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ABSTRACT 

The b i  ochemi cal i nvesti gati ons of the Sky1 ab crewmen were desi gned t o  
study the physiological changes that  were observed on f l i g h t  crews 
returning from previous space f l i gh t  missions as well as to  study t jose 
changes expected t o  resu l t  from prolonged weightless exposure. These 
studies can be divided into two broad categories. One category i n -  
cluded routine blood studies similar t o  those used i n  c l inical  medical 
practi ce. 
t o  investi gate more thoroughly the metabol i c/endocri ne responses t o  
the space f l i g h t  environment. The premission control values indicated 
that  a l l  Skylab crewmen were healthy and were free  from biochemical 
abnormalities. 
s l i gh t  b u t  s ignif icant  changes i n  e lectrolytes ,  glucose, total  protein, 
osmol a1 i ty , uri c aci d , chol esterol , and creati  n i  ne. P1 asma hormal 
changes i ncl uded adrenocorti cotrophi c hormone, Corti sol , angi otensi n I ,  
aldosterone, insulin,  and thyroxine. The 24-hour urine analyses resul ts  
revealed i ncreased excretion of Corti sol  , catechol ami nes , anti d i  ureti c 
hormone , and aldosterone as we1 1 as excretion of  si gni f i  cant e lectrolyte  
and uric acid dur ing  the Skylab f l i g h t s .  

The measured changes are  consistent w i t h  the hypotheses tha t  a re la t ive 
increase in thoracic blood volume upon transit ion t o  the zero-gravi t y  
envi ronment i s  interpreted as a t rue i ntravascul a r  vol ume expansi on 
result ing i n  a f l u i d  and e lectrolyte  loss.  These losses,  it1 association 
w i t h  other factors ,  ultimately resul ts  in a reduced intravascular volume 
leading to  increased renin and secondary aldosteronism. Once these 
compensatory mechanisms are effect i  ve i n reestabl i shi n g  f l  u i  d balance, 
the crewmen are  essenti a1 ly adapted to  the nul 1 -gravity envi ronment. 
Although the physiological cost of this adaptation i s  reflected by the 
electrolyte  de f i c i t  and perhaps by other factors ,  i t  i s  assumed that  
the compensated s t a t e  i s  adequate for the demands of the environment; 
however, this new homeostatic s e t  i s  not believed t o  be without 
physi ol ogi cal cost  and , w i  thout proper precautions , coul d reduce the 
functional reserves of the crewmembers. The  general catabolic s t a t e  
found i n  returning space f l i g h t  crewmen has been documented w i t h  nega- 
t ive  calcium, phosphorus, sodium, potassium,' and nitrogen balances. 
Future research e f for t s  will be directed toward the cl3ri  f ication of 
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The routine resul ts  d u r i n g  and a f t e r  f l i g h t  showed 
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the basis for these physiological changes and the procedures required 
t o  prevent or lessen these changes on extended space missions. 

INTRODUCTION 

The ab i l i t y  of man to  adapt t o  new environments has intrigued the 
physiologist fo r  many years. Underlying th i s  basic adaptabili ty,  
modern i nves t i  gators have discerned the action of compl ex homeostatic 
control mechanisms. These mechanisms, both neural and hormonal mani- 
f e s t  themselves by a resistence to  change i n  the internal milieu of 
the organism (1,  2 ) .  Provided tha t  the imposed s t resses  a re  not 
overwhelming, only s l i g h t  changes i n  this internal milieu can be 
expected.' Space f l i g h t  incorporates unique environmental factors t o  
which the organism has not previously been subjected i n  the course of 
i t s  phylogenetic development. 
members to  adjust  to  this environment, an extensive biochemical i n -  
vestigation was conducted on a l l  three Skylab missions. 

To measure the ab i l i t y  of  the crew- 

METHODS 

Continuous metabolic monitoring of the Sky1 ab crewmen began a t  l ea s t  
21 days prior t o  each f l i g h t  and continued throughout each f l i g h t  and 
for  a t  l ea s t  17  days a f t e r  return. Urine was collected on a void-by- 
void basis before and a f t e r  f l i g h t  while the i n - f l i g h t  collections 
were performed w i t h  an automatic urine collection device. An aliquot 
of each day's i n - f l i g h t  urine was frozen i n  o r b i t ,  s tored, and returned 
to  our laboratory fo r  analysis postfligh.t., Table I shows the duration 
of metabolic monitoring for  each mission. The nominal pref l ight  
control period of  21 days was extended on Skylab 2 and 4 due t o  the 
delays i n  launch dates. The nominal postfl ight period of 18 days was 
shortened by one day on Skylab 2.  Following an overnight f a s t ,  blood 
samples were drawn a t  approximately 7 a.m. c . s . t . / d . s . t .  according to  
the schedule shown i n  table  11. Sodium ethylenediaminetetraacetic 
acid (EDTA)  was used as an anticoagulant-. 
b i  ochemi cal t e s t s  were those general l y  used i n 1 aboratory medi ci ne. 
Radioassay, fluorometric and gas chromatographic techniques were used 
fo r  most hormonal analyses. 

Radionucl i de body compartment studies were conducted prefl i g h t  and 
postfl ight.  These included di lut ion studies o f  total  body water 
(tritium), extracel lular  f lu id  (35sul hate) ,  plasma volume (1251-protein) 
and exchangeable potassium ( @ K  and 45K). 

The more routine cl inical  

The data have been summarized f o r  presentation. S t a t i s t i ca l  analyses 
included the covariant analysis and the paired t-Test. 
urine data have 'been grouped according to  the dietary cycles. 

The 24-hour 
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TABLE I .  EXPERIMENT SCHEDULE 

Skyl ab No. of No. of  No. of 
M i  s s i  on Preflight F1 i g h t  POstf1 ight 

Days Days Days 

2 31 28 17 

3 21 59 18 

4 27 84 18 

TABLE 11. SKYLAB BLOOD SAMPLING SCHEDULE 

Skyl ab Preflight Postf 1 i ght 
Mission Day In-F1 ight Day Day 

2 31. 21, 14, 7 ,  1 4 ,  6 ,  13, 27 0 ,  1 .  4 ,  13 

3 0 ,  1 ,  3,  14 

4 35. 21, 14, 1 3,  5 ,  21, 38, 45, 59, 73, 82 0, 1 .  3 ,  14 

21, 14, 7 ,  1 3,  6 ,  14, 20, 30, 38, 48, 58 

Table I11 l i s t s  a l l  serum and plasma analyses accomplished on the 
Skylab crewmen. Analyses conducted on the in- f l igh t  samples by 
mi cronanalyti cal techniques are noted. 
accomplished on the 24 hour urine samples. 

Tab1 e IV 1 i s ts  the analyses 

RESULTS 

A comparison of each crewman's premission values w i t h  values obtained 
during and a f t e r  the f l i g h t  reveals a variety of changes. Tables V, 
VI, VI1 and VI11 show the results of the plasma and serum biochemical 
measurements. The in-f l ight  and pos t f l  i g h t  values a re  compared w i t h  
the mean o f  the pref l ight  Val ues. 
from each crewman's own control values are indicated as ( P  < 0.05).  
Elevations i n  calci um and phosphorus were present throughouT the three 
missions and remained higher than control for  several days following 
f l igh t .  Cortisol and Angiotensin I were generally elevated though not 

Those val ues s t a t i s t i c a l  ly di fferent 
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TABLE 111. PLASMA AND SERUM BIOCHEMICAL ANALYSES 

Substance/Property 

Sodi W 

Potassi un* 

Cal c i  unP 

Magnesi um 

Chloride* 

Phosphorus* 

Osmlal i  ty* 

Carbon dioxide 

Cholesterol 

T r i  glyceri  des 

Adrenocorti cotrophi c hormone* 

Cort i  sol* 

Angiotensin I* 

Aldosterone* 

Insulin* 

Quanti t a t l  vely Determined 

Uric acid 

Creatinine* 

Total Protein 

A1 kal ine phosphatase 

Serum glutar ic oxaloacetic transaminase 

Creatine phosphokinase 

Lactic dehydrogenase 

61 ucose* 

Total b i  1 i rubin 

Growth hormone 

Thyroxine 

Thyroid stimulating hormone 

Testosterone 

Parathornme* 

Calcitonin 

(aspartate aminotransferase) 

. Blood urea nitrogen Vitamin D 

*Determined during f l ight  

TABLE I V .  24-HOUR URINE BIOCHEMICAL ANALYSES 

SdartancelProperty 

Volume 

Sodl um 

Potassi um 

Cloride 

Osml a1 i ty 

Calciun 

Phosphate-( PO,) 

nagnesiur 

Creatinine 

Quanti tat ively Detewined 

Antidturet ic homne  

Aldosterone 

Cortisol 

Epi neph ri ne 

Norepinephrine 

Total 17-Hydroxycorti cos te ro i  ds 

Total 17-Ketosteroids 

Uric Acid 
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TABLE V I I .  

No. 

36 Prefl lght 

Recovery (R) 

9 R+O 

9 R+l  

9 Rt3. 4 

9 R+14 

SKYLAB SUMMARY, PLASMA BIOCHEMICAL RESULTS, (9  Crewmen) 
(kan t Standard Error) 

CHOLESTEROL s6oT BUN URIC ACID ALK PHOS MAGNESIUM 

IrJ P C t  N / m l  mg pet mg pct IU mg PCt 

205i7 13i0.5 19iO.5 6.4i0.2 24i1 2.liO .02 

192i25" 12 i l  19tl  5.5tO.P 21i l  2.0t0.03* 

178i2P 13i0.3 19 i l  6.0t0.P 21t1 2.OiO.O3* 

188+14* l 3 i l  17tl* 6.0tO.P 20i l  2 .OiO.O3 

204214 14i0.7 17tl* 6.5t0.3 2522 2.1 t0.03 

BILI T 

Cal P C t  

0.6i0.02 

0.5t0.1 

0.8i0.2 

0.5to. 1 

0.4i0.1 

CPK 

I U  

66t7 

68i8 

85i11 

86t12 

47t7 

p 2 0.05 

Key : 

W T  = k r u n  glutamic oxaloacettc transaminase 
WIW = Blood urea nitrogen 
ALK Phos - Alkaline phosphatase 
BILI T = 8 i l i rub in (total) 
CPK - Crertlnine phosphoktnrse 

TABLE V I I I .  SKYLAB SUMMARY , PLASMA BIOCHEMICAL RESULTS (9  Crewmen) 
&em f Standard Error) 

amon no. LOH TRIGLY DIOXIDE ALBUMIN PROTEIN T3 TEST THYROXINE TSH VITAMIN 0 

mU/ml 3 pct - / l i ter  gm pct 91 pct pct UPTAKE r9 pct rU/ml ng/ml 

36 Prefl ight a t 6  S i 5  22i0.7 4.4iO.07 6.hO.05 32.9i0.4 7.0t0.3 4.5t0.6 43.h 3.7 

9 R+O 181i10 97i15 24il* 4.5i0.1 7.2i0.1" 33.1tl.3 8.7i0.5" 8.4i2.3 39.6t10.9 

9 R+1 167i7 111i23 25t0.5' 4.3i0.1 7.0?0.07* 29.4t3.3 9.Oi1.0" 7.5i1.5 43.9i 7.7 

9 Rt3. 4 231i14* 95i13 26iP 4.1iO.P 6.6i0.07 34.26.7 B.liO.8 8.2i1.3' 42 ai 6.6 

9 Rt14 194 i lP  M i 6  26i0.5 4.1iO.P 6.4i0.07 33.4i0.5 6.hO.3 8.ltO.9* 44.6.t 8.8 

' p  50.05 

KEY: 

LDH - Lactlc dehydrogenase 
TRIQY - Triglycerides 
TSH = Thyroid stinutatlng h o m e  

2 = Recovery 
= Triiodothyronine 
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always s ignif icant ly .  Potassium and creatinine tended to  increase 
in- f l igh t  and remain h i g h  i n  the sample obtained immediately a f t e r  
recovery. 
cantly increased postfl ight.  
samples obtained in-f l ight ,  were found to  be increased postf l ight .  
These include total  protein, carbon dioxide, thyroid stimulating 
hormone and thyroxi ne. 

Plasma aldosterone levels varied in-f l ight  b u t  were s ign i f i -  
Other parameters, not measured i n  the 

Those plasma measurements which were less  than pref l ight  control i n -  
f l i g h t  and postfl ight include sodium, chloride, osmolality, and ACTH. 
Glucose, insulin and aldosterone were decreased in-f l ight  Q u t  increased 
postfl ight.  Other measurements showing decreases postfl i g h t  which 
were not measured in-f l ight  included cholesterol,  ur ic  acid,  magnesium, 
l a c t i c  dehydrogenase, and total  b i l i r u b i n .  Blood urea nitrogen and 
albumin were not changed a t  recovery b u t  were decreased the t h i r d  and 
fourteenth day. 

Those constituents of the 24-hour urine sample which were elevated 
in-f l ight  and postf l ight  a re  shown i n  table IX. All of the electro- 
lytes  were increased in-.flight along w i t h  aldosterone, cortisol and 
total  17-ketosteroids. Postfl ight increases were seen i n  epinephrine, 
norepinepherine, aldosterone, and cor t i so l .  The data a lso show trends 
toward in-f l ight  decreases i n  ant idiuret ic  hormone ( A D H ) ,  epinephrine, 
norepinephrine and uric acid. 
sodium, potassium, chloride, osmolality, PO4, magnesium, and ur ic  acid, 
ADH and total  1 7  hydroxycorticosteroids were observed. 

Postfl ight s ignif icant  decreases i n  

DISCUSSION 

The environment of space f l i g h t  w i t h  i t s  combination of s t resses  offers  
unique challenge to  biochemical control mechanisms. That homeostasis 
has been maintained despite these s t resses  cannot be taken as evidence 
of the benign nature of the space environment. Men returning from 
previous space f l i gh t s  have undergone changes of suf f ic ien t  magnitude 
and complexity to  warrant detailed study of most endocrinologic and 
metabolic changes dur ing  and a f t e r  f l i gh t .  In view of these considera- 
t ions,  this experiment was designed t o  investigate particular homeo- 
s t a t i c  response i n  the areas of (1 )  f lu id  and electrolyte  balance, 
( 2 )  regulation of calcium metabolism, (3 )  adrenal function, and (4) 
carbohydrate, f a t  and protein u t i l i za t ion .  

F1 u id  and E l  ectrolyte  Balance 

I t  has been consistently demonstrated tha t  exposure to  weightlessness 
produces changes i n  the dis t r ibut ion of to ta l  blood volume ( 3 ) .  I t  is 
thought t ha t  this redistribution simulates a re la t ive  volume expansion 
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and necessitates compensatory changes i n  water balance w i t h  a net loss 
of water and electrolytes .  A negative water balance i s  evidenced by 
nearly universal body weight loss i n  the returning crews and a rapid 
regain of body weight on the f i r s t  postmission day. Some of the weight 
loss is  a t t r ibu tab le  to  a loss of adipose t issue result ing from i n -  
suf f ic ien t  calor ic  intake; however, protein, mineral and electrolyte  
loss are  believed to  occur a t  a proportionately higher r a t e  than can 
be accounted fo r  on the basis of a hypocaloric regimen (4) .  

Change i n  body f lu id  volume i s  a sensi t ive index of homeostatic response. 
Dur ing  the f i r s t  s ix  days in-f l ight  a l l  nine crewmen excreted less  
urine (average 400 m i l l i l i t e r s )  than pref l ight  and there was an 
accompanying decrease of water intake of approximately 700 m i  11 il  i t e r s  . 
These data support a net loss of water d u r i n g  t h i s  period. Sweat and 
insensible losses a re  not included b u t  would be expected to  be higher 
a t  the environmental pressures of the spacecraft (5 ) .  
however, tha t  a water diuresis d i d  not occur since the osmolality of 
the urine formed was higher than that  of plasma. 
( fo r  the f i r s t  6-day period in- f l igh t )  averaged 300 mOsmoles higher 
than an equal s table  pref l ight  period i n  sp i t e  of decreased electrolyte  
intake d u r i n g  the f i r s t  period. These data when to t a l ly  considered 
suggest t ha t  an increased solute  excretion d i d  occur d u r i n g  the i n i t i a l  
exposure t o  weightlessness. 

Twenty-four hour urine volume resul ts  ( f i g .  1 )  indicate tha t ,  except 
for  the f i r s t  period in- f l igh t ,  the crewmen generally excreted volumes 
similar t o  the pref l ight  control values for  each man. 

I t  i s  apparent, 

The urine osmolality 

A similar pattern to  tha t  observed fo r  urine volume is  exhibited by 
urinary ant idiuret ic  hormone ( f i g .  2 ) .  
urinary ant idiuret ic  hormone occurred early in-f l ight  i n  a l l  men. Due 
t o  inabi l i ty  to  ref igerate  the urine sample obtained on the f i r s t  day 
in-f l ight ,  i t  could not be analyzed fo r  t h i s  hormone. Tables X and XI 
show decreases of about 1 . 7  percent i n  to ta l  body water, and about 
1.9 percent i n  extracel lular  f lu id  volume following recovery; however, 
when the weight losses a re  taken into consideration, there i s  actually 
a proportional increase i n  body water on a volume per u n i t  weight basis. 
These data, along w i t h  f lu id  volumes and osmolality results, indicate 
tha t  except for  Skylab 2 (urine ant idiuret ic  hormone) was minimally 
stimulated. 

Significant increases i n  

Plasma sodium was generally decreased throughout the f l i g h t  and 
potassium demonstrated trends toward becoming s l igh t ly  t h o u g h  not 
s ignif icant ly  elevated. In-f l ight ,  the quantity of urinary sodium 
excreted each twenty-four hours was elevated above the mean of the 
24-hour periods pref l ight  fo r  a l l  nine crewmen ( f ig .  3 ) .  Urinary 
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potassium was more variable b u t ,  i n  general, was also elevated ( f i g .  4 ) .  
Postfl ight,  both o f  these electrolytes were significantly decreased 
i n  a l l  of the crewmen. 
comparable d u r i n g  the three phases of  each f l i g h t .  The loss  i n  
potassium was also measured by the decrease i n  to ta l  body exchangeable 
potassium shown i n  table XII. 

The  intakes of these two electrolytes were 

TABLE X .  SKYLAB SUMMARY TOTAL BODY WATER 

Volume Change (%) 

Mission Commander Sc ien t i s t  P i  1 o t  P i  1 o t  Mean 

2 -2.4 -0.8 -4.4 -2.5 

3 -1.4 +1.3 -3.2 -1.1 

4 -2 .o -1.1 -1 .2  -1.4 

TABLE XI. SKYLAB SUMMARY EXTRACELLULAR FLUID 

Volume Change (%) 

Mission Commander Sc ien t i s t  P i lo t  P i lo t  Mean 

2 -1.9 -1.9 +1.3 -0.8 

3 -5.6 -10.2 -0.5 -5.4 

4 +7.2 -4.5 -1.6 90.4 

TABLE XI I .  EXCHANGEABLE POTASSIUM 

Percent Change 
(meq 1 

Skylab 2 Skylab 3 Skylab 4 

Commander -8.3 -5.6 -3.7 

Sc ien t i s t  P i lo t  -6.1 -1 .'I -8.8 

P i  1 o t  -8.8 -3.5 -12.3 

Mission Mean -7.7 -3.4 -8.2 
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A postfl ight decrease of as much as 20 percent i n  to ta l  body 
had previously been f the to ta l  bod 
a f t e r  early Apollo f l i  changeable 
potassium-42, was meas 5, 16, and 
was found t o  be gene i g h t  even 
potassium had been i se  mission 
of the Gemini 7 miss emonstrated posit ive potass 
and a f t e r  the f l i g h t  w i t h  a negative balance d u r i n g  the mission. 

The Gemini 7 resul ts  were accompanied by increased urinary aldosterone 
excretion ( 7 ) .  Dur ing  the in-f l ight  phase of the Skylab missions, 
aldosterone output was increased i n  a1 1 nine crewmen ( f i g .  5 ) .  
aldosterone concentration reached i n  this period of time could certain- 
ly account for  the urinary losses of potassium. 
i s  not consistent w i t h  the observation tha t  a loss of sodium also 
occurred. 
thirteen day Apollo 17 mission suggested similar responses by that  
crew (8).  These changes may be explained by functional a l terat ions 
i n  the renal tubule proximal to  the s i te  o f  aldosterone action i n  the 
d is ta l  tubule involving e i ther  humoral or physical factors (9 ,  10).  
The resul ts  of plasma aldosterone measurements on a l l  three missions 
a re  shown i n  relation to  pref l ight  baseline values i n  table  XIII. 
These data, together w i t h  changes in plasma renin ac t iv i ty  ( tab le  X U )  
indicate tha t  there was an absolute increase i n  production of aldoster-  
one. T h i s  was probably triggered by increased renin-angiotensin 
secretion. T h i s  elevation could be produced i n  response to  a decrease 
i n  effect ive renal blood flow or i n  pressure changes i n  carotid 
a r t e r i e s  o r  r i g h t  heart (11). 
probable cause of the potassium loss.  

The 

However, this mechanism 

Results of the in-f l ight  metabolic experiment on the 

Increased aldosterone secretion is the 

TABLE XIII. PLASMA ALDOSTERONE 

Mean Percent Change 

Skylab 2 +68 +127 -57 

Skylab 3 +28 -1 1 +138 +53 

Skylab 4 -62 -44 -2 + 44 -32 

Days 

In-fl i g h t  1-28 29-56 57-82 

Postfl ight 0-4 14 
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TABLE XIV. ANGIOTENSIN I ( R E N I N  ACTIVITY) 

Mean Percent Change 

Skylab 2 +7 -18 -72 

Skylab 3 +144 +lo3 +203 -80 

Skylab 4 +203 +30 +25 +56 -61 

Days 

In-fl ight 1-28 29-56 57-82 

Postfl ight 0-4 14 

The decreased blood urea nitrogen values generally found postfl ight 
a re  t h o u g h t  t o  be indicative of hemodilution and rehydration. The 
result ing elevations i n  the r a t e  of urine flow produce a passive i n -  
crease i n  urea excretion. The f i r s t  days' postfl ight water intake 
exceeded water intake d u r i n g  equal periods before or d u r i n g  f l i gh t .  
Similar resul ts  have- been reported from the Soviet space f l i g h t  of 
18 to  24 days dur ing  which actual increases i n  blood urea nitrogen 
were measured ( 1 2 ) .  The interpretation of these findings agree w i t h  
our assumption tha t  the levels of urea nitrogen i n  blood a re  a re- 
f lect ion of hydration and renal handling of urea. I n  Skylab, s l i gh t  
increases were observed i n  plasma creatinine which a re  presumably 
indicative of s l i gh t  decreases i n  creatinine clearance. 
support minor a l te ra t ions  i n  renal function in-f l ight ,  a supposition 
also advanced by Soviet investigators (12). 

These findings 

The excretion of uric acid was decreased throughout the missions i n  
most of the crewmen. Postfl ight there were s ignif icant ly  decreased 
levels of plasma ur ic  acid. These findings confirm e a r l i e r  Apollo 
resu l t s  (13) and are  d i s t inc t ly  different  from cl inical  findings where 
low serum uric acid levels a re  infrequently observed. In almost a l l  
instances such findings are  a t t r ibuted to  a f a i lu re  i n  the renal 
mechanism responsible f o r  the return o f  the metabolite t o  the systemic 
circulat ion.  

Regulation of Calcium Metabolism 

The th rea t  o f  bone mineral losses dur ing  prolonged weightless exposure 
has been a constant concern (14). A complete metabol i c  balance was 
conducted to  ascertain the extent and time course of these losses. 
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To extend the input/output studies,  measurement of plasma levels of 
25-hydroxycholecalciferol and hormones implicated i n  the regulation of 
calcium were conducted together with plasma calcium and phosphorus. 
Calcium and phorphorus levels were s ignif icant ly  elevated i n  the plasma 
as in the urine throughout the in-f l ight  and early postfl ight phases. 
Parathormone levels were more variable in-f l ight  b u t  some were s l i gh t ly  
increased w i t h  no changes postfl ight.  
25-hydroxycholecalciferol was s l igh t ly  decreased postfl ight and u n -  
changed i n  the Skylab 2 and Skylab 3 crewmen. Since calcitonin was 
below the*level of detection for  the assay used, i t  i s  apparent tha t  
no c l in ica l ly  s ignif icant  increases occurred. In addition t o  i t s  
presence i n  food, Vitamin D was s u p p l i e d  i n  supplemental form w i t h  a 
resultant net intake of 400-500 IU/day. 
observations o f  other investigators t h a t  the rate of demineralization 
was slow and i s  probably at t r ibutable  to  an enhanced resorption 
possibly mediated by parathyroid hormone. 

On the Skylab 4 crewmen, 

These resu l t s  support the 

Adrenal Regulation 

The levels of adrenal medullary and adrenal cortical  hormones were 
of particular in te res t  because of changes found in the urinary 
specimens from the Mercury, Gemini and Apollo f l i g h t  crews ( 6 ,  15).  
Following these ea r l i e r  missions, the catecholamines, epinephrine and 
norepinephrine have been generally increased i n  the f i r s t  24 hours. 
In addition epinephrine changed t o  a greater extent t h a n  norepinephrine 
following the entry phase of the missions (16). 

In Skylab urinary epinephrine ( f i g .  6) was generally normal t o  decreased 
in-f l ight  and elevated postfl ight.  Norepinephrine ( f ig .  7 )  was more 
variable b u t  d i d  show periods of increase d u r i n g  the f l i g h t  and 
s ignif icant  increases postfl ight.  Adrenal medullary ac t iv i ty  is  in- 
creased by a variety of physical and psychological stimuli. I t  i s  well 
established tha t  epinephrine i s  most often associated with anxiety 
responses whereas norepinephrine is  more closely related t o  physical 
s t r e s s  (17 ) .  Since a primary role of the autonomic nervous system 
is  to  maintain adquate blood pressure and flow under conditions of 
a1 tered gravitational s t resses ,  modification i n  adrenal medullary 
ac t iv i ty  m i g h t  be anticipated.  The in-f l ight  norepinephrine levels 
are  probably the reflection of the high levels of physical exercise 
undertaken by each crewman d u r i n g  the f l i g h t .  
t h i s  laboratory suggests tha t  exercise in bedrest is effect ive i n  
preventing decreases i n  norepinephrine excretion observed i n  non- 
exercised subjects (18). 

Collaborative data from 

After the Apollo f l i gh t s ,  the plasma cortisol values were below pre- 
f l i g h t  values. 
f i r s t  24 hours a f t e r  recovery d i d  show the anticipated increase i n  
cortisol exretion (6 ) .  

However, the pooled urine sample collected d u r i n g  the 

The cortisol levels were not accompanied by 
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signif icant  decreases i n  plasma ACTH although there was a s l i g h t  trend 
toward such a decrease. 
plasma ha l f - l i fe  of adrenocorticotrophic hormone may have ob1 i terated 
momentary increases d u r i n g  the recovery operations. In Gemini 7 
there were decreases i n  t o t a l  17-hydroxycorticosteroid i n  the in-f l ight  
urine samples (7 ) .  Bal akhovs kiy and Natochi n a1 so reported decreased 
total  17-hydroxycorticosteroids i n  urine collected i n  space f l i gh t .  
These authors suggested tha t  sample deterioration m i g h t  account for  the 
decreases observed (12). Our t e s t s ,  i n  preparation for the Skylab 
fl ights,  indicated tha t  the freezing of urine was suf f ic ien t  to  
prevent change i n  s teroid concentrations (19) .  A decrease i n  17-hydroxy- 
corticosteroids was also seen i n  the one in-f l ight  sample obtained i n  
Apollo 16. 'In these samples the crewmen exhib i ted  either i n  "ar! 
increase" or  "no change" i n  f ree  cor t isol  excretion. Elevated i n -  
f l i g h t  urine cort isol  levels and depressed plasma cort isol  recovery 
levels are  not a manifestation of  a l te ra t ions  i n  circadian rhythmicity 
re la t ive  to  the sampling time d u r i n g  the recovery phase (20).  

In Skylab, plasma adrenocorticotrophic hormone values were decreased 
d u r i n g  the f l i g h t  and plasma cort isols  were elevated. 
adrenocorticotrophic hormone remained decreased and cor t i so l ,  although 
more variable, was generally increased. 
cortisol levels were increased s ignif icant ly  through the missions on 
,a1 1 crewmen ( f i g .  8 ) .  
change or  s l i g h t  decreases i n  daily total  17-hydroxycorticosteroids, 
even though the summary resu l t s  indicate no real difference from 
prefl i g h t  control values. Decreases i n  pregnanetriol and tetrahydro- 
cortisone and s l i g h t  increases i n  tetrahydrocortisol accounted for the 
total  17-hydroxycorticosteroid values. There was an increase i n  to ta l  
17-ketosteroids par t icular ly  demonstrated by increases i n  pregnanediol 
androsterone and etiochol anolone. 

I t  i s  recognized tha t  the extremely short 

Postfl ight 

Twenty-four hour urinary 

T h i s  was generally accompanied by e i ther  no 

The metabolism o r  excretion or b o t h  of these steroids appears t o  have 
been a1 tered. 
the s i t e  of liver conjugation or in the kidney is the subject of con- 
t i n u i n g  investigations. 

Whether such changes occurred w i t h i n  the adrenal, a t  

Carbohydrate, Fat and Protein Util ization 

Data from the Gemini and Apollo programs show signif icant  loss of lean 
body mass d u r i n g  the missions. T h i s  loss  of tissue was evidenced by 
elevations i n  nitrogen excretion (7, 21). Whether such losses a re  due 
t o  weightlessness, the hypobaric atmosphere or a r e  merely a r e su l t  of 
the psychological stress of the mission is unknown although resu l t s  of 
the Skylab Medical Experiment Altitude Test would tend t o  implicate 
weightlessness as the primary causative factor  i n  these losses (22) .  
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Similar loss of nitrogen had been observed throughout the Skylab 
f l i gh t s  and has been accompanied by losses i n  potassium and water. 
Moreover, i t  has been shown tha t  diminution i n  volume and strength 
accompanied loss of these components of lean body mass. 
acids levels were elevated i n - f l i g h t  and postfl ight.  Analysis shows 
an increase i n  the ratio-essentia1:nonessential urinary amino acids 
d u r i n g  f l i g h t .  Further attempts to  elucidate primary source of protein 
loss shows evidence of collagen breakdown i n - f l i g h t  as reflected mainly 
by the increased excretion of to ta l  hydroxylysine ( f i g .  9 ) .  Caloric 
intake has generally been below body requirements so tha t  the weight 
loss could have been partly caused by an inadequate food intake, i n  most 
crewmembers. 

Urinary amino 

In man both hypoglycemia and fast ing stimulate growth hormone secretion, 
the former quickly and the l a t t e r  more slowly. 
sul in  antagonist, ra ises  blood glucose and plasma f ree  f a t t y  acids 
while lowering plasma amino acids. 
made together w i t h  measurements of insulin and glucose. 
growth hormone levels were quite variable, however, s ignif icant  eleva- 
t ion occurred d u r i n g  the f i r s t  days i n - f l i g h t  and the f i r s t  days 
a f t e r  recovery. 
d u r i n g  the f l i g h t  and increased a f t e r  recovery. There was an increase 
i n  plasma cholesterol on recovery day. The constancy of the d ie t s  pre- 
f l i g h t ,  i n - f l i g h t ,  and postf l ight  would tend t o  preclude d i e t  as a 
s ignif icant  factor  i n  these changes immediately a f t e r  f l i g h t .  Although 
losses i n  body f a t  s tores  throughout the long missions may account for  
the mobilization of tr iglycerides a f t e r  recovery. 

Growth hormone, an i n -  

Growth hormone measurements were 
Plasma 

Insulin and glucose were s ignif icant ly  decreased 

The s ignif icant  increases i n  thyroxine and the trend toward higher 
thyroid stimulating hormone levels correlate  well w i t h  the decreases 
i n  cholesterol f o r  two weeks following recovery. These data confirm 
e a r l i e r  Apollo f i n d i n g s  tha t  there is  increased circulating f ree  
thyroxine a f t e r  space f l i g h t  ( 2 3 ) .  
the Soviets. They were able to  correlate  weight loss t o  cholesterol 
decreases and suggested without supportive data tha t  the thyroid gland 
m i g h t  be implicated (12). 

I t  appears t ha t  a t  recovery blood glucose i s  raised by the action of 
catecholamines, cor t i so l ,  and growth hormone while the insulin is  
increased as a response to  the elevated blood sugar. The i n - f l i g h t  
decreases observed i n  both glucose and insulin have also been observed 
i n  bedrest, although i t  d i d  not become signif icant  u n t i l  56 days i n  
bedrest (24), while the decrease became signif icant  a t  38 days i n  
space. The impaired tolerance t o  a glucose load which has been reported 
following exposure to  bedrest was not measured i n  this study (25) .  

Similar f i n d i n g s  were reported by 
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Total plasma protein increased on recovery day as d i d  albumin. 
decreased on the t h i r d  day and fourteenth day a f t e r  recovery, b u t  not 
as much as total  protein. T h i s  i s  inferential  evidence tha t  the 
glycoproteins were increased immediately postfl ight.  The cholesterol 
increase seen a t  recovery may a l so  indicate an elevation i n  lipoproteins, 
particularly i n  h i g h  density lipoproteins. Plasma volume increases 
were recorded d u r i n g  this period due to  water and electrolyte  retention 
as the vascular system responded t o  the e f fec ts  of gravity. 
decrease i n  albumin may have been dilutional rather than absolute. 
Unlike the Apollo resu l t s ,  t r iglycer ides  were elevated a f t e r  f l i g h t  
u n t i l  the 14th postf l ight  day. 

Albumin  

T h u s ,  the 

SUMMARY 
T h i s  experiment, concerened w i t h  the biochemical reactions of the bQdy 
to  the s t r e s s  of space f l i g h t ,  includes both endocrine and metabolic 
measurements. I t  is the f i r s t  comprehensive and integrated study of 
endocrinology and metabolism d u r i n g  prolonged space f l i g h t .  
biochemical changes were observed. They varied i n  magnitude and 
direction b u t  a l l  disappeared shortly a f t e r  return to Earth. 

Significant 

These changes a re  for  the most par t  indicative of a successful adapta- 
t i o n  by the body to  the combined s t resses  of weightlessness. 
t ransient  nature of some of these changes, particularly i n  f lu id  and 
electrolyte  metabolism, tend to  suppor t  the conclusion tha t  a new and 
s tab le  condition of homeostasis condition has been achieved. In other 
areas,  par t icular ly  i n  those concerned w i t h  the metabolism of bone 
mineral, protein and carbohydrates unstable s ta tes  appear t o  pers i s t  
and i t  i s  unclear a t  this time i n  which form the ultimate sequelae of 
these changes will manifest themselves a f t e r  f l i g h t  has continued for  
much longer periods of time. 

The  
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