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PREFACE 

The Space Biology Program, within the Office of Space Science 
and Applications of the National Aeronautics and Space Adminis
tration, was established to use the unique characteristics of 
the space environment to advance knowledge in the biological 
sciences (see Introduction for a detailed description of the 
Space Biology Program). 

The intent in compiling this bibliography is twofold, first, to 
provide the scientific community with a listing of publications 
resulting from research pursued under the auspices of NASA's 
Space Biology Program, and secondly, to stimulate the exchange 
of information and ideas among scientists working in the 
different areas of the program. To facilitate this exchange 
process, we have identified Space Biology Program research 
principal investigators by asterisks. A listing of principal 
investigators and their affiliations can be found starting on 
page 97. 

References are arranged by year under the headings "Plant Gravi
tational Research," "Animal Gravitational Research," and 
"General." Keyword title indexes appear on pages 85-93. This 
bibliography listing only includes references identified and 
entered into the Life Sciences Bibliography Data Base (housed at 
The George Washington University) as of August 15, 1984. 
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THE NASA SPACE BIOLOGY PROGRAM 

Thora W. Halstead 
LIfe Sciences Division 

Office of Space Science and Applications 
National Aeronautics and Space Administration 

Washington, DC 20546 

Introduction 

One of the major features of the physical enVIronment on the 
surface of Earth is the constant presence of the force of 
gravity. Terrestrial gravity has important biological 
consequences for organisms living on Earth. The phenomenon of 
weightlessness which is encountered on spacecraft provides an 
excellent biological research opportunity, both because of its 
uniqueness to space and because of the importance of gravity to 
life on Earth. Access to space provides an opportunity to 
manipulate gravity from its norm of one down to almost zero, 
effectively providing the full spectrum of gravitational research 
capabilIty for the first time. This capability, combined with 
the stability and pervasiveness of gravity on Earth, its obvious 
impact on biological evolution, and its continuing effect on the 
morphology, physiology, and behavior of living organisms, has led 
the Space BIOlogy Program to concentrate its efforts and 
resources on investigating the biological significance of 
gravity. 

Program Goals 

The goals of the Space Biology Program are to: use the unique 
characteristics of the space environment, particularly 
microgravlty, as a tool to advance knowledge in the biological 
sciences; understand how gravity has shaped and affected life on 
Earth; and understand how the space environment affects both 
plant and animal species, thereby enhancing our capability to use 
and explore space. 

Program Scope 

Research in the Space Biology Program is divided into three broad 
areas: 

1. Gravity perception. The objectives are to identify 
gravity receptors in organisms sensitive to gravity and 
determIne theIr structure and function, and to elucIdate 
the mechanisms by which gravitational stimuli are 
perceived and transmitted to a responsive site. 

2. Developmental biology. The objectives are to determine 
the effects of gravity, and especially weightlessness, 
as provided by spaceflight, on the genetic integrity, 
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cellular differentiation, reproduction, development, 
growth, maturation, and senescence of living systems; 
and to examine the evolutionary importance of gravity as 
a determinant of the form and function of terrestrial 
lIfe. 

3. Biological adaptation. ThIS area includes the use of 
gravity's physiological effects to explore biological 
problems; and achievement of an understanding of how 
gravity affects and controls the physiology, morphology, 
and behavior of organisms, of how gravity and other 
environmental stimuli and stresses interact in this 
control, and of the biological mechanism by which living 
systems respond and adapt to altered gravity, 
particularly that of the space environment. 

Research Opportunities 

with the proven feasibility of the Space Shuttle, we now have a 
new capability of performing biological experiments in space. 
The opportunity has arrived to use the locker space within the 
Shuttle orbiter on a continuing space available basis. This will 
provide a valuable augmentation to the ongoing ground-based 
research program. 

Spaceflight will provide the validation for many experimental 
hypotheses developed in ground-based research, while 
gravitational experiments on Earth will continue to hone the 
questions, provide the necessary baseline data, and develop 
spaceflight experimental protocol. 

The experimental approach of the ground-based studies in the 
Space BIOlogy Program 1S to manipulate gravity on Earth and 
develop weightless simulation models to: (1) develop and test 
gravitational hypotheses, (2) identify gravity-sensitive 
biological systems and interacting environmental response 
mechanisms, (3) analyze biological systems and mechanisms known 
to be gravity-sensitive, (4) analyze flight experiment data and 
iteratively expand ground research capability, and (5) plan and 
design future space experiments. In addition, research is 
conducted to understand how the uncontrollable biodynamic factors 
of the spacecraft will affect the results of the various flight 
experiments. 

Focus of Program 

The research focus of the Space Biology program is dependent upon 
several dynamic factors: the requirements of NASA, the 
characteristics of flight experiment opportunities, the 
sensitivity of specific biological systems to gravity, the 
scientific value of the research, the state of knowledge and 
technology in the specific scientific areas, the interest of 
scientists in studying the biological questions, and the 



availability of funds to support the research. 

Within the scope of the Space Biology Program, the current 
Program is focused on answering the following basic scientific 
questions: 

1. What are the components of the gravity-sensing 
mechanisms of plants and animals? How do they perceive 
information? How is the information transmitted to 
evoke responses? 

2. Does gravity influence fertilization and development of 
plants and animals, and can fertilization and 
development proceed normally in a near zero gravity 
environment? If gravity does affect fertilization and 
development, what are the sensitive physiological 
systems and how are they affected? If early development 
is affected by gravity, is it a result of an effect on 
the parent or a direct effect on the embryo itself? 

3. What is the role of gravity in the formation of 
structural elements such as lignin, cellulose, silica, 
chitin, and bone calcium phosphates at the molecular 
level as well as at more complex organizational levels? 

4. What role does gravity play in calcium-mediated 
physiological mechanisms and in calcium metabolism? 

5. How does gravity as an environmental factor interact 
with other environmental factors to control the 
physiology, morphology, and behavior of organisms? Or, 
how do gravitational and other environmental stimuli 
interact in the control and direction of living forms? 
Can the action of gravity be replaced by different 
stimuli? 
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1. BANDURSKI*, R.S.; SCHULZE, A. 
DISTRIBUTION OF FREE PLUS ESTER INDOLE-3-ACETIC ACID 
IN THE MESOCOTYL CORTEX OF 
(ABSTRACT) • 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 178,1984. 

GEO-STIMULATED ZEA MAYS 

2. BIRO, R.L.; DAYE, S.; SERLIN, B.S.; TERRY, M.E.; DATTA, 
N.; SOPORY, S.K.; ROUX*, S.J. 
CHARACTERIZATION OF OAT CALMODULIN AND 
RADIOIMMUNOASSAY OF ITS SUBCELLULAR DISTRIBUTION. 
PLANT PHYSIOLOGY 
75(2): 382-386, 1984. 

3. BROWN*, A. H .; CHAPHAN, D. K. 
CIRCUMNUTATION OBSERVED WITHOUT A SIGNIFICANT 
GRAVITATIONAL FORCE IN SPACEFLIGHT. 
SCIENCE 
225: 230-232, 1984. 

4. BROWN * , A.H.; CHAPMAN, D.K. 
SPACEFLIGHT SHOWS CIRCUMNUTATION WITHOUT SIGNIFICANT 
G-FORCE (ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 179, 1984. 

5. COSGROVE*, D. 
r'iEASURING WALL EXTENSIBILITY BY IN VIVO STRESS 
RELAXATION (ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 62,1984. 

6. CRONAUER, S.S.; KRIKORIAN*, A.D. 
MULTIPLICATION OF MUSA FROM EXCISED STEM TIPS. 
ANNALS OF BOTANY 
53: 321-328, 1984. 

7. CRONAUER, S.S.; KRIKORIAN*, A.D. 
RESPONSE LEVELS OF MUSA TO VARIOUS ASEPTIC CULTURE 
TECHNIQUES (ABSTRAC~ 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 14, 1984. 

8. DATTA, N.; SILBERMAN, L.G.; ROUX*, S.J. 
DIFFERENTIAL REACTIVITY OF MONOCLONAL ANTIBODIES 
WITH TRYPTIC PEPTIDES OF PHYTOCHROME (ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 91, 1984. 
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ANALYSIS AND SIGNIFICANCE OF GRAVITY-INDUCED 
ASYHMETRIC GROWTH IN THE GRASS LEAF-SHEATH PULVINUS. 
ANNALS OF BOTANY 
53: 29-44,1984. 

10. EDWARDS * , K.L. 
ASYMMETRIC CALCIUM AND AUXIN IN ROOT GRAVITROPISM 
(ABSTRACT) • 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 179, 1984. 
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RELATIONSHIP OF CALCIUM ASYMMETRY TO AUXIN MOVEMENT 
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REGULATION OF ROOT DEVELOPMENT. 
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35: 223-242, 1984. 
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PLANT PHYSIOLOGY 
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EFFECTS OF LIGHT ON PROTEIN PATTERNS IN 
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BURST OF ETHYLENE UPON HORIZONTAL PLACEMENT OF 
TOMATO SEEDLINGS (ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 87, 1984. 

16. HASENSTEIN, K.-H.i R~¥LE*, D. 
THE EFFECT OF CA ON AUXIN TRANSPORT AND SHOOT 
GRAVITROPISM (ABSTRACT). 
PLANT PHYSIOLOGY 
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75(1, SUPPL.): 179, 1984. 

JAFFE*, M.J.; LEOPOLD*, A.C. 
CALLOSE DEPOSITION DURING 
AND PISUM SATIVUM AND ITS 
2-DEOXY-D-GLUCOSE. 
PLANTA 
161: 20-26, 1984. 

GRAVITROPISr.1 OF ZEA MAYS -- ---INHIBITION BY 

19. KAUFMAN*, P.i SONG, I.i THOMPSON, P.i HSIEH, M.i 
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THE NEGATIVE GRAVITROPIC RESPONSE OF BARLEY (HORDEUM 
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75(1, SUPPL.): 178,1984. 
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22. LEE, J.; EVANS*, M. 
PHOTO-DEPENDENCE OF THE INDUCTION OF POLAR CALCIUM 
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75(1, SUPPL.): 177, 1984. 

23. LEMAY, R.i COWLES*, J.R. 
LIGHT ENHANCEMENT OF LIGNIFICATION IN YOUNG PINE 
SEEDLINGS (ABSTRACT). 
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75(1, SUPPL.): 89, 1984. 

24. MCFADDEN, J.; EVANS*, M. 
EFFECT OF THE METHYLATION INHIBITOR, 
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SEQUENCE OF KEY EVENTS IN SHOOT GRAVITROPISM. 
PLANT PHYSIOLOGY 
75: 78-81, 1984. 

26. MOMONOKI, Y.S.; BANDURSKI*, R.S. 
EFFECT OF ENDOSPERM REMOVAL ON 7 NORMAL NAOH-LABILE 
INDOLE-3-ACETIC ACID CONJUGATES IN SHOOTS AND ROOTS 
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75: 67-69, 1984. 

27. MOMONOKI, Y.S.; BANDURSKI*, R.S. 
INDUylION BY GRAVITY 03 AN ASYMMETRIC DISTRIBUTION 
OF [ C]-GLUCOSE AND [ H]-IAA-MYO-INOSITOL IN THE 
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PLANT PHYSIOLOGY 
75(1, SUPPL.): 178, 1984. 
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COMPARISON OF THE KINETICS OF CALCIUM-INDUCED AND 
GRAVITY-INDUCED CURVATURE OF MAIZE ROOTS (ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 178, 1984. 

29. NELSON, A.; EVANS*, M. 
COMPUTER-BASED VIDEO DIGITIZER ANALYSIS OF 
DIFFERENTIAL GROWTH IN GRAVI-RESPONDING ROOTS 
(ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 22, 1984. 

30. NONHEBEL, H.M.; BA~DURSKI*, R.S. 
OXIDATION OF [ H]-OXINDOLE-3-ACETIC ACID IN 
SEEDLINGS OF ZEA MAYS L. (ABSTRACT). 
PLANT PHYSIOLOGY ----
75(1, SUPPL.): 108, 1984. 

31. OLSON, J.; JACOBS*, W.P. 
E.M. STUDY OF ORGANELLE DISTRIBUTION UNDER GRAVITY 
IN THE GIANT CELL OF CAULERPA (ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 85, 1984. 

32. O'NEILL, R.A.; KAUFMAN*, P.B.; SONG, I.; WEINSTEIN, P.; 
THOMPSON, P.R.; HSIEH, M.L. 
CHANGES IN PROTEIN CONTENT AND ENZYME ACTIVITIES 
ACCOMPANYING THE GRAVITROPIC CURVATURE RESPONSE IN 
OAT (AVENA SATIVA) LEAF-SHEATH PULVINI (ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 83, 1984. 

33. PAPPAS, T.; MITCHELL*, C.A. 
SIESMIC STRESS INHIBITION OF PHOTOSYNTHETIC 
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PRODUCTIVITY AND LEAF GAS EXCHANGE IN GLYCINE MAX 
(L.) MERR. CV. WELLS II (ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 179, 1984. 

34. PICKARD*, B.G. 
VOLTAGE TRANSIENTS ELICITED BY SUDDEN STEP-UP OF 
AUXIN. 
PLANT, CELL AND ENVIRONMENT 
7: 171-178, 1984. 

35. REINECKE, D.M.; BANDURSKI*, R.S. 
OXIDATION OF INDOLE-3-ACETIC ACID TO 
OXINDOLE-3-ACETIC ACID BY AN ENZYME PREPARATION FROM 
ZEA MAYS SEEDLINGS (ABSTRACT). 
PLAN~YSIOLOGY 
75(1, SUPPL.): 108, 1984. 

36. RIEHL, T.E.; JAFFE*, M.J. 
PHYSIOLOGICAL STUDIES ON PEA TENDRILS. XIV. EFFECTS 
OF MECHNICAL PERTURBATION, LIGHT, AND 
2-DEOXY-D-GLUCOSE ON CALLOSE DEPOSITION AND TENDRIL 
COILING. 
PLANT PHYSIOLOGY 
75: 679-687,1984. 

37. RORABAUGH, P.A.; SALISBURY*, F. 
IS GRAVITROPIC BENDING IN DICOT STEMS MEDIATED BY A 
CHANGE IN TISSUE SENSITIVITY? (ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 104, 1984. 
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CA AND PHYTOCHROME ACTION IN PLANTS. 
BIOSCIENCE 
34 (1): 25-29, 1984. 

39. SACK, F.D.; SUYEMOTO, M.M.; LEOPOLD*, A.C. 
AMYLOPLAST SEDIMENTATION KINETICS AND 
GRAVIPERCEPTION IN CORN ROOTS (ABSTRACT). 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 86, 1984. 

40. SALISBURY*, F.B.; HILSCHER, H.; GILLESPIE, L. 
THE MECHANICS OF GRAVITROPIC BENDING IN DICOT STEMS 
(ABSTRACT) • 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 179, 1984. 

41. SERLIN, B.; ROUX*, S.J. 
INDUCTION OF CHLOROPLAST ROTATION IN NON-IRRADIATED 
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13 



PLANT PHYSIOLOGY 
75(1, SUPPL.): 90, 1984. 
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M02~LATION OF OAT MITOCHONDRIAL ATPase ACTIVITY BY 
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PLANT PHYSIOLOGY 
74: 827-833, 1984. 

43. SONG, I.; KAUFMAN*, P.; HSIEH, M.; THOMPSON, P.; 
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EFFECTS OF THE GROWTH RETARDANT, ANCYMIDOL, ON 
GA3-PROMOTED GRO\vTH AND PROTEIN SYNTHESIS IN OAT 
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PLANT PHYSIOLOGY 
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45. WHALEN, M.C.; FELDMAN*, L.J. 
THE EFFECT OF ETHYLENE ON ROOT DEVELOPMENT IN CORN 
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46. WHITE, R.i SALISBURY*, F. 
DOES ORIENTATION OF CELLULOSE MICROFIBRILS CHANGE IN 
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(ABSTRACT) • 
PLANT PHYSIOLOGY 
75(1, SUPPL.): 103, 1984. 

47. WOODDELL, W.; EVANS*, M. 
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MESOCOTYL CORTEX, 1 
METABOLIC INHIBITORS, 141 
METABOLISM, 131, 133 
MICROGRAVITY, 17 
MICROCOMPUTER, 224 
MITOCHONDRIAL, 265 
MONOCLONAL ANTIBODIES, 8 
MONOCOT, 220, 221 
MORPHOGENETIC, 294 
MOUGEOTIA, 41 
MUSA, 6, 7 

NASTIC CURVATURE, 176, 177, 
178 

NUTATION, 54, 139, 140, 228, 
230, 283, 284 

OAT, 2, 32, 42, 43, 53, 79, 
117, 118, 119, 154, 167, 
175, 219, 226, 244, 262, 
264, 265, 288, 289, 290, 
291, 296, 297, 308 

ORGANELLE, 53, 308 

ORGANELLE DISTRIBUTION, 31 
OSMOTIC, 72 
OSMOTIC SHOCK, 166 
OSMOTIC STRESS, 165 
OXIDATION, 30, 35 

PEA, 36, 63, 108, 120, 138, 
173, 206, 207, 208, 236, 
283 

PELLIA, 124, 187, 251 
PENTAFLUOROBENZYL ESTERS, 240 
PETIOLES, 177 
PH, 80 
PHASEOLUS VULGARIS, 245, 292 
PHENOLIC COMPOUNDS, 232, 233 
PHENYLALANINE AMMONIA-LYASE, 

299, 302 
PHOSPHOLIPID VESICLES, 198 
PHOTOCONTROL, 59 
PHOTOPERIOD, 266, 267 
PHOTOREVERSIBLE, 265 
PHOTOSYNTHETIC PRODUCTIVITY, 

33, 103, 200, 201 
PHOTOTROPISM, 54, 258 
PHYTOCHROME, 8, 38, 42, 110, 

Ill, 236, 264, 265, 289, 
305, 308 

PINE, 23, 233, 259, 300 
PINTO BEAN, 81 
PINUS ELLIOTTI, 232, 299 
PINUS TAEDA, 123, 274 
PISUM SATIVUM, 18, 54, 76, 

139, 140, 172 
PITHINESS, 105, 183 
PLANTLET PRODUCTION, 243, 255 
POLYAMINE, 62, 63, 72, 74, 

164, 165, 166, 169, 170, 
171 

PROTEIN, 14, 32, 44, 65, 118, 
191, 288 

PROTEIN SYNTHESIS, 43, 68, 
69, 162, 163 

PROTON-EFFLUX PATTERNS, 258 
PROTONS, 157, 203, 204 
PROTOPLAST, 71, 116, 219, 

243, 288 
PULVINUS, 9, 32, 44, 61, 88, 

154,155,185,186,237, 
238, 239, 296, 297 

PUTRESCINE, 75, 166, 226 

RADIOIMMUNOASSAY, 2, 53, 261 
REGENERATION, 95, 116 
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REPRODUCTIVE DEVELOPMENT, 180 
RESPIRATION, 208 
RHIZOID, 86 
RHI ZOME, 86 
RHIZOME TIPS, 192, 193 
RICINUS COMMUNIS, 276 
ROOT, 10, 11, 12, 22, 24, 26, 

28, 29, 39, 62, 64, 84, 92, 
93,98,100,101,157,158, 
159, 160, 191, 196, 197, 
220, 221 

ROOT CAP, 13, 14, 68, 69, 
161, 162, 163, 213, 214, 
242 

ROOT CAP CELLS, 144, 145 
ROOT TIP, 67, 94 

SAMANEA, 73 
SEED, 48, 125, 129, 141, 234 
SEED-TO-SEED, 85, 179, 180 
SEEDLING, 15, 23, 30, 35, 51, 

54, 58, 63, 98, 123, 138, 
139, 140, 152, 233, 259, 
274, 283, 300 

SEISMIC STRESS, 33 
SENESCENCE, 167 
SHOOT, 16, 25, 26, 58, 79, 

82, 83, 84, 89, 96, 98, 
130, 203, 204, 225, 249, 
250, 262, 277, 278, 290, 
296, 308, 309 

SHUTTLE, 142, 143 
SILICA, 250, 252 
SODIUM ORTHOVANADATE, 197 
SOYBEAN, 126, 129, 198, 199, 

234 
SPACEFLIGHT, 3, 4, 90, 91, 

151, 152, 189, 190, 220, 
221, 253, 254 

SPERMIDINE, 167 
STARCH-STATOLITH REMOVAL, 19 
STATOCYTE, 173 
STATOLITH, 213, 214 
STEM, 37, 40, 46, 54, 99, 

105, 120, 128, 138, 139, 
140, 215, 216, 217, 268, 
270, 272, 276, 279, 310 

STEM SEGMENTS, 43, 118 
STEM TIPS, 6 
STRESS, 169, 170, 294 
STS-3, 152 
SUBCELLULAR, 2 
SUGARCANE, 252 
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SUNFLOWER, 52, 230, 258, 284 
SUSPENSION, 70 
SUSPENSION CULTURE, 256 

TACTILE STIMULUS, 231 
TEMPERATURE, 207, 246, 292 
TENDRIL, 36, 108, 206, 207, 

208 
THIGMIC, 182 
THIGMOMORPHOGENESIS, 65, 105, 

121, 122, 156, 223, 248, 
274, 281, 286, 287, 292, 
295 

THIGMONASTY, 248 
THIN LAYER CHROMATOGRAPHY, 

135 
TILLER, 79, 175, 244, 290, 

291 
TISSUE SENSITIVITY, 37 
TOMATO, 15, 82, 83, 105, 247 
TOTIPOTENT CELLS, 243 
TRANSPIRATION, 103 
TROPIC CURVATURE, 117 
TROPISTIC, 283 
TRYPTIC PEPTIDES, 8 

VEGETATIVE TISSUE, 146 
VIDEO DIGITIZER, 92 
VOLTAGE TRANSIENTS, 34 

WALL EXTENSIBILITY, 5 
WATER, 125 
WEIGHTLESSNESS, 60, 227 
WHEAT, 115 
WIND, 274, 292 

XANTHIUM, 267 
XANTHIUM STRUMARIUM, 99 

ZEA, 50, 242 
ZEA MAYS, 1, 18, 20, 26, 27, 
---30~, 51, 58, 98, 104, 

107, 146, 149, 202, 205, 
260 

ZEATIN, 79 
ZUCCHINI, 47 



ANIMAL KEYWORD INDEX 

ACCELERATION, 367, 427, 464, 
465, 466, 476, 510, 511 

ACCELERATION TOLERANCE, 442, 
443 

ACTOMYOSIN ATPase, 501 
ADAPTATION, 512 
ADIPOCYTES, 532 
ACETYLCHOLINE, 313 
ADRENAL, 322 
AGE, 501 
AGING, 346, 386, 387, 388, 

409, 411, 459, 462, 473, 
474,526,527,534 

AMINO ACID SYNTHESIS, 451, 
452 

AMPHIBIAN, 344, 326, 420, 
472, 523 

AMPHIBIAN EGG, 353, 406, 421, 
458 

AMPHIBIAN EMBRYO, 471 
ANEMIA, 384, 385 
ANIMAL MODEL, 350, 478 
ANTENNAL-SOCKET, 407, 408 
ANTIBODY FORMATION, 364 
ANTIORTHOSTASIS, 332, 359, 

415, 416, 429, 430, 479, 
482, 493, 494, 495, 525, 
536, 547 

ANTIOXIDANTS, 411, 463 
ANURAN, 458 
ARANEUS SERICATUS, 333, 389, 

390 
ARENIVAGA, 518 
ARGININE PHOSPHOKINASE, 501 
ASPIRIN, 428 
ATROPHY, 461, 513, 537 
AUDITORY, 343, 400, 401, 485 
AUDITORY EVOKED POTENTIALS, 

468 
AVIAN, 377 

BALANCE ORGANS, 345 
BEHAVIORAL RESPONSE, 464 
BIOENERGETIC, 531 
BODY COMPOSITION, 358, 423, 

426,427,487,490,491, 
516, 517, 548 

BODY MASS, 354, 356, 486, 538 
BODY WEIGHT, 527 
BONE, 338, 342, 366, 373, 

378, 379, 396, 454, 500, 
506, 521, 535, 545 

BONE-CONDUCTED, 343 
BONE FORMATION, 368, 374, 

375, 413, 414, 441, 514, 
515 

BONE GROWTH, 369, 395, 508 
BONE MATURATION, 365 
BONE MODELING, 360 
BONE RESORPTION, 457 
BONE STRENGTH, 369 
BONE TURNOVER, 477 
BRUSH BORDER MEMBRANE, 329 
BRAIN DENSITY, 465, 466 
BRAINSTEM, 468 

45ca , 504, 542 
CALCIUM, 328, 329, 338 
CALCIUM ABSORPTION, 457 
CALCIUM CARBONATE, 345 
CALCIUM HOMEOSTOSIS, 373 
CALCIUM IONS, 361, 541 
CALCIUM METABOLISM, 454 
CALCIUM TRANSPORT, 378, 379, 

455 
CARBOHYDRATE METABOLISM, 480 
CARDIAC, 370 
CARDIOVASCULAR, 415, 416, 431 
CELL, 352, 362, 363, 419, 

434, 534 
CELL AGING, 392, 410 
CELL CULTURE, 330 
CELL STRUCTURE, 459 
CENTRAL NERVOUS SYSTEM, 339 
CENTRAL NERVOUS SYSTEM AGING, 

347 
CENTRAL NEURAL FUNCTION, 468 
CENTRIFUGATION, 353, 490, 491 
CIRCADIAN RESPONSE, 336 
CIRCADIAN RHYTHM, 544 
CIRCULATION, 493, 494, 495 
CLINOSTAT, 483, 484 
COCHLEAR DUCT, 405, 470 
COCHLEAR FLUID, 405 
COCKROACH, 518 
COLD, 317, 544 
COMPENDIUM, 492 
COMPUTER-ASSISTED, 395 
CORE TEMPERATURE, 468 
CORTICAL (BONE), 375 
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COSMOS 1129, 426, 469, 487, 
500,487,506,507,509, 
517, 548 

CREATINE CONTENT, 424, 425 
CULTURE, 371 
CYCLIC NUCLEOTIDE, 328 
CYTOPLASM, 353 
CYTOPLAS~HC, 318 

1 , 2 5 ( OH) - 0, 3 2 9, 398 
DAPHNIA ~AGNA, 407, 408 
DECOMPRESSION SICKNESS, 428 
DENTIN, 319 
DEVELOPMENT, 418, 462 
DIABETIC, 417 
DIET, 547 
DIFFUSION CHAMBER, 441 
DIGITAL IMAGE, 535 
1,25-DIHYDROXYVITAMIN 0 3 , 330 
DIURETICS, 432, 502 
DNA-REPAIR, 346 
DROSOPHILA, 334, 346, 386, 

391, 411, 462, 463, 474, 
526 

DROSOPHILA MELANOGASTER, 327, 
501 

DUODENAL, 329 

EGG, 318, 326, 344 
ELECTRICAL POTENTIAL, 433 
ELECTROLYTE, 446 
ELECTROMAGNETIC FIELD, 438 
ELECTRON MICROSCOPY, 345, 523 
ELECTROPHORESIS, 505 
EMBRYOGENESIS, 472 
EMBRYONIC DEVELOPMENT, 377, 

510, 511 
EMBRYONIC LIMBS, 331 
END ORGAN, 320 
ENDOSSEOUS IMPLANTS, 360 
ENERGY, 539, 540 
ENZYMES, 313 
ERYTHROPOIESIS, 384, 385 
ETHACRYNIC ACID, 503 
ETHIDIUM BROMIDE, 462 
EXCRETION, 525 
EXERCISE, 490, 491 

FATIGABILITY, 460 
FATIGUE, 315 
FERTILIZATION, 318, 418 
FETAL, 543 
FETAL RAT, 371 
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FLIGHT VERIFICATION, 439 
FLUID RESPONSE, 446 
FLUID SHIFTS, 384, 385 
FRAUNHOFER DIFFRACTION, 357 
FREE RADICAL THEORY, 462, 474 
FREEZE-FRACTURE, 432 
FROG EGGS, 483, 484, 496, 497 

GASTROCNEMIUS, 315, 325, 460 
GERM CELLS, 326 
GERM PLASM, 326 
GLUCOCORTICOID LEVEL, 413, 

414 
GLUCOCORTICOID RECEPTOR, 370, 

444, 445 
GLUCOCORTICOID TREATMENT, 330 
GLUCONEOGENESIS, 380, 381 
GLUCOSE, 532 
GLUTAMINE, 314 
GRAVITO-INERTIAL SENSITIVITY, 

389, 390 
GRAVITY, 316, 317, 331, 339, 

340, 348, 349, 352, 353, 
356, 362, 364, 365, 367, 
380, 381, 387, 388, 412, 
418, 419, 431, 434, 440, 
458, 475, 488, 490, 491, 
496, 497, 512, 518, 544, 
546 

GRAVITY RECEPTOR, 320, 361, 
362, 407, 408, 434 

GRAVITY SENSE, 333 

HAIR CELLS, 435, 436 
HEAT CONSERVATION, 316 
HEAT LOSS, 467, 530 
HEAT-PRODUCTION, 397, 467, 

530 
HEMATOPOIESIS, 332 
HIBERNATORS, 480 
HIBERNATION, 524 
HIGH ALTITUDE, 539, 540 
HINDLIMB, 399, 444, 445 
HINDQUARTER, 423 
HOMEOSTASIS, 419 
HORMONAL CHANGE, 430 
HUMONAL CHANGE, 429 
HYPERACCELERATION, 393 
HYPERDYNAMIC, 312, 335, 336, 

377, 394 
HYPERGRAVIC, 317, 340, 348, 

349, 364, 400, 401, 422, 
467, 468, 475, 530, 532 



HYPERPARATHYROIDISM, 398 
HYPODYNAMIA, 314, 323, 351, 

370, 444, 445, 492 
HYPOGRAVITY, 365, 440 
HYPOKINESIA\HYPOKINETIC, 313, 

314, 323, 324, 325, 332, 
341, 351, 359, 370, 372, 
399,444,445,447,448, 
449, 460, 479, 482, 492, 
493, 494, 495, 513, 525, 
536,537,547 

HYPOMINERALIZED, 368 
HYPOTHERMIA, 412, 524 

IMAGE ANALYSIS, 395 
IMMOBILIZATION, 341, 375, 440 
IN UTERO, 506 
INCISOR, 319 
INNER EAR, 345, 437 
INNER EAR MACULAS, 435, 436 
INSECT, 473 
INSULIN, 475, 532 
INTESTINAL, 455 
INTESTINE, 378, 379 
INTRACELLULAR, 496, 497 
INVERTED, 406, 421 
INVOLUTION, 471 

JOINT DEVELOPMENT, 506 

K+, 5i7 
K+/Na FLUIDS, 542 

LEG (MUSCLE), 451, 452 
LEVODOPA, 428 
LIFE SPAN, 463 
LIGHT, 357 
LIMB BONES, 371 
LIMB IMMOBILIZATION, 341 
LIVER, 539, 540 
LOOP DIURETICS, 432 

MAMMAL, 336, 354, 356, 362, 
405, 473, 486, 488, 538 

MAN, 454 
MANDIBLE, 440, 508, 509 
MARKING, 420 
MENIERE'S DISEASE, 437 
METABOLIC ALKALOSIS, 398 
METABOLIC ALTERATIONS, 372 
METABOLIC EFFECT, 422 
METABOLIC RATE, 334, 346, 

354, 356, 411, 486, 538 

METABOLIC RESEARCH FACILITY, 
489 

METABOLIC SCALE, 488 
METABOLIC SYSTEM, 355 
MIDGUT, 327 
MILLIPORE, 441 
MINERALIZATION, 319 
MITOCHONDRIAL, 534 
MITOCHONDRIAL AGING, 528 
MITOCHONDRIAL GENOME, 392 
MITOCHONDRIAL MUTATION, 346 
MITOCHONDRIAL MUTATION 

THEORY, 410 
MODEL, 350, 359, 378, 379, 

478, 525, 536, 537 
MOLAR, 498, 500 
MONKEY, 312, 335, 375, 440, 

464 
MORPHOGENESIS, 331 
MOTION SICKNESS, 320 
MOTOR UNIT, 447, 448 
MOUSE, 323, 331, 359 
MOUSE tlODEL, 359 
MUSCLE, 314, 315, 324, 325, 

341, 351, 357, 370, 372, 
396, 399, 444, 445, 446, 
449, 450, 451, 452, 460, 
461, 475, 513, 529, 537 

MUSCLE DIFFRACTION, 402 
MUSCLE MASS, 424, 425 
MYOFIBRIL, 357 

+ 
Na+, 5~p 
Na , K -ATPase, 405, 437 
NEURAL, 315 
NEURON DEVELOPMENT, 403, 404 

ONTOGENESIS, 469 
ORIENTATION, 496, 497 
OSTEOBLAST, 498, 499, 500 
OSTEOBLAST ACTIVITY, 382, 383 
OSTEOBLAST CULTURE, 441 
OTOCONIA, 321, 504, 541, 543 
OTOCONIAL COMPLEX, 505, 542 
OXIDATION-REDUCTION, 539, 540 
OXYGEN CONSUMPTION, 463 

PARALLEL CONTROLLERS, 349 
PARATHYROID HORMONE, 328, 371 
PASTE DIET, 487 
PATTERN FORMATION 406, 421, 

472 
P-CHLOROPHENYLALANINE, 337 
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PERILYMPH-ENDOLYMPH, 432 
PERIODONTAL LIGAMENT, 433 
PERIOSTEAL, 374 
PHASE GRATING, 357 
PHOSPHATURIC RESPONSE, 328 
PHYSIOLOGICAL, 312 
PHYSIOLOGY, 367 
POLARITY, 344 
POSITIONAL HOMEOSTASIS, 352 
PRIMATE, 355, 393, 394 
PRIMATE METABOLIC SYSTEM, 439 
PROTEIN, 399 
PROTEIN TURNOVER, 341 
PROTEOLYTIC ACTIVITY, 529 
PTH, 398 

QUAIL, 469 

RAT, 313, 314, 315, 316, 317, 
319, 322, 324, 325, 332, 
337, 340, 341, 342, 348, 
351, 358, 363, 364, 366, 
370, 372, 374, 376, 378, 
380, 381, 387, 388, 396, 
397, 399, 400, 401, 412, 
415, 416, 417, 423, 426, 
429, 430, 435, 436, 444, 
445, 449, 450, 451, 452, 
453, 454, 457, 460, 461, 
467, 469, 475, 476, 479, 
487, 490, 491, 493, 494, 
495, 498, 500, 503, 505, 
506, 507, 508, 509, 513, 
516, 517, 520, 522, 529, 
530, 532, 536, 537, 539, 
540, 543, 544, 548 

RAT HINDLIMB, 351 
RAT MODEL, 378, 379 
RATE OF AGING, 387, 388 
RATE OF LIVING, 387, 388, 391 
RECEPTOR, 330, 518 
REDOX STATE, 341 
REISSNER'S MEMBRANE, 502, 503 
RESPIRATION-DEPENDENT, 392 
RESTRAINT, 397, 412, 446" 

456, 481, 482 
RHESUS MONKEY, 440 
RODENT, 403, 404 

SARCOMERE, 402 
SEROTONIN, 476 
SHUTTLE, 355 
SIMULATED, 365, 373, 376, 
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378, 379, 382, 383, 413, 
414, 453, 461, 478, 481, 
482, 520, 531 

SKELETAL, 424, 425, 449, 450, 
453, 461, 475, 519, 520, 
522 

SKELETAL EFFECTS, 440 
SKELETAL TISSUE, 438 
SKELETON, 365, 366, 368, 376, 

507 
SLEEP-WAKE RESPONSE, 335 
SODIUM DODECYL SULFATE, 505 
SOLEUS, 314, 315, 324, 529 
SOMITOGENESIS, 523 
SPACEFLIGHT, 319, 338, 342, 

366, 368, 369, 373, 374, 
384, 385, 454, 456, 457, 
477, 489, 506, 508, 509, 
514, 515, 519, 522 

SPIDER, 389, 390 
SPIRAL LIGAMENT, 503 
SQUIRREL MONKEY, 312, 335, 

464 
STIMULATION, 343 
STOCHASTIC ANALYSIS, 527 
STREPTOZOTOCIN, 417 
STRESSED, 380, 381 
STRIATED ELEMENTS, 363 
STRIATED ORGANELLES, 435, 436 
SUSPENDED MODEL, 322, 323, 

324, 325, 351, 370, 372, 
513 

SUSPENSION, 415, 416, 423, 
444, 445, 446, 449, 451, 
452, 481, 482, 513 

SYMMETRIZATION, 483, 484 

TEMPERATURE EFFECT, 334 
TEMPERATURE REGULATION, 394 
TEMPERATURE RESPONSE, 464 
TETRACYCLINE, 440 
THERMAL SENSITIVITY, 393 
THERMOCONTROLLERS, 348 
THERMOGENESIS, 316 
THERMONEUTRAL ZONE, 354 
THERMOREGULATION, 317, 337, 

340, 349, 476, 544 
THIAZOLIDINE CARBOXYLIC ACID, 

386 
THIOPROLINE, 526 
THYMUS, 322 
TOOTH, 433 
TOPOLOGY, 326 



TRABECULAR, 342, 375 
TRANSDUCTION, 435, 436 
TRANSPORT ATPase, 470 

UREA, 547 
URODELE, 458 
UV IRRADIATION, 458, 472 

VESTIBULAR, 403, 404, 533 
VESTIBULAR APPARATUS, 417 
VESTIBULAR HAIR, 363 
VILLUS, 329 
VITAMIN D, 371, 455 

WATER, 547 
WATER FLEA, 407, 408 
WEIGHTLESSNESS, 358, 376, 

378, 379, 382, 383, 396, 
413, 414, 447, 448, 453, 
461, 478, 481, 482, 498, 
499, 507, 516, 531 

WEIGHTLESSNESS, MODEL, 322, 
323, 350, 450, 453, 461, 
478, 481, 482, 513 

WEIGHTLESSNESS SYNDROME, 409 

XENOPUS, 318 
XENOPUS LAEVIS, 523 

ZONULAE OCCLUDENTES, 432 
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