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We investigated cardiovascular regulation during a 14-month spaceflight, and using orthostatic stress
on Earth. On ground, we used impedance measurements for thoracic fluid volume monitoring and
cardiac output calculations; the mechanical oscillator technique for ultra precise mass densitometry on
blood and plasma sampl es; automated blood pressure monitoring; and drew venous blood samplesto
investigate endocrine mechanisms of cardiovascular stabilization during various kinds of orthostatic
and pseudoorthostatic (lower body , negative’ pressure: LBNP) stimulation in ambulant as well as bed
rested healthy people. In space, plasma samples were prepared during LBNP experiments, stored
onboard at —20°C or lower, transported to Earth several days later and analyzed for hormones. The
results showed that stable cardiovascular regulatory conditions can be maintained during space
missions exceeding 1 year in duration. Our ground-based studies shed light on regulatory features
during combined stimulation, and demonstrated that the newly discovered hormone adrenomedullin’s
plasma concentration increases with orthostatic load, thereby counterbalancing the action of , volume-
guarding’ hormones like plasma renin activity, aldosterone, or vasopressin that aso rise with
orthostatic challenge, as head-up tilt or LBNP.

I ntroduction

Gravity governs the organization and function of al life in the biosphere. From its beginning the
human body is continuously under gravitational influence, which shapesits anatomy and physiology.
For maintenance of hydrostatic pressure within the cardiovascular system of any larger organism, it is
gravitation that presents a formidable challenge to cardiac performance and tissue perfusion. Asa
result it is necessary that the heart and blood vessels are able to respond immediately, and chronically
to adjustmentsin acceleration stimuli; e.g., from changes in body posture. Such acceleration stimuli
can aso beinduced by reduced or negated gravitational pull over extended time periods, asituation
accessible only during actual spaceflight—weightlessness of ballistic trajectories, 1/6 G on the surface
of the moon, 3/8 G on Mars; or by simulated weightlessness (head-down tilt immobilization, bed rest);
short-term weightlessness of free fall / parabolic flight (,, push® phase); and increased gravity (,, pull*
phase, centrifugation).
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Similar cardiovascular stimulation can also be provided on Earth by water immersion, lower body
compression (e.g., ,anti-shock” trousers, anti-G-suits), smulated orthostatic challenge (lower body
negative pressure: LBNP), and positive- and negative-pressure breathing. Severa of the above
techniques, singularly or in combination, have been employed to study regulatory strategies of
hormonal and neural circuits. Short-term stimuli (minutes to hours) typically occur during acircadian
cycle (orthostasis of awake-ambulatory activities, bed rest during deep), to differentiate this from long-
term adjustmentsto a persistently altered acceleration environment; e.g., smulated or redl
,welghtlessness* (daysto months). In the latter case, morphological restructuring complicates the
adaptive responses and evokes long-lasting changes that may have functional consequences during
recovery (e.g., readaptation to 1 G postflight).

The upright body position usually attenuates venous return of blood to the heart, thereby reducing
cardiac preload, arteria pressure, and organ perfusion. One significant question is how the body can
resist and counteract the caudal pull from fluid-filled bodily compartments such asin the arterial and
venous systems, while in the upright (head-to-foot, +Gz) position? The implications are of both
theoretical and practical importance. When a normovolemic person stands up from a supine position
inal-G environment, arterial pressure in the vicinity of the left ventricle remains unaltered at the
arterial hydrostatic indifferent point (HIPa), whereas venous pressure would remain constant near the
upper abdominal level at the venous hydrostatic indifferent point (HIPv, 16). Unfortunately, studies on
HIP locations under reduced or increased gravity in humans have not yet been performed and are
necessary because those data cannot be derived on purely theoretical grounds.

Exposure of mammals to microgravity brings about redistribution of blood throughout the vasculature;
vascular mechanoreceptor load is atered during central thoracic engorgement, and associated
endocrine systems respond and adapt with accompanying changes of hormone output (4, 5, 15, 17, 19,
22,23, 28, 29, 37-40, 43, 51, 52, 54, 55, 59, 75). Altered steady-state plasma concentrations of volume
sensitive hormones have been observed inflight aswell as postflight (28, 37, 39, 40, 43, 47, 54), but
endocrine responses, indicative of the adaptive state of cardiovascular-neuroendocrine systems, in
conjunction with orthostatic stimulation have rarely been studied in space.

Antiorthostatic positioning
Antiorthogtatic positioning (AOP), i.e., tilting humans head down by 3-10°, (Fig. 1) minimizesthe
effects of +Gz acceleration within the cardiovascular system (7, 8, 14, 36, 38, 50, 65, 71, 76). It also

causes chronic loading of cardiopulmonary (,,central volume*) receptors. One week of AOP seemsto
be sufficient to reset those receptors (6, 10, 11), implying that their reflex component loses important
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function. The bar reflexes adapt rapidly if the daily challenge of +Gz acceleration is removed for
severa hours aswith an overnight rest. The result is reduced stability of arterial blood pressure
regulation (,,bed rest syndrome") increasing the probability for presyncopal symptoms upon arising
(1, 3,4,7,9-12, 14, 15, 30, 31, 33, 36, 42, 46, 57, 58, 62, 66-72, 74, 77).

Antiorthostatic positioning evokes a number of hormonal readjustments which are time-dependent: 60
min of —30° head-down positioning are insufficient to effect plasma renin activity (pRA) or
norepinephrine (pNE, 20,21); severa hours of —6° produced a clear but non-significant transient
depression of plasma vasopressin (pV P), ddosterone (pA), and pRA (48); basal pRA and pA
increased after 14 days of —-6° head-down position, plasma atrial natriuretic peptide (pPANP) and pNE
were reduced significantly after 7 days (2, 17), and pV P remained unchanged (17) up to 28 days of
AOP (2). Long-term hormonal adaptative mechanisms to the AOP are still unclear.

A recent AOP bed-rest study was performed for 5 daysin 10 subjectsto investigate pANP and plasma
cyclic guanosine monophosphate (pcGMP) responses. There was no significant change in basal
thoracic impedance — an index of central blood volume — after 5 days of AOP. Hemodynamic and
other hormonal responses (renin activity, aldosterone) increased as expected with no change of pVP.
During AOP blood plasma mass density and hematocrit increased significantly in the participants
regardless if they exercised during bed rest or not. During recovery, however, these variables
decreased significantly below control values only in the non-exercised subjects.

Figure 1. Antiorthostatic positioning combined with LBNP (Institute for Adaptive and
Spaceflight Physiology, Graz, Austria)
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Extracellular volume

Alteration of fluid balanceisamajor potentialy confounding factor in gravitational studies (aswith
bed rest) of adaptive changes within the cardiovascular system (34, 49). Extracellular fluid volume,
sodium balance, renal function and hydrostatic load are inseparably linked to, and significantly
influence cardiovascular function. Extracellular and blood volumes are controlled by factors that

regul ate sodium excretion under most physiological conditions (18); e.g., rena sympathetic nervous
activity and hormones respond to gravitationa (+Gz) chalenge. A multitude of data revealed genera
response patterns. Exposure to head-up tilt, centrifugation or LBNP increase pA, pV P, catecholamines,
and pRA, and decreases in pANP resulting in decreased sodium and water excretion. On the other
hand, simulation of decreased gravitational stress by AOP, lower body compression, or head-out water
immersion generally evokes the inverse responses and increased sodium and water excretion.

Bioimpedance spectroscopy can be employed for assessment of fluid volume shifts between
intracellular and extracellular fluid compartments. |mpedance spectra (5-500 kHz) were recorded for
the total body aswell asfor body segments (Ileg and arm) during supine rest, after standing, 70°HUT,
and supine recovery. Fluid volumes changed significantly during al periods and a steady state could
not be reached within 30 min. Further, segmental measurements revealed that leg fluid contributes
significantly to the volume changes. The absol ute volume changes and the constants differed
significantly between leg positioning conditions. It was concluded that the computed volume changes
were biased by extracellular fluid redistribution (63, 64).

The newly discovered natriuretic vasodilator 52-amino acid peptide hormone adrenomedullin’srolein
the adaptation to decreased gravitationa stimulation and/or sodium intake has yet to be clarified. We
evaluated the effect of orthostasis (129, 30°, 53° or 70° head up tilt) on the time course of plasma
adrenomedullin concentration and found it increased with progressively higher tilting; about half the
increase that occurred within 30 min occurred during the first 2 min of upright positioning, and the
maximum effect was +70% (61). Thus, adrenomedullin concentration changes quickly during and
after passive orthostasis suggesting sensitive baroreceptor-induced secretion. This hormone may play
an important role for cardiovascular regulatory stability during gravitational stress.

Centra volume expansion accentuates rend fluid and electrolyte excretion, whereas central
hypovolemiaresultsin fluid-electrolyte retention. For example, data from positive-pressure breathing
studies in humans have suggested that increased sympathetic outflow reduces urinary fluid/sodium
excretion during unloading of cardiopulmonary receptors (73). But other factors might be equally
important for renal responses to decreased gravitational stress (49); e.g., dietary sodium intake can
exert an enormous influence on hormone levels within afew hours.
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Regulation of total body water and reduced plasma volume (PV) were studied for 12 hr during acute
exposure to 2,800m atitude (24) with consumption of various oral rehydration drink formulae (25).
Significant increase in PV occurred after consuming adightly hypotonic NaCl-NaCitrate beverage,
which indicated that drink ionic composition is more important than its osmolality for inducing
hypervolemia. Because the 10-hour hypovolemic response was probably due to the confinement rather
than reduced ambient pressure, appropriate countermeasures for the hypovolemia could be
consumption of sodium-content isotonic beverages, elastic stockings, leg exercise, and leg elevation
(24). Similar conclusions emerged from the other study where various carbohydrate (CHO)-
electrolyte fluid formulations were tested for consumption by astronauts to maintain or restore their
PV and total body water during, after extravehicular activity, and for afew hours before reentry and
immediately after landing. Here also the drink sodium content was more important than its total
osmotic content for increasing PV at rest. Rest (Sitting) data may be applicable for astronauts
following reentry from spaceflight, and moderately heavy exercise in the supine position simulated the
strain of extravehicular activity. Fluid formulations with greater hypervolemic effect in resting subjects
may not be as effective during exercise; therefore, use of different formulations during exercise
appears to be necessary (25).

A recent study looked into factors that may account for the dissociation between beverage-induced
plasma sodium and osmotic concentrations that appear to refute the high theoretical correlation
between those two variables. Thisisimportant because it has been shown that plasmavolume
decreases on a short-term basis after high dtitude, physical exertion, and cold; whereas chronic
exercise increases plasmavolume on alonger-term basis. Interactive factors are, i.a., osmolality,
plasma protein concentration, and endocrine variables like renin activity and vasopressin concentration.
We therefore investigated such interactions together with urinary parameters and concluded that
maintenance of drink-induced hypervolemia requires near-isotonic sodium rather than increased non-
ionic osmols (26a).

The body’ sfluid balance isinfluenced significantly by extracellular macromolecules; e.g., hyauronic
acid exerts large oncotic pressure effects. These complex molecules are, to some extent, subject to
lymphatic transport from the interstitial compartment, partly escape degradation within lymph nodes,
and emerge in the bloodstream only to be rapidly degraded in the liver and other organs. Physiological
responses of plasma hyaluronic acid concentration (pHA) were measured to determineif a circadian
rhythm exists in the absence of physical activity (6° head-down bed rest); and if pHA is associated
with a quasi-continuous ingestion of calories compared to anormal, three-portion daily diet of
equivalent energy content versus fasting (60). Without physical activity and without food ingestion the
pHA was unchanged and displayed no diurnal rhythm, but pHA increased after the first food intake
peaking after 60 min; further intake of food on the same day produced little effect. Thus, without
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ingestion of alarger meal it was concluded that no circadian plasma hyaluronane rhythm exists.
Changesin pHA therefore indicate the effect of physiological stimuli and are not influenced by time of
day per se.

Cardiac preload and arterial pressureregulation

Altered arteria pressure at heart level influences cardiac afterload; changed filling (central venous)
pressure shifts cardiac preload and diastolic blood supply to the ventricles. Head-up tilting reduces
cardiac output immediately and significantly by about 30%. Thus, postura changesinduce orthostatic
»training® (conditioning) for cardiovascular regulation (13, 17, 50). In fact, absence of Gz stimuli
brings about rapid ,,deconditioning” as evidenced by decreased baroreceptor reflex efficiency after a
few days of spaceflight or bed rest (6, 56, 71).

Short (30 min) cardiovascular stimulation of moderate LBNP creates transient cardiovascular effects:
Hemodynamic and thoracic impedance (T1) changes were measured during LBNP levels of 15 to 65
mmHg. LBNP >15mmHg increased Tl by almost 10%, indicating decreased fluid volume (41). Mean
arteria pressure remained stable whereas heart rate increased up to 55% and then fell to values below
pre-LBNP control (“post-LBNP bradycardia’). It was concluded that various levels of LBNP
produced different time courses and dose-response patterns, and the subjects remained non-
hypotensive to 65-mmHg suction, indicating an altered cardiovascular state after 30 min of LBNP. Itis
probable that atered hormone concentrations; e.g., attenuated pRA and angiotensin |1 levels may
contribute to this escape-like phenomenon (26). Repeated orthostatic challenge may produce some
effects, which may persist even after an overnight supine rest period. Conversely, microgravity
exposure during prolonged spaceflight should reduce orthostatic competence.

L ocal tissue composition

Astronauts can experience changes in body composition during / after their missions. The problem of
monitoring such changesis pertinent not only to spaceflight physiology but to medicine in general:
Mass and distribution ob body fat is relevant as a possible cardiovasvular risk factor aswell.
Prospective studies have demonstrated associ ations between body mass and shape, and the occurrence
of stroke, myocardial infarction, angina pectoris, and death from coronary heart disease. We decided to
find anovd, direct and sensitive method to assess central (abdominal) fat mass since established
methods all suffer from drawbacks. To do so, we estimated subcutaneous fat layer thickness (SFL) by
trans mpedance mesaurement between two pairs of electrodes attached directly above the area of
interest (64a) — Fig. 2.
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Fig. 2: Transversal abdominal cross section at umbilical level.

It was not expected to find alinear relationship between abdomina transmpedance and SFL, but this
is exactly how it turned out to be (Fig. 3). The theory would predict anon-linear relationship between
impedance and fat layer thickness; in our setup, obvioudly the postulated non-linear correlation is
linearized due to contributions from deeper adipose structures, like the mesentery.This renders our
electrode arrangement particularly attractive for smple data analysis. Further, it can be seen from fig. 2
that thereisjust aminor difference between standing (upper panel) and supine position (lower pand),
indicating that this approach would probably yield rather robust data during microgravitational
conditions and reduced gravity (ason Mars) aswell.
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Figure 3: Correlation between abdominal subcutaneousfat layer thickness (SFL) as vaidated
by NMR imaging, and impedance (Z, in Ohms) at 50 kHz with upright (A) and lying (supine)
position (B). Regression lines with 95% prediction confidence bands.
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Inflight experiments

On the basis of ground-based ssimulation data, it islogical to ask whether hormonal systems respond
similarly in astronauts during an extended stay in microgravity. After preliminary experiments during
a 9-day space mission (35), our hypothesis was that endocrine stress-responses would deviate from
ground-based patterns during extended flight. Of particular interest and importance were pANP and
pcGM P, hormones related directly to cardiac distension (17,35,37,44), because transmural central
venous pressure (TCVP) which influences ANP output from the heart and is elevated despite
decreased CVP in parabolic flight (78) might be downregulated on alonger duration flight.

Basal levels and LBNP-induced changes of volume regulating and stress-sensitive hormones were
measured in venous plasma of one cosmonaut (52 yr, 174 cm, 88.3 kg preflight) before (-45 days.
supine), during (3, 170, 287, 430 days) and after (+4, +90 days: supine) this 438-day flight. Blood
was taken at the beginning and immediately after LBNP (-15/-30/-35 mmHg for 15/15/10 min). There
was persistent lowering of pANP inflight along with extremely low pcGMP levels; however, transient
hormonal changes after LBNP (as % of pre-L BNP vaues) were not different from ground-control
findings, and other hormone levels did not deviate consistently from ground control values (27,32,53).
Based on findings from prolonged head-down tilt (HDT) experiments (17), we hypothesized that
ANP would be decreased similarly during the mission (confinement per se does not change pANP:
44). This assumption was validated by a 70 to >95% reduction of pANP inflight. Since the preflight
PANP values were rather high, flight levels stayed within the normal range except on day 430 where
they fell below the lower limit assigned as 20 pg.ml™. After landing pANP returned to »100 pg.ml™,
presumably due to readjustment to 1-G cardiac preload and atrial distension.

It isnot clear why central venous pressure is not altered during early exposure to microgravity (37)
when, at the sametime, cardiac filling isincreased. Recent data from parabolic flight experiments have
demonstrated an increased transmural atrial pressure and diameter vis-a-vis decreased CVP (78).
Transmura CVP, rather than CVP per se, stimulates ANP secretion from the atria; however, TCVP has
not yet been determined during prolonged flight. A lasting suppression of pANP, as observed in our
study, could be the result of at least two mechanisms with continued stay in microgravity, e.g.,
Hemodynamic adaptation to lowered TCVP, or decreased ANP secretion despite high TCVP.

The pattern of low inflight pANP was underlined by the pcGMP datain which inflight levels were well
below the 3-7 nM normal range on Earth. A 70-90% fall in pcGM P concentration occurred on day 6
of the previous short-term mission (35); now pcGMP remained depressed during the long-term flight
aswell, and also on the 4th day postflight; but returned to preflight levels by postflight day 90 (Fig.
4). It seems that the cGMP system responds to spaceflight and post-landing conditions with delayed
adaptation / readaptation.
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Figure 4. Basic levels and LBNP-induced effects (arrows) of pcGMP in one cosmonaut
(VBO) before flight (pre), inflight, and after landing (post) during one short-term (9-day) and
one long-term (438-day) flight (PVV), respectively. pcGMP is al but absent during and
shortly after the long-term flight; however, LBNP aways decreases pcGMP by »20%.

Although the physiological role of intracellular pcGMP iswell known as a second messenger of
ANP sbiologic action, its extracellular significance is unclear. However, cGMP excretion has been
used as a marker for changes in the ANP system during HDT bedrest studies (72). Acute stress
produces different responses in pANP and pcGMP; dissociation of pcGMP and pANP has been
observed in conjunction with postural changes and LBNP. Earlier findings of a parallel decrease of
both pANP and pcGMP with 45 and 90 min LBNP may apply only to the low (-15 mmHg) suction
level used (45).

These case-study endocrine stress-response data are the first from aflight exceeding one year. There
was pronounced and consistent depression of plasma ANP and cGMP during flight while plasma
catecholamines during LBNP were elevated mid-flight and after landing. There were no deteriorated

L BNP-induced hormonal alterations during flight, indicating responsive regulatory status. Thus, long-
term flight may not pose serious changes within steady-state variables and stimulus-response
dynamics of fluid-electrolyte-endocrine control systems.

60



10 Years Space Biomedical Research and Development in Austria — H. Hinghofer-Szalkay (ed.) - Facultas Verlag Vienna, Austria

Acknowledgements

Many people contributed to these studies. The authors thank Valery B. PoLyAkov who performed the longest
spaceflight yet undertaken and did a perfect job in the experimental program; Franz VIEHBOECK , the Austrian cosmonaut
who opened the door for our spaceflight investigations; Richard KVETNANSKY, Andreas ROSSLER, and Andreas
ROTHALER performed hormone determinations; Zoltan LASzLO, Ulrike WOELLIK and Melitta UNTERLERCHNER
contributed to human experimental research.

We are a so endebted to the many other technicians, test subjects, managers, engineers, and scientists who performed
valuable service.

The studies were supported by the Austrian Ministry for Sciences and Research, the Austrian Research Fund, the City of
Graz, and the Austrian Society for Aerospace Medicine, Vienna.

References

1. Abboud FM, Eckberg DL, Johannsen UJ, Mark AL. Carotid and cardiopulmonary baroreceptor
control of splanchnic and forearm vascular resistance during venous pooling in man. J Physiol.
1979; 286: 173-84.

2. Arbellle P, Gauquelin G, Pottier Jm, Pourcelot L, Guell A, Gharib C. Results of a 4-week head-
down tilt with and without LBNP countermeasure: |1. Cardiac and peripheral hemodynamics -
comparison with a 25-day spaceflight. Aviat Space Environ Med 1992; 63: 9 —13.

3. Baily RG, Leuenberger U, Leaman G, Silber D, Sinoway LI. Norepinephrine kinetics and cardiac
output during nonhypotensive lower body negative pressure. Am J Physiol. 1991; 260: H1708-
12

4. Buckey Jr. JC, Lane LD, Levine BD, Watenpaugh DE, Wright SJ, Moore WE, Gaffney A,
Blomgvist CG. Orthostatic intolerance after spaceflight. J Appl Physiol. 1996; 81: 7-18.

5. Convertino VA. Clinical aspects of the control of plasmavolume at microgravity and during return
to one gravity. Med Sci Sports Exerc. 1996; 28 (S 10): $45-52.

6. Convertino VA, Doerr DF, Ludwig DA, Vernikos J. Effect of simulated microgravity on
cardiopulmonary baroreflex control of forearm vascular resistance. Am J Physiol. 1994; 266:
R1962-9.

7. Convertino VA, Doerr DF, Eckberg DL, Fritsch IM, Vernikos-Danellis J. Head-down bed rest
impairs vagal baroreflex responses and provokes orthostatic hypotension. J Appl Physiol. 1990;
68: 1458-64.

8. Crandall CG, Engelke KA, Convertino VA, Raven PB. Aortic baroreflex control of heart rate after
15 days of simulated microgravity exposure. JAppl Physiol. 1994; 77: 2134-9.

9. Ebert TJ, Hayes JJ, Ceschi J, Kotrly KJ, van Brederode J, Smith JJ. Repetitive ramped neck suction:
a quantitative test of human baroreceptor function. Am J Physiol. 1984; 247: H1013-7.

10. Eckberg DL, Fritsch JM. Influence of ten-day head-down bedrest on human carotid baroreceptor-
cardiac reflex function. Acta Physiol Scand. 1992; 144: 69-76.

11. Eckberg DL, Convertino VA, Fritsch IM, Doerr DF. Reproducibility of human vagal carotid
bororeceptor-cardiac reflex responses. Am JPhysiol. 1992; 263: R215-20.

12. Engelke KA, Doerr DF, Convertino VA. A single bout of exhaustive exercise affectsintegrated
baroreflex function after 16 days of head-down tilt. Am JPhysiol. 1995; 269: R614-20.

13. Escourrou P, Raffestin B, Papelier Y, Pussard E, Rowell LB. Cardiopulmonary and carotid
baroreflex control of splanchnic and forearm circulations. Am JPhysiol. 1993; 264: H777-82.

14. Fortney SM, VS Schneider, JE Greenleaf. The physiology of bed rest. In: Handbook of
Physiology - Environmental Physiology, 1996; Ch. 39: pp. 889-939. American Physiological
Society, Bethesda, MD, 1996.

15. Fritsch-Yelle MM, Whitson PA, Bondar RL, Brown TE. Subnormal norepinephrine release relates
to presyncope in astronauts after spaceflight. J Appl Physiol. 1996; 81: 2134-41.

16. Gauer OH, Thron HL. Postural changesin the circulation. In: Handbook of Physiology -
Circulation I11, 1965; Ch 67, pp 2409-39 (Am Physiol Soc, Bethesda, MD)

61



10 Years Space Biomedical Research and Development in Austria — H. Hinghofer-Szalkay (ed.) - Facultas Verlag Vienna, Austria

17. Gharib C, Maillet A, Gauquelin G, Allevard AM, Glell A, Cartier R, Arbellle P. Results of a4 -
week head-down tilt with and without LBNP countermeasure: |. volume regulation hormones.
Aviat Space Environ Med. 1992; 63: 3-8.

18. Goetz KL, Bond GC, Bloxham DD. Atrial receptors and renal function. Physiol Rev 1975; 55:
157-205.

19. Goldsmith SR, Francis GS, Cowley AW, Cohn JN. Response of vasopressin and norepinephrine
to lower body negative pressure in humans. Am J Physiol. 1982; 243: H970-3.

20. Goldsmith SR, Cowley J. AW, Francis GS, Cohn JN. Effect of increased intracardiac and arterid
pressure on plasma vasopressin in humans. Am J Physiol 1984; 246: H647-51.

21. Goldsmith SR, Francis GS, Cohn JN. Effect of head-down tilt on basal plasma norepinephrine
and renin activity in humans. JAppl Physiol 1985; 59: 1068-71.

22. Goldstein DS, Vernikos J, Holmes C, Convertino VA. Catecholaminergic effects of prolonged
head-down bed rest. JAppl Physiol. 1995; 78: 1023-9.

23. Greenleaf JE, Mechanism for negative water balance during weightlessness. an hypothesis. JAppl
Physiol. 1986; 60: 60-2.

24. Greenleaf JE, Farrell PA, Loomis JL, Federle MJ, West J, Roesder A, Hinghofer-Szalkay H.
Sodium chloride-citrate beverages affenuate hypovolemiain men resting 12 h at 2800 m atitude.
Aviat Space Environ Med 1998; 69:936-43.

25. Greenleaf JE, Jackson CGR, Geelen G, Keil LC, Hinghofer-Szalkay H, Whittam JH. Plasma
volume expansion with oral fluidsin hypohydrated men at rest and during exercise. Aviat Space
Environ Med. 1998; 69:837-44.

26. Greenleaf JE, Petersen TW, Gabrielsen A, Pump B, Bie P, Christensen NJ, Warberg J, Videbaek
R, Simsonson S, Norsk P. Low LBNP tolerance in men is associated with attenuated activation
of the renin-angiotensin system. Am J Physiol. 2000; 279: R822-9

26a. Greenleaf JE, Hinghofer-Szalkay H, Rosder A, Farrell PA, Loomis JL, Federle MJ, West J,
Cowell SA. Plasma sodium-osmotic dissociation and hormonal interaction with drinking-
induced hypervolemia at 2800 m dtitude. Aviat Space environ Med 2001; 72 522-8.

27. Grigoriev Al, VB Noskov, VV Polyakov, DV Vorobiev, |A Nichiporuk, HG Hinghofer-Szalkay, A
Roesder, R Kvetnansky, L Macho. Dynamics of the hormonal regulation during LBNP
sessionsin (@) long-term space mission. Aviakosm Ecol Med. 1998; 32: 18-23.

28. Grigoriev Al, Noskov VB, Poliakov V, Sukhanov Y, Gharib C, Gauquelin G, Gedlen G,
Kvetnansky R, Macho L. Fluid-éectrolyte metabolism and hormonal control during the Second
Soviet-French space flight. Aerosp Ecol Med. 1992; 26: 36-9.

29. Grigoriev Al, Egorov AD. Physiological aspects of adaptation of human body systems during and
after spaceflight. In: S.L. Bonting (ed.): Advancesin space biology and medicine 2, pp. 43-82.
JAI press, Greenwich CT / London 1992.

30. Hall JE, Brands MW. The renin-angiotensin-aldosterone systems. Renal mechanisms and
circulatory homeostasis. In: Seldin DW, Giebisch G (eds): The Kidney: Physiology and
Pathophysiology, Ch.40, pp. 1455-1504, Raven Press, New Y ork 1992.

31. HarunaY, Suzuki Y, Kawakubo K, Gunji A. Orthostatic tolerance and autonomous nervous
functions before and after 20-days bed rest. Acta Physiol Scand. 1994; 150 (S 616): 71-81.

32. Hinghofer-Szalkay HG, Noskov VB, Roesder A, Grigoriev Al, Kvetnansky R, Polyakov VV.
Endocrine status and L BNP-induced hormone changes during a 438-day space flight. Aviat
Space Environ Med 1999; 70:1-5.

33. Hinghofer-Szalkay H, Vigas M, Sauseng-Fellegger G, Konig EM, Jezova D. Head-up tilt and
lower body suction: comparison of hormone responses in healthy men. Physiol Res. 1996; 45:
369-78.

34. Hinghofer-Szalkay H, Sauseng-Fellegger G, Greenleaf JE. Plasma volume with aternating tilting:
effect of fluid filtration. J. Appl. Physiol. 1995; 78: 1369-73

35. Hinghofer-Szalkay HG, Noskov V, Jezova D, Sauseng-Fellegger G, Flger GF, Sukhanov Y,
Konig E M, Zambo-Polz C, Barowitsch C, Viehbock F, Macho L, Kvetnansky R, Grigoriev Al.
Hormonal changes with lower body suction on 6™ day in weightlessness in one cosmonatit.
Aviat Space Environ Med. 1993; 64: 1000-5.

36. Hughson RL, Maillet A, Gharib C, Fortrat JO, Yamamoto Y, Pavy-Letraon A, Riviere D, Gudl A.
Reduced spontaneous baroreflex response dope during lower body negative pressure after 28
days of head-down bed rest. JAppl Physiol. 1994; 77: 69-77.

62



10 Years Space Biomedical Research and Development in Austria — H. Hinghofer-Szalkay (ed.) - Facultas Verlag Vienna, Austria

37. Huntoon C. Metabolic. 1992 FASEB, Symposium 321: Human Physiology in microgravity:
Spacelab SLS-1. Anaheim, Cdlifornia, April 8, 1992.

38. Johansen LB, Gharib C, Allevard AM, Sigaudo D, Christensen NJ, Drummer C, Norsk P.
Haematocrit, plasma volume and noradrenaline in humans during simulated weightlessness for
42 days. Clin Physiol. 1997; 17: 203-10.

39. Johnston RS, Dietlein LF (eds): Biomedical Results from Skylab, NASA SP-377.

40. Kvetnansky R, DavydovaNA, Noskov VB, Vigas M, PopovalA, Usakov AC, Macho L, Grogoriev
Al. Plasmaand urine catecholamine levelsin cosmonauts during long-term stay on space station
Salyut-7. Acta Astronautica 1988; 17: 181-6.

41. Laszlo Z, Roesser A, Hinghofer-Szalkay H. Cardiovascular changes during and after different
LBNP levelsin men. Aviat Space Environ Med 1998; 69:32-9.

42. Levine BD, Buckey JC, Fritsch M, Yancy CW,jr, Watenpaugh DE, Snell PG, Lane LD, Eckberg
DL, Blomgvist CG. Physical fithess and cardiovascular regulation: mechanichms of orthostatic
intolerance. JAppl Physiol. 1991; 70: 112-22.

43. Macho L, Kvetnansky R, Vigas M, Nemeth S, Popoval, Tigranian RA, Noskov VB, Seroval,
Grigoriev |A. Effect of space flights on plasma hormone levelsin man and in experimenta
animal. Acta Astronautica 1994; 23: 117-21.

44. Malllet A, Normand S, GungaHC, Allevard AM, Cottet-Emard IM, Kihm E, Strolle F, Pachiaude
C, Kirsch KA, Bizollon CA, Gauqudin G, Gharib C. Hormonal, water balance, and electrolyte
changes during sixty-day confinement. Adv Space Biol Med. 1996; 5: 55-78.

45. Miller JA, Floras JS, Skorecki KL, Blendis LM, Logan AG. Renal and humoral responses to
sustained cardiopulmonary baroreceptors deactivation in humans. Am J Physiol. 1991; 260:
R642-8.

46. Mitchell JH, RG Victor. Neural control of the cardiovascular system: insights from muscle
sympathetic nerve recordingsin humans. Med Sci Sports Exerc. 21996; 8: S60-9.

47. Nixon JV, Murray RG, Bryant C, Johnson RL, Mitchell JH, Holland OB, Gomez-Sanchez C,
Vergne-Marini P, Blomgvist CG. Early cardiovascular adaptation to smulated zero gravity. J
Appl Physiol. 1979; 46: 541-8.

48. Nixon JV, Murray RG, Bryant C, Johnson Jr. RL, Mitchell JH, Holland OB, Gomez-Sanchez C,
Vergne-Marini P, Blomgvist CG. Early cardiovascular adaptation to smulated zero gravity. J
Appl Physiol 1979; 46: 541-8.

49. Norsk P. Gravitational stress and fluid volume regulation: a suggestion for revision of current
hypotheses. J Gravit Physiol 1997; 4(2): P-85-8.

50. Norsk P. Gravitational stress and volume regulation. Clin Physiol. 1992; 12: 505-26.

51. Norsk P. Role of arginine vasopressin in the regulation of extracellular fluid volume. Med Sci
Sports Exerc. 1996; 28 (S 10): S36-41.

52. Norsk P, Drummer C, Rocker L, Strollo F, Christensen NJ, Warberg J, Bie P, Stadeager C,
Johansen LB, Heer M, Gunga HC, Gerzer R. Renal and endocrine responses in humans to
isotonic saline infusion during microgravity. JAppl Physiol. 1995; 78: 2253-9.

53. Noskov VB, Sukhanov YV, Volkov AA, Hinghofer-Szalkay H, Koenig E, Sauseng-Fellegger G,
Viehboeck F, Kvetnansky R, Jezova D, Macho L. Assessment of the reactivity of cosmonaut’s
hormonal regulation system during LBNP test during Soviet-Austrian flight onboard orbital
station "MIR". Aerosp Environ Med. 1994; 28: 33-7.

54. Noskov VB, Afonin BV, Sukhanov YV, Kvetnansky R. Hormonal control of fluid and el ectrolyte
metabolism during extended periods of weightlessness. In: VanLoon - Kvetnansky - McCarty -
Axelrod (eds.): Stress. Neurochemica and Humoral Mechanismsval. 2., pp. 1031-7. Gordon
& Breach 1989.

55. Noskov VB, Katkov VE, Afonin BV, Chestukhin VV, Sukhanov YV. Centra venous pressure and
hormonal regulation of the water balance when altered in antiorthostasis. Human Physiology
1986; 12: 341-6.

56. Pannier B, Slama M, Guerin A, Martel E, London G, Safar M, Cuche JL. Further study on the
carotid baroreflex system in the cardiovascular deconditioning induced by head-down tilt. Aviat
Space Environ Med 1998; 69(9): 904-10

57. Pavy-Le Traon A, Sigaudo D, Vasseut P, Fortrat JO, Guel A, Hughson RL, Gharib C. Orthostatic
tests after a4-day confinement or simulated weightlessness. Clin Physiol. 1997; 17: 41-55.

63



10 Years Space Biomedical Research and Development in Austria — H. Hinghofer-Szalkay (ed.) - Facultas Verlag Vienna, Austria

58. Robertson D, G Jacob, A Ertl, J Shannon, R Mosqueda-Garcia, RM Robertson, | Biaggioni.
Clinical models of cardiovascular regulation after weightlessness. Med Sci Sports Exerc. 1996,
28: S80-4.

59. Robertson D, Convertino VA, Vernikos J. The sympathetic nervous system and the physiologic
consequences of spaceflight: ahypothesis. Am JMed Sci. 1994; 308: 126-32.

60. Roessler A, Laszlo Z, Kvas E, Hinghofer-Szalkay H. Plasma hyaluronan concentration: no
circadian rhythm but large effect of food intake in humans. Eur JAppl Physiol. 1998; 78:573-7.

61. Roessler A, Laszlo Z, Haditsch B, Hinghofer-Szalkay HG. Orthostatic stimuli rapidly change
plasma adrenomedullin in humans. Hypertension 1999; 34: 1147-51.

62. Sander-Jensen K, Mehlsen J, Stadeager C, Christensen NJ, Fahrenkrug J, Schwartz TW, Warberg
J, BieP. Increase in vagal activity during hypotensive lower-body negative pressure in humans.
Am JPhysiol. 1988; 255: R149-56.

63. Scharfetter H, Monif M, Laszlo Z, Lambauer T, Hutten H, Hinghofer-Szalkay H. The effect of
postural changes on the reliability of volume estimations from bioimpedance spectroscopy data.
Kidney Int. 1997; 51: 1078-87.

64. Scharfetter H, Hartinger P, Hinghofer-Szalkay H, Hutten H. A modédl of artifacts produced by
stray capacitance during whole body or segmental bioimpedance spectroscopy. Physiol Meas
1998; 19: 247-61.

64a. Scharfetter H, Schlager T, Stollberger R, Felsberger R, Hutten H, Hinghofer-Szalkay H.
Assessing abdominal fatness with local bioimpedance analysis: basics and experimental
findings. Int J Obesity 2001; 25: 502-11.

65. Schmedtje JF, Liu WL, Taylor AA. Cardiovascular deconditioning through head-down tilt bed rest
Increases blood pressure variability and plasmarenin activity. Aviat Space Environ Med. 1996;
67: 539-46.

66. Sherwood A, Carter LS, Murphy CA. Cardiac output by impedance cardiography: two aternative
methodol ogies compared with thermodilution. Aviat Space Environ Med. 1991; 62: 116-22.

67. Shi XR, Gallagher KM, Welch-O"Connor RM, Foresman BH. Arterial and cardiopulmonary
baroreflex in 60- to 69- vs 18- to 36-yr-old humans. J Appl Physiol. 1996; 80: 1903-10.

68. Shi X, Foresman BH, Raven PB. Interaction of central venous pressure, intramuscular pressure,
and carotid baroreflex function. Am J Physiol. 1997; 272: H1359-63.

69. Shi X, Raven PB. Interactions between carotid and cardiopulmonary baroreflexes (reply). JAppl
Physiol. 1997; 82: 717-8.

70. Shvartz E, Convertino VA, Keil LC, Haines RF. Orthostatic fluid-electrolyte and endocrine
responses in fainters and nonfainters. J Appl Physiol. 1981; 51: 1404-10.

71. Sigaudo D, Fortrat JO, Maillet A, Allevard AM, Pavy-Le Traon A, Highson RL, Guell A, Gharib C,
Gauquelin G. Comparison of a4-day confinement and head-down tilt on endocrine response
and cardiovascular variability in humans. Eur JAppl Physiol. 1996; 73: 28-37.

72. Sigaudo D, Fortrat JO, Allevard AM et a. Changes in the sympathetic nervous system induced by
42 days of head-down bed rest. Am J Physiol. 1998; 274: H1875-84.

73. Tanaka S, Sagawa S, Miki K, Claybaugh JR, Shiraki K. Changesin muscle sympathetic nerve
activity and renal function during positive-pressure breathing in humans. Am J Physiol 1994;
266: R1220-8.

74. tenHarkel ADJ, Beck L, Karemaker M. Influence of posture and prolonged head-down tilt on
cardiovascular reflexes. ActaPhysiol Scand. 1992; 144: 77-87.

75. Tipton CM, Greenleaf JE, Jackson CGR. Neuroendocrine and immune system responses with
spaceflights. Med Sci Sports Exerc 1996; 28: 988-98.

76. Tyberg JV, Hamilton DR. Orthostatic hypotension and the role of changesin venous capacitance.
Med Sci Sports Exer. 1996; 28: S29-31.

77.Vernikos J, Ludwig DA, Ertl AC, Wade CE, Kell L, O'HaraD. Effect of standing or walking on
physiological changes induced by head down bed rest: implications for spaceflight. Aviat Space
Environ Med. 1996; 67: 1069-79.

78. Videbaek R, Norsk P. Atria distension in humans during microgravity induced by parabolic
flights. JAppl Physiol. 1997; 83: 1862-6.

64



