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Man, Space Flight .
and Medicine
Charles A. Berry
Space flight is one of man's cur rent and few
remaining frontiers. This is particularly true of
aerospace med icine where the excitement and the
challe nge of the unknown d aily lead us to new
observations about man and his ability to perform
in and ad apt to the peculiar, weightless world of
space.
Prior to man's first flight in space, his expected
response was best represented as a huge question
mark . Indeed, good scientists projected their
ground-base d knowledge of man's physiology into
the space environment and predicted many dire
effects. Today. some of these may look strange but
they were serious concerns at the time, with some
scientists even predicting man 's demise on lif1-off.
Oddly enough, today, man is again being assailed
as the weak link in manned space flight and unma nned efforts are being advocated in preference.
Th us. to obtain objective data to prove that men's
body-systems' performance is adequate is vital as
we look at longer duration flights. I personally am
very optimi~tic in this reg~rd.
Man is made up of subsystems as is a spacecraft
but, instead of an environment al control system,
guidance system, or waste managemen t system .
etc., we have respiratory. cardiovascul ar, endocrine. nervous, genitourinar y. gastrointesti nal
systems, etc. Nor are we as fortunate as our

engineering counterparts because they can select
"hi rel" (high-reliability screened) parts from
known vendors. build the system to their
specifications, test it to destruction. and determine
a mean time to failure. This we cannot do. We
cannot select vendors or the parts. We have no
input to the specifications and the determination of
mean time to failure is complex and quite o.u t of
the question. Nevertheless, certain important
answers concerning man have been obtained from
our flight experience.
Mercury

The Mercury Program exposed the first U .S.
crewmen to the space environment . We were able
to do a significant number of biomedical investigations; including clinical and laboratory
evaluations and special studies of the catechol and
steroid response to stress, some evaluations of the
function of the digestive system by the use of a
xylose absorption test. a number of preflight and
intlight psychomotor tests, and some safety
monitoring. Even with these minimal studies, we
showed that man could survive launch and activity
and that he could perform admirably in the space
environment. As a result of this performance ,
future programs. and even the later Mercury
flights. were modified to take advantage of man's
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capability. T!le results also showed that such vital
functions as blood pressure. pulse rate. digestion.
and excretion responded normally. The eftect.; of
space-flight stress appeared tolerable as measured
by the hormone responses. and no psychomotor
impairmen t was observed. The first indication of
physiologic adjustmen t as measureab le on the
return to Earth was noted in the latter two Mercury
flights when a condition known as orthostatic
hypote nsion was noted. This cond ition is
characteri zed by an increase in pulse rate and a
decrease in blood pressure when one assumes the
upright position. It was quantitate d by using a tilt
table (Figure I) to expose the crewmen to a 70
· degree passive tilt for a period of 15 minutes. This
response has come to be known as cardiovasc ular
deconditio ning. The heart and blood vessels
comprising the cardiovasc ular system seem to be
" deconditio ned" in relation to the Earth-grav ity
environme nt. Our own research has led µs to the
belief that these changes are acclimatiz ation
changes by which the body systems adjust to be
more efficient in a zero g environme nt. The
readjustm ent is puzzling only when the crewman
returns to the Earth environme nt. Here a d ifterent
acclimatiz ation is required to Earth gravity. which
eluded the astronauts during weightless flight.
Gemini
The one-man Mercury missions were followed by
the two-man Gemini series during which some
inflight evaluations of the cardiovascular changes
first noted in Mercury were carried out on the three
long-durat ion flights of 4. 8. and 14 days. Four of
the medical experimen ts were aimed at determining the magnitude of the cardiovasc ular
decremen t. In order to simulate gravity' s effect on
the column of blood in the legs. blood pressure
cuffs on the extremities were to be inflated in a
rhythm ic fashion to interfere with blood return to
the heart from the lower extremities. The tilt table
evaluation s were repeated pre- and postflight.
lnflight measurem ents included a phonocardiogram or record of heart sounds in addition to
the normal electroca rd iogram. The heart's
response to a given metabolic load using an elastic
exercise device was also determine d. Biochemical
responses in both blood and urine were evaluated
and a calcium and nitrogen balance study was
conducted to determine whether or not the body
indeed had ,lost any of these substances as a result
of exposur~ to the weightless environme nt. X-ray
de nsitometry measurements of the heel and small
finger were done to determine the loss of bone
density. During the first two days of the 14-day
mission. an electroenc ephalogram recorded sleep
characteristics. Some early investigations also were
carried out relating to responses of the otolith

Figure 1 Tilt table.

portion of the inner ear.
Resu lts of these studies confirmed that. in fact,
we were observing some moderate cardiovasc ular
deconditio ning or. more properly, an adaptation to
zero g as evidenced by orthostatic hypotension on
return to Earth. Regardless of flight duration, the
longest period in which these eftects were noted
was about 50 hours posttlight. Also observed were
moderate losses of exercise capacity as measured
by response to a regulated exercise load on a
bi cycle ergometer. X-ray densitome try confirmed
that there was some loss of bone density. Detailed
calcium and nitrogen balance study confirmed
these densi tromctric measurem ents. Moderate
bod~· weight losses_ were noted in each of the
postllight examinat ions. The EEG (electroenl·cphalogram) and the crew's and medical
monitor's operationa l reports revealed some interforence with adequate sleep.
Two unexpected findings occurred. We obser ved
one during extravehic ular activity (EV A): a very
high-metobolic expend itu re and an elevated heart
rate along with body overheating due to the increased physical exercise. The other unexpected
finding was the loss of 20 percent of the red blood
cell mass. Despite these findings. we telt assured
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that we rnuld proceed with the proposed lunar
missions. especially since none were expected to be
as long in duration as the 14-day flight of Gemini 7.
Apollo
We then planned a series of investigations
during the Apollo program, involving three men on
a crew, to determine whether these results were
indeed due to weightlessness or to confinement in
the very small volume of the spacecraft. Other
factors in the A polio program required all
measuremen ts in Apollo to be conducted before
and after flight. In spite of the freedom to move
about and exercise in a limited way in the A polio
spacecraft, the Gemini results · were generally
c onfirmed . We noted again cardiovasc ular
adaptational change to zero g and a reduced
exercise tolerance of virtually the same degree as
noted in the Gemini program. Minimal loss of bone
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density was confirmed. We showed with flight
results and ground-base d chamber studies that the
loss of red cell mass was apparently due to the 100
percent oxygen environment . This anomaly could
be prevented by very minimal amounts of nftrogen
in the cabin atmosphere.
As our information increased, and methods
became more sophisticated , we were able to look at
mineral and hormone values to show that there was
some altered fluid balance postflight. We first
encountered inflight illness of an infectious nature,
a viral upper respiratory infection similar to the
common cold. During the Apollo missions, we have
noted a number of preflight, inflight, ·and postflight illnesses generally related to ground or
preflight exposure. These experiences req uired an
expanded crew preflight preventive medicine
program for the crew and associated personnel.
In flight motion sickness was noted for the first time
in our flight program, in contrast to the Russian
experience. Motion sickness occurred in a few

crewmen; consequently, wc have been unable to
predict this occurrence on baseline information
from pretligh t tests on the crews. However, in every
instance. the crewmen have adapted to the altered
responses to weightlessness and the duration of
symptoms have not exceeded five days. In most
instances. adaptation occurred within a few hours.
The requirement for a postflight quarantine
made it necessary to develop a program of preflight
and postflight sampling of the crew microtlora
(hacteria. viruses. etc.). Results of these studies
indicate some reduction of certain microflora and
some increases of certain organisms as a response
to living in the isolated environment of the
spacecraft. For example, on the Apollo 14 mission.
we saw the first indication that exercise and exposure to the l /6g condition of the lunar surface
may have had a beneficial effect on the expected
physiologica l deconditioni ng which we have
discussed. Those two crewmen spent considerable
time on the lunar surface and did not exhibit
evidence of cardiovascul ar deconditioni ng. The
command module pilot. who spent all of his time in
zero g. did exhibit changes of the magnitude expected from previous flights. Data are inadequate,
but seem to indicate that more work is needed to
assess the differences in physiological response of
lunar EV A pilots as compared with the command /service module pilot in lunar orbit. Certainly. differences in water and caloric intake must
be consid ered.
Our findings to date have allowed us to develop a
working hypothesis concerning the effects of zero
gravity on man. Weightlessness as a stressor of the
flight environ ment has produced effects on the
nervous system. the bones and muscles, the fluid.
electrolyte and endocrine · system, a nd the cardiovascular system. One of the first effects noted by .
the crew on achieving the weightlessness condition
is a feeling offullness in the head. We feel that this
is due to a redistributio n of·the weightless column
of blood allowing a greater amount to be above the
heart level than is present in the lg condition. This
increased amount of blood returned to the right
side of the heart increases the volume in the right
atriu m and initi ates a reflex stimulus to the
pituitary gland. This stimulus calls for a reduction
in the secretion of antidiuretic hormone and thus
an increased excretion of urine occurs. This
provides a new blood volume level commensura te
with a zero g environment . As the increased urine
flow occurs, the adrenal is stimulated to increase
the level of aldosterone, another of the body's
hormones. A ldostcrone allows the kidney to retain
sod ium ion. but there is no system ·that retains
potassium. The lack of a gravity Yector leads to
some decrease in calcium. magnesium. potassium.
ch loride. nitrogen, and phospho,rus in the bones
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and muscl es. resulting in a dec rease in bone density
and muscle mass. Th ese interrelation s may b e
followed more carefully in Figure 2.
There are de tin ite changes in body fluid s as a
part o f the adjustment to zero g and the read justment to func tion in lg. Postflight st udies have
shown a d ec rease in total body water. Most of this
decrease has occurred in the interce llular fluid
compartme nt. The body weigh t losses noted
post fli ght arc mainly due to this fluid decrease. The
huma n has a mple a bility to a id these readjustments hy proper food. fluid. and electrolyte
in ta ke. Once t he m agn itud e of th ese c hanges is
determined. some additional countermeas u res may
be necessary. Certainly. to date. the physio logical
adjustment!> noted have not comprom ised crew
ability to perform d ema nd ing !light mission s.
The !ind in gs on o ur 11 igh t program to date have
also indicated the wisdom in ou r observin g c hanges
in bod y system s and thus focusin g o ur fut ure !light
experiments on those systems where change has
been observed. It might seem logical from a
scientific point of view to d o a deta iled survey of
each of the bod y systems. but thi s \\'Ot1 ld be both
time-consum i ng a nd ex pensive with a res ultin g
de lay in ob ta ining th e answe rs necessary for us
carefully to evaluate man's capab ility to perfor m
for long periods in the we ightless enviro nm ent. As
a resu lt o f our current p lan . we h ave cle,·clopecl a
series of in tlight exper:ments to be flown on the
Skylab (Figure 3), for mission s of 28 and 56-day
duration s. Skylab a llows us for the first time to
meas ure the physiologica l r esponse of the involvt!d
body sy'> tem s while in t he weight less environment
and not j ust pre- a nd posttlight. T his foc us on the
involved systems should allow us to delinea te and

quantitate the ph ysiologic adaptation of the body
to the stresses of space flight a nd p la n for ma n 's
in volvement in long-duratio n flight.
These medical findings are Interesting and have
obvious impl ication s to man 's fut ure activity in th e
space e nvironm ent. This quest ion is ra ised
freq uently. however: what about th e mortals who
live their lives on the s urfac e of this pla ne t Earth ?
Is there any bene fit which will accrne to them as a
re sult or man's efforts to ex plore th e space fron tier '? The space medicine req uirements whi ch were
ne cessary for assu ring man's safe journey in to a nd
re turn from space h ave resulted in hardwa re a nd
tech 11 iq ues o f great valu e to te rrestria l med icine.
T hese app lication s may be vie,,·ed in the light of the
original requirem ents.
The in itia l requirement is t he selection of a crew
capable of performing the m ission requ ired
without undue physiologic or psychologic effect.
This led to observations on the effect of motiva tion
of performance :.rnd adaptation and emphasis on
the fact tha t the human machine is enormously
ca pable of taki ng punish men t and of adapting to
new and dema ndin g enYironme nts. T he selection
process also demon strated the val ue of purely st atic
exa m ina tions or the individual to p erform at pea k
level m stressful situa tions. Anothe r usefu l
tech nique \\'as a combinatio n of background.
psychologic. and psychiatric information in order
to arrive at the best evalu a tion position conce rni ng
the individu al's capa bilities. These techniques
ol)\·iously apply to te rrestria l med icine \\' he re,·er
there is a need to selec t people fo r particularly
demanding tasks.
O nce selected. retention of the cre\\'men on
!lying status becomes o f great importance because
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of the large amount of money invested in the
training of such an individual. A technique of
evaluating the medical deficit of any crewman on
an individua l basis, and making every effort to
assure that we keep people flying, has had some
far-reaching effects on our evaluation of flyers for
both civilian and military tasks.
Once selected and retained. an artificial environment is needed to insure the health of the
crewman in hostile space. The resulting hardware
has been a series of environmental control
systems-space suits, water-cooled undergarments,
water and waste systems, etc. The terrestrial application of these items ranges from the use of the
space suit helmet for pulmonary function testing of
children (Figure 4), the water-cooled undergarment
for cooling of firemen, race car drivers, etc. (Figure
5), to the reclamation of urine and purification of
contaminated or potable water supplies for use of
our terrestrial environment.
The need to monitor the physiologic function of
our crewmen at d istances of 240,000 miles while
they were working led to the development of
miniaturized, nonirritating and highly reliable
sensors. Once the data are obtained, it is
necessary to transmit it to earth. The development
of such instrumentation led to a massive effoti to
create, miniaturize, and make reliable many types
of bioinstrumentation which had not previously
existed. In fact, this additional requirement has
caused the development of many items which are
not yet being flown in space, but have excellent
medical uses on the ground, such as the endo-
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Figure 4 Space helmet for respirometry.

radio-sound for gastric PH, etc. Sprayon sensors
have been developed for use in ambulances (Figure
6) to all telemetering of a n electrocardiogram
back to an emergency room. The use of our sensors
in cardiovascular and intensive care units has
become widespread. The ability to monitor individuals at work a nd to telemeter the data to a
central site for immediate viewing, or for storage
and review, or even for recording on tape and later
review, can place many of our medical decisions on
a much firmer scientific basis. Answers to
questions concerning the level of hypertension on
an individual while 1he does a particular task and
the effect of hyper'tensive drugs on the elevated
blood pressure are possible through these
techniques. The salient question in a post-coronary
patient is what level of work he should be allowed
to do. This can be determined on a direct
physiological basis by monitoring t he electrogram
while the ind ividual participates in his daily work
activity. These techniq ues also offer the capability
for remote telephone or television diagnosis in
many areas of our own country and of the world
where medical care is in shor t supply.
As soon as we were able to instrument man in
such a way that data could be obtained from these
great distances, huge masses of normal data were
obtained by constant monitoring on the longduration flights. This immediately led to the
necessity to develop systems which wou ld allow
computer interpretation and tabulation of ECG,
EEG. and other such data. These techniques are
rapidly being used in many medical centers about
the coun try. and ind eed in central repositories,
where individual practitioners may be connected by
telephone. The large amount of data obtained and
analyzed has led to a computer-stored data base on
"normal" individuals which is prob ab ly
unequalled anywhere. This normal data base may
be utilized to define better the ranges of normality.
Also. by its contin ued manipulation through our
automatic handling systems. we may be able to find
new ways to apply results of several evaluations to
terrestrial medical problems. Our entire data
system has been based upon the use of
min icomputers in the local laboratory area. These
minicomputers are connected to a larger central
computer system for storage and dump of the
material for the data base.
As we plan to expose man to longer and longer
periods of weightlessness, we develop the
requ irement to predict the body system effects and
to evaluate body system function in zero g. This
ca lls for the development of many new laboratory
techniques and pieces of laboratory hard ware.
As each of our crewmen is used as his own
control in determining1the effects of space flight. it
is essentia l that we know as much as possible about

Figure6
Sprayon sensors used
to relay electrocardiograms
to hospitals.
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Independe nt factors extract ed from 47 variables. They
accou nt .fo r 86% of the total varian ce. Remaining I 4%
variance is unique variability for some variables and
e1ror variance for each variable.

Figure 5
Watercoo /ed
undergarm ent.
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Figure 9 Bicycle ergometer.
Figure 8 lower body negative pressure device.
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Figure 10 In.flight cap for obtaining EEG.

his "normal state." Each crewman has a large
battery of clinical laboratory determinations made
annually a nd then, depending on his participation
in either flight or test activity, he m ay have this
same series repeated at more frequent intervals.
This has produced a large volume of laboratory
information definin g the "normal" for each of
these individuals and , in the process, h as provided
a great deal of information concerning the
definition of normality. The computer is used
widely in this operation . There are c ircadian or
time-of-d ay variations in most of the body's activities wh ich are reflected in the values of
laboratory determinations made at various times.
Whereas, the variation in these values obtained at
different t imes might not be of critical clinical
significance in ill patients, it is of great importance
to us as we try to determine the effects of space
flight on man. In trying to defin e better these
circadian differences a nd rhythms, their importance to clinical laboratory determinations may
be better d efined.
It has become ve1 y ob\. ious that th er(,'; can be
values which indicate significant alteratiorys of
body functions ar'1 <ttll these values may be with in
th e usually denoted normal 1imits. Curves plotting
the values 11,, sllch parameters as blood sugar,
white blood cell count, etc .• have proven of great

value to us in determining preflight or posttlight
aberrations of physiological fu nction in our crews.
There is an increasing need for rapid answ~rs to the
various tests wh ich t he physician might requ est.
We have automated our laboratory and tied it to
the computer. This has made it possible to do large
numbers of blood and urine tests in a very
economical manner. We intend, at a ll times, to use
noninvasive techniques, if possible, for any
determination. We are constantly pushing the !itate
of the art, trying to create technological advances
in such techniques that will give us more detailed
inform2.tion concerning body functions (Table 1).
At present, we continue to use less and less blood to
get more and more in formation. At t he same tim e,
we are carefully evaluating such bloodless
techniques as the use of hair, nails, b reath , and
saliva for obtaining information previously obtain able only through blood samples.
In a further attemp t to redu ce th e num ber of
procedures necessary. we have been developing
hemato-logic, im mu no logic. a nd clinica l
biochemical sc reening procedures wh ich emphasize mathematica l interactions between
laboratory variab les. t hereby minimizing the
required analytical procedures without sacrificing
any informational content. Some 47 laboratory
tests were run on I 00 individu als. A computer
matrix was created with these 47 variables and it
was possible to note that 20 of these gave t he bu lk
of the information obtained. This list could be
fu rther optimized in suc h a way that 8 tests could
provide 85 percent of the data produced by the 47
laboratory determinations. The tests (Figure 7)
were selected to obtain information on hydration
status, hu moral imm uni ty. lipid metabolism, blood
cell fun ction, adrenal cortical fu nction, liver status,
and tissue damages. These tech niques are being
further r efined so that our labor atory may be
programed to run automatically a particular
battery of laboratory determ inations concerning a
certain body area, such as the liver , should a n

Figure 11 Medical kit used aboard Apollo flights.
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indicator test prove to be out of normal limits. In
fact, automatic programi ng of additiona l
laboratory determina tions would preclude the
necessity for patients to ret urn for further
laboratory work and, also, wou ld r ed uce or
preclude additional time delay in providing the
patient with an answer as to his condition.
The need to assess the reactions to space fligh t of
the cardiovas cular, ca rdiopulm onary. a nd
m uscu loskeletal systems has led to developme nt of
particular laboratory equipmen t which has been
automated to a great extent. Some of this
eq uipment has been further miniaturiz ed and
developed to the point that it may be utilized intlight in the Skylab Program.
The lower body negative pressure device (Figure
8) which suc~s blood into the lower portion of the
body, req uiring the heart and blood vessels to
respond to create more normal blood return to the
heart. is one of these devices. The electrocardiog ram, heart rate, and blood pressure ar e
taken at very rapid intervals. An automatic blood
pressure device has been necessary. which has ~een
pushing the state-of-t he-art developm ent. It now
appears that we do have a most accurate piec•! of
hardware wh ich will have great value in the care of
surgical patients, in intensive care wards,
hypertensi ve evaluation , etc.
T he bicycle ergometer (Figure 9) also has been
automated to allow a plateauing of work load at a
given heart rate-in our case 120, 140, and 160,
and we have com bined additional pieces of hardware allowing us to determine respiratory flows and
cardiac out put during such procedures. Both these
devices are d ynamic testing gear which evaluate
total body response to a given stress.
The need to determine the metabolic loads of
cer tain activities inflight has led to developme nt of
a metabolic analyzer which wi ll replace th e
commonly used Douglas bags and s uch other
space-cons umin g eq uipment in ground -based
laboratories.
In an effort to evaluate central nervous system
function, particularly sleep in flight, a cap with new
sponge electrodes (Figure 10) has been developed.
These electrodes will obtain an EEG of excellent
quality without any special preparatio n of the
scalp. This system also has been connected to a
sleep analyze r which will scan the EEG tracing and
print out digitally the amount of time spent in level
I. 2, 3. or 4 or rapid eye movement (REM) sleep.
This device has great value in drug evaluatio ns and
for the use of anesthetist s in surgical procedures . It
also can be used in treating ins<1mniacs and others
experienci ng sleep neuroses. Several of the devices
have been made available to civilian hospitals, such
as the Veterans Hospital in Oklahoma City. the
Medical Branch of the University of Texas at
Galveston. and the University of South Carolina

·,,
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Medica l School. The electrod e system allows us to
obtain electroenc encephal ogram and an electroocu logram. to better defi ne the levels and qu ality of
sleep.
Bed rest and water immersion have both been
utilized extensively as I g analogs of the ph ysiologic
effects of weigh tlessness. They are not true analogs,
but they do produce some of th e same type, bu t not
magnitud e, of physiologic changes observed
following exposure to the weightless environme nt.
Bed rest has been utilized by physicians as a timehonored method of therapy since the beginning of
the practice of medicine. In spite of this long usage.
there has not been adequ ate kn owledge concerning
the effects of bed rest, both detrimen tal and
beneficial. to the patient's condition. Our need to
use this analog better to predict possible effects of
the weightless environme nt has led to much better
defin ition of changes in calcium balance,
musculosk eletal integrity. blood volume changes,
and the effect of exercise a nd va rious other
counterme asu res in preventing these physiologic
decrement s. This has great importanc e to the many
patients in whom bed rest will be used as a means
of therapy.
Whi le evaluating the effect of space flight on the
blood. we noted decrease in red blood cells. In
studying the possible cause of this decrease in red
cell mass. particular st udies were made of the red
blood cell membrane and much has been learned
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about its function and chemistry. which will be of
value in the study of various anemias. The electron
microprobe, which is principally an engineer's or
physical scientist's tool, also has been used in
determining the location of various elements in the
red blood cell. In separating red and white cells, it
was noted that neoplastic white cells had high
levels of titanium and zinc. whereas the normal
cells did not. This findin g has been noted and
passed on to a number of the large centers conducting research in cancer and other neoplastic
diseases. Our flight results also have indicated that
nitrogen. even in small amounts, appears to protect
the red blood cell from the lysis occurring in the
oxygen environment, which may indicate some
basic physiologic effect yet to be determined .
In providing food for our crews intlight. we
developed a number of methods of preservation
and packaging which would allow us to assure both
palatable and safe foods. Such development has led
to items which will find their way into everyday
use. Also, we have found it necessary to
conduct a great deal of research in determining
basic nutritional needs such as the leve ls of protein
required and their relationship to such factors as
calcium mobilization. All of th is information
directly applies to patients here on Earth.
The possibility always exists that our crews will
need treatment for some particular condition in
flight. Great thought has been given to possible
ill nesses which might be encountered; we have
attempted to provide medication to care for these
difficulties. Motion sickness was one of the early
conditions considered in the weightless environment and has been seen on a few occasions in
our flights . In preparing for this eventuality,
stud ies were conducted on the effectivity of various
medications for the prevention and cure of motion
sick ness. A very effective dexedrine/scopolam ine
combination has been developed. which obviously
has wide use both in medicine and for such groups
as fishermen, aircraft travelers, and boaters. The
possible need for a crewman to obtain medication
for pain or motion sickness (Figure 11) by injection
led to the development of an automatic syringe
which injects a material merely by a touch of the
base of the syringe to the body. This has great
application in patients who may have emergency
need for medication away from a medical center.
The increasing duration of flight has led to the
development of more miniaturized equipment for
diagnosis and therapy. as well as for the experimental investigations mentioned previously.
We have in development an integrated medical
behavioral laboratory system which uses a number
of adxanced technological techniques making
it possible for a single individual to diagnose, treat.
and cond uct medical eval uations inflight. These

systems may be used through ground direction or
with the use of a physician on board . Many of these
laboratory and diagnostic techniques and devices
cou ld be util ized by mobile physicians on the
ground.
In order to mai ntain the health of the crew
before. during. and after flight. a number of
procedures have been deve loped which have import
to terrestrial medicine. As soon as it was evident
that we had the capability to extend ma n's time in
space past the one-week period. we became concerned about the possibility of his developing an
illness in flight to which he had been exposed in the
prellight period. Our first experience with preflight
illness altering th e course of a mission occurred in
the Apollo program. We. very early. had experienced preflight. intlight. and postflight illness.
We immediately developed a very comprehensive
preventive medicine program whose ai m was to
stabilize the health of the crew and to maintain a

Figure 13 Apollo docking sim ulator.

hea lth scr een around them during a 21-day period
preflight to limit th e number of possible disease
contacts. This modified isolation program has
produced some very interesting epidemiologic
information relating to ill nesses which might be
trivial on the ground . The careful following of
primary contacts and their families has given
evidence of th e risk of the spread of many of the
common ground gastrointestinal viral and upper
respiratory diseases. from one family member to
another. This information can be directly applied
to ground -based epidemiology and disease
prevention.
A smal l percentage of every blood sample drawn
is preserved in our se rum bank so that we may go
back and check historically on either immunity
levels or an y other parameter involving a particular
astronaut. This has "p roven to be an invaluable aid
in such instances as the development of rubella in a
backup crewman o n A polio 1J. The value of such a
scrum bank and the cpidemiologic investigation of
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disease is inestimable. Another instance of the
value of our baseline data involved the finding of
an 8000 white blood cell count on a crewman five
days before the launch of A polio 9. In a few hours,
it was determined that the distribution of his cells
was abnormal, showing a shift to the lymphocytic
series and some eight hours later he had the
symptoms and findings of an upper respiratory
infection of viral origin. The 8000 white blood cell
count is certainly within normal limits, but for this
individual whose normal count was known to us as
4000, this doubled his white blood cell count. This
development has led to a program looking further
into the role of the lymphocyte as an early detector
of disease. We have initiated studies of mice,
inoculating them with various microbiologic
agents.
We then studied the urine and the serum for
specific antibodies, trace metals and amino acid.s,
examined the tissues, and particularly looked at
the lymphocytes with some new methods utilized in
our laboratory. We have found that it is possible to
use the microspectrophotometer and to actually
quantitate the RNA and DNA in various portions
of the lymphocyte. Indeed, by this method , one can
draw a contour map of the lymphocyte. We also
have been looking at the uptakes of radioactive
thymidine and uridine. These are related to the
DNA and RNA levels and these methods
demonstrate some changes in ratios and
distribution related to evidence of infection. Such
methods for the early detection of disease obviously
can have great import as we look at individuals
doing specific jobs where their presence is required.
The ability to detect the disease before symptoms
have been exhibited can be a powerful tool in this
regard.
The preventative medicine program in operation
for our crews alters their risk of disease, not just in
the preflight period but during their entire career.
T he compilation of such disease information in a
control population can prove of value as we adopt
more and more preventive medicine programs in
the population at large. In space medicine, we look
upon the development of a disease in one of our
crewmen, even though it be infectious, as a
preventive medicine failure and try to find the
cause of such a failure.
The necessity to study the microbiologic flora of
man before and after missions as long as 12 days
has shown some interesting changes in sam plings
of the throat, urine, and feces. We have seen
evidence of overgrowth of opportunist organisms
and are concerned about the possibility of
microbiological shock on exposing crewmen to
large doses of organi~ms after prolonged isolation
in the microbiologically-controlled environment of
the spacecraft. All these findings are of value as we

consider such common occurrences as infections in
patients who have had their immunities altered
either through radio- or drug therapy.
In kee~ing the crews well during a mission, we
have continued to be concerned about the
development of toxic levels of minute amounts of
materials contained in water or atmosphere of the
spacecraft. Our crewmen are exposed for 24 hours
a day to any substance in the environment, and
therefore the standard acceptable levels has import
to our study of pollution on Earth.
In addition to many valuable items coming from
medical requirements created to support flight
activity, a number of nonmedical space items with
ground applications would have to be called
serendipitous. The space helmet for conduct of
pulmonary function testing in children has proven
of great value, as has an electronic switch (Figure
12) which may be operated by eye movement. The
switch may be used to power almost anything and it
has been coupled with a motorized walker chair
originally planned for use in unmanned exploration on the lunar surface. These devices have
been utilized with neurologically disabled patients
of various sorts. A device used to simulate both
zero g and 116 g movement has found use in
rehabilition of stroke victims. Tiny motors which
have been developed in the space program are
rapidly finding varied uses within the medical
community.
Our flight trainers or simulators must be special
because our crewmen never get to fly in the real
vehicle in any practice runs. Each flight could be a
first time and, therefore, the simulators provide
great realism and accuracy. The same techniques
which were utilized to simulate docking and
landing (Figure 13) and in procedures trainers now
are being utilized by the airlines. They can· thus
reduce transition time in some major aircraft, such
as the Boeing 747, to an hour and a half to two
hours, saving many dollars for the airline industry.
An area of great current interest is the
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Figure 14 Germ free plant program.
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multispectral scanning and sensing of earth from
aircraft and spacecraft. While this has great importance to the study of pollution, ·water supplies,
air, the finding of fish and many other such items,
it also has great medical promise.
We are able to recognize certain vegetation from
air or space by these scanning techniques. This
vegetation may be connected with particular
disease vectors. A recent example was the concern
for St. Louis encephalitis carried by the Culex
mosquito In the Houston , Texas, area. It was
determined th at this mosquito breeds in ditches fed
by drainage from septic tanks and in streams where
large amounts of urea were concentrated. Urea will
fluoresce and thus can be picked up by scanners.
Streams with urea can be identified from the air
and the area sprayed. Some 28 d iseases are
currently under study as to their vectors and
reservoirs; we hope that direct attack may be made
through the use of Earth-scanning methods.
In an effort to prove that the lunar materials
ret urned from the early lunar landing missions did
not constitute a hazard to any form of life on Earth ,
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its effects were st udied extensively on various life
systems in the lunar receiving laboratory. The only
biologic effects noted related to plants, bacteria
and . perhaps. viruses. Some of the core lunar
mater ial obtained on A polio 11 was found to kill
cultures of bacteria with which it was placed . It
also has been shown to alter the metabolism of
viruses. We have had consistent effects with the
lunar materials obtained on Apollos 11, 12 and 14
(Figure 14) on both plant tissue cultures and plant
seedlings. We saw an increase in growth over the
growt h rate shown in standard nutrient media.
This effect has been further studied through the
use of aud ioradiography with lettuce. The lettuce
seedlings were shown to take up significant
amou nts of manganese. iron, and a number of
other elements s uch as cobalt. bu t the uptake of
manganese was approximately 100 times greater
tha n that of other elements observed. Lunar
material does indeed appear to act as a source of

nutrients and. specifically, manganese is being
singled out as a particu lar nutrient. The import of
these biological findings is cer:tainly unknown at
the present, but they are of great scientific interest
and certainly will develop practical implications.
The necessity to support manned space flight
med ically created a team effort allying the medical
community with the engineering com munity in a
most intimate manner. This relationship has at
times been emotional, but both sides have learned
a great deal. Production has been fruitful not only
in mission results but in med ical hard ware, as well
as spacecraft hardware to conduct these missions.
Such a team concept and such an understanding is
absolutely necessary if we are to progress in
medicine at the desired pace. This experience can
and must be transferred directly to the private
medicine sectors.
Another unusual experience which can benefit
medicine here on Earth is the practice of medicine
which has been conducted in a public forum. We
have found ourselves trying to treat patients over a
public loud-speaking · system where the listeners
were quick to intone dire consequences for the
entire program should there be any evidence of
medical impairment, no matter how slight. The
conduct of this activity and the relationships with
the press and other agencies have great experience
value to the fut ure conduct of medicine as the scene
is altered in our terrestrial experience.
Many items of hardware, techniques, and ideas
have evolved through the necessity to support man
in the space flight environment. T his new
tech nology and these new techniques must be
applied to the practice of medicine here on Earth,
for this practice must change. T he ever-increasing
demand for medical care with out adeq uate increase in medical · and paramedical personnel
makes it mandatory that we utilize technology to
help the physician in his task. It is certainly
possible to do this and allow the physician time to
spend with the patient and keep the all im portant
human factor in medicine. At the same time. it is
impotiant to remember that the space program
developments were not done solely to produce such
fallouts.
All these developments were part of a
technologic and scientific base which had to evolve
if we were to achieve our goal in manned space
flight. Such a driving force constantly pushing the
country's science and technology ahead is vital if
we are to survive as a nation and maintain our
position as a prime world power.
Ma n's destiny, I feel, is indeed the stars: the
technology and scientific base is the thrust to
achieve that destiny. A polio 15 provided the latest
evidence. We placed the ladder. We now ask th at
you who follow should climb it.

