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SPACE MEDICINE
INTRODUCTION

S. P. VINOGRAD, M. D.

(Fig 1) As Mr. Johnston indicated in ﬁis preseniation, the effort of
the Crew Systems Division supports the requirements of both OART and
OMSF in the life support systems area. The balance of the Space
Medicine review is concerned with our activities in in-flight medical
experiments, the medical support of manned space flight, and the problem
of bﬁck contamination. It should be noted that the responsibilities of
Space Medicine for the most part are concerned with activities which
are associated with operational situations, and are primarily related

to the approved manned space flight programs.

(Fig 2) Under the organizational plan of the Office of Mamned Space
Flight, the functional activities in which Space Medicine participates
are now included in the responsibilities of major program offices, such
as Apollo, Apollo Applications, Advanced Missions, and Mission Opera-
tions. This concept was established approximately three years ago, at
which time it was determined that Space Medicine could accomplish its

responsibilities most effectively in the role of a staff office rather

than a program office. The functions assigned to it under this definition

are shown in the next figure. (Fig 3)

To facilitate its support and advisory functions, specific individuals
of the Space Medicine staff are assigned to each of the major OMSF
program offices: Mission Operations, Advanced Manned Missions, Apollo

Applications, and Apollo. (Fig &) .,



The aspects of the programs of these offlces which deal with medicel
and biomedical matters are carried on primarily at the Menned Spececraft
Center by the Crew Systems Division and the Directorate of Medical
Research and Operations. (Fig 1) Mr. Johnston has already presented
the Crew Systems Division activities rglated to Space Medicine. My
presentation will be concerped with the in-flight medical experiments
program. I will be followed by Dr. Berry who will discuss his Medical
Research and Operations activities in the manned space flight program.
The final presentation, by Colonel Pickering, will cover a special

responzibility of the Space Medicine Division -- Back Contamination.



ADMINISTRATOR'S LIFE SCIENCES REVIEW
MEDICAL EXPERIMENTS

S. P. VINOGRAD, M.D.

In our presentation of last year, we indicated that the medical
experiments program encompasses two major channels of activity.

(Fig 1) One is concerned with the definition and development of the
flight medical experiments themselves. This activity consista of the
encouragement of propoeals for medical experiments from the scientific
community, their receipt, evaluation, and sponsorship, their implementa-
tion in flight, subsequent post-flight analysis, and fimally, with the
application of the resultant data to manned space flight, to the medical
experiments program, and to the broad field of medicine. Propcsals for
medical experiments are evaluated for gcientific merit by the NIH study
section system and, following this, by Space Medicine's Medical Advisory
Council. (Fig 2) The second major channel of activity c;f the medical
experiments program is the associated ;esea.rch and development effort
which had its origin in several NASA iﬁ-hcme and NASA sponsored studies.
These studies resulted in the identification of a series of desired medical
and behavioral measurements which were classified into eight areas of
medical evaluation. (Fig 3) We pointed out last year that the primary
thrust of the R&D program was to be the development of a flight medical
laboratory system to accommodate proposed and yet to be proposed flight
medical experiments of the scientific commmnity. This slide is an

illustration of the Phase A portion of the development of a flight



medical laboratory which was completed by Lockheed in February 1966.
(Fig 4) Parallel R&D efforts vere to be directed toward the develop-
ment, test, and eveluation of new laboratory technigues and equipment
better suited to our flight Mborntorf concept and programmatic require-
ments than those currently avallable. : Additional emphasis was given the
gathering of essential ground-based dats, in particula.r, data derived

from simulations.

\

Although funding for the development of individual MSFEB approved flight
experiments had been available as a part of the Gemini and Apollo programs,
funding of the integrated medical experiments progrem, itself, was first
cbtained in March 1966 as a part of the Advenced Manned Missions program.
Since that time, we have been engaged in implementing as well as contimu-
ing to refime our plans for a coherent program. I would like to describe
our progress thie past year in terms of these two major channels of

activity, the experiments, and the research and development effort, and

to relate these to the eight areas of medical evaluation presently guiding
our programmatic efforts. This slide swmmarizes the program within this

context. (Fig 5)

Looking first at the medical experiments activity, the experiments
approved for the Apollo program inclﬁde the repetition of those which
have been completed in Gemini. The edditional experiments listed under
Apollo are in the direction of a gre#ter breadth and depth of investiga-
tion of the ssme areas of medical evaluation plus the addition of the

evaluation of micrcbiological changes. Although these experiments have



been approved for the Apollo program, several of them may be postponed

until the AAP program owing to Apollo Bchedule changes presently under

congideration.

In the development phase for the AAP pi'ogrm are six experiments, (Fig 6)
three of which (MO50, MOS51, and M052) esre governing protocols. These
are the metabolic, cardiovascular, and bone and muscle evaluations,
respectively. Experiment MOS53 is a more advanced vestibular evaluation
which will include the study of semicircular canal responses as well as
a broader approach to otolith evaluation. Experiment MO18 is the evalu-
ation of electrocardiographic changes utilizing Frank lead system
electrocardiography to obtain clinically comparable ECGe. Experiment
MOS55 18 & time and motion study which will consist of the analyais of
motor task performance requirements in space as compared with the earth
enviromment. In addition to these six, four more are shortly to be
considered by the MSFEB. These mclﬁdf: a more sophisticated EEG sleep
evaluation experiment and three Air Fofee MOL related experiments to
evaluate (1) a technigue for determining specimen mass, (2) a technique
for determining human body mass in space flight, and (3) to evaluate

the effect on body conditioning of utilizing a whole bedy exercise
device.

Of particular interest in these six experiments is the hematology
investigation included within the MO51 governing protocol. The work
of Dr. Philip Johnson of Baylor University Medical School, Dr. Charles

Mengel of Ohio State University Medical School, and Dr. David Turner



of the University of Toronto is a continuation of the hematological
effort begun in Gemini. This exploration of the effects of a high
oxygen enviromment on the metabolism of the red cell membrane may
result in an important scientific contribution of our space effort to

clinical medicine.

In addition to the AAP medical experiments, we are now spomnsoring two
experiments in the definition phase. (Fig 7) These are the work of
Dr. John Lavrence and Dr. Harry Winchell of the University of Cﬁlirornia
in the utilization of isotope tagged carbon monoxide as an indicator of
hemoglobin formation and breakdown; and the work of Dr. Donald Nelson
of the Latter Day Saints Hospital, University of Utah, who is develop-
ing a new technique for the determimation of parathyroid activity by
means of urinary assay. Two additional experiments are currently being
considered for sponsorship for the definition phase. These are a study
of ballistocardiography in the welghtless envirorment of space as com-
pared with earth G, and the evaluation of gastric function by

endoradiosonde.

In the past year, at our reguest, the NIH study sections have reviewed
15 proposed space flight medical experiments. These reviews have been
carried out conscientiously and with ogztstanding competence by the
study sections, their chairmen, and th;ir members. NIH's Division of
Research Grants, who maintains responsibility for the operation of the
study section system, has been extremely cooperative, evidencing,itself,

and encouraging within the study sections a desire to be of genuine



assistance to NASA in this effort. This interagency relationship has

been both productive and gratifying:

The Medical Advisory Council (Fig 8) has continued to meet at two-
monthly intervals. They bave completed their evaluations of 24 experiment
proposals, have requested and accomplished one site visit, and have con-
sidered and made recommendations on mmerous related professional issues
and questions about the program which have required their attention.

They have evaluated and made constructive recommendations om all of the
proposed experiments processed by the NIH study sections as well as

those which had been proposed prior to the establishment of the NIH
relationship. In addition, they havé made themselves available individ-
ually as consultants to MSC on specific technical problems as these have

arisen.

Within the medical experiments area, coordination with the Air Force
has been close as evidenced by the following three poilnte. First,

two medical meetings with Air Force medical principals were held within
the past year. During these meetings, the two medical experiments pro-
grams were fully discussed and coordingted. OSecondly, as a result of
these meetings, a contimuing coordinsting mechanism was establlished in
which two named Air Force medical representativee are present at all
NASA MAC meetings, and two specific NASA medical representatives are
to be in attendance at all counterpart Air Force meetings. Thirdly,
Air Force MOL medical experiments proposed for inclusion on NASA

manned space flights are, with Alr Force approval, sent through NASA



Space Medicine as the sponsoring office to permit better coordination

of the two programs.

Turning now to the research and development effort of the medical
experiments program, we have, as you know, completed a Source Evaluation
Board activity for Phase B of the development of an Integrated Medical
and Behavioral Laboratory Measurement System. Two compaﬁiea (OE and
Lockheed) were selected and Phase B ia. now in progress. This over-all
effort is designed with two major objegtives in view: The first is to
develop a flight laboratory to accommodate proposed medical and behav-
ioral experiments, and the second is to incorporate into this system a
maximm degree of flexibility. The manifold advantages of such a
system have been pointed out in previous discussions. This effort
together with parallel R&D efforts now in being, how procured, whether

contract or grant, and vhere monitored are shown on this slide. (Fig 9)

As indicated in our report of last year, much of this contractual
effort wes initiated in Headquerters in partoership with cognizent MSC
areas because of personnel shortages e?cisting within that facility in
the medical areas. All of these contracts end grants either are now
or will be transferred to MSC by apet_:;ific schedules within the next
few months. All of these parallel efforts are directed toward the
development of methods and techniques which will be utilizeble at some
point in time within the flight medical laboratory to improve its
capability in terms of breadth, depth, or accuracy of investigative

capability.
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Our program outline is shown on this slide. (Pig 10) It includes four
major categories: sponsorship of experiments, the flight laboratory
(IMBIMS) effort, ground-based RXD efforts, and operational support for

the experiments.

This next fiscal year in the experiments area we plan to contimue and
expand our present experiment support program. We are now planning a
second meeting with top-notch investigators of the scientific community
to encourage their participation in f.he program. At the same time, we
are seeking new means to accomplish this objective on a more contimiing
basis. We are also planning to initiate preparations for the develop-
ment of medical experiment packages for future AAP flights beyond the

continuing development of the 10 experiments for the AAP 1-h flights.

In the research and development area, our plans include the ccmpletion
of Phase B and initiation of the design Phese C of the IMBIMS effort,
continuation into the design, test, and evaluation phases of soon to
be completed study efforts, and, in the area of obtalning ground-based

data, the accomplishment of a full scale AAP 1-4 flight similation.

:






WEIGHTLESSNESS AND MANNED SPACE FLIGHT, MEDICAL DATA TO DATE
INSTITUTE OF ENVIRONMENTAL SCIENCES
S. P. VINOGRAD, M.D.
DIRECTOR, MEDICAL SCIENCE AND TECHNOLOGY

NASA SPACE MEDICINE
The question of weightlessness as it affects man has received
considerable attention since the first announcement of our intention
to send man into space. First speculations covered a very broad
spectrum, and many of them have since proven to be considerably wide
of the mark in terms of our actual experience thus far. Others have
been shown to be appropriate, although in general the anticipated rates
of change have been overestimated. With respect to the physiological
changes which have so far been demonstrated, two pqints merit emphasis.
First, the exact etiological relationship of welghtlessness to these
findings has not yet been firmly established; and, secondly, to date,

these changes have not been associated with overt symptomatology.

Becanse it was our first space flight test program, Project Mercury
heavily emphasized the engineering and operational aspects of space
flight. Although medieal evaluation and monitoring was quite thorcugﬁ
from the operational point of view, little in the way of medical investi-
gation or experiments could be accommodated at that time. Yet, despite
this shortecoming the Mercury Program did serve to advance to a consider-
able extent our concepts of the effects of space flight on man. In

effect, it served as a kind of course focus on the actual problems with



vhich we might expect to be confronted, separating the real from the
grossly unreal and placing the quantitative aspects of the broad question

in perspective.

During Mercury, the most notable changes observed were an orthostatic
hypotension for a few hours after MA-8, alﬁered tilt-table responses
after MA-9, dehydration on all flights, and, in a few instances, minor
cardiac arrhythmias. The arrhythmias consisted of occasionally observed
ectopic beats, and moderate tachycardia at critical points in the flight
missions. There were no evidences of vestibular change, gastrointestinal
disturbance, genito~urinary éiaturbance, nor any form of hallucinatory
phenomenon. During the entire Mercury Program, our astronauts performed
to their normal standards throughout their missions and experienced no

overt symptoms of the few changes which were observed.

The Gemini Program was medically considerably expanded. It included an
organized program of in-flight medical experiments and an augmented
program of medical operational procedures. In the medical experiments
program, members of the scientific community outside of NASA as well as
within directly participate as principal investigators. Although the
program of in~flight medical experiments was introduced in Gemini, it
is a continuing program whose general objectives are to learn man's
responses and supportive requirements in space and to carry out medical
research in which the unique characteristics of the space environment

might be advantageously utilized.
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During the Gemini Program, & series of eight in-flight medical experiments
were flowﬁ, several of them more than once. From these experiments and
from the operational medical procedures, we were able to obtain data on
cardiovascular function, the musculoskeletal system, blood and blood
volume, fluid and electrolyte balance, endocrine activity, sleep, and

vestibular functions.

Experiment MOOl,lthe Cardiovascular Conditioning Experiment, was the
evaluation of a countermeasure against cardiovescular deconditioning

as observed by the tilt table and other procedures. Its principal
investigator was Dr. Lawrence F. Dietlein of the NASA Manned Spacecraft
Center in Houston. It consisted of the regularly cycled intermittent
inflation and deflation of pneumatic cuffs placed around the thighs.

The cuffse, which were incorporated into the undergarment, were applied
to one astronaut end the results of his cardiovascular evaluation were'
compared with those of the other. This experiment was flown on Gemini V,
the eight-day flight, and Gemini VII, the fourteen-day flight. The
method was based upon the work of Graveline who in 1961 demonstrated

the effectiveness of similar cuffs about all four extremities in prevent-
Ing the degradation of tilt table tolerance following water immersion.
While Graveline used an inflation pressure of 50 mm of mercury applied
alternately one minute on and one minute off throughout the period of
immersion, the procedure as used in Gemini applied a pressure of 80 mm
of mercury two minutes on and four minutes off throughout the flights.

The technique is considered to mediate its effects by preventing or



slowing the redistribution of blood volume within the body as well as
by exercising the venous network of the lower extremities to maintain
vagcular tone. On Geminl V, due to techmnical problems, the oxygen
supply required to inflate the cuffs wag depleted after four days of
flight. Consequently, the equipment was changed for Gemini VII so

that it operated from the cabin oxygen supply system rather than its
own source. The apparatus functioned well throughout the entire Gemini
VII flight. Although ground-based studies utilizing the same procedure
and equipment on water immersion subjects clearly demonstrated its
effectiveness, space flight test data failed to confirm these findings,

a8 will be seen on review of the Gemini tilt table response data.

Pre- and post-flight tilt table studies were accomplished on all Gemini
missions with the exception of Gemini VIII, the aborted flight of
Armstrong and Scott. The tilt table study is a provocative test
designed to bring out incipient chgnges in cardiovascular responsiveness.
A series of these tests were carried out pre flight and post flight in a
manner somevhat similar to that used during the Mercury Program for the
Cooper flight, MA-9. In Gemini, however, the period of vertical tilt
was extended from five to fifteen mimutes, the tilt board was fitted
with a seddle-like seat, and the use of the Flack test (a calibrated
Valsalva maneuver) during tilt was eliminated. With the use of the
saddle table, the subject does not use his legs for his support during
the tilt. Recent studies have indicated that this measure renders the
test perceptﬂﬁ‘éf more sensitive by preventing the assistance given

venous return by even this minimal activity of the lower extremities.



The characteristic responses to passive tilt include an elevation of
heart rate and a narrowing of pulse pressure with a drop in systolic
pressure and freqpeﬁtly a s8light rise In diastolic pressure. Both the
extent of these changes and their persistence on repeated testing are
influenced by a great many circumstances even under earth-bound
conditions. However, the amount of data we now have from the muitiple
tests of each individual and from the study of almost all of the Gemini
astronauts seems to lend some credence to the immergence of a still
somewhat tentative curve of responses correlstable to duration of

flight.

The t1lt table response changes following the eight-day Gemini V flight
vere slightly more pronounced than those seen following the four-day
Gemini IV. However, the time to return to pre-~flight levels was
approximately fourty=-eight hours in Gemini V as compared with twenty-
four hours in Gemini IV. Of the two Gemini V astronauts, the pilot,

who wore the experiment MOOl thigh cuffs for the first four days of
flight, did show a slightly less pronounced post-flight tilt table
effect, although this was well within the range of individual variability.
Following Gemini VII, the astronaut who did not wear the cuffs showed a
less pronounced change of tilt table response than any of the Gemini IV
or V astronauts. The Geminl VII astronaut who did wear the MOOL cuffs
showed 8 very marked alteration of response to his first post-flight
tilt, which required this interruption of the procedure at eleven minutes
in order to prevent syncope. However, both of the Gemini VII astronauts
returned to their pre-flight tilt response levels at the end of only
twenty-four hours. These changes correlate well with the blood volume

chanees .



Plasma volume, red cell mass, and blood volume measurements were

carried out on the 4-, 8-, and lk-day flights (Gemini IV, V, and VII,
respectively). On Gemini IV, only plasma volume and periphergl
hematocrits were directly measured while red cell mass was célculated‘
Flasma wvolume meagurements employed the RHISA technique with ;odine 125.
Direct measuremen@ of red cell mass utilizing the chromium 51 technique
was added on both;Gemini V and Gemini VII. Total blood volume was
calculated as the sum of plasma volume and red cell mass. Following
flight, the red cell mass was decreased in all flight crew members. In
one Geminl VII astronsut, this reduction measured only T%. In the remain-
ing five astronauts, red cell mass decreases ranged from 12 to 20 per
cent. With the exception indicated, the least change was observed in
the four-day Gemini IV flight crew. Those observed in the eight-day
Gemini V flight crew were approximately 75% greater. The remaining 1k~

day Gemini VII crewman showed a decrease equivalent to the Gemini V crew.

Plasma volume decreases were observed in the four and eight-dsy flight
crews, Of these four astronauts, the Gemini IV pilot, who experienced
extravehicular activity and who, as a consequence, was subject to a
significantly greater thermal stress, showed the greatest decrease of
plasma volume. The plasma volume decreases in the remaining three
Gemini IV end V astronauts were not significantly different from each
other. Total bloocd volume calculﬁiions in both Gemini IV and Gemini V
flight crews, then, showed a reduction of total blood volume in all

four astronauts which was greater in the eight-day than the four-day

crew with the notable exception of the Gemini IV EVA astronaut.



On turning to the plasma volume data from Gemini VII, we note an
entirely different picture. Here for the first time we saw an increase
of plasma volume in both astronauts. Furthermore, in both individuals,
this increase compensated almost exactly for the decrcased red cell mass
so that the total bloed volume in both astronauts showed essentially no
change. This marked difference between the lh-day flight and the two
earlier flights can be explained either as a compensatory response which

took place as the duration of flight was extended, or as a reflection

-
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cff differences io scme of the eaviromment factors asscciated with

the Gemint VIT £1ight. Most notably, the Gemind VIT flight crew did

not wear thelr pressure suits during most of their orbitsl flight,

thereby reducing sigﬁificantly the thermal stresses to which they were
exposed. In addition, the Gemini VII flight crew exercised more vigorously
and more frequently, drank larger quantities of water, and consumed greater

amounts of food.

Associated with the blood volume studies were studies of the red cells
themselves. Mean corpuscular volume wes noted to increase as did red

cell fragility. Spleen-liver ratios were also measured, and although an
increase was seen, lts significance is equivocable. Reticulocyte responses
post-flight were also increased. These findings would tend to indicate
that the red cell mass decrease appears to be due, in large part, to an
increased red cell destrue£ion. Baged on ground-based studies, this is
probably due primarily to the high oxygen environment with, perhaps,

relative inactivity being a contributing factor.



All of our Gemini flight crews showed evidence of dehydration following
flight as indicated by the very rapid regaininé of post-flight welght losses
with the drinking of water. In the Gemini VII flight crew, the presence of
dehydration concomitantly with a normal bloed volume and hemodilution,
rather than hemoconcentration, is of particular interest, since it places

the site of water loss in the tissues.

These tilt table, blood volume, hematology, and clinical data were
ohtained under the direction of Dr. Charles A. Berry, Director, Biomedical
Research and Operations, NASA Manned Spacecraft Center in Houston. The
blood volume and hematology atudies.are a team effort whose members
include Dr. Craig Fischer, NASA Manned Spacecraft Center, Houston; Dr.
Fhillip Johnson, Baylor University College of Medicine; and Dr. Charles

Mengel, Ohio State University Medical Sehool.

Experiment MOO3 was the in-flight exercise experiment whose principgl
investigator was also Dr. Lawrence F. Dietlein, NASA Msnned Spacecraft
Center, Houston, Texas. This was an evoked response experiment whose
purpose was to measure cardiovaseular responses to the same fixed stimulus
as the flight continued. It utilized the bungee cord exerciser similar
to that used during Project Mercury. As programmed in Gemini, the MOO3
exercise was not a cardiovascular conditioning procedure, although this
use of exercise will be explored as the program proceeds. The force
required to stretch the cord was approximately TC pounds, and the stretch
distance was limited to about one foot. The work completed for full
stretch was, therefore, approximately 70 foot pounds. Each exercise

period consisted of a single stretch per second for 30 seconds. The

FLs



number of such exercise periods ranged from two to four per day. During
Cemini, none of the flight crew members showed a significant change in
cardiovascular response to this exercise as programmed. This effort
will be continued oﬁ future flights, probably utilizing a dif?erent
form of exerciser ané an altered exercise regimen. These are currently

under investigation.

Experiment MOO4 was the in-flight phonoelectrocardiogram experiment of
Dr. Carlos Vallbona, Texas Institute of Research and Rehabilitation,
Houston, Texas. By recording the phonocardiogram simultaneously with
the electrocardiogram, the intervals between electrical stimulus and
fixed points of myocardial response, as indicated by valve closure,

were determined. By thus timing the events of mechanical systole, an
indication of the status of the myoccardium and its resﬁonsiveness was
gained. The phonocardiogram equipment consisted of a microphone and a
signal conditioner. The microphone was placed over the precordium at
the point of maximum intensity of sound.' This experiment was flown on
Gemini IV, V, and VII. Although the experiment did demonstrate expected
alterations of electromechanical delay with alterations of heart rate,
it failed to indicate any changes which could be consldered unique to
space flight. Thus, using this technique at least, we have so far been
unable to corroborate Soviet findings of electromechanical changes due
to space flight. k

Experiment MOO5 was the analysis of body fluids for various hormonal,
biochemical, and electrolyte determinations. The Principal Investigators

were Dr. Harry Lipscomb, Baylor University School of Medicine; and Dr.
/

a”
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El1liott Harris, NASA Manned Spacecraft Center, Houston, Texas. The
experimental procedure consisted of the analysis of both pre §nd post
flight blood and urine specimens and of in-flight urine specimens. On
Gemini VII, 75 ce urine specimens were collected from each mixture of
two successive vo;giqgs and stored for post-flight analysis. 'ﬁrinary
ocutput was determiﬁed by mixing the urine in the mixing bag‘wiéh a
fixed amount of tritiated water before filling the specimen bag.
Urinary output calculations were basedlupon the concentration of
tritium in the specimen. The equiyment consisted of a wvalve, tritium
container, common mixing bag, and specimen bags. The remainder of

the urine after sampling was dumped overboard. This concentration-
dilution method of determining urine volumé did not completely fulfill
our reguired standards of accuracy owing primarily to differences in
mixing characteristics during weightlessness. However, this procedure
was carried out on Gemini VII with sufficient accuracy that correction

factors based on a presumed constant creatinine output could be applied.

The data revealed a decrease of urinary 17 hydroxycorticosteroids in
flight, and an increase post flight, as compared with pre-flight values.
This finding is consistent with heightened crew activities during prepa-
ration for retrofire and re-entry. Aldosterone output was noted to be
moderately increased during flight and more markedly increased post flight,
a finding which corroborates the post-flight retention of fluids and

-

electrolytes also observed.



Experiment MOO6 was the measurement of bone density by means of a

special x-ray technique developed by the Principal Investigator, Dr.
Pauline B. Mack of Texas Woman's University, Dallas, Texas. These
measurements were performed pre and post flight only and were carried out
on Gemini IV, V, and VII. The technique employed standard x-ray equipment
and a metal wedge densitometer to determine the density of the os calcis,
talus, and metacarpals and phalanges of the hand. A photo-scanner is
used to determine bone density from the x~rays. Comparison of pre- and
post-flight films revealed a diminution of bone density in both weight-
bearing and non-weight-bearing bones of all of the flight crew members.
In no case were these changes severé, but, contrary to expectations,

they were less marked in the Gemini VII crew than in the others. Again,
this is probably attributable to the rather special envirommental circum-
stances of the Gemini VII flight referred to in the discussion of blood
volume changes above. 1In the case of the weight-bearing bones, the
changes seen were approximately equivalent to those seen during similar
periods of bed rest. The non-weight-bearing bones, unlike bed rest study
findings, showed approximately the same degree of change as the weight=-

bearing bones.

Experiment MOOT was the calcium balance study, perhaps more accurately
described as a mineral balance study. It was a closely controlled
intake and output evaluation designed to identify changes in the
mobilization and metabolism of calcium and other minerals under weight=
less conditions. The principal investigators were Dr. G. Donald Whedon,
Director, National Institute of Arthritis and Metabolic Diseases; Dr.

Leo Lutwak of Cornell University Medical School; Dr. William Neuman of
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the University of Rochester Medical School; and Dr. Paul LaChance, NASA
Manned Spacecraft Center, Houston, Texas. This experiment was flown

only on Gemini VIE, although it will be repeated at scme point in the
future. Intake and oubput evaluations included caleium, nitrogen,
phosphorous,,potassium, sodium, and chloride as measured in focd, urine,
feces, and sweat. As the primary amino acid constituent of bone matrix,
hydroxypreline was also assayed. This was a highly complex experiment
which required and received diligent effort on the part of the prineipal

investlgators, their team of ancillary personnel, and the Gemini VII

%

flight and backup crews. The protocol included a ten-day pre-flight

and two-day post-flight equilibratién period as well as the fourteen-

day flight, itself. The same flight urine samples were assayed for this
experiment as for experiment MOO5 and the same technical difficulties
prevailed. Urine volume errors were found to be correctable to a reasonable

extent by assuming a constant output of creatinine.

The experiment demonstrated a mild negative calcium balance and a more
pronounced negative phosphorous and nitrogen balance during flight. The
calcium findings were consistent with those of the bone density experi-
ment, MOO6. Plasma hydroxyproline measurements showed a slight post-flight

increase, but all values were well within the normal range.

Experiment MOO8, the in-flight sleep analysis experiment, was flown only
on Gemini VITI. Depth of sleep was determined by electroencephalography.

Observations were made on one astronaut for the first 48 hours of flight.
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The principal investigator of this experiment was Dr. Peter Kellaway

of Baylor University Medical School. The equipment consisted of
electrodes and signal conditioners for the bilateral parieto~occipital
leads which were recorded. In this experiment, four stages of sleep
vere clearly demonstrated bylthe EEG as reflected by the characteristic
slowing of the electrical activity of the brain. "Parasdoxical" sleep
was readily identified by the principal investigator but ecannot be
classically demonstrated since electromdculograms were not taken,

Sleep was noted to be generally light and spotty the first night but
somewhat more sound the second. This is not considered to be in any
way unique to space flight, but onl& represents a very normal respouse
to any venture of this general nature. Some increase in theta wave
activity was also noted. The experiment demonstrated the Teasibility of
utilizing the EEG to determine precise sleep patterns under operational

conditions.

Experiment MOO9 was the otolith function experiment designed by
Captain Ashton Graybiel and Dr. Earl Miller of the U. S. Naval School
of Aviation Medicine, Pensacola, Florida. The otolith portion of the
vestibular system is a sensor of linear acceleration and, consequently,
a sensor of gravity. Since this mechanism may be considered gravity
dependent, the question of the possible development of changes in
sensitivity of the otolith in the absence of gravity has been posed.
The experiment was designed to evaluate otolith function by means of

two methods which were the two parts of the experiment.
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The first was the determination of egocentric visual localization of

the horizontal in flight. Its equipment consisted of a light-proof
gargle with a rotatable illuminated white line in front of one eye.
During flight, the astroﬁaux rotated the white line to what he considered
the horizontal position, i.e., the position parallel with the pitch axis
of the spacecraft. His ability to do this has been established as a
function of the integrity of otolith responsiveness. The position of
the white line was read by the other astronaut by means of external
calibrations on the surface of the actuating ring. The second part of
the experiment consisted of the measurement of ocular counter-rolling
pre and post flight. This was done'by tilting the astronaut to the

side in a very precise fashion. With this movement, the eyes normally
rotate very slightly in the opposite direction as if attempting to main-
tain alignment with the horizon. The degree of counter-rolling reflects
the sensitivity of the otolith mechanism. For this portion of the
experiment, the astronaut was placed in a frame with his head held very
still by supporting cushions. The frame was tilted sideward to an

exact Tifty degrees while the camera fixed to the frame in front of the
eyes took a series of stiil pictures. Using identifiable points on the
pictures of the iris, the exact degree of counter-rolling was measured
in minutes of arc. The experiment was flown on Gémini V and Gemini VII.
In general, the data revealed no significant change in the otolith system
in up to 14 days of space flight. Vestibular investigations will be
continued into longer duration flights. Future plans include provisions
for research into semicircular canal function as well, particularly as

they are effected by Coriolus forces.



15

In summary, Gemini space flight medical data have shown a reduction of
tilt table tolerance, decreased red cell mass, altered plasma volumes,
dehydration, decreased bone density, and increased calcium snd nitrogen
oubput. It should be emphasized that all of this information can be
classified as trend data, none of it having been assoclated with covert
manifestations of 111 effects in terms of clinical symptoms or signs.
Within our present lh-day experience, we have been unable so far to
demonstrate changes in the electromechanical activity of the heart,
otolith function, vestibular disturbance of any kind, hallucinatory
phenomena, gastrointestinal disturbance, genito-urinary disturbance,

or performance decrement. On reviéwing positive findings, it is
exceedingly difficult if not impossible teo identify single etiological
factors for each of these changes. Of those changes which might be
ascribable to weightlessness or weightlessness in combination with

other factors, it would seem logical to include cardiovascular and musculo-
skeletal changes and changes in fluid balance. Judging from a long history
of ground-based cobservations, relative inactivity 1s unquestionably an
assoéiated cause of cardiovascular and musculoskeletal alterations while
there is little question that thermal stress is an adjunctive cause of
changes in fluid balance. With respect to fluid balance, our findings
indicate that dehydration and altered plasma volume are not necessarily
equatable. To what extent the isolation of dehydration to tissue fluild
loss, seen in the 1lh-day flight, is uniquely related to any of the
factors or combinations of factors of space flight cannot be stated

with certainty at the present time. On the basis of ground-based studies,

the decreased red c¢ell mass, shortened red cell life span, and increased
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red cell fragility are thought to be most reasonably referrable to the
high oxygen atmosphere with perhaps relative physlcal inactivity as a

secondary causative factor.

In conclusion, it appears to be generally true that the time courses

of the effects which have been observed have been much less acute than
vas feared by many knowledgeable scientists early in the manned space
flight program. However, we must continmze to be aware that from our
vantage point a few years from now our present maximum of lh-days experi-
ence will appear to be quite modest. Some of our negative findings may
simply be late appearing ones. While we now have adequate reason to
proceed to progressively longer duration flights without spprehension,

at the same time we must continue diligently with our investigative
efforts so that we may be able to give maximum medical suppert to man

in his future conquest of space.
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Mr. Chairman, members, and guests of the American Society of Medical
Technologists, I am genuinely honored and pleased to have been invited

to make this presentation to you today. Honored, because of the very
important aspect of medicine which you represent. Pleased, because of
the opportunity I now have to acquaint you with the rather unique
activities of the field of space medicine and with its future needs.

When 1 say that many of these needs may relate directly to many of you,

I do not intend to imply that NASA is now recruiting medical technié;ggT#
astronauts. When that utopian day arrives, I shall certainly manage to
be on the selection panel. But rather, these needs are in the realm of

new technique and equipment development to expand our medical evaluative

capabilities during extended flights of the future.

To acquaint you with the field and its future requirements, I would
like to review the role and activities of the medical experiments
program, the Gemini medical findings, and .wikh elements of our planned
activity in Apelle and the very important follow-on Apollo Applications

program.



The Apollo program of medical experiments will consist essentially
of gathering confirmatory pre and post-flight data since Apocllo flight
ThERE Wite fE Jorgig CHRIEES Ay erﬁ.a{ Ot .
durations will not exceed the maximum duration Gemini fl:tght./1 Pre and
post-flight tilt table studies will be replaced at some'point by lower
body negative pressure evaluations. Pre and post-flight immunological
A¥Y,
studies and lymphocyte karyotyping will be added; 7B‘ina.lly, the
A
inflatable cuff technique will be replaced by the evaluation of an

anti-deconditioning elastic garment worn over the lower portion of the

body.

Certainly, the greatest opportunity to learn of the effects of space =

flight on man and of the means by which we can support and extend his
activities in space is in the Apeolle Applications program. This series
of flights will utilize Apollo equipment and technology to accomplish
longer and more complex orbital missions and extended lunar exploration.
The primary purpose of the program is scientific gain. By means of
the cluster techniqgue, the third stage of the Saturn launch vehicle,
the SIV-B, will be utllized as a habitable spacecraft. Its volume
measures approximately 20 feet in diameter by 30 feet in length for a
total of 10,000 cubic feet of available space. By means of a multiple
docking adaptor which will be transported into orbit in place of an
Apollo lunar module, the command module will dock with the SIV-B. The
environmental control system and equipment for the SIV~B will be
contained in the multiple docking adaptor. The gaseous atmosphere
provided wili:t; a 5 psi two gas system of 69% oxygen and 31% nitrogen.
Flight durations of up to 30 days)and up to 60 days, respectively, are

now planned early in the program. At the completion of the AAP program,



we hope to have incrementally attained flight durations of up to one

year.

From the medical point of view, plans for the 30 and 60~-day missions
include all of the investigational efforts begun in Gemini and Apollo
utilizing improved methods and techniques. Additional investigations
presently planned for these flights are the evaluation of metabolic
requirements, respiratory functiong, semicircular canal function, and
task performance in space as compared with the earth by means of a
time and motion study. Habitability evaluations will be given strong
emphasis as flights become progressively longer. Technique and equip-
of a bicycle
ment improvements will be made, such as the development/ergometer for
space flight, an accurate and flyable gas chromatograph for measuring
respired oxygen, carbon dioxide, and water vapor,and very probably, a
new device especially designed for space use for the very=sccurate
determination of specimen and human body mass. This mass measurement

technique, which actually consists of two pieces of equipment, one for

small and one for large masses,employs the prineciple of inertial oscil-

lationJs Acvieve 4 vEAT [f¢ P pasd OF 4 ccortey,

As flights contlnue to expand into longer perlods Qf time, an increased

-7"_7 7 e P ST Bl A = o7 /,5,{ }"a,] "/‘?L AT £
adi eeckaabdare “bo—this—end
medicalbvm%7¢47uﬁ, cap&?;i;ﬁy will be requirei¢, It is that
we have now initiated the developmental stages of a medical laboratory

LAY IFAL
for space flight. To facilitate {the characteristie—of flexibility, it

will be designed in medular form. In this way, older technigues can be
quickly replaced with new and improved ones as they are developed, and

Fugkr
ineerporated experiments can be rapidly switched as may be indicated

,.‘,\-4-“-"



by late flight information, thus obviating the very long lead time
EVALUATIVE

requirements of the past. The major component capebilities of the

L

flight laboratory will consist of physiolog#)behavioral, microbioclo u‘

Sugssntrts
- biochemis-'en, and data management, Research and developmental

efforts are needed in each of these areas to advance the state of the

INCA BAIE AMY) CAPABILTY
art in order to eaugment the versitility of equipment and procedures;

improve sensitivity, accuracy, reproducibility, and ease and speed of

performance; a,nd to decrease volume, weight, and power requirements. e PaR revg
¢ g FeREncE TP TO [UE/cAL TEchpiE
In the field of biochemistry, liquid reagents, because of their behavior
4 /T4 OF THEM 4RE ToxX| <,
in weightlessness and because Aef—-bhe%mﬁe&y mist either be used in

e ; WL ERE Jepislic
minute quantities, absolutely contained, jmst«éeﬂi-rah&:ﬁ completely

Exs g rral

avoided. If they are to be avoided, methodologles must be replaced by

physical chemical techniques, and new development possibilities in this
Awd Wikt Copriwve T BE veiTie 4T,
realm are presently beingaewha:te&. The handling of specimens for

biochemical determinations will most probably require capillary tube
wm@fﬂn’}‘#ﬂl Wi JEigAAL OTHERS 4/{!2 Beiaeé emw,anfy FonR

techniques,dm'specifrc‘rm Bt

further study and development. A third research and development effort

of importance in your field is the problem of sample preservation for
THIS, AFAK, 15 NOT A SIMPLE [ROPLE foft TWERE it 62

m post-flight analysis @Ff meny samples of all human products, accumulated
A

EF FLigr
over a period of months to years, to be studied for a variety of analyses.

Houn
Literature searches carried out thus far have réweaie& that surprisingly
little is known of long term sample preservation for particular determina-
tions. As is true of most of these problem areas, the most apparent

reason is that the need did not exist,again demonstrating the matermnal

relationship between necessity and invention. Finally, a fourth area



of challenge is in the techniques which will enable us to determine
changes in microbial ecology within the closed enviromment of the
spacecraft over long periods of time. Here again, methods which can
be accomplished within the spacecraft during flight must be developed,
suitable methods to preserve specimens for post-flight analysis, or
perhaps for more detailed post-flight analysis must be generated, and
ABLE T4 (E ASCVRATELY, EaTIY, AXP rcly

all of this must be eaps e carried ou@lwithin the constraints

<HARBCTRAIS rc 5.
of M vehicular and operational eapebilities. Fach of these areas will

require continuing and multiple research efforts. Each of them is a
THE. ¥y,
INCEAYIEY pF 7S FDUERBEAS .

challenge to your fieldgw? TO ig§§ 7

As is true of our space effort in general, space medicine has by virtue
of its unique problems and unique findings contributed to its parent
field either directly or by giving impetus to specific kinds of endeavor.
As the future requirements which I have outlined are met, these new
developmants/themselveg and ramifications of the effort which they
engenderfgzgi find increasing application to clinical medicine. This

of PRUSI¥ELY

is true afmany medical specialties but in none more prominentlyithan

the field of medical technology.
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Dr, Vinograd/Room 223/Building 4200

Sorry I couldn't get this te you sooner -- I had several interruptions,
However, it was dictated beautifully and that was a big help.

Dona Priest



LIFE SCIENCES PAYLOAD

Introduction

The NASA Life Sciences represented by Space Medicine, Biotechnology
and Human Research, and Bioscience Programs are pursuing a course of
progressively integrated activity in all realmsof our respective endeavors,
Reflecting this course in the area of in-flight investigation (experiments),
payload planning is presented as it is being done, as an integrated Life
Sciences effort,

The objectives of the Life Sciences space flight investigations are:

I. To extend man's capabilities in manned space flight by:

Ae Space flight medical investigation

l. To determine the effects of space flight on man,
and the time and courses of these effects,

2, To determine the specific etiologies and mechanisms
by which these effects are mediated.

3. To determine means of predicting the onset and
severity of undesirable affects,

4, To determine the most effective means of prevention
or correction of undesirable affects.,

B. Investigation of Flight Crew Support Techniques

l. To evaluate an/advanced technology to enhance the
flight crew capabilities. in space. :

2 To evaluate an’advancedcrew environmental support
technology.

II. To Gain Scientific Knowledge
A, In Biology

B, In Exobiology



C. In Life Support Technology
D, In Medicine

Pursuant to these objectives, the Life Sciences effort can be divided into
four areas of discipline~oriented activity, (It is to be noted that these are not
organizational divisions.) They are:

I - Biomedicine/Behavioyr
IT - Bioscience
III - Crew Support Technology
IV - Crew Operational Techniques.

Experiment planning for the AAP flight alternatives evaluated in this
exercise will be treated according to these four areas.

In the pianning of Life Sciences flight investigation for the future, a
pattern of increasing integration of its constituent activities is evident. The
experimental packages proposed for AAP 1/2 through AAP 7 consist of
individual experiments. By CY 1971 the onboard Biomedical/Behavioyral
experiments will be packaged as an integrated unit (IMBLMS), a flight
laboratory measurement system capable of a wide variety of measurements
to accommodate existing and still to be proposed medical/behavioy&‘al
experiments. The medical/behavioural input into the description of
Configuration B is therefore embodied in the experiment data sheet on
IMBLMS. As the Life Sciences flight investigational effort continues to
the CY 1972 and 1973 periods and beyond, progressive evolutionary stages
of an integrated Life Sciences laboratory are planned. These plans are
reflected in the experiment description formats for Configuration C,
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