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EXERCISE 

REF # REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE EFFECT! VENESS MEASUREMENTS NOTES 
SUBJECTS ANALOG REGIMEN 

A23 Ye.N. Biryukov research human (6) bedrest, exercise, no (fluid fluid balance, Subjects were exposed to tran~ 

et al , 1967 · experiment 3 controls 62 days rubber loops for balance) water i ntake , verse acceleration of 13 to 
USSR exerci si ng urine volume 15 G prior to bedres t . Bot h 

extremities , no (e lectro- electrolyte metabolism groups returned to normal 
static support lyte I Na , K, P, Cl, MQ , . levels of fluid bal ance and 
exercises, me t abolism) blood, urine, feces electrolyte metabol i sm by t he 
bicycle erometer, slight (Ca Ca metabolism, end of the bedres t. 
supine, metabol ism) urine , feces 
800 ,000 to very (bone bone density, 
900,000 kgm/day density) x- radiograph 
by the end of the 
experi ment 

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, is ometric, 17-hydroxy- effect on ci rcadi an rhyt hm 
USA supi ne, corticosteroids, of 17-0HCS . 

60% maximal plasma 
o2 uptake 

. 
A26 B.N. Petukhov research human (6) bedres t, exercise, *slight EEG, *Between day 33 and 43, t he 

et al, 1968 experi ment 3 controls 62 days isotonic, (da~ 1-33, mono and b ipol a~ response fell off drastica lly 
USSR l ,200 cal /day EEG conditioned reflex in both groups , but , by t he 

by end of *See Notes , end of the experiment near 
expe riment day 33 normal values \'1ere noted . 

to end ' Wi th lengtheni ng of time of 

I 
hypokinesia , a constant shift 
of cor tical rhythm to slower 
freq uencies was recorded . 
Subjects were exposed to pre-
and post bedrest transverse 
accelera t ion: 

See al so Ref A27 Purakhin 
under exerc i se. 

A27 Yu.N. Purakhin research human (6) bed rest, exercise, slight (EEG) EEG, Subjects were exposed to 
et al, 1968 experiment 3 controls 62 days isotonic , sli ght mono and bi po lar, transverse accelerati on twice 
USSR l ,200 cal /day (seismo- conditioned reflex before bed rest. 

by end of tremography) seismotremography , 
experiment sli ght · nystagmoidal See Re f for further EEG 

(stabilo- twitching, analysis. 
graphy) muscle t one , 

tendon re fl exes See al so Ref A26 Petu khov 
stabil ography, under Exercise. 

pre and post bedrest , 
stato-coordination, 
gait 

~ , J .. ... I< < 
.. 

. ..... , , \ ... 44 .,-9...,.,..~~ 



REF # REFERENCE 

A25 P.B. Mack 
et al, 1967 
USA 

(continued) 

DOCUMENTATION EXPERI MENTAL 
SUBJECTS 

WEIGHTLESSNESS 
ANALOG 

research 
experiment 

hwnan (30) bedrest, 
14 days, 
7 experiments 

( 4) 

. ( 5) 

(4) 

(4) 

DIET 

COUNTERMEASURE EF FECTIVENEss· MEASUREMENTS 
REGIMEN 

Ca supplement, 
o:3gm/day 

Ca supplement , 
0.5gm/day 

Ca supplement , 
0.7gm/day 

Ca supplement, 
0.8gm/day 

:ca balance, 
intake, 

no (Ca 
balance) .. 

no (bone 
density 

urine, feces 
bone densi ty, . 

------------- x-radiography, 

no (Ca 
ba l ance) 

no (bone 
density) 

slight-no 
(Ca 
balance) 

slight 
(bone 
dens i ty) 

os calcis 

________________ l __________________________________ _ 

s 1 i ght (Ca 
ba lance) 

sligh t 
(bone 
density) 

(5) 

(4) 

( 4) . 

Ca supplement , 
l .Ogm/day 

Ca supplement, 
l. 5gm/day 

Ca supplement, 
2. 0gm/dc.y 

moderate (Ca 
balance) 
moderat e 

(bone 
density) 

sl ight (Ca 
bal ance ) 

moderate 
(bone 
density ) 

slight (Ca 
balance) 

moderate 
(bone 
density) 

2 

NOTES 

During t he contro l period, 
the subjects were adjusted to 
a diet containjng l. 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 . 



REF # 

A25 

REFERENCE 

P.B . Mack 
et al, 1967 
(continued) 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

research 
experiment 

human 
(2) 

(2) 

WEIGHTLESSNESS 
ANALOG 

in-flight, 
Gemini IV, 
4 days 

in-flight, 
Gemini V 

. 8 da..Y~ . 

DIET 

COUNTE f~'IEASURE EFFECTIVENESS 
REG IMEN 

Ca intake, 
600-700irg/day 

Ca intake, 
300mg/day 

~ 
moder-a-ts

s 1 i ght 
(bone 
density) 

----;:;_:.,,;;:;c-
no/ (bone 

density) 

MEASUREMENTS 

bone density, 
x-radiograph, 
os ca 1 ci s, 
phalanx 5-2 

NOTES 

, ____ 

3 



REF It 

A28 

REFERENCE 

J.D. Rogge 
et a 1, 1967 
USA 

DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS 
ANALOG . SUBJECTS 

research 
experiment 

human (8) See Notes 
own controls 

Jolt• 4 .. . . 

G-SUIT 

COUNTERMEASURE EFFECTIVENESS 
REG HIEN 

anti G-suit, 
CSU 3/P, 
60 mm Hg 

very 
(accelera
tion 
tolerance) 

4 

MEASUREMENTS NOTES 

acceleration tolerance , Subjects were centrifuged 
arginine vasopressin for 30 min at 2G in a +G 
in whole blood and position 13° degress bac~ 
plasma · from vertical. 



REF # 

A25 

A29 

REFERENCE 

P.B. Mack 
et al , 1967 
USA 

F.B. Vogt 
et al, 1965 
USA 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

research 
experiment 

research 
experiment 

human 
( 2) 

human 
(2) 

own controls 

human (6) 
own controls 

WEIGHTLESSNESS 
ANALOG 

in-·fl ight, 
Gemi ni VII, 
14 days 

bedrest , 
14 days, 

bedrest, 
14 days 

I, ,. • .,' ) •:• ,,/l!'J~j!fh~.:.· . .. ,. ,,,, 

EXE RC ISE AND DIET 

COUNT ERMEASURE EFFECTIVENESS 
REGIMEN 

Ca intake, 
l .Ogm/day 

exercise, 
i sotonic, 
bungie cords, 
isometric 
4 times/day 

Same as 
Gemini VII 
regimen 

exercise, 
isometric, 
thrust rack, 
supine , . 
knee partially 
flexed, 60 sec, 
full extension, 
25 sec , 
8 times/day 

diet, 
l .Ogm Cal, 
2200 Cal 

moderate 
(bone 
density) 

See Notes. 

See Notes 

MEASUREMENTS 

bone density , 
x-radi ogrg.ph, 
os ca 1 ci s , · 
pha 1 anx 5-2 ·. 

Ca balance 

bone density, 
x-rad iograph, 
os calcis 

Ca balance, 
blood, urine, 
feces, P 

Tilt to 1 erance 

5 

NOTES 

The bone density and Ca 
ba 1 ance va 1 ues ~1ere 

· statistically si gnificant 
between the exercise and 
control groups . No data 
was represented . Phalanx 
lost lit t l e density with 
or without exercise. 

See Ref A25 also under 
Di et. 

Interpretation of the 
results is uncertain because 
of problems in adjusting the 
test diet and in evaluating 
experimental samples. An 
increase in bone density was 
observed with the regimen. 
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A23. Biryukov, Ye.N., L.I. Kakurin, G.I. Kozy 
revskaya, Yu.S. Koloskova, Z.P. Payek, and 
C.V. Chizhov. 1967. 
Change in Water-Salt Meta bolism During 62-
0ay Hypokinesia. 
Space Biology and Med icine, U.S.S. R. 1 (2): 
111-117. JPRS-42635. 

A24. Cardus, D. , C. Vall bona, F.B . . Vogt, W.A. 
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1965. 
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17-Hydroxycorticosteroids. 
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20 ( 11 ) : 1194-1205. ' 
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Biopotentials of Healthy Subjects. 
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86-94. JPRS -47249. 
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874. 

A29. 

6 

Vogt, F.B., P.B. Mack, ~~ . G . Beas1ey , Iii.A . 
Spencer, D. Cardus, and C. Val lbcna . 1965. 
The Effect of Bedrest on Var ious Parameters 
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REF # REFERENCE 

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

USSR 

(continued) 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

research 
experiment · 

85 exp. 
?exp./ 
series 

human (30) 

WEIGHTLESSNESS 
ANALOG 

water immersion 
18 hrs, lying 
down, sitting 
(See Notes) 

REV£EW 

COUNTEKl4EASURE EFFECTIVENESS 
REG£ MEN 

MEASUREMENTS 

venous occlusion very (CV) orthostatic tolerance 
cuffs, 
65 mm Hg, 
1 min 01/3 min 
off, 
7 hrs 

venous occlusion no (CV) 
cuffs, 
65 mm Hg , 
1 min on/3 min 
off, 
6 hrs 

LBNP very (CV) 
-25 mm Hg 

resistance to no (CV)· 
expiration, 

200 mm water 
column, 
periodic for 
2. 5 hrs 

nositi ve m-essure slight (CV) 
· breathing, 

300 mm water 
col umn, 
3 hrs · 

medication : 
ca ffe1n; tea , . 
strychnine, 
phenamine, 
1 hr prior to 
end of exp. 

moderate (CV) 

G-s uit , very (CV) 
partial 
pressure suit, 
post experiment, 
20, 35 or 50 
mm Hg 

1 

NOTES 

Chair studies showed no 
change in orthostat i c 
resistance under any reg imen . 
Suggested use of quot i ent of 
stress index of myocardi um 
over systolic volume as 
predictive measure of severi ty 
of orthos tatic tol erance . 
Methods recommer.ded fo r use 
in Saly ut cra ft were : physi 
cal trai ner, LBNP , secophene 
1 hour pri or t o end of fl i ght 
and G-suit during verti cal 
positi on. 

A pressure from 35 - 50 mm Hg 
i n the G-sui t was preferred . 



REF # REFERENCE 

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

USSR 
(continued) 

·":: . 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

WEIGHTLESSNESS 
ANALOG 

rec_:earch 
exper iment 

human (12) bedrest 
30 days, 

· (4 series) 

HE\/IEW 

COUNTERMEASURE EFFECTI VENESS 
REGIMEN 

LBNP , 
day 26··30 

exercise, 
day 1-30, 
vertical 
treadmill 

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

exercise , 
day 26··30, 
isoton·ic, 
up to -60 
mm Hg 

LBNP , 
G-suit, 

50 mm Ilg, 
parti a 1 
pressure suit 

LBNP, 
G-suit, 

50 mm Hg , 
partial 
pressure sui t 

exercise 

very (CV) 

moderate (CV) 
and 

*no (CV) 

moderate (CV) 

very (CV) 

3 

MEASUREMENTS NOTES 

orthostatic tolerance *The sub ject who did not im
prove was trained i n a smaller 
volume than did t he others. 

---------------------------------- - ---- - ----------- - - ~- ----------- -----------------------------------------------------
human (2) in -flight, 

Salyut, 
24-days 

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

very (CV) Subjective and objective 
evaluation of ability to 
withstand LBNP was related 
to emotional state of crew. 
LBNP created sensation of 
ret~rning to terrestri al 
conditions. 



REF # 

A4 & 
A5 . 

REFERENCE 

A.M. Gen i n 
et al. 1971 
USSR 
(continued) 

1, 

( contir:ued ) 

·": . 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

research 
exper iment 

human (22 ) 
I/ 

::;t-c4X-G,,? 

REV IEW 

HEIGHTLESSNESS 
ANALOG 

COUNTfRMEASURE EFFECTIVENESS 
REGIMEN 

MEASUREMENTS 

bedrest 
70 days 
(5 seri es). 
100 days 
(2 series ) 

medication : 
caffein, 
securinine , 
phenamine , 
1 hr. prior to 
end of exp. 

slight (CV) orthostatic tol erance 
muscle 

work abil ity, 
walking 

metabolism 
bone decalcifi cat ion 

:::~:~::------~- ~~i~--- ~tll J\ ,~/ 
horizontal very (muscle) .Y ¥-" ·· v 

position, 
expander$, 
bicycle 
ergometer , 
vertical 

~-~'.'.'.'.~: '.'. _______ -~(-CV--) 
J' venous occ l u.s ion 
'f cuffs , 
~~ ~thigh , '--
\\ ~lminc:n/off , ----·---.., 7 
-~ '\ ·9- h'.s/.<.ay 

/ exerc1 se, ·...__ 
supine, 
expander, 
bi cycle 

· ergomet.er ,. 
verti ca 1 · 
t readmill 

1./ 
2 

NOTES. 

-------------------- -------- --- -- --- ---- - -- - --- --- -~------ -------- ----------------------------------------------------
human (12) . bedrest 

30 days , 
(4 series ) 

.1· .· • '· ' d .. .., •.¥ . ,, ..,..., •• , ·1· ~ '" ' J. ~lt•~+.J 

LBNP , 
- 30 mm Hg , 
6 hrs/c:ay 

. . • "' 

no (CV) orthostati c tol erance Tested various designs for 
LBNP. LBNP was more effec
tive i n brief experi ments 
than in prolonged ones . 



REF # 

A7 

Al5 

REFERENCE 

N.N. Gurovskii 
et a1 , 1972 
USSR 

J.W. Ord 
et al, 1971 
USA 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

research 
experiment 

review 

human (3) 

human 

VIEIGHTLESSNESS 
ANALOG 

in-flight 
Soyuz 11 and 
Salyut, 
22 days 

in-fl ight, 
Mercury, 
Gemini, Apollo,. 
& some Sov iet 

bedrest, 
S.ee Notes 

REV I EH 

COUNTERMEASURE EFFECTIVENESS 
REGIMEN 

exercis e, 
2.5 hrs/24 hrs 
treadmill 

G-suit 
medication 

secop'1en 
l eotard 

prior to 
re-en try 

slight (CV) 

*exercise moderate 

LBNP 

(orthostat
ic toler
ance) 

very 
(exercise 
tol~rance) 

promising 
(red blood 
ce 11 mass ) 

promising 
(cellular 
metabolism) 

no (minera l 
metabolism) 

very (CV) 
very (fluid 

metabolism) 
------------------~---- ---- -------

venous occ lus ion, no (CV) 
cuffs 

~l.!·11. ;1·1· ,. .. . . ,.. ,:..; .... • ·~ ~ · ~- ..... . \ ..... ...,01~ .. •••• ' ••}' .. - . - · oi11 ..... ,. 

4 

MEASUREMENTS NOTES 

tv LBNP was used a predi ctive 
heart rate, test. · 
arterial pressure, 
myocardial dynamics, 
cardiac output, 
systol i c volume , 
pulse wave 
propagation, 
orthostatic 
tolerance 

Results from in-fli9ht exper
iments were compared to 
ground-based simulation tests 
to evaluate man's ability to 
undertake 45 to 60 day 
missions. 
*Present in flight exercise 
regimens (elastic cord, rope
variabl e function device and 
isometrics) arc in~dequate 
to modify deconditioning . 
The authors suggest the use 
of the Aerospace Medical 
Divisions tota l body exerciser 
to provide the form, duration 
and intensity of exercise 
needed in space. 



REF # 

A3 

A6 

REFERENCE 

L.F. Dietlein 
et al, 1971 
USA 

J.E . Greenleaf 
et al , 1972 
USA 

------··~· - ---

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

research 
experiment 

human (1) 

WEIGHTLESSNESS 
ANALOG 

in- flight, 
Gemini IV , 
pilot , 
4 days 

EXERCISE 

COUNTERMEASURE EFFECTIVENESS 
REGIMEN 

exercise, 
rubber bungie 
cord , 
1 full extension/ 
sec, 
30 sec/period, 
10 periods 

very 
(exercise 
tolerance) 

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

research 
experiment 

human (1) 

human ( 2) 

human ( 2) 

in-fl ight, 
Gemini IV, 
command pilot , 
4 days 

in-flig ht , 
Gemini V, 
8 days 

in-fli ght , 
Gemini VII , 
14 days 

human (8) bedrest, 
own controls 2 weeks 

--~ -----------~ .... ·~· -~~.:. .. .. ...... ----

exercise, 
rubber bungie 
cord, 
1 Ful l extens ion/ 
sec, 
30 s ?c/peri od, 
7 periods 

exercise, 
exp . M003 , 
T. i .d. 

exercise, 
exp . M003, 
B. i .d . 

exerci se, 
isoton ic
isomctric , 
T. i . tl . 

exerci!;e , 
isotoni c, 
1/2 hr per day , 
to 1/2 maximal 
oxygen uptake 

post bedres t , 
2 .1 G, 3. 2G & 
3.8G centrifuga
tion 

very 
(exercise 
tolerance) 

moder:ate 
(exercise 
tolerance) 

moderate 
(exercise 
tolerance) 

.no 
(acceler
ation 
tolerance) 

no (plasma 
volume) 

"'" .... ~ .. ..... .... ,. ~ :.... . . . ~ 

MEASUREMENTS 

exerci se tolerance, 
pulse rate , 
heart rate, 
blood pressure 

I Gz tolerance 

5 

NOTES 

See also ref # AG under 
Exercise and Rehydration. 



REF # 

AB 

REFERENCE 

A.A. Korobova 
et al, 1971 
USSR 

Al3 M.C . Lancaster 
et al, 1971 

Al4 

USA 

P.B. Mack 
1971, USA 

(continued) 

·'· ·. · 

DOCUM.ENTA TION EXPERIMENTAL 
SUBJECTS 

vJEIGHTLESSNESS 
ANALOG 

review 

research 
experiment 

research 
experiment 

human 

human ( 8) 
4 controls 

bedrest, 
5 weeks 

human bed rest, 
own controls 14 days 

EXERCISE 

COUNl ERMEASURE EFFECTIVENESS 
REGIMEN 

exercise, 
isotonic, 
isometric 

total bcdy 
ergometer, 
(TSE) . 
20 min T. i . cl. , 
600 kcal/day 

exercise, 
isotonic & 
iscn:etric, 
4 time.sf day 

very (motor 
function) 

no 
(psycho
motor) 

very (bone 
density) 

moderate (Ca 
balance) 

MEASUREMENTS 

motor function' 
muscle tone, 
control, 
contractability 

bone density, 
x-radi ograph , 
os cal ci s , 
centra l talus, 
di s ta 1 tal us , 
capitate, 
di stal ulna, 
ph alarw 4-2 

. . 

6 

NOTES 

The literature on the nature 
of motor impairment and 
adaptabil i ty during real and 
simulated we i ghtless condi
tions i s revi ewed . The author 
states that with the correct 
levels and types of exerc ises , 
opti mum performance can be 
mai nta i ned , as well as ortho
static tolerance, mineral 
metabo l ism and i mnunologjcal 
indices . 

Preli minary report on TBE. 
All subjects spent increased 
ti me in stu.ges 3 & 4 sleep. 

See ref # Al4 also under 
Diet . 

-....-...-.,..,....~ ....... - --.-...,.,---___,...- ,-- .... -----............. __ .I!.·- ·- ·· ....... .,-!'""-•• ~ •. - ..... ........ .......... ~~ .., .... .._ - ... _.. . -



REF # 

Al4 

Al8 

REFERENCE 

P.B. Mack 
1971, USA 
(conti nued) 

VI.van Beaumont 
et al, 1972 
USA 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

research 
experiment 

research 
experiment 

human~ /..-'\ 

( 3) 

·-:· 
(3) 

human (3) 

human (3) 

human ( 8) 

WEIGHTLESSNESS 
ANALOG 

bed rest, 
28 days 

EXERCISE 

COUfffERMEASURE EFFECTIVENESS 
REGIMEN 

exercise, 
supine, 
exer-genie, 
8 lb. 
hand gripper, 
isotonic, 20 
min, 
i somr.tri c, 30 
sec, 

very (bone 
density) 

- -=zn= ·-::::;...-.-...,,.::<14. t~nes---=n~/d3a~?G--~+'=-="'~exerc 1 se , -~- no bone 

in- flight, 
Apollo 7 

in-fl i ght' 
Apollo 8 

*bedrest, 
21 days 

same as above, density) 
at 1~·: 11 

exercj !;e, 
exer-·geni e 

exercise, 
exer··genie 

~; 

*moderate
very 
(bone 
density) 

*no (bone 
density) 

moderate 
(plasma 
vol l!1:ie) 

very ( p 1 asma 
protein) 

very ( p 1 asma 
albumin) 

MEASUREMENTS 

bone density, 
x-radi ograph, 
os-calcis, 
central talus, 
distal talus, 
capi tate, 
distal ulna, 
phalanx 4-2 

plasma volume 
plasma prote in 
plasma albumin 

7 (-

NOTES 

*The less frequently the 
astronauts exercised, the 
lower the bone density be
came. 

*Measurements were taken on 
13th day of bedrest . The 
author conducted studies of 
t he.effect of exercise condi 
tions on t he re!ationsh ip 
beh1c:en HCt , pl <::sn:a protei"n 
and plasma volume . The authors 
theorize that prolonged bed
rest may induce hypoprotein• 
ernia as a factor contributing 
to hypovo l ernia. 

·r"- /7 
VI , Z'~ c··,-:,,--? ~r 
)/'-VU/.!~ • - . " -

~/--~ c/:., . ..;:·,- & re: C' 



REF # 

A9 

Al2 

REFEREHCE 

T.N. Krupina 
et al, 1971 

'USSR 

K.f.!. Hyatt 
1972, USA 

MEDICATION 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

~J~ IGHTLESSNESS 
ANALOG 

COUNTER'1EASURE EFFECT! VENESS 
REG I ~~EN 

research 
experiment 

research 
experimenf. 

. ~ 

human (10) 
4 controls 

(3) 

(3) 

bi:.drest , 
120 days 

human (20) bedrest, 
10 control s 14 days 

( 10) 

human (8) bedrest , 
10 days 

Pitruitrin, 
day 1-13, 

5 uni t s/ day; 
subcutaneous , 
10 units on 
certai n days 

DOCA, 
day 72-90, 

l ml in 0.5% 

1
.J- soluti on , 

no (fluid 
balance) 

no 
(electro
lyte 
balance) 

).7 · . Di eb . alt. 
~£'-~ ----------- -------- -------------

Nerobol, very (fluid 
dl,Y 1-72, balance) 

5 mg/day, very 
intramus:ular, (electro-

day 72-100 , lyte 
10 mg/day balance) 
intramus ·:ular · very (protein 

9 a 1 pha-fl uoro
hydrocor t i sone , 
0.2 mgm daily 

9 al pha -fluoro
hydrocortisone, 
0.4 mgm dai ly 

metabol"ism) 

no (CV) 
slight (Na 
balance) 

slight (K 
balance) 

moderate 
(plasma 
volume) 

moderate 
(rbc mass) 

very (CV) 
very (na 

balance) 
*no (K 

bal ance) 
moderate 

(fluid 
balance) 

MEASUREMENTS 

fluid ba l ance 
electrolyte ba l ance, 

blood & urine 
protein metabolism 

CV, · 
tilt tolerance, 
exercise tolerance, 
tyrami ne stimula
ti on t est, 
heat rate, 
EKG, art erial 
pressure 

Na ba lance 
K bal ance 
Plasma volume 
Red blood cell mass 
fluid balance 

8 

NOTES 

Hypokinetic disturbances did 
not deteriorate past the end 
of the 3rd mont h. The authors 
recommended a medi cation viith 
a broad spectrum of hor1:.onal 
activity be used t o counte r 
the mechanis ms of hypokines i a. 

See also Petukhov a n~ 
Yakovl eva under ~ed i cat ion . 
Al so reported by V.V. Parin 
re f # 53 of earl ier Cour.ter
meas ures report . 

*Careful attention must be 
paid to avoi d hy pokalemi a. 



REF # 

Ai7 

A21 

REFERENCE 

B.N. Petukhov 
et al, 1971 
USSR 

I. Ya Yakovleva 
1972 , USSR 

DOCUMENTATION EXPERIMENTAL 
. SUBJECTS 

research 
experiment 

research 
experiment 

human ( l 0) 
4 controls 

( 3) 

(3) 

human ( l 0) 
4 controls 

f 

WEIGHTLESSNESS 
ANALOG 

bedrest, 
120 days 

bedrest, 
120 days 

MEDICATION 

COUNTERMEASURE EFFECTIVENESS 
RC:GIMEN 

Pi tui tr'in, moderate 
l day pre-bedrest (EMG) 
l 0 un'its; 
subcutaneous, 

day 1-7, 19-22, 
30-35 & 41-71, 
5 to 10 units, 
subcutaneous 

DOCA , 
day 72-90, 

l ml of 0.5% 
solution, 
i ntrarnuscul ar, 
di eb . alt . 

Nerobol, no (EMG) 
l day pre-bedrest 
10 n1g , · 

day 1-7, \ 19-22 , 
5 to 'IO mg 

Pituitrin, 
day 1- 30 

5 units/day, 
10 uni t s on 
certai n days 

Desoxy corticoster 
one a-:etate, 

day 72--90 
1 ml .jie6. alt . 

Nerobol , 
day 1-i~8 , 

5 mg/day, 
day 72-100 

10 1~g/day 

no (intra
nasal cir
culation) 

no (intra
nasal cir
culation) . 

MEASUREMENTS 

lectromyograms, 
gas trocnemi us, 
tibia l is anterior 

Intranasal cir
cul ation, 
rhinopneumometry 

g 

NOTES 

See also Krupina and 
Yakovleva under Medication. 

The author states that nasal 
vasomotor function is a 
reflection of a number of 
complex body processes 
associated with metabolism, 
t he state of the endocrine and 
nervous systems , and general 
vascu l ar tone . In-fl i ght · 
nasal stuffiness exhibited by 
cosmonauts ~1as caused by space
flight factors of weightless
ness and acceleration on 
in tranasal circulation, not 
increased oxygen atmosphere . 

See also Krupina and 
Petukhov under Medication. 



REF # REFERENCE 

AlO · D.R. Lockwood 
et al , 1972 
USA 

All S.B. Hulley 
et al, 1971 
USA 

Al4 P.B. Mack 
1971, USA 

·'· 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

WEIGHTLESSNESS 
ANALOG 

research 
experimen t 

r•:?search 
experiment 

research 
experiment 

human (5) 

( 3) 

bedrest, 
17 weeks 

human .(5) bedrest,_ 
o~m controls 

(3) 24 weeks 

(2) 30 weeks 

human (4) bedrest, 
14 days 

DIET 

COUNTERMEASURE EFFECTIVENESS 
REGIMEN 

MEASUREMENTS 

diet supplements , 
1315 mo Ca as 
lactate, 
1419 mq P as 
potassium 
phosphate · 

12 week on/off 
or vi ce versa 

Hyper-Phos -K 
tablets, 
165.9±2 .3 mg 
P/tablct, 
8 tabl f?ts/day, 
with m<?a 1 s and 
evening snuck 

Ca supplement, 
300mg/day 

very (Ca 
balance, 
wks 1-11) 

no (Ca 
balance, 
1·1ks 12-17 ) 

very (P 
balance, 
1~ks 1-11) 

no (P 
balance, 
wks 12- 17) 

moderate 
{bone 
density) 

_J 

Ca balance 
P balance 
bone dens ity, 

gamma scan , 
ca 1 caneus, , 
tibia ' 

moderate (Ca Ca balance , 
balance, urine, feces, 
wks 1-12) serum, sweat 

no (Ca P ba lance , 
balance, urine; feces , 
wks 12-24) serum 

very (P bone density, 
ba lance) gamma scan, 

no (calcanus) calcaneus and 
very (radius) radius 
very (N N balan~e , 

balance ) urine, feces 
no (Mg creatinine clear-

balance) ance 
no hydroxyproline , 

(crea ti nine urine 
clearance) 

no (hydroxy-
prol i ne) 

no (bone 
density) 

bone density , 
x-radiograph, 
os calcis, 
centra 1 t a 1 us, 
distal talus , 
capi tate, 
distal ulna , 
phal anx 4-2 

NOTES 

See also S.B. Hu ll ey under 
Di et. 

See also D. R. Loc kwood under 
Diet . 

See also re f Al4 under 
Exercise. 



REF # 

A16 

REFERENCE 

I. 0. Pestov 
et al , 1972 
USSR 

DOCU11ENTATION EXPERIMENTAL . W(GHTLESSNESS 
SU~JECTS -'~ ANALOG 

...-1}f' ~ I 

human (9) 

' . 

water i mmersion, 
18 hrs, 
34-35° C, 
sitting 

*bed rest, 
30 days 

t ., .a•.""'· - o. '• I JJ 

UlNP 

COUNTERMEASURE 
REGIMEN 

LBNP , 
-24 mm Hg 

EFFECTIVENESS 

very (CV) 
very (fluid 

balance) 

LBNP, no (CV) 
day 1-19, 
except Sundays, 
-27 m:n Hg, 
3 hrs b. i. d. 

day 19-24, 
10 mi1 rest 
durin~ 
LBNP o:ycles, 

day 25 -30 , 
b . i . d . ·, 
- 13 mm Hg for 15 
min, 
10 min rest, 
- 27 mn Hg for 30 
min , 
10 min rest, 
- 27 mn Hg for> 45 
min 

LBNP, very (CV) 
day 26 -30, 
one a day , 
-1 3 nm Hg for l 0 
min, 
-1 8 mm Hg for 20 
min , 
- 27 mm Hg for 30 
min, 
- 18 mm Hg for 30 
min . 
free regimen , 
(range -9 to -57 
ITl1l Hg) for up to 
40 min. 

MEASUREMENTS 

orthostatic tolerance 
fluid balance , 

Nater intake, 
extrarenal losses , 
urine volume 

11 

NOTES 

Control s "~ere 18 hrs i n water 
i rrmers ion, bedrest and chair 
~est . Orthostati c tol eranc~ 
was unchanged during chai r 
rest . 

See ref # Al6 also under 
orthostatic tol erance Exercise and LBNP; I .S. 

Balakhovskii under Exercise 
& LBNP ; *A .O. Vos kresenskii 
under LBNP .. 

~·~ ~ · · r :t ~ 



REF # 

Al9 

REFERENCE 

A.O . l/oskresen"' 
ski i et al 
1972 , USSR 

DOCUMENTATION EXP ER IMEl~T AL 
SUBJECTS 

research 
experiment 

human (15) 
3 control s 
See Notes 

( 3) 

(3) 

WEIGHTLESSNESS 
ANALOG 

*bedres t , 
30 days 

LBNP 

COUNTERt~EASURE . EFFECTIVENESS 
REGIMEN 

LBNP, 
hori zonta 1 
pos i tion, 

0
5:-:30-,~m Hg , 
· hrs ~. i. d., 
ceprlor 3 

days of rest 
LBNP , 

horizonta l 
position, 
days 26-30, 
- 50- 55 mm 
Hg, 
2.5 hrs daily 

no (CV) 
hemodynami cs 
(moderate) 

very (CV) 
hemodynami cs 
(moderate) 

MEASUREMENTS 

CV 
LBNP to lerance, 

pulse rate, 
arteri al pressure 

hemodynamics, 
ESR, HCT, 
l eucocyte count, 
erlythrocyte count 

12 

NOTES 

Daily LBNP led to general 
asthenia. The authors 
recommend the application of 

: LBNP only during the last 5 
days of hypokenes i a. No 
data is presented. 

See also ref A2 under Exer
cise ar. d LBNP; El ectrical . 
Stimulation of Muscle . 
*Also I.D . Pestov under 
LBNP. 



REF # REFERENCE 

Al · J . F. Annis 
et al, 1971 
USA 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

research 
experiment 

human 

GRADIENT POSITIVE PRESSURE 

HEIGHTLESSNESS 
ANALOG 

See Notes 

COUNTERMEASURE EFFECTIVENESS 
RES IM EN 

space activity, promising 
suit (SAS} , (CV) 
elastic fabric , 
girdles, 
gradient 
pressure, 
l 00 mm Hg to 
torso, 
160 mm Hg to 
upper arms & 
legs , 
152 mm Hg to 
lower arms & 
legs 

positive pressure 
breathing, 

170 mm Hg, . 
3.9 psi 

MEASUREMENTS 

See Notes 

13 

NOTES 

The history of the deve lop
ment of the SAS as well as 
the design specifications 
for t he garment asse~blies 
are presented; ground based 
laboratcry and chain'.:le r tests 
have been conducted. 



REF # REFERENCE 

A22 . Ye . Yuganov, 
1972 
USSR 

DOCUMENTATION EXPERIMENTAL 
. SUBJECTS 

WEIGHTLESSNESS 
ANALOG 

) 

CENTRIFUGATION 

COUNTER~iEASURE EFFECTIVENESS 
REGIMEN 

review rats & mice in-flight, centrifuge, very 

mice 

human 

Tu-1 04 aircraft arm 1. 25 m, 

rotational 
acceleration, 

ground based 

rotational 
acceleration, 

ground based 

0. 05 to 1 • OG, 
See Notes 

centrifuge, 
O. lG, 
disconnected 
vestibul ar 
apparatus 

centrifuge , 
up to 0.3G, 
stable vestibular 
function 

(motor 
activity) 

very 
(motor 
activity) 

promising 
(v1ork 
capacity) 

MEASUREMENTS 

motor activity> 
normal posture) 

movement 

motor activity> 
normal posture, 
and movement 

work capacity 
motion sickness 

14 

NOTES 

0.28 to 0. 31G minima l effec
tive value . 

Optimal tolerance level for 
prolonged rotation is speed 
of 10 degrees/sec and radius 
R=90 m ~here astronaut§ 
weight in direction of rota
tion does not exceed 0.25-
0. 35G. 



REF # 

A2 

A20 

REFERENCE DOCUMENTATION EXPER IMENTAL 
SUBJECTS 

I .S. Ba l akhovsk ii research 
et al , 1971 experiment 
USSR 

I. Ya Yakovleva 
1972 , USSR 

research 
experi ment 

human (15) 
3 control s 
See Notes 

( 3) 

human (9) 
3 controls 

(3) 

EtECTRICAL STIMULATION OF MUSCLES 

WEIG HTLESSNESS 

bedrest, 
30 days 

bedrest , 
30 days 

COUNTERMEASURE EFFECTIVENESS 
· nE~IMEN 

antiorthostatic 
pos it:i on , 
4° incline to 
head 

electrical 
stimulation, 
of muscles , 
l ower leg, 
hip , abdomen , 
back, 
30 min b. i .d. 

antiorthostatic 
position, 
4° incline to 
heCl.d 

*electri cal 
s t ir.1ulation , 
of nuscle 

no (protein 
metabol i sm) 

mode rat<: 
(lipid 
metabolism) 

slight (fluid 
metabol ism) 

sli ght 
(mineral 
metabolism) 

moderate 
(carbohy
drate 
metabolism) 

no (hemo
dynami cs) 

very 
( ves ti bu-
1 ar 
response ) 

very 
(vasomotor 
function) 

MEASUREMENTS 

protein metabolism, 
bilirubin , 
creatinine, 
C- reactive protein , 
total N, 
urea in b 1 ood 

lipid metabolism, 
beta-l ipoprotein , 
non -esterized fatty 
acids, 
choles terol, 
li pid p 

fl uid metabolism, 
urine vol ume 

ineral metabolism, 
Ca, K, Na, 

15 

NOT ES 

Post hypodynami a water load
ing tests were the same for 
~ontro1 and exp . groups . 

See aiso ref A2 under 
Exercise and Ll3NP; 
A.O. Vos kresenskii under 
Ll3NP . 

17-0CS, aldosterone 
carbohydrate metabolism, 

serum sugar, 
hydrccortisone 

hemodynami cs , 
HCt, Hb , 
erythrocyte count , 
leucocyte co unt 

uditory response , 
auditory threshold, 
"loudness", 
auditory orientatio. 
See flctes · 

estibular response, 
tolerance to corio-
1 is acceleration, 
spatial orientation , 
visual displacement , 
electrical stiJ111J
l ation of vestibu
lar organ 

asornotor function of 
nose, 
rhinopneumometry 

Hearing sharpened with in
creasing duratio1 of hypo
kinesia so t hat loudness dis
comfort i ncreased. 

*See I .S. Balakhovs kii under 
Electrical Sti mu lation of 
Muscle . 

See al so ref A20 under Exer
ise and Ll3NP . 



REF # REFERENCE DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

A2 I.S. Balakhovskii research human (15) 
3 controls 
See Notes 

et al, 1972 experiment 
USSR 

A16 I.D. Pestov 
et , 1972 
USSR 

research 
experiment 

(3) 

human (9) 

WEIGHTLESSNESS 
ANALOG 

*bedrest , 
30 days 

*bedrest, 
30 days 

EXERCISE AND LBNP 
16 

COUNTERMEASURE EFFECTIVENESS 
P.EGIMEN 

MEASUREMENTS NOTES 

antiorthostatic 
posit.ion, 
4° incl ine to 
head 

exercise, 
vertical tread
mi 11 , 
500 cal/day, 

day 1-24, 
1 hr b. i .d., 

day 26- 30 , 
1 hr, i n LBNP 

LBNP. 
day 26 -30 , 
-35 to -45 mm 
Hg, 
2.5 hrs/ day 
See Notes 

antiorthostatic, 
positi on, 
4° incline to 
head 

exercise, 
day 1-25, 

da i l.Y 
day 26-30, 

in LBNP , . 
l hr & 45 min 

LB PN , 
day 26-30, 

-10 to -25 mm 
Hg, 
gradual 
incrf!ase 

very (CV) CV 
moderate LBNP tolerance , 

(protein pulse rate, 
metabol i sm) arterial pressure 

slight (lipid protein metabo l ism, 
metabolism) bil i rubin, 

moderate creatinine, 
(fluid C-reacti ve prote i n, 
metabolism) to ta l N, 

moderate urea in blood 
(mi neral lipid metabol i sm, 
metabolism) beta-l i poproteins, 

Antiorthostatic pos i tion 
simulat ed weightlessness more 
~ffective l y t han hori zonta l 
bedres t. One subject re
cei ved dianabol which may have 
i ncreased mean Hb . L3NP 
exer ted n::i appreci ab 1 e effect 
on metabol i sm. Post hypo
dynami a \'1a ter l ca ding tes ts 
l'lere t he same for cont rol and 
exp. groups. 

no non-steri l ized fatty See also ref A2 under Electr i -
(carbohy- acids , cal Sti mul ati on of ~uscle; 
drate cholest erol, A.O. Vcs kresens kii under 
metabolism) li pid P LBNP . 

very fluid metabol i sm, 
(hemo- uri ne vol ume 
dynamics) mine ral metaboli sm , 
See Notes Ca, K, Na , 

· 17-0CS, al dosterone 
carbohydrate me t abo-

1 i sm , 
serum sugar, 

, hydrocortisone 
emodynamics, 
HCt, Hb, 
erythrocyte count, 
1 eucycyte coun t 

*See al so Pestov under Exer
ci se and LBNP . 

very (CV) rthostatic t olerance ."1isee also under I .S . Balakhov
skii, Exercise & LBNP. 



r, 

REF # 

A20· 

REFERENCE 

I. Ya. Yakovl eva 
1972, USSR 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

research 
experiment 

human (9) 
3 controls 

(3) 

WEIGHTLESSNESS 
ANALOG 

bed rest, 
30 days 

EX~RC!SE AND LBNP 17 

COUNTERMEASURE . EFFECT! VENESS 
REGIMEN 

MEASUREMENTS .· NOTES 

anti orth·:is tati c, 
position, 
4° incline to 
head 

*exercise & 
LBNP 

very auditory response, Hearing sharpened 1vith in-
( vestibular auditory threshold, creasing duration of hypo-
response) "loudness", . . kenesia, so that loudness 

auditory orientation discomfort increased . 
See Notes 

vestibular response, *See I .S. Balakhovskii under 
tolerance to corio- exercise and LBNP. 
lis acceleration, 
spatial orienta- See also ref A20 under 
tion, Electrical Stimulation of 
visual displacement, Muscle. 
electrical stimula-
tion of vestibu l ar 
organ 

vasomotor function of 
nose, 
rhinopneumometry 



REF # 

A6 • 

REFERENCE 

J .E . Greenl eaf 
et al, 1972 
USA 

DOCUMENTATION EXPERIMENTAL 
SUBJECTS 

research 
experiment 

human (8) 
O\~n contro 1 s 
see not es 

WEIGHTLESSNESS 
ANALOG 

bedrest, 
2 weeks 

EXERCISE AND REHYDRATION 

COUNTERMEASURE EFFECTIVENESS 
REGIMEN 

exercise, 
i soton ic 
1/2 hr per day, 
to 1/2 maximal 
oxygen uptake 

rehydration, 
1 . 0 to 1 . 9 m 1 , 
saline-grapefruit 
drink, 
during 3 hrs 
prior to centri -
fugati0n at 2. lG 
3.2G and 3.8G 

moderate 

no 

(Gz tol er
ance at 
2. 1 G) 

(Gz toler
ance at 
3. 2G & 
3.8G) 

no 
(plasma 
volume) 

MEASURE'~ENTS 

G tol erance 
pTasma vol ume, HCT 

18 

NOTES 

Two weeks beh1een bedrest 
ahd rehydration test was r.ot 
sufficient to restore +Gz 
tolerance to control levels. 
See ref # A6 also under 
Exercise. 
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N.B. Nefedova , V.P. Baranova , et al. 1972 . 
Investigation of Otorhinolaryngo logi cal Organ 
Reactions in Man under Hypok i ~c sia . 

Space Bio logy and ·t·1edicine, U.S.S. R 6(4): 79-
87 . JPRS-57139. 

Yakovleva , I. Ya. 1971. 
Specific Features of Rea ctions of the Na sal 
Vascular System During 120-Day Pypokines ia . 
Space Biology and Medicine, U.S.S .R. 5(3; :91 -
97. JPRS-53801 . 



A22 . Yuganov, E. 1972. 
Artificial Grvitation and Physiology. 
In: Space t~ed icine: Reports on Artificial 
Gravitation and Space Suits . Joint Publica
tion Research Service, JPRS-56598, Arlington, 
Va. (translation of Aviatsiya i Kosmonav 
tika, :1oSCO\·I , 4:24-25 , 1972). pp. 1-5. 
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I • 

EXPERIMENTAL 
SUBJECTS 

WEIGHTLESSNESS 
ANALOG 

COUNTERi'1EASURE EFFECTIVENESS MEASUREMENT NOTES REF !f 

P. B. '1AC K et a 1 . 
1970 . 
USA 

I 
l 

research 
experiment 

I 

human (8) 
4 contra 1 s 

bed rest 
56 days 

REGIMEN 

Exercise, T.i .d., moderate 
isotonic, (Ca balance) 

Exer -genie , 
8l bs, 1 beat/ slight 

sec, (p bal ance) 
leg, 12 min, 
arm, 6 min, slight 
Exer-gr i p, (N ba l ance) 

2 mi n, 
very . 

i sometric , 30 · (water ba -
sec . lance) 

Daily except when 
48 hr blood sam
ples were taken 
every ll-12th 
days 

~1ACK, P.B., P.C. J BAUT, C:s . LEICH, C.M. WINGrn , and J . VERN!KOS-OANELLIS. 
Evaluation of Fl ighlt: Foods Under -lypokinet"ic Conk:lit ions. Part I 
National Aeronautic~ and Space Adni nis tration , NASA-CR-1 14780 , w~ shi ngton, D.C. 

19711. 

l i5 pages. 
I 

Ca balance 
i ntake , uri ne, 

feces 

P balance 
intake, uri ne, 

feces 

N'balance 
inta ke, uri ne, 

feces 

Water balance 
intake , uri ne , 

es t . feces 

A 6 day equi libra t1 0 t o environment 
of 14L; l0D , l ights o 0900-2300 , in
tens i ty 30 ft -C; amb 'ent temperature 
72± 2°F; 4 day cycle of Apo ll o die t . 

Two subj ects switcher exerc ise/non
exerc i se reg imes ha l · "!ay th rough 
bedres t . 

See also P. B. ~1a c k r f # and -
C.'1. Winget Ref #, nder Exer ci se. 



·-- ·: .... :.-- ... ._ .... ~ . .- ... .,.._... .. . _~ ... ~·~~--

REFERENCE --· :i:>octiMENTATION EXPERIMENTAL 
• SUBJECTS . . 

P.B. MACK et res ear ch human (.8) 
al e xper imen t 4 controls 
1970 

! USA 
. I 

EXERCISE 

WEIGHTLESSNESS COUNTERMEASURE EFFECTIVENESS 
ANALOG REGIMEN 

bedres t 
56 days 

Exercise,, T. i.d., See notes 
isotonic , (17 -0HCS) 

Exer -genie, 
8 1 bs , 1 bea 1 I 

. ___ sec. , no (hydroxy-
( , ,,,.d b ·w_:~;-~legs, 12 m in~ pra line) , 
~~ Exer -grip, 

2 min, 
isometric , 30 

sec 

·daily except whet 
48 hr bl ood sam
ples were taken 
every l l-1 2th 
days 

MEASUREMENT 

17~hydroxycortico 
stero ids, 
urine, 
ci rcad.i an rhyt hm 

hydroxyproline 
urine , 
ci rcadian rhythm 

'(' .. ~ .... "" .. . ,· 

~--- T 

NOTES REF /I 

Subjects showed gre< t ind·ivi dual varia 
ti on i n 17-0HCS and. hydorxyproline ex 
ret i on . 

A 6 day . equil i brati ( n to environment of: 
14L: l 0D, li ghts on 1900-2300 , intensity of 
30 f t -c, ambi ent t er peratur~7 2± 2°F ; 4 
day ·CYC 1 e of Apo 11 o di e-t . 

Two subj ects swi tchied exerci se/ non -exercise 
r egimes ha l f way th ough bedrest . 

See also P.B. Mac k ~ef # and C . ~ ~ 
Wi nget ref # unde ~ Exerci se · - t · 

--- -----~- - ~-~~-----~----~~--~~------~---------- -------------- ---------------------------------------- ---------------------

! . 
i 

I 

L 

1 
I 
! 

human (6) 
own controls 
(3) 

I 
1 

bedrest 
28 days 
(2 series) 

Exercise 
r egul arly, 
isoton ic and 
isometric 

moderate 
( 17 KS) 

------------------ -------------,_ _ . 

Exercise 
at wn 1) 
i soton i c a'nd 
isometric 

very 
( 17 KS) 

l A . 
MACK, P.B . , jP .C. RtMBAUT, :C.S . LEACH, CJ. WINGET and J. VERNIKOS -DANELLIS. 1970 . 
Eva l uation at Fl i ght Foods Under Hypokine1 ic Conditions . Part II,I. 
Na ti ona l Aeronautics and Spiace Administra1 ion, NASA- CR-11• 782, Washington , D.C. 180 pages. 

I 
r 
I· 
r 

17- ket osteroi ds, 
urine , 
circad i an rhythrr 

The hig hest amount was excreted from 8AM 
to noon and t he lowes t amount was f rom 8PM 
to 8AM 
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V. I. STE?A TSOV et al research *human bedrest, exercise, very (CV) CV, The exercise program 
1972 experiment 30 days complex trainer, ECG described included 
USSR training-load very (metabolism) exercises for maintain-

suit, Metabolism, ing and developing 

STEPANTSOV ,IV.I., M.A. TI HONOV, and A. V. JEREMIN. 1972 . . 
'Phys ·j cal Tra; n i ng as a Method · for Preveriti ng the Hypodynam1 c Syndrome . . 
Space Biolo y and Medi~tn , USSR 6(4):64- 8. 

foot-gear, ' very. (muscle coordi gas exchange, muscular strength, 
elastic shock- atfon) · physital load, speed of movemen t s , 

absorbing pre & post !static endurance , 
system, training 

1
movement coordination, 

treadmill, & antiorthostaic l oad-
up to 10 km/h 

50 kg horizontal 
work load, 

l hr, b.i.d., 
4 day cycle, 

day l , 
l,500 kg'.m/mi , 
320- 360 Cal. 

day 2, 
800-;i ,000 
min 

day 3, 
500-600 kg·m/ 
450-500 Cal. 

day 4, 
active rest, 
100 Ca 1 . 

Muscle Coordination ing. 
length of pace, 
deviation from 

direction of 
movement, 

walking, 
running, 
jumping 

*See I.S. ·sal akhovs ki i , 
I.D. Pestov & I. Ya . 
Yakovleva under 
Exercise and LBNP 
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REFn .EKCE \DO 
I 

CUMENTATION I EXPERIMENTAL WEIGHTLESSNESS 

·-------.. --.-l-

J . Verni kos -Danell ~ s 
et al 
USA 
1972 

i 

! . 
I 

i 

I 
I 
I 
I 

VERN I KOS ~DANE~L 
Thyro id and A~r 
Journal of Appl 

I SUBJECTS Al~ALOG 

research human (_8) bedrest 1 experi ment 56 days 56 days 

. 

-

I 

IS, J., C. S. LEACH , .C .M. WI NGET, P.C. RAMBI 
enal Corti ca Rhythmicity D ur i ng Bedrest. 
·ied Physi ol o gy 33(5 ) :644-6 ~8. 

I 

EX ERCISE 

COUNTERNEASURE 
REGIMEN 

Exer ci se , T. i. d., 
Exergenie 
isotonic, 

20 min ., 
isometr i c , 

30 sec ., 
> 800 Cal / day 

• 

UT , and P. B. MACK . 

EFFECTIVENESS MEASUREMENT I 
*See No t es cort isol , 

(cortisol - plasma -f r ee , 
CR) 

• 
c ircad i an rhyt hm 

I 
no ( t r ij.odo-

).-

tr i iodothyroni ne , 
thyronine - serum , t otal, 
CR) circadi an rhyt hm 

no (thyroxine -
CR) thyroxine , 

serum, 
ci rcad ian rhyt hm 

" 

. . 

1972 . 

NOTES 

*Bedrest red 

1RE.,.., .. I ·.r Jf 

I 

cortiso l r hy ... 
uced the~amplitide of the 
Lhm, but , di d not affect 

pat ter . The exercise 
about ·l hr prior to the 

t he ci rcadian 
group peaked 
control s. I 

ne rhyt[ms were unstable 
ephasingrwith · progresst~e 

Thyroid hormo 
and showed r 
bed rest . 

Six days .Pre 
f or equi libr 
14L/10D , i nt 

( I , 

-bedres t were provided- · 
at ion ,to the environment : 
ensity of 30 f t -c at e¥e

level, l ights 
20± 1°C ambi 

on fro n 0900· to 2300 ; · 
ent temp rature; Apollo 

diet , 2,600 Ca 1 I day . , · ~"· • 
~1 , \ .-:OS." 

Bl ood samples were d awn a t{4u~rv in t er-
val s for 48 
30 , 42 and 5 
and post bed 

The authors 
may be postu 
measure othe 
sought . 

hour perr·od s on 10, 20 . 
4 during bedrestjand pre 
rest. 

1 suggest: thyro i d rhythms 
re.depen ent ; preventive 
r than e erci se should be 

See a 1 so C. \· al ref # 
t,mder Exerc i s e . 
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---R::::-.. :'-· '_'-.Zl-,~-E-__ ;ID_O_C __ U_HE_N_1T_A_T_I_O_N-;-E-X-~-;-~-~-~~-i-~-,A-L-~t-1'7E-'I-~-~-!-~-;-~-SN_E_· s-s-+--c-ou-~-~-~-~-~-~-~·-S-U-RE--.E-F_F_E_CT_I_V_E_N_E_S_S--;---H-EA-SU_R_E-· l1_E_N_T--,---N-OT_E_· s _______ Rl ___ :_F_J; ----

c . ~1. \~ inget et al 
USA 
l 972 

research 
experiment 

! 

I 
I . 

human (8) 
4 contra 1 s 

bed rest> 
56 days 

Exercise, T. i . d, 
Exergeni e 

· isotonic, 20 mih ., 
i sometric, 30se~., 
>' 800 Ca 1 /day 

*See Notes 
(body 
tempera
t ure -
CR) 

**See Notes 
(heart 
rate -
CR) 

VII NG ET, C .M. l J. VERN!KOS-JANELLIS , S. E. CRONIN, C. S. LEA'.H, 
Cjrcadian Rh~thm Asynchron~ in Man During Hypo kinesis. 
Journal of A, plied Physiol ~Y 33(5):640-~44. 

P.C. RAM BAUT, ~nd P.B. MACK. 

! I ! 
I 

\ 
I 
I 

Body tempera t ure, *Bedre st pro"duced a desynchron.i zation 
circadian rhyt hm: from t he environment and a decrease 

of the mean BT , but ~id not affect the 
circad i an period i ci t y Heart rate, 

ci rcadian r hyt hm : 
pulse rate, 
cardiotachometer . 

**All subject s showed 
HR circadian rhythml 

a we 11 -def i ned 

Exercise di qi not af~ect t he Bv and HR 
phase re l at ions t o endocrine factors 
(CS , T 3 & . T 4) . 

Six days pre-bedre s1 v1ere' provided for 
equil i bration to thE env i ronment: 
14L/ 100 , i ntensity cf 30 pt-c.at eye-
1eve1 , 1 i ghts on fr< m 0900 ·to 2300 ;· 
20± l°C ambient temP,era t ure; Apol l o 
diet , 2600 Cal /day . ! 

Measurements were t jken at 0330, 0730 , 
1130, 1530, 1930 a~d 2330 hrs . 

See also J. VernikoJ -oanel l is et al. 
j Ref# under lExercise. 

1972. 

I . 
I 
I 
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EXERCI SE 

REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE EFFECTIVENESS 
SUBJECTS ANALOG REGIMEN 

C.M. WING ET et al 
1970 
USA 

research 
experiment 

human (8) 
4 controls 

bed rest 
56 days 

Exercise, T.i .d., 
isotonic, 

Exer-genie, 
8 lbs, l beat' 

sec, 
leg, 12 min, 
arm, 6 min, 
Exer -grip, 

2 min . 
I' • 

i soinetri c , .30 
sec 

Daily except when 
48 hr blood sampl 0 s 
were ta k'en every 
11 -1 2th days. 

WING ET; C.M., S.E CRCNIN, N.W. HETH~RINGTON , ·and L.S. ROSENB LATT. 1970. 
Evaluat i on of Flight Foods Under Hypbkinetic Conditions. Part II . 

no (tempera
ture - CR1 

very (heart 
rate - CR) 

no {creatil"l
ine) 

( 
. .., 

no creati.ne_.. 

Na tional Aeronautics ahd Space Adminnstration, NASP-CR-114781, Wastington, D.C. · 126 pages. 

~· 

MEASUREMENT NOTES REF JI 

temperature, Body temperature rh.i thms 1 agged tho~ 
deep body, of heart rate by an average of about 
circadian rhythr 3 hours. <-·--\ 

heart rate A 6 day equilibrat icn to environment v 
pulse rate, 14L:l 0D , lights on (900- 2300, i nten- l 
cardiotachometet ,sity 30 ft -c; ambient temperature 
circadian rhythn 72± 2°F . , 4 day cycle .of Apollo diet 

creatinine, 
urine 

crea tine, 
urine 

Two sub jec ts switchEd exercise/non 
exerci se regimes hal f way through 

(--~:r~~~::~ am~:~~~f ~re:;;dJ. 
and creatine was exc~eted from 
8PM unt il midni ghts ~hjl e the 

, sma 11 est amount was found between_/ 

m~~~------~~ 

See al so P.B. "'lack r~fa # and ·-#.-

under Exercise 
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.Docmu::;-nATION ·1 EXPERIMENTAL 

D. A. HANTY1.A1~ et al 
1973 
USA 

research 
experiment 

SUBJECTS 

human (2) 
own controls 

MEDICATION 

I-WEIGHTLESSNESS 
I ANALOG 

*bedrest 
19 weeks 

weeks 1-7 

comnERMEASURE 
KEGH1EN 

'.ht 
Calcitonin, 
synthetic salmon 
100 MRC units/da 
subcutaneous 

EFFECTIVENESS 

no(Ca balance 

, no (P balance~ 

------------ - ·--------· -·······--·-·-· - --- -·· - -
MEASUREMENT I NOTES jR:&7-¥J. . 

Ca balance , J *Treatmen: was-~~-~pp~d at-=-----

intake, urine , !beginning of the 7th !week because 
feces 

1
of nephrotoxicity . Tqe dose may 
have been t oo large ~or bedrest 

no(bone densi y) P balance, pat ients. I 
I 

! 
I 

I 
i 

I 

I 
I HANTMAN, D. A. , J. M. !VOGEL, 

Attempts to Prevent !Disuse Osteop 
and Supplementary C~lcium and Pho 
Journal of Clinical lEndocrinology 

I 
! 
I 

j 
t 

I 

no(hydroxy
proline) 

R. FR ~DMAN, R. S . GOL SMITH, and S.B . H LEY. 1973. 
Treat ent with Calcit nin, Longitudinal Compression, 

Metabolism 

intake , urine, 
feces ~he enti r e study inc~uded 19 weeks 

of continuous b edrestj . 4 different 
Bone Dens ity, counter measure regim~s ~ere applied 

1251 gamma during weeks 1- 8 and 112-19, with 
transmission the 3 intervening wedks of bedrest I being wi thout any ty~e of t re.atment . . scan, 

calcaneous 

I
See D.A.Hantman ref # 

Hydroxyproline, also under Diet; Bo~e - Stress; and, 
Medication, Diet and Bone Stress, urine 

I 
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I ·I · 
I ' 

'. research Ca balance, ~he entire study inciuded D. A. HAl\lTMAN 
1973 
USA 

et al 

I 
I 
I 
I 
I 
I 

experiment intake, urine, 19 weeks of continuo~s 
feces bedrest . 4 diff~rent ! counter-. 

measurement regimes ~ere 
P balance, applied during weeks :1-8 

intake , urine, and 12-19, with the I 
feces intervening 3 weeks ~f· 

I 
I 

'(2) weeks 12-19 Ca supplement, 
733 mg/day, 

moderate-very 
(hydro1cyproline) Bone Density, 

125I gamma 

. I 
bedrest being withoui 
treatment. 

I 
1 

i 
I 

l 
I 
i 
I 
! 
I 
j 

I 
i 

(2) weeks 12-19 

P supplement, 
1327 mg/day 

------------------
Ca supplement, 

1294 mg/day, 

P supplement, 
1327 mg/day 

HAf.lTMfill, D.A., J.M. VOGEL, iC.L . DONALDSO~, R. FRIEDMAN, R.S. GOLDSMITH, and S.B. HULLEY . 1973. 
Attempts to Prevent Disuse !osteoporosis b:y Treatment wi1h Calcitonin," Longitudinal Compression, 
and Supplementary Calcium ~nd Phosphate. 
Journal of ·clinical Endocrtnology and Me abolism 

j 

! 
l 
I 

I 
I 

I 
transmission See D.A. Hantman ren# 
scan, 

calcaneous 

Hydroxyproline, 
urine 

I 

also under Medicatioq; 
Bone Stress; and, Meqication, 
Diet, and Bone Stres~ ~ 

I 
I 



REFi::RSNCE 

D.A. HANTMAl"\J et al 
1973 
USA 

,DOCUHENTATION · 
I 
I 

\ 
i 
I 
!research 
I experiment 
I 

I 

I 
I 

I 

l 
i 
I 
I 
I 
i 
I 
I 
I 
j 

· 1 

I 

EXPERIMENTAL 
SUBJECTS 

human(3) 

(1) 

BONE STRESS 

WEIGHTLESSNESS lcOUNTERMEASURE 
ANALOG I REGIMEN 

7bedrest, Longitudinal 
19 weeks Compression, 

gravitational 
weeks 1-8 acceleration 

simulating 
suit, 

force equal to 
80% of body wt. 
200 min/day 

EFFECTIVENESS 

. no(Ca balance 

no(P balance) 

very(bone 
density 

s.light(hydrox 
proli 

~-------------- -----~---------------------~------

(2) weeks 12-17 

weeks 18- 19 

Longitudi nal 
Compression . 
gravitational 

s i mulatin 
simulating 
suit. 

force equal to 
80% of .body wt. 
200 min/day 

Sall).e as above, 
force equal to: 
100% of body wt. , 
300 min/day 

I 
HANTMAN, D.A., J.M. VOGEL, C!L· DONALDSON , R. FRIEDMAN, LS . GOLDSMITH, ~nd S.B. HULLEY. 973. 
Attempts to Prevent Disuse Olj>teoporosis by Treatment "t~ith Calcitonin, Longitudinal Compress on, 
and Supplementary Calcium and Phosphate. 
Jo~rnal of Cli ni cal Endocri n?logy and Meta)olism 

i 
! 

e) 

---r--------------··---.---.----- ·- .. -- ···- -
MEASUREMENT , NOTES . \ ~:;~ -c ;; 

I . : . 

C~ala=1~e entire $-tudy-i:c:uded-~9-- --
intake, ur ine!, weeks of continuous bedrest. 
feces I 4 different counterm¢aoure 

regimes were applied; during 
P balance, weeks 1- 8 and 12- 19, ;with the 

intake, urin~,3 intervening weeks of 
feces i bedrest being without treat-' : 

Bone Density, '1

1 
ment. l 

125r gamma See D.A. Hantman ref! II --
transmis sio9 also under Medicatioh ; Diet; 
scan, j and , Medication, Diet and 

calc aneous I Bone s.tress . . .. -, 
I 

Hydroxyproline, 
urine 

i 
I· 
I 
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MEDICATION, DIET and BONE STRESS ------------·--------------------------+------ ------r--~-----...,..---------------------·-·-------------

:EFE~E~CE Docc;:-rn~TATION EXPERIMENTAL I WEIGHTLESSNESS couNTERJ.vIEASURE EFFECTIVENESS MEASUREMENT NOTES --~'~£."i- it 

D.A. HANTMAN e t al 
1973 
USA 

SUBJECTS ANALOG REGIMEN 
I 
I research human (2) *bedrest , Calcitonin, very ( Ca bal- Ca balance, )~The entire study i n,-luded I experiment 19 weeks synthetic salmo1, ance) intake, urine, 19 weeks of continuo~s I 

100 MRC units/ . feces b edres t. 4 differe!~ day, very(P balanc1!) countermeasure regi s were weeks 1-8 sub cutaneous, P balance , . applied during weeks 1-8 and 
· 1 

! 
Ca s upplement , 

780 mg/day, 

P s upplement, 
1327 mg/day, 

Longitudinal 
Compression , 
gravi t at i onal 

accelerati<;m 
simulating 
suit, 

force equal to 
80% of body wt. 
200 miri/day 

no(bone dens i y) 

very(hydroxy
proline) 

intake, urine,, 12-19 , with the 3 in~ervening feces · weeks of bedrest bei~i wi thout 
treatment . l Bone Density, 

125I gamma With the combined , tr atment, 
transmission l ongitudinal comp.res~ion · 
scan, did not pr event the ~Qss of 

calcaneous bone density as it _d~' - d when __ 
used alone. 

Hydroxyproline , 
urine See D.A. Hantman re .# 

also under Medicatilon; Diet ; 
and , Bone Stress . I 

HANTMAN, D.A. , J . M. VOGEL, C.L. DONALDSO~, R. FRIEDMAN, R. S. GOLDSMITH , and S.B . HULLEY . 1973 . Attempts to Prevent Disuse, Osteoporosis )y Treatment with Calcitonin, longitudinal Compre~sion, and Supplementary Calcium ~nd ·Phosphate . . 
I 
I 

I 
Journ~l of Clinical Endocr~nolgy and Met1bolism 

! 
I 
! 
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SUBJECTS 
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Hoffinan , R.Aj et al research 
.1972 experiment 
USA 

1 
I 
l 

I 
! 
i 
I 
I 
I 

mon key (10) 
M. nemestrina 
adolescent 

HOFFMAN, R.A., P.B. MACK, ad W. N. HOOD. 19 · 2. 

i mmob ilization, 
2 wee ks 
See Notes 

Comparison of Calcium and P osphorus Excreti n with Bone De sity Changes 
During Restra·nt in Immatur Macaca nemestri a Primates. 
Aerospace Med cine 43(4):3 6-383. 

diet, 
adjusted to weight 
l .482 gm Ca/100 gm 

of diet 

0.723 gm P/100 gm 
of diet 

4.26 gm N/100 gm 
of diet 

very (Ca balance) Ca balance, 
intake, uri ne , 

moderate (P balance) feces, 

moderate (N balance) p balance, 
i ntake, urine, 

no (c.reatine)' feces 

moderate (creatinine N balance, 
intake, urine, 

slight (serum Ca) feces 

slight (serum P) 

very (serum protein) 

Crea tine, 
urine 

Creatinine, 
*no (bone density) urine 

Serum Ca 

Serum P 

Serum Protein 

Bone Density, 
x-radiograph , 
l umbar vertebrae 

4,3,2 & l 
hand phalanx 4/2 
capitate, 
distal radius , 
distal ulna, 
olecranon, 
medial humeral , 
epicondyle, 
patella, 
neck of femur, 
os calcis 

Restraint was identica 
to t he type used on 
Biosatellite II I . 

*Serum pool and excret 
ion in ur ine & feces · 
cannot explain di screp 

1 ancy between bone 
density loss and Ca & 

· ·p balance fin dings. 

Au thors suggest that 
there is a migration 
of mi nera.l s from t he 

I 
parts of t he skeleton 
that lose density to . 

I the epi phys ea l -a re as. 

... ·. 
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MEASUREMENT RJ3-F-·lf EFFECTIVENESS NOTES REFERENCE DOCUMENTATION EXPERIMENTAL WEIGHTLESSNESS COUNTERMEASURE 

S.B. HULLEY et al 
1972 
USA 

research 
experiment 

SUBJECTS ANALOG REGIMEN 

human (-3) bedrest, 
12 weeks 

Exer-Genie, no(Ca balance) 
8 lbs resistanci , 
one stroke/sec, no(P balance) 
3 periods/day, 
80 min/day tota no(hydroxy

prol ine) 

Ca balance, 
intake·, urine, 
feces 

P balance, 
intake, urine, 
feces 

• no(bone densi1lY) ' 

HULLEY, S.B., D. R. LOCI WOOD, C. L. DOtALDSON, and J.I~. VOGEL. 1972 
Attempts to Prevent Bore Mi neral Lose During Prolonied Bed Rest. 
In: ·international Astrcnautical Fedeiation, . Paris, ranee. Internat onal 
Astronautical Congress 23rd, Vienna Austria, 8- 15 Oct, 1972. 10 )_ages. 

Hydroxyproline, 
urine 

Bone Density, 
125r gamma trans

mission scan, 
calcaneous 

Magni tude and durati1 n of the 
program were deemed 'nsufficient 
to effectively simul< te ambulation. 

Calcaneal mi neral rerha i ning·· at any 
time during bedres t V1as a function 
of the baseline calc<nea l materi al 
divided. by the basel ne urinary 
·hydroxyprol ine. 

See S.B. Hulley°ref 1 also 
under Medication; Diet; and, · 
Gradient Positive Pn ssure . 
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ME DICATION 
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S. B. HULLEY et al 
1972 

; research human (3) bedrest, .Medication, no(Ca balance) Ca balance , Calcaneal material rema1n1ng 
1 experiment · 16 weeks calcitonin , intake, urine, · at any time. during ~edrest was 

USA 

I 
I 

I 
i 

HULEEY , S.B . D.R. L~CKWOOD, C.L. 
Attempts to PreventjBone Mineral 
In: International Astronautica l 
International Astro1auti ca l Congr 

ONALDSON , and .M. VOGEL . 19 2. 
ass Du ring Pro ~nged Bed Rest. 
ederation , Pars, France . 

synthetic no(hydroxy- feces a fu nction of the b seli ne 
salmon, proline) ca lcaneal material ivided by 

100 MRC un its, Hydroxyproline, the baseline urinar hydroxy-
no(bone densiti1) uri ne pronne. I . . 

Booe Density , See S.B. Hulley rief # 
1251 'gamma also unde r Exercisei; Diet, 

transmissio1 and Gradient Positi le Pressure. 
scan, 

ca l caneous 

I 

23rd , Vien a, Austria, 8-1 Oct. , 1972. 10 pages . 
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DIET 
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1 I 

Ca balance, *The use of Ca & P Jupplements 

S.B. HULLEY et al 
1972 

research human · (s) 
experi ment 

bedrest, Diet, no(Ca balance) intake, urine, prevented bone loss in 2 subjects , 

16 wee ks P supplement, feces but the data lie wiihin the 95% 

1 .3 gm/day, no ( hydroxy- confidence limits ; t he third 

USA 
! 
I 

oral · praline) Hydroxyprol i ne , subject los t mineral rapidly . 

I 

l------------ --

1 hu~a n ( 3) 

I 
I 

I 
I 
I 

I 

II II Diet, 
Ca supplement, 
l. 2 gm/day. 
ora 1 , 

P supplement , 
1. 3 gm/ day, 
oral 

HULLEY , S.B . , D~R. LOCKvJOOD, L L. DONALDSON ,: and J.M . VOGE L. I 1972 . 

Attempts to Prevent Bone Mineral Loss During! Prolonged Bed R~st. 

In: International Astronauti€al Federation, i Paris, France. i 

International Attronautical Ct ngress, 23rd, r ienna , Austri a,! 8-15 Oct., 1972 . 

1 • I I ! 
' ' I ! 

·l I 1' 

I ' 

I ! 

I 

urine 1 

no(bone densit)) Calcaneal mineral r~maining at any .ti me 

Bone Density, during bedrest was f function of the 

---------------
very(Ca balancE) 

no(hyd roxy-
prol ine) 

*no-very 
(bone dens it) ) 

10 pages. 

125r gamma base line calcaneal aterial divided 

transmi ssion by the baseline uri ary .hyd roxypro Ji ne. 

scan, _ 

calcaneous See S.B. Hu lley r 'f i al~o 

under Exercise ; Medt'catjon ; _and, 
Gradient Positive P essure . 

I 
I 
i 
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S.B. HULLEY et al 
1972 
USA 

r-
. research 
I experi ment 
I 
I 

I 

I 
I 
i 
I 

i 

I 
I 

I 
I 
' . 
' 
' 
I 

human (4) bed rest , 
13 weeks 

l 
HULLEY , S. B. D. R. LO[KWOOD, C. L. D NALDSON, and J M. VOGEL . 197 
Attempts to Prevent ~one Mineral L ss During Prol nged Bed Rest . 
In: Internati onal A*tronau t ical F derati on, Pari France0 

Long i tudinal 
Compression , 
gravi t at i onal 

acceleration 
si mulati ng 
suit,-

force equa 1 t o 
80% of body 
we i ght, 
4 hrs/day 

no(Ca balance) 

no(P balance) 

no(hydroxy-
prol i ne) 

no(bone densit ) 

! 

Interna ti ona l Astron,utica l Congre s , 23rd, Vienn Austri a, 8cl5 Oct., 1972 . 10 p ges . 

I 

Ca Balance, 1 Magn i tude and duration of the 
. t I . I 1 n a (e , ur1 ne , I prog ram were deemed. i nsuffi ci ent 
feces I to effecti vely si mu Jate ambulat"ion\ 

P balance, j Ca lcaneal m1neral rkmai ni ng at anyl 
intake , ur ine , 1 time during bedres t was a fun ctionl 
feces l of t he basel ine calcaneal material 

i divided by the base 1 i ne urinary 
Hydroxyproli ne, 1 hydorxyprol i ne. · 

urine ,. i 
See S.B . Hull ey ref # also 

Bone Density, I under Exercise; Medi cati on ; 
125I gamma and Diet. i 

t ransmission! .L 
scan , : 

calcaneous 

I 
I 
I 
I 

I 
i 

I 
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(4) II lea Supplement, 
j l . 5 gm/day 

s light (bone 
density) 

I 1 I moderate (Ca bal -

l·-------------- -------------------1-------------------r __ __ :~==~---- -------
(4) · 11 lea Supplement, modera'te (bone 

I ! 2.0 gm/day dens ity 

1-------------- -------------------1------------------- =~~~~~-~=:-~~~~~==~-
!! (5) bedrest, lea Supplement, oderate (bone 

30 days 2.0 gm/day density) 

I. I 
' I I 

[MACK , PiB . Calc ium LJss Studies OurinJ Human Bed. Res :A Preliminary Repo1t . 

In: ~ASA , Progress Hn Development o~ Methods in Bo e Densitometry. pp. 169-177. 

Nati9na l Aeronautids and Space Admi1istrati on, NAS -SP-64, Washi ngton , D.C. 1966] 

i I - i 
I I 

I 

moderate (Ca ba l
ance) 

Bone Density, 
x-radiograph, 
os calcis, 
phal anx 5-2 

Ca balance, 
intake, urine, 
fec es 

Phalanx showed 
I little bone loss 

durin g 14 day bed
rest, but, a signi
ficant amount 
during the l ast 
half of the 30 day 

1 bedrest. 
Phosphorus ~as provided 
during each experiment 
to keep the Ca :P ratio 
with i n the 2 : l to l : 2 
range. 
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I 
I 

P. B. M/\QK et a 1 , 
1967 I 
USA I 

l 
i 

I 
l 
I 

r 
I 

I 

esearch 
experiment 

human l;>edrest, 
14 days 

I . . I . l 
i 

Bone Demineralizati~ of Foot and Han of Gemini-Tit n IV, V, and VII f 
Astrorlauts During 0 ital Flight. ! 
Ameri ~an Journal of Roentgenology, Ra~ium Therapy an Nuclear Medicine I 

100(3),:503-511.] .

1 

I I 

i 
I 

l 
1 
I 

l 
I 

' ! 
' > 
I 
i 
! 
I 

. I 

Exercise, 
isotonic & 
isometric} 
4 times/day 

moderate (bone 
density, 
os calcis) 

no (bone density, 
phalanxes) 

one Density, 
x- radiograph, 
os calcis, 
phal anx 4-2 & 

. ._ . .... __ _ 
I 

Report of flight 
findings on bone 

'density for Gemini 
5- 2 IV, V, and VII were 

compared to bedres t 
1 data. 

I 
I 
I 
I 
I 

I 

I 
1 
l 
l 

I 

See ref # ·· 
also under Dlet; 
Exercise and Diet. 



! 
P • B • MACK t t a 1 
1967 
USA 

research 
experiment 

human 

(2) 

In-fl ight, 
Gemini IV, 
4 days I 

Ca Supplement, 
~a. 7 gm/day 

I · 
I ---- - -- -------- -- --~---- ------ - - -------.._ _______ ______ _ 

(2) 

I 
I 
I 

i 
I 

I 
l 
I 

In -fl i ght, 
Gemini V, 
8 days 

[MACK, ·b .s., G.P. VOS~, P.A. LACHANCE, and F.~ . . vo~T. 1967. 
Bone denineralization (of foot and hand of Gem1n1-T1ta1 IV,V, and VII 
astrona)ts duri ng orb tal flight . 
Amer i ca~ Journal of Rlentgenology, Rad um Therapy and Nucl ear Medici ne 
100(3):,03-511.] 1 

I 
• • I 

I 

' 

Ca Supplement, 
~0 . 35 gm/day 

no-sl i ght . 
(bone density) 

no (bone density) 

bo ne density, 
x-radiograph, ; 
os calcis, talus ~ 
phalanx 4-2 & 5-~, 
capitat e I 

l 
i 
' 

See ref # a 1 s 
under Exercise; \ 
Exercise and 
Di et. 

-'"--··-·-- ·-·- ··-- __________ .... ,... _________ .Jrl' _____ • 
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I . 

P.B. M~CK et al 
1967 

USA 

l. 

research 
experiment 

human 
(2) 

In-flight, 
Gemini VII, 
14 days 

I ~ 
[MACK, P.B., G.P . vosf., P.A. LACHANCE, ans F.B. VOGT. 1967. 
Bone depiineral ization of foot and hand .of Gemini-Titan IV ·, V, VII 
astronauts during orbptal flight. 
Amer icr: :n Journal of Roentgeno.logy, Radrium Therapy and Nuclear Medicine 
100(3): 503-511 .] 

I 
I 
I 

I 

. . 

l 
I 

! 
t. 

l 
l 

I 
l 

f 
I 

I 
I 
I 
I 

Exercise, 
isotonic & 
isometric, 
~ times/day 

Ca Supplement, 
~o. 9 gm/day 

moderate · (bone 
density) 

bone density, 
x-radiograph, 
os calcis, talus, 
phalanx 4-2 & 5-2, 
capitate 

NOTES 

See ref # 
also under 
Exercise; Diet. 
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