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i ii. 

ABSTRACT 

Fourteen young men were confined t o  bed f o r  28 days. 

They were randomly divided i n t o  three sub jec t  groups of 

5, 5 and 4 i nd iv idua l s .  One group exercised,  another  

d i d  p re s su re  brea th ing  and t h e  t h i r d  d i d  both.  Each 

sub jec t  was exposed t o  a re -en t ry  a c c e l e r a t i o n  p r o f i l e  

i n  t h e  -Gx p o s i t i o n  while performing a three dimensional 

t r ack ing  task p r i o r  t o  the bed res t  and a t  t h e  conclusion 

of t h e  bed res t .  T i l t  t a b l e  to l e rance  and blood volumes 

were determined i n  a similar sequence. 

Cardiovascuaar deconditioning manifested by plasma 

volume decrements of 2C$ and decreased to l e rance  t o  pass ive  

t i l t i n g  r e s u l t e d  i n  a l l  sub jec t s  and was n o t  d i f f e r e n t i a l l y  

a f f e c t e d  by t h e  exerc ise ,  p re s su re  brea th ing  o r  t h e  combination 

maneuvers. 

Performance 3n t h e  t racking  t a s k  during a c c e l e r a t i o n  

was n o t  a f f e c t e d  by t h e  cardiovascular  deconditioning. 

i 
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1. 

INTRODUCTION 

The primary purpose o f  t h e  experimental  e f f o r t  was t o  
s tudy t h e  e f f e c t  of an extended pe r iod  of bed res t  on t h e  
a b i l i t y  t o  perform a complex t r ack ing  task when exposed t o  
a simulated re -en t ry  acce le ra t ion .  Secondarily,  information 
concerning t h e  a t t endan t  card iovascular  deconditioning( 10) and 
how t h i s  might be a l t e r e d  by exe rc i se  and p res su re  brea th ing  
was obtained. 

Some urgency i n  organizing t h e  experimental  program was 
r e a l i z e d  because o f  t h e  necess i ty  o f  completing t h e  e f f o r t  ir, 
t h e  m i v e r s i t y  summer r eces s  per iod.  Further ,  t h e  mock-up of 
t h e  re -en t ry  couch f o r  use on t h e  c e n t r i f u g e  a s  w e l l  a s  t h e  
t r ack ing  t a s k  were not immediately a v a i l a b l e  a t  t h e  o u t s e t .  
These f a c t o r s  led t o  some compromises of t h e  experimental  
design, however, t h e  e f f o r t  d i d  meet t h e  primary goa ls  of 
i nves t iga t ion .  

EXPERIMENTAL DESIGN 

The gene ra l  format o f  t h e  experiment can conveniently 
be d iv ided  i n t o  three phases. Phase One cons is ted  o f :  

1. 2-4 weeks of i n t ens ive  phys ica l  condi t ioning.  

2. Fami l i a r i za t ion  r i d e s  on t h e  human cen t r i fuge .  

3. Learning and p rac t i c ing  t h e  requi red  t r ack ing  t a sks .  

4. Col lec t ion  of u r i n e  specimens f o r  ca techol  amine 
determinations.  

5. Obtaining tilt  t a b l e  to l e rances  da t a .  

6. Measurement of blood volumes. 

I n  Phase  Two t h e  sub jec t s  were d iv ided  i n t o  three 
experimental  groups. The three experimental  groups were 
confined t o  bed f o r  28 days and randomly assigned t o  perform: 
a )  i s o t o n i c  exerc ises ,  b) pres su re  brea th ing  and, c )  i s o t o n i c  
e x e r c i s e s  and p res su re  breathing. Some measurements were made 
during t h e  per iod  of bed rest such a s  measurements of venous 
tone,  s k e l e t a l  muscle s t rength ,  and 24 hour u r i n e  samples were 
c o l l e c t e d  p e r i o d i c a l l y  f o r  hormone s t u d i e s .  

I n  Phase Three  t h e  subjec ts  were brought on s t r e t c h e r s  
t o  t h e  human c e n t r i f u g e  w h e r e  t h e y  performed t h e  t r ack ing  
tasks while  exposed t o  a programmed a c c e l e r a t i o n  p r o f i l e .  
A l l  s u b j e c t s  a l s o  undertook tilt table  to l e rance  tes t .  
prerentcd f s l h x - i i ~  atiiii’las ul̂  t h e  s u b j e c t  a f t e r  t h e  f i n a l  
data c o l l e c t i o n  e f f o r t  was completed. 

Time 



2. 

SUBJECTS 

, 

Subjec ts  f o r  t h e  experiment were male u n i v e r s i t y  s tuden t s  
ranging i n  age f r o m  18 t o  24 years. They were s e l e c t e d  on t h e  
basis of good phys ica l  and mental  h e a l t h  as judged by appro- 
pr ia te  medical examinations, in te rv iews  w i t h  a c l i n i c a l  
psychologis t  and t h e  completion of t h e  Minnesota Multiphasic 
P e r s o n a l i t y  Inventory.  The medical examination was based on 
t h e  one requi red  f o r  t h e  A i r  Force $ l i g h t  personnel.  

METHODS AND PROCEDURES 

Phys ica l  Conditioning and Deconditioning 

As each s u b j e c t  became a v a i l a b l e  h e  was introduced i n t o  
a f o u r  hour d a i l y  phys i ca l  condi t ioning program. The exe rc i se  
program was desianed t o  improve c i r cu lo - re sp i r a to ry  func t ion  
(referred t o  as physical work capac i ty")  and muscle s t r e n g t h  
and muscle tonus o f  t h e  skeletal  musculature.  The workouts 
were broken up i n t o  two - 2 hour bouts,  1O:OO-12:OO A.M. and 
3:00-5:00 P.M. Each 2 hour bout was i n  t u r n  divided i n t o  one 
hour of  weight t r a i n i n g  and one hour of hard i n t e r v a l  running. 
Tra in ing  was brought about i n  a progress ive  manner under t h e  
d i r ec t  superv is ion  of' two t r a i n e d  phys ica l  educators .  Since 
a l l  s u b j e c t s  d id  no t  become available a t  t h e  same t i m e ,  t h e  
pe r iod  o f  t r a i n i n g  var ied from a minimum of two weeks t o  a 
maximum df f o u r  weeks. 

Evaluation of t r a i n i n g  progress  was accomplished by 
weekly admin i s t r a t ion  of  the  phys ica l  work capac i ty  t e s t  
designed by Astrand ( 2 ) .  The 900 kpm/min load was found 
s u i t a b l e  f o r  a l l  subjec ts .  The maximum 0 consumption was 
a l s o  measured d i r e c t l y  f o r  each sub jec t  a$ t h e  end of t r a i n i n g .  

Muscle tonus i s  f requent ly  suggested as  a p o s s i b l e  
component of a m u l t i  f a c t o r  explanat ion f o r  t h e  maintenance 
of card iovascular  tone during changing g loads such as  imposed 
by t h e  o r t h o s t a t i c  t o l e rance  test .  Unfortunately,  however, 
a n  ope ra t iona l  d e f i n i t i o n  of  muscle tonus has not  been ava i l ab le ,  
and i n  t he  p a s t  i t  has been evaluated by such non-quant i ta t ive 
methods as pa lpa t ion .  O t h e r s  have used maximum s t r e n g t h  a s  a 
c r i t e r i o n  of tonus but t h i s  parameter can a l s o  be challenged 
on a t  least  two grounds: 1) maximum s t r e n g t h  i s  a measure 
confounded w i t h  psychological  parameters such as motivation 
and wi l l ingness  t o  bear  pain,  and 2 )  whether o r  no t  any 
r e l a t i o n s h i p  between s t r e n g t h  and muscle tonus e x i s t s  i s  yet 
t o  be denonstrated by ob jec t ive  means. 

For reasons set f o r t h  above, one o f  u s  has  developed 
clecti:afiigagi=apil i c  equiprneri i arid techniques f o r  t h e  q u a n t i t a t i v e  
a p p r a i s a l  of e l e c t r i c a l  a c t i v i t y  i n  muscle t i s s u e .  
t h e  equipment c o n s i s t s  of a h igh  gain,  d i f f e r e n t i a l ,  vol tage 
ampl i f i e r  which d r i v e s  a vo l t age  con t ro l l ed  o s c i l l a t o r .  The 

I n  b r i e f ,  



output  of the VCO i n  pulses  p e r  sec. is l i n e a r l y  r e l a t e d  
(+ 1.M) t o  t he  i n t e g r a l  of EMG vol tage  a r i s i n g  i n  t h e  
m%cle sampled. 
( e l e c t r o n i c a l l y )  t h e  pu lse  output  of t h e  VCO a d i r ec t  readout 
of the muscles' e l e c t r i c a l  a c t i v i t y  may be had f o r  any given 
pe r iod  of t i m e .  

By the  simple expedient o f  counting 

Using t h i s  equipment, i t  has been found i n  agreement w i t h  
o t h e r  i n v e s t i g a t o r s  ( 2 )  ( 7 )  t h a t  r e s t i n g  muscles i n  normal 
hea l thy  ind iv idua l s  exh ib i t  e l e c t r i c a l  s i l e n c e  i f  t h e  sub jec t  
is w e l l  relaxed ( 4  ). Furthermore, t h i s  a b i l i t y  t o  achieve 
e l e c t r i c a l  s i l e n c e  seems q u i t e  unre la ted  t o  e i t h e r  t h e  maximum 
s t r eng th ,  o r  t h e  firmness of t h e  r e s t i n g  muscle. However, i t  
has been found tha t  t h e  regress ion  of EMG i n t e g r a l  upon f o r c e  
of  voluntary i sometr ic  cont rac t ion  i s  l i n e a r  ( g).and t h a t  
furthermore t h e  s lope  of t h i s  l i n e  i s  t y p i c a l  f o r  any one 
muscle i n  any one subjec t .  Indeed, a p i l o t  s tudy  ind ica t ed  
t h a t  t h e  s lope  of t h e  l i n e  i s  r e l a t e d  t o  t h e  measured maximal 
s t r e n g t h  of t h e  muscle by r=.73 (6 ) *  For these reasons an 
o p e r a t i o n a l  d e f i n i t i o n  of muscle tonus f o r  t h e  purpose of 
t h i s  s tudy was set up as fol lows:  "Muscle tonus is considered 
t o  be best r e f l e c t e d  by the r a t i o  of fo rce  of con t r ac t ion  per 
un lk  e l e c t r i c a l  a c t i v i t y  o f  t h e  sub jec t  muscle group." Or i t  
might be stated t h a t  t h e  smaller t h e  increment i n  e l e c t r i c a l  
a c t i v i t y  requi red  f o r  a given increment of f o r c e  requi red  of 
t h e  muscle t h e  bet ter  t h e  "tonus" of  tha t  muscle. Thus, t h e  
f l a t t e r  t h e  s lope  of t h e  p l o t  of EMG p o t e n t i a l s  a s  a func t ion  
of  f o r c e  of cont rac t ion ,  t h e  b e t t e r  t h e  Ittonus." Henceforth 
i n  t h i s  r e p o r t  t h e  term muscle tonus w i l l  be used i n  t h i s  
contex t  . 
Phys ica l  Work Capacity Tes t ing  

Subjec ts  were i n s t r u c t e d  not  t o  smoke f o r  one hour 
prev ious  t o  t h e  t e s t  and no tests were scheduled f o r  one hour 
a f te r  a meal. The b icyc le  ergometer used was ?f t h e  Von Dobeln 
type.  The saddle and handlebars were ad jus t ed  '-0 s u i t  each 
i n d i v i d u a l ' s  height .  
w i t h  heart ra te  taken s t e thoscop ica l ly  every minute. The mean 
of the  l a s t  two rates was taken as t h e  working pu l se  f o r  t h e  
load under cons idera t ion  and the working capac i ty  i n  terms 
of 0 
All E ests were performed a t  50 pedal  r.p.m. i n  cadence w i t h  a 
metronome. 

A 6 min. 900 k p m  work t e s t  was administered 

consumption/min. was estimated from t h e  Astrand nomogram ( 1). 

Maximum 02 Consumption 
- -  - 

Maximal 02 consumption i s  accepted a s  t h e  best  s i n g l e  
measure of phys i ca l  working capaci ty .  Consequently, i n  a d d i t i o n  
t o  i t s  ascimation by the  Astrand test, it was a l s o  measured 
d i r e c t l y  a t  t h e  end of the  t r a i n i n g  program, immediately p r i o r  
t o  e n t e r i n g  the  bed r e s t  phase. T h i s  measure was a l s o  made 
on the Von Dobeln type b icyc le  ergometer and each sub jec t  had 
had a t  least  two rides previous t o  t h e  t e s t i n g  program. The 



4. 

procedure used was s i m i l a r  t o  t h a t  of t h e  Mitchel l ,  Sproule 
and Chapman (11) modif icat ion of t h e  Taylor,  Buskirk, and 
Henschel method (12). The  SJostrand t e s t ,  c o n s i s t i n g  of  two 
consecut ive 6 min. b icyc le  rides of 450 and 900 kpm/min., 
was used a s  a w a r m  up procedure and t h i s  a l s o  provided a 
p r e d i c t i o n  of ae rob ic  capac i ty  which was used t o  set up t h e  
first workload. 
h igh  v e l o c i t y  two way brea th ing  valve and gas c o l l e c t i o n  was 
e f f e c t e d  by t h e  Douglas Bag method. Volume measurement was 
made by T i s s o t  type gasometer and d u p l i c a t e  samples of expired 
a i r  were analyzed by Haldane technique. Calcu la t ions  were 
based on apparent  change of  N2 percentage t o  c o r r e c t  expired 
t o  i n s p i r e d  volume. 

above t h e  ae rob ic  capac i ty  p red ic t ed  f o r  t h e  sub jec t  by t h e  
S jos t r and  tes t  w a r m  up and subsequent r ides  were increased by 
increments of 300 kpm/min. u n t i l  no f u r t h e r  i nc rease  could be 
t o l e r a t e d .  Subjec ts  rested between t e s t  rides u n t i l  t h e i r  
r e s t i n g  p u l s e  had returned wi th in  12 bea t s  o f  t h e i r  normal 
r e s t i n g  value.  When more than t h r e e  r ides were necessary t o  
achieve  a p l a t e a u  a second day of t e s t i n g  was scheduled f o r  
t h a t  sub jec t .  

Each r ide  was of 4 minutes dura t ion .  During t h e  f i r s t  
minute t h e  Douglas Bag was f lushca  out  and the  sample was 
taken during t h e  las t  minute. I n  some f e w  cases  where  t h e  
workload was very high, a 30 sec.  sample was taken from 

The sub jec t  was connected t o  an  " O t i s  McKerrow" 

The first t e s t - r i d e  was set up f o r  approximately 300 kpm/min. 

3:00-3:30. 

The maximal 02 in take  was taken a s  t h e  value a t  which t h e  
i n t a k e  turned downward wi th  i nc reas ing  load o r  t h a t  value 
which showed less  than a 150 ml/min. increment. 

Muscle Tonus Tes t ing  Procedure 

I n  o rde r  t o  provide a s u i t a b l e  e l e c t y i c a l  environment 
f o r  t h e  electromyographic t e s t i n g  program, a metal  skinned 
t r a i l e r  was o u t f i t t e d  a s ' a  t e s t i n g  labora tory  which t h u s  
provided a v i r t u a l  "sh ie lded  room. To provide a measured 
amount of  fo rce  of cont rac t ion ,  a hydraul ic  system was 
set up i n  which t h e  subjec t  appl ied  f o r c e  i somet r i ca l ly  
a g a i n s t  a p i s t o n  ac tua to r  which was tpansmitted t o  a "dead 
weight  t e s t e r . "  Thus a very accu ra t e ly  known f o r c e  was 
app l i ed  and he ld  by t h e  subjec t  w i t h  no need f o r  monitoring 
any readout  device.  

11 

This allowed t h e  i n v e s t i g a t o r  t o  c o n t r o l  
l e  of t h e  j o i n t  (and consequently t h e  length  of t h e  
xore c lose ly .  

2)  R ,  rwti>s ahi iminis ,  4 )  E. 
Gastro-soleus.  
t h e  s k i n  was abraded w i t h  2-0 ga rne t  paper a t  t h e  e l e c t r o d e  
s i t e  u n t i l  t h e  i n t e r e l e c t r o d e  r e s i s t a n c e  was below 5000 ohms 
us ing  EKG Sol  e l e c t r o d e  cream. 
s u b j e c t  h e l d  an i sometr ic  c o n t r a c t i o n  10 sec. a g a i n s t  increas ing  

Four muscle groups were evaluated:  1) R. elbow f l exor s ,  
3 )  R. exterr ,a l  cblin,ue ane 

I n  a l l  cases su r face  e l ec t rodes  were used and 

For each muscle group a 
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5 .  

w e i g h t  loads  with 30 sec. rest between loads.  During each 
10 sec. observa t ion  per iod a n  "Anadex" e l e c t r o n i c  counter  
counted t h e  p u l s e  output  of t h e  B io t ron ic s  "EMG Monitor" 
and t h e  analog EMG s i g n a l  was monitored f o r  a r t i f a c t  by 
o sc i l l o scope .  The procedure f o r  each muscle was a s  fo l lows:  

1. R i g h t  elbow f l e x o r  group 

a )  body p o s i t i o n  -- supine,  knees up 

b )  elbow a t  90' -- forearm v e r t i c a l  

c )  p i s t o n  a c t u a t o r  -- midway between s t y l o i d  process  
of r a d i u s  and midd le  o f  a n t e c u b i t a l  space on r a d i a l  
a s p e c t  

d )  e l e c t r o d e s  -- 3ne EKG p r e c o r d i a l  cup type on p o i n t  
midway between a x i l l a r y  f o l d  and a n t e c u b i t a l  space 
on v o l a r  midline of biceps.  EKG p l a t e  e l e c t r o d e  
on vo la r  a spec t  of R.  wrist 

f Q r c e s  used -- 5- 10 - 15 - 25 - 35 - 45 - 55 - 65 pounds e )  

2. K J x h t  r e c t i - s  a b d m i n i s  

3 )  bodg p o s i t i o n  -- supine,  arms a c r o s s  ches t  

b )  p i s t o n  a c t u a t o r  -- on a l i n e  between and 3/4 of 
the d i s t a n c e  f rom t h e  a n t e r i o r  s u p e r i o r  i l i a c  s p i n e  
t o  t h e  proximal border of  t h e  p a t e l l a  

e l e c t r o d e s  -- EKG cup midway between t h e  umbil icus  
and t h e  symphisis pubis  j u s t  l a t e r a l  t o  t h e  l i n e a  a l b a .  
I n d i f f e r e n t  cup j u s t  l a t e r a l  t o  t h e  a n t e r i o r  s u p e r i o r  
i l i a c  sp ine  

e )  

d )  f o r c e s  used -- 15 - 25 - 35 - 45 - 55 - 65 pounds 

3. R l g h t  e x t e r n a l  oblique 

Everything i d e n t i c a l  t o  procedure of R .  r e c t u s  
a b d 2 n i m i s ,  except a c t i v e  e l e c t r o d e  over McBurney's p o i n t .  

4. Right gas t ro-so leus  -- 
a )  body p o s i t i o n  -- supine,  arms a c r o s s  ches t  

b )  knee h e l d  locked i n  extended p o s i t i o n  by p r e s s u r e  
abo.cre knee by a s s i s t a n t .  Ankle j o i n t  i n  anatomic 

p i s t o n  a c t u a t o r  -- under b a l l  of f o o t  

- - - J L 1 - -  m - - L  - - - L _ .  .^__ 1, I 1  
~ U ~ ~ ~ L U L L .  I'WUL L G D ~ U I ~ ;  G i i  ~t pddCieCi biuck 

c )  
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d )  e l e c t r o d e s  -- EKG cup l/3 of t h e  d i s t a n c e  d i s t a l l y  
from t h e  middle o f  t h e  p o p l i t e a l  space t o  t h e  s u r f a c e  
of t h e  f l o o r ,  i n  t h e  d o r s a l  midline.  EKG p l a t e  on 
medial  a spec t  of ankle .  

f o r c e s  used -- 25 - 45 - 65 - 85 - lo5 - 125 pounds e )  

A t  t h e  end of t h e  EMG runs  f o r  t h e  elbow f l e x o r  and 
abdominal groups, a n  a l l - o u t  s t r e n g t h  e f f o r t  was r equ i r ed  
and t h e  hydrau l i c  pressure  was t r a n s m i t t e d  t o  an 0 - 200 
p . s . i .  gauge by switching a 3-way v a l v e .  Since t h e  s u r f a c e  
a r e a  of t h e  p i s t o n  a c t u a t o r  was 1.00 square inches t h e  reading  
was d i r e c t l y  i n  pounds of fo rce .  The gauge was equipped w i t h  
a maximum read ing  hand and was c a l i b r a t e d  weekly a g a i n s t  t h e  
dead weight tes ter .  

The Cent r i fuge  S tud ie s  

For t h e  purpose of reducing apprehens im,  s u b j e c t s  were 
g iven  a series of f a m i l i a r i z a t i o n  r ides  on the  c e n t r i f u g e  
i n  both t h e  p Q s i t i v e  (G-2)  and t r a n s v e r s e  ( G - 4 )  conf igu ra t ions .  
Time l i m i t a t i o n  d i d  not  allow f o r  a s  ex tens ive  a f a a i l i a r i z a t i m  
program a s  would be inost d e s i r a b l e .  The  s u b j e c t s  d i d  w i l l i n g l y  
and w i t h  some competit ive s p i r i t  e n t e r  i n t o  t h e  t a s k  o f  l e a r n i n g  
t h e  r equ i r ed  t r ack ing  t a sks  w h i l e  becoming f a m i l i a r  w i t h  t h e  
s e n s a t i o n s  a s s o c i a t e d  w i t h  t r a n s v e r s e  a c c e l e r a t i o n s .  

The t r a n s v e r s e  a c c e l e r a t i o n s  were achieved using a mock-up 
of t h e  Gemini r e -en t ry  couch. A seven degree back angle  was 
used. Su.i table mounting was provided f o r  t h e  t r a c k i n g  t a sk .  

The t a s k  used  on t h e  c e n t r i f u g e  was t h e  DYG 779A1 ,%ace 
Vehicle  Rate Simulator  supplied by Manned Space Cra f t  Ceiiter+. 
This  provides  a n  e l e c t r o n i c  s imula t ion  of t h e  s impl i f i ed  
E u l e r ' s  equa t ions  of motion f o r  manned space capsiile w i t h  
parameter values  adapted to t h e  Mercury Capsule. 

The problem presented i s  a t y p i c a l  re t ro- rocket  f i r i n g  
sequence. It c o n s i s t s  of t h e  t o rques  and corresponding 
angu la r  v e l o c i t i e s  i n  p i t ch ,  r o l l  and yaw caused b y  unequal 
r e t ro - rocke t  t h r u s t s .  By f l y i n g  a c o n t r o l  s t i c k ,  a p i l o t  can 
c o r r e c t  t o  ze rg  t h e  v e h i c l e  r a t e s  presented  by t h e  r a t e  meters 
on t h e  s imulnt9r .  

The working system is  d i v i d e d  i n t o  t h r e e  p a r t s :  

The programmer 

The comput e r - ind ica t  or 

The c o n t r o l  s t i c k  

The --- programmer provides random s i g n a l s  r ep resen t ing  t h e  
r e t r o - r o c k e t  to rques  and t h e  t iming sequence f o r  t h e  program. 
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The computor-indicator provides t h e  d i s p l a y s  f o r  t h e  three 
orthogonal v e l o c i t i e s  and t h e  necessary e l e c t r o n i c s  t o  
mechanize E u l e r ' s  equations.  The d i s p l a y  is  an orthogonal 
r ep resen ta t ion  o f  p i t c k ,  r o l l  and yaw r a t e s ,  R o l l  and yaw 
rates a r e  ind ica t ed  by ho r i zon ta l ly  moving v e r t i c a l  l i n e s ,  
r o l l  being t h e  upper half .  P i t ch  ra tes  a r e  presented by a 
v e r t i c a l l y  moving ho r i zon ta l  l i n e  and extending a c r o s s  t h e  
e n t i r e  s c a l e  face .  Each a x i s  i s  sca led  f o r  a 60/sec. 
maximum r a t e .  The s t i c k  provides  t h e  s i g n a l s  f o r  cance l l i ng  
t h e  vehic le  r a t e  si-. The s t i c k  i s  a s ide arm c o n t r o l l e r .  
P i t ch  is  a forward and backward motion of t h e  hand-grip; r o l l  
i s  l e f t  and r i g h t ,  yaw i s  a t w i s t .  Each mode i s  connected t o  
a v a r i a b l e  resistor so t h a t  t h e  con t ro l  s i g n a l  i s  l i n e a r  w i t h  
r e spec t  t o  s t i c k  displacement.  

The u n i t  a t  rest i s  i n  a t r i m  mode. T h i s  a l lows a l l  
i npu t s  t o  be s e t  a t  z e r o ,  

When t h e  system i s  i n i t i a t e d  i t  begins a reset mode t h a t  
l a s t s  f o r  f i v e  seconds. T h i s  a l lows p repa ra t ion  t i m e  between 
t h e  s t a r t  and t h e  re t ro- rocket  d i s turbance  sequence. A t  t h e  
end of f i v e  seconds t h e  u n i t  begins t h e  
During t h i s  per iod t h e  p i l o t  manipulates t h e  c o n t r o l  s t i c k  
i n  o rde r  t o  cancel t h e  dis turbance torque s i g n a l s  and r e s u l t i n g  
c ros s  t o r q u e  s i g n a l s  t o  t r y  and hold t h e  r a t e  i n d i c a t o r s  t o  
zero.  T h i s  mode l a s t s  21 seconds. 

11  opera te"  mode. 

A t  t h e  end of t h i s  mode t h e  u n i t  begins t h e  e r r o r  mode. 
During t h i s  per lod an e r r o r  meter p re sen t s  t h e  t o t a l  i n t e g r a t e d  
e r r o r  during t h e  opera te  mode. T h i s  mode las t s  f o u r  seconds. 
The u n i t  then r e t u r n s  t o  i t s  rest mode.. 

A t o t a l  t i m e  of  30 seconds was requi red  f o r  t h e  completion 
of one complete sequence inc luding  the reset, opera te  and 
e r r o r  modes. There were f i v e  sepa ra t e  v a r i a t i o n s  of t h e  
opera te  mode such t h a t  t h e  sub jec t  was requ i r ed  t o  complete 
5 sequences before  completing. 

It was not p o s s i b l e  t o  record t h e  performance of t h e  
s u b j e c t s  and t h e r e f o r e  e r r o r s  f o r  each mode were read by an 
observer and manually recorded. 

Time was a f a c t o r  i n  t r a i n i n g  t h e  s u b j e c t s  and because 
of t h i s  not  a l l  s u b j e c t s  were t r a i n e d  t o  p ro f i c i ency  w i t h  t h e  
f u l l  three a x i s  t a sk .  Five of t h e  s u b j e c t s  demonstrated a 
supe r io r  l ea rn ing  a b i l i t y  f o r  t h e  task and were t r a i n e d  f o r  
f u l l  three a x i s  performance. The remaining n ine  s u b j e c t s  
were t r a i n e d  f o r  two a x i s  performance, namely p i t c h  and r o l l .  
Subjec ts  were requi red  t o  demonstrate c o n s i s t e n t  performance 
p r i o r  t o  the  t e s t  c e n t r i f u g e  r ide  t h a t  was conducted j u s t  
p r i o r  t o  t h e  i n i t i a t i o n  df t h e  bed r e s t  per iod .  

The a c c e l e r a t i o n  prof i le  used f o r  t h e  t e s t  runs had t o  
account f o r  t h e  t i m e  required f o r  t h e  completion of one f u l l  
cyc le  ( f i v e  v a r i a t i o n s  of t h e  opera te  mode) of t h e  t a s k  
programmer. Accordingly, t h e  run commenced by r ap id  onset  of 
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a c c e l e r a t i o n  t o  6G. 
t h e  programmer was s t a r t e d  and t h e  sub jec t  completed one 
f u l l  cyc le  of t h e  task, The t o t a l  t i m e  a t  6G was a t  l e a s t  
150 sec. The acce le ra t ion  was then  reduced t o  3G. S t a r t i n g  
a t  3G t h e  a c c e l e r a t i o n  was increased t o  8G, maintained, and 
then  decreased t o  one G such t h a t  t h e  sub jec t  completed one 
full cyc le  of t h e  t a s k  during t h e  course of t h e  a c c e l e r a t i o n  
curve. A t  least  two opera te  modes of t h e  program were 
completed a t  maximum acce le ra t ion .  T h i s  type of p r o f i l e  
provided f o r  t e s t i n g  a t  a s t eady  a c c e l e r a t i o n  and a l s o  f o r  
t e s t i n g  i n  a changing a c c e l e r a t i o n  f i e l d .  The t o t a l  t i m e  
of a c c e l e r a t i o n  experienced by t h e  sub jec t  was more than 
6 minutes. (See diagram A ) ,  

When t h i s  a c c e l e r a t i o n  was achieved, 

Pressure  Breathing and Exercise 

Pressure  brea th ing  was accomplished w i t h  s tandard 
A - l 3 A  b rea th ing  masks. Compressed a i r  was suppl ied through 
an A - 1 4  demand r e g u l a t o r  modified such t h a t  a mask p res su re  
of 60 mm of mercury could be achieved. Subjec ts  performing 
p r e s s u r e  brea th ing  d id  s o  four  times a day f o r  t h i r t y  minutes 
of each occasion. 
of mercury i n  steps a s  the s u b j e c t  became accustomed t o  t h e  
pressure .  

The mask p res su re  was ad jus ted  t o  60 mm 

Exerc ise  was accomplished by means of a conventional 
exe rc i s ing  band stretched between the  s o l e s  of t h e  f e e t  and 
t h e  hands. The band was s t r e t c h e d  by t h e  sub jec t  a t  such a 
ra te  t h a t  t h e  r e s t i n g  pulse  ra te  was doubled during t h e  pe r iod  
of  exe rc i se .  The exerc ise  was performed f o r  3 f o u r  t imes a 
day . 

Subjec ts  doing both the  exe rc i se  and t h e  p re s su re  
brea th ing  r o u t i n e s  performed each r o u t i n e  four  times a day. 

Blood Volume 

Blood volumes were determined on t h e  b a s i s  of t h e  hematocrit  
and an  e s t ima t ion  o f  t h e  plasma volume. Plasma volumes were 
est imated by t h e  Evans Blue dye technique.* 

The s u b j e c t  was recumbent f o r  a 3 hour p r i o r  t o  t h e  
es t imat ion .  The procedure was c a r r i e d  out i n  t h e  morning 
approximately 3 hours a f t e r  breakfas t .  The s u b j e c t s  were 
e i the r  a t  bed res t  o r  on l i m i t e d  a c t i v i t y  i n  ward q u a r t e r s  
on t h e  days blood volume measurements were made. 

T i l t  Table 
mr_- -..I->--& ..-- -..-..--a c- &LA c-t lc  L 
A I J C  DuuJcGb w a o  u G b u A c u  u u  c I I 1 c  cIAAcI cIa"Ue 55- i i i e~f i~  ~f z 

modified parachute  harness. 
s o  t h a t  t he  body weight could be supported by t h e  c ro t ch  s t r a p s  
without causing discomfort  during the  head up pos i t i on .  
* R e f .  e a r l y  bed res t  p r o j e c t  - AF r e p o r t  

Necessary adjustments were made 

The 
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DIAGRAM A 
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f e e t  were not  supported by a f o o t  r e s t .  After these 
p repa ra t ions  were made, t h e  s u b j e c t  was allowed t o  r e s t  
w h i l e  p u l s e  r a t e s  were counted a t  2 minute i n t e r v a l s .  Rates 
were determined on t h e  bas i s  of 20 second counts.  T i l t i n g  
was accomplished when f o u r  success ive  p u l s e  counts var ied by 
no more than three b e a t s  p e r  minute. 

Subjec ts  were t i l t e d  t o  t h e  75 degree head up pos i t i on .  
Pulse  r a t e s  were determined on t h e  b a s i s  of 20 second counts 
s t a r t e d  on t h e  minute f o r  10 minutes beginning a t  t h e  end of 
t h e  f i r s t  minute o f  t i l t i n g .  

Catecholamine and Catecholamine Metabolite S tudies  

Prolonged bed res t  increases  syncope and presyncopal 
s i g n s  and symptoms w i t h  o r t h o s t a s i s  on t h e  tilt t a b l e .  I n  
hu-mans, sympathetic nervous system funct ion  i s  an important 
p a r t  of t h e  complex homeostatic mechanisms requi red  t o  maintain 
blood p res su re  w i t h  changes i n  posture .  Norepinephrine, 
although sec re t ed  by the  ad rena l  medulla, i s  p r imar i ly  t h e  
sympathetic neuro-transmit ter  substance.  I f  s i g n i f i c a n t  changes 
take p lace  i n  t h e  autonomic nervous system w i t h  prolonged bed 
rest, then  changes i n  t h e  u r ina ry  exc re t ion  of catecholamines 
and t h e i r  metabol i tes  m i g h t  be seen. 

Methods 

Urine specimens were  c o l l e c t e d  on a ' 'control"  day and on 
t h r e e  days when t h e  sub jec t s  were a t  bed res t .  On t h e  con t ro l  
day t h e  s u b j e c t s  were ambula to ry .  They were i n s t r u c t e d  not t o  
l a y  down but were allowed t o  s i t .  On each of t h r e e  t es t  days 
t h e  s u b j e c t s  were a t  bed rest except f o r  l i m i t e d  bathroom 
p r i v i l e g e s .  The ' 'control" day was August 5, 1964, and t h e  
t h r e e  "bed rest" days  on which specimens were c o l l e c t e d  were 
August 11, 18, and 28, 1964. On each c o l l e c t i o n  day, each 
s u b j e c t ' s  u r ing  was co l l ec t ed  i n  four  a l i q u o t s :  7:OO-l2:OO, 
l2:OO-l9:OO, 19:00-24:00, and a "s leeping" specimen 24:00-7:00. 
Urine was voided a t  t h e  end of each c o l l e c t i o n  per iod.  When 
t h e  sub jec t  voided during a c o l l e c t i o n  i n t e r v a l  t h e  u r ine  was 
saved i n  a conta iner  immersed i n  i c e  water and t h e  specimen 
obtained a t  t h e  end o f  the c o l l e c t i o n  per iod  added. 

A t  t h e  end of each c o l l e c t i o n  per iod t h e  volume of  each 
specimen was determined, p re se rva t ive  added and t h e  specimen 
frozen. The preserva t ive  used was two p a r t s  by weight  sodium 
metab'sulfi te and one p a r t  sodium f l o r i d e .  0.05 grams of 
t h i s  powder was added f o r  each 10 m l .  of u r ine .  

- Epinephrine - --._ - ( E )  and - Norepinephrine -- - (9 

amber l i t e  CG-50 (ammonium ion  form) being used f o r  t h e  i n i t i a l  
s epa ra t ion ,  

The free (unconjugated) catecholamines were determined, 

The catecholamines were oxidized w i t h  potassium 
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f e r r i cyan ide  a t  pH 5.5 and tautomerized t o  form indo les  by 
t h e  a d d i t i o n  of an a l k a l i n e  ascorba te  s o l u t i o n  s t a b i l i z e d  w i t h  
ethylenediamine. I n t e r n a l  s tandards  o f  both epinephrine and 
norepinephrine were used f o r  each determinat ion.  All t h e  
ox ida t ions  were done i n  dupl ica te .  Florrescence measurements 
were made w i t h  a modified Farrand f i l t e r  f lourometer  w i t h  t h e  
use of two sets of i n t e r f e r e n c e  f i l t e r s ,  one w i t h  an e x c i t a t i o n  
wavelenght of 390 mill imicrons and a f lourescence wavelen t h  

and 520 mill imicrons r e spec t ive ly .  
of 500 mill imicrons and a second set  w i t h  wavelengths of Ei 30 

Metanephrine ( M )  and Normetanephrine (NM) 

The t o t a l  of f r e e  p lus  conjugated metanephrine and 
normetanephrine was determined. T h e s e  metabol i tes  were 
hydrolyzed w i t h  heat  and ac id .  
were removed by passage o f  t h e  u r i n e  through an alumina column, 
and t h e  metanephrine and normet2nephrine i s o l a t e d  by adsorp t ion  
on and e l u t i o n  f r o m  amber l i te  CG-50 i n  t h e  ammonium ion  form. 
The oxida t ion  was c a r r i e d  out  i n  two s teps ,  t h e  i n i t i a l  s t e p  
a t  pH 3.5 and t h e  f i n a l  oxidat ion a t  pH 5.5. 
were a l l  done i n  dup l i ca t e  w i t h  tautomerizat ion and f lourescence 
reading methods i d e n t i c a l  w i t h  those f o r  epinephrine and 
norepinephrine.  I n t e r n a l  s tandards  f o r  metanephrine and 
normetanephrine were used f o r  each determination. 

----- .- ---- - 

Epinephrine and norepinephrine 

These oxida t ions  

Vanillylmandelic Acid (W-A) -- - -- 
The i n i t i a l  separa t ion  was ca r r i ed  out  on a Dowex 1x4 

anion-exchange column wi th  t h e  r e s i n  i n  t h e  a c e t a t e  form. 
After t h i s  t h e  VMA was ex t rac ted  i n t o  e t h y l  a c e t a t e  and 
re -ex t rac ted  i n t o  a carbonate so lu t ion .  The carbonate  e x t r a c t  
was d iv ided  i n t o  t h r e e  a l i q u o t s .  Vanillylmandelic a c i d  was 
added t o  one a l i q u o t  t o  serve a s  an i n t e r n a l  s tandard.  T h i s  
and another  a l i q u o t  were oxidized w i t h  sodium pe r ioda te .  An 
unoxidized a l i q u o t  served a s  a blank. These a l i q u o t s  were 
ex t rac ted  w i t h  toluene,  which was re -ex t rac ted  i n t o  a 
carbonate so lu t ion .  The absorbency was determined a t  360 
and 333 mil l imicrons.  By reading a t  these two wavelengths 
and w i t h  s o l u t i o n  of  two simultaneous equat ions it was 
p o s s i b l e  t o  c o r r e c t  f o r  t h e  presence of parahydroxymandelic 
ac id ,  which would otherwise have i n t e r f e r r e d .  

Calcu la t ions  

The c a l c u l a t i o n  of a l l  t hese  r e s u l t s ,  which i n  each 
case requi red  so lv ing  two simultaneous equat ions,  was c a r r i e d  
out by en te r lng  t h e  flourometer o r  spectrophotometer readings  

t h e  u r ina ry  excre t ion  r e s u l t s  i n  micrograms per hour. 
v e r i f i c a t i o n  of  t h e  card e n t r y  t h e  same cards  were grouped 
and used t o  c a l c u l a t e  r a t i o s  and t h e  var ious s ta t i s t ics .  

anil n+han ,434-9 TRM ~ Q T I ~ E ?  l icni l  t- c s l c i ~ l a t e  2fid p,-ifit ~ 1 2 %  
-.I- ""....I UUIU A*. " U L U " ,  ULYU 

After  
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For t ran"  computer programs were used f o r  these c a l c u l a t i o n s ,  I I  

which were c a r r i e d  o u t  w i t h  a Honeywell 800 computer. 

For each of these  parameters and var ious  r a t i o s  between 
them, means and s tandard  dev ia t ions  were determined f o r  var ious  
groups, and t h e  p values  f o r  t h e  s i g n i f i c a n c e  of  t h e  d i f f e r e n c e  
of t h e  means were determined. 
were from data co r rec t ed  f o r  skewness of t h e  d i s t r i b u t i o n  
curves by logar i thmic  t ransformation.  

For t h e  r a t i o s  t h e  p va lues  

RESULTS 

Phys ica l  Conditioning-Deconditioning 

Phys ica l  Work Capacity 

The r e s u l t s  of t h e  phys i ca l  work capac i ty  (PWC) t e s t i n g  
are  shown i n  Table 1. Weekly progress  i n  t h e  PWC i s  shown 
i n  t h e  condi t ion ing  per iod which preceded t h e  bed r e s t  phase, 
and t h e  mean l e v e l  reached j u s t  before  going t o  bed, 43.0 ml/kg 
ag rees  reasonably w e l l  w i t h  t h e  d i r e c t l y  measured mean maximum 
02 consumption v a l u e  sf 46.1 m l & .  According t o  t h e  norms 
of Swedish men f o r  t h i s  age group (1) t h i s  s u b j e c t  popula t ion  
would be considered average i n  PWC a t  t h e  end of t h e i r  condi- 
t i o n i n g  pe r iod .  

Immediately a f t e r  the  decondi t ion ing  per iod  of bed rest  
t h e  PWC decreased t o  a value of 38.5 ml/kg (mean of 2 con- 
s e c u t i v e  d a i l y  measurements) which  f a l l s  on t h e  bo rde r l ine  of 
t h e  "low" and " fa i r"  r a t i n g s  by t h e  Astrand norms. 

Muscle Tonus 

I n  o rde r  t o  eva lua te  t h e  r e p e a t a b i l i t y  of t h e  measure 
as descr ibed  above, t h r e e  s u b j e c t s  who were i n  n e i t h e r  
cond i t ion ing  nor decondi t ioning programs were tes ted  and 
r e t e s t b d  w i t h  two weeks o f  normal a c t i v i t y  in te rvening .  The 
r e s u l t s  a r e  shown i n  Table 2. It would be d i f f i c u l t  t o  p l o t  
s e p a r a t e  r e g r e s s i o n  l i n e s  f o r  "before" and ' ' a f t e r ' '  measures 
f o r  any of t h e  f o u r  muscles tes ted .  

On t h i s  bas i s ,  some small but  meaningful changes seem 
t o  have occurred i n  the  experimental  sub jec t s .  

Elbow Flexors  -- 

P.11 t h r e e  experimental  sub groups showed improvement i n  
muscle tonus a s  evidenced by t h e  f l a t t e r  s lope  of' tne mean 
EMG p o t e n t i a l s  during the bed r e s t  phase of t h e  s tudy.  The 
f irst  run was accomplished i n  t h e  first week of a c t u a l  bed 
rest and t h e  second test  run was performed dur ing  t h e  f i rs t  
week out  of bed. The thikd tes t  run  occurred a f t e r  approxim- 
a t e l y  two weeks out  of bed and al though less c l e a r c u t ,  seems 
t o  i n d i c a t e  a r e v e r s i o n  toward pre-bed-rest measures. 
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Abdominal Muscles 

It should be pointed o u t  t h a t  t h e  method of  t e s t i n g  
a c t u a l l y  used t h e  h i p  f l exor  muscles a s  prime movers. Y e t  
t h e  involvement of t h e  abdominal group seems t o  be propor- 
t i o n a l  t o  t h e  e f f o r t  expended by t h e  h i p  f l e x o r s .  T h i s  can 
bes t  be explained by t h e  f a c t  t h a t  muscles which usua l ly  
func t ion  syne rg ica l ly  a r e  a t  b e s t  d i f f i c u l t  t o  innerva te  
sepa ra t e ly .  

I n  any event,  evaluat ion of t h e  abdominal group by 
voluntary con t r ac t ion  o f  t h e  h i p  f l e x o r  group seems t o  be 
j u s t i f i e d ,  although t h e  p l o t s  which r e s u l t  a r e  l i k e l y  t o  be 
l e s s  t y p i c a l .  

The reason f o r  inc lus ion  of t h e  abdominals i n  t h e  t e s t i n g  
program was t o  allow evaluat ion of a d i f f e r e n t i a l  e f f e c t  of 
t h e  t h r e e  d i f f e r e n t  bed r e s t  t r a i n i n g  plans.  The expected 
d i f f e r e n c e  seemed t o  occur between t h e  exe rc i se  and t h e  
p re s su re  brea th ing  sub groups i n  t h a t  t h e  "exe rc i se  only" 
group which performed no abdominal work f e l l  o f f  i n  tonus 
of these muscles d u r i n g  bed res t  w h i l e  t h e  p re s su re  brea th ing  
group whose abdominals were forced t o  work i n  e x p i r a t i o n  f o r  
two hours d a i l y  d i d  indeed show evidence of improvement. 
The  r e s u l t s  f o r  t h e  subgroup which d i d  both exe rc i se  and 
p res su re  brea th ing  a r e  l e s s  c l e a r  but some improvement d i d  
seem t o  occur i n  t h e  ex te rna l  o b l i q u e  muscle while t h e  r e s u l t s  
f o r  t h e  r e c t u s  abdominis a r e  unc lear .  

Gastro-soleus Muscles -__ 
There i s  no c l e a r  evidence of changes having occurred 

during bed rest i n  t h i s  muscle group. However, i n  a l l  three 
subgroups a small  but d e f i n i t e  improvement seems t o  have 
taken p l a c e  i n  t h e  first two weeks of normal a c t i v i t y .  

Strength 

The r e s u l t s  o f  t h e  mean maximum s t r e n g t h  changes i n  t h e  
elbow f l e x o r s  and r e c t u s  abdominis a re  shown i n  Fig.  2 A  and 2B. 
Unfortunately,  measurements could no t  be made on t h e  gas t ro -  
so leus  group s i n c e  almost a l l  s u b j e c t s  could exceed t h e  range 
of t h e  gauge. The r e s u l t s  a r e  i n t e r e s t i n g  i n  t h a t  each 
succeeding run y ie lded  h i g h e r  mean s t r e n g t h  values.  

--- 
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TABLE 1. Physical Working Capacity of Subjects as Estimated by Astrand 

Procedure and Measured Directly by Iylaximal 02 Consumption Test. 

46 

42 

43 

40 

36 

35 

37 

37 

47 

35 

37 

40 

40 

56 

40.6 

Pre Bed Rest 
deekly Work Cap. Est. by 
Asixand Test in nc/kg 

38 

4s 

38 

47 

40 

38 

40 

36 

49 

33 

45 

43 

45 

62 

43.0 

- 
34 
I 

33 

34 

30 

32 

- 
w 
- 
-- 
31 

36 

4.7 

35.3 

-- 
40 

-- 
36 

33 

32 

37 

29 

- 
-- 
-- 
36 

39 

58 

37.8 

-- 
rAx 02 
COllS . 
52.0 

51.1 

41.5 

51.7 

k5- 6 

45.5 

40.3 

35.3 

50. 7 

42.6 

40.2 

51.1 

48.5 

49.5 

46.1 

ost Bed Rest 
;lorkine Gap 
by Astrand 
2 
37.0 1 
4l. 5 

40.5 

35.5 

34- 0 

35.5 

33.0 

k2.0 1 

40.0 

42.0 

32.5 

39.5 

39.5 

45.5 

38.5 
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E l i Z F i C I S X  A N D  P R E S S U R E  B R E A T H I N G  
11. 105 \ u3 
12. el; I 

14. 118 122 128 
’g 1 M =  119.0 ibi = 106.0 13. 117 \ 121; 

:e A*& 107.6 112.7 
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Centr i fuge S tud ie s  

1. 

2. 

3.  

4. 

The r e s u l t s  a r e  summarized i n  Tables  3 through 7. 

On t h e  pre-bed-rest  runs,  n ine  of four teen  s u b j e c t s  

On t h e  post-bed-rest  runs,  e i g h t  of four teen  s u b j e c t s  
performed be t te r  a t  8 g t s  than  6 g ' s .  

Th i r t een  of t h e  four teen  s u b j e c t s  performed better a t  
both t h e  6 and 8 g l s  i n  t h e  post-bed-rest  runs  than  
i n  t h e  pre-bed-rest  runs.  

The re  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  performance i n  
t h e  s t a t i c  runs between t h e  p re  and pos t  bed-rest 
t r i a l s .  
worse and one had the  same score) .  

performed bet ter  a t  8 g t s  than  6 g ' s .  ( 64% 1 

(Seven scored s l i g h t l y  better,  6 s l i g h t l y  

T i l t  Table S tudies  

The r e s u l t s  a r e  summarized i n  Tables 27 and 28. 
A l l  s u b j e c t s  showed an  increased pu l se  ra te  response t o  
pas s ive  t i l t i n g .  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  
between any of t h e  experimental  groups. The ex ten t  of  
card iovascular  decondi t ioning due t o  t h e  per iod  of bed 
rest was not ,  a s  demonstrated by t h e  pass ive  tilt ,  modified 
by t h e  exe rc i se  and pressure  brea th ing  maneuvers. 

Blood Volume Studies  

The blood volume data a r e  summarized i n  Table 29. 
A l l  s u b j e c t s  experienced h ighly  s i g n i f i c a n t  reduct ions  I n  
blood volumes although nine of twelve sub jec t s  d i d  show an 
inc rease  i n  t h e  hematocrit .  
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TABLE 3. 

' .  

SUBJECT 

1 

2 

3 
4 

5 
6 

7 

8 

9 
10 

11 

12 

13 

14 

MEAN 

AVERAGE TRACKING ERROR SCORES 

FOR THE LAST 3 PRACTICE TRIALS 

TRIAL 1 

6.8 

10.8 

12.2 

6.1 

9.6 

11.1 

14.7 

10.0 

14.9 

5.1 

5.2 

6.4 

5.3 

6.5 

TRIAL 2 

6.6 

12.9 

11.5 

15.5 
14.0 

7.4 

14.9 

9.4 

17.6 

5.3 

7.2 

8.0 

5.3 
9.2 

8.9 10.3 

TRIAL 3 

7.4 

11.2 

11.4 

5.6 

7.3 

10.4 

15.0 

6.6 

16.4 

4.7 

5.5 

5.8 

3.9 
4.5 

8.3 
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TABLE 4. 

SUBJECT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

MEAN 

AVERAGE TRACKING ERROR SCORES 

A t  1 G 

PRE-BED REST 

5.2 

5.2 

8.0 

2.6 

4.1 

6.5 

6.2 

4.7 

8.3 

3.1 

2.8 

3.3 

2.2 

2.9 

POST BED REST 

3.4 

5.2 

5.4 

2.8 

5.6 

4.2 

8.4 

2.3 

9.6 

2.3 

3.9 

3.4 

1.9 

1.7 

4.6 4.3 

DELTA 

- 1.8 

0 

- 2.6 

+ 02 

+ 1.5 

- 2.3 

+ 2.2 

- 2.4 

+ 1.3 

- .8 

+ 1.1 

+ 01 

- -3  

- 1.2 

- -36 

. 



TABLE 5. 

SUBJECT 

1 

2 

3 
4 

5 
6 

7 
8 

9 

10 

11 

12 

13 

14 

MEAN 

AVERAGE TRACKING ERROR SCORES 

At 6 G 

PRE-BED REST POST BED REST DELTA 

8.9 

12.3 

18.5 

6.1 

9.6 
13.4 
24.3 

17.5 

14.3 

8.7 
11.7 

19.1 

6.5 

14.4 

9.8 

5.5 

7.6 

4.7 

8.9 
6.6 

13.8 

5.3 
9.2 

2.9 

7.7 
6.0 

3.7 

3.6 

+ .9 

- 6.8 
-10.9 
- 1.4 
- 07 

- 6.8 
-10.5 

-12.2 

- 5.1 
- 5.8 
- 4.0 
-13.1 

- 2.8 

-10.8 

13.2 8.8 - 6.4 



SUBJECT 

1 

2 

3 
4 

5 
6 

7 

8 

9 
10 

11 

12 

13 

14 

MEAN 

TABLE 6. 

AVERAGE TRACKING ERROR SCORES 

AT 8 G 

PRE-BED REST POST BED REST 

10.4 

12.9 

19.4 

5.3 

5.6 

18.3 

21.2 

10.5 

14.1 

5.3 

9 - 2  

12.5 

6.9 

11.9 

6.7 

6.0 

10.5 

3.0 

7.2 

6.4 

11.2 

5.4 

9.4 

3.3 

6.9 

5.7 

3.1 

3.7 

11.7 6.3 

DELTA 

- 3.7 

- 6.9 

- 8.9 

- 2.3 

+ 1.2 
-11.9 

-10.0 

- 5.1 
- 4.7 

- 2.0 

- 2.3 

- 6.8 

- 3.8 
- 8.2 
- 5.4 



21. 

Subject 

1 

2 

3 
4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

Mean = 

TABLE 7. 

AVERAGE TRACKING ERROR SCORES 

PRE (1) and POST ( 2 )  BED REST 

POST 
6 ~ ( 1 )  6G(2) 8 G ( 1 )  8G(2) STAT (1) 

8.9 9.8 

12.3 5.5 

18.5 -7. 6 

6.1 4.7 

9.6 8.9 

13.4 6.6 

24.3 13.8 

17.5 5.3 

14.3 9.2 

8.7 2.9 

11.7 7.7 

19.1 6.0 

6.5 3.7 

14.4 3.6 

10.4 

12.9 

19.4 

5.3 

5.6 

18.3 

21.2 

10.5 

14.1 

5.3 

9.2 

12.5 

6.9 

11.9 

6.7 

6.0 

10.5 

3.0 

7.2 

6.4 

11.2 

5.4 

9.4 

3.3 

6. 9 

5.7 

3.1 

3.7 

5.2 

5.2 

8.0 

2.6 

4 .1  

6.5 
6.2 

4.7 

8.3 

3.1 

2.8 

3.3 

2.2 

2.9 

POST 
STAT (2 )  

3.4 

5.2 

5.4 

2.8 

5 - 6  

4.2 

8 .4  

2.3 

9.6 

2.3 

3.9 

3.4 

1.9 

1.7 

13.2 8.8 11.7 6.3 4.6 4.3 



22.  

Catecholamine and CateckQlamine Metak3lite St1.ldJ es 

The r e s u l t s  a r e  summarized i n  T3bles8 throughl3.  I n  
t h e s e  t a b l e s  t h e r e  a r e  t w o  major gmups,  w i t h  f i v e  s u b j e c t s  
i n  each group. There were four  c o l l e c t i o n  per iods  on each 
of four  days, or 16 c o l l e c t i o n s  f o r  each group. The mean 
and s tandard dev ia t ion  values i n  t h e  t a b l e s  a r e  a l l  
determined from f i v e  c)r l e s s  i nd iv idua l  values .  

I n  order  t o  ob ta in  l a rge r  groups f o r  s t a t i s t i c a l  pi>rposes 
t h e  samples were pooled a s  follows. The daytime c o n t r o l  
(ainbulatory) values  were pooled, f o r  b o t h  t h e  "pressure  
breathing" and ' ' exerc ise"  groups. S i m i l a r l y  t h e  n igh t  vali  e s  
for t h e  c o n t r o l  (ambulatory) day were pooled. 

given time per iod  on each of t h e  three r e s t  days when samples 
were c o l l e c t e d  and pooled. Table14 i n d i c a t e s  how t h e  data  
was pooled. T h i s  pooled data i s  i n  Tables 15through 20. 

The high values  o f  the r a t i o  of (M + NM)/VMA i n  t h e  
exe rc i se  group ( s e e  Tables 1 2  & 19) was p r imar i ly  d u e  t o  
specimens from two of t h e  f i v e  s u b j e c t s  RF and MB. Therefore,  
t h e  da ta  from these  two sub jec t s  was compared w i t h  t h a t  f rom 
t h e  o t h e r  three. These r e s u l t s  a r e  summarized i n  Tables 21 
through 26. 

With both t h e  
pressure  breathing" and "exerc ise"  groups the  values  f o r  a 11 



7:oo - 12:on 

CONTROL ( D a y  1) KCST ( D a y  2) REST ( D a y  3) 
8-5-64 8-11-64 8-18-64 

Ambulatory 

1.43 f .34 1.18 + .26 1.52 2 1.00 

2.68 - + 1.11 1.96 - + .85 1.24 f .75 12:oo - 19:oo 

REST (Day 4) 
8 -2 8 -611 

1.10 2 .60 

1.32 f .87 

24:UO - 7:OO 
N ight 

2.20 3- 1.1 

1.54 z .66 

2.18 .57 

2.51 - + 1-81 

2.77 2 1.62 

L2:OO - 13:oo 

1.30 - + .OS 1.11 2 -60 1.43 2 -71 

1 .12  2 .51 1.05 2 .68 1.16 f -69 

1.38 2 -16 2.18 f 1.15 

1.45 2 .41 1.39 2 .18 1.21 - + .74 

1.23 5 .89 1.32 2 .45 1.84 f .75 19:oo - 24:uo 

24:OO - 7:OO 
N i g h t  

- -  

1.23 2 -44 1.50 + .60 - .  I 0.84 2 .24 I 1.50 - + .58 



CONTROL (Day 1) 
8-5-64 

Ambulatory 

21 2 13 

27 2 13 

39 2 10 

REST (Day 2) 
8-11-64 

48 2 17 

17 2 10 

19 - + 10 

24. 

BED REST STUDY TABLE 9. 

PERCENT EPINEPHRINE Urinary Excretion 

REST (Day 3) 
8-18-64 

REST (Day 4) 
R - 2 8 - G 4 

7:OO - 1 2 : O O  23 - + 14 26 - + 19 

12:oo - 19:oo 29 + 14 - 18 2 7 

E! 19:oo - 24:oo 22 + 4 - 30 5 19 3 
m 

27 2 9 31 2 20 31 2 20 24:OO - 7:OO 
Night 

27 2 24 
I 

I 26 2 11 19 - + 11 7:OO - 12~00 20 2 8 

12:oo - 19:oo 28 - + 6 1 35 2 11 27 2 13 30 2 15 

19:oo - 24:oo 39 - + 14 I 48 2 13 30 - + 17 24 2 11 

24~00 - 7 : O O  
N igh t  I 21 lo 

26 + 20 - 21 + 3 - 20 2 12 
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BED REST STUDY TABLE 10. 

METANEPHRINE PLUS NORMETANEPHRINE V g W h r .  Urinary Excretion 
__  

CONTROL Day 1) 
8-5-64 

Ambulatory 

9.8 - + 4.6 

13.2 2 3.2 

REST (Day 2) 
8-11-64 

Day 4) 
8 -28 -64 

7:OO - 12~00 10.0 2 2.3 11.3 5 9.9 12.4 - + 6.1 

12:oo - 19:oo 12.2 2 4.9 11.4 + 3.6 - 10.6 - + 2.9 

19:OO - 24~00 12.8 - + 5.3 12.3 + 3.8 - 9.9 2 1.8 

12.5 2 0.7 

10.1 - + 6.2 

11.8 2 3.6 

14.1 2 8.4 

24:OO - 7:OO 
N i g h t  

11.1 2 4.0 14.0 - + 3.6 

7:OO - 12~00 16.5 2 3.8 17.0 + 10.0 - 
w 
2 1T:OO - 19:oo 13.5 - + 4.9 13.9 5 5.9 14.9 + 8.1 - 16.8 - + 8.0 

12.7 2 2.9 12.7 5 6.7 20.3 2 9.5 22.4 5 9.0 

24~00 - 7:OO 
N i g h t  

10.2 - + 1.9 20.7 2 20.t 10.6 2 1.7 12.9 - + 5.1 
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BED REST STUDY TABLE 11. 

VAN1 LLY W D E L I  C AC I D  p&r. Urinary Excretion 

@aY 4) 
8-28-64 

:ONTROL ( D a y  1) 
8-5-64 

Ambulatorv 

REST @aY 3) 
8-18-64 

REST ( D a y  2) 
8-11-64 

126 - + 51 7:OO - 12:OO 185 - + 32 155 - + 104 175 - + 39 

155 f 33 159 - + 33 12:oo - 19:oo 170 2 29 154 - + 10 

158 - + 52 153 - + 53 124 + 63 - 141 - + 54 19:oo - 24:co 

24~00 - 7:OO 
Night 

127 2 33 140 - + 57 151 - + 32 149 2 70 

7:OO - 12:OO 200 - + 20 179 - + 111 193 - + 31 

160 f 40 

205 2 50 

12:oo - 19:oo 154 f 64 141 - + 30 158 - + 27 

P9:OO - 24:oo 152 2 55 168 - + 24 106 - + 56 

153 f 28 24~00 - 7:OO 
Night 

123 - + 19 118 2 20 157 + 43 - 
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CONTROL (Day 1) PEST (Day 2) 
8-5-64 a-11-64 

N u l a t - o r y  

7:OO - 12:OO .08 - + .03 .06 - + .02 

12:oo - 19:oo .09 2 .04 .07 2 .02 

19:oo - 24:oo .08 2 -03 -07 2 .04 

24:OO - 7:OO .09 2 .03 .10 2 .06 
Night 

BED 'REST STUDY TABLE 12. 

l ' r i n a r y  Excret ion m + N M ) m  
I 

REST (Udy 3) 
8-1 8-h4 

-08 2 .03 

.07 2 .01 

,OS 5 .02 

.09 2 .02 

__I_- - - 

12:oo - 19:oo  

19:oo - 24:oo 

.08 2 .01 .10 2 .04 -09 - + .04 

.07 - + .03 .14 - + .06 .19 5 .22 

- 

PEST (rial 4) 
8 -2 8 - 6'4 

24:oo -- 7:oo 
N igh t  

.07 2 .02 

.08 - + .02 .14 2 .15 .09 - + .02 

.07 2 -02 

.09 2 .03 

.10 2 -03 

.12 2 .07 
-- 

.13 - + .08 

.13 2 -04 

.08 - + .02 



7:OO - 12~00 -17 5 -07 

24:OO - 7:OO 
N ight  

7:OO - 12:OO 

.14 2 .03 

.14 - + .04 

28. 

Urinary Excretion 

1 '  
@aY 3) 

8-18-64 
@aY 4) 

8-28-64 
REST (Day 2) 
8-11- 64 

.13 5 -06 -17 f -05 009 2 .os 
- 

.12 2 .08 
1 

I 
-12 f .07 12:oo - 19:oo 021 2 .ll 

19:oo - 24:oo .18 5 .08 

-16 2 -04 

.13 2 .03 .12 f .03 -13 2 .07 

009 2 -04 -08 f -03 .08 f. -04 

.12 5 .05 

12:OO - 19:OO 1 .19 - + .10 012 2 .os .U 2 .05 .ll 2 .13 

.26 2 -22 I ~~ 

19:OO - 24:OO -07 5 .03 010 2 .04 -10 2 .07 

24:OO - 7:OO 1 .12 5 .OS 
Night 

.ll 2 -07 -08 - + .02 .14 f. -11 



BED E S T  STUDY TABLE 14. 

ZONTROL (Day 1) 
8-5 -64 

Ambulatory 

t" 
Z 
w 
X 
F-r 
4 

m 
2 

REST (Day 2) REST (Day 3 )  REST (Day 4) 
8-11-64 8 - 1 8 - h 4  8 - 2 8 -6'1 

2 
3 

X 

12:oo - 19:oo 

X X x 

24:OO - 7:OO 
N igh t 

1 2 ~ 0 0  - 1 9 ~ 0 0  

2'4~00 - 7 :OO 
Night 

ggm/hr. U r i n a r y  Excretion 

X X X I 
X X X X 

I 

X X X 1 
x X 

X X I c x  ) 

This table shows how the data of Tables 1 thru 6 is grouped t o  

form Tables 7 thru 13. 



30. 

7:OO - 12:OO 

BED REST STUDY TABLE 15. 

CONTROL (Day 1) REST (Day 2) REST (Day 3) REST (Day 4) 
8-5-64 8 -11-64 8-18-64 8-28-64 

Ambulatory 

1.29 - + .72 

I I I 

24~00 - 7:OO 
N i g h t  

1.54 2 -66 

I I 

7:OO - 12:OO 

12:oo - 19:oo 2.49 + 1.36 

19:oo - 24:oo 

12:oo - l0:OO I 2.11 - + 1.00 1.5 - + . 83  I 

1.7 - + 1.0 

1.3 - + .47 

1.5 - + .71 

I t 

21C:OO - 7:OO 
N i g h t  

I 19:oo - 24:oo 

1.23 2 .44 1.3 - + .57 

1.3 + -55 1 
1.1 2 .60 



7:oo - 12:oo 
12:oo - 19:oo 
19~00 - 24~00 

7:OO - 12:OO 

12:oo - 19:oo 

19:OO - 24:OO 

BED REST STUIJY TABLE 16. 

PERCENT EPINEPHRINE 

CCMTStOL (Day 1) 
8-5-6rC 

AdRllatory 

29 - + 1 3  

26 + 9 - 

31 - + 12 

26 + 20 - 

Urinary Excretion 

t I 

30 2 18 

21 f 11 

24 2 1 3  

30 5 19 

19 + 9 - 

31 2 13 

33 2 16 

20 2 8 



32. 

KCST (Day 2) 
8-11-64 

12:oo - 19:oo 

KEFT (Day 3) REST (Day 4) 
8-1 8-64 8-28-64 

24~00 - 7:OO 
Night 

12:oo - 19:oo 

19:oo - 24:OO 

24:OO - 7:OO 
Night  

BED REST STUDY TABLE 17. 

METANEPHlUNE PLUS NORMETANEE'HRINE u ~ ~ h r .  Urinary Excretion 

:ONTP,OL, (Day L) 
8-3-64 

Ad, \I 1 atory  

11.9 - + 4.4 

11.1 2 4.0 

14.2 5 4.0 

10.1 2 1.9 

I 1 

11.4 2 6.9 

11.4 2 3.7 

10.5 - + 4.3 

12.8 2 3.1 

15.4 2 8.7 

15.2 2 7.0 

17.2 2 7.3 

14.7 2 12.3 
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8 -11- 64 
CONTROL (Day 1) I REST (Day 2) 

8-5-64 
Ambulatory 

7:OO - 12~00 

8-18-64 8-28-64 
REST (Day 3) REST (Day 4) 

12:oo - 19:oo 

127 f: 33 

1 9 ~ 0 0  - 24:OO 

146 2 47 

191 - + 70 

24:OO - 7:OO 
Night 

123 2 19 

7:OO - 12~00 

12:oo - 19:oo 

143 2 35 

19:oo - 24:oo 

24~00 - 7:OO 
Night 

BED REST STUDY TABLE 18. 

VANILLYLMANDELIC ACID pgm/hr. Urinary Excretion 

147 - + 45 160 + 25 
I 

137 2 54 

186 2 43 151 2 41 

147 2 46 



34. 

REST (Day 2) 
8-11- 64 

~ 

REST (Day 3) REST (Day 4) 
8-18-64 8-28-64 

BED REST STUDY TABLE 19. 

w + N M ) m  Urinary Excretion 

CONTROL (Day 1) 
8-5-64 

Ambulatory 

7:OO - 12:OO -07 2 -03 

.07 - + -02 12:oo - 19:oo -08 2 -03 

2 
3 

H pc 

19:W - 24:OO -08 2 .03 

.09 2 .03 -09 2 -03 

.09 - + .06 7:OO - 12~00 
_ _  

12:oo - 19:oo .11 2 .os -08 2 .03 
~~~ 

19:oo - 24:oo .12 2 .04 

.10 2 .08 a t 0 0  - 7:OO 
Night 

-08 2 -02 
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CONTROL (Day 1) REST (Day 2) 
8-5-64 8-11-64 

Ambulatory 

BED RESTSTUDY TABLE 20. 

REST (Day 3) REST (Day 4) 
8 -1 8 -6 4 8-28-64 

7:OO - 12:OO 

12:oo - 19:oo 

19:oo - 24:oo 

24~00 - 7:OO 
N i g h t  

7:OO - 12~00 

12:oo - 19:oo 

19:OO - 24:OO 

2r):OO - 7:OO 
N i g h t  

-18 - + .08 -13 2 -05 

-13 2 .OS I 
~~ 

-09 f .03 -14 - + .u3 

-15 5 .16 

-11 5 .OS I 019 + .14 - 
009 f .04 

.12 2 .05 -11 2 -07 



36. 

B E D  KEST STUDY TABLE 21. 

EPINEPHRINE PLUS NOREPINEPHRINE u q n , h r .  Urinary Cxcretion 

w 
v) 12:oo - 19:oo 

19 ZOO - 24:C!!J 
il 
El 

24:OO - 7:OO 
N ight 

~ 

CONTROL (Day 1) 
8 - 5 - 6'4 

Ambulatory 

2.49 - + 1.36 

1.23 2 .44 

m+RF 

1.20 - + .43 

1.20 2 -29 

1.10 2 -37 

1.30 - + .66 

JB + AY + BW 

2.20 2 1.10 

1.40 5 .55 

1.70 - + .83. 

1.30 5 -54 



37. 

7:OO - 12~00 

BED REST STLTDY TABLE 22. 

PERCENT EPINEPHRINE Urinary Excretion 

CONTROL (Day 1) M B + R F  JB + AY + BW 
8-5-64 

Ambulatory 

18 - + 4 20 2 13 

w 
v) 12:oe - 19:oo 
E 

19:oo - 24:oo 

24~00 - 7 : O O  
N ight  

31 - + 12 29 - + 11 31 2 14 

30 2 15 35 2 18 

26 2 20 18 2 10 22 2 7 



38. 

cowmL (!!~Iv i) 
H-S-6'4 

Ambulatory 

14.2 2 4.0 w 
m 12:OG - 1 9 : O O  n 

m+RF JB + AY + BW 

--. , 

17.8 2 8.7 13.4 2 9.1 

19.7 2 7.2 12.9 - + 5.9 

18.1 - + 8.3 16.5 - + 7.0 

. .  
I. 

ii, 19:oo - 2 U : U i I  

24:OO - 7:OO 
N igh t 

METANEPHRINE PLUS NORMETANEPHRINE d:zm4r. !!rindrz r x c r e t  ion 

I I 

- 1 20*4 + 18.0 10.1 - + 1.9 10.9 - + 3.8 



39. 

- ~~ 

12:oo - 19:oo 

19:oo - .2U:OO 

24~00 - 7:OO 
Night 

BET) REST STUDY TABLE 24. 

VANILLYIWWDELIC ACID M g n v ’ h r .  Urinary Excretion 

CONTROL (Thy 1) 
8-5-64 

Ambulatory 

186 - + 43 

123 - + 19 

M B + R F  

156 + 73 - 
135 - + 58 

125 5 56 

147 - + 45 

JB + AY + BW 

219 + 60 - 
159 + 30 - 
163 - + 32 

140 - + 28 

-- 



7:OO - 12:OO 
w 

I 1 9 : O O  - 2Q:O(J 

12:oo - 19:oo 

24:OO - 7:OO 
N ight 

BED RFST STUDY TABLE 25. 

w + + m  

CONTROI, (Day 1) 

I .13 5 -06 

,08 + - .03 I .16 - + .04 

I 
.15 - + .04 

.08 + .02 .14 + -13 

Urinary Excretion 

JB + AY + BW 

~~ 

-06 5 .02 

.08 2 .04 

.10 - + .02 

.08 2 .02 



I 

h 

41. 

7:OO - 12~00 

c 
w z 12:oo - 19:oo 

I 19:oo - 24:oo 

BED REST STL~DY TABLE 26. 

(E + W W  + NM) Urinary Excretion 

I I 
CWTROL (Day 1) I 

8-5-64 I M B + R F  I JB + AY + BW 

Ambulatory 
i 

-21 2 .20 I 1 .08 - + .OS 

-07 2 ,03 I 019 - + .14 

.07 2 .02 
~. 

.ll 2 -05 1 

.13 2 -11 I .08 2 .OS 1 
- 

012 - + .os 
I 

__ 
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Differences Between Supdne and Highest Pulse Rate Duxbg Tilt ,  

E X E R C I S E  

11 

10 

29 
18 

23 

44 

51 

48 

40 

50 

20 

26 

20 

52 

zb 

18.2 46.6 28.4 

E X Z R C I S E  A N D  P R E S S U R E B R E A T H I N G  

Johnston 

H o f W  

Jere~niah 

Ulrich 

ll 

7 
8 

16 

19 

36 

37 

46 

20 

20 

8 

32 

10.5 34.5 20.0 

P R E S S U R E  B R E A T H I N G  

Hlmanis 

H o l m  

Hchelutti 

EUiCkSOn 

16 

3 4  

ll 

ll 

48 

30 

36 

zr, 

20 

20 

16 

Colloran 22 34 12 

U*8 34.4 17.0 



1 .  

A- s1 
75 

66 

51 

62 

53 

61.4 

Johnston 

Hofflnan 

Jeremiah 

Ulrich 

TABLE 28. 

TILT TABLE - PmsE RATB A- 

63 TI. 4 
71 74.4 
78 81.6 

62 69.3 

68.5 74.2 

Tl 

82.3 

72.2 

66.9 

74. 7 
72.0 

73.8 

72 

68 

92 

74 
76.5 

86.2 68 85.6 

94.0 72 85.6 

120.9 84 88.0 

91.0 72 98. 7 

98.0 74 s9.5 

PilmaniS 

Holm 

Hchiellutt e 

Ellickson 

k i i o r i i i i  

84 

60 

72 
66 
aL vu 

73.6 

121.2 74 91.4 

$6.2 72 82.0 

98.0 

82.2 58 68.9 

10922 68 74.0 

99.4 68.0 79.5 

E X E R C I  
s2 

86 

96 

72 

88 

70 

66 

59 

77 

55 

82.4 

72.1 

68.4 

a6.4 
62.3 

&E 
T2 

121.4 

137.1 

--.__I 

1%. 6 

115.8 

106.2 

117.0 

80 

80 

60 

64 
64 
69.6 

82.2 

101.2 

76.8 

109.2 

86.4 

91.2 



TAatE 29 
BUOD VOLxlMB RATA 

44. 

EXERCISE Body 
weight 
(Lbs.) 

Wflson 151 

Fmts 

young 200 

Berg 174 

Broclonan 171 

AVERAGE 174 

m C I S E  AND 
PRESSURE BREATHING 

Johnston 160 

Hoffltaan 171 

Jeremiah 187 

Ulrich 178 

AVZRAGE 174 

PRESSURE BREATHm 

Pilmania 202 

Holm 189 

Michelutt i 

Ellickeon 158 

Colloran 192 

AVERAGE 185.2 

H t C .  

_ -  

49.5 

46.7 

48.5 

49.7 

48.6 

49.5 

49.4 

45.4 

45.4 

A 

47.8 

49.1. 

46.3 

49m5 

48.2 

ML Blood 
Kg. 

69.0 

94.0 

74.0 

83.0 

78.2 

81.3 

81.5 

69.0 

&. 0 

78.9 

78.0 

87.0 

90.2 

79.0 

83.5 - 

Body 
weight 

338 

158 

191 

174 

3166 

-1.2- 

165 

?168 

3183 

176 

173 

201 

185 

188 

154 

185 

181.2 

-sig 

- 
H t C .  

49.0 

47.4 

48.27 

50.0 

50.0 

49.3 

47.9 

50.0 

45.5 

ut. 1 

46.9 

49.0 

51.3 

46.0 

48.5 

51.5 

50,1 
N.S. 

ML Blao 
Kg. 

52.0 

65.2 

56.0 

54. 0 

59.0 

55.2 

64.0 

71.0 

53.0 

58.3 

T T T  

69.0 

63.6 

56.9 

72.0 

47.5 

-63.0 
si€! 
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DISCUSSION OF RESULTS 

Phys ica l  Conditioning-Deconditioninq 

Physical  Work 

I n  general ,  It would seem from Lie data on phys ica l  
work capac i ty  that  t h e  sub jec t s  started t h e  experiment i n  a 
state of "low work capaci ty"  and af ter  two t o  fou r  weeks of 
r igo rous  condi t ion ing  a t t a i n e d  an  avera6e" PWC, which then  
regressed t o  a border l ine  value between 
after fou r  weeks of bed r e s t .  However t h e  best norms 
a v a i l a b l e ,  which have been used here, have been developed 
from Scandinavian populat ions (1). It seems q u i t e  l i k e l y  
t h a t  these norms may b e  too h i g h  f o r  American popula t ions  
because of t h e  f a c t  t h a t  Scandinavians use b i cyc le s  f o r  
t r a n s p o r t a t i o n ,  Consequently t h e  muscles involved could be 
expected t o  be more e f f i c i e n t  on the b i cyc le  ergometer. 

It 

low" and "fair" 

For these reasons i t  i s  suggested tha t  t h e  s u b j e c t s  of 
I1 t h i s  experiment were a c t u a l l y  i n  bet ter  than  

condi t ion  and q u i t e  probably approached t h e  phys ica l  
condi t ion  of prospec t ive  a s t r o n a u t s  a t  t h e  end of  t h e  con- 
d i t i o n i n g  program. 

average" 

The mean decreases  i n  PWC a s soc ia t ed  w i t h  t he  f o u r  weeks 
of bedrest were approximately 4.5 m l / k g  of  maximal 

T h i s  i s  i n  c l o s e  agreement with t h e  r e s u l t s  of o t h e r  i n v e s t i -  
g a t o r s ,  
experiment found p re  and p o s t  values  o f  36.8 m l / k g  and 31.5 
m l / k g  r e s p e c t i v e 1  
Birkhead e t  a1  (39 p u t  four  s u b j e c t s  t o  bed f o r  42 days. 
T h e i r  s u b j e c t s  had a maximal 02 of  40.6 m l / k g  before  and 
35.4 m l / k g  a f t e r  bed rest  and 18 days r e t r a i n i n g .  

consump- 

Lamb e t  a 1  (8)  i n  a space cabin s imula tor  confinement 

t i on ,  a f a l l  from t h e  pre  bedrest value of  43.0 t o  3 3 .5 m l / k g .  

on 16 s u b j e c t s  confined f o r  14-30 days. 

The EMG da ta  on t h e  s u b j e c t s '  muscle tonus do not  seem 
t o  i n d i c a t e  any gene ra l  t r end  toward deconditioning. On 
t h e  contrary,  t h e  da t a  show a small but c o n s i s t e n t  improvement 
i n  t h e  elbow f l e x o r  group during bedrest. Thia i s  no t  
s u r p r i s i n g  s i n c e  two of t h e  three groups exercised t h i s  muscle 
group. The improvement of t h e  elbow f l e x o r s  i n  t h e  p re s su re  
brea th ing  group can be r a t i o n a l i z e d  on t h e  basis that  the 
p res su re  brea th ing  i n  s t imula t ing  t h e  abdonimals brought about 
some degree of co-contraction of t h e  elbow f l exor s .  

Changes i n  the abdominal muscles seem t o  be i n  t h e  d i r e c t i o n s  
expected. The "exercise  only" group d i d  not  e x e r c i s e  t h e  
abdominals and t h e  data show decreased tonus,  while  t h e  ' 'pressure 
breathinn only" group seems t o  show some improvement i n  t h e  
abdominais during bed rest ,  
on the "exerc ise  and pressure  breathing" group a r e  confused, 
but  the data for the e x t e r n a l  obl ique show t h e  expected 
improvement . 

The aata f o r  tila i2ec%G akdczizis 
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The d a t a  from t h e  gas t ro-so leus  show no obvious change 
i n  s lope  during bed r e s t  but t h e  expected recondi t ion ing  
e f f e c t  i s  apparent  du r in  t h e  f irst  two weeks following 
bed res t  (2nd t o  3rd run 'i . It i s  d i f f i c u l t  t o  expla in  t h e  
l ack  of change i n  s lope  f o r  t h i s  muscle group during bed 
rest  s i n c e  i t  i s  one of the  extensor  groups e s s e n t i a l  t o  
t h e  e r e c t  pos ture .  Previous work by one of  us  h a s  shown 

standing pos ture"  ( 5  ). 
i ts  continuous involvement i n  maintaining even t h e  11 easy 

The s t r e n g t h  measures show improvement which is  probably 

a ' ' learning" how t o  manipulate t h e  p i s t o n  a c t u a t o r  and/or 
a changing motivation l e v e l .  However, t h e s e  measures do 

due i n  l a r g e  p a r t  t o  one o f  two contaminating f a c t o r s :  

cor robora te  t h e  conclusion tha t  the experimental  procedures 
were success fu l  i n  prevent ing any s i g n i f i c a n t  decreases  i n  
s k e l e t a l  muscle tonus.  Consequently, i n  view of t h e  f a c t  
t h a t  a decreased cardiovascular  t o l e rance  t o  70' tilt was 
observed, i t  seems un l ike ly  t ha t  skeletal  muscle tonus can 
be a s i g n i f i c a n t  f a c t o r  i n  t h e  maintenance of t h e  o r t h o s t a t i c  
response.  

Catecholamine and Catecholamine Metabolism - ---- --.- ----_ 

Catecholamines a r e  metabolized by two major rou te s .  
T h e s e  r o u t e s  d i f f e r  i n  t h a t  t h e  i n i t i a l  deac t iva t ion  i s  
e i t h e r  by t h e  enzyme monoamine oxidase,  y i e ld ing  metanephrine 
or normetanephrine. Although 0-methylation i s  the  major 
rou te  f o r  c i r c u l a t i n g  amines, ox ida t ive  deamination may be 
t h e  p r i n c i p a l  means f o r  i n i t i a l  d e a c t i v a t i m  o f  norepinephrine 
a t  nerve endings. Metanephrine and normetanephrine a r e  formed 
from epinephrine and norepinephrine r e spec t ive ly ,  independent 
of t h e  enzyme monoamine oxidase.  Vanillylmandelic a c i d  r e q u i r e s  
monoamine oxidase f o r  i t s  formation. The r a t i o  of t h e  3-methoxy- 
catecholamine metabol i tes  t o  vani l lylmandel ic  a c i d  i s  i n v e r s e l y  
p ropor t iona l  to monoamine oxidase a c t i v i t y .  The r a t i o  of 
(E+N) / (Mi -NM)  i s  r e l a t e d  to t h e  r e l a t i v e  amount of ox ida t ive  
deamination. W i t h  decreased oxida t ive  deamination t h e  r e l a t i v e  
amount of  0-methylation i s  increased and t h e  r a t i o  i s  decreased. 
T h i s  i s  t r u e  for both normal and hypertensive s u b j e c t s  tak ing  
monoamine oxidase i n h i b i t D r s .  

C i r cu la t ing  catecholamines a r e  metabolized more by 
0-methylation and l e s s  by ox ida t ive  deamination than a r e  t h e  
endogenous catecholamines r e l eased  a t  nerve endings. Therefore,  
r e l e a s e  of catecholamines i n t o  t h e  c i r c u l a t i o n  before  they a r e  
deac t iva ted  can r e s u l t  i n  an increase  i n  t h e  r a t i o  of (M+NM)/VMA. 

higher than t h e  s leeping values,  i n d i c a t i n g  t h a t  t h e  known decrease 
i n  catecholamines excre t ion  w i t n  s leep  i s  prtebzblg ~ c s t n y = l 1 ,  
Although marked increases  of catecholamine excre t ion  w i t h  exe rc i se  
have been repor ted ,  t h e  e f fec t  o f  pos ture  on t h i s  response needs 

The daytime Values for (E+N) while a t  r e s t  a r e  not  s ign i f icant12  - 



The r e s u l t s  of t h e  catecholamine s t u d i e s  f a i l e d  t o  
i n d i c a t e  any c o r r e l a t i o n  o f  s ign i f i cance  w i t h  e i t he r  t h e  
pressure  brea th ing  o r  exerc ise  requirements.  The p a t t e r n s  
o f  excre t ion  followed those expected f o r  a group of h e a l t h y  
young men confined t o  bed. 

CONCLUSIONS 
.- - - 

All o f  t h e  s u b j e c t s  exhibi ted t h e  now c l a s s i c a l  s i g n s  
of cardiovascular  deconditioning ii.s evidenced by reduct ion  
of plasma volume and t i l t  t a b l e  in to l e rance .  The exe rc i se  
maneuvers and t h e  p ressure  brea th ing  e i t h e r  app l i ed  sepa ra t e ly  
o r  toge ther ,  f a i l e d  t o  ameliorate  e i the r  t h e  reduct ion  i n  
plasma volume o r  reduced to le rance  t o  pas s ive  t i l t i n g .  The 
exe rc i se  tes ts  ind ica t ed  some reduct ion  i n  t h e  a b i l i t y  t o  
perform a t  a high work l e v e l  although t h e  ob jec t ive  measures 
of muscle s t r e n g t h  d i d  not show s i g n i f i c a n t  decrements. 
These r e su l t s  are  cons i s t en t  w i t h  t h e  e a r l i e r  observat ions 
of Meehan and Jacobs ( 10). 

The performance under t r ansve r se  a c c e l e r a t i o n  ind ica t ed  
t h a t  t h e  bed r e s t  d i d  not r e s u l t  i n  performance decrements. 
T h i s  implies t h a t  t h e  cardiovascular  decondi t ioning d i d  not  
i n t e r a c t  w i t h  t h e  a b i l i t y  of t h e  sub jec t  t o  e f f e c t i v e l y  
execute t h e  t r ack ing  task used i n  t h e s e  experiments.  
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