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EXERCISE

s 1
REF # REFERENCE DOCUMENTATION EXPERIMENTAL WETGHTLESSNESS COUNTERMEASURE [EFFECTIVENESS MEASUREMENTS NOTES
SUBJECTS ANALOG REGIMEN
A23 Ye.N. Biryuxov research human (6) bedrest, exercise, no (fluid fluid balance, Subjects were exposed to trans
et al, 1967 experiment 3 controls 62 days rubber loops for balance) water intake, verse acceleraticn of 13 to
USSR exercising yrine volume 15 G prior to bedrest. Both
extremities, no {electro- jelectrolyte metabolism groups returned to normal
static support lyte Na, K, P, C1, Mg, .Tevels of fluid balance and
exercises, metabalism) | blaood, urine, feces electrolyfe metabolism by the
bicycle erometer,|slight (Ca ICa metabolism, end of the bedrest.
supine, metabolism) | urine, feces
800,000 to very (bone Ibane density,
900,000 kgm/day density) | x-radiograph
by the end of the
experiment
A24 D. Cardus research human (6) bedrest, exercise, See Notes circadian rhythm, 3 days of bedrest had no
et al, 1965 experiment own controls 3 days, isometric, 17-hydroxy- effect on circadian rhythm
USA supine, corticosteraids, of 17-0HCS.
60% maximal plasma
02 uptake
A26  B.N. Petukhoy research human (6) bedrest, exercise, *s1ight EEG, *Between day 33 and 43, the
et al, 1968 experiment 3 contrals 62 days isotonic, (day 1-33,| mono and bipolar, response fell of f drastically
USSR 1,200 cal/day EEG) conditioned reflex in both groups, but, by the
by end of *See Notes, end of the experiment near
experiment day 33 normal values were noted.
to end i With lengthening of time of
hypokinesia, a constant shift
of cortical rhythm to slower
frequencies was recorded.
Subjects were exposed to pre-
and post bedrest transverse
acceleration.
See also Ref A27 Purakhin
under exercise.
A27  Yu.N. Purakhin research human (6) bedrest, exercise, slight (EEG) EEG, Subjects were exposed to
et al, 1968 experiment 3 controls 62 days isotonic, slight moro and bipalar, transverse acceleration twice
USSR 1,200 cal/day (seismo- conditioned reflex before bedrest,
by end of tremography Jseismotremography,
experiment slight nystagmoidal See Ref for further EEG
(stabilo= twitching, analysis.
araphy) muscle tone,
tendon reflexes See also Ref A26 Petukhov
stabilography, under Exercise.
pre and post bedrest,
stato-coordination,
gait
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REF # REFERENCE

AZ5  P.B. Mack
et al, 1967
USA

{(continued)

DOCUMENTATION EXPERIMENTAL
SUBJECTS

research
experiment

human (30)

WEIGHTLESSNESS

ANALOG

bedrest,
14 days,
7 experiments

DIET

COUNTERMEASURE

REGIMEN

Ca supplement,
0.3gm/day

no (Ca
balance)

no (bene
density
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Ca supplement,
0.5gm/day

Ca supplement,
0.7gm/day

Ca supplement,
0.8gm/day

Ca supplement,
1.0gm/day

Ca supplement,
1.5gm/day

Ca supplenent,
2.0gm/day

no (bone

s1light-no
(Ca
balance)

stight
(bone
density)

slight (Ca
balance)

slight
{bone
density)

b e o o e

moderate (Ca

batance)

moderate
{bone
density)

slight (Ca
balance)

moderate
(bone
density)

e

slight (Ca
balance)

 moderate

(bone

| EFFECTIVENESS

.................

MEASUREMENTS

La balance,
intake,
urine, feces .
bone density,
x~-radiography,
os calcis

density)

o Sy -

NOTES

During the control pericd,
the subjects were adjusted to
a diet containing 1.5gm/day,
except for the group supple-
mented with 2.0gm/day which
was adjusted to 2.0gm/day.

See also Ref A25 under
Exercise and Diet.



7 DIET
REF 4 REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTEPMEASURE | EFFECTIVENESS| MEASUREMENTS NOTES
SUBJECTS ANALOG REGIMEN
A25 P.B. Mack rasearch human in-flight, Ca intake, moderate~ bone density,
et al, 1967 experiment (2) Gemini IV, 600-700rg/day slight x-radiograph,
{continued) 4 days (bone os calcis,
density) phalanx 5-2
. i A aleg AT
in-f1ight, Ca intake, no’(bone
(2} Gemini V 300mg/day density)
8 days’
J



REF i

A28

REFERENCE

J.D. Rogge
et al, 1867
USA

DOCUMEHTATION EXPERIMENTAL WEIGHTLESSHESS

SUBJECTS ANALOG
research human (8) See Notes
experiment own controls

G-SUIT

COUNTERMEASURE

REGIMEN

anti G-suit,
csu 3/p,
60 mm Ha

4
EFFECTIVENESS MEASUREMENTS NOTES
very acceleration tolerance, Subjects were centrifuged
{accelera- arginine vasopressin for 30 min at 2G in a +G
tion in whole blood and position 13° degress back
tolerance) nlasma - from vertical.
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DOCUMENTATION EXPERIMENTAL

EXERCISE AND DIET

REF # REFERENCE WEIGHTLESSNESS COUNTERMEASURE | EFFECTIVENESS MEASUREMENTS NOTES
§ SUBJECTS ANALOG REGIMEN
A25 P.B. Mack rasearch human in-flight, Ca intake, moderate bone density, The bone density and Ca
et al, 1967 experiment (2) Gemini VII, 1.0gm/day {bone x-radiograph, balance values were
USA 14 days exercise, density) os caleis, ¢  statistically significant
isotonic, phalanx 5-2 between the exercise and
bungie cords, Ca balance control groups. Mo data
isometric was represented. Phalanx
4 times/day lost little density with
T Y Rl o oo o e e v o o e e o S or wi thout exercise,
human bedrest, Same as See Notes. See Ref A25 also under
(2) 14 days, Gemini VII Diet.
own controls regimen
A29  F.B. Vogt research human (6) bedrest, exercise, See Notes bone density, Interpretation of the
et al, 1965 experiment own controls 14 days isometric, X-radiograph, results is uncertain because
USA thrust rack, os calcis of problems in adjusting the
; supine, g | Ca balance, test diet and in evaluating
ki knee partially bleod, urine, experimental samplies. An
flexed, 60 sec, feces P increase in bone density was
full extension, Tilt tolerance observed with the regimen.
25 sec,
8 times/day
diet,
1.0gm Cal,
2200 Catl
!
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AZ3.

A24.

A25,

A26.

A27.

AZ8.

‘A.F. Fasola.

Biryukov, Ye.N., L.I. Kakurin, G.I. Kozy~
revskaya, Yu.S. Koloskeva, Z.P. Payek, and
€.N.: Chizhoy " STEr067,

Change in Water-Salt Metabolism During 62~
Day Hypokinesia.

Space Biology and Medicine, U.S.S.R. 1(2):
111-117. JPRS-42635.

Cardus. B, , €. Valilbona, E.B. Nog WA,
Spencer, H.S. Lipscomb, and K.B. Eik-Nes.
1965,

Influence of Bedrest on Plasma Levels of
17-Hydroxycorticosteroids.

Aerospace Medicine 36(6):524-528.

Mack, P.B., and P.is kLaChaneces w1967
Effects of Recumbency and Space Flight on
Bene Density.

American Journal of Clinital Nutrition
20(11):1194-1205.

Petukhov, B.N., and Yu.N. Purakhin. 1968.
Effect of Prolonged Bedrest on Cerebral
Biopotentials of Healthy Subjects.

Space Biology and Medicine, U.S.S.R. 2(5):
86-94. JPRS-47249.

Purakhin, Yu.N., and B.N. Petukhov. 1968.
Neurological Changes in Healthy Subjects
Induced by Two-Month Hypokinesia.

Space Biology and Medicine, U.S.S.R. 2(3):
79-85., JPRS-46456. ;

Rogge, J.D,, W.W. Moore, W.E. Segar, and
1967.

Effect of +G, and +Gy Accelerator on
Peripheral Venous ADH Levels in Humans.
Journal of Applied Physiology 23(12):870-
874,

A29.

6

Vogt, F.B., P.B. Mack, W.G. Beasiey, W.A.
Spencer, D, Cardus, and C. Vallbcna.  1965.
The Effect of Bedrest on Various Parameters

of Physiological Function. Part XII. The
Effect of Bedrest on Bone Mass and Calcium
Calance.

National Aeronautics and Space Administration,
NASA-CR-182, Washington, D.C. 50 pages.
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REVIEW
REF # REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE | EFFECTIVENESS MEASUREMENTS NOTES
SUBJECTS ANALOG REGIMEN
A4 & A.M. Genin research human (30) water immersion venous occlusion very (CV) orthostatic tolerance Chair studfes showed no
A5 et al, 1971 experiment 18 hrs, lying cuffs, change in orthostatic
" USSR 85 exp. down, sitting 65 mm Hg, resistance under any regimen.
Texp./ : (See Notes) : 1 min 01/3 min Suggested use of quotient of
series off, stress index of myccardium
7 hrs over systolic volume as

e e ]

venous occlusion

predictive measure of severity
cf orthostatic tolerance.
Mathods recommended for use

cuffs, in Salyut craft were: physi-
65 mm Hg, cal trainer, LBNP, secophene
1 min on/3 min 1 hour prior teo end of flight
off, and G-suit during vertical
& hrs position.
LBHP very (CV)

~25 mm Hg

7 resistance to no (CV):

expiraticn,
200 mm water
cotumn,
periecdic for
2.5 hrs .

o A e T e P e

positive pressure | Slight (CV)
breathing,
300 mm water
column,
3 hrs

L

medication:  moderate (CV)
caffein, tea, .
strychnine,
phenamine,
1 hr pricr to
end of axp.

e o o o . P

G-suit, very (CV) A pressure from 35 - 50 mm Hg
partial - : in the G-suit was preferred.
pressurs suit, :
post experiment,
20, 35 or 50
mm Hg :

{continued)
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REF #

A4 &
A5

REFERENCE

A.M. Genin
et al, 1971
USSR

(continued)

----------------------------------------------------

DOCUMENTATICN EXPERIMENTAL WEIGHTLESSHNESS
SUBJECTS ANALOG
research human (12)  bedrest
experiment 30 days,
(4 series)
human (2) in-flight,
- Salyut,
Z24-days

REVIEW

COUNTERMEASURE
REGIMEN

LBNP,
day 26-30
exercise,
day 1-30,
vertical
treadmill

o o ke

LBNP,
day 26-30,
-15 to -390
mn Hg,
gradual
increase,
2.5-3 hr/day

exercise,
day 26-30,
isotonic,
up to -60
mm Hg

LBNP,

. G-suit,

50 mm g,
partial

pressure suit

LBNP,

G-suit,
50 mm Hg,
partial
pressure suit

exercise

LBNP,
-27mm Hg 2min/
-36mm Hg 3 min

¢ EFFECTIVENESS

very (CV)

o o o o o i e

moderate (CV)
and
*no (CV)

e e e o ]

b vn e e o ]

very (CV)

lorthostatic tolerance

MEASUREMENTS

*The subhject who did not im-
prove was trained in a smaller
volume than did the others.

Subjective and objective
evaluation of ability to
withstand LENP was related
to emotional state cof crew.
LBNP created sensation of
returning to terrestrial
conditions.
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B REFERENCE

\

A4 & A.M. Genin
A5 " et al, 1971
USSR

(cantinued)

(contirued)

DOCUMENTATICN EXPERIMENTAL
SUBJECTS

bedrest
70 days

research
experiment

human (22)
e
#‘C':”(Zé?é 2100 days
- (2 series)

por 7

---------------------------

bedrest
30 days,
{4 series)

human (12).

WETGHTLESSNESS
ANALOG

(5 series),

et e e et e m g ey o

REVIEW

COUNTERMEASURE
REGIMEN

medicaticn:
caffein,
securirine,
phenamine,
1 hr. prior to
end of exp.

VEﬂOdS

@u T injfﬁgf//\

o e o o ke 0 e e St

£

exercise

horizontal
position,
expanders,
bicycle
ergometer,
verticel
treadm111

Ve oW
* venous occlusion
: cuffs,

?th'l gh,

3\ 1 min cn/off,

;7 g.hrs/cay

exercise, ~

supine,
expander,
bicycle
- ergometer,
vertical.
treadmill

LBNP,
-30 mm Hg,
6 hrs/cay

e

EFFECTIVENESS

| sTignt (cV)

g (CV
Ay

‘#é;y~(cv)
very (muscle)

e . o e e o e

MEASUREMENTS

muscle
work ability,
walking
metabolism

jarthostatic tolerance

orthostatic tolerance

bone decaicification

o e B o o B

NOTES ,

5749/ e

------------------------------

Tested various designs for
LBNP, LBNP was more effec-
tive in brief experiments
than in prolonged cnes,



REVIEW

4
REF # REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE | EFFECTIVENESS | MEASUREMENTS NOTES
SUBJECTS ANALOG REGIMEN
A7 N.N. Gurovskii  research human (3) in-flight exercise, slight (Cv) iV LBNP was used a predictive
« et al, 1972 experiment Soyuz 11 and 2.5 hrs/24 hrs heart rate, test,
USSR Salyut, treadnill arterial pressure,
22 days G-suit myocardial dynamics,
medication cardiac output,
sacepiaen systolic volume,
leotard pulse wave
prior to propagation,
re-entry orthostatic
tolerance
Al5  J.W. Ord review human in-flight, *axercise moderate Results from in-flight exper-
et al, 1971 Mercury, (orthostat- iments were compared to
USA Gemini, Apollo, ic toler- ground-based simulation tests
& some Soviet ance) to evaluate man's ability to
bedrest, very undertake 45 to 60 day
See Notes (exercise missions.
tolerance) *Present in flight exercise
| promising regimens (elastic cord, rcpe-
(red blood variable function device and
cell mass) isometrics) are inadequate
promising to modify deconditioning.
{cellular The authors suggest the use
metabolism) of the Aerospace Medical
no (mineral Divisions total body exerciser
metabolism) te provide the form, duration
B e e e and intensity of exercise
needed in space.
LBNP very (CY)
very (fluid
metabolism)
venous occlusion, | no (CV)

cuffs




REF #

EXERCISE

REFERENCE DOCUMENTAT ION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE | EFFECTIVENESS| MEASUREMENTS NOTES
‘ SUBJECTS ANALOG REGIMEN

A3 L.F. Dietlein research human (1) in-flight, exercise, very lexercise tolerance,
et al, 1971 experiment Gemini IV, rubber bungie (exercise pulse rate,
USA pilot, cord, tolerance) heart rate,

4 days 1 full extension/ blood pressure
sec,
30 sec/period,
10 periods
human (1) in-flight, exercise, very
Gemini IV, rubbar bungie (exercise
command pilot, cord, tolerance)
4 days 1 full extension/
sec,
30 sac/period,
7 periods
human (2) ih-flight, exercise, moderate
Gemini Y, exp. MOO3, {exercise
8 days Toilnds tolerance)
human (2) in-flight, exercise, moderate
Gemini YII, exp. MO03, (exercise
14 days Bl tolerance)
exercise,
isotonic~
isometric,
T dl:,

A6 J.E. Greenleaf research human (8) bedrest, exercise, no G, tolerance See also ref # AG under
et al, 1972 experiment own controls 2 weeks isotonic, (acceler- Exercise and Rehydration.
USA 12 hr per day, ation

to 172 maximal tolerance)

oxygen uptake no (plasma
post bedrest, volume) .

2.1G, 3.2G &

3.86 centrifuga-

tion
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REF # REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE  |EFFECTIVENESS MEASUREMENTS NOTES
SUBJECTS ANALOG REGIMEN ‘
A8 A.A. Kaorobova review human exercise, véry {motor [motor function, The literature on the nature
et al, 1971 isotonic, function) muscle tone, of motor impairment and
USSR isometric control, adaptability during real and
contractability simulated weightless condi-
tions is reviewed. The author
states that with the correct
Jevels and types of exercises,
optimum performance can be
maintzined, as well as ortho-
static tolerance, mineral .
= metabolism and imnunolcgical
”;&i;) indices.
/7/%é(c ./,Z— f-’-‘/ /”’f:c:‘n‘r-('f n"éé.ﬁg,.. \
ol PIFET o
A13 M.C. Lancaster research human (8) bedrest, total bedy He=_, arthestatic-teterance Preliminary report on TBE.
et al, 1971 experiment 4 controls 5 veeks ergometer, (0&Lh@ﬁ~ LBNP tolerance All subjects spent increased
USA ; (TBE) Skatic— exercise tolerance time in stages 3 & 4 sleep.
z 20 min T.i.d. 4ﬁﬂfﬂﬂmtﬁj_" psychomotor, The controls spent more
600 kca?fday rmade] reaction time, time in REM sleep.
472 (LBNP hand steadiness, —_
9 LI tolerance) | pursuit task
o Uvery T s e R g
{exercise ’4-2’ A ‘;'_:/ /J,'J 3 7
A ‘
noto]erance) e > :.‘vf(w
‘ A 77 ¢
{psycha- D opetiw et .-/
motor) A a//&/ ’1“’4f
Al4  P,B, Mack research human bedrest, exercise, very (bone bone density,
1971, USA experiment own controls 14 days isotoric & density) x-radiograph,
Ay jsemetric, moderate (Ca os calcis,
4 times/day balance) central talus,
------------------------------------------------------------------ distal talus,
capitata, See ref # Al4 also under
distal ulna, Diet.
phalanx 4-2

(continued)
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EXERCISE il
REF # REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE [ EFFECTIVENESS MEASUREMENTS NDTES
SUBJECTS ANALOG REGIMEN
Al4  P.B. Mack research human YB@;\ bedrest, exercise, very (Pone bone density, *The Tess frequently the
1971, USA experiment 7 28 days supine, density) x-radiograph, astronauts exercised, the
(continued) exer-genie, os-caleis, " lower the bone density be-
g 1b, central talus, came.
(3) hand gripper, distal talus,
isotonic, 20 capitate,
min, distal ulna,
isometric, 30 phalanx 4-2
sec, 4
e e sl tines/da
(3) exercise;= *%;'““““ Tio (bone
) same as above, density)
- at will
human (3) in-flight, exercise, *moderate-
Apollo 7 exer-genie very
(bone
density)
human (3) in-flight, exercise, *no {bone
Apollo 8 exer-genie density)
A18  W.van Beaumont research human (8) *bedrest, exerc1de, i moderate plasma volume *Measurements were taken on
et al, 1972 experiment 21 days 30 mi n;’ 7. {plasma plasma protein 13th day of bedrest. The
USA S MonapkCLeE sl yolume) plasma aibumin author conducted studies of
{ ergone%evi~ very (plasma the effect of exercise condi-
4 pEight.,. protein} tions on the reiationship
e g ~~naxT\QZ _ very (plaima between HCE, leqia $;0L01nh
s = albumin and plasma volume e author
Ak L'&14j ;:> i Co]l hE \f\\\; theorize that prolonged bed-
/Pbd‘ ergoneter, \ rest may induce hypoprotein-
; j supine, \ emia as a factor contributing
[ 50% max 0 f \ to hypovolemia.
uptake

NG

?"{ A

P
e

7

L e s e pl e

SEEER 1D

S

.‘.'{.J——c‘-r:’f“
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A ‘.”/, 2
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MEDICATION 8
REF £ REFERENCE DOCUMENTATION EXPERIMENTAL [EIGHTLESSNESS COUNTERMEASURE |EFFECTIVENESS MEASUREMENTS NOTES
SUBJECTS ANALOG REGIMEN
A9 T.M. Krupina research human (10}  bedrest, Pitruitrin, no {fluid ifluid balance Hypokinetic disturbances did
et al, 1971 experiment 4 controls 120 days day 1-13, balance) lelectrolyte balance, not deteriorate past the end
USSR 5 units/day, no blood & urine of the 3rd month. The authors
subgutaneous , (electro- Iprotein metabolism reconmended a medication with
10 units on lyte a broad spectrum of horisonal
certain days balance) activity be used to counter
{3) DOCA, the mechanisms of hypokinesia.
day 72-90,
1 ml in 0.5% Sea also Petukhov and
solution, Yakovleva under dedication.
in% Dieb. alt. Also reported by V.V. Parin
(5 ity memammmne e bmmmm oo o ref # 53 of earlier Counter-
gl measures report.
Nerobel, very (fluid
(3) day 1-72, balance}
“ 5 mg/day, very
intramuszular, {electro-
day 72-109, Tyte
10 mg/day balance)
- intramuscular” very {protein|
metaboTism)
Alz  K.H. Hyatt research human {20) bedrest, 9 alpha-fluoro- no (CV) GV *Careful attention must be
1972, USA experimen’. 10 contrals 14 days hydrocortisone, |slight (Na tilt tolerance, paid to avoid hypokalemia.
] 0.2 mgm daily balance) exercise tolerance,
slight (K tyramine stimula-
balance) tion test,
{10} moderate heat rate,
(plasma EKG, arterial
volume) pressure
moderate Na balance
(rbc mass) K balance
o 2 e e e o Plasma volume
{Red blood cell mass
human (8) bedrest, 9 alpha-fluoro- very (CV) ifluid balance
10 days hydrocortisone, |very (na ‘
0.4 mgm daily balance)
*no (K
balance)
moderate
(fluid
balance)

s meA et et R T M L T i fR et T M A

g it g

[ttt Bl

ety e e e e o b g e
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MEDICATION

9
REF # REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE  {EFFECTIVENESS MEASUREMENTS NOTES
SUBJECTS ANALOG RZGIMEN
A17  B.N. Petukhov research human (10} bedrest, Pituitrin, imoderate Electromyograms , See also Krupina and
et al, 1371 experiment 4 contrels = 120 days 1 day pre-bedrest| (EMG) gastrochemius, Yakovieva under Medication.
USSR 10 units, tibialis anterior )
subcutaneous,
day 1-7,19-22,
30-35 & 41-71,
5 to 10 units,
subcutansous
(3) DOCA,
day 72-90, °
T ml of 0.5%
B solution,
intramnuscular,
dieb. alt.
(3) Nerobol, ' no (EMG)
1 day pre-bedrest
- 10 ng, ;
day 1-7, % 19-22,
5 to 10 mg
A21 I.Ya Yakovieva research human (10) bedrest, Pituitrin, no (intra- | Intranazsal cir- The author states that nasal
1972, USSR experiment 4 controls 120 days day 1-30 nasal ¢ir- culation, vasomotor function is a
5 units/day, culation) rhinopneumometry reflection of a number of
10 units on complex body processes
certain days associated with metabolism,
Desoxy certicoster the state of the endocrine and
. One acetate, neryous systems, and general
day 72-90 vascular tone, In-flight -
T ml dieb. alt. nasal stuffiness exhibited by
---------------------------------- cosmenauts was caused by space-
flight factors of weightless-
Nerobol, no (intra- ness and acceleration on
day 1-28, nasal cir- intranasal circulaticn, not
5 mg/day, cylation). increased oxygen atmosphere.
day 72-100 .
10 mg/day See also Krupina and

Fetukhov under Medication.
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REF # REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE | EFFECTIVENESS MEASUREMENTS NOTES
SUBJECTS ANALOG REG IMEN
]
A10 -+ D.R. Lockwood research human {5) bedrest, diet supplements, | very (Ca Ca balance See also S.B. Hulley under
et al, 1972 experiment 17 weeks 1315 me Ca as balance, P balance Diet.
USA : : lactate, wks 1-11} ibone density,
(3) 1419 mg P as no (Ca © | gamma scan,
potassium balance, calcaneus,
phaspheate- wks 12-17) tibia
very (P
balance,
wks 1-11)
no {P
balance,
wks 12-17)
moderate
(bone
density)
All S.B. Hulley research human . (5) bedrest, 12 week on/off moderate (Ca |Ca halance, See also D.R. Lockweod under
et al, 1971 experiment cvn controls or vice versa balance, urine, feces, Diet.
USA Hyper-Phos-K wks 1-12) serum, sweat
(3) 24 weeks tablets, no (Ca P balance,
165.9+2.3 mg balance, urine, feces,
P/tablet, wks 12-24) serum’
(2} 30 wheks 8 tablets/day, very (P bone density,
with meals and balance) gamma scan,
evening snack no (calcanus)! calcaneus and
very {radius)| radius
very (N IN balange,
balance) ' urine, feces
no (Mg icreatinine clear-
balance) ance
no nydroxyproline,
{creatinine| urine
clearance)
no (hydroxy-
proline)
A14 P.B. Mack research human (4) . bedrest, Ca supplement, no (bone bone density, See alse ref Al4 under
1971, USA experiment 14 days density) x-radicgraph, Exercise.

300mg/day

0s calcis,
central talus,
distal talus,
capitate,
distal ulna,

phalanx 4-2




REF #

Alg

REFERENCE

I1.D. Pestov
et al, 1972
USSR

DOCUMENTATION EXPERIMENTAL WEJGHTLESSNESS

SUBJECTS  z/ ANALOG

e e h e A Y e A ek L B S e ]

research human—8)./ water immersion,
experiment vCOHtro1s£§I 18 hrs,
s = 3035710,
AJJ' sitting
v
human (3) *badrest,
3D days

LBNP

COUNTERMEASUREl

REGIMEN

LBNP,

-24 mn Hg

LBNP,

day 1-19,

except Sundays,

-27 mn Hg,

3 hrs b.i.d.
day 19-24,

10 min rest
during

LBNP cycies,
day 25-30Q,
bl

-13 mm Hg for 15

min,

10 mia rest,
-27 mn Hg for
min,

10 min rest,
-27 mn Hg for
min

LBNP,

day 26-30,

one a day,
-13 mr Hg for
min,

-18 mm Hg for
min,

-27 mm Hg for
min,

-18 mm Hg for
min,

free regimen,

{range -9 to -57
mm Hg) for up to

40 min.

very (CV)
very (fluid
balance)

yery (CV)

EFFECTIVENESS

HMEASUREMENTS

orthostatic tolerance
fluid balance,
water intake,
extrarenal losses,
urine volume

e e o

orthostatic tolerance

11

NOTES

Controls were 18 hrs in water
immersion, bedrest and chair
rest. Orthostatic tolerance
was unchanged during chair
rest.

See ref # Al6 also under
Exercise and LBNP; I.S.
Balakhovskii under Exercise
& BKP; *A.D. Voskresenskii
under LBHP.

A AT o T LAy A e SR s



REF # REFERENCE

A19  A.D. Voskresen- research
skii et al experiment
1972, USSR
(3)

(3)

DOCUMENTATION EXPERIMENTAL
SUBJECTS

WEIGHTLESSNESS

human (15}
3 controls
See Notes

LBNP

COUNTERMEASURE
REGIMEN

LBNP,

horizental
position,

—-25-30-mm Hy,
C‘g hrs B.i.d.,

__except~Tor 3

days of rest

LBNP,

horizontal
pesition,
days 26-30,
-50-55 mm

Hg.
2.5 hrs daily

no (CV)
hemodynamics
(moderate)

lvery (CV)
| hemodynamics
(moderate)

EFFECTIVENESS

cv
LB

he

MEASUREMENTS

NP tolerance,
pulse rate,

arterial pressure

modynamics ,
ESR, HCT,
Teucocyte count,

erlythrocyte count

12

Daily LBNP led to general
asthenia, The authors
recommend the application of
LBNP only during the last 5
days of hypokenesia. HNo
data 15 presented,

ge also ref A2 under Exer-
cise and LBNP; Eiesctrical
Stimulation of Muscie.
*Also I.D. Pestcv under
LBNP.




Al .

REFERENCE

J.F. Annis
et al, 1971
USA

GRADIENT POSITIVE PRESSURE

DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE
SUBJECTS ANALQG REGIMEN
research human See Notes space activity,

experiment

suit (SAS),
elastic fabric,
girdles,
gradient,
pressure,
100 mm Hg to
torso,
160 mm Hg to
upper arms &
legs,
152 mm Hg to
lower arms &
legs

positive pressure

breathing,
170 mm Hg, |

i 3.9 psi

| EFFECTIVENESS

promising
{cv)

MEASUREMENTS

See Notes

i3
NOTES

The history of the develop-
ment of the SAS as well as
the design specifications
for the carment assemblies
are prasented? ground based
laboratory and chamber tests
have been conducted.




CENTRIFUGATION
14
REF # REFEREMCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE | EFFECTIVENESS MEASUREMENTS NOTES
SUBJECTS ANALOG REGIMEN 2
A22 . Ye. Yuganoy, review rats & mice in-flight, centrifuge, very motor activity, 0.28 to 0,31G minimal effec~
1972 : Tu-104 aircraft arm 1,25 m, (motor normal posture, tive value.
USSR 0.05 to 1.06G, | activity) movement
: See Notes f
mice rotational centrifuge, very motor activity,
acceleration, 0.14, (motor normal posture,
ground based disconnected activity) and movement
vestibular ‘
apparatus
human raotational centrifuge, promising work capacity Optimal tolerance level for
acceleration, up to 0.3G, | (work motion sickness prolongad rotation is speed
ground based stable vestibular| capacity) of 10 degrees/sec and radius
function R=90 m where astronaut$
Al 2 weight in direction of rota-
tion does not exceed 0.25-
0.35G.




ELECTRICAL STIMULATION OF MUSCLES

15
REF 4 REFERENCE DOGCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE | EFFECTIVENESS MEASUREMENTS NOTES
SUBJECTS ‘REGIMEN
AZ 1.S. Balakhovskii research human (15) bedrest, dntiorthostatic no (protein |protein metabalism, Post hypodynamia water load-
X et al, 1971 experiment 3 controls 30 days position, metabolism) | bilirubin, ing tests were the same for
USSR See Notes 4° incline to moderate | creatinine, -controil and exp. groups.
head (1ipid C-reactive protein,
electrical metabolism) | total N, See also ref AZ under
(3) stimulation, slight (fluid| urea in blood Exercise and LBNP;
of muscles, metabolism} {lipid metabolism, A.D. VYoskresenskii under
lower leg, slight beta-1ipoprotein, LBNP.
hip, abdomen, {mineral non-esterized fatty
back, metabolism) | acids,
30 min b.i.d. moderate cholesterol,
(carbohy- lipid P
drate fluid metabolism,
metabelism) | urine volume
no {hemo- mineral metabolism,
dynamics) Ca. K, Na,
17-0CS, aldosterone
| carbohydrate metabolism,
5 ? serum sugar,
hydrccortisone
hemodynamics,
HCt, Hb,
erythrocyte count,
leucocyte count
A20 I.Ya Yakovleva research human (9) bedrest, antiorthostatic very auditory response, Hearing sharpened with in-
1972, USSR experiment 3 controls: 30 days positiaon, (vestibu~ auditory threshold, creasing duration of hypo-
4° qncline to lar "Toudness", kinesia so that loudness dis-
head response) auditory orientatie. comfort increased.
(3) *electrical very See Notes :
stinulation, (vasomotor westibular response, *See [.S. Balakhovskii under
of nuscle function} tolerance to corio- Electrical Stimulation of

1is acceleration,
spatial orientation,
visual displacement,
electrical stimu-
Tation of vestibu-
| lar organ

asomoter function of
nose,
rhinopneumometry

Muscle.

See also ref AZ0 under Exer-
ise and LBNP.



~ EXERCISE AND LBNP
156
REF # REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS ‘COUNTERMEASURE | EFFECTIVENESS MEASUREMENTS NOTES
SUBJECTS ANALOG REGIMEN
A2 1.S. Balakhovskii research human (15) *bedrest, antiorthostatic very (CV) cv Antiorthostatic position
it et al, 1972 experiment 3 controls = 30 days position, moderate LBNP tolerance, simulated weightlessness more
USSR See Notes 4° qncline to (protein pulse rate, effectively than horizontal
head metabolism) | arterial pressure bedrast. One subject re-
exercise, slight {(1ipid |protein metabolism, ceived dianabol which may have
(3) vertical tread- metabolism) | bilirubin, increased mean Hb. L3NP
mill, moderate creatinine, exerted no appreciablje effect
500 cal/day, (fluid C-reactive protein, on metadolism. rost hypo-
day 1-24, metabolism) | total N, dynamia water loading tests
Iehv o de moderate urea in blood were the same for control and
day 26-30, (mineral 1ipid metabolism, axp. garoups.
1 hr, in LBNP metabolism) | beta-lipeproteins,
LBNP, | no non-sterilized fatty See also ref AZ undar Eleciri-
day 26-30, (carbohy- acids, cal Stimulation of Muscle;
-35 to -45 mm drate cholesterol, A.D. Yoskresenskii under
Hg, metabolism) | Tipid P LBNP.
2.5 hrs/day very fluid metabolism,
See Notes (hemo- urine volume *See also Pestov under Exer-
- - dynamics) Imineral metabolism, cise and LBNP,
See Notes Ca, K, Na,
17-0CS, aldosterone
carbohydrate metabo-
lism,
serum sugar,
.hydrocortisone
hemodynamics ,
HEG, Hb.,
erythrocyte count,
leucycyte count
AT6 I.D. Pestov research human (9) *hedrest, antiorthostatic, very (CV) brthostatic tolerance *See also under 1.S. Balakhov=
et, 1972 experiment 30 days positien, skii, Exercise & LBNP,
USSR 4° incline to

head
exercise,
day 1-25,
daily
day 26-30,
in LBNPs
1 hr & 45 min
LBPN,
day 26-30,
-10 to -25 mm
Hg,
gradual
ingcrease




REF #

A20-

REFERENCE

DOCUMENTATION EXPERIMENTAL

I.Ya. Yakovleva research

1972, USSR

experiment

SUBJECTS

human (9)
3 controls

(3)

WEIGHTLESSNESS
ANALOG

bedrest,
30 days

EXERCISE AND LBNP

COUNTERMEASURE
REGIMEN

antiorthostatic,
position,
4° incline to
head
*exercise &
LBNP

EFFECTIVENESS

very
{vestibular
response)

MEASUREMENTS

auditory response,
auditory threshold,
"Toudness”,

See Notes
ivestibular response,
tolerance to corio-
lis acceleration,
spatial orienta-
tion,

electrical stimula-
tion of vestibular
organ

vasomotor function of
nose,
rhinopneumometry

17

NOTES

Hearing sharpened with in-
creasing duration of hypo-
kenesia, so that loudness

auditory orientation discomfort increased.

*See I.S. Balakhovskii under
exercise and LBNP.

See also ref A20 under
Electrical Stimulation of

visual displacement, Muscle.



REF #

A6 .

REFERENCE

J.E. Greenleaf
et al, 1972
USA .

DOCUMENTATION EXPER IMENTAL

research
experiment

SUBJECTS

human (8)
own controls
see notes

~t

WEIGHTLESSNESS
ANALOG

bedrest,
2 weeks

COUNTERMEASURE
REGIMEN

exercise,
isotenic
1/2 hr per day,
to 1/2 maximal
oxygen uptake
rehydration,
1.0 to 1.9 ml,
saline~grapefruit
drink,
during 3 hrs
prior to centri-
fugation at 2.1G
3.2G and 3.8G

EXERCISE AND REHYDRATION

EFFECTIVENESS

moderate
(G, toler-
ance at
2.16)

no
(G toler-
ance at
3.2G &
3.86G)

no
(plasma
volume )

MEASUREMENTS

G, tolerance
pfasma volume, HCT

18

Two weeks between bedrest
anhd rehydration test was not
sufficient to restere G,
tolerance to control ievels.
See ref # A6 also undar
Exercise.
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EXERCISE

REFERZNCE |DOCUMENTATION

EXPERIMENTAL |WEIGHTLESSNESS | COUNTERMEASURE |EFFECTIVENESS MEASUREMENT NOTES REF &
- SUBJECTS ANALOG REGIMEN
P.B. MACK et al. |research human (8) bedrest Exercise, T.i.d.,!moderate Ca balance A 6 day equilibration to environment
1970 . experiment 4 controls 56 days jsotonic, (Ca balance)| dintake, urine, of 14L:10D, lights op 0900-2300, in-
USA Exer-genie, feces tensity 30 ft-C; ambjient temperature
81bs, 1 beat/{slight : 72t 2°F; 4 day cyclelof Apollo diet.
sec,| (P balance) [P balance : :
leg, 12 min, < intake, urine, Two subjects switched exercise/non-
army 8- min, s 11ght feces exercise regimes half way through
Exer-grip, (N balance) | bedrest. et
2 min, N balance
very & intake, urine,
i isometric, 30 (water ba- |  feces See also P.B. Mack ref # and -
sec. lance) ‘ C.M. Winget Ref # lLnder Exercise.

MACK, P.B., P.C. RAMBAUT, CS. LE
Evatuation of Flightt Foods Under
National Aeronautics

and Space Adpinistration, N

ACH, C.M. WINGE
Hypokinetic Con

T, and J. VERNIK
ditions, Rartil
ASA-CR-114780, I

every 11-12th
days

0S-DANELLIS.

| Daily except when
48 hr blood sam
ples were taken

1970,
éshington, B le

FS pagés.

Water balance
intake, urine,
est. feces
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EXERCISE
REFERENCE ,DOCUMENTATION | EXPERIMENTAL | WEIGHTLESSNESS | COUNTERMEASURE , il e -
e : | ot e REGIMESS RE EFFECTIVENESS MEASUREMENT NOTES REF #
P.B. MACK et | research human (8) bedrest | Exercise, T.i.d., See notes 17 -hydroxycortico-| Subjects showed gredt individual varia-
al experiment 4 controls| - 56 days isotonic, (17-0HCS) steroids, tion in 17-0HCS and |hydorxyproline ex-
1670 ' : Exer-genie, urine, retion. :
USA ‘ 8 1bs, 1 beat/ circadian rhythm| -
Zen ol j SEeC., no (hydroxy- ; : A 6 day equilibratign to environment of:
4 e e allegs, 12 ming proline) hydroxyproline 14L:10D, Tights on (900-2300, intensity of
(\:fif“iﬁi;/;f' “Exer-grip, urine, 30 ft-c, ambient tejperature~72%f 2°F; 4
_ = 2 min, circadian rhythm| day cycle of Apollo|diet.
isometric, 30 ; : -
< SEec Two subjects switched exercise/non-exercise
regimes half way thyough bedrest.
“daily except wher
48 hr blood sam~ _
ples were taken See also P.B. Mack yef # and C.M.2
“ every 11-12th ; Winget ref # undet Exercise = %
- daysig . :
-~-—-=—nmw-r"----r--.--ﬁ-v-—-‘--**--.-“-\--svmv--v‘--—rv-——‘—v"-—-!—v-—-—‘—-«—-—ﬂ-—‘«-‘"—.-———-—r-ﬂw-}—v"—-—wv—-a-— wwwwww . m e e e 4 e e o o e e s e e e
human (6) bedrest Exercise moderate 17-ketosteroids, The highest amount was excreted from 8AM
own controfls 28 days regularly, (17 KS) urine, | to noon and the lowpst amount was from 8PM
(3) (2 series}) 1isotonic and circadian rhythm to 8AM 5 il
‘ isometric s
< = allialat .
Exercise | vezy )
(e a0 17 K8
\3) isotonic and . .
i isometric
{ A
MACK, P.B. ,?P.C. REMBAUT, £.S. LEACH, C.M. WINGET and J. VERNIKOS-DANELLIS.! 1970. '
Evaluation of. F1ight Foods Under Hypokinetic Conditions. [Part ILI. : :
National Aeronautics and Sppce Administratgion, NASA-CR-114782, Washington, Di.C:. 180 pages.
;




LEAERCISE

DOCUMENTATION |EXPERIMENTAL

SUBJECTS

WEIGHTLESSNESS
ANALOG

———r

~ COUNTERMEASURE
REGIMEN

EFFECTIVENESS

Vel ISTIERAN
1972

USSR

STEPANTSOY,

TSOV et al

Volis M.A. TIAHONOV, and A.V.!V
Physical Tralning as a Méethod for Prevertin
- Space Biology and Medicing

research
experiment

, USSR 6(4):64-6

*human

EREMIN.
8.

o e At Y Pt i A S

‘bedrest,
30 days

1972

g the Hypodynamic Syndrome.

T s

exercise,
complex trainer,
training-load
suit,
foot-gear,
elastic shock-
absorbing
system,
treadmill,
up to 10 km/hw
50 kg horizontal
work lcad,
) S0 i IR
4 day cycle,
day 1,

320-360 Cal.
day 2,
800~1,000 kg-m
min

day 3,
450-500 Cal.
day 4,

active rest,
100 cal.

1,500 kgem/min

500-600 kg m/m

E— P R B A M e 8 0 it

very (CV)

| very (metabolism)

‘very. (muscle coordi
ation)

-

-

—ta

n

et A e, R e

MEASUREMENTS

GV,
ECG

Metabolism,
gas exchange,
- physical load,
pre & post
training

-

Muscle Coordination
length of pace,

deviation from
direction of
movement,
walking,
ruaning,
jumping

A 7, oot <l B AR PR e B TR ) i

The exercise program
described included
exercises for maintain-
ing and developing
muscular strength,
speed of movements,
static endurance,
movement coordination,
& antiorthostaic load-
ing.

*See 1.S. Balakhovskii,
I-D. Pestoy & 1. Ya.

| Yakovleva under
Exercise and LBNP




EXERCISE

WEIGHTLESSNESS

REFERENCE |DOCUMENTATION | EXPERIMENTAL COUNTERMEASURE  |EFFECTIVENESS MEASUREMENT NOTES REF
SUBJECIS |  ANALOG REGIMEN
J. Vernikos-Danelllis research human (8) bedrest, Exercise, T.i.d.,!*See Notes cortiseiln *Bedrest reduced the|amplitide of the
et al experimenit 56 days 56 days Exergenie (cortisol -| plasma-free, cortisol rhythm, butl did not affect
USA : isotonic, CR) circadian rhythm | the circadian patterh. The exercise
1972 20 min., ' iy i ' group peaked about 1| hr prior to the
isometric, - no (tritodo- triiodothyronine, | controls.
30 sec., thyronine -| serum, total, :
> 800 Cal/day CR) circadian rhythm | Thyroid hormone rhythms were unstable
and showed rephasingl with progressive
no (thyroxine|- bedrest. G
CR) thyroxine,
4 serum, Six days pre-bedrest| were provided:
. circadian rhythm | for equilibration tol the environment:
| 14L/10D, intensity of 30 ft-c at eye-
level, Tights on from 0900 to 2300,
20* 1°C ambient tempgrature; Apollo
diet, 2,600 Cal/day. o
] 2 8
' Blood samples were drawn atf4 hr inter-
vals for 48 hour perjiods oni 10, 20
30, 42 and 54 during bedrest,and pre
. and post bedrest.
The authors suggest:| thyroid rhythms
may be posture.dependent; preventive
measure other than exercise should be
sought.
| {
See alsa C. Winget et al ref #
under Exercise.
VERNIKOS-DANELLIS, J., C.S.|LEACH, C.M, WINGET, P.C. RAMBAUT, and P.B, MACK.| 1972,
Thyroid and Adrenal Cortica] Rhythmicity During Bedrest. :
Journal of Applied Physiology 33(5):644-648, :
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Exercise

REFERERCE DOCUMENTATION | EXPERIMENTAL WEIGHTLESSNESS | COUNTERMEASURE EFFECTIVENESS MEASUREMENT | NOTES REE .-’-—'-
SURJECTS ANALOG REGIMEN '
C.M. Winget et al |research huyman (8) bedrest, Exercise, T.i.d, *See Notes [Body temperature,. [*Bedrest produced a desynchronization
USA: experiment 4 controls 56 days Exergenie (body circadian rhythm, from the environment] and a decrease
1972 ‘ S isotonic, 20 milh., tempera- ' of the mean BT, but Hid not affect the
j : isometric, 305@;., ture - |Heart rate, circadian periodicitly .
3 | J» 800 Cal/day CR) circadian rhythm,
‘ pulse rate, **A11 subjects showed a well-defined
**See Notes cardiotachometer | HR circadian rhythm.
(heart ;
: rate - Exercise did/not afflect the BT and HR
g : CR} : phase relations to endocrine factors

(cS, T3 &'T4).

Six days pre-bedrest were provided for
equilibration to the environment:
14L/10D, intensity gf 30 pt-c at eye-
level, lights on fram 0900 to 2300
20% 1°C ambient temperature; Apollo
diet, 2600 Cal/day.

Measurements were tdken at 0330, 0730,
1130, 1530, 1980 “ana' 2336 hrs.

| See also J. Vernikos-Danellis et al.
! ‘ : Ref # under {Exercise.

HINGET,-C.M.; J. VERNIKOS«[ANEKLIS, 5. E, ERONIN.C.S,.SLEACH P, C .~ RAMBAUT , dnd PLBGEMAGK.. [1972,
Circadian Rhythm Asynchronﬁ in Man During|Hypokinesis.
Journal of Applied Physioldgy 33(5):640-644.
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EXERCISE i ;
 REFERCNCE |DOCUMENTATION | EXPERIMENTAL | WEIGHTLESSNESS | COUNTERMEASURE  |EFFECTIVENESS MEASUREMENT NOTES 'RET #
SUBJECTS ANALOG REGIMEN
C.M. WINGET et al research human (8) | bedrest Exercise, T.i.d.,| no (tempera-  temperature, . . Body temperature rhythms lagged thos
1970 experiment 4 controls 56 days isotonic, ture - CR) deep body, | of heart rate by an javerage of about
USA Exer-genie, : circadian rhythy 3 hours.

WINGET, C.M., S.E. CRONIN, N.W. HETH

Evaluation of Flight F
National Aeronautics a

pods Under Hyp
hd Space Admin

FRINGTON, "and L
hkinetic Condit
istration, NASA

.S, ROSENBLATT.
Tgns. RBartelils
-CR-114781, Wash

8 1bs, 1 beaty very (hear

sec,
leg, 12 min,
arm, 6 min,
Exer-grip,
2 min.
LAN
A r .l
isometric, 30
sec

Daily except when

48 hr blood sampl
were taken every
11-12th days.

1970.

inatang BaCt 126

rate - CR)

no (creatin-
ine)

pages.

no ( creatim{{

heart rate
pulse rate,
cardiotachometen
circadian rhythn

creatinine,

urine
creatine, ‘
urine /’
|
\
N

| exercise regimes hal

| The highest amount o

A 6 day equilibratio
14L:70D, lights on (
,Sity 30 ft-c; ambien
72% 2°F . 4 day cyc

Two subjects switchg

bedrest.

and creatine was exg
8PM until midnights
.smallest amount was
midnight and 8AM.

o
—

-

e
e

T

e
n to environment :
900-2300, inten- ¢
T temperature

e of Apollo diet

d exercise/non-
f way through 1

J
.

e
foereaEIngine =
reted from |
while the /

found between -

See also P.B. Mack refs # and #

under Exercise




MEDICATION

| WEIGHTLESSNESS

MEASUREMENT

REFERERCE: DOCUMENTATION 4 EXPERIMENTAL COURTERMEASURE IEFFTECTIVENESS NOTES
i SUBJECTS ANALOG REGIMEN 3 E
D.A. HANTMAN et al research human (2) %bedrest EE;lcitonin, no{Ca balance) Ca balance, A*Treatment was stopped at the
1973 experiment | own controls 19 weeks synthetic salmon) intake, urine, [beginning of the /th week because
USA : 100 MRC units/day, no(P balance) feces of nephrotoxicity. The dose may
weeks 1-7 subcutaneous have been too large flor bedrest

HANTMAN, D.A., J.M.|VOGEL, C.L. D
Attempts to Prevent [Disuse Osteopo
and Supplementary Célgium and Phos
Journal of Clinical {Endocrinology

NALDSON, R. FRI
rosis by Treatq
phate,

and Metabolism

went with Calgitc

EDMAN, R.S. GOLDSMITH, and S.B. HULLEY.

nin, Longitudinal

no (hydroxy—
proline)

1973.

Compression,

no{bone density) P balance,

intake, urine,
feces

Bone Density,
1251 gamma
transmission
scan,
calcaneous

Hydroxyproline,
urine

patients,

%he entire study included 19 weeks

of continuous bedrest, &4 different

countermeasure regimegs were applied

during weeks 1-8 and |12-19, with

the 3 intervening weeks of bedrest -

being without any tyge of treatment,
l .

See D.A.Hantman ref i

also under Diet; Bone:Stress;. and,

Medication, Diet and Bone Stress,




DIET

| EXPERIMENTAL

REFERENCE DOCUMENTATION WEIGHTLESSNESS | COUNTERMEASURE  EFTECTIVENESS MEASUREMENT NOTES | g
E SUBJECTS ANALOG REGIMEN o |
| 5 ?
| | . |
D.A. HANTMAN et al % research human (5) *bedrest, Ca supplement, moderate(Ca Ca balance, “*The entire study inciuded
1973 | experiment |own controls 19 weeks 780 mg/day, balance) intake, urine, |19 weeks of continuoys
USA ‘ : i

HANTMAN, D.A., J.M. VOGEL,
Attempts to Prevent Disuse |
and Supplementary Calcium and Phosphate.

Journal of Clinical Endecrinology and Med

iC.L. DONALDSON

Dsteoporosis by Treatment wil

1

1
!
i
|
i
]
!

i
;
!

P supplement,

very (P balance)

no(bone_density

,» R. FRIEDMAN,

abolism

R.S. GOLDSMITH,

moderate-very

(@B) weeks 1-8 1327 mg/day
“(2) weeks 12-19 Ca supplement,
733 mg/day,

. P supplement,
| 1327 ng/day

(2) weeks 12-19 |Ca supplement,

1294 mg/day,

‘P supplement,
1327 mg/day

and S.B, HULLEY,

'h Calcitonin, Longitudinal Compres

1973%
sion,

)

(hydroxyproline)

feces

P balance,
intake, urine,
feces

Bone Dehsity,
I gamma

transmission

scan,
calcaneous

Hydroxyproline,
urine

bedrest. 4 different |counter-.
measurement regimes were

applied during weeks {1-8

and 12-19, with the
intervening 3 weeks of-
bedrest being without
treatment.

See D.A. Hantman ref#
also under Medication;
Bone Stress; and, Medication,
Diet, and Bone Stresd.




BONE STRESS

*The entire study included 19

bedrest.

4 different countermeagure

 EFERENCE \DOCUMENTATION | EXPERIMENTAL WEIGHTLESSNESS | COUNTERMEASURE EFFECTIVENESS MEASUREMENT NOTES
% SUBJECTS ANALOG REGIMEN
i
D.A. HANTMAN et al research human(3) *edrest, Longitudinal no(Ca balance) Ca halance,
1973 experiment 19 weeks Compression, intake, urinel,weeks of continuous
USA gravitational no(P balance) feces
f (1) weeks 1-8 acceleration regimes were applie
simulating very(bone P balance, weeks 1-8 and 12-19
suit, density) intske, urinel,3 intervening weecks
{ ; force equal to : feces bedrest being witho
i 80% of body wt.| slight(hydroxy— ment . :
200 min/day : proline) Bone Density,
= - e e e e - —— = I gamma See D.A. Hantman re
: transmission also under Medicati
(2) weeks 12-17 TLongitudinal scan, and, Medication, Di
Compression. caleaneous | Bone Stress.
{ gravitational .
% simulatin Hydroxyprocline,
é simulating urine
} suit,

HANTMAN, D.A., J.M, VOGEL, CiL. DONALDSON,
Attempts to Preyent Disuse O$teoporosis by
and Supplementary Calcium and Phosphate,

Journal of Clinical Endocrinology and Metdl

R. FRIEDMAN, R
Treatment with

holism

weeks 18-19

«S. GOLDSMITH, g
Caleitonin, Lon

force equal to

80% of body wt,

200 min/day

Same gs above,
forece equal to:
100% of body wt.,

300 min/day

nd S.B., HULLEY.
gitudinal Compressjon,

397 3.

d! during

, with the
of

uftredat=
5

£l

oh; Diet;

et and



MEDICATION, DIET

EXPERIMENTAL

and BONE STRESS

5

COUNTERMEASURE

EFFECTIVENESS

REFEXENCE  'DOCUMENTATION WEIGHTLESSNESS MEASUREMENT ~ NOTES ‘?f;w
| SUBJECTS ANALOG REGIMEN : {
l
|
D.A. HANTMAN et al i research human (2) #bedrest, Calcitonin, very(Ca bal- Ca balance, *The entire study included
1973 experiment 19 weeks  synthetic salmo ance) intake, urine,| 19 weeks of continuoﬁs
USA ; 100 MRC unlts/ feces bedrest. 4 differenk
! day, very{(P balance countermeasure regimes were
‘  weeks 1-8 subeutaneous, ; P balance, applied during neeksll 8 and
no(bone density) intake, urine,] 12- =LY with  the 3 1nterven1ng
] Ca supplement, feces weeks of bedrest belng without
g 780 mg/day, very (hydroxy- treatment.
: proline) Bone Density,
P supplement, : ST gamma With the combined treatment,
| i 1327 mg/day, transmission | longitudinal compression
| scan, did not prevent the ﬂoss of
Longitudinal calecaneous bone density as it dld when
Compression, used alone,
gravitational Hydroxyproline, L
acceleration urine See D.A. Hantman ref #
| simulating also under Medlcatlon, Diet;
; suit, and, Bone Stress. ;
| force equal to !
5 80% of body wt.
| 200 miri/day
HANTMAN, D,A., J.M. VOGEL,| C.L. DONALDSON, R. FRIEDMAN,| R.S. GOLDSMITH,| and S.B. HULLEY, | 1973.
Attempts to Prevent Disuse Osteoporosis Py Treatment w:Lh Calcitonin, Longitudinal Compression,
and Supplementary Calcium and Phosphate,

Journal of Clinical Endocrinolgy and Met

abolism




_DIET

REF. & |REFERENCE DOCUMENTATION |EXPERIMENTAL | WEIGHTLESSNESS COUNTERMEASURE EFFECTIVENESS
' SUBJECTS ANALOG REGIMEN
; Hoffman,(R.A et al research .monkey (10) | immobilization, diet, very (Ca balance)
.1973 experiment M. nemestrina | 2 weeks adjusted to weight}
USA adolescent See Notes 1.482 gm Ca/100 gm|moderate (P balance)
of diet
: moderate (N balance)
0.723 gm P/100 gm s
S ofidiet no (creatine)
| 4.26 gm N/iOO gm {moderate (creatinine
g of diet '
i slight (serum Ca)
: slight (serum P)
| very (serum protein)
E 4
ﬁ *no (bone density)
i
|
HOFFMAN, R.A.L, P.B. MACK, aphd W.N. HOOD. 1972. ._
Comparison off Calcium and Phosphorus Excretign with Bone Dehsity Changes
During Restralint in Immature Macaca nemestrina Primates. - . :
Aerospace Medjcine 43(4):376-383, : ; :
; !

MEASUREMENTS

;Ca balance,
intake, urine,
feces,

‘P balance,
intake, urine,
Teces

N balance,
intake, urine,
feces

Creatine,
urine

Creatinine,
urine

Serum Ca
Serum P
Serum Protein

Boné Density,
x-radiograph,

T
hand phalanx 4/2
capitate,
distal radius,
distal ulna,
olecranon,
medial humeral,
epicondyle,
pateila,
neck of femur,
os calcis

| NOTES
78

S A L4 st AL P S ey

lumbar vertebrae,

L

iRestraint was identica
to the type used on
Biosatellite III.

*Serum pool and excret
jon in urine & feces
cannhot explain discrep
ancy between bone
density loss and Ca &

1P balance findings.

Authors suggest that
there is a migration
of minerals from the
' parts of the skeleton
that lose density to -
the epiphyseal areas.
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EXERCISE s
REFERENCE |DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS | COUNTFRMEASURE EFFECTIVENESS MEASUREMENT NOTES RET#
SUBJECTS - ANALOG REGIMEN j
S.B. HULLEY et al research human (3) bedrest, | Exer-Genie, no{Ca balance) Ca balance, Magnitude and duratign of the

- 1972 experiment . 12 weeks 8 1bs resistancg, ; intake, urine, |program were deemed jnsufficient

USA ' one stroke/sec, | no{P balance) feces to effectively simulate ambulation,
3 periods/day, '

80 min/day total no{hydroxy- P balance, | Calcaneal mineral remgaining at any
proline) intake, urine, |time during bedrest wyas a function
. 3 : : feces of the baseline calcaneal material

no(bone densitly) : Idivided by the baseljne urinary

; Hydrexyproline, |hydroxyproline. |

HULLEY, S.B., D.R: LOCKWOOD, C.L. DO}
Attempts to Prevent Bor
~In: International Astrgnautical Feden
Astronautical Congress|

e Mineral Loss

( During Prolaon
iation, Paris,

23rd, Viennaj Austria, 8-15

ALDSCN, and J.M. VOGEL.

jed Bed Rest.
France, Internat
ety 19720 10

1972}

fonal
pages.

urine
Density,

mission scan,
caleaneous

‘ See S.B. Hu]]ey'ref b
B?ne  under Medication; Diet; and,
5 eo1 gamma trans-|

also

Gradient Positive Prédssure.




MEDICATION

RESERENGE  DOCIRIEWLATION | NXPURTMENTAL | WEIGHTLESSNESS | COUNTERMEASURE  |EFFECIIVENESS |  MEASUREMENT NOTES Angr
| SuBJECTSEE B RANATOC REGIMEN - E
E
S-B ¢ RURKEY et Al - research human (3) bedrest, . Medication, no{Ca balance)| Ca balance, | Calcaneal material remaining
1972 . experiment 16 weeks calcitonin, intake, urine, | at any time during bedrest was
USA : | _ synthetic no(hydroxy- feces a function of the baseline
? 5 ! > salmon, proline) | calcaneal material givided by
! i 100 MRC units, Hydroxyproline, { the baseline urinary hydroxy-
| no{bone'density) urine proline.
E , | Boqe Density, See  S.B. Hulley nvef #
i : ; 251 gamma also under Exercise; Diet,
i g transmission and Gradient Positive Pressure,
| scan,

calcaneous

HULEEY, S$.B. D.R. LOCKWOOD, C.L. LONALDSON, and J.M. VOGEL. 1972.
Attempts to Prevent Bone Mineral Loss During Prolonged Bed Rest.
In: International Astronauticai Hederation, Parjs, France.

International Astronautical Congress, 23rd, Vienna, Austria, 8-1% Oct., 1972. 10 pages. :




DIET

i e s e b R TR

'DOCUMENTATION | EXPERIMENTAL

1

*The use of Ca & P gupplements
prevented bone loss in 2 subjects,
but the data 1ie within the 95%
confidence limits; tne third
subject lost mineral rapidly.

|

1 i
Calcaneal mineral rémaining at any time
during bedrest was & function of the
baseline calcaneal material divided
by the baseline urinary hydroxyproline.

also
under Exercise; Medjcation; and,

REPEUEHCE | WELGHILESSNESS | COUNTERMEASURE |EFFECTIVENESS MEASUREMENT NOTES
% SUBJECTS ANALOG REGIMEN
= ! Ca balance,
S.B. HULLEY et al | research human (5) bedrest, Diet, no(Ca balance) intake, urine,

1872 { experiment 16 weeks P supplement, ! feces

USA ﬁ 1.3 gm/day, no(hydroxy-
\ I E oral ' proline) Hydroxyproline,
i % yrine
| l no{bone density)
% ; Bope Density,
| s e R e e Es e e et 1251 gamma
i ! transmission
' " human (3) g Diet, very(Ca balance) scan, .
i Ca supplement, calcaneous See S.B. Hulley ref #
| 1.2 gm/day. no(hydroxy-
; | oral, proline) Gradient Positive Pressure.
| P supplement, |*no-very
| 1.3 gm/day, . (bone density)

HULLEY, S.B., DiR
Attempts to Preve
Internationa
International A$tronaut1ca1 C?ngress,

Tni:

!

|
{
l
5
]
|
i
i
1

|

§ I

? i
i

. LOCKWO0OD, C.L. DONALDSON,|
nt Bone Mineral Loss During
1 Astronautical Federation,| Paris,

23rd ) k‘!

1

f

i,
|

and J.M. VOGEL.

| France. |
ienna,
F

H

oral

1972

Prolonged Bed RFst.

Austria,| 8-15 Oct., 1972.

‘10 pages.
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BONE STRESS

REFIRENCE DOCUMENTATION | EXPERIMENTAL | WEIGHTLESSNESS | COUNTERMEASURE  |EFFLCTIVENESS MEASURZMENT NOTES (i
| SUBJECTS ANALOG REGIMEN . 5
IE A ; : :

* 5.8, HULLEY et al | research human (4) bedrest, Longitudinatl ino(Ca balance) Ca balance, Magnitude and dura@won of the
1972 | experiment 13 weeks Compression, | intake, urine,| program were deemed insufficient
USA § i gravitational |no(P balance) fieces ! to effectively simulate ambulation

i acceleration ; |

| simulating Ino(hydroxy- P balance, Calcaneal mineral remaining at any
g : SUTt,! proline) intake, urine,| time during bedrest was a function
? ‘ force equal to : feces | of the baseline calcaneal material
| 80% of body  no(bone density) . divided by the baseline urinary

| - weight, Hydroxyproline, = hydorxyproline. :

: < 4 hrs/day : urine | ;

‘ : | See S.B. Hulley ref #  also

i - ; Bone Density, under Exercise; Medication;

| | 51 gamma and Diet. :

i | transmission

i scan, - |

& calcaneous A

{ 3 :

f

HULLEY, S.B. D.R. LOCKWOOD, C.L. DONALDSON, and JLM. VOGEL. 197p.
Attempts to Prevent Bone Mineral Ldss During Prolpnged Bed Rest.
In: International Astronautical Federation, Paris, France,

. International Astronautical Congreds, 23rd, Vienna, Austria, 8-15/0ct., 1972. 10 pdges. ; i




£ O REFERENCE DOCUMENTATION EXPFRTWE‘TAL HEIGHTLESSNESS EOUNTERMEASURE EFFECTIVENESS
- sl o 0 SUBIECES ANALOG REGIMEN
E
| |
P.B. MACK, research experiment human bedrest, Ca Supplement, ho(bone density)
e | (4) 14 days 5 gn/day
USA | no (Ca balance)
(4) i Ca Supplement,  no- slwght % ne
0.7 gm/day densi 3
! s1ight (Ca balance)
E ----- .-—-,—--—-—-.‘--—------—-----‘----—,,—-—--m-_------— --------------------------
(4) y Ca Supplement, 's1ight (bone
g 1.5 gm/day density)
§
i g moderate (Ca bal-
z ; : | ance)
% (4) I iCa Supplement, moderate (bone
; b 2.0 gm/day density
{
! i slight (Ca ba]ance)
i i----_..-..-.__.n.-_...___,_._......_._,._,_____.._._..e__-,.__....—.._...._..g ______________________
z (5) bedrést, Ca Supplement, noderate (bone
30 days 2.0 gm/day density)
; moderate (Ca bal-
§ ance)
| ,. w
| _ :
[MACK P.B. Calcium Ldss Studies During Human Bed Rest:A Preliminary Repont.
: NASA, Progress iin Development off Methods in Borje Densitometry. pp. 169-177,
s and Space Adm1q1strat1on, NASA-SP-64, Washington, jp.C. 1966]

A0 A s i i e R A -

Nat1qna1 Aeronaut1c

DIET

i
|

MC‘QSI

1':, o sl

GERSrpsT

TS

Bone Density,
x-radiograph,
ps calcis,
phalanx 5-2

Ca balance,
intake, urine,
feces

i ki A e g e e Al e o R

!

Phalanx showed
1ittle bone loss
during 14 day bed-
rest, but, a signi-
ficant amount
during the last
half of the 30 day
bedrest.

Phospharus was provided
during each experiment
to keep the Ca:P ratio
within the 2:1 to 1:2
range.
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~ [MACK, P.B., G.P. VOSE

EXERCISE
Fatz | REFERENCE DOCUMENTATION |EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE EFFECTIVENESS MEASURERENTS
e ¢ SUBJECTS ANALCG REGIMEN _
|
B, MACK et al, research human bedrest, | Exercise, moderate (bone Bone Density,
1967 experiment 14 days isotonic & density, x-radiograph,
USA isometric, os calcis) o5 calcish
4 times/day : phalanx 4-2 & 5-2
no (bone density,
' phalanxes)
|
i

Bone Demineralizatio

Astronauts During Orbital Flight.

American Journal of
100(3):503-511.]

i
i
H
3

e e e A i k. A o e o

., P.A. LACHANCE,
n of Foot and Hand of Gemini-Tit

and F.B VOGT.

Reentdgenalogy, Rabium Therapy an

1967.
an IV, V., and VII

d Nuclear Medicine

e e i e i e

e SO
! NI
i L U Sl

Report of flight
findings on bone
density for Gemini
IV, V¥, and VII were
compared to bedrest
data.

See ref # -
also under Diet;
Exercise and Diet.
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22

{7

1
¥

EXPERIMENTAL

DOCUMENTATION WEIGHTLESSNESS COUNTERMEASURE
= ; SUBJECTS ANALOG REGIMEN
P.B. MACK ¢t al . research human In~-flight, Ca Suppiement,
1867 experiment Gemini IV, ~0.7 gm/day
USA (2) 4 days
c A et BRI RO D R
(2) In-flight, Ca Supplement,
Gemini V, ~0.35 gm/day
8 days
;
[MACK, P.B., G.P. VOSE, P.A. LACHANCE,|and F.B. VOGT.| 1967.

Bone demineralizationiof foot and hand

astrona

Americabh

100(3):

Uts during orb?
Journal of Rﬁ
b03~511. ]

B

tal flight.

entgenology, Radi

um Therapy and

‘of Gemini-Titay IV,V, and VII

Nuclear Medicine

ey e 78 T A P . W iy e £ A

e

EFFECTIVENESS

B ot M R A NN ange oo

no-slight
(bone density)

7 o ot |

no {bone density)

MEASUREMENTS

bone density,

x-radiograph,

os calcis, talus
phalanx 4-2 & b-
capitate

o b g b At

TRyes

See ref # als
under Exercises;
Exercise and
Diet.



WEXERCISE and DIET

REFERENCE DOCUMENTATION |EXPERIMENTAL WEIGHTLESSNESS | COUNTERMEASURE EFFECTIVENESS MEASUREMENTS

REF: 2 NOTES
| SUBJECTS ANALOG ‘ REGIMEN
P.B. MACK et al research human In-flight, Exercise, ‘ A bone density, See ref #
1967 experiment N (2 Gemini VII, isotonic & _ | x-radiograph, also upder
USA . 14 days ‘ isometric, moderate (bone 0s calcis, talus,] Exercise; Diet.
4 times/day . . density) phalanx 4-2 & 5-2|, -
: capitate

Ca Supplement,
0.9 gm/day

-

[MACK, P.B., G.P. VOSE, P.A. LACHANCE,jans F.B. VYOGT.| 1967.

Borie demineralization of foot and hand}of Gemini-Titan IV, V, VII
astronauts during orbjital flight.
American Journal of Roentgenology, Radiium Therapy and{Nuclear Medicine
100(3) :503-511.]

e v e -
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