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Eye Movements During Sleep in Weightlessness

Abstract. The number of eye movements during sleep increased during the first
sleep period in zero gravity but returned to normal by the second night. These rapid-
eye-movement functions in flight may be the first variations of an oscillatory system.
The ratio of the higher and lower eye movement frequencies oscillates within normal-

gravity limits.

Experiment 1ES030 was performed to
record eye movements and the associat-
ed muscle activity during sleep on the
Spacelab 1 flight. Measurements were
made with Medilog electrophysiological
tape recorders. Eye movements during
sleep differ from those during wakeful-
ness in frequency and amplitude. A fur-
ther differentiation between wakefulness
and sleep was obtained by recording
movement artifacts with an electromyo-
graph (EMG). In the evaluation of the
Spacelab data, two variables were to be
taken into account: a 12-hour time shift
for the payload specialist (PS1) who car-
ried out this experiment and zero gravi-

ty. Therefore, baseline measurements
were made during sleep 120, 60, and 30
days before flight (days F — 120,
F - 60, and F — 30). Measurements
were also made during sleep on day
F — 5. A 12-hour time shift started for
PS1 2 weeks before the launch, the ratio-
nale being that most biological rhythms
take 1 to 2 weeks to adapt to such a shift.
Measurements were also made 2 and 4
days after recovery (days R + 2 and
R + 4), but it must be realized that the
effects of return to gravity were com-
pounded with the effects of a return to
local time. For various reasons, it was
feasible to record the sleep parameters

only during the early part of the mission.
The electromyogram and electro-oculo-
gram were recorded satisfactorily and
the rapid eye movement (REM) sleep
epochs were clear.

Observations. During the first sleep
epoch (night 0) in space, the number of
eye movements increased dramatically
compared with any of the pre- or post-
flight nights, but it returned to normal by
night 1 (Fig. 1). Similar fluctuations were
seen in the percentage of REM sleep as a
function of total sleeping time. On night
1, REM sleep increased to 50 percent,
whereas it is normally between 20 and 25
percent of total sleeping time. The
abrupt increase is not pathological. In-
stead, it reflects a temporary imbalance
of the REM mechanisms which include
other autonomic variables such as heart
rate and blood pressure. In pathological
conditions, REM sleep decreases rather
than increases. However, an increase in
REM percent has been found in associa-
tion with nausea and vomiting during the
waking state. Total sleeping time was
only 3 hours during the first night in
space, but during the second night it
increased to 6 hours, which corre-
sponded to the average baseline level.

It has been shown that REM sleep is a
sensitive indicator of how information is
learned (/). This is true even for the rat
(2). In humans, the informations may be
internal (hormonal and metabolic) or ex-
ternal (for example, the learning of a new
computer language) (3). During REM
sleep, eye movement frequencies higher
than 1 per second are specifically corre-
lated with learning, whereas lower fre-
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quencies are distributed like random
noise. The ratio of these frequencies is
relatively stable (4) and expresses the
synergetic function of the brain (5).

In flight, the ratio of eye movement
frequencies higher than 1 per second and
those lower than 1 per 2 seconds shows
fluctuations which remain within the
normal range (Fig. 2). It is of interest that
the inflight fluctuations were repeated
after return, showing that the variations
in gravity were integrated without dis-
tinction between increases and de-
creases in gravity.

The increase in REM discharges on
flight night 1 was unexpected. Given the
stress of the launch, a decrease was
expected instead (6). However, the pay-
load specialists for-the Spacelab 1 mis-
sion had undergone a long period of
preparation. They had been thoroughly
trained to perform various experiments
and they were able to adjust their in-
structions to novel circumstances. The
results are consistent with the view that
the change to zero gravity provides in-
formation which the brain of PS1 inte-
grated positively. The same was true
after landing for the change to normal
gravity, but Fig. 2 shows an apparent
delay of 1 day in the integration of this
new information. The effects of the 12-
hour time shift together with the effects

of the return to normal gravity may have
been responsible for the delay.

There is no doubt that there is a link
between eye movements during sleep
and those during wakefulness (which
were recorded in other experiments on
the Spacelab 1 mission). However, the
specific link is not yet known. The pres-
ent results may provide hypotheses for
future research.
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Radiobiological Advanced Biostack Experiment

Abstract. The radiobiological properties of the heavy ions of cosmic radiation
were investigated on Spacelab 1 by use of biostacks, monolayers of biological test
organisms sandwiched between thin foils of different types of nuclear track detec-
tors. Biostacks were exposed to cosmic radiation at several locations with different
shielding environments in the module and on the pallet. Evaluations of the physical
and biological components of the experiment to date indicate that in general they
survived the spaceflight in good condition. Dosimetric data are presented for the

different shielding environments.

Humans in spaceflight are exposed to
two important sources of potentially det-
rimental effects: (i) the cessation of the
gravitational stimulus to which they are
normally adapted and (ii) ionizing cos-
mic radiation, On the earth people in
industrial countries are exposed and pos-
sibly, adapted to an average radiation
dose-equivalent estimated as 2.4 millisie-
verts (mSv) per year (/), whereas mea-
surements in the near-earth orbits of
Skylab yielded exposure levels between
200 and 800 mSv per year (2). It is not
this quantitative increase in intensity
that merits special attention, however,
since according to current radiation pro-
tection standards even this several hun-
dredfold increase would not prohibitive-
ly limit man’s sojourn in space. It is the
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radiobiological quality of numerically
minor components of the cosmic radia-
tion field which uniquely distinguishes it
from the terrestrial radiation environ-
ment and which, since the beginning of
manned spaceflight, has prompted the
special attention of radiation biologists
3.

In the context of radiation protection
the radiobiological quality is expressed
in terms of a dimensionless quality fac-
tor, Q, by which the amount of physical-
ly absorbed radiation as measured in
grays (1 Gy = 1 joule/kg) is to be multi-
plied in order to yield the biologically
relevant dose-equivalent in sieverts (4).
The physical quantity by which ionizing
radiations of different quality are con-
ventionally distinguished is the spatial

density of ionizations engendered in the
irradiated material, which in turn can be
expressed by their linear energy transfer
(LET), usually given in keV per microm-
eter of tissue or MeV-cm? per gram. The
densely ionizing heavy ions [also called
HZE (high charge and energy) particles]
and the disintegration stars of nuclear
reactions induced in irradiated matter
present an obstacle to a comprehensive
and consistent assessment of the radia-
tion hazards in manned spaceflight. The
LET of the cosmic heavy ions extends to
such large values, where both the spatial
and temporal pattern of energy deposi-
tion become extremely inhomogenous,
that the very definition of absorbed dose
as a measure of radiation exposure and
also the concept of the quality factor
become inapplicable (5). The pragmatic
approach of setting aside these funda-
mental conceptual difficulties and con-
verting the physically measured macro-
scopic spatial and temporal ‘‘averages’
of ‘‘absorbed dose’’ distributions over
LET into biological ‘‘dose-equivalents™
by means of accepted Q(LET) relations
(6) remains problematic, since (i) the
data base on which these relations rest
does not cover the ionization densities
typical of cosmic heavy ions, (ii) LET
alone does not provide a unique measure
of radiation quality, and (iii) a unified
theoretical understanding of radiation
quality, which might allow extrapola-
tions, has yet to be achieved. These
problems were recognized in a report
of the U.S. National Academy of Sci-
ences on HZE particle effects. The re-
port (7) concluded that in order to assess
the radiation hazards of these HZE parti-
cles to man, the experimental knowledge
of their radiobiological effects must be
advanced by spaceflight experiments
and ground-based experiments at suit-
able particle accelerators (which at that
time just became operational). Also, in
order to be relevant for this purpose,
these experiments must permit evalua-
tion of the radiobiological effects of sin-
gle HZE particles on individual biologi-
cal cells.

The advanced biostack experiment on
Spacelab 1 is part of a research project
designed to contribute toward this goal
through spaceflight and comparative ac-
celerator experiments. The physical and
biological components of the advanced
biostack experiment are listed in (8),
together with the contributing coinvesti-
gators. The requirement for observing
the effects of single HZE particles on
individual biological cells was realized
for the first time in the biostack experi-
ment on Apollo 16 (9). Basically, the
experimental design consists of a sand-
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