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SPACE MEDICINE 

INTRODUCTION 

S. P. VINOORAD, M. D. 

I 

(Fig 1) As Mr. Johnston indicated in his presentation, the effort of 

the Crew Systems Divisi on supports the requirements of both OART and 

OMSF 1n the life support systems area. The balance of the Space 

Medicine review is concerned with our ~ctivities in in-flight medical 

experiments, the medical support of me.nned space flight, and the problem 

' of back contamination. It should be noted that ~he responsibilities of 

Space Medicine for the most part are c~ncerned 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 Manned Space 

Flight, the functional activities in which Space Medicine participates 

are now included in the responsibilities of major program offices, such 

as Apollo, Apollo Appli cations, Advanced Missions, and Mission Opera-

tions. This concept was established approximately three years ago, at 

which time it was determined that SJ>$ce Medicine could accomplish its 

responsibilities most effectively in the role of a staff office rather 

than a program office . The :tu.nctions assigned to it under this definition 

are shown in the next figure. (Fig ~) 
I 

To facilitate its support and adviso1~ f'Unctions, specific individuals 

of the Space Medicine staff are assigned to each ot the maJor OMSF 
. i 

program offices: Mission Operations, Advanced Manned Missions, Apollo 

Applications, and Apollo. (Fig 4) 1 
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The aspects ot the programs of these offices which deal vith medical 

and biomedical matters are carried on primarily at the Manned Spacecraft 

Center by the Crew Systems Division and the Directorate of Medical 

Research and Operations . (Fig 1) Mr. Johnston bas already presented 

the Crew Systems Di visi on activities related to Space Medicine. My 

presentation will be concerned 'With the in-tlight medical experiments 

program. I will be followed by Dr. Berr;y 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 

responsibility of the Space Medicine Division -- Back Contamination. 
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ADMINISTRATOR'S LIFE SCIE2fCES REV'IEW 

MEDICAL EXPERIMEN'l'S 

S. P. VINOGRAD, M.D. 

In our presentation of la.st year, we indicated that t.he medical 

experiments program encompasses two major channels of activity. 

(Fig 1) One is concerned vith the definition and developnent of the 

flight medical experiments themselves. This activity consists ot the 

encouragement of proposals for medical experiments from the scientific 

community, their receipt, evaluation', and sponsorship, their implement&-

tion in :flight, subsequent post-flight analysis, and finally, with the 

application ot the resultant data to manned space flight, to the medical 

experiments program, and to the br~ field of medicine. Proposals for 

medical experiments are evaluated tor ecientific merit by the BIB study 

section system and, following this, by Space Medicine's Medical Advisory 

Council. (Fig 2) The second major ~a.noel of activity ot the medical 
• 

experiments program is the associated research and developnent effort 
' 

which had its origin in several NASA in-house and KASA aponsored studies. 

These studies resulted in the identification of a series ot desired medical 

and behavioral measurements which were classified into eight areas or 
medical evaluation. (Fig 3) We po~ted out last year that the prillary 

thrust of the R&D program was to be the developnent of a flight medical 

laboratory system to accommodate proposed and yet to be proposed tlight 

medical experiments of the scientific {!ClllDIUD.ity. This slide is an 
' . 

' ' illustration of the Phase A portion of the developnent of a f'lipt 

,. 
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I 
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medical laboratory which was completed by Lockheed in February 1966. 

(F'ig 4) Parallel R&D efforts vere to be directed toward the develop-

ment, test, and evaluation of new l.abOratory teclmiquee and equiiment 

better suited to our t'ligbt laboratory concept aDd programmatic require-

ments than those currently available. AdditioDa.l. emphasis vas given the 

gathering of essential ground-based data, 1n particular, data derived 
I 

from simulations. 

Although funding for the developnent of individual MS1l'EB approved flight 

experiments had been available as a part of the Gemini and Apollo programs, 

t"unding of the integrated medical experiments program, itself, vas first 

obtained 1D March 1966 as a part of the AdYan'ced' Manned Missions program. 

Since that time, we have been engaged in illplementing as well as cont1Jlu .. 

ing to refine our plans for a coherent prograa. I vou1d like to describe 

our progress this past year in terms of these two major channels of 

activity, the experillents , and the research and developnent e:tif'ort, and 

to relate these to the eight areas of medical evaluation presently guiding 

our programmatic e:fforts. This slide sUJmarizes the program within this 

context. (Fig 5) 

Looking first at the medical experiment• activity, the experiment• 

' 
approved for the Apollo program include the repetition of' those vhich 

have been completed in Gemini. The e~ddi tional experiments listed under 

Apollo a.re in the direction o:f a greater breadth and depth or investiga-

tion of the same areas of :medical evaluation plus the addition ot the 

evaluation of' microbiologice.l changes. Although these experiments hav-e 

t ' 

i 
., 

'· 
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been approved for the Apollo program, several of them Dl8\Y' be postponed 

until the AAP program owing to Apollo ~cbedule changes pre•eDtly under 

consideration. 

In the development phase for the A.AP program are aix exper1-ents, (Pig 6) 

three of which (M050, M051, and M052) are governing protocol.a. These 

are the metabolic, cardiovascular , and bone and musc1e evaluations, 

respectively. Experiment M053 is a more advanced vestibul.ar evaluation 

which will include the stud:y of semicircul.ar canal responses as well as 

a broader approach to otolith evaluation. Experiment M018 is the evaJ.u-

ation of electroca:rdiographic changes utilizing Frank lead system 

electrocardiography to obt&in clinic~ canparable ECGs. Experiment 

M055 is a time and motion study which will consist of the analysis of 

motor task performance requirements in space as canpared with the earth 

' environment. In addition to these six, four more are shortly to be 
! 

considered by the MSFEB. These include a more sophisticated EEG sleep 
1 

evaluation experiment and three Air Force K>L related .experi.Jlerrts to 

evaluate (1) a technique tor dete~ing specimen mass, (2) a technique 

for determining human body JD8.SS in space flight, aDd (3) to evaluate 
the effect on b~ conditioning of' utilizing a whole body exercise 

device. 

Of particular interest in these six experiments is the hematology 

investigation included within the M051 governing protocol. 'l'he work 

of Dr. Philip Johnson of Ba,ylor University Medica1 School, Dr. Charles 

Mengel of Ohio State University Medicill School, and Dr. David 'l'ttrner 

, .. 
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of the University of' Toronto is a continuation of the hematological 

effort begun in Gemini . This exploration of the effects of a high 

oxygen environment on the metabolism o:f the red cell membrane ~ 

result in an important scientific contribution ot our space e:f'fort to 

clinical medicine. 

In addition to the A.AP Mdical experiments, we are now sponsoring two 

experiments in the definition phase. (Fig 7) These are the work of 

Dr. John Le.wrence and Dr. Harry Winchell of the University of California 

in the utilization of isotope tagged carbon monoxide as an indicator of 

hemoglobin formation and breakdown; and the work of Dr. Donald Belson 

of the Latter Day Saints Hospital, University of Utah, who is develop-

ing a new technique for the determination 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 weightless envircmment of space aa cca.-

pared with earth G, and the evaluation of gastric f'Unction by 

endoradiosonde. 

In the past year, at our request, the NIH study sections have reviewed 

15 proposed space flight medical experiments. 'l'bese review• have been 

carried out conscientious~ and with outstanding competeJJ.ce by the 
l 

study sections, their chairmen, and their members. .IIH's Division o~ 

Research Grants, who maintains res~;1.b111ty 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 
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assistance to NASA in this effort. ,This interagency relationship has 

been both productive and grati:f'ying i 

The Medical Advisory Council (Fig 8) has continued to meet at two-

monthly intervals . They have completed their evaluations of .24 experiment 

proposals, have requested and accomplished one site visit, and have con-

sidered and made recommendations on numerous related professional issues 

and questions about the program which have required their attention. 

They have evaluated and made constructive recommendations on all of the 

proposed experiments processed by the 1IIB study sections as well as 

those which had been proposed prior to the establishment of the NIH 

relationship. In addition, they have ~e 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 points. First, 

two medical meetings with Air Force medical principals were held within 

tQ.e past year. During these meetings, the two medical experiments pro-

grams were :f'ully discussed and coordill';'-ted. Secondly, as a result of 

these meetings, a continuing coordine,ting mechanism was established in 

which two named Air Force medical representatives are present at all 

NASA MAC meetings, and two specific NASA medical. representatives a.re 

to be in attendance at all counterpart Air Force meetings. 'l'hird'.cy, 

Air Force MOL medical experiments proposed tor inclusion on NASA 

manned space flights are, with Air Force approva1, sent through BASA 

~ •, 
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Spe.ce Medicine as the sponsoring office to permit better coordination 

of the two programs. 

'!'urning now to the research and developnent effort ot the Mdical 

experiments program, we have, as you know, completed a Source Bvaluation 

Board activity for Phase B ot the develoiment of an Integrated Medical 

and Behavioral Laboratory Measurement System. Two companies (OE and 

Lockheed) were selected and Phase B is now 1D progress. This over-all 

ef'f'ort is designed with two major obJe(:tivea in view: '!he first is to 

develop a fiigbt laboratory to accamnodate proposed medical &Dd behav-

iora.l experiments, and the second is to incorporate into this qstea a 

maximum degree of fiexibility . '!'he aanifold adY&tltages of' such a 

system have been pointed out in previous discussions. '!his effort 

together with parallel R&D efforts now in being, how procured, whether 

contract or grant, and where monitored are shown on this $l1de. (Fig 9) 

As indicated in our report of' last year, much of this contractual 

ef'f'ort was initiated in Headquarters in partnership .with cognizant MSC 

areas because of personnel shortages existing within that facility 1D 

the medical areas • Al.l. of these contracts and grants either are now 

or will be trane1'erred to MSC by' spec;ific schedules within the next 

f'ew months. All of' these parallel efforts are directed toward the 

developnent of' methods and techniques ~ich will be ut111zable at some 
i point in time within t he flight medica;t laboratory to improve ita 

capability in terms of breadth, depth,, or accuracy of investigative 

capability . 

·" 
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Our program outline is shown on this slide. (Fig 10) It include• tour 

major categories: sponsorship of experiments, the tligbt laboratory 

(IMBU4S) effort~ ground-based R&D efforts, and operational support for 

the experiments. 

'!'his next fiscal year in the experiments area ve plan to c~tinu.e and 

expand our present experiment support program. We are now planning a 

second meeting with top-notch investigators of the scientific cammanity 

to encourage their participation in the program. At the same time, ve 

are seeking new means to accomplish this objective on a more cont1Du1.ng 

basis. We are also planDing to initiate preparatiODS tor the develop-

ment ot medical experiment packages for f'uture AAP fiights beyond the 

continuing developnent of the 10 e~riments for the AAP l-4 flights. 

In the research and developnent area, our plans include the canpletion 

of Phase B and initiati on ot the design Phase C of the IMBIMS ettort, 

continuation into the design, test, and evaluation phases ot soon to 

be completed study efforts, and, in the area of obtaining ground-based 

data, the accomplishment ot a full. sc~e AAP 1-4 f'ligbt simlation. 

.. 
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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 t he mark in terms of our actual experience thus far. others have 

been spown 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 points merit emphasis. 

First, the exact etiological relationship of weightlessness to these 

findings has not yet been firmly established; and, secondly, to date, 

these changes have not been associated with overt symptomatology. · 

Because it was our first space flight test program, Project Mercury 

heavily emphasized the engineering and operational aspects of space 

flight. A1though medical evaluation and monitoring was quite thorough 

f r om the operational point of view, little in the WS\f of medical investi-

ga.t i on or experiments could be accommodated at that time. Yet, despite 

this shortcoming the Mercury Program did serve to advance to a consider-

able extent our concepts of the effects of space fiight on man. In 

e:ffect, it served as a kind of course focus on the actual problems with 
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which 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 a:rter MA-8, altered 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 disturbance, 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 considerab'.cy 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 advantageous:cy utilized. 
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During the Gemini Program, a series of eight in-flight medical experiments 

were flown, 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 muscul.oskeletal system, blood and blood 

volume, fluid and electrolyte balance, endocrine activity, sleep, and 

vestibular functions. 

Experiment MOOl, the Cardiovascular Conditioning Experiment, was the 

evaluation of a countermeasure against cardiovascular 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 cuffs, which were incorporated into the undergarment, were applied 

to one astronaut and 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 nun 

of mercury two minutes on and four minutes off throughout the flights. 

The technique is considered to mediate its effects by preventing or 
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slowing the redistribution of blood volume within the body as well as 

by exercising the venous network of the lower extremities to maintain 

vascular tone. On Gemini V, due to technical. problems, the oxygen 

supply ~equired to inflate the cuffs was depleted at'ter 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, 

as 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 changes in cardiovascular responsiveness. 
t> 

A series of these tests were carried out pre flight and post flight in a 

manner somewhat 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 fif'teen minutes, the tilt board was fitted 

with a saddle-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 percept~f~ more sensitive by preventing the assistance given 

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

.. 
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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 frequently a slight rise in diastolic pressure. Both the 

extent of these changes and their persistence on repeated testing are 

influenced by a great ~ circumstances even under earth-bound 

conditions. However, the amount of data we now have from the multiple 

tests of each individua1 and from the study of a.l.most a11 of the Gemini 

astronauts seems to lend some credence to the immergence of a still 

somewhat tentative curve of responses correlatable to duration of 

flight. 

The tilt table response changes following the eight-day Gemini V flight 

were 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, a1though 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 Gemini VII astronaut who did wear the MOOl cuffs 

showed a very marked a1teration 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 
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Plasma volume, red cell mass, and blood volume measurements were 

carried out on the 4-, 8- , and 14-da\Y' flights (Gemini IV, v, and VII , 

respectively). On Gemini IV, only plasma volume and peripheral 

hema tocrits were directly measured while red cell mass was calculated. 

Plasma volume mea~ements employed the RHISA technique with iodine 125. 

Direct measurement 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 • Fol lowing 

flight, the red cell mass was decreased in all flight crew memboru. Jn 

one Gemini VII astronaut, this reduction measured only 71' . 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 rv flight crew. Those observed in the eight-day 

Gemini V :flight crew were approximately 75% greater. The remaining 14-

day Gemini VII cre'WIJlall showed a decrease equivalent to the Gemini V crew . 

Plasma volume decreases were observed in the folll9- and eight-day :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 and V astronauts were not significantly different from each 

other. Total blood volume calculations 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 t.he four-day 

cr ew with the notabl e exception of the Gemini rv 'EVA astronaut. 
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On turning to the plaoma. volume data from Gemini VII, we note an 

entirely different picture. Here for the first time we saw an increase 

of plasma volume i~ both astronauts. Furthermore, in both individuals, 

th.In incrcn.oc compcnao.ted o.ln1oot exactly for the decreased red cell mass 

so that the toto.l blood volume in both astronauts showed essentially no 

change. This marked difference between the 14-dey 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 

l.h1• Ocrnlnl VII flight. Moot noto.bly, the Gemini VII flight crew did 

not wear their pressure suits during most of their orbital flight, 

thereby reducing significantly 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 was noted to increase as did red 

cell fragility. Spleen-liver ratios were also measured, and although an 

increase was seen, its 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 r ed cell destruction. Based on ground-based studies, this is 

probably due primarily to the high oxygen environment with, perhaps, 

relative inactivity being a contributing factor. 
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All of our Gemini flight crews showed evidence of dehydration following 
j 

flight as indicated by the very rapid regaining of post-flight weight losses 

wi.th the drinking of water. In the Gemini VII flight crew, the presence of 

nch¥dr.ation concomit.antly with a normal blood volume o.nd homodilution, 

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 

obtained under the direction of Dr. Charles A. Berry, Director, Biomedical 

Research and Operations, NASA Manned Spacecraft Center in Houston. The 

blood volume and hematology studies are a team effort whose members 

include Dr. Craig Fischer, NASA Manned Spacecraft Center, Houston; Dr. 

Phillip Johnson, Ba:ylor University College of Medicine; and Dr. Charles 

Mengel, Ohio State University Medical School. 

Experiment M003 was the in-flight exercise experiment whose principal 

investigator was also Dr. Lawrence F. Dietlein, NASA Manned Spacecra~ 

Center, Houston, Texas. This was an evoked response experiment whose 

purpose was to measure cardiovascular 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 M003 

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 70 pounds, and the stretch 

distance was limited to about one foot. The work completed for i'ull 

stretch was, therefore, approximately 70 foot pounds. Each exercise 

period consisted of a single stretch per second for 30 seconds. The 
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nwnber of such exercise periods ranged from two to four per day. During 

Gemini, none of the flight crew members showed a significant change in 

cardiovascular response to this exercise as programmed. This effort 

wiJl be continued o~ f'uture flights, probably utilizing a different 

form of exerciser and an altered exercise regimen. These are currently 

under investigation. 

Experiment M004 was the in-flight phonoelectrocardiogram experiment of 

Dr. Carlos Vallbona, Texas Institute of Research and Rehabilitation, 

Houston, Texas. By recording the phonocardiogram simultaneously vi th 

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 myocardium and its responsiveness 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 del~ with alterations of heart rate, 

it failed to indicate any changes which could be considered unique to 

space flight. Thus, using this technique at least, we have so far been 

unabl e .to corroborate Soviet findings of electromechanical changes due 

to space flight. 

Experiment M005 was the analysis of body fluids for various hormonal, 

biochemical, and electrolyte determinations. The Principal Investigators 

were Dr. Harry Lipscomb, Ba\rlor University School of Medicine; and Dr. 

I 

•"' 
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Elliott Harris, NASA Manned Spacecraft Center , Houston, Texas. The 

experimenta.1 procedure consisted of the ana}¥sis of both pre and post 
I 

flight blood and urine specimens and of in-flight urine specimens . On 

Gemini VII, 75 cc y.rine specimens were collected from each mixture of 

two successive vo~qi~gs and stored for post-flight analysis. Urinary 

output was determined by mixing the urine in the mixing bag with a 

fixed amount of tritiated water before filling the specimen bag. 

Urinary output calculations were based upon the concentration of 
I 

tritium in the specimen. The equipment consisted of a valve, tritium 

container, common mixing bag, and specimen bags. The remainder of 

the urine a:rter sampling was dumped overboard. This concentration-

dilution method of determining urine volume did not completely :fulfill 

our required 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. 
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Experiment M006 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 

mcnsu.rements were performed pre o.nd post flight on~ 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-r~s. 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 severe, but, contrary to expectations, 

they were less marked in the Gemini VII crew than in the others. Again, 

this is probab~ attributable to the rather special environmental circum­

stances of the Gemini VII flight referred to in the discussion of blood 

volume changes above. In the case of the weight-bearing bones, the 

changes seen were approximate~ equivalent to those seen during similar 

periods of bed rest. The non-weight-bearing bones, unlike bed rest study 

findings, showed approximate~ the same degree of change as the weight­

bearing bones. 

Experiment M007 was the calcium balance study, perhaps more accurate~ 

described as a mineral balance study. It was a close~ 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 VII, although it will be repeated at some point in the 

future. lnta.ke and output evaluations included cal.cium, nitrogen, 

phosphorous, . potassium, sodium, and chloride as measured in food, urine, 

feces, and sweat. As the primary amino acid constituent of bone matrix, 
1 

hydro~roline was also assayed. This was a highly complex experiment 

which required and received diligent effort on the part of the principal 

investigators, 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 equilibration period as well as the fourteen-

day flight, itself. The same flight urine samples were assayed for this 

experiment as for experiment M005 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, M006. Plasma hydro~roline measurements showed a slight post-flight 

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

Experiment M008, the in-flight sleep analysis experiment, was flown only 

on Gemini VII. 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 ex:perimcnt, · four staees of sleep 

were clearly demonstrated by the EEG as reflected by the characteristic 

slowing of the electrical activity of the brain. "Paradoxical" sleep 

was readily identified by the principal investigator but cannot be 

classically demonstrated since electro-oculograms 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 only represents a very normal response 

to any venture of this general nature. Some increase in theta wave 

activity was also noted. The experiment demonstrated the feasibility of 

utilizing the EEG to determine precise sleep patterns under operational 

conditions. 

Experiment M009 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 f'unction by means of 

two methods which were the two parts of the experiment. 
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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 and nitrogen 

ontpnl.. It nhould bo emphasized tho.t all oi' this in"forrnati.on can be 

classified as trend data, none of it having been associated with overt 

manifestations of ill effects in terms of clinical symptoms or signs. 

Within our present 14-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 reviewing positive findings, it is 

exceedingly difficult if not impossible to 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

skcletal changes and changes in fluid balance. Judging from a long history 

of ground-based observations, relative inactivity is unquestionably an 

associated cause of cardiovascular and nrusculoskeletal alterations while 

there is little question that thermal stress is an adjunctive cause of 

chn.nges 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 fluid 

loss, seen in the 14-da.y 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 cell mass, shortened red cell life span, and increased 
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red cell fragility are thought to be most reasonably r eferrable to the 

high oxygen atmosphere with perhaps relative physical 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 

was feared by many knowledgeable scientists early in the manned space 

:flight program. However, we must continue to be aware that from our 

vantage point a few years from now our present maximum of 14-da\Y'"S 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 apprehension, 

at the same time we must continue diligently with our investigative 

efforts so that we may be able to give maximum medical support to man 

in his f'uture conquest of space. 
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DRAFT 

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 todS\}'· 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 f'uture needs. 

When I say that many of these needs may relate directly to many of you, 
e>C.06157 

I do not intend to imply that NASA is now recruiting medical technician 

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 f'uture. 

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~ elements of our planned 

activity in Apollo and the very important follow-on Apollo Applications 

program. 
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The Apollo program of medical experiments will consist essentially 

of gathering confirmatory pre and post-flight data since Apollo flight 
.) 
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durations will not exceed the maximum duration Gemini flight.~ 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.U~,, 

studies and lymphocyte karyotyping will be added. ..Finally, the 
I I\ ( 

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 o:f the means by which we can support and extend his 

activities in space is in the Apol:ilo 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 technique, the third stage of the Saturn launch vehicle, 

the SIV-B, will be utilized as a habitable spacecraft. Its volume 

measures approximately 20 feet in diameter by 30 :feet in length for a 

total of 10 ,ooo 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 
J/Clrl 

provided willAbe a 5 psi ~ gas system of €rff:, oxygen and 31i nitrogen. 

Flight durations of up to 30 days) and up to 6o days, respectively, are 

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

----
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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 :f'unctionl , 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 fligbts 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 '-"SieS a ;;x ur ate 

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 principle of inertial oscil-

As flights continue to expand into longer periods of time, an increased T:: ~if '";;~;, ' i,r;ii,;; JV"'" ti# WF~ ~ Y:M rvr.r f7C//f/?o.r[ 

medical 1 £ capability will be required.,, It is ~hie end that 
1 N /lll'ST /i 4-T/I/ 

i£-JJfll-'1" 

we have now initiated the developmental stages of a medical laborato1'Y 
4 nnx Jr1JIL 

for space flight. To facilitate .:the chH&Qteris~ie e~ flexibility, it 

will be designed in modular form. In this way, older techniques can be 

quickly replaced with new and improved ones as they are developed, and 
r1.-1c.1t1r 

-illeo:cpo;s::a:t;ed experiments can be rapidly switched as ma.y be indicated 
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by late flight information, thus obviating the very long lead time 
&vALll/ff/Vlt 

requirements of the past. The major component capabilities of the 
A ~ 

flight laboratory will consist of physiolo~~behavioral, microbiologt';"" 
c;.\ I,.. sv/!,Wrftf1 s I 

- biochemi~, and data management 1\ Research and developmental 

efforts are needed in each of these areas to advance the state of the 
/AICl/1$A//{., A>JP c,f PA')IUTY 

a.rt in order to ·attgmell't- the versitilityA of equipment and procedures; 

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

performance; and to decrease volume, weight, and power requirements. W>rrJJ f11<.rTct1/.l.f 

K "ff/{()lcft TO /'121'11:.Jf.l n;cu11ct1U·~· 
ti .ln the field of biochemistry, liquid reagents, because of their behavior 

If /1 J.V'I G f Tl'/C11 ,Jfl£ rox I (_I 

in weightlessness and becauseAe#='theif te~i0-i~y,must either be used in 
kJ/Jlf! ft[fl~Lfi,, 

minute quantities, absolutely contained, or cost Elesir~, completely 
.J 

C)(•f1'HV 
avoided. If they are to be avoided, methodologies must be replaced by .., 

physical chemical techniques, and new development possibilities in this 
411/ IML caAJn11'4 n PE 1Pv€Frt14T&tJ, 

realm are presently being e¥alated. The handling of specimens for 
;t 

biochemical determinations will most probably require capillary tube 
wJ11cJ1Ff.tr4'.tll w1rh' ll!YJC/Ui bTl!UJ 4/itz ']&1.uv- L'l/Atv.,lr!C/ FoA 

techniques,A 'Ghe) 3-.spec±f'±c tam-i.!f!-:teaMons of trh~ch· will ieqttire 

f'w:rther study and development • A third research and development effort 

of importance in your field is the problem of sample preservation for 
T111.f; Af:-ilJ/., l.f ;.1or A fJ"1Pt£ flla~tlfn fG~ 'f11!17i/t /-JIU #a 

.JaJ. post-flight analysis l1E many samples of all human products, accumulated 
~ " A. 

#f f"'-•&-11r 
over a period of months to years.., to be studied for a variety of analyses • 

.fiJOVJV 
Literature searches carried out thus far have ~e:;eal;ed 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 maternal 

relationship between necessity and invention. Finalzy, a fourth area 
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of challenge is in the techniques which will enable us to determine 

changes in microbial ecology within the cloaea environment 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 
A~l.€' ro (JC IJ~vM!rt'f/ l'Al1' ~ ,4;/P J);t'J.,'f 

all of this must be -eaii&lJUCO:f -h~Bg carried out within the constraints 
A. 

~11An..lkntlf.15 r1< f. 
of • vehicular and operational ee.,aei:li'9!:ee. Each of these areas will 

require continuing and nniltiple research efforts. Each of them is a 
4li£ 17/t:... '(OV/ 

challenge to your field Jfll/.P io ~ irJV-r-vrtirr "~ tr.J T7$rttJ£/tr · 

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 

developnents/themselve~ and ramifications of the effort which they 
~Jloc::.f) 

engender ftH. find increasing application to clinical medicine . This 
ol{ f/lDrtlf/l>'tt. 'f 

is true armany medical specialties but in none more prominentl.yA.than 

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

Sorry I couldn't get this to 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 realm.so£ our respective endeavors. 
R eflecting 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 c a pabilities in manned space flight by: 

A. Space flight medical investigation 

1. To determine the e ffe cts of space flight on man, 
and the time a nd courses of these effects. 

2. To d e termine the specific etiologies and mechanisms 
by which these effects are mediated. 

3. To d e t e rmine means of predicting the onset and 
severity ' of undesirable affects. 

4. To d e termine the most effective means of prevention 
or correction of undesirable affects. 

B. Investigation of Flight Crew Support Techniques 

1. To evaluate arfJ advanceJf technology to enhance the 
flight crew capabilities . in space. 

Z. To evaluate arfJadvanceif crew environmental support 
technology. 

II. To Gain Scientific Knowledge 

A.. In Biology 

B. In Exobiology 

I 
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c. In Life Support Technology 

D. In Medicine 

Pursuant to these objective s, the Life Sdences 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/Behavioy{r 

II - Bioscience 

III - Crew Support Technology 

N - Crew Operational Techniques. 

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

In t he p ... a nning 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 experimentso By CY 1971 the onboard Biomedical/Behavioy(ral 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/behavio1fral experiments. The medical/behavioural input into the description of 
Configuration B is therefore embodied in the experiment data sheet on IMBLMSo 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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