of this Report and, for
the Committee, gratitude also to the many members of the NASA Life Sciences staff who provided
extensive information and data, not merely during the time of preparation of this Report, but also
in excellent briefings and discussions at meetings of the Committee over the past several years. 1
would especially like to convey the appreciation of the Committee to its Executive Secretary,
Dr. Sherman P. Vinograd, for his untiring and meticulous efforts in the preparation of this Report.

( :
/‘“/ ,{:C’%{ (“-‘ ,r\d\ﬂ{{—m\__

G. Donald Whedon, M.D., Chairman
Life Sciences Advisory Committee
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I. INTRODUCTION

Within NASA, life scientists have contributed to the survival and efficient performance of man
in space and have raised the challenge of considering the origin and distribution of life in the
universe. These activities have been important in the practical, as well as the intellectual, life of the
Agency and of the Nation. The contributions which can be expected from these activites in the
future depend on the efficacy and vigor of the programs within the Life Sciences Directorate, which
has the responsibility of managing their development. This report contains general observations
regarding the programs within the Life Sciences, suggests likely future directions, offers
recommendations in the form of an Executive Summary, and concludes with Perspectives on
functional responsibilities, relationships, and priorities. These comments and recommendations are

supported by four appendices dealing, in detail, with the individual program elements.

The Life Sciences Advisory Committee (LSAC) has been in existence since 1971. By virtue of
its three meetings per year at the NASA Centers and Headquarters, it has had the opportunity to be
briefed rather extensively on all facets of NASA Life Sciences activities, and has come to know the
personnel and facilities of the organization as well. Special Committee activities have enhanced this
familiarity, e.g., both ad hoc and sustained LSAC consultation teams, liaison representation on
proposal and RTOP reviewing panels, representation on National Academy of Sciences committees
and special studies, and membership of Chairmen of the Committee on the parent NASA Council.
This report to NASA management, the NASA Advisory Council, and intereste& participant groups
and individuals summarizes the findings and recommendations resulting from our aggregate and, in

our view, privileged experience.



II. PROGRAM DESCRIPTION

The goals of the Space Life Sciences Program are to:

1. Insure human health, safety, well-being, and effective performance in space flight.
2. Understand the origin and distribution of life in the universe.

3. Utilize the space environment to advance knowledge in medicine and biology.

4.

Utilize space technology for application to terrestrial, medical, and biological problems.

The activities carried out in pursuit of these goals can be placed in four categories:
1. Research in medical sciences related to space flight.

2. Development of biomedical systems and maintenance of operations in support of manned
space flight and aeronautics.

3. Research in the biological sciences, considering, in particular,
a. the origin and evolution of life,
b. the effects of gravity on biological systems,
c. the prevention of biological contamination of the Earth and other planets, and,
d. the environmental and ecological impacts of NASA activities.
4. The development of major projects dealing with
a. space flight experiments, and
b. terrestrial applications of space technology.

Structure and Content

The program is under the general direction of the NASA Director for Life Sciences who, in turn,
reports directly to the Associate Administrator for Space Science. Within Headquarters, the
Director for Life Sciences administers an office headed by four Program Chiefs. Both through these
Program Chiefs and directly, the Director for Life Sciences is in contact with his counterpart at each
of four field centers, namely Ames Research Center, Johnson Space Center, Kennedy Space Center,
and the Jet Propulsion Laboratory. These individuals administer and coordinate activities in the Life
Sciences at their respective Centers, obtaining funds for research operations through the
Headquarters Program Chiefs.

The contents of these program areas are reviewed in detail in the appendices to this report.
Briefly, we can observe that the program in “Medical Sciences” is devoted to problem-oriented
research in medical and physiological fields of special interest in manned space flight. Research
expenditures (FY 1978) in this area total $7.54 million, 22.6 percent of the total in Life Sciences,
and are divided about 35/65 between in-house research programs and grants and contracts. More of



the in-house programs are located at the Ames Research Center than at the Johnson Space Center.
Roughly one-half of the ARC program supports out-of-house research, as compared with 75 percent
at JSC.

The program in “Biomedical Systems and Operations” includes both medical support activities
and a group of engineering projects. The former category includes development of crew selection
criteria; the monitoring and maintenance of crew health; clinical activities, including development
of instrumentation and consideration of pharmacological problems in space flight, and projects
aimed at identifying design requirements imposed by human physiological characteristics. The
engineering projects consider man-machine interactions very broadly and include investigation of
teleoperator technology and life support and protective systems. Research expenditures total
$5.15 million, 15.5 percent of the total in Life Sciences, and are divided about 25/75 between
in-house projects and grants and contracts. Various components are found at ARC, JSC, and JPL,
with personnel at those Centers directly administering most of the grants and contracts. JSC,
however, maintains direct responsibility for flight medical operations.

The program in “‘Biological Sciences” includes activities in “‘Planetary Biology,” “Space
Biology,” research aimed at preventing the contamination of Earth or other planets by
non-indigenous organisms, and evaluation of the ecological and environmental impacts of NASA
activities on Earth. Planetary Biology, an area recently brought over from the Planetary Program (a
division of the Office of Space Science functioning at the same level as the Life Sciences Program),
includes all activities (chemical and geological, as well as biological) aimed at understanding the
origin and evolution of life on Earth and possibly elsewhere. In contrast, the work in Space Biology
is primarily concerned with utilization of the space environment (primarily, zero gravity) for
research on fundamental problems in biology. Research expenditures total $5.8 million (reduced to
$4.9 million in FY 1979), 18 percent of the Life Sciences total, and are primarily devoted to the
support of grants and contracts, although very significant in-house research activities in this area are
maintained at the Ames Research Center. As a legacy of its origin in the Planetary Program,
Planetary Biology administers most of its grants and contracts directly from Headquarters.

The remaining activities ($14.62 million, or 43.9 percent of the total expenditures in Life
Sciences) are collected under the heading, “Payloads and Applications.” Payload activities include
collaborative activities with the Soviet space program or biological satellites in the Kosmos Series
(two missions in the period 1973-1977, one or two more planned through 1981), and the early
stages of an extensive series of Shuttle experiments. The Shuttle experiments will be allied with
research activities already underway in the program described previously, chiefly those in the
Medical Sciences and Space Biology. Present efforts are aimed at building the capability to perform
a range of salient experiments in these disciplines. While the bulk of activities devoted to stimulating
the transfer of space technology to human health-care are carried out within the Office of
Applications, the Life Sciences Directorate maintains a small liaison activity in this area.



M. OBSERVATIONS ON NASA MANAGEMENT PERTAINING TO LIFE SCIENCES

The Management Process

The Life Sciences Program of NASA is not only complex and highly diverse, but also an
extremely small part of a large Government agency. Furthermore, the goals, perspectives, personnel,
and systems of the Agency are almost completely concerned with matters of engineering and “hard
science.” The extent to which the Life Sciences Program is overwhelmed by the main organization
with an orientation so different presents complex problems, both psychological and real, for Life
Sciences Program management personnel. Very important responsibilities for the Life Sciences staff
are to describe, define, and interpret its programs to the Office of Space Science and to other top
management of NASA, and to obtain an effective response.

Of lesser concern, but still an important responsibility, is interpretation and explanation of
these programs to the Congress and to the general public. This matter is important to mention since
even though the Life Sciences Program in NASA is relatively small, public and Congressional
interest in the space program probably is at least as great toward the human, astronaut, and
biological aspects as it is toward the physical sciences and engineering. Consequently, NASA
management needs to pay close attention to appropriate, firm support of Life Sciences because of
the usefulness to NASA for public relations and budgetary purposes of a positive image of Life
Sciences.

Engineers and biologists (physicians included) have always had difficulty in understanding each
other (almost as great a difficulty as between physicians and lawyers), not merely because of
differences in language, but because of what is apparently a difference in style in carrying out their
business. Engineers and physical scientists are generally involved in development of materials and
substances which have characteristics capable of fairly exact and reproducible measurement.
Biologists, physiologists, and research physicians deal with phenomena which are at least as complex
but which are much more variable. The variety of such phenomena is attributable to the fact that
biological systems are affected by a large number of conditions or influences, many of which are
poorly understood, if understood at all. Data from life science experiments often show differences
between means of series of measurements which have borderline statistical significance, or which
may not be susceptible to rigorous statistical analysis because only a few observations can be made.
Thus, the published biological paper or report many times cannot, or simply does not, contain all
the information that peer scientists or managing project officers need for more complete
understanding.

Experience has shown the value of frequent personal discussions. The life sciences, perhaps
more than any other branch of science, are characterized by a particularly large range of annual and
semi-annual meetings, often including informal “workshops™ and highly specialized conferences.



Such discussion often becomes the basis on which next stages of research can be most efficiently
planned and executed.

The characteristics of biological/medical research just described indicate the reason for the
necessity for input of group expert advice on NASA biomedical programs. The fiscal impact of this
necessity is, of course, mainly on funds for travel, for consultants, meetings of investigators, and
effective monitoring of projects by Life Sciences staff.

Role of Advisory Committees in Management

The variety, subtlety, and complexity of the biomedical problems in the space programs, best
illustrated by the uniqueness of weightlessness, mean that no single individual possesses the
intellect, comprehensive knowledge of even a specialty area, nor the capacity for correlation and
inspiration required to choose, advise, and manage projects in each program area. Probably due to
both a shortage of travel funds and governmental management philosophy, NASA staff has tended
to manage and direct various in-Agency and extramural studies in the Life Sciences area primarily
within their own offices. They obtain limited advice from university or other outside scientists
known for their knowledge and productivity in a particular field. For most productive management,
however, a regular input of advice from consultant agencies is very important — advice both to
program managers and to participating in-house and extramural investigators. As is mandatory in
governmental agencies, the intent of advisory bodies should be truly helpful, nondirective, and
advisory in every sense, with the authority for decisions and action remaining entirely with NASA
staff.

A special advisory body relationship with NASA exists in the form of the Space Science Board
of the National Academy of Sciences. Entirely independent of NASA, this body is charged with the
responsibility of periodic review of the entire sciences program of NASA. Within the past year, a
special subcommittee of the Board held a retreat at Snowmass, Colorado, to review the Life
Sciences Program. A comprehensive report is in preparation.

The Life Sciences Advisory Committee had representation, through its Chairman, on the Space
Program Advisory Council (SPAC). This latter body has been reorganized into a new group called
the NASA Advisory Council (NAC), made up of the chairmen of six NASA committees, including
the Life Sciences Advisory Committee, nine at-large members, and the chairman. Of the full
membership, only the representative from the Life Sciences Advisory Committee is a bioscientist,
again reflective of the distribution of NASA activities with emphasis on engineering and the physical
sciences.



The Review Process for Scientific Projects

The process of management review of in-house or intramural programs is spelled out in
memoranda of Drs. Winter and Vinograd in July 1976. The essential features are that high quality
peer reviews are now conducted for both new proposals and the ongoing program on a regular basis.
All work, whether in-house or out-of-house, is subjected to critical and qualified peer review. It
must receive favorable review to be funded, and it must be satisfactorily reviewed every three years
in order to be retained in the program. NASA Life Sciences and the Associate Administrator, Office
of Space Science, are to be commended for developing this regular, systematic process which augurs
well for both efficiency and correctness of decision. Members of advisory committees can be helpful
in this process by participating to some degree in this periodic review of RTOP programs, both
within Headquarters and in the Centers.

In the review process for scientific projects, the Life Sciences Directorate has certainly sought
and used advice, but should consider seeking and using advice from varied disciplines more
aggressively and imaginatively than it has to date.

As an example of imaginative action, during 1965-67, one of the program areas providing
“grant” funds for life science related studies (at that time, such studies were funded and managed
from three different NASA offices or divisions) arranged for scientific review of project applications
by the “study sections™ of the National Institutes of Health, final decisions on funding remaining,
of course, in the hands of NASA management. These “study sections™ are about 50 in number,
covering various disciplinary fields from ““Allergy and Immunology,” through “Bioanalytical and
Metallobiochemistry,” “Biophysics and “Biophysical Chemistry,” “Endocrinology,” etc., to “*Visual
Sciences.” Each group has 15-20 scientists, all but one or two from universities and research centers
outside NIH. This system provides scientific merit (first level) review to the now 14,000 annual
grant applications to NIH (amounting to more than $1.5 billion in awards). The system proved to
be very useful to the Space Medicine Directorate of the Office of Manned Space Flight, which was
the NASA program office involved. There were only minor problems related to relative
unfamiliarity of reviewers with the special characteristics of space, weightlessness, etc.

In recent years, NASA Life Sciences has used for merit review four or five small review
committees, some under AIBS sponsorship. There is a question as to whether there is sufficient
breadth of real expertise within small committees of this type to give in-depth, sophisticated
comment and review. AIBS has had prior experience with formation of larger review committees
with considerable range, and should be able to provide the necessary improved service to NASA Life
Sciences.

In general, the review process for initial application for *“‘grant” funding and for similar formal
renewal of such projects is well defined. The system for continued monitoring of progress and



learning what new information has been produced is less clear. There is indeed a great deal to be
said for the traditional grant (conditional gift) system (as used heavily by NIH), in which the
principal investigator and his team, after initial review and approval, are pretty much “given their
head” to follow where new observations “lead.” NASA, however, has some special problems of

weight and interest to suggest consideration of a more cooperative or collaborative approach, at
Jeast in certain areas.

To be more specific, in scientific areas where knowledge is sparse, as in Space Biology and
Planetary Biology, the traditional, free-flying investigator’s full-initiative style probably is best. In
the areas of Payloads and Applications, in Biomedical Systems and Operations, and in important
parts of the Medical Sciences, however, it not only seems quite possible, but even very likely, that
more rapid progress would be made by a specifically organized coordinated approach among groups
of investigators.

Observations on Professional Personnel

The diversity of responsibilities of the Life Sciences in NASA is reflected by the
multidisciplinary nature of its Center and Headquarters professional personnel. The higher level
degrees range from physicians trained in various specialties to doctorates in physiology,
microbiology, geochemistry, biology, veterinary medicine, biochemistry, bioengineering, and others.
Each of these fields has its own set of requirements for the achievement of excellence and standing
within its own ranks. Because of the uniqueness of the space orientation of their work, and because
of the inherent dominance of engineering and the “physical” sciences in NASA, there is a tendency
for NASA biologists to become professionally isolated from their peers in their respective fields.

In the interest of retaining and attracting high quality Life Sciences personnel, NASA
management would do well to be aware of the professional needs unique to each of these
component fields of the Life Sciences and to fulfill them to the best extent it can. Postgraduate
education, university affiliations, professional meeting attendance, research productivity and
publications, and visits to other laboratories should be encouraged and supported. Growth of
specialization in the field of space of various biological disciplines, as in the case of aerospace
medicine, will also require the understanding and support of NASA management.

The present number of NASA life scientists appears to be just adequate in most areas, but some
strengthening will probably be needed in selected areas as Shuttle/Spacelab demands increase. The
question of inadequacy of secretarial and other support personnel merits attention as a possible
deterrent to the efficient use of the professional staff.

When decreasing funds reduce the number of both in-house and contract professionals
addressing issues in the life sciences, the opportunity for recruiting and training younger



professionals also decreases. Consequently, the professional group becomes older and more
professionally mature, but perhaps less innovative. If the life sciences research in NASA is to remain
healthy, a vigorous mechanism must be developed to support graduate programs in critical areas and
bright young professionals, both in the universities and at NASA Centers. One area in which trends
in postgraduate education may affect NASA programs both in aeronautics and space has been the
recent tendency to discontinue support of civilian programs training specialists in aerospace
medicine. If postgraduate training in aerospace medicine becomes exclusively a function of the
military services, the certification of this specialty by civilian professional associates will, under
current bylaws, cease. The loss of aerospace physicians oriented towards commercial aviation and its
problems will clearly decrease the capacity of NASA to address human issues in civil aviation.

As funding for life sciences programs in space decreases, there is a corresponding decrease in the
number of young graduate students with detailed familiarity with the problems of direct concern to
the Life Sciences. The use of mini-grants, postdoctoral resident educational techniques, and the
support of contractors at NASA Centers should be encouraged to counter these trends. These
methods serve not only to provide laboratory assistance when needed, but also as a means of
recruiting and training professionals. In the long run, NASA Life Sciences management must
concern itself with its role in encouraging the training and development of professionals who will
carry on its mission in the future.

The Budget Process

As is true for all Government departments and agencies, NASA’s funds are appropriated for a
single fiscal year and the exact amounts available may not be known until just before the start of
the year, or even occasionally, after the year has begun. “No-year” or multi-year funds are
apparently rarely appropriated, at least in the Life Sciences Program. In addition, legislated
authorities for NASA programs are in all, or nearly all, cases limited to one year. Hence, NASA
officials must appear each year before four Congressional Committees (legislative and appro-
priations, in both the House and the Senate) to justify their authority to conduct their programs
and then to obtain the funds needed to do so. Prior to these appearances, of course, officials must
justify the proposed funding of their programs before examiners of the President’s Office of
Management and Budget (OMB) before acceptance within the President’s budget for each year. As a
consequence, NASA officials, including Life Sciences staff, spend considerable time each year in
preparation of testimony for OMB and Congressional hearings; time necessarily taken away from
regular work. Even more disturbing to effective work production is the continuing year-to-year
uncertainty of the viability, both relative and absolute, of various projects and programs on which
considerable planning and developmental effort may have been expended. If judged essential, such
efforts often have to be continued just on the possibility that active support funds may be
forthcoming later.



Since it is a small part of the Space Science budget, it might be thought that Life Sciences is at
least partially hidden and hence protected. Actually, however, Life Sciences budgets seem not to be
particularly protected, and when cuts are made, entire small programs may be eliminated
(e.g., Circadian Rhythms). The NASA Director for Life Sciences has a voice only within the Office
of Space Science in the decisions as to which projects are to be reduced or scuttled; he has no
scheduled budget voice at any higher level within NASA. Furthermore, Life Sciences is neither large
enough nor prominent enough in NASA to merit a witness seat before the various Congressional
Committees and thus is unable to respond directly to questions from the authorizing and funding
sources. It is by no means certain, of course, whether the Congressional ear would be any more
sympathetic, but in days of tight budgets, Life Sciences should be quite willing to be permitted to
take the risk.

A further unhealthy influence on Life Sciences Programs via budget processes is the effect of
steadily mounting inflation. Neither OMB nor Congressional appropriations committees are apt to
build in automatic increases to compensate for the declining purchasing power of the dollar; yet a
six to ten percent increase is really necessary each year to enable Life Sciences to continue projects
at the same level of effort. This effect of inflation is not unique to any program in NASA or the
Government, but its influence on Life Sciences in no less.

Conclusion

An overall view of Life Sciences problems and operations suggests that benefit and possibly a
greater degree of support and progress might result from (1) more use of consultant advice for
assistance in program decision-making, (2) somewhat broader, more varied expertise in review of
merit, content, and direction of individual projects (both in-agency and extramural), and
(3) development of a system of close, regular communication among investigators in particular
areas, between investigators and advisors and among investigators, advisors, and management, for
more rapid exchange of new information and perhaps development of more inspirational ideas in
this thoroughly interesting and highly important program.



IV. STATUS AND PROJECTIONS

Medical Sciences

The Medical Sciences portion of the Life Sciences Program is concerned with providing the
information necessary to ensure human health, safety, well-being, and effective performance in
space by the development of criteria for selection, methods of disease prevention, countermeasures,
and effective treatment. Thus, the Medical Sciences primarily support the first goal of the Space
Life Sciences Program. In order to do this, studies must be carried out in both human volunteer
subjects and in appropriate animal models.

When, almost 20 years ago, plans were initiated to send man on prolonged journeys in space,
there were those who felt that man would never be able to survive in this weightless, hostile
environment. This prediction proved to be incorrect. Many anticipated problems associated with
living in space are no longer of concern. The following brief description of the status of the medical
sciences deals with our current knowledge of those matters most likely to influence the health,
well-being, and effective performance of man in space. (See Appendix A for a more detailed
description.)

Bone and Muscle

Studies in Skylab have demonstrated that deterioration of bone and muscle integrity do occur
under conditions of weightlessness. No reversal of this process appears to occur so long as the
person remains in the weightless state. Although it would appear that artificial gravity should
prevent this problem, one recent animal experiment indicated decreased new bone formation in
spite of the presence of artificial gravity provided by centrifuge. Clearly, the loss of bone and
muscle tissue becomes an increasing problem as man remains in space for longer and longer periods.
The loss of bone and muscle mass might progress to the point of severely incapacitating an
individual returning to gravitational conditions.

Fortunately, chronic bed rest is a reasonable model for studying bone and muscle changes
which occur in space. This provides an opportunity to increase our knowledge of the mechanisms of
bone and muscle loss. At present, no effective countermeasures are available to prevent bone and
muscle loss in weightless conditions. Current information concerning bone loss in hypogravity is
relatively advanced over our knowledge concerning the mechanisms of muscular deterioration.
Research concerning bone and muscle integrity deserves a moderate increase in funding and
increased emphasis on muscle loss. Increased utilization of expertise from outside consultants will
be needed to establish an effective muscle research program.
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Cardiovascular, Fluid and Electrolyte, and Blood

Immediately upon entry into weightlessness, fluids and electrolytes are redistributed in the
body as fluids that normally pool in the legs are shifted centrally and to the head. Cardiovascular
mechanisms that maintain blood supply to the brain during upright posture under conditions of 1 g
are compromised. It would appear that most of the changes observed in blood constituents occur
secondary to these fluid shifts. These changes appear to facilitate adaptation to weightlessness but,
upon return to Earth or planetary conditions, increase risk of postural hypotension (gravity shock)
and unconsciousness. In addition to these acute changes, difficulties in maintaining upright posture
continue for several days as readaptation to gravity occurs.

While the changes observed in the weightless state appear to be benign, some of them, such as a
potential increase in pulmonary arterial pressure, require further documentation and study. The
only operational countermeasure at present is the anti-G suit. Additional countermeasures such as
fluid and electrolyte replenishment methods are under development at the present time. In the long
run, the benefits and costs of providing artificial gravity or of preventing untoward cardiovascular or
fluid and electrolyte changes during prolonged space travel require investigation. In general, future
research efforts should concentrate upon the mechanisms that influence cardiovascular stability
upon return to gravitational influences. Integration of data across RTOPs is particularly to be
encouraged in this area. In the past, research concerning blood constituent changes in space has not
appeared to be as convincingly organized as other programs. Recent peer review has resulted in
modification of this program as recommended by these outside experts. Similar reviews for all
elements of the program continue to be indicated on a regular basis.

Radiation

As man goes beyond the protective atmosphere of Earth, he is exposed to an entire gamut of
radiation hazards. Onboard reactors could serve as an additional source of radiation risk. Most of
these risks are adequately investigated by agencies other than NASA. Of unique concern to Medical
Sciences are HZE particles (cosmic rays) which possess the capacity to kill living tissue as they pass
through it. This is probably a problem largely for non-replicating tissue such as the central nervous
system. Most biologically significant of the HZE particles will have an atomic weight of around 26
and efforts are underway to generate such particles at appropriate energy levels from accelerators.
This effort is critical to the development of an estimate of the nature of the risk created by these
particles in the dosages encountered in space. Although HZE particles need not prevent long
duration manned missions, the development of estimates of the risk factor and appropriate
countermeasures (shielding) is proceeding as required. In general, this research area is well organized
and attracts reasonable numbers of investigators. Moderate increases in funding should be used to
achieve slight expansion of this research effort.
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Space Motion Sickness

It is clear that space motion sickness is primarily a problem of short flights. It is self-correcting
after one to four days. Present pharmaceutical countermeasures may help, but fall short of
correcting the condition. Further, these countermeasures themselves carry at least some potential
side effects. An improved understanding of the mechanisms of space motion sickness is being
pursued to improve this situation. At least one innovative training procedure is being pursued that
will allow the crew member to suppress the symptoms of space motion sickness. The use of
parabolic flight as a model for prolonged weightlessness in space does not appear to be well justified
although new approaches for the utilization of this tool are promised. This research effort is
well-organized and appropriately funded. The researchers are generally of high quality.

Performance

This small program currently addresses issues relevant to the organization of working space
teams and the incorporation of women into these teams. Factors relating to the organization of
groups and social behavior are being investigated to facilitate methods of selection, training, and
operation of crews. Simulations of space flight are used as research models. A single study of the
effect of circadian changes upon human physiologic response and performance remains in the
program. If any long-term space flight (a Mars mission or a residential space station) is
contemplated, the behavioral performance area of research would require expansion. Currently, it is
directly contributing to the selection and organization of space crews for travel on the Shuttle. The
effort is appropriately organized. Funding is generally appropriate, but a modest increase should be
considered for one or two psychosocial studies to be added.

Preflight Detection of Infectious Disease

This area of research can provide improved methods for detecting infectious disease in human or
animal passengers prior to launch. Present state-of-the-art should allow considerable improvement in
the accomplishment of such detection. Currently this effort is under-funded and probably
underdeveloped for the needs of NASA.

Medical Sciences Overall

This portion of NASA Life Sciences research efforts is generally well-organized and
demonstrates reasonable progress toward increasing knowledge and developing new solutions to
difficult health problems associated with manned space flight. Overall resources available to this
program are marginally adequate. Unless there is a moderate increase in funding and a continuing
commitment to the recruitment of young professional personnel to the in-house program, the long
term outlook for this program is not sanguine. The Medical Sciences program overall can benefit
from redirection of its program in a few areas and moderate expansion in addressing problems
related to Bone and Muscle, Radiation, and Preflight Detection of Infectious Disease. For the
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Medical Sciences program to yield its maximum benefits, it should not only seek advice from the
best experts in Medical Sciences outside of NASA, it must also improve its capacity to utilize the
considerable talent at the various NASA Centers. This cannot happen unless travel budgets are

increased. Finally, it appears that current leadership and management within NASA Life Sciences
programs in the area of the Medical Sciences are quite superior.

Biomedical Systems and Operations

Medical Selection Criteria and Crew Health Monitoring

Although much has been learned about the effects of space flight on human performance,
improved procedures need to be developed to identify levels of susceptibility to space flight factors.
Susceptibility to space motion sickness is most significant, particularly since early Shuttle flights of
short duration will be employed. Most of the documented effects of space travel will not produce
significant health hazards in short duration Shuttle flights, but latent pathology, such as coronary
disease, must be identified and quantitated.

The requirement for extreme alertness in the Shuttle program makes the maintenance of health
of astronauts of great importance. This state of health must be defined and monitored and access to
quality health care made readily available in flight. Definite physiological changes are involved in
adaptation to the weightless state and a complex reversal occurs on readaptation to the 1 g state.
Preventive measures, drugs, and exercise have been used, but more attention needs to be paid to
nutritional considerations, especially for longer duration flights.

Physiological Design Requirements

The SR&T to establish physiological design requirements and standards provides an essential
supportive data base to the development of both near-term and advanced life support systems. It is
designed to generate information, permissible standards, and scrubbing requirements for toxic
products and toxic pyrolysis products; dysbarism prevention standards for extravehicular suit
transfer and space flight decompression; system performance characteristics and requirements; and
standards for gaseous and thermal control. These efforts are operational necessities for the adequate
support of both nominal and non-nominal flight conditions.

Advanced Teleoperator Technology

The public, as well as the scientific community, seems generally to appreciate the advantages of
direct human presence in space — to see, touch, and manipulate the environment spontaneously, as
compared to having programmed machines collect and process data for return to Earth. What is
generally not appreciated are the developing capabilities for remote communication and control
technology to enable a person on Earth to inspect and manipulate that same space environ-
ment — to extend his nervous system and feel a real sense of presence in the remote location. The

13



life science implication of such remote human participation should be made more apparent within
NASA. The potential for teleoperators to achieve specific missions reliably and cost-effectively
should be explored systematically by joint life science and engineering teams.

Understanding of what teleoperators can and cannot do has been hampered because such
developments in the past have been tied to specific operational missions and not viewed as
legitimate scientific research. We believe that the many questions (listed under discussion of this
research area in Appendix B) should be viewed as fundamental research questions with a strong life
science component. (See “People vs. Computers,” page 15.)

Man-Machine Engineering Requirements

NASA research in man-machine engineering requirements is a broadly directed effort to improve
the discipline and art of designing man-machine interfaces and displays, controls, habitability,
spacecraft interior layout, work routines, crew assignments, mission simulations, and techniques for
collecting human performance data. The overall discipline is still in its primitive stages. The research
addressed to these many interactive concerns merits continuing support, provided the experimental
questions are well formulated. The process of regular program reviews can be helpful in this respect.
Liaison with other man-machine interface research, such as the DoD project on Integrated
Computer Aided Manufacturing (ICAM), should also be encouraged.

Advanced Extravehicular Systems

Impressive strides have been made in space suit design and extravehicular life support systems,
but there is a continuing need for more reliable, comfortable, mobile extravehicular systems with
suit pressures approaching 14.6 psi (sea level). There is also a need for effective integration of these
systems with improved hand and power tools and a need to clarify design trade-offs, especially
those involving increasing suit pressure, metabolic loads, and safety. Continuing research and
development in this area is essential to any future manned space flight endeavors.

Advanced Life Support Systems

Manned space missions, to date, have utilized open life support systems. That is, there has been
no system used for regeneration of food, water, and oxygen. Long duration missions will necessitate
the use of partially, or completely, closed life support systems. With this in mind, efforts have been
made to develop physical and chemical processes for water reclamation, carbon dioxide
concentrators, oxygen regeneration from carbon dioxide, food preservation, waste contaminant
control, and nitrogen regeneration for atmosphere resupply.

Closed ecological life support systems (CELSS) will require consideration of biological
components, such as in the food chain. Closed chamber studies have been made in phytotron and
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biotron facilities, and their relevance to CELSS needs to be investigated. Much information needs to
be obtained concerning the following areas of technology: atmosphere control and regeneration,
water purification and reuse, waste control and conversion, and food production and processing.
Progress in these areas will require basic research in several more conventional areas such as
microbiology, plant and animal physiology, agriculture, and closed system ecology.

Aerospace Medicine and Safety

This category, consisting of three research tasks for which OAST is now responsible but the Life
Sciences Directorate reviews, is clearly of growing importance. As air traffic increases around certain
metropolitan areas and the demand grows for all-weather operations, problems of navigation
(reading maps) and communication (voice) have placed an increasing workload on the pilot. Use of
computer-based displays (integrated graphic and alphanumeric) and direct communication between
aircraft and ground-based computers is now technologically feasible. However, design and policy
decisions hinge on a better understanding of what is best for the pilot, i.e., when more information
is a hindrance rather than a help, how many crew are necessary on the flight deck, and how
responsibility should be divided between pilots and ground controllers.

For these reasons, we recommend expansion of such aerospace programs and closer cooperation
between life sciences and engineering components within NASA (as well as with Air Force and
FAA) with the aim of clarifying the advantages and disadvantages of further automation, the
relative roles of man and computer, and the ability of man to detect, diagnose, and remedy sudden
failures of automatic systems.

People Vs. Computers

Somewhat apart from the program elements reviewed above, we have a growing general
concern about the future wide-ranging life-science implications of ‘“‘people-vs-computers” within
NASA. In coming years, due to rapid progress in development of cheap and miniaturized computer
hardware and sophisticated software, the pressures will be tremendous to automate the human
organism out of aerospace systems of all kinds. As discussed above, sometimes this automation will
take the form of autonomous ‘robots” for planetary exploration, and the question of
people-vs-computers will be apparent and well drawn. More often, as in commercial and general
aviation (both piloting and traffic control) and in ground tracking and satellite communication
networks (a big chunk of NASA’s budget), automation will be distributed, more subtle, and much
less apparent; and many people will be interacting simultaneously to effect control of messages or
vehicles.

Some of the pressures to automate will be motivated by the technological imperative — “We can

replace people so we should.” Some will be crass commercial pressures. It almost seems that
retention of the human organism is accepted for reasons of sentiment and vague concern that he be
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available to “back-up” automatic systems. Yet there is increasing evidence that unless a person can
actively participate as a controller or observer, he cannot, in effect, “come off the bench cold and
get into the game” with ease and reliability. Are people to be removed from aerospace systems
entirely — except as passengers — or is there a proper balance between people and computers? We
are told that what people do best and what computers do best are different, and in fact
complementary. But the intellectual disciplines for proper integration of man-machine systems are
not well developed — except in a very few specific areas of motor skills, signal detection, and other
behavioral areas where DoD has supported continuing research.

The concern for NASA Life Sciences is a fundamental one. There are various specific
people-vs-computer problems which arise in aviation safety, management of communication
networks, construction of large solar arrays in space and planetary exploration. The main point is
that these problems have in common the functional allocation or roles between living organisms and
computers despite their specific dissimilarities from one application to another. These problems
probably have more to do with life sciences than with physical sciences and technology. Yet they
remain ill-defined.

The interdisciplinary nature of the situation provides further aggravation. Within the NASA
bureaucracy, it has never been very clear where the responsibility for such concerns should Le. A
current NASA task force on “Robotics and Machine Intelligence” under the chairmanship of
Carl Sagan is now discussing the above question of people-vs-computers to a degree, but its emphasis
has been more on making computers more sophisticated and “intelligent” than on utilizing the
perceptual, motor, and cognitive skill contributions of human organisms vis-a-vis computers in
semi-automated systems (which really includes most NASA systems).

Some basic life science questions which remain unanswered are:

(1) How should the error and reliability of the human operators and human monitors be
characterized and measured? Is the assumption of “independence of component failures,”
now widely employed in nuclear plant reliability analysis, valid for human errors such as
may occur in NASA’s systems?

(2) How can or should mental (as distinguished from physical) “workload” of pilots, air traffic
controllers, astronauts, and scientific observers be measured? How does automation affect
mental workload, especially as regards ‘‘alertness,” anxiety about status of inferred
variables, “trust,” and the ability to “take-over” when called upon?

(3) How to arrange displays of large amounts of computer data for speed and reliability of
detecting or diagnosing faults?

(4) Under what circumstances should people supervise computers and under what cir-
cumstances should computers supervise people?
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(5) What are the feasible dynamics of “trading” and “sharing” control between people and
computers beyond the crude interchanges now prevalent in using time-shared computers

through typewriters? Natural language interaction is now available, but we know little
about how to use it.

Finally, in view of the fact that many of the above-mentioned man-machine activities
necessarily involve life sciences and engineering disciplines, in consideration of the relatively
primitive state-of-the-art, and because of the fragmentation across various administrative compo-
nents of NASA, we recommend that a small ad hoc task group be constituted specifically to address
the following questions and make recommendations.

(1) What underlying scientific discipline needs to be developed in man-machine interaction,
which aspects of such disciplines should NASA be responsible for developing, and which
should be left to other agencies? What are the gaps in current NASA efforts to develop
such disciplines, and what are the strengths?

(2) Which NASA projects or activities in this area would benefit from closer coupling, and
which projects or activities must necessarily be left independent of one another?

(3) What administrative arrangements can best serve to integrate NASA life sciences and
engineering efforts to achieve these ends?

Biological Sciences

The programs in the biological sciences can be contrasted with the more medically-oriented
activities which dominate the Life Sciences Directorate. The medical programs are all motivated,
however distantly, by operational requirements associated with manned space flight. These
programs are, in this sense, more “practical”” or “applied” than those in the biological sciences, a
distinction which has at least two effects. First, the status of the biomedical programs can be judged
in terms of the limitations which must be imposed on manned space flight at any given time.
Second, in spite of their variety, the various components of the biomedical program share an
underlying unity; that is, they are all aimed at the support of man in space. In contrast, the
fundamental research in the biological programs cannot be evaluated in terms of progress toward
applied goals, and some of the programs are genuinely divergent.

Space Biology

The program in ‘“‘space biology” might be more descriptively titled using the term
“gravitational biology.” It is principally concerned with answering the question, “What role does
gravity play during the growth, development, function, and evolution of organisms?"’ This question
has not yet been satisfactorily answered in Earth-based laboratories, since the effects of terrestrial
gravity are too persistent and pervasive. Adequate experiments allowing observation of organisms in
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an environment truly free of gravity can be envisioned only in space, and this fact has motivated the
Agency’s involvement in gravitational biology.

Several flight programs have already been devoted to space biology. A principal result has been
an expanded appreciation for the refractory nature of studies in gravitational biology. While
investigations on Earth have been unable to provide a truly weightless environment, those in space
have been unable to provide the truly Earth-like environment required for an adequate control. The
failure or absence of a number of environmental subsystems has made decisive interpretation of the
flight results impossible, and as a consequence, space biology has gotten a “bad name” in some

quarters.

The future of space biology can be a much happier subject. The Spacelab will provide facilities
of far greater flexibility and much better quality than previously available, largely because of the
presence of well-trained scientists aboard. The attraction which this opportunity holds for
high-quality investigators is already evident. At the very least, the possibility for noteworthy
contributions in this area exists, and there is every reason to expect that the lessons of the past have
been learned so that many problems can be avoided. Amidst this optimism, however, we will
observe that the best evolutionary pathway for studies in this field both within and outside of
NASA will require some careful planning. We have addressed this topic in later sections of this

report.

Planetary Biology

This program is concerned with the origin and evolution of life on Earth and with the possible
presence of life elsewhere in the universe. It has addressed these questions through investigations of
the non-biological chemical reactions that might have spontaneously produced organic compounds
prior to the origin of life, thus providing the “building blocks™ from which the first self-replicating
systems were derived; through active searches for life on the surfaces of the Moon and Mars; and
through investigations of meteorites and of the oldest rocks which are accessible on the surface of
the Earth. Related investigations supported both within NASA and by other agencies are directed
toward reconstructing the chemistry of the volatile elements during the condensation of the solar
nebula and the accretion of the planets, and toward explanation of the origins and relative
abundances of interstellar organic molecules.

It can be said that planetary biology is at a turning point. No new searches for life elsewhere in
the solar system are likely to be undertaken in the near future. Studies of prebiological chemical
reactions must reach new levels of detail to avoid repetition. Preliminary surveys, at least, have been
made of the organic constituents of all available carbonaceous meteorites and of representatives of
all the major Pre-Cambrian sedimentary systems. Future work in this program must break new
ground by increasing the depth, not the breadth, of the various lines of inquiry.
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The nature of the exploratory phase, now ending, has been such that a particularly productive
future can be predicted for this field. One principal trend which has become evident and which
should be especially important is the integration of planetary biology with allied fields. Close
attention is being paid to geophysical and geochemical evidence regarding the conditions which
must have prevailed on the early Earth and during the formation of the carbonaceous meteorites.
Within these allied fields, it is being recognized that the element carbon provides an especially
versatile tool for deducing early chemical and physical conditions, and cooperative investigations
involving, for example, planetary biologists and astrophysicists are developing. A deepening of the
theoretical foundations underlying planetary biology can be expected, and the field seems destined
to gain substantially in maturity and strength, generally becoming a driving force in the
development of new information in space science.

Other Programs in the Biological Sciences

Responsibility for the U.S. program in “‘Planetary Protection™ lies in this program area. The
microbiological cleanliness of American interplanetary spacecraft is monitored, and contact is
maintained with the international bodies which set requirements aimed at minimizing the possibility
that terrestrial microorganisms might inadvertently be flown to and contaminate another planet.
Future activities in this program will play a key role in the planning of missions aimed at the return
of samples from the surface of Mars.

Programs dealing with ecology and with the environmental effects of the Space Shuttle are
discussed in Appendix C. The Program Chief in Biological Sciences does not manage these
specialized activities. The status of the program in ecology, originally envisioned as an adjunct to
the development of closed life support systems, is uncertain at this time. The work aimed at
evaluating the environmental effects of the Space Shuttle launch activities at Kennedy Space Center
will be continued at a level dictated by programmatic and legal requirements.

Payloads and Applications

Life Sciences Flight Experiment Program

In 1981, NASA will begin the space flight phase of the Shuttle-Spacelab program, a NASA
activity of extreme importance because of the quantity and quality of new scientific information
which is expected to be obtained. Although the level of ideas, plans, and the caliber of investigators
are probably the most important factors in the Spacelab program, success cannot be achieved
without strong operational support. In the Life Sciences segment, the principal support effort is the
development and production of common laboratory equipment and in the screening, organization,
and operation of the experiments themselves.
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In the equipment effort, both design and production of the common animal research facility are
proceeding on schedule. A specialized plant experimental facility of limited scope and flexibility js
being prepared. The plant facility, as presently planned, will have limited ability to support other
plant investigations.

Solicitation of experiments from the scientific community has proceeded with a series of
Announcements of Opportunity to conduct experiments in space issued to potential investigators in
all fields. Although Life Sciences is only a small part of the total NASA scientific activity, about
40 percent of the responses to date have come from life scientists. Such a vigorous response holds
promise that quality and caliber will be high in the Life Sciences Spacelab studies. A series of panels
of scientists has been organized to review the formal applications now being submitted. Later,
NASA Life Sciences staff will need to devise a system by which high quality investigators with
similar or closely related research study plans can be grouped together in teams for maximal
efficiency and productivity.

In the immediate future, it is critical that facilities to support research be developed for both
plants and animals. The best and most flexible set of facilities must be developed in order to provide
full opportunity for success in the Medical Sciences and Gravitational Biology programs.

Vestibular Function Research

This experiment is an effort to learn more about the mechanism by which vertebrates sense and
adapt to gravity. Hence, it may help ultimately toward solution of the problem of space sickness.
Plans are in preparation for its conduct on the Spacelab III flight of June 1981. Construction and
engineering evaluation of a prototype experimental unit are scheduled.

Kosmos

U.S. scientists have thus far participated in two U.S.S.R. Kosmos flights. The experiments on
board have yielded significant results, particularly with respect to the phenomenon of bone loss in
space. Decreased bone growth was observed in young animals. Experiments for participation in
future Kosmos flights are being planned with perhaps some improved capacity over that available in
the first two flights. A serious limitation for U.S. investigators is their physical separation from the
experimental vehicles (both flight and control) and the lack of access to the experimental packages
by anyone for a considerable number of hours before and after the flights. In addition,
experimental procedures on tissues and animals after flight are not within the control of U.S.
investigators. An improvement in such conditions is essential for improved quality of experimental
results, but such a change is not predictable at present.
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(linical Uses of Space and Biomedical Technology Applications

Efforts are just getting underway to inform the medical research community of opportunities to
begin research on the two objectives: (1) medical research uses of space (examination of basic
mechanisms of disease with the aid of the unique weightless environment) and (2) clinical uses of
space (investigation of the space environment for potential use in treatment of disease). Many
projects are being supported by the technology utilization activity of the Office of Applications
under a third objective, development of medically related space technology and its application to
diagnostic and therapeutic clinical medicine and medical research on Earth. Continuation of efforts
on this latter, very practical, objective is easily projected, but the future course of activities along
the novel and highly specific objectives of medical research and clinical uses of space is very difficult
to predict. Because of the possibility that projects in this program will provide specific, unusual, and
useful spin-offs of space technology to Earth medical research and practice, all three objectives
should be pursued.
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EXECUTIVE SUMMARY

Introduction

The Life Sciences Program of NASA is complex, highly diverse, and fundamentally important to
NASA’s major goals. The importance of the program lies mainly in its support of basic biological
research relevant to space and of studies to supply the knowledge necessary to maintain the health
of man whenever and wherever he goes in space. It supports and facilitates the national life sciences
community in its utilization of space for scientific research, and it facilitates advancement of
specialized areas of fundamental and forward-looking research in biology, the medical sciences, and
hiomedical technology which fall uniquely within NASA’s goals and objectives. The Life Sciences
Program is central to these NASA responsibilities as well as to certain specific issues, such as
planetary quarantine and protection, and to several supporting functions, such as providing
guidance and direction on biomedical aspects of technology utilization, Earth resources applica-
tions, and Earth ecology concerns and obligations. The human aspects of this program, as well as
concerns about the development of life in the universe, give the Life Sciences a significance out of
proportion to its size because of public and Congressional interest in these matters.

In the view of the Life Sciences Advisory Committee, from its analysis described in this report,
NASA should provide more attention and firm support to this program and should develop ways for
it to function more effectively.

The Committee believes that the most useful way to epitomize its review and make it
meaningful to NASA management is to present a series of recommendations, each followed by its
rationale (in italics). This summary begins with a presentation of general recommendations
concerning the operation and management support of the Life Sciences. This is followed by
similarly presented recommendations relative to each of the major segments of the Life Sciences
Program: Medical Sciences, Biomedical Systems and Operations, Biological Sciences, and Payloads
and Applications.

General Recommendations

Modification of NASA Organization for Life Sciences

The Life Sciences Advisory Committee recommends that the Administrator of NASA appoint a
special task force, including life scientists, to review and make a specific recommendation on the
location or relocation of the Life Sciences Program in NASA’s organization.

Considering the extensive diversity of responsibilities of the Life Sciences, this Committee
recognizes the administrative difficulties involved in establishing a perfect location for the Office of
Life Sciences within the NASA organizational structure. The Life Sciences is inherently an
administratively anomalous organization within NASA in that its functions cut horizontally across
major organizational lines. Past experience with other, divided, organizational arrangements has
shown that o single united NASA Life Sciences (and consequently preservation of this anomaly) is a
necessity in the interest of efficiency, economy, and coherence of its work. The anatomical and
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physiological reasons for this necessity reside, basically, in the fact that the Life Sciences is a smal]
disciplinary identity in an agency which is devoted predominantly to the physical sciences and
engineering, and is organized accordingly. While these “hard” sciences are so heavily represented in
the Agency that their division into functional and subspecialty areas is mandatory for efficient
operation, the Life Sciences is too small and becomes too fragmented for efficient function if it is
similarly divided. (The same would be true of a physical sciences effort in a life sciences agency.)
Yet, despite its limited size, the NASA Life Sciences is indispensable to NASA’s goals and Agency
operations.

The Life Sciences Advisory Committee acknowledges the logic of the present location of Life
Sciences within the Office of Space Science for operation in association with essentially all other
scientific research activities at NASA. The Committee strongly recommends, however, that because
of the great diversity of Life Sciences responsibilities, the special importance of medical staff to
space flight operations, and the unique importance of biomedical scientific activities to both the
science and the operations of long duration/planetary space flights, the NASA Director for Life
Sciences should have direct access to the Office of the Administrator, NASA, for planning and
budgetary consultations. Prior to the last reorganization, the Life Sciences Directorate had a
“dotted line” relationship with the Office of the Administrator, and, in addition, the Director for
Life Sciences appeared regularly as a witness before Congressional subcommittees and thus had the
opportunity to justify and explain the significance and importance of biomedical research and
operations. Life Sciences carried the title “Office” and was headed by a ‘first line” director, thus
allowing a higher level of management relationships for all of its internal working levels and greater
prestige value for the aerospace life sciences disciplines.

While, indeed, there may be other possibilities for more suitable organizational arrangements,
serious consideration should be given to at least two alternatives: maintenance of Life Sciences in its
position in the Office of Space Science, but with a means of ready and frequent communication
with the Office of the Administrator, or movement of Life Sciences from 0SS to independent
Office status reporting directly to the NASA Administrator.

Goals for the Life Sciences

Among the present goals of the Life Sciences Directorate, the fourth, “Utilize space technology
for application to terrestrial, medical, and biological problems,” should either be modified by
adding the following words *. . . in liaison with related programs in other activities in NASA” or be
dropped.

While there is a sound rationale for involvement of Life Sciences personnel with related
programs elsewhere in the Agency, Technology Utilization and Biological Application of Remote
Sensing providing two examples, such activities should be carefully limited. The specific roles and
responsibilities of Life Sciences personnel should be mutually and formally agreed upon at all
relevant levels of the Agency. The fact that these liaison activities are secondary to the principal
responsibilities of the Life Sciences should be recognized.

Among the present goals of the Life Sciences Directorate, the third, “Utilize the space
environment to advance knowledge in medicine and biology,” should be changed to
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wStimulate and facilitate use of the space environment to advance knowledge in medicine and
biology.”

A basic NASA goal is noted as the “Development and demonstration of techniques and
sysgems,..exptoiting the characteristics of space...” in order to contribute to “human well
being.” Care should be taken, however, that these activities do not lead the Agency too deeply into
an endless variety of scientific disciplines in which the “characteristics of space” might be usefully
“exploited.” Life Sciences programs undertaken to fulfill this goal should be limited and chosen to
be consistent with the concept of demonstration. The terms “stimulate and facilitate,” as opposed
to “utilize,” are viewed as significant in this context. (It should be noted that the Agency goal
quoted also calls for “transfer of technology™ and “provision of operational assistance” to “other
organizations, both public and private™ in accomplishing this objective.)

Communication and Collaboration

Life Sciences should develop a system of close, regular communication among investigators in
particular scientific areas (involving both NASA “in-house” investigators and outside NASA-
supported investigators), between investigators and non-NASA advisors, and among investigators,
advisors, and NASA staff, for more rapid exchange of new information, increased production of
new ideas, and development of improved research plans.

Survey of RTOP descriptions of SR&T projects reveals that in certain program areas
(e.g., musculoskeletal studies) there are projects on closely related or the same subjects located at
different NASA Centers as in-house research or supported by grant/contract by different NASA
Centers. These studies would likely benefit from a coordinated organization of the scientists
working on these common problems. A regular system of exchange of developing research results
might facilitate or speed up progress in comparison with that of the current laissez-faire system. It
must also result in development or revelation of critical scientific research questions and ideas, and
potentially lead to a considerably more productive program. Such meetings or conferences should
include selected consultants and investigators in the field who are supported by other agencies in
order to obtain the most complete, up-to-date exchange of information.

As specific suggestions, annual meetings could be held of the involved investigators and
pertinent advisors. Less often, larger workshops of 30-40 scientists should be held on particular
subject areas. Scientist-astronauts with biological or medical experience should be included and
other scientist-astronauts invited.

In addition to the suggestions above for new communications activities, liaison should be
continued and extended between LSAC and other NASA standing committees. Periodic meetings or
other contacts between LSAC and corresponding committees of the Space Science Board, National
Academy of Sciences would also be useful.
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Use of Consultants
The Life Sciences Advisory Committee (LSAC) recommends that NASA Life Sciences uge

consultant services more actively in two particular activities:

(1) Advice to the NASA Director for Life Sciences and to the directors of Life Sciences
activities in the Centers on planning, direction of effort, emphasis, and priorities; and

(2) Review of SR&T grants and contracts, in a more regular set of review committees. These
committees should be of sufficient size that greater breadth of expertise is made available
for in-depth sophisticated comment and review.

What is suggested is that, in addition to the regular, three times a year meetings of LSAC, the
NASA Director for Life Sciences would benefit from periodic, ad hoc, one- or two-day meetings
with a small number of consultants, either on a particular problem area or on overall Life Sciences
strategies on several matters. The reason for this suggestion is that the Director is relatively isolated
from biomedical/bioscience input, both from the administrative and scientific points of view. Such
consultants could either be members of LSAC or not, depending upon the nature of the particular
need for their advice. Members of LSAC, from their own experience, are aware that “Directors” are
not fond of advice which would appear to be directive or supervisory. Thus, it is understood that, as
is mandatory in governmental agencies, advisory groups are solely advisory, with the authority for
decisions and action remaining entirely with NASA staff.

In recent years, NASA Life Scienes has used, for merit review, four or five small review
committees, but meetings tend to be irregular because of variations of in-flow of applications. The
latter problem may not be remediable, but larger sized committees seem necessary to provide
adequate breadth and depth of expertise. During 1965-67, NASA’s former Office of Space Medicine
arranged with the National Institutes of Health for NIH study section reviews, a system which
apparently worked well. Development of a similar system of regular review, with a much smaller
number of “study sections,” could be investigated. Probably the most logical solution would be the
expansion in size and number of AIBS Committees. Peer review of this type has been generally
acclaimed, both as fair to applicants and as most likely to guarantee to the supporting agency the
highest quality of research effort and of investigators.

To the extent that funds permit, quality of review would be aided by reviewer site visits in
selected cases.

Budget Planning for Life Sciences

In presenting budget proposals to the Administrator of NASA and then to the Office of
Management and Budget, NASA management should build in annual increases to compensate for
the effects of inflation, particularly in many programs in the Life Sciences which are of such small
size that vitality would be all but extinguished by year-to-year level budgeting.

The effects on all types of Government programs of the declining purchasing power of the
dollar are well known. Such effects are at least as great on Life Sciences. A six to ten percent
increase each year is necessary to enable Life Sciences to continue projects at the same level of

effort.
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It would be advantageous to NASA’s Congressional and public relations, particularly with

respect to budgets, for the NASA Director for Life Sciences to appear on appropriate occasions as a
uitness before Congressional subcommittees.

Travel Funds
LSAC repeats its concern over the level of allowances for travel in the Life Sciences Program.

The Committee expressed concern on this matterin 1977, and some corrective action has been
taken. Some further expansion of the travel allowance will be required, however, to deal with the
suggestions above for meetings of investigators and advisors on particular scientific areas and for
attendance of NASA biological and medical staff at scientific meetings (see section below on
Professional Personnel). Additional travel funds are also needed for improved monitoring of
contracts by NASA management staff.

Professional Personnel

Positive steps should be taken to enable NASA medical/biological staff to maintain professional
competence and to attract high quality, young, biomedical professionals. The following activities
should be encouraged and supported: postdoctoral training (in selected cases), university
affiliations, professional meeting attendance, research productivity and publications, and visits to
other laboratories.

Because of the uniqueness of the space orientation of their work, the relative physical isolation
of the Centers, and the relatively small numbers of biomedical professionals in NASA, there is a
distinct tendency for them to become professionally isolated from their peers in their respective
fields. The quality of what these scientists produce for NASA will be enhanced by positive efforts
to keep them abreast of the constantly improving and expanding expertise in their fields.

Position *“*Ceilings”

Despite “ceilings” on employment in all departments and agencies of the Government which
must be extended downward to every part of any agency, NASA management should give special
attention to Life Sciences in respect to employment ceilings. Attention must be given to
maintaining critical mass; any further reductions must be avoided.

The present number of NASA life scientists appears to be marginally adequate in most areas,
but some strengthening will very likely be needed in selected areas as Shuttle/Spacelab demands
increase. The question of inadequacy of secretarial and other support personnel merits attention as
adeterrent to the efficient use of the professional staff.
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Graduate Education
A vigorous mechanism must be developed to support graduate educational programs iy
aerospace medicine and, where necessary, in other space-oriented Life Sciences disciplines.

As a consequence of recent socioeconomic trends which have led to reduced and discontinyed
support of civilian training programs in the field of aerospace medicine, certification of this
specialty by civilian professional associations is currently in jeopardy. This loss of a source of
appropriately-trained, bright young professionals and of status as a certified medical specialty will
clearly decrease the future capacity of the NASA Life Sciences to deal effectively with its respon.
sibilities in both aviation and space. The Agency should be alert to the development of similar
threats to the future supply of properly trained professional specialists in other allied fields and be
prepared to take appropriate and timely preventive action.

Medical Sciences

Long-Term Support

The Life Sciences Advisory Committee recommends that NASA be prepared to sustain support
of long-term medical research programs in the area where the space environment affects
physiological function, and thus may disable space travelers. This support should continue during
those interim periods when missions are being planned or NASA is in the process of altering its
mission goals.

Crash programs of biological and biomedical research are not only extremely expensive, they are
prone to failure. Such programs too frequently result in the application of harmful rather than
helpful solutions. Suspension or severe curtailment of biomedical research can be recommended
only if human travel in space is deemed to have no role in the future missions of NASA.

Problem Areas for Long-Term Flights
Issues related to insuring the survival, good health, and adequate performance of man on
long-term space flights should receive highest priority. These issues include:
a. Determination of the mechanisms of bone and muscle deterioration during exposure to
weightlessness and the development of countermeasures to prevent this deterioration.

Increased emphasis should be placed on factors influencing muscle integrity in
weightlessness.

The changes in bone and muscle observed during short-duration space flights and Skylab
promise to be most disabling on long-duration space flights. One finding in rats (Kosmos) suggests
that new bone formation is slowed in space despite provision of artificial gravity; this unpredicted
result shows that a great deal remains to be learned about the mechanisms of bone changes in
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weightless conditions. At present, our knowledge about the mechanism of muscle loss in
weightlessness is even less than that about bone changes. Studies of several types of counter-
measures are being pursued.

b. Better understanding is required of the integrative mechanisms that influence the risk of
shock, unconsciousness, and impaired capacity of the cardiovascular reflexes necessary to
maintain upright posture upon return to planetary gravitational influences from conditions
of weightlessness. Better countermeasures and methods of selection should be developed.

The changes in cardiovascular function, fluid/electrolyte balance, and blood constituents appear
fo be the consequences of the body’s successful adaptation to weightlessness. These changes
probably facilitate healthy physiologic adaptation and successful performance in space. Having
developed this adaptation to weightlessness, re-entry into Earth’s or another planet’s gravity carries
increased risk of unconsciousness and impairment of the capacity to perform in an upright posture.
This appears to be due to changes in cardiovascular reflexes, in the dynamics of fluid/electrolyte
controls, and in the loss of circulating blood volume. Anti-G suits provide one countermeasure, but
also increase dependence on complex devices. Better selection, training (on ground and in space),
use of pre-reentry fluid replacement, artificial gravity, and pharmacologic agents all provide
approaches to dealing with these problems more successfully. Certain other changes, secondary to
fluid and blood shifts in space (e.g., possible increased pressure in cardiopulmonary arteries), deserve
serious attention, although they do not seem to be an immediate threat. Some of the seemingly
benign changes associated with weightlessness may prove to be serious problems as longer missions
are attempted.

¢. Assessment of the hazards associated with exposure of non-replicating tissue to radiation by
particles with high atomic weight (HZE) and development of methods for preventing
exposure to such particles is required.

Risk to non-replicating tissue from HZE particle exposure is a unique concern of NASA. Flight
experiments will be required in the future. The development of methods to achieve terrestrial
exposure of appropriate biological targets to HZE particles at realistic dosages, using available
specialized accelerators, is necessary for significant advances in this area. Data from this area of
work will be necessary to determine the degree of health threat represented by HZE particles and
the nature of countermeasures required.

d. Issues related to the performance aspects of long-term manned space flight that influence
the maintenance of the physiological and psychological integrity of the crew require
continuing investigation, as well as continuing and more explicit coordination with ongoing
work on aeronautics performance and safety.
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The nature of crew selection, organization, and training, as well as the provision of long-tern,
habitability of the spacecraft or station, will ultimately determine the complexity, length, ang
productiveness of long-term space missions. Performance studies explicitly address matters relevant

to these factors.

Problem for Short Flights; Space Motion Sickness

In the near future, high priority should be assigned to the study, prevention, and treatment of
space motion sickness. Several approaches to space motion sickness should be pursued:

a. Fundamental research in mechanisms which cause space motion sickness.

b. Development of special novel training procedures to suppress symptoms. (Preconditioning
with aerobatic flight has not worked.)

c. Development and use of pharmacologic agents to suppress symptoms and evaluation of the
physiological cost of these agents as they affect other vital functions, i.e., cardiovascular,
muscular coordination, consciousness, etc.

d. Development of selection standards to exclude subjects likely to get sick in space.

Space motion sickness is likely to disrupt performance and well-being during the first two to
four days of a flight and be a significant problem during the short-term flights of the Shuttle er.
Increased fundamental understanding of the mechanism of this problem is necessary for
countermeasure design. A combination of countermeasures will probably be required to deal with
the problem. Although non-selection of individuals very sensitive to motion sickness is clearly
prudent, a radical improvement in selection efficiency seems unlikely in the near future.

Integration of Research Efforts
Integration of research efforts across RTOP areas should be continued and increased to include:

a. Collaborative utilization of joint terrestrial models (e.g., chronic bed rest) to examine an
array of dependent variables (e.g., calcium loss, muscle loss, cardiac deconditioning, changes
in fluid and electrolyte distribution).

b. Increased sharing of results in topically organized conferences which encourage exchange
between Principal Investigators and RTOP technical monitors. One goal of such conferences
should be to establish and refine animal models which may be used to solve health-related
problems.

c¢. Annual meeting of all RTOP technical monitors, principal investigators, and consultants
in programs of research in the medical sciences to:

(1) Increase program integration
(2) Encourage collaborative work between NASA laboratories and extramural persormel

(3) Recertify the relevance of all elements in the RTOP mission
(4) Update and modify research strategies.
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These efforts directed toward increased programmatic integration should explicitly operate to
Jecrease any fragmentation of efforts due to the tendency of NASA Centers to compete with each
other at the expense of collaborative efforts. The Committee recognizes that competition may
encourage and motivate, but it can also fragment effort. The Life Sciences Directorate has
Jemonstrated its recognition of this problem. Recently some improvement on collaborative use of
resources has been achieved across laboratories. This Committee wishes to encourage this trend
while recognizing that some fraternal competition between Centers is healthy.

Fundamental Medical Science
Management should continue support of programs which address fundamental medical science
issues in an innovative way.

One problem inherent in NASA Life Sciences Medical Research Programs is that emphasis on
concrete operational problems and the need for quick results may stultify creative, innovative
efforts that provide basic scientific breakthroughs of greater long-term worth.

Gravitational Biology
Studies of gravitational biologic issues that facilitate work in the Medical Sciences should
receive priority consideration.

A sizable portion of NASA Medical Science Research Programs relate to the effects of gravity
or its absence upon physiological systems. Studies in the Medical Sciences will contribute to the
field of gravitational biology and will draw data from this area of study as it applies to the impact
of gravity upon mammalian adaptation.

Biomedical Systems and Operations

Susceptibility or Predisposition to Flight Effects

Current studies directed toward determining sex and age differences in susceptibility to space
flight effects warrant continuing emphasis. The detection and quantitation of latent coronary
disease and evaluation of attendant risk factors and their control should receive close attention in
the medical selection program. Newly evolving techniques, including those which might develop in
the pre-flight detection of disease program, should be examined for their applicability to the
detection of other forms of latent pathology.

The broadening composition of flight crews to include personnel of both sexes and wider age

ranges makes it necessary to establish sex and age differences on a scientific basis with respect to
susceptibilities to the effects of space flight. Latent pathology is primarily an age-related factor, and
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latent coronary heart disease is emphasized on the basis of its great prevalence and potentiglly

Severe consequences.

The recognition and quantitation of predispositions to the orthostatic, musculoskeleta,
hematological, and fluid and electrolyte changes of space flight, and the development of appropriat
measurable indices should receive continuing attention.

While these changes are, for the most part, considered adaptive to the weightless state, they gre
at the same time “de-adaptive” to 1-G and reentry-G tolerance. Tendencies of crew candidates (o
respond in an exaggerated manner to these effects must be detected, measured, and either corrected
or regarded as disqualifying. :

Role of Physical Exercise

The role of physical exercise in flight, as well as pre-flight, remains to be more clearly defined
for its alleged salubrious effects. Controlled in-flight experiments should be designed to determine
the precise effects of exercise on orthostatic, musculoskeletal, and fluid and electrolyte changes,
Similarly, pre-flight exercise protocols should be carefully evaluated for both positive and negative
effects on in-flight and post-flight circulatory, musculoskeletal, and fluid and electrolyte responses.

The fact that exercise improves a sense of well being in flight crews is widely accepted, but of
the present time, there is too little evidence to indicate whether or not it exerts any beneficial effect
on flight-induced physiological changes. There is some evidence to suggest that pre-flight exercise
might have some adverse effect on in-flight circulatory and musculoskeletal responses by essentially
exaggerating the losses because of heightened pre-flight blood volume, bone mineral, and muscle
mass levels. These uncertainties remain to be resolved.

Integration of Operational and Research Activities

An effort should be made to assure the integration of medical operational and medical research
activities so that the research is properly directed to the operational problems, and research findings
may be quickly tested and utilized in the operational environment.

Reliability and Cost/Benefit Analyses
Consideration should be given to the addition of efforts to provide reliability analyses, such as

fault trees and cost-benefit analyses, to the studies of physiological design requirements for life
support systems.

Although these important aspects of life support system design are not in evidence from the
material provided for review, they should not be neglected.



Teleoperator Technology

The advancement of teleoperator technology should be regarded and programmed as a
Jegitimate field of scientific research within itself and not simply tied to specific operational
requirements. Because man is so intimately integrated in the loop, it properly falls within the
purview of the Life Sciences. Since teleoperator technology is inherently a multidisciplinary effort
involving  engineering, several specialty fields of medicine and psychology, and computer
technology, it requires a correspondingly integrated approach.

Remote communications and control involve, in effect, an extension of man’s nervous system,
and can ultimately be designed to convey a real sense of presence at the remote location.
Understanding what teleoperators can and cannot do has been hampered because such develop-
ments in the past have been oriented to specific operational requirements, with funds allocated
accordingly.

Man-Machine Engineering

Continuing research in man-machine engineering requirements is warranted; NASA’s sustained
research program to improve space suits and extravehicular systems is essential to any future
advancement of man in space.

While the state-of-the-art in both of these areas is adequate for Shuttle, future requirements may
be expected to be more complex with respect to metabolic demands, habitability, and man-machine
integration, due to the probability and expectation of heavy work achievement in space.

People vs. Computers
We recommend that a small multidisciplinary ad hoc task group be constituted to address and
make recommendations on a newly emerging, highly complex, and increasingly important area
which we refer to in the text as “‘People vs. Computers.” Specific questions to be resolved are:
(1) What underlying scientific discipline needs to be developed in man-machine interaction,
what aspects of such disciplines should NASA be responsible for developing, and what

aspects should be left to other agencies? Where are the gaps in current NASA efforts to
develop such discipline, and where are the strengths?

(2) What NASA projects or activities in this area would benefit from closer coupling, and what
projects or activities must necessarily be left independent of one another?

(3) What administrative arrangements can best serve to integrate NASA life science and
engineering efforts to achieve these ends?

(For rationale, see pages 15 through 17 in text.)
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Regenerative Life Support Systems ' - .
Efforts should be made to develop systems for partially closed life support, including

demonstration equipment, for the widest range of missions to achieve key regeneration fuflctions.
Use of long-term Space Shuttle and Spacelab missions should be encouraged as an ap;.)ropnate test
laboratory for study of the effects of weightlessness on candidate regenerative biological processes

for life support system closure.

Food Technology - :
Greater emphasis should be placed on food technology for manned space flight, to include

nutritional requirements, nutritional equivalency of different food sources, physiological and
psychological acceptability of non-conventional food sources, etc.

As missions are extended, launch weight, power, and cost efficiencies favor progressive closure
of life support systems. For long-term space habitation, such as lunar habitat or space settlement,
the most efficient system will be a regenerative, self-perpetuating, and independent system which
provides the atmospheric, food, water, and waste management requirements to support man
permanently. The long lead time needed to create this capability forms the basis for the two
recommendations above, since the state of knowledge of this field is presently inadequate even for
the accurate planning of such missions.

Aviation Medicine and Safety

Overall research in aviation medicine and safety should be expanded in coordination and
conjunction with the DoD and FAA with the aim of clarifying the advantages and disadvantages of
further automation, the relative roles of man and computer, the ability of man to detect, diagnose,
and remedy sudden failures in automatic systems, and the relationships between pilot error and
simulator training.

Pilot workload is continuing to increase with increasing air traffic, increasing demands for
all-weather operations, and increasing instrumentation and automation. There is evidence that pilots
may be exposed to an excessive number of warning systems and that interfaces between man and
onboard automated devices may be inequitably distributed for maximum safety. The high incidence
of pilot error in aircraft accidents (60 to 70 percent) and aircraft fatalities (90 percent) emphasize
the need and importance of this research. It affects the safety of the entire future generation of air
travelers.
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Biological Sciences

Space Biology
The program in Space Biology should be viewed as a demonstration of the possible benefits of
biological experimentation in space.

This recommendation is consistent with the general goal of the Agency and with the fact that a
broad research program in, for example, developmental biology, is inappropriate within NASA. It
follows that the planning of these activities requires special care, with the scope of the research
topics being carefully specified, and with the objective chosen deemed appropriate to the goal of
demonstrating the possible benefits of experimentation in space. A carefully structured program in
Gravitational Biology can be fully consistent with this policy.

Planetary Biology
Funding of the Planetary Biology program should be improved, with developments following
the possibilities outlined in Appendix C.

The Planetary Biology program occupies a position of special public and scientific visibility and
interest. Although it has always provided an important positive force in the operations of the
Agency, the funding in Planetary Biology has recently been decreased. This erosion of support
comes at just the time that planetary biological questions are taking a more advanced and general
tone and could aid more directly in explaining the need for continued exploration of the solar
system.

Planetary Protection

Special attention should be given to the problems associated with sample return missions.

Many of the concerns being raised in connection with the biological risks of sample return
missions can be dealt with adequately only by substantial efforts in research and development.
Solutions to some of the problems can be expected only after lengthy periods of development.
Unless adequate attention is given to these matters now, the timely accomplishment of these
missions may be precluded.

Environmental Effects
Activities regarding the real and potential environmental effects of NASA programs should be
carefully reviewed and controlled.

Funding and manpower for these efforts should be supplied by the “client programs™ (this is
already true in part — the Shuttle program does fund the environmental studies at Kennedy Space
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Center). Environmental studies which cannot be supported in this way, for example, fhe studfes
presently underway regarding the biological effects of ultraviolet radiation, ShOUMIbe viewed with
extreme caution. In particular, the motivation for and objectives of such projects should .be
explicitly defined, and care should be taken that the responsibilities and activities of other agencies

are not duplicated.

Payloads and Applications

The activities in this group of NASA programs are, in general, very practical efforts supporting
the more research-directed programs. Each has a special feature of importance to NASA. Although
it is somewhat difficult to assign relative priorities within this group, the activity of most pressing
importance at the present time is that which supports the flight experiments of the upcoming
Shuttle-Spacelab flights.

Life Sciences Flight Experiments Program

Life Sciences experiments proposed for Spacelab must be given intensive, careful peer review to
select those of highest quality; where appropriate, approved investigators should be organized into
collaborative teams.

Since the number of Life Sciences applications for flight experiments is high and the quality of
those thus far appraised is also apparently high, this means that there is an extraordinary oppor-
tunity to increase greatly the knowledge of space biology and physiology. Logical groupings or
pairings of investigators with the best ideas and best quality on the record of past research experi-
ence and productivity is the way to take maximal advantage of this unique set of opportunities.

In this process of receiving and reviewing applications for flight experiments, the staff should be
sure that there is correlation between payloads projects and SR&T projects. All investigators
currently receiving SR&T support should have the opportunity to apply for possible inclusion in
Spacelab studies, on the natural assumption that knowledge learned in SR&T projects will be
applicable and useful in Spacelab studies, and that Spacelab can andshould be used as a test platform
for SR&T-derived hypotheses. Conversely, care should be taken not to approve applications for

payloads support previously disapproved for SR&T funding, unless significant changes (improve-
ments) have been made.

Flight Support Facilities

High priority should be given to design and development of flight support facilities for both
plant and animal research, with flexibility to provide for the varying features of many different
experiments on flights of different durations and different emphases. '
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The Spacelab flights, with their attendant support laboratory facilities, represent the first
opportunity to use weightlessness as an environment to study the requirements for gravity stimulus
for normal growth and morphogenesis of plants and animals and to investigate the mechanisms of
gravity stimuli and receptors. These flights also represent opportunities to investigate previously
observed space phenomena (space motion sickness, bone demineralization, efc.).

Vestibular Research

Support should be provided to the VFR experiment in early flights of the Spacelab series.
However, because of its expense, it should be followed closely and peer-reviewed frequently during
the course of its development to assure appropriate cost-benefit.

The VFR flight experiment addresses a major question of the mechanism by which vertebrates
sense and adapt to gravity. It rests on a reasonably good scientific basis. The results may guide
future studies of mammalian vestibular function and thereby ultimately contribute to solving the
problem of space sickness.

Biomedical Technology Applications

Instruments and techniques developed for use in medical research on space flights should be
reviewed constantly for possible application to diagnostic and therapeutic clinical medicine and to
medical research on Earth.

Because of the possibility that projects in this program will provide specific, unusual and useful
spin-offs of space technology which would reflect favorably on NASA flight programs, this

objective should be pursued.

Steps should be taken to assure that Technology Utilization and Space Applications benefits are
adequately publicized to the voters and taxpayers.

The public does not seem to be sufficiently aware of these NASA efforts, nor of the successful
contributions to the welfare of “the man on the street” which they have achieved.
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PERSPECTIVES

The National Aeronautics and Space Act of 1958 defined eight objectives for the agency it
created. The recently developed five-year plan has restated these objectives in more specific form.
Three of these objectives are especially relevant to the Life Sciences and provide a context within
which the present programs can be evaluated.

The goals of the Agency include:

3. Development and demonstration of techniques and systems that will contribute to human
well being by exploiting the characteristics of space and space flight and transfer of
technology to, provision of operational assistance to, and encouragement of other
organizations, both public and private, in applying space opportunities for the benefit of
humanity.

5. Expansion of humanity’s understanding of the origin, development, and nature of the solar
system and the universe; of the physical laws that govern the universe; and of the origin and
distribution of life in the universe.

6. Study and development of more effective capabilities for humans to live, work, and explore
in space for extended periods of time.

To be more explicit, the program in Space Biology and many of the Payloads and Applications
programs can be associated with the third objective (3 above); the program in Planetary Biology
with the fifth objective; and all Medical Sciences and related programs with the sixth objective.
Notwithstanding these major associations, the programs involved with the various aspects of
man-machine interactions and with the development of advanced life support systems make
contributions to the first and second Agency objectives (advancement of aeronautical science and
technology, and advancement of space technology).

Consideration of this range of overall Agency objectives is instructive. It indicates clearly that
the very broad range of topics within the Life Sciences programs originates in the needs of the
Agency. While other program areas may have an intellectual unity that appears attractive to anyone
who has tried to comprehend all the programs within the Life Sciences, few, if any, are called upon
to make contributions to so many different objectives.

The preceding discussion provides a means for assessing priorities within the Life Sciences. The
“man in space” and “origin and distribution of life” objectives are not shared with any other area.
The success or failure of the Agency in these areas will depend entirely on the programs in the
medical sciences and in planetary biology. Accordingly, these can be regarded as forming the core of
the Life Sciences. Care should be taken that these areas are strengthened, including the development
of new initiatives. If the new initiatives are chosen wisely, and the existing central programs are
funded adequately, success and progress in these central activities are likely.
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There are programs within the Life Sciences Directorate which are aimed at coﬂ:abora-ting ‘with
other parts of NASA. We recognize at least two different types, those which require pnma'nly a
liaison function, and those which require more extensive collaboration. Among the former is the
Technology Utilization Program, which, in the Life Sciences area, serves an essential and
well-accepted need to transfer medical and bioscience technology into the civilian industrial sector.
Unfortunately, funds and personnel time to implement this transfer compete directly with those
available for basic life sciences and for support of NASA missions. As the required activity goes
beyond scientific liaison and becomes promotional, it is questioned whether such activity makes
most effective use of Life Sciences personnel.

A second type of activity requiring collaboration with other parts of NASA concerns the
scientific aspects of man-machine integration in such areas as aircraft piloting and traffic control,
space mission control, and control of teleoperators for construction and exploration. Effective
solution of these problems requires the development of an applied scientific discipline. What
discipline now exists is inadequate to the task. The required effort, which is fundamental