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I N T R 0 D U C T I 0 

Th e dawn of th e space ag e with i ts atten dant or bi ta l 

sp a ce fli ghts and moon explorations has brought about 

n u m e r o u s n e \v f i e 1 d s o f s t u d y i n n u t r i t i o n . T e x a s W ,j m a n ' s 

Univ e sity ra s invit d ea r l y in th e space pr ogr am J.: o t ake 

part in many of th e spa ce mi s ion s , bo th by studying the 

Astron auts themse lv es a nd by perfo r mi ng upporting b d rest 

stu d·i es . 

Of pri ma ry i mporta nc e has been th e study of ca l ciu m 

lo ss and th e acco m any ing l oss of bon e dens ity durin g space 

f 1 i g h t . I n o r r t u d t h i s r h n o m n n e t t r , T \·! U a s 

focussed much attention on the urin ary excret ion of th e amino 

acid hydro xypro li ne as an in dex to measure bon e de sity los s . 

Sinc e hydro xyprolin e is foun d al most exclusively in coll agen , 

a majo r con stituent of bon e and of other body tissues, i ts 

use as a r esear ch tool in th e measure men t of sev era l endoc­

rin e and s eletal disorders i s very valu able . 

In ord e r to gain an und ers tandin g of hydroxyprolin e 

and its re sear ch applications, t his au th or ha s selected for 

her doc toral dissertation th e study of the urin ary hydr oxy­

proline excretion of eight hu man subj ects . The study 

included an Equilibration Period, a Bed Rest Period, and a 

Post-Be d Rest Period. A stu dy of a definite circadian 
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rh ythm patter n for urinary hydroxyproline excret ion has been 

inclu ded in th e study becau se th i s wou ld be a usefu l criter ion 

in the study of diff e e nt d i seases li ke ly to alter coll agen 

metaboli sm and th e rates of bon e r esorpt ion and formation . 

Th e study in thi s diss ertat io n was cond ucted at the 

Ne l da Chi l ders Stark Laboratory for Human Nutrition Research 

in th e Texas Wo ma n ' s Univ ers i ty Resea rch Insti tute , und e1 the 

sponsor sh ip of the Nat i on a l Aeronautics and S ace Adminis­

tratio n . 

For t hi s stud y , the autho r used the Proc op-Udenf iend 

me th od (l) for the meas ur eme nts of u in a ry hydroxyp aline . 

Th is measurem ent is ca rri ed out by the oxidation of i 1ino 

acid hyd r oxyproline to~ 1 -pyrrolin e-4 - hydroxy-2-carboxy lic 

acid, and pyrr ol e-2 -carb oxy l ic acid, fo llo ed by the forma ­

tion of a ch romo hare with p-di methy l am i nobenza ld e hy de . 

This in vestigat i on in olves a nu mber of r eagents and io­

che mi ca l t echn i ques accordi ng to the method of ada hrishnan 

and Me ist er (2). 

The s pe cific obj ect iv es of this study~ e re th e 

follo wing : 

1. To analyze a ll urinary s amp l es coll ected th rough ­

out the entire study i n order to determine t he 

qu anti ty of hydroxypro l ine ex cr eted by e i ght ma l e 

sub jects durin g the fo ll owing periods : 



A. Per i od of Equ ili bration, Jul y 7 through July 24, 

1•9 6 9 

B. Period of Bed Rest , July 24 through Sept embe r 

17, 1969 

C. Pe rio d of Post Bed est, September 17 through 

October 1 , 1969 

2. To observe the 24-hour ur inary hyd roxyprol in e levels 

of th e eight hea l thy men participating in th e investi­

gation . 

3. To ascerta in the existence of a cir adian rh ythm 

patt ern for urin a ry hydrox ypro l ine through th e int e -

pr tation of th e excretory data r ecorded for ach 

man during va r ious periods of the day . 

4. To eva l uate the effect of programmed exercise on the 

uri nary ex cr etion of hydro xyp rolin e of the eight adult 

ma l es during th e bed rest per io d of the study . 

5. To co mpa re statistically the differ ent per i ods of 

th e study. 

Be caus e of the fact t hat ni trogen i s a co mpo nent of hydroxy 

proline, analyses a ls o we re r un on this e l ement for the objecti 

of finding the quan ti ty of th i s e l emen t excreted pe r hou r and 

also the four pe riods during wh ic h aliquots we re coll ected . 

3 



E V I E W 0 F L I T E R A T U E 

What is th e mea ning of "Cir cad i a n Rhythm"? The te m 

f ir st was intro duced by Ha l be rg (3) as a r ep l aceme nt for 

11 diurn a l 11 which was rath er ambiguous a nd which more properly 

r e f e rs to daytim e a s oppo(ed to "noc t urnal 11 for ni ght. 

Ha l berg coin ed t he t e rm from two La tin words, "circe" ( a out ) 

and "di em" ( day), and defined it as that period which is 

synch roni zed with or tr a in ed to the pe iod of the earth 1 S 

rot ation . Both Bruce ( 4 ) and Ha l berg ( 3 ) r epo r ted that 

rhy thms coul d be trai ned by per io dic env ir onm enta l f actors 

\v h i c h are c a 1 l e d " Z e i t g e be r s " . L i g h t and t ern peratu r e s e em 

to b~ th e most pr edomi nant Ze it gebers · they have been observed 

to a l ter or to damp out so me circ adian rh ythms . The term 

used to des cribe cycles wit h l engths differing slig htly from 

2 4 hour s ( 11 free-run n i n g 11 
) are 11 i n f r ad i an 11 and "supra d i an" 

which signify shorter and l onge r periods, r espect iv ely . 

r ost human b ings li ve their li ves follo wi ng an alter­

natin g patte rn of li ght and dark ith an al mos t cons t an t 

cycl e l ength of 24 hours . This cycle det erm ines a atte rn 

of be havior i ncluding periods of activity, r est, meals etc . 

It is possi ble to a lt er these patterns eithe by exo gen ous 

4 
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or endogenous in f lu ences, s uch as t a ve l, change of wo k 

shift , change bf sleepin g hours , etc. As choff ( 5 ) (6) states 

that, in th i s r egar d , it i s of i nter est to note that the 

organi sm a l ways ma nages to surviv e the mod i ficatio n . 

A ex mp le of a circ ad i an hythm known to eve ryone i s 

tl·,e pheno me non of body te 1perature : each d~y i t r a hes i ts 

maxi mum in th e eve nin g and falls to i ts l ow po int in the 

ea rl y morn in g . This modern age of high-speed j et tr a ve l has 

uncov e ed anoth e r circ adian rhyth m: that of time zon e adjust­

ment . Klein, et a l (7) , after studying sev era l U. S. A.F . 

pilot s, r epo rted th at th e organism requires a per i od of f ro m 

one to severa l days to r ea dju st i ts various rhythms after 

tr v li g th r o gh i m z es. 

BIOLO GI CAL CLOCKS 

Aschoff (8), Bunnin g (9), and Pit tendrigh (1 0 ) have 

reported on clinic a l and phys iol ogica l st udies 1hich have 

sho wn that apparent l y all org ans a nd body functions exhibit 

so me sort of rhythmicity . These rh ythms are all ex pres sions 

of a so-cal l e d 11 b i o l o g i cal c l o c k 11 
\v hi c h i s co ns i de re d to be 

a basic feature in most livin g syst ems . The phenomenon of 

a biolo gical clock has reached su ch i mp or t ance in th e stu dy 

of hu ma n physiology th at the fa mous Cold Sp ing Harbor 

Sy mposia on Quantitative Biology de oted its 19 60 re un ion 

to th e presentation and review of research ma terial relativ e 



to th is subject . 

Develop ment .Q1 Rhythmicity 1_Q_ Inf ancy 

According to He l lbrugg e (1 1 ) , p riodicity in differ­

ent functions begins at dif fe rent ti mes durin g the first 

year of a human inf a nt ' s l ife. A study condu cted y Kleit­

man and Ramsaroop (1 2) in di a t ed th at th e major rh )thms to 

be deve l oped are a slow nocturnal pul se at th e age of six 

weeks, day- ni ght periodicity in body t mpe ratur e a l so at 

six weeks, long nocturna l sleeps by 26 weeks, and er io dic 

urine flow by f ou r wee s. 

Effects Qi Light And Dar kness 

Bro wn (1 3) o ser ed th e effects of total darkness and 

tot a l l i ght on t wo groups of subject s and concluded that 

6 

t he most co mm on ex amp l e of a circ adian rhyth m is that of 

noc turnal s l eep . Lo bban (1 4) observed that Eskimos when 

livin g in the perpetua l daylight of arct ic midsummer x­

hibi ted sl eep patterns very different fro m those exhi it ed 

during th e pe riod of mid wi nte r da kness . It is of in terest 

that th e slee p patterns of midsummer tended to be very irreg ­

ular. Accordin g to Sweeny and Hastings (1 5), hovever , the 

actual hour s of sleep in any one 24-hour period are ot sub ­

stantially diffe rent duri ng these t o seasons . 

The results of st udies by Aschoff (6) indicated that 

aft er a short period of adjustment, peop le wh o had been 



i solated from sunlig ht and other outside distractions soon 

exhibit ed a fr ee-r unnin g rh ythm covering a period sli ghtly 

l onger than 24 hour s in dur at ion. 

7 

K1eitm an (16) has con cluded th at the in frad i an s l eep 

rhythm of the in fant is of sub-cortica l ori g in whil e the cir­

cadian rhy thm of th e adult i s a co rtica l functi n. 

Temperat ure And Car'diovascular Systems 

Th e t em peratu re of th e hu ma n ody depends on the a lance 

betw e n heat produc t i on and lo ss . l e itman and Ramsaroop (12) 

ha ve accu mulated a gr eat amount of data on temperature a d 

hea rt rat e . Their obse vations show that there is an i crease 

i n min 1te pu l se r a te of bct vcen 10, d 1 bets er dcgl~ c c 

Fa hrenh eit of rec ta l temper ature , de end in g on the subject . 

He ll brug ge (11) not ed that ne ither temperature nor pulse 

r ate sh o a circ adian periodicity at birth Jith both deve l­

oping th e ir rhyth ms at an age of 4 to 6 weeks . 

Sh arp (17) su gg ests th at the pr obab l e cause of bod y 

t emperature r hyth m may be va ri at i ons in th e heat -los s me cha­

nisms. Sinc e t he amp litu de of th e int erna l t empe rature 

rhyth m i s very si milar in both te mpe ate and humid cli ma tes 

it ap pears that the rhyt hm is in t he tempera tur e-regulating 

me chanis m, r a t her than in any single contri ut ion to it, suc h 

as cut aneous b 1 o o d f 1 o \'I or met abo 1 i c rate . 



Ren a l Syste ~ 

In the pas t , dimini shed urin e f l ow at night has been 

ascrib ed to th e di mi ni shed in take of fluids. In 1889 , Lahr 

(1 8 ) demo nstrated that, i f he r en1ained recu mbent on a con­

st i nt f l uid in tak e for 24 hou rs, his urine f l ow was l east 

dur i ng the e i ght hour s l eep period . It i s now fe l t th a 
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urin e fl o ' is th e r es ult of a nu mber of potentia ll y inde nd­

ent in f l uence s . Th e r ate of li be r ation of posterior anti­

diuret ic hormon e ( AD H) i s consid ered to be th e most i mpo tant 

int er na l f ac tor in f l uencin g the flo w of urine . 

Gunn , et a l (1 9 ) have reported that the kidney 1 s dis­

po s it io n of var iou s org anic const i tue ts i s presumably not 

n e r v o u s i n o r i g i n but c h e m i c a l , s i n c e a t r a n s p l a n t e d h u m a n 

kidney sho ws it s native circ ad i an funct i on . ills ( 20 ) has 

sugge sted that circadi a n oscill ations might be in deed a ro -

perty of renal ti ssues th emse l ves. Fi gure l depicts factors 

influ enc in g th e circ ad ia n period i city of urine flow . 

Th e end og enous natu re of t he excretory rhythms 1as 

de monstr ate d by ills and St an bury ( 21) usin g a grou p of 

subj ects 

dayli ght 

ho spent 48 hours in a base men t roo m fro m which 

was excluded and follo wed an exact 12 - ho ur cycle of 

sl eeping, me als, and acti vity . Th ey fo und that there wa s an 

individ ua l variation in renal t ubu l ar acti vity, wh ic h occurred 

rhyth mically over a 24-ho ur perio d , there by influ enc ing 
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urinary pH, output of all measured electrolytes exc pt 

phosph ate, and total uri ne vo l ume . 

1 0 

While ov ernight urine usually is acid, pH a lon e is not 

an adequate in dicator of renal function . Campbel l (22) and 

Si mpson ( 23 ) found t hat acid and ammon iu m excretions were 

high e r at ni ght than during the day, rc cling a pea a round 

th e hou of awaker ing . Campbe ll ( 22) attri uted I igh nocturn a l 

acidi ty to a delayed excretion of ce tain fixed acids formed 

in th e ce ll s dur i ng th e day . Sta bury ( 24) reported that 

sodi um potassium, and chloride xc r etion increased or de­

cr ease d in a uniform manner, occurring con current l y ~ith ac i d 

or alkali excretion . 

·si mpso n (25), i n a study of urine sam ples taken every 

t wo hou rs, fo und a rel at ionship between urine vo l ume and 

body temperature, Jith a negat iv e water a l ance occu rring 

duri ng par t of th e da y and water ret ent ion occurr in g over­

night. During t he r etention period, th ere was a l arg e 

in crease in the titr atable acidity and ammonia of t he urine . 

Coh en ( 26) obs erved five su bjects, three of who were 

t akin g food an d two of whom were f ast i ng , and found a rise 

in urinary alkalinity to occur following food cons umption . 

Aci dosis was present in the fasti ng su bj ects after 24 hours . 

Sodiu m and potassium exc ret ion was not stu di ed exten ­

si vely until the in vention of t he flame p otomete r . Using 
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this in strume nt, Mil ls and Stanbury (27) determined th e ex­

cretion of sodiu m, potassium, and chloride to be lo w at night 

and hi gh during the day, rising to a peak between th e hours 

of 0900 a nd 1200 and gradual l y declining during the night. 

Mills (20) feels that variations in the glomular fil­

tration rate ( GF ) a e r e l at d dir ectly to variaticns ccur­

ring in the excretion of sodium and ch l oride . 

Hematologica l ~e~ 

Sh arp (2 8 ) has r eported that eosinophi l counts fall 

during the f i rst hours after awakening and that ther e is a 

similar dec li ne in l ym ph ocytes , with a concurrent ris e in 

neu r rhil c nt . 

Hal berg (2 9) calls attention to the fact that social 

habit seems to be of some i mportance in determining the 

ti ming of the eosinophil rhythm since the fall of i ts count 

apparently starts earlier in the morning for peop le who are 

early risers . Light a l so is cite d as being an impor tant 

factor affecting this rhy thm since the count change occurs 

earlier in the day durin g the su mmer months . 

Acco rd in g to Renborn ( 30), ci rcadian period ici ties ha e 

been noted to exist in hema tocrit, he moglobin concentration, 

red cell coun t and size , and plas ma protein con cent ratio , 

with high valu es being observed during the day and lo w alues 
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oc cur r i ng at nigh t. Thi s same inv estigato1 a l so no ted the 

ex i st ence of periodici t i es occurring in the sed i mentat ion 

r ate and in th e c l otting of blood. He demonstrated further 

t he presence of a circ adia n rh ythm pattern in rythrocyte 

pro duction by st udying the rGticulyte counts of recu perat in g 

pat i ents xperi enci ng active bl ood regeneration . 

Ham il ton et a l ( 31 ) hav e stated that pl asma ir on on­

centr a tion dis pl ays maximal va l ues around th e time of awa en­

i ng, with l owe r va l ues being obs er ved in the l ate ev ning and 

ear l y night . 

Pathol ogica l Factor s 

Circ adian r ythms m c of l ue in c diagt os i s of 

patholo gi c a l conditions. Al so, th ey may play a part in 

pathog ene sis . Ac cordin g to Ha lb erg (32) any distur a nce of 

t he re gularity or amp l itud e of th e rhythm of t emperature may 

be a n ear l y i ndicat i on of a atho lo g ic a l process . He further 

s t ates t hat c ircadia n r hythm str ucture is in olved in the 

t empora l or ganization of physio l ogic chan ge . He pl aces great 

emphas i s on "h ours of changin g resistance", 1he e y an injec­

ti on of a s ub s tance in to one person at a certain hour may 

cu r e an il l ness hile t he same sub st ance inj ec ed into another 

bo dy at th e s ame hour may c ause death . This he attri bute s 

to a f unct i on of t he c hanging phase e l ations among an organ­

is m's c ir cadi an r hythms . 
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Adrenal Cortex Activity 

Th e . ex isten ce of a circadian periodicity in adrenal 

cortex activ i ty as r epo rt ed first by Pincus (33). Th e results 

of a stu dy conduct ed by Bartter et a l ( 34) sho~ed that pla sma 

cor t i costeroids attain peak values around or before the hour 

of awa kening . Studies cor ducted by Doe et al ( 35) and t ig co n 

e t al ( 36), sho wed th at changes in the l evels of urin ary 

cortic osteroids occurr ed t Jo to thr e hours after these same 

change s were not ed in th e plasma conc ent ration, regardless of 

wheth er the pl asma conc entration was changed spontaneous ly o 

as a r esult of in trav nous administration of cortisol . 

Sk e l eta l Processes 

Pet erkovsky and Udenfriend ( 37) as we ll as Simmons and 

ichols ( 38) have demonstrated that, in many tissues the 

proc esses invo l ved in cell roliferation and cell function 

exhibit maximum and minimum hours of activity Jit hin a single 

24-hou r per iod . Si mmons ( 39) (4 0 ) conducted studies which 

in dic ated that the mitoti c ac tivity of cho ndrocytes in the 

gro wt h carti l eges from the l ong bones of mice and rats ar ies 

diurn a ll y . 

Pre li minary studies by Si mm ons (39) indicat ed that a 

diurn a l periodic ity exist ed i n the mitos is of cells of the 

ep iphy seal car t il eges of young, gro wing mice, thus i ndi cat in g 

the ra te of gro wt h to be greater during t he day t ha n dur in g 
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ni ght . He was, howev r, unable to establish the actual hour 

of minimum and maximum gro wth activity definitely at this 

ti me. 

In a subsequent study, us in g distal femurs of albino 

r ats, Simmons ( 40 ) was ab l e to stablish a mitotic ind ex , 

w h i c h s h o we d a m x i m u m o c c t ~ r r i n g a t 1 8 0 0 h o u r s a n d \• i t h a 

mi nimum occurring arou nd 0200 hours. 

In vivo studi es conduc ted by Simmons and Nicho l s (38) 

sho ~ved a diurna l var i ation of 40 pe cent to exist in the up­

take of radiog l ycin by osteoclas ts in the metaphysis of th e 

di sta l femurs of rats . The hours of peak glycine inc or ora­

ti on ere bet een 1400 and 1800, with values at other hours 

of tne day rem a ining fair l y constant (Figure 2) . In th e 

fe murs, max i mum uptake of the radi oglycine occurred etween 

th e ho urs of 1300 and 1700 with a minimum activity recorded 

durin g the per i od fr om 0100 to 05 00 hours (Fi gure 3) . 

Studies con ducted by ack and associates (41) (42) have 

reve a l ed s ma ll but s i gnificant l osses of one mass y both 

Gem ini Astronauts and exper i menta l subjects artic i pating 

in i mmobilization studies . The per c ent lo ss ranged from 

2 . 46 for Gemini II Astronau ts to 10 . 23 for Gem ini Ast o-

nauts . The durat ion of the orbital flights ( four to 14 days ) 

did not appear to be the so l e factor influencing th e l osses 

of bo ne ma ss, sinc e t he astronauts of th e l onges t flig ht 
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( G ~m ini VI I) exper i enced lo we r ch anges i n bone density. It 

was felt a l so that the inclu sion of an exercise program in 

th e Gemini VI I flight and the greater con sumption of food 

prob ab l y contributed to the l ow er loss es in bone density. 

Th e resu l ts of the i mmob ili zation studies whic h were con-

d u c t e d b o t h w i t h a n d w i t h o u J . a c c o m p a n y i n g e x e r c i s e c 1 o s e 1 y 

p a r a 1 l e 1 1 e d t h e d a t a c o m p i ., e d f r o m t h e G e rn i n i f 1 i g I t s . T h e 

astro na ut s r ega ined their pr e-flight l ev l s of one density 

within 10 days after sp l ashdown, wh il e the bed rest subjects 

r each ed th e ir qui 1 i bri urn from five to seven days after ed 

r est . 

Hydrox yp r oli ne Excret i on 

·Accordin g tor euman and Lo gan ( 43), co ll agen synthesis 

and deg radation are r ef l ected i n the ur i nary excretion of 

hydro xypro lin e , sinc e this am in o acid i s found essentia lly 

only ·n this tissue . Prockop and Kiviri kk o ( 44 ) hav e cit ed 

th e desi ability of de termining hydroxy proline excretion for 

use as an in dex i n th e c l inical asses s ment of s everal endoc­

rin e and skel eta l dis orders . Sjords ma ( 45 ) ha s st ated th at 

l evels of urinary hydroxy pr olin e excretion in urin e are of 

v a 1 u e as a r e s e a r c h t o o 1 ; a n d t h e y a p p e a r t o i n d i c a t e t u r n o v e r 

rat es and to provide a valuabl e i ndex of colla gen etabo lis m 

in animals. 

Prockop ( 46) was the first investi gato r to make an 

ext ens ive study of hu man biolo gica l materia l fo r hydr ox yprol ine 
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cont ent . Total hy droxyp roli ne in the urine consists of on 

to thre e per ce nt free hydro xypro li ne and more than 95 per 

cent in a pept id e bound form. 

On a meat and ge l a tin diet, tot a l urinary lydro xypro lin e 

may r e fl ect connective t is sue turnover . Dull ( 47) has sug­

gested that the de e mi nat io n of a 24 - hour total hy ox 

roline e cret i on dete rmin d hile a patient i s ma in tained 

on a meat and gelatin f re e die , might prove to be as sensi­

tiv e a n i ndex of bon e pr ot ein turnover as ca l cium excretion 

i s for bon e minera l metabo li sm . 

Becau se of the diff i culty of evaluating non-hospitalized 

atie nt s there has een ve y li tt l e research conducted to 

determ in e whethe r or not a per i odicity ex ist s e l at iv e to the 

excretion of hydroxy pr oline. In a r ecent study using 17 

he a lthy s ubje cts, with the exception of one 23 yea old rna 

with i dio path ic hyp e rcalci ur i a auta l en ( 48 ) determined 

both free and total urinary hydroxyproline excret ion as 

re l ated to c reat i ni ne excretion . He us ed th e la boratory 

method of Prockop and Udenfri end (1) as mo difi ed by Ki i ­

ri kk o and ass ociates (49) to deter min e tota l urina y hydro xy ­

pr ol ine . Free hydroxy prolin e wa s de termi ed by t he use of 

the s ame method except for the omis s i on of the acid hy dro ­

l ys is . Calc i um and cre a t i ni ne deter mi at ions we re made using 

the methods of Cl ark and Collip (50) and Tausky (51) . 
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F i g u r e 4 , a c c o r d i n g t o ~~ a u t a 1 e n ( 4 8 ) , s h o \'J s t h e a v e r a g e 

total hydroxypro l ine excreted by the group in e ch four-hour 

per io d . Tl e results are express d as per cent of the mea n 

24- hour va l ue cal culated as fo llo ws : 

% of mean for per io d 8 to 12 hr s = rn a of THP 8 to 12 hr X 10 
g o f rHr8fo-T2 h r s +I 2 to 1 6 h r s + . . . 1 4 . t 8 h r s 

(THP = tot a l hydroxyproline) 

Th e tota l hydroxypro l ine excr tion fo ll owed a sinu soidal 

curve th roughout the 2 hou rs with tl1e l owest amoun t s be ing 

obs e rved during th e period from 1200 to 1600 hours with a 

gradua l rise occurr in g th ereafter until the ea· amounts Jer 

attained between th e hours of 0400 and 0800 . 

Fi gure 4 shows the total hydroxyproline a lues after 

expressing the cont ent of each sample as per gr am of cr a ti-

nine or as the hydro xypro lin e : cr eatinine ratio for each 

four hour per iod. Th e dat a show clearly that the circadian 

rhyth m has not chan ged after correcting the THP values per 

gr am of cr ea tinin e . Cr eatinine excretion presents a diurna l 

cycle o l ow amp l itude , the oscillations of which are op a­

site to t hose of THP , \lit h the highest rate being attai ed 

during th e afterno on and the l owest ate occurring during 

the perio d from 0000 to 0800 hours . 

The 24-hour ur·inary to ta l hydroxy pro li ne\ as ithin a 

nor ma l range (Fi gure 5) , exc e t for the patient with the 
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re~al disorder whose ex c retion was above norma l . 

Subject Tot a l H~dr~Qroline 

2!24 
Hypro ( mg ) : 

mg/24 hrs mg/ hrs Creatinine 

Women 20 . 8 + 1 . 8 l 2 . 9 + l . 3 23 . 4 + 2 . 9 

Me n 27 . 0 + 3. I+ l 4 . 2 + l . 5 l 8 . 2 , l . 5 

All 23 . 3 + l . 8 13.4 + 0 . 9 21 . 3 l . 9 

Fi gure 5 . Tota l hydro xypro l ine excretion in nor ma l 
sub jects, (mean+ l S. E. M.), according to 
Mau a l en (4 8 ) . 

21 

{ g m) 

In a ll subjects a definit e cycl e was obse ed with the peak 

values being ached during the hours f ro m 0000 to 0800 and 

th e l owest l evels occurring durin g the mo ning or early 

after noor1 . Two subjects, ho we ver, showed their highest 

excretion i n the per io d from 0800 to 12 00 hours with the 

l owest lev e l oc curr in g during the period fro 2000 to 0400 

hour s . 

In ord e r t o stu dy the reproduci bil ity of the ci rcadian 

rhyth m of THP excre tio n fur t her , urine was co l lected every 

four hours for t hree consecutive days fro m the pati ent wit 

r e n a 1 d i s e a s e ( i n i t i a 1 s V . N . ) . T h e r e s u 1 t s i n F i g u r e 6 s h o \v 

that the patter n wa s pract ic al l y the sa me for each of the 

thre e days . The lo we st e xcr etion was recorded duri ng t e 



22 

perio d from 12 00 t o 16 00 hour s and the peak was eached be­

tw een miqnight and 0800 hou s . 

The urinary excretion off ee hydroxy proli ne in f ive 

norma l subject s was 636 + 79 ( average~ 1 S.E .. ) per day . 

Fi gure 7 sho ws t he mean free hydroxyprolin e excretion for 

four-hour periods, th e res ul ts being xp ssed s pe e1 

of th e mean 24-hour va l ue . Th ere is an arparent circadian 

r hyth m not ed , with the peak excretion being attained durit g 

t he pe riod from 1200 to 2000 hour s . 

The co mparison of tota l and free hyd oxyproline for 

a ll five su jects ( Figure 7) shows that these comronents are 

exc eted in a diss i mi l ar ci cadian patter1 . P ak excretio 

of free hyd roxypro lin e occurs at the same time (1200 to 

2000 hours) as the l ow of total hydroxyproline and conversely, 

peak tota l hydro xy pro li ne is attained when the l ow l eve l of 

fr ee hydroxyprolin e va l ues are noted . 

Since the l ength of the rh ythmi c cycle of urin ary 

hydroxyproline excretion appears to be of 24 hours duration, 

en vi ronmenta l facto r s pr obably pl ay an i m ortant role i n t is 

phen omenon . Mautalen (48) stat es that this does not pre ­

cl ude t he possib ili ty of an i nternal cl oc that has been 

gr adua ll y tra i ned by external influe nces . His st udy confirms 

earl ier observat i ons by As choff (6) and Carruthers et al ( 52) , 

in whic h they found that t he calciu m excretion of su b"ects 
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fo ll owin g a nor ma l di et r ached their l owes t level du ing the 

ov erni ght period. I t has een obs er ved by 1intz ( 53 ) , how-

eve r , that per son s eith e r in a basal, fas ing~ resting state 

or r eceiving a li quid metabo li c di et every four hours reversed 

t his pattern wi th the peak excretions occurring ov e rnight . 

ased on the obs ervat~ons of Weiss ancl Kl e in (5 4 ) hat 

ur i na ry excretion of p pt id e and free hydroxy pro lin e repre­

se nt only a sm a ll fr ction of endogenous production, · auta­

l en ( 48 ) furth er s ur mi sed th at th e circadian pattern of 

hy droxypro l in e cou ld e determin ed by discr te ch anges in 

the rat es of per i phe r a l meta oli c degrad at ion and renal 

tu bular r eabsorpt io n . Accord i ng to Katz and Kappas ( 55 ), 

th e 1 es a ls ld eflec t liP r flng~"' in he rato 

of col l agen degrada ti on condition ed by ci cadian ch anges 

in physic a l cond ition s o horm ona l secretion . 

Fi gure 7 sho vJs th at in th e study conducted y r a uta­

l en ( 48 ) , th e free hyd roxypro l in e : peptid e hydroxyproline 

r atio in ur i ne chan ged throughou t th e day . o r r o \'1 e t a 1 

( 56 ) , determin ed this sa me ratio in urin e samp l es of pre ­

ma t ure and fu ll t erm inf a nts up to one year of age and 

re por te d t hat a si milar ratio was fo und in samples collect ed 

at var iou s t i me s of th e day . This finding sugg ests that 

circ a di an variabil i ties both in pept i de and free h droxy ­

pr olin e excretions probab l y are establish ed l ater in l ife 

Acc or di ng t o Li tva l ( 57 ) and Wh i tehead ( 58 ) t he best me t hod 
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of expressing u inary hydroxy proline excretion is pe gram 

of c eat inin e, whil e Howells ( 59) favors the useofahydroxy­

prolin e : c reat in ine ratio . Mautalen (4 8 ) feels that this 

would be va lid only if the uri nary excretion of hyd oxyproline 

showed the same diu rna l cyc l e . It app ea rs preferable to 

ex press th e urinary hydroxypro lin e exc r et ion s as milli grams 

P' r 24 hours per squ a re meter of body surface area as 

sugge s ted by Ja s in and colle agues ( 60) . 

Oth er Amin o Acids 

Physiolo gica l hythms of am ino acids have een the to ic 

of recent studies . Squibb ( 61) has reported a circadian 

per iodicity of seru m am in o acids in g o ing chickens and 

Ra pop ort and his co vorke rs ( 62) have esta lished that, in 

mice tryptopha n exhibits a circ ad ian variability . 

Fei gin et al (6 3 ) studi ed eight subjects aged 19 to 26 

ye ars and obtained determin at ions both of total and in d ivi d­

ual amino acid lev e ls at 08 00 and 2000 hours daily for five 

days . Th e results of this st udy showed that t he alues 

of the total blood amino acids in each of the men Jere co n­

sistently higher at 2000 hours than at 0800 hours . The total 

concentr at ion of amino acids in th e l asma of these sa me 

subjects, as measured by col umn chro matography, averaged 

34 . 5 per cent higher in the even ing ( Fi gu r e 8) than in the 

morning, indicatin g a highly significa nt incr ease , 
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statistically, ov er the morning concentrations (P < O. OOl). 

Additiona ll y, as s hown in Figur e 8, it was found that a ll 

free pl asma amino acids, wi th the exceptions of citrulline, 

display a similar hythmic i ty. The per cent of va1 i ation 

betwee n the morn ing and evening valu es ranged from 26.1 to 

100.0 with a mean differenc~ of 44 . 2 per cent ( exclu in g 

citrullin e ) . The abso l ute; differences aried for each 

amino acid wi th the gr eatest differ nces e ing recorded for 

al a nin e , gl utami ne, and l ysine . The hi . hest percent ges of 

incr ease \ ere not e d in methionine, i so l eucine and l uci e . 

Wur tman et a l ( 64 ) arrived at similar resu l ts in an­

othe r study. They coll ected blood samples at regula 

i nter a l s dLring (; 24-holr rrri f '1 ?1 51 · ec.., n di - tc 

co nta i ning various amounts of protein. The samples then 

were a ssayed for 16 am ino acids . The r esu l ts showed the 

peak va lu es f or tyrosin e , ph enylalanine, a d t y tophan to 

occur at or after 1030 hours and minimum values to occur 

at or sli ghtly after 0200 hours . Si nce it was i mpossib l e to 

sub mit more than two of the lasma sa mp l es coll ected daily 

fro m any one subject to auto analysis , these i nvestigators 

hypo t hesized fro m t he data acc umu la ted that the concentration 

of tota l amino acids in t he plasma var i es wi th a eriodic 

phasing simil a r to that exhi bited by t y osine . 
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t·1 e a n ± S . E. ( mg r;1 ) of 8 Su bj e cts 

Paired t 
Amin Acid 0800 hrs 2000 hrs Diff. Test % 

p Value Incr e as e 

Gl ycine 

Al an in e 

Isoleucin e 

Leuc i ne 

Lysin e 

Phey l a l an in e 

Throen in e 

Va l ·in e 

Ar gini ne 

Gl utam i ne 

Histidine 

I ethi oni ne 

Ornithine 

Glut am in e 

Prolin e 

Ser in e 

Tyrosein 

Citru lli ne 

Tot a l 
Am ino Ac ids 

1 .9 8 _ , 71 

4.29 ±. 33 

1. 08±.11 

2 . 04 ±. 28 

3 . 6±. 26 

1 . 47 ±. 11 

1. 97 ±.1 7 

3.13 _ . 22 

l. 93i . 3l 

5 . 78± . 44 

l . 55 .!: . 30 

0.3 8- .0 4 

1 . 84 ±. 1 8 

2.7 6±. 36 

3 . 49± . 41 

2.11 ± . 28 

1.17 ± .1 4 

0 . 73 ±. 03 

2.64 ±. 10 

6.24 ±. 18 

1 . 76 ±.0 6 

3.20 i . l 9 

5 . 13±.1 9 

2.06 _ .0 8 

3.04 ±. 16 

4 . 37 ±. 11 

2 . 801- .27 

7 . 48 i .2 5 

2 . 21 ±.20 

0 . 76 i . 07 

2 . 80+ . 26 

3.52 ±. 6 

4 . 43 ±. 55 

2 . 65 ±. 26 

1 . 77 ±.1 3 

0 . 86 ±. 07 

0.66 

1 . 9 5 

0.68 

l . l G 

1. 47 

0.59 

l . 0 7 

1. 24 

0 . 87 

l . 7 0 

O.G 6 

0 . 38 

0.96 

0 . 76 

0 . 9 

0 . 54 

0 . 60 

0 . 1 3 

41. 64 ±2 . 01 56 . 02 ±2 . 17 l . 38 

< . 0001 

< · 00 1 

< . 00 1 

- . 001 

< . 001 

< . 001 

< . 001 

< . 001 

< . 01 

.. 01 

,.,.. . 0 

. 01 

< . 01 

<. 05 

< . 05 

<. 05 

< . 05 

n/s 

< . 001 

Fi gure 8 . Pl asma Amino Acid Periodicity in 
or ma l r e n According to Feigin, et al (63) . 

I 

33 . 3 

49 . 6 

63 . 0 

40 . 2 

4 0 . l 

5 . 3 

39 . 6 

29 . 4 

2 . 6 

100 . 0 

52 . 2 

27 . 5 

26 . 9 

2 6 . l 

51 . 3 

17 . 8 

34 . 5 

* Per cent i ncr ease = 
(me an 200 0 hrs valu e - m_an 0800 hrs a l ue) X 100 mean 0800 alue 
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Effect Qi. Stress, Exercise, and Irnmobil i zat ion 

Hi roshi ge and Sato ( 65) t c ntly pu bli shed the esu l ts 

of a study conducted for the rurpose of ascertaining the 

postnatal develop ment of irc adi a n rh y hrn and st ess- induc ed 

changes in hypoth alm ic corti cotropin-re l eas in g act iv ~ty CRF 

in r ats . 

Th eir findings i dicat ed that a eire dian pe iodi city 

of CRF activ "ty appeared betwee n th e 14 th a nd 21st day of 

post - natal li fe . Re sponse to stress was evident, ho we e , 

as ear l y as the seventh day. Th ese inv est i gators concluded 

t h a t t h e e i s a d i s s o c i a t i o n b e t \v e e n t h e o n s e t t i m e o f t h c 

circ adian rhythm and the stress in duced changes in hy potha l­

am ic CRF . 

e sc h ( 66 ) has reported on a st udy con ducted to meas re 

t he loc omo or r es ponse s of rats expo sed to different types 

of ar t i ficia l days . Usin g various, but equa l , co mb in ations 

of li ght a nd darkness, he found t he ats to be mos t ac ti ve 

durin g per i ods of darkness and col d, and l east active during 

light an d wa rm per i ods . 

Lovinbon d ( 67) co nducted a stud y in wh ic 120 ul cer ­

suscept ib l e r a t s wer e pl aced under restraint in order to 

det e r mi ne t he f requen cy of gastric l esions . Using a li gh t 

stimulus and a buz ze r h i ch had ee n associated i n previous 

traini ng wi th feeding and ele c tric shoe r espe cti 'ely, he 
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f o u n d t h a t g a s t r · c l e s i o n s vJ e r e x o c e r b a t e d by t h e s i m u l -

taneous presentation of the two stimuli, but were amelio­

r ated by the stimulus of feeding and the absence of shock . 

The in vestigator int erpreted these results as supporting 

the hy pot hes i s that conflicting ph en mena are generated 

when a stimulus pattern tends to elicit in cornpc:tt ibl e 

respon s s, with no one respon se eing able to chievc 

domin ance . 

Recently another study of gas ric ulceration and chan cs 

in mo ility of the stomach was made y Boles and us ell ( 68 ) . 

After 36 hours of exposure to a hysica l stress (immobili-

zation) and a chemical stress (r eserpine) oth indi tidually 

an co incd, it ta foun t t r~ts exro~c to r stra int 

and r eserpine were ulcerat ed . On the other hand, 60 per cent 

of th e restraint only had lesio s, while only 30 per cent 

of the no-restraint r ats showed any gastric damage . In­

creased gastric moti li ty was observed in the restraint-only 

grou ps hile th e eserp ine and restrai t gro u s sho wed a 

pro gressive decr ease in motility . There were no sig ificant 

differ ences in total sto ma ch acidity amo g the grou s. The 

i nv es ti gators th e refore conclu ded that sto mach acidity does 

not produce l esions but that th e lesio s are related to 

c hang es in gastri c mot ili ty . 

Stini (69) conduc ted a study in a rural mo ntain 

co mmunity in Col umbia, to in re sti gate lo ng term effects due 
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to the stress indu ced by d"et defici ncies. Th e residents 

of this to wn live in a c nt i nual state of malnutrition 

characteriz e b a l ack of pro te i n and an excess of ca ohy­

dr ates . As a r es ult of this i mba l ance, K ~ash iorkor and 

arasmus a re seen frequently . This i nvestigate found the 

skel eta l matur at ion of most of the chi l d en exam in ed o 

b e 1 o \v U . S . s t a n d a r d s . T h E. f em a 1 e c h i 1 d r n s e ern d t o x p e r i -

ence a form of 11 Catch-up 11 growth eg inni c in the pre-adoles­

cent years . Th e ma l es ho ~eve r appeared to c more severe l y 

ret arded th roughout adolesc e nc e with a pronounc d r ductio 

in stature being noted as wel l as an accom1any in g educt io, 

i n s ex ual d" morph is m for ov ral l body siz . Th e Kwashiorkor 

and arasmus affected childr en showed a more seve e r etn r -

d a t i o n i n s k e 1 e t a 1 g r o ~v t h , b u t n o s i g n i f i c a n t d i f f e r e n c e "'a s 

noted in their s exual esponse . 

When con sider ing the cl assification of ex rcise it 

must be r ecognized th at exercise its e lf i s a vagu e t erm . 

Differ e nt kinds, in tensities, and durations of exercise 

acco mp lish very diff erent result s . ayer (7 0) li sts three 

ma in types of exercis e : a) moderate b) li mbe ring coordi­

nating and strengthenin g , and c) consta t vigo rous phys ic a l 

l abor . t oder ate exercise , such as walkin g , is beneficial for 

t he mesomorphic i ndividual . Li mbering , co-ord in at in g and 

st rengthening types are of l ess significance as far as 

health is con cerned . This research wor ker ho ever, re po ts 
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th at exercis es to s tr ngthen the back and stomac h are useful 

i n p e v en t i n g 11 l o b a c k p a i n " . Con s t a n t , v i go o u s , ph y s i c a 1 

l abor, while not adaptable to the modern sedentary li fe, 

appe ars to permit a n in di vidu a l to handle a diet hi gh in 

saturat ed f at without an accompanying i ncrease in se um 

cho·l estero l. 

Davis and associates (71) have li sted several iophysical 

valu es which ca n be deriv d from muscular activity . Th se 

benefits i elude: a) stimulation of g wth and development · 

b) aid in body in te nal adaptation; c) improvement of the 

effici e ncy of the livi n organism; d) desirabl emotiona l 

rel eases · e) restoration of skeleta l atro hy; f ) inc rease 

i n a pcab · l·ty to exL.e ~ ta f rL. s · td r c c ti of 

bodily injury . 

Dag ena is et al (72) conduct ed a study to determine the 

effects of carb ohydr ate -rich a nd protein-rich mea l s on 

cardiac out put, heart rate load pressure, and oxygen 

co nsuption of nor ma l subjects i n the esting state . The 

study \as des i gned further to o serve the ch anges occ urr ing 

in these crit e ria hen the subjects engaged in exerc is e . 

It was concluded that the protein and carbohydrate s in duced 

cha nges wh ich we r e equal in in te sity under conditions e i ther 

of rest or exercise. 

Wis ham and associ a tes (7 3) st udi ed 10 subjects t o 

determine whether exercise produces an i ncrea sed blood flo w 
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to ·the extr emities of persons \·J ith and without per i phe al 

art rial dise ase, and to find quantita iv ely the changes in 

blood flow produc ed y a series of exercises r equir i ng 

progr essi ve l y grea t er muscu l ar effort . These i vestigators 

r eport ed that exercise is an eff ctivc stimulus for i nc r eas­

in g blood flo w bot h during rarticipation and for a slot 

ti m aft~ rward s ith the r1te of increase being noted 

parall e ling th e amount of muscu l r effort cxerte The results 

of this study i nd ic ated that ex rcise as thel apy did not p o­

duc e l ong ter effect iv eness . 

uckler (7 4 ) r eported on a study conducted to determine 

th e ability to secrete gro ~th hormone in response to 

"B o ' r i 1 11 
• s i g e g r o tl of ? r1 () n ;'I l 8 · o en a cl a 

s eparate group of 13 men who had een treated w'th estrogens 

he found th at a ll women , except three and most of the men 

be l ow th e age of 30 years show d a marked rise in hormone 

l evels . Of th e estrogen treated men, nin e sho Jed a definite 

r esponse . With the add ition of exer cise to the study it was 

foun d that th e degree of exercise required to sti ulate 

hormone r e l ease in women ap pea red to be l ess than that re ­

quir ed to effect the sa me response i men . Co ntinuous 

moderate exercise di d not produc e any i ncrease in ho one 

output . St renuous exer ise for as little as four minut es , 

ho we ver, produced very high l eve ls of ho mone within six 

min utes . 
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St ane~ and associates (75) observe d that , although 

post- pneumonectomy patients had a l ower ca rdi o-pul monary 

bl ood vo lum than normal subjects, the pr e sure in th e pu l­

monary blo od volume than norm a l subjects, the pr essure in 

the pulmonary artery both at r es t and during exe rcis e was 

20 to 27 per cent higher than would be expected i n comp l ete l y 

health y subjects of simil ar ag e . With the increas2 sign i f ­

i cantly being r e lat d to the ag e of the patien ts th e co mpa r­

ison of yo ung e r and old er patients showed no diffe ences at 

r est . During exerc is e ho we ver, the old e pat i e nts exh i 

i ted a higher pulmonary a rt e ri a l pressure as we ll as a 

hi gher pu l monary res i stance, a hi gher a l colar-a rt eria l 

oxygen tension differenc e, and a lower arter · a l ox ygen 

ten s i on . 

Bevegard and associates (7 6 ) reported on an exercise 

s tudy in which si x young, he a l thy ma l e subjects were o served 

as to thei ci rcu l atory adaptation to the follo~ing : a) a rr 

exerci ses, b) l eg exercises , and c) co mb in ed arm and l eg 

exerc i ses by c ard iac cath eter i zation both i supin e and 

si t ti ng pos i tions . It was noted that he modynamic and ent i­

l atory res ponses we e equa l durin g l eg exercise and th a t 

vent il atory res po nse s were equal during l eg exercise and 

co mbined ar m-l eg exercises . Du i ng arm exe r cise , ho~ ' eve r 

to ta l venti l ation , heart rate, and l actate formation a ll \ere 

si gnificant l y hi gh er fo r any given oxygen uptake . These 
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i nvest i gators report ed th at the observed differences in 

cir cu l atory adaptation during arm vs. l eg ex rcises indi­

cate d the presen e of a hi gh r symp athet ic tone dur i ng a m 

exe ci se. 

Lamb and associates ( 7 7 ) me as u r' e d the card ·\c o u ~:pu t and 

the coron ary blood f lo\ in a ll subje ct s engaged it r~ O rri ute:s 

of st eady state e er cis e and in four cont ol su jects. A 

0 . 737 cor\ e l a t i on co eff ici ent was yielded when the pe r cent 

i ncreas e i n cardiac out put t i mes systolic pressure was 

compared with th e pe r ce nt increase of coron a y blood flow 

du ri ng ex rcise. A co mparison of the rer cent in crease in 

card i ac ou tput wi th the pe r cent increas e in co onary blood 

f l ., ~.. t r c s t ' i c 2 c o r r c 1 a t i o ., c c f r i c i 1 t o f 0 . 7 l 9 . 

Tl ese fin d in gs demonstrated a relation sh ip to exist between 

an i ncr e ase in pre ss ure volu me and an i nc ease in coro a r 

bl ood f ·l ow. 

A s tudy was conduct ed by Susk i k and associates (78) to 

inv es ti gate basa l and restin g ox ygen consumption as affected 

by s pec ifi c dyn amic action , exer cis e, and the i mpact of 

c li mate . 

1oderate exercise a l one did not alter resting oxygen 

cons umption , a l though a s ma ll diur al ele ation wa s obse rved 

to oc cur in f ast ing s ub j ects, eith er wit h or ithout exerc ise . 

Cl i mat e , pe r s e , di d not ap pe ar to affect eithe a s a l oxygen 
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con su mption orr stin g metabolism except at 2000 hours in a 

hot - dry cli ma te , whe n th e asal oxyg e n onsumption recorded 

was signi f i ca ntly hi gher t han the va l u s reported for 2000 

hour s in oth e r cli mates . 



P L A N 0 F P R 0 C E D U R E 

The data pres e nt e d in thi s d i s se rt a tio n we r obt a in ed 

durin g a be d r est study conduc ted in the Ne l da Ch il ders 

Stark Labor atory for Hu ma n Nutri t ion Re s e arc h on t h0 camp us 

of the Texas Woman 's University as a pa rt of a n xte ns iv e 

investi ga tion sponsor e d by th e Na t i ona l Ae ro nau t ic s a nd 

Spac e Adminstration to study va rio us meta o l ic r ea ction s 

occurrin g in exper i me nta l subj e cts e xpo sed t o condi t i ons 

si mi l ar to tho se encount e r e d dur i ng s pac e f l ight . Thi s study 

was designed to examin e the cir ca di a n r e s pon se of i mm o i l i zed 

he a lthy adult ma l es un de r carefu ll y cont r o ll ed e nvi r on me nta l 

con ditions and to not e th e e ffect i ve ne s s of ex e rci se as a 

possible am e liorating me asur e . 

A detai l ed account of th e hyd ro xyp ro l ine ex cr e tions of 

the subjects parti c i pa tin g in th is i nv es ti ga tion i s pre -

sented in this report. 

PERIODS OF THE STUDY 

This st udy consi sted of one bed re s t perio d ac co mp anied 

by a pre-b ed rest period and a post - be d r e st ambul a t ory 

period as follo ws: 

37 
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Equilibration Period, 17 days, July 7 to Ju l y 24, 1969 

Bed-R e st Peri od, 56 days, Jul y 24 to September 17 1969 

Post Bed Re st Pe rio d, 15 day s , Sep t ember 17 to 

October l, 1969 

SUBJ ECTS OF THE STUDY 

Particip at in g in thi s study were se v n u 1iv e r s ity s u­

dents between 20 and 25 years of age a nd on e o l der man 40 

years old. Th e heights a nd we i ghts of th e s u jects u on 

entering the study were a s follo ws : 

Subject Age Height (i nch es ) Weight ( ounds ) 

1 A 20 69 157 

2A 23 69 1 5 

3A 40 71 142 

4A 20 66 l 55 

5A 20 73 1 80 

6A 22 7 l 175 

7A 23 73 19 5 

8A 22 70 13 5 

GENERAL PROCED URE USED I THE STUDY 

Throughout the entire study, the s ubje cts were hou sed 

and fed in the metabolic ward of the e l da Childers Stark 

Laboratory for Human Nutrition Research at t he Texas Woman 's 

University Research Institute. Specially trained dietitians 
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su per vis ed the preparation of th e mea l s , and spoon fed the 

participants. 

The food fed during th e Pre-Bed Rest Equi li br at ion 

Period was regular food pur chased chi ef ly through the Uni­

versity Purchasing Depar tm e nt . Th at which ;as fed durin g 

the Bed Rest a nd Post-B ed Rest Period s was flight food 

furnish ed by th e Manned Spacecraft Center, Hou sto n . The 

daily int ake of each subject was r ecorded each day throughou 

the study by the chi ef dietitian acc ording to indi vi du a l foods . 

This study was conduct ed under close med i ca l su e rvision . 

A r ecord was made of height and weight ch a nges th rou ghout 

the stud y . Ma le orderlies attended to the hygen i c needs of 

the subj ects durin g i mmobi l ization and safegua rd ed th e move­

ments of th e subje cts . 

Equilibration Period 

During this period, hich l asted for 17 days the eight 

subjects led a nor mal li fe whi l e enga ged at va ious ta s s 

in the laboratories of the Institute. They were encouraged 

to partici pa te in mode rat e exercise each da y and were r e ­

quired to be in be d at 10:3 0 P .. with the lights out and 

the bed cubicles darkened fro m 11: 00 P .. until 7:00 

The meals which we re prepared and consu med in the metaboli c 

ward were planned to contain 2600 calo ries daily incl uding 

1.0 gra m of calciu m and 100 gram s of pr otein. 
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Daily 24-hour urinary sa mp l es we r e co ll ected un t il s i x 

days before en·te rin g the perio d of i mmobi li zation, whe n the 

urinary voi ds we r e accumu l at ed in four a li quots dur in g a 

24-hour period. The pe riod s r a n f ro m 8 A . . unt il 12 (n oon ), 

from noon until 8 P.M., from 8 P. M. un t il mi dni ght , and from 

midnight until 8 A. M. 

Bed Rest Pe rio d 

This portion of the stud y cov e r ed a s a n of 56 days 

durin g whi ch t i me th e e ight ma l e su j cts we r e thorough l y 

i mmob iliz ed. Th ey a s sumed a horiz onta l pos i t i on on a s i ng l e 

bed equipped with on e pi ll ow. Th ey were ncouraged not to 

lift their heads, although very li mi ted mo veme nt of the arms 

and legs was allowed. Readin g was done ' i th the a i d of 

glasses equipped wi th prismatic l e nses , and an ' i nd i vi dua l 

TV equipped with ear phones also wa s provided each s ubj ec t 

for the pur pose of vi ewi ng t he TV pro gram of his c hoi ce . 

During this pe riod of immobilization, t r a in ed ma l e or der l ies 

were present around the cloc k to att e nd t o t he hyg i e ni c needs 

of the subjects and to safeguard th e ir mov eme nt s . 

This phase of the study wa s design ed to in estigate man y 

physiologic changes includi ng the phen ome non of circadi a n 

rhythms. A strict day-night regi men was maintained \ hich 

provided 14 hours of daytime and 10 hours of nig ht. All 

outdoor and hall windows in the me tabolic ward were sc re e ned 
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with opaque black paper and heavy drapes, thereby a llo win g 

no light wh a te·ver to penetrate the parts of the wa rd in 

which the experi me nt al subject s were kept in bed . The li ght 

intensity in the va rio us part s of th e metabo lic ward in 

which the men we re in bed exhibi ted a mean of 30 foot candl es 

when measured with a Gene r a l El ectric Typ e OW-68 Li ght eter . 

At 9:00A.M., day began by turning on he li ghts with 

the light lasting until ll :0 0 P .. , when a ll l i ghts inclu di g 

TV, were turned off. A cali brat ed th e r momete r was l ace o 

the wall abov e the head of each subject and th e temp e r atu 

was carefully maintained within a r ange of 72 + 2 F. by 

examination of the tempe r atur e ea c h hour of th e day a nd ni ght . 

During this period of t he study, exerc ise was in re­

duced as a variable through t he use of a co mp l etely mod i fied 

Exer-Genie, to ge ther with a Exer-Gri p exerciser . easu r e -

ments of foot and hand action, squeez e , and i sometrics Jere 

made with the Lufkin Anthro pometr ic ( woven ) Tape with a 

Gurlick Spring Attach me nt (317 6 ~ E ). 

Four subjects were select ed to take art in t he Exercise 

Program with the other four su bjects not e xe rcisin g . The 

subjects selected to exercise we re 2A, 3 , 6A, and 7A. One 

subject, (3A) however, pleaded fatigue after 28 days of the 

exercise program, and was replaced by Subje ct l A ~h o follo ~ed 

the program the remain ri ng 28 days of bed rest. 
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The e ntir e exercise ro utine, which i s given in Su mma ry 

A, was pe rfor med three t i mes daily und e r clo se supe vision . 

Durin g the 48-hour periods when blo od was taken eve y four 

hour s, the exercise was omit te d . The exe cise was car ried 

out with th e he l p of a met rono me s o that a gul ar outine 

rh ythm was follo we d i ~ a ll phases of th e program . Stop watch 

timin g was used a nd records were kep t on each subject as o 

th e ti me expended on each step of th e sch edu l e . This i s 

shown in Su mmary B. Fi gure ~shows a su ject e ngaged in 

exercis e . 

Thro ughout t his 56-d ay er i od, astron a ut food was cor­

sume d by the subj ects with a car efu l reco rd of int a e e in g 

k pt . by t e dieti"Liar s . X-l"ays a1 d ood tes t s were mad on 

on a ro utine ba s is throu ghout i mmo iliz ation · and uri 

samples of a ll excretions were coll ected four ti me s daily 

at 8 A.M., 12 Noon, 8 P .. , a nd 12 idnight for the purpose 

of investigating the ci rcadian rhyth m pheno me non . 
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SU M ~1 A R Y A 

E X E R C I S E S C H E D U L 

(Cylind e r on Exe r c i s e r se t at 8 pou nds and 
Me trono me sp ee d of one beat pe r s econ d . ) 

Ac t i vi t~ Ti me 

Iso me t ric ( EX ER -GE NI E) 1 0 seconds 

Le9 Ex e rci se XER -G EN I E) . 6 in utes 

Rest 2 minu es 

Hand - Fin ge r s ( Gri ppe r) i nute 

Rest 2 mi nutes 

Isom e t ri c ( EXE R- GE I 0 ) se ond 

Arm Ex e rcis e ( EXER - GE I E) 6 inutes 

Rest 2 mi nutes 

Hand - Fin ge r s ( G r i pe r ) i ute 

Rest 2 mi nutes 

Isometric ( EXER - GE I E) 1 0 s eco nds 

Leg Exercise (E XER - GE I E) 6 mi utes 

Total ..... Iso metric 30 s econds 

Isotonic 20 mi nute s 
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SU MMARY 8 
SU MMAR Y OF EXERCISE ACCO MP LISH MENT 

(3A) Bisho p ~lA) Agger 
~2 A ) Smi th ~6 A ) Ke r r f 7 A) Jordan (from begin- ,from August 

Ex er cis e Ac co mp lish me nt through en - throu gl-) en- through en- ning of bed 23 through 
tire bed tire be d tire bed rest through remainder of 
rest s tudy) rest st udy) rest study) August 22) bed rest) I 

I 

Per cent of days when 
f u 1 1 Ex e rcise Sched ule 
was fo l1o we d 90 . 5% 88. 1% 80.6 % 0.0 % 82.6 % 

Per cent of days when 
I no e xercise was I f ollo vve d i ()_() ~ n_n ~ n _ n ~~ ? . 4 '7:. n n~ I 

- ····-- ; 

I 
---- I 

I 
- l I 

Per c ent of periods I 
I v;h en no exercise ! 

I - . - ,v I 

wa s f o -l lo wed 3.2 % 3.2 % 6.4 % 1 6 . 7% 2 .9 % 

Aver age daily time 
ex pended on isometric 
exercise (s e co nds) . 
Tot a l daily t im e call-
ed for on this exe r-
c i s e , 90 seconds 86.4 85.6 58 . 2 20 .0 85 . 8 

Av erage daily time 
expend ed on arm iso-
tonic e xe rci se ( min-
utes ) . Tota l da ·i l y 
time call e d for on 
this exe r cise, 1 8 
minutes 1 7. 2 1 7 . 2 1 6 . 5 5 . 4 16 . 0 

Av e r age daily ti me 
e xpe nded on 1 eg iso -
tonic exerci se (min-
ut es ) . Tot a 1 da il y 
tim e call ed f or on 
t his exercise, 36 
min utes 34 . 3 34 . 3 33 . 1 7 . 0 32 . 6 

Av erage dai l y ti me 
e xpe nd ed on usc of 
hand gri ppers ( mi n-
utes) . Total daily 

\ 
ti me called for on 
thi s exercise , 6 
mi nut es 5 . 8 5 . 8 5 . 8 0 . 7 5 . 6 

I 
- 1--. -----



Figure 9. METHOD OF USI NG THE EXER-G E IE . I IS OTO IC 

EXERCISE I NVOL I 1G TH E FEET 

4 5 
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Post-Bed Rest Period 

During thi s pha se of th e s t udy, which l aste d 15 days , 

all subj e cts we r e ambu l atory with some of the you ng men re­

suming s tu di es at North Texas Stat e Univ e r sity . 

T h e s u b j e c t s c o n '~ i n u e d t o c o n s u 1 e s t r o a t f o o d u r · j 

this period of th e study . Urin e coll ect i ons we r e made on a 

24-hour ba sis during th e gre a ter part of t his e riod . 

OF I URI E 

Th ere has bee n a great need for a satisfactory c hod 

for th e de t rm i . · i on of h t ro.) r ~ c i l i 

study of the co mp osi t ion of rot e in s . The unique ly high 

hydroxyproline content of co ll age n suggests the desi a ility 

of an accurate method for th e deter mination of this amino 

acid in small quantitit es as a mea ns of estimat in g the amoun t 

of collag e n in a mixture o f pr ot e i ns . Troll ( 79 ) has e orte d 

one method for the specific assay of this i mi no acid . Other 

methods for the analysis of hydroxypr olin e have een descr i ed 

by Grunbaum (80), Hutter e (81), Rosano (82), Steg emann ( 83) 

and Stein and Muting (8 4 ). Accor din g to Prockop and Uden ­

friend (l) these meth ods can be us ed onl y 1ith relat i e ly 

pure solutions. 
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Since nearl y all mammalian hydroxy pro li ne is found in 

collagen, th e incor poration in vi o of ad iosisotop es into 

hydroxy prolin e has been used frequently in studies on the 

degradation of coll agen . Mi toma (8 5 ) and Nueman ( 6) have 

deve lo ped methods for the quantitative analysis of Hydroxypro­

lin e which involv e oxic~ation of the i mino acid to a py ole 

and then th e cond ensai~ i o n of tl e pyr-ro l with p-dimethylamino­

benzaldehyde to g iv e a chro mophore suita le for s ectrophotometry . 

Procko p and Ud enfriend (l) have descri d a method for 

hydroxyprol i ne as s ay which xtracts yr o l into ol uene 

to separat e it fro m interfe in materials and to in sure 

specificity of th e colo r re action . Figur e lQ depicts th 

oxidation and decarboxylation of hy roxy roline to yrrol 

Thi s techniqu e was l ater mod ifi e d y Proc~o (87) so 

that it co uld be applied to samples containing c l 4 and 

tritium-l ab l ed hydro xypro lin e . The fin a l solut · ons of pyrro le 

can be co unted dir e c t ly in a li quid scintil l ation counter . 

The specific activity of the pyrro l e th en is readily determined 

by takin g an aliquot of th e toluene solution for quantitat i ve 

assay. Int erfering radioac tive materia l s are r emoved y 

solvent extrations bef ore th e pyrro le i s for me d, since the 

initial oxi dation products o f hydroxyproline are not ex ­

tracted fro m alkaline soluti ons by chlo roform or toluene . 

This procedure can be a pp li ed to urine and cr ude tiss ue 

pr eparations. 
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yr ole 

Figure 10. Oxi da tion and decarboxyl at ion of hydroxy­
proline to pyrr ole as shown b Procko p and 
Udenfri end ( 1). 



Thus a nu mber of s amp l es ca n be app l ied to ur i ne a d c ude 

tissue preparation s, with a nu mbe r of samples ana l yzed 

simultan eous ly. 
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For the purpo ses of thi s experiment, the method deve l oped 

by P r o c k o p a n d U d e n f r i e n d ( 1 ) h a s be e a do 11 t e d b t h e T \J U 

Research Laboratory. In thi s proc edure, hydro xyp rolin e is 

oxidized in th e pr ese nc e of a measur ed excess f a l anine , and 

as a result, the varyinq amounts of amin o ac i ds o i mil ar 

substanc es in urin e or tis sue hydroly zates do not influ ence 

the yield of pyrrol e . Spe ci ficity i s ach i e ved by extracting 

pyrrole into tolu ene . Sin ce the f i rst ox i dation products 

Pyrroline-4-hydroxy-2-c arboxylic ac i d and pyr ole - 2-ca -

1 

boxylic acid are not solu bl e i n tolu ene ma e ia l s which 

might interfere vJ ith the co l or r eaction are reo ed \ ith 

toluene before th e pyrro l e i s fo r med . According to ada~hri ­

shnan and Me ister (2), the se precaut i ons make i t possi l e to 

analyze 5.0 ~g. hydroxyp roli ne in solutions contain in g o e 

50 mg. of other amino acids. 

PROCEDURE ADOPTED THE TWU LA BORATO IES 

1. Urine Collectio n and Stor aqe 

A 24-Hour urine s pe ci me n is collected in a pl astic 

bottle. The nu mb er of t he su bject as we l l as th e o l ume 

of urine and the data are recor ded on th e pl astic ott le 

with the urine kept in a frozen st ate unti l read y for 

extration. No chemical preservative is added to t he 



sampl es during thi s period. 

When th e spe cime n is rem oved from the deep freeze, 

it is permitt e d to thaw . Th en the s pec imen is mixed 

thoroughl y befor e an al i quot is pl aced in a pyrex 

tube for analysis . 

2 . T o t a 1 U r i n a_c_y ~~ · o x y p r o 1 i n c 

A. From 0.1 to 1.0 millili ers of urine i s l aced in 

a pyr e x test tub e and each sample i s ana l yzed in 

duplicate. 

B. Add 2.0 millilit e rs of cone ntr at d hyd ochloric 

acid (hydroly s i s i s maxi urn at and 1. 0 

milliliter s of distill e d water . 

C. Sc l \' i t 1 0 ·: c . T. c ca r 

for several days in th e deep fr ee ze . 

D. Autocl ave for three hour s (124 C) . Stor e in t e 

deep freeze ( -20 C) unti 1 ana l yzed . 

3. Removal Qi Pig ments 

A. Break seal on autoclaved sa mp l es ith pli ers and 

towel. 

B. Pour contents of tub es into rou nd -botto m glass 

cent rifuge tubes. 

( Note : If a small br eak has occ ur red in a t ube 

durin g autoclaving, the volu me may be inc reased due 

to condensation of \ at er durin g cooling. ake a 
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no te of such a tube, but run samp l e through e ntir e 

proced .ur e . Rather th a n addin g 4.0 ml. dist ill ed 

water, ho we ve r, make up to 8.0 ml . accord in g to 
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graduations of centrifuge . I f the samp l es du pli cate 

well. Results may be int e r prete d as va lid .) 

C. Add 4 .0 ml. of dis ti ll ed ·ta te r to the t ota l vol ur 

of 8. 0 ml. ( Fi na l nor ma lity should not e l ess th a n 

2 N). 

D. Ad d an amou nt not exceeding th e eq uiv a l ent of 1 . 0 

ml. Dowex-Ch arcoa l resin (0 . 5 ml . is us ua ll y 

sufficient) and mix we ll y r e ea ted inv ers ion 

usin g para f ilm. 

E. C ntr ifu c 15 i utc at 2 ,00 ( du ~ ; g centr i 

fug a tion, st anda rd s and blank s may e made . ) 

F. Ta ke 4.0 ml. of supe rnata nt li quid i mmedia t e l y vith 

4.0 ml. vol umetric pipette, eing car ef ul not to 

disturb th e resin preci pitat e and put into l arge 

culture tub es . Thes e, wi th standards and blanks 

may be sto red for on e or two days at -20 C. 

4. Preparation Qi Standard and Reag e nt Blan ks 

A. Stock standard is 100 vmole hydroxyproline per ml . 

Working st a ndard is made at the ti me of i gment 

re moval by adding 0 .1 ml. of 100 .u mo le/ ml . st ock 

standard to a 10 ml. volu metric flask and rn a ing to 

volu me with distill ed water. orking standard thus 



contain s 1.0 .u m. per ml. Range of the calo im et ric 

determin at ion is from 0 .1 to 1. 0 .u m. Usu a ll y two 
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0.5 urn. standards are us ed . 0 .5 ml. wo rkin g standard 

is plac ed in a centrifug e tube and 5 . 5 ml. of dis­

tilled wate r i s added ( to mae 6 . 0 ml .) fo ll owed y 

2.0 ml. concen t r at d HCl . This i s mixed a nd 4 . 0 ml. 

are add ed to a l ar e cul ture tub e at th same ti me 

as decolorized sa mp l es ar e be in g put into cul ture 

tubes. Dege ne r ation durin g storage ther for will 

reflect in the standard . 

B. Reagent bl ank : 6.0 ml. di sti ll ed water l us 2 . 0 ml . 

HCl, mixed with . 0 ml. are added to a cul ur tube . 

T ·. o b l 1 1/ s a r c s u _,.. f i c · 1 · . 

5. Colo r im et ric Ana l ys i s 

A. Allow s amp les in cultur e tub e s to come to ro om tem -

peratur e . 

B. Add one drop 1.0 pe r cent heno l phtha l e in . 

C. Add 2.5 ml. 5 N KOH. 

D. Add l N KOH dro pw ise until a faint ink col or 

develo ps . Colors may vary but if on ly one drop 

has produced color, the pH Jil l not be suffici en tly 

high to alter reactions; buffe r · ill be added l ate r. 

E. Add KCl in mini ma l excess to sat urat ion (2.5 to 3.0 cc. 

of granular salt). 
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F. Add 2 ml. bor a te bu ffer . 

G. Add ml. 10 % alani ne. ix with the Vortex . 

H. Add 2.0 ml. 0.2 M chl oramine-T, made fresh dai l y . 

I. Let ox i dati on pr oc eed at roo m temp rature for 20 min . 

J. After 20 minute , the reac ion is sto p d y adding 

6.0 ml. sodiu m thio su l fate solution . tix well with 

Vor tex . 

K. Add approximat e ly 10 ml . tolu n 

s peed with shaker for 2 mi nu tes . 

turn on boiling wat r bath . ) 

L. Ce ntr i fuge 10 minutes a t 750 pm . 

and sha e at high 

(At this oint 

M. Remo ve t o l ue ne phase vi a vacuum . eing carefu l not 

t o r em ove any of aqu ous phase, even if this requi s 

l eav in g a smal l re s i due of toluene . 

N. Cap t ubes a nd pl ac e in boiling wate ath or 

30 mi nutes . 

0. Cool un de r runn i ng t ap wate r . When th e next step is 

in sti t uted , the proc edu re must be c a r ied s raight 

thro ugh t o comp l etion . 

P. Ad d ex a c t l y 10 ml. toluene . 

Q. Sh ak e for tw o min ut e s on sha er at high speed . 

(C he c k to make s ure Co l eman is on at tis point . ) 

R. Centrifuge 10 mi nutes at 750 pm . 

S. Take exactl y 5.0 ml. of cl ear tolu ene phase with a 

5.0 ml. vo l umetr ic pipette and put in Cole man t est 

tube. 



T. Add precis e ly 2 . 0 ml. Ehr li ch ' s r eage nt usin g a 

10 ml. serological pipette . Mix wit h Vor ex . 

U. Allow to sta nd fo r 15 minut es . 

V. Read at 560 mu . on Cole ma n . ( Valid a nge of OD 

readin g i s from 0.1 50 to l . 50, alth oug h bes t i s 

be lo w 1.0.) 

6. Ca lcul a tions 

5'1-

A. K= Gms. of hydroxy ro l in e in 25 um/ ml s olu t i on of t anda rd 
00 St a nda d 

B. K X OD = Mg of hydroxy prol i e 
1 0 0 1 . 

c. 

Co mments 

Mg of hydroxy pr ol ine X 
l 0 0 m l . 

tot a l vol um e of urin 
100 

g . o lJd"o: ,. ~a 

= 

l. Accur acy is required when preparing s am pl e s for a ut oc1avin g 

and at each step thro ugh addition of 4 . 0 ml . decol or iz e d 

sa mp l e to c ultur e tubes . Thereafter recision is not 

so critical, since th e fina l roduct is e tracted into 

a constant volu me of 10 ml. of to l uene . T en t ol ue ne 

and final color reactio n reagen t s again must be a dde d 

carefully. 

2. Storage at -20 C at various st ages as described i s not 

kno wn to be harmful to stabili ty of hyd oxypro li ne ut 

the length of time th e se re main stab l e is not wor ked out . 



The less s to r age time, in genera l, the better . Where 

there ar e kno wn li mitat i ons, these have been noted in 

the proc edu r e a bov e . 

3. If too much KCl is added, there is often difficulty 

in separ at ing aqueous a nd toluene phases· l so, any KCl 

present wh e n co l or r eagent i s added ill cause failure . 

Care also must be take n not to use too l itt l 
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4. Reagents use d in mass iv e amounts so that clos watch 

should be kep t on ava il ab l e stock are : sodium thiosulfa e 

d-alanin e , p-di methy l am i nobenza l dehyde to l uc e a d KOH . 

5. It is reco mm end e d t hat t he paper of Procko and Ud nfriend 

fr ot. t ic a l h i - 1 :2?8-23 (19 ) e itled 

11 Analysi s of Hyd roxy r oli ne 11 be studied efore the 

procedure is att empte d so that the theory presented 

here and further app lic ation of the rocedure can be 

appreciat ed. 

6. Amounts of Ehrilich's re agent a nd toluene phase ha e 

been reduced in t hi s proc edure fr om those described in 

the reported method for t he follo wing purposes : (a) to 

conserve Ehrlich's reag e nt, (b) t o roduce a handy wo~ -

ing volu me, and (c) to all ow e nough to l ue ne phase to 

remain to repeat t his st ep if ne cessary . Do no t d i scard 

contents of culture tub e s until r eadi ng has oc curred for 

reason (c) above. 
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Reagents 

1. Bora t e bu ffe r, pH 8 .7: 61. 84 gm . boric acid and 225 gm . 

potassiu m chlorid e are mi xed into a out 800 ml . of 

distilled wa t e r. Th e pH i s adjusted to 8 . 7 with a 5 

pota ssium hydroxid e so l ution an the final volume is made 

up to one l iter . 

2. Alanin e solution: 10 gm . of al an in e are issolved in 

about 90 ml. of distill ed water, the pH adjusted to 8 . 7 

with a SN po ta ssi um hydroxide solution, and the fina l 

volu me is made up to 10 0 ml. 

3. Chlora min e -T solut i on ( Eastman Organic Chemicals) : 

0.2 M solution in r ethy l Ce ll oso l ve i s reared dai l y . 

Then 2. 8 gm. chlor am in e-T i s made to 50 ml . ith methyl 

cellosolv e; th e n mix thor oughly . 

4. Sodiu m Thiosulfate: sol ution i s 3 . 6 in distil l ed 

water and is stored un de r tol uene at r oo m temperature 

for several weeks . 

5. p-Di meth y l aminobenzaldeh yde , or Ehrlic h ' s reage t : 

(Analytic a l grade · Mat he son, Col eman, and Be ll . ) 

Concentr ated sulfu ric acid, 27 . 4 ml., i s added slowly to 

200 ml. of absolute alcoh o l in a be aker and t he mixture 

cooled. p-Dimethyla minobenz a l dehyde , 12 0 gm ., i s added 

to 200 ml. of abso l ute alcohol in an other beaker and 



then the acid-eth a nol mi xt ure i s s l ow l y sti red in to tl e 

first bea ke r. The soluti on c an be stored i n the ref ig­

erato r for several weeks ; th e crysta l s ~hich recipitate 

on cool ing are redissolv ed by warming the so l ut i on 

briefl y. 

6 . D o we x - C h a r c o a l R e s i n : 5 0 g m . a n a l y t i c a l g r r1. e 0 o \v e x l 

and 20 gm . Norit A are ad de d to about 100 ml. 6 HCl. 

Wash s e ve r a l ti mes wi th 6 HCl i n l3uc hn er funne l un · ; 1 

efflue nt i s no l onger y e llo wi s h . Dry wi t h s vera l 

rinses of 1:1 ethanol : eth e r . 

7. Hydrox y-L-Pro li ne : 1.31 gm. of hy dr oxyp r oli ne i s mixe 

into about 90 ml. of distill e d wa t e r . Th e f i na l vo l ume 

is made up to 100 ml. and stor ed in th e r e fri gerator . 

8. Phenol phthalein: 1 gm . of henol pht ha l e in i s mi xed 

into about 50 ml. of eth a no l. Th e final volu me i s made 

up to 10 0 ml. 

9. Potassi um Chlo ride : Analytical gr ade granul a r . 

10. Toluene: Reagent grade . 

11. Potassiu m Hydroxide (5 ): 280 . 55 gm . of po t as si um 

hydroxi de is dissolved in about 90 0 ml . of distill ed 

water. The final volu me is mad e up to 1 li ter . For a 

1 N solution, 56.11 gm. of pot assiu m hyd oxi de i s 

dissolv ed in about 900 ml. of distill ed water . Th e 

final volume is made up to 1 lit er . 
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P R E S E N T A T I 0 N 0 F F I N D I N G S 

~v I T H D I S C U S S I 0 

Durin g the su mme r of 1969 , e i ght hea l thy huma n ma l es 

particip ated in an i mmob il i za tion study con ucted at the 

Texas Woman's Univ e rsity Resea rch I nst i tute . Th i s study, 

which cov ered a span of 85 days , incl ud in g a l 6 day Pre-B 

Rest Period , a 56 day Bed Res t Pe rio d, and a l 3 day p st-

Rest Period, was designed to inv est i gate meta 0 l i c chan ges 

d 

d 

and 

circadian rh yt hms of excret e d urin ary metabo li tes fr om i di 

viduals subjected to i mmobili za tion unde r ca efu ll y contro ll ed 

environmental condi t i ons . 

The da ily urin ary excr et ion da t a on hyd oxy ro li ne a e 

recorded in the Appendix in Ta ble I . Ur in a r y hydr oxy . ro li ne 

excretion during four da il y pe r i ods thro ughout Bed Rest a e 

reported in Table II. The statistic a l co mpa ri so ns of urinary 

hydroxyproline excr e tion bet we en pairs of t he di f fer nt er i ods 

are presented in Table III. Th e statistic a l co a i sons on 

circadian rhythms are sho wn in Table I and Fi gu r e s ll and ~· 

The statistical data pertaining to ex e rcis e are recor ded i n 

Tables V, VI, VII, and VIII . 
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COM PARISON Q£_ URINARY HY DROX YPROLINE EXCRETIO~ 

DURI NG THE BED REST PRE-BED REST A D 

POST-BED REST PEl I ODS 

6 1 

Tabl e II I in the Appendix conta i ns th s a ti stica l data 

pertai nin g o ur in ar hydro xyp r olin e ex c etio n during the 

diff e rent period s o f the stud y . 

SUBJ EC T 2A 

Th e amount of hydroxyprolin e exc r eted i n t he urine y 

thi s subject during ed Rest wa s a pp r ci a l y r ater in 

quantity than durin g the ambu l at ory e ri ods of t he stud 

When co mparing the excret io n du in g B d Rest wi th oth t he 

Pr e-Bed Rest and Post-B e d R s t PP i oct stat i stica ll ~ a h i . hly 

significant incr ease ( P < 0.001) was not ed du i g the Bed Rest 

Period. Th e hydroxy pro l ine excr e t i on du in re - Bed est vas 

determined to be s i gni ficant l y hi ghe r t han du r in g Post- ed 

Rest ( P < 0 . 01). See Tab l e III Part A. 

SUB JECT 6A 

As sho wn in Tab l e III, Part Su bj ect 6A excr e t ed more 

hydroxyproli ne in the urine during Bed Re st t han duri ng t e 

oth er t wo periods of th e stu dy . Al tho ugh no si g if i c an 

differenc e was noted bet wee n the amounts record e d for the 

Bed Re st Period and the Pre - Bed Rest Perio d , a co parison 

of the Bed Rest Period wi th t he Post - Be d est Period pro ed 
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t o b highly significant ( P< 0 . 00 1). A s li ght l y higher 

amo unt of hydroxyproline was excreted i n the ur i ne du r ing t he 

P e - e d Rest Pe ri od than was f ound in t he Post-Bed Rest Per i o 

( P < 0.02). 

SUBJ ECT ?A 

Tab l e III, Part A., show s th at, when t he amount of hyd r ox -

r eline excreted by thi s sub jec t dur in g t he Bed Rest eriod 

~a compare d wi th the amoun ts excr eted dur i nq o t h t he re-

e est and Post-B e d est Pe rio ds, the exc etion dur i n the 

d Res t Per iod gr e at l y sur pas s e d t hat of t he other two e · ads 

oth cases (P < 0 . 001) . Th e uri nary hyd r oxy re li ne l e ve l 

as hi ghe r dur in g the Pr e - Bed Rest Per i od than during h Post ­

Be d Res t Pe riod. Th e diffe r e nc e , ho we ve r was not s i q ificant . 

SU JEC TS ~' g , ZJl 

( Su je cts wh o exercised t hrouqhout t he e d Rest ) 

As shown in Tab l e III, Part B whe th e data f or a ll su b­

j ects wh o exercis ed durin g Bed Rest ~ ~e e pool ed t ogether for 

stat istical co mparison , the amount of hydr oxy r olin e exc r e t ed 

i n the urine durin g Bed Rest greatly sur pa s sed t e quan tities 

epor ted both for th e Pre-B ed Rest and Po s t - Be d Re s t e io ds 

a difference wh ic h was hi gh l y significa nt ( P < 0 . 00 1) . The 

ur i na ry excretion of hydroxyprolin e by this gr oup of s ub jects 

dur in g the Pre-Bed Rest Per io d was found to e signi f ic ant l y 

highe r (P < 0. 01) than dut in g the Post - Bed est Peri od s . 
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SUBJECT 4A ---

The excretion of urin ary hydroxy pro lin e y Subj e ct 4A 

was significantly great e r durin g the Bed R st P r i od tha n 

both with th e Pre- Bed Rest an d Po s t -Bed Rest Per iod ( < 0 . 00 1), 

as shown in Table III, Pa rt C. Dur i ng the pe i od of r e- B d 

Rest , the urin a ry hyd\·oxypro lin exc r et ion y this Sl iect 

was very slightly hi gh e r th a n durin g the e rio d of ost-Bed 

Rest ( P < 0 .1 0). 

SU BJECT 8A 

Accord ing to Ta l e I II part C a hi gher l e ve l of 

hydroxyproline was excreted y Su bj e ct 8A dur i ng the perio 

of e Rest t c d ring he i d of "'('- .) st . T 

difference wa s som ew hat si gnificant ( P < 0 . 02) . . In com ar i g 

the Bed Rest Period ~ith t he Pos t- ed Rest Per io d i t was 

found that the urin ary hydr oxyprol i ne l e ve l during Bed R st 

greatly sur pa s sed th at of th e l atter eriod ( P < 0 . 001) . 

I t a l s o v.J as f o u n d t h a t the u r i nary ex c ret i on of h y d o xy r o l i n e 

by Subject SA durin g the Pr e - Bed est er io d was hi gher t an 

during the Post-Bed Re st Period by a signif ic a t difference 

(P < 0.05). 

SUBJECT 9A 

Durin g Bed Rest the urinary hydroxypr oli ne excretio n by 

Subject 9A was determined to be high er t han du in g Pre- Be d 

Rest by a difference wh ic h was so me ha t sign ificant (P < 0.02) . 



A highl y s i gn i f i can t di ffe r ence ( P < 0.001) was fo und 

be t wee n t he Bed Re s t a nd Post-Bed est P riods with th e 
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hi gher excretion of hy dro xypro l ine i n t he urin ei ng r ep orted 

during Bed Rest . Thi s s ubject excret ed significantly moe 

hydr oxypro l ine in th e urin e during th e Pr e- Bed Res t Period 

as co mpar e d to th e Po st - Bed Res t Pe ri od ( P < 0.0?). Se . 

Table III, Part C. 

SUBJ ECTS 4A, 8A, ~ 

(Subj e cts who did not exerci se du rin g the Bed es ) 

Tabe III, Part D, g iv s a r sum ~ oft e statistical 

findings whe n t he urin a r y hydroxy ro l in e dat a 'e e poo l d fo r 

the thr ee subject s who did no t exerc i se . Th e t o a l hyd oxy ­

prolin e exc r e tion durinq th e Bed Rest e riod sur sse that 

of both the Pr e - Bed Re st an d Pos t -Bed st Periods by a 

highly si gn ific a nt diff e r enc e ( P < 0 . 001 ) . It was foun d that 

a highly s i gnif ic ant di ffer e nc e (P < 0 . 00 1) also ex i sted e­

tween the urinary hydro xyp rol ine l e ve l s r ecorded for th e 

Pre-Bed Rest and the Post- Bed e s t Per i ods with he hi ghe 

level bein g obs e rv ed durin g th e peri od of Pre - ed Rest . 

SU BJE CT 3A 

(Subj e ct Exercising First Ha lf of Bed est ) 

Table III, Part E., s ho ws t ha t t he ave ra ge da il y hydr oxy ­

proline excretion by t his subject was grea t e i n quantity 

during the Bed Res t Period tha n durin g eit her th e Pr e - Bed 
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Res t or Po st-Bed Rest Period s by a di fference which was 

hi ghly si gn i f i ca nt i n both cases ( P < 0.001 ). During th e 

Pr e -B ed Rest Period the amoun t of uri nary hydroxyproline 

exc re t ed by t hi s subj ect was s li ghtly hi ghe r than du in g the 

Po s t- Bed Rest Period . The differenc , howeve , was not 

statistic a l y s i gni fic an t . 

SU BJ ECT l A 

(S ubje ct Exer ci s i ng Last Ha l f of Bed Rest ) 

Alth ough t h i s subject excret ed som ew hat mo hydroxy-

proline i n t he uri ne dur i ng the Be d Rest riod in co mpar · s on 

with th e Pr e-Be d Rest Pe r io d the di fference \ as not found 

to be si gn i f i ca nt. I n co mparing th e Be d R s t and ost- ed 

Res t·P e rio ds , ho we ver , the hy droxypro li ne le e l r epor t ed 

for the Be d Res t Pe ri od greatly sur assed th a t o th e l atte r 

period (P < 0.001 ). The amo unt of u in a ry hyd oxyp oline 

excret e d by this s ubject durin g th e Pre-Bed Res t Period was 

appreciabl y hi ghe r than t he amou nt excreted during the Post­

Bed Rest Pe riod wit h the d i fference eing highly s igni fica t 

(P < 0.001 ). See Ta ble III, Part E. 

ALL SU BJ ECT S 

When the data for all e i gh t s ubjects we re co mbi ned or t e 

purpose of statistical co mpa r i son , it was found that t e amou nt 

of urinary hydroxyp rolin e e xc re te d during the Bed Rest Per iod 

greatly ex ce eded t he am ounts repor t ed for the t wo ambu l at ory 
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P e r i o d s . A h i g h 1 y s i g n i f i c a n t d i f f e r e n c e ( P < 0 . 0 0 1 ) \·t a s 

determin e d in ·co mpar i ng th e Bed Rest Period with both the 

Pre-Bed Rest Period and th e Post-Bed Rest Period . It a l so 

was found that the amount of hydroxypro li ne excreted in the 

urin e du ring the Pre - ed Rest Period was greater than he 

quantity r eported for the Po st - B d Rest Pe iod with the 

difference being hi ghl y s i gnificant (P 0 . 001 ) . 

EXCRETIO DU I G ED EST 

In o rd e r to study the diu r na l varia i on of hydrox y rolin 

the uri ne excreted at diff e r e nt times during th 2 -hou e i o d 

was coll ected in to four a l i q uot s whi ch ended es . ective l y 

at 8 A.M., 12 Noon, 8 P .. , and 12 idniqht . The s atistica1 

data of the excretion pattern s ar e qiv e n in Ta 1e I 

(Appe ndix). 

SUBJEC T 2A 

Tabl e IV, Part A, sho ws th at th e quan tity of hyd oxy ­

proline ex cr eted by this subj ect bet ween 12 oo n and 8 P. · . 

wa s 1 O\tJer than between 8 P . , . and 12 · i dni ght th e di ference 

being sli ght ly si gnificant (P < 0 . 10) . The ean ho r 1 a1ue 

of urin ary excr eti on was hig he st fo r this su ject duri ng t e 

period fro m 8 P . ~ . to 12 t idnight . A statistica co mpar ison 

of the pe riod fro m 12 ~oon to 8 P. - . v ith the per io d fro m 

12 idni ght to 8 A .. sho wed tha t t his su ject had an increase 
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in . the excret i on of urin a r y hydroxyproline during th e pe · od 

from 12 Noon to 8 P.M., th e diff ere nc e being highly significant 

( P< 0.001). 

In co mparing th e pe ri od f om 12 Noon to 8 P . . with that 

from 8 A. M. to 12 Noo n, th e l arger excr tion was noted to 

o c c u r b e t w e e n l 2 N o o 11 a n d 8 P . 1 . T h e d i f f r n c e \-J a s d i s t i n c t 1 .v 

sign i f i cant ( P< 0 . 01) . Wh en th e riod from 8 P .. o 12 id­

night was com pa red with th e period fro m 12 idnight o 8 A . · . 

th e hig her excretio n was found dur i ng the e li od from 8 . r . 

to Midni ght . The diff e r e nc e was hi ghly significant ( < 0 . 001) . 

It a l so was found th at th e uri ary hydroxyproline exc etio 

betwe en 8 P. M. and 12 Midni ght great l y surp ssed that of the 

pe riod fr m 8 A .. to 12 oon. Stati~ irall y he cfiff ere n 

was highly s i gnif ic an t ( P < 0 . 001) . In comparing the peliod 

from 12 Midnight to 8 A . t . wit h that of 8 A . to 12 oon it 

a l so was found th at th e r e was a significant crease (P < 0 . 01) 

in t he exc r e tion of hydroxy pr olin e during the 8 to 12 oon 

per iod. 

SUBJECT 6A 

Ta ble IV, Par t B, sho ws in an an a l ys is of the data pe tain ­

ing to Su bje ct 6A that the amou nt of urinary hyd oxypro li ne 

excreted by this subject fro m 8 P .. to 12 id ni gh t s urpass ed 

the amoun t e xc ret ed from 12 oon t o 8 P .. (P < 0 . 02) . 
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In co mpar in g th e amount excreted from 12 1idnight to 

8 A . M . 'tl i t h t h. a t f r o m l 2 N o o n t o 8 . P . !'<1 • , i t vJ a s f o u n d t h a t 

th e lat t~ r surpass e d th e former by a differ nee which was 

highly s i gni f i cant ( P < 0 . 001 ) . Although a slightly higher 

excretion was found to oc c ur dur i ng the period from 8 A .. 

to 12 Noon as com par e d wi t h th a t of 12 Noon to 8 P . . , the 

diff eren ce ~t-Jas no t s · gni f · ant . 

In co mpa ri ng the amou nt of ur i nary hyd oxypro li e exc eted 

durin g the period fro m 8 P. to 12 ~ idnight with th c i od 

from 12 Midnight to 8 A. M. , a hi gher excr tion was o s rved 

during the 8 P.M. to 12 Mi dn i ght p riod with the diff re ce 

highly significant (P < 0. 00 1) . I n comparin th e period 8 

to 12 Midnight with th e per i od 8 A. l . to 12 oon the diffe -

en c i n u r· i t a y I y o xy l x c o n \v s o t d e t rn · n d 

to be statistically s i gni fica nt . 

The amount of urin a r y hydroxy ro l i e excreted y his 

subject from 8 A. M. to 12 oon gr eat l y surpassed the amou t 

excreted be t ween 12 i dnight an d 8 Statist i ca ll y the 

difference was highly si gnif i cant ( P < 0 . 00 1 ) . 

SUBJECT 7A 

Table IV, Part C, co nta i ns th e da il y pe ri od ic data fo r 

Subject 7A. 

When the amount of urinary hydr oxy proli ne exc r ted urin g 

the period 8 P .. to 12 idnight wa s co mpared wit h t he am ou nt 
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excreted f 1om 12 Noo to 8 P ~ th e h' 1 t f d • 1 • , 1 g 1 e r a m o u n vi a s o u n 

fo r th e period betw een 8 P. M. and 12 M'dn i ght . The difference 

as di st in ct ly significant ( P < 0.01 ). 

Th e ma n hou r l y valu e of urinary hydroxypro li ne excret d 

from 1 2 Noon to 8 p . t·1 • was hi gher t han the va l ue ported for 

t he l 2 ~idn ight to 8 I period . Th e differenc e Ct\' CC tL c~c 

t wo periods was hi gh l y s i gni fi cant ( p < 0 . 01 ) . In co a 1 in g 

th e pe rio d from l 2 Noo n to 8 p . \'1 it h the pc i 0 f om 8 A . 

to 12 Noon, it was found that , a l thou h the excretion was some-

what high er bet wee n 8 A. 1. and 12 No , the dif fer ne e~ s no 

found to be statistical l y si nifi can t . 

In co mpa ring th e amount of urin a r y hydroxy ro l ine excreted 

durihg th e 8 P .. to 12 t id night period Jith that excre ed 

during t he 12 Midn i ght to 8 A. · . e ri od, a hi gher excretion 

as noted dur in g th e f or mer period . Th e differ nee betwee 

the two per iods was hi hly si gn ific a nt ( P < 0 . 00 1) . 

The ur in ary hydrox ypr oli ne excreted y t hi s su ject dur­

ing the period from 8 P.r. to 12 idni ght surpassed he amount 

excreted between 8 A. a n d l 2 o o n by a d i f e r e n c e \ h i c ·1 a s 

so mew hat signi f ic ant ( P < 0 . 002) . In co m ar i g t he amount of 

uri nary hydroxy pro 1 i n e ex c ret i on bet ween the hours o f l 2 1 i d-

n i g h t a n d 8 A . M . w i t h t h e e x c r e t i o n e t \v e e n 8 A . . a n d 1 2 o o , 

a greater qu antity of hydrox pro li ne wa s found in the u i ne 

during the period fro m 8 A . ~ . to 12 oon . The diffe ence 

found was highly si gn ific a nt ( P < 0 . 001 ) . 
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SU BJ ECTS ~ ' ~' ~ 

(Subj ects ho Exerci sed Th roughout Bed Rest ) 

When th e da t a f or th e th ee subj e ct s who exercis d 

throughout th e stu dy we r e poo l ed , i t was found that a hi ghe r 

excr e tion of urin ary hydro xy pro li ne appe red dur · ng the 

pe r io d f ro m P. f . to 12 idl "ght , s liP ~ c tl L. r~ -~ I 

12 Noon to 8 P. M., wi th the d i fferenc e e i g hi gl l y signifi­

cant (P < 0.001 ). Furth er i t was ound th at th hy roxy p oli 

excr e tion betwe e n 12 Noon an d 8 P. M. surpass d th a aunt 

excreted during th e 12 i dni ght to 8 A .. pe riod by a 

highly si gni f ic ant d iffe re nc ( P < 0 . 001 ) . 

In co mpa rin g t he ur i nary hydroxy pro l ine exc r c ion during 

th e pe rio d fr om 12 Noon t o 8 P. M. on t e oth er ha d with 

th a t fro m 8 A. M. to 12 Noon, t he mea n va l ues ~ere t e s ame 

with no si gni f ic a nt s t a t i stic a l diffe r ence obser ed . Th ere 

was a distinctl y hi ghe r l e ve l of u i a ry hydro xy ro li ne ex ­

creted by t hes e su bj ects durin g the period f om 8 P .. to 

12 r idni ght as co mpared to t he pe r iods f r om 12 · idn i ght to 

8 A. 1. and 8 A. t . to 12 oon . Bot h c ompar i sons i nd i cated a 

highly signific a nt dif fe r e nce e t wee n t he r ates of hyd oxy ­

pro1ine excretion for th e s e pe r i ods unde r goin g c ompar i s on 

(P<O.OOl). 

A higher urin a r y hydr oxy pr ol in e l e ve l was not ed t o occ ur 

during the pe riod 8 A. M. to 12 Noo n a s co mpa ed wi t h t he 

12 Midnight to_ 8 A. perio d . Th e d i ff e renc e a s ound to be 
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highl y s i gn ific ant in thi s case ( P< 0.001) . 

SUBJECT 4A 

As sho wn in Ta bl e IV, Pa rt F, when pairs of the coll e ction 

periods were com pa r e d as to the quantities of urinary ydroxy­

pr olin e excret e d by Subj ect 4A, i t as found that du ing he 

pe riod fro m 8 P.f. to 12 Midnight this subj~ct exc ed a 

far greater amount of hydro xypro l in e in the u it e than du 

the oth er three da il y periods ( P < 0 . 001) . 

Wh e n a statistica l co mpar i son was ade betwe n th hydroxy­

proline excr e tion l e e l s etw en 12 oon and 8 . t . and e­

tween 12 idnight and 8 A .. , the former surpassed the latter 

a 1 v 1 \ J i c v; s s i 1 i f · a n t o. t c 1 . 0 c 1 c e ' c l 

of confi dence . In comp a rin g this same per iod 

8 P.M., with the period from 8 A .. to 12 oon 

12 oo to 

t e highe 

level of hydroxyproline exc ret ion ag a in was oted o occur 

betwee n 12 'oon and 8 P .. with a difference which was bare ly 

signific a nt (P < 0.10) . 

A slightl y higher amount of hyd oxypro li ne excretion was 

noted to appear in th e urine during the period fro m 8 .. to 

12 Noon in co mpariso n with th a t occurrin g f rom 12 I id ight to 

8 A. M. The differ en ce, ho wever , was not si gnifi cant . 
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SUBJECT 8A 

Tabl e IV, Part F cont a i ns the s t atistica l data pe r tain­

ing to Subj ect 8A which is r e l ated to c i rcadian rhythms . The 

quanti t y of urina ry hy droxyp ro li ne excreted by this s ubjec 

fro m 8 P.M. to 12 Midn i ght sur passed that excreted f r om 12 oon 

to 8 P.M., a l though t he di ffer tee J s not sigrir · rt . 

In com pa ring th e quanti ty of urin ary hyd oxy pro li ne excreted 

b e t \~ e e n 1 2 M i d n i g h t a n d 8 A . \v i t h t h a t e x c r e t . d e t w n 1 2 

Noon and 8 P.M., th e gr e at e r l e ve l was observed to occu during 

the 12 Noon to 8 P. r . pe riod. Th e di ffcr e nce 'as deter i e d to 

be highly significant ( P < 0. 00 1) . 

t' h en t e x c r e i o , o 1 u 1 i 1 0 ._ ' p " du1i1g he 

period fro m 12 Noon to 8 P . as c ompar d wi th that from 

8 A .. to 12 Noon, a hi ghe r ex cre ti on wa s appare t dur · ng th e 

12 Noon to 8 P. M. pe rio d . Th e diff erence was sign i f i cant 

(P < 0.02). 

Durin g the perio d 8 P .. to 12 i dn i gh t t he uri nary ex ­

cr et ions of hydroxy pro line by this su ject wa s i ghe r t han 

during th e pe riod from 12 i dnight to 8 A .. , wit h t he d i ffe r ­

ence being highly si gnific ant (P < 0 . 0 0 1 ) . In co mp a i ng the 

sa me period, (8 P. ~ . to 12 idnight) wi th the 8 to 12 

Noon period, th e hi ghe r e xcr e tion ag a i n was not ed du ri ng t e 

8 P.M. to 12 Midnight period. The diff e ence va s found to 

be distinctly sig nif icant (P < 0 . 01 ). 
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The pe rio d 8 A. M. to 12 Noon, as compared with th at of 

12 Midni ght t6 8 A .. , show s a s l i ght l y higher rate of 

uri n a r y hydroxy pro 1 i n e ex c r et i on w h i c h ,., a s de t e rm i ne d to h a v e 

a statistic a lly significant di ffer e nce ( P < 0 . 05) . 

SU BJE CT 9A 

Th e amount of urinary hydroxy roline excrct d Su jcc 

9A durin g the pe ri od from 12 Noon to 8 P .. was s li ghtly 

gr ea t e r th a n tha t excret e d from 8 P. 1. to 12 t idni ht 

although the dif fer e nc e as not stat i st i cally ignific a t . 

In co mpa rin g th e period s 12 oon to 8 P . r . a d 12 tid­

ni ght to 8 A. M. , a hi gher l e ve l of urin ary hy droxy roli c 

x r r c c c d d r: g + I c c ; · ~ o 01.1 12 .o Jo 

8 P. M. Th e diff erence was hi gh l y s i gnif icant (P < 0 . 001 ) . 

When the s ame pe ri od 12 Noon to 8 P. was compared with 

that fro m 8 A. M. t o 12 Noon , a signi f ic ant ly high e r (P < 0 . 01) 

rate of hyd roxy prolin e ex cre tion as noted during th e pe iod 

12 Noon to 8 P. M. ( P < 0 .01). 

A higher qu antity of hydrox ypro l ine 1as excre t ed in the 

urine of this subj ec t durin g t he period fro m 8 P. ~ . t o 12 i d ­

night as co mp are d with that of 12 idni gh t to 8 A .. , with 

the difference being highl y si gn ifi ca nt (P < 0 . 001 ) . 

In co mp arin g the amount of urin a y hy droxy ro li n 

excreted by Subject 9A durin g th e per i od 8 P .. to 12 ·idn i g t 



with th e amount fro m 8 A.M . to 12 Noon, a hi gh r l evel of 

excretion appear e d be t ween 8 P. M. and 12 i dni ght . The 

differ ence was dete r min ed to be s i gni fi cant ( P < 0 . 01). 
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The urin ary exc r et i on of hydro xyp rolin e dut ing th 

period from 8 A. M. to 12 Noon was high r than the excr tio 

from 12 Midni ght t o 8 A. M. The difference ·Js found to c 

significant at t he 1.0 per c nt l e ve l of significanc < 0 . 01) .' 

SUBJECTS 4A, SA, ~ 

(Subjects Who Di d Not Exercise Durin g Bed s t) 

The st a ti s tic a l in fo ma tion co mp il ed from he co1bined 

data of the thre e subj e c ts ho did not exercise th oughout th e 

study is r e cor d d in Tab l e V, Pa 

A high e r e xcr e tion of hydrox yp al i ne was found du in g 

the period fro m 12 oon t o 8 P . l'l . as co mpared wit the er io ds 

from 12 Midnig ht to 8 A.r. and fro m 8 A .. to 12 oon . In 

both com parisons, the di fference wa s found t o be highl y 

significant (P < 0.001 ). 

When the urinary hydr oxyp a l in e excretion du i g the 

p e r i o d 8 P . M . t o 1 2 t i d n i g h t w a s c o m p a r e d \'I i t h t h e e x c r e t i o n 

between 12 Noon and 8 P. a sli ght l y h ' gher excretio le el 

was found to exist bet Jee n 8 P. i1. and 12 idnight (P < O. QS 

The amount of urinary hydro xypro l ine excrete d by this _roup 

of subjects during the pe riod f ro 8 P .. to 12 ~ i dnight 

greatly surpassed the levels obs erved fr the per i ods 12 idni ght 
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to ·a A. M. and 8 A. M. to 12 oon. In both i nstances, th e 

difference was hi gh l y s i gn i f ic a nt ( P < 0 . 00 1 ) . 

A great e r quantity of urin ary hydroxypro li ne was ex­

creted durin g th e pe ri od 8 A. M. t o 12 Noon as co mpar d with 

t h e 1 2 r~ i d n i g h t t o 8 A . t'l . p e r i o d s , w i t h t h e d i f f e r e n c e b c ; n g 

hi gh ly s i gni ficant ( P ~ 0 . 001) . 

SUBJ ECT 3A 

(Su bjects Who Exercised Fi rst 28 Days of th e St u y ) 

This su bject excr e t e d th e l a rgest amount of ur in ary 

hy droxypro li ne ov e r the pe ri od be wee n 8 P .. and 12 ~id i ght . 

The quantity excreted dur i ng th i s p ri od ar ed l y su p ss d 

the amo nt x r d r i o h ( l , r i n cl c; f 0 

12 Midnight to 8 A . . and 8 A. · . to 12 oon 

Durin g the per i od from 12 oon to 8 P .. he hyd oxy -

proline excret ion of this subjec t was a pr e ci a l y greate r 

t h a n d u r i n g t h e p e r i o d f r o m l 2 ~1 i d n i g h t t o 8 A . · . ~·1 i t h t h e 

difference being highl y signi ficant ( P < 0 . 001 ) . 

The urinary hy droxypro l ine excr e ti on of Sub j ect 3 

b e t w e e n 8 A . ~ . a n d 1 2 o o n , a s s l i g h t 1 y h i g h e r t h a n e t ., e e n 

12 Noon and 8 P.r~ . The dif fer e nce ho\ eve \as not sta -

tistically si gnific ant . 

A high er excretion of urinary hydro xy pro l ine by t1is 

subject also was ob served to oc c ur during the per io d fro m 

. , 
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8 A.M. to 12 Noon as co mpa r ed with the 12 Midnight to 8 A .. 

period . The differ e nc e wa hi gh l y significant ( P 0.001) . 

SUBJECT l A 

(S ubject Who Exer i sed Secon d Hal f of th e Study) 

As shown in Tab l e I V, Part J Subj ct l A excr ted the 

greatest amount of urin ary hydroxyproline d~ ing the er iod 

from 8 P. M. to 12 Mi dni ght. When this amount w s compa ed 

with th e qu antities excr eted dur i ng the riods f om 12 oon 

t o 8 P.M. and fro m 12 Midni ght to 8 A. . he diffc enc es we e 

found to be hi gh ly s i gnifi cant ( P < 0 . 00 1) . 

When the 12 oon to 8 P. 

12 Mid i ~ ht t 8 A. p ri ~ 

eriod was co 

ignifir lt 

ed wit1 the 

of hydroxy pro lin e wa s fou nd to occur from 12 oon o 8 

(P< 0.001). 

Althou gh the differ ence as no t sign if ica t a s li ght l y 

higher excretion o f hydroxy prolin e occurred during t he eriod 

from 8 A. M. When a co mparison was made ith the per io d from 

12 Noon to 8 P .. a lo we r l eve l of u i nary hydroxyproline was 

observed during the period fro m 8 A . . t o 12 'oo n tha n du i ng 

the period fro m 8 P. M. to 12 idn ight with the diffe ence 

distinctly significant ( P < 0 . 001 ) . 

There was a higher excret io n of uri ary hydrox ro line 

by this subject during t he pe riod from 8 .. to 12 oon as 

compared with the period fr om 12 idni ght to 8 A. ' · 



Statistically, thi s diff e r e nce was highly significant 

(P < 0.001). 

ALL SUBJ ECTS 
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An a na lysis o f the po ol ed data for all ei _ht su jccts 

showed th a t, amon g th e f our dai l y co l l ect ion C'r iods he 

highest lev e l of uri na r y hydroxypro l in e xcreti occur ed 

during th e pe riod from 8 P . . to 12 1idnight . Duri g this 

Period th e hydro xy pro 1 i n e ex c ret i on "' as i s t i n c t 1 y hi h r 

( P < 0 . 0 0 l ) i n c o m p a r i s o n ~·1 i t h t h e p r i o d s o f l 2 o o n o 

8 P . M . , l 2 1 i d n i g h t t o 8 A . t·1 . a n 8 A . M . t o l 2 o n . 

The urin a ry hy dr oxy r o l ine exc r e tion duri the eriod 

l 2 o to e · l y su ! a ~ 0 r t j c • c ·~ . 0 d 

12 Midnig ht t o 8 A. M. wit h the d i fference e i g highly 

significan t (P < 0.0 0 1). 

In co mp arin g t he hydro xypro li ne ur i nary excretion bet,·een 

12 Noon and 8 P. M. ith that fr om 8 A .. to 12 oon it · as 

found th at th e excretio n be t \ ee n 12 oon and 8 P .. 11as 

slightly hi gher (P< 0.10). 

When the hig he r amo un t of uri nary hydroxypro l ine 1h ' ch 11 as 

excreted between 8 A. M. and 12 roo n was compared 1ith the 

amount excreted be t ween 12 idn i ght and 8 A. 

was found to be hi ghly si gni fi ca nt ( P < 0 . 00 1 ) . 

he diff e e ce 
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Althou gh so me var i at i on s were ob se ved in the p r io di­

cities of th e in di v id ua l subjects of this study the pooled 

data for a ll s ubj ec t s i nd i cat ed that a characteristic 

circadian cycl e do es pre vail in th e excretion of u in ary 

hydroxyprolin e . Th e peak l e ve l of excretion w s attained etween 

8 P.M. and 12 Mid ni g t~ and the low est hy roxyp a li ne values 

were r ecord e d durin g t he per i od from 12 t i dn i ght to 8 A .. 

This study comfir ms ear li er obs er vat i ons y r auta l n ( 

wh ich sho we d ma xi mum tota l hydroxy proline ve l s occurri 

ov erni ght with mini mum l e ve l s be in g r ached durin the r or 1-

ing and ear l y aft e rn oo n . 

D E CS:T A y 

Tab l e s V, VI, VII, and VIII , ( Ap endix) contain the data 

pertaining to the e ff e ct of exercise on urinary hydroxy aline 

excretion. 

SUBJECT 3A 

(Subject Who Exercis ed Durin g t he Fi rst 28 Days of the Study ) 

The tot a l urinary hy dr oxy r oli ne excretion by thi s sub ­

ject was significantly l o e r ( P < 0 . 001 ) when e ~as pa tic ­

ipating in exercise, durin g t he fi rst ha l f of he s t udy as 

sho wn in Table V. 

Su bject l A excreted s ome wha t more h droxyp ro l in e when 

he was not exerci sing durin g the fi rs t hal f o f t he s tudy , 
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although th e r e was no statistic a ll y significant difference 

between t he pe ri od s o f e xerc i se and that of no exercise . 

See Tabl e V. 

Tabl e VI, Par t A, g iv es a co m ar ison of th hyd oxypro lin . 

excretio n at di f f re nt per i ods of the day by Sub j ect 3A . 

B e t w e e n l 2 N o o n a n d 8 P . r~ . t I e d e c c s e d x c r e ·c i o n o f h y o y . 

proline wh i c h wa s no t ed when this su ject exercised w 

distinctl y s i gni f i cant ( P < 0 . 01) as co mpared to the period 

when thi s s ubj e c t d i d not exerc i se . Also, exerc i se duli the 

period fro m 8 P. M. to 12 1idnight stimulated a hi gh l y sig ni f ­

icant de cr ease (P < 0. 00 1 ) i n urin a ry hydro xypro li e excr tion 

as com par e d with the ti me during th se haul s when xe cise 

\ s n 

No si gnific ant ch a nges in hydroxy pr olin e 

noted duri ng t he pe r i od fr om 12 Midni ght to 

x c r e t i o \·1 r e 

A. ecause 

of exercisin g o r no t e xe rci s in g during the day . 

Durin g the pe riod f ro m 8 A. to 12 oon, ther e 1as a 

higher excretion o f uri nary hyd r ox pro l ine r e orted when this 

subject had not e xe rcis ed . The di fference ho ~e v e ~as ot 

significant. 



80 

SUBJECT .l A 

(Subj ect Who Exercised Durin g th e Second Half of the Study ) 

As shown in Tabl e V, durin g the second half of the Bed 

Rest Pe r iod when th i s subj ect was ngaged in prog ammed 

ex e r c i s e , th e uri nary ex c e t i on of hydroxy pro l i . i was 1 o \•J 

th anduring the e riod of th e ed 

taken. 

t ~hen o cYerc · sc wJs 

Table VI con ta in s the statisti ca l com a isons of he 

urinary hydrox ypro lin e excreted durin g the day of x cise 

with that excret e d du rin g th e day of no ex ercise . ro sig­

nificant diff erence was d tect e d in the a 1ount of hydroxy-

prolin e excreted by thi s u ject wh n particip t in g i i ffe -

ent activity sch edu l es du ing the colle c tio n per i ods from 

12 Noon to 8 P. M., 8 P.1. to 12 t idni ght and 8 A .. to 

12 Noon. 

For the period of 12 · idni ght to 8 A. o e ver t ere 

was an elevation in hy droxypro l in e ex cr et i on during he ti e 

when this subject had not exercised durinq the day with t he 

difference being signific ant (P < 0 . 02) . 

GROUP OF SUBJ ECTS WHO EXERCISED (£_ 6A, ~) vs . 

G R 0 U P ~v H 0 D I D OT EXERCISE (~ , 8A, 9A) 

A statistical co mparison \a ade betvee the group of 

subjects which exercised (2 A, 6A, 7A) and the grou p of sub jec s 
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w' ho did not exe rcis e ( 4A, 8A, 9A ) during the B d R st Period 

of the study. As shown in Ta bl e VII the mean quantity of 

hydroxyprolin e excret e d fro m 12 Noon to 8 P .. and from P. M. 

until Midnight was not si gni f ic ant l y different for the g ou 

exerci s ing th a n for th e grou p not exercising . The same was 

true for the period from 8 A. M. un t il Noon . See Figure 13 . 

When th e hydroxyprolin e valu es for the same times of th e 

day during Bed Rest wer e co mpa r ed between the two ex cise 

groups , it was found th at th e onl y statistica l di ffe e c 

occurr ed in th e pe rio d fro m 8 A. to 12 oon . Duri g this 

period the grou p whi c h ex e rci se d exc r eted an a prec i a l y 

greater amount of hydroxyp ro l in e i n the u in e ( < 0 . 001) 

t h n di the gr · hi h no ~ . Y0 SPc T 
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S U t~ M A R Y A N D C 0 J C L U S I 0 s 

The present inv es ti gation is on of s _ries of i mm obil-

ization studies to be conduct e d under the uspices of the 

National Ae ron autics and Space Admin i str t i on the Tex s 

Woman's Research Institu te on th e campus of Tcx s om n ' s 

University. Durin g the summer of 1969 th e ight he l t hy 

ad ult males pa r tic i pating in thi s Be R st stu y were hous 

and fed at the Ne ld a Child e rs St ark L bar toy fo Hum n 

Research in the m tabolic wa r of the Rese rch Instit t e . 

The study cov ered a span of 85 d ys which inclu e 

Pre-Bed Rest Period, a 56-d y Bed Rest Pe io 

1 6 - y 

1 3- a 

Pos t -Bed Rest Pe riod . Throughout the entire st dy the s b­

jects were radio g ra phed in orde to f ind any loss s which my 

have occurred in bone density an fo any m abolic chan es 

occurring i n physiolo i c functions. This report is conce ne 

with the metabolis m of hydroxyproline in the eight s bjects 

u n d e r s u r v e i 1 1 a n c e . A l 1 u r i n e s a m p l e s ·1 e r e a n a l y z e d f o 

1ydroxy pro l in. cont e nt using th e method of Prockop a 

Udenfriend (1). 

Total 24-hour urin ary hydroxy pro line val es incre sed 

in all subjects du ri ng the Bed Rest Period s co mpare ·ith 

the Pre- Be d Rest Per i od . The overall average excretion of 

hydroxyp roline during the Pre-Bed Re st Perio was 38 . 01 mi lli­

grams pe r 24 hours, vh i 1 e that per ? ho rs during the Bed Rest 

83 
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Period was 52.17 mi lli grams. This represented an in c rease 

having a tatistic a l s i gnific ance of ( P< 0.001 ). 

During th e Post - Be d R st Period , 11 subjects showed a 

significant decre ase ( P< 0.001) it urinary hydroxyproline as 

compared with th e Pre-Bed Rest Period. Th e overa ll av . rage 

of hydro xy prolin e excretion during h ost- rd R <; r iorl ·•as 

22.70 milligrams p r 24 ho urs . Si rni l a1 l y a st i stical 

differenc e of (P < 0.001) was d termin ed wh n th Post- ed Rest 

Period was compar ed with th e Bed Rest Per iod as o th e quant ity 

of hydroxy pro lin e excret e d in the u ine with a fa g cater 

amount be·ing reported durin g the ed \ st Period . I t appea s 

that immobilization mark ed l y incr eases th e xcretio n of hyd oxy-

proline in the urin e . Po s i bl y the . l e n f PS \hich is 

connected with a lon g per i od of i mmo ilization may have se ved 

to enhance hydroxyproline excr e tion . 

During the 56-da y Bed Res t portion of t i s study the en ­

vironmental condition s in the metabolic tard vJel~e carefully 

controlled as to light and t empe ratur e for the p rpose of 

studying whatever circadian rhyth ms ay have occurre 

various metabolites. A 14- hour day and 10-hour ni ht schedule 

and a temperature of 72° F. were rna i ta i ed in the me ta ol i c 

ward at all times. 

Urinary samples we re collect ed four ti mes dai ly during 

this phase of the study for an a 1 y t i c a 1 purposes . T 1 e uri a r y 
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hydroxyprolin e ex cretion of all subjects r ached a minimum 

l e vel duri ng t he ov erni ght period . In seven of the ight 

subjects, t he ma xi mum l e ve l o f urinary hydroxypro l ine was 

observed betwe e n 8 P.M . and 1 2 Midn i ght . One subject show d 

a peak excretion betw een 12 Noon and 8 P . M. In comparing 

the poo l ed da t a for a ll subj ects statistica ll y b th the l ow 

( 1 2 ~1 i d n i g h t t o 8 A . ~·1 . ) a n d t h e h i q h ( 8 . r . . t o l 2 r i d n i g h ) 

l evels of exc r et ion we re foun d to differ by hi9h l y signifi­

cant amoun ts ( P < 0 . 0 0 l ) whe n e l ate d to the o t h c r p e i o d s of 

the day. Appare ntl y, a marked circ adian perio icity does 

exist in th e exc r e t ion of hydr oxypro lin e in the urir 

Exerci se wa s in t r oduc e d as a varia le during the ed Rest 

Period wit h t hree su jects partic i patinq in roqramm d . xercise 

throughout t hi s phase of the study and three su jects not 

exercising. Two s ubj ects exerci se d 28 days each one the 

first half of th e Bed Rest and the other the latt 

the study . 

half f 

No signific a nt differenc e was found in the 24- ho total 

of urinary hydrox ypro li ne excr e ted by the two groups . It is 

of note, ho wev e r, th a t a hi ghly significant differenc e 

(P < 0.0 01 ) was repor te d i n the excretion of hydroxyproli e 

by these g r 0 ups bet \1/ e e n 8 A . . and 1 2 o on , w i t h t e ex e c i s e 

group exc reting the l a r ge r amount . 
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The subj ect who exerci sed at intervals during the fi st 

half of the stu dy. s ho wed a si gn ifi cant rise in the u inary 

excretion of hy droxyp roli ne durin g the second part of the 

Bed Rest Period (P < 0 . 001 ) . No s i gnificant difference was 

observ ed betw een th e exerci se periods for the oth r su ject 

althou gh the e xcret ion of hy droxyproline was l owe wl e 

exerc is e was part of t he schedu l e . 

Th e r esu lt s of this study pertaining t o the effect of 

exercise on uri nary hydrox y, ro li ne exc r et i on suggest an 

apparent individu a l va ri ation . Sin ce i t i s i poss i 1 to 

line these vari a nc es defi nite l y thus fa wi th in ensity of 

particip a tion in exercis e , i t i s f e l t that further i n esti -

gatio t hi s i s i c - ~d . 
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PROCEDURE FOR THE DETERMINATI ON OF 

The Micro-Kj e ld a hl method as described y Archi a ld ( 1 ) 

has been adopted for us e in the T. W. U. Research Instit te 

Laboratory for th e det e r mination of nitrogen in urine and 

feces. This method is based on th e principle that organic 

matter of a sam pl e to be analyz ·s oxid. by heat i r g it 

with sulfuric acid in th e presence of a catalyst . All co -

bined nitrogen in th e s am l e there y is conve1 ted to a monium 

sulfate nitrogen. An exc ess of a l kali the is added a d the 

ammonia which thus is li be r ated i s distilled into acid 

solution. The am monia i s d i sti ll ed into an accu ately 

measured small excess of standard H2so4 . The aid ot utra-

lized by the amm on· a the t is titra ed I stand d aOII . 

Reagents 

The reagents are th e follo wi ng : 

l. Powered potassium sul fate , K2so 4 ( ammonia free) . 

2. Concentrated sulfuric acid, c. p . H2S04 sp . gr . 1. 8 

3. Mercuric sulfate solution. Add 12 ml. of concentrated 

H2so 4 to distilled water and make up t o 100 ml. with 

distilled water. Dissolve 10 g . of r ed mer c uri c oxide 

in this solution. 

4. Zinc dust (not granulated zinc), ammon i a -fr ee. 

5. Sodium hydroxide, approximatel y 10 Dissolv e 400 g. of 

NaOH in distilled water and dilute to 1 liter. 
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6. Standard 71.4 millimolar ammoniu m chloride so lution. 

Used for checking the micro- Kjeldahl distillation procedure . 

Dissolve 0.3820 g. of NH 4Cl, analytical reagent grade, in 

distilled water and dilute to 100 ml. One ml. contains 

1 mg. of nitrogen. 

7. Acetate buffer, o.2 M, pH 5. Dissolve 27 . 22 g . of sod ium 

acetate in water and make up to 1 lit er . Add 427 ml. of 

0.2 N acetic acid (standardiz ed by titration agains t 

0.1 N NaOH with phenolphthal ein as an indicator) . 

8. Alizarin red solution, 0.1 % in distilled water . 

9. 0.01428 N (N/70) H2so 4 . Prepare by dilutin 1 . 28 ml. of 

1 N acid to 1000 ml. with distilled water . 

10. 0.01428 N (N/70) NaOH solution. Store in a pl stic con­

tainer of a paraffin-lin ed bottle. Protect a inst co 2 
by a soda lime tube. St andardize the solution dai ly by 

titration against 10 ml. portions of the 0 . 01 28 

with the same pH and volu me at the en point as is 

described below for titration of distilled ammo nia . 

11. Boi 1 i ng chips, Nortons A 1 undum chi ps 0 . 1 black . 

P OCED URE: 

Into a Pyrex glass tube 22- 25 mm. x 200 m. m., me asure 

0.5 g. of K2so 4 and the sample of the unknoNn 1hich contains 

0.2 - 2.0 mg. of nit rogen (e.g., 0 .1 ml. of urine or . 2 - . 3 gm . 

feces which has been homogenized previously with an a propr iate 

amount of distilled wa ter in a Waring Bl end or. Then add 0 . 5 ml. 



97 

of the mercuric sulf ate so l ution, 1. 0 ml . of concentrated sul­

furic acid, and 3 boili ng chi ps . Boil mixture gently unti l 

the water is boiled of f . Th e n adjust the heat so that he 

concentrated di ge s t bo il s wi th very s l ight mo ion . Tis di­

gestion continu e s for 30 minut es after the mixture has b come 

entirely clear. About 2 minutes after comple ion o t e 

digestion, but befor e the co ntents so li dify was dow he 

sides of the tub e with 3 ml. of disti ll ed wa er . Grease th e 

lip of the digestion tu be li ght l y wit h si li cone grease to 

avoid loss during th e q uantitativ e transfer to th e distil l atio 

apparatus. Steam out t he s till for 30 minutes before each 

series of distillations. 

Tr ansf e r th e c nt t s f 1 e p 

distillation flask with f ou r portions of distilled wate 

approximately 2 ml. each. Ad d 0 . 2 g . of zinc dust to the third 

wash i n g i n the fun n e 1 of t he d i s t ·i 1 1 at i on a p par at us . Ad m i t 

the mixture to the flask an d f o ll ow with the fourth vashing . 

Deliver 4 ml. of 10 N NaOH into t he distil l ation flash and 

distill into 10.00 ml. of 0.01 428 H2so4 , with t he tip of t he 

condenser below the surface of t he aci d . Distil l enoug liq uid 

to insure quantitative transfer of th e am monia to t e standar d 

acid. The volume of liquid wh ic h mu st be so transf er red by 

distillation will vary fro m one ap pa r a t us to anot her , and should 

be predetermined for each distill a tion apparatu s by t rial run s 

with the standard 71.0 milli mol a r ammonium c hloride s o l ut i on . 
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(Use 1 ml. of standard and run it like urine samp les . Th is 

should recover 1.0 mg. of nitro gen .) Then continue the 

distillation for 1 minute after the receiving flask has been 

lowered so that the tip of the cond e nser tube is above the 

surface of the standard acid. To the distillate dd 0 . 8 ml. of 

1% alizarin red indicator soluti on and titrate with 0 . 01428 N 

NaOH from a 10 ml. buret until the color matches that of acet te 

buffer solution in a control flask. The volu me of l i uid at 

the end of the titration should be near l y equa l to th t in the 

control flask. To prepare th e control, me sure into a 125 ml. 

Erlenmeyer flask 7 ml. of 0.2 N acetate buffer 63 ml . of 

distilled water, and 0.8 ml. of 0 .1 % alizarin r ed so l ion . 

A new control should be made up every 3 days or more often if 

mold growth becomes visi ble th erein . Blank ana ly ses re run 

through the entire procedure. 

CALCULATIONS: 

Milligrams nitro gen in sa mp l e analyzed equa ls (ml . of 

0.01428 N NaOH required to back-titrat e the blank minus ml . 

required to tit ~a te distillate of unknown) multip li ed by 0 . 2. 



PRESENT AT I ON 0 F F I N D I G S W I T H 

D I S C U S S I 0 N N I T R 0 G E N 

l n :c 1 u d.e d i n t h i s d i s s e .r t a t i o n i s a r e p o r t o n t h e 

analytical results compiled on uri nary nitrog e n per tain i ng tb 

t h e T9 -6:9 i n 'V e s t i g a t i on a s w e l 1 a s n i t r o g e n b a l a n c e d a t a o n 

each of the eight 1969 be d r est subjects . The combinatio n 

of hydroxyproline and nitro ge n were chos e n because of the 

relationship between the se t wo metabo li t s . 

The daily urinary ni t ro ge n excretion data are recorded 

in Table IX in the Appe ndix. The urinary nitro ge n exc r t i on 

during four daily period s t hroughout Bed Rest are ep orted in 

Table X. Table XI cont a ins the statistical co mpa isons of 

urinary nitrogen exc re tion bet wee n pairs of the differe nt 

periods. The statistical co mpa risons on circadi an r hyt hm 

patterns are shown in Tabl e XII and Fi ures 14 and 15 . The 

statistical data pe rt a inin g to exerc i se are recorded in Tables 

XIII, XIV, XV, and XVI, a nd i n Figure~ - Table XV II contains 

the data on coeffici ent of correlation values bet~een urin ry 

hy droxyprol i ne and ur in a r y nitrogen excretion, ~h ile the 

nitrogen balance data a r e r eported in Table XVIII . 
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COMPARISON 
I 

BED REST, PRE-B ED REST, AND POST-BED REST PERIODS - - -- --- -- - - - - --- __ __.:.___.:._ 

The statistical da ta pertaini ng to urin ary nitro ge n 

excretions during the di ff e rent periods of the study a r e 

recorded in Table XI in t he Appendix . 

SUBJECT 2A 

100 

As shown in Part A of Table XI , th e amou t of uri ary 

nitrogen excreted in th e uri ne by Subj ect 2A durin g the Bed 

Rest Period surpassed th a t ex cr eted durin g both th e r e - ed 

Rest and Post-B e d Rest Pe rio ds by a diff e r ence which was fou d 

to be high 1 y significant in both cases ( P < 0 . 0 01 ) . sta t is -

tical co mpar i so o f th t o b u l 0 y s · e t l 

the urinary nitrogen excret ion re port ed durin g the Pre - Bed 

Rest Period was distinctly hi gher than th e amou nt not ed durin g 

the Post-Bed Rest Peri o d ( P < 0 . 0 o·l ) . 

SUBJECT 6A 

When the amount of urinary nitrogen excreted by t is su ject 

during the Bed Rest Period was co mp a red with t he a ount excret ed 

during the Pre-Bed Rest Period, no si gnif ic ant diffe rence was 

noted. There was, however, a hi gh l y s ign i f i cant difference 

in the urinary nitrogen excretions re por te d for the periods of 

Bed Rest and Post-Bed Rest with the hi ghe r l eve l bein observ ed 

during the former period (P < 0.0 01). Th e ur i na ry nitrogen 
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level of the Pre-B ed Rest Period was determined to be sig­

nificantly higher (P < 0. 05) than that of the Post-Bed Rest 

Periou. See Table XI, Part A. 

SUBJECT 7A 

When making a statis tical comparison of the urina y it o e 

excretion by Subject 7A durin g Bed Rest with both the Pre-Bed 

Rest and Post-Bed Res t Perio ds, a highly s i nificant increase 

was noted during th e Bed Rest Period (P < 0 . 001 ) . o si nif -

icant difference was found in com pa rin g the Pre-Be est 

Period with the Post-B e d Rest Period . See Ta le I X Pa t A. 

SUBJECTS ~' ~' ~ 

(Subjects L~h o Exerci sed Throu gl ou t e Res 

As shown in Table X, Part B, when the data for all subjects 

who exercised during Be d Rest were pooled to gether for statis­

tical comparison, the amount of nitro gen excreted in the urine 

during the Bed Rest greatly surpassed the quantities re por te d 

both for the Pre-Bed Rest and Post - Bed Res t Periods by a differ ­

ence which was highly significant (P < 0 . 001 ) . The urinary 

excretion of nitrogen by this group o f subjects during the 

Pre-Bed Rest Period ~ as found to be significantl y higher 

(P < 0.01) than during the Post-Bed Rest Period . 
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SUBJECT 4A 

The excretion of urin a ry ni trogen by Subject 4A during th e 

Bed Rest Period was con siderably greater than during the Post­

Bed Rest Period (P< 0.001). On the oth er hand, no sta is ic al 

difference was found between the amounts of nitrog e exc e t ed 

during the Bed Rest and Pre- Be d Rest Periods y hi s su · ect . 

It also was observed th at th e quanti t y of itrogen e creted 

in the urine during the Pr e - Be d Rest Period greatly surpassed 

the amount excreted during th e Po st - Bed R s t Period (P < 0 . 001) . 

See Table XI, Part C. 

SUBJECT 8A -----

During Bed Rest h r i 0 p 

8 A i n c r e a s e d s i g n i f i c a n t 1· y o v e r t h e a m o u n t r e P o r t e d f o r e 

Pre-Bed Rest Period (P < 0.05). A hi hly signi ic a t dif er -

ence was found bet ween the Bed R~st and Pos t- Bed est eriods 

with the higher excretion of nitr oge n in t e ur · ne oc c ur i q 

during the Bed Rest Period (P < 0 . 001 ). It a lso wa s fond t a 

there was a hiqhly significant differenc e etween t e urinary 

nitrogen excreted durinq the Pre-Bed Rest t han the ost- ed 

Rest Periods (P < 0.001). See Table XI , Pa rt C. 

SUBJECT 9A 

Table XI, Part C, shows that, when the a ount of urinary 

nitrogen excreted by this subject durinq the Bed est Period 
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was com pared with th e amounts excreted durino both the Pre­

Bed Rest and Post- Bed Rest Per iod s, the excretion duri q th 

Bed Rest Period gr ea t ly sur passed that of he oth er wo pe iods 

i n b o t h c a s e s ( P < 0 . 0 0 1 ) . W h e n t h e P r e - B e d R e s t P e r i o d v1 a s 

com pared wit h th e Po s t-Bed Rest Period , it was fou d th a 

a m o u n t o f u r· i n a r y n i t r o q e n e x c r e t e d d u r i q t e P r e - B e d R e s 

Period was distinctl y higher ( P < 0 . 01 ) . 

SUBJECTS ~' BA, ~ 

(Subjects Who Did Not Exercise urin th e Bed es 

An analysis of th e po ol ed data for th e three su ·ec s who 

did not exercise sho wed that durinq th Bed R s t Per iod he 

amount of nit r oqe n excret ed in urin e qr . a l y s r 

the amounts excret e d dur i ng both th e P e - d Res and Pos - ed 

Rest Periods with th e di ffe r enc e ei ng ig siqnificant 

both cases (P < 0. 001). I t a l so was fo und t at t he qua ti y o 

nitrogen excreted in the urin e by thi s rou of su jec s ~as 

appreciably greater durin g t he Pre - Bed Res t Pe rio d t an durinq 

the Post-Bed Re st Period ( P< O. 01 ) . See Tabl e XI, Part D. 

SUBJECT 3A 

(Subject Exercising First Half of t he Bed Res t) 

As shown in Table XI, Part E, the urinary nit ro e ex c re io 

by this subject durin g Bed Rest qrea tl y sur passed t e excret:ons 

both of the Pre-Bed Rest and Post - Bed est Periods wit t he 
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difference being hi qh l y signific ant in both cases ( P < 0 . 00 1 ) . 

When the Pre-Bed Rest an d Post-B ed Rest Periods were compared 

statistically, no significant di ffe r e nc e was determined . 

SUBJECT lA 

(Subject Exercising Last Ha l f of the Study) 

Accordin g to Table XI, Part E, thi s subject excreted a 

significantly higher amount of ni trogen in the ur in duri g 

the Bed Rest Period than durin the Pr e - Bed Rest P riod 

(P < 0.05). When the Be d Rest Period and t Post- ed Res 

Period were com par e d statis t i cally, it was found th at th 

level of urinary nitrog en durin q the Bed R st Period r a l y 

exceeded the amount r eported for th e P st-B ed st c riod 

(P < 0.001 ). In com pa rin g the l eve l s re oor t d for the e - ed 

Rest and Post-Bed Rest Per io ds, a high l y siqnificant dif e r e ce 

again was noted with a far greater amount of uri ary nitro en 

being excreted durin g the period of Pr e - e d est < 0 . 01 ) . 

ALL SUBJECTS 

When statistical co mp arisons ere mad e of th e ooled dat a 

for all eight subjects, it was found t hat the hig est lev e l of 

urinary nitrogen excretion occ urred durin t e Bed e st Perio d 

of the study. When this period \Jas co m ared oth with t e 

Pre-Bed Rest and Post-Bed Rest Periods, a highly si nifi ca nt 

difference was evid~nt (P < 0. 001 ). It further was observed 

that, during the Pre-Bed Rest Period the quan tity of nitroqen 
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excreted in the urin e g r eatly surpasses the amount excreted 

durinq the Post-Bed Res t Peri od ( P < 0. 001) . 

DU RI NG BED REST PERIOD 

In order to stu dy t he diu rna l va:i atio n of nitrogen the 

urine excreted at diff e r e nt tim es oi the day during the 2 -hour 

period was collected into four aliquot s which ended resp c iv ely 

at 8 A.M., 12 Noon, 8 P. M. , and 12 i dni9ht as has 

The statistical data conc erning th e excret i on patte rn s are 

given in Table XII and in Fi ures 14 and 15 . 

SUBJECT 2/1. 

Table XII, Part A1 sh ows that th e quantit f nitro n 

oted . 

ex c r e t e. d by t b t s s u b j e c t b e t we e n 1 2 o o n a n d 8 P . . w a s 1 o e r 

t fi an t~at bet ween 8 P ~M . and 12 _idni ght . The diff erence was 

fi f gfily significant (P < 0 00 1 ) , 

A statistical co mp arison of t he period fro m 12 oon to 

8 P,M, with the period fro m 12 .i dnioht to 8 .. s ho ed that 

this subject had an increas e in t he l eve l of urinary nit rogen 

during the period from 12 Noon to 8 P .. , with the difference 

being highly significant (P < 0 , 00 1 ). 

In comparing the period fro m 12 oon to 8 P .. wit that 

of 8 A.M. to 12 Noon, a slight incr ea s e in the e xc retion of 

urinary nitrogen was noted durin g t he perio d fro 12 oon t o 
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8 P.M., althou~h the dif fe r ence between these per iods was not 

significant. 

When the period from 8 P .. to 12 idnight was compared 

with the period from 12 Midni qht to 8 . , the high e r excr tion 

was found to occur between 8 P .. and 12 idni ght with th e 

difference ' highly signi fi cant ( < 0 . 00 1). It a l so \as 

found that the urinary nitro ge n excretion e tw e n 8 P .. and 

12 Midnight greatly suroassed th at of th e oeriod from 8 A .. 

to 12 Noon. Statistically, th e differ nee was hi hly signi -

icant (P < 0.001). In comparin o the neriod from 12 t 

to 8 A.M. with the 8 A.M. to 12 Noon Period, i was n ted t a 

the excretion of nitro gen was distin ct l y hioher (P < 0 . 00 1) 

during the pe riod fro 8 to 12 .oon . 
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SUB J ECT 6A 

Table XII, Pa r t B, sho ws in an analys i s of the data pe rtain ­

i ng to Subj ect 6A, that th e amount of urinary nitrogen xcreted 

be t we en the Period 8 P. M. to 12 idni qht greatly surpass d 

the amount excret e d fro m 12 Noon to 8 P .. ( P < 0 . 00 1) . 

In comoarin g t he excr e tion of urinary nitroqen from 12 oon 

to 8 P. M. with th a t fr om 12 idnight to 8 i t \'Ia s f o u n 

tha t the differenc e wa s not statistically siqnificant . hen 

comp aring this sam e pe rio d, 12 Noon to 8 P. with t e 

8 A. M. to 12 Noon Peri od, i t was found that durin th e 1a ter 

a s i gnificantly hi g he r amount of urinary nitro9 e n was xcr t d 

by this sub j ect (P < 0. 05 ) . 

A s t a t i s t i c a 1 c o m p a r i. s o n o f t h e a m o u n t o f u r i n a r y n i r o e n 

excreted between 8 P. M. an d 12 Midnight with that ex cr eted 

be t ween 12 Midnight and 8 A .. sho wed that an appre ci a ly 

greater quantity (P < 0 .0 01) was re p rted for the pe riod 8 P .. 

t o 12 Midniqht. Similarly , in co mparin9 th e eriod 8 P .. to 

12 Midnight with the period 8 A .. t o 12 . oon , a hi he r 

ex cretion level was noted be t ween 8 P .. and 12 idni ht . T e 

difference was found to be hi gh l y s iqnificant (P < 0 . 001) . 

The amount of urinary nitro gen e xc reted Y this sub.'ec t 

from 12 Midnight to 8 A. M. sur pass e d t he amount ex c reted 

between 8 A.M. and 12 Noon by a hi gh l y si gnifi cant differen ce 

(P < 0.001 ). 
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SUBJECT ?A 

Table XII, Part C, cont a in s the daily oeriodica 1 data for 

Subject ?A. When the amount of nitroq en excreted du rin th e 

period from 8 P.M. to 12 Midni qht was com ared with th e amoun t 

excreted from 12 Noon to 8 P .. , a hi qher amount was re po rt d 

for the period 8 P.1. to 12 .1id i qht , which as fo d be 

highly significant ( P < 0.001 ). 

The mean hourly va lu e of urinary nitroge n exc r ete d ro m 

12 Noon to 8 P. M. was hiqher than th e va l ue r e orted for he 

12 Midnight to 8 A. M. period . Stati stica ll y the differ nee 

was highly significant (P < 0 . 00 1 ) . 

I n c o m p a r i n g t I 1 c p :'1 \~ i d f o n 1 2 · o 8 , . i i . 

period from 8 A. M. to 12 Noon it was found that th e s1i t 

increase in urinary nitrogen excretion wh ich was o se rv ed 

during the period from 8 A.M. to 12 oon wa s statistically 

significant (P < 0.02). 

A highly significant difference was found etwee t e 

amount of urinary nitrogen excreted by this subject fro m 

8 P.M. to 12 Midnight with 12 . idnight to 8 A .. \ ith the 

greater excretion reported during the period from 8 P .. to 

12 Midnight (P < 0. 001). 

When a statistical comparison was made between the 

excretion levels of urinary nitrogen fro m 8 P .. to 12 idnight 
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and from 8 A. M. to 12 Noo n, no siqnificant difference was 

determined. 

Th e urinary nitr oqe n excreted by this subiect durino the 

period from 8 A. ~ . to 12 No on sur passe d the amount excrete 

between 12 Midni gh t a nd 8 A .. by a differenc which proved 

to be hi ghly s i g n i f ican t ( P < 0 . 00 1 ) . 

SUBJ ECTS 2A , 6A , ?A 
- -

(Sub j ects Who Exe rci s e d Throu qhout the Bed R s t) 

When the data for t he thr ee su jects who e x rcis d 

throughout the s t udy wer e poo l ed to ether for comparativ e 

purposes , a hi gh l y s tat i stic a l difference was found e twe n 

the gre a ter q ua n i t y o f u inary nit ·og n 1 1ch appe r d du i q 

the period fro m 8 P. M. to 12 i dni ght as com ared wit hat 

of the 12 Noon to 8 P .. Period . See Tab l e XII Pa r t 0 . 

Similarly, it was found t hat excr e ti on betveen 12 oon and 

8 P. M. was hi gher than t he ex c retion between 12 idnig t and 

8 A.M. Again, the di f f e r e nc e was found to e hi hl y s i nif i -

cant (P < 0.001). 

In comparin g the amount of nitro gen ex c reted during t e 

12 Noon to 8 P. M. Period wi t h t hat of t he 8 P .. to 12 oon 

Period, it was found that t he l e ve l re oorted for t he latt e r 

period surpassed the for mer by a d i fference hi c h was s om e-

what superior (P < 0.02). 
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In comparin q th e a moun t of urinary nitrog e n excreted y 

this subject durin g t he 12 Mi dniqht to 8 A .. Period 1ith the 

amount excreted fro m 8 P. 1. t o 1 2 ~ idni ght a high l y si ni i­

cant differenc e was f o und, wit h the 8 P .. to 12 idniqht 

urinary collection r e f l ectin g t he hiqh est l eve l of nit r oge n . 

The difference was hi g hl y siqni ficant (P < 0 . 001 ) . 

A higher ur i na r y nitroqcn l e ' e l also\ us found occu l .. 

during the pe riod fro m 8 P .. t o 12 idnig t as com pa red with 

the 8 A.M. to 12 Noon Pe ri od . The d i fference was found to 

highly significant (P < 0 . 00 1 ) . Sim il a rl y a hi her excretion 

of urinary nitrogen e a s f ound dur i ng t he 8 A .. to 12 oon 

Period as com pared wit h t he 12 i dni ght to 8 A .. Pe ri od . 

The differenc e was h ~gh l y si ni f i ca nt ( P < . 00 1 ) . 

SUBJECT 4A 

As shown in Table XII, Pa r t E, wh e n pa ir s of the coll ect ion 

periods were co mpare d a s to t he q·uantit ies of ur i na ry nitro en 

excreted by Subject 4A, it was fou nd t ha t a s i n i fica ntl y 

higher amount was excreted durin t he pe riod fro m 8 P .. to 

12 Midnight as com pared wit h t he period fro m 12 oon to 

8 P.M. (P< 0.001). In co mp ar in g t he period 12 oon to 8 P .. 

with the period from 12 Midni gh t to 8 A .. , t he hi gh est level 

appeared during the period fro m 12 , oo n to 8 P .. St at i st i ca l l , 

the difference was highl y si gni f icant (P < 0 . 001 ). o s ta ti s -

tical difference was noted in co mp ari ng the ur i nary ni troge n 

levels bet ween 12 Noon and 8 P. r . and 8 A .. an d 12 oon. 
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The amount of nitro ge n excreted in the urine y Subject 

4A between 8 P.~~ . and 12 t.i dni ght qreat l y surpassed the 

ex cretions report ed for th e periods from 12 ,idnight to 8 

and 8 A.M. to 12 Noon. Both co mparisons r e vea l ed a highly 

sig nificant differenc e between th e rates of urina r nitroqen 

ex cretion fo ~ the per iod s undergoin q com arison ( P < . 00 1 

in both cases). 

The differenc e observ ed in th e l e ve l s of urinary ni o e n 

ex cretion from 12 Midnig ht to 8 A .. a nd from 8 o 12 loon 

w a s d e t e r m i n e d t o b e b a r e 1 y s i g n i f i c a n t ( P < 0 . l vi i t h t h e 

higher level being observ ed in th e period from 8 . · . to 

12 Noon. 

SUBJECT 8A 

Table XII, Part F, cont ains th e statistic a l data erta inin q 

to Subject 8A which is relat ed to cird adian r hy hmicity . The 

slight increase noted in urinary nitro qen excr et ion du i t he 

period 8 P.M. to 12 Midni ght as co mpa red with the pe rio d fro m 

12 Noon to 8 P.M. was determined to be slightly si gnificant 

(P < 0.10). In comparin g the period from 12 oon to 8 

with that from 12 Midnight to 8 A .. , the excretion of urinary 

nitrogen during the former period exceeded the ex cre tion 

between 12 Noon and 8 P. M. by a difference v~ ich was i _hly 

significant (P < 0.001). No significant difference was found 

when a comparison was made between the 12 oon to 8 P .. 

Period and the 8 A.M. to 12 Noon Period. 
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The amount of urinary nitro gen exc r e ted between 8 P. 

and 12 Midniqht sur pa s sed th e amount excreted e tw ee n 12 i d­

night and 8 A.M. Th e dif ferenc e was hiqhly sig nificant 

(P < 0.001 ). Th e inc rea se i n urin ary nitrog f ound du i n th e 

period 8 P.M. to 12 Mi dni qht also was s t a ti stica ll y s i g ificant 

at the one per c en t l e ve l of con fidence wh en compared ith 

the excretion bet wee n 8 A .. and 12 oon ( P < 0 . 01 ) . 

When the period of 12 idni ght to 8 A. was com pa ed with 

the 8 A.M. to 12 Noon Period, it was found t a t th e hi e r 

excretion of urinary nitro gen wh ic h was ap are nt in t he e ri od 

from 8 A.M. to 12 Noon showed a dif fe r e nc e hich was s a i s ­

tically significant (P < 0.001) . 

SUBJECT 9A 

The amount of urinary nitro gen excreted Su jec t 

d u r i n g t h e p e r i o d f r o m 8 P . . t o · 1 2 i d n i g h t vJ a s h i g e r a s 

compared with the 12 Noon to 8 P .. Period, ith a differe ce 

which was higher at the t wo per cent l eve l ( P < 0 . 02) . 

In comparing the periods 12 oon to 8 P. · . and 12 idnight 

to 8 A.M., the higher excretion of urinary nitrogen \· h · c \as 

recorded during the 12 Noon to the 8 P .. Period was fo un d to 

be highly significant (P < 0.001 ). Althou gh tea ount of 

nitrogen excreted in the urine by this sub· e ct bet ~e en 12 oon 

and 8 P.M. slightly exceeded the amount between 8 and 12 

Noon, the difference was not found to be statisticall y 

significant. 
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A higher excretion of nit rogen was detected dur in g t he 

8 P.M. to 12 Midniqht Pe ri od as com rared oth wit h the 12 

Midnight to 8 A. M. and t he 8 A. M. to 12 oon Periods . In bot h 

cases, the differenc e was hi gh ly siqnificant ( P < 0 . 00 1) . 

In comparing th e amount of urin ary nitro gen excret ed 

S u b j e c t 9 !\ d u r i n g t h p e r i o d 8 !\ . . I • t c 1 ? I . o o n \'~' i t I h ,., 1 , • o n t 

excreted during th e 12 Midn i ght to A .. Pe ri d a hi . h r 

level of excretion a ppea r ed be twe e n 8 A • . and 12 oon . T e 

difference was det e rmin e d t o be hi h1y significant ( P < 0 . 00 1) . 

SUBJECTS 4A, 8A, 9A 

(Subjects Who Did Not Exe rci se Ourinq Bed est) 

Th e s t t i t i c 1 i . f ;1 . " c 

data of the three subj e ct s who did not exe rci se throu hou 

the study is recorded in Ta bl e XI I, Part H. 

A higher excretion of urinary n i trogen by this rou , of 

subjects was found durin g t he pe r iod fro m 8 P .. to 12 id ­

night as compared with the pe rio ds 12 oon t o 8 P .. , 

12 Midnight to 8 A.M., and 8 A .. to 12 oo n . In the statis ­

tical comparisons for all these perio ds, t he difference ~a s 

found to be hiqh1y significant (P < 0 . 001 ) . 

A highly significant differenc e als o wa s determi ne d 1h en 

comparing the mean hourly value of urinary nit r o en e xc re tio n 

between 12 Noon and 8 P. M. with . the val ue for th e 12 i dn i gh t 
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t o 8 A . r~ . P e r i o d ( P < 0 . 0 0 1 ) . T h e h i q h e r v a 1 u e \I/ a s o s e r v e d 

between 12 No on and 8 P. M. Further it was observ d tha 

durinq the 8 A.M . to 12 Noon Period the excretion of u i a rv 

nitrogen suroassed that of t he 12 idniqht to 8 A .. pe iod 

by a diff e r e nce wh ich was hi ghl y s i gnificant (P < 0 . 00 1 ) . 

SU JECT 3A 

(Subject Who Exercis e d Firs t 28 Days of the Study) 

This sub je ct excr eted th e 1a r aes t a moun of uri r 

nitro9en ov e r the period fro m 8 p. to 1 2 i dni9ht . Th 

quantity excreted durin g thi s pe rio d mark d1y sur a sed he 

amounts excreted durin g the pe riod s f rom 1 2 i d n i h to 8 

a n d f r o m 1 2 N o o n t o 8 P . M . T h e d i f f e r e n c \v s h i . h 1 y s i n i f -

icant in both cas es ( P < 0 . 001 ). When th i s same eriod 

8 P.M. to 12 Midni ght, was co mpar ed wit h t e oeriod f r om 8 

to 12 Noon, no si gni ficant differ e nc was not ed i t he amount 

of urinary nitro ge n excret ed by this s ub ·ect du ri n t hese t wo 

collection periods. 

It also was observed that th e amount of nitr o_e n ex cre t e 

in the urine by Subject 3A be t ween 8 A .. and 12 con r eat1 y 

surpassed the amounts excret ed from 12 oon to 8 P .. and 

12 Midnight to 8 A. M. (P < 0.001 ). A highly si gnifica t 

difference (P < 0.001) also was found in co moarin t he 12 con 

to 8 P.M. Period with the 12 idni9ht to 8 A .. Per iod with 

the higher mean hourly value of urinary nitro gen excretion 
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being reported for the 12 Noon to 8 P .. Period . 

SUBJECT lA 

(Subject Who Exercised Second Half of the Study ) 

The analytical data for Su bject lA are shown in T b1e XII, 

Part J. This subject excr eted the great es t mou nt of urinary 

nitrogen during the period fro m 8 P .. to 12 idni ht . Wh e n 

the level of nitrogen excreted in th e urin e over the p riod 

8 P~M. to 12 Midnight was co mpared with the mou nts r eoo rt d 

for the periods 12 Noon to 8 P. r . and 12 idni . ht to 8 .. , 

the differences were found to be hi gh l y si nificant (P < 0 . 0 1). 

The higher excretion of urin ary nitro qen wh ich w s pp r ent 

during the period fr6 m 12 Noon to 8 P .. as com a e ~ith the 

Period from 12 Midnight to 8 A .. was etermine to su p ss 

t h e 1 a. t t e r by a h i g h 1 y s i g n i f i c a n t d i f f e r e n c e ( P < . 0 0 1 ) . 

In comparing the sam e period, 12 oon to 8 P .. , with the 

period from 8 A. ~·1 . to 12 loon, ho we ver, t he diffe r e nc e did 

not prove to be significant. 

The hiqher amount of urinary nitrog en excreted by t is 

subject during the period 8 P .. to 12 idni ht as co p r ed 

with the period 8 A .. to 12 Joon wa s st atistica ll y si nif ­

icant (P < 0.02). A higher excretion of urinar nitro en b 

this subject also was obs er ve d to occur durin the per "od from 

8 A.M. to 12 Noon as co mpa red with the 12 idn i t to 8 A .. 

Period. The difference wn s highly siqnific ant (P < . 00 1 ). 
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ALL SUBJECTS 

An analysis of the pool ed data for all ei ght s ubjects 

showed that, among the four daily coll ection pe riods t he 

highest level of urinary nitr ogen e xcr e tion occurre during 

the period from 8 P.M. to 12 Midnight. Th e hi ghe r le ve l of 

nitrogen excreted in the uri ne during thi s pe ri od wa s di s tinct ly 

significant, when compar ed with the l e ve l s ob se rv ed in the 

periods 12 Noon to 8 P. M., 12 Midni ht to 8 A .. 

to 12 Noon (P< 0.001). 

n 8 A . 1. 

During the perio~ fro m 12 Noo n to 8 P. . t he am o nt of 

nitrogen excreted in th e uri ne by all s b ' ect s r e t1 s r p s sed 

the amount recorded for the period fro m 12 i dn i ht t 8 

by a difference which wa s high l y si gnific a nt (P < . 0 01 ). 

In comparin g the urin a r y nitro gen excr e tion be t wee n 12 oon 

and 8 P. M. with that fro m 8 A .. to 12 oon it was not e th t 

the excretion bet ween 8 A. M. and 12 oon was so mewha t hi h r 

(P < 0.05). 

When the hi gher amo un t of urinar nitro gen ~h ic h was 

excreted between 8 A. M. an d 12 oon 1as co mpa r ed wi th th a t 

excreted between 12 r idni ght and 8 A .. , th e f or me r s ur pas sed 

t he latter period by a di f f eren ce whi c h as fond to be 

hi ghly significant (P < 0. 00 1 ). 

For all sub j ect s co mbin ed , the lo west urinary nitro gen 

values were record e d durin g t he period fro m 12 idni t to 
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8 A.M. while the reak lev e l of excretion was atta ined betwee n 

8 P.M. and 12 rv1idnight. 

COMPARISON OF URI NARY NITROGEN EXCRETION 

DURING BED REST ~ INFLUE ICED BY EXERCIS E 

The statistical infor mat ion r e l ated to the effec ts of 

exercise on the urinary excretion of nitrog en is r ec ord d 

in Tables XIII, XIV, XV, and XVI (A rpe ndix), and in Fi ure 16 . 

SUBJECT 3A 

(Subject Who Exercised During the First 28 Days of h Stu y) 

According to Table XIII, th~s sub ·ect excr te sli h ly 

more nitrogen in the urin e wh il e he was rticip tin in 

exercise. The differenc e how e ve r 1as not fo nd to be 

statistically significant. The statistical co m arison betwee 

exercise and no exercis e f or Subj ect lA fo llo wed this sam 

pattern. 

The statistical co mpa risons of the urinary nitro en 

excretion at different pe rio ds of the day by Sub ·ec 3 are 

found in Tabl e XIV, Part A. For the perio s 12 oon to 8 P .. , 

8 P .. to 12 1idnight, and 8 A .. to 12 oon no si nif·ca nt 

changes were noted to occur as a result of exercisin or not 

exercising. A sli gh t increase (P < 0 . 1 ) wa s reflecte in t he 

urinary nitroqen level from 12 . idni ht to 8 A .. ·1hen t his 

subject engaged in exercise. 
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SUBJECT lA 

(Subject Who Exercised Durin g t he Second Ha l f of the Study ) 

During the second half of t he Bed Rest Pe riod whe n th i s 

subject participated in th e exerci se program , the r e a s a 

slight elevation in urinary nitro qe n excret i on . Tab l e XI II, 

however, shows that this incr eas e was not found to be s i nif i ­

cantly higher than the amount of n i tr og e n excreted by thi s 

subject during the period when no exe r c i se was t ke n . 

According to Table XIV, Part B, no siq ni ficant diff r e ne 

was detected in the amount of nitr o. en excreted y this s u­

ject during the coll ection period s 12 oo n to 8 P .. an 

8 P. M. to 12 Midni gh t which could be rel ed to partic i o tio n 

in exercise. For th e period 12 i dni ht to 8 th e re 1 s 

a slightly significant decr e ase ( P < 0 . 10) in th e mo nt of 

urinary nitrogen excr eted by this sub · ect durin the time 

when this subject did not exercise . For the pe rio 8 

to 12 Noon, ho wever , an elevation in urinary nitro en 

ex cretion was observ ed to occur whe n this subjec P tici ed 

in exercise during t he day wit t he diff r enee being sli t l 

significant (P < 0. 10 ). 



GROUP~ SUBJECTS WHO EXERCIS ED DAILY (~, ~ ' ~) 

VS. GROUP WHO DID NOT .EXERCISE (4A, 8A, 9A) 

l 21 

As shown in Table XV, when a statistical compar i s on was 

made between the group of subj ects which exercised (2A, 6A , 7A) 

and the group of subjects which did not exercise (4A, 8A, 9A) 

during the Bed Rest Period of the study, it was obser ved that 

the group of subjects who exercis ed exc r eted a hi her qua ntity 

of nitrogen in the urine than did the group of subjects who 

did not exercise. The differenc e was determ ined to be sta-

tistically significant (P < 0.02). Th e me n l e ve l s of 24-hour 

urinary nitrogen excretion by the two roups du rin Bed Res t 

are depicted graphically in Figure 16. 

When the urinary nitro gen l e ve ls for the same times of th 

day were comp ared betw ee n the t wo exercise rou ps no sta istic 

changes were found to exist in the pe rio ds from 12 oo n t o 

8 P.M. and 8 P.M. to 12 Midnight . A statistical i ffe rence of 

(P < 0.05) was recorded for the period of 12 idni gh t to 

8 A.M. with a greater quantity of nitro en being excreted in 

t he u r i n e by t h e .g r o u p o f s u b j e c t s w h o e x e r c i s e d . 

There was a highly significant differ en ce (P < 0 . 00 1) be­

tween the amounts of urinary nitr ogen r eported for the t o 

groups bet v.1een 8 A. 1. and 12 oon with the l eve l for the 

exercise grou~ again exceeding the level for he g oup no t 

exercising. See Table XVI. 
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CORRELATION BETWEEN URI NAR Y HYDROXYPROLI E A D 

URINARY NITROGEN EXCR ETIONS A~D NITROGEN 

BALANCE DATA DURING THE BED REST PERIOD 

OF THE STUDY 

1 2 2 

It was of interest to this aut hor to determi ne whet he r 

or not there was any corr e l ation between the mo unts of rinary 

hydroxyproline and urinary nitro ge n excreted by the subjec ts 

participating in this study. Urin ary nitro en was us d for 

the comparisons, as it generally i s fe lt to be va l i i n e x, 

since the urine contains th e ma jo r portion of the tot 1 ni t ro 

excretion. 

According to Cho w et al (2) fecal nitro en is insi nific nt 

as compared to total intak e of nitrogen . ont orne y (3) st t 

that in a former study con du ct ed at the T .. U. Rese rch 

Institute it was determin ed t hat 96 . 6% of the tot nit o e n 

excreted by human subjects was fo und i n the urine with the 

fe ces containing onl y 3.4 % of the tota l nitro e n . 

Further, it has been r ep or t ed that the stress of immobi l-

zation causes an increa se i n ur i nary n'tro en with cor r e s -

Pending decrease in fecal nitro ge n. Scrimsh ~ ( ) (5) h s 

conducted studies on universit y men undergo i ng examination s in 

which he has observ ed the ph eno menon of increased ri a y 

nitrogen excretion with a de cr e as e in nitrogen ba l ance . In 

summarizing for mer studies con du c ted at the T . ~ . U . Rese r ch 

n 
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Institute, Chung (6), Ma y e r (7) , and Montgomery (3), have 

observed that, when indivi du a l s are immobilized there is a n 

increase in the nitrogen co nt ent of the urine nd 

in nitrogen excreted in th e f eces . 

decrease 

The correlation coeff i c i e nts between hyd r oxyp roline an d 

nitrogen are given in Tabl e XVII in the Appe ndix nd the 

nitrogen balance data ar e pres e nted in T bl e XVI II . 

SUBJECT 1 A 

Table XVII indicates that during the Bed Rest Perio of 

the study there wa s no si gni fica nt correlation betwee n the 

amounts of hydroxy prolin e and nitro gen which were excr te d 

i nt o th e urin e y Subject This subject 1 s ma · n in e in 

positive nitrogen ba l a nc e (+ 2 . 2) for the overal l 56 - d y 

period. See Tabl e XVIII, Part A. 

SUBJECT 2A 

As shown in Tabl e XVII, a si nificant relationship be t1een 

t he urinary excretions of hydroxy pr oli ne and nitrogen by th ' s 

s ubject . The 11 r 11 v a 1 u e J as 0 . 3 9 2 2 n . th e 1 eve 1 of s i g n i f i -

cance was (P <0.01). Po sitive nitr oge n bal nee(+ 2. 9) 11a s 

r eported for Subj ec t 2A f or the Bed Re st Period of t he stu dy . 

See Table XVIII, Part B. 
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SUBJECT 3A 

When the statistical co mparison was made betwee n t he 

amounts of hydroxyprolin e a nd nitrogen excreted in the uri ne 

by Subject 3A, no si gnific a nt correlation was eterm in ed . 

See Table XVII. Table XVIII , Part C, shows th t th i s s ubj c t 

had a mean positive nitro gen b lance(+ 1. 1 ) for the Bed R s t 

Period of the study. 

SUBJECT 4A 

A significant relation sh i p was foun between the urin ry 

hydroxyproline excret ion and the urinary nitrogen excretio n of 

Subject 4A durin g Be d Rest . Tab l e XVII shows th t cor la -

tion coefficient of 0. 4024 f rir these two f ctors ha a hi h 

level of significanc e (P < 0 . 01) . Table X III P rt 0 sho vs 

that this subject ha d a mean n i trogen balance of 2 . 2 . 

SUBJECT 6A 

Table XVII indic a t e s that t here was a positive correlatio n 

between the excretion of hydroxypro l ine and nitrogen in the 

urine by Sub j ect 6A. The co rre l ation factor ( 0 . 099) was 

highly significant ( P < 0 . 01 ) . Table XVI I PartE repo ts 

that this subject wa s mai ntaine d in positive nit ogen ba l nee 

(+ 1.3) throughout the 56- da y Bed Rest Pe i od . 
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SUBJECT 7A 

A comparison of the uri nary hydroxyproline and nitroge n 

excretions by Subject 7A r e vealed that there w s a pos it iv e 

carrel at ion between th e s e two metabolites. The "r'' va 1 ue of 

0.3518 was determined ·to have a l evel of significa nce of 

(P< 0.02), as shown in Tab l e XVII. The nitro e n ba l nee 

data for this subject whi ch is r eported in Tab l e XVIII , P rt F, 

gives + 2.3 as the mean positive bal nee for Subject 7A dur in g 

Bed Rest. 

SUBJECT 8A -----

According to Tabl e XVII, a pos i tive correlation ex i ste d 

be t wee n t he amoun ts of ur·nary y roxyproline an rin ry 

nitrogen report e d f or t his su bject during the 56 - d y Be Res t . 

The correlation factor o f 0 . 4778 w s determined to be hi h ly 

significant (P < 0.001). For t he same period of the st dy , 

this subject ha d a mea n overall nitro en balance of 

sho wn in Tabl e XV III, Part G. 

SUBJECT 9A 

2 . s 

During the Be d Rest Period, as sho wn in Table XI II , there 

was a positiv e cor re l ation between t he amount of hydroxyp roline 

and nitrogen e xcret ed in the urin e by Subje ct 9 . The 

correlation f a ctor wa s 0 . 44 13 an d the lev e l of si gnif icance 

was (P < 0.01). Tab l e XVIII, Part H, co nta ins the nitrogen 
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balance data for this su bject which indicates th t a me n 

positive balance of + 3.0 was maintained thr oughout Bed Res t . 

ALL SUBJECTS 

When the data for all eight subjects were poo l ed for 

comparison, a correlation co efficient of 0 . 4266 w s fou be ­

tween the urinary excreti on of hydroxypro li ne an th ur i nary 

excretion of nitrogen. This was found to be h"gh ly s i nific nt 

(P < 0.001) as shown in Tab l e XVII. It is of note th t 11 

eight subjects were mai ntain ed in overall posit iv e ni troge n 

balance during th e 56- day pe riod of Bed Rest . ontgomery (3) 

and Sampley (8) hav e r eported th at , in previa s stu i es co n­

ducted at the T. W.U. Res earch In stitute al l s bjects v r 

maintained in positiv e nitro ge n ba l ance durin Bed R st P rio 

Undoubtedly this can be att ribu ted p rtially to the hi h 

protein diet which is fed th ese subjects d ring immobilizat i on . 



SUMMARY A N D ~C_O~N~C~L~U~S~I~O~~S -

N I T R 0 G E N 

The second portion of thi s dissertation is concer ne d wit h 

the nitrogen metabolism of th e eight young men partic i p t ing 

in this study. All urinary and f ecal samples were an ly ze d 

for total nitrogen using th e me thod described by Arch ib ld (1). 

Total 24-hour urinary nitr ogen va l ues for 11 e i gh t s ub­

jects were highest durin g the Bed Rest Period of the stu y . 

In comparing the mean daily ex cret i on for th i s pe riod both 

with the means for the Pre- Bed Rest and Post-Be Rest Periods, 

a highly significant differenc e was found (P < 0 . 00 1). Th 

mean daily excretion of nitro gen for all subjects urin the 

Pre-Bed Rest Period wa s observed to surpass that of the Po t -

Bed Rest Period with a hi gher significant difference (P < 0 . 00 1). 

Apparently the stress of i mm obilization i nduces n increase in 

the excretion of uri na ry nitro ge n. 

During the Bed Rest Period of the study an investigat ion 

was conducted into th e exist en ce of a eire dian pa ttern in th e 

excretion of urinary nitro gen . Sa mp l es were colle cted four 

times d a i 1 y f 0 r an a 1 y t i c a 1 purp os es . In a l l e · g h t s b j e c t s 

the maximum level of ur inary nitrogen excretion occurred uring 

the period from 8 P. M. to 12 , idn i ght , whi le the mini mum l eve l 

1 2 7 
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of nitrogen in the urine was reported between 12 Mid ni ght 

and 8 A.M. In comparing th e pooled data statistica lly for 

all subjects, both the low (1 2 Midnight to 8 A .. ) and the 

high (8 P.M. to 12 Midnight) l evels of excretion were determ ined 

to be significantly higher than the amounts excreted during 

the other periods of the day (P< 0 . 001 ) . It appe rs e vi de nt 

that the excretion of nitrog en in the urine fo llows a 

circadian pattern. 

The effect of exercise on the excretion of nitrogen v s 

followed by dividing th e subjects into roups of those whic h 

exercised and those who did not exercise during the pe rio of 

Bed Rest. Two subjects each exercised only one-half of the 

B d Rest Pe riod. A slightly sign "fic n incr e s ~ s no 

in the amount of nitro gen excreted in the urine by the roup 

of subjects which exercised as com pared to the roup of s bjects 

which did not exercise (P < 0 . 02) . o significance was 

determined between the amount s of nitro en excreted in the urine 

by the two subjects who partici pa ted in exercise durin 28 

days of the study, althou gh both of these subjects exc e e d 

slightly more urin ry nitro gen while en a ed in the exercise 

program. The results of this study indicate th t more nitroge n 

is excreted in the urine when indivi uals accelerate t he i 

activity. 

The urinary hy droxy prolin e and urinary nit ro en excret ions 

of the individual s ubje cts during the per iod of bed rest ~e re 
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compared in order to deter mine whether or not any cor r ela tion 

existed between the two fac tors. In two of the su bjects 

no significant relationsh ip was found between the amounts of 

these metabolites excret ed in the urine. In six of the sub j ects, 

however, a positive correlati on coefficient was estab l ish d 

between the excretion of hydro xyproline and nitro en in the 

urine. A comparison of the pooled data for al l eigh t subjec ts 

proved to be highly signi ficant (P < 0 . 001) . The r es ults of 

this study suggest that a defin it e positive carrel tion ex ists 

between the urinary ex cretion of hydroxyproline nd the urina ry 

excretion of nitrogen. 

All eight subj e cts were observed to remain in over 11 

itiv e nitr og n , l anc hr u ~ hou 56-d Y Res Pe rio 

of the study. It should be mentioned that througho t th i 

~eriod of the investigation, these subjects ~ere given hi h 

protein diet which averaged at least 100 ra ms pro t e in d i l y . 
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PART A. ---

T A B L E I 

URI NARY HYDROXY PROLINE EXCRETION 

(MILLIG RAMS 24 HOURS) 

SU BJECT l A 

Pre - Bed Re st B r.: d Rest 

Day Mg l24 hr Day r~ g 1 2 4 hr Day t~ q I 2 4 hr 
l 27. 80 1 27 . 82 29 60 . 92 
2 24.90 2 69. 83 0--~-3 5 . 

-
3 22 . 42 3 59.23 31 63 . 42 
~ 33 . :J~ 4 54.3 ~ 32 ;)'tJ.:)l 

5 94 . 47 5 6 6 . 1 9 33 50 . 1 8 --
6 55.0 8 6 90. 7 3 34 59 . 38 
7 20 . 02 7 63 . 36 35 50 . 42 
8 4 2 . 51 8 41 . 9 5 36 42 . 76 
9 32 . 94 9 55.05 37 36 . 6~ 

~Q__ 76 . 34 1 0 42 . 28 38 76.70 
1 1 51 . 2 6 1 1 41 . 38 39 46 . l 8 
1 2 3-7~-o-2 ··-- ---- ----- - - -·- - - -

1 2 60 . 65 40 4S . BS 
1 3 34 . 49 1 3 63. 03 41 45 . 39 
1 4 83.97 1 4 43 . 97 42 53 . 32 
1 5 59 . 73 1 5 65 . 22 43 59 . 84 
1 6 - - --- 1 6 75 . 37 44 53 . 7 3 

1 7 57. 1 2 45 3 9 . 71 
~1e a n 47. 76 1 8 45 . 64 46 54 . 45 

1 9 52. 54 47 36 . 42 
20 50 . 76 48 80 . 1 9 
21 56 . 56 49 52 . 00 
22 50.03 50 42 . 55 
23 50 . 1 7 51 49 . 71 
24 6 7 . l 0 52 45 . 75 
25 42 . 82 53 59.59 
26 46 . 54 54 43 . 03 
27 45 . 60 55 60 . 13 
28 51 . 3 8 56 39 . 63 

I J~ea n 53 . 03 I 

1 32 

s c r es t 

D y · g/24 hr 
1 1 5 . 6 7 

t-2 1 L: ;g-
3 14 . ;) 1 
4 2 2 . l 6 
5 14 . 59 
6 -----
7 14 . 84 
8 10 . 06 

f- 9 21 . 4 6 
1 0 21 . 4 6 
1 1 20 . 09 
12 G. Ol 
1 3 -----

ea 1 . 89 



PART B 

TA B L E L ( Continu e d) 

URI NARY HYDRO XYPROLIN E EXCRC TI OJ 

( MILLI GRA MS 24 HOURS ) 

SU BJECT 2A 

Pre- Bed Rest Bed Rest 

Da y Mg l2 4 hr Day t~ g I 2 4 hr Da y ~g l 2 4 hr 
1 1 8 . 2 0 1 35.87 29 33 . 79 
2 22.2 7 2 45 . 03 30 51 . 40 
3 J L~ . 8 2 3 80 . 83 31 42 . 35 
4 14 . 50 4 6 2 . 57 32 J O. l -8 
5 2 I . 51 5 45 . 08 33 35 . 78 
6 56 . 1 1 6 56. 21 34 50 . 92 
7 30 . 40 7 30.45 35 38 . 53 
8 1 5 . 2 5 8 38. 84 36 24 . 1 5 
9 22 . 32 9 47 . 80 37 51 . 3 9 

1 0 29 . 95 1 0 33.04 38 31 . 3 6 
3 I . o I 39 29 . 66 

1 33 

Po t · es t 

D a y I~ q I 2 4 h r 
1 7 . 81 
2 10. 09 
3 19 . 20 
4 22 . 26 
5 7. 55 
6 10 . 21 
7 9 . 18 
8 1 9 . 1 8 
9 23 . 39 

1 0 26 . 11 
I I 14 . 80 1 1 ll 51 . 07 

r-y2- --72 : I I T2---~T. tJ D - -- 4 U - -- -- 2 T.-b :J - - I 2 0~~;--

1 3 24 . 38 1 3 45 . 30 4 1 28 . 45 1 3 i 3 . 8o 
1 4 23 . 39 14 31 . 3 2 42 55 . 02 
1 5 39 4S 1 5 41 11 43 ~ 1 40 tea 1 4 . 52 
1 6 1? !:i? 1 6 1fi ?7 44 ~n ll7 

1 7 27 . 25 45 44 . 52 
~1e an 26.31 1e 3 6 . l 5 4b 33 . ll 

TY 35 . e6 4/ 44 . 35 
LU 37 . 66 4~ 40 . 50 
Ll 43 . 63 4~ 41 . 50 
YZ 31 . 9 9 ~u 4 1 . 1 1 
Z3 35. 45 ~-r 41 . 7 9 
Z4 38 . 87 :>Z 36 . 78 
zj 38 . 48 ::,--.:5 3 9 . 71 
zo 30 . 52 ~if 56 . 21 
Zl 52 . 00 ~~ 44 . 58 
7~ 47 . 03 jb 1 3. 1 9 

Mean 40 . 70 



PART C 

TAB L E I , (Co ntinued) 

URI NARY HYDROXY PROLINE EXCRETIO ~ 

(MI LLI GRAMS 24 HOURS) 

SUBJECT 3A 

Pre-B ed Rest Bed Res t 

Day Mgl24 hr Day_ t~ q I 2 4 hr Day 1q I 24 hr 
I 21 . 54 1 39 . 62 29 68 . 70 
~ 24 . 81 2 58 . 57 JU 55 . 39 
3 26.28 3 56. 43 31 66 . 73 
4 33.26 4 64 . 92 32 51 . 94 
5 30 . 14 5 59 . 28 T3 53 . 94 
6 55.90 6 67 . 33 34 55 86 
7 38. 1 0 7 51 . 83 35 7 7 . 1 3 
8 35.99 8 63 . 75 36 53 . 25 

"---
9 9 7. 1 6 9 48. l 6 37 66 . 94 

1 0 27.57 1 0 50 . 05 38 54 . 73 
~ 11 l 6. 61 1 1 43 . 34 3~ 9, . 7 G 

12 61 . 9 7 1 2 51 . 04 40 80 . 72 
~ I J 69.42 13 76 . 99 41 60 . 20 

14 40.82 14 61 . 9 4 42 67 . 28 
I~ 36.29 I ~ 50.73 43 89 . 73 

"--- I b 40.14 16 60. 98 44 -81 . 6 2 

17 42 . 49 4~ ~~ . bU 

Mean 41 . 00 l 8 31 . 2 0 46 /3 . 1-4 

I~ 39.63 4/ b4 . 4~ 

- 7U 28.2 8 48 I~ . ~13 

21 4 l . l 0 49 44 . 3/ 

Z2 60 . 27 50 1 0~ . 03 

23 54 . 98 5 l 88 . ~~ 

t4 3 9 . 1 5 52 57 . 39 
, 2--s- 36.3 9 53 19 . 71 

- 69 .23 26 4 2. 1 0 54 
I-- 89 . 06 27 88 . l 6 55 
- 56 45 . ~8 28 39 . 67 
I--

ean 60 . 93 

1 34 

Post - e est 

0 a y f·1 g I 2 4 h r 
1 26 . 50 
2 21 . 98 
3 1 9 . 9 5 
4 26 . 86 
5 4/ . 3~ 

6 30 . 82 
7 32 . 01 
8 36 . 70 
9 52 . 95 

1 0 43 . 36 
1 1 28 . 32 
1 2 ~~ . 96 

l 3 ~~ . b/ 

ean 3 . 27 



T A B L E ~ (Continu ed ) 

URI NARY HYD ROXYPROLI NE EXCRETION 

(MILLI GRAMS 24 HOURS) 

SU BJECT 4A 

Pre-Bed Rest Bed Rest 

Dav Mq /24 hr Da y Mq/24 hr I D a y ~1 q I 2 4 h r 
1 19.8 7 1 21 0 2 3 29 47.54 
~ 

{. ~!J.Uj {. ?b . L j jU 36 . I 3 

3 29.5 8 3 34 . 47 31 35 . 79 
4 22.31 4 31 . 1 0 32 31 . 4 6 
!:) 20.6 8 !:) 22 . 53 33 50 . 62 
b 24.32 b 25 . 00 34 38 . 43 
7 23. 53 I 49 . 31 35 45.34 

~ 
8 28.8 5 ~ 42 . 01 36 50 . 37 
y 20.3 6 ~ 42 . 90 37 50 . 00 

l 0 22. 90 I U ~ 2 . 8 1 3P ·v"'. 71 
I I 12. 82 I I 53 . 47 39 73 . 83 
1 2 34. 41 1 2 47 . 97 40 43 . 62 
1 3 47.53 1 3 54 . 74 41 67 . 40 
1 4 29.67 1 4 24 . 50 42 59 . 76 

- 15 26.74 l!J 51 . 3 6 43 69 . 41 
l 6 15.9 9 lb 32 . 37 44 57 . 69 

l 7 41 . 21 45 57 . 69 
Mean 25.29 1 8 48 . 01 46 54 . 64 

IY 42 . 80 47 53 . 54 
'-

20 40 . 30 48 45 65 
21 33 17 49 63 24 
22 51 . 2 8 50 4 5 . 1 3 
23 4 ., 41 51 4 4 11 

24 32 03 S? 2R 7? 

25 67 21 53 40 . 71 
26 47 45 54 37 . 32 
27 nO 4n ss 37 70 
28 47.48 56 26 . 67 

l I ean 44 . 36 

1 3 5 

Po s -Bed R st 

Day Mq / 24 hr 
1 21 . 59 
~ l t> . ot::: 

3 1 3 . b~ 

4 35 . b3 
5 l ~ . b~ 

6 1~ . 44 

7 z J . y~ 
8 I I . Y ~ 

9 33 . Y9 
l 0 ~4 . b4 

l l l b . JY 

1 2 23 . 66 
1 3 9 . 45 

·ea n 19 . 37 

I 



T A B L E ~ (C ontinued) 

URI NARY HYDRO XYPROLIN E EXCRETIO 

(MILLIG RAMS 24 HOURS) 

PART ~ SUBJECT 6A 

Pre-Bed Rest Bed Rest 

D a y r~ q 1 2 4 h r Day Mql24 hr Da y l'lq I 2 4 h r 
1 42.37 1 83 . 27 29 88 . 29 
2 ~o. Ou c_ 85.50 30 87 . 35 
3 zc_. 1 j 3 80 86 31 62 . 76 
4 23.61 4 69 79 32 50 . 85 
5 78. ~ i 5 99 94 33 66 . 97 
6 l--zs-:-5"2 6 42 17 34 80 . 1 7 
7 I I l . 21 7 33 ?2 35 42 . 23 
8 70 72 8 67 37 3n 46 . 48 
9 7 3. 1 0 9 87 46_ 37 - 98 . 38 

l () 136 . 00 l 0 6 ., 22 lA b2 . 8b 

Jl 41 7 4 1 1 AA i l lq 59 . 00 
J2 36 36 1 2 I) l 0 3 40 72 . 20 
1 3 37.02 1 3 65.8.0 41 59 . 57 
14 3 2. 1 5 1 4 7 7 . 1 2 42 58 . 52 

1 5 45.90 1 5 49.70 43 61 . 7 8 
1 6 33.91 1 6 61 . 7 0 44 59 . T3 

1 7 70 . 96 45 72 . 61 
Mean 59.16 1 8 64 . 72 46 65 . 93 

1 9 31 . 9 6 47 102 . 69 
c_o '11 ?n tlR 41 . 08 
21 47 41 4q 86 . 42 
22 ')7 P-7 sn 64 . 03 
23 nn '1'1 '11 68 . 61 
24 3 7 1 7 52 51 . 4 2 
25 44 ()3 53 72 . 05 
26 ')() /7 '14 59 . 1 1 
27 '17 90 55 56 . 25 
28 f;ll 4() 56 35 . 38 

ean 63 . 62 

1 36 

- - -
Pos -8 Rest 

Day t1 g I 2 4 h r 
1 7 . 81 
2 23 . 04 
3 ~s 14 
4 42 81 
5 33 93 
6 7? Af\ 
7 40 R3 
R ? 1 4 3 

~ -- ~6 . 28 --
LJ 23 75 
1 ? ?0 07 
1 3 36 . R6 

ean 32 . 0 



T A B L E I ' ( Co nti nued) 

URINARY HY DROXY PRO LI E EXCRETION 

( MILL IGRA MS 24 HOURS ) 

SU BJECT 7A 

Pre -Bed Rest Bed Rest 

Day ~1g /24 hr Day Mg/24 hr I Day t~q/24 hr 

1 l 2 7 . 81 2g 53 62 
2 19.00 2 62 . 50 30 6 2 . 18 
3 26.2 9 3 52 . 69 31 46 . 50 
~4 20.04 4 40 OR 32 39 . 35 
5 22.23 5 44 05 11 7 4 . 1 3 

6 3 7. 2 5 f) 61 6 9 34 45 . 03 
7 17. 86 7 43 52 35 7 3 . 1 9 
R 22.70 R 4n 40 1£1 54 . 68 
q 30 . 33 __ __ 9 ___ 5_()". 1_()_ __ - ] 7 6? . 43 -. 

lJ) 39.70 1 0 59.92 38 45 . 48 

J 1 44.69 1 1 57 . 1 9 1 Q 41 . 00 

1 / 32.38 1 ? 46 . 48 LJ.n 57 20 
J1 36.49 1 1 64 . 58 Ll. 1 45 . 49 

_]A 24.96 1 4 30 /4 4? 79 94 
_]f) 22.76 1 'l 59 . 66 4 1 32 23 

1 6 30.30 1 6 39 . 90 44 36 . 55 
l 7 'l R -!:) 1 4'1 36 22 

Mean 28.45 1 R 53 37 4f) 33 26 
1 q 3q 55 L17 44 6? 

20 40 3g 48 46 . 88 

~ ?1 s 6 . o-4 llQ 57 16 

22 54 . 70 50 56 . 37 
._ /-3 '1 1 4) 1:)1 11 4 'l 

?4 44 52 C)/ 53 27 -
25 49 . 98 53 52 . 71 

~ 51 . l 4 26 50 . 63 54 
27 60 .-6 4 55 -40 . 42 

._ 
28 54.86 56 48 . 13 

.. 1-- ~an . 50 . 07 
L..-. 

1 3 7 

ost-[3ed Res 

D a y r~ CJ I 2 4 h r 
1 18 . 07 
2 24 . 93 
3 49 . 54 
4 33 . 94 
5 24 . 98 
6 34 . 20 
7 14 . 24 
8 , .2 . 6 0 
9 23 . 26 - - -

1 0 17 . 49 
l 1 16 . 55 
1 ? 14 . 67 
1 3 18 . 31 

ea 22 . 3 

I 



T A B L E ~ (Continu ed) 

URINARY HYD ROXYPROLI NE EXCRETIO 

( MILLI GRA S 24 HOURS) 

SUB JECT 8A 

Pre - Bed Rest Bed Rest 
-

Day t~g l2 4 hr Day Mql24 h r I Day r,1 q 12 4 hr 
-

1 22.46 
1"\JI rn 1 59 . 87 29 66 . 68 

t. C't.~O L 57.71 30 56 . 93 .... ~ ~, 

3 {_7.Ul 3 4 8 . 1 9 31 39 . 80 
I--

4 L 3. I 3 4 40.43 32 52 . 69 

'-
5 bL .L ~ 5 66.27 33 58 . 27 
6 ~u- 6 59 . 42 34 70 . 43 
7 40. 1 3 7 64 . 96 35 58 . 66 

-~ __ }0.9 ~ 8 2 6 . 1 5 36 22 . 62 
9 29 . 45 9 46 . /9 3·-7 - !J i-.-b b 

1 0 26. -56 1 0 44 . 00 38 69 . 74 
I-- 1 l 69.84 l 1 42 . 93 39 3 9 . 51 

"-12 86.-Z5 1 2 41 . 6 3 40 60 . 18 
"-- 13 39.zt4 1 3 8 9 . 1 7 41 49 . 68 
I- 14 31 . 6 2 1 4 48 . 43 42 47 . 81 

1 5 24.31 1 5 80 . 01 43 27 . 87 
~ 16 20. 44 1 6 37 . 54 44 35 . 21 

1 7 52 . 53 45 '!.7. 6 3 
Mean 37.94 1 8 98 . 57 46 54 . 77 

1 9 46. 58 47 48 . 78 
.__ 48 50 . 57 
1--

20 67.04 
21 48 . 00 49 32 . 72 
22 4 6 . 1 5 50 33 . 66 

~ 

23 52.44 51 31 . 7 6 
.... 

24 57 . 29 52 37. 82 
~ -4-4 . 1 2 
.... 25 57 . 81 53 

26 40 . 47 54 32 . 52 
.... 

27 57 . 70 55 23 . 40 
.._ 

28 42 . 1 4 56 32 . 59 
::::::::: 

I r ea n 49.72 
.____ 

138 

Post-S d est 

0 a y t~ q I 2 4 h r 
1 28 . 83 
2 17 . 50 
3 1 6 . 2 7 
4 2 3 . 21 
5 2 5 . 71 
6 22 . 38 
7 67 . 44 

__ 8 __ 13 . 36 
9 29 . 75 

1 0 24 . 1 5 
1 1 15 . 88 
1 2 18 . 29 
1 3 10 . 86 

ean 22 . 99 

I 



T A B L E _L_ ( Continued) 

lJ R I N A R Y H Y D R 0 X Y P R 0 L I ~~ E E X C R E T I 0 N 

( r~ I L L I G RAM S 2 4 H 0 U lli 

SU BJECT 9A 

Pre-Bed Rest Bed Rest 

Day Mo l2 4 hr Day r-1 q 12 4 h r Day t~ q I 2 4 hr 

1 24. 38 1 18 . 32 29 101. 32 
2 I 9. L I L ~I • l 7 30 f j .m 

3 Jt>. t>::) 3 46 . 88 31 ::> t> . 7~ 

4 I~. UJ 4 52 . 71 32 J4 . 4L 

5 14 . 42 5 55.8j 33 48 .-8-9 

6 L0. 82 6 36 . 51 34 50 . 74 

1--- 7.- 54. 49 7 3 5 . 91 3.5 __ 5.4 ,_9_5 
tr8":-?"o--· - ----·- --·- ·-4 i'-: /9 8 8 36 4~ . 0b 

9 71.0-9 9 6 5 . 1 7 37 64 . 40 
1 0 74.0 0 1 0 39 . 75 ~R 50 . 95 
11 3 9. 6-4 1 1 54 . 92 39 4 9 . 1 4 
1 2 32. 83 1 2 54. 53 40 67 . 89 
1 3 24.03 1 3 53 . 47 41 46 . 47 

1 4 47.26 1 4 49 . 96 42 60 . 78 
1 5 61 . 8 7 l 5 -46 . 37 43 63 . 60 
1 6 b9.36 1 6 49 . 10 44 75 . 36 

l 7 oo . 13 45 43 . 44 
Mea n 38.80 l 8 39 . 92 46 100 . 14 

l 9 54 . 40 47 66 . 22 
20 43 . 45 48 47 . 45 
21 45 . 96 49 78 . 39 
22 64 . 51 so 54 ._53 
23 45 . 64 51 55 . 91 
24 36 . 91 52 48 . 33 
2 5 35. 54 53 45 . 66 

26 49.36 54 46 . 50 

27 78. 84 55 4 6 . 1 5 

28 44.67 56 36 . 05 

I r ea n 54 . 87 

1 39 

Post- d Res 

D a .Y ~1 q I 2 4 h r 
1 26 . 49 
L j4 . ':1f 
j -- --
4 ~ 9 . -ff7 
5 8 . 05 
6 L5 . 97 
7 L6 . rg 
~ 9 .S7 
9 28 . 63 

1 0 29 . 99 
1 1 8 . 60 
1 2 10 . 89 
1 3 22 . 67 

ean 20 . 73 



PART A. SU BJECT 1 A 

8 P. r·~ .-
12 Noon- 12 Mid-
8 P. M. night 

Day Mglhr Mg l hr 

1 1 . 06 l . 06 
2 4.36 3.90 
j 3.75 2.09 
q. 2.46 2. l 9 
:J 3. 8 9 3. 71 
b 7.3 6 3.32 
I 4. l 4 l . 9 2 
~ 1 . 3 5 2.26 
'j 2. 1 5 4. 1 6 

1 0 I . 40 I. 9 6 

1 1 I. ~ 3 ~- ~4 

l 2 2 88 2. 0 l 
1 3 2.36 4. 21 
_1 4· I • ~ b j . JU 
] 5 I. I t$ l. (e 
l b 2 . "J4 6_. bb 
1 7 2 . 54 3 . 07 
I 'd ~ - ~!:> I . 'd I 
II:J ~ . b'd ~~ . ~ :> 
20 I. 3 9 L . I ~ 
21 2.37 4. 35 
22 2. 89 2. 40 
~j 2. 41 1 . 86 
L4 . I. j j j . :>~ 

~!:> 1 9 5 2 28 
26 1 . 9 9 3. l 3 
Ll 2.1 3 3. 89 
28 1 . 55 5 . 65 

1· A 8 L E I I 

URINARY HYDROXYPROLINE EXCRETION DURING 

FOUR DAILY PERIODS THROUGHOUT THE BED REST -- --- ----- -- -- --
(MILLIGRAMS PER HOUR) 

12 Mid- 8 P.M.-
night- 8 A. r~ . - 12 Noon- 12 Mid-
8 A. M. 12 Noon 8 P. rv1 . night 

Mg l hr t~ g I h r Da y Mg l hr ~1 g I h r 

1 . 06 1 . 6 2 29 2.55 4.54 
0.8 8 3. 08 30 2 . 59 4 . 04 
1 . 9 0 1 . 44 j l 2 . 85 2. 1 8 
1.3 6 3.7 7 j~ 1 . 3 2 4 . 86 
1 . 8 9 1 . 2 7 jj 2 . 37 3 . 58 
1. 65 1. 35 jq. 2 . 65 2 .88 
l . 76 2 . l 2 j:> 2 . 75 3 .-30 
1. 69 2 . l 5 jb 1 . 2 7 4 . 24 
1 . 7 5 1 . 82 31 2 . 1 0 2 . 49 
l . 9Ll 1 • 9 2 0 ~ 1 . 6 3 9 . l 2 
I . q. I I . j ~ 0'j ~ . I 3 I . :) ~ 

1 . 7 5 3 . 89 't u 2 . 56 l . 0 8 
2 . 26 2 . 31 '+I 2 . 34 2 . 60 , '"' 
I . j I ~ - ~:> "1' '- I . 'd I 4 . I b 
I . 3~ 3 . 91 '+j 2 . 04 2 . 20 -
~ :-u-z- 3 . I U q.q. I . 3 I !:> . !:>4 
1 . 7 9 2 . 55 45 1 . 38 4 . 00 
I . 59 I . t$b 4b 1 • e7 4. I U 
I . I 'd I . I H 41 ~ . 00 I . b t> 
3 . I 3 I . 2+8 48 l . !)~ 2 . 6/ 
1. 63 1 . 80 49 2. 98 3 . 90 
1 . 4 5 1 . 4 3 50 1 . 57 2 . 81 
1 . 1 1 3 . 63 !:>I 2 . 04 1 . 0 7 
I . ~ j !:>.bj !:>L I . 14 t. . !:>U 

] ,J_2_ 1 35 !:>3 3 97 1 92 
1 . 44 1 . 6 4 54 1 . 70 2 . 72 
1 . 05 l . l 5 !:>!:> 1 . 33 4 . 76 
1 . 3 6 1 . 3 6 !:>b 2 . 41 1 . 27 

t·1 e an 2 . 30 3 . 33 
-

12 ~1id-
night - 8 A.~~. - ,.:~, ~ 

\ 

8 A. t~. 12 Noon I 

Mglhr Mglhr 
I 

-

2. 04 1.52 
1 . 8 5 1 . 85 
0 . 75 6 . 48 
1. 56 2 . 01 
l . 4 l l . 4 I 
2 . 22 2.22 
1 . 2 7 1 . 2 7 
1 . 51 0 . 90 
0.9 1 0 . 91 
2 . 26 2.26 
I . bU I . jt$ 

0 . 65 3 . 97 
0 . 69 2.7 0 
U . ~I j . b I 
I . I "J "J . 19 
I . I b I . j t$ 

0.69 2.03 
u . ~t 3 . ~!:> 
0 . I !;) I . I j 
I . bL 'd . I 6 
0 . 6 6 1 . 83 
1 . 0 3 2. 62 I 
0 . 72 5 . 39 
~ . Ub ~ . :>:> 

1 68 1 68 
1 . 52 l . 61 
1 . 01 5.59 
l . 2 7 1 . 2 7 

1 . 46 2.48 



PAR T B. SUBJE CT 2A 

8 P . ~1. -
12 Noon - 1 2 r~1 i d -
8 p . ~~ . night 

Day t1 g I h r t·1 g I h r 

1 0 . 67 2.2 2 
2 3 . 38 1 . 72 
3 6 . 05 2 . 75 
4 4 . 26 2. 66 
5 3 . l 2 l . 7 7 
6 2 . 7 5 5 . 02 
7 0 . 82 l . 9 1 
8 1 . 09 3 . 95 
~ 3. 00 3 . l 0 

l 0 1 . l 0 2 . l 0 
1 l 3 . 26 2 . 87 
1 2 1 . 7 5 2 . 78 

1 3 1 . 29 3 . 47 
l 4 2 . 74 1 . 1 0 
1 5 1 . 38 4 . 03 
1 6 1 . 44 1 . 36 
1 7 0 . 75 1 . 70 
1 8 1 . 77 1 . 6 5 
1 9 1 . 3 7 2 . 20 

20 l . 9 4 l . 2 8 
~ ~ 2 . 1 2 2 . 09 
22 1 . 64 0 . 91 
23 1 . 45 2 . 1 9 
24 1 . 9 5 2 . 1 2 
25 1 . 53 3 . 08 
(b 0 . 40 4 . 78 
27 2 . 88 2 . 64 
28 1 . 9 4 3 . 38 

\ 

T A B L E I I 

URINARY HYDRO XYPROLI NE EXCRETI ON DUR I NG 

FOU R DAILY PERIODS THRO UGHOUT THE BED REST -----

( MILLIGRA MS PER HOUR ) 

1 2 t~ i d- 8 P . ~~ --
night - 8 A . ~~ . - 12 Noon - 12 Mid -
8 A. ~1 . 12 No on 8 p . t1 . night 

Mg l hr Mg lh r Day ~1g I h r Mglhr 

2 . 22 0 . 97 29 2 . 40 1 . 34 
0 . 76 1 . 26 30 3 . 37 2 . 55 
0 . 90 3 . 57 31 2 . 11 2 . 1 3 
0 . 77 2 . 94 32 1 . 08 1 . 8 7 
0 . 92 1 . 4 2 33 1 . 7 7 2 . l 6 
1 . 1 2 l . 31 34 

0-

2 . 72 3.29 
0 . 77 2 . 54 35 1 . 30 l . 69 

0.89 i . 8 2 36 0 . 82 l . 5 l 
l . 00 0 . 86 37 3 . 1 4 2 . 77 
0 . 98 2 . 02 38 l . 9 0 l . 97 
1 . l 2 l . 1 3 39 1 . 80 l .79 
0 . 89 1 . 26 40 l . l 8 1 . 6 8 
1 . 3 7 2 . 55 41 l . 4 4 1 . 3 2 
1 . 0 9 I . .. 5 . 31 4 2 1. 76 3.93 
1 . 1 7 1 . 7 0 4 3 2 . 44 4 . 5 8 
1 . 7 4 . 1 . 36 44 4 . 33 2 . 50 
1.5 0 0 . 61 45 1 . 94 3 . 75 
0 . 77 2 . 33 46 1 . 32 1 . 82 
1 . 4 3 1 . 1 7 47 2.67 1 . 32 

1 . 2 9 1 . 69 48 1 . 64 3 . 25 
l . 6 9 1 . 20 49 1 . 68 l . 84 
1 . 33 1 . 1 5 50 1 . 6 3 1 . 06 

1 . 34 1 . 08 51 2 . 63 I.~~ 

1 . 29 1 . 1 2 52 l . 1 3 4. 2 7 
0 . 98 1 . 53 53 2 . 50 2 . ')2 
0 . 51 1 . 02 54 3 . -.~0 2 . 63 
1 . 6 7 1 . 28 55 2 . 50 l . 69 

1 . 1 7 2 . 1 7 56 0 . 59 0.54 

-

-I l [ lieanl 2 . 06 l 2 . 39 1 

12 Mid-
night 8 A. r~ .-
8 A. M. 12 Noon 

Mg lhr Mg/hr 

0.50 1 . 2 9 
1 . 2 5 l . 0 6 
0 . 73 2,77 
1 . 45 0.61 
1 . 0 3 1 . 20 
0.93 2. 1 4 
2 . 27 3 . 24 
l . 04 0 . 82 
1 . l 2 l . 55 
0 . 43 l . 21 
0 . 51 l . 0 2 
5 . 09 0 . 60 
0.4R 1 . q 7 

-- - --- ---- --------, f"' A 2 . ,, . 
' • .J • 

0 . 79 l . 8 i 
l . 04 l . 64 
0 . 78 l . 9 3 

0.92 2 . 00 
1 . 24 1 . 98 
1 . 0 8 1 . 44 
1 . 1 5 2 . 38 
~ . 48 3.01 

--
1 . l J I 1 . 4 () 
'J.c7 ~.93 

0 . 40 ~ . 83 
1 . 'J 7 : . 68 
1 . 6 7 1 . 1 2 
0 . 54 0.54 

1 . 1 7 
I 

1 . 57 I 



PART C SUB l1E CT lJl 

s P. r~ . -
12 Noon- 1 2 t·1 i d-
8 p . ~1. night 

Day Mglhr Mg lhr 

1 1 . 3 0 1 . 30 
2 3. 1 0 2 . 1 4 
3 2 . 60 3.00 
4 3 . 50 3 . 05 
5 0 . 88 4 . 35 
6 1 . 85 6 . 48 
I 1 . 1 8 4 . 23 
8 2 . 60 3.88 
9 1 . 40 2 . 48 

1 0 1 . 9 7 2 . 80 
1 1 1. 72 1 . 58 
1 2 1 . 88 2 . 44 
1 3 1 . 7 0 2.80 
14 3 . 54 4 . 39 
1 5 3.00 1 . 52 
1 6 2.20 6 . 04 
1 7 1.65 1 . 4 7 
l 8 l . 32 2.94 
l 9 0 . 75 1 . 86 
20 l . 34 1 . 6 2 
21 1 . 7 8 2.33 

22 1 . 82 4.78 
23 1 . 80 3 . 81 
~4 I . 3~ 4 . 38 
25 1 . 51 2 . 50 
t.b ~. I b 1 . 38 
27 6 . 09 4 . 46 
28 2 . 39 ~ . 25 

TABLE I I 

URINARY HYDROXYPROLINE EXCRETION DURING 

FOUR DAILY PERIOD S THROUGHOU T THE BED REST 

1 2 ~1 i d- 8 P. M.-
night - 8 A. M. - 12 No on - 12 Mid -
8 A. M. 12 Noon 8 p . ~1. night 

r~g 1 h r Mglhr Day Mglhr Mglh r 

1 . 30 3 . 40 29 1 . 9 0 3.47 
1 . 3 9 3 . 53 30 1 . 63 5.72 
1 . 30 3 . 50 31 2.99 6.36 
1 . 31 3 . 56 32 1 . 41 2. 60 
3 . 23 . 2.26 33 3. 52 3 . 27 
2 . 56 1 . 54 34 2.52 5.02 
2 . 20 1 . 9 7 35 3 . 08 7 . 66 
2.25 2.35 36 1 . 24 3 . 68 
1 . 1 7 4 . 42 37 4 . 75 3.6 4 
1 . 58 2. 62 38 2.63 3.08 
1 . 89 2 . 04 39 6 . 35 4 . 40 
2. 1 9 2. 1 9 40 2.L12 8 . 94 
5 . 36 2.45 41 3 . 63 4 . 76 
0 . 74 2 . 53 42 4 . 30 3. 07 
1 . 3 7 2. t. 3 43 7.50 4 . 95 
l . 50 1 . 80 44 3.Lln 3 . 1 P. 

-
0 . 87 4 . 11 45 4 . 09 6 . 73 
0 . 74 0 . 7 5 46 3 . 92 4 . 77 
l . 94 2.68 47 3 . 24 4 . 47 
0.58 1 . 6 2 48 2 . 30 7 . 72 
1 . 1 9 2 . 00 49 1 . 94 2 . 72 

1 . 3 2 4 . 00 50 2.66 10.87 
2.09 2 . 1 5 51 2.33 4.25 
0 . 82 0 . 82 52 2.30 2.67 
0 . 55 2 . 48 I 53 2.91 5.80 
1 . 38 0 . 87 54 1 . 29 6.93 
1 . 61 2 . 14 55 2 . 34 4.85 
0 . 63 0 . 63 56 1 . 59 2. 1 9 

- r:.ean 2.56 4 .. 02 

1 2 t~ i d-
night s A. r~ .-
8 A. ~1 . 12 Noon 

t~g I h r t~g I h r 

2.29 5.32 
-

0 . 76 3.36 
1 . 2 7 1 . 81 
2.02 3 . 52 
1 . 0 7 1 . 0 2 
0 . 66 2.60 
2 . 1 l l . 2 4 
1 . 2 0 4 .7 5 
0 . 64 2.33 
1 . 90 1 . 55 
0.87 4 . 86 
1 . 39 3.63 
1 . 0 7 2.39 I 
1 . 55 2.C(::: 

0.33 (' ,., ..... 
1 • r i 

...., . ~ 
I 

cl • 
\ 

2.54 3 . 92 
1 . 35 2.9 8 
0 . 93 3.32 
0.91 4 . 00 
0.93 2.64 
""\ (""'"I 

.j • I ?.52 -·--. ------·-
1 " "' :.s7 
'"',. I (;' 

(. . ~ "' 2. 91 
2.77 2.77 
2.73 2.34 
2. 91 6.89 
2. 1 9 1 . 6 7 

1 . 68 2.77 
I 

I 



PART D. SUBJE CT 4A -- -

-
8 P. M.-

12 Noon- 12 Mi d-
8 P. M. n ight 

Day ~~g / h r Mg /hr 

1 0 . 40 1 . 3 4 
2 1 . 1 1 1 . 49 
3 1 . 9 9 I.~ I 
4 I . t:>3 I. Ut:> 

5 1 . 2 5 1 . 2 2 
6 1 . 22 l . l 5 
7 L . I I 3.04 
8 l . 31 3 . 72 
9 2 . 58 3 . 07 

l 0 2 . 62 1 . 8 7 
I I 2 . 60 2 . 60 
l 2 l . 2 8 5 . 30 
1 3 3. 1 6 2 . 89 
14 1 . 28 0 . 94 
I t:> l . 0 6 4 . 61 
1 6 1 . 34 2 . 53 
1 7 1. 38 3 . 40 
1 8 2 . 23 1 . 80 
19 2. l 3 3 . 49 
20 1 . 9 4 1 . 39 
21 2 . 02 1 . 62 
t..t.. l . 20 5 . 31 
23 3 . 00 1 . 7 4 
24 l . 9 7 1 . 31 
25 4 . 38 3.06 
Zb 2 . 11 3 . 34 
27 4 . 05 2 . 17 
28 l . 69 4 . 38 

I 
- r--

TABLE I I 

URINARY HYDROXYPRO LINE EX CRE TION DUR I NG 

FOUR DAILY PERIODS THROUGHOU T THE BE D REST 

(MI LL IGRAM S PER HOU R) 

1 2 ~1 i d- 8 P. M.-
night - 8 A.M .- 12 Noon - 1 2 t1 i d-
8 A. M. 12 Noon 8 p . t·1. night 

Mg / hr Mg/hr Day r~ g 1 h r Mg /hr 

1 . 34 0.50 29 1 . 25 4.49 
0.98 0 . 94 30 1 . 34 3. 15 
0 . 88 I . Ob 31 2. 09 1 . 64 
U.':J/ 1 . 7 2 32 1 . 04 3 .2 9 
0 . 51 0 . 90 33 .. 2. 03 3 . 62 
0 . 70 l . 2 5 34 0 . 93 4 . 97 
I. ~J I. 3 I 3b 3. I L L. LL 

1 . 07 2. 03 36 0 . 65 6 . 85 
0 . 83 0.83 37 2.07 3.92 
0 . 46 2. 69 38 1 . 1 6 2.56 
1 . 83 1 . 91 39 4 . 44 3. 1 9 
1 . 37 1 . 3 7 LlO 1 . 50 1 . 59 
1 . 60 ' 1 . 2 8 41 2. 47 5 . 98 
1 . 08 0.47 42 1 . 58 4.06 
2 . 72 6.73 43 3.51 3 . 90 
0 . 96 0 . 96 44 l . 30 5 . 95 
0 . 33 0 . 96 45 2 . 96 4.04 
1. 80 2 . l 3 46 l . 69 1 . 01 
0 . 85 , 1 . 2 6 47 1 . 03 1 . 0 3 
1 . 41 2 . 02 48 l . 85 2.2 4 
0 . 07 0 . 68 49 2.82 3.37 
I . ~3 L . lJb 50 2 . 14 .j ·• · .... Q 

0 . 53 0 . 54 51 1 . 85 1 . 85 
0 . 94 0 . 90 52 0 . 81 1. 68 
l .J30 1.39 53 1 . 01 1 . 01 

.. 

l . 5_Q 1 . 31 54 0 . 50 0 . 50 ! 

1 . 83 1 . 20 55 2 . 1 7 3 . 27 
l . 49 1 . l 2 56 2.05 0.64 

iiean 1 . 90 2 . 87 
I 

1 2 r~; d-
Night 8 A. M.-
8 A. r~ . 12 Noon 

Mg/hr Mg /hr 

1 . 0 6 2.79 J 
1 . 29 0.78 

' I 

1 . 1 8 0.77 
0 .7 7 0 . 95 
1 . 44 2. 1 0 
0 . 68 l . 3 5 
I . I I U.bb 

1 . 3 9 1 . 6 7 
0 . 65 3. 1 6 
1 . 0 6 l . 9 2 I 

I 

2.34 1 . 71 I 
I 

2.88 0.56 I 

2.50 0.~6 I 

I 
2. l ') 3. 51 i 

2. 7 3- 0 . 97 I 
J 

l . 57 l . 7 4 II 

1 . 61 1 . 2 5 
1 . 7 7 2 . 73 I 

4. 08 2 . 14 
2. 1 3 1 . 2 3 
2.03 2 .7 4 
:. L4 l . L4 ! 

1 . 29 2.94 I 

1 . 2 6 1 . 3J i 

2. 49~ ~.]9] 
2.83 2 .]7 J 
0 . 61 0 . 60 
0 . 64 i 0 . 64 

1 . 44 1. 60 



PAR T E. ·--- SUBJE CT §Jl 

s P. r~ . -
12 No on- 12 Mid -
8 r . ~ ~L night 

Day Mg l hr l~g I h r 

1 0. 56 5.72 
2 5 . 38 5 . 57 
3 3 . 26 4 . 96 
4 5 . 35 1 . 82 
t> 8.35 3 . 86 
6 1 . 74 2 . 91 
7 1 . 42 0 . 89 
8 3 . 00 4 . 52 
9 8 . 48 0 . 94 

10 3./~ ~ . Ub 

1 1 5 . 91 2 . 50 
1 2 1 . 2 5 3 . 23 
1 3 2 . 22 3 . 65 
1 4 5 . ~~ I . 8b 

l 5 1 . 25 5 . 27 
l 6 l . 3 0 8 . 47 
1 7 4 . l 2 3 . 06 
1 8 2 . 49 5 . 52 
1 9 0 . 70 1 . 51 
20 1 . 8 7 2.95 
21 2 . 27 2 . 05 
22 3 . 02 3 . 23 

23 2 . 47 3 . 1 2 
24 1 . 6 7 1 . 51 
25 1 . 06 2 . 39 
26 2 . 1 7 3 . 46 

27 2 . 65 3 . 29 
28 1 . 7 5 5 . 64 

T A 8 L E I I 

URINAR Y HYDRO XY PRO LINE EX CRETIO N DURI NG 

FOU R DAILY PE RIODS THRO UGHOUT THE BED REST 

(MILLI GRAM S PE R HOUR) 

1 2 r·1; d- 8 P . t~ .-
night - 8 A. t·1 .- 12 Noon- 12 ~1 id -
8 A. t~ . 12 No on 8 p. i1 . ni qh t 

~1 g I h r t~ g I h r Day Mglhr Mglhr 

5 .7 2 2 . 54 29 2.74 6 . 1 9 
1 . 3 2 2 . 33 30 2 . 98 5 . 39 
1 . 1 7 6 . 40 31 2 . 62 3 . 87 
1 . 53 1 . 8 7 32 2 . 05 3 . 47 
I . t> L I. 40 33 3.16 2 . 26 
1 . 0 1 2 . 1 5 34 4 . 45 2.44 
1 . 1 4 2.30 35 l . 40 2 . 20 
l . 38 3.57 36 1 . 82 1 . 45 
0.90 2. 18 37 3 . 30 7.99 
I . 64 ~.t>3 33 2 . 73 2 . 5 l 
2 . 07 3.62 39 3 .7 3 L.U8 

2 . 31 2.41 40 2.31 2.77 
2 . 79 2.7 9 41 1 . 38 4 . 47 
2 . 21 L.4L 42 0.78 3.69 
1 . 1 4 2 . 38 43 3 . 03 1 . 9 7 
0 . 45 3 . 44 44 2 . 36 1 . .... 

l . 62 3 . 20 ll 5 3 . 82 ( . oJ..; 

1 . 71 2 . 25 46 2 . 92 3 . 40 
1 . 51 2 . 06 47 5 . 93 3.80 
1 . 4 5 3 . 23 48 2 . 22 2 . 22 
1 . 84 l . 58 49 2.2 4 6 .22 
1 . 2 7 2 . 67 50 1 . 58 5. 1 0 
2.41 2.26 51 2.27 2.24 
1 . 1 6 2.1 2 52 1 . 28 3.46 
2 . 09 2 . 46 . 53 3. 09 3 . 05 
1 . 91 2.45 54 1 . 66 5. 02 

2.01 1 . 88 55 0 . 98 3 . 73 
1 . 4 2 1 . 64 56 1 . 50 1 . 4 6 

:... ·: -' 

fie an 2 . 77 3 . 52 
! 

l 2 t·1 i d -
Ni ght 8 A . r~ . -
8 A. i~ . 12 Noon 

t~ g I h r ~1 g I h r 

1 . 59 7.23 
1 . 8 7 6.76 
1 . 50 3.57 
1 . 0 5 3.06 
l . 3?. 5 . 51 
2.05 4 . 61 
1 . 99 l . 82 
1 . 92 2.70 
1 . 26 7.48 
0 . 98 A.!~ 
I . I I t... ~~ 

3.59 3 . 49 
2.56 2.56 
3. 18 3 . 03 

1 . 52 4. 3 7 I 

~-:-;·4 ---5 .9f-- ' 

2 . ~~ 1 . 85 
2 . 27 2.70 
1 . 57 6.88 
0.97 1 . 6 9 
3. 1 7 4 . 64 
3.25 1 . 2 6 
3.88 2 . 62 
2 ['(' 

• '.,) oJ 2 . 83 
2 .. 50 3 . 78 
2. 03 2.38 

1 . 8 7 4 . 62 
1 . 4 6 1 . 46 

1 . 86 3 . 16 



TABLE I I 

URINARY HYDROXYPROLINE EXCRE TI ON DUR I NG 

FOUR DAI LY PERIODS THROUGHOUT THE BED REST 

(MILLIGRA MS PER HOUR) 

PAR T L_ SUBJE CT ZA 

·- -
8 P. M. - 12 Mid- 8 P. M. - 12 f.1 id -

12 Noon- 12 Mid - night - 8 A. t·1. - 12 Noon - 1 2 t~ i d- Ni ght 8 A. M.-
8 p . ~~ . ni ght 8 A . ~~ . 12 Noon 8 p . f·1. niqht 8 A. ~1. 12 Noon 

Day ~1g I h r Mg l hr Mglhr Mglhr Day r~ g 1 h r r~ g I h r 1·1 g I h r t~g I h r 

1 1 . 2 2 1 . 09 1 . 09 1 . 2 3 29 1 . 81 3. 1 5 2.25 2. 14 
2 5.28 1 . 0 7 1 . 49 1 . 08 30 3.20 2. 11 2. 1 2 2. 80 
j J . ':J/ ~ . U4 I . 22 I . b6 31 2. 61 2.8 b I . 28 I. 00 
4 2 . 24 '· / '/ 3. 70 0.82 2. 11 32 1 . 9 3 2.72 l . 0 5 1 . l 6 
5 2 . 01 2.97 l . 4 5 1 . 1 2 33 3. 08 6 . 8 2 l . 98 1 . 6 0 
6 l . 9 2 4.80 2 . 45 1 . 90 34 2. 04 2.0 0 1 . 05 3. 08 
I 2 . 1 4 1 . 51 1 . 46 2 . 1 6 35 2. 46 7. 40 2. 40 l . 1 9 
8 2 . 45 l . 2 7 l . 7 5 1 . 9 4 36 1 . 1 9 3. 93 0 . 99 5. 36 
9 2.30 3 . 67 1 . 59 1 . 1 0 37 l . 2 7 7 . 45 0 . 45 4 . 71 

1 0 2 . 08 2 . 23 2 . 36 3. 88 38 0 . 56 2 . 23 1 . 88 4 . 27 
l 1 2 . 64 2 . 30 2.6 6 l . 4 3 39 0 . 91 2 . 74 0.73 4.23 
1 2 2 . 60 2 . 54 l . 03 1 . 8 2 40 4.82 l . 6 7 0.52 1 . 9 6 
l 3 2 . 40 2.78 3. 44 1 . 69 41 1 . 53 2.08 2.08 2. 1 0 
14 0.97 2. 4 2 0 . 93 I . 35 42 1 . 4 5 2.32 0.48 10.1' ,,0/ 

1 5 3 . 89 2. 80 1 . 1 2 . 2. 09 43 1 . 1 8 2. 1 3 O.S'~ l . 7 4 
16 1 . 9 6 2 . 34 l . 30 l . l 1 44 1 . 20 2 . 29~ ----,-- ,-,J--~2~~ 

I I l . 2 0 4 . 07 l . 48 . - 5 . 20 . . - 4 5 . - - --- - l . 88 . l . (:-4- --- - ·- 0 . ~ 6- --2-.=1~~~~- ~---, 
18 1 . 8 7 4 . 21 0 . 83 3 . 75 46 1 . 38 1 . 45 1 . 1 4 1 . 85 
1 9 0 . 88 3 . 72 0 . 75 2 . 90 47 2. 13 2 . ~~ 0 . 68 3. 42 
20 1 . 2 2 2 . 03 1 . 8 3 l . 9 7 48 1 . 69 5 . 38- 0 . 48 2 . 00 
Ll 2 . 75 3.33 1 . 7 5 1 . 70 49 2 . 12 3 . 22 2 . 24 2 . 37 
22 2. 1 3 2. 54 1 . 55 3 . 79 50 3 . 33 2. l 0 l . 22 2.90 
23 2.34 2. 42 0 . 94 4 . 37 51 1 . 7 6 1 . 51 0.70 1 . 44 . 
24 2 . 87 0 . 89 1 . 50 1 . 50 52 3 . 88 2 .. 46 0.85 1 . 40 
25 2.4 6 2. 68 0 . 58 3 . 75 53 0 . 98 2.71 3. ·1 7 2. 16 
26 1 . 66 4 . 27 1 . 84 1 . 40 54 1 . l 3 4 . 41 2.23 1 . 66 
27 4. 83 2. 14 0 . 98 1 . 39 55 0 . 83 3 . 84 l . 02 2.57 
28 1 . 42 4 . 55 2 . 1 3 2 . 07 56 4 . 75 0.45 0.45 1 . 1 8 

I 
11ean 2 . . 19 2 . 86 1 . 40 2.27 I 

I 

I I 



PART .G_ SU BJECT B.A. 

8 P. M.-
12 Noon- 12 ~·1id-
8 P. M. night 

Day Mg l hr Mglhr 

1 0 . 54 3 . 48 
2 3. 7 7 1 . 54 
3 3.30 1 . 21 
4 2 . ll 1 . 9 9 
5 5 . 21 2. 1 6 
6 3 . 72 2 . 64 
7 3 . 71 2. 02 
~ U . I 4 0. 87 
9 1 . 84 3 . 11 

l 0 l . 9 0 2 . 34 
l l l . 2 5 2 . 88 
l 2 2. 20 l . 53 
1 3 4 . 26 7 . 90 
l 4 1 . 2 8 7 . 56 
l 5 4 . 65 5 . 56 
1 6 1 . 1 3 1 . 68 
1 7 2 . 29 4 . 1 5 
18 6 . 09 5 . 68 
l 9 2 . 88 l . 30 
LO 5 . jU I . I ts 

21 2 . 34 3 . 1 7 
22 1 . 9 7 2 . 06 
zj 3 . I I Z . I j 
24 2 . 86 2 . 23 
25 2 . 11 4 . 34 
26 l . 2 7 3 . 35 
27 3 . 55 3 . 54 
L8 2 . 06 3 . 18 

I 

T A B L E I I 

URINARY HYDROXYPROLINE EXCRETION DURING 

FOUR DAILY PERIODS THR OUGHOUT THE BED RE ST · 

(MILLIGRA MS PER HOUR) 

12 t~ id- 8 P. M.-
nig ht - 8 A . ~1.- 12 No on- l 2 t~ i d-
8 A. M. 12 Noon 8 p . t~ . niqht 

Mg l hr Mg lhr Day t~ g I h r f1g I h r 

3. 48 3 . 44 29 1 . 65 3.98 
1 . 7 0 1 . 96 30 2 . 22 3 . 42 
1 . 1 2 1 . 9 9 31 2~30 2.31 
l . 06 1 . 6 5 32 2 . 24 4.35 
1 . 06 1 . 88 33 3 . 62 2 . I '.3 . 
0 . 54 3.6 8 34 5 . 31 1 . 4 5 
2 . 23 2 . 34 35 4.15 1 . 88 
0 . 94 2 . :32 36 l . 1 1 l . 3 7 
l . 42 2 . 06 37 l . 98 5 . l 3 
l . 82 l . 24 38 3 . 87 4 . 65 
2. 21 0 . 93 39 2. 33 2 . 55 
1 . 40 l . 68 40 2 . 20 0.57 
2 . 04 l . 79 41 2. l 5 1 . 40 
1 . 1 7 1 . 9 9 42 1 . 7 3 2.80 
1 . 7 4 1 . 68 43 1 . 07 0.95 
1 . 4 2 2 . 63 44 l . 2 3 .. ()f) . -'"' 

1 . 29 1 . 86 45 0 . 83 2 . 28 
l . 9 5 2 . 88 46 1 . 7 7 1. 68 
1 . 88 0 . 83 47 2 . 18 2.30 
I . Y4 I . I 0 4 e 3' l 5 1 . 42 
1 . 41 1 . 34 49 l . 97 1 . 34 
1 . 44 2. 67 50 1 . 45 3 . 41 
1 . 4e I . b I ol 1 . 4 7 0.81 
2. 43 l . 51 52 1 . 66 0.80 
1 . 24 3 . 41 53 1 . 36 2.1 0 
I . 44 1 . 3 5 54 0 . 96 1 . 78 
l . l 7 l . 44 55 0 . 65 I 1 . l 8 
0 . 75 l . 7 5 56 1 . 06 l . 25 

r~ea n 2 . 41 I 2 . 60 

--
12 Mi d-
niRh t 8 A. i·1 .-
8 . t·L 12 Noon · 

Mg l hr ~~g l hr· 

2 . 08 5 . 25 
2.29 1 . 7 9 
0 . 68 1 . 68 _I 

1 . 3 2 1 . 71 I 

2 . 01 0.57 -
1 . 64 2.27 
1 . 69 1 . 1 1 
0.38 1 . 3 3 
1 . 61 2. l l 
l ' 9 7 l . l 1 
0 . 69 1 . 29 
4.37 l . 3 2 
2.73 1 . 28 
1 . 88 1 . J '~ 
1 . l 7 1 . 54 
, 7C: 1 . 7 8 
0.96 1 . 04 
3 . 52 1 . 44 
1 . 1 9 3 . 1 5 
1 . 06 2 . 82 
0 . 78 1 . 34 
0.47 l . 18 
l . 58 1 . 04 
1 . 7 0 l . 9 2 
1 . 2 6 3.70 
1 . 21 2.01 
1 o 05 I 1 . 2 7 
1 . 25 2 . 26 

1. 57 1 l . 90 



TABLE I I 

URINARY HYDROXYPROLINE EXCRETION DURING 

FOUR DAILY PERIODS THROUGHOUT THE BED RE ST .,.- ----

(MILLIGRA MS PER HOUR) 

PART .H. SUBJECT 9A -- · 
I 

8 P.M.- 12 Mid - 8 P. t·1. - l2 Mid -
12 Noon-· l 2 ~1 i d- night - 8 A. t-1.- 12 Noon - 1 2 t·1 i d- Night 8 A . t~ .-
8 P .N. night 8 A. t~ . ,. 2 No on 8 P. rvJ . niqht 8 A . ~~ . 12 Noon . 

Qay !Vlglhr Mglhr Mglhr Mg lhr Day t~g I h r Mg lhr ~1g I h r t'l g I h r 

--
1 0.56 0.67 0.67 l . 45 29 8 .2 0 2. 86 2. 1 0 1 . 88 
2 2 . 03 0 . 76 1 . 40 1 . 6 7 30 3. 90 4 .3 6 l . 4 7 3. 1 7 
3 2 . 87 1 . 69 1 . 3 6 1 . 56 31 3 . 24 3.95 l . 28 1 . 08 
4 3.92 l . 7 2 l . l 0 l . 44 32 2 . 06 4 . 58 l . 57 1 . 7 7 
5 4 .08 l . 55 1 . 3 3 1 . 64 33 2. 1 7 2.22 0 . 97 3.73 
b 0 . 95 2.48 l . 6 1 1 . 54 34 2 . 70 2. 51 1 . 43 l . 94 
7 2. 1 9 4.02 1 . 1 0 2.76 35 1 . 51 3.82 2. 21 2.49 
8 2 . 34 2.43 l . 50 l . 84 36 2.49 l . 3 7 0 . 89 2.38 
9 3.39 4 . 29 0 . 32 4 . 61 37 1 . 7 3 2 . 11 2.91 4 . 71 

1 0 1 . 6 6 2.27 0.87 2. 60 38 1 . 64 5 . 40 8.46 2.38 
1 1 2 . 81 3. 48 1 . 7 0 1 . 2 3 39 0 . 51 2.02 2.09 5.06 
1 2 2. 86 2.40 2 . 20 1 . l 0 40 5.64 1 . 8 7 1 . 6 3 0.56 

-
1 3 2.45 1 . 8 2 1 . 7 2 3.23 41 1 . 7 0 1 . 58 2.27 2. 1 ~ 
14 3 . 07 2 . 05 1 . 3 7 1 . 57 42 2.64 1 . 2 C' ") ? (' 

J • ..., J 

') ... "') 
c._ •• v 

l l 5 1 . 4 7 3 . 35 1 . 7 6 1 . 7 9 43 3 . 5n 2.59 1 (' , .., .~ (' 
(... 

! l 6 l . 7 3 2. 41 l . 9 4 2 . 53 44 5.88 2 . 41 l . 61 1 . 46 
1 7 2 . 43 2 . 62 2 . 58 2.40 45 2.49 2.03 1 . 05 1 . 7 6 
l 8 l . 3 6 2.87 0 . 93 2 . 54 46 8 . 03 4 . 04 0.64 3.66 
1 9 l . 28 7 . 41 0 . 85 1 . 9 3 47 5 . 28 2. 10 0 . 91 2.09 

20 2.59 2.68 0 . 84 1 . 34 48 2.73 1 . 34 1 . 4 7 2. 14 
21 1 . 8 3 4.49 1 . 1 0 1 . 1 5 49 6 .3 5 2 . 86 1 . 24 1 . 56 
22 5 . 1 9 1 . 55 1 . l 0 1 . 98 50 3 . 44 1. 68 1 . 4 3 3.63 
23 2 . 58 3 . 01 1 . 08 1. 08 51 3. 16 3.93 l . 1 2 1 . 43 

·-. 

24 1 . 2 3 2 . 55 1 . 28 1 . 6 7 52 2.73 1 . 9 3 1 . 4 3 1 . 85 
25 1 . 29 2 . 40 , . 2 2 1 . 49 53 l . 70 3 . 66 1 . 2 5 1 . 8 5 
26 l . 89 5 . 51 0 . 48 2 . 10 . 54 1 . 90 2.69 l . 54 2.07 
27 4 . 72 3 . 56 2.89 0 . 93 55 2.42 2.20 1 . 55 1 . 40 
28 1. 18 2 . 75 1 . 61 2 . 85 56 2.69 0 . 91 0.91 0 . 91 

' \ I I l Hean 2 . 83 2 . 7 3 1 . 58 2. l 0 



1 48 

T A B L E I I I 

STATISTICAL CO MPARISON OF URINARY HYDROXYPROLIN EXCRETIO 

BET\~EEN PAI RS Q£_ THE DIFFERENT PERIODS Q£_ THE STU Y 

PAR T A. -- - SUBJECT S 2A, §_jl, 7A 

(Exerci sed throu gh out the study, individua l data ) 

t·1e an s Standard II t II 

opu 1ations Com pa r ed (mg/24 hrs) Deviation Value Prob a i 1 i t 

SUB JE CT 2A 

r e -B e d Rest 2 6 . 31 10 . 28 4 . 6251 p < 0 . 001 
Be d Re st 40.70 10.7 8 
Pre - Be d Re st 2 6 . 31 10 . 28 3 . 5056 < 0 . 01 
Pos t- Be d Re st 14 5? n 12 
Bed Re st 40 . 70 10 . 78 8 . 5173 p < 0 . 00 l 
Pos L P>ed Rest 1 ~.52 f) l ? -

SUBJE CT 6A 

Pre-Bed Rest 59 . 1 6 35 . 39 0 . 6784 s 
Be d Rest h~ (;? lF-. AQ 

Pr e -Bed Rest 59 . l 6 35 . 39 2 . 48 2 P < 0 . 02 
Po st Bed Rest ~? nll 1~ {{ 

Be d Rest 63 . 62 16 . 89 6 . 1937 p < 0 . 001 
Post-Bed Rest 1? Oll 1 c; { { 

SUB JECT 7A 

Pre-Bed Rest 28 . 45 7. 97 6 . 976 < 0 . 00 1 
Bed Rest ~n n7 1n QL!. 

Pre-Bed Rest 28 . 45 7 . 97 1 . 6668 s 
Post-Bed Rest ?? {Ll 1 n ~~ 

Bed Rest 50.07 10 . 94 8 . 3363 P< 0 . 00 1 
Post-Bed Rest ?? 14 1 n 1~ 



l 49 

J A B L E I I I (Continued) 

STATISTICAL CO t~PARISON OF URINARY HYDROXYPROLINE EXCRETIO 

BET ~·J E EN PAIR S Q£_ THE _D IF FERENT PERIODS Qf_ THE STUDY 

s u B J E c T s £!l' .6 A ' ZA 
(Ex e rci sed through o ut th e study combi ed d ta) 

-

Me a ns Standard I I t II 

Populations Co mpar ed ( mg/2 4 hr s ) Deviation v l e P r ob a i 1 i 

Pre-Bed Rest 38 . 18 26 . 66 

y 

4 .1 967 p 0 . 00 1 
Bed Rest 51 . 4 6 1 6 . 1 9 

Pre-Bed Rest 38 . 18 26 . 66 
3 . 2693 p < 0 . 01 

Post-Bed Rest 22 . 96 l 3 . 3 3 

Bed Rest 51 . 4 6 l 6 . 1 9 
1 0 . 4 524 p < 0 . 00 l 

Post-Bed Rest 22. 96 1 3 . 3 3 



1 50 

T A B L E I I I ( Co ntinued ) 

STAT ISTICAL COMPARI SON OF UR INARY HYDROXYPROLI EXCRETIO 

BET~JEEN PAI RS Q£_ THE DIF FERE IT PERIODS Q£_ THE STUDY 

PART C. --- SUBJECT S 4A, 8A, 9A 

(Did no t ex e rc ise , indiv idua l data ) 

~~1 e an s Standard II t I I 

Populations Co mpa r ed ( mg/ 24 h r s ) Deviation Va l ue p oba i 1 i ty 

-

SUBJECT 4.l\ 

Pre-Bed Rest 25 . 29 7 . 7 7 5 . 7659 p 0 . 00 1 
Bed Rest 44 . 36 ., 2 . 21 
Pre- Be d Re st 25 . 29 7 . 7 7 1 . 9129 p < 0 . 1 0 
Post -B ed Re st 1 9 . 3 7 8 . 01 

l r.-rr-Bed Rest 44 . 36 7 . 0861 p 0 . 00 1 
Post-Bed Rest 1 9 . 3 7 8 . 01 

SUBJECT 8A 

Pre-Bed Rest 37. 94 18 . 70 2 . 49 9 p < 0 . 02 
Bed Rest 49 . 72 1 5 . 3 6 
Pre-Bed Rest 37 . 94 18 . 7 0 2 . 26 6 p < 0 . 05 
Post-Bed Rest 22 . 99 14 . 43 
l5ed ~est 49 . 72 1 5 . 3 6 5 . 726 p < 0 . 001 
Post-Bed Rest 22 . 99 14 . 43 

SUBJECT 9A 
Pre- Bed Rest 38 . 80 20 . 3 2 . 557 6 p < 0 . 02 
Bed Rest S4 87 ? 1 gq 

Pre- Bed Rest 38 . 80 20 . 3 2 . 7 50 p < 0 . 02 
Post-Bed Rest ? 0 7'J g 7? 

!}ed Rest 54 . 87 21 . 89 5 . 362 1 < 0 . 00 1 
Post -Bed Rest 20.73 9 . 72 



1 51 

T A B L E I I I ( Con tinued ) 

STATISTICAL CO MPARIS ON OF URI NARY HYDROXYPROLI E 

BETW EEN PAIRS OF THE DIFF ERENT PERIODS OF THE STUD Y _ ____:_ - - - ----- - -

SU BJ ECTS .1__6_, §fl, 9A 

(Did not exerci se , combin ed data ) 

Populations Co mp a red ( m g~~gn~r s ) ~taod~rd CVla lOn 
II t II 

Va ue Pro b i 1 i y 

Pre-Bed Rest 34 . 01 17 . 69 
5 . 3954 < 0 . 001 

Bed Rest 49 . 65 1 7 . 51 

Pre- Bed Rest 34 . 01 17 . 69 
3 . 9638 p < 0 . 00 1 

Post-Bed Rest 21 . 04 1 1 . l 9 

Bed Rest 49 . 65 1 7 . 51 
9 . 8922 p < 0 . 00 1 

Post-Bed Rest 21 . 04 1 1 . l 9 



152 

T A B L E I I I ( Continued) 

STATISTICAL CO MPARISON OF URINARY HYDROXYPROLI~E EXCRETIO I 

BETWEEN PAI RS OF TH E DIFF ERENT PERIODS OF T E STU Y --- --
FO R SUBJ ECTS WHO EXERCISED ~ DAYS EACH --

(SUBJECT 3A - FIRST 2 ~ DAY S, SU BJECT lA - S COND HALF Q£ ST DY) 

PART E. 
-- ~ 

SU BJECTS .l_6_, 3A 

Means Standard II t II 

Popu lations Com pared ( mg/24 h rs) 0 vi at ion Value Pro a ; 1 ; y 

SUBJECT lA 

Pre-B ed Rest 47 .7 6 22 . 67 1 . 1 57 s 
Bed Res t 5 1~0_} ____ 1 1 qq 

- - - - - ---
Pre- Bed Rest 47 . 76 22 . 67 4 . 5369 p < 0 . 001 
Post- Bed Rest 14 . 89 5.48 
Bed Rest 53. 03 11 . 99 10. 51 71 p ~ 0 . 001 
Post-Bed Rest 14 . 89 5 . 48 

SUBJECT 3A 

Pre - Bed Rest 41 . 00 2 0 . 1 3 . 7839 P < 0 . 00 1 
Bed Rest 60 . 93 17. 39 
Pre-Bed Rest 41 . 00 20 . 1 4 1 . 01 08 s 
Post-Bed Rest 34 27 10 . 89 
Bed Rest 60.93 1 7 . 39 5 . 155 0 P < 0 . 00 
Post-Bed Rest 34 ?_7 1 0 Rq 



153 

T A B L E I I I (Continu e d) 

STATISTICAL CO MPARISON OF URINARY HYDROXYPROLI E EXCRETIO 

BETWE EN PAIRS OF THE DIFF ERENT PERIODS OF THE STUDY 

PART F. ALL SUBJ ECTS ---

Means Standard II t II 

Populations Co mpa re d (m g/24 hrs) Devi a tion Valu p 0 ility 

Pre-Bed Rest 38 . 01 22 . 69 
7 . 6534 P< 0 . 001 

Bed Rest 52 . 1 7 16.7 6 

Pre-Bed Rest 38 . 01 22 . 69 

1 2 . 58 
6 . 1829 p < 0 . 001 

Post-Bed Rest 22.7 0 

Bed Rest 52. 1 7 16 . 76 
17 . 0883 p < 0 . 001 

Post-Bed Rest 22.7 0 12 . 58 



1 54 

TABL E IV 

STATISTICAL CO MPARIS ON OF URINARY HYDROXYP OLINE EXCRETIO 

AT DIFFE RENT TI MES OF THE DAY 

PART A. SUBJECT 2A - --

Stand ~rc 
II II eans 

Populations Com pa r ed ( mg I h o u r ) Deviation Va1u p 0 a i1ity 

1 2 Noon - 8 p.M. 2 . 06 1 . 0 5 1 . 6715 p < 0 . 1 0 
8 P.M. - l 2 r~ i d ni ght 2 . 39 1 . 0 l 

l 2 Noon - 8 p .1'•1. 2 . 06 l . 0 5 5 . 2 1 4 < 0 . 001 
1 2 Midnight - 8 A. r~ . 1 . l 7 0 . 67 

1 2 Noon - 8 p . ~1. 2 . 06 1 . 0 5 2 . 8762 P < 0 . 01 
8 A. M. - 1 2 Noon 1. 57 0.67 

8 p .I~ . - 1 2 Midni ght 2 . 39 l . 0 1 7 . 3984 p < 0 . 001 
1 2 Midnight - 8 A.M 1 . l 7 0 . 67 

8 p. ~1 . - 1 2 Midnight 2. 39 l . 0 1 4 . 9565 p < 0 . 00 1 
8 A. r·~ . - 1 2 Noon 1. 57 0 . 67 

1 2 Midnight - 8 A.M. 1 . l 7 0 . 67 3 . 1098 p < 0 . 01 
8 A.M. - 1 2 Noon l . 57 0 . 67 
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T A B L E I V ( Continued) 

STATISTICAL CO MPARIS ON OF UR INARY HYDROXYPROLI ~E EXCRETIO 

AT DI FFERE NT TI MES OF THE DAY 

PART B. SUB JECT 6A ---

r ~1 ans Stan ~ld II t II 

Populations Co mpared ( mg I hour) Deviation Valu e IP ro a i 1 i ty 

1 2 Noon - 8 p. M. 2 . 77 1 . 68 2 . 3440 P< 0 . 02 
8 P.M. - l 2 t~ i d n i g h t 3 . 52 1. 67 

1 2 No on - 8 p. M. 2 . 77 1 . 68 3 . 5184 p < 0 . 00 1 
1 2 Midnight - 8 A.M. l . 8 6 0 . 87 

1 2 Noon - 8 P.M. 2 . 77 l . 68 1 . 2704 s 
8 A. M. - l 2 Noon 3 . 1 6 1. 53 

8 p. t~. - l 2 ~1 idni gh t 3 . 52 l . 67 6 . 900 p < 0 . 001 
1 2 Midnight - 8 A. ~1 . 1 . 8 6 0 . 87 

8 P.M. - l 2 Midnight 3 . 52 1 . 67 1 . 1693 s 
8 A.M. - 1 2 Noon 3 . 1 6 1 . 53 

1 2 Midnight - 8 A. M. 1 . 8 6 0 . 87 5 . 4221 P< 0 . 00 1 
8 A.M. - 12 Noon 3 . l 6 1 . 53 



156 

1 A B L E I V (Continued) 

STATISTICAL COMP ARIS ON OF URI JARY HYDROXYPROLI E EXCRETIO 

AT DIFF ERENT TIM ES Q£ THE DAY 

PART C. SUBJ ECT 7A - --

1"1e an s SLand t l II t II 

Populations Co mpared {mg /h o u r ) Deviation Va 1 u r ro i 1 ; y 

1 2 Noon - 8 p . M . 2 . 1 9 1 . 0 7 2 . 7257 p < 0 . 1 
8 P.M. - 1 2 ~1idnight 2 . 86 1 . 4 6 

1 2 Noon - 8 P.M. 2. 1 9 1 . 0 7 4 . 4939 p < 0 . 001 
1 2 Midnight - 8 A.M. 1 . 40 0 . 69 

1.2 Noon - 8 p. M. 2. 1 9 1 . 0 7 0 . 4080 s 
8 A. t~ . 1 2 N on 2.27 1 . 1 ? 

8 P.M. - 1 2 Midnight 2 . 86 1 . 4 6 6 . 6151 P < 0 . 001 
1 2 Midnight - 8 A. rvt . 1 . 40 0 . 69 

8 p.M. - 1 2 r~ i d night 2. 86 1 . 4 6 2 . 3377 p < 0 . 02 
8 A. ~1. - 1 2 Noon 2.27 1 . 1 2 

1 2 ~1 i d n i g h t - 8 A.M. 1 . 40 0 . 69 . 8336 p < 0 . 001 
8 A.M. 1 2 Noon 2.27 1 . 1 2 -
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T A B L E I V ( Continued) 

STATISTICAL CO MPARISO N OF URINARY HYDROXYPROLI 

AT DIFF ERENT TI MES OF THE DAY -----

PART D. - -- SUBJECTS_~' ~' ]_ll 

( Exerci sed throu ghout the study com in d dat ) 

Means Stand ard "t" 
Populations Com par ed ( mg I h 0 lr) Deviation a 1 u Proba i 1 i ty 

1 2 Noon - 8 p. t~ . 2.34 1 . 34 3 . 8 33 p < 0 . 00 1 
8 P.M - 1 2 Midni ght 2 . 93 1 . 4 8 

1 2 Noon - 8 P.M. 2 . 34 1 . 3 4 7 . 0968 P < 0 . 00 1 
1 2 Midnight - 8 A. t,1. 1 . 4 8 0 . 80 

1 2 Noon - 8 p . f\1 • 2.3 4 . ,~ 4 
0 . 02 11 s 

8 A.M. - 1 2 Noon 2 . 34 1 . 3 3 

8 p. ~1. 1 2 Miqni ght 2 . 93 1 . 48 11 . 0725 p 0 . 00 1 - 1 . 48 0 . 80 
1 2 Midnight - 8 A. ~1 

8 p.M. - 1 2 Midni ght 2 . 93 1 . 8 
3 . 8293 p < 0 . 00 1 

8 A.M. - 1 2 Noon 2. 34 1 . 3 3 

1 2 Midnight 8 A. ~·1 . 1 . 4 8 0 . 80 7 . 0898 P< 0 . 00 1 - 2. 34 1 . 3 3 
8 A. ~1. - 1 2 Noon 



T A B L E I V (Continu ed) 

STATISTICAL CO MPA RIS ON OF URI NARY HYDROXYPROLI 

AT DIFF ERENT TIMES OF THE DAY 

SUBJ ECT 4A 

Means Standard "t" 
Populations Co mpared (mg; hour) Deviation Value 

1 2 Noon - 8 P. M. 1 . 9 0 0 . 90 
8 P.M. - 1 2 ~1 i dni ght 2 . 87 1 . 51 4 . 0530 

-

1 2 Noon - 8 p.M. 1 . 9 0 0 . 90 2 . 8936 
1 2 Midnight - 8 A. M. 1 . 44 0 . 73 

1 2 Noon - 8 p . t~ . 1 . 9 0 0 . 90 1 . o6oq 
8 A. ~1 . - 1 2 Noon 1 .60 1 . no 

8 P.M. - 1 2 ~1 i d n i g h t 2 . 87 1 . 51 6 . 2386 
1 2 ~1 i d n i g h t - 8 A. ~1 . 1 . 44 0 . 73 

8 P.M. - 1 2 ~1 i d night 2. 87 1 . 51 5 . 1618 
8 A.M. 1 2 Noon 1 . 6 0 1 . 00 

-

1 2 Midnight 8 A.M. 1 . 4 4 0 . 73 0 . 9008 - 1 . 6 0 1 . 00 
8 A.M. - 1 2 Noon 

1 58 

Pro a i 1 i ty 

P < 0 . 00 1 

p < 0 . 01 

<""" 0. 

P < 0 . 00 1 

< 0 . 001 

s 
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T A B L E I V (Con tinued) 

STATISTICAL CO ~~ P ARISON OF URI NARY IIYDROXYPROLI 

AT DIFF ERENT TI MES OF THE DAY 

SUBJECT 8A 

·-
Means Standa d "t" 

Pop ulations Com pared ( mg/ h o u r ) Deviation Value p obabili y 

1 2 Noon - 8 P.M. 2 . 41 1 . 30 
8 P.M. 1 2 ~1 i d ni ght 2 . 60 1 . 58 0 . 697 s -

l 2 Noo n - 8 p.M. 2. 41 1 . 30 4 . 1375 p < 0 . 00 1 
l 2 r~ i d night - 8 A. M. 1. 57 0.73 

l 2 Noon - 8 p. ~1. 2 . 41 1 . 3n 
2 . 82 P < 0 . 02 

8 A.M. - 1 2 Noon 1 . 90 0 . 84 

8 p. t~. - 1 2 Midni ght 2 . 60 1 . 58 4 . 3 20 p < 0 . 001 
1 2 Midnight - 8 A. l . 57 0 . 73 

8 p. ~1. - 1 2 Midnight 2. 60 l . 58 
2 . 8893 < 0 . 01 

8 A.M. - 1 2 Noon l . 90 0 . 8 

1 2 ~~idnight - 8 A. r~ . 1. 57 0 . 73 2 . l 0 < 0 . 05 
8 A. ~1 . 1 2 Noon 1 . 90 0 . 84 -
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T A B L E I V ( Continu e d) 

STATISTIC AL CO MPAR ISON OF URINARY HY DROX YPROLI E EXCRETIO 

AT DI FF EREN T TI MES OF TH E DAY 

SU BJECT 9A 

f'•le a n s Stan da r d IIi II 

Popu l ati ons Co mpared ( mg/ h ou r ) De vi a tion Va lu e Pro a i 1ity 

1 2 Noon - 8 p.M. 2 . 83 1 . 63 
8 p . t·1 • 1 2 ~1 i d n i g h t 2 . 73 1 . 26 0 . 3406 s -

1 2 Noon - 8 p.M . 2 . 83 1 . 6 3 4 . 6533 p < 0 . 00 1 
1 2 ~1 idnight - 8 A. ~~ . 1 . 58 1 . 1 0 

-

1 2 Noon - 8 p.M. 2 . 83 1 . 6 3 2 . 829 p < 0 . 01 
8 A. t·1 • - 1 2 Noon 2 . 1 0 0 . 94 

8 P.M. - 1 2 ~i i d n i g h t 2 . 73 1 . 26 
5 . 0552 p < 0 . 00 1 

1 2 Midnight - 8 A. M. 1 . 58 1 . 1 0 

8 p. t·1. - 1 2 Midnight 2.7 3 1 . 26 2 . 9429 P < 0 . 01 
8 A. r~ . - 1 2 Noon 2 . 1 0 0 . 9 

1 2 Mid night - 8 A.M. 1 . 58 1 . 1 0 2 . 652 p < 0 . 01 
8 A.M. - 1 2 Noon 2. 1 0 0 . 9 
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T A B L E I V (Continued) 

STATISTI CAL CO MPARISON OF URINARY HYDROXYPROLI E EXCRETIO 

AT DIFF ERENT TIMES OF THE DAY -----

PART H. - -- SUB JECTS 4A, 8A, ~ 

(D id not exercise, com ined data) 
--

r~e a n s St a ndard II t II 

Popu latio n Compar ed ( rng / h o u rJ Deviation Value p ob i 1 i ty 

l 2 No on - 8 P. M. 2.38 1 . 37 
2 . 2758 p < 0 . 05 8 P.M. .. 1 2 Midni qht 2.73 1 . 4 6 

1 2 Noon - 8 P. M. 2.3 8 1 . 3 7 6 . 7341 P< 0 . 001 l 2 Midnight - 8 A. M. l . 53 0 . 87 

1 2 Noot - 8 p . t~ . 2 . J8 . .)/ 3 . 9849 p 0 . 001 
8 A.M. - 1 2 Noon 1 . 8 7 0 . 95 

8 P.M. - 1 2 Midn i ght 2.73 1 . 4 6 
9 . 0923 P < 0 . 001 

l 2 Midnight - 8 A. r··1. l . 53 0 . 87 

8 p. t-1. - 1 2 Mi dn i ght 2 . 73 l . 37 6 . 180 p < 0 . 001 
8 A.M. - 1 2 Noon 1 . 8 7 0 . 95 

1 2 ~1 i d n i g h t - 8 A. M. l . 53 0 . 87 3 . 3188 p < 0 . 001 0.95 8 A.M. - 1 2 Noon 1 . 8 7 



T A B L E I V (Continued) 

STATISTIC AL COMPARIS ON OF URINARY HYDROXYPROLif E 

AT DIFF ERENT TI MES OF THE DAY 

PART I. SU BJECT 3A - - -
(Ex er ci s e d Fir st 28 days of stu y) 

-

Population Co mpared 
M~FlnS 

( mg/ h o u r 
ntand¥rd evia 10n v ~ f :; 

l 2 Noon - 8 p . ~~ . 2 . 56 1 . 3 3 
8 P. r~~ . - 1 2 ~·1 i d n i q h t 4 . 02 1 . 9 7 4 . 5222 

l 2 Noon - 8 p. M. 2 . 56 1 . 3 3 3 . 9575 l 2 ~1idnight - 8 A. M. l . 6 8 0 . 93 

l 2 Noon - 8 . i ~1 . 2 . 56 . 33 0 . 8247 8 A. ~~ . - 1 2 Noon 2 . 77 1 . 34 

8 P. M. - 1 2 Mi dni ght 4 . 02 1 . 9 7 7 . 8833 
l 2 Midnight - 8 A. M. 1 . 68 0 . 93 

8 p. M. - 1 2 Midn i ght 4 . 02 1 . 9 7 3 . 8556 
8 A. ~1. - 1 2 Noon 2. 77 l . 34 

l 2 Midnight - 8 A. ~1 . 1 . 68 0 . 93 . 8881 
8 A. t·1. - l 2 Noon 2.7 7 l . 34 

162 

Proba ; 1 i y 

< 0 . 00 1 

p < 0 . 001 

s 

P < 0 . 00 1 

p < 0 . 001 

p < 0 . 00 1 
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T A B L E I V (Continued) 
--r--

STATISTICAL COMPA RIS ON OF URINARY HYDROXYPROLI E EXCRETIO 

AT DI FFE REN T TIMES OF THE DAY 

SU BJ ECT lA 

(Exerci s ed secon d ha l f of s~udy) 

~1e n n s Standard II t II 

Population Com pa r ed ( m g/ h o u r } Deviation Valu Pro a i 1; ty 

1 2 Noon - 8 P. M. 2 . 30 1 . 0 3 
8 p. M.- 1 2 Midni ght 3 . 33 1 . 59 4 . 0053 P < 0 . 001 

1 2 Noon - 8 p. M. 2.30 1 . 0 3 5.3487 < 0 . 001 
1 2 ~1 idni ght - 8 A. M. 1 . 4 6 0 . 49 

1 2 Noon - 8 p. 1. 0 . 30 1 . 0:; 0 . 76 s 
8 A.M. - l 2 Noon 2.48 1 . 51 

8 P. M. - l 2 1"1 idni ght 3 . 33 1. 59 8 . 2 7 P < 0 . 001 
1 2 Midnight - 8 A. ~1 . 1 . 4 6 0 . 49 

8 p. M. - 1 2 Midn ight 3 . 33 l . 59 2 . 8279 < 0 . 01 
8 A.M. - l 2 Noon 2 . 48 1 . 51 

12 l . 46 0 . 49 . 7339 p < 0 . 00 
Midnight - 8 A. M. 

8 A. r~. - 1 2 Noon 2. 48 1 . 51 
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T A B L E I V (Continu e d) 

STATISTICAL CO !'~PARISO N OF URINA RY HYDROXYP OLINE I_XCRETIO 

AT 0 I F F E R E N T T I ~1 E S 0 F T H E D A Y -----

ALL SU BJECTS 

Me · n s ~ ta n da t d II t. I I 

·-

Population Com pared ( rng / ho u r ) De viation Va l ue 0 a i l i ty 

l 2 Noon - 8 p. t·1. 2.38 1. 32 
8 P . r~ . 1 2 t~ i d n i g h t 3 . 04 1 . 61 6 . 75 7 0 . 00 1 -

1 2 Noon - 8 p . ~1 . 2 . 38 1 . 3 2 11 6 30 5 p < 0 . 00 1 
1 2 Midnight - 8 A. t~ . 1 . 52 0 . 82 

1 2 Noon - 8 p . t·1 • 2 . 38 1 . 32 1 . 66 2 p _.. 0 . 10 
8 A.M. - 1 2 Noon 2. 2 3 1 . 2 7 

8 P.M. - 1 2 Midni 9ht 3.0 4 1 . 61 1 7 .75 2 3 P < 0 . 00 1 
l 2 ~~idnight - 8 A. ~1. 1 . 52 0 . 82 

8 p.M. - 1 2 Midnight 3 . 04 1 . 61 8 . 33 24 P < 0 . 00 1 
8 A.M. - 1 2 Noon 2 . 23 l . 2 7 

l 2 Midnight 8 A. M. 1 . 52 0 . 82 9 . 9111 < 0 . 00 1 - l . 2 7 8 A.~~. - 1 2 Noon 2.2 3 
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T A B L E V 

STATISTIC AL COMPAR I SON OF URINARY HYDROXYPROLI E 

D U R I N G B E D R E S T !D'_ S U B J E C T -~ W H 0 f X E R C I S E_Q_ ~ D A Y S ~ 

(SUBJECT 3A - F IRST ~ DAYS , SUBJEC~ ~- SECO D HALF OF. STUDY ) 

Mea ns Standard II t II 

Populations Co mpared ( mg/2 4 h rs ) Deviation Va l ue oba ; 1 ; ty 

SUBJECT 3A 

Exercise 52. 31 1 3 . 6 3 
4 . 3181 P < 0 . 001 

No Exercis e 70. 1 8 1 6 . 1 9 

SUBJECT 1 A 

Exercise 51 . 7 2 1 0 . 61 
0 . 7593 s 

No Exercise 54. 21 13 . 00 



T A B L E V I 
I 

STATISTIC AL COMPARIS ON OF URI NARY HYDROXYPROLINE 

DIFF EREN T T I~~E S _Q£_ TH E DAY DURING BED RCST ~ .;;:._::_;::....;:,_;;::....::....:....::.. 

EXERC ISED £§_ DAJj_ EACH 

(SUBJ ECT 3A- F I RST~ DAYS, SUB JECT lA- _S __ 

SU BJE CT 3A 

~,1eflns Standurd II t II 

Popul at ions Compared ( mg/ h o u r) Deviation l ue p 0 

-

l 2 Noon - 8 P. M. 

166 

a ility 

No Exercis e 3.05 l . 4 3 2 . 7509 P < 0 . 01 
2 . 1 0 l . 04 Ex e rcise 

----------- -
8 p. t~ . - l 2 Mi dn i oht 

No Exercis e 4 . 97 2 . 08 3 . 823 p 0 . 001 
Exercise 3 . 1 3 l . 34 

1 2 Midnight - 8 A. M. 

No Exercise 1. 74 0 . 90 0 . 05 s 
Exercise l . 6 3 0 . 95 

8 A. r·~ . - l 2 Noon 

No Exercise 3.0 7 l . 49 1 . 5989 s 
2. 49 1 . 4 9 

Exercise 
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T A B L E V I (Continu e d) 

STATISTICAL CO MPAR ISON OF URI NARY HYDROXYPROl I E XCRETIO AT 

DIFFERENT TI MES Q£_ THE DAY DURI ~G BED .B.f.ST BY SUBJECTS ~HO 

EX ERCIS ED ~ DAYS ~ AC~ 

( S U B J E C T 3 ,n, - F I R S T ~ D A Y S , S U B J E C T 1 A - g _C 0 t D ~ Q_ S T U Y ) 

SU BJ ECT l A 

Means Standard II t II 

Populations Co mpa r ed ( mg I h o u r J Deviation Val c Pro a i 1 ° y 

l 2 Noon - 8 p . ~1 . 

No Exercise 2 . 49 1 . 26 1 0 4083 
Exercise 2 . 09 0 . 65 

--- -~ 

8 P. M. - 1 2 ~1 i d n i g h t 

No Exercise 3 . 29 1 . 4 5 0 . 1 7 50 s 
Exercise 3 . 37 1 . 72 

l 2 Midnight - 8 A. M. 

No Exercise 1 . 6 2 0 . 4 2 . 823 p < 0 . 02 
Exercise 1 . 30 0 . 49 

8 A.M. - 1 2 Noon 

No Exercise 2.2 0 l . 0 7 1 . l 85 s 
Exercise 2.79 1 . 83 
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T A B L E V I I 

~TATISTICAL CO MPA RISO N OF URI NARY HYDROXYPROLINE XCRETIOt OF 

G R 0 U P S 0 F S U B J E C T S t•J H 0 E X E R C I S E D ( 2 .fl. 6 A , 7 A ) ~ 

\~HO DID NOT EXERC ISE (4A, 8/\, 9A) THI,OUGHOUT ,!3_[Q_ REST 

--

Means Standard II t II 

Populations Co mpared (m g/24 hr s ) Deviation V a 1 u Pro a i 1 i 

Exercisers 51 . 46 1 6 . 1 9 

0 . 9806 s 
Non-Exercisers 49.65 17. 51 

y 
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T A B L E V I I I 

STATISTICAL C0 ~1 P ARIS ON OF URI NARY !jYDROXYPROLI,JE EXCRETIO I AT 

D I F F E R E N T T I n E S 0 F T H E D A Y B Y G R 0 U P S 0 F S U 8 J E C T ~ tJ H 0 

( 2 A_~_l_!l) AN D t~ H 0 D I D N 0 T EX E r~ I S_l_ ( 4 A , 8 !\ 

TH ROUGHOUT BED REST 

r~e an s Standur'd I I t II 

Populations Com pare d ( mg I h o u r; Deviation v 1 Ll 

- --

l 2 Noon - 8 P . r~ . 

Exercisers 2.34 1 . 34 0 . 2851 
Non-Exercisers 2.38 1. 37 

8 P. M. - l 2 Mi dni ght 

Exercisers 2 . 93 l . 48 1 . 19 52 
Non-Exerci sers 2 . 73 l . 4 6 

1 2 ~1idnioht - 8 A. ~1 . 

Exercisers T. 48 0.80 0 . 5725 
Non-Exerci sers l . 53 0 . 87 

-
8 A.M. - l 2 No on 

Exercisers z .. 34 l . 33 3 . 6965 
Non-Exercisers T .. 87 0 . 95 

'--

p 

X RCIS_O 

9A) 

0 ( l ; 1 ; y 

s 

I 

s 

p < 0 . 001 



JA BLE I X 

URI NARY NITRO GEN EXCRCTION 

( G R A ~1 S P E R ~ H 0 U_B S ) 

PA RT A. - - SUBJEC T 1A 

Pre-Bed Rest B e d R e s t 

-
Day Gm / 24 hr Day Gm/24 hr Day Grn/24 h 

._ 1 12. 374 1 9. 744--,-29 1 5-. 1 3 5 -
2 10 . 146 2 13. 416 30 1 2 . o-is 
3 10.2 83 3 13 . 395 31 7 . 645 -

- 4 11 . 200 4 18 . 098 32 14 . 340 
1- 5 10 . 309 5 14.10 3 33 14 . 340 
_ 6 11.62 8 6 13.7 55 34 14 . 627 
_ I ~ 5 . 456 7 12. 683 35 13 . 040 

~=-~ -· I 2 . tJ I 3 8 13 . 323 36 17 . ~064"-

7 .920 9 14.265 37 14 .968 
J_O 1 3. 7 2 -=-;----- --ro ----- 1 tt. 6 s g 

-je I I . Y48 
.J l 16 .156 1 1 10 . 837 39 12 . 971 
J2 12.9 48 1 2 13 . 663 40 14 . 546 

l 3 16.59 0 1 3 12.295 41 13 . 20 1 
h-

._14 11 . 6 7 7 1 4 7. 644 42 14 . 57 1 
l 5 14 . 414 1 5 12 . 717 43 13 . 107 

1 6 - - l 6 13 . 874 44 14 . 71 9 
-- 45 13.1 41 1 7 12 . 775 
Mea n 11. 822 1 8 12 . 394 46 13 . 787 

- 1 9 13 . 530 47 l l . 9 7 5 

20 11 . 725 48 1 3 . 8 34 
-
- 21 12 . 65 1 49 13 . 79 9 

.__ 22 14 . 02 2 50 15 . 22 9 

- 23 11 . 304 51 14 . 413 

24 9 . 465 52 14 . 065 
- 14 . 250 - 25 12 . 727 53 

26 14 . 69 7 54 1 3 . 7 48 - l 3 . 1 88 
27 12 . 425 55 - 9 . f4 ~4 

1----.. 28 13 . 849 56 

ea n 1 3 . 0 

l 70 

~ L- B d R 

0 y Gm / 24 In 

1 4 . 7 3-5" 
2 4 . 032 
3 J . 6 72~ 

4 4 . 275 
5 4 . 042 
6- - -
7 4 . 095 

~8- J . o·gz--
9 15 . 473 

10 4 . 928 ·-
1 1 4 . 9 34 
1 2 1 . 320 
l 3 - -

-

ean 5 . 018 
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T A B L E (Continued) 

UR INARY NITROGEN EXCRETION -----
( G R A ~1 S P E R 2 4 H 0 U Rl_ ) 

P A R T !:__ S U B ~.1 E C T 2 A 

-
Pre-Bed Rest B e d R e s t () 5 t .. I R t l.! 

L-

Day Gm /2 4 hr Day Gm/24 hr Day Gm/2tl hr 0 y Grn/24 h 

~ 

1 8 . 004 l 6.770 29 14.?:J4 1 3.520 

- 2 9.006 2 12 .1 32 30 13~f11 2 -6 . 281 

L- 3 9 . 500 3 14 .987 3-1 12 . 99?- 3 -8 . 4 7 0 
._ 4 5.66 4 4 10. 535 32 13 .2 60 4 11 . 628 

- 5 7 . 502 5 12 . 609 33 13 .636 5 2 . 450 
6 7 . 885 6 12.8 42 34 13 .1 63 6 2 . o8 

>---

1- 7 8 . 064 7 7 . 892 35 11.9 61 7 4 . 392 
8 7 . 552 8 11 . 648 36 12 . 222 8 1 ' 76-0 

1-
1- 9 l u. /0 l 9 1? . 6?C) 17 1 -.R4o 0 J.905 

1 0 
- - -

1-- 7. 956 10-----8---:770 38 9 . 335 1 0 5 . 352-

l l 8 . 772 1 1 12.035 39 9 . 014 1 1 4 ' 214 
1-

l 2 11. 529 1 2 9 . 956 40 14.009 1 2 1~7""2 
1--

~3 11. 922 l 3 1 1 . 3 2 3 41 12 . 501 1 3 2 . 880 

l 4 7. 093 1 4 10.3 45 42 14 . 386 
1-

~J 1 3 .~ 6 6 l :J l ~ . -91 8 43 l 3 . ?f:l2 ·ea . 52 

1 6 9.6 22 1 6 12 . 380 44 12 . 913 
r:::: l 7 l 3 . 998 45 11 .40o 

t·1 ean 9.002 1 8 12 . 438 46 11 . 156 

1- 1 9 12 . 312 47 11 . 934 

I-- zo 1 o. oos 48 10 . 850 

f--- 21 12 . 658 49 13 . 396 

...._ 22 12 . 802 50 11. 444 

f-- 23 14 . 242 51 10 . 782 

~ 24 8 . 340 52 11 . 579 

I-- 25 14.3 41 53 12 . 935 

I-- 26 1 1 . 8 6 9 54 10 . 010 

I-- 27 13 . 266 55 1 0 . 1 80 

28 13 . 352 56 3 . 912 
t:::=: 

ean 1 2 . 1 0 
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T A B L E I X, (C ontinued) 

URI NARY NITRO GEN EXCRETION -----

PAR T C. -- -

Pre-Bed Rest B e d R c t ("~ (" - r "' ('C: 

Da y Gm/24 hr Day Gm/2 4 hr Day Gm/24 h Day Gm /24 h 

- r-- -

1 5.3 40 1 12 . 130 29 15 . 606_ 1 11 . 668 
2 7. 77 0 2 1 3. 50 ., 30 13 .1 80 2 5 . 673 

. 

3 9. 860 3 10 . 482 31 11 . 5 0 3 10. 675 
4 11. 592 4 13 . 594 32 12 . 375- 4 7 . 9~ -

5 8. 415 5 12 . 960 33 14 . 102 5 9 . 016 
6 7 . 536 6 13.7 93 34 14 . 74 6- 6 -s . 3l5 
7 -:. 

9. 680 7 14 . 371 35 11 . 356 7 10 . 368 
~ 8 .S l 4 8 14.62 8 36 1 2 . 6 l 4 8 9 . 443 
9 12. 48S ~9 10 .9~~) 27 1? PPCl Q l(l 181 

1 0 
--1--. -- 6~00-

7.2 72 1 0 13 . 787 38 11 . 278 1 0 
I I 7.7 86 l 1 l 2 . 70 4 39 15 . 832 1 l 6 . 048 

1 2 14. 354 l 2 15 . 31 9 40 13 . 46 1 1 2 9 . 576 
13 1 3. 31 8 1 3 16 . 061 4 1 16. 443 1 3 2 . 778 

l 4 5. 41 6 1 4 14 . 10 6 42 15 . 868 
l 5 15.660 1 5 15 . 743 43 12 . 888 ea n 8 . 1 01 

l 6 7. 14 6 1 6 14. 435 44 13. 676 
,_ 15 . 365 

1 7 16 . 640 45 
t·1 e an 9.509 rrr r 4 . 1 53 46 r~. s24 

- 1 9 14 . 087 47 1 4 . 7 36 

20 14 . 27 7 48 13 . 517 
,__ 

21 16 . 300 49 12 . 974 

22 15 . 21 2 50 14 . 890 

23 14 . 780 51 17 . 736 

24 1 3 . 611 52 12 . 11 9 
- 14 . 9 7 5 

25 13 . 682 53 

26 10. 745 54 14 . 272 
- 14 . 808 

27 16 . 31 8 55 
- 12 . 678 

28 1 3 . 818 56 

ean 1 . 1 3 7 
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T A 8 L E ( Continued) 

UR IN ARY NITROG EN EXCR ETION 

( G R A ~·1 S P E ~ ~ H 0 U R S ) 

PAR T D. - - - SU BJE CT 4A 
-

Pre -Bed Rest B e u R e .:> t r ~~ t J .... 
'\ (" 

I \,. .,) ~ 

-
Da y Gm/24 hr Day Gm/24 hr Day Gm/24 hr y Gm/24 hr 

-
_ l 12.516 1 11. 317 29 14. 8f9 1 6 . 69-§--
L- L 1-s· .7b2 2 rz. 6s8 30 -n---:--7(3- 2 b . ~ 

~ 3 16 . 241 3 1 1 . 57 8 31 1 0~1? 3 
. --3 . 34 

_ 4 13. 200 4 9.7 46 32 1 o--:---94 g - 4 9 . 71~, 

- 5 11.1 24 
--- -~ 

5 11. 328 33 13. 569 3 . 31 3 

1- 6 15 . 85 1 6 11. 495 34 1 3 . 9_6]_1- 6 6 . 1 20 
_ 7 17 .1 69 7 15. 887 35 11 . 520 7 6 . 364 
_ 8 17. 464 8 12.7 29 36 12.1 07 8 3 . 640 

9 15. 576 9 12. 027 37 14. 331 9 7 . 457 
·r - ·--

._ 0 12. t5_o_ -·ro ______ - · ·1 o. 1 u ::> 3~ I I . 'j I 10 tJ . 6bu 

_l l 5. 208 l 1 10. 480 39 12 . 081 1 1 4 . 34 5 

J.2 8.0 96 1 2 8 . 555 40 11.01 8 1 2 11 . 223 

~3 8. 676 1 3 11. 313 41 14. 532 1 3 3 . 240-

J4 9.677 1 4 7.0 52 42 8 . 652 --
J5 12.102 1 5 1 3 . 63 4 43 16.355 ean 5 . 8 7 

_]_6 9.28 4 1 6 12.1 64 44 12 . 759 
- 1 7 12.799 45 14 . 284 

ean 12.54 4 l 8 r4. 1 71 46 11 . 75 4 

- l 9 11. 70 6 47 12 . 282 

- 20 9.7 69 48 10 . 370 

I-- 21 12 . 744 49 13 . 411 

22 13 . 23 8 50 13 . 091 
-
- 23 12. 453 51 11 . 583 

- 24 8 . 880 52 1 1 . 014 

'---- 25 14 . 796 53 14 . 597 

26 13 . 310 54 12 . 276 
- 27 1 3 . 064 55 10 . 453 
- 8 . 944 
:::::::: 28 12. 333 56 

ean 11 . 629 

-



T A B L E _!_L, (Contin ued ) 

URINARY NITROGEN EXCRETION 

( G R A ~1~ .P E R 2 4 H 0 U R S_) 

PAR T [ . SU BJECT 6A - - ·-
r-----

P r F: - Bed Rest B e d R ~ t 

-
Da y Gm/2 4 hr Day Gm/24 hr Day Gm/24 hr 

1 9. 434 1 14 .1 52 29 1 . 1 7 8 
_ 2 1 3. 509 2 12. 614 30 1a~r4o 

~--. 3 12. 614 3 13 . 629 31 13 . 3?6-
4 13 . 298 4 16. 297 32 13 . 915 

I-
5 11. 378 5 12.5 94 33 f6.l36 9 

1-- 6 16. 830 6 15. 816 34 18 . o 12-
7 35.61 6 7 12 . 856 35 14 . 221 

..__ 
8 13. 536 8 17. 773 36 1 5 . 7-i1 

.._ 9 13.0 56 9 14 S7? 17 17.1lt1 t 
J_O 

- -
12. 064 l 0 1 5·-:--9 4 8 38 12 . 413 

_11 14.861 1 l 13.20 3 39 14 . 808 
_}_2 1 1 . 86 5 1 2 1 3 . 855 40 1 3 . 80 7 
1 3 . 15 . 419 1 3 15 . 943 41 1 5 . 66 8 

J.4 15 . 300 1 4 14. 419 42 17 . 490 

JJ 17. 625 1 5 14 . 107 43 13 . 016 
16 12. 591 1 6 14 . 596 44 14 . 480 

- l 7 18 . 877 45 16 . 614 

~l ea n 14.937 1 8 13. 911 46 17 . 966 

1 9 9 . 81 7 47 15 . 608 -
- 20 12 . 831 48 11 . 729 

21 15 . 602 49 17 . 177 
-

22 19 . 112 50 14 . 927 
1--

23 14 . 342 51 16 . 765 
- 24 10. 024 52 13 . 276 
- 15 . 642 
- 25 14 . 063 53 

26 14 . 462 54 14 . 903 
- 14 . 551 

27 16 . 16 8 55 - 10 . 463 
28 15.197 56 -

ean 14 . 537 

-

17 4 

rv.,' I . .) L u 

Day Gm/24 

= 
1 9 . 1 9 6 
2 1 0 . 5 0 -
3 11~096 -
4 10.943 -
5 9 . 440 
6 15.640 
7 11 . 371 
8 10 . 450 
9 11 . 27? I 

1 0 ? . 121 
1 1 10.4 65-
1 2 11 . 610 
1 3 10 . 168 

· e an 1 1 . l 7 



T A B L E G, ( Continued) 

URINARY NITROGEN EXCRETION 

( GRA MS PER~_! HOURS) 

PART F. SUBJ ECT 7A - --

Pre-Bed Rest B r.: d R c s t 
~ 

Day Gm/24 hr Day Gm/24 hr Day Gm/24 hr 
1--.--. -

~ l - - 1 12.0 05 29 14 . 566 
1--

2 12.056 2 11.0 93 30 1 s . 3ro 
1- 3 l~2 3 Tlt . 34 1 3-1 , ~- 2 

~ 4 4.94 9 4 12. 895 +--32 1!:> .657 
5 7.300 5 12.2 39 33 l C:: . 8/l8 

1- 6 14.161 6 14 .777 34 f6 . 0 51 
._7 5. 1 52 7 13.962 35 14. 987 
~8 9.010 8 14 .2 01 36 13 . 927 

~ 3.770 9 1 3. 80 9 37 14 . 585 
1--l 0 8 . 360--f----ro----- ~ - 2 . -6 2 ·g-- -- j cs ·-- l~ . S90 

J_l 6.335 1 1 1 2 . 858 39 13 . 695 
12 12.689 1 2 14 .085 40 14 . 417 

1---J3 10.770 l 3 12.238 41 14 . 766 
l 4 8.073 14 11. 877 42 19.7 08 

1--

J.5 10.298 1 5 15.2 42 43 9 . 657 
16 8.692 1 6 12.932 44 14 . 528 

1--

1 7 18 .541 45 14.6 03 

He an 8. 91 7 1 8 12 . 779 46 1 3 . 7 58 

1--- 1 9 13 .7 25 47 14 . 563 

f--- 20 11 . 852 48 16.0 60 

21 16 . 261 49 1 3 . 4 86 
r-- l 3 . l 34 

22 14 . 967 50 
23 10 . 154 51 11 . 309 

1-- 24 9 . 11 0 52 12 . 156 

25 12.1 66 53 12 . 487 
~ 13 . 852 
f.- 26 13. 41 1 54 

27 1 3 . 302 55 15 . 682 

t-- 28 13.988 56 1 0 . 544 

ea n l 3 . 1 3 

~ 

1 7 5 

Po st Qed cs 

Day Gm/24 h 

1 10 . 706 
2 1 2 . I --
j 1 0 . 3~0-
4 8 . 59 1 
5 6 . 61 1 
6 9 . 8sa-
7 7 . 3ar-
8 3 . 616 
9 7 . i32 

-, 0 4 . 'l.li-
11 6 . 820 
1 2 5 . 233 
l 3 9 . 010 

ean 7 . 919 



'--

T A B L E 1____0_, (Continu ed) 

URINARY NITROGEN EXCRETION 

( GRA MS PER ~HOURS) 

SUBJECT SA 

Pre -B ed Rest B e. d R e s t 

Day Gm/2 4 hr Day Gm/24 hr Day Gm/24 hr 

1 9.57 9 1 9. 1 8 5 29 17. 704 
2 10 . 46 4 2 11. 914 30 14.803 
3 12 .0 36 3 12 . 500 31 1 2. 8-1 4 
4 8.694 4 14 . 063 32 13.6 87 
5 19.2 28 5 14 . 562 33 16.510 
6 16 . 544 6 13.028 34 15.969 
I ~ . bl~ I 15 . 3713 35 I I . 62 7 

8 12.155 8 11. 468 36 13 . 461 
9 10.26 0 9 14 . 343 37 17.1 06 

1 0 - · -1 . 7 68 -~ 4 . 9 :.i .f jb - -----
1 0 l 4 . :Jd4 

1 l 14 . 246 1 1 13 . 623 39 12 . 033 
l 2 13 . 331 1 2 11 . 79 4 40 13 . 948 
l 3 12 . 003 1 3 15 . 504 41 11 . 512 
14 14 . 580 1 4 10 . 025 42 13.222 
l 5 14.438 1 5 14 . 036 43 10 . 532 
lb J U . I I I lb J J . 1 L4 44 I L . yj8 

1 7 17.77 9 45 11 . 629 
ea n 11. 819 1 8 1 5 . 699 46 15 . 974 

1 9 13 . 585 47 10 . 950 

20 13 . 558 48 9 . 605 

21 17 . 15 5 49 12 . 862 

22 16 . 490 50 11 . 687 

23 15.1 86 51 11 . 338 

24 10 . 111 52 9 . 763 

25 16 . 56 8 53 11 . 798 

26 14 . 445 54 9 . 547 

27 16 . 66 4 55 9 . 443 

28 14.546 56 10 . 999 

ean 12 . 939 

176 

oc; - R('lc; 

Day Grn/24 h 

1 13 . 19 2 
2 7 . 1 91 
3 5 . 7 38-
4 7 . 14 0 
5 6 .615-
6 6.513 
7 7 .-s-J:r-
8 3 . 924 
9 7 . 1 56 - 1 . ~o3-10 

1 1 3 . 570 
1 2 5 . 6~ 
1 3 5 . 255 

ean 6 . 690 



T A B L E I X, ( Continued) 

URINARY NITRO GEN DCRETIO I 

( GRAMS PER .?_1_ HOURS) 

SUBJEC T 9A 

Pre -Bed Res t B r~ rl R e s t 

Da y Gm/24 hr Day Gm/24 hr Day Gm/24 hr 

177 

Poe; -

ay Gm/ 2 4 In 

F~==~~ ==~~~~======~======~===~-=~~==~~-====~========== = 
1 7.119 1 6.59 5 29 1 5 .1 5 2 1 
2 5.985 2 1 6 . 996 30 15. 316 2 
3 5 . 5 0 8 3 9 . 4 2.7 -~--=3 1 1 2 . 3 i9 -t-

.._ 4 2. so 1 4 1-4 . T55 32 n---:- ; ~'"4" - '+ ---...... 7-.-1-7·~ -
1'- --,.s.-----=7-. ro=--0-+----;:5=-----...-1 4...-----;. 3~6:-;::5,____,~-----;3 3 l 4. 8 2 5 3 . 3 6 0-

6 1 ., . 6 0 0 6 1 2 . 6 9 4 3 4 l 3 -:-f 1 -:-4 --t-~6--__;;4...:... . .:;1_ .::...:9 g:::__ 
~ 7 10.600 7 1 4.151 35 13. 366 7 6 . 51 8-
._ s 9 . 6 o 4 8 , 4 . 4~7-2~--3 -6 1 3 . 1 4 ·a ----::8.;:----4~._;;4 G 2-
r---:::----_:. 

~9~·--::-::-5 __:' 9=--4~0~--1---9 1 5 ._4 __ 7_4--+ __ 3 7 1 5 . 4 7 8 9 7 . 1 6 8 lO 11 . 446 "10---l-J .U 9/ ~ -o---- 1 -L . t::::/t)-IO ---S . :) "JJ-
11 6.101 11 11. 936 39 9 . 3Q7 ll 4 . 209 
l 2 1 0 . 6 4 0 1 2 1 2 . 59 4 4 0 1 3 . 3 3 8 T 2 3 . 3 8 3_ 
~3 6.612 1 3 14.9 45 41 1 3 . 31 4 13 4 . 699 

14 11.473 14 8 . 293 42 1 2 . 521 
5 . 51 8 

f- 1 5 1 2 . 1 3 1 1 5 1 1 . 1 2 0 4 3 1 3 . 4 0 6 ,. e a n 
16 9.642 1 6 1 4 . 965 4 4 1 2 . 645 

17 1 5 . 412 45 1 4 . 506 

1e an 
19 17.1 88 47 11 . 386 
18 11. 924 46 1 2 . 334 8.388 

20 17. 301 4 8 1 0 . 501 
21 21. 630 49 12 . 843 
22 12. 660 50 12.1 85 
23 1 2.284 51 12 . 637 
2 4 11. 947 52 13 . 552 
25 11.670 53 17 . 614 
26 1 5 . 921 54 13 . 296 
27 9 . 685 55 10 . 346 
28 11. 820 56 10 . 333 

- ean 1 2 . 740 



PART A. SUBJECT 1A 

8 p . t~ . -
12 Noon- 1 2 t1 i d-
8 P . M. night 

Day Gm/h r Gm/hr 

1 0.312 0.312 
2 0.46::, 0.817 
3 0.491 0.487 
4 1 . 1 52 0.750 
5 0.550 1 . 0 3 5 
6 0.890 0 . 418 
7 0.838 0.420 
8 0.551 0.866 
9 0.656 0.748 

1 0 0. 80 1 0. 53 1 
1 1 0 . 473 0 . 720 
1 2 0. 840 0.305 
1 3 0 . 532 0.488 
14 0.207 0 . 461 
1 5 0 . 333 1 . 154 
l 6 0 . 406 l . 2 58 
l 7 0.460 0.690 
1 8 0.662 0 . 3 51 
1 9 0 . 566 1 . 08 2 

20 0 . 51 1 0.630 

21 0.590 0 . 830 
22 0 .7 62 0 . 508 
23 0 . 480 0 . 592 

24 0 . 391 0 . 575 
25 0.447 0 . 959 

26 0 . 627 0 . 840 
27 0 . 638 0 . 600 

28 0 . 541 1 . 0 69 

\ \ 

T A B L E X 

URINARY NITROGEN EXCRETION DURING 

FOUR DAILY PERIODSTHROUGHOUT THE BED REST ----
( GRAr·~S PER HOUR) 

12 Mid- 8 P.M.-
night- 8 A.M.- 12 Noon- 12 Mi d-
8 A.M. 12 Noon 8 P.M. night 

Gm/hr Gm/hr Day Gm/hr Gm/hr 

0.312 0.876 29 0.536 1 . 29 4 
0.::,69 0 . 468 30 0 . 672 0 . 761 
0.533 0.814 31 0 . 406 0.244 
0 . 42.0 0.630 32 0 . 466 0 . 953 -0.398 0 . 594 33 0.744 0 . 818 
0.390 0 . 462 34 0 . 777 0 . 672 
0.240 0 . 594 . 35 0 . 750 0 . 671 
0.399 0 . 564 36 0.363 0 . 957 
0 . 480 0 . 546 37 0.573 1 . 0 7 2 
0.444 0 . 651 38 0.358 0.958 
0 . 496 0 . 052 39 0.748 0.384 
0.468 0 . 497 40 0.645 0.370 
0 . 452 0.620 41 0.520 0.514 
0.268 0.499 42 0 . 582 0 .9 60 
0 . 409 0 . 540 43 0 . 619 0.578 
0 . 390 0 . 618 44 0 . 176 1 . 189 
0.425 0 . 732 45 0 . 300 l . 069 
0.379 0 . 662 46 0 . 557 1 . 080 
0 . 390 0 . 390 47 0 . 551 0 . 550 

0 . 373 0 . 533 48 0 . 412 1. 302 

0 . 402 0 . 348 49 0 .765 0.522 
0 . 523 0.427 50 0.835 0 . 818 
0.225 0.824 51 0.885 0.261 

0 . 057 0.895 52 0 . 331 1 .. 438 
0 . 462 0.403 53 0 . 866 0.741 

0.574 0.433 54 0 . 489 
! 

1. 032 
0 . 491 0.250 55 0.261 1.. 2 71 

0.437 0 . 437 
I 

56 0 .. 569 0.287 

\ \ I f4e an I 0.76 I 0 .. 755 

12 r~id-
night - 8 A.M.-
8 A. ~1. 12 Noon 

Gm/hr Gm/hr 

I 
-

0.534 0 .3 48 
0.304 0 . 304 
0 . 096 0.662 
0.573 0 . 552 
0 . 426 0 . 426 
0.477 0.477 
0 .3 63 0.363 
0.514 0 . 305 
0 . 508 0.508 
0.438 0 . 438 
0.557 0.249 
0.234 1 . 503 
0 . 164 1 . 41 8 
0.136 1 . 2 46 i 

0. 1 99 1 . 06 2 I 

0 . 6.19 0 .3 00 
0 . 601 0 . 414 
0 . 175 0 . 902 
0. 1 9 3 0.954 

0.108 1 . 1 1 6 

0 .12 8 1 . 1 42 
0.268 0.784 

0.194 1 . 184 I 

0.531 0.356 
0.363 0.363 

0.497 0.434 I 

0 . . 219 1 . 065 

0.287 0.287 

0.377 0.617 



T A B L E X 
(Contin ued ) 

URINARY NIT RO GEN EXCRETION DURI NG 

FOUR DAILY PERIODS THROUGHOUT THE BED RE ST ----
(GRAMS PER HOUR) 

PART B. SUBJECT 2A 

I 

8 P. r~ .- 12 ~·1 id- 8 P. M.- 12 t~id-
12 Noon- 12 Mid- ni qht- 8 A. ~~ -- 12 Noon- 1 2 ~1 i d- nig nt- 8 A.M.-
8 P. M. night 8 A. M. 12 Noon 8 p. ~~ . niq ht 8 A.M. 12 Noon 

Day Gm/hr Gm/hr Gm/hr Gm/hr Day Gm/hr Gm/hr Gm/hr Gm/hr 

1 0. 1 61 0.2 80 0.2 80 0.5 32 29 0 .593 0.861 0.481 0.557 
2 0 . 378 1 . 284 0.304 0.385 30 0.689 0 . 657 0 . 423 0.473 
3 0.780 0.282 0. 68 2 0. 540 31 0.532 0 . 527 0.293 1 . 0 7 2 
4 0.497 0.398 0. 338 0 . 466 32 0 . 453 0.770 0.536 0.569 
5 0.541 0. 979 0. 35 7 0 . 378 3·3 0.575 0.707 0.518 0.517 
6 0.457 1 . 2 01 0 . 375 0 . 347 34 0.695 0.692 0.477 0.505 
7 0.505 0.61 9 0 . 319 0 . 457 35 0.516 0.374 0 . 547 0.491 
8 0.438 0. 855 0 . 403 0 . 377 36 0.491 0 . 758 0.488 0.290 
9 0.616 0.7 58 0 . 354 0.459 37 0.774 1 . 0 64 0.468 0.663 

1 0 0.3 04 0 . 570 0.228 0.560 38 0 . 454 0 . 180 0. 388 0 . 471 
1 1 0.4 91 0 . 825 0 . 421 0.360 39 0 . 404 0 . 488 0.435 0.339 
1 2 0 . 287 0 . 880 0.346 0.3 42 40 0 . 494 0 . 677 0.538 0. 511 
1 3 0 . 5 31 0 . 563 0 . 243 0 .71 9 41 0 . 519 0.455 0.516 0.599 
14 0 . 662 0 . 475 0. 160 0 . 469 42 0 . 723 0 . 6 1 2 0.483 0 . 57 4 .. -
1 5 0 . 64 7 0 . 512 0 . 454 0 . 515 43 0 . 574 1 . 02 3 0 . 355 0 . 428 
1 6 0 . 38 4 0 . 430 0 . 687 0 . 521 44 0 . 624 0 . 653 0 . 435 0 . 458 

1 7 0 . 572 0 . 856 0 . 656 0 . 1 8 7 45 0 . 374 0 . 839 0 . 414 0 . 438 
_! 

0 . 809 0 . 361 0 . 713 0.196 0.446 
~ 

1 8 0 . 433 46 0.647 0.657 
1 9 0 . 459 0 . 915 0 . 412 0 . 421 47 0.520 0.450 0.525 0 . 444 

20 0 . 50 1 0 . 398 0 . 354 0 . 544 48 0. 44 3 0 .7 53 0 .322 0. 4 31 

21 0 . 534 0 . 593 0 . 521 0.462 49 0 . 640 0 . 349 0.488 0.7tl5 

22 0 . 708 0 . 319 0 . 502 0.4 62 50 0 . 395 0.554 0.525 0.468 

23 0 . 559 0 . 782 0 . 487 0. 68 7 51 0.394 0.496 0.467 0.478 
24 0 . 236 0 . 395 0 . 349 0. 520 52 0.369 0. 90_9 0.382 0.484 
25 0 . 556 1 . 018 0 . 425 0 . 604 53 0 . 786 0.721 0.242 0.457 
26 0 . 264 1 . 2 43 0 . 402 0 . 393 54 0.462 0. 631 0.279 0.389 

27 0 . 749 0 . 250 0.557 0 . 455 55 I 0.720 0.210 : 0 .. 289 0. 317 
I 

28 0 . 469 0 . 699 0 . 422 0 . 858 I 56 0 .. 026 0.231 0 .. 231 I 0.231 
I 

i:1ean 0 . 511 0 . 652 0 . 413 0 . 494 



T A B L E X 

(Continued) 
URINARY NITROGEN EXCRETION DURING 

FOUR DAILY PERIODS TH RO UGHOUT THE BED REST ----

(GRA MS PER HOUR) 

PART C. SUBJECT 3A 

8 p . ~~ . - 1 2 t·1 i d- 8 P. ~~.- 12 Mid-
12 Noon- 12 ~~id- night- 8 A. t~. - 12 Noon- 12 Mid- night- 8 A. ~1. -
8 P.M. niqht 8 A.M. 12 Noon 8 p. t~. niqht 8 A. t1. 12 Noon 

Day Gm/hr Gm/hr Gm/hr Gm/hr Day Gm/hr Gm/hr Gm/hr Gm/hr 
- '---· . 

"1 0.485 0.485 0.485 0.608 29 0.605 0.7 00 0. 630 0.7 31 
2 0.585 0.8 53 0.508 0.336 30 0. 369 0.791 0.290 1 . 1 88 
3 0.449 0.435 0.429 0.430 31 0.417 0 . 576 0.465 0.549 
4 0.430 0.716 0.481 0. 86 1 32 0.288 0.767 0.621 0.508 
5 0.663 0.907 0.429 0. 1 50 33 0.508 1 . 1 04 0.493 0. 420· 

6 0.593 0.639 0.60 2 0. 419 34 0.783 0.657 0.204 1 . 0 57 
7 0. 607 0.810 0. 46 2 0 . 645 35 0.388 0.875 0.331 0.525 
8 0.600 0.956 0 . 531 0 . 439 36 0.525 0.784 0.477 0.365 
9 0.356 0. 570 0 . 188 1 . 09 2 37 0.365 0.996 0.318 0.861 

10 0.580 0.60 5 0 . 333 1 . 0 1 7 38 0.431 0.446 0.338 0.835 

1 1 0.429 0. 345 0 . 811 0.352 39 0.660 0.957 0 .27 0 1 . 1 4 2 
1 2 0. 78.9 0 . 643 0.536 0.536 40 0 .3 44 1 . 1 81 0.457 0.583 
1 3 0. 644 0 . 798 0.804 0.322 41 0.583 0.866 0.267 0.961 
l 4 0. 7 21 0 . 575 0.328 0.854 42 0.375 0.966 0.662 0.928 I 

----- -
1 5 0 . 680 0 . 521 0 . 686 0 . 683 43 0 . 509 0 . 941 0 . 426 0 . 426 
1 6 0 . 461 0 . 71 9 0. 559 0 . 851 44 0 . 416 0 . 955 0 . 414 0 . 805 
l 7 0 . 798 0 . 741 0 . 349 1 . 148 45 0 . 805 0 . 791 0.392 0 . 657 
1 8 0 . 481 1. 08 4 0 . 440 0 . 613 46 0.657 0 . 704 0.201 1 . 21 1 
1 9 0 . 613 1 . 680 0 . 361 0 . 505 47 0 . 703 0.702 0.266 1 . 043 
20 0. 650 0 . 792 0 . 196 1 . 086 48 0.330 1 . 044 0.275 1 . 1 2 5 

21 0. 569 0 . 922 0.522 0.972 49 0 .558 0.888 0 .2 33 0.776 

22 0.4 58 0 . 975 0 . 444 1. 024 50 0 . 545 0.495 0.403 0.844 
23 0 . 644 0 . 835 0 . 423 0.726 51 0.819 I 0.494 0.659 0.983 

I 

24 0 . 288 0 . 803 0 . 675 0.675 52 0.394 0.788 0.430 0.594 
25 0 . 484 0 . 787 0. 124 1 . 418 53 I 0.594 1 . 016 0.518 0.518 
26 0 . 286 0 . 493 0.493 0.636 54 0 . 458 0 . 998 

i 

0 .. 519 0.616 
27 0 . 896 0 . 581 0 . 413 0 . 882 55 0 . 616 I 1. 00 .2 0.275 0.918 
28 0 . 753 0 . 717 0 . 411 0 . 411 56 I 0.675 0.4'75 0.475 0.443 

I . .. ] __ ~ l l~ean I 0 .. 548 I 0.785 I 0. 434 ., 0.738 
I 

~-···-·--~ 



T A 8 L E X 

(Continued) 

URINARY NITROGEN EXCRETION DURING 

FOUR DAILY PERIODS THROUGHOUT THE BED REST ----
(GRAMS PER HOUR) 

PART D. SUBJECT 4A 

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

8 p. ~1.- 12 Mid- 8 P.M.- 12 Mid-
12 Noon- 12 Mid- night- 8 A.M.- 12 Noon- 12 Mid- night- 8 A.M. .. 8 p. f':1. night 8 A. i1. 12 Noon 8 P.M. night 8 A. r~. 12 Noon 

Day Gm/hr Gm/hr Gm/hr Gm/hr Day Gm/hr Gm/hr Gm/hr Gm/hr 

l 0.341 0.597 0.597 0.355 29 0.344 . 1 . 3 2 5 ! 0.429 0.846 
2 0.603 0.843 0.389 0.344 30 0.473 l . l 4 l 0 .2 84 0.528 
3 0.726 0.486 0.319 0.319 31 0.484 0.661 0.337 0.326 
4 0.569 0.387 0.233 0.446 32 0.417 0.910 0.336 0.322 
5 0.495 0.729 0.375 0.364 33 0.582 0.705 0 . 435 0.652 
6 0.413 0. 8 51 0.349 0.500 34 0 . 1 9 3 l . 484 0.563 0.497 
7 0.758 0.947 0.564 0.3 82 35 0.694 0.588 0.313 0.280 
8 0.382 1 . 2 6 2 0.308 0. 51 5 36 0.280 1 . 20 6 0.420 0.421 
9 0.712 0.890 0.231 0. 2 31 37 0 . 697 0.504 0 . 460 0.766 

l 0 0.626 0.450 0.272 0. 4 31 38 0.536 0.599 0.459 0.406 
11 0.372 0.372 0.326 0.853 39 0.661 0.664 0.353 0.329 
l 2 0.348 0.618 0 . 275 0.275 40 0.390 0.320 0.590 0.475 
l 3 0.66 5 0.927 0.294 0.056 41 0.591 1. 068 0.419 0.546 
l 4 0 . 056 0 . 546 0 . 388 0.330 42 0 . 319 0 . 140 0 .445 0 . 495 
1 5 0 . 148 1 . 268 0 . 783 0 . 278 43 0 . 495 1 . 056 0 . 804 0 . 432 

. 1 6 0.461 0.863 0.408 0 . 440 44 0 . 524 1 . 01 3 0.341 0 . 448 
1 7 0.364 l . 294 0.072 1 . 0 59 45 0 . 633 0 . 930 0.470 0 . 438 
1 8 0.799 0 . 410 0.410 0 .7 16 46 0 . 617 0 .5 56 0 . 320 0 . 508 
l 9 0.716 0.795 0 . 047 0 . 406 47 0 . 363 0.363 0.752 0.478 
20 0.228 0.850 0 . 314 0.509 48 0 . 505 0 . 570 0.326 0.361 
21 0.509 l . 0 6 2 0 . 349 0 . 408 49 0 . 500 1 . 059 0.405 0.484 
22 0.221 1 . 6 51 0.384 0.449 50 0 .5 67 0.856 0.428 0 . 428 
23 0.633 0 . 518 0 . 353 0.625 ' 51 0.508 0.508 0.488 0.395 
24 0.248 0 .7 64 0 . 330 0.299 52 0.190 1 .2 66 0.347 0.415 ! 

: 

25 0.756 0 . 940 0 . 326 0.596 53 0.483 0.483 ! 0.828 0.544 
26 0. 7 39 0 . 682 0 . 385 0 . 397 54 0.418 0 .. 418 0 .. 615 0.585 
27 0 .71 6 0.809 0 . 375 0 . 277 55 0 . 573 0 .. 427 0.347 0.347 
28 0 . 489 1 . 01 7 0 . 322 0 . 445 56 0 . 591 I 0.263 0.263 0.263 

I 

- I-- I Mea nf __ ~· ~5 J o. 7~~ J _ o ._4o_l 1 0.452 



T A B l E X 
( Conti nue d) 

. URINARY NITROGEN EXCRETION DURING 

FOUR DAILY PERIODS THROUGHOUT THE BED REST 

(GRAMS PER HOUR) 

PART E. SUBJECT 6A 

8 P.M .- 12 Mid- 8 P.~~.- 12 Mid-
12 Noon- 12 Mid- night- 8 A.M.- 12 Noon- 12 Mid- night- 8 A.M.-
8 P.M. night 8 A. ~~. 12 Noon 8 P.M . night 8 A.M. 1 2 Noon 

Day Gm/hr Gm/hr Gm/hr Gm/hr Day Gm/hr Gm/hr Gm/hr Gm/hr 
' -•. ...,.~_· *'!~ 

~~-..... 
t·~ l 0.360 0.726 0.726 0.640 29 0.486 1 . 240 0.540 0.753 ~ .. i .. 

2 0.698 0.598 0.360 0.441 30 0.365 1 . 9 91 0.525 0.914 
~ 

3 0.465 1 . 01 2 0.546 0.374 31 0. 496 0 . 923 0 . 491 0.436 
~ 

4 0.830 0.441 0. 611 0.752 32 0. 59 7 0 . 896 0 . 435 0.520 
5 0.543 0.020 0.203 0.638 33 0 . 7 61 0 .7 97 0 . 627 0.644 
6 0.759 0.780 0.5 52 0. 55 3 34 0 . 972 0.686 0 . 538 0.796 
7 0.790 0.236 0.300 0 .7 98 35 0 . 712 0 . 662 0.445 0.580 
8 0.585 I . 1 46 0. 511 1 .1 06 36 0.580 0.927 0.550 0.754 
9 0.809 0. l 69 0 . 560 0 . 780 37 0.531 1 . 2 29 0.536 0.998 

1 0 0.8 44 0 . 575 0 . 474 0.776 38 ' 0.521 0.791 0.349 0.573 
1 1 0.7 08 0 . 735 0 . 411 0 . 327 39 0.801 0.5i!: 0.417 0.695 : 

i 

12 0. 56 4 0 . 609 0 . 576 0.575 40 0.360 0 .677 0 . 698 0.659 I 

1 3 0 . 672 0 . 931 0 . 570 0 . 570 41 0 . 455 1 . 21 5 0 . 598 0 . 598 
1 4 0.810 0 . 510 0 . 489 0 . 49 7 42 0 . 097 1 . 468 1 . 080 0 . 550 
1 5 0 . 294 1 . 54 7 0. 388 0 . 617 43 0 . 550 0 . 625 0 . 397 0 . 735 . 

l 6 0 . 515 0.901 0.4 62 0 .7 93 44 0.529 0 . 484 0 . 504 1 . 0 70 

1 7 0 . 735 1 . 0 98 0 . 629 0 . 893 45 0 . 447 1 . 4 63 0.579 0.639 

1 8 0 . 262 1 . 0 30 0 . 613 0 . 698 46 0.869 0 . 882 0 .5 04 0 . 864 

1 9 0. 19 6 0.7 95 0 . 370 0.527 47 0.802 0.720 0.477 0.625 : 
20 0.47 9 0 . 657 0 . 553 0 . 488 48 0.514 0.514 0.464 0 . 462 I 

21 0 .7 04 0 . 782 0 . 652 0 . 406 49 0.588 1 ,, 03 7 0.650 0.781 
22 0 .7 98 1 . 1 6 2 0 . 423 0.675 50 0 . 481 0 .9 94 0.608 0 . 561 I 

I 

I 

23 0. 529 0 . 984 0 . 606 0.333 51 0 . 876 0 . 640 0.563 I 0.675 ! 

i 

24 0 . 219 0 . 553 0.505 0.504 52 0.366 0.735 0.537 0. 780 I 
I l 

25 0 . 390 0 . 924 0 . 589 0.634 53 0.686 0.641 0.510 0.878 I 

26 0 . 543 0 . 8 51 0 . 516 0 . 646 54 0.386 l. 200 I 0.641 0.471 
I 

27 0 . 760 0 . 696 0.648 0.532 55 0. 551 l ,, 012 0.456 0.613 I 

28 0 . 430 1 . 3 31 0 . 459 0.690 56 0 ,, 572 0.368 0 ,, 368 0.368 
I 

i·iean 0 . 576 0 . 860 0 .525 0.647 
I 



T A B L £ X 
(Continued) 

URINARY NITROGEN EXCRETION DURING 

FOUR DAILY PERIODS THROUGHOUT THE BED RE ST --- ----- -- -- --
(GRAt~S PER HOUR ) 

.PART F. SUBJECT 7A 

8 p. ~·1. - 12 Mid - 8 P.M.- 12 Mid-12 Noon- 1 2 t:1 i d- ni ght- 8 A. f~ .- 12 Noon- 12 Mid- night- 8 A.M.-8 p. t·1. night 8 A. M. 12 Noon 8 P. r~ . niqht 8 A.M. 12 Noon 

Day Gm /hr Gm/hr Gm/h r Gm /hr Day Gm/hr Gm/hr Gm/hr Gm/hr 

1 0.234 0.585 0.585 0.779 29 0.622 0.964 0. 38'8 0.702 

2 0.538 0.448 0.463 0.322 30 0.707 0.868 0.554 0.446 

3 0.476 0.774 0.582 0.821 31 0 . 940 0. 7 41 0.481 0.339 
..., 

4 0 ·. 639 0.509 0.463 0.513 32 0.595 0. 99 4 0.491 0.749 
5 0.440 0.733 0. 5 61 0.325 33 0.612 0.871 0.545 0.777 
6 0.420 0.694 0 . 712 0 . 736 34 0 . 791 0.618 0.553 0.707 

7 0.607 0.556 0.527 0.666 35 0.569 0 . 979 0. 591 0.447 

8 0.704 0.557 0 . 506 0 . 572 36 0 . 44 7. 0.879 0.585 0.539 
9 0 . 605 l . 0 51 0 . 285 0.602 37 0.612 1 . 01 3 0. 11 0 1.188 

1 0 0. 3 51 0 . 834 0.420 0.782 38 0. 1 8 5 0.667 0.419 1 . 27 4 

1 1 0.694 0.527 0 . 426 0.450 39 0.504 0.873 0.260 1 . 0 2 3 
1 2 0 . 654 0.488 0.568 0.611 40 0.798 0.459 0.205 l . 1 41 

1 3 0 . 634 0.608 0 . 371 0 . 444- --41 -~- 0 . 570 ~ __ O.E13 _ 0 hl5 0 .7 09 
~ 

1 4 0 . 518 0.540 0 . 491 0 . 415 42 0.949 0.878 0.592 0 . 968 

l 5 0.755 0.673 0.574 0 . 656 43 0.366 0 . 375 0 . l 21 1 . 0 6 7 

1 6 0.638 0.542 0 . 535 0 . 347 44 0. 71 3 0 . 602 0.470 0 . 664 
1 7 0.559 1 . 2 80 0. 7 51 0.762 45 0.880 0.468 0.221 0.982 

18 0.299 1 . 2 59 0 ·. 1 51 1 . 0 3 5 46 0.728 0 . 479 0 .2 46 1 . 01 4 

1 9 0.379 0 . 990 0.525 0.636 47 0 . 685 1 . 160 0. 188 0.736 

20 0 .47 3 0 . 513 0.550 0.404 48 0.749 1 . 2 24 0.429 0.435 

21 0 . 664 0 . 772 0 . 516 0 . 960 49 0.540 0.495 0.658 0.482 
·-

22 0 . 599 0 . 506 0 . 485 1. 066 50 0.634 0.653 0.276 0.812 
I 

23 0 . 499 0.541 0.363 0 . 274 51 0 . 470 0.462 0.354 0.718 

24 0 . 265 0.285 0.585 0 . 292 52 0 . 655 0.465 0.456 0.354 

25 0 . 528 0 .7 54 0. 130 0.997 53 0.290 0.610 0.700 0.531 

26 0 . 428 1 . 1 53 0.474 0 . 395 54 ! 0. 480 1 . 250 0.509 0.236 
27 0 . 530 0.557 0 . 610 0 .-lfgl 55 0.552 0.677 0 .184 1.772 

28 0 . 492 0 . 581 0 . 698 0 . 535 56 0 . 584 0 . 392 0.392 0 . 293 

i-iean 0 .569 0 .7 15 0 . 455 0.678 



T A B L E X 

( Con t i nu e d) 

URI NARY NITROGEN EXCRETION DURING 

FOU R DA I LY PE RIODS THR OU GHOUT THE BED RE ST 

( GRAM S PER HOUR ) 

PART G. SUBJECT 8A 

8 P.M.- 12 ~·1id- 8 P.M.- 12 Mid-
12 Noon- 12 Mid- night 8 A.M. 12 Noon- 12 Mid- night- 8 A.M.-
8 P.M. night 8 A. t,L 12 Noon 8 p. t~. night 8 A.M. 12 Noon 

Day Gm/hr Gm/hr Gm/hr Gm/hr Day Gm/hr Gm/hr Gm/hr Gm/hr 

1 0.219 0.457 0.457 0.490 29 0.620 0.984 0.674 0.853 
.. 2 0.709 0.399 0.392 0.380 30 0.627 1 . 0 21 0.469 0.489 

3 0 . 752 0 . 574 0.344 0.361 31 0.554 0.527 0.238 1 . 09 2 -
4 0.599 0.546 0.605 0.564 32 0.600 0.964 0.374 0.510 
5 0.665 l . 1 21 0.235 0 .72 0 33 0.839 0.712 0.574 0.591 
6 0.703 0.489 0.4 82 0.399 34 0.963 0.474 0.472 0.649 
7 0.638 0.554 0.720 0 . 575 35 0.441 0.581 0.467 0.509 
8 0.580 0.3 94 0 . 340 0.633 36 0.509 l . 0 50 0 .386 0 . 527 
9 0.549 0.7 52 0.600 0 . 537 37 0.644 1 . 2 71 0.~71 0.776 

10 0.766 0.4 90 0 . 561 0 . 595 38 0 . 660 1 . 018 0 . 425 0 . 458 

\ 11 0 . 648 0 . 446 0 . 609 0 . 446 39 0 . 829 0 . 721 0 . 287 0 . 056 
12 0 . 604 0.338 0 . 488 0.428 40 0 . 7 60 0 . 022 0.756 0 . 4 32 - -

1 3 0 .. 7 70 0 . 489 0 . 586 0 . 677 41 0 . 4 53 0 . 444 0 . 501 0.527 
1 4 0.4 37 0 .7 13 0 . 204 0 . 513 42 0 . 527 0 . 750 0 . 481 0 . 541 
1 5 0.660 0 . 552 0 . 463 0 . 712 43 0 .3 80 0 . 495 0 .431 0.518 

1 6 0 . 399 0 . 425 0 . 625 0 . 808 44 0 . 642 0.489 0.485 0.493 
1 7 0 . 649 1 . 37 8 0 . 569 0.632 45 0.358 0 . 827 0.394 0.576 
18 0 . 67 7 0 . 992 0 . 518 0 . 543 46 0.718 0 . 895 0.529 0.605 

1 9 0 . 543 0 . 532 0 . 641 0 . 497 47 0.454 0.738 0.341 0.410 
20 0 .77 8 0.589 0 . 405 0.435 48 0 . 506 0 .. 586 0. 2 51 0.300 ---
21 0 . 7 59 1 . 168 0 . 468 0.666 49 0.495 I 0.563 0.606 0.450 

22 0 . 911 0 . 643 0 . 518 
I 

0.623 50 0 . 582 0 .. 901 0.290 0.276 

23 0 . 835 0.473 0 . 508 0. 6'12 51 0 . 494 I 0.265 I 0.568 
I 

0.442 I 
I 

I - -
24 0 . 389 0 . 380 0 . 486 0 . 398 52 0 . 444 0 .. 554 0.303 0.395 

25 0 . 656 1 . 139 0.467 0 . 756 53 0 . 363 1 . 012 0.354 0 .. 503 -
26 0 . 532 0 . 956 0.514 0 . 564 54 0 . 310 0.768 0.260 0 .. 479 

- I 

27 0 . 800 0 . 610 0 . 680 0 . 596 55 0 . 158 0 . 618 
I 

0 . 466 0 .4 96 
--

28 0 . 574 0 . 840 0 . 484 0 . 683 56 0.552 0 .334 
I 

0.334 0 .7 .2.7 

I I 1 
1-\c a :n 0.594 0 . 6'7 '9 0 . ·46'7 0 .545 



T A B L E X 

(Continued) 
URINARY NITROGEN EXCRETION DURING 

FOUR DA ILY PE RI ODS THR OUGHOUT THE BED REST ----
( G R A t~ S P E R H 0 U R ) 

PART H . SUBJECT 9A 

-------- - --

8 P.M.- 1 2 t~ i d- 8 P. M. - 12 Mid-
12 Noon- 12 Mid- night- 8 A.t·~ .- 12 Noon- 12 Mid - night- 8 A. t11. -
8 p. t~. niqht 8 A. M. 12 Noon 8 P. r~. niqht 8 A. ~1. 12 Noon 

Day Gm/ hr Gm/hr Gm/hr Gm /hr Da y Gm / hr Gm/ hr Gm / hr Gm/hr 

1 0. ll 9 0 . 254 0.254 0.650 29 0.759 0 . 693 0.5 78 0 . 423 

2 1 . 328 0.390 ! 0.425 0.353 30 0 . 641 0.930 0.472 0.674 
. ' 3 0.486 0.36 0 0.3 99 0 . 228 31 0.658 0.601 0.193 0. 7 91 · .:; ... 

4 0. 571 1 . 01 7 0.420 0. 54 0 32 0.469 0.838 0.341 0.48 
. 5 0 . 741 0.360 0 .6 33 0 . 483 33 0.614 0.492 0.736 0.529 

6 0 . 601 0.37 5 0. 513 0.570 34 0.596 0.612 0.562 0.499 I 

I 

7 0.612 0 . 945 0.391 0.587 35 0.675 0 .472 0.464 0.592 I 

I 

8 0.648 0 . 672 0 . 506 0.638 36 0.592 0.861 0.370 0.500 

9 0.7 25 1. 008 0.070 1 . 27 2 37 0.621 0.540 0.727 0.634 

10 0 . 666 0 . 634 0.358 0.594 38 0.535 0 .7 99 0.402 0.400 
1 1 0 . 4.9 6 0 . 816 0.368 0.441 39 0.327 0.540 0.341 0.472 
12 0.58 1 0 . 7 51 0 . 430 0 .37 5 40 0 . 644 0.564 0.536 0.409 
13 0 .7 23 0 . 7 32 0.425 0 .71 0 41 0 . 512 0 . 384 0.554 0.812 
1 4 0 . 560 0 . 803 0 . 360 0 . 078 42 0 . 464 0 . 401 0.673 0 . 455 
1 5 0 . 428 0 . 605 0 . 415 0 . 488 43 0 . 511 0 .7 40 0 .598 0.394 

1 6 0 . 638 0.475 0 . 604 0.783 44 0 . 594 0 . 782 0.394 0 . 404 

1 7 0 . 703 0 . 841 0 . 663 0 . 280 45 0 . 634 0 .733 0.530 0.564 

1 8 0 . 384 0.846 0 . 398 0 . 571 46 0 . 645 0 .7 66 0. 105 0.817 

1 9 0.517 1 . 9 64 0.403 0 . 495 47 0 . 551 0 . 634 0.299 0.512 

20 1 . 0 09 0.663 0.430 0 . 535 48 0 . 532 0 .488 0.278 0.517 

21 1 . 3 51 1 . 2 62 0 . 485 0.473 49 0 . 580 0 .74 1 0.459 0.390 

22 0.538 0 . 581 0.455 0.573 50 0.520 0 .. 916 I 0.364 0.362 

23 0.476 0 . 960 0 .411 0 . 337 51 0 .. 608 0 .. 636 0.442 0.424 

24 0 . 653 0 . 309 0.495 0 . 383 52 0 . 690 0.826 0 .. 349 I 0.484 

25 0.330 0 .7 38 0.440 0 . 640 53 0.543 1 . 806 0.378 0.755 
-- I 

26 0 . 569 1.172 0 . 386 0 . 900 54 0 .. 615 I 0 .. 603 0.370 0.750 

27 0 . 225 0 . 378 0 . 592 0.409 55 0.486 0.337 0.201 0 .. 875 

28 0 . 277 0 . 563 0 . 615 0 . 609 56 0 . 397 0 . 447 0.447 0 .447 
-

[ _ _! i+ean 0 . 589 0. 708 0 . 433 0 .538 
- ~ 



1 86 

TA BLE XI 

STATISTIC AL C 0 ~1 PA R IS 0 N 0 F URINARY NIT R 0 G E ~' EX C RET I 0 ~~ 

BET\~EEN Pi\IRS OF THE DIF FERENT PERIODS OF THE. STUDY 

PART A. ---- SU BJECTS ~' ~' ~ 

( Exercised throu gh out the study, indiv idtrll dllta) 

--

~~ e an s Stan dal d II t II 

Populations Co mpared ( gm/24 hrs) Devi ation Value Ptob l i 1 i t I 

"-I-- -- ---.---

SUBJECT 2A 

Pre-Bed Rest 9 . 002 l . 9 4 3 4 . 7G24 P < O. OC'Il 
Bed Rest 1 2 . 14Q 2. 1 4 2 --
Pre-Bed Rest 9 . 00 2 l . 9 4 3 4 . 7~2S p < 0.001 

,__ Post-Bed Rest 4 . 524 2.770 - ---
Bed Rest 12 . 140 2. 14 2 'Jn. ??Oh <' f) rn 

1-- Post - Bed Rc s t 4 . h 2 lt- 2 . j· I l) 

SUBJECT 6A 

Pre-Bed Rest 14.9 37 5 . 70 0 0 . 0731 s 
f-- Bed Rest 14. 537 2 . 074 

Pre-Bed Rest 14. 937 5. 700 2 .1 713 < 0 . 05 

f--. Post-Bed Rest 11 . l 4 7 1 . 5 71 

Bed !{est 14.5 37 2 . 074 5 . 9100 p < 0 . 001 

_Post-Bed Rest 1 l . l 4 7 l . 5 71 

SUBJECT 7A 

Pre-Bed Rest 8. 91 7 2 . 992 7 . 30 6 p < 0 . 001 

t----!3e d Rest 13.1 4 3 1 . 9 30 

Pre-Bed Rest 8. 91 7 2. 992 0 . 8750 s 
Post-Bed Rest 7 919 ? 5fll 

..._ 1 . 9 30 p < 0 . 001 
Bed Rest 13 .143 8 . 87 2 

.__Post-Bed Rest 7 91 9 - 2 5 fl l 



187 

T A B L E X I (Continu ed ) 

STATISTICA L CO MPARISO N OF URINARY NITRO GEN EXCREI lOJ --·- .. ----

BET WEEN PAIRS OF THE DIFFERENT PERIODS OF lH[ STUDY 

(Exerci sed t hroughout the study, combi n d de. tl) ---;] __________ - - - --[ -- - --. 

t·1e an s Standard 11 t
11 

Populations Com ~ared ( Gm/24 hrs) Deviation _v_il lu c Pro)(! ili y 

~---

Pre-Bed Rest 10.996 4.819 
0 . 0 1 4.8731 p 

Bed Rest 13.5 16 2 . 384 

Pre-Bed Rest 10. 996 4 . 81 9 
p < 0.0 3 . 1 2 8 7 

Post-Bed Rest 7.99 5 3 . 540 

1--

Bed Rest 13 . 506 2 . 384 n . 5086 p < 0 . 001 

Post-Bed Rest 7 .995 3 . 540 

,____ 
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T A B L E X I ( Continued) 

STATISTIC AL COMPARISO N OF URINARY NITROGE N EXCRETIO I 

B E T vJ E E N P A I R S 0 F T H E D I F F E R E N T P E R I 0 0 S 0 F T H E S T U fJ Y 

PART C. -- SU BJE CTS 4 A_, 8/J .. , 9A_ 

(Did not exercis e, individual da t a ) 

~op ---u ,--a- t._i_o_n_s_ C_o :a:-~~~~~~~~~;~~ ;~j~~: -=~-:e- ~P r ~ ~ .: b ·: 1 ~ t Y ~ 

SUBJECT 4A 

Pre-Bed Rest 
Jed Rest 

Pre-Bed Rest 
Jost -Bed Rest 

Bed Rest 
Jost-Bed Rest 

SUBJECT 8A 

Pre-Bed Re st 
~ed Rest 

Pre-Bed Rest 
t---!.._ost-Bed Rest 

Bed Rest 
r---f.Qst-Bed Rest 

SUBJECT 9A 

12.544 3.534 
11 .629 1 . 8 51 

12.544 3. 534 
5.847 2 !. 41 4 

l 1 . 6 2 9 l . 8 51 
5. 847 2 . 41 4 

11. 819 3.773 
12. 939 2. 301 

11. 819 3 . 7 7 3 
6.6 90 2 . 254 

12 .939 2 . 3 01 
6. 690 2.2 54 

2.7 62 

0 . 6390 s 

5 . 3880 p < 0 . 001 
--

9 . 9235 P< 0 . 001 

1. 9777 P < 0 . 05 

4 . 0224 p< 0 . 001 

9 . 1995 p < 0 . 001 

p < 0 . 001 
Pre-Bed Rest 

~d Res0t~~~~----_j--~~~~--t-~~i1--f:-:~;r~~~~~ 
Pre-Bed Rest 

8.388 6 . 472 9 
12.7 40 2 . 474 

8.388 2. 7 6 2 2 . 9542 p < 0 . 01 
1.7 03 

~st-Bed Rest 
Bed Rest 
Post-Bed Rest 

5. 51 8 
12.7 40 

5. 51 8 
2 . 474 
1.7 03 

9 . 963 p < 0 . 001 



189 

T A B L E X I (Con tinued) 

ST ATISTICAL CO MPARISON OF URINARY NITROGfN EXCRETIOJ 

B E T ~IEEN PAIR~ Q£_ THE DIFFERENT PERL_ODS _QF JHE STUDY 

PART D. - -- SU BJ ECT S 4A, 8A, 9A 

(D id not exercise , combined data ) 
-- -

Me a ns Stand ard II t II 

Ptobabili Popul ati ons Co mp ared ( gm/24 hrs) Dev i at ion Val uo y 

------ - -I-- -

Pre- Be d Rest 10. 916 3.83 9 
4 . 3975 r <O.O Ol 

Bed Re st 12.891 2.294 

f-.-

Pre-B ed Rest 10. 9 16 3 . 839 
6 . 8012 p < 0 . 001 

Post - Bed Re s t 6.047 2 . 208 

I--

Bed Res t 12.891 2.294 
16. 5626 p < 0 . 001 

Post-Bed Re st 6.0 47 2 . 208 

'--



190 

T A B L E X I (Co ntinued) 

S TAT I S T I C A L C 0 ~1 P A R I S 0 N 0 F U R I N A R Y N I T R 0 G E ~I [ X C R E T I 0 ! - ----- ---

BET\~EEN PAIRS OF THE DIF FERENT PER IODS OF THE STUDY 

F 0 R S U B J E C T S t~J H 0 E X E R C I S [ 0 2 8 0 A Y S E 1\ C II - -- -- -- -

(SUB J E C T 3 A - F I R S T ~ _Q A Y i, S U 8 J E C T 1/\ - g _C_Q_@ ll/\ L F. Q.L 

~: ruDY) 

PART E. -- SUBJ ECTS ~ ' 3A 
-- --- ..--- -

Popul at ions 
t~ e an s Stand ard v~r~e Pro i 1 ; 

Compared ( gm /2 4 hrs) Deviation y 

·--1-- ·-

SUBJECT 1 A 

Pre- Bed Rest "l l . 82 2 2 . eo 2 . 07 9 p < 0 . 0 5 
Bed Rest 1 3 . 0 4.A__ LlLl__-r-·--

Pr e -Bed Rest 1 1 . 8 2 2 2.80 5 . 1208 p < 0 . 00 1 

Post Bed Res t 5.01 8 3 . 44 
Bed Rest 13 . 044 1 . 81 10. 8 9 6 5 < 0 . 001 

Post-Bed Rest 5 01 8 3 . 44 

SUBJECT 3A 

Pre-Bed Rest 9. 501 3 . 02 7 . 6577 P < 0 . 001 

Bed Rest 1 4 . 1 3 7 1 . 57 
1--

Pre-Bed Rest 9. 509 3 . 02 1 . 2 51 s 
Post-Bed Rest A 101 ? Fil 

,__ 
Bed 

~ 1 . 57 10. 2979 P< 0 . 0 
Rest 14 .1 37 

Post-Bed Rest 8 101 2 51 
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T A !3 L E X I ( Continued) 

S T AT I S T I C A L C 0 f1 P ,l\ R I S 0 N Q_£_ _U R I N A R Y _r~ I T R 0 G [ N [ X C _l_l_ljJL J 

BET WEEN P A I R S 0 F I HE D I F FER EN T PER I 0 D ~ Q£_ T H f~ S I_ U O_Y 

PART F. -- ALL SUBJ ECTS 

---r---

' Mean s iS tandard 
II t II 

Populations Compa red ( gm/24 hr s ) Deviation Value P t oh b i 1 i 

.1..-- ---= .----

Pre-Bed Res t 10. 875 4.0 89 
8 . 6629 r < 0.001 

Bed Rest 13.284 2. 228 

Pre - Bed Rest ·1 0 . 37 G t, . OCj 
p < 0 . 00 7 . 9 63 

Post-Bed Rest 6 .901 3 . 1 7 9 

I-

Bed Rest 1 3.284 2 . 22 8 
p < 0 . 001 23.7 409 

Post-Bed Rest 6 . 901 3 .1 79 

~ 

I 



1 9 2 

T /\ 8 L E X I I 

STAT I S T I C A L C 0 ~1 P /~ R I S 0 N Q£_ U R I N A R Y l'Jl_l R 0 G E ~l F X ~J~_[ l.!...QJ. 

AT DI FFE RENT TI ME S OF TH E DAY ---------

PART A. -- ----- --- ---· r----- -

~-
Populat i o ns 

~1 ea.ns Standard II t II 

Compar ed gm/ h0 ur) Deviation Value Prol> cllili y 

:c~- --~-

l 2 Noon - 8 p .M . 0. 520 0. l 4 0 3.451J < 0.001 
8 P. r~ . - 1 2 ~1 i d n i g h t 0. 659 0.2 59 

-

1 2 Noon - 8 p. f\1. 0.520 0. l 4 0 4.1517 P < 0.001 

1 2 r~ i d n i g h t - 8 A. M. 0. 41 7 0. 1 1 4 

1-

12 Noo n - 8 P.M . 0. 520 0. 140 0 . 752 3 
8 A. M. - 1 2 Noon 0.499 0. 1 41 

1-

8 P. M. - 1 2 t·1 i d n i g h t 0.659 0.2 59 6 . 2506 p < 0 . 001 

12 Midni g h t - 8 A. t-1. 0. 417 0. 11 4 

f-

8 P. r~ . - 1 2 t~ i d n i g h t 0. 659 0 . 259 3 . 9556 < 0 . 001 

8 A. M. 0. 499 0 . 1 41 
- 1 2 Noo n 

f---

12 Midni ght - 8 A. M. 0. 417 0 . 11 4 3 . 3120 P < 0 . 001 

8 A . t~ . - 1 2 N o o n 0.499 0 . 1 41 

!___ 



1 9 3 

T A B' L E X I I (C ontinued) 

S T AT I S T I C A L C 0 r~ P A R I S 0 N 0 F U R I N A R Y N I T R 0 G E J E X C R E T I 0 

AT DI FFERENT TI MES OF THE DAY 

PART B. -- SU BJE CT 6A 
--

t·1 e a n s S t a n d a r d j " L " 
Jtilit Po pul ations Compared ( a,m/ hour) Devi a~ion ~uc Pro 

t--- ·---- ----,..::---- -=- ·--= = 
1 2 Noon - 8 P . M. 0. 576 0. 1 91 5 . ~822 p < 0 . 001 

8 p . t·1. - l 2 ~'1 i dni ght 0. 860 0. 3 31 

1 2 Noon - 8 p . t~ . 0. 576 0. 1 91 1. 6385 NS 
1 2 ~1 idnight - 8 A. r·L 0. 525 0. 1 2 6 

1 2 Noo n - 8 p .M . 0.57 6 0. 1 91 2 . 0489 p < 0 . 05 
8 A.M. - l 2 No on 0.6 47 0 . 1 7 2 

8 P. M. - l 2 r~1 i d n i g h t 0.8 60 0 . 3 31 6 . 9771 p < 0 . 001 
12 Mi dn ight - 8 A. M. 0. 525 0 . 1 2 6 

1--

8 p . t~1. - l 2 t·1 i dn i gh t 0 . 860 0. 3 31 . 2022 p 0 . 00 
8 A. r~1. - l 2 Noon 0.6 47 0 . l 7 2 

1 2 Midn i ght - 8 A. t~. 0. 525 0 . 1 26 . 229 p 0 . 001 
8 A. t~ . - l 2 Noon 0. 647 0 . 1 7 2 

.._ 
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T A B L E X I I (Continu ed) 

STATI ST ICAL COMPARISON OF URINARY NITROGfn EXCRETIO tl 

AT DIF FERENT TIMES OF THE DAY 

PART C. --- SU BJECT 7A 
r-· 

r~e an s Standard II t II 

i 1 i 
Popul ations com pared ( gm/ h o'u r) Deviation v 1 u c P t o I l 

~ --
12 Noo n - 8 p . M. 0.569 0. 1 6 2 p < 0. 00 
8 p . ~·1. - l 2 Midnight 0. 71 5 0.250 3 . 6073 

t--

12 Noo n - 8 P. r~ . 0.569 0. 1 6 2 3 .6 510 p 0. 001 
12 Mid night - 8 A. t~ . 0 ,455 0 . 1 61 
~ 

12 Noo n - 8 P.M. 0 .569 0. 1 6 2 ? . 361 p < 0 . 02 
8 A. t~ . - 1 2 Noon 0.678 0 . 301 

t- -
8 P . t~ . - 1 2 t·1 i d n i g h t 0 ' 71 5 0 . 25 0 6 . 220 < o. o 

1 2 t1 i d n i g h t - 8 A . f~ . 0, 45 5 0 . 1 61 
1---

8 p. M. - l 2 ~1 i d n i g h t 0.71 5 0 . 250 0 . 6869 .s 
8 A. ~1. - 1 2 Noo n 0.6 78 0 . 301 

t--

l 2 M i d n i g h t - 8 A . t~ . 0. 455 0 . 1 61 . 811 9 < o.o 
8 A. ~1 . - 12 Noon 0.67 8 0 . 301 

.__ 
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T A B L E X I I ( Continued) 

ST ATISTICAL COMPA RISON OF URINARY NITROGE~ XCRETIO ----- --

AT DIFFE RENT TI MES OF THE DAY 

SUBJECT ?Jl , §_jl, 7 t~ 

( Exerci sed through out th e study, cornbin ri da 

Mean s Standard II t II 

Po pu l a ti ons Com pared ( g m/ h o ur) Deviation Va1u PtOb rlbi 1i y 

·-- ::-:-.= r-= -. - -

1 2 No on - 8 p.M . 0.5 55 0.168 
8 p. M. - 1 2 Mi dni ght 0.745 0. 295 7. 21 r.: 3 r < 0 . 001 

-

1 2 Noo n - 8 p. t . 0.555 0. 16 8 
l 2 r~ ; dn i ght 8 A .I~ . 0.466 0. 14 2 5 . 2014 p < 0 . 001 

-

l 2 Noon ·- 8 P . r~ . 0 . 555 0.168 2 . 4385 p < 0 . 02 
8 A.M . - 1 2 Noon 0.609 0.2 30 

8 P. M. - 1 2 t·1idni ght 0 .745 0.2 95 10. 9 7 4 7 P < 0 . 001 
1 2 ~'l i dni ght - 8 A.M. 0 . 466 0. 14 2 

""---

. 8 P. M~·- 1 2 ~·1idnight 0.7 45 0.2 95 4 . 6889 P < O. OOl 
8 A. M. - 1 2 Noo n 0.6 09 0.2 30 

1---

l 2 Midnigh t - 8 A.M . 0. 466 0 . 14 2 6 . 799 0 p < 0 . 00 
8 A. M. - 12 Noo n 0.6 09 0 . 230 

L-_ 
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T A 8 L E X I I ( Continu ed) 

STATISTI CAL CO MPARI SO N OF URI NARY NIT ROGEN EXCRETIO -----

AT DIFF ER ENT TIMES OF THE DAY 

SU BJECT 4A 
·-

t~ e an s Stand a l cl II t II 

Popu1 a t ion s Com pared ( gm / hour) De viati on Va lu e P t obabilit y 

-

1 2 Noon - 8 p .M . 0 .495 0. l 7 4 
8 P. r~. - 1 2 ~~ idnight 0. 784 0. 32 8 5 . 7256 p < 0 . 01 

~ 

1 2 Noon - 8 p . ~1 . 0. 495 0 . l 7 4 3 . 0323 p < 0 . 01 
1 2 r~ i d n i 9 h t - 8 A.M . 0. 4 01 0 . l 4 7 

1 2 Noon - 8 p . 1"1 . 0. 495 0 . 1 7 4 1 . 310 9 
8 A. flj . - l 2 Noon 0. 452 0 . l 6 6 

1--

8 p. t~ . - 1 2 Midnight 0. 78 4 0 . 328 7 . 837 3 p < 0 . 001 
1 2 Midnight - 8 A. M. 0. 401 0 . l 4 7 

8 P. t·L - 1 2 fv1 id nig ht 0.7 84 0 . 32 8 6 . 6 24 p < 0 . 001 

8 A. M. - 1 2 Noon 0. 452 0.1 66 

12 Midniqht - 8 A. M. 0.401 0 . 14 7 1 . 6959 P < O. l O 

8 A.r~ . : 12 Noon 0 . 452 0 . 166 

.._ 
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T A B L E X I I ( Cont i nued) 

STATIST I CAL CO MPA RISO N OF URIN ARY NITRO GEN FXCRETIO 

AT DI FF ERENT TI ME S OF THE DAY 

PART F. -- SU BJECT 8A 

nrc a n 5 T S t a n d a r d 
II t II 

Population Com pared ( qm/hour) De v1 at1on Va 1u r l obc i 1 i 

---- -- -
-

1 2 Noon - 8 P. M. 0.594 0 . 1 6 4 
8 p. ~1. l 2 Midnigh t 0.679 0.27 5 1 . 94 211 P < 0 . 10 

-
1--

1 2 Noon - 8 P. r,1. 0 .594 0. 1 64 4 . 501 5 p < 0 . 001 
1 2 Midnight - 8 A. t¥1 0 .467 0. 1 2 7 

12 Noon - 8 p . t\1 • 0. 594 0 . 16 4 1. 596 6 s 
8 A. ~1. - l 2 Noon 0. 545 0. l 56 

f-
I-

8 p . ~1. - l 2 Midnight 0.67 9 0 . 27 5 5 .1 44 8 r < o.oo1 
12 Midnight 8 A. t1 . 0. 467 0 . 1 2 7 

-
1--

8 P. t·L - 1 2 Midn igh t 0 . 679 0 . 275 3 . 11 33 p < 0 . 0 

8 A.M. - 1 2 Noon 0. 545 0 . 1 56 

--
12 Midnight - 8 A.M. 0.467 0 . 127 2 . 8 36 p < o.o 
8 A.M. - 12 Noon 0.5 45 0 . 156 
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T A B L E X I I (Continu ed ) 

STAT I STICAL CO MPARISO N OF URINARY NITROGlN EXCRCTIO 

AT DIFF ERENT TI MES OF TH E DAY 

SU BJECT 9A 
- , 

r-1,~n s Sta nddrd p t~ 0 b c) b i 1 i t y Populations Compared ( qm our) De vi ut i on Vc l uc 

- --= --- --= 

1 2 Noon - 8 p. ~·1. 0.5 89 0.2 01 
2 . 4323 8 p . ~1 . - 1 2 Midnigh t 0. 71 3 0.31 6 p < 0 . 02 

--

1 2 Noo n - 8 p . ~1. 
0. ~89 8:r~~ 1 2 t·~ idn i ght - 8 A. M. 0 . 38 

4. 585 1 p 0 . 001 
1-

1 2 No on - 8 p.M. 0 .5 89 0. 201 1 . 2444 s 
8 A. M. - 1 2 Noon 0. 542 0 . 1 88 

8 p . f\1. - 1 2 ~1 idni g ht 0. 71 3 0. 31 6 5. 8788 p < 0 . 001 
1 2 M.i d ni ght - 8 A. r·'l . 0 . 438 0 . 1 35 

8 p . t~ . - 1 2 ~~ i d n i g h t 0. 71 3 0. 31 6 3.4061 p < 0 . 001 
8 A. M. - 1 2 Noon 0. 542 0 . 1 88 

1 2 Mid ni ght - 8 A. M. 0 . 438 0 . 1 3 5 3 . 3149 p < 0 . 00 
8 A.M. - 12 Noo n 0.5 42 0 . 188 
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T A B L E X I I (Con tinued) 

ST ATISTICAL CO f'~PA.R ISON OF URINARY NITROGE l EXCRETIO J - -

AT DI FFERENT TI MES OF THE DAY 

SUBJECT ~' 8A, 9A 

( Did not exerci se, combi ned data) 

~1ea.ns Standard II t II 

Po pul at i ons Co mpared ( qm/hour) Deviation Value p t~ 0 t ( i 1 i y 

•-:----- --- ----
-

1 2 Noo n - 8 p . M. 0.559 0. 1 86 5 . 9123 p < 0 . 001 
8 P. M. - 1 2 ~·1 i dni ght 0. 725 0.310 

---
1 2 Noon - 8 p . ~~ . 0.559 0. 186 6 . 8783 p < 0 . 001 
1 2 Mi dnight - 8 A. ~~ . 0.435 0 . 1 39 

1 2 Noon - 8 p . t~ . 0.559 0 . 86 2.3269 p < 0 . 02 
8 A.M . - 1 2 Noon 0. 51 3 0 . 1 7 6 

8 P. M. - 1 2 Midnight 0.725 0 . 31 0 10. 9 9 2 6 P <O. OOl 
1 2 Mid ni gh t - 8 A. t~. 0.435 0 . 1 39 

8 p . I~ . - 1 2 ~-1 i dni ght 0.725 0 . 310 7.6674 < 0 . 001 
8 A. M. - 12 Noon 0.513 0 . 1 7 6 

1 2 Mid ni ght - 8 A. t~ . 0 . 435 0 . 1 39 4 . 4692 p < 0 . 001 
8 A. r~ . - 1 2 Noon 0. 51 3 0 . l 7 6 



r---

T A B L E X I I ( Cont i nued) 

STATIST ICAL CO MPARISO N OF URINARY NITROGEN EXCRETIO~ 

AT DIFF ERENT TI ME S OF THE DAY 

SU BJECT 3A 

~xercis ed Fi rst 28 days of study) 

II t II 

200 

Population Co mpared 
Means 1 Standard 

lgm(hour) ~e v iation Value Ptobabili y 

-- --
1 2 Noon - 8 p . t\1 . 0.548 0 . l 50 6 . 3745 p < 0 . 001 

8 p.M. - l 2 Midn·ight 0.785 0. 227 

1 2 Noon - 8 p . t~ . 0.548 0. l 50 3 . 9370 p < 0 . 001 
1 2 tv1idnight - 8 A. M. 0.434 0. l 51 

1 2 Noo n - 8 P. r·-1. O.G 48 0 . 1 GO 4 . 3894 p < 0 . 001 
8 A.M. - l 2 Noon 0.7 38 0.2 80 

8 p. ~~. - 1 2 Mid nig ht 0.7 85 0 . 227 9 . 4331 p < 0 . 001 
1 2 Midnight - 8 A. 1"1 . 0.43 4 0 . l 51 

8 p. ~1 . - 1 2 t~ i d n i g h t 0.785 0 . 227 0 . 963 7 s 
8 A. M. 1 2 Noon 0.73 8 0.280 -

l 2 ~~1 idnight 8 A.M. 0.43 4 0 . 1 51 7 . 02 53 P< 0 . 001 
- 0 . 280 

8 A. ~1. - l 2 Noon 0 .7 38 

-
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T A 8 L E X I I 

ST ATIST I CAL C0t··1PARIS ON OF URINARY f'ITROGEN f:XCRETI0 1J 

AT DIF FER ENT TIMES OF TH E DAY 

SU BJ ECT 1A 

( Exe rci sed secon d half of study) 
-- -------

~1e an s St andard II t II 

Popu l ations Com pared ( qm/hour) Deviati on ] Val ur. PlO ( b i 1 i y 

- - - -·-- ' ~.:.- -= 

1 2 Noon - 8 p. M. 0.57 6 0. 1 8 5 3 . 6727 p < 0 . 001 
8 P. M. - 1 2 r~ idn igh t 0. 755 0 . 307 

c= 

l 2 Noon - 8 P.M 0.576 0. 1 8 5 6.1958 p < 0 . 00 1 
l 2 Mi dni ght - 8 A. M. 0. 377 0. 1 4 5 

1 2 Noon - 8 P . M. 0 . 57 0 . "1 8~ 0 . 8364 'S 

8 A.M . 1 2 Noon 0. 61 7 0.309 
-

f--

8 P. M. - 1 2 t~ i dni ght o. 75 5 0 . 307 8 .1 786 0 . 001 

1 2 Midni ght 8 A. r~. 0.377 0 . l 4 5 
-

,__ 

8 p.M . 1 2 Midni ght 0 . 755 0. 307 2 . 3307 < 0 . 02 
- 0 . 309 

8 A. M. - 1 2 No o n 0. 61 7 

t--

12 Midni ght - 8 A. M. 0 . 377 0 . 1 4 5 5 . 1 5 7 p < 0 . 00 

8 A. M. - 12 Noon 0. 61 7 0 . 309 

,__ 
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T A B L E X I I 

STATIST ICA L CO MPARISON OF URINARY NITROGEN EXCRETIO ------ - ------ -- ---

AT DIF FERE NT TIMES OF THE DAY 

PART K. ALL SUB JECTS ---

Population s Co mpared ( M/Rns ) grr our De vi at i on V a 1 uc Pro obility 
- ·---- ------- --r--· 

1 2 Noon - 8 p.M. 0. 558 0. 1 7 5 
8 P. M. - l 2 ~·1i dn·i gh t 0.7 44 0.29 5 11. 4 0 4 0 f < 0.001 

1 2 Noon - 8 p. ~". 0. 558 0. 1 7 5 11.0340 p <0.001 
1 2 Midnight - 8 A. t~. 0. 439 0. 1 4 5 

1 2 Noon - 8 p.M. 0. 558 0 . 1 7 5 2 . 2375 p < 0 . 05 
8 A. t~. - l 2 Noon 0. 590 0. 241 

8 P.M. - l 2 ~~ i dni ght 0.7 44 0 . 295 19. 5 31 7 p < 0 . 001 
1 2 Midnight - 8 A. M 0.43 9 0. 1 4 5 

8 p.M. - l 2 1Yl idni ght 0.7 44 0 . 295 8 . 5153 p < 0 . 001 
8 A.M. - 1 2 Noon 0.590 0 . 241 

1 2 Midnight - 8 A. M. 0.439 0. 1 4 5 11.2832 p < 0 . 001 
8 A.~1.- 12 Noon 0. 590 0.241 
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T A B L. E X I I I 

STATIS TI CAL COMPAR ISO N OF URINARY NITROGEN EXCRETIO 

D U R I N G B E D R E S T B Y S U B J E C T S ~~ H 0 E X E R C I S [ D 2 8 D A Y S f 1\ C II - ------ ---- -

(SUBJECT 3A - FI RST~ DAYS, SUBJ ECT l A - ~CCOND HAL£:. Q£_ STUDY) 

~·1eans Stand ard II t II 

Popul at ions Com pare d ~ G m/ 2 4 hr s ) Devia tion Value rrob,bili y 

'--- -~-:= 

SUBJECT 3A 

Exercise 14.0 60 1 . 5 71 
0 . 4130 s 

No Exercis e 13.882 1 . 5 83 

SUBJECT 1 A 

Exercise 13.3 33 1 . 691 
0 . 8500 s 

No Exercise 12 . 911 1 . 880 
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T A B L E X I V 

STAT I S T I C A L C 0 ~·1 P A R I S 0 N 0 F U R I N 1\ R Y N I T R_O GIlL f_X C BJ T_I_Q_~ 

AT DIFF ERE NT TIMES 01 THE DAY 

bURING BED R E~ ~ SU ~JECTS WHO _lXERCISE~) 28 DAYS [ACH 

(SUBJECT 3A - FI RST ~ DAY S, _?UBJ ECT lA - SEC_O _ _J_Q _H~£ .Qr STUDY) 

PART A. SUBJ ECT 3A --

Populations Co mpared 

12 Noon - 8 p . ~'1. 

No Exercise 
Exercise 

8 p. t~ . - 1 2 ~1 i dn i qht 

No E xe r c.i s e 
Exercise 

1--

1 2 Midnight - 8 -

No Exercise 
Exercise 

tA.~1. - 12 Noon 

No Exercise 
Exercise 

A.M 

~1 eans l 
( g m I h o u r ) __ _ 

0.5 23 
0. 572 

0 . 824 
0. 748 

0. 396 
0. 4 71 

0.773 
0.70 4 

~t d d l "f ee~a~fon Va uc 
=::::::r:"%~-=:'"~ 

0. 1 51 
0. 1 4 5 

0 . 1 9 9 
0 . 245 

0 . 1 30 
0 . 1 59 

0 . 25 8 
0 . 293 

1 . 2081 

1 . 2315 

1 . 859 8 

0 . 9011 

~ 

P l'O I i 1 . 

s 

s 

p < O. lO 

s 

·-
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T A B L E X I V ( Co nti nueQ_ ) 

STATISTIC AL CO MPARI SON OF URI NAR Y NITROGEN fXCR f"T IOtJ -------- ----

AT DI FFE RENT TI ME S OF THE DAY 

D U R I N G B E 0 R E S T !U_ ~~ J E C T S ~~ H 0 I_ X F R C I S r _Q_ ? 8 D A Y S [ !\ C H 

(SUB J E C T 3 A - F I R S T ~ DAYS , SUB J E C T l !\ - ~E -~Q.r:!J~ !Jj\ j _f" 0 f- STUDY ) 

Populations Co mpared 
t~ ~ i1 n s 

(qm;hour) 

--------
Standanll "t" 
D e v i a t i o~~ V a 1 u c I 1 o I b · 1 i t 

r==-====·============-===::::::::=::::::::=::::::=::::::l..==::::=-:.========:::=;::::_ r--- =---= ...=.=-=-=-=-. .=.==-.=- -

12 Noon- 8 P.~~. 

No Exercise 
Exercise 

0.57 6 
0 . 575 

0. l 9 3 
0. l 7 7 

r-------------------4---~-~~~---------~ 

8 P. M.- 12 t-1idniqht 

No Exercise 
Exercise 

]2 Midnight - 8 A.M. 

No Exercise 
Exercise 

§ A . t~ . - 1 2 N o o n 

No Exercise 
Exercise 

0. 71 7 
0.7 95 

0. 412 
0.3 40 

0.542 
0.697 

0 . 27 8 
0.330 

0 . l 09 
0 . 16 8 

0 . 183 
0 . 387 

0 . 0257 

0 . 9283 s 

l . 8 7 7 < 0 010 

l . 8 71 1 p < 0 . 10 

-
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T A B L E X V 

·STATIST I CAL C 0 ~1 PAR I S 0 N BET ~J E EN URI NARY N IT R 0 G E l EX C R [ T I 0 J 0 F -----

G R 0 U P S 0 F S U B \J E C T S W H 0 E X E R C I S E D ( ~ .~ 6_ 1\ ..2 ~ ) 1\ j_D 

W H 0 D I D N 0 T E X E R C I S E ( 4 ,l\ '-~ ,_9 __ll) l!_!_R Q U G H 0 U I_ l3J]) l) [ S T 

----·---- ..-· ·------ - -- - - -

Means Standard II t II 

Populations Co mpar ed ( q m/ 2 4 h r s) Deviation Val u c p }~ 0 b (1 b i l i y 

---- f-----

Exercisers 13.51 4 2 . 381 

2 . 3979 r < 0 . 0 2 

Non-Exerci ser· s 12. 893 2 . 292 
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T A B L E X V I 

ST ATISTICAL COMPARIS ON OF URIN/\RY NITROG EN EX CR FTIO J AT - - --- - -- --- --
D I F F E R E N T T H·1 E S 0 F T H E D A Y B Y G R 0 U P S 0 F S U 8 J [ C T S W H 0 E X L f~ C 1 S F. D 

(2 A, 6A, 7A) AND WHO DID NOT EXERCISE ( ~~_10 1_1/\ ) 

TH ROUGHOUT BED REST ·------ -- - -

-

Mea ns Standard 
Popul at io ns Co mpared (Gm/hr) Deviation v~r~ c p t 0 

1 2 Noon - 8 p . ~1. 

Exe rc i se rs 0.55 5 0 . 1 68 0 . 228 6 
Non - Exe r cis e r s 0.559 0 . 1 86 

8 p. [Vj . - 1 2 r\1 i d n ·i g h t 

Exercisers 0. 745 0.29 5 0 . 6005 
Non -E xerci s e rs 0. 725 0 . 31 0 

-
'l2 ·Midn'i gh t - 8 A. t·1. -

i 1 i 

s 

s 

Exercisers 0 . 466 0 . 14 2 1 . 9787 p < o. 0 
Non-Exercis er s 0 . 435 0 . 1 39 

1--

§_A.M. - 1 2 Noo n 

-

v 

-

Exercisers 0 .609 0 . 230 . 259 6 p < 0 . 00 

Non-Exercisers 0. 51 3 0. 1 7 6 

._ 
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T A B L E X V I I 

CORR EL ATI ON COE FFIC IENTS BETWEEN URINARY NITROGEJ 

AND URI NARY HY DRO XYPROLINE EXCRETION OF SUBJECTS 

PA RTICIP ATI NG ~ ~ ~ DAY BED RE~l 

( MG/24 HOURS) 

Correlation Lev 1 of 
Subj ect s Coeffici ents Signific nc 

Subject 1 A 0.0957 s 

Subject 2A 0.3 922 P< 0 . 01 

Subject 3A 0. 1 57 3 s 

Subject 4A 0. 4024 p < 0 . 01 

0 . 4099 p < 0 . 01 
Subject 6A 

0 . 351 8 p < 0 . 02 
Subject 7A 

0.4 77 8 p < 0 . 00 
Subject 8A 

0.4 413 
p < 0 . 01 

Subject 9A 

0. 4266 
p < 0 . 001 

ALL EIGHT SUBJECTS 

,_ 

--
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.T A B L E X V I I I 

BALANCE DATA FO R NI TROGE N DURING A 56-DAY BED REST ~ 

EVALUATION OF FLI GHT FO ODS DITTO S 

PART A. SUBJECT l A 

Excr et i on ·-
Date Int ake Urinary Fecal Totul B lE~nC 

}-24-6g 16 l 14 4 0 6 15 . 0 +I I 
]-2c;-6q 16 4 g 7 0 6 10 1 +6 1 

7-26-6q 16 Cj 1 i 4 0 6 14 0 +2 s 

7-27-6g IS 2 li 4 0 6 14. 0 +I 'J 

- J-28-6q 1 7 1 18 l 0 6 18 7 -] 4 

7-2q-6q 16 s 14 l 0 6 14 7 +I 8 

7-~o-6g IS 6 13 8 0 6 14 . 4 +1 2 

7-?.,1-6q 18 8 12 7 0 6 11 3 +'l c; 

8-l-6q 17 6 13 i 0 6 11 g +1 7 

8-2 -6g IS i 14 1 0 6 14 . 9 +0 4 

8-~-60 l l ~ 1 14 7 0 6 IS . 1 - 1 /. 

8-4-6q 18 8 10 8 0 6 11 4 +7 l+ 

8-c;-6q 18 1 13 7 0 6 14 1 +1 8 
- 12 g +2 4 

8-6-6q IS 3 12 i 0 6 
8-7-6q 13 s 7 6 0 6 8 2 +'l 1 

8-8-6g 18 8 12 7 0 6 11 1 +'1 c; 

8-q -6q 17 1 13 g 0 6 14 c; +2 8 

8-1o-6q 14~8 12 8 0 6 ]?., 4 +1 4 
11 0 +0 1 

8-JJ-6q 13 i 12 4 0 6 +4 7 
~_8_-]2-6q 13 s 0 6 14 1 

18 8 12 1 +Ll 0 
- 8-]1-6g 11 7 0 6 17 3 11 1 +2 0 

8-14-6q 1 r; 3 12 7 0 6 
14 6 - j 1 

.... 8-JS-6q 13 3 14 0 0 6 
11 g +6q 

~ 8-J6-6q 1 l i 0 6 18 8 0 6 10 I +7 1 
_8-J7-6q 17 4 g c; 11 1 +2 0 

- 8-J8-6q 1 s 3 12 7 0 6 
IC) 1 - 1 2 

..... _B-]q-6q 14 1 14 7 0 6 
11 0 +S 1 

- _8-2o-6q 18 1 12 4 0 6 
14 4 +2 q 

- 8-21-6q 17 3 13 8 0 6 
]C) 7 -o c; 

~ 8-22-6q 1S 2 1 s 0 1 0 . 6 
12 7 +0 6 

8-21-60 11 i 12 l 0 6 +10 ?., 
0 6 8 2 

~ 8-24-6q 18 c; 7 6 14 q +2 s 
- .E-2c;-6q 17 4 14 1 0 6 14 g +0 1 
- 8-26-6q 1S 2 14 i 0 6 Jl) 2 -2 c; 

- __8-27-t)q 12 7 14 6 0 6 
, <. 6 +'1 2 

0 6 
- _8_-28-6g 18 8 li 0 

0 6 12 7 +h 4 
~ 8-2q-6q 17 l 12 1 ]C) 6 -o s 

-. 8-<.o-6q l c; 1 1l) 0 0 . 6 12 c; -o s 
0 6 

~ 8-?., 1-6q 12 0 11 q 



T A B L E X V I I I (C ontinued) 

BALANCE DATA FOR NITROGEN DURING ~ 5 -DAY ~ED REST 0 

EVALUATIO N OF FLI GHT FOODS UNDER HYPO KI ~ETIC CO DITIO: 

PART ~' CO NTINUED. SUBJECT 1/\ 
-

Excretion 

Date Int ake Urin ary I Fecal 1 To nl B I n 
....__, 
-
.__9-]-6q 18 4 11 0 0 6 11 6 +L~ -8 

..__ _9-2-6q .16 . 2 1 L~ S 0 6 l S. I +l I 

~_g--:s-6q ]C) 2 11 2 0 6 11 8 +I I• 

~ _9-4 -6q 12 .8 14 6 0 6 IS ? - ') I, 

~--._9_-r;-6q 18 r:; 1 ~ l 0 6 11 7 -+4 8 

_ _9_-6-6q 16 r:; 14 7 0 6 1 s 1 +I 2 

..__ 9-7:93__ 14 ~ 
I 11 l O_L6 1~ 7 -+0 6 

~ _9-8-6q 11 8 11 8 0 6. 14 4 - 2 6 

~ _g-q-6q 18 r:; 12 0 0 6 12 6 -+'> CJ 

~-Jo-6g 1~ L__. 11 8 __ o. 6 ~4 -o 7 
-o 4 

~-11-:6q 14 0 11. 8 0 6 14 4 

L9.-12 -6q 11 q. 1S 2 0.6 IS 8 - 1 q 

U-JJ-6q 16 r:; 14 4 0 6 IS 0 +I c; 
+I 6 

U-14-6q 16 1 14 1 0 6 14 7 -o 1 
U-ts-6q 1 4 c: 14 2 0 6 14 8 

- 4 6 
U-16-6q q 7 11 7 0 6 14 1 

11 8 -+1 q 
~-17-6q 17 7 11 2 oL6 
~ 

Mean 0.6 13 . 6 2 . 2 

15.8 13.0 
.___ 

210 
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T A B L E X V I I I (_C o n t i n u _c _g_ ) 

BALANCE DATA FOR NITROGE N DURING A 56-DAY BFD REST 0 - --- -------

EVALU ATION OF FLI GHT FOODS UNDER HYPOriN ET IC C O~DITIO S 

PART B. SUB JECT 2A 
-- I 

Excr et i on 

Date Inta ke Urin a ry I Fecal I Tot a l Be. I nc 

-
_7-24-69 16. l g 6 0 6 10 2 +S CJ 

_7-2r; -69 16 4 6 8 0 6 7 L• +q 0 

..... ~-26-69 16 s 12 2 0 6 1? 8 +1 7 

- ]_-27-6g IS 2 IS 0 0 6 IS 6 -o ~_! 

_7-28-6g I r; 7 lO .S 0 6 11 I +46 

J__-2g-69 16 r: 12 6 0 6 1'3 . 2 +1 '3 

...... J__-'30-69 IS 6 12 8 0 6 1 '3 4 +/ I. 

..._ ~-'31-69 18 8 7.9 0 7 8 6 +10 I. 

'-- 8-l-69 18 2 11 6 0 7 12 '3 +S q 

.___ 8-2-69 1 s ) 12 6 0 7 l'3 L1 +2 0 

~ ..B.-'3 -6g 1.:L 7 8 8 0 7 g s +4 2 

8-4=-6g 18 8 12 0 0 7 12 7 +6_1 
~ 10 7 +7 5_ 
....... 8-s-69 18 2 10 0 0 7 

~8-6-69 IS 0 11 1 0 7 12 0 +'3 0 

f--. 8-7-69 14 1 10 1 0 7 11 0 +1 l 

8-8-6g 18 8 12 g 0 7 11 6 +5 2 
'"- 1'3 J +4 7 
~8-g-6g 17 8 12 4 0 7 

8-JQ-6g 1S ) 14 0 0 7 14 7 +0 6 
11 I +l 0 

~8-1 1-69 14 1 12 4 0 7 +S 8 
f---8-12 -69 18 8 12 1 0 7 11 0 

11 '3 +S '3 
~ 8-13-69 16 6 10 6 0 7 

~..B.-14-69 12 7 0 7 11 )± +I 4 
14 8 11 5 +0 2 

~8-p;-6g 12 8 0 7 
1'3 7 0 7 14 g +1 9_ 

La-16-69 18 8 14 2 
0 7 q 0 +9 2 

f---8- 1 7 -69 18 2 8 1 ]£; 0 +0 1 
..._8-18-69 14 1 0 7 

1S '3 0 7 12 4 +I 1 
..__8-1 9-69 14 1 11 7 14 0 +4 2 
..__8-2o-6q 18 2 11 1 0 7 

14 0 +1 6 
~-21-69 17 6 11 1 0 7 

14 q +0 4 
~---8-22-69 1 s 1 14.2 0 7 

14 l -o 4 

- 8-2~-6g 11 7 11 4 0 7 
11 7 +4 8 

I-. 8-24-69 18 5 11 0 0 7 
14 0 +4 2 

~-25-69 18 2 11 1 0 7 
14 '3 +0_ 5_ 

~ 8-26-6g 14 8 1'3 6 0 7 
11. 9 -o 6 

~ 8-2_]-6g 11 1 11 2 0 7 
12 7 +61 

~-28-69 18 8 12 0 0 7 12 g +S 1 

'- l3-2g -69 18 2 12 2 0 7 
17 5 - 1 I 

~ 8-1Q-6g 14 4 16 8 0 7 
10 0 +1 1 

0 7 
~ 8-11 -6g 11 1 q ~ 



T A B L E X V I I I ( Continu ed ) 

B A L A N C E D A T A F 0 R N I T R 0 G E N D U R I N G ~ ~ 6 - D A Y_ 13 E D R E S T 0 

EVALUATIO N OF FL IGHT FOODS __ UN _DE __ R ~~------ ~------~ 

PART B. , CO NTINUED. SUBJECT ?.A 

Excr etion 

Date Int ake I Uri nary Feca l Tot a l BulC~n 

q-1-69 18 c; g_o 0 7 g 7 tR 8 

q-2-6g 18 2 14. 0 0 7 1't 7 t·1 ') 

q-~-6g 14 q 12 c; 0 7 11 2 -t I 7 

q-4-6q 1 ~ ~ 14.4 0 7 p; 1 -1 8 

q-r;-6g 18 2 1~ 4 0 7 14 1 +1+ l 

_9-6-69 1~ 6 12.9 0 7 11 6 !o o .._ 
+t 8 

G-7-69 14 q 11. 4 0 7 12 I 

_9-8 -69 12 7 11. 2 0 7 11 g +0 8 
.._ 

+l• 8 
q-g -6g 17 4 11 g 0 7 12 6 

-9_- 10-69 16 g 10 8 0 7 11 s +'l 4 

__9-1 1 - 6g 14 7 1 ~. 4 0 7 1 L+ 1 +06 

.._ __9-12 -6g- 1~ 6 11. 4 0 7 12 1 +I r; 

..___9_-1~-6g 10 8 0 7 I 1 c; +'l I 
16 6 

~ _9-14- 6g 1 ~ 7 11 6 0 7 12 1 +I LJ 

11 6 - 4 q 
---.9_- p; - 6 g 8 7 12 . g 0 7 - 6 1 
..... _9-16 -6g 4 4 10 0 0 7 I 0 7_ 

+7 6 
~ _9-17 - 6g 18 c; 10 2 0 7 10 g 
I-

Mean 0 . 7 12 . 8 +2 . 9 

15.7 12 . 1 
~ 

212 
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T A B L E X V I I I ( Continu d) 

BALANCE _DA_T_~ _FO_R NIT ROGE N DURI NG A 56-DAY _13 _E __ R_ES_T _0 

E V A L U A T I 0 N 0 F F L I G H T F 0 0 D S U N D E R H Y P 0 l_LLE T I C C 0 l_Q]__ T I 0 ~~ 

PART C. SUBJEC T 3A 

Excret ion 
1--· 

Date In take Urin a ry Fecal Totu 1 B I n 

7-24-6CJ 11 .2 7 l 0 ~ 7 1-t .,.r: 8 

7-2s-6g 16 6 12 1 0 ~ 12 4 +LJ 2 

_]_-26-6q 16 c:; 1 ~ c:; 0 ~ 1~ . 8 +2 7 

]-27-6q 1t; 2 10 c:; 0 ~ 10 8 -.LJ L• 

~-28-6g 1 7 ~ 1 ~ 6 0 ~ l~ . CJ +1 lf 

7-2q-6g 16 r.; 1'3 0 0 1 ~~ 1 +1 2 

J-~o-6q lt; 6 13 8 0 ~ 14. 1 + 1 ') 

.... ]-~ l-6g 18 8 14 4 0 c:; 14 g +1 q 

8-J-6g 17 4 14 6 0 c:; l S . I +2 1 
- 1 1 ') +1 8 

.... 8-2-6g 11:) ~ 11 0 0 c:; 

14 . 3 -o 2 
8-~-6q 14 l ~~ 8 0 r.; 

8 4-6q 18 8 12 7 0 r: 11 2 +c; (> 

1S. 8 +2 li 
8-r;.:.6q 18 2 IS ~ 0 c:; 

16 c; - 1 2 
8-6-6g 1t; ~ 16 0 0 c:; - 1 ') 0 c:; 14 6 
8-7-6CJ 1 ~ 1 14 1 l-6 . 2 +2 6 
8-8-6q 18 8 1S 7 0 c:; 

14 q +2 I 
8-q-6q 17 0 14 4 0 c:; 

- 1 8 .... 17 l 
8-1o-6q 16 6 0 c:; .... 1 c:; 1 0 c:; 14 7 - ) 7 

..... 8-JJ-6q ~~ 0 14 2 14 6 +4 2 
~ 8-12 -6g 18 8 14 1 0 c:; 

14 8 +2 q 
f-. 8- n -6g 17 7 14 1 0 c:; - I c; 

0 c:; 16 8 
..... 8-l4-6q 1 c; ~ 16 ~ l r.; 7 - 1 6 
_ _a- p;-6g 14 1 1S 2 0 c:; +1 c; 

0 c:; 
Jr:; 1 

- 8-16-6g 18 8 14 8 14 I +I 7 
_8-]7-6CJ ]r:; 8 1~ 6 0 c:; - l z 

0 c; 14 2 
- 8-18-6g 12 c:; 1~ 7 

0 c:; 
I 1 2 +2 q_ 

~ 8-1CJ-6g 14 1 10 7 16 8 +Oq 
...... 8-2o-6q 17 7 16 1 0 c; 

14 1 +1 6 
- 8-21-6q 17 q 13 8 0 c:; - 4 4 

0 c:; 
16 . I 

1--. _8_-22 -6q 11 7 1S 6 
0 c; I ~ 7 +0 4 

p..._ 8-2~-6q 14 1 1~ 2 
0 c; 12 0 +6_ 7 

p..._. 8-24-6g 18 7 ll c:; 12 q +44 
t-- 8-2s-6g 17 ~ 12 4 0 c:; 

14 6 +Q7 
~--8-26-6g ]r:; ~ 14 l 0 c; ]c; 2 - l 4 

~ ..8-27-6CJ 1~ 8 14 7 0 c:; 

11 q +1 q 
0 c; 

~ 8-28-6q 1S 8 11 4 
0 c; 1c; 2 +0 4 

~ 8-2q-6g 1 c:; .6 14 7 
0 c:; 

11 4 +l q 

~..a-~o-6q 1c; ~ 12 q 
0 c; 11 8 +2 0 

._ __8-11 -6g 1~ 8 11 3 



r 
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T A B L E X V I I I (Con t in ue d) 

BALANCE DATA FO R NITROGEN DURI NG 6_ 56-DAY 8ED RfST Q_ 

EVALUATION OF FLIGH T FOODS UNDER HYP OKirJETIC CO __ ___;_ 

PART C., CONTI NUED. SUBJECT 3A 

Excretion 

Date Intake Urin ary Fecal TotCJI B'" I <1 n 

_9-1-6q 17 7 lS 8 0 5 16 '3 + l 'i 
_9-2-6q 15 6 1'3 5 0 s I '• 0 +I 6 

9-'3-69 1 s '3 16 4 0 s 16 q -l 6 

9-4-6g 11 0 1S g 0 r; 16 /1 -c; It 

9-S-69 18 6 12 g 0 s ] '3 4 +S 7. 

9-6-69 18 2 1'3 7 0 s 14 2 +Lt 0 

3-7-69 l s 3 lS 4 0 s I r; g -o 6 
IS 0 -1 ~ 

_9-8-69 13 7 14 s 0 s 
__9_-g-6q 14 7 0 r; IS 2 ... ~ 6 

18 8 14 0 +I 8 
_9-1 0-6g 1S 8 13 s 0 r.; 

+I 8 0 s I '3 5_ _9-11-6g 1S 3 13 0 1S 4 -It 0 
_9-12 -6g 11 4 14 g 0 s 

18 2 +~_L_ 
_!3-1'3-6g 18 8 17 7 0 r.; 

12 6 +I 7 
9-14-6q 14 '3 12 l 0 s -o g_ IS S _g-p;-6q 14 6 lS 0 0 s 

14 8 - 1 4 
0 5 _9-16-6g 11 4 14 3 IS 1 +I I 

_9-17-6g 16 ~- 14 8 0 s 

0.5 14 . 6 +1 . 1 
Mean 15. 7 14o 1 
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T A B L E X V I I I (Continu e d) 

BALANCE DATA F 0 R N IT R 0 G EN DURING A 56-DAY BE 0 REST 0 .~ 

E V A L U AT I 0 N 0 F F L I G H T F 0 0 0 S U N 0 E R H Y P 0 K I N E T I C ~_Q_O j_ TJ_Q_ j_ 

PART D. SUBJEC T 4A -
Excretion 

--
Date Intake Urinary Fecal Total Ba I nc ' 

- ~-24-6g ]c.:; q g 3 0.~ g 6 +6 1 

~-2S-69 16 5 ll 3 0 ~ 11 6 ~4 7 

1-26-6g 16 s 12 7 0 ~ 1~ 0 +1 s 

- 1-27-69 1S 2 11 6 0 i 11 g +1 1 

- ~-28-69 17 l g 7 0 ~ 10 0 +7 I 

- ~-2q-6q 16 s 11 3 0 3 11 6 +4 q 

J-~0-69 l S 6 1 1 c; 0 ~ 11 8 +1 8 

16 1 -+2 s 
~-~ 1-6q 18 8 ]c.:; g 0 4 

+L~ C) 
- _B_-1-6g 12 7 0 4 11 1 

18 0 12 4 +2 C) 
- 8-2 -6g p; 3 12 0 0 4 

+1 0 
I-- 8-1-69 10 7 0 4 11 1 

14 l I 10 g +7 C) 

~,LJ, -69 18.8 10.r; 0 l+ 
q 0 +q 2 

.._ 8-c; -69 18 2 8 6 0 4 
11 7 +2 g 

- 8-6-6q 14 6 1 1 3 0 4 
7 c.:; +5 8 

I-- 8-7-6q 1~ 3 7 1 0 4 +48_ 
0 4 14 0 -

I-- 8-8-6q 18 8 13 6 12 6 +4 1 
f-. 8-q-6q 16 q 12 2 0 4 

11 2 +1 6 
I-- 8-] 0-6q 1 L~ 8 ]2 8 0 4 - 2 6 14 c; -
- · .a-11-6g ll g 14 1 0 4 

12 1 +'1 8 
- 8-12-69 17 g 11 7 0 4 

10 2 +6 1 

- 8-1~-6q 16 r; g 8 0 4 
11 1 +I 7 -

- 8-14-6q 14 8 12 7 0 4 
11 6 

- 1 s 
-- 8-J S-6q 12 1 13 2 0 4 

12 8 +'> I 
0 4 

- 8-16-6q 17 g 12 4 g 1 +80 

-- 8-17-6g 17 ~ 8 g 0 4 
1~ 2 -o 4 -

~ B-18-69 14 8 14 8 0 4 
11 7 -o 4 

0 4 +4_4 ~..8_-1q-69 1~ ~ 1~ ~ 11 ~ 
~ 8-2o-6g 17 g l 3 l 0 4 

12 7 +4. 6 -
~.a-21-69 17 ~ 12 ~ 

0 4 1 c.:; 1 
-o s_ -

~ 8-22-6g 14 8 14 g 0 4 
11 I 

- 1 0 -
~-23-6g 12 1 12 7 0 4 10 q 

+6_ 0 -
~-24-6q 16 q 10 r; 0 4 

I 1 1 
+'1 L.t -

r----._8 -2 C) -6q 16 7 10 g 0 4 14 0 
+08 

~-26-6q 14 8 li 6 0 4 14 4 
- 2 .1 -

...__8-2 7 -6q 12 l 14 0 0 4 11 q +Ci l -

--8-28-6g 1 l r; 
n- 4 

12 ~ 
+4 0 -

17 0 0 4 +Ql 
---..a.-2_9_ -6q 16 r; 12 1 14 7 -
~0-6q 14 8 14 i 

D_ 4 
12 4 

-o 1 -
0 4 +4_ 4 ---.a-J 1 -6g l2 c.:; 

.... 
12 1 12 0 

0 
--9:J -6q 16 q 12 1 
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T A B L E X V I I I (Con tinued) 

BALA NCE DAT A FO R NITROGEN DURING ~ 56-DAY BED REST QJ_ 

EVALUATIO N OF FL IGHT FOODS UNDER HYP OKINCTIC 

PART D., CO NT I NUED . SUBJECT 4A 
·-

Excretion 

'---
Date In take Urin ary Feca l TotCJ l 8,11 n 

..___9_ -2 -6g 16 7 11 0 0 4 I I l ~ -+ () 1 

g-~-60 14 8 14 s 0 4 14 g -o 1 

__9 -4 -6g 11 6 8 7 0 4 g I +2 c; 

~-._9-c;-6q 16 8 16 4 0 4 16 . 8 0 0 

~_9_-6-6q IS 8 12 8 0 4 11 ?. +2 6 

_9_-7-6q 1 ~ 8 14 '3 0 L~ 1' ~ 7 -o q 

_9_-8 -6g 12 1 11 8 0 4 ]?. '} -o 1 

- _g-g-6g 14 C) 12 1 0 4 12 7 +I 8 

~-.__9-]Q-6g 16 1 10 4 0 4 10 8 +'l c; 

~.3-11 -6g 12 1 1'3 4 (J 4 1~ 8 - I 7 

... _9 -]2 -Q.g_ 11. 4 11 0 o.u 11 L• - 2 0 

L-9 - I~ 0 +1 8 
-1~-6g p: 8 11 6 0 4 

..._..9_-14-6q 16 C) 11 0 0.4 11 4 +S 1 

._..9_-1S-6q 10 q 14 6 0 4 Jc; 0 L• 1 

~-J6-6g 11 4 12 1 0 4 17 7 - 1 1 

~-]7-6q 16 7 10 s 0 ~4 10 q +c 8 

Mean 1 4. 2 11. 6 0. 4 12 . 0 +2 . 2 

'--
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1 A B L E X V I I I (Con tinued) 

BALANCE DATA FO R NITROGEN DURING A 56 - DAY BED R ST 0 ------ - - ------

EVALUATION OF FLI GHT FOODS UNDER HYPOKIN ETIC COJ._DIT_l_Q_j 

PART E. -- SUBJ ECT 6A 

Excr etion 

~-.Date Int ake Urin a ry Fecal To Lu 1 f3<1 1, n __ 

Ll-24-6g 16. 1 12 06 0.3 12 . 9 +~ 2 

.__]__ -2 s -6g 16 L~ 14.,.1 0 3 ]I ~ . 5 +I 9 

___]_-26-6g 16 .5 12 .6 0. 3 12. 9 +~.6 

._]-27-6g 1S 2 13 6 0 3 1~ g +1 3 

l-.1:28-6q 16 s 16 . 3 0 3 16 6 -o 1 

~-2g-6g 16 . s 12.6 0.3 12 . g +3 6_ 

l-2.-J0-69 15. 6 15 .8 0. 3 16 . 1 ·O . :J. 

--l··J 1·-6q- - 18 8 12 q 0 c; 1 3 ~ 4 .. c; lf 

-.8.:l-6q 18 2 17 8 0 c; 18 1 -Q 1 

U2-6q 1 s 3 1 ~- 8 -~· _o· 5_ -- _ 1_5_. 
"!o o 
- ') 1 

w..:i-6g 14 1 1 c; q 0 c; 16 Lt 
+1• 0 

La..-J±-6g 17 7 13 2 0 r:; 1~ 7 

l ... ]:·:s -6q 17 8 13 q 0 r:; 14 4 +1 ll 

--.a:6:-6g 0 r:; 
16 4 - J I 

IS 3 1t:; g 14 g -o 8 
r--k.2-:.6g ]4 1 14 4 0 c; 

14 6 +lf 2 
L....a:8.-6q 1 8~8 14 1 0 r:; 

l'i l +2 c; 
~-:6_g 17 6 14 6 0 c; 

1q 4 - 4 1 
~-6g 1 s 3 18 g 0 r:; _, l 

L-a.:u -_6 g 0 c; 14. 4 -
1~ 3 13 q 10 ~ 

--.;sc; 

h.8.:12 -6q 18 8 g 8 0 c; 
11 1 +4 CJ 

[j;f-6q 18 2 12 8 0 r:; 
16 I - 0 8 

-Jlt_-6q 1S 3 1 c;. 6 0 c; 
lq 6 -6 ' 

:-jf-6q 11 s 1q 1 0 c; 
14 8 +lJQ 

-J_Q_ -6g 18 8 14 ~ 
0 c; 

10 c; 
+7 7 

~-.6q 18 2 10 0 0 r:; 
14 6 +0 3. -

tt8·fiq 14 g 14 1 0 c; 
]t:; 0 - 1 4 

-19-fA 11 6 14 c; 0 c; 
16 7 

+I o 

~-6q 18 6 16 2 0 c; 
It:; 7 

+I 8_ 

---8.::21 -6q . 17 c; 1 c; 2 0 r:; 
J6 7 

- 1 4 

~2-6g 1S 3 16 2 0 r:; lq 2 -7 2 -
L..a::ll-6q 12 0 18 7 0 c; 11 8 +'i 0 

~-6q 18 8 1 ~ ~ 
0 r:; 14 4 +1 .8. -

f---.B.:is. -_6 q 18 2 13 g 0 r:; 17 -4 -2 I 
n c::; - r:; 6 

~--6q 1 c::; 1 ]h q 18 ~ 

f--.8..:i.z -_6 q 12 g 18 0 0 c; 14 7 
+41 

h.a:i8-6q 18 8 14 2 
0 c; 

16 ~ 
+I c; 

0 r:; - 2 6 
~-6g 17 8 lS R 

0 r:; 
17 q 

+I 1 rn-6q 1 r:; 1 17 4 12 g -
- l-6g 1 LJ. 0 12 4 

0 c; ] t:; 1 
+1 c; 

~-_69 18 8 14 8 
0 c; 
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T A B L E X V I I I (Contin ued) 

B A L A N C E D A T A F 0 R N I T R 0 G E N D U R I N G fl 5 6 - D A Y B E D R._E_i_T_ Q_ 

EVALU ATIO N OF FLIGHT FOODS UND ER 

PART E. , CO NTI NUED . SUBJ ECT 6A -

T Excr etion 

Intake J ·-

Date Ur in a!.:L. Feca l Total Ba10ncr~ 

~-2 -6q ~8 l -~ 8 0 s 14 ~ ; 2 'J 

._9_-J-6q 
..... 16 2 -o g 

l c; l__ I S 7 0 s 
~ _9-4 -6q 18 0 

_,, l.; 

l ~ J;__ __ l 7 s ___g_L 5 ; r~ 1 
...__g_-s-6Ci 0 s ~ ~ s 

18...J1. l 3. 0 - +1 /. 
~-6-6q 18~ l 4 c; 0 5 1S 0 

- 1 8 
~ . ..9.-7-()q l c; ~ ~ o.r: 17 1 

18 c; - r: 6 
~-8-f)q J 2._9_ ] 8 0 0 r; +1. 7 
~ ... q -()q 18 .8 l c; 6 0 s ] 6 l 

;-l~ q 
...... _9-1n-6q .ll...J 1 1 7 0 c; 12 2 

17 7 - /. l. 
--.9_-_] 1-6q l S ~ 17 2 . 0 s 
~-.-.9-12 -()q ~-- _Q_.._5 ___ __l.S_ 4 -J. ·-

12 3_ l ~L..,9 __ ._ +1 c; 
t-...3-J ~ -6q 

--1-·- ·- 17 ~ 
18 8 16 8 o.s 

~~ 8 +2 2 
k-9.":14-()q 16 0 ]? ~ 0 s 

16 I -o 8 
~-] ~-6q l S 6 o.s - l, C)_ 1 513 IS 4 
,..__9_-16 - () q 10 s 14 g 0 c; 

1 s 1 +~ 7 
k.9.-17-6q O ~S 

:... 

18 8 14 6 
~ 

Mean 0 . 4 14.9 +J . 3 
16.2 14 . 5 -

~ 
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T A B L E X V I I I (Co ntinued) 

B A L A N C E .Q~ T A_ F 0 R ~ I T R 0 G E N 0 U R I N G [l 5 6 - 0 1\ Y B E D Bl_S l QJ_ 

E VA L U /-\ T I 0 N 0 F F L I G H T F 0 0 0 S U N D E l~ s 

PART F ~U BJ E C T 7A -- ~ 

-·~-

Excret ion 

t--· 

Date Intake ~rin a r y Feca 1 Total Bllldn cc 

_]-24-6q 1S g 8 7 0 4 _<1 1 +6 8 

7-2~ -6q 16 • .6 12 0 0 4 1 2 I~ +l.L.L-
l I c; -+f) 0 

7-26 -6q 16 ~ 11 1 0 4 ±o.o 
7-27 -6q 1S 2 14 8 0 4 IS 2 

+~ (, 
_7 -28-6q l~q 12 g 0 L~ l~ ~ 

+1 C) I? 6 _7 -20 -6q 16 c; 12 2 0 4 
JS ? +0 /1 

- . _-7~ i 0 -6g J5c Q 14 8 0 4 
0 6 1'+ h +1~ ?. 

7-11 - 6g 18 8 14 0 
0 6 14 8 +1 I 

~ 8-1-6q 1 :Z a 9 14 2 +0 q 
- _B_-2-6q 1 c; J_, ~ ~ 8 0 6 14 4 

+0 1 11 7 
8-1 6q 11 c; 12 6 0 6 +c; 1 
8-4-{)q 18 8 12 q 0 6 ~~ c; 

+1 c; 

8-~-6q 18 2 14 1 0 6 ]4_ 7 
+?. c; 

0 6 12 8 
8-6-6q 1 s. ~ 12 2 12 c; +06 

0 6 - 8-7-6q 11 1 11 g IS 8 +1 0 
- ..8_-8-6g 18 8 l S 2 0 6 

1~ ~ -+1-' 7 
8-q-6q 18 2 12 q 0 6 

jg 1 - 1 8 
.__8-1 0-6q ]C) ~ 18 c; 0 6 +0 J, 

0 6 1~ 4 
~.B-11 -6q ~ ~ 8 12 8 14 ~ 

+4 c; 

~ 8-12 -6q 18 8 1~ 7 0 6 
12 4 +S 8 

- _8-11-6q 18 2 11 8 0 6 
16 q - 1 6 

0 6 - 2 1 - ..8-14-6g 1S ~ 16 ~ l s. 6 
~ B-l~-6g 11 ~ 1S 0 0 6 

10 8 +7 I 
0 6 +8 c; ....__8-jt) - t)q 17 q 10 2 q 7 

~--.._8_ -1 7 -6q 18 2 g 1 0 6 
12 8 +2 Lf_ -

~ .B-18-6g 12 2 0 6 
14_.._ 0 - o 7 1 c; 2 0 6 +46 f---8-1 q -6q l ~ ~ 11 4 ~~ q 

L.B.-2o -6q 18 ;:; 11 1 0 6 
14....6 +2 2 

~ B-21 -6g 16 8 14 0 0 6 
lS 2 

-o 4 -
0 6 - 1 8 .__8-2 2 - 6g 14 8 14 6 
0 6 

IS q 
+2 1 

~-2~-t)q 14 1 lS ~ 
0 6 16~ • I 6 

~-24-6q 18 6 ]C) 7 16 1 -
0 6 - 1 4 

r-8.-2~-6q 17 g 1 s 7 
0 6 1W 

- 1 4 -
U-26-6q lS 0 lS 8 

0 6 16. .. ...1 +2 g 
~8-27 -6q 16 l j~ -

1 '3 1 0 6 +0_ 1 
~ ..8- 28-6q 18 s 1r:; 0 

0 6 
I 14 ~ -o s 

~8-2q -6q 14 8 11 g 
0 6 152- -+o 1 _ 

L.B.-'3o -6q 14 7 14 . 6 
o.6 

13 . 2 

~-:_31-69 13.3 12. 6 
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T A B L E X V I I I 

BALA NCE DATA FOR NITROGEN DURING A 56-DAY BE D REST 0 

EVALUA TION OF FLI GHT FOODS UNDER HYPOKI NET IC CO NDITIO S 

PART F., CO NTINU ED. -
Excretion 

,____. 

Date Feca 1 To tCJ 1 B.J 1 (Jf) C C I 

In t ake Ur~ - 1 /-+ '3 +1 c; 
_9_- ] -6q ]C) 8 1'3 7 0 6 
_9_ - 2 -6q 14 q 14 4 0 6 1 ~ 0 -o 1 

.9_-3 -6q 13.9 14.8 0.6 1 5 . I~ - 1. ~ 

- ..9_-4-6q 1 '3 8 ]g 7 0 6 20 . 3 -6 'i 

] (' '3 +6 I 
- ..9_-S-6q 

- 0 6 16.4 g 7 
1 ~ 1 -o c; 

- ..9_-6-6q - 14 6 11-+ c; 0 6 
1~ 2 - 1 c; 

--.9.-J-6q 13 7 14 6 0 6 - ') 6 
- _9_-8-6q 11 8 11 8 0 6 14 J~ 

+1 1 
- ..9_-q-6q 16 ~ 14 6 0 6 11: 2 

- 7. 4 
.... _9_- ]Q -6q 14.3 16 1 0 6 ]h 7 

] l~ 1 I') I 

~-] l -6g 14 2 13 r; 0 6 
1~ 7 -o 7 

-.9.-12 .:.6g 13 0 13 1 0 6 
11 q -+6. 'l 

_ _g_- r~ -6g 18 4 11 '3 0 6 
12 8 -o ~ 

-.9.-14 -6q 12 c; 12 2 0 6 
1 ~ 1 +I I 

--.9.-_1 s -6q 14 2 12 c; 0 6 
11+ c; - 7. 2 

~-16- 6q 12 '3 13 g 0 6 
]6 ~ +l 6 

~.9..-17-6q ]C) 7 0 6 -
17 q 

~ 

13 . 6 2 . 3 
Mean 15.9 13 . 1 0.5 --
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T A B L E X V I I I ( Con t i nued ) 

B A L AN C E DATA F 0 R N I T R 0 G E N D U R I N G fl 5 6 - 0 A Y B E 0 .B_r ~ 9_ 

EVALUATIO N OF FLI GHT FOODS UNDER - --- ----- ---- :..;_____:.__:;__ ______ ._...;,___,...;;.,. 

PART G. SU BJEC T 8A --- -· 

Excr e t i on 

~ Dat e In ta ke Ur i nu ry Feca l Totn 1 Rill,1rKC 

f () 0 
~-24 -6g I S g I 0 1 0 8 10 CJ 

_7-2 s-6g 16 ~ g 2 0 8 10 0 +6 1 

~-26 -6g 16 r; l l g 0 8 17 7 ... ~ 8 

~-27 -6g 14 7 12 c; 0 8 ~ ~ 1 u .!.i_ 

- ~-28 -6g 16 8 1 L1- l 0 8 
, , .. q +I q 

- ~-2g-6g 14 6 0 8 1 r; l ~ t 1 I 
16 r; I~ 8 t-1 8 

~-~o -6g lS 6 1 ~ 0 o R 
1C: 7 +~ I 

-~-~I -6g 18 8 l S 4 0 ~ 
11 8 t6 4 

--...8.-J -6q 18 2 1 l.S 0 ~ 
1 L~ 6 +0_7 

~--.8.-2 -6q l r; ~ 14 ~ 0 ~ 
]r; ~ -I 2 

f-- 8 - ~ -60 14 1 1S 0 0 ~ 
I ~ q +4 q 

~--4-6g 18 8 ~ ~ 6 0 ~ 
12 1 +6 I 

~--s-6g 18 2 11 8 0 ~ -0 c; 
_8 -6 -6g 1S ~ 1 s s 0 ~ 

J C) 8 
±}JL_ 1 o. 1 

_8-7-6g 14 1 10 0 0 ~ +4 r.; 
0 ~ 

14 ~ -
_8-8-6q 18 8 14 0 11 4 +ll 8 
_..8_-q-6q 18 2 1 ~ 1 0 1 

18 1 - 1 1 
_a-]0 -6g 14 8 17 8 0 ~ 

16 0 
- 1 q 

~8-1l-6g 14. 1 1S 7 0 ~ 
11 q 

+4Q -
ka-l2 -6q 18.8 11 6 0 ~ 

~ ~ q +4 1 
_s-n -6g 18 2 1~ 6 0 ~ 

17 c; - 2 2 -
--.8.-14-6q 1S ~ 17 2 0 ~ 

16 8 
- 2 1_ -

--.8.-1 S-6q 14 1 l 6 r; 0 ~ 1 c; c; +1 1 

--Ji-16-6q 18 . 8 1S 2 0 ~ 
10 4 +7 8 

-..8-17 - 6q 18 2 10 1 0 1 
16 q 

- 1 6_ -
U.-J8-6g 1 s ~ 16 6 0 ~ 

14 7 - 0 6 -
U.-l9 - 6q 14 l 14 4 0 ~ 

17 0 
+I 8 

~-2Q - 6q 18 8 16 7 0 ~ 
14 8 

+1 4 

-..a-2l - 6g 18 2 14 s 0 ~ 18 0 
- 2 z -

-.a:.. 22- 6g 1S ~ 17 7 0 ~ 1 r; I 
- 1 0 -

--.a-2~ - 6g 14 1 14 8 0 1 11 1 
+~ 7_ -

--8..-2 4-6g 1 8..,._8 12 8 
0 ~ 

14 0 
+4 2 

U.-2s-6g 1"3 7 
0 ~ 16 8 

- 1 5_ -18 2 0 ~ - 2 2 
~26-6q 16 s 16 ~ -l s ~ 0 ~ +68 
--8.-27-6q 16 0 11 q -14 l 0 ~ +± 4_ 
--8.- 28-6q 11 6 I~ 8 -18 7 0 ~ - 2 6 
--.8.-2g - 6g 1~ r; ]7 4 -

18 2 0 ~ - 0 8_ 
--.a:J.o -6g 1 7 l 14 q -

14 8 0 ~ +1 5_ 
--.a-J1-6g 1 ~· 6 L2 ~ -

1 L~ 1 _.Q ~ -~-J-6q 11) 8 12 0 
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T A B L E X V I I I (C ontinued) 

BA LANCE DATA FO R NITROGE N DURING fl 56-DAY BED REST 0~ 

EVALUA TI ON OF FL I GHT FOODS UNDER HYPOKINETIC CO DITIO S 

PART G. , CON TINU ED. 
-

Excretion 

Date In t ake Ur i nary_ Fecu1 Tot01 Bl 1 ~ nc.e 

_9-2 -6q 16 c:; 13 9_ 0 1 I'+ ~ +2 1 

9-~ -6q 14J 1 1 • s 0 1 11 8 +/ lt_ 

-o 1 _9_ -4 -_6_9 1J 3 11 2 0 1 11 c; 
10 8 +7 '• __9-S -69 18 2 I 10 s 0 ~ 

_9-6-69 1_7 1 12 q 0 1 11 2 +it l 

_9_- 7-6g 14 8 11 6 0 1 1 I g +2 9 

9- 8-69 11 s 16 0 0 3 16 1 -l_t_._8_ 

11 2 +() ~~ 
~ -q -6q 11 6 10 q 0 1 

g g -4L; 1 
- ..9_-1 0-69 1 L+ 2 g 6 0 1 - ') 0 

_9-JJ - 69 11 2 12 9 0 1 1i I 
-l 8 17 0 _9_-12-69 10 2 11 7 0 1 

11 6 +_~ Q_ 
__9 - 11 -69 16 6 11 3 0 1 

10 I +I~ 8 
_9_-1 4-6g 14 g 9 8 0 1 

12 I -1 I 
- _9_- JC; -69 g 0 11 8 0 1 +1 ') 

_9-1 6-69 11 1 g s 0 3 g 8 
+8_1 g 7 

_9_-1} -6g 18 0 g 4 _Q_1 
-

13 . 4 +2 . 4 
Mean 15 . 8 1 2. 9 o. s -

-
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T A B L E X V I I I ( Continu ed ) 

BALANCE DAT A FOR NITROGEN DURING A 56-DAY BED REST ON ----- - --- -

EV AL UATION OF FL IGHT FOODS UNDER HYPOKINETIC CONDITI O S 

PART H. SUBJ ECT 9A - · 
Excret i on 

r--- · 

Ort t P lnt rikP ll t: i 0~ r:~ Fe r:ri 1 Tot;-'1 1 Ba I rJO~C 

7-24- 6g lS g g _6 0 ) q g +6. 0 

7-2 r;-6g 16 6 6.6 0 ~ 6 g +q 7 

..... ~-26-6q 16 .5 17 .0 0.3 17 ) -o.8 
7- 27 -6q 14 7 g_4 0.3 q 7 +S 0 

- 14 c; +7 8 
- ~-28-6g 17 ) 1 4. 2. 0 ) 

7- 2q -6q 16 s __lit 4 0 ) 14 7 +1.8 
+2.6 

}-)Q-6g 1S 6 12. 7 0 ) l i 0 

} - ) 1-6g 18 8 14.2 0 4 14 6 +4.7 

1 L~ g +).3 
B-1 -6g 18 2 14. s 0 4 -o 6 
8-2- 6q 1S ) 1 r:; . s 0 4 1S g 

- 8-~ -6q ____.Q_._~ --. ~~ c; +0 6 
11+ 1 .J 3. • 1. -~-~· 12 ~ +6 ~ S_ 

8-- 4-6q 11 g 0 4 
18 8 1i 0 +S 2 

- 8-L) -6g 18 2 12 6 0 1.+ ~ 0 

- 8-6 - 6g 1S 3 14 g 0 4 1S i 
+S 4 

.... _8 - 7-6g 14 1 8 ) 0 4 8 7 
+7 1 11 c: 

_8-8 -6q 18 8 1 1. 1 0 4 
1S 4 +2. 8 

- ..8.-g -6q 18 2 1S 0 0 4 
1S 8 -o 8 

- 8-1 0-6q 1S 0 ] r:; 4 0 L~ 
12 ~ 

+1. 8 

-- 8- 11-6q 14 1 11 g 0 4 
17 6 +1 2 

_8-12 -6q 18 8 17 2 0 4 
1 7 7 -o i 

- 8-r~ -6q 17 4 17 ) 0 4 
22 0 

-6 7 -
- ..8-14-6g 1 s ) 21 6 0 4 

1 ~ 1 
+1 0 

- 8-1~-6g 14 1 12 7 0 4 
12 7 

+61 

~..8.-16-6q 18 8 12 ) 0 4 
12 ~ 

+S g 

1-- 8-17-6g 18 2 1 1 g 0 4 
12 1 

+~ 2 

-.8-J8 -6g 1S 3 11 7 0 4 
16 ~ 

- 2 2 
0 4 +8 7 

- 8-Jq-6g 1 ~- 1 lS 0 10 1 
foo-8-20- 6q 18 8 g 7 0 4 

12 2 
+6 0 -

~8-21 -6g 18 2 11 8 
o.4 l S 6 

-o ) 
~-22-6g 1 r:; ) 1r:; 2 0 4 1_5. 7 

- 1 6 -
0 4 -+6_ 0 

_8-2~ -6q 14 1 ]r; ) 
0 4 

12 8 +61 
~-24-6q 18 8 1 2 1+ 

0 4 
12 1 ~ . 0 

r--8.::2S-6g 18 2 11 7 
0.4 

1 s. i ~ 

r-!:_26 -69 15.3 14. 9 14.-1--
-{) I Q -

--8.:2.7 -_6g 1 ~ 7 
0 4 1~ 8 

+S 0 -
14 1 

L8..- 28-6g 1 ~ 4 
0 4 ~ c; 

+4 7 - I 

18 8 0 4 - 0 6 

~-6q 1 ~ 1 1S q 
__. 

18 2 0_ .. 4 
_,__ +1. 4 __. 

L8..-J o-6g 1 s ~ 
1c; r; 12 7 

O_L 4 
~1-6q 14 1 12 ~ 
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T A B L E X V I I I (Contin ued) 

BALA NCE DAT A FOR NITRO GEN DURI NG A 56-DAY BED RfST 0 I - - -- - -- -- . - - -

E V A L U AT I 0 N 0 F F L I G H T F 0 0 D S U N D E R H Y P 0 K I N E T I ~ f _0 '_Q_J 1 I 0 J S 

PART H. , CO NTINU ED SU BJECT 9A 
-- - -

Excretion 

Da te ln tHke UrinHrv Fc_uli_ Tot<ll Ri11ilncc 

__9_ -] -6q 18 8 g 4 0 L~ 9_ 8 ·C)~JL_ 

_ _g_ -2 -6g 18 2 1 ~ ~ 0 4 1~ 7 ·f 11 r1 

g-~-6g l r:; ~ l '3 3 0 4 13.1 +1 6 

~-4-6g 1 L~ 1 12 r:; 0 L+ 12 g +I 2 

_g -c; -6g 18 8 ~~ 4 0 L~ 13. 8 +S 0 

_9-6 -6g l 7 ~ 12 6 0 4 I~ 0 -+11 1 

~ _9_-7 -6g 1S < 14 s 0 4 11+. 9_ +0 /1 

~ _9_-8- 6g 1 '3 s i 2 ~ 0 4 12 7 +0 8 

g-q-6g g 3 11 4 0 4 11 8 -2 rJ 

g-1o -6q 16 g 10 r:; n 4 10 g +6 () 

_9- 11 -6q 13 g 12 8 0 1: li ? +C' 7 

- __9_-12 -6g 13 1 12 2 0 4 12 6 +0 r; 

.... _9-]~ -6q 16 2 12 6 0 4 ~~ 0 +1 2 

.._ _9__- i 4-6q 17 ~ 1 ~ 6 0 4 14 0 +1 ~ 

~.-_9_ -1s -6q 11 l ] 2. 6 0 4 18 0 -6 g 

11 7 - 1 0 
~-16-60 10 ~ 1 ~ ~ 0 ~ 

10 7 +S 
.__9_-17-6g 16 l 10 ~ 0 4 
...__ 

Mean 12 . 7 0 . 4 13. 1 +3 . 0 
16.1 

'"'--
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