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LIFE SCIENCES HOTLINE WORKSHOP

The NASA Space Environment Booth is organized as a communication center. The exhibit will
give an opportunity for conferees at two Anaheim, California, scientific meetings (Federation
of American Societies of Experimental Biology - April 13-18, 1980, and Aerospace Medical
Association - May 12-15, 1980) to communicate one-on-one with the individual NASA scientist
wherever he may be in the country via "hotline" telephones located in the exhibit booth.

The NASA scientists thus contacted are the principal investigators or administrators involved
in over 25 life science areas associated with Spacelab, the laboratory which will be carried
in the Space Shuttle.

Thus, after a conferee has reviewed the display posters, which describe current life sciences
space activities, he may begin a direct dialog on a person-to-person basis with the NASA
person responsible for the area of science within which he has questions.

The NASA contact has at his finger-tips, the telephone listings of his personal network of
backup scientists, with whom he can put the conferee in direct communication if required on
special questions.

The exhibit/workshop is aimed at informing interested scientists about the NASA life sciences
space activities with an ultimate goal of better utilization of spaceflight to address life
sciences questions.




The communications concept:

When. a conferee has need for further information regarding any of the areas presented in the
exhibit posters, he/she simply lifts the hotline telephone and dials 972-4950. The appro-
priate NASA code is then given to the operator along with the telephone number listed on the
bottom of the page describing his particular area of interest. 1In this way, the conferee
can speak to the NASA individual responsible for the scientific area of interest.

The exhibit personnel in Anaheim will be available to discuss general aspects of the Shuttle/
Spacelab program, and specific aspects, including the NASA Principal Investigator Interface;
Spacelab 1, U.S.-Life Sciences Experiments; Environmental Parameters of Space; and other
areas.

Supporting the hotline is an integrated display section presented by Astronaut Shannon W.
Lucid. Dr. Lucid is a biochemist.

The display is a complete presentation which leads the viewer from take-off and landing,
through a 3-dimensional model of the Shuttle Orbiter and closer, into the system-view of
the laboratory in which the experiments will take place.

The exhibit contains early mockups of the rat and monkey cages which fit into the Spacelab.
In attendance will be personnel who will explain the equipment and its experimental use.

Motion pictures will be exhibited, showing zero-g experiments from Skylab and other experi-
mental demonstrations.




The NASA exhibit personnel includes:
In Anaheim

Michael A. Berry#*
Patricia S. Cowings**
David D. Feller#**
William E. Feddersen
John E. Greenleaf*#*
Daniel C. Holley**
Shannon W. Lucid
Emily Morey-Holton**
Henry A. Leon**
Robert W. Mah**

John A. Mason
William B. Toscano**
Bill A. Williams

. *May be either at Anaheim meeting or Johnson Space Center
**May be either at Anaheim meeting or Ames Research Center

Via Hotline

Steven I. Altchuler
Charles M. Barnes
Michael A. Berry*
Gary H. Bowman

Nitza M. Cintron
Patricia S. Cowings**
Nancy G. Daunton
Lucky A. Goebel
Danielle J. Goldwater
John E. Greenleaf**
Robert E. Heyer
Jerry L. Homick
Robert L. Johnson
Ryborn R. Kirby
Jeffrey L. Lacy
Henry A. Leon**

Gary W. McCollum
Dennis R. Morrison
Dolores B. O'Hara
Michael A. Reynolds
Millard F. Reschke
Malcolm C. Smith, Jr.
Kenneth A. Souza
Gerald R. Taylor
Charles M. Winget
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PREVENTIVE METHOD

FOR ZERO-G SICKNESS

AUTOGENIC-FEEDBACK TRAINING
FOR VESTIBULAR SYMPTOMATOLOGY
OVERVIEW

OBJECTIVES
* DETERMINE ABILITY OF TREATMENT GROUPS TO SUPPRESS MOTION
ICKNESS
 DETERMINE APPLICABILITY TO LARGE POPULATION
EXAMINE INDIVIDUAL VARIABILITY IN PERFORMANCE
* DETERMINE TRANSFER TO OTHER STIMULUS CONDITIONS
® DETERMINE RETENTION AND RELEARNING PROPERTIES
‘« ESTABLISH PRACTICAL APPLICATION TO PRE FLIGHT TRAINING
® APPLY TRAINING AS A PREVENTATIVE METHOD FOR ZERO GRAVITY

KNESS
* EVALUATE TREATMENT IN-FLIGHT EXPERIMENTS

INTRODUCTION
® AUTOGENIC FEEDBACK TRAINING IS PROPOSED AS A THERAPY
FOR ZERO GRAVITY SICKNESS

® PREVIOUS STUDIES HAVE SHOWN THIS METHOD ENABLES
HUMANS TO SUPPRESS THEIR OWN MOTION SICKNESS SYMPTOMS
THROUGH LEARNED AUTONOMIC CONTROL

® THE HYPOTHESES OF THE PRESENT STUDY WERE

® LEARNED SYMPTOM SUPPRESSION TRANSFERS ACROSS.
OPPOSITE DIRECTIONS OF CORIOLIS ACCELERATION

® EFFECTIVENESS OF TREATMENT ISNOT DIRECTLY
RELATED TO INITIAL SUSCEPTIBILITY TO CORIOLIS
SICKNESS

* BIDIRECTIONAL AUTONOMIC CONDITIONING >.< UN
DIRECTIONAL CONDITIONING

* A STANDARDIZED TRAINING PROGRAM IS APPLICABLE

» » PERFOAMANCE OF AN ALTERNATIVE COGNITIVE
TASK DOESNOT EFFECT CORIOLIS TEST RESULTS

* DATA ON THIS CONTROL CONDITION WERE INCOMPLETE
AT TIME OF ABSTRACT SUBMISSION

MEAN NUMBER OF ROTATIONS FOR
HIGH AND MODERATE SUSCEPTIBLES
IN EACH GROUP ACROSS TESTS

1200 —

= A TRAINING METHOD |
D TRAINING METHOD Il
© CONTROL GROUP

HIGH
800 [— SUSCEPTIBLES

MEAN NUMBER OF ROTATIONS
T

A TRAINING METHOD |
™ O TRAINING METHOD Il
O CONTROL GROUP

MODERATE
SUSCEPTIBLES

MEAN NUMBER OF ROTATIONS
T

200 —

1 1 J
2 3 4
CSSI TESTS

6 | L

o
@

TREATMENT COMPONENTS
BIOFEEDBACK
& SENSORY FEEDBACK OF ON GOING PHYSIOLOGICAL ACTIVITY

* OPERANT CONDITIONIN
® PRACTICE

AUTOGENIC THERAPY.

= IDEOMOTOR ACTION

* SELF SUGGESTION EXERCISES
PASSIVE CONCENTRATION

* REPETITION

AUTOGENIC FEEDBACK TRAINING

® DIRECTED ATTENTION TRAINING
MULTIPLE MODALITY FEEDBACK
MULTIPLE RESPONSE CONDITIONI
ELIMINATION OF DEPENDENCE ON FEEDBACK

INTRODUCTION OF ENVIRONMENTAL “DISTRACTIONS™

METHODS

TWENTY FOUR MEN [AGES 18 TO 30] WERE ASSIGNED TO FOUR EQUAL

THE BIOFEEDBACK LOOP

NUMBER OF ROTATIONS ACHIEVED
DURING EACH CSSI TEST - GROUP MEANS

GROUPS - MATCHED FOR INITIAL SUSCEPTIBILITY TO CORIOLIS 900
SICKNESS
* AUTONOMIC RESPONSES CONDITIONED WERE
* HEART RATE
« RESPIRATION RATE 800
» GALVANIC SKIN RESPONSE
» BLOOD VOLUME PULSE OF FACE AND HANDS
= ACTIVITY OF EXTERNAL INTERCOSTAL MUSCLE & EXPERIMENTAL GROUP |
+ AROTATING CHAIR WAS USED TO INDUCE MOTION SICKNESS 700 |- O EXPERIMENTAL GROUF i
SYMPTOMS © CONTROL GROUR 111
i
« THE CORIOLIS SICKNESS SUSCEPTIBILITY INDEX |CSSI] INDICATED ® CONTROL GROUP IV
MALAISE LEVELS €00
@
+ ALL SUBJECTS WERE GIVEN SIX CSSI TESTS. FIVE DAYS APART 3
« TESTS 1 AND 2 WERE CLOCKWISE =
+ TESTS 3 AND & WERE COUNTERCLOCKWISE < 500 |-
« TESTS 5 AND 6 WERE CLOCKWISE =
&
« TREATMENT GROUPS | AND I} RECEIVED TRAINING BEFORE CSSI «
TESTS 3 4 AND 5 el
+ CONTROL GROUP 11l RECEIVED NO TREATMENT §
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CONCLUSIONS

» LEARNED CONTROL OF SYMPTOM SUPPRESSION DOES TRANSFER
ACROSS OPPOSITE DIRECTIONS OF CORIOLIS ACCELERATION

* INITIAL SUSCEPTIBILITY OF MOTION SICKNESS IS APPARENTLY
UNRELATED TO EFFECTIVENESS OF TRAINING

« BIDIRECTIONAL AND UNIDIRECTIONAL CONDITIONING OF AUTONOMIC
RESPONSES ARE EQUALLY EFFECTIVE

* ASTANDARDIZED TRAINING SCHEDULE IS APPLICABLE

PRACTICING AN ALTERNATIVE COGNITIVE TASK DURING C551 TESTS DOES NOT

IMPROVE PERFORMANCE SIGNIFICANTLY




BIOFEEDBACK

AUTOGENIC-FEEDBACK TRAINING FOR VESTIBULAR SYMPTOMATOLOGY. Patricia S. Cowings and William B.
Toscano, NASA-Ames Research Center, Moffett Field, CA 94035.

The overall objective of this research is directed toward developing an effective and efficient
method for training human subjects to volitionally control their own physiological reactions

to motion sickness provoking conditions. The eventual application of this work will be the
prevention or alleviation of the debilitating effects of zero-gravity sickness syndrome in

the passengers and crew on actual Space Shuttle missions.

The preventive method is referred to as autogenic feedback training, a combined application
of biofeedback and autogenic therapy. Autogenic therapy employs self-suggestion exercises
designed to induce specific somatic sensations which are highly correlated with specific
physiologic responses. Practice of these exercises results in a tendency for parasympathic
dominance within the organism which precludes the emergence of physiological (i.e.; sympto-
matic) reactions to stress. Biofeedback employees operant conditioning paradigm wherein
the subject is presented with immediate sensory information or "feedback" about the ongoing
activity level of some physiological response (e.g. his own heart rate on a meter). By
rewarding appropriate changes in activity levels (e.g. heart rate decreases), the subject
can eventually be taught to control the reinforcement-contingent variable. (By combining
biofeedback and autogenic therapy, it is possible to significantly enhance the degree of
learned autonomic control. Self-suggestion exercises increase the initial probability

of making a correct response and immediate feedback informs the subject that he is respond-
ing appropriately.) The result is faster leaving, with large magnitude response chances
that are repeatable over time. Additionally, this method can readily permit learned control
of multiple autonomic responses simultaneously.

COWINGS
Hotline # 448-5724 7!
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BIOLOGICAL APPLICATIONS
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WEIGHTLESSNESS, EFFECTS OF

BIOMEDICAL APPLICATIONS. Dennis R. Morrison, NASA-Johnson Space Center, Houston, TX 77058.

The Space Bioprocessing Program is exploring the novel effects of weightlessness (no buoy-
ancy or sedimentation or convection) on such processes as electrophoresis and suspension
cell culture which may have industrial applications.

Separations: Studies have shown that a substantial increase in electrophoresis resolution
and/or throughput is possible in the absence of gravity induced sedimentation or thermal
convection. Current research is emphasizing the isolation of pancreatic cells, pituitary
cells, kidney cells, and purification of medically important proteins such as antihemaphilic
factor (AHF).

Suspension Culture Biosynthesis: Weightlessness allows unique behavior of fluids and sus-
pensions. Some cells have demonstated increased growth rates, cell size, and metabolism
under weightless conditions. Preliminary studies have indicated that liquid suspension
cell cultures, under microgravity conditions, may avoid some of the technical problems of
current ground-based biosynthesis systems. Living cells attached to microcarriers would
not sediment nor would oxygen bubbles rise to produce foam. Current studies are exploring
new possibilities for synthesizing high value biologicals using suspension cell culture
systems which are not plagued by sedimentation nor other gravity induced problems.

MORRISON
Hotline # 525-5281

9
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CARDIOVASCULAR CHANGES

I RESULTING FROM BED REST

ANTLGRAVITY SUITS CONSERVE INFLIGHT

PERFORMANCE
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DEGRADATION OF Gz TOLERANCE AFTER BEDREST
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INSIDE OF CENTRIFUGE CAB,
SUBJECT BEING PREPARED FOR ACCELERATION TEST

FEMALE SUBJECT DURING BED REST PERIOD FEMALE SUBJECT DURING POST BED REST LOWER BODY NEQGATIVE PRESSURE TEST WITH MALE SUBJECT
IN FLIGHT SIMULATOR PERFORMANCE TEST. SUPINE BICYCLE ERGOMETRY. UNDERGOING ECHOCARDIOGRAPHY DURING U.S. | U.S.S.R. STUDY.




RE-ENTRY FORCES, TOLERANCE

CARDIOVASCULAR CHANGES RESULTING FROM BED REST. Danielle J. Goldwater, NASA-Ames Research
Center, Moffett Field, CA 94035.

Traditionally, astronauts were selected from a fairly homogeneous group of men meeting
strict test pilot standards of physical fitness. They maintained high levels of aerobic
conditioning and near ideal body weights through conscientious athletic training and diet.
During the Shuttle era, Spacelab crewmembers will be drawn from the general scientific
community including individuals of both sexes and a much wider age range. In addition, the
reusuable Space Shuttle must re-enter the Earth's atmosphere in a way that imposes different
"G" forces than previously experienced with space flight. Following a period of weightless-
ness such stresses will cause blood to be drawn away from the brain toward the feet and
lower body, increasing the possibility of fainting or blackout during re-entry and exposure
to earth's gravity. It is not known whether women, with their lower circulating blood
volumes, and older people drawn from a more sedentary population predisposed to develop
hypertension, coronary artery disease, diabetes, etc., will be more susceptible to these
re-entry stresses than previously selected astronauts. To determine the effects of age and
sex on tolerance to re-entry forces following a period of simulated weightlessness, men and
women aged 35 to 65 are being studied at NASA-Ames Research Center. Information from these
studies will be used to devise optimal medical selection criteria for future Shuttle passen-
gers.

GOLDWATER
Hotline # 448-5749 11
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CARDIOVASCULAR, EFFECTS OF WEIGHTLESSNESS

CARDIOVASCULAR PHYSIOLOGY. Robert L. Johnson, NASA-Johnson Space Center, Houston, TX 77058.

The changes in cardiovascular function observed during weightlessness appear to be due
largely to adaptive changes involving other body systems rather than to primary changes in
the heart or blood vessels. BAmong the more visible events initiating cardiovascular changes
are alterations in fluid volume and distribution, and changes in concentrations of electro-
lytes and vasoactive hormones, couoled with losses of tissue and muscle mass.

The hypothesis derived from the Skylab studies includes a rapid transfer of intravascular
fluid from the lower to the upper body, probably beginning at the onset of exposure to
weightlessness. Much of this transferred fluid must be accommodated by recruitment and
distention of pulmonary vessels and dilation of central veins. Alterations in cardiac
dynamics secondary to all increased preload would be expected. A headward migration of
extravascular fluids via venous and lymphatic channels follows at a slower pace. Adaptive
vascular changes adjust intravascular volume to altered regional blood volumes. Inflight
exercise, other activities, and flight conditions other than weightlessness modify these
processes of adaptation to an unknown degree. Re—exposure to Earth's gravity abruptly
reverses the direction of these changes.

While degradation of orthostatic tolerance appears to be of little consequence during flight,
it carries the potential for troublesome problems upon re-exposure to gravitational stress.
Varying degrees of orthostatic intolerance, transient in duration, have been demonstrable

by orthostatic testing after all space flights of more than a few days in duration.

R. JOHNSON
Hotline # 525-5457 13
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MAJOR SPACEFLIGHT
CELL BIOLOGY STUDIES

BACTERIOPHAGE INDUCTION SYSTEMS TESTED IN SPACE

MAJOR SPACEFLIGHT STUDIES WITH GROWING CELLS

CELL STUDIES WITH COSMIC HZE* PARTICLES

INFLIGHT CELL STUDIES WITH ULTRAVIOLET IRRADIATION

SPACEFLIGHT STUDIES WITH VARIOUS RADIATION SOURCES

YETA:




CELL BIOLOGY IN ZERO-G

CELL BIOLOGY. Gerald R. Taylor, NASA-Johnson Space Center, Houston, TX 77058.

Whereas a large variety of cell biology studies have been conducted in space, consistent
space-mediated alterations have not been identified. Although individual studies often
produced equivocal data, evaluation of the aggregate results indicates that cell systems
are generally no less stable in space than they are in the Earth-based laboratory. Of
course the conditions to which cell systems are exposed in space are usually less well
controlled (and less controllable), often leading to more variable and erratic results.

It has not yet been demonstrated that the space flight environment could be used to affect
unique or hitherto unknown cell changes. On the contrary, cell systems appear to remain
sufficiently stable to permit experimentation with models which require a fixed cell line.
Therefore, taken as a unit, the cell biology studies conducted during the preceding two
decades should definitely be considered a success. It is now possible to prepare cell
biology experiments for the Space Shuttle era with a reasonable probability that the cells
will not react engimatically to the unique environment encountered within the spacecraft.

TAYLOR
Hotline # 525-4086 15
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HUMAN REQMTS FOR CONTROLLED

ECOLOGICAL LIFE SUPPORT

NUTRITION ® FOOD PROCESSING
ATMOSPHERE ® HABITABILITY

THERMAL ENVIRONMENT ® PERSONAL HYGIENE
WATER ® WORK/PRODUCTIVITY
MECHANICAL FORCES & FACTORS ® EAT/REST/SLEEP
PHYSIOLOGICAL INTERACTIONS ® RECREATION/EXERCISE
HEALTH AND SAFETY ® SOCIOLOGICAL FACTORS

REGENERATIVE SYSTEMS

BIOLOGICAL SYSTEM

. BIOLOGICAL
WASTE PROCESSING

.J PHYSICAL-CHEMICAL
WASTE PROCESSING

) (1




HUMAN NEEDS IN SPACE

CELSS HUMAN REQUIREMENTS. Malcolm C. Smith, Jr., NASA-Johnson Space Center, Houston, TX
77058

The objective of the Controlled Ecologic Life Support System (CELSS) Program is to collect,
evaluate, develop, and/or refine criteria and methods for assuring physical, physiological
and psychological well being of isolated human populations in future space facilities and
habitats. The initial phase is in progress. It includes formulation of a research strategy
to meet known and anticipated human requirements in a system which emphasizes regenerative
processes as alternatives to storage and resupply of air, water, and food and to storage of
metabolic wastes.

Areas of investigation include the following: WNutrition, Food Processing, Water, Atmosphere,
Thermal Environment, Mechanical Forces and Factors, Habitability, Personal Hygiene, Health
Care, Sociological Factors, and Physiological Interactions.

SMITH
Hotline # 525-5457 17
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PLAN FOR EVALUATING PHYSIOLOGICAL SYSTEMS
FOLLOWING ENVIRONMENTAL CHANGE

-

Rationale and Goals

® Changes in the organization of physiological systems have been
used to evaluate the condition of the organism during space
flight

® The physiol

adequately determined

al “COSTS" of such changes have not been

® Therefore, the proposed animal experiments are designed to
Quantitate the stress response (E.G.. homeostatic
competence) during the periods of physiological system
change

Statement of Problem

® Under normal environmental conditions (LE., 1 GZ, light/dark)
animals function optimally in terms of their ability to resist an
external stress

® When the environmental -conditions are altered (E G.. changed
photoperiod, simulated space flight), the ability to resist an
external stre (E.G., cold) is impaired

METHODOLOGY

EFFECTS OF PHOTOPERIOD ALTERATION ON
HOMEOSTATIC CONTROL MECHANISMS
PHASE |

Questions being asked of this animal model

® How long does it take for adaptation to a new set af
environmental conditions?

® s the response to a homeostatic challenge the same following
all environmental stresses?

® What is homeostatic competence in the space environment?

® What is the physiological baseline under normal conditions?

® What is the time course of physiological changes following
environmental alterations?

® What is the homeostatic competence before, during and after
environmental alterations?




HUMAN DESYNCHRONIZATION IN SPACE TRAVEL

CIRCADIAN RHYTHMS. Charles M. Winget, NASA-Ames Research Center, Moffett Field, CA 94035.

Time requirements for successful research work aboard Space Shuttle will frequently cause

a conflict between physiological, psychological, and performance rhythms. Mostly this takes
the form of work being moved into night hours and sleep into day hours. Although the con-
sequences of such conflicts are still largely unknown, it is thought that they may be con-
siderable. The present research at Ames Research Center is concerned with some of these
consequences, i.e. the reactions of circadian rhythms in performance, body temperature,
cardiovascular system, and self-rated alertness. Research emphasis is on oscillating
physiological baselines and temporal dysrhythmias, such as circadian internal desynchroni-
zation of neuroendocrine, metabolic, renal, and cardiovascular control mechanisms in humans.
Basic physiological mechanisms of the endogenously controlled temporal events in subhuman
primates and other animal models are studied. Rhythm desynchronization of personnel in the
Space Shuttle and in earth orbital laboratories and of translongitudinal travelers is of
foremost importance. Biochemical, biotelemetry and biophysical techniques are used to
collect the data. For additional information refer to: C. M. Winget, The Rhesus Monkey,

G. H. Bourne, ed. (Academic Press, New York, 1975), pp. 277-299; and C. M. Winget, et al.,
J. Occup. Med.; 20, 204.(1978)%

WINGET
Hotline # 448-5743 19
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TYPES OF U.S. EXPERIMENTS FLOWN ON SOVIET SPACECRAFT

& ANIMALS

* MUSCULOSKELETAL SYSTEM

s HEMAT

IMMILING

® PLANTS

* GROWTH AND DEVELOPMENT

e BIOCHE

® BIRDS

* EMBRY

OLOGY

METABOLISM
ENDOCRINOLOGY

OLOGY

REPRODUCTION AND EMBRYOLOGY
RADIATION EFFECTS

MISTRY

OLOGY

KOSMOS-936 GROUND OPERATIONS

PREFLIGHT FAMILIARIZATION
o

POSTFLIGHT OPERATIONS

RECOVERY STE OPERATIONS

INSECTS

* GROWTH AND DEVELOPMENT
s AGING

* RADIATION EFFECTS

* BEHAVIOR

FISH

* GROWTH AND DEVELOPMENT
* VESTIBULAR SYSTEM
* BEHAVIOR

RADIATION DOSIMETRY

KOSMOS-936 FLIGHT HARDWARE

THE JOINT U.S./U.S.S.R.
OGICAL SATELLITE PROGRAM

SIGNIFICANT BIOLOGICAL CHANGES
ATTRIBUTED TO SPACEFLIGHT

DECREASED BONE GROWTH RATE
DECREASED BONE STRENGTH
INCREASED RBC HEMOLYSIS

INCREASED LIVER GLYCOGEN AND ALTERED
LEVELS OF ENZYMES INVOLVED IN FAT AND
ENERGY METABOLISM

MUSCLE ATROPHY
INCREASE IN SIZE AND FUNCTION OF ADRENALS

DECREASE IN ANIMAL COORDINATION AND
PERFORMANCE IMMEDIATELY POSTFLIGHT
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SOVIET/US SPACE COOPERATION

COSMOS EXPERIMENTS. Kenneth A. Souza, NASA-Ames Research Center, Moffett Field, CA 94035.

In 1974 the Soviet Union offered to fly U.S. biological experiments aboard a series of
their unmanned satellites. The first in the series was Cosmos 782, launched from the USSR
in November 1975 and orbited for 19.5 days. This satellite carried a payload of rats,
plants, insects, fish, tissue cultures, microorganisms and radiation dosimeters. Besides
the U.S. and USSR, five countries participated in this mission contributing over 100 experi-
ments designed to study the effects of space flight on a wide range of biological species
and to investigate with animals problems observed in astronauts and cosmonauts dur ing
manned space flight. Two more soviet unmanned biological satellites have flown with U.S.
exper iments; Cosmos 936 and Cosmos 1129, launched in 1977 and 1979, respectively. The pay-
loads, experiment complement, and flight duration of these latter two missions was similar
to those of Cosmos 782.

To date, 32 U.S. biological and radiation physics experiments have flown on the 3 US/USSR
biological satellite missions and plans are underway for a mission with sub-human primates
scheduled for 1981. Over 100 U.S. scientists from 18 universities and three governmental
agencies have participated. Their efforts have contributed substantially to a better
understanding of how space flight affects a wide range of biological species and the manner
in which organisms attempt to adapt to less than one-g. Reports of these studies have
appeared in a variety of scientific journals and presented at numerous national and inter-
national scientific journals.

SOUZA
Hotline # 448-5735 21
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CENTRIFUGATION STUDIES
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GRAVITY ACCELERATION TOLERANCE IN HUMANS

EFFECT OF HYPOVOLEMIA, INFUSION, AND ORAL REHYDRATION ON PLASMA ELECTROLYTES, ADH, RENIN
ACTIVITY, AND +G TOLERANCE. John E. Greenleaf, P. J. Brock, R. F. Haines, S. A. Rositano,
L. D. Montgomery, and L. C. Keil NASA-Ames Research Center, Moffett Field, CA 94035.

The purpose of this study was to determine the effect of (a) blood withdrawal, (b) blood
infusion, and (c) oral fluid intake on plasma volume and electrolyte shifts and +G; toler-
ance at an acceleration rate of 0.5 G/min. Six healthy men, 21 to 27 years old, were cen-—
trifuged after the withdrawal of 400 ml of blood (hypovolemia) from each man; they were
centrifuged again following blood infusion (Phase I). Three weeks later the men were accel-
erated after similar hypovolemia and again after consuming 800 ml of an isotonic (0.9%) NaCl
drink (Phase II). Phase I hypovolemia resulted in a reduction in tolerance in all subjects
from a mean (4S.E.) control level of 6.42+0.35 min to 5.45+0.17 min (-15.1%, p<0.05). Both
infusion and drinking returned tolerances essentially to control levels (infusion = 6.13+
0.23 min; drinking = 6.38+0.34 min). 1In all acceleration runs there was an obligatory shift
(loss) of plasma volume and electrolytes, especially potassium, regardless of the experi-
mental treatments. Compared with their respective control values, neither hypovolemia,
infusion, nor drinking influences the 5.8 to 8.4% losses of plasma volume during accelera-
tion. There were significant (p<0.05) increases in plasma vasopressin levels during every
acceleration experiment from 12 to 35 pg/ml that were not influenced appreciably by infusion
or drinking. In Phases I and II hypovolemia elevated (p<0.05) plasma renin activity,

while infusion and drinking lowered PRA to control levels. There were no significant changes
in post-acceleration PRA when compared with their respective pre-acceleration activities.
puring acceleration, calf blood flow decreased to 3 to 4 ml/(min . 100 ml tissue) from
resting levels of 6 to 9 ml/(min . 100 ml). It is concluded that oral rehydration is as
offective as blood replacement in restoring +G, acceleration tolerance decrements due to
hypovolemia.

GREENLEAF
Hotline # 448-6604 23
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BONE FORMATION ARRESTED BY SPACE FLIGHT

EFFECT OF SPACE FLIGHT ON BONE. Emily R. Morey-Holton, NASA-Ames Research Center, Moffett
Field, CA 94035.

The effect of space flight on bone was studied on growing rats both immediately following
and 25 days after about 19 days of flight aboard Cosmos 782 or 936. Periosteal bone forma-
tion at the tibiofibular junction was reduced 47% and 43%, respectively, as compared with
ground controls. Inhibition of bone formation was accompanied by an arrest line at the
periosteum suggesting that formation ceases during flight. Centrifugation did not correct
the defect. 1In contrast, whole bone mechanical properties of stationary and centrifuged
rats from Cosmos 936 showed that the significant decrease in bone torsional strength induced
by space flight was corrected by inflight centrifugation. All significant differences pro-
duced by space flight on bone recovered by 25 days postflight.

MOREY-HOLTON
Hotline # 448-5471 25
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ENVIRONMENTAL

1 PARAMETERS OF SPACE

OUR FUTURE HOLDS THE OPPORTUNITY TO PERFORM RESEARCH IN SPACE. BUT ALL OUR INTUITIONS
ABOUT RESEARCH WERE DEVELOPED BY EXPERIENCE IN A 1) ENVIRONMENT. AN EFFORT HAS BEGUN TO
CHARACTERIZE LABORATORY PROCESSES AND PROPERTIES IN THE ZERO'g ENVIRONMENT

\

ICE MELTING, DIFFUSION AND FOAM

OF THE FOAM GRADUALLY INCREASED AS'AIR WAS FORCE OF GRAVITY PRODUCES CIRCUL
YED UNTILIT REACHED A STATIC D) TEF THE FLUID, IT DOES NOT SHO
JRTHER INCREASE IN JBSERVEL 15 HOURS THE DIFFUSION F
RFACE OF THE WEF BOLIC SHAPE, WITH
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WAS ADDED. DIF FUSION BY (TSELF 1S
TO OBSERVE ON CAHTH BE E THE

LIQUID DROP COALESCENCE

THEIR ELOCITIES. AND OTHER FACTORS ENTLY “COLORED LIQUIDS.
Y FOLLOWING COALES CF CONTINUED, THE TWO COLORS (
NLY MIX

1F A FREE.FLOATING DROP IS ROTATED IN A LOW-g EQUILIBRIUM INTERFACE SHAPE. THESE ROTATING CAL RATE OF ROTATION, THE
ENVIRONMENT, SURFACE TENSION FORCES CAN DROPS CAN BE STABLE IN EITHER A TOROIDAL OR APART
BALANCE CENTRIFUGAL FORCES TO ESTABLISH AN PEANUT SHAPE CONFIGURATION. BEYOND A CRITI

DROP WILL BREAK
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LOW-G EFFECTS ON LIQUIDS

ENVIRONMENTAL PARAMETERS OF SPACE. Michael A. Reynolds, NASA-Johnson Space Center, Houston,

TX 77058.

Many potential users of Space Shuttle whose research could benefit from near zero-g environ-
ment are not equipped with the required intuitive and quantitative understanding of the near
zero—-g environment necessary to design their experiment.

With this in mind we will give a qualitative presentation of some physical phenomena empha-
sizing behavior of liquids. A brief summary of some of the effects of low-gravitational
acceleration on liquids are:

a.

Surface tension forces tend to control the behavior of a drop of liquid, forming
it into a sphere if it is not in contact with another material.

Rotating drops can be stable in either a toroidal or peanut shape configuration.

Colliding drops may coalesce, or may separate again, or may form many small drop-
lets, depending upon the sizes of the drops, their velocities, and other factors.

Immiscible liquids separate at a very low rate at zero-g.

The stability of foams was demonstrated in Skylab.

REYNOLDS
Hotline # 525-5281 27
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LUID AND ELECTROLYTE BALANC

SUMMARY

BIOCHEMICAL INVESTIGATIONS UNDERTAKEN AS PART OF THE SKYLAB PRO
GRAM PROVIDED THE FIRST COMPREHENSIVE INSIGHT INTO THE BIOCHEMICAL
ALTERATIONS IN MAN THAT ARE ELICITED AS A RESULT OF THE STRESSES OF
PROLONGED SPACE FLIGHT. THROUGH A SERIES OF ANALYTICAL DETERMINA
TIONS AND BIOCHEMICAL MEASUREMENTS ON BLOOD AND URINE OF ALL
CREWMEMBERS OF THE SKYLAB MISSION A NUMBER OF PREVIOUSLY PRE
DICTED BIOCHEMICAL CHANGES WERE SUBSTANTIATED AND, IN ADDITION,
VARIOUS UNSTABLE PHYSIOLOGICAL STATES WERE IDENTIFIED. THE MOST
ACUTE AND CONSISTENT AMONG THESE CHANGES WHICH SIGNIFICANTLY
IMPACTS THE OVERALL HOMEOSTATIC BALANCE IN MAN IS THE ALTERATION
OF FLUID AND ELECTROLYTE METABOLISM ALTHOUGH TRANSIENT IN
NATURE UPON RETURN TO EARTH, IT IS UNCLEAR AT THIS TIME WHAT
LONG-TERM CONSEQUENCES THIS IMBALANCE MIGHT HAVE ON OTHER PROC
ESSES AFTER FLIGHT HAS CONTINUED FOR GREATER EXTENDED PERIODS OF
TIME

L

|

LI

RESULTS

INCREASES WERE SEEN IN OSMOLALITY AND IN THE CIRCULATING LEVEL OF
SODIUM, POTASSIUM, PHOSPHORUS. GLUCOSE, URIC ACID, CHOLESTEROL, AND
CREATININE, CHANGES ARE ALSO SEEN IN THE CIRCULATING LEVEL OF ADRE
NOCORTICOTROPHIC HORMONE, CORTISOL, ANGIOTENSIN |, ALDOSTERONE,
INSULIN, AND THYROXINE. ANALYSIS OF URINE SAMPLES POOLED OVER
PERIODS OF 24 HAS REVEALED AN ACCELERATED RATE OF EXCRETION OF
CORTISOL, CATECHOLAMINES, ANTIDIURETIC HORMONE, AND ALDOSTERONE
AS WELL AS SODIUM, POTASSIUM. CALCIUM, PHOSPHORUS, CHLORIDE, AND
MAGNESIUM. THE COMPUTED BALANCE OF SODIUM AND POTASSIUM WAS NEGA
TIVE INFLIGHT. CONSISTENT WITH THE INCREASE IN URINARY POTASSIUM WAS
THE CONCOMITANT INCREASE OF ALDOSTERONE OUTPUT IN ALL CREWMEN:
HOWEVER. A MORE ANOMALOUS FINDING WAS THAT A LOSS OF SODIUM ALSO
OCCURRED. IT MAY BE THAT THESE CHANGES ARE ATTRIBUTABLE TO ALTERA
TIONS IN THE RENAL TUBULE PROXIMAL TO THE SITE OF ALDOSTERONE
ACTION WHICH RESULT IN AN INCREASED EXCRETION OF SODIUM

URINARY SODIUM i
'\: * il

oavi o

ox URINARY ALDOSTERONE

s
-l 1]
[ = .

HYPOTHESIS
THE CHANGES THAT ARE REPORTED ARE CONSISTENT WITH THE HYPOTHE
SIS THAT AN INCREASE IN THORACIC BLOOD VOLUME OCCURS AFTER
INSERTION INTO WEIGHTLESS FLIGHT WHICH ACTS UPON THE STRETCH RECEP.

TORS IN THE WALLS OF THE GREAT VESSELS AND IN THE ATRIA THIS STIMU

LUS IS INTERPRETED AS AN EXPANSION OF BLOOD VOLUME WHICH THEN
CAUSES A LOSS OF WATER AND OF ELECTROLYTES, PARTICULARLY SODIUM
THIS FLUID LOSS, PERHAPS IN CONJUNCTION WITH OTHER FACTORS, LEADS
ULTIMATELY TO A REDUCTION OF BLOOD VOLUME AND AN INCREASED SECRE
TION OF RENIN AND OF ALDOSTERONE. FLUID BALANCE IS THUS
RE-ESTABLISHED AT A NEW LEVEL APPROPRIATE TO THE NULL GRAVITY CON
DITION. THE NEW HOMEOSTATIC SET POINT WHICH IS ACHIEVED IN THE
METABOLISM OF ELECTROLYTES AND WATER EXERTS A COST ON THE ORGA.
NISM.WHICH IS REFLECTED IN ELEVATED LEVELS OF CORTISOL AND OTHER
ENDOCRINOLOGIC PARAMETERS, THESE PARAMETERS CLEARLY INDICATE
THAT THE SPACE FLIGHT CREWMEN HAD BEEN SEVERLY STRESSED BY THEIR
EXPOSURE TO WEIGHTLESSNESS AND IT REMAINS THE SUBJECT OF FUTURE
RESEARCH TO DETERMINE WHETHER THE DEPLETION OF THE BIOCHEMICAL
RESERVES IS OPERATIONALLY TOLERABLE OVER A PROLONGED PERIOD OF
TIME.

ZERQ-G/BEDREST/IMMERSION
T )

v LEG FLUID VOLUME =

FACTORS AFFECTING URINARY FLUID AND SODIUM FOLLOWING
FLUID REDISTRIBUTION IN ZERO-G, BEDREST OR IMMERSION
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FLUID BALANCE AND ZERO-G

FLUID AND ELECTROLYTE BALANCE. Nitza M. Cintron, NASA-Johnson Space Center, Houston, TX
77058.

Biochemical investigations undertaken as part of the Skylab Program provided the first com-
prehensive insight into the biochemical alterations in man that are elicited as a result of
the stresses of prolonged space flight. Through a series of analytical determinations and
biochemical measurements on blood and urine of all crewmembers of the Skylab mission a
number of previously predicted biochemical changes were substantiated and, in addition,
various unstable physiological states were identified. The most acute and consistent among
these changes which significantly impacts the overall homeostatic balance in man is the
alteration in fluid and electrolyte metabolism. Increases were seen in osmolality and in
the circulating level of sodium, potassium, phosphorus, glucose, uric acid, cholesterol,
and creatinine. Changes were also seen in the circulating level of adrenocorticotrophic
hormone, cortisol, angiotensin I, aldosterone, insulin, and thyroxine. Analysis of urine
samples pooled over periods of 24 hr revealed an accelerated rate of excretion of cortisol,
catecholamines, antidiuretic hormone, and aldosterone as well as sodium, potassium, calcium,
phosphorus, chloride, and magnesium.

The changes that are reported consistent with the hypothesis that an increase in thoracic
blood volume occurs after insertion into weightless flight which acts upon the stretch
receptors in the walls of the great vessels and in the atria. This stimulus is interpreted
as an expansion of blood volume which then causes a loss of water and electrolytes, particu-
larly sodium. This fluid loss, perhaps in conjunction with other factors, leads ultimately
to a reduction of blood volume and an increase secretion of renin and of aldosterone. Fluid
balance is thus re-established at a new level appropriate to the null gravity condition.

The new homeostatic set point which is achieved in the metabolism of electrolytes and water
exerts a cost on the organism which is reflected in elevated levels of cortisol and other
endocrinologic parameters.

CINTRON
Hotline # 525-4086 29
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x]/GAMMA CAMERA FOR BIOLOGICAL
STUDIES IN SPACE

A MULTIWIRE PROPORTIONAL COUNTER CAMERA UNDER DEVELOPMENT AT THE JOHNSON SPACE GEN
TER WILL PROVIDE A TOOL WITH WIDE APPLICA TION IN BIOME DICAL RESEARCH. TWO FORMS OF IMAGING
NILL BE POSSIBLE - RADIOGRAPHIC IMAGING OF TRANSMITTED X RAYS AND IMAGING OF INJECTED
RADIOISOTOPE DISTRIBUTIONS

INJECTED RADIOISOTOPE IMAGING

CAMERA
e e COLUMATOR
RADIOGRAPHIC IMAGING 2T — S
CARDIAC BLOOD
N POOL LABELED
e WITH TA-178
L]
11125 SOURCE 2,

INTEGRATED CIRCUIT RADIOGRAPH 16 FRAME CARDIAC PHANTOM STUDY |
VENTRICULAR VOLUME RANGE 0-140 mi |

RAT FEMUR RADIOGRAPH 1 mm HOLE VENTRICULAR WALL LOCATION
PERPENDICULAR TO BONE SHAFT
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GAMMA RAY IMAGERY CAMERA ON SPACELAB

GAMMA RAY IMAGING CAMERA FOR BIOMEDICAL APPLICATIONS ON SPACELAB. Jeffrey L. Lacy, NASA-
Johnson Space Center, Houston, TX 77058.

A gamma ray imaging camera is currently being developed at the Johnson Space Center (JSC}
for biomedical applications. This device is based on technology developed at JSC for high
energy astrophysics research. As well as having significant image quality advantages over
commercially available camera, this device can be made compatible with space usage. It

thus has the potential to provide a wide range of radiological and nuclear medicine diagnos-
tics to a multi-user community of Spacelab investigators.

X-ray transmission studies such as bone densitometry and tissue fluid content determination
can be performed using sealed radioactive sources such as I-125 and Am-241. Injected radio-
isotope imaging will be possible through use of a new isotope, Ta-178, being developed in a
joint effort among Harvard Medical School, Squibb, and JSC. This isotope shows great
promise as a cardiovascular scanning agent and has been employed for both lung and liver
imaging. It has a short half-life (10 minutes) and can be supplied from a long-lived gene-
rator (22-day half-life). The very short half-life reduces subject radiation dose to the
point that studies on normal Spacelab subjects becomes feasible. Thus, very direct and
detailed measurements of physiological response to 0-g should be possible using nuclear
medicine techniques.

LACY
Hotline # 525-5457, 5176

31
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(GPWS) FOR LIFE SCIENCES

14 SPACELAB

AS PART OF THE LIFE SCIENCES FLIGHT EXPERIMENTS PROGRAM (LSFEP) NASA WILL
PROVIDE STANDARD, FLIGHT-CERTIFIED LABORATORY EQUIPMENT NEEDED TO CONDUCT
MANY OF THE LIFE SCIENCE EXPERIMENTS ON-BOARD SHUTTLE/SPACELAB MISSIONS.
AMES RESEARCH CENTER IS THE NASA LEAD CENTER FOR NON-HUMAN FLIGHT
EXPERIMENT MANAGEMENT, AND IS RESPONSIBLE FOR SEVERAL MAJOR ITEMS OF
SPACE HARDWARE. ONE SUCH PIECE OF HARDWARE IS THE GENERAL PURPOSE WORK
STATION.

GENERAL PURPOSE WORK STATION

AMES AESEARCH CENTER

CAMERA/EQUIF
GENERAL PURPOSE WORK STATION MOUR

NT

CAMERA VIEW PORT

(IN

HOOQD IN HOOD EXTENDED AND PIVOTEC
STOWED POSITION (TWO OPERATORS)

INTERCOMM

HOOD IN EXTENDED POSITION

THE GENERAL PURPOSE WORK STATION (GPWS) IS BEING DEVELOPED TO SERVE AS A
WORK AREA IN WHICH CERTAIN EQUIPMENT, CHEMICALS, MATERIALS AND HAND TOOLS
CAN BE SAFELY USED IN THE SPACELAB. LAMINAR AIRFLOW AND APPROPRIATE
FILTERS ARE THE PRIMARY MEANS BY WHICH GASES, LIQUIDS AND SOLID MATERIALS
ARE CONTROLLED. A PULL-OUT AND PIVOT FEATURE OF THE WORK STATION HOOD
ALLOWS 2 CREW MEMBERS SIMULTANEOUS ACCESS TO THE 30’" WIDE x 24"’ DEEP x
28" HIGH WORK SPACE. THE GPWS IS DESIGNED AS A MULTI-USE FACILITY WHICH WILL
BE FLOWN AS NECESSARY IN SUPPORT OF ANY LIFE SCIENCES EXPERIMENTS WHICH
FLY ON SPACELAB AND AS A ‘‘STATIC"' WORKBENCH TO SUPPORT ANY OTHER
EXPERIMENTS.
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WORK STATION, GENERAL PURPOSE: FOR SPACELAB LIFE SCIENCES EXPERIMENTS

GENERAL PURPOSE WORK STATION FOR LIFE SCIENCES SPACELAB. Lucky A. Goebel, NASA-Ames Research
Center, Moffett Field, CA 94035.

As part of the Life Sciences Flight Experiments Program (LSFEP), NASA will provide standard
flight-certified laboratory equipment needed to conduct many of the life science experiments
onboard Shuttle/Spacelab missions.

Of the standard flight-certified laboratory equipment, the General Purpose Work Station
(GPWS) is one of the major units currently under development. As liquids, gases, and solid
particles are introduced into the work area, the laminar air flow entrains them and causes
them to move to the bottom of the work area. Liquids will be absorbed by pads located at
the entry points of the air ducts. Small particles and gaseous vapors will be purged from
the air stream by a network of filters. To ensure proper cleansing of the air, it may be
repeatedly circulated in a closed-loop mode. When properly scrubbed, the air may then be
expelled into the Spacelab environment without posing a hazard to the crew.

The GPWS is the only support hardware under development in which live experiment animals
may be handled without risk of escape. By closing the front and rear panels of the work
station, the animals may be safely removed from their holding cases and worked with.

Although the GPWS is being developed primarily for life science experiments, its use need
not be restricted to this particular discipline. As an example, electronic equipment repair
may be accomplished at the work station. Photography and video equipment mountings are
being provided. Finally, the data systems of the Spacelab can be accessed via the remote
acquisition unit (RAU) which will be installed in the same Spacelab rack as the GPWS.

GOEBEL
Hotline # 448-5767 33
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RED CELL MASS CHANGESE

CAUSED BY SPACEFLIGHT §

RED CELL MASS SKY LAB
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SPACE FLIGHT LASTING 195 DAYS. UPON RETURN TO EARTH RS
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OUTPUT OF PUT OF Mg EFFECT OF SPACE FLIGHT W
THREE FOLD IN RANDOM HEMOLYSIS W
INCREASED THE PERCENT OF ABC DYING OF SENESCENCE AN(
SHORTENED THE OVERALL LIFESPAN. THIS WAS REPEATED IN A
LATER FLIGHT WHICH ALSO DEMONSTRATED THAT ARTIFIGIAL
GRAVITY CAN ATTENUATE THE EFFECT

EFFECT OF NORMOXIA ON RBC DESTRUCTION IN THE RAT
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RED CELL SURVIVAL AS AFFECTED BY WATER RESTRICTION
WATER RESTRICTION (33% OF NORMAL) FOR 20 DAYS. WHICH
ALSO LEADS TO A CONSIDERABLE DECREASE IN FOOD INTAKE

INCREASING THE RBC MASS BY TRANSFUSION WAS FOUND NOT
TO EFFECT HEMOLYSIS OF ENDOGENOUS RBC HOWEVER. IF RATS
LABELED WITH 2 Mc GLYCINE ARE MADE POLYCYTHEMIC BY

HAS NO AFFECT ON RANDOM HEMOLYSIS OR MEAN POTENTIAL BEING SUBJECTED TO HYPOXIA. THERE IS A RAPID DESTRUCTION
OF YOUNG AND OLD RBC UP ON TO SEA LEVEL AIR THUS. THE

LIFESPAN. THIS LAAGELY ELIMINATES DEHYDRATION OR
DECREASED FOOD INTAKE AS CAUSATIVE FACTORS IN THE
HEMOL YSIS OF SPACE FLIGHT

EXISTENCE OF A MEMOLYTIC MECHA

NISM WHICH CONTRIBUTES

TO THE ADJUSTMENT OF RBC MASS IS VERIFIED
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HEMATOLOGIC CHANGES

RED CELL MASS CHANGES CAUSED BY SPACE FLIGHT. Henry A. Leon, NASA-Bmes Research Center,
Moffett Field, CA 94035.

With few exceptions the loss of a variable quantity of red cell mass has been a consistent
occurrence in humans subjected to space flight.

This is best illustrated by the results from Skylab (Figure 1) which shows that red cell
mass is reduced early in the flight and therefore is related to some early event. Both
increased destruction and decreased production may contribute to the loss. Red cells can
be labeled with 2-14C glycine (Figure 2) and a number of red cell survival parameters can

be quantitated by analyzing the out-pattern of 14cQ (Figure 3). Using this technique it
was found that in rats subjected to space flight (18-19 days), red cell hemolysis was
increased three-fold and other survival parameters were effected (Figure 4). A subsequent
flight demonstrated that artificial gravity (centrifugation at 1XG) could attenuate the
hemolytic action of weightless space flight. In the search for a mechanism for this hemoly-
sis it has been found that subjecting rats to vibration, confinement, food or water restric-
tion (Figure 5) has no effect on the red cell survival parameters in question. We have
demonstrated, however, that in post-hypoxic polycythemic rats hemolysis is increased con-
siderably (Figure 6) verifying the existence of a hemolytic mechanism in otherwise normal
rats.

LEON
Hotline # 448-5359
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HUMAN RESEARCH SIMULATION OF SPACE FLIGHT

HUMAN RESEARCH FACILITY. Dolores B. O'Hara, NASA-Ames Research Center, Moffett Field, CA
94035.

The Human Research Facility (HRF) of the Ames Research Center is designed specifically for
conducting ground studies simulating space flight conditions in humans. These predominantly
include bedrest to simulate weightlessness and confinement. The HRF is located on the first
floor of Building N-239, for Life Sciences Research. Contained within this 4,100 square
feet: an experimental testing area and a subject resident area.

The HRF has a 12 bed capacity and the beds are in visual range of the nurse's work station.
The subject testing area has the capability of housing both Facility- and researcher- supplied
hardware for displaying and recording of phy51olog1cal signals from subjects. This test
area uses all test equipment routinely used in space flight including lower Body Negatlve
Pressure, exercise ergometry, etc., and a laboratory for biochemical analysis. The HRF is
temperature controlled and light intensity and photoperiod regulated for environmental con-
trol purposes. An integral part of the HRF is a horizontal shower for bedrested subjects

in addition to three bathrooms with showers.

Access to the Facility is monitored by means of closed-circuit television. Only authorized
personnel are permitted to enter during a human research study so that traffic, noise and
disruption are kept to a minimum. It is managed by a registered nurse with aerospace medi-
cine experience.

O'HARA
Hotline # 448-5552 37
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EXPERIMENT INTEGRATION FACILITY

LIFE SCIENCES INTEGRATION FACILITY. Gary W. McCollum, NASA-Johnson Space Center, Houston,
TX 77058%

After the investigator has developed his experiment, he will forward the completed hardware
to the aporopriate development center. (To Ames Research Center (ARC) for animal and bio-
logical investigations; or to Johnson Space Center (JSC) for human investigations.) The
development center will undertake checkout and investigation process, including evaluation
of system compatibility, system thermal balancing, system EMI evaluation, and weight, balance
and CG analysis. Upon completion, LSLE equipment will be forwarded to JSC Life Sciences
Integration Facility (labs for experiment-to-rack-integration, rack-to-floor-section-inte-
gration, floor-section-to-high-fidelity-Spacelab-mockup-integration and interfaces with
mockup of Orbiter aft flight deck and mid-deck) where the total payload will be assembled
and combined with additional LSLE and flight equipment. Flight equipment includes racks,
data system interface units, power units, etc. Final hardware and interface tests will be
per formed along with discipline oriented payload specialist training, final science verifi-
cation testing and preparation for shipment to Kennedy Space Center.

McCOLLUM
Hotline # 525-5031 39
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THE LIFE SCIENCE LABORATORY EQUIPMENT (LSLE} IS AN INVENTORY
OF FLIGHT EXPERIMENT EQUIPMENT WHICH HAS A HIGH OR MULTIPLE
USAGE RATE. THESE ITEMS WILL BE AVAILABLE FOR LIFE SCIENCE
INVESTIGATOR ON THE SPACE SHUTTLE MISSION, TO DEVELOP THEIR
EXPERIMENT IN THEIR LABORATORY AND FOR NASA FLIGHT CREW
PERSONNEL TO PERFORM THE EXPERIMENT IN FLIGHT. CURRENTLY 56

ITEMS HAVE BEEN IDENTIFIED AS LSLE THESE PICTORIALS ARE
TYPICAL HIGH REQUEST EXPERIMENT HARDWARE

ONE CENTRIFUGE FOR SPECIMEN
SEPARATION WITH CAPABILITIES OF 0
TO 1600 G AND 0 TO 4000 G

REFRIGERATES 2.5 FT CU VOLUME AND
3 CTO 20 CREFRIGERATING RANGES

BLOOD COLLECTION KITS TAILORED
TO EXPERIMENT REQUIREMENTS

LOW TEMPERATURE

TWO MASS MEASURING DEVICES FOR
LIQUIDS OR SOLIDS WITH RANGES OF 0
TO 10Kg AND 10 TO 100 Kg.

FURTHER DESCRIPTION OF THE LSLE MAY BE OBTAINED FROM THE
LSLE MANAGER OF THE LIFE SCIENCE PROJECT DIVISION, NASA
JOHNSON SPACE CENTER, HOUSTON, TEXAS 77058 (713) 4834164

MINIMUM SIZE SPECIMENS. WITH
FREEZING CAPABILITY TO 195 C
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LABORATORY EQUIPMENT, LIFE SCIENCES

LIFE SCIENCES LABORATORY EQUIPMENT (LSLE). Ryborn R. Kirby, NASA-Johnson Space Center,
Houston, TX 77058

The Life Sciences Experiments Program will provide flight-worthy general-purpose Life Science
Laboratory Equipment (LSLE) to support investigators who have approved experiments for Shuttle
Spacelab missions. This LSLE will be developed after analysis of all experiment proposals, to
identify common equipment which can be used to support more than one experiment, and used on
more than one mission. After the experimenter has been selected, available LSLE equipment
will be identified and provided to the investigator for incorporation in his experiment devel-
opment.

LSLE is comprised of scientific equipment and supplies, utilized by the life scientist inves-
tigator, whenever possible, to reduce the need for new equipment development, to limit overall
program cost, and to reduce development lead time.

Inventory of space-qualified LSLE items is maintained by NASA for selection and integration
into the various flight laboratory designs. After each laboratory flight, the LSLE items will
be recovered, recertified, and returned to storage for reuse in subsequent flight laboratories.

KIRBY
Hotline # 525-2181 41
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OPPORTUNITY TO FLY NEW EXPERIMENTS OFFERED

NASA PRINCIPAL INVESTIGATORS INTERFACES FLIGHT OPPORTUNITIES/ADVANCED MISSIONS. William E.
Feddersen, NASA-Johnson Space Center, Houston, TX 77058.

The NASA Johnson Space Center is presently engaged in developing a series of physiological
exper iments selected for flight on Spacelab I. These experiments are part of an overall
complement of life sciences experiments which include investigators from Europe and the
United States. The role of Principal Investigator in the Space Shuttle Program has expanded
greatly from previous manned space flight programs. The Investigator Working Group is com-
posed of Principal Investigators who are responsible for establishing recommendations for
time-sharing, selection of Payload Specialists, and resolving operational conflicts among
exper iments.

Flight opportunities are available on Spacelab in the early 1980's. (An Announcement of
Opportunities for Life Sciences Experiments has been issued and responses were due by June
30, 1978. New Announcements of Opportunity will be initiated in 1980.) From these propo-
sals experiments are selected for definition studies and later assignment to specific Space-
lab missions. A series of Spacelab Mission simulations have been conducted at the Johnson
Space Center in preparation for future life sciences Spacelab flights.

Advanced missions and future life sciences programs are being studied. They include such
activities as orbiting space stations, large construction platforms, and space solar power
stations.

FEDDERSEN
Hotline # AT ANAHEIM 43
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MAN'S ADAPTATION AND WEIGHTLESSNESS

NEUROPHYSIOLOGY. Millard F. Reschke, NASA-Johnson Space Center, Houston, TX 77058.

The Neurophysiology Research Program at the Johnson Space Center has been directed toward the
issue of neurosensory adaptation to weightless space flight and observed problems associated

with the unique inertial environment of space. Primary research efforts have centered around
space motion sickness and man's adaptation to weightlessness.

Ground-based testing is currently being conducted in both basic and applied research. This
research seeks to elucidate the causes of, and development of a means for the prediction,
prevention and treatment of motion sickness. Key elements in this current research program
includes testing and vestibular function during parabolic flight, anti-motion sickness drug
evaluation, vestibulo-spinal testing and neural recordings from primary afferents in the 8th
nerve. In addition, new and improved techniques of vestibular system evaluation are being
developed.

RESCHKE
Hotline # 525-5457 45
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ANIMAL HOLDING FACILITY FOR SPACELAB

RESEARCH ANIMAL HOLDING FACILITY FOR SPACELAB. Gary H. Bowman, NASA-Ames Research Center,
Moffett Field, CA 94035.

As a part of the Life Sciences Flight Experiments Program (LSFEP), NASA will provide stan-
dard flight-certified laboratory equipment needed to conduct many of the life science
exper iments on-board the Shuttle/Spacelab missions. Ames Research Center is the NASA lead
center for Non-Human Flight Experiments Management.

A flight-certified Research Animal Holding Facility (RAHF) being developed by Ames Research
Center is modular in construction and will accommodate 24 laboratory rats or up to 144 mice
or 4 squirrel monkeys. Each RAHF can stand alone and several RAHF's can be flown on a
Spacelab mission; e.g. one RAHF could be used to house rats/mice while an adjacent RAHF
could house squirrel monkeys in the same mission.

Waste management trays can be removed separately from the cages or individual cages can be
removed without affecting the RAHF system or other cages. Light cycles are adjustable and
can be selected for a group of animals. Nominal RAHF temperature is selectable in the range
ofH9°E to 27°€T

In addition to the measurement of temperature, humidity, food and water dispensed, day/night
cycles and gross body movement, data can be obtained from animals implanted with appropriate
biotelemetry units or from pictures of the animals in their cages.

BOWMAN
Hotline # 525-6273 47
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KELETAL METABOLISM

CALCIUM CHANGES DURING SPACEFLIGHT
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SKELETAL CHANGES IN SPACE FLIGHT

SKELETAI, METABOLISM. Steven I. Altchuler, NASA-Johnson Space Center, Houston, TX 77058.

Previous research has demonstrated increased calciuria and fecal calcium excretion, and a
concommitant negative calcium balance, after 3 months of space flight. Urinary hydroxypro-
line increased, indicating a loss of bone matrix. Similar changes were seen in bed-rest
subjects, who also had a decrease in calcaneal radiographic density after 30 weeks of bed-
rest. Countermeasures, including horizontal exercise, passive compression, and electromag-
netic stimulation, have been tested to prevent the skeletal changes, but none have been
effective. Research is underway to better understand the physiology of the skeletal changes
and to develop effective countermeasures. Basic research into body calcium metabolism and
and into normal bone function-—at the subcellular, cellular, and organ levels--is being
conducted. Bed-rest research is being conducted to understand the changes that occur simul-
taneously in the skeleton and related systems. New countermeasures are being tested in

this milieu. Techniques to measure the bone changes more directly in vivo such as gamma-ray
computerized tomography (CT) and dual-energy X-ray CT for bone densitometry are also under
development. All the data from this research are being integrated into a comprehensive
mathematical model of calcium and skeletal metabolism. This computer-implemented model is
being used to predict changes in human experiments and will eventually become part of the
whole-body algorithm under development at NASA. Future research will determine the precise
changes that occur in the skeleton during space flight and will set a maximum exposure limit
to which astronauts can be subjected before irreparable bone damage occurs. Additional
work is needed to determine the parts of the skeleton most sensitive to space flight and to
determine what countermeasures are feasible.

ALTCHULER
Hotline # 525-4086
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ARCHIVAL LIBRARY, SPACE AND LIFE SCIENCES

SPACE LIFE SCIENCES ARCHIVAL LIBRARY. Robert E. Heyer , NASA-Johnson Space Center, Houston,
TX 77058.

The Space Life Sciences Archival Library (SLSAL) was conceived and developed to disseminate
all life sciences factual information relevant to the study of manned space flight to the
biomedical scientific community, for the purpose of research and investigation. The SLSAL
serves as the primary depository for life sciences biomedical and bioengineering information
derived from manned space flight programs.

The library collection is multi-media in scope, reflecting the total complement of informa-
tion and data media generated during a space program or manned mission. The collection has
several types of information sources:

a. Life sciences data, raw and processed, obtained during space flight and related
biomedical ground testing.

b. Technical and analytical information aiding in the production, support, and inter-
pretation of life sciences data.

C. Written or published analyses and interpretations of life sciences data by a
research scientist.

The Archival Library services are available to all persons and are free. Some of the
services include: reference, referral, duplication, and computer index searches. Written
requests may be addressed as follows: National Aeronautics and Space Administration,
Johnson Space Center, Code JM65/Attn: Archival Library, Houston, Texas 77058, or call (713)
483-2889. The hotline number is 525-2889.

HEYER
Hotline # 525-4731 51
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~ inner Belt
SAA

EXPOSURE TO PARTICLE FLUX

The Inner Radiation Belt dips close to the Earth in the region of the South Atlantic
Ocean (centered at 35° West Longitude, 35° South Latitude), giving rise to the
“South Atlantic Anomaly”, SAA. Within the SAA, electrons and protons dip close
enough to the Earth to irradiate satellites in a 400 to 500 KM low Earth orbit during
portions of their orbital tracks over that region of the Earth.

The Outer Radiation Belt dips close enough to the Earth in the region of both
magnetic poles, so that satellites in a 400 to 500 KM high inclination low Earth
orbit, such as 55°, will be irradiated during those portions of the orbit tracks in the
vicinity of the poles.

The following points are significant:

@ Irradiation is limited to discreet portions of the low Earth orbit (LEO) tracks that
take spacecraft through either the polar horns or the SAA. Significant
irradiation does not occur during other portions of those orbit tracks.

The majority of 28-1/2° LEO orbital tracks in a 24 hour period miss the SAA
entirely.

All 28-1/2° LEO orbital tracks miss the polar horns entirely.

Thus for the majority of a 24 hour period there is no radiation exposure in the
28-1/2° LEO orbits.

Likewise, most 55° LEO orbit tracks in a 24 hour period miss the SAA entirely.

But most 55° LEO orbit tracks pass through the polar horns from 1 to 4 times
per revolution.

Thus radiation exposure is a consideration on almost all 55° orbit tracks,
although exposure will vary with passage through the SAA and/or polar horns,
® Since irradiation occurs only during that portion of an orbit track within the SAA
or polar horns, a time plot of radiation intensity as the spacecraft pror.ead_a
along an orbit track, will show narrow *‘spikes” of radiation interspaced with
time periods of zero radiation.

These spikes show increased intensity as orbital altitude increases, since the
orbit track passes through higher intensity regions of the polar horns and/or
SAA.

[
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EXPERIENCE REPORT -

2EIRADIATION DOSE TO ASTRONAUTS

Mean Dose
(Rad)

Mercury 9 0.027
Gemini 3 .020
Gemini 4 .045
Gemini 5 o b
Gemini 7 .150
Gemini 6 .025
Gemini 8 .010
Gemini 9 .018
Gemini 10 .840
Gemini 11 .025
Gemini 12 .015
Apollo 7 .16
Apolio 8 .16
Apollo 9 .20
Apollo10 .48
Apollo 11 .18
Apollo 12 .58
Apollo 13 .24
Apollo 14 1.14
Apollo 15 .30
Apollo 16 .51
Apollo17 .55
Skylab 2 2.43
Skylab 3 5.98
Skyiab 4 1173
Apollo-Soyuz 0.1

Mission
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RADIATION: SPACE BIOLOGY

SPACE RADIATION BIOLOGY. Charles M. Barnes, NASA-Johnson Space Center, Houston, TX 77058.

Inherent in the NASA radiological health program are four major areas of concern: (1) Defi-
nition of the ambient space radiation environment; (2) investigation of the biological
effects of the various radiation types, (3) investigation of possible interaction between
weightlessness and radiation exposure, and (4) definition of acceptable dosimetry.

The ambient space radiation environment has been well characterized. Nevertheless, fluctu-
ations are known to occur and more data regarding the nature of such changes are needed to
evaluate risks to space crews.

NASA is emphasizing radiobiological research involving cosmic (HZE) particles. The opera-—
tion of the BEVALAC at Lawrence Berkeley Laboratory, permits terrestrial experiments with
HZE radiation and enables a rigorous experimental design.

Some experiments to investigate interaction between weightlessness and irradiation have
been conducted in space. Results are somewhat equivocal and more well designed experiments
are needed. It appears that no antagonism or synergism exists, and radiobiological data
obtained at 1-g are currently considered avplicable to space exposures.

BARNES
Hotline # 525-5281 53
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SQUIRREL MONKEY IN SPACE EXPERIMENTS

SQUIRREL MONKEY AS A CANDIDATE FOR STUDIES OF SPACE SICKNESS AND VESTIBULAR FUNCTION IN
SPACELAB. Nancy G. Daunton, L. O. Greene, Jr., and R. A. Fox, NASA-Ames Research Center,

Moffett Field, CA 94035.

The squirrel monkey has become the primate of choice in many areas of life science research.
Because of its small size and large brain/body ratio and the attendent behavioral, sensory
and motor capabilities, this animal is particularly well-suited for use in studies to be
performed in Spacelab.

In preparation for studies of the etiology of space sickness proposed for Spacelab, inves-
tigations of the squirrel monkey as a model for human motion and space sickness research
are underway. The motion sickness response of squirrel monkeys in a number of sickness-
inducing situations is being investigated. It has been shown that approximately 65% of
animals (N=30) become sick to the point of vomiting when exposed to horizontal rotation at
25 RPM, while approximately 60% get sick during less than one-g parabolic flight. Approxi-
mately 35% become sick during vertical linear acceleration at 0.6 Hz. A "self-report"
method of sickness assessment, based on operant behavioral techniques, is under develop-
ment to study sickness levels comparable to the malaise and nausea found in humans. In
preparation for studies investigating the changes in vestibular function resulting from
exposure to zero-gravity in space, the vestibulo-ocular reflex (VOR) on the squirrel monkey
is being investigated in the laboratory and in less than one-g parabolic flight.

The results of these and other ground-based studies confirm the fact that the squirrel
monkey is an appropriate animal for use in Spacelab experiments designed to investigate the
etiology of space sickness and changes in vestibular function as induced by the absence of
gravity.

DAUNTON
Hotline # 448-6245
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EXPERIMENTS ON SPACELAB — UNITED STATES/EUROPEAN COOPERATION

U. S. LIFE SCIENCES EXPERIMENTS ON SPACELAB 1. Jerry L. Homick, NASA-Johnson Space Center,
Houston, TX 77058.

Spacelab 1, the first Shuttle flight of the European Spacelab system, is a cooperative
effort between NASA and the European Space Agency (ESA). ESA will provide the Spacelab and
NASA the Shuttle/Orbiter, with both agencies sharing in sponsoring and implementing the
experiments. Spacelab 1 is a multi-disciplinary mission comprised of approximately 75
separate investigations which have been categorized into five groups: (1) Atmospheric
Physics and Earth Observations, (2) Space Plasma Physics, (3) Material Sciences and Tech-
nology, (4) Astronomy and Solar Physics, and (5) Life Sciences. Some of these experiments
are contained in unpressurized pallets in the aft cargo bay of the Shuttle. The remainder
including the life sciences experiments, are located in the pressurized laboratory module.
Of the 17 life sciences experiments, 7 are being developed by scientists from the United
States. These 7 experiments involve studies of radiation, plant circadian rhythms, plant
mutation, vestibular system function, erythrokinetics, vestibulospinal reflexes and humoral
immune responses. The latter four are human experiments. Spacelab 1 will be launched from
the Kennedy Space Center in approximately October 1982. The planned mission duration is 7
days. Spacelab 1 is the first in a series of Spacelab missions which will include life
sciences experiment payloads.

HOMICK
Hotline # 525-5457 57



8G

NASA-S-80-10222

27

FLIGHT MEDICINE

FLIGHT MEDICINE IS CONCERNED WITH THE HEALTH AND WELL-BEING
OF THE FLIGHT CREW BOTH IN SPACE AND ON THE GROUND

A VARIETY OF AREAS INVOLVING APPLICATION OF MODERN MEDICAL
TECHNIQUES TO THE ZERO GRAVITY ENVIRONMENT ARE BEING INVES-
TIGATED SOME OF THE PRELIMINARY WORK IS BEING CONDUCTED
IN THE NASA KC-135 ZERO-G SIMULATION AIRCRAFT AS SHOWN

IN THE FOLLOWING ILLUSTRATIONS
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ZERO-G AND FLIGHT MEDICINE

ZERO-G AND FLIGHT MEDICINE. Michael A. Berry, NASA-Johnson Space Center, Houston, TX 77058.

The possibilities for new and innovative research in the zero-gravity environment are limited
only by the imagination of the investigators. Opportunities exist in almost all scientific
fields. Flight medicine is primarily concerned with the health and well-being of the flight
crew both in space and on the ground. In addition to interest in several specialty areas,
such as cardiovascular adaption, and space motion sickness, flight medicine is looking at

the application of modern medical techniques and procedures to the weightless environment.
One of the foremost lessons learned from all of the weightless activity of earlier space
missions was that restraint of the individual within the work space was essential for
efficient performance and minimal energy expenditure. This remains the case today, and must
be considered when looking at any scientific procedure or technique.

Some of the areas that flight medicine is looking at are illustrated in the accompanying
poster. Determining the most efficient and efficacious means of performing basic cardiopul-
monary resuscitation while weightless is an important area of interest. Closely related to
this is crew training with the inflight medical kit and medical checklist for both routine
and emergency medical problems. Another area being investigated is the medical treatment
of decompression sickness by adapting already available flight hardware.

BERRY
Hotline # 525-4021 59
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(For further information call John A. Mason 713-483-5281)
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