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Man's Future in Space
With the Russian Salyut spacecraft in earth orbit and the
expected launch of the American Skylab on 14 May the
scene is set for the most important phase of space exploration
this century-the use of near space by manned experimental
stations. The Salyut and Skylab missions are with us only
a few months after the final lunar exploration, and it would
be amiss to let the Apollo era pass without some considera-
tion of its contribution to space medicine.
The ability of man to function in the space environment

was explored during the Gemini flights of the mid 1960s,
and these flights included missions of sufficient duration to
complete a lunar landing. It became clear during the Gemini
and Apollo programmes that changes which could impair
the effectiveness of man in space may arise. Generally these
were of less magnitude than expected. But beyond dispute
were orthostatic hypotension, which arose from the adapta-
tion of man to weightlessness, and reduced red cell mass,
which is believed to be due to breathing an unusual
atmosphere.
Reduced plasma volume is the most notable adaptation

to weightlessness and arises from a redistribution of body
fluids. It is believed that shifts of body fluids from depen-
dent parts distend the cardiac atria and the great vessels of
the thorax. Impulses from receptors sensitive to distension
within these vessels inhibit the secretion of the antidiuretic
hormone, and plasma volume is reduced by a diuresis. As
long as man remains weightless the reduced plasma volume
would appear to present no serious effects. The difficulties
which have been encountered outside space vehicles in
earth orbit are probably entirely due to mechanical problems
and the limited performance of the personal equipment for
supporting life. It is the return of man to a gravitational
environment which requires careful attention. Some
astronauts have experienced unsteadiness after space flights,
and it is reported that the cosmonauts of the Russian Soyuz
9 were unable to stand unaided for several days after their
18-day flight.

It is possible that as well as reduction in plasma volume
man's relative inactivity in space flight leads to reduced
muscle tone, while the absence of hydrostatic effects may
reduce the tone of the smooth muscles of the veins of the
lower limbs. The possibility that the early Apollo crews may
have been impaired during their lunar explorations was con-
sidered, but there was no evidence of an unfavourable initial
response to lunar gravity. However, observations on the
Apollo 15 crew suggested that the fluid shifts initiated by
weightlessness may also have given rise to electrolyte

changes, for the astronauts suffered a loss of potassium and
had cardiac irregularities during the lunar exploration.

It has been suggested that the fluid shifts associated with
weightlessness may modify not only the secretion of the anti-
diuretic hormone but also the secretion of aldosterone, lead-
ing to a loss of cellular potassium. The cardiac irregularities
of the Apollo 15 astronauts may have arisen in this way,
and for this reason the crews of Apollo 16 and 17 received
supplementary potassium. The physiological basis for the
use of supplementary potassium in space crews is not well
established, but there were no serious cardiac irregularities
during the remaining Apollo flights. The important issue is
whether the ability of a crew to work effectively on the
surface of another planet after prolonged weightlessness may
be impaired. It is hoped that the studies which are planned
aboard the earth orbital missions will lead to a better under-
standing of adaptation to weightlessness as well as the re-
adaptation to gravity.

Before space flights there was no convincing evidence that
breathing pure oxygen at the pressures used had any toxic
effects, but reduced red cell mass was a consistent feature
of the Gemini flights. In the Apollo missions the pure
oxygen atmosphere was replaced by a mixed gas system and
leakage was replenished by oxygen only as the journey
proceeded. In this way the nitrogen tended to persist, and
in missions in which the mixed atmosphere at launch was
not completely replaced by oxygen the red cell mass was
not reduced. A reduction in red cell mass is not observed in
cosmonauts who breathe a gas mixture similar in com-
position and pressure to air throughout each mission, and
this would suggest a protective effect of nitrogen on red
blood cells even at the very low pressures which persist in
the Apollo system. Studies have shown rhat the half life of
red blood cells is not changed on these flights, and in the
absence of external bleeding decreased erythropoiesis must
be considered to account for the smaller red cell mass. Ex-
posure to pure oxygen in the weeks preceding each mission
during training sessions may be involved as well as the
exposure to pure oxygen during the lunar explorations, but
the relative inactivity of the weightless state may be a factor,
because bed rest is known to lead to anaemia.
The Apollo programme has given considerable confidence

to those responsible for the management of man in space,
but it is evident that the space environment has subtle
effects on the physiological balance of the body which are
as yet little understood. Future space missions will entail
much longer periods of weightlessness, so that the adapta-
tion of man to them and the possible deleterious effects of
space flight demand careful studies both during the mission
and also during the readaptation to gravity. In this way the
future of man in space and his capabilities for planetary
exploration will be defined.

Compression of Cord by
Paget's Disease
When in 1877 Sir James Paget' described the disease of bone
which now bears his name he noted, and illustrated, involve-
ment of the spine and shortening of the neck, but gave no
clinical or necropsy evidence of spinal cord disease. It was
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