Abstract Volume

y ann

p T

Symp051um ~

NASATTM- 207601

The Future of
Humans In Space

June 8-13, 1997
Washington, DC

g
£ e
¥ '
b ¥ {se
% % ) ~
» x * e
————..N % 7 w5 ¥
oy .
»
#
> @



12th Man in Space Symposium

The Future of Humans in Space
June 8-13, 1997
Washington, D.C.

Abstract Volume




12TH MAN IN SPACE SYMPOSIUM

ABSTRACT VOLUME
International Academy of Astronautics National Aeronautics and Space Administration
P. O. Box 1268-16 Washington, D.C. 20546-0001
F-75766 Paris Cedex 16, France U.S.A.

Universities Space Research Association Division of Space Life Sciences
3600 Bay Area Boulevard
Houston, TX 77058 U.S.A.

Universities Space Research Association Division of Space Life Sciences operates under
Cooperative Agreement NCC9-41 with the National Aeronautics and Space Administration.

Abstracts in this volume may be cited as:
Author: Title of paper. 12th Man in Space Symposium: The Future of Humans in Space, June
8-13, 1997, Washington, D.C., pp. xxx.




FOREWORD

The National Aeronautics and Space Admlnlstratlon (NASA) is pleased to host the 12th IAA Man in
Space Symposium. A truly international forum, this symposium brings together scientists,
engineers, and managers interested in all aspects of human space flight to share the most recent
research results and space agency planning related to the future of humans in space.

As we look out at the universe from our own uniquely human perspective, we see a world that we
affect at the same time that it affects us. Our tomorrows are highlighted by the possibilities
generated by our knowledge, our drive, and our dreams. This symposium will examine our future in
space from the springboard of our achievements.
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INTRODUCTION

Orthostatic intolerance remains an issue after space flights and change in autonomic cardiovascular regulation is
one of the main mechanisms involved. Heart rate variability (HRV) using spectral analysis has been used as a
tool for short term assessment of parasympathetic and sympathetic nervous system control of heart rate. The
aim of this study was the analysis of cardiovascular responses to orthostatic tests performed before and after a
prolonged 42 day (-6°) Head-Down Bed-Rest (HDBR) simulating effects of a long-duration flight.

METHODS

Seven men (28 +/-0.9 years) participated in this experiment. Blood pressure (sphygmomanometer, and
continuous non-invasive finger cuff method: Finapres) and RR interval were measured at rest and during stand
tests (10 min.) and Lower Body Negative Pressure (LBNP) tests (5 min. at -25, -35 and -45 mmHg) performed
before (D-3) and at the end (R+1) of HDBR. We have used coarse graining spectral analysis of heart rate to
extract the harmonic components for calculation of parasympathetic (PNS) and sympathetic (SNS) indicators.
The integrated power in the low frequency (P,) region (0-0.15 Hz) and in the high frequency (Py) region (0.15-
0.50 Hz) were calculated as well as total spectral power (Pr). Normalized PNS and SNS indicators were calculated
as P,/Pr and P /Py respectively. Data of RR intervals and blood pressure (Finapres) were also analyzed to point
up spontaneous baroreflex sequences, which reflect the heart rate responses to spontaneous variations of blood
pressure and calculate spontaneous baroreflex slope (SBS).

RESULTS

4 and 1 subjects (among 7) did not complete respectively the stand and the LBNP tests at R+1. Greater heart rate
increase during the stand and LBNP tests, and decrease in blood pressure during the stand tests reflecting a reduced
vasomotor response, characterized the orthostatic responses at R+1 (Table I).

Table I: Heart Rate and Blood Pressure varjations

|STAND TEST D-3 R+1
Heart Rate (b/min.) +44 % +57 %
Systolic Blood Pressure (mm Hg) +5 % -9 %
Mean Blood Pressure (mm Hg) +21 % -8 %
Diastolic Blood Pressure (mm Hg) +18% -10 %

Mean Heart Rate and Blood Pressure (Systolic, Mean and Diastolic) variations during
STAND TESTS performed before (D-3) and after (R+1) the 42 day HDBR (n= 7).
Values are expressed as percentage compared to baseline data (measured in supine
position before standing up).

The main findings in HRV and SBS included after HDBR : significant reductions in RR interval and in total
power suggesting a decrease in cardiovascular neurovegetative control induced by HDBR, a decrease in PNS
indicator and an increase in SNS indicator, and a reduced SBS. RR interval, P and PNS indicator were further
reduced by standing and LBNP exposure as well as SBS. The reduced PNS indicator and SBS suggest the vagal
component of the cardiovascular control has been diminished.

CONCLUSION

These changes in autonomic cardiovascular control constituted important contributors to the reduced orthostatic
tolerance observed in this experiment and found after space flights. The same kind of autonomic changes, but
less pronounced, were already reported after HDBR of shorter duration. Several factors might play a role in
cardiovascular adaptation in HDBR, in particular reduced physical activity and some autonomic changes could be
opposed to those observed with training.
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EFFECTS OF 12 DAYS EXPOSURE TO SIMULATED MICROGRAVITY ON CENTRAL
CIRCULATORY HEMODYNAMICS IN THE RHESUS MONKEY

S.C: Koenigl, V.A. Convertino!, V.P. Krotov2, J.W. Fanton?, V.I. Korolkov2, E.V. Trambovetsky2,

A. Truzhennikov?, and R.D. Latham*

1Physiology Research Branch, Clinical Sciences Division, Brooks Air Force Base, Texas; -

Znstitute of Biomedical Problems, Moscow, Russia; 3Veterinary Resources Branch, Veterinary Science Division,
Brooks Air Force Base, Texas; “U.S. Army Aeromedical Research Laboratory, Fort Rucker, Alabama

INTRODUCTION

Our current understanding of cardiac and hemodynamic responses and adaptations to actual spaceflight or
groundbased simulations of microgravity has been primarily limited to non-invasive measurements of heart rate,
blood pressures, and echocardiography because of ethical and logistical constraints imposed on experiments in human
subjects. Confirmation of microgravity effects on possible changes in cardiac function and structure as well as
underlying mechanisms would be desirable. This study provided the opportunity to obtain preliminary data using a
groundbased animal model to test the hypotheses that: 1) alterations in stroke volume and cardiac output during
extended exposure to microgravity was associated with reduced cardiac function; and 2) that microgravity causes a
change in cardiac compliance.

METHODS

Central circulatory hemodynamic responses were measured before and during 12 days of 10° head-down tilt (HDT)
in 4 flight-sized juvenile rhesus monkeys who were surgically instrumented with a variety of intrathoracic catheters
and blood flow sensors to assess the effects of simulated microgravity on central circulatory hemodynamics. Each
subject underwent measurements of aortic and left ventricular pressures, and aortic flow before and during HDT as
well as during a passive head-up postural test before and after HDT. Heart rate, stroke volume, cardiac output, and
left ventricular end-diastolic pressure were measured, and dP/dt and left ventricular elastance was calculated from
hemodynamic measurements. The postural test consisted of 5 min of supine baseline control followed by 5 minutes
of 90° upright tilt (HUT).

RESULTS

Heart rate decreased during the initial 3 days of HDT followed by a gradual elevation and overshoot during the
remainder of HDT. Stroke volume was unchanged during the initial 7 days of HDT followed by an increase during
the final 5 days of HDT. As a result, cardiac output was increased during the latter phase of HDT. Left ventricular
elastance was reduced throughout HDT, indicating that cardiac compliance was increased. HDT increased left
ventricular +dP/dt, indicating an elevation in cardiac contractility. Heart rate during the post-HDT HUT postural test
was elevated compared to pre-HDT while post-HDT cardiac output was decreased by 47% as a result of a 20%
reduction in stroke volume throughout HUT.

CONCLUSION ‘

Results from this study using an instrumented rhesus monkey suggest that exposure to a groundbased analog of
microgravity may cause increased ventricular compliance and cardiac contractility. Our project revealed that an
invasively-instrumented animal model should be viable for use in spaceflight cardiovascular experiments to assess
potential changes in myocardial function and cardiac compliance,
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INCREASED SENSITIVITY AND RESETTING OF BAROREFLEX CONTROL OF
EXERCISE HEART RATE AFTER PROLONGED BED-REST

Sundblad, P*, J. Spaak*, B. Tedner*, P.E. di Prampero** and D. Linnarsson*

*Karolinska Institutet, Stockholm, Sweden
**University of Udine, Udine, Italy

Background

Studies during spaceflight and prolonged bed-rest simulations of spaceflight have been used
to investigate basic mechanisms of orthostatic intolerance. Such studies in resting humans
have shown an association between reduced sensitivity of the arterial baroreflex and
orthostatic intolerance, but corresponding data from exercise have so far not been available.

Methods

We studied baroreflex control of heart rate (HR) during steady-state exercise (50 W) with
superimposed sudden tilts between supine and upright posture. Seven men were studied
repeatedly before and 0 (8h), 2, 4, 8, 12, and 33 days after a 42-day period of bed-rest in -6°
head down tilt position. Arterial and cardiopulmonary baroreflex inputs were computed from
continuous estimates of mean carotid distending pressure (CDP) and thoracic blood volume.
CDP was computed from continuous, photoplethysmographic recordings of the arterial blood
pressure and the pressure in a hydrostatic fluid column between the neck and the Finapres
cuff. Thoracic blood volume was estimated from transthoracic electrical impedance. Cardiac
output was measured with an acetylene rebreathing method in the supine and the upright
positions.

The sensitivity of the carotid-cardiac and the cardiopulmonary-cardiac baroreflex was
determined from HR responses to increases in CDP and central blood volume during down
tilts.

Results

Our preliminary analysis indicates that both arterial and cardiopulmonary baroreflex
sensitivities were increased after bed-rest and then were gradually returned to control. There
was normalization of the cardiopulmonary baroreflex sensitivity 4 days but not 2 days after
bed-rést and of the arterial baroreflex 33 but not 12 days after bed-rest. Eight hours after bed-
rest the steady-state mean arterial pressure was approximately 20 mmHg higher than before
bed-rest; this resetting was normalized 2 days later. Tilt-induced changes in central blood
volume were not different after bed-rest. Steady state exercise heart rates were higher after
bed-rest and had returned towards normal on day 33. Cardiac output and stroke volume were
decreased, in both supine and upright position, after bed-rest and did not fully recover in 33
days. Except generally higher heart rates, no sign of orthostatic intolerance were observed
during the exercise-tilt test.

Conclusion

We conclude that baroreflex control after prolonged bed-rest differs between rest and light
exercise in that blood pressure resetting and increased reflex sensitivity compensate for the
fall in stroke volume and thus contribute to maintaining orthostatic tolerance during exercise.
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COMPLEX CARDIOVASCULAR DYNAMICS AND DECONDITIONING DURING
HEAD-DOWN BED REST.
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INTRODUCTION

Chaos theory provides new tools to study cardiovascular physiology and new hypotheses about its regulation.
Some authors observed an alteration in cardiovascular dynamics complexity in circumstances where orthostatic
tolerance is decreased. We hypothesised that fractal and non-linear dynamics of heart rate and blood pressure
variability could be changed, even at rest, during a long-term ground based simulation of weightlessness.

METHODS

Beat-by-beat series of RR-intervals and systolic blood pressure of seven resting subjects were observed before,
during and after a 42 day head-down bed rest (HDBR). The fractal component of series was examined using
coarse graining spectral analysis (Yamamoto & Hughson, Physica D. 68:250-264; 1993), while non-linear
predictions (Sugihara & May, Nature. 344:734-741; 1990) and correlation dimensions (Grassberger &
Procaccia, Physica D. 9:189-208; 1983) were used to evaluate non-linear dynamics of series.

RESULTS

Results showed for RR-interval a fractal change while non-linear dynamics were not changed and for blood
pressure no fractal change while non-linear dynamics were slightly changed. Despite strong regulatory
relationships between RR-interval and blood pressure, RR-interval fractal change had no consequence on blood
pressure fractals and blood pressure non-linear dynamics changes had no consequence on RR-interval non-
linear dynamics. RR-interval fractal change is also observed during parasympathetic blockade. Blood pressure
non-linear dynamics changes are also observed in barodenervated dogs. The individual RR-interval non-linear
predictions before HDBR indicated differences between subjects. Two subjects have high prediction
coefficients, two others have low coefficients and the remaining three have intermediate coefficients.
Orthostatic intolerance after HDBR was observed on four subjects who included the two subjects with low
coefficients and excluded the two subjects with high coefficients.

CONCLUSION

The conclusions were 1) HDBR induced alterations in cardiovascular dynamics complexity 2) during head
down bed rest, complexity alterations of RR-interval and blood pressure variability were not bounded up with
one another. These alterations could be involved in orthostatic intolerance observed after HDBR. Individual
results of nen-linear predictions do suggest an interesting way to select non-fainter subjects. Nevertheless these
preliminary results have to be confirmed.
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Abstract from Simon Evetts for submission to the Universities Space Research Association,
TAA Man in Space Symposium.

Evetts and Russomano (1995). The cardiovascular effects of 6 hours of head-
down tilt upon athletes and non-athletes.

The cardiovascular responses of athletes and non-athletes to a simulation of microgravity
comprising a 6 hour exposure to 6° head-down tilt (HDT) were investigated. Eight healthy
male subjects, aged 19-33, were placed in athletic (n = 4) and non-athletic (n = 4) groups
according to their directly measured maximum oxygen uptake values. The effects of the 6
hour exposure to 6° HDT were studied by recording ECG and arterial blood pressure at
intervals during HDT and during 10 minutes of 70° head-up tilt before and after the HDT.
Baroreceptor responsiveness was examined by recording the heart rate and blood pressure
responses to Valsalva’s manoeuvres (mouth pressure of 40 mmHg held for 15 seconds)
performed before and after the 6 hour period of HDT, whilst the subject was horizontal and
in the 70° head-up position. The increase of heart rate and the decreases of systolic and
diastolic pressures produced by the head-up tilt were significantly greater (p < 0.05) after the
6 hour exposure to HDT than before. The athletic group were also found to have a
significantly greater mean baroreflex slope when compared to that of the non-athletic group
mean (p < 0.05). Of seven subjects who successfully completed the experimentation none
fainted before HDT and two fainted after HDT. The subjects who fainted were both athletes.

The results of this investigation support the hypothesis that physical fitness and microgravity
simulation both adversely affect blood pressure control mechanisms.
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INDIVIDUAL SUSCEPTIBILITY TO POST-SPACEFLIGHT ORTHOSTATIC
INTOLERANCE: CONTRIBUTIONS OF GENDER-RELATED AND MICROGRAVITY-
RELATED FACTORS

J. M. Fritsch-Yelle', T. E. Brown? and P. A, Whitson'
ILife Sciences Research Laboratories and ’KRUG Life Sciences, National Aeronautics and Space Administration,
Johnson Space Center, Houston, Texas 77058

INTRODUCTION

The major manifestation and the most well documented (by preflight and landing day stand tests) of the
cardiovascular changes associated with spaceflight is reduced orthostatic tolerance. Virtually every space traveler
suffers this, although to different degrees. We now think this problem has a large autonomic component.

METHODS

In the past several years, our laboratories (J. Appl. Physiol. 73:664-71, 1992; J. Appl. Physiol. 77:1776-83, 1994;
J. Appl. Physiol. 79:428-33, 1995; J. Appl. Physiol. 80:910-14, 1996; and J. Appl. Physiol. 81:2134-41, 1996) and
others (J. Appl. Physiol. 81:7-18, 1996) have focused on determining the etiology of post-spaceflight orthostatic
intolerance. We have recently begun to focus on the similarities and differences between short- and long-duration
spaceflight and their effects on orthostatic mechanisms. Important findings have come from these studies,

RESULTS

First, there are distinct measurable individual differences in susceptibility to post-spaceflight orthostatic
intolerance. Susceptible astronauts (about 25%) cannot remain standing for 10 minutes on landing day. These
individuals, as a group, have different cardiovascular responses to standing, not only on landing day but also before
flight, when they display lower peripheral vascular resistance and arterial pressures and higher heart rates than non-
susceptible individuals. Susceptible astronauts are primarily female and primarily non-pilots.

Second, there is now clear evidence of autonomic dysfunction associated with spaceflight. During and after
spaceflight, arterial baroreflex control mechanisms are attenuated, baroreflex sensitivity during Valsalva maneuvers
is attenuated, and orthostatic tolerance during lower body negative pressure is reduced. On landing day, sympathetic
responsiveness, measured by low frequency systolic pressure spectral power, norepinephrine release, peripheral
vascular resistance, and arterial pressure, is reduced in susceptible individuals. Recent evidence from long-duration
spaceflight indicates that the degree of attenuation is not greater after prolonged stays in space.

Third, all evaluations of cardiovascular changes associated with spaceflight must account for the influence of the
many confounding factors which occur during spaceflight, even on dedicated life science missions. These include
individua) susceptibility of crew members to space motion sickness and exhaustion, sleep/wake cycles, medications,
influence of conflicting research protocols, and influence of conflicting operational requirements.

CONCLUSIONS

These studies have both research and clinical applicability. We have begun to elucidate the mechanisms of post-
spaceflight orthostatic intolerance. The next logical step is to explore the mechanisms of individual susceptibility,
both gender-related and autonomic-related. Appropriate, individualized countermeasures may then be developed for
astronauts thought to be susceptible. In addition, the mechanisms learned may be helpful to delineate mechanisms of
the pathophysiology of autonomic disease.



MP1I: Mechanisms of Orthostatic Intolerance During Real and
Simulated Microgravity

CASSIOPEE MISSION 1996. COMPARISON OF CARDIOVASCULAR ALTERATION
AFTER SHORT AND LONG-TERM SPACEFLIGHTS.

D. Sigaudol, 1.0. Fortratl, A. Mailletl, J. Frutosol, C. André-Deshaysz, R. Kaspranski3, L Fountova4, A.
Giiell?, G. Gauquelin-KochL2 and C. Gharib!

11 aboratoire de Physiologie de I'Environnement, Faculté de Médecine, 8 avenue Rockefeller, 69373 Lyon cedex
08, France. E-mail: sigaudo@cismsun.univ-lyon1.fr - 2CNES, 75039 Paris cedex 01, France - 3CPK, Moscow,
Russia - 4TBMP, Moscow, Russia.

INTRODUCTION

After a spaceflight, returning astronauts presente a cardiovascular deconditioning consisting of orthostatic
intolerance (OI) and a decrease in exercise capacity. Defective central integration of cardiovascular control
mechanisms could be a contributory factor to OI. To assess this hypothesis we studied heart rate variability and
the spontaneous baroreflex sensitivity in 14 cosmonauts before and after several MIR missions (14 days - 6
months).

METHODS

We studied two different spaceflight durations: from 14 to 30 days (4 cosmonauts) and from 4 to 6 months (10

cosmonauts). Stand tests were performed within 60 and 30 days before launch, the first day of landing (L1), the
second day (1.2) and the fifth or sixth day (L5/6).
Heart rate variability was studied at supine rest using coarse graining spectral analysis. This method provided
indicators of the sympathetic and parasympathetic nervous influence to the heart (SNS and PNS respectively).
Spontaneous baroreflex slope was obtained by continuous monitoring of arterial blood pressure and RR-interval,
This method estimates the spontaneous baroreflex sensitivity.

RESULTS

In our study, on L1, 4 of 14 cosmonauts did not complete the stand test because of presyncopal symptoms,
Pre and postflight supine overall variability and spontaneous baroreflex results were similar after short and long-
term spaceflights. After flight, in all cosmonauts, we observed a decrease of overall variability with a significant
decrease of PNS indicator associated with an increase of SNS indicator. Both PNS and SNS indicators returned to
preflight values on L5/6, whereas overall variability was still altered. Moreover, a significant decrease of
spontaneous baroreflex sensitivity was observed on L1. Systolic blood pressure increased on L1 and returned to
preflight values, while resting RR-interval was decreased from L1 to L5/6.

However, for Cassiopée mission (1 woman during 17 days) we did not observe any modification during and after
flight,

CONCLUSION

These findings suggest that cardiovascular alteration develop early (before 14 days) during spaceflight and do
not progress until 6 months. In addition, the incidence of Ol seems to have no relation with the spaceflight
duration.
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CEREBRAL and FEMORAL FLOW RESPONSE to LBNP during 6 MONTH MIR-

SPACEFLIGHTS (93-95).
Ph.Arbeillel, G.Fominaz, I.Alferovaz, M.Porcherl, J.Coulonl, A.Kotovskayaz, V.PoliakovZ, (1) Med

Physiol Spatiale, CHU Trousseau, 37044 -Tours - France. (2) IMBP Moscow- Russia.

INTRODUCTION: The objective of this study was to assess the heart rate and the peripheral arterial
response to LBNP, in order to evaluate the orthostatic tolerance of 6 cosmonauts during 6 month Mir

spaceflights.

METHOD: During LBNP the cerebral and femoral flows were monitored by using Doppler probes fixed on
the skin, blood pressure (arm cuff) and ECG were also measured. The calf volume changes were assessed by
plethysmography. The following parameters were calculated beat by beat: cerebral flow volume (Qc) and
vascular resistance (Rc) changes (3) (in % of the pre LBNP value), femoral flow volume (Qf) and vascular
resistance (Rf)(1,2), cerebral to femoral flow volume ratio (Qc/Qf)(4), heart rate (HR), mean blood pressure
(MAP) and calf circumference (Calf C). The LBNP test consisted in 2 steps of 10mn long at -25mmHg and -
45mmHg. Seven cosmonauts were submited to LBNP preflight (-30d), inflight (at 1month, 3 to 4m, and 5.5
m), and postflight at +7 days. Data are presented as mean values on the 6 cosmonauts.

RESULTS: The HR increased (+20% +/-7 at -25mmHg; +40% +/-8 at -45mmHg) and MAP decreased (-
5%+/-3 at -25mmHg; -8% +/-3 at -45SmmHg). Rc decreased by 4% +/-4 at -25mmHg; 8% +/-5 at -45mmHg
pre in and postflight. Qc decreased (3% +/-3 at -25mmHg; 8% +/-3 at -45mmFHg) pre in and postflight. No
significant difference was found for HR, MAP, Rc and Qc pre in and postflight. Rf increased significantly
less inflight at 1m, 3-4m, and 5.5m, and postflight (+16% +/-3 at -25SmmHg; +18% +/-5 at -45SmmHg) than
preflight (+40% +/-5 at -25mmHg p<0.01; +60%+/-5 at -4SmmHg p<0.01). Qf decreased less inflight
and postflight (-19% +/-7 at -25SmmHg; -24% +/-3 at -45SmmHg) than preflight (+32% +/-7 at -25mmHg
p<0.05; -43% +/-5 p<0.05). The Qc/Qf flow volume ratio increased less inflight and postflight (+21% +/-
7 at -25mmHg; +23% +/-6 at -45mmHg) than preflight (+46% +/-7 at -25mmHg p<0.05; +75% +/-6 at -
45mmHg p <0.01). The calf circumference increased less at -45mmHg inflight (1m and 5.5m) and postflight
(6% +/-1.5) than preflight (9% +/-1 p<0.05). (Fig 1 to 6)

CONCLUSION: The cerebral flow response remained adequate at any time during the flight or postflight,
and comparable to preflight, which is in favor of the conservation of an efficient cerebral vascular regulation
even after 6 months in 0g. A significant lack of lower limb arterial resistance increase was observed in all
cosmonaut inflight and postflight, This abnormal response may be in relation with a reduced vasoreactivity of
the lower limb arterial bed, a reduction of the venous tone and muscle pressure, but also with an alteration of
the baroreflexe. As a consequence the cerebral to femoral flow volume ratio increased less inflight and
postflight. This parameter confirmed a less efficient flow redistribution toward the brain although_ there was
no significant reduction of the cerebral flow volume. The reduced calf volume increase was not in agreement
with the increased venous distensibility found after head down tilts. This apparent contradiction may be due to
the fact that in head down tilt the leg veins are empty, whereas inflight they are not empty and thus cannot
expand during LBNP as much as after head down tilt. The amplitude of the vascular response to LBNP
remained similarly altered throughout the flight which leads to suspect that the orthostatic intolerance
develops very early inflight but remains stable a least for 6 months. During inflight LBNP no abnormal
response in BP or HR was found leading to suspect that orthostatic intolerance will not exist postflight.
Nevertheless all cosmonauts presented sign of orthostatic intolerance postflight which demonstrates the high
sensitivity of the lower limb vascular resistance and the cerebral to femoral flow ratio as measured by Doppler
ultrasound for the diagnosis of reduced orthostatic tolerance. These results confirm that during long term
flights the cerebral hemodynamic response to fluid shift toward the legs (as induced by LBNP) is well
maintained, however the lower limb arterial and venous reactivity are severely affected. Reliable
hemodynamic indicators of inflight orthostatic intolerance (lower limb vascular resistance, flow redistribution
ratio) have been successfully tested, and could be used for monitoring the efficiency of the countermeasures
designed to improve orthostatic tolerance inflight (ie intensive LBNP..). Nevertheless only some componants
of the cardiovascular disadaptation were identified. The volemia was only moderately reduced, the hormonal
system and the baro-reflex were not investigated during these flights. (Work supported by CNES grants)
References: 1 - Arbeille. Ph et al. High vascular résistance quantification by Doppler method. Ultrasound
Med Biol. vol 21; n°3; p 10-18. 1995 9
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Fig 4: Lower limb vascular resistance (Rf) changes in
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Fig 5: Cerebral to femoral flow ratio changes
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flow), in % of pre LBNP value. Qc/Qf increased less
inflight and postflight than preflight (p < 0.01).
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CEREBROVASCULAR CHANGES DUE TO SPACEFLIGHT AND POSTFLIGHT
PRESYNCOPE.

A. P. Blaber', R. L. Bondar', P. Moradshahi? , F. Stein®, M. S. Kassam?, T. E. Brown® and J.M. Fritsch-Yelle*
'Faculty of Kinesiology, University of Western Ontario, London, ON N6A 3K7, 2 CATE, Ryerson Polytechnic
University, Toronto, ON M5B 2K3, * KRUG Life Sciences and * Medical Sciences Division, NASA, Johnson Space
Center, Houston TX 77058.

INTRODUCTION

Virtually every astronaut returning from space exhibits symptoms of presyncope. Recently we reported that this
may be due to centrally mediated hypoadrenergic responsiveness (Fritsch-Yelle et al.J. Appl. Physiol. 81(5)2134-
2141, 1996). In this paper we investigate the cerebrovascular changes due to spaceflight and the interaction of the
cardiovascular and cerebrovascular systems.

METHODS

Forty astronauts were studied 30 and 10 days before launch, on landing day (1-2 h after landing), and 3 days after
landing, on shuttle missions lasting 8-16 days. Due to difficulty in collection and analysis of cerebral blood flow
only 32 astronauts, whose mean age was 39.8+5.2 yr, had sufficient data for analysis. Middle cerebral artery flow
velocity (MFV), measured with a 2-MHZ pulsed transcranial Doppler ultrasound, and blood pressure, measured
using the non-invasive Finapres, were recorded on digital tape and the final 256 beats in the supine and stand
position were analysed off-line. Mean arterial blood pressure was adjusted to brain level (MAPbrain). After ~30
min. supine, subjects were assisted to the stand position and remained unassisted in the standing position for 10 min.
Subjects who became presyncopal (PSL) were returned to a supine position. Subjects were grouped based on
landing day presyncope. A repeated measures analysis of variance was used. Student's #-tests were performed to
document differences when there were significant main effects.

Coarse-graining spectral analysis, CGSA, (Yamamoto & Hughson, Physica D 68:250-264, 1993) was used to
characterize the harmonic and fractal power. Harmonic power was divided into low (P,) and high (Py,) frequency
components. The fractal power was used to determine the complexity of blood pressure and cerebral blood flow
regulation with the fractal spectral exponent, 8. Complexity is thought to relate to the number of mechanisms
interacting to produce the measured physiological signal. High and low degrees of regulatory complexity are
indicated by values of 8 close to 1.0 and 2.0, respectively. Cross-spectral analysis was used to determine the
transfer magnitude, TM, between MAPbrain and MFV (Blaber ef al. FASEB J. 10(3):A587, 1996). We averaged
the TM over the low frequency range (0.03 to 0.14 Hz) where the squared coherence (Coh?) function was greater
than 0.5. The TM serves as an indicator of what magnitude of change in MFV is due to a change in MAPbrain. To
determine the gain, TM (cmes™'e mmHg ") was normalized, by the average cerebrovascular resistance (CVR =
MAPbrain/MFV) over the 256 beats, and converted to dB (Gain = 20elog[TM*CVR]). Gain therefore reflects the
dynamic response of MFV to MAPbrain along with the CVR about which the variation occurs. If autoregulation
serves to regulate the effect of changing MAPbrain on MFV, increased gain would indicate reduced effectiveness.

RESULTS

Eight of the astronauts were PSL on landing day. MAPbrain decreased significantly upon standing on all three
measurement days in both the PSL and nonPSL group. The PSL group had consistently lower supine MAPbrain.
On landing day nonPSL supine MAPbrain was greater than it was preflight (Table 1). CGSA and Cross-spectral
gain data are shown in Table 1. CGSA of the input to autoregulation (MAPbrain) revealed interesting differences
between nonPSL and PSL astronauts. In the nonPSL astronauts P, increased from supine to stand preflight
(p<0.001) and after landing (p=0.01). The PSL group showed no changes with stand pre and postflight, with
landing day P, ,, less than the nonPSL group (p=0.046). MAPbrain-f8 decreased from supine to stand in the nonPSL
group preflight (p=0.011) but not postflight and was lower during postflight stand than preflight (p=0.015). The
changes in MFV P reflected those in MAP&rain. MFV-# did not change from supine to stand preflight in both
groups, however, supine MFV-f was increased in the nonPSL immediately on landing and also decreased
significantly upon standing (p=0.027). The PSL group had no significant changes in MFV-§ pre to postflight or
from supine to stand.
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Although the trends with P, were similar between MAPbrain and MFV the effect of autoregulation can be
determined by the degree to which variations in MAPbrain are translated into variations in MFV. The standing gain
increased (p=0.047), from pre to postflight in the PSL, but not the nonPSL group. The nonPSL group showed
significant decreased gain from supine to standing on all three days of measurement, whereas the PSL group
showed no decrease.

Table 1: CGSA of, and Cross-spectral analysis between, MAPbrain and MFV of nonPSL (n=24) and PSL
(n=8) astronauts.

Preflight Landing Postflight
supine stand supine stand supine stand
CGSA of MAPbrain
nonPSL MAP 80.8+1.8  63.3+2.4% 89.3+£2.7F  66.7£3.27 85.842.3  62.2+3.5%

Po 094£0.23 2.87+0.41% 1.47£0.37  3.63+0.60% 1.13+0.28  1.89+0.29
B 173009 1.38+0.10% 1.67+0.09 1.70+0.07% 1.64+0.08 1.63+0.09

PSL MAP 74.5£34  59.2+4 4% 75.9+£5.3% 61.7£5.5t 80.5+6.1 71.7+5.6F
P 1422075 2.00£0.58 2.07+1.38 1.65+0.34% 0.77£0.17 2.21+0.89
B 1.54+0.16 1.44+0.11 1.70+0.21 1.76+0.21 1.62£0.26 1.51+0.16
CGSA-MFV
nonPSL MFV 53.4+55  43.1£2.1% 47.6+2.3 39.7+1.6 50.6+3.0 46.1£3.0
Po 0.34£0.07 0.99+0.20% 0.81+0.20 1.16+0.26 0.86+0.27f 0.83+0.14
B 142007 1.22+0.11 1.61+0.11 1.24+0.08t 1.39+0.67 1.26+0.08
PSL MFV 589+5.7  51.2+2.5% 52.4+4.7 40.0+£2.9 63.3+7.2 57.0+6.8
P, 046+0.12 0.68+0.14 1.83£1.22  0.49+0.99 093047  1.01+0.28
B 127£0.16 1.16+0.13 1.39+0.25 1.38+0.09 1.49+0.11 1.19+0.14

Cross-spectral analysis
nonPSL  Gain 2.90+0.68 0.26+0.627 2.20+0.68  0.32+0.47t 2.78+0.55 -0.25+0.70%
PSL Gain 1.8441.39 -1.04£1.07 223+1.06  2.40£2.20 2.09+1.65  2.29+1.35%

Values are means+SE; 1, no of subjects; all p<0.05. ¥, significantly different from supine; ¥, significantly different
from Preflight; #, significantly different from nonPSL.
Units: MAPbrain-P, o (mmHg?Hz'); MFV-P,, (cm?s2eHz"); Gain (dB).

CONCLUSIONS

The intergroup differences before flight suggest that there is a subset of the normal population who have
orthostatic responses within normal ranges before flight but who are predisposed to postflight presyncope (Fritsch-
Yelle et al.J. Appl. Physiol. 81(5)2134-2141, 1996). This group clearly had an impaired preflight sympathetic
response to tilt as indicated by an unchanging MAPbrain and MFV P, upon standing. Upon landing this value was
significantly lower than the nonPSL group. As well, the standing cerebrovascular gain was higher 3 days after
landing. Although the PSL group had no changes in MFV complexity, the values were consistently high (f close to
1.0), this coupled with the lower MAPbrain and slightly higher MFV than the nonPSL group pre and postflight
would suggest that the autoregulatory system in the PSL group was on the leftward side of the curve, closer to
maximum capacity. Cerebrovascular gain was not affected by spaceflight in the nonPSL group. NonPSL
MAPbrain and MFV complexity in the supine position were reduced on landing day. MAPbrain complexity failed
to change with stand, however MFV complexity increased. These data suggest that in spaceflight the number of
regulatory inputs used by the body to regulate blood pressure and cerebral blood flow is reduced. Cerebral
autoregulation may be adversely affected on return from spaceflight in the PSL but not the nonPSL astronauts.
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CREW REGENERATIVE LIFE SUPPORT IN LONG-DURATION SPACE MISSIONS

N.M. Samsonov,' A.L Grigoriev,2 Jul Grigoriev®
'NIICHIMMASH, B. Novodmitrovskaya, 14 125015 Moscow, Russia, IBMP, Moscow, Russia, *RSC Energia,
Korolev, Russia

The paper deals with the status and prospects of spacecraft and base crew life support. A key problem governing
human stay and activities in long-duration space missions and planet exploration is the development of regenerative
life support systems (LSS). The use of systems for water recovery and air revitalization and in prospective food
from the end products of life as well as an integrated bioengineering system enables the crew to be provided with
water, oxygen, and food, thereby creating a habitat environment on spacecraft or base. In Russia (former USSR)
extensive research has been done to prove the feasibility of integrated long-life regenerative chemical/physical and
biological systems. The first chemical/physical systems were installed on Salut orbital space stations to recover
potable from humidity condensate. The Russian Mir space station incorporates systems for water recovery from
humidity condensate, from urine reclamation and hygiene waste water processing, a system for oxygen generation
by electrolysis, a system for the removal of CO, and other trace contaminants. The systems allow a considerable
reduction in specific mass water and oxygen supplied from the Earth. A modular construction of the regenerative
systems provides for their updates. The Mir updated systems complemented with a system for CO, collection and
concentration and a Sabatier CO, system followed by a vitamin greenhouse are planned to be installed on the
Russian segment of the International Space Station (ISS). The ISS LSS will be a baseline of new regeneration
spacecraft and planetary base LSS. Advanced LSS will be based on the water recover efficiency, low energy and
mass demand, LSS reliability enhancement with a gradual transition from physical/chemical to integrated physico-
chemical/biological systems.

For successful space exploration and missions to the Moon and Mars a R&D program for building new generation

LSS should be developed. Experience gained on development of ISS shows that the most effective way to
accomplish this is international cooperation and partnership.
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BIOCONVERSION SYSTEMS FOR FOOD AND WATER ON LONG TERM SPACE
MISSIONS.

M.A. Benjaminson, S. Lehrer and D.A. Macklin '
NSR/EOD Joint Venture and NSR/Touro Applied BioScience Research Consortium. Dix Hills, NY 11746.

INTRODUCTION

Regenerative biosystems are logistical and economic requirements for long duration space missions on which expendables
are often expensive and resupply is not tenable. Therefore wastewater recycling and crop plant generated waste biomass
conversion to food would prove beneficial. We fabricated and laboratory tested both a biological wastewater reclamation
system (BWWR) and a waste cellulose to edible mushroom conversion system (CMCS) with simulated waste products. The
BWWR is designed to remove bacteria, microalgae and other microbiota from water without the use of ionizing radiation,
disposable filters, intense heat or toxic chemicals and convert them to a harmless cellulosic product. The CMCS converts
the waste cellulose anticipated from the BWWR and plant crop waste cellulosic biomass, such as the ligno-cellulose stalks
and other non-food plant parts from controlled ecological life support systems (CELSS), into edible mushrooms. The CMCS
test substrate was hay treated with a variety of mulching techniques and inoculated with straw mushroom spawn.

METHODS

The pilot scale BWWR consists of two modules which are designed to process the contaminated water sequentially. The
first consists of two connected 19-L plastic tanks one of which serves as a holding tank and the other as a reactor vessel.
The reaction chamber contains a mixing paddle composed of four vertical panels. Sampling ports are located at four
different levels. The biologically active components of the first module are the non-pathogenic_Dictyostelium amoebae
which prey on other microbiota such as bacteria. These are added to microbially contaminated water in the holding tank.
This water is then transferred to a mixing chamber where the relative numbers of amoebae and contaminating microbiota
are monitored. Predation is allowed to continue until a marked reduction in microbial contaminants is detected in the mix.
Bacterial numbers are determined by standard plating techniques on 1% lactose-peptone agar (LPA) and recorded as colony
forming units (CFU). The liquid is pumped from the mixing chamber and fed into the second module, an environmentally
controlled “dry” reaction chamber. In this chamber, the liquid is spread onto perforated stainless steel surfaces. Here, the
amoebae (having converted engulfed microbiota into Dictyostelium cell substance) respond to their genetic programming
for life on a solid substrate, in the presence of light, and differentiate into mature cellulosic stalks which can be harvested
and added to the feed stock for the CMCS.

Parametric bench-top experiments studied the dynamics of stirred vs. static binary cultures of E. coli and D. dictyostelium
in cell substance) respond to their genetic programming for life on a solid substrate, in the presence of light, and differentiate
into mature cellulosic stalks which can be harvested and added to the feed stock for the CMCS.

Parametric bench-top experiments studied the dynamics of stirred vs. static binary cultures of E. coli and D. discoideum
in nutrient poor vs. enriched media. The data, in terms of reduction of bacterial numbers over time were applied to BWWR
liquid reactor experimental design. The superiority of perforated stainless steel over porus plastic test surfaces was also
determined in bench-top studies carried out by inoculating candidate surface materials with liquid reactor effluents in water
agar petri plates.

The CMCS consists of a chamber with programmable controlled temperature, relative humidity, air exchange, simulated
sunlight lux levels and substrate moisture. The substrate and mushroom spawn are housed in a perforated rotation cylinder
divided longitudinally into four compartments to enable comparative studies and to provide for even exposure to the chamber
environment. When mushrooms appear they can be harvested. The design of the experiments which were carried out in
the CMCS was based on a series of trials of various spawning media and substrate preparation/mulching techniques.

RESULTS

BWWR: As expected, bacteria continued to exist in water with extremely low levels of nutrients for protracted periods
of time (in excess of 17 days). In the liquid reactor, contrary to the usual logarithmic growth curve anticipated in a closed
system, the counts of CFU from samples in the mixing tank described a saw-toothed course, the graph of CFU vs. time
looking much like a fever chart. The number of CFU plunged from a high of over 400 colonies down to 2 CFU in 3 days.
It rose again to the same level in 5 days and then plunged down to 7 CFU at 6 days. It peaked again at 6 days, dropped down
t0 350 CFU at 7 days and rose again to over 400 CFU at 8 days when the experiment was terminated. In the holding tank,
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starting from a low of 7 CFU at 1 day, the numbers rose to 10 CFU at day 3 and dropped to 1 CFU at day 4. They then rose
precipitously to over 400 CFU on day 5 and were down to 2 CFU by day 7. The number of CFU fluctuated between 4 and
2 until day 11 when they rose to 400 CFU, dropping to 1 CFU on day 14. On day 16, a dose of over 1000 Dictyostelium
amoebae were added to the holding tank. On day 17 the experiment was terminated and the count was 1 CFU.

When liquid reactor effluent was inoculated onto the surface of perforated stainless steel inserts, in the “dry” reactor,
growth was not detected by visual observation until day 19. At that time, mature cellulose stalks and intermediate
Dictyostelium stages were detected on the stainless steel surfaces,

CMCS: Examination of the four compartments of the rotating cylinder showed that, in order for mushroom primordia to
appear, special care must be take to provide adequate moisture to the substrate. This was dramatically demonstrated by the
lack of growth in the cylinder chambers where substrate moisture was allowed to dissipate during primordium formation.
Primordia appeared only in the chamber where substrate moisture had been maintained by plastic covering and frequent
misting.

CONCLUSION
With proper manipulation and augmentation, the BWWR appears to provide a potential for the safe biological removal

of microbes from waste water, Similarly, the CMCS has demonstrated a possible means for effectively converting biomass
to food. Both deserve further exploration.

(Supported by NASA contracts, NAS 8-40127 and NAS 13-662)
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NOVEL LABORATORY APPROCACHES TO MULTI-PURPOSE AQUATIC BIOREGENE-
RATIVE CLOSED-LOOP FOOD PRODUCTION SYSTEMS

V. Blim!, M. Andriske’, K. Kreuzber?, U. Paassen’, M. P. Schreibman®, and D. Voeste!

"Ruhr-University Bochum, Faculty of Biology, C.E.B.A.S. Center of Excellence, Bochum, Germany, German Ae-
rospace Establishmant, Executive Department, Cologne-Porz, Germany and City University of New York, Broo-
klyn College, Department of Biology, Brook-lyn, N. Y., U. §. A.

INTRODUCTION

The Closed Equilibrated Biological Aquatic System (C.E.B.A.S.) is an artificial (man-made) aquatic ecosystem
which was primarily developed to study the long-term influence of space conditions on several subsequent generati-
ons of aquatic animals and plants the ,,evolution” of which was consequently reported on all IAF-congresses and
IAA Man in Space Symposia since 1989, Its development was directed by an international scientific program in
which 5 German and 3 U. S. American universities, the Institute of Biophysics of the Russian Academy of Sciences
in Krasnoyarsk and the Institute for Medical-Biological Problems in Moscow are involved. CEB.A.S. is operative
in 2 different versions: the ,,Original CEB.A.S.“ with a volume of more than 150 liters and the ,,C.EB.A.S. MINI
MODULE* with about 9 liters volume. Based on the latter a spaceflight version fitting into a spaceshuttle middeck
locker is currently under construction and ground test which is dedicated to two different spaceshuttle missions in
late 1997 and early 1998.

CONSTRUCTION PRINCIPLE AND RESULTS

Based on the construction principle of the Closed Equilibrated Biological Aquatic System (C.E.B.A.S.) two novel
combined animal-plant production systems were developed in laboratory scale the first of which is dedicated to mid-
term operation in closed state up to two years. In principle both consist of the ,,classic“ C.E.B.A.S. subcomponents;
animal tank (Zoological Component), plant cultivators (Botanical Component), ammonia converting bacteria filter
(Microbial Component) and data acquisition/control unit (Electronical Component). The innovative approach in the
first system is the utilization of minimally three aquatic plant cultivators for different species. In this one the animal
tank has a volume of about 160 liters and is constructed as an ,,endless-way system* surronding a central unit con-
taining the heat exchanger and the bacteria filter with volumes of about 1.5 liters each. A suspension plant cultivator
(1 liter) for the edible duckweed Wolffia arrhiza is externally connected. The second plant cultivator is a meandric
microalgal bioreactor for filamentous green algae. It consists of 3 x 2 subunits and may be as well exposed directly to
sunlight with an automated oxygen level-dependent shading as illuminated with fluorescent lamps. The third plant
growth facilitiy is a chamber with about 2.5 liters volume for cultivation of the ,traditional“ C.E.B.A.S. plant spe-
cies, the rootless buoyant Ceratophyllum demersum. Both latter units are illuminated with 9 W fluorescent lamps. In
the current experiment the animal tank contains the live-bearing teleost fish Xiphophorus helleri and the small pul-
monate water snail Biomphalaria glabrata because their physiological adaptation to the closed system conditions is
well known from many previous C.E.B.A.S. experiments, A part of the animals derives from a 13 month test of the
C.E.B.A.S. prototype #3. The water temperature is maintained at 25°C and the oxygen level is regulated between 5
and 8 mg/l by switching on and off the plant cultivator illuminations according to a suitable pattern thus utilizing
solely the oxygen produced by photosynthesis. The animals and the micoorganisms of filter and biofilm provide the
plants with a sufficient amount of carbon dioxide. Oxygen concentration, pH value, temperature and redox potential
are on-line recorded. Ton concentrations and numbers of living germs in the system water are determined twice
monthly in the laboratory from samples taken from a special ,,sample removal module®; the sample volume is auto-
matically replaced from an reservoir container. A rotatory pump produces a water flow of about 38 I/min. System
malfunctions are transmitted by an alert device to the person in duty who is able to control the system status and to
perform certain settings via a modem. Figure 1 shows the construction scheme of this system. For a similar smailer
test system with approx. 10 | volume developed from the C.E.B.A.S.-MINI-MODULE a novel indirect solar energy
supply is tested which has a buffer capacity to maintain the system for 7 days in darkness under central European
climate conditions also in winter. This time span may be increased by the implementation of additional batteries to
simulate, e. g. a lunar night. I contains only a single plant cultivator which is operated with Wollfia arrhiza. This
lemnacean plant is able to produce large amounts of plant biomass in a short time by vegetative reproduction via
daughter fronds. This easy-to-handle apparartus is dedicated to be operative more than 4 month. The experimental
animals and microorganisms are the same as in the large system. The lecture pesented here provides detailed infor-
mation on the system construction principles and the biological, physical and chemical data of the first 7 month of the
test runs of both systems.
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Figure 1: Construction scheme of the C.E.B.A.S.-based animal-plant production system

CONCLUSIONS ,

The test results from both systems will provide valuable information about first attempts to convert the laboratory
devices into closed-loop production sites with herbivorous fishes which are fed with plants inedible for humans,
mainly the C. demersum. Furthermore, the utilization of Wolffia arrhiza for human nutrition can be evaluated more
precisely. Models for the combination of intensive aquaculture systems with higher plant hydroponics can be develo-
ped for terrestial tests and actual biomass production. The data collected with the solar energy supply system allow
serious calculations for the construction of those in larger scale for real production sites. Finally initial careful at-
tempts can be made to develop dispositions for the implementation of aquatic food production modules into biorege-
nerative life support systems of a higher degree of complexity for a lunar or planetary base.
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ARTIFICIAL NEURAL NETWORK DERIVED PLANT GROWTH MODELS *

Frank Zee
Center for Space Microelectronics Technology
Jet Propulsion Laboratory
California Institute of Technology
4800 Oak Grove Dir.
Pasadena, CA 91109-8099

The goal of the Advanced Life Support Systems (ALSS) is to provide self-sufficiency in life support for
productive research and exploration in space, for benefits on Earth and to provide a basis for planetary
explorations. Part of this objective is to be able to grow crop plants in one or more controlled environments for
the purpose of providing life essentials to a human crew, such as oxygen, potable water, and food. To do this
reliably and efficiently, it is necessary to achieve control of the rates of various plant physiology processes.
including: net exchange of exhaled carbon dioxide for oxygen (net photosynthesis), purification of water
(transpiration), and food production (biomass production rate and harvest index).

To develop an efficient control system that will be able to manage, control, and optimize plant-based life
support functions, system identification and modeling of plant growth behavior must first be done. We have
developed a plant growth (physiology) model using artificial neural networks. Neural networks are very suitable
for both steady-state and dynamic modeling and identification tasks, since they can be trained to approximate
arbitrary nonlinear input-output mappings from a collection of input and output examples. In addition, they can
be expanded to incorporate a large number of inputs and outputs as required, which makes it simple to model
multivariable systems. Thus, unknown nonlinear functions in dynamical models and controllers can easily be
parameterized by means of multilayer neural network architectures.

Artificial neural networks are composed of simple albeit numerous non-linear processing elements
(modeled after biological neurons) interconnected through a complex network of variable strength connections
(modeled after biological synapses). The topology of interconnections and the synaptic strengths essentially
dictate the functionality of a given network. A typical network is capable of receiving a large number of
analog/digital inputs (e.g., sensor signals) in parallel, and after a complex nonlinear transformation operation,
provides the outputs (e.g., predicted growth, biomass). The unique strength of such neural network
architectures emerges from their ability to build up their own rules through learning from examples the
underlying input/output transformations in ill-defined problems.

In this paper, we will describe our approach to developing these models, the neural network architecture,
and the results. With the use of neural networks, these complex, nonlinear, dynamic, multimodal, multivariable
plant growth models will be able to better interpolate between all the various environmental conditions and
parameters and be able to simulate both short-term (day-to-day) and long-term (plant life cycle) growth of
various plants.

*Sponsored by NASA, Office of Life and Microgravity Sciences and Applications
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SIX-MONTH SPACE GREENHOUSE EXPERIMENTS - A TEP TO CREATION OF FUTURE
BIOLOGICAL LIFE SUPPORT SYSTEMS

T.N. Ivanova', P.T. Kostov', S.M. Sapunova', L W. Dandolov', V.N. Sytchov?, M.A. Levinskikh?, I.G. Podolski?,
G.E. Bingham®, F.B. Salisbury’, D.B. Bubenheim®, G. Jahns®

! Space Research Institute, Sofia, Bulgaria, “Institute of Biomedical Problems, Moscow, Russia. *Utah State
University, Logan, Utah 84322, “NASA Ames Research Center, Sunnyvale, CA

INTRODUCTION

SVET Space Greenhouse (SG) - the first automated facility for growing of higher plants in microgravity
conditions was designed in the eighty years under the joint Bulgarian-Russian project “Study of the ways and
means for use of higher plants in Biological Life Support Systems” for future long term manned missions in
Space. The first successful 54-days experiment with vegetable plants was carried out on the MIR Orbital Complex
(0C) in 1990,

The experiments in SVET SG were resumed in 1995. An American Gas Exchange Measurement System
(GEMS) was added to the existing Bulgarian plant life support system. A three-month wheat plant experiment
was carried out as part of MIR-NASA-3 fundamental biological program.,

A set of SVET-2 SG equipment (a greenhouse of new generation) was developed by Bulgarian scientists and
launched on board the MIR OC and successful six-month experiments for growing up of two crops of wheat were
conducted in 1996-97 as part of MIR-NASA-5 program.

METHODS

Some optimizations in the SVET-2 SG hardware have been made to improve the environmental conditions in
the 1996-97 experiments. A new, optimized Light Unit with considerably improved technical and biotechnical
characteristics and a new Secondary Pump Power Supply have been designed. Software improvements in the
Control Unit made the substrate moisture measurement more precise and provided a possibility for individual,
consecutive and independent measurement of each sensor. Another software improvements enable the LP
parameter (duration of the lighting period) to be changed.

The American GEMS system has the additional capability to measure a wide range of environmental
parameters, except the gas exchange measurements that give a possibility to calculate photosynthesis, respiration
and transpiration.

The upgraded basic plant life support system SVET-2 SG as well as the new GEMS system that increased the
information possibilities of the equipment were an important precondition for achievement of the experiments
goals to grow wheat through a complete life cycle, to document the environmental parameters that might impact
plant growth (in addition to microgravity); to collect samples for analysis on the ground; to improve conditions for
plant growth as much as possible.

RESULTS

The Space Greenhouse Complex was used to grow a fully developed wheat crop for 4 months during 1996. In
the space experiment duration of the full cycle of ontogenesis for the “Super-Dwarf” wheat plants as well as their
specific stages was similar to that in ground controls. Nearly 300 heads were developed but no seeds were
produced. After the harvest of the first planting, a second crop of wheat was planted in the SVET-GEMS system
(with CO, measurements in the plant leaf area). The result was again a vigorously developing canopy. The plants
were harvested after 42 days, frozen in liquid nitrogen for biochemical investigations after landing of the Shuttle
STS-81 in the early 1997.

CONCLUSION

The results of these six-month experiments proved that normal technical and technological conditions for
plant growth in microgravity had been provided. Only now the reasons for the lack of seeds will be considered.
One of the hypothetical causes is the presence of harmful ingredients in the air - for example the gas, ethylene,
probably produced by fungus growing in MIR on the walls. And maybe the microgravity is the principle factor
that hinder the seed formation - we will find out about it through long investigations in future space and earth
experiments.
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“Telemedicine: A User’s Perspective”
Arnauld E. Nicogossian
NASA Headquarters

Telecommunications has been used to support human space flight since its
inception. The recent emergence of computer technology to support medical
communications has evolved over the years to make telemedicine a more widely
distributed service for the delivery of health care. Recently, these systems have been
demonstrated as a useful means to support medical education to remotely located
physicians and allied medical professionals. In addition to the application of telemedicine
in space flight, NASA has supported several terrestrial testbeds to evaluate technology and
develop appropriate protocols and procedures. This evaluation has included a review of
the systems and approaches by the user community, which can be defined in several
categories. These include the astronauts and flight surgeons that provide medical support
to the astronauts during flight; and those recipients of telemedicine services in the
terrestrial testbeds, which includes physicians (both primary and consulting), the patient,
and the technical support personnel that make it happen. The principle evaluation criteria
can be characterized by the complexity of the system (i.e. is it user friendly), is it reliable
and secure, is it convenient, is the information (e.g. images, audio, video, etc.) of
diagnostic quality and representative of the illness or injury. Moreover, has the use of
telemedicine enhanced decision making by the clinician. This paper will discuss the
application of telemedicine from the user’s perspective. It will discuss the outcomes of
recent technology evaluations and testbed activities conducted domestically and
internationally. It will highlight the utility of this service as it relates to the delivery of
medical care in spaceflight.
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Health Care in Extreme Environments
James D. Collier
NASA Headquarters

From its inception, the United States’ Space Program has, by design, placed
humans into extreme environments. The challenge has been to provide for the health of
these particular humans while they are in these harsh environs, remote from the providers
of health care. The pillars of this health care system have been: selection, prevention, the
assessment of risk from which training and medical supplies can be provided for each
mission class, and the use of telecommunications. Selection of healthy persons into the
astronaut corps reduces the likelihood of mission-related health problems, prevention
efforts are designed to prevent the onset of disease or the occurrence of injury, and the
assessment of the risk of inflight disease or injury has led to the design of training
programs and the provision of medical supplies consistent with the applicable mission type.
Despite updates to these three pillars as mission types changed and new knowledge of
preventive medicine became available, the general concepts remained the same. In fact,
NASA'’s efforts in these areas have been relatively similar to trends in general Earth-based
health care. Where NASA has stood apart, and where some of the greatest strides have
been made in caring for people in remote environments, has been the integration of the
three pillars with the rapidly advancing field of telecommunications. In general, this new
area is called telemedicine. This article examines the advances made or contemplated by
NASA in the application of the four pillars, including telemedicine, to medical care in
extreme environments; from limited telemetry of the Mercury program to the possibilities of
telepresence in the exploration class missions.
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Integration of Emerging Technologies in Information and Telecommunications in Health
Care Systems for Space
Charles R. Doarn
NASA Headquarters

NASA has been involved in the development and application of telemedicine since
the early days of the space program. The integration of telecommunications and
information systems into health care systems is of critical importance in space flight.
Today, astronauts and medical support personnel on the ground depend on reliable
communications link between spacecraft and the ground. This link allows telemedicine to
be practiced on a routine basis in the human space flight program. In addition, limited
inflight medical care systems to meet mission risks and requirements are available to
support Shuttle and the International Space Station. However, as mission profiles increase
in duration, complexity, and distance from Earth, the ability to meet appropriate medical
needs and training of the crew will require an evolution in capability. This evolution will
encompass the advent of the application of emerging technologies in information systems,
telecommunications, medical diagnosis and treatment, and human-machine interfaces.
Such technologies will include smart sensors, decision support systems, artificial
intelligence, non-invasive diagnostic tools, haptic interfaces, and virtual presence.
Communications and computers have always been a part of the space program. These
technologies are experiencing rapid growth and demonstrate applicability to enhancing the
delivery of medical care to humans in extreme environments. Investment in enabling
technologies for the 21st Century will help NASA meet the new challenges of space
exploration in the new millennium. Advances in technology in information systems,
telecommunications, medical diagnosis and treatment, and human-machine interfaces will
enhance NASA’s ability to provide appropriate medical care to astronauts in remote
environments. A strategy for developing these technologies through appropriate
partnerships with other government agencies, academia, and industrial partners, will be
presented.
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TELEMEDICINE AND ENVIRONMENTAL MEDICINE IN RUSSIA: A FIRST STEP IN
BASIC MEDICAL EDUCATION

A.LGrigoriev, V.A Loginov, S.V.Buravkov, L.B.Buravkova, O.L.Vinogradova
Chair of Aerospace and Environmental Medicine, Space Biomedical Center for Training and Research, 119899,
Lomonosovsky prosp., 31, build. 5, Moscow, Russia

INTRODUCTION

Rapid growth of world communication systems creates a problem in contemporary medical educational
methodology. The main idea of modern medical education can be formulated as follows: physicians must be able
to select and synthesize necessary information and to apply that information successfully. But the question is: how
to prepare highly knowledgeable professionals both in clinical research and medical information exchange service?
Since 1995 the Chair of Aerospace and Environmental Medicine at Space Biomedical Center for Training and
Research has been helping medical students in Lomonosov Moscow State University to meet the challenge of
information revolution and clinical training.

RESULTS

Among several courses which were designed for senior students during basic 6-year medical education there are
Telemedicine (TM) and Environmental Medicine (EM). EM course, which is preliminary in the complete
telemedicine education, deals with the main pathophysiological reactions of human body in extremal existing
conditions. Students get acquainted with the principles of providing medical help under the crucial conditions of
variability in atmospheric pressure and temperature, high level of solar, UV, ionizing and nonionizing radiation.
The problems of adaptation and ecology are also considered, including toxic effects of the pollution. After one
semester of EM students begin TM training course. It is mainly based on the principles and technical support
of aerospace telemetry and includes: a) the main approaches to informational exchange, b) the technical review of
the telemetric systems used in space medicine, c) the use of aerospace communication systems and multimedia
stations in clinical practice, d) presentation of medical data with maximum information effectiveness, €) typical
mistakes during advising and consulting by video and audio contact, f) the quality, standardization and economic
effectiveness of medical help during teleconferences. At the end of the course students can take part in organizing
teleconferences on urology, traumatology and cardiology.

CONCLUSION
The authors of the first Telemedicine educational program devoted considerable time and effort to make sure
that information required by Russian medical school curricula is completely included.
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Clinical Utility of Internet Telemedicine

Ronald C. Merrell, Yale University; Peter Angood, Yale University, Charles Doarn, NASA
Headquarters

Telemedicine was introduced as an asset for clinical medicine with broad band width full motion
features which required great resource commitment of satellite, transponders and the equivalent of
a professional television studio. The availability of telemedicine for general use has in some ways
been retarded by the tremendous cost of the pilot technology. Recent advances in computer based
technology and almost generalized access to the Internet has invited experimentation with lower
band width options at a fraction of the cost. Over the last three years Yale School of Medicine has
been linked to the Moscow State University Medical School to test a variety of communication
linkages. Currently we utilize SGI work stations and SGI Workstation has a 10mb connection to
the Yale University backbone, and the University has dual T1 access to the Internet access to the
Internet to produce web site storage of complex cases which can be downloaded from the server
at Lewis and reviewed by clinicians. The evaluations can be discussed by Internet connectivity and
a formal consultation can be generated back to the Web site. This store and forward methodology
is highly appropriate given the ten hour time difference between New Haven and Moscow, Real
time consultation is of limited use. The images coming from the SGI included ultrasound,
computed tomography, magnetic resonance imaging, standard radiographs, patient photographs,
plus large amounts of digital and graphic data.

Thirty case evaluations were completed by American specialists and returned to the web site. This
connectivity offered full confidence for all static images and less so for stored moving images. The
use of a standard consultation format made the confidence in presentation very high and allowed
the rendering of advice without reservation. Prior experience between the two centers indicated
that the information offered could be completely implemented in Russia. In the evaluation of the
cases we conclude that the SGI workstation, Internet connection with Web site store and forward
using a standardized is an effective and low cost structure to facilitate telemedicine consultation.
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