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SUMMARY B 

SUMMARY OF EXERCISE ACCOMPLISHMENT 

(3A) Bishop (lA) Agger 
(2A) Smith (6A) Kerr (7A) Jordan (from beginning (from August 23 

Exercise Accomplishment (through entire (through entire (through entire of bed rest through 
bed rest study) bed rest study) bed rest study) through remainder of 

August 22) bed rest) 

Per cent of days when full 
Exercise Schedule was 90.5% 88 .1% 80.6% 0.0% 82 ,6% 
followed 

Per cent of days when no 
exercise was followed 0.0% 0.0% 0.0% 2 .4% 0.0% 

Per cent of periods when 
no exercise was followed 3 .2% 3.2% 6.4% 16.7% 2 .9% 

Average daily time expended 
on isometric exercise 
(seconds). Total daily 86.4 85.6 58.2 20.0 85.8 
time called for on this 
exercise, 90 seconds. 

Average daily time expended 
on arm isotonic exercise 
(minutes). Total daily 17.2 17.2 16,5 5.4 16.0 
time called for on this 
exercise, 18 minutes. 

Average daily time expended 
on leg isotonic exercise 

, 

(minutes). Total daily 34.3 34.3 33.1 7.0 32.6 
time called for on this 
exercise, 36 minutes. 

Average daily time expended 
on use of hand grippers 
(minutes). Total daily 5.8 5.8 5.8 0.7 5.6 
time called for on this 
exercise (6 minutes). 
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PROCEDURE FOR THE DETERMINATION OF URINARY 

1 7 - HYD ROXYC ORTIC OS TE RO IDS 
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The method employed at the TWU Laboratories for the analysis 

of urinary 17-hydroxycorticosteroids is adapted from the procedure out­

lined by Porter and Silber82 • 

I. Urine collection and storage. A urine specimen is collected 

in a plastic bottle. Record the volume and keep in the frozen state un­

til ready for extraction. 

2. If the specimen is frozen, remove this from the deep freeze 

and permit it to thaw. Thoroughly mix specimen and adjust pH to 2 .4 

with sulfuric acid by means of a pH meter. 

3. For extraction, the screw cap test tubes are set up as fol-

lows: 

Reagent 
Unknown Standard Blank 

Urine, pH adjusted 8 ml. · 

Working Standard, 10 µg/ml. 8 ml. 

Distilled Water 8 ml. 

n-Butanol 4 ml. 4 ml. 4 ml. 

4. The sample is shaken for 10 minutes on a mechanica 1 

shaker, and then is centrifuged at 3000 RPM for 10 minutes. 
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5. The supernatant (butanol) layer is transferred to a set of the 

clean screw cap test tubes by means of a "serum Ii fter 11
• 

6. A second similar extraction is made, and the butanol ex-

tracts are combined. The aqueous phase may be discarded. 

7. This butanol extract then is shaken with 1 ml. of 10 per 

cent potassium carbonate on a mechanical shaker for 30 seconds and 

is centrifuged for 10 minutes at 3000 RPM. 

8. The butanol extract again is transferred to a new set of 

screw cap test tubes by means of a "serum lifter 11
• 

9. Immediately one gram of anhydrous sodium sulfate is added 

to remove any water reserved. The mixture then is shaken on a me-

chanical shaker for 30 seconds and is centrifuged for 10 minutes at 

3000 RPM. 

10. Finally, the buta nol extract is decanted into a clean cen -

trifuge tube, and is stored in the refrigerator until ready to continue. 

11. Prepare tubes for color development. For each butanol ex- . 

tract, set up two tubes as indicated below. Then place in refrigerator 

until needed • 

A. tube (sample) - - - 4 ml. phenylhydra zine sulfuric 
acid reagent. 

B. tube (sample blank) - - - 4 ml. 18N sulfuric acid. 



12. Add 2 ml. of butanol alcohol extract both to the A tube and 

B tube. 
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13. The tubes are mixed with a mixer. Incubate in a water bath 

at a temperature of 60° C for exactly 30 minutes. 

14. At end of incubation transfer to ice-water bath for 5 minutes. 

15. Read in spectrophotometer at 410 mµwave length. Set zero 

OD with tube B (sample blank) and read tube A (sample) against it. 

CAICUIATION: 

OD Unknown - OD Reagent Blank X 1 • 
OD Standard - OD Reagent Blank 

10 = mcg ./ml. 

2 Total Volume X mcg ./ml. 
• 1000 = mg ./24 hours 

STANDARDIZATION: 

Stock Hydrocortisone Standard (2 00 pg ./ml.) 

Dissolve exactly 2 0 mg. of hydrocortisone (free alcohol) 

in about 1/2 ml. of alcohol and dilute to exactly 100 ml. with distilled 

water. 

Working Hydrocortisone Standard (10 ).lg ./ml.) 

Dilute 5 ml. of stock standard to 100 ml. with distilled 

water. 



REAGENTS: 

(1) n-Butanol --- Reagent grade, obtainable from City Chem­

ical Corporation, New York, or Distilled Industrial Products, East­

man Kodak. The reagent must be checked vvith the phenylhydrazine 

and sulfuric acid reagent to give a low blank reading. 

(2) 18N Sulfuric Acid --- Carefully add 127 ml .• of concen­

trated sulfuric acid (with cooling) into 100 ml. of distilled water. 

(3) Phenylhydrazine··Sulfuric Reagent--·- Dissolve 49 mg. of 

recrystallized phenylhydrazine in 75 ml. of 18N sulfuric acid. 

Recrysta lU.zed Phenylhydra zine - - - Dissolve phenylhydra zine 

hydrochloride in a minimal amount of absolute alcohol by heating. 

Allow to cool at room temperature. Then place in a refrigerator at 

least for one hour. Filter through a sintered glass filter. Trans fer 

crystals, which should be peach colored, to a clean container and 

place in a des s icator. 
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(4) 10% Potassium Carbonate --- Dissolve 10 gm. of potassium 

carbonate in 100 ml. of distilled water. 

(5) 2N Sulfuric Acid --- An approximate dilution of 1 to 10 

may be made of the 18N sulfuric acid. 

(6) Sodium Sulfate, Anhydrous - - - Reagent grade. 



PRESENTATION OF FINDINGS WITH 

DISCUSSION 

Eight healthy adult male subjects participated .i.n this immobili-

zation study which covered a span of 85 days, including Pre-Bed Rest, 

Bed Rest, and Post··Bed Rest Periods. The daily urinary excretion data 

on the 17-hydroxycorU.costeroid hormone for the three periods are pre-

sented in Table I (Appendix). Table II contains the data concerning the 

diurna 1 pattern of urinary 17-hydroxycorticosteroid excretion during the 

13ed Rest Period. The statistical comparisons of circadian rhythm are 

recorded in Table III. The statistical data pertaining to exercise are 

shO\vn in Tables IV, V, VI, VII, and VIII. The statistical comparisons 

of excretion between pairs of different periods are presented in Tables 

lX, X, and XI. 

CIRCADL'1.N PATTERN OF URINARY 17-HYDROXYCORTICOSTEROID ------- -- ------

EXCRETION DURING BED REST PERIOD 

In order to study the variation of the 17-hydroxycorticosteroid, 

the urine excreted dur.i.ng the 24-hour period was collected into four 

aliquots at different time periods which ended respectively at 8 c1 .m., 

12 noon, 8 p. m. , c.rnd 12 midnight. The s ta tis tica 1 data rnga rcling the 

excretion patterns arc~ given in Table III and in Figures 3 and 4. 
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SUBJECT ~A 

Tuble III, Part A, shows that the quantity of 17-hydroxycortico-

steroid excreted by Subject 2A between 12 noon and 8 p. m. was lower 

than that excreted bet\veen 8 p. m. and 12 midnight. There was no 

statistically significant difference between these two periods. Highly 

significant differences were found, however, when the 12 noon to 8 p. m. 

period was compared ·with the 12 midnight to 8 a. m. and the 8 a. m. to 

12 noon periods, and the 8 p .m. to 12 midnight period was compared 

with the 12 midnight to 8 a . m. period and the 8 a . m. to 12 nood period . 

No sta tis tica lly significant difference was found between the 8 p. m. to 

12 midnight and the 8 a . m. to 12 noon periods . Among these periods , 

the hormones excroted during 8 a. m. to 12 noon vvere the highest, 

8 p.m. to 12 midnight ranked next, 12 noon to 8 p.m. was the third 

highest, and 12 midnight to 8 a . m. was the lowest. 

SUBJECT 6A 

As shovm in Table III, Part I3, very similar results were found 

for Subject GA as were found for Subject 2A. No significant difference 

\Vas found when the 12 noon to 8 p .m. excretion was compared to that 

excreted from 8 p. m. to 12 midnight, as well as that from the 8 p, m. 

to 12 midnight period; and the 8 a . m. to 12 noon period were compared . 

Highly significant differences were found when the other periods were 

compared. 
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SUBJECT 7~ 

Table III, Part C, contains the daily urinary hormone excretions 

for Subject 7A. No significant difference was found between the 12 

noon to 8 p. m. period and the 8 p. m. to 12 midnight period. Highly 

significant differences were found when all other periods were com­

pared. The rank from high to low for the a mount of excretion is as 

follows: 8 p. m. to 12 noon, 12 noon to 8 p. m. , 8 p. m. to 12 midnight, 

and 12 midnight to 8 a. m. With the exception of having. no significant 

difference betvveen the 12 noon to 8 p .m. period and the 8 p .m. to 12 

midnight period, highly significant differences were found when all 

other periods were compared in pairs (P < 0. 001), Table III, Part D. 

SUBJECTS 21-}_, 6A, and 7A 

When data for the three subjects who exercised throughout the 

study were collected, it was found that the amount of urinary 17-hy­

droxycorticosteroid excreted from 8 p .m. to 12 noon represented the 

highest leve 1 of excretion, the sample from 8 p. m. to 12 midnight 

ranking next, the 12 noon to 8 p. m. third, and the 12 midnight to 

8 a . m. the lowest. With the exception of having no significant dif­

fornnce between the 12 noon to 8 p,mo period and the 8 p.m. to 12 

midnight period, highly significant cU.fferences were found when a 11 

other periods were compared in pairs (P < 0. 001). Table III, Part D. 
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SUBJECT 4~ 

As shown in Table~ III, Part E, when pairs of the four collection 

periods were compared by means of the 11t II test for quantities of urinary 

17-hydroxycorticostero.i.d excreted, the a mount excreted by Subject 4A 

during the period from 8 p .m. to 12 midnight was higher than that ex­

creted between 12 noon to 8 p. m. (P < 0. 05). The hormone excretion 

from 12 noon to 8 p. m. was highly significantly grca ter than that from 

12 midnight to 8 a • m. No significant differences vvere found between 

the 12 noon to 8 p.m. period and the 8 a .m. to 12 noon period, as well 

as the 8 p. m. to 12 midnight period and the 8 a . m. to 12 noon period. 

Urinary hormone excretion during the 12 midnight to 8 a .m. period was 

significantly lmver than the 8 p. m. to 12 midnight period or the 8 a • m. 

to 12 noon period • 

?UBJECT ~A 

Table III, Part F contains the statistical data pertaining to the 

periodic comparison of the four periods of 17-hydroxycorticosteroid 

excretion for Subject 8A. The a mount of urinary 17-hydroxycortico­

steroid excreted from 12 noon to 8 p .. m. was not significantly different 

from the period from 8 p .m. to 12 midnight. Significant dlfferences were 

found when all other periods were compared in pairs. The mnk of ex­

cretion from the highest to the lowest is as follows: 8 a .m. to 12 noon, 

8 P .m. to 12 midnight, 12 noon to 8 p .m. and 12 midnight to 8 a .m. 
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SUBJECT 9A 

As shown in Tab le III, Pa rt G, there were no s igni fica nt differ-

enc es found when the 12 noon to 8 po m. period and the 8 p .m. to 12 

midnight period, the 12 noon to 8 P~m .. period and the 8 aom. to 12 

noon periodJ and the 8 p.mo to 12_ midnight period and the 8 a .m. to 12 

noon period ,.vVere compared, although the highest a mount was found 

during the period from the 8 a. m. to 12 noon period. The a mount of uri­

nary 17 -hydroxycorticosteroid excreted during the 12 noon to 8 p. m. 

period was significantly higher than that excreted from 12 midnight to 

8 a. m.; whereas the excretion during the 8 p. m. to 12 midnight period 

was significantly higher than that period from 12 midnight to 8 a .m. to 

12 noon (P < 0.001). 

SUBJECTS 4A, 9-A, 9A (No Exercise) 

Table III, Part H, indicates the statistical information compiled 

from the comb1ned data of the three subjects who did not exercise 

throughout the study. The sub-group from 8 a om. to 12 noon showed the 

highest level of 17-hydroxycorticosteroid excretion. A high level of 

significance was found when comparing the excretion levels of these 

hormones during this period with the 12 noon to 8 a .m. and the 12 mid­

night to 8 a .m. periods. No significant difference was found when the 

excretion during this period was compared vvith that from 8 a .m. to 12 

midnight. The urinary 17 -hydroxycorticosteroid excreted during the 12 

r..oon to 8 p. m. period was significantly higher than that from 12 
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midnight to 8 a. m. No significant difference was found when comparing 

this urinary hormone excreted during the 8 p .m. to 12 midnight period 

with the 8 a • m. to 12 noon period , but the hormone excreted during this 

same period was significantly higher than that for the period from 12 

midnight to 8 a .m. 

SUBJECT lA 

As stiown in Table IV, Part A, Subject IA excreted the greatest 

a mount of urinary 17-hydroxycorticosteroids during the period from 

8 a. m. to 12 noon. When this a mount was compared with the quanti­

ties excreted during other periods, the differences were found to be 

significant. The a mount of the excretion from 12 noon to 8 p. m. was 

significantly higher than that excreted from 12 midnight to 8 a .m. On 

the other hand, there was no significant difference when compared with 

the excretion from 8 p. m. to 12 midnight. The a mount of the excretion 

from 12 midnight to 8 a .m. was significantly lower than the amount 

excreted from 8 p. m. to 12 midnight or from 8 a • m. to 12 noon. 

SUBJECT 3A 

Table IV, Part B, shows the urinary 17-hydroxycorticosteroid ex­

cretions of Subject 3A who exercised the first 28 days of the study. The 

largest a mount of excretion was during the period from 8 a • m. to 12 

noon. The quantity of hormones excreted during this period markedly 

surpassed the a mounts excreted from 12 noon to 8 p. m. (P < O. 02) and 
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from 12 midnight to 8 a.m. (P< 0.001). However, the amount excreted 

during this period was not significantly higher than the amount excreted 

from 8 p.m. to 12 midnight. The quantity excreted during the 12 mid­

night to 8 a .m. period was the lowest, and it was significantly lower 

than that from 12 noon to 8 p .m., or from 8 p .m. to 12 midnight. There 

was no significant difference between the 12 noon to 8 p. m. and the 

8 p. m. to 12 midnight periods • 

ALL SUBJECTS 

An analysis of the pooled data for all eight subjects showed 

that, among the four daily collection periods, the highest level of uri­

nary 17-hydroxycorticosteroid was found during the period from 8 a .m. 

to 12 noon. During this period the 17-hydroxycorticosteroid excretion 

was significantly higher in comparison with any of the other periods 

(P <. 0. 001). The urinary hormone excretion from 8 p .m. to 12 midnight 

was not significantly higher than that from 12 noon to 8 p.m. period, 

and the excretion from 8 p. m. to 12 midnight was significantly higher 

than that from 12 midnight to 8 a.m. The 17-hydroxycorticosteroid ex­

cretion from 12 noon to 8 p .m. surpassed that from 12 midnight to 8 a .m. 

by a highly significant difference {P ( 0. 001). See Table V. 

Although there was a very slight variation among the individuals, 

the excretion pattern of the data for all eight subjects during the differ­

ent periods was very consistent and similar in the a mounts of urinary 



17-hydroxycorticosteroid excrntionsa The pooled data for all subjects 

indicated the existence of a marked characteristic circadian pattern in 
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urinary 17 -hydroxycorticosteroid excretion. The peak leve 1 of excretion 

was attained betv,een 8 a .m~ to 12 noon. Then the excretions decreased 

as the day proceeded with a slight rise before midnight. Finally, the 

excretion level dropped to a very lower level during the overnight sleep·· 

j_ng hours, until the next morning when the excretion again was sharply 

raised. Figures 3 and 4 contain the individual and the combined results 

of these subjects, indicating the circadian pattern of this study. 

Lee 83 has found a diurnal pattern of the urinary 17-hydroxycorti­

costeroid excretion in her 28-~day Bed Rest study analyses. The highest 

va 1 ues were found to be cl uring the morning hours (between 8 a • m. to 

12 noon), the next higher values were found in the afternoon period, and 

the lowest excretion values vvere found during the overnight period. 

This circadian pattern is basl~d on the clear cyclic secretory activity of 

the adrenal cortex. 1"\ccording to Brovvse 79 , the plasma 17-hydroxycorti­

costeroid concentrations increase to a maximum during the latter part of 

night (6 a • m.) and fa 11 to a minimum between 8 p. m. and 12 midnight. 

The urinary 17-hydroxycorticosteroid concentration shows a similar 

variation but the peak is approximately tvvo hours later. These previous 

findings are consistent with the results of this study. 



COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION DURING BED REST 11.S INFLUENCED ------ ---

BY EXERCISE 

Table VI, VII, and VIII contain the data pertaining to the effect 

of exercise on urinary 17-hydroxycorUcosteroid excretion during the 

Bed Rest Period. 

SUBJEC~, lA (Exercised Second 28 Days of the Study) 

As shown in Tc1ble VI, Subject lA did not have appreciable de-

crease in urinary 17-hydroxycorticosteroid during the second half of 
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the Bed Rest Period when he was engaged in programmed exercise. No 

significant difference was reflected in the a mounts of urinary 17-hy-

droxycorticosteroicl excreted by Subject lA under different activity 

schedules during the four collection periods • Except for the period 

from 8 a . m. to 12 noon, the urinary 17-hydroxycorticos teroid excre -

tions during inactive periods vvere slightly higher than the amounts ex-

creted during the active periods. See Table VIII, Part A. 

SUBJEQ:!, 3A (Exerc1sed First 28 Days of the Study) 

The data in Tab le VI incl ica te the urinary 17 -hydroxyc ortico -

steroid excretion of Subject 3A who CX(~rcised during the first 28 days 

of the Bed Rest Study. No statistical difference was found between 

urinary 17-hydroxycorticosteroid excretions of the exercis cd and non-

exercised periods. Table VIII, Part B shows ,Nhen the comparisons were 
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made for the same subject betvveen exercise and non-exercise periods, 

no significant difference was found j_n any of the daily four periods. 

·Subject 3A complained continuously of fatigue during the time 

when he was supposed to exercise, and rarely completed an exercise 

program. \,Vith one exception found in the period from 8 p, m. to 12 

midnight, the urinary 17 -hydroxycorticosteroid excretions during the 

inactive period were slight 1 y lower than the active period • 

GROUP OF SUBJECTS 'NHO EXERCISED 
---·-·-- (.z°A, 6 A , 7 A) ---

VERSUS GROUP vVHO DID NOT EXERCISE 
(4A, 8A, 9i\) ---- ---

A statistical compa.rison was made between the group of sub-

jects who exercised (2A, 6A, 7A) and the group of subjects \Vho did not 

exercise (4A, 8A, 9A) during the Bed Rest Period. As shown in Table VII, 

no significant difference 'Nus found when the amounts of urinary 17-

hydroxyccrticosteroid E.~xcreted by those non~exercisers were compared 

with those of i::he exercisers. It was found, however, that the mean 

excretion among the exNcis ers •Na s lo,Ner thu n that of the non -exer-

c~sers. 

Table VIII, Part C shovv·s that when the 17-hydroxycorticosteroid 

values for the respective times of the day during Bed Rest Period were 

com:pared bet''J,.:-e:cn those of the group vv·ho e:(ercisecl and those of the 

group who did not exerc.lse, it was found that the mean value· for the 
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non-exercisers was significantly higher than that of the exercisers dur­

_ing the period from 8 p. m. to 12 mj_dnight (P < 0.01) • The a mounts ex -

creted by the non-exercisers also were~ higher than the exercisers, 

though there was no significant difference between the mean values. 

No sta tistica 1 differences were found when the groups were compared for 

the periods of 12 midnight to 8 a. m. and of 8 a . m. to 12 noon~ The 

amount of urinary 17-hydro:xycorticosteroid excretions ·was slightly 

higher for the active group than for the inactive group. 

COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID . 

EXCRETION DURING THE BED REST, PRE-BED REST, 

POST-BED REST PERIODS 

The statistical analysis of the urinary 17··hyclroxycorticosteroid 

excretion data for the periods of Bed Rest, Pre-Bed Rest, and Post-Bed 

Rest are shown in Table IX. 

:?_YBJECT ~A 

The urinary 17-hydroxycorticos teroid excretions of Subject 2A 

have a highly sig-nificant difference between Bed Rfst and Pre-Bed Rest 

(P < 0 .. 01), or B<Jd Rest and Post ··Bed Rest Periods (P < 0. 001). There 

is a s5.gnificant difference betvvecn the two Ambulatory Periods. The 

value in Pre-Bed Rest was higher than the Post-Bed Rest. See Table IX, 

Part A. 
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SUBJECT _§_{}_ 

Subject 6A did not show any significant. difference i.n his_ urinary 

17-hydroxycorticosteroid secretion in any of the compared periods ex·· 

cept for the fact that the amount of hormone secreted during the Bed 

Rest was higher than the other two periods. See Table IX, Part A. 

SUBJECT 7 A 

Highly significant differences (P < 0. 01) were found when the 

urinary excretion during Bed Rest was compared with the other two 

ambulc'ltory periods. Urinary hormone excreU.on during Pre-·Bed Rest 

was higher than the Post-Bed Rest excretion (P .( 0. OS). See Table IX, 

Part A. 

SUBJECTS 2A, §_A, 7A (Exercised) 

Table IX, Part B is a presentation of a statistica 1 comparison of 

the data for all subjects who exercised throughout the Pre-Bed Rest, 

Bed Rest, and Post-Bed Rest Periods. The amount of 17-hydroxycorU-· 

costeroids excreted in the urine during the Bed Rest Period was signifi­

cantly (P< 0. 001) higher than that during- the Pre·-· and Post-Bed Rest 

Periods. There was no significant difference between Pre-· and Post··Becl 

Rest Periods .. 

The excretion of urinary 17--hydroxycorticosteroids by Subject 4A 

during the Bed Rest Period vvc1s significantly greater than that during the 
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Pre - Bed Rest Period (P <. 0. 001) . However, in spite of higher va 1 ue for 

the Bed Rest Period, there was no sta tis tica lly significant difference 

when compared to the ambulatory periods. See Table JX, Part C. 

SUBJECT 8A 

The urinary 17-hydroxycorticosteroid excretion of Subject 8A 

during the Bed Rest Period di.cl not differ significantly from the Pre ·-Bed 

Rest Period, but the excretion was significantly higher than the Post·· 

Bed Rest Period (P < 0~001). The excretion va 1 ue for the Pre·· B2d Rest 

Period was significantly higher than the Post-· Bed Rest Period (P ..< 0. 05). 

See Table IX, Part C., 

SUBJECT _9A 

As shown in Table IX, Part C, du.ring the Bed Rest Period, Sub­

ject 9A excreted significantly highr:;r level of urinary 17-hydroxycorti­

costeroid than during the Post··Bed Rest Period. There were no signifi­

cant differences when other periods were compared, though the value for 

the Beel Rest Period was greater than for the other periods. 

SUBJECT 4A, 8A, 9A (No Exercise) 

An analysis of the pooled data for the three subjects who did 

not exercise showed that, the tota 1 17-hydroxycorticosteroid excretion 

during the Bed Rest Period surpassed that of the Pre - and Post•· Bed Rest 

Periods with the difference bej_ng highly significant (P < 0. 01) in both 



cases. There was no significant difference in the excretions betvveen 

the two ambulatory periods of this group. See Table IX, Part D. 

17·-HYDROXYCORTICOSTEROID URINARY EXCRETION 

BY SUBJECTS WHO EXERCISED ONLY ONE-·HALF 

OF THE BED REST PERIOD 

Table X contains the urinary 17-~hydroxycorUcosteroid statis-
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tical data for Subject lA, who exercised during the second half of the 

Bed Rc:~st Period, and for Subject 3A 1 who exerci.sed during the first half 

of the Bed Rest Period. 

Similar results \Vere found in both subjects. There was no sig-

nificant difference between Pre-BNl Rest and Bed Rest Periods in both 

cases. Significantly higher values \Vere found when Pre-Bed Rest and 

Post-Bed Rest (P( 0.05) 1 or Bed Rest and Post-Bed Rest (P< 0.001) 

were compared .. 

As shmvn in Table XI, when statistical comparisons were made 

of the pooled data for all eight subjects I it was found that the highest 

level of urinary 17-hydroxycorticosteroid excretion occurred during the 

Bed Rest Period of the study. When this period v-1a s compared, both vvith 

the Pre- and Post-Bed Rest Period·s, a highly significant difference was 

evident (P < 0. 00.1). The results of this study support previous numerous 
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reports, as cited in the review of literature, that prolonged immobili­

zation is a stress leading- to increased 17-hyclroxycorticosteroid excre·tj 

ti.ons. However, there also was a highly significant difference betvve en 

Pre- and Post-.. Bed Rest Periods, in which Pre -- Bed Rest was higher than 

the Post·· Bed Re st Period . 

Figure 5 shows the excretion pc.1ttern for all eight subjects dm­

ing the entire three periods of the study. The excretion pattern during 

Pre-Bed Rest fluctuated greatly. Although the n1san level of the 17-

hydroxycorticosteroid excretion was hj_gher during the Bed Re st Period, 

the a mount of excretion dropped greatly soon after the beginning of the 

Bed Rest study. The excretions increased steadily and reached to a 

plateau after the eighth or ninth day of the Be d Rest Period. The excre -

tions remained high, although the level fluctua ted, until a pproxj_ma tely 

42 days of the in~·bed period, where it started to decline. The excre­

tions continued to decrease throughout the Post~Bed Rest Period. 



fl) 

-0 ·-0 
s... 
()) 

Pre-Bed ·~--Bed Rest -----~ Post 
~Bed Rest --:-

(/') 

.o 
u 

I S.O'~ Rest--

-:- 16.0l ,_ 
8 --;; 14 0.

1 
L. .'l.i 

~ :., 

>< ~ f"O' 0 . C. , . - . 
-u ~ roo· ..;-~ .. ', 
_ t 01 O 
,..,,- 2 o.O 
t- -- I . 
>- 6.01V 
!.­
Co 
C 

!... 

,, 1 

iv . ~ I 0 

~I~ 
' !J 

d 

n . 

f u I {\ V~ ~ 
u 

\~~ . . ~ 
:1\/ol 

:) 2.01 

d . 
0 s Io Is 2 o 2 s 30 35 40 45 so ss so as 10 1s ao as go 

Days Of Study 

Figure 5. MEAN OF URINARY 17-HYDROXYCORTICOSTEROID EXCRETION 

FOR ALL EIGHT SUBJECTS 

C.11 
0) 



59 

Deitrick et al.84 studied the metabolic aspects of young men in 

an immobilized condition for six weeks. These young men were in posi-

tive nitrogen balance while active. After going to bed, this positive 

balance persisted for four days, but it was then quickly reversed and 

by the sixth and seventh day there was a negative balance. This in-

creased to reach a peak by the tenth day, then gradually returned to an 

equal balance. The subjects remained in balance from the fourth to the 

tenth week of bed rest .. The retlim to full activity produced a sudden 

large s 1Ning into positive balance o The source of this nitrogen wa.s 

from atrophying muscles. Burton and Beljan 65 point out that under im-

mobilization stress muscle protein cataboli.sm and gluconeogenesis are 

accelerated, suggesting increased levels of 17-hydroxycorticosteroid 

in the plasma and in the urine. These findings agree with the results 

of the author's study at Nelda Childers Stark laboratory for Human Nu-

trition Research Institute. 

EFFECTS OF EXERCISE DURING PROLONGED 

BED REST 

Rose et al~ 5 stated that exercise appeared to exert an influence 

on the capacity of the adrenal cortex o Accorc11ng to Turner 1 and West 

et al? 2 , immobHizution leads to· an increased gluconeogenesis. During 

this. stage excessive glucose is accumulated in the blood and muscle 

tissue. Exercise helps to stimulate the nerve endings on arteriols in 
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the muscles to produce epinephrine and norepin8phrinee These hor­

mones promote the oxidation of glucose. DurJng immobilization the 

excessive muscle glucose can not be oxidized by adequ:1te a mounts of 

epinephrine and norepinephrine becc1. use of the lack of exercise of the 

muscles. Thus, there is a disturb eel gluco~:; e metabolism in the muscle 

which cc.1 uses muscle i.veakness. 

As shown by Ma lm_7 4 , a 11 the pathophysiologica 1 changes during 

prolonged bed rest were counteracted by exercj_se .. A 100·-duy bed rest 

study done by Zav'yalov et alPO indicated that the decline of muscular 

coordination wc:1s much less in the operators who performe d physical 

exercise during the experiment. Bourne et al.77 state that only a small 

a.mount of exercise is necessary to maintain muscle strength dud.ng bed 

rest. Experime nts done by Fuller et a 1.8 6 showed that two 3 O ··minute 

exercise periods daily during a nine~da.y bed rest study revealed sig­

nificantly less losses of lean body mass, potassium, and water than 

the controls who had no exercise. The results suggested a decreased 

secreUon of 17 ··hydro:;,:ycorticosteroids in the exercj_sed group, since 

these ·hormones ca used potassium excrntion and sod1um retention. 

Nocenti and Cizek87 indicate that the presence of adrenal cortical tis·· 

sue or glucocorticosteroids is a necessary requisite for the induction 

of polyuria in food restricted rabbits., The loss of body water and pro-· 

tein by the astronauts during immobilization is a9aJn indkated in 
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Berry's report 88 on Apollo 7 through 11 manned spaceflights space 

missions. 

A tota 1 daily exercise which lasted 9 0 seconds in an isometric 

manner and 60 minutes in an isotonic manner was done by the four sub­

jects during the Bed Rest Period in this laboratory. As shown in Table 

VII, the non-exercisers did excrete more urinary 17-hydroxycortico­

steroids during the Bed Rest Period than the exercisers, but the differ­

ence was not significant. Rose et al~ 5 showed that plasma 17-hydroxy­

corticosteroids did not increase in moderate exercise as seen in one­

mile running experiments performed by nine healthy men. Suzuki et ai.89 

indicated that it was only when animals were slightly or completely 

exhausted that the adrenal cortex secreted increased or markedly in­

creased 17-hydroxycorticosteroids. The same principle seems also 

applied to immobilization. As shown in Figure 5, urinary 17-hydroxy­

corticosteroid excretions for all eight subjects increased almost 

linearly after the subjects were in bed. The peak excretion was 

reached after eight or nine days of immobilization. The determining 

factor is the degree of stress from exercise or immobilization. 

These findings indicate that exercise is a release for the 

stressful condition during prolonged immobilization. Optimal muscle 

tone and hormonal homeostasis can be maintained only when the body 



exerts moderate amount of exercise or movement and enjoys adequate 

relaxation. 
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SUMMARY AND CONCLUSIONS --------------

Eight ma le university students participated in an immobilization 

study which covered a span of 85 days and consisted of a 16-day Pre-

Bed Rest Period, a 56·-day Beel Rest Period, a.nd a 14···day Post~Bed Rest 

Period" This study was conducted during the summer of 1969 at the 

Nelda Childers Stark laboratory for Human Nutrition Research at the 

Texas Woma n's Uni.versity Research Institute, and was sponsored by 

the National A2ronautics and Space Administration. This investigation 

was designed to observe any changes occurring in bone density and 

various metabolic functions, including circadian response, in hum-::m 

subjects experiencing prolonged immobilization under carefully con·-

trolled environmental conditions. This report deals with the urinary 

17-hydroxycorlicosteroids which were ana lyzecl by the method of Porter 

and Silber82 • 

The circadian variation of urinary 17-hyclroxycorti.costeroids v,as 

studied during the 56 ~day Bed Rest Period. Throughout this period of 

the study, a strict regimen of 14 hours daytime and 10 hours nJght.time 

was maintained , and the urimny samples were collected four times . 

daily. A circcidJan rhythm of th ese excreted hormona 1 metabolites of 

all subjects was clearly revealed. The peak level of excretions was 
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attained between 8 a .m. to 12 noon. Then the excretions decreased as 

the day proceeded (12 noon to 8 p.m.), ·with a slight rise before mid­

night (8 p .m. to 12 midnight). Finally, the excretion level dropped to 

a very low level during the overnight sleeping hours (12 midnight to 

8 a ~m.), until the next morning when the excretion again was sharply 

raised. The rise of excretion during 8 p .m. to 12 midnight was not 

significantly greater than the period from 12 noon to 8 p .m., but highly 

significant differences were found when all other periods were com­

pared. 

During the immobilization period the subjects were divided into 

two groups of those who did and did not participate in the daily pro­

grammed 90-second isometric and 60-minute isotonic exercise. Uri­

nary 17 -hydroxycorticosteroids excreted by the exercised group was 

lower than the non-exercised group, but the difference was not s ignifi­

ca nt. The small amount of exercise seemed to relieve the stressful 

condition during this prolonged immobilization period. Two individuals 

exercised for 28 days each, one during the first half of the Bed Rest 

and the other during the second part. No statistical difference was 

found between urinary 17-hydroxycorticosteroid excretions of the ex­

ercise and non-exercise periods in both cases. 

Tota 1 24 hour urinary 17 -hydroxycorticosteroid excretion was 

found to be significantly higher (P{ 0.001) for all subjects during the 



Bed Rest Period as compared to the two ambulatory periods~ Immobili­

zation stress appears to increase the excretion levels of 17·--hydroxy·­

corticosteroid, but this stress did not affect the basic physiologica 1 

diurna 1 pattern of the adrena 1 cortex hormone secretion. 
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TABLE I 

URIJ\JARY 17 ··HYDROXYC::'.ORTICOS TEROID ~XCRETION_ 

DURING BED REST --- --·- ---·-

(MilU9ra ms per 24 Hours) 

SUBJECT lA SUBJECT 2A 

76 

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

I Day . _ ~_"-!.--~-----' I_ Day __ ~-----=--=----=---=-,-=--=--=--=--,-=-.-=---=---=--=---=--= 
Day 

-·· 

t--2-~ ----~ -: ~-~----l------_-----f-~----,---i~T --1 ~ : : ~ ~ 
3 6.67 31 10.71 ,-· 3 5.37 

--------- · ---1-----1----1----

4 5.14 32 13.39 -I 4 4.56 
5 11.23 33 15.98 5 6.16 

i------6--;--5-.-1-3---11-----3-4-_-;-___ -_J-2-. -3 i------, 6 7 . 7 9 

I 29 14.75 
30 13.02 -· 
31 16.02 
32 10.05 ... 

_}_,~-- 11..96 
-· 

34 12.36 --
7 7.10 35 18.21 7 7.91 35 14.92 

-~----4--1-~-:-~]-___ -____ ,._ --~;- i~ :~~ -±E!--~--~-~~==~,------36 17.34 ---· -~---~---~----
37 13.34 -----

10 17.28 38 8.44 10 13.52 38 12.48 
---~ ------+-----1-----·•- ----1----·---~ 

11 5.51 39 8.68 11 17.97 39 10. 9 0 
•·---~·------1-------- ---- ------- ----+--· 

12 17 .63 40 8 .89 12 8 .85 40 7.93 t------+----1----i-----·-·-. - -------·--
13 9.44 41 6.66 13 11.12 41 11 . 19 
14 12.46 42 8.91 14 8.63 42 9.09 --------1-
15 14.36 43 8.05 15 13.37 43 11.39 ------
16 19.24 44 8.46 16 14.75 44 8.19 1--------1-----------1 

g___ 1 6 . 3 0 4 5 9 . 3 0 LJ.2__ __ 1 ~_4 _. 7_7 __ 1-----------1 
18 13 . 2 2 4 6 4 . 4 6 L_g~ _______ l _3 _. 0_2 __________ _ 

19 14 .s1 47 7 .Go I 19 11.60 
20 T4 .sl 4s 9 .26 1f20 1-0-.2-4--1----
21 12 .57 49 8 .45 21 11.69 
2 2 11. 91 so __ _8 • 121 ~Iz=·- -1-2 -. 6-3·-----!-----i 

23 9.71 51 9.92 _l 23 14.56 
24 10.95 52 3.99 JI 24 11.6s 
2 s 1 . 4 7 5 3 7 . 7 6 ~I 2 s 1 3 . s 7 
26 11.06 54 7.10 26 14.70 

-·----·------
27 10.49 55 12.88 27 11.54 

~--- 12 . 3 9 ---5 6 _____ 5 . 6 9 _ _jl_ 2 8 __ ~ 16 . 01 

45 9.23 
46 9.32 
47 10.47 

·-
48 7.94 
49 9.98 
50 J 7. 8 0 

~-} I 8.98 
7.46 

53 8.48 . 
54 8.22 -
55 10.51 
56 4.48 -

M~-a;----- -----~~1_0_._6_7 _____ II_M_1e_a_n __________ _. 10.81 



T ,~_}~_:& E l_ , CONTINUED 

URINARY 17 -HYDROXYCORTICOS TERO ID E0CRETION 

DURING BED REST 

(Milligrams pe r 24 ·Hours) 

SUBJECT 3A SUBJECT 4A 
.. .. 

I 
-----· 

II 
-

l Day Duy Day Day 
-· --=t?~~ n 1 7 .40 29 11. 92 1 4.74 29 ----·--- r 2 2.29 30 4.87 2 G. 02 30 ~- 1 3 3 3.06 31 6.46 6.88 31 ------ -----·--""--- ·- -· 

tt 4 3.26 32 7.84 8.31 32 ~- - ---------· - ♦ --·--· 
5 6. 51 33 9.39 3.99 33 --- ----- - --♦-- -----
6 3.85 34 l O. 08 7.80 34 -- -·--·-·-·--·--·- --- -
7 5.04 35 4.89 7 11.88 35 ------- . 
8 3.88 36 10.87 8 10. 68 36 --- - .. . ____ 
9 7.91 37 11. 2 0 9 11. 01 37 - ---

10 6. 21 38 9.63 10 15.23 38 ----· 
11 l O .10 39 6.35 11 7.70 39 
12 5.65 40 7.55 

1

- 12 14.89 40 
·- 6 . l 6 ---- l 1 3 --- -- -

13 10. 04 41 11.69 41 
5. 62 11-·14 

.,, _____ - · 14 4.07 42 14.89 42 -
_ 1 s_l_J_~.9 o 43 __ 3.02 l 15 13.98 43 

16 10 .4 7 44 11.83 16 12 .65 44 -------·· - ·----....-
17 10091 45 5.07 17 8 .43 45 ··---·--- --
18 7.58 46 3.25 18 13.54 46 
19 10.26 47 7.62 I 19 14.71 47 

··--- -
I 20 9 .17 48 8.88 20 6 .41 48 - - - -

s.st1 I 21 13.51 21 8.84 49 49 · ----·--- .. 8 . 4 7 -1 ·- 2 2 --- .. - 11 . 2 5 22 8.53 50 50 
23 8. 74 ~} ___ ? .16 1- 23-- 13 .87 [_~ __ L_ 
24 5.78 s2 3.so 11 24 s.47 52 

·-· 

53 3.93 r -_1_5.63 -25 11 . 61 53 
26 6.53 54 5.34 26 11.30 54 

c---

, __ 5 5_ 1 3_. 8 1 2 7 11 6 • 6 9 
-

27 12.64 55 ----- - -
28 11. 61 f _ _§_?___ S . 0 4 ~ 2 8 1 3 . 8 9 56 

---------·---
7 . 4 6 ----,, 

---

Mean Mean 

77 

J 
16.33 
15.21 
13.87 
11.87 
14.68 
15.89 
14.07 
10. 51 

·-
13.98 

-
9.27 

12. 04 
10.44 
9.37 ---
9.87 

16.09 
6.03 

11.29 
9.97 

11 .16 
10.91 
9.07 
8 .8 0 

10 .. 69 
9.38 ---

12. 59 ·--~-
12.44 ---

7.23 
8.61 

11 .16 



TABLE !_, CONTINUED 

·URINARY __ :)2:--}ff.D ~Q2_(YQQ_ RTIC OS TE RO ID ~~-(2 RE TIO N 

DURING BED REST ----·- --------

(Milligrams per 2 4 Hours) 

SUBJECT 6A SUBJECT 7 A 

Day ~~--==i_Day 
----- I Day 

•·-- -------
1 3.26 29 15.30 l . 1 2.77 29 

2 4.64 30 2-1.33 2 2.22 30 
-

~$ 
3 3.69 31 8.83 4 .15 31 
4 3.79 32 13.35 5.12 32 

·-
5 4 .16 33 12.55 5.78 33 
6 8.68 34 19.31 7. 04 34 -----~----
7 3 .45 35 14.00 7 6.32 35 

>--

-8 9 .4 7 36 18.79 8 9.56 36 -
9 13.14 37 15.72 9 11.84 37 

--· -- - -----· -
10 15.01 38 9.53 10 14.15 38 

-

11 13.00 39 13.42 11 8.83 39 - -----· 
12 10.34 40 10. 95 12 18.86 40 

---· ------
13 9.26 41 10.21 13 16.06 41 
14 10 .16 42 X I 14 11.34 42 
15 7.35 43 X 15 11. 02 43 

I 
16 10.58 44 6.79 16 15.86 44 -----
17 19.09 45 6.57 17 14.88 45 
18 8. 08 46 7.78 18 14.79 46 
19 7.97 47 6.47 19 12.88 47 ---· l I4.46 ___ ~ 20 48 9.39 20 12.35 48 

- ·-
21 11.38 49 7.51 21 13.65 49 ___ ., 

I 22 16.96 50 7.41 I 22 14 .8 0 50 --•-··--
I 

····---- -- [_]) __ ~ 23 8.28 51 5.79 14.26 51 

2-LJ 5.48 52 7.05 ! 24 7.79 52 I 

25 10.02 53 18.07 12.s 12.76 53 
. ------

25 18.83 54 8.20 l 26 12.09 54 --- II ff~-27 17.36 55 5.31 13.32 55 
28 16.05 56 1 i 3. 25 Ii _ 2_8 16.70 r 56 

-- w ·•-·-
... 

Mean 10. 74 Ir Mean 

78 

·--· 
10.17 
17.72 -
10 .14 
13.00 
13.95 

-· 

15.90 
13.19 
15.55 ----·-
12. 4 0 
7.53 

12.34 
7.21 
7.88 

12.78 
6.45 ·-

11. 08 
11.16 
10.55 
10.37 
8.94 
8.78 
6.67 
7 .19 
6.39 
7.43 
8.72 
9.63 
6.88 

. ·~-

10.74 



TAB LE l_, CONTINUED 

URINARY 17 -HYDROXYCORTICOSTEROID EXCRETION 

DURING BED REST 

(rviilligrams per 24 Hours) 

SUBJECT §A SUBJECT 9A 

Day 

7~) 

_D_a_Y ____ --r Day _J Day 
---------· 

==l====-7_.-~9_5~~~=----2_9 __ 1.i.~-~ 8 6 T[=~--1 -__ ~_,~_2-.,_. 1_2 ___ 2_9 _,_14_._8 __ 7 _ 
s.44 30 15.89 11 2 8.91 3o 11.80 2 

--3--l-··4~-4-8- 3 1 11 . 8 9 -., 3 -8~ 2 -·-- 31 - 8 . 9 5 
4 7 .28 __ , __ 3_2 __ 1_l_l ___ 8_0 __ T 4 _l_0_._6_1--l--3-2-- 1-l_0 ___ 4_1 __ _ 

=~~~~------=-4-7=:~=~=--=_:_+-_-, -=-~-~-:----=~-i-.~-:-~-1--1~-+---1-!·-:-~--~-----;!-. -:•-i-.~-:-~-~-
7 7 . 5 2 3 S 13 . 58 7 3. 5 7 3 5 15. 41 t-----t-----------+-----:--------~~-·:----V--•l---------f--·-----+---~-----

__ 8 ___ 8 _. s_> 4 ____ 3_ ~---_J 1 2 • 4 9 __ , __ 8 __ 
1 
___ ?_~ s s _ 3 6 15 . 9 2 __ _ 

9 9.50 37 16.38 9 16.55 37 21.66 

---i-~ --t--i -~-: ~--~----~1-i-- i ~ : ~ ~ j:-=-i-=-~--~~.=~i-~-~-:-~-;- ; ~ -,--]-_ !-:-~-I------
,- 12 12 . 15 4 0 _I 1 i:41 _ __ t-=-_·-)_;_-_2-~---t--_1_7 ___ 8_0 ___ 4_0_--1--7-. 7-2--

13 16.92 41 10.00 L 13 16.ss 41 11.41 
-------- - -----l---~--J-------1 

14 11 • 3 2 4 2 ... .15 . 4 2 ______ 1 __ 4 _ __ 
1
_1 _0 _. 7_5 __ 

1 
__ 4_2_-+-_7_._1_8----f 

15 15.61 43 8.00 15 10.59 43 8.18 ---1··- __ ,,_ .. ________ --------r------i-------~---

16 11.52 44 14.25 16 15.57 44 10.12 -----•---------- --- ----
17 9.31 45 9.36 17 13.83 45 1----------,--.. 
18 17.93 46 9.76 18 9.64 46 
19 13.42 47 9.45 19 16.74 47 

___ ...§.~ 2 o __ 
9 .2 0 

10.54 
8.28 20 6.95 48 10.4s I 20 16.22 48 

_21_--1_-_-i~-~~~J?----~= 4 9 -9 ~-46--= t_ 2 1 _--r s . 11 _____ 1_9 __ -~_7_~.~s_s-_·-~· 
22 12.88 50 11.54 22 25.99 50 8.91 ---1------.. - ---------~-----·-- - -·---.. -- ---------t----- ··-----~ 
23 14.22 51 6.00 23 5.81 51 10.20 

. ------ --~-1------
24 11.59 52 5.53 24 9.15 52 10.15 - ··--------·---- - -i---------
25 l_l3.91 53_ 8.60 25 9.69 53 9.40 

,_2 6_· __ 1_2_._ L? 5 4 s . 5 9 ] 2 G --~~02~ -54-. - 1 o . g 7 
2 7 1 2 • 7 4 5 5 7 • o 4 I 2 7 2 s • o o s s 9 .-2-0 __ _ 
2 8 -~-? __ ._Qj ____ ~__§__(:) ______ - 9 . 16 1-2 8--, 1 3 . 8 0 _5_6 _ _, __ 5 -. §-2-. _-_-_ 

_ M_e_a_n ________ 11_. 4_3 __ r Mcan __________ 1_1_._6_6 ___. 
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TABLE II 

URINARY 17-HYDROXYCORTICOSTEROID EXCRETION DURING FOUR DAILY PERIODS 

THROUGHOUT THE BED REST 

(Micrograms per Hour) 

PART~- SUBJECT ll\ 
- -·-

12 Noon- 8 P.M.- 12 Mid- 8 A. M. - 12 Noon- 8 P.M.- 12 Mid-
Day 8 P .M. 12 Mid- night- 12 Noon Day 8 P .M. 12 Mid- night-

night 8 A.M. night 8 A.M. 

1 190 190 I 160 543 29 583 793 985 I 

2 374 320 136 500 30 1075 778 148 
3 351 283 144 395 31 235 63 208 
4 218 225 80 465 32 166 955 524 
5 126 1715 183 475 33 826 638 568 
6 304 113 90 383 34 886 95 408 
7 425 328 219 160 35 1060 535 633 
8 151 55 196 888 36 633 1610 273 
9 515 598 273 1152 37 603 518 351 

10 950 540 504 873 38 214 490 397 
11 220 513 186 53 39 549 178 298 
12 1265 585 304 685 40 88 45 59 
13 525 500 183 445 41 286 193 3 
14 698 315 261 883 42 518 378 65 
15 319 1153 529 743 43 365 173 29 
16 425 1890 461 1148 44 198 180 304 
17 891 770 216 1090 45 103 400 501 
18 790 350 325 725 46 140 135 74 
19 714 I 1225 325 325 47 164 393 61 
20 768 578 523 563 48 259 710 60 
21 673 420 498 383 49 531 325 43 
22 758 140 501 320 50 . 599 298 25 
23 . 115 588 39 1533 51 711 103 61 
24 298 225 360 1198 52 73 213 236 
25 120 320 18 523 53 501 433 168 
26 205 508 616 615 54 241 320 230 
27 430 688 408 260 55 51 1003 504 
28 1125 578 87 87 56 298 X X 

Mean 462 503 273 
_,, _ _ 

·-
' 8A.M.-

12 Noon 

630 
148 

1730 
1013 

568 
408 
633 
500 
351 
397 
300 

1885 
895 

· 685 
1053 

104 
715 
553 

1058 
968 
640 
485 
833 
168 
168 
513 

1108 
X 

653 



TAB LE Ll_, CONTINUED 

URINARY 17-HYDROXYCORTICOSTEROID EXCRETION DURING FOUR DAILY PERIODS 

THROUGHOUT THE BED REST ----
(Micrograms per Hour) 

PART~- SUBJECT 2A 
------~- 12 Noon- 13 P~M .- 12 Mid- 8 A.M-:-:--~ CT"" 12 Noon- - 8 P .M .- 12 Mid-

Day 8 P.M. 12 Mid- night- 12 Noon Day 8 P .M. 12 Mid- night-
night 8 A.M. night 8 A.M. 

I 
r--

1 119 130 130 445 29 574 1090 463 
2 I 70 100 250 575 30 503 730 360 
3 385 50 129 265 31 624 973 209 
4 144 230 241 140 32 444 888 75 
5 225 405 115 455 33 521 463 388 
6 334 328 310 333 34 715 663 184 
7 441 303 135 523 35 978 355 253 
8 243 620 174 708 36 915 805 513 
9 1006 653 121 670 37 650 575 324 

10 509 1003 340 680 38 681 338 335 
11 895 973 579 573 39 515 395 378 
12 191 1078 138 478 40 493 513 211 
13 309 648 271 973 41 376 370 433 
14 313 438 185 725 42 351 568 270 
15 661 365 346 963 43 461 625 310 
16 546 500 670 755 44 470 225 253 
17 776 538 695 213 45 310 485 270 
18 333 850 358 1025 46 524 190 108 
19 351 798 369 663 47 455 348 374 
,"'\ ,-. ,, r- ~ 

833 276 L, V ,.):) :) 465 I 48 455 73 200 
21 280 560 254 640 49 700 163 225 
22 330 305 863 468 so 291 270 211 
23 706 663 371 823 51 436 365 264 
24 511 58 461 910 52 261 325 171 
25 625 963 230 720 53 270 613 166 
26 250 2178 416 415 54 253 463 236 
27 655 305 338 595 55 535 180 335 
28 646 958 355 1043 56 31 X X 

Mean 464 559 303 

8 A.M.- ,_ 

12 Noon 

465 
800 ·-1368 
588 
710 
630 
915 
675 
813 
750 
545 

63 
810 
461 
680 
378 
663 
878 
613 
603 
483 
675 
480 
675 
635 . 
615 
708 
X 

635 



TAB LE . Ll., CONTINUED 

URINARY 17-HYDROXYCORTICOSTEROID EXCRETION DURING FOUR DAILY PERIODS ----
THROUGHOUT THE BED REST ----

(Micrograms per Hour) 

PART C. SUBJECT 3A 
-.-----·- -··-··- -·- ·--·- - - ' 

112 Noon- ! 8 P.M.- 12 Mid- 8 A.M.- 12 Noon- 8 P.!vl.- \ 12. Mid- I 8 A.M.-
Day / 8 P .M. I 12 Mid- night- 12 Noon Day 8 P .M. 12 Mid- \ night- 12 Noon 

i I night 8 A.M. night 8 A.M. 

1 88 70 40 1525 29 948 545 121 298 
2 154 13 46 160 30 53 658 166 123 
3 184 90 121 I 66 31 194 430 163 473 
4 66 285 99 200 32 0 328 538 558 
5 380 193 ' 191 I 293 33 558 258 223 528 
6 171 78 J.90 163 34 630 360 31 I 838 -
7 54 250 216 495 ' 35 31 73 219 650 
8 133 175 169 193 36 650 230 391 40.?. 
9 456 215 245 360 37 402 455 213 1058 

10 16 275 100 1045 38 610 235 175 603 
11 524 30 481 485 39 151 588 59 580 

13 318 428 356 I 375 41 __ ~ 199 1 463 - 146 ~ 
12 318 148 210 210 40 133 855 284 ~ 

14 178 343 115 90 42 16() I 733 160 3 
15 979 98 109 228 43 234 E:3 75 75 I 

16 4.53 180 ll5 130 44 101 2155 150 301 1 

17 666 433 68 828 45 301 298 10:i. 166 
18 365 765 60 280 46 166 58 6 410 
19 280 1273 I 153 428 47 259 23 183 1000 

- . 20 .•· I 453 --- 725 - ---·· 19 ___ ·--625-- 48 349 743 105 568 

21 309 648 138 670 49 515 73 69 145 
22 466 400 250 300 50 630 333 54 418 
23 306 643 313 305 51 374 150 221 450 
24 81 370 304 304 52 68 433 118 148 
25 254 I 850 251 1043 53 148 280 135 135 
26 46 322 322 575 54 74 500 315 58 
27 678 215 219 1153 55 58 445 171 255 
28 603 153 515 515 56 29 X X X 

Mean I 304 ! 390 I 182 I 43S 
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TAB LE !..!. I CONTINUED 

URINARY 17-HYDROXYCORTICOSTEROID EXCRETION DURING FOUR DAILY PERIODS 

THROUGHOUT THE BED REST ------
(Micrograms per Hour) 

PAR'I'._ _!2. SUB~CT 41\_ 

r,·, ND~n-1 a p .M. - I 12 Mid- 8 A.M.- \ 12 Noon- 8 P,M.- i2 ivlid~- \ 8 A.fl.if.- .. 
D;:iy ! 8 P ,M. 12 Mid- I night- 12 Noon Day i 8 P .M. 12 Ivfid- night- I 12 Noon 

j_ _ night l 8A.M. niqht BA.M. l - ·-

1 68 .l96 ! 19G 393 29 466 1063 I 355 1378 I 

" 295 328 181 225 30 756 1295 223 550 L 

" 309 213 2 00 490 31 725 625 364 665 _, 
, 1 .., 400 410 161 545 32 653 505 310 563 
5 346 123 29 125 33 1008 400 346 563 
6 4 98 303 160 333 34 298 1623 506 743 
7 596 370 144 1120 35 924 710 355 2-19 
8 108 310 610 1025 36 249 1003 414 298 
9 560 1003 210 210 37 52 0 653 410 983 

10 958 2 70 489 645 38 343 518 288 540 
11 356 356 119 620 39 639 365 385 598 
12 270 1688 498 498 40 399 338 473 530 
13 468 415 290 992 41 4 79 338 169 710 
14 992 710 340 348 42 293 755 275 577 
15 326 1495 395 558 43 577 1053 748 320 
16 708 788 309 343 44 304 680 93 35 
17 149 1490 23 275 45 675 438 281 4 73 
18 700 422 422 718 46 743 135 81 710 
la • J 718 665 358 860 47 412 412 421 710 
20 40 630 84 724 48 641 338 261 585 
21 724 928 231 540 49 513 500 85 573 
22 208 1108 423 445 50 490 515 235 235 
23 693 650 329 775 51 412 412 360 715 
24 254 270 375 590 52 i78 1160 174 483 
25 1094 435 475 335 53 342 342 608 905 
26 466 765 329 470 54 453 453 470 810 
27 920 768 434 698 55 428 355 199 199 
28 483 1180 219 890 56 489 X X X 

Mean 502 641 307 573 



TABLE u_, CONTINUED 

URINARY 17-HYDROXYCORTICOSTEROID EXCRETION DURING FOUR DAILY PERIODS 

THROUGHOUT THE IlED REST ------
(Micrograms per Hour) 

PART~. SUBJECT 6A 

12 Noon- 8 P.M.- 12 Mid- 8 A.M.- 12 Noon- 8 P,M.- 12 Mid-
Day 8 P.M. 12 Mid- night- 12 Noon Day 8 P.M. 12 Mid- night-

night 8 A.M. night 8 A.M. 

1 174 127 127 85 29 628 550 464 
2 171 103 106 478 30 178 1678 1260 
3 93 423 70 175 31 318 665 108 
4 180 27 171 213 32 554 883 165 
s 180 168 124 265 33 656 630 80 
6 669 220 259 95 34 123 635 495 
7 43 185 31 530 35 675 398 326 
8 141 153 375 1183 36 1099 555 4 05 
9 875 355 433 315 37 315 518 403 

10 979 320 388 700 38 470 438 290 
11 610 530 495 510 39 664 890 268 
12 444 265 435 563 40 374 530 331 
13 243 545 428 428 41 301 455 491 
14 576 93 166 963 42 113 360 346 
15 241 203 340 473 43 X X X 
16 371 1105 205 388 44 461 185 118 
17 1146 1035 223 1000 45 135 615 185 
18 104 378 335 770 46 599 248 84 

. 19 198 350 275 698 47 550 658 273 
20 74J. 738 293 810 48 568 568 12 5 
21 776 595 186 325 49 466 215 248 
22 1096 783 354 558 so 276 575 183 
23 360 148 453 298 51 76 158 304 
24 129 135 378 223 52 194 445 301 
25 268 990 229 523 53 855 535 740 
26 894 530 689 1013 54 253 530 264 
27 808 668 813 433 55 110 305 174 
28 703 995 309 995 56 729 X X 

Mean 453 484 314 

8 A.M.-
12 Noon 

1093 
1530 

693 
978 

1035 
738 

1099 
1135 
1978 

425 
603 
798 
491 

X 
540 
355 
388 
323 
415 
393 
163 
360 
530 
328 
793 
488 
455 

X 

613 



TAB LE D_, CONTINUED 

URINARY 17-HYDROXYCORTICOSTEROID EXCRETION DURING FOUR DAILY PERIODS ----
THROUGHOUT THE BED REST 

(Micrograms per Hour) 

PART£.. SUBJECT 71\ 

! 12 Noon- 8 P. 1vr. - 12 Mid- 8 A.M.- 12 Noon- 8 P.M.- 12 Mid- 8 A.M.-
Day I 8 P.M. 12 Mid- night- 12 Noon 

I 
Day 8 P.M. 12 Mid- night- 12 Noon 

I night 8 A.M. night 8 A.M. 
I 1 I 126 63 63 125 29 6 01 525 9 798 I 

2 118 13 104 100 I 30 940 620 619 693 
3 125 135 251 130 31 323 675 395 425 
4 118 163 394 95 32 525 625 378 820 
5 160 198 236 455 33 788 550 414 535 
6 333 740 153 50 34 703 450 391 1338 
7 2 73 373 48 568 35 658 493 369 751 
8 354 130 118 1318 36 751 798 315 958 
9 590 635 251 643 37 563 653 113 1098 

; 10 574 933 245 1143 38 249 433 230 493 
! 11 519 238 185 575 39 745 553 6 1030 I 

12 1423 300 403 765 40 439 215 63 585 
I 13 538 95 1103 640 41 256 535 250 423 

14 529 730 288 473 42 284 213 456 1503 
15 743 so 498 225 43 273 250 20 778 
16 950 435 529 573 44 754 . 220 218 508 
17 790 193 369 1210 45 690 293 86 945 

' 18 250 1363 185 1460 46 644 230 93 935 ! 

! ·19 I Ll9 U '748 349 795 47 598 303 129 838 
r-20 534 370 579 493 48 366 545 268 423 

21 786 483 319 720 49 354 328 · 288 585 
22 745 455 324 1108 50 279 45 121 823 
23 1053 683 235 308 51 146 418 301 485 
24 81 453 380 573 52 166 153 293 526 
25 565 288 124 1525 53 119 485 400 335 
26 670 250 279 875 54 281 535 355 373 
27 619 95 400 1198 55 291 520 43 1220 
28 689 508 594 1103 56 478 X X X 

Mean 500 415 284 720 



TAB LE !..!_, CONTINUED 

URINARY 17-HYDROXYCORTICOSTEROID EXCRETION DURING FOUR DAILY PERIODS 

THROUGHOUT THE BED REST 

(Micrograms per Hour) 

PART§. SUBJECT BA B2Noon- 8 P.M.- 12 Mid- 8 A.M.- 12 Noon- 8 P.M.- 12 Mid-
8 P.M. 12 Mid- night- 12 Noon Day 8 P.M. 12 Mid- night-

night 8 A.M. night 8 A.M. 

!- l 210 337 337 345 29 215 868 641 

l 2 j 313 135 138 325 30 459 1180 535 
I 3 118 135 130 490 31 400 468 150 
I 
i 4 170 315 468 225 32 408 723 261 

5 149 145 180 323 33 1334 918 320 
6 490 170 253 240 34 445 333 504 
7 448 355 174 285 35 613 508 455 
8 391 168 219 823 36 753 680 146 
9 456 765 228 243 37 811 925 380 

10 433 468 499 695 38 939 463 479 
' 11 324 195 873 350 39 849 700 101 

12 590 193 360 945 40 779 113 513 
13 815 495 673 760 41 534 428 183 
14 430 853 253 613 42 490 1858 196 
15 968 725 295 628 43 211 630 154 
16 361 455 515 668 44 954 505 263 
17 146 890 196 753 45 301 473 253 
18 988 895 473 667 46 543 158 225 

..,._. -·-·--------
19 667 505 479 558 47 439 613 158 
20 55 425 394 415 48 515 720 178 
2l 495 603 410 828 49 419 438 264 
22 625 125 343 ll60 so 500 743 309 
23 1234 308 270 240 51 203 100 183 
24 154 635 776 403 52 119 235 138 
25 830 1003 20 775 53 459 410 169 
26 199 380 511 995 54 284 418 268 
27 543 218 495 893 55 104 625 234 
28 1226 548 706 1098 56 448 X X 

Mean 506 521 333 

8 A.M,-
12 Noon 

1385 
805 

14 05 
890 
460 

1023 
753 
643 
788 
918 
595 
658 
640 
625 
640 
620 
760 
748 
558 
508 
563 
525 
630 
635 
485 
628 
460 

X 

656 



TAB LE I.!., CONTINUED 

URINARY 17-HYDROXYCORTICOSTEROID EXCRETION DURING FOUR DAILY PERIODS ----
THROUGHOUT THE BED REST 

(Micrograms per Hour) 

PART !:! • SUBJECT 9A 

12 Noon- 8 P.M.- 12 Mid- 8 A.M.- 12 Noon- 8P.M.- 12 Mid- 8 A.M.-
Day 8 P .M. 12 Mid- night- 12 Noon Day 8 P .M. 12 Mid- night- 12 Noon 

night 8 A.M. night 8 A.M. 

l 191 19 19 90 29 1034 315 411 513 
,., 704 198 36 550 30 421 1143 149 668 L. 

3 670 170 144 433 31 515 273 69 798 
4 366 888 313 393 32 799 168 141 555 
5 I 681 280 770 518 33 829 508 181 800 -
6 405 50 ' 186 445 34 751 348 609 865 
7 104 320 146 73 35 i069 193 338 847 
8 318 140 250 113 3E 847 1015 275 720 

! 9 621 980 I 18 1880 37 1040 540 619 1558 
10 493 490 I 481 325 38 728 1175 130 693 
11 540 1093 196 1170 39 38S 295 320 698 
12 1165 873 538 423 4 0 ~ 270 450 208 405 
13 1 ! 04 860 61 1030 4l szo 468 261 823 
14 4 79 945 241 553 42 ~48 103 313 573 
15 440 438 251 ; 828 43 250 558 300 288 --
16 886 833 239 810 44 563 590 219 378 
17 500 988 470 530 45 259 4.85 33S 378 
, Q 
~u 508 303 254 385 46 418 428 I 85 868 
J.9 526 1700 318 798 47 576 410 140 793 
20 768 1140 276 828 48 603 225 140 360 
21 51 1203 228 258 49 275 243 256 583 
22 1310 1683 351 1493 50 535 535 28 568 
23 203 508 230 80 51 648 333 158 608 
24 331 540 178 730 52 421 603 245 6 03 
25 285 778 146 783 53 450 460 146 698 
26 531 1373 408 I 505 54 740 333 243 445 
27 1854 608 1055 575 55 670 220 118 505 
28 603 425 374 1073 56 261 X X X 

Mean 587 589 267 641 
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TABLE III 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY 

(Data for Individual Subjects) 

PART A. SUBJECT 2A 

Populations Compared 
Means Standard "t II 

Probability (mcq/hr) Deviation Value 

12 Noon - 8 P . M . 464 218 
1.3854 N .S. 

8 P.M. - 12 Midnight 543 357 

12 Noon - 8 P. M. 464 218 
4.4481 P<0.001 

12 Midnight - 8 A. M. 303 152 

12 Noon - 8 P • M • 464 218 
3.9551 P<0.001 

8 A.M. - 12 Noon 635 228 

8 P .M. - 12 Midnight 543 357 
4.5185 P<0.001 

12 Midnight -· 8 A. M. 303 152 

8 P .M. - 12 Midnight 543 357 
1.5730 N .S. 

8 A.M. - 12 Noon 635 228 

12 Midnight - 8 A.M. 303 152 
8.8195 P<0.001 

8 A. M • - 12 Noon 635 228 
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TAB LE III, CONTINUED 

.STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY ------ - -- --
(Data for Individual Subjects) 

PART B. SUBJECT 6A 

Populations Compared 
Means I Standard "t II 

Probability (mcg/hr) Deviation Value 

12 Noon - 8 P . M . 454 298 
0.5913 N .S. 

8 P .M. - 12 Midnight 489 309 

12 Noon - 8 P. M. 454 298 
2. 7215 P <o. 01 

12 Midnight - 8 A.M. 317 208 

12 Noon - 8 P . M. 454 298 
2.4629 P <o. 02 

8 A.M. - 12 Noon 614 365 

8 P .M. - 12 Midnight 489 309 
3. 32 6 0 P<0.001 

12 M idn ig ht - 8 A . M . 317 208 

8 P.M. - 12 Midnight 489 309 
1.8856 P <o .1 o 

8 A.M. - 12 Noon 614 365 

12 Midnight - 8 A. M. 317 208 
5 . 09 21 P <0.001 

8 A.M. - 12 Noon 614 365 
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TABLE III, CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY 

(Data for Individua 1 Subjects) 

PART C. SUBJECT 7A 

Populations Compared 
Means Standard "t II 

I 
Probability (mcg/hr) Deviation Value 

12 Noon - 8 P • M. 504 278 
1.7422 P<0.10 

8 P .M. - 12 Midnight 414 254 

12 Noon - 8 P • M • 504 278 
4.7722 P<0.001 

12 Midnight - 8A.M. 284 189 

12 Noon - 8 P . M . 504 278 
3.4097 P<0.001 

8 A.M. - 12 Noon 720 371 

8 P .M. - 12 Midnight 414 254 
2.9852 P< 0. 01 

12 Midnight - 8 A. M . 284 189 

8 P .M. - 12 Midnight 414 254 
4.9437 P<0.001 

8 A.M. - 12 Noon 720 371 

12 Midnight - 8 A.M. 284 189 
7.6054 P<0.001 

8 A. M • - 12 Noon 720 371 
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TAB LE III, CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY - -----

PART D. SUBJECTS 2A, 6A, 7A 
(Exercised throughout the study, combined data) 

Populations Compared 
Means Standard "t II 

Pr oba bi li ty 
(mcq/hr) Deviation Value 

12 Noon - 8 P. M. 474 267 
0.2470 N .S. 

8 P .M. - 12 Midnight 482 314 
-

12 Noon - 8 P. M . 474 267 
6.7904 P<0.001 

12 Midnight - 8 A.M. 301 185 

12 Noon - 8 P . M . 474 267 
5.4811 P<0.001 

8 A.M. - 12 Noon 656 331 

8 P .M. - 12 Midnight 482 314 
6.3167 P<0.001 

12 Midnight -. 8 A. M. 301 185 

8 P .M. - 12 Midnight 482 314 
4.8616 P<0.001 

8 A.M. - 12 Noon 656 331 

12 Midnight - 8 A. M. 301 185 
11.9156 P<0.001 

8 A.M. - 12 Noon 656 331 
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TAB LE I I I , CONTINUED 

.STATISTIC.AL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY 

(Data for Individual Subjects) 

PART E. SUBJECT 4A 

Populations Compared 
Means Standard "t II 

Probability 
(mcg/hr) Deviation Value 

12 Noon - 8 P • M . 502 244 
2.2370 P <o. 05 

8 P .M. - 12 Midnight 641 385 

12 Noon - 8 P . M . 502 244 
4.9369 P<0.001 

12 Midnight - 8 A. M. 308 152 

12 Noon - 8 P. M. 502 244 
1.4466 N .S. 

8 A • M - 12 Noon 573 260 

8 P.M. - 12 Midnight 641 385 
5.8645 P< ·o. 001 

12 Midnight - 8 A.M. 308 152 

8 P .M. - 12 Midnight 641 385 
1 • 077 5 N .S. 

8 A.M. - 12 Noon 573 260 

12 Midnight - 8 A.M. 308 152 
6.4100 P<0.001 

8 A. M. - 12 Noon 573 260 
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TAB LE III, CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY 

(Data for Individua 1 Subjects) 

PART F. SUBJECT 8A 

Populations Compared 
Means Standard "t II 

(mcg/hr) Deviation Value Probability 

12 Noon - 8 P • M • 506 300 
0. 2 5 05 N .S. 

8 P .M. - 12 Midnight 521 319 

12 Noon - 8 Pl,. M • 506 300 
3.5989 P<0.001 

12 Midnight - 8 A. M. 333 183 

12 Noon - 8 P • M • 506 300 
2.7457 P<0.01 

8 A. M. - 12 Noon 656 263 

8 P .M. - 12 Midnight 521 319 
3.7261 P <o·. 001 

12 Midnight - 8 A. M. 333 183 

8 P .M. - 12 Midnight 521 319 
2.3744 P< 0 .02 

8 A.M. - 12 Noon 656 263 

12 Midnight - 8A.M. 333 183 
7.3439 P<0.001 

8 A .M. - 12 Noon 656 263 
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TABLE III, CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY 

(Data for Individual Subjects} 

PART G. SUBJECT 9A 

Populations Compared I Means Standard "t II 

Probability (mcg/hr) Deviation Value 

12 Noon - 8 P • M • 587 321 
0.0152 N .S. 

8 P .M. - 12 Midnight 588 395 

12 Noon - 8 P • M . 587 321 
6.2973 P <o. 001 

12 Midnight - 8 A .M. 267 187 

12 Noon - 8 P • M . 587 321 
0.8485 N .S. 

8 A.M. - 12 Noon 641 341 

8 P .M. - 12 Midnight 588 395 
5.3493 P<0.001 

12 Midnight - 8 A.M. 267 187 

8 P .M. - 12 Midnight 588 395 
0.7425 N .S. 

8 A.M. - 12 Noon 641 341 

12 Midnight - 8 A. M. 267 187 
7.0075 P<0.001 

8 A.M. - 12 Noon 641 341 
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TAB LE III , CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY 

PART H. SUBJECTS 4A, SA, 9A 
(Did not exercise, combined data) 

Populations Compared Means Standard "t II 

Probability 
(mca/hr) Deviation Value 

12 Noon - 8 P • M • 532 293 
1.4054 N .S. 

8 P .M. - 12 Midnight 584 371 

12 Noon - 8 P • M • 532 293 
8.5827 P<0.001 

12 Midnight - 8 A.M. 303 177 

12 Noon - 8 P • M • 532 293 
2.8355 P <o. 01 

8 A. M. - 12 Noon 623 293 

8 P .M. - 12 Midnight 584 371 
8.7234 P<0.001 

12 Midnight - 8 A. M. 303 177 

8 P .M. - 12 Midnight 584 371 
1.0734 N .S. 

8 A. M. - 12 Noon 623 293 

12 Midnight - 8 A. M. 303 177 
11.9780 P<0.001 

8 A. M. - 12 Noon 623 293 
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TAB LE IV 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY ------ - -- --

PART A. SUBJECT lA (Exercised second 
half of study) 

. 
Means Standard 

Populations Compared (mcg/hr) Deviation 

12 Noon - 8 P. M. 462 304 

8 P .M. - 12 Midnight 494 377 

12 Noon - 8 P • M • 462 304 

12 Midnight - 8 A.M. 273 203 

12 Noon - 8 P • M . 462 304 

8 A.M. - 12 Noon 653 395 

8 P .M. - 12 Midnight 494 377 

12 Midnight - 8 A.M. 273 203 

8 P .M. - 12 Midnight 494 377 

8 A.M. - 12 Noon 653 395 

12 Midnight - 8 A. M. 273 203 

8 A. M. - 12 Noon 653 395 

llt II 

Value 

0.4794· 

3.7765 

2.7985 

3.7606 

2.1295 

6.2223 

Probability 

N .S. 

P<0.001 

P <0.01 

P<0.001 

P< 0 .05 

P<0.001 
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TABLE Iv ·, CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY 

PART B. SUBJECT 3A (Exercised first 28 days of study) 

Populations Compared Means Standard "t II Probability 
(mcg/hr) Deviation Value --

12 Noon - 8 P. M. 303 232 
1.5034 N .S. 

8 P .M. - 12 Midnight 390 352 

12 Noon - 8 P. M. 303 232 
3.3735 P <0.001 

. 12 Midnight - 8 A. M. 183 118 

12 Noon - 8 P.M. 303 232 
2.4499 P <0. 02 

8 A.M. - 12 Noon 435 317 

8 P .M. - 12 Midnight 390 352 
4 • 0601 P<0.001 

12 Midnight - 8 A. M. 183 118 

8 P .M. - 12 Midnight 390 352 
0.6902 N .S. 

8 A.M. - 12 Noon 435 317 

12 Midnight - 8 A. M. 183 118 
5.4239 P<0.001 

8 A.M. - 12 Noon 435 317 
-· -•· 
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TABLE V 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY 

ALL EIGHT SUBJECTS 

Means Standard I "t·" 
Populations Compared (mcg/hr) Deviation Value Proba bi li ty 

12 Noon - 8 P. M. 473 287 
1.7134 P <0 .10 

8 P .M. - 12 Midnight 510 355 

12 Noon - 8 P • M • 473 287 
11 • 7 07 8 P< 0.001 

12 Midnight - 8 A. M. 283 181 

12 Noon - 8 P. M. 473 287 
6.8419 P<0.001 

8 A.M. - 12 Noon 616 332 

8 P .M. - 12 Midnight 510 355 
11.8826 P<0.001 

12 Midnight - 8 A. M. 283 181 

8 P .M. - 12 Midnight 510 355 
4.5436 P<0.001 

8 A.M. - 12 Noon 616 332 

12 Midnight - 8 A. M. 283 l81 
18.3587 P<0,001 

8 A. M • - 12 Noon 616 332 
--
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TABLE VI 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION DURING BED RES'T BY SUBJECTS 

WHO EXERCISED 28 DAYS EACH 

(Subject 3A - First 28 Days, 

Subject lA - Second Half of Study) 

Means Standard "t II 

Populations Compared (mg/24 hr) Deviation Value 

Subject lA 

No Exercise 10.93 4.16 
0.7935 

Exercise 10.06 3.67 

Subject 3A 

No Exercise 7.34 2.85 
0.2852 

Exercise 7.57 2.89 

Probability 

N .S. 

N .S. 



TABLE VII 

STATISTICAL COMPARISON OF THOSE WHO EXERCISED 

DURING THE FULL STUDY AND THOSE WHO DID NOT ----- -- -- -- --

EXERCISE THROUGHOUT THE STUDY 

100 

Populations Compared Means Standard llt II 

Probability 
(mg/hr) Deviation Value 

Exercisers 10.76 4. 03 

1.5798 N .S. 

Non-Exercisers 11.46 3.95 
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TABLE VIII 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY 

DURING BED REST BY SUBJECTS 

WHO EXERCISED 28 DAYS EACH 

(Subject 3A - First 28 Days, 
Subject IA - Second Half of Study) 

PART A. SUBJECT IA 

Populations Compared Means Standard "t II 

Probability 
(mcg/hr) Deviation Value 

12 Noon - 8 P. M. 

No Exercise 501 307 
0.9525 N .S. 

Exercise 421 295 

8 P .M. - 12 Midnight 

No Exercise 561 436 
1. 3 044 N .S. 

Exercise 427 292 

12 Midnight - 8 A.M. 

No Exercise 279 167 
0.2153 N .S. 

Exercise 267 234 

8 A. M. - 12 Noon 

No Exercise 622 358 
0.5767 N .S. 

Exercise 686 429 
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TABLE VIII, CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY ------ - -- --
DURING BED REST BY SUBJECTS 

WHO EXERCISED 28 DAYS EACH 

(Subject 3A - First 28 Days, 
Subject IA - Second Half of Study) 

PART B. SUBJECT 3A 

Populations Compared Means Standard "t II 

(mcg/hr) Deviation Value 

12 Noon - 8 P • M • 

No Exercise 286 238 
0.5469 

Exercise 321 226 

8 P. M. - 12 Midnight 

No Exercise 436 403 
0.9250 

Exercise 345 288 · 

12 Midnight - 8 A.M • 

. No Exercise 171 112 
0.6729 

Exercise 193 123 

' 8 A.M. - 12 Noon 

No Exercise 402 270 
0. 72 06 

Exercise 466 354 

Probability 

N .S. 

N .S. 

N .S. 

N .S. 
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TABLE VIII I CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION AT DIFFERENT TIMES OF THE DAY 

DURING BED REST BY SUBJECTS 

WHO EXERCISED 28 DAYS EACH 

(Subject 3A - First 28 Days , 
Subject lA - Second Half of Study) 

PART C. SUBJECTS lA AND 3A 

Populations Compared 
Means Standard . llt 11 

Probability (mcg/hr) Deviation Value 

12 Noon - 8 P. M. 

Exercisers 474 267 
1.8736 P<0.10 

Non - Exe re is e rs 532 293 

8 P. M. - 12 Midnight 

Exercisers 482 314 
2.6609 P <o .01 

Non-Exercisers 584 371 

12 Midnight - 8 A. M. 

··Exercisers 301 185 
0.0685 N .S. 

Non-Exercisers 303 177 

8A.M. -12 Noon 

Exercisers 656 331 
0.9524 N .S. 

Non-Exercisers 623 293 
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TAB LE IX 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION BETWEEN PAIRS OF THE DIFFERENT --------- -- -----
PERIODS OF THE STUDY 

PART A. SUBJECTS 2A, 6A, 7 A --- ---"--- -- -- -- . 
(Exercised throughout the Study, Individua 1 Data) 

Populations Compared 
Means Standard "t II 

Probability {mg/24 hr) Deviation Value 

Subject 2A 

Pre-Bed Rest 7.57 3.74 
3.2536 P <O. 01 Bed Rest 10.82 3.32 

Pre-Bed Rest 7.57 3.74 
Post-Bed Rest 4.35 2.24 2.5502 P <0. 02 

Bed Rest 10.82 3.32 
6.5032 P <0.001 Post-Bed Rest 4.35 2.24 

Subject 6A 

Pre-Bed Rest lo·. 03 4.16 
0. 514 0 Bed Rest 10.74 4.84 N .S. 

Pre-Bed Rest 10.03 4.16 
Post-Bed Rest 8.10 2.85 1,3656 N .s. 

Bed Rest 10. 74 4.84 
1.9004 P<0.10 Post-Bed Rest 8.10 2.85 

Subject 7A 

Pre - Bed Rest 4 .43 3.40 
P<0.001 Bed Rest 10.74 3.80 5.8203 

Pre-Bed Rest 4.43 3.40 
Post-Bed Rest 7.08 3.14 2.0596 P<0.05. 

Bed Rest 10. 74 3. 80 
Post-Bed Rest 7.08 3.14 3.2310 P <o. 01 
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TAB LE IX, CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION BETWEEN PAIRS OF THE DIFFERENT ------------ - ----
PERIODS OF THE STUDY ------

PART B~ SUBJECTS 2A, 6A, 7A 
-- - (Exercised throughout the Study, Combined Data) 

Means Standard "t II 

Populations Compared (mg/24 hr) Deviation Value Probability 

Pre-Bed Rest 7.34 4.42 
5.0166 P<0.001 

Bed Rest 10.76 4. 03 

Pre- Bed Rest 7.34 4.42 
0.9204 N .S. 

Post-Bed Rest 6.56 3.19 

Bed Rest 10. 76 4. 03 
6.1560 P<0.001 

Post-Bed Rest 6.56 3.19 
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TABLE IX, CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION BE1WEEN PAIRS OF THE DIFFERENT ------
PERIODS OF THE STUDY ---

PART C. SUBJECTS 4.A, 8A, 9A 
-- - (Did not exercise, Individual Data) 

Populations Compared Means Standard "t II 

Probability 
(mg/24 hr) Deviation Value 

Subject 4A 

Pre - Bed Rest 7.58 4.93 
Bed Rest 11.28 3.14 3.4911 P<0.001 

Pre - Bed Rest 7.58 4.93 
O'. 5636 Post-Bed Rest 9.49 10.97 N .S. 

Bed Rest 11 .28 3 .14 
0.9742 N .S. Post-Bed Rest 9.49 10.97 

Subject 8A 

Pre-Bed Rest 10.21 7. 06 
0.8863 Bed Rest 11.43 3.72 N .S. 

Pre-Bed Rest 10. 21 7. 06 
P <o .os Post-Bed Rest 5.65 2.46 2.0732 

Bed Rest 11 .43 3. 72 
Post-Bed Rest 5.65 2.46 5.1927 P<0.001 

Subject 9A 

Pre - Bed Rest 9.85 7.13 
Bed Rest 11 .66 4.80 1.1488 N .S •. 

Pre - Bed Rest 9.85 7.13 
Post-Bed Rest 5.55 2.53 1 • 7 04 2 N .S. 

Bed Rest 11. 66 4.80 
3. 828 0 P<0.001 Post-Bed Rest 5.55 2.53 
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TABLE IX , CONTINUED 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION BETWEEN PAIRS OF THE DIFFERENT -------
PERIODS OF THE STUDY 

PART D. SUBJECTS 4A, 8A, 9A 
-- - (Did not Exercise, Combined Data) 

Means Standard llt II 

Populations Compared (mg/24 hr) Deviation Value Probability 

Pre-Bed Rest 9.21 6.56 
2.9118 P <o. 01 

Bed Rest 11.46 3.95 

Pre-Bed Rest 9.21 6.56 
1.5337 N .S. 

Post-Bed Rest 6.86 6.81 

Bed Rest 11.46 3.95 
5.2895 P<0.001 

Post-Bed Rest 6.86 6.81 
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TAB LE X 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION BETWEEN PAIRS OF THE DIFFERENT 

PERIODS OF THE STUDY FOR SUBJECTS 

WHO EXERCISED 28 DAYS EACH 

(Subject 3A - First 28 Days, 

Subject lA - Second Half of Study) 

SUBJECTS lA, 3A 

Populations Compared 
Means 'Standard "t II 

(mg/24 hr) Deviation Value Probability 

Subject IA 

Pre-Bed Rest 9.36 6.34 
Bed Rest 10 .49 3.95 0.8483 N .S. 

Pre - Bed Rest 9.36 6.34 
Post-Bed Rest 4.32 3.43 2.1422 P <o. os 

Bed Rest 10.49 3.95 
Post-Bed Rest 4.32 3.43 4.5093 P<0.001 

Subject 3A 

Pre-Bed Rest 8.77 5.79 
Bed Rest 7.46 2.87 1. 2 013 N .S. 

Pre-Bed Rest 8.77 5.79 
Post-Bed Rest 4.34 2.23 2.5199 P<0. 02 

Bed Rest 7.46 2.87 
Post-Bed Rest 4.34 2.23 3.6885 P<0.001 
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TABLE XI 

STATISTICAL COMPARISON OF URINARY 17-HYDROXYCORTICOSTEROID 

EXCRETION BE1WEEN PAIRS OF THE DIFFERENT PERIODS 

OF THE STUDY 

Populations Compared Means Standard "t II Probability 
(mg/24 hrs) Deviation Value 

·----- --------
Pre-Bed Rest 8.47 5.78 

4.6404 P <0.001 
Bed Rest 10. 58 4.05 

-

Pre-Bed Rest 8.47 5.78 
3.2350 P <o. 01 

Post-Bed Rest 6.12 4.81 

Bed Rest 10.58 4. 05 
9.4991 P<0.001 

Post-Bed Rest 6.12 4.81 




