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ABSTRACT 

This study has inves t iga ted  changes of norepinephrine and 

epinephrine plasma concentrat ions,  r e sp i ra to ry  gas exchange and h e a r t  

r a t e  response t o  exerc i se  i n  heal thy,  normal adu l t s  and post  myocardial 

i n f a r c t  p a t i e n t s  undergoing r e h a b i l i t a t i o n  by exerc i se  therapy. 

The acute  response t o  exerc i se  i n  normals was measured i n  f i v e  

heal thy t r a ined  adu l t s  a t  four  d i f f e r e n t  work i n t e n s i t i e s  (900, 1200, 

1500, 1800 Kg-m/min) with each exerc i se  l a s t i n g  nine  minutes o r  u n t i l  

exhaustion. Catecholamine sec re t ion  i n  response t o  exerc i se  w a s  a l s o  

measured i n  s e r i a l  work t e s t s  administered t o  four teen post  myocardial 

i n f a r c t i o n  p a t i e n t s  throughout a s i x  month period during which they 

undertook d a i l y  exerc i se  therapy of d i f f e r e n t  types. Exercise took 

p lace  i n  t h e  physiotherapy departments of two h o s p i t a l s  o r  i n  t h e  Human 

Performance labora tory  a t  Simon Fraser  Universi ty with a physician 

immediately ava i l ab le  with emergency equipment a t  a l l  t r a i n i n g  and test- 

i n g  sess ions .  A dc d e f i b r i l a t o r  and r e s u s c i t a t i o n  equipment, including 

oxygen and appropr ia te  drugs were on hand. 

The o r i g i n a l  acute  measurements on heal thy normals e s tab l i shed  t h e  

time re la t ionsh ip  of t h e  pos t  exerc i se  plasma catecholamine concentrat ion.  

The form of exerc i se  prescr ibed f o r  the  t h r e e  groups consis ted ,  

f o r  f i v e  p a t i e n t s  (Group I ) ,  of c y c l i c  o r  i n t e r v a l  t r a i n i n g  f i v e  days 

a week f o r  t h i r t y  minutes. Cyclic t r a i n i n g  involves a l t e r n a t e  work 

periods and r e s t  pauses. Another f i v e  p a t i e n t s  (Group 11) t r a ined  con- 

t inuously  without pause a t  a  constant  work r a t e  f o r  t h i r t y  minutes. The 



t r a i n i n g  work r a t e s  f o r  both these  groups were based upon t h e  previously 

est imated work capacity expressed i n  ~ilogram-metreslmin a t  a h e a r t  r a t e  

of 190 bea t s  per  min (PWC 190). Cyclic t r a i n i n g  involved high and low 

four minute cycles of work in te r spersed  wi th  two minute r e s t  pauses a t  

60% and 40% of the  PWC 190. Four o the r  p a t i e n t s  (Group 111) exercised 

i n  a calisthenic-walk-jog program t h r e e  times pe r  week f o r  t h i r t y  minutes 

and on two remaining days walked b r i s k l y  f o r  an equal  i n t e r v a l  of t i m e .  

P a t i e n t  t r a i n i n g  was upgraded according t o  t h e  r e s u l t  of the  test. Af te r  

t e n  weeks, the  b icyc l ing  group switched t o  t h e  a l t e r n a t e  type of b icyc le  

ergometry and t h e  calisthenic-walk-jog group continued unchanged. Af te r  

twenty weeks a l l  groups 'changed t o  continuous ergometry. 

I n  t h e  f i v e  heal thy normal males, a progressive increase  i n  t h e  

e leva t ion  of c i r c u l a t i n g  catecholamines w a s  observed during work and 

t h e  h ighes t  mean values reached by both norepinephrine (NE) and epinephrine 

(E) occurred j u s t  p r i o r  t o  exhaustion. This e leva t ion  during exer t ion  

was followed by a dec l ine  i n  t h e  catecholamine l e v e l s  during recovery 

with a sus ta ined e leva t ion  up t o  s i x  minutes pos t  exerc ise .  The oxygen 

consumption was found t o  p a r a l l e l  c lose ly  t h e  rise i n  c i r c u l a t i n g  cate- 

cholamines i n d i c a t i n g  t h e  degree of s t r e s s  experienced by these  sub jec t s  

wi th  increas ing work l eve l s .  

I n  t h e  four teen post  myocardial i n f a r c t  p a t i e n t s ,  s i g n i f i c a n t  

p o s i t i v e  changes wi th  t r a i n i n g  occurred i n  a l l  t h e  groups i n  terms of 

decreased plasma epinephrine a t  r e s t  and decreased plasma norepinephrine 

both a t  r e s t  and during exerc ise .  There was an increase  i n  oxygen con- 

sumption concomitant with an increased work capacity and an i n t e r a c t i o n  



between groups i n  terms of exerc i se  h e a r t  r a t e .  Over t h e  twenty-four- 

week t r a i n i n g  period,  exerc i se  hea r t  r a t e  was found t o  be f a i r l y  constant  

wi th  increas ing work r a t e s .  The p a t i e n t s  w e r e  ab le  t o  consume more 

oxygen and do more work a t  the  same h e a r t  r a t e .  These r e s u l t s  i n d i c a t e  

t h e i r  increase  i n  f i t n e s s  a s  a r e s u l t  of t h e  r e h a b i l i t a t i v e  t r a in ing .  

The correspondence of c i r c u l a t i n g  plasma catecholamine l e v e l s  

with induced glycolys is  and l i p o l y s i s  and subsequently with t i s s u e  

c y c l i c  3'S1-A~P i n  working muscle and t h e  provision of s u b s t r a t e  f o r  

the  e levated  metabolism accompanying acute  physica l  work a r e  discussed. 

The dominant r o l e  played by t h e  adrenosympathetic system both i n  the  

pathogenesis and i n  t h e  secondary complications of a myocardial in fa rc -  

t i o n  i s  a l s o  emphasized. 

Elevated l e v e l s  of c i r c u l a t i n g  catecholamines were observed at  

rest and a f t e r  exerc i se  i n  t h e  four teen pos t  myocardial i n f a r c t  p a t i e n t s .  

These l e v e l s  decreased a f t e r  t r a i n i n g  and approached t h e  l e v e l s  observed 

i n  t h e  normal group of f i v e  sub jec t s .  It is ,  therefore ,  concluded t h a t  

i f  sedentary persons a r e  subjected  t o  optimal exerc i se  therapy then 

lower l e v e l s  of c i r c u l a t i n g  catecholamines would r e s u l t  and t h e  r i s k  

of myocardial i n f a r c t i o n  would be presented. Since e levated  catecholamines 

and myocardial nec ros i s  have been r e l a t e d ,  by t h e  same token, i f  pos t  

myocardial i n f a r c t  p a t i e n t s  a r e  subjected t o  s u i t a b l e  forms of exerc ise ,  

catecholamine l e v e l s  w i l l  be  reduced and t h e  subsequent incidence of 

secondary i n f a r c t i o n  prevented, allowing e a r l i e r  r e t u r n  t o  work. 
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CHAPTER 1 

INTRODUCTION 

This t h e s i s  has inves t iga ted  changes of neurogenic norepinephrine 

and adrenomedullary epinephrine plasma concentrat ions,  f i r s t  i n  the  

r e h a b i l i t a t i o n  of post  myocardial i n f a r c t  p a t i e n t s  under varying methods 

of exerc i se  and second, during exerc i se  by normal sub jec t s  i n  r e l a t i o n  t o  

t h e  r e l a t i v e  work l eve l s .  

Autonomic nervous system a c t i v i t y  may be important i n  t h e  deter-  

mination of c l i n i c a l  and physiologic events following myocardial i n f a r c t i o n .  

Since an important ques t ion f o r  t h e  physician i s  whether o r  not  a myocardial 

i n f a r c t i o n  necessa r i ly  impairs the  capacity of t h e  h e a r t  f o r  work, i t  i s  

advisable t o  examine autonomic nervous system responses t o  exerc i se  

following myocardial i n f a r c t i o n  using plasma norepinephrine (NE) and 

epinephrine (E) a s  markers f o r  the  system. 

I n  p a t i e n t s  i n  whom the  cardiac  reserve  i s  diminished, t h e  normal 

inc rease  of cardiac  output during exerc i se  i s  a t tenuated o r  even abolished 

(Raab, 1966). It is not known t o  what extent  t h e  sympathetic nervous system 

i s  c a l l e d  i n t o  play under these  circumstances. Diminished a c t i v i t y  of t h i s  

important reserve  mechanism could be  a f a c t o r  i n  t h e  abnormal ca rd iac  re- 

sponse o r  conversely, an overact ive  sympathetic nervous system could be a 

v i t a l  compensatory mechanism of such p a t i e n t s .  I n  p a t i e n t s  who have suffered 

coronary h e a r t  d isease  (CHD), it i s  of i n t e r e s t  t o  assess  t h e  a c t i v i t y  of 

t h e  sympathetic nervous system during t h e  s t r e s s  of muscular exerc i se ,  t o  

compare a c t i v i t y  i n  normal s u b j e c t s  and t o  observe i ts response t o  w e l l  

cont rol led  t r a in ing .  



It has been suggested t h a t  i n  some p a t i e n t s  increased physica l  

a c t i v i t y  a f t e r  myocardial i n f a r c t i o n  i s  followed by b e n e f i c i a l  hemodynamic 

e f f e c t s  on t h e  h e a r t  (Varnauskas, 1966), poss ib ly  a s  a r e s u l t  of increased 

coronary blood flow (Connor, 1968). This s tudy proposes t o  i n v e s t i g a t e  the  

p a t t e r n  of recovery from myocardial i n f a r c t i o n  a s  i t  i s  influenced by 

exerc i se  and r e f l e c t e d  by autonomic nervous system responses. 

The advent of accura te  f luorometric methods f o r  the  assay of 

norepinephrine and epinephrine i n  blood has st imulated general  i n t e r e s t  

i n  t h e  pathophysiological  s ign i f i cance  of these  catecholamines. However, 

thorough inves t iga t ions  of changing p a t t e r n s  of s e c r e t i o n  i n  c i rcu la to ry  

plasma catecholamines r e s u l t i n g  from regu la r  r e h a b i l i t a t i v e  exerc i se  t r a in -  

i n g  has not  been ca r r i ed  out. S imi lar ly ,  the  catecholamine concentrat ions 

during exerc i se  i n  r e l a t i o n  t o  t h e  r e l a t i v e  work l e v e l s  o r  t h e  optimum 

t i m e  of sampling have not  been unequivocally es tabl ished.  

PHYSICAL ACTIVITY AND CORONARY HEART DISEASE 

A question a r i s e s  a s  t o  t h e  evidence t h a t  r egu la r  physica l  a c t i v i t y  

per  se, compared wi th  a sedentary l i f e ,  l e s sens  t h e  l ike l ihood of develop- 

i n g  coronary a the rosce le ros i s ,  coronary thrombosis, myocardial i n f a r c t i o n  

o r  death from coronary disease .  

Information concerning t h e  prevalence and incidence of coronary 

h e a r t  d i sease  r e l a t e d  t o  presumed l e v e l s  of occupational ,  and i n  a few 

s t u d i e s ,  non-occupational physica l  a c t i v i t y  a r e  summarized i n  Figure 1. 

Morris e t  a l . ,  (1953) believed t h a t  d r ive r s  of London buses were 

l e s s  physica l ly  a c t i v e  than conductors and t h a t  p o s t a l  c l e rks  and o the rs  



Figure 1. Tota l  Coronary Heart Disease. Persons c l a s s i f i e d  according 
t o  presumed l e v e l s  of physical  a c t i v i t y .  

The black bar  a t  t h e  top represents  t h e  reference  (1.00) of 
t o t a l  coronary h e a r t  d i sease  (CHD) experience of t h e  pre- 
sumably physica l ly  less a c t i v e  group described i n  t h e  
l a b e l  t o  t h e  lef t - - the  d r i v e r s  (of London buses) and 
sedentary p o s t a l  employees--as compared t o  t h e  bus conductors 
o r  postmen i n  t h e  study of Morris,  The conductors and post- 
men had 0.70 and 0.75 the  incidence of t o t a l  coronary h e a r t  
d i sease  experienced by sub jec t s  i n  t h e  respec t ive  more 
sedentary groups. (From Fox and Haskell ,  1966). 
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whose work was c l a s s i f i e d  a s  sedentary  were l e s s  a c t i v e  than  postmen who 

de l ive red  t h e  mail .  The inc idence  of t o t a l  coronary d i s e a s e  among con- 

duc to r s  was 0.70 a s  f r equen t  a s  i n  d r i v e r s ,  and postmen had only  0.75 of  

t h e  inc idence  experienced by t h e i r  more seden ta ry  co l leagues .  The d a t a  

of Zukel -- e t  a l . ,  (1959) i n d i c a t e  t h a t  more p h y s i c a l l y  a c t i v e  s u b j e c t s  had 

only  o n e - f i f t h  of t h e  coronary h e a r t  d i s e a s e  found among t h e  l e s s  a c t i v e .  

The r e s u l t s  of Chapman e t  a l . ,  (1957) a r e  an  except ion  t o  t h e  d a t a  of most 

s t u d i e s .  This  i s  shown i n  F igure  1 and r e l a t e s  t o  c i v i l  s e r v a n t s  i n  Los 

Angeles. Stamler  - e t  -. a1 (1960) found sugges t ive  b u t  n o t  h igh ly  s i g n i f i c a n t  

d i f f e r e n c e s  i n  t h e i r  s tudy  of t h e  preva lence  and inc idence  of coronary h e a r t  

d i s e a s e  i n  strata of  t h e  labour  f o r c e  of a Chicago i n d u s t r i a l  corpora t ion .  

Brown and co l leagues  (1957) i n d i c a t e d  t h e  preva lence  of  coronary h e a r t  

d i s e a s e  among men over  age 65 and McDonough -- e t  a l . ,  (1965) reviewed some 

marked d i f f e r e n c e s  i n  t h e  b i r a c i a l  popu la t ion  of Evans County, Georgia. 

Fox and Haskel l  (1966) s t u d i e d  t h e  amount of d a i l y  a c t i v i t y  (hours)  

a s s o c i a t e d  w i t h  coronary h e a r t  d i sease .  One o r  two hours  of heavy p h y s i c a l  1 
I 

a c t i v i t y  p e r  day appear t o  markedly reduce t h e  inc idence  of coronary h e a r t  
I I 

d i s e a s e  (Figure 2 ) .  I 
Figure  3 shows s t u d i e s  on myocardial i n f a r c t i o n .  There i s  

1 

a lower comparative inc idence  of myocardial i n f a r c t i o n  than  t o t a l  coronary 
I 

I 
h e a r t  d i s e a s e  i n  t h e  same groups s t u d i e d  i n  F igu re  1. Brunner and Manelis I 

(1960) s t u d i e d  persons  i n  k i b b u t z i n  i n  I s r a e l  and found t h a t  t h e  more a c t i v e  
I 
I 

group experienced only t h i r t y - t h r e e  p e r  c e n t  of t h e  myocardial i n f a r c t i o n  I 

i nc idence  i n  t h e  sedentary  group. The d a t a  of Chapman e t  a l . ,  i s  a t  va r i ance  

wi th  t h e  ma jo r i t y  of s t u d i e s  i n  F igure  3 .  The moderate and heavy workers 



Figure  2. Hours of heavy phys ica l  a c t i v i t y  and 
incidence of coronary h e a r t  d i sease  
(CHD) compared t o  the  (na t iona l )  
average. (From Fox and Haskell ,  1966). 
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Figure  3. Myocardial I n f a r c t i o n .  Persons c l a s s i f i e d  accord ing  t o  
presumed l e v e l  of p h y s i c a l  a c t i v i t y .  

The b l a c k  b a r  on t h e  l e f t  r e p r e s e n t s  t h e  r e f e rence  (1.00) 
of myocardial i n f a r c t i o n  (MI) exper ience  of t h e  pre- 
sumably less a c t i v e  group descr ibed  i n  t h e  l a b e l  be- 
low, e.g. ,  t h e  d r i v e r s  (of London buses)  compared t o  t h e  
bus conductors i n  t h e  s tudy  of Morris ,  where conductors  
had 0.53 t h e  inc idence  of myocardial i n f a r c t i o n  than  
d r i v e r s .  (From Fox and Haskel l  1966). 
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experienced n ine ty-e ight  p e r  c e n t  of t h e  inc idence  of myocardial  i n f a r c t i o n  

experienced by t h e  sedentary  group. The r e p o r t  of Shapiro - e t  * a1 * (1965) 

con ta ins  an  assessment of non-occupational p h y s i c a l  a c t i v i t y  which i n d i c a t e s  

t h a t  t h e  heavy workers had a h ighe r  inc idence  of myocardial i n f a r c t i o n  than  

t h e  moderate workers.  Morris  e t  a l . ,  (1966) a t t r i b u t e  much of t h e  v a r i a n c e  

i n  i nc idence  among busmen t o  d i f f e r e n c e s  i n  blood p r e s s u r e  and serum 

c h o l e s t e r o l  b u t  do n o t  r u l e  ou t  t h e  s i g n i f i c a n c e  of p h y s i c a l  a c t i v i t y  con- 

t r i b u t i n g  t o  e l eva t ed  serum c h o l e s t e r o l  and blood p re s su re .  Perhaps,  t h e s e  

two parameters  a r e  s i g n i f i c a n t  i n d i c a t o r s  of i n c i p i e n t  h e a r t  d i sease .  

There  a r e  i n d i c a t i o n s  t h a t  i n  t hose  who are p h y s i c a l l y  more a c t i v e ,  

both occupa t iona l ly  and o therwise ,  t h e r e  i s  a lower inc idence  of m o r t a l i t y  

(F igure  4). Sudden dea th  seems less l i k e l y  among t h e  presumably more a c t i v e ,  

and is  even l e s s  l i k e l y  than  myocardial  i n f a r c t i o n  and coronary h e a r t  d i s e a s e  

f o r  a l l  c l a s s e s .  Frank e t  al . ,  (1966) reviewing t h e  Heal th Insurance  

Program (H. I .P.)  of New York C i t y  ( S h a ~ i r o  -- et al .  , 1965) and Washington, 

D. C . ,  postmen (Kahn, 1963) demonstrated t h a t  it is only c u r r e n t  p h y s i c a l  

a c t i v i t y  which seem t o  have a b e n e f i c i a l  a s s o c i a t i v e  r e l a t i o n s h i p .  

Morr i s  and Crawford (1958) reviewed 3,800 non-coronary dea ths  and 

found t h a t  t h e  a c t i v e  i n d i v i d u a l s  had fewer l a r g e  f i b r o u s  pa t ches ,  fewer 

s m a l l  m u l t i p l e  s c a r s  and fewer l a r g e  hea led  i n f a r c t s  than  t h e  i n a c t i v e  

i n d i v i d u a l s  (Figure 5 ) .  This  t r e n d  w a s  d e f i n i t e  and c o n s i s t e n t .  These 

d a t a  r e f l e c t  i n d i v i d u a l s  s u f f i c i e n t l y  long i n  occupat ions s o  t h a t  t h e  s tudy  

was considered t o  be f r e e  of  b i a s  t h a t  would occur  as a r e s u l t  of persons 

s h i f t i n g  t o  occupat ions of less p h y s i c a l  a c t i v i t y  due t o  i n c a p a c i t y  of  

d i sease .  



Figure 4. Morta l i ty  i n  coronary h e a r t  d i sease  (CHD). Persons 
c l a s s i f i e d  according t o  presumed l e v e l  of phys ica l  
a c t i v i t y .  

The b lack b a r  a t  t h e  top  rep resen t s  t h e  reference  
(1.00 of mor ta l i ty  experience of t h e  presumed 
physica l ly  less a c t i v e  group described i n  the  
l a b e l  t o  t h e  lef t- the d r i v e r s  (of London buses)  
and sedentary p o s t a l  employees-compared t o  t h e  
bus conductors o r  postmen i n  t h e  study of Morris. 
The conductors and postmen had 0.46 and 0.50 t h e  
incidence of mor ta l i ty  experienced by s u b j e c t s  i n  
t h e  r e spec t ive  more sedentary groups. 





Figure  5 .  Pathology of Coronary Heart  Disease. 
Persons c l a s s i f i e d  accord ing  t o  pre- 
sumed l e v e l s  of phys i ca l  a c t i v i t y .  
(From Morris  and Crawford 1958).  
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Mottonen (1970) inves t iga ted  myocardial i n f a r c t i o n  and coronary 

a the rosce le ros i s  i n  autopsy mate r i a l  i n  Finland. He compared s t a t i s t i -  

c a l l y  t h e  proport ions of pathological  changes i n  i n t e l l e c t u a l  (468 cases)  

and manual workers (1167 cases)  and found t h a t  myocardial i n f a r c t i o n  and 

coronary thrombosis o r  occlusion was more o f t en  t h e  cause of death among 

i n t e l l e c t u a l s  than among manual workers, but  t h e  d i f fe rence  was not  

s t a t i s t i c a l l y  s i g n i f i c a n t .  It seems evident ,  the re fo re ,  t h a t  t h e  more 

a c t i v e  individuals  a r e  l e s s  sub jec t  t o  coronary h e a r t  d i sease ,  even l e s s  

t o  myocardial i n f a r c t i o n ,  and much l e s s  t o  sudden death. The d a t a  r e f e r s  

t o  both occupational  and non-occupational physica l  a c t i v i t y .  The major 

inf luence  of physica l  a c t i v i t y  appears t o  r e l a t e  t o  myocardial i n f a r c t s ,  

s c a r s  and f ib rous  patches,  less t o  coronary occlusion and l e a s t  t o  

coronary a the rosce le ros i s .  

Further epidemiological evidence suggests  t h a t  physica l ly  a c t i v e  

ind iv idua l s  a r e  l e s s  prone t o  ischemic h e a r t  d isease  than less a c t i v e  

individuals  (Pomeroy and White, 1958; Brunner, 1966, Pyorala e t  a l . ,  

1967). The evidence s o  f a r  has encouraged t h e  cautious expression of 

opinion favouring physica l  a c t i v i t y  a s  one means of reducing the  r i s k  of 

t h e  development of ischemic h e a r t  d i sease  (Davies, Drysdale, and Pass- 

more, 1963; Katz, 1967). 

Since an individual  cannot be expected t o  change h i s  job i n  order 

t o  reduce h i s  r i s k  of h e a r t  d isease  and s ince  t rends  towards mechaniza- 

t i o n  and automation c l e a r l y  imply t h a t  heavy physica l  work w i l l  become 

increas ingly  r a r e ,  it  w i l l  be prudent t o  inc lude increased h a b i t u a l  

physical  a c t i v i t y  i n  a program t o  prevent o r  manage non-acute coronary 

h e a r t  disease.  



CARDIAC REHABILITATION -- THE EXTENT OF THE PROBLEM 

It has been estimated t h a t  t h e r e  a r e  approximately 18 mi l l ion  

people i n  the  United S t a t e s  who have cardiovascular  d i sease  of one type 

o r  another. On the  b a s i s  of a n a t i o n a l  h e a l t h  survey performed by t h e  

Publ ic  Health Service i n  1960, i t  was est imated t h a t  3.1 mi l l ion  had 

d e f i n i t e  coronary h e a r t  d isease  and 2.4 mi l l ion  had suspected coronary 

h e a r t  disease.  A d e f i n i t e  myocardial i n f a r c t i o n  was present  i n  1.4 

mi l l ion  out of 111.1 mi l l ion  a d u l t s  (Lee and Bryner, 1961). According 

t o  t h e  Pres iden t ' s  Commission on Heart Disease, Cancer and Stroke,  the re  

were one-quarter of a mi l l ion  people aged 24 t o  64 years  who died  of 

h e a r t  d isease  i n  1963. The prevalence of h e a r t  d isease  increases  as  a 

populat ion ages. Less than 2% of a d u l t s  between t h e  ages of 18 and 24 

years  had d e f i n i t e  h e a r t  d i sease ,  but  over 40% of a d u l t s  between 75 and 

79 years  of age had d e f i n i t e  h e a r t  d isease  ( repor t  t o  t h e  Pres iden t ,  1964). 

With many of the  p a t i e n t s  who need ca rd iac  r e h a b i l i t a t i o n ,  defin- 

i t i v e  medical management i s  o f ten  t h e  l e a s t  challenging aspect  f o r ,  a s  

has  been s t a t e d ,  " the medical treatment i t s e l f  w i l l  a c t u a l l y  be t h e  most 

s tandardized and simple of t h e  procedures followed i n  t h e  major i ty  of 

pat ients ."  Rehab i l i t a t ion  of t h e  p a t i e n t  concluding with h i s  r ees tab l i sh -  

ment i n  t h e  community may o f ten  be more d i f f i c u l t  because " e i t h e r  we lack 

t h e  means of physica l ly  o r  psychological ly r e s t o r i n g  the  p a t i e n t  o r  addi- 

t i o n a l l y ,  t h e  community may n o t  o f f e r  him oppor tuni t ies  commensurate with 

h i s  a b i l i t i e s . "  (Lee and Bryner, 1961). Unfortunately, t h e  economic 

l o s s e s  t o  fami l i e s  a f fec ted  by h e a r t  d isease  a r e  l a rge .  I n  one study,  i t  

was shown t h a t  no more than 22% of cardiac  p a t i e n t s  i n  a working populat ion 



i n  New York City were capable of r e tu rn ing  o r  d id  r e t u r n  t o  employment 

wi th in  3 months following the  acute  myocardial i n f a r c t i o n .  Fur ther ,  i f  

work has  not  been resumed wi th in  10 months, the re  i s  l i t t l e  l ike l ihood 

of subsequent r e t u r n  (Weinblatt e t  a l . ,  1966). Clark (1959) from t h e  

Work C l a s s i f i c a t i o n  Unit i n  Boston, reported t h a t  only two out  of 60 

p a t i e n t s  re turned t o  work wi th in  2 months a f t e r  in fa rc t ion .  Sharlander 's  

(1964) r e p o r t  on research i n  t h e  London a r e a  w a s  more favourable. Of 

212 men less than 60 years  of age who had survived a f i r s t  myocardial 

i n f a r c t i o n  without complications, 55% were back at  work wi th in  3 months 

a f t e r  t h e  onset  of t h e  in fa rc t ion .  

EXERCISE I N  THE DIAGNOSIS AND PREVENTION 
OF CORONARY HEART DISEASE 

Exercise is a c l i n i c a l  t o o l  t h a t  can prove of g rea t  value a id ing  

t h e  d iagnosis  of coronary h e a r t  d isease .  By observing c e r t a i n  pre- 

caut ions ,  exerc i se  t e s t i n g  i s  s a f e ,  he lps  c l a r i f y  c l i n i c a l  sympatomat- 

ology and b r ings  out  pathologic ca rd ioc i rcu la to ry  responses no t  evident  

at r e s t .  E.C.G. f e a t u r e s  provide ob jec t ive  support f o r  o t h e r  c l i n i c a l  

f ind ings  when present .  When E.C.G. f indings  i n  otherwise heal thy indi-  

v idua l s  are abnormal, these  should be  regarded a s  evidence of p o t e n t i a l  

coronary h e a r t  d isease ,  no t  l a t e n t  coronary h e a r t  d isease .  The multi- 

f a c t o r i a l  e t io logy of a the rosce le ros i s  involves a family h i s t o r y ,  d iabe tes ,  

hyper tens ion,  e levated  blood cho les te ro l ,  c i g a r e t t e  smoking, obes i ty  and 

coronary involvement. Regular exerc i se  represents  t h e  most e f f e c t i v e  

s i n g l e  measure which can be undertaken t o  prevent coronary h e a r t  disease.  



Therefore,  i t  i s  expedient t o  e s t a b l i s h  t h e  poss ib le  r e l a t i o n s h i p  

between exerc i se  and cardiovascular  hea l th .  

EXERCISE I N  CARDIAC REHABILITATION 

Many physicians have recommended jogging f o r  pos t  coronary 

p a t i e n t s .  A number of s t u d i e s  have confirmed t h a t  an exe rc i se  program 

inc reases  exe rc i se  to lerance ,  diminishes l e f t  v e n t r i c u l a r  work f o r  any 

given load and diminishes t h e  myocardial l a c t a t e  response. I f  an ind i -  

v idua l  can exe rc i se  a f t e r  a myocardial i n f a r c t i o n  wi thout  developing 

c a r d i a c  arrhythmias, can augment h i s  h e a r t  r a t e  and blood pressure ,  to- 

ge ther  wi th  h i s  ca rd iac  output ,  he  i s  probably b e t t e r  o f f  condi t ioning 

by a program of graduated jogg ing , ' t r eadmi l l  running, o r  b icycl ing;  it 

i s  equal ly  important t h a t  he i s  helped t o  s u s t a i n  t h i s  condi t ioning by 

constant  r e i t e r a t i o n  of i ts importance t o  him. While i t  cannot be  shown 

t h a t  phys ica l  recondi t ioning prevents  subsequent a t t a c k s ,  t h e r e  is  

evidence (Kahn, 1963) t h a t  t h e r e  i s  a lower mor ta l i ty  r a t e  i n  those  who 

a r e  phys ica l ly  f i t .  

The optimum time f o r  s t a r t i n g  an exe rc i se  program a f t e r  recovery 

from t h e  myocardial i n f a r c t i o n  has no t  been determined. Some experi- 

mental programs a r e  in t roducing grading exerc i se  whi le  t h e  p a t i e n t  is  

still  i n  t h e  h o s p i t a l .  Cer ta in ly  by t h r e e  months a f t e r  a t t a c k  he  should 

be ready, and preferably  i t  should be done before  he r e t u r n s  t o  work. 

Trained personnel and r e a d i l y  a v a i l a b l e  equipment f o r  emergency 

use a r e  mandatory i n  any t e s t i n g l t r a i n i n g  program. 



CHAPTER I1 

REVIEW OF LITERATURE 

THE ROLE OF CATECHOLAMINES I N  HEART DISEASE 

Of a l l  substances synthesized and sec re ted  by mammalian t i s s u e s ,  

t h e  catecholamines, norepinephrine and epinephrine, play a major r o l e  i n  

regu la t ion  of t h e  c i r c u l a t i o n  and pathogenesis of severa l  c i rcu la to ry  

d iseases .  

An augmentation of adrenosympathetic catecholamine ac t ion  upon 

the  myocardium s ing ly  o r  i n  combination wi th  impairment of myocardial 

oxygen supply by s t r u c t u r a l  abnormali t ies  of t h e  coronary vascular  

system, c o n s t i t u t e s  one of t h e  most important,  i f  no t  t h e  most important,  

cardiopathogenic element i n  t h e  e t io logy of degenerat ive h e a r t  disease.  

The s t r u c t u r e  of these  catecholamines i s  simple, cons i s t ing  of 

an aromatic group, the  catechol  nucleus dihydroxy phenol and an a l i p h a t i c  

s i d e  chain with an a t tached amine group. 

Norepinephrine Epinephrine 



HISTORY 

Ser ious  s tudy  of t h e  catecholamines began inausp ic ious ly  w i t h  

t h e  obse rva t ions  of Pe l locon i  and Foa r epor t ed  i n  1874 and 1884, t h a t  

e x t r a c t s  of t h e  sup ra rena l  capsules  i n j e c t e d  i n t o  dogs l e d  t o  gene ra l  

d e t e r i o r a t i o n  and dea th  w i t h i n  24 hours;  guinea p i g s ,  r a b b i t s  and f r o g s  

f a i r e d  no b e t t e r .  

I n  1895, O l ive r  and Schafer  showed t h a t  t h e  a c t i v e  p r i n c i p l e  

came from t h e  ad rena l  medulla and demonstrated t h e  p h y s i o l o g i c a l  e f f e c t s  

on ca rd iovascu la r  and o t h e r  organs as w e  know them today. The subsequent  

h i s t o r y  of  t h e  catecholamines is a f a s c i n a t i n g  s t o r y .  I n t e n s e  e a r l y  

a c t i v i t y  s t imu la t ed  by Ol ive r  and Schafer ,  l e d  s e v e r a l l y  t o  t h e  i s o l a t i o n  

of  chemical ly pu re  ep inephr ine  by.Abel  i n  1899, t o  r ecogn i t i on  of t h e  

s i m i l a r i t y  between i ts  in t ravenous  a d m i n i s t r a t i o n  and d i r e c t  sympathe t ic  

s t i m u l a t i o n  by Lewandowsky i n  1900 and, s i g n i f i c a n t l y ,  t o  a proposa l  by 

E l l i o t t  (1904) t h a t  ad rena l ine  might b e  t h e  chemical neu ro t r ansmi t to r  

of smooth muscle l i b e r a t e d  by t h e  nervous impulse. 

Following a pe r iod  of l i t t l e  p rog res s ,  Barger and Dale i n  1910 

demonstrated t h a t  t h e  sympathet ic  amine, no rad rena l ine ,  reproduced sympa- 

t h e t i c  e f f e c t s  more f a i t h f u l l y  than  ad rena l ine .  Loewi and Cannon (1921), 

independent ly demonstrated t h e  v a l i d i t y  of t h e  concept of neurohumonal 

t ransmiss ion .  Loewi r epo r t ed  t h e  r e l e a s e  of "vagusstoff"  and "accelerans-  

s t o f f "  from t h e  f r o g ' s  h e a r t  by s t i m u l a t i o n  of i t s  autonomic nerves  and 

Cannon and h i s  a s s o c i a t e s  proposed t h e  concept of t h e  sympathins E and I 

t o  e x p l a i n  t h e  oppos i t e  e f f e c t s  on v a r i o u s  organs of t h e  humoral subs tance  

r e l e a s e d  by sympathe t ic  s t imu la t ion .  Van Eu le r ' s  i d e n t i f i c a t i o n  of 
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noradrenaline a s  t h e  adrenergic t r ansmi t t e r ,  however, d id  not  come u n t i l  

1946. 

Advances were pat terned along th ree  pathways. F i r s t ,  neuro- 

phys io log i s t s  and pharmacologists explored t h e  r e l a t i o n s h i p  between t h e  

nerve impulse, synapt ic  t ransmission,  and l i b e r a t i o n  of t r ansmi t t e r  a t  

the  nerve ending. Observations by Paton and Zaimis i n  1949 on ganglionic 

blockade, and the  subsequent demonstration of a l t e r n a t i v e  methods of 

blocking adrenergic a c t i v i t y  and deple t ing sympathetic nerves of t h e i r  

catecholamine s t o r e s ,  have provided methods of inf luencing adrenergic 

func t ion  at  both t h e  experimental and c l i n i c a l  l eve l s .  This f i e l d  

reached, perhaps, i ts  most i n t e r e s t i n g  point  with the  recogni t ion ,  i n i t i a t e d  

by t h e  observations of von Euler  and Hi l l a rp  i n  1956, of t h e  nerve granules 

as t h e  s to rage  s i t e  of t r ansmi t t e r .  

Secondly, an understanding of t h e  b i o l o g i c a l  synthes is  of t h e  

catecholamines was reached culminating i n  the  demonstration by Blaschko 

and Maltz, independently, i n  1939 of t h e  stepwise production of t h e  

catecholamines. These s t u d i e s  l e d  t o  biochemical con t ro l  of adrenergic 

funct ion,  at both experimental and c l i n i c a l  l eve l s .  

Thirdly ,  inves t iga t ion  of the  concept and a c t i v i t y  of receptor  

sites was advanced. Ahlquist (1948) pioneered these  inves t iga t ions  which 

proposed s p e c i f i c  a and 6 sites recept ive  t o  s t imula t ion  by catecholamines. 

Blockade of alpha-receptors was a technique already understood, and speci- 

f i c  beta-blockade was subsequently made poss ib le  by t h e  separa te  s t u d i e s  of 

Powell, S l a t e r ,  Moran and Perkins i n  1958. A s  a r e s u l t ,  a t h i r d  means of 

adrenergic  con t ro l  has become an e f f e c t i v e  and powerful t o o l  f o r  both the  

exper imenta l i s t  and c l i n i c i a n .  



The 1970 Nobel P r i z e  f o r  Medicine was awarded t o  t h r e e  leading 

i n v e s t i g a t o r s  i n  the  f i e l d  of catecholamine research (Axelrod, Katz and 

von Euler) .  

UPTAKE, STORAGE AND RELEASE 

Norepinephrine a r i s e s  both from t h e  adrenal  medulla and from 

sympathetic post-ganglionic adrenergic  neurons i n  many t i s s u e s  (hear t ,  

b r a i n ,  spleen).  Epinephrine o r i g i n a t e s  i n  chromaffin c e l l s  i n  t h e  

adrenal  medulla. 

Thus, norepinephrine i s  both a hormone and a neuro-transmitter ,  

whereas epinephrine is  pr imar i ly  a hormone. Approximately 15% of t h e  

t o t a l  catecholamine content  of the  normal adrenal  medulla is  norepine- 

phrine.  

Catecholamines a r e  s to red  i n  subce l lu la r  membrane-lined granules 

t h a t  p r o t e c t  them from premature metabolic degradation by monamine 

oxidase (MAO) and other  enzymes. Epinephrine r e s i d e s  i n  chromaffin 

granules wi th in  t h e  adrenergic neuron. The granules contain t h e  cate-  

cholamine, a small  amount of l ipopro te in ,  and approximately 1 mole of ATP 

p e r  4 moles of epinephrine o r  norepinephrine (Crout, 1968). Norepine- 

phr ine  may e x i s t  i n  two equ i l ib ra ted  metabolic pools (Axelrod, 1962). 

The l a r g e r  i s  bound wi th in  the  granule,  tu rns  over slowly, and i s  meta- 

bol ized wi th in  the  nerve ending, t h e  smaller  pool i s  unbound, is  f r e e  i n  

cytoplasm, i s  suscep t ib le  t o  r e l e a s e  by neura l  s t imula t ion ,  and tu rns  

over rapidly .  Granular norepinephrine i s  replenished both by syn thes i s  

and reuptake of unused norepinephrine from t h e  surrounding cytoplasm. 
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The mechanism by which catecholamines a r e  r e l e a s e d  i s  l i t t l e  

understood. There i s  evidence t h a t  calcium may b e  involved e s p e c i a l l y  

i n  t h e  ad rena l  medulla. Douglas and Rubin (1963) have shown t h a t  

ace tycho l ine  can only r e l e a s e  ep inephr ine  and norepinephr ine  from t h e  

per fused  c a t  ad rena l  medulla i n  t h e  presence  of calcium i o n s ,  a f t e r  

p e r f u s i o n  of t h e  gland w i t h  calcium-free ~ o c k e ' s  s o l u t i o n ,  t h e  a d d i t i o n  

of calcium causes t h e  r e l e a s e  of catecholamines. I n  organs o t h e r  t han  

t h e  a d r e n a l  medulla,  calcium appears  t o  b e  r equ i r ed  f o r  t h e  r e l e a s e  of 

catecholamines by nervous s t imu la t ion .  The granules  appear  t o  b e  t h e  

p r i n c i p a l  and poss ib ly  t h e  s o l e  sou rce  of t h e  catecholamines r e l e a s e d  

from t h e  a d r e n a l  medulla. 

A g r e a t  number of compounds i n t e r f e r e  w i t h  t h e  uptake,  s t o r a g e ,  

and r e l e a s e  of catecholamines. Examples of t h e s e  are coca ine ,  which 

i n h i b i t s  uptake,  r e s e r p i n e  which i n h i b i t s  s t o r a g e  and guaneth id ine  which 

wh i l e  b locking  uptake,  a l s o  i n h i b i t s  t h e  r e l e a s e  of norepinephr ine .  

BIOSYNTHESIS 

The b i o s y n t h e t i c  pathways of ep inephr ine  and norepinephr ine  a r e  

shown i n  F igu re  6. L-tyrosine i s  found i n  t h e  c i r c u l a t i o n  i n  a concen- 

t r a t i o n  of  10  t o  15 mg/l and is concent ra ted  w i t h i n  cells of t h e  ad rena l  

medulla,  sympathe t ic  nerve  endings,  and b r a i n .  It is hydroxylated i n  

mitochondria  t o  form dopa probably by t y r o s i n e  hydroxylase. 

Dopamine, t h e  f i r s t  catecholamine syn thes i zed ,  can d i f f u s e  i n t o  

t h e  c i r c u l a t i o n ,  and may b e  exc re t ed  i n t o  t h e  u r ine .  It may be  metabol ized,  

o r  can e n t e r  t h e  granules  i n  sympathet ic  nerve endings,  chromaffin c e l l s  



Figure  6. Probable b i o s y n t h e t i c  pathways f o r  t h e  
product ion of n.orepinephrine (NE) and 
ep inephr ine  (E) . 
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and b r a i n  c e l l s .  It may be  s to red  o r  hydroxylated by dopamine-B-oxidase 

t o  norepinephrine. This is  probably t h e  ra te - l imi t ing  s t e p  i n  t h e  

syn thes i s  of the  catecholamines and is  t h e  f i n a l  s y n t h e t i c  s t e p  i n  post  

ganglionic adrenergic neurons and probably i n  t h e  bra in .  Only t h e  

chromaffin c e l l s  found l a r g e l y  i n  t h e  adrenal  medulla conta in  the  

necessary enzyme n-methyl t r a n s f e r a s e ,  t o  methylate norepinephrine t o  

epinephrine. Norepinephrine d i f f u s e s  from t h e  s torage  granule and is  

methylated t o  epinephrine on t h e  su r face  of t h e  granule o r  i n  the  cyto- 

plasm of t h e  adrenal  medullary c e l l s .  

CIRCULATING CATECHOLAMINES 

There is a continuous r e l e a s e  of small  amounts of catecholamines 

i n t o  the  c i r c u l a t i o n  and a sharp r i s e  a t tendent  upon enhanced c i r c u l a t o r y  

demands o r  anxie ty  s t a t e s .  

The h a l f - l i f e  of infused,  i s o t o p i c a l l y  l a b e l l e d  catecholamines 

is  extremely s h o r t  (10 t o  30 seconds, Axelrod, - e t  -. a 1  9 1959), s o  t h a t  

most of the  epinephrine o r  norepinephrine u t i l i z e d  by an organ is  accumu- 

l a t e d  during a s i n g l e  c i rcu la to ry  passage and t h e  remainder is recaptured 

by t h e  sympathetic nerve endings. Organs accumulating catecholamines 

s t o r e  them i n  t h e  granulated v e s i c l e s  of sympathetic nerve endings r a t h e r  

than i n  t h e  parenchyma, s o  t h a t  ex t rac t ion  of catecholamines from the  

blood i s  propor t ional  t o  the  densi ty  of t h e  sympathetic nerve endings. 

The h e a r t ,  which is  p a r t i c u l a r l y  r i c h  i n  sympathetic nerve endings, con- 

t a i n s  a high concentrat ion of norepinephrine. Since catecholamines do 

not  d i f f u s e  r e a d i l y  across  t h e  brain-blood b a r r i e r ,  the  b r a i n ,  r i c h  i n  

catecholamines, does not  con t r ibu te  t o  the  c i r c u l a t i n g  blood content.  



PHYSIOLOGIC ACTIONS 

Large amounts of catecholamines a r e  sec re ted  i n  response t o  

emergency s t i m u l i  a id ing physio logica l  adaptat ion.  A l e s s e r ,  more 

sus ta ined  s e c r e t i o n ,  p a r t i c u l a r l y  of norepinephrine from sympathetic 

nerve  endings occurs. Norepinephrine i s  re leased from granule binding 

a s  f r e e  norepinephrine,  which d i f f u s e s  from t h e  neuron terminal  t o  a 

r ecep to r  s i t e  on t h e  e f f e c t o r  c e l l .  A s e r i e s  of i n t r a c e l l u l a r  physio- 

l o g i c  events  i s  then t r iggered  wi th in  t h e  e f f e c t o r  c e l l ,  leading t o  

t h e  c e l l u l a r  physiologic e f f e c t  o r  t o  a p a r t i c u l a r  response. Adrenergic 

r ecep to r s  a r e  c e l l u l a r  components loca ted  e i t h e r  on t h e  c e l l  membrane 

o r  w i t h i n  t h e  e f f e c t o r  c e l l  r e a c t i n g  s i n g l y  o r  i n  combination wi th  

epinephrine o r  norepinephrine. They a r e  viewed a s  t h e  primary s i te  

of  catecholamine and o t h e r  adrenergic  mediators ,  which produce adrener- 

g i c  e f f e c t s  t h a t  a r e  s t imula t ing  o r  i n h i b i t i n g ,  depending on the  e f f e c t o r  

organ. Ahlquist  (1948) proposed t h e  ex i s t ence  of a lpha  and b e t a  

adrenergic  r ecep to r s  t h a t  can mediate t h e  e f f e c t s  of epinephrine,  nor- 

epinephrine and sympathomimetic drugs. Norepinephrine tends t o  pre- 

f e r e n t i a l l y  s t imula te  alpha recep to r s  whereas epinephrine s t imula tes  both 

a lpha  and beta .  Moreover, epinephrine is  two t o  t e n  t i m e s  more potent  

as an a lpha  s t imula to r  than is  norepinephrine. I n  pharmacologic dosages 

both  catecholamines can s t imula te  alpha and b e t a  r ecep to r s  depending on 

t h e  dosage. Alpha receptor  funct ions  a r e  c h i e f l y  e x c i t a t o r y  and inc lude  

vasocons t r i c t ion  on c e r t a i n  vascular  beds. Beta receptor  funct ions  a r e  

mainly i n h i b i t o r y  and inc lude  vasod i l a t a t ion  of c e r t a i n  vascu la r  beds, 



increased cardiac  r a t e  and output .  Mixed alpha and b e t a  receptors ,  how- 

ever ,  show both exc i t a to ry  and i n h i b i t o r y  ac t ions .  

CATECHOLAMINES I N  HEART FAILURE 

The norepinephrine content of t h e  a t r i a  and v e n t r i c l e s  i s  de- 

creased s i g n i f i c a n t l y  i n  h e a r t  f a i l u r e .  

Associated wi th  t h e  myocardial deple t ion is  a s t a t e  of exagger- 

a t ed  adrenergic a c t i v i t y  i n  t h e  periphery,  a s  indica ted  by t h e  l a r g e  

increases  i n  norepinephrine content of a r t e r i a l  blood during exerc ise  

which is g r e a t e r  than t h a t  seen i n  normal sub jec t s  and t h e  excessive 

ur inary  excre t ion of norepinephrine a t  r e s t  i n  those p a t i e n t s  wi th  con- 

ges t ive  h e a r t  f a i l u r e  (Chidsey et  a l . ,  1965). Thus, i n  t h e  absence of 

endogenous myocardial norepinephrine, t h e  c i r c u l a t i n g  catecholamines may 

provide an important and necessary adrenergic st imulus t o  t h e  h e a r t ,  i n  

a support ive ro le .  

CATECHOLAMINES AND ANGINA 

Cardiac pain of t h e  anginal  type is  caused e s s e n t i a l l y  by an 

acute  s t a t e  of myocardial hypoxia, p r e c i p i t a t i n g  a discharge of excessive 

amounts of cardiac  "oxygen-wasting" adrenosympathetic catecholamines i n  

response t o  impaired coronary vascular  d i l a t a b i l i t y  o r  coronary s t enos i s .  

Therapeutic a c t i o n  aga ins t  t h i s  adrenergic t r i g g e r  mechanism 

demands, pr imar i ly ,  a reduction of adrenosympathetic neurosecretary hyper- 

e x c i t a b i l i t y  s ing ly  o r  concomitantly with reduced myocardial metabolic 

r e a c t i v i t y  t o  catecholamines. This is most e f f e c t i v e l y  done through the  



u s e  of beta-receptor-blocking drugs and o t h e r  d i r e c t  a n t i a d r e n e r g i c  

medicat ions and c a r d i a c  sympathectomy. I n d i r e c t l y ,  gene ra l  metabol ic  

demands may be  reduced by drugs c o n t r o l l i n g  thy ro id  a c t i v i t y .  

Exerc ise  t r a i n i n g  seems t o  b e  e f f e c t i v e  t o  a c e r t a i n  degree,  a s  a 

t h e r a p e u t i c  method. Various sugges t ions  as t o  t h e  mechanism of t h i s  a c t i o n  

have been made inc lud ing  s t i m u l a t i o n  of coronary c o l l a t e r a l  formation,  

(Leon and Bloor,  1968), g radua l  r educ t ion  of c a r d i a c  sympathet ic  tone  

(F rase r  and Chapman, 1954),  and promoting of t r a n s f e r  of potassium from 

c o n t r a c t i n g  s k e l e t a l  muscles i n t o  t h e  myocardium, t o  r e p l e n i s h  hypoxia- 

induced potassium l o s s e s  (Rose e t  a l . ,  1966). 

CATECHOLAMINES AND MYOCARDIAL INFARCTION 

Coincidence of  t h e  mutual ly aggrava t ing  "oxygen-wasting" ad rene rg ic  

mechanism w i t h  oxygen-limiting coronary a t h e r o s c e l e r o t i c  condi t ions  com- 

pounds t h e  gene ra l  hypoxic s t a t e  of t h e  myocardium and appears  t o  p rec ip i -  

t a t e  i n f a r c t i o n ,  n e c r o s i s  and dea th  of a p a r t  of t h e  h e a r t  muscle i t s e l f .  

Frequent ly ,  t h e s e  processes  a r e  a s s o c i a t e d  w i t h  a catecholamine 

c a r d i o t o x i c i t y  and i n t e n s i f y i n g  overproduct ion of ad rena l  c o r t i c o i d s .  

Thus, t h e  adrenosympathetic system p l a y s  a dominant r o l e  both  i n  t h e  

pathogenesis  and i n  t h e  secondary complicat ions of a myocardial i n fa rc -  

t i o n .  It appears  t h a t  a most e f f e c t i v e  and long-act ing phys io log ica l  

an t ihype rad rene rg ic  measure is p h y s i c a l  t r a i n i n g .  

By c o n t r a s t ,  t h e  de t r imen ta l  e f f e c t s  on c a r d i a c  func t ion  and 

metabol ic  demands, by seden ta ry  l i v i n g ,  c o n s i s t  c h i e f l y  i n  a l o s s  of 

adequate parasympathet ic  and sympatho-inhibitory counter - regula t ions  

a g a i n s t  ad rene rg i c  "oxygen-was t ing" metabolism (Raab , 1966) . 



EFFECTS OF PHYSICAL TRAINING 

An ex tens ive  review of t h e  phys io log ica l  e f f e c t s  of muscular 

e x e r c i s e  is  contained i n  t h e  p u b l i c a t i o n  of t h e  D a l l a s  symposium on 

p h y s i c a l  e x e r c i s e  (Chapman, 1967). 

I n  t h i s  review, i t  is  suggested t h a t  p h y s i c a l  t r a i n i n g  a c t s  t o  

reduce t h e  oxygen consumption of h e a r t  muscle and t h e  coronary r e s e r v e  

is  inc reased  due t o  diminut ion of "oxygen-wasting1' sympathel ic  hyper- 

a c t i v i t y .  Simultaneously, t h e r e  i s  an augmentation of parasympathet ic  

t one  and sympathet ic  counter-regulat ion.  I n  a d d i t i o n ,  t h e r e  is  a promo- 

t i o n  of a more economical h e a r t  frequency and of t h e  volume and p re s su re  

work of t h e  h e a r t .  Persons w i t h  t r a i n e d  h e a r t s ,  t h e r e f o r e ,  r a r e l y  s u f f e r  

from myocardial i n f a r c t i o n .  

Lack of t r a i n i n g  produces t h e  oppos i t e  e f f e c t  always w i t h  

p o t e n t i a l l y  pathogenic consequences. 

The a b i l i t y  of middle-aged i n d i v i d u a l s  t o  i n c r e a s e  t h e i r  cardio-  

v a s c u l a r  capac i ty  by t r a i n i n g  has  been demonstrated many times. I n  n i n e  

male s u b j e c t s ,  between 40-60 y e a r s  of age who were t r a i n e d  f o r  one hour ,  

t h r e e  times a week f o r  s i x  months, t h e r e  was an i n c r e a s e  of 15% i n  

maximal oxygen uptake p e r  kgm body weight compared t o  1.7% i n c r e a s e  f o r  

s i x  sedentary  c o n t r o l s  (Kasch, 1967). Svenson (1967) found t h a t  a f t e r  

an e i g h t  week per iod  of phys i ca l  cond i t i on ing ,  t e n  p rev ious ly  seden ta ry  

males ,  aged 36-56 y e a r s ,  showed increased  working capac i ty  and reduced 

h e a r t  r a t e  a t  a cons t an t  work load.  

Cumming e t  a l . ,  (1967) s tud ied  s i x  boys and s i x  g i r l s  between 

13-15 y e a r s  of age undergoing a s i x  day per iod  of t r a i n i n g  and found a 



d e c l i n e  i n  submaximal p u l s e  r a t e  s i x  beats lmin.  f o r  a cons t an t  l oad ,  b u t  

no change i n  measured maximal oxygen uptake. O'Donnell - e t  * a 1  3 (1967) 

desc r ibed  a 20 week jogging program of 32 middle-aged and 32 60-year o ld  

men. The h e a r t  r a t e  dur ing  a s t anda rd  s t e p p i n g  t e s t  decreased a f t e r  

f o u r  weeks of t r a i n i n g  by over  e i g h t  beats/min. and a f t e r  e i g h t  weeks by 

a n  a d d i t i o n a l  s i x  beats lmin.  w i t h  no f u r t h e r  decrease  a t  20 weeks. Ekblom 

e t  a1 (1968) s t u d i e d  e i g h t  male s u b j e c t s  du r ing  maximal and sub-maximal - - 3 

e x e r c i s e  b e f o r e  and a f t e r  16  weeks of hard p h y s i c a l  t r a i n i n g .  The maximal 

oxygen uptake (Go2) inc reased  by 16.2% from 3.15 t o  3.68 l i t e r s l m i n .  

A f t e r  t r a i n i n g ,  t h e  h e a r t  r a t e ,  c a r d i a c  ou tpu t ,  and blood l a c t a t e  concen- 

t r a t i o n s  were lower,  th'e s t r o k e  volume was unchanged, and t h e  a r t e r i o -  

venous oxygen d i f f e r e n c e  h ighe r  a t  comparable oxygen uptakes.  Hanson 

e t  a 1  (1968) eva lua ted  t h e  e f f e c t s  of a 7  month phys i ca l  t r a i n i n g  - ' 9 

program on t h e  phys io log ica l  responses t o  e x e r c i s e  and work c a p a b i l i t i e s  

of 7  middle-aged seden ta ry  men. Tes t ing  involved b i c y c l e  ergometry and 

i n t e r v a l  t r e a d m i l l  walking, as w e l l  a s  pre- and post-condit ioning hemo- 

dynamic i n v e s t i g a t i o n s  dur ing  5  l e v e l s  of t r e a d m i l l  walking up t o  a 25% 

grade. S i g n i f i c a n t  a l t e r a t i o n s  of s e v e r a l  parameters  were observed i n  

t h e  t r a i n e d  s t a t e .  Res t ing  and e x e r c i s e  bradycard ia  were marked and t h e  

lowes t  h e a r t  r a t e  r e g i s t e r e d  was 49lmin. Maximal p h y s i c a l  working 

c a p a c i t i e s  and CO inc reased  and t h e r e  was a r e l a t i v e  hypokinesis  i n  
2 max. 

submaximal work. S t roke  volume was g r e a t e r  a t  moderate and a t  t he  heav ie s t  

work loads  d e s p i t e  t h i s  c a r d i a c  minute work r e f l e c t i n g  t h e  i n t e r a c t i o n  of 

dec reas ing  h e a r t  r a t e  and i n c r e a s i n g  s t r o k e  volume, was reduced. 



EXERCISE AND CARDIAC REHABILITATION 

Of g r e a t  concern i n  c a r d i a c  r e h a b i l i t a t i o n  are t h e  p e r e n n i a l  

ques t ions :  

What proof i s  t h e r e  t h a t  e x e r c i s e  t r a i n i n g  programs (phys ica l  

f i t n e s s  programs f o r  c a r d i a c s )  prolong l i f e ,  decrease  t h e  number o r  

s e v e r i t y  of h e a r t  a t t a c k s ,  o r  improve myocardial  func t ion?  

And i f  such evidence is  a v a i l a b l e ,  by what mechanisms does 

e x e r c i s e  accomplish t h i s ?  

Fu r the r ,  i f  e x e r c i s e  is  t o  b e  p re sc r ibed  f o r  c a r d i a c s ,  what 

t ype  and dose of e x e r c i s e s  are needed t o  produce b e n e f i c i a l  e f f e c t s  on 

t h e  ca rd iovascu la r  system? 

THE PATHOPHYSIOLOGIC BASIS 

Exerc ise  may b e n e f i t  p a t i e n t s  wi th  h e a r t  d i s e a s e  through: 

(1)  a l t e r a t i o n  of c a r d i a c  s t r u c t u r e  

(2) a l t e r a t i o n  of c i r c u l a t o r y  f u n c t i o n  

(3) neurohumoral and metabol ic  changes t h a t  r e s u l t  from 

e x e r c i s e  t r a i n i n g  (Figure 7 ) .  

STRUCTURAL ALTERAT I O N  

Of major i n t e r e s t  i s  whether o r  n o t  e x e r c i s e  t r a i n i n g  can alter 

t h e  coronary vascu la tu re .  S t u d i e s  c a r r i e d  out  on dogs by Ecks t e in  (1957) 

showed t h a t  r e g u l a r  e x e r c i s e  of t h e s e  animals on a t r e a d m i l l ,  beginning 

one week a f t e r  exper imenta l ly  induced myocardial i n f a r c t i o n ,  r e s u l t e d  i n  

t h e  growth of c o l l a t e r a l  v e s s e l s ,  i n  c o n t r a s t  t o  t h e  l a c k  of growth of 



Figure  7. Pathophysiologic  b a s i s  of e x e r c i s e  t r a i n i n g  
f o r  c a r d i a c s  . 
Exerc i se  may i n c r e a s e  c a r d i a c  r e s e r v e  
through a l t e r a t i o n s  of  c a r d i a c  " s t ruc tu re"  
o r  c i r c u l a t o r y  "function" o r  through 
neurohumoral and metabol ic  changes t h a t  
r e s u l t  from e x e r c i s e  t r a i n i n g .  I n  t h i s  
diagram upward p o i n t i n g  arrows i n d i c a t e  
i nc reased  func t ion  and downward ones de- 
c reased  func t ion ,  (From Zohman and Tobis ,  
1971). 





vesse l s  i n  animals who were not exercised.  Years before  t h i s ,  Sutton 

(1931) found aneurysmal bulging of t h e  v e n t r i c l e s  i n  dogs who were 

res ted  only 2-3 days a f t e r  t h e  c rea t ion  of t h e  myocardial i n f a r c t i o n  and 

then exercised,  but i n  animals res ted  6 days and then exerc ised,  

aneurysms did not develop and small ,  we l l  healed s c a r s  were seen. Thus 

i t  would appear t h a t  exerc ise  can improve c o l l a t e r a l  blood supply without 

causing aneurysms, even i f  c a r r i e d  out  one week a f t e r  experimentally 

induced myocardial i n f a r c t i o n  i n  animals. There i s  t h e  usual  d i f f i c u l t y  

i n  ex t rapo la t ing  from experiments on animals t o  man but  these  f indings  

a r e  encouraging. 

Mallory (1939) 's tudied t h e  h e a r t s  of 72 p a t i e n t s  who died  of 

myocardial i n f a r c t s  of known dura t ion and found t h a t  t h e  smaller  i n f a r c t s  

were almost completely healed i n  5 weeks, but  t h a t  t h e  l a r g e r  ones took 

8 weeks o r  more. On t h e  o the r  hand, he found t h a t  i n f a r c t s  i n  dogs w e r e  

we l l  healed i n  2 weeks, a s  i n  Sutton's  (1931) data .  He concluded t h a t  

heal ing took longer i n  man than i n  dogs both because human h e a r t s  were 

l a r g e r  and t h e  i n f a r c t s  were the re fo re  l a r g e r  and because dogs had more 

c o l l a t e r a l  c i r c u l a t i o n .  Thomas and Harrison (1944) suggested another 

explanation of Mallory 's  f indings ,  i .e.,  t h a t  t h e  g rea te r  a c t i v i t y  of the  

dogs might have st imulated t h e  growth of c o l l a t e r a l s .  The e f f e c t s  of 

various p a t t e r n s  of a c t i v i t y  r e s t r i c t i o n  and f r e e  o r  enforced exerc i se  on 

r a t s  a f t e r  myocardial abrasion,  s imulat ing in fa rc t ion ,  were a l s o  s tudied 

by Harrison's  group. They concluded t h a t  mor ta l i ty  i s  considerably 

g r e a t e r  when r a t s  a r e  confined i n  cages post  myocardial i n f a r c t i o n  than 

when they a r e  allowed t o  resume normal a c t i v i t i e s ,  which they do spontan- 

eously wi th in  3-7 days. Presumably, these  f indings a l s o  may be r e l a t e d  



t o  the  s t imula t ion  of c o l l a t e r a l  v e s s e l  formation by exerc ise .  I n  humans, 

cineangiocardiographic s t u d i e s  of only a few individuals  by Kattus (1967) 

demonstrated t h e  formation of c o l l a t e r a l s  i n  angina p a t i e n t s  without 

coronary occlusion who were t r e a t e d  by exerc i se  therapy. Conner (1968) 

was unable t o  confirm t h i s  increase  i n  c o l l a t e r a l s  i n  s i m i l a r  s t u d i e s  on 

8 p a t i e n t s  with coronary h e a r t  d isease  who exercised i n  a medically super- 

v ised program f o r  a year.  

Other s t u d i e s  suggest t h a t  exerc i se  t r a i n i n g  leads  t o  improvement 

i n  ca rd iac  p a t i e n t s  through a l t e r a t i o n s  of c i rcu la to ry  physiology (Zohman, 

1967; Varnauskas, 1966; Sloman, 1965). Exercise t r a i n i n g  increase  the  

e f fec t iveness  with which t h e  c i r c u l a t i o n  adapts t o  exerc i se  (Cotes, 1965). 

That i s ,  exerc i se  t r a i n i n g  r e s u l t s  i n  a more e f f i c i e n t  h e a r t  wi th  a 

decreased output and a slower pulse  r a t e  f o r  t h e  same work load,  oxygen 

consumption o r  c a l o r i c  expenditure. Training a l s o  increases  the  oxygen 

a v a i l a b l e  t o  the  muscles by s t imula t ing  t h e  development of c a p i l l a r i e s  

and inc reas ing  the  concentrat ion of myoglobin, phosphocreatinine, and 

glycogen. Aerobic metabolism a f t e r  t r a i n i n g  is  then ab le  t o  support more 

a c t i v i t y  than the  p a t i e n t  could ca r ry  on p r i o r  t o  t r a in ing .  Thus exerc i se  

can t r a i n  both the  s k e l e t a l  and cardiopulmonary musculature. Kryachko 

e t  a 1  (1969) s tud ied  t h e  inf luence  of physica l  exerc i se  on t h e  func t iona l  - * 3 

s t a t e  of the  cardiovascular  system and i ts r o l e  i n  the  r e h a b i l i t a t i o n  of 

p a t i e n t s  with coronary d i sease  i n  100 p a t i e n t s  who received sus ta ined 

treatment i n  h o s p i t a l ,  i n  the  convalescent department and i n  t h e  out- 

p a t i e n t  c l i n i c ,  a s  w e l l  a s  prescr ibed physica l  exerc ise .  Twenty p a t i e n t s  

who received no physica l  exerc ises  served a s  controls .  They found t h a t  



t imely ,  r e g u l a r  and s u s t a i n e d  u s e  of p h y s i c a l  e x e r c i s e  combined w i t h  drug 

therapy  of p a t i e n t s  wi th  coronary d i s e a s e  h e l p s  t o  improve t h e  myocardial  

f u n c t i o n  and t h e  development of compensatory mechanisms of c i r c u l a t i o n .  

It enhances t h e  e f f i c a c y  of t rea tment  and c o n t r i b u t e s  t o  more r a p i d  re -  

h a b i l i t a t i o n .  

Neurohumoral and metabol ic  f a c t o r s  a l s o  i n f l u e n c e  c a r d i a c  f u n c t i o n  

and c a r d i a c  r e se rves ,  and these ,  t oo ,  may b e  in f luenced  by e x e r c i s e .  

Exe rc i se  t r a i n i n g  programs can, seemingly, r e v e r s e  some of t h e  de t r imen ta l  

e f f e c t s  of unaccustomed s t r e s s  by s t i m u l a t i n g  c a r d i o p r o t e c t i v e  r e s i s t a n c e ,  

t h a t  i s ,  by decreas ing  t h e  outpouring of catecholamines dur ing  a c t i v i t y  

(Raab, 1966). catecholamines (adrenomedullary ep inephr ine  and neuro- 

g e n i c  norepinephrine)  a r e  "oxygen-wasting" i n  t h a t  they  r e q u i r e  

myocardial  oxygen f o r  t h e i r  metabolism, t hus  dep r iv ing  t h e  c e l l s  of t h e  

f u l l  amount of oxygen d e l i v e r e d  t o  them by t h e  coronary c i r c u l a t i o n .  

Ischemic l o s s  of myocardial glycogen and potassium, changes of metabolism, 

and a d e c l i n e  i n  myocardial  c o n t r a c t i l i t y  may occur  i n  t h e  presence  of 

c i r c u l a t i n g  catecholamines w i t h  u l t i m a t e  hypoxic damage o r  even f o c a l  

n e c r o s i s .  

Raab e t  a l . ,  (1966) have provided evidence f o r  a r educ t ion  by 

h a b i t u a l  p h y s i c a l  e x e r c i s e  of t h e  exaggerated c a r d i a c  sympathet ic  t one  

and r e a c t i v i t y  which r e s u l t s  from sedentary  l i v i n g  and which endangers 

myocardial  oxygen economy, e s p e c i a l l y  i n  t h e  presence  of coronary 

a t h e r o s c e l e r o s i s .  Thus, e x e r c i s e  t r a i n i n g  may b e  b e n e f i c i a l  t o  t h e  

c a r d i a c  by decreas ing  myocardial oxygen demands. I n  a d d i t i o n  t o  t h e s e  

p o s s i b l e  b e n e f i t s  of e x e r c i s e  t r a i n i n g  programs t o  p e r i p h e r a l  musculature 



o r  coronary v e s s e l s ,  t h e r e  i s  t h e  widely acknowledged c l i n i c a l  obse rva t ion  

of t h e  sense  of well-being and improved p h y s i c a l  performance i n  d a i l y  

a c t i v i t i e s  experienced by those  p a r t i c i p a t i n g  i n  such programs. 

H e l l e r s t e i n  (1968) r e p o r t s  s u b j e c t i v e  improvement w i th  a s t a t e  

of well-being i n  over  90% of s u b j e c t s  who p a r t i c i p a t e d  i n  such a recon- 

d i t i o n i n g  program. Although i t  i s  admi t ted ly  d i f f i c u l t  t o  o b t a i n  v a l i d  

comparative d a t a  on long-term s u r v i v a l  a f t e r  i n f a r c t i o n ,  H e l l e r s t e i n  

(1966) repor ted  t h a t  i n  697 pa t i en t -yea r s  t h e r e  were 11 dea ths  from 

coronary d i s e a s e  of men on t h e  program. He concluded t h a t  t h e  inc idence  

i s  5 dea ths  p e r  100 p a t i e n t s  p e r  y e a r ,  s o  t h a t  35 might have been ex- 

pec ted  t o  occur w i thou t  t h e  f i t n e s s  program. Brunner (1968) i n  I s r a e l  

r e p o r t s  2 deaths  and 4 second i n f a r c t s  i n  64 p a t i e n t s  du r ing  t h e  f i r s t  

y e a r  on t h e  r econd i t i on ing  program, compared t o  7 dea ths ,  9 r e c u r r e n t  

i n f a r c t s ,  10 conges t ive  f a i l u r e s ,  and 30 angina  c a s e s  among a n  equal  

number of myocardial i n f a r c t  p a t i e n t s  who d id  n o t  p a r t i c i p a t e  i n  t h e  

program. 

Sloman and a s s o c i a t e s  (1965) found an  i n c r e a s e  i n  t h e  p h y s i c a l  

working capac i ty  of t r a i n e d  c a r d i a c  p a t i e n t s ;  Rechni tzer  e t  a l . ,  (1965),  

observed increased  muscular endurance and Varnauskas, Bergman, Houk and 

Bjbrn tarp  (1966), improved e x e r c i s e  t o l e r a n c e  and reduced l e f t  v e n t r i c u l a r  

work of s i m i l a r l y  t r a i n e d  c a r d i a c  p a t i e n t s .  I n  a d d i t i o n ,  e l e c t r o c a r d i o -  

g raph ic  improvement has  been noted i n  t r a i n e d  c a r d i a c  p a t i e n t s  (Hel ler-  

s t e i n  e t  al . ,  1967). Exe rc i se  has  been claimed t o  reduce t h e  blood choles- 

t e r o l ,  lower t h e  blood p r e s s u r e ,  diminish s k i n f o l d  th i ckness ,  reduce 

o b e s i t y  and i n c r e a s e  glucose t o l e r a n c e  (Hickie ,  1968).  There is  gene ra l  



agreement t h a t  exerc i se  programmes do reduce some, i f  not  a l l ,  plasma 

l i p i d s  (Montoye et a l . ,  1959; Hollozy - et -* a 1  9 1964; Carlson and Moss- 

f e l d t ,  1964; Shane, 1966; Campbell, 1965; Naughton and McCoy, 1966). 

Training experiments i n  dogs, e s tab l i shed  t h a t  physica l  condi- 

t ion ing  can be  achieved i n  t h e  presence of acute myocardial i n f a r c t i o n  

(Kaplinsky e t  a l . ,  1968) and t h a t  t h e  exerc i se  program is not  harmful. 

The experiment was performed i n  two groups of dogs which had t h e i r  

coronary a r t e r i e s  l i g a t e d  t o  produce i n f a r c t i o n  of 15-30% of t h e  l e f t  

v e n t r i c l e .  A l l  animals were then examined during exerc i se  between t h e  

3rd and 6 th  day a f t e r  t h e  l i g a t i o n .  Thereaf ter ,  t h e  animals were divided 

randomly i n t o  a t r a ined  and a con t ro l  group. The t r a ined  group was 

exercised on a t readmi l l  f o r  30 minutes, twice d a i l y ,  s i x  days a week 

f o r  a per iod of f i v e  weeks a f t e r  t h e  coronary occlusion. Af te r  t r a i n i n g ,  

these  dogs had a slower h e a r t  r a t e  both a t  r e s t  and during exerc i se  and 

a l s o  a lower ca rd iac  output.  The con t ro l  dogs showed s i g n i f i c a n t l y  

g rea te r  rises i n  l a c t a t e  and plasma catecholamines during exerc i se  than 

t h e  t r a ined  animals. No harmful e f f e c t s  of t r a i n i n g  developed. A l l  

t r a ined  animals e s tab l i shed  c o l l a t e r a l  channels. 

A t r a i n i n g  program f o r  p a t i e n t s  wi th  hypokinetic c i r c u l a t i o n  has 

been t r i e d  w i t h  good r e s u l t s  i n  p a t i e n t s  with healed i n f a r c t i o n s  (Frick 

and K a t i l a ,  1968; Rechnitzer e t  a l . ,  1967a; Rechnitzer - et * a 1  9 1967b and 

McPherson - e t  -* dl 1967). Training f o r  24 weeks, two evenings a week, 

with inc reas ing  i n t e n s i t y  produced very favourable changes both i n  mood 

and muscular endurance (Rechnitzer -- et  a l . ,  1967b). The Frick study 

(Frick,  1968) involved a group which t r a ined  t h r e e  periods weekly f o r  one 



t o  two months on a b i c y c l e  ergometer a t  a load  which produced a h e a r t  

r a t e  of over  100 bea ts lmin  ending wi th  a  s h o r t  per iod  t o  a l e v e l  which 

induced angina o r  a  h e a r t  r a t e  of 150 bea ts lmin .  The t r a i n i n g  r e s u l t e d  

i n  a  r educ t ion  of e x e r c i s e  h e a r t  r a t e  and tension-t ime index,  and enhance- 

ment of s t r o k e  volume. L e f t  v e n t r i c u l a r  func t ion  was improved and t h e  

e x e r c i s e  t o l e r a n c e  increased .  

Evident ly ,  p a t i e n t s  w i t h  a  hea led  myocardial  i n f a r c t i o n  can 

d e r i v e  g r e a t  b e n e f i t  from an  i n c r e a s e  i n  p h y s i c a l  a c t i v i t y ,  b u t  type ,  

op t imal  l e v e l  and t ime a f t e r  i n f a r c t  t o  start  t r a i n i n g  have n o t  been w e l l  

e s t a b l i s h e d .  Phys io log ica l  responses a r e  cha rac t e r i zed  by s i g n i f i c a n t  re- 

duc t ion  of t h e  r e s t i n g  p u l s e  rate, s y s t o l i c  and d i a s t o l i c  blood p r e s s u r e s  

bo th  a t  r e s t  and du r ing  comparable l e v e l s  of energy expendi tures  and by 

a s i g n i f i c a n t  i n c r e a s e  i n  p h y s i c a l  working capac i ty  (Naughton e t  a l . ,  

1966; H e l l e r s t e i n  and Horns te in ,  1966). According t o  Naughton e t  al . ,  

(1969) t h e s e  p a t i e n t s  d i f f e r e d  ( c l i n i c a l l y )  fo l lowing  t r a i n i n g  i n  t h a t  

they  worked t o  g r e a t e r  l e v e l s  w i th  l e s s  s e n s a t i o n  of discomfort  and 

f a t i g u e .  The decrease  i n  p u l s e  r a t e  and s y s t o l i c  blood p r e s s u r e  i nd i -  

c a t e d  t h a t  t h e  t r a i n i n g  process  was accompanied by a  s i g n i f i c a n t  r educ t ion  

i n  myocardial oxygen consumption. These changes were a l s o  r e f l e c t e d  i n  

t h e  s y s t o l i c  tension-t ime index r epor t ed  by H e l l e r s t e i n  (1966). 

Although few s t u d i e s  r e l a t i n g  t h e  a l t e r n a t i o n s  i n  blood flow 

which occur  as a r e s u l t  of r e g u l a r  phys i ca l  a c t i v i t y  have been r epor t ed ,  

some f i n d i n g s  sugges t  t h a t  t h e  t r a i n e d  c a r d i a c  p a t i e n t  has  a l a r g e r  r e s t -  

i n g  s t r o k e  volume than  a comparable sedentary  b u t  o therwise  hea l thy  in-  

d iv idua l .  Crews and Aldinger  (1967) repor ted  t h a t  ch ron ic  e x e r c i s e  



increased myocardial function.  Whitset t  and Naughton (1968) reported t h a t  

ca rd iac  p a t i e n t s  who engaged i n  regular  physica l  a c t i v i t y  responded t o  

moderate l e v e l s  of physical  exerc i se  with a s i g n i f i c a n t  shortening of 

t h e  l e f t  v e n t r i c u l a r  e j ec t ion  time, whereas i t  was prolonged during t e s t  

exe rc i se  i n  t h e  sedentary groups of pa t i en t s .  These f indings  suggest t h a t  

r egu la r  physica l  a c t i v i t y  enhances t h e  s t r eng th  of myocardial c o n t r a c t i l i t y  

even i n  the  presence of known myocardial d isease ,  although the  exact  

mechanism remains t o  be explained. 

EFFECT OF EXERCISE ON CATECHOLAMINE LEVELS 

There i s  s u b s t a n t i a l  evidence t h a t  the  catecholamine l e v e l s  i n  

plasma a r e  increased a f t e r  severe o r  prolonged muscular work and exerc ise .  

Gray and Beetham (1957) found t h a t  plasma l e v e l s  of noradrenaline in- 

creased s i g n i f i c a n t l y  a f t e r  severe exerc i se  whereas t h e  plasma adrenaline 

was more var iable .  Munro and Robinson (1958) found a r i s e  i n  norepine- 

phrine l e v e l s  but  not  i n  epinephrine; when t h e  sub jec t  ran  a quar te r  mile 

o r  more, t h e  plasma epinephrine l e v e l s  were increased.  Vendsalu (1960) 

found increased l e v e l s  of catecholamines a f t e r  exerc ise .  Klensch (1966) 

found a r i s e  i n  venous plasma noradrenaline from 0.2 t o  0.42 ng/ml. a f t e r  

exerc i se  a t  100 wat ts  f o r  t e n  minutes. The adrenal ine  l e v e l  only rose  i f  

t h e  exerc i se  was prolonged f o r  a f u r t h e r  10 minutes. 

When two normal men performed muscular work a t  r a t e s  of 600 Kg-m/min 

f o r  30 minutes, t h e i r  plasma noradrenaline l e v e l s  rose  by four  and s ix-  

f o l d ,  bu t  t h e  plasma l e v e l s  of conjugated noradrenaline rose  only by about 

50% (Haggendal, 1963). Similar  e f f e c t s  of exerc i se  have a l s o  been shown 



on t h e  u r ina ry  e x c r e t i o n  of catecholamines by Euler  (1966) and B a n i s t e r  

(1966). 

Gazes, Richardson and Woods (1959) found i n c r e a s e s  i n  t h e  plasma 

catecholamines a f t e r  e x e r c i s e  i n  p a t i e n t s  s u f f e r i n g  from angina p e c t o r i s ,  

w i t h  l i t t l e  o r  no change i n  normal sub jec t s .  Marked d i f f e r e n c e s  i n  t h e  

responses of p a t i e n t s  w i t h  conges t ive  h e a r t  f a i l u r e  and normal s u b j e c t s  

have been observed (Chidsey e t  a l , ,  1962; Braunwald e t  al . ,  1963).  These 

workers found t h a t  p a t i e n t s  w i t h  h e a r t  d i s e a s e  wi thout  conges t ive  f a i l u r e  

responded i n  exac t ly  t h e  same way as normal s u b j e c t s  t o  moderate exer- 

c i s e  (100 f t - lbs/min.  a t  40 rpm f o r  four  t o  s i x  min). There w a s  a s l i g h t  

r i s e  i n  plasma no rad rena l ine  l e v e l  t oge the r  w i th  an  i n c r e a s e  i n  h e a r t  r a t e  

and oxygen consumption. However, i n  conges t ive  h e a r t  f a i l u r e  t h e  r e s t i n g  

nor .adrenal ine l e v e l  tended t o  b e  h ighe r  than  normal, i n  some cases  markedly 

so ,  and a f t e r  moderate e x e r c i s e  t h e  plasma no rad rena l ine  l e v e l s  r o s e  con- 

s i d e r a b l y .  There were no c o n s i s t e n t  changes i n  t h e  plasma A l e v e l s  i n  any 

of t h e  groups. Normal s u b j e c t s  were subjec ted  t o  more s e v e r e  e x e r c i s e  of 

3300 f t - lb/min a t  60 rev/min f o r  6 minutes. This  procedure r a t h e r  more 

than  doubled t h e  plasma nor ad rena l ine  l e v e l .  

Chr is tensen  (1971) measured plasma catecholamines i n  5 young males 

and i n  2 j u v e n i l e  d i a b e t i c s  du r ing  k e t o s i s  a s  w e l l  a s  a f t e r  a pe r iod  of 

i n s u l i n  t reatment .  Plasma catecholamines were twice as h igh  a t  r e s t ,  and 

t h e  i n c r e a s e  du r ing  e x e r c i s e  was approximately 8 t imes h ighe r  i n  t h e  k e t o l i c  

d i a b e t i c s  compared t o  c o n t r o l s .  Hzggendal et al .  (1970), measured t h e  nor- 

ad rena l ine  l e v e l s  i n  a r t e r i a l  blood plasma a t  r e s t  and du r ing  i n c r e a s i n g  

muscular e x e r c i s e  i n  5 hea l thy  men and found t h e  l e v e l s  t o  b e  s i g n i f i c a n t l y  

c o r r e l a t e d  t o  t h e  oxygen consumption, measured a t  submaximal and c a l c u l a t e d  

a t  supramaximal work. 



CWTER I11 

METHODS 

SUBJECTS AND DATA COLLECTION 

This study consis ted  of two groups of subjec ts :  

Group A: Normal Healthy Males 

Five a d u l t ,  hea l thy  males, ranging i n  age from 23-39 years  and 

experienced i n  exe rc i se  t r a i n i n g ,  performed a t  var ious  work loads  (900, 

1200, 1500, 1800 Kgmlmin) and samples of venous blood were taken a t  rest, 

3, 6, 9 minutes of e x e r c i s e  and i n  recovery a t  3 and 6 minutes. Plasma 

catecholamine s e c r e t i o n  during and i n  recovery from exer t ion  was inves t i -  

gated t o  determine t h e  optimal time of pos t  exe rc i se  blood sampling 

r e f l e c t i n g  c i r c u l a t i n g  exe rc i se  l eve l s .  During each of these  t a sks ,  

oxygen uptake ( t o  ) was measured during unloaded peda l l ing  and through- 2 

out  the  9 minutes of exe rc i se ,  where t h i s  could be  completed, and a t  3 

and 6 minutes a f t e r  t h e  end of t h e  task.  I n  t h e  case where 9 minutes 

of work could not  be completed (1800 Kgmlmin) to2  was measured each 

minute u n t i l  exhaustion and i n  recovery a s  before.  

Group B: Post Myocardial I n f a r c t i o n  P a t i e n t s  

Fourteen a d u l t ,  male pos t  i n f a r c t  p a t i e n t s  were matched a s  c lose ly  

a s  poss ib le  on t h e  b a s i s  of c l i n i c a l  h i s t o r y ,  age, he igh t ,  weight and 

response t o  an i n i t i a l  exe rc i se  to le rance  t e s t .  They were subdivided 

i n t o  th ree  sub-groups: 



Group I - t r a i n e d  on t h e  Von Dabeln b i c y c l e  ergometer by t h e  c y c l i c  

method, which cons i s t ed  of a l t e r n a t e  h igh  e f f o r t  (60% of 

t h e  maximum work capac i ty  determined by t h e  PWC 190) and 

low e f f o r t  (40% of t h e  PWC 190).  They exe rc i sed  a s  fol lows:  

f i v e  minutes of unloaded cyc l ing ,  f o u r  minutes of h igh  

e f f o r t ,  two minutes of unloaded cyc l ing  (which w a s  a rest 

i n t e r v a l ) .  This  w a s  followed by f o u r  minutes of low e f f o r t  

and two minutes of unloaded cyc l ing .  Each s e s s i o n  comprised 

t h r e e  high-low e f f o r t  s e r i e s .  Continuous ECG monitor ing of 

t h e  p a t i e n t s  was followed throughout.  T o t a l  t r a i n i n g  t i m e  

w a s  fo r ty - f ive  minutes.  Th i s  group had f i v e  s u b j e c t s .  

Group I1 - This  group performed a t  a moderate r e s i s t a n c e  of 50% of 

maximum work capac i ty  (determined by PWC 190) cont inuous ly  

throughout t h e  e x e r c i s e  per iod.  Each t r a i n i n g  s e s s i o n  com- 

p r i s e d  a f i v e  minute warm-up, t h i r t y  minutes of cont inuous 

cyc l ing  and a f i v e  minute recovery w i t h  continuous ECG moni- 

t o r i n g  a t  a l l  s t a g e s  of t h e  work. T ra in ing  took p l a c e  f i v e  

days pe r  week. Th i s  group had f i v e  s u b j e c t s .  

Group 111 - This  group p a r t i c i p a t e d  i n  a ca l i s then ic s - jogg ing  program 

t h r e e  days p e r  week. This  comprised t h i r t y  minutes of c a l i s -  

t h e n i c s ,  followed by twenty minutes of a run-walk s e r i e s .  

On t h e  two days between t r a i n i n g  s e s s i o n s ,  t h e  p a r t i c i p a n t s  

walked b r i s k l y  f o r  t h i r t y  minutes each day. Th i s  group had 

only fou r  s u b j e c t s .  



The average age of t h e  members of Group B was 47 y e a r s  and they  

were, on average, 5 months p o s t  myocardial i n f a r c t i o n .  Table I summarizes 

p e r t i n e n t  phys i ca l  traits,  diagnosed f u n c t i o n a l  c l a s s i f i c a t i o n ,  diagnosed 

cond i t i on ,  and i n i t i a l  type  of t r a i n i n g  of each p a r t i c i p a n t  of Group B. 

The experiment ran  f o r  24 weeks. Exerc ise  t o l e r a n c e  of a l l  14 men 

was f i r s t  e s t a b l i s h e d  on the  b i c y c l e  ergometer (3  t e s t s ) .  These sub- 

maximal t e s t s  were run t o  t h e  limits of t h e  p a t i e n t s '  s u b j e c t i v e  t o l e r -  

ance,  angina,  a  h e a r t  r a t e  l i m i t  of 170 beat lmin.  o r  e l e c t r o c a r d i o g r a p h i c  

changes. 

The experiment was conducted w i t h  an  a l t e r n a t i n g  design.  The 

i n i t i a l  e x e r c i s e  t e s t s  were c a r r i e d  out  i n  t h e  f i r s t  two weeks, a f t e r  

which sys t ema t i c  t r a i n i n g  began f o r  men i n  each subgroup of Group B. 

A f t e r  t e n  weeks of t r a i n i n g  t h e  cont inuous e f f o r t  group switched 

t o  c y c l i c  t r a i n i n g  and t h e  c y c l i c  t o  continuous. These two groups 

t r a i n e d  f o r  another  t e n  weeks wh i l e  t h e  ca l i s then ic - jogg ing  group cont inued 

t h e i r  o r i g i n a l  type  of t r a i n i n g .  F i n a l l y ,  a l l  t h r e e  groups t r a i n e d  by t h e  

continuous method. Exerc ise  took p l a c e  i n  t h e  physiotherapy departments 

of two h o s p i t a l s  o r  i n  t h e  Human Performance l a b o r a t o r y  a t  Simon F r a s e r  

Un ive r s i t y  w i t h  a  phys ic ian  immediately a v a i l a b l e  w i t h  emergency equipment 

a t  a l l  t r a i n i n g  and t e s t i n g  se s s ions .  A dc  d e f i b r i l l a t o r  and r e s u s c i t a t i o n  

equipment, i nc lud ing  oxygen and appropr i a t e  drugs were immediately ava i l -  

a b l e  dur ing  a l l  t r a i n i n g  and t e s t i n g  per iods .  
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EXERCISE TOLERANCE TESTS 

Three e x e r c i s e  t o l e r a n c e  t e s t s  were c a r r i e d  out  on each of t h e  

f o u r t e e n  p a t i e n t s  i n  Group B according t o  t h e  method of Wyndham (1967). 

Each test comprised a s i x  minute w a r m  up per iod  (50 revolut ions/min;  no 

l o a d ) ,  t h r e e  s i x  minute p rog res s ive ly  i n c r e a s i n g  work loads ,  w i th  a 

f i v e  minute pause between each load  followed by a f i v e  minute p e d a l l i n g  

recovery per iod .  

A s  t r a i n i n g  progressed,  t h e  f i r s t  work load  was inc reased  s o  

t h a t  a h e a r t  r a t e  of 110 + 10  was always achieved; t h e  fo l lowing  two work 

rates were a l s o  ad jus t ed  appropr i a t e ly  upwards as t h e  men became trained--  

always however, i t  w a s  endeavoured t o  keep t h e  h e a r t  r a t e  a t  each work 

r a t e  n e a r  t o  110, 130, 150 beat lmin.  r e spec t ive ly .  The ECG was monitored 

cont inuous ly  and from t h e  r e s u l t s  of t h r e e  i n i t i a l  t e s t s ,  work r a t e  was 

p l o t t e d  a g a i n s t  h e a r t  r a t e  and t h e  p h y s i c a l  working capac i ty  a t  170 b e a t /  

min. (PWC 170) was e s t ab l i shed .  These tests were based on t h e  publ ica-  

t i o n s  of S jos t r and  (1947) and Wahlund (1948). The phys i ca l  working 

capac i ty  a t  190 beat lmin (PWC 190) was then  e s t a b l i s h e d  from t h e s e  graphs. 

Every two weeks a t  each t e s t  s e s s i o n  a r e s t i n g  and pos t -exerc ise  

( f i n a l  work r a t e )  sample of venous blood were taken  f o r  catecholamine 

a n a l y s i s .  

COLLECTION OF BLOOD AND CATECHOLAMINE ANALYSIS 

I n  Group A ,  a 19 gauge needle  b u t t e r f l y  c a t h e t e r  was in t roduced  

i n t o  t h e  r i g h t  an t e -cub i t a l  v e i n  of each s u b j e c t  p r i o r  t o  t h e  beginning 

of work. Th i s  c a t h e t e r  was kep t  p a t e n t  by hepa r in  i n  s a l i n e  s o l u t i o n .  



Twenty m l  of blood were taken s e r i a l l y ,  throughout work and recovery 

f o r  l a t e r  a n a l y s i s  of plasma catecholamines (norepinephrine and epine- 

ph r ine ) .  A c o n t r o l  blood sample was taken p r i o r  t o  beginning t h e  work 

t a s k  dur ing  a pe r iod  of unloaded peda l l i ng .  This  (60 rpm-no load)  c o n t r o l  

pe r iod  served  a s  a  b e t t e r ,  l e s s  v a r i a n t  base  l i n e  cond i t i on  f o r  bo th  

oxygen uptake and plasma catecholamines than  e i t h e r  of r e s p e c t i v e  measures 

taken  a t  r e s t .  

I n  Group B, blood from t h e  a n t e c u b i t a l  ve in  w a s  c o l l e c t e d  a t  r e s t  

and a t  t h e  end of t h e  f i n a l  work r a t e  dur ing  each t e s t  s e s s ion .  The 

l a t t e r  sample was c o l l e c t e d  s i x  minutes p o s t  exe rc i se .  A polypropylene 

tube  con ta in ing  e thylene  diamine t e t r a - a c e t i c  a c i d  (EDTA) w a s  used f o r  

c o l l e c t i o n .  The sample was cen t r i fuged  a t  3000 rpm. f o r  twenty minutes.  

Plasma w a s  s epa ra t ed  from t h e  sedimented r ed  c e l l s  and t h e  volume recorded. 

Equal volumes of plasma were taken f o r  percentage  recovery s t u d i e s  and 

a n a l y s i s .  The requi red  amounts of norepinephr ine  and ep inephr ine ,  gener- 

a l l y  1 0  mg. of each,  were then  added t o  t h e  plasma a l i q u o t s .  P r o t e i n  

was p r e c i p i t a t e d  by t h e  a d d i t i o n  of 1 /10  volume of 4 N p e r c h l o r i c  ac id  t o  

each plasma specimen. The s o l u t i o n  was shaken v igorous ly  f o r  two 

minutes and then  cen t r i fuged  a t  30,000 x g f o r  twenty-five minutes a t  

5-100C. High speed c e n t r i f u g a t i o n  was c a r r i e d  ou t  i n  polypropylene 

kimble tubes.  Af t e r  c e n t r i f u g a t i o n ,  t h e  c l e a r  supe rna t an t  w a s  removed 

and i t s  volume recorded. A t  t h i s  p o i n t  t h e  sample was prepared f o r  

catecholamine e x t r a c t i o n  and may e i t h e r  b e  analysed d i r e c t l y  o r  f rozen  

and s t o r e d  f o r  l a t e r  ba t ch  ana lys i s .  



It i s  important  t h a t  t h e  catecholamines be concent ra ted  o r  

p u r i f i e d  t o  remove f luo rescen t  contaminants a r i s i n g  from t h e  blood. I n  

t h i s  procedure t h e  method of Anton and Sayre (1962) i s  used i n  which 

alumina s e l e c t i v e l y  absorbs t h e  catecholamines a t  pH 8.5. 

Aluminum Oxide Act iva t ion :  

1. A mixture 'o f  100 g. A1203 p lus  500 ml of HC1 i n  a 1-litre 

beaker  i s  covered w i t h  a watch g l a s s  and hea t ed  a t  9 0 - 1 0 0 ~ ~  

f o r  45 minutes w i t h  continuous and r ap id  s t i r r i n g .  A 

magnetic s t i r r e r - h o t  p l a t e  combination is  used. 

2. The beaker  i s  removed from t h e  h e a t e r - s t i r r e r  and t h e  

heav ie r  p a r t i c l e s  of alumina are allowed t o  s e t t l e  f o r  

e x a c t l y  1% minutes. The yel low supe rna tan t  and f i n e r  

p a r t i c l e s  a r e  then  d iscarded .  

3. The remaining alumina is  then  washed twice  w i t h  f r e s h  

200 m l .  p o r t i o n s  of 2 N H C 1  a t  700C f o r  10 minutes w i t h  

cont inuous s t i r r i n g  and hea t ing .  The mixture  i s  allowed 

t o  s e t t l e  and t h e  s u p e r i n a t a n t  decanted as i n  s e c t i o n  2. 

4. A f i n a l  a c i d  wash wi th  500 m l .  of 2 N H C 1  f o r  1 0  minutes 

at  50•‹C is  done and t h e  mixture  t r e a t e d  aga in  as i n  

s e c t i o n  2. 

5 .  A f t e r  decant ing  t h e  f i n a l  H C 1  wash, t h e  remaining A1203 

is  washed w i t h  f r e s h  200 ml por t ions  of g l a s s  d i s t i l l e d  

water 20-25 t imes ,  a l lowing t h e  heav ie r  p a r t i c l e s  t o  

s e t t l e  and decant ing  the  supe rna t an t  each t ime a s  des- 

c r ibed  i n  s e c t i o n  2. The f i n a l  pH of t h e  supe rna t an t  



discarded  should be above 3.4 

The alumina is  t r a n s f e r r e d  t o  an evapora t ing  d i s h  and 

placed i n  an oven f o r  1 hour a t  1 2 0 ~ ~ .  The d r i e d  alumina 

i s  then hea ted  at 200•‹C f o r  2 hours .  

The a c t i v a t e d  alumina i s  then  p l aced  i n  a n  incuba to r  a t  

3 7 O ~  f o r  s to rage .  

Cat echolamine Ex t r ac t ion  Technique: 

1. The c l e a r  superna tan t  of p ro t e in - f r ee  f i l t r a t e  desc r ibed  

above is  accu ra t e ly  p i p e t t e d  ( t h e  volume recorded)  i n t o  a 

50-ml beaker conta in ing  300 mg of a c t i v a t e d  alumina, 

200 mg of NaZEDTA and 10 mg of sodium metabisu lphi te .  The 

t o t a l  volume is  then  made up t o  approximately 25 m l  w i t h  

0.1 N p e r c h l o r i c  ac id .  Under cons t an t  r ap id  s t i r r i n g  wi th  

a g l a s s  rod a t t ached  t o  a s t i r r i n g  motor, t h e  mixture  i s  

brought t o  and maintained a t  pH 8.5 by t h e  dropwise a d d i t i o n  

of sodium hydroxide. Th i s  mixture  is allowed t o  r e a c t  f o r  

4 minutes under cons tan t  pH monitor ing and r a p i d  s t i r r i n g .  

2. Af t e r  t h e  s t i r r i n g  has  s topped,  t h e  A l  0 i s  allowed t o  
2 3 

s e t t l e  f o r  1% minutes and t h e  s u p e r i n a t a n t  is a s p i r a t e d  o f f  

and discarded.  

3. The p r e c i p i t a t e d  A 1  0 is  washed i n t o  a p l a s t i c  t ube  w i t h  
2 3 

approximately 10 m l  d i s t i l l e d  water .  The tube  is  s toppered ,  

shaken t o  suspend t h e  alumina, cen t r i fuged  f o r  1 minute i n  

a c l i n i c a l  c e n t r i f u g e  and t h e  supe rna t an t  a s p i r a t e d  o f f .  

This wash is  repea ted  a minimum of f o u r  t imes.  



Af te r  t h e  f o u r t h  water wash, 4.0 m l  of O.IN p e r c h l o r i c  

a c i d  i s  added t o  t h e  alumina and t h e  tube  t i g h t l y  capped. 

The catecholamines a r e  e l u t e d  by v igorous ly  shaking t h e  

tube  f o r  15 minutes i n  a mechanical shaker .  

The mixture i s  then  cen t r i fuged  i n  a c l i n i c a l  c e n t r i f u g e  

and the  superna tan t  removed and p laced  i n  a polypropylene 

tube.  This  superna tan t  is  then  cen t r i fuged  a t  30,000 x g 

f o r  10 minutes. The c l e a r  supe rna t an t  is  t r a n s f e r r e d  wi th  

a Pas t eu r  p i p e t t e  t o  a graduated con ica l  c e n t r i f u g e  tube  

and t h e  volume is  recorded. This  f i n a l  s o l u t i o n  con ta ins  

t h e  catechol'amines and may b e  d i r e c t l y  assayed o r  f rozen .  

The catecholamines were assayed i n  an Aminco-Bowman spec t ro-  

photofluorometer  according t o  t h e  procedure of G r i f f i t h s  and Leung (1970). 

A f t e r  ox ida t ion  wi th  iod ine  and tau tomer iza t ion  i n  a l k a l i  t o  

form t h e  f luo rescen t  t r ihydroxy-indole d e r i v a t i v e s ,  de te rmina t ions  can 

b e  made (under s t anda rd  l i g h t  and temperature cond i t i ons )  of norepine- 

p h r i n e  (pH 6 . 5 )  a t  e x c i t a t i o n  and emission wavelengths of 380 nm and 

480 nm re spec t ive ly  and of ad rena l ine  (pH 4.0) at e x c i t a t i o n  and emission 

wavelengths of 425 nm and 500 nm re spec t ive ly .  Because t h e  emission 

wavelengths of norepinephrine and ep inephr ine  a r e  s o  c l o s e  t o  each o t h e r  

(480 nm and 500 nm r e s p e c t i v e l y ) ,  q u a n t i t i e s  of bo th  catecholamines occur 

a t  pH 6.5 and pH 4.0. 

Therefore,  i t  i s  necessary t o  d i f f e r e n t i a t e  them by us ing  t h e  

fo l lowing  simultaneous equat ions  i n  t h e  ca l cu la t ions :  



where: 

x = ngrps NE i n  reac t ion  mixture 

y = ngms E i n  reac t ion  mixture 

ARf6.5 
= sample F1 - sample blank a t  pH 6.5 

ARf4. 0 
= sample F1 - sample blank a t  pH 4.0 

SNE6. 5 = r e l a t i v e  F1 units/ngm of NE standard a t  pH 6.5 

NE4.0 = r e l a t i v e  F1 units/ngm of NE s tandard at  pH 4.0 

E6.5 
= r e l a t i v e  F1 units/ngm of E s tandard a t  pH 6.5 

E4.0 = r e l a t i v e  F1 units/ngm of E s tandard a t  pH 4.0 

Concentration of catecholamine i n  plasma - ngms/ml 

(D) (B) (1) 
Concentration i n  plasma = x o r  y --- 

(E) (C) (A) 

where 

x o r  y as above concentrat ion of NE o r  E i n  ng 

A = volume plasma - n i l  

B = volume of plasma + perch lo r ic  ac id  - m l  

C = Volume of p ro te in  f r e e  f i l t r a t e  f o r  ex t rac t ion  - m l  

D = volume of ac id  recovered from t h e  alumina - ml 

E = a l i q u o t  of ac id  e x t r a c t  assayed - m l  



Instrumentation: 

An Aminco-Bowman spectrophotofluorometer (SPF) supplied by 

American Instrument Co. Inc., equipped with a xenon lamp with an off- 

axis ellipsoidal condensing system was used. 

During the assay procedure, the off-axis ellipsoidal system 

must be reset to an arbitrary relative intensity by use of the entrance 

slits or focussing attachments. A quinine sulphate solution with a 

concentration of 1 microgram per cc. is used; set at 350 nm, excitation 

and 450 nm, emission wavelengths to monitor the SPF. 



CHAPTER I V  

RESULTS 

CIRCULATING PLASMA CATECHOLAMINE ELEVATION AND DECLINE 
DURING EXERCISE AND RECOVERY I N  NORMAL HEALTHY SUBJECTS 

Plasma norephinephrine (NE) and epinephrine (E) during unloaded 

bicycl ing and exercise a r e  shown i n  Table 11. They were measured i n  

a group of f i v e  healthy men a t  i n t e rva l s  throughout work a t  four  l eve l s  

of i n t ens i t y  (900, 1200, 1500, 1800 ~g-m/min a t  100 rpm). Each exercise  

l a s t ed  nine minutes o r  u n t i l  exhaustion. 

Throughout each work r a t e ,  a progressive increase  i n  the  eleva- 

t i o n  of the  c i rcu la t ing  catecholamines may be  observed and the  highest  

mean values reached by both NE and E occurred j u s t  p r i o r  t o  exhaustion. 

The progressive increase i n  the  e levat ion of t he  c i r cu l a t i ng  

catecholamines during exer t ion was followed by a decl ine  i n  t h e i r  l eve l s  

during recovery but they remain elevated up t o  s i x  minutes post  exercise.  

These r e s u l t s  provide supportive evidence t o  j u s t i f y  the  co l l ec t ion  of 

the  post  exerc ise  plasma samples from cardiac pa t i en t s  between the  t h i rd  

and the  s i x t h  minute post exerc ise ,  i n  order t o  character ize  cardio- 

vascular  s t r e s s .  

I n  healthy subjects ,  although s i x  minute post exerc ise  c i r cu l a t i ng  

plasma catecholamines l eve l s  a r e  not  as high as  immediate post  exerc ise  



TABLE 11 

PLASMA NOREPINEPHRINE AND EPINEPHRINE IN VENOUS BLOOD DURING THE 
COURSE OF WORK AT DIFFERENT RATES IN 5 MALE SUBJECTS* (MEAN 2SE) 

TIME 900 kpmlmin 1200 kpmlmin 1500 kpm/min 1800 kpm/min 

NE E NE E NE E TIME NE E 
nglml nglml nglml nglml nglml nglml ng/ml n g / d  

w-up 0.21 
2. 03 

WARM-UP 0.24 
2.04 

* 1500 kpmlmin, n = 4 f o r  E6 and E 
9 

n = 4 f o r  R6 

1800 kpmlmin, n = 3 f o r  E2 

n = 4 f o r  E3 



values ,  i t  i s  considered t h a t  they r e f l e c t  the  cardiovascular  and anxiety 

s t r e s s  of exerc i se  adequately. The t i m e  course of NE and E accumulation 

(means of f i v e  sub jec t s )  i n  plasma during t h e  course of exerc i se  a t  in- 

creas ing work r a t e s  (900-1800 Kg-m/min) a r e  i l l u s t r a t e d  i n  Figures 8 and 

9 .  The mean increase  i n  c i r c u l a t i n g  NE and E from r e s t  t o  peak exerc i se  

l e v e l s  was i n  a l l  cases s i g n i f i c a n t  (pc.01). 

RESPIRATORY GAS EXCHANGE 

Table 111 shows t h e  mean resp i ra to ry  gas exchange f o r  t h e  same 

f i v e  sub jec t s  during each work r a t e .  It may be seen t h a t  c i r c u l a t i n g  

norepinephrine and epinephrine concentrat ions increased and showed a 

correspondence both with the  degree of i n t e n s i t y  of exerc i se  and t h e  

oxygen uptake. 

The oxygen consumption (+o2) f o r  t h e  f i v e  sub jec t s  during each of 

t h e  work r a t e s  is  shown i n  Figure 10. The oxygen consumption c lose ly  

p a r a l l e l s  t h e  rise i n  c i r c u l a t i n g  catecholamines ind ica t ing  the  degree 

of stress experienced by these  sub jec t s  with increas ing work l eve l s .  

S imi lar ly ,  the  work l e v e l s  of cardiac  p a t i e n t s  probably represents  as  

b i g  a s t r e s s  t o  them as  i n  t h e  case of t h e  normal sub jec t s  and s i m i l a r  

time sequences a r e  applicable.  Since rebreathing measurements were taken 

during the  course of exerc ise  by t h e  cardiac  p a t i e n t s  f o r  t h e  assessment 

of cardiac  output ,  i t  was not  poss ib le  t o  sample f o r  c i r c u l a t i n g  cate- 

cholamines a t  times s imi la r  t o  t h e  normals. 



Figure 8. Time course of norepinephrine (NE) accumulation 
i n  plasma during exerc i se  a t  900, 1200, 1500 
and 1800 ~g-m/min by f i v e ,  healthy male subjects .  

Arrows i n d i c a t e  po in t s  of cessa t ion  of exerc i se  
and dotted l i n e s  a r e  drawn from t h e  points  of 
cessa t ion of exerc ise  t o  t h e  t h i r d  minute of 
recovery sample. 

Thick l i n e  and shaded a r e a  represent  t h e  group 
mean 5 S.E. Absence of these  l a t t e r  l i n e s  
ind ica tes  t h e  l a c k  of adequate group d a t a  
necessary f o r  t h e i r  ca lcula t ion.  
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.gure 9. Time course of epinephrine (E) accumulation 
i n  plasma during exerc i se  a t  900, 1200, 1500 
and 1800 Kg-m/min by f i v e ,  heal thy male subjects .  

Arrows i n d i c a t e  points  of cessa t ion of exerc i se  
and dot ted  l i n e s  a r e  drawn from t h e  po in t s  of 
cessa t ion  of exerc i se  t o  t h e  t h i r d  minute of 
recovery sample. 

Thick l i n e  and shaded a r e a  represent  t h e  group 
mean 2 S.E. Absence of these  l a t t e r  l i n e s  
i n d i c a t e s  t h e  l ack  of adequate group d a t a  
necessary f o r  t h e i r  ca lcula t ion.  





TA
B

LE
 
I1

1
 

R
ES

PI
R

A
TO

R
Y

 G
A

S 
EX

CH
A

N
G

E 
D

U
R

IN
G

 T
H

E 
C

O
U

R
SE

 
O

F 
W

OR
K 

A
T 

D
IF

FE
R

E
N

T
 

R
A

TE
S 

IN
 5

 M
A

LE
 

SU
B

JE
C

T
S 

(M
EA

N 
2
 

S
.E

.)
 

-
 
-
 

TI
M

E 
9

0
0

 k
pm

/m
in

 
1

2
0

0
 k

p
m

lm
in

 
1
5
0
0
 k

pm
/m

in
 

TI
M

E 
1

8
0

0
 k

p
m

lm
in

 

to
2 

~
C

O
, 

R
 

b0
, 

~
C

O
~

 
R

 
$0

, 
~

C
O

, 
R

 
to

2 
~

C
O

, 
R

 

W
AR

M
-U

P 

9
0

0
 k

p
m

lm
in

, 
n 

=
 
3 

fo
r 

R
 

an
d

 R
6 

3 
1

2
0

0
 k

p
m

lm
in

, 
n
 
=

 
4 

fo
r 

R
 

an
d 

R
6 

3 
15

00
 k

p
m

lm
in

, 
n
 
=

 4
 

fo
r 

E
6 

an
d 

E
 9 

18
00

 k
p

m
lm

in
, 

n 
=

 
4 

fo
r 

E
3 

n
 =

 
4 

fo
r 

E4
 

n 
=

 
2 

fo
r 

E
5 

n
 =

 
2 

fo
r 

R3
 

an
d 

R
6 



Figure 10. Changes i n  oxygen in take  (Po2) during exerc ise  a t  
900, 1200, 1500 and 1800 Kg-m/min by f i v e ,  heal thy 
male subjects .  

Arrows i n d i c a t e  points  of cessa t ion  of exerc ise  
and dotted l i n e s  a r e  drawn from the  po in t s  of 
cessa t ion  of exerc ise  t o  the  t h i r d  minute of 
recovery sample. 

Thin l i n e  and shaded a rea  represent  the  group 
mean + S.E. 





CIRCULATING PLASMA CATECHOLAMINE ELEVATION AND DECLINE DURING 
EXERCISE AND RECOVERY I N  THREE GROUPS OF POST MYOCARDIAL 

INFARCT (M.I.) PATIENTS 

(Computer program f o r  a s p l i t  p l o t  two f a c t o r ,  des ign  a n a l y s i s  of va r i ance  
(Appendix I ) ) .  

F r a t i o s  and s i g n i f i c a n t  d i f f e r e n c e s  i n  a l l  t h e  v a r i a b l e s  s t u d i e d  

a r e  shown i n  Table I V .  Th i s  t a b l e  i n d i c a t e s  s i g n i f i c a n t  p o s i t i v e  changes 

w i t h  t r a i n i n g  i n  a l l  t h e  groups i n  terms of decreased plasma epinephr ine  

a t  rest and decreased plasma norepinephr ine  bo th  a t  rest and du r ing  exer- 

c i s e .  There w a s  an increased  oxygen consumption concomitant w i t h  an 

inc reased  work capac i ty  and an i n t e r r a c t i o n  between t r a i n i n g  groups i n  

terms of h e a r t  rate. 

GROUP I (WORK RATE, CATECHOLAMINES, HEART RATE 
AND OXYGEN CONSUMPTION) 

The mean va lues  f o r  t h e  work r a t e ,  plasma norepinephr ine  and 

ep inephr ine ,  h e a r t  rate and oxygen consumption f o r  Group I a t  rest and 

dur ing  e x e r c i s e  are presented  i n  Table V. Th i s  group t r a i n e d  i n i t i a l l y  

on a von Dbbeln b i c y c l e  ergometer a l t e r n a t e l y  a t  h igh  e f f o r t  (60%) of 

t h e  maximum work capac i ty  determined by t h e  PWC 
190 ' and low e f f o r t  (40%) 

of t h e  PWC190. 

I n d i v i d u a l  measurements, dur ing  twenty-four weeks of t r a i n i n g  

f o r  each of t h e  t e s t  v a r i a b l e s  are shown i n  I?igures 11 t o  14. The mean 

va lues  a t  each t e s t  f o r  t h e  parameters  suggest  t h e  gene ra l  group t r end  

of progress .  



TABLE I V  

RESULTS OF THE SPLIT PLOT TWO FACTOR, DESIGN ANALYSIS OF VARIANCE, WHERE 
FACTOR A IS BETWEEN GROUPS, FACTOR B IS WITHIN GROUPS AND FACTOR AB 

IS THE INTERACTION. SIGNIFICANT DIFFERENCES BETWEEN MEANS WERE 
DETERMINED BY THE SCHEFFE METHOD 

Parameter Factor F Ratio Level of Scheffe's Signif icant  
Signif i -  Factor f o r  Differences 
cance Signif icant  Between Means 

Differences 
Between Means) 

Epinephrine (E) A 0. 50 None 
(Rest ) B 1.82 * .0115 i , i i , i i i , i v , v ,  

v i , v i i , x i , x i i .  
AB 0.87 None 

Epinephrine (E) A 1.31 None 
(Exercise) B 1.07 None 

AB 0.77 None 
Norepinephrine A 2.18 None 

(NE) (Rest) B 2.35 *** .I18 i i , i v , x i i .  
AB 0.79 None 

Norepinephrine A 1.61 None 
(NE) (Exercise) B 2.31 * JC . I41 i v , v i i , x i .  

AB 0.72 None 
Heart Rate (H.R.) A 1.63 None 

B 0.69 None 
AB 1.73 ** 10.18 In te rac t ion  be- 

tween Groups I, 
I1 and 111. 

Oxygen Consump- A 0.31 None 
t ion  (Po2) B 4.62 *** .276 iv ,v ,v i i ,  ix.  

AB 1.11 None 

* Significance a t  .10 ** Significance a t  .05 
A df 2,11 F = 2.86 A df 2,11 F = 3.89 
B df 12,132 F = 1.60 B df 12,132 F = 1.83 
AB df 24,132 F = 1.45 AB df 24,132 F = 1.61 

*** Significance a t  . O 1  
A df 2,11 F =  . O 1  
B df 12,132 F = 2.34 
AB df 24,132 F = 1.95 

i. Signif icant  d i f ference between i n i t i a l  and 10 weeks. 
ii. Signif icant  d i f ference between i n i t i a l  and 18 weeks. 

iii. Signif icant  d i f ference between i n i t i a l  and 20 weeks. 
iv .  Signif icant  d i f ference between i n i t i a l  and 24 weeks. 
v. Signif icant  d i f ference between 2 and 14 weeks. 

v i .  Signif icant  d i f ference between 2 and.18 weeks. 
v i i .  Signif icant  d i f ference between 2 and 24 weeks. 

v i i i .  S ignif icant  d i f ference between 4 and 14 weeks. 
ix .  Signif icant  d i f ference between 4 and 18 weeks. 
x. Signif icant  d i f ference between 10 and 20 weeks. 

x i .  Signif icant  d i f ference between 10 and 24 weeks. 
x i i .  Signif icant  d i f ference between 20 and 24 weeks. 
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Figure  11. Changes i n  plasma norepinephr ine  (NE) and 
plasma epinephr ine  (E) (Rest)  dur ing  twenty- 
f o u r  weeks of t r a i n i n g  i n  Groups I, I1 and 
111. (Thick l i n e  and shaded a r e a  group 
mean 2 S.E.). 





Figure 12. Changes i n  plasma n o r e p i n q h r i n e  (NE) and plasma 
epinephrine (E) (Exercise) during twenty- 
four  weeks of t r a i n i n g  i n  Groups I ,  11 and 111. 
(Thick l i n e  and shaded a r e a  group mean 2 S.E.). 





Figure 13. Changes i n  oxygen consumption (b ) during 
twenty-four weeks of t r a i n i n g  i n  &oups I, 
I I ' a n d  111. (Thick l i n e  and shaded a r e a  
group mean + S. E. ) . 
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Figure 14. Changes i n  exercise  hear t  r a t e  (H.R.) during 
twenty-four weeks of t r a in ing  a t  increas ing 
work r a t e s  i n  Groups I, I1 and 111. (Thick 
l i n e  and shaded a rea  group mean 5 S.E.). 
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Circu la t ing  Plasma Catecholamines (Rest) 

Plasma norepinephrine and epinephrine l e v e l s  a t  r e s t  decl ined 

from the  i n i t i a l  week of t r a i n i n g  t o  t h e  f i n a l  (24th) week of t r a i n i n g  

(norepinephrine .34 k .04 -t .20 + .03 ng/ml; epinephrine .08 + .02 + 

.04 + . O 1  ng/ml). 

C i rcu la t ing  Plasma Catecholamines (Exercise) 

Plasma norepinephrine and epinephrine values  during exe rc i se  

decreased progress ively  during the  t r a i n i n g  period.  During t h i s  t i m e  a s  

t h e  mean t e s t  work r a t e  increased from 639 t 77 ~g-m/min t o  945 t 63 Kg-m/ 

min, t h e  mean catecholamine l e v e l s  were observed t o  r i s e  t r a n s i e n t l y .  A s  

the  ind iv idua l s  became accustomed t o  each increased t e s t  work r a t e  t h e  

catecholamine l e v e l s  decreased i n  subsequent t e s t s  a t  t h e  same work r a t e .  

The o v e r a l l  e f f e c t  was a decrease i n  the  l e v e l s  of exe rc i se  c i r c u l a t i n g  

catecholamines (norepinephrine .64 ? .10 -+ .39 k .03 ng/ml; epinephrine 

.18 2 .03 + .09 t . O 1  ng/ml) during the  twenty-four weeks d e s p i t e  an over- 

a l l  i nc rease  i n  the  t e s t  work r a t e .  

Oxygen Consumption 

Oxygen consumption i n i t i a l l y  increased s l i g h t l y  wi th  t r a i n i n g  and 

remained constant  during the  l a s t  four weeks of continuous t r a i n i n g  

(Figure 13,  p. 71). 

Heart Rate 

The exerc i se  h e a r t  r a t e  remained unchanged throughout t h e  t r a in -  

i n g  period although the  f i n a l  t e s t  work r a t e  was continuously increased 

(Figure 14, p. 73). The progress ive  dec l ine  i n  exe rc i se  h e a r t  r a t e  wi th  



t r a i n i n g  a t  a cons tan t  work r a t e  of 600 Kg-m/min i s  shown i n  F igure  15. 

The warm-up h e a r t  r a t e  showed a very  s m a l l  decrease  over  t h e  

24 weeks ( i n i t i a l  week 85 +- 5.2 b/min -t 24th week 84 +- 4.5 blrnin). 

Group I showed a cons tan t  h e a r t  r a t e ,  cons t an t  oxygen consumption 

w i t h  i n c r e a s i n g  work r a t e s .  Therefore ,  e f f i c i e n c y  of working must be 

i n c r e a s i n g  f o r  two reasons (1)  because of lower v e n t i l a t i o n  r a t e  and 

(2) because of b e t t e r  oxygen e x t r a c t i o n .  Thus, c a r d i a c  ou tpu t  i s  l e s s  

and t h i s  sma l l e r  work of t h e  h e a r t  i s  r e f l e c t e d  i n  decreas ing  norepine- 

p h r i n e  l e v e l s .  

GROUP I1 (WORK RATE, CATECHOLAMINES, HEART RATE 
- '  AND OXYGEN CONSUMPTION) 

The mean va lues  f o r  work r a t e ,  plasma norepinephr ine  and epine- 

ph r ine ,  h e a r t  r a t e  and oxygen consumption f o r  Group I1 a r e  shown i n  

Table  V I .  Group I1 t r a i n e d  i n i t i a l l y  by continuous e f f o r t  i n  b i c y c l i n g  

where t h e  load  and speed of p e d a l l i n g  remained cons t an t  throughout.  The 

power ou tpu t  was maintained a t  50% of  t h e  c u r r e n t l y  determined (PWC190) 

work capac i ty .  

The p rog res s  of t h i s  group dur ing  twenty-four weeks of t r a i n i n g  

i s  presented  g r a p h i c a l l y  i n  F igures  11-14, pp. 67-74. 

C i r c u l a t i n g  Catecholamines (Rest)  

Res t ing  plasma catecholamines dec l ined  moderately over  t h e  t r a i n -  

i n g  pe r iod  (norepinephrine .37 t .08 +- .12 +- .03 ng/ml, ep inephr ine  

.10 + .02 -t .06 ? .02 ng/ml). 



Figure 15. Changes i n  exerc i se  hea r t  r a t e  during twenty-four 
weeks of t r a i n i n g  a t  constant  work r a t e  of 
600 ~ ~ - m / r n i n  i n  Groups I, I1 and 111. (Thick 
l i n e  and shaded a r e a  group mean + S.E.). 
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C i r c u l a t i n g  Catecholamines (Exercise)  

Plasma catecholamines (Exerc ise)  decreased w i t h  t r a i n i n g  (nore- 

p inephr ine  .50 + .09 -+ .41 + .09 ng/ml, ep inephr ine  .16 + .05 (week 2) 

-+ .ll + .05 ng/ml (week 24)) .  

A more c o n s i s t e n t  decrease  i n  plasma norepinephr ine  compared 

w i t h  Group I may b e  seen  both  a t  r e s t  and e x e r c i s e  i n  F igures  11-14 pp. 

67-74). Th i s  d i f f e r e n c e  however i s  n o t  a  s i g n i f i c a n t  one (p> . l ) .  

The ep inephr ine  l e v e l s  both a t  r e s t  ( . l o  2 .02 + .06 + .02 ng/ml) 

and dur ing  e x e r c i s e  (.20 + .03 -+ .ll + .05) decreased moderately d e s p i t e  

i n c r e a s i n g  work r a t e s  i n  t h e  l a t t e r .  

There was a  s i g n i f i c a n t  dec rease  i n  c i r c u l a t i n g  catecholamines 

(ep inephr ine  ( r e s t ) ;  norepinephr ine  ( r e s t  and e x e r c i s e ) ) ,  du r ing  t h e  

t r a i n i n g  per iod  i n  t h i s  group b u t  n o t  s i g n i f i c a n t l y  g r e a t e r  than  i n  

e i t h e r  of t h e  o t h e r  two e x e r c i s i n g  groups. 

Oxygen Consumption 

The oxygen consumption increased  over  t h e  t r a i n i n g  pe r iod  w i t h  

i n c r e a s i n g  work rates (1.78 + . . 2 3  -+ 2.08 4 .21 l i m b . ) .  

Hear t  Rate  

F igure  1 5  (p. 77) shows a decrease  i n  e x e r c i s e  h e a r t  r a t e  f o r  a  

cons tan t  work r a t e  of 600 Kg-m/min over  24 weeks of t r a i n i n g .  

The warm-up h e a r t  r a t e s  decreased s t e a d i l y  dur ing  t r a i n i n g  

( i n i t i a l  week 9 1  + 2.6 -+ 24th week 78 + 7.0 b/min). 

Th i s  i n d i c a t e s  improved f i t n e s s  a s  a  r e s u l t  of t r a i n i n g  and i s  

r e f l e c t e d  by t h e  decrease  i n  catecholamine l e v e l s .  



The mean exerc ise  h e a r t  r a t e s  a t  t h e  h ighes t  work r a t e s  i n  each 

t e s t  remained between 140 and 150 b/min; they increased t r a n s i e n t l y  a s  

each f i n a l  t e s t  load was i n i t i a l l y  ra i sed  but  the re  was no s i g n i f i c a n t  

d i f fe rence  noted (p>.10) a t  any s t age  of t r a in ing .  

GROUP I11 (WORK RATE, CATECHOLAMINES, HEART RATE 
AND OXYGEN CONSUMPTION) 

Table V I I  shows t h e  mean values f o r  t h e  work r a t e ,  plasma nore- 

pinephrine and epinephrine, h e a r t  r a t e  and oxygen consumption f o r  Group 

111. This group t ra ined i n i t i a l l y  (20 weeks) by c a l i s t h e n i c s  and jogging. 

This consis ted  of th i r ty - f ive  minutes of a gradual  warm-up s t r e t c h i n g  

and f l e x i b i l i t y  exerc i ses  sess ion  followed by twenty minutes of a run- 

walk s e r i e s .  Each sub jec t ' s  progress during the  twenty-four week t r a i n i n g  

period is  shown i n  Figures 11-14, pp. 67-74). 

Circula t ing Catecholamines (Rest) 

There was a decrease i n  r e s t i n g  plasma catecholamines over t h e  

t r a i n i n g  period (norepinephrine .28 5 .03 -+ .17 t . O 1  ng/ml; epinephrine 

.08 t . O 1  -+ .04 t . O 1  ng/ml) . 
A moderate decrease occurred and during t h e  continuous phase of 

t h i s  program a sharper decrease i n  these  l e v e l s  a t  a constant  work r a t e  

of 864 Kg-m/min was observed. 

Circula t ing Catecholamines (Exercise) 

During exerc ise ,  a d e f i n i t e  dec l ine  (norepinephrine .44 t .08 

-t .32 5 .01; epinephrine .14 5 .04 -t .06 t . O 1  ng/ml)' i n  t h e  plasma 

catecholamines occurred, r i s i n g  t r a n s i e n t l y  only a s  the  f i n a l  t e s t  work 





rate was increased  (612 2 72 -t 864 t 56 Kg-m/min). 

Oxygen Consumption 

The oxygen consumption inc reased  i n  response t o  t h e  i n c r e a s i n g  work 

r a t e  (1.82 5 .14 + 2.12 2 .07 l /min)  . These oxygen uptakes probably 

c l o s e l y  r ep re sen t  t h e  i n d i v i d u a l s '  maximum oxygen uptakes.  

Hear t  Rate  

A t  a cons tan t  work rate of 600Kg-m/min, e x e r c i s e  h e a r t  r a t e  de- 

c reased  over t h e  twenty-four week t r a i n i n g  per iod  i n  Group 111. 

The warm up h e a r t  rate remained cons t an t  dur ing  t r a i n i n g .  

The mean e x e r c i s e  h e a r t  r a t e  ranged between 137 and 152 b/min 

and increased  s l i g h t l y  w i t h  i n c r e a s i n g  work r a t e .  I n i t i a l l y  t h e  h e a r t  

r a t e  increased  concomitantly w i t h  an  inc reased  f i n a l  t e s t  work rate b u t  

g radua l ly  became r e l a t i v e l y  cons t an t  even d e c l i n i n g  s l i g h t l y  f o r  t h e  same 

work r a t e  a t  t h e  end of t r a i n i n g  (F igure  14 ,  p.  7 3 ) .  

No s i g n i f i c a n t  d i f f e r e n c e s  between groups were found. However, with- 

i n  t h e  groups t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  means of weeks 

0-24 f o r  a l l  t h e  groups except  ep inephr ine  i n  t h e  e x e r c i s e  s t a t e .  (P<.05). 

A s i g n i f i c a n t  i n t e r a c t i o n  between Groups I ,  I1 and I11 occurred f o r  t h e  

e x e r c i s e  h e a r t  r a t e .  Table I V  shows t h e s e  observa t ions .  There w a s  a 

s i g n i f i c a n t  decrease  i n  ep inephr ine  c i r c u l a t i n g  concen t r a t ion  (means of 

a l l  t h r e e  groups) a t  rest between t h e  i n i t i a l  week and weeks 10 ,  1 8 ,  20 

and 24. This  s i g n i f i c a n t  dec rease  a l s o  occurred a t  between 10 and 24 

weeks and between 20 and 24 weeks. The l e v e l  of s i g n i f i c a n c e  was p<.10. 

Norepinephrine a t  r e s t  s i g n i f i c a n t l y  decreased between t h e  i n i t i a l  week 



and weeks 18  and 24. This  change a l s o  occurred between weeks 20 and 24. 

The l e v e l  of s i g n i f i c a n c e  was p<.01. In  t h e  e x e r c i s e  cond i t i on ,  t h e  

l e v e l  of norepinephr ine  decreased s i g n i f i c a n t l y  (p<.05) between t h e  in -  

i t i a l  week and t h e  twenty-fourth week and a l s o  between t h e  t e n t h  and 

twenty-fourth week. The oxygen consumption s i g n i f i c a n t l y  increased  be- 

tween t h e  i n i t i a l  week and week 24 and between weeks 4 and 18 .  The 

l e v e l  of s i g n i f i c a n c e  was p<.01. The i n t e r a c t i o n  between groups i n  

terms of h e a r t  r a t e  can be  i n t e r p r e t e d  from Figure  14 ,  p. 7 3 .  I n  

Group I t h e  mean e x e r c i s e  h e a r t  r a t e  remains f a i r l y  cons t an t  dur ing  t h e  

twenty-four week t r a i n i n g  per iod ,  t ak ing  t h e  i n c r e a s i n g  work r a t e s  i n t o  

account .  I n  Group I1 t h e r e  i s  a s l i g h t  i n c r e a s e  i n  t h e  e x e r c i s e  h e a r t  

r a t e  wi th  inc reas ing  work r a t e  b u t  a sharp  d e c l i n e  i s  observed dur ing  

t h e  f i n a l  continuous phase of t h i s  e x e r c i s e  program (weeks 20-24). I n  

Group I1 a g radua l  i n c r e a s e  i n  e x e r c i s e  h e a r t  r a t e  i s  observed throughout 

t h e  f i r s t  twenty weeks of t h e  cal is thenics-walk-jog program. However, 

when t h e s e  i n d i v i d u a l s  were changed t o  cont inuous b i c y c l e  ergometry t h e  

h e a r t  r a t e  decreased.  

Although no s i g n i f i c a n t  d i f f e r e n c e s  were found between t r a i n i n g  

programs a s  represented  by t h e  t h r e e  groups,  s i g n i f i c a n t  changes d i d  

occur  dur ing  t h e  t r a i n i n g  per iod  of twenty-four weeks. These changes 

ind ica t ed  a decrease  i n  norepinephr ine  and ep inephr ine  l e v e l s  i n  t r a i n -  

i n g ,  a decrease  i n  e x e r c i s e  h e a r t  r a t e  and an i n c r e a s e  i n  oxygen con- 

sumption. These r e s u l t s  a r e  expla ined  i n  t h e  d i scuss ion .  



CHAPTER V 

DISCUSSION 

CRITICAL SENSITIVITY OF CATECHOLAMINE ASSAYS 

In healthy adult males, the concentrations of epinephrine and 

norepinephrine in blood plasma are very low; it is, therefore, necessary 

to use assay techniques of high sensitivity. Great care and patience 

are required to obtain reliable results. Failure to find an increase 

in circulating epinephrine by several investigators is probably due to 

insufficient sensitivity in the assay methods. The EDA method of cate- 

cholamine analysis (Gray and Beetham, 1967) indicates this lack of 

adequate sensitivity, especially for the extremely small circulating 

epinephrine levels, in that although a consistent three-fold elevation 

of norepinephrine (NE) within two minutes of severe work,(running) was 

evident, epinephrine (E) elevation was very inconsistent with wide in- 

dividual variations. Kotchen -- et al. (1971) used a filter fluorometer and 

measured human catecholamines by the EDA method. They found no norepin- 

ephrine elevation in moderate exercise and a significant elevation of 

epinephrine only after maximal exercise. These results indicate that 

the EDA method is not sufficiently sensitive to distinguish small dif- 

ferences in circulating catecholamines. The significant elevation of 

plasma epinephrine observed in healthy adult males in this study con- 

trasts with the findings of Haggendal -- et al. (1970) who found a similar 



g r e a t e r  i n c r e a s e  i n  a r t e r i a l  norepinephrine concent ra t ion  dur ing  e x e r c i s e  

i n  r e l a t i o n  t o  t h e  r e l a t i v e  work l e v e l s  bu t  l i t t l e  o r  no i n c r e a s e  i n  c i r -  

c u l a t i n g  plasma epinephrine wi th  inc reas ing  work. Vendsalu (1960) and 

Chin and Evonuk (1971) found inc reases  i n  plasma norepinephrine a f t e r  

e x e r c i s e ,  but  no inc reases  i n  epinephrine l e v e l s .  It i s  probable t h a t  

f a i l u r e  of t h e s e  i n v e s t i g a t o r s  descr ibed  above t o  f i n d  an i n c r e a s e  i n  

c i r c u l a t i n g  epinephr ine  was due t o  i n s u f f i c i e n t  s e n s i t i v i t y  i n  t h e i r  

methods of a n a l y s i s .  

GENERAL 

The c u r r e n t  l i t e r a t u r e  i s  now f a i r l y  c o n s i s t e n t  i n  desc r ib ing  an 

i n c r e a s e  i n  plasma catecholamines fol lowing e x e r c i s e  i n  normal a d u l t s ,  

t h e  rise being p ropor t iona l  t o  t h e  amount of e x e r c i s e  performed. How- 

eve r ,  t h e  e f f e c t s  of long term t r a i n i n g  on t h e  c i r c u l a t i n g  l e v e l s  of 

catecholamines have no t  been ex tens ive ly  e luc ida ted  i n  normal s u b j e c t s  

o r  p o s t  myocardial i n f a r c t  p a t i e n t s .  

CIRCULATING CATECHOLAMINES (REST) 
I N  HEALTHY, NORMAL MALES 

The mean r e s t i n g  va lue  f o r  norepinephrine of t h e  f i v e  normal 

hea l thy  males f o r  fou r  work r a t e s  was .21 5 .02 ng/ml. The mean r e s t i n g  

va lue  for epinephr ine  was .07 2 . O 1  ng/ml. These l e v e l s  r e f l e c t  t h e  

acu te  response t o  e x e r c i s e  of normal moderately w e l l  t r a i n e d  hea l thy  

males c u r r e n t l y  i n  r e g u l a r  jogging programs. 



CIRCULATING CATECHOLAMINES (EXERCISE) 
I N  J3ULTHY, N O W  MALES 

I n  t h e  group of f i v e  normal heal thy moderately t r a ined  males, 

e l eva t ion  of c i r c u l a t i n g  serum catecholamines (venous) increased pro- 

gress ively  throughout each work r a t e  and was h ighes t  a t  a work r a t e  of 

1800 Kg-m/min. Subsequently catecholamine l e v e l s  f e l l  progress ively  

b u t  remained e levated  up t o  s i x  minutes post  exerc ise .  The lower l e v e l s  

of venous plasma norepinephrine compared t o  a r t e r i a l  plasma l e v e l s  

reported by Haggendal e t  a l . ,  (1970) may be  due t o  t h e  g r e a t e r  physica l  

f i t n e s s  of the  sub jec t s  than those of the  normal male a d u l t s  described 

here.  I n  add i t ion ,  the  d a t a  presented i n  t h i s  s tudy a r e  uncorrected 

(80% recovery) whereas those of Haggendal et a l . ,  (1970) (65% recovery) 

were corrected.  

CIRCULATING CATECHOLAMINES (REST) I N  POST 
MYOCARDIAL INFARCT PATIENTS 

The mean i n i t i a l  r e s t i n g  value f o r  norepinephrine (NE) of a l l  

four teen p a t i e n t s  ( .31 + .08 ng/ml) was g rea te r  than t h e  mean r e s t i n g  

value  f o r  norepinephrine of t h e  f i v e  normal heal thy males (.21 2 ,02 

ng/ml) (ANE, p<.05). After  t h e  twenty-four week t r a i n i n g  period t h e  mean 

r e s t i n g  value f o r  NE (24th week) f o r  t h e  t o t a l  four teen myocardial p a t i e n t s  

had reduced t o  -20 + .02 ng/ml (p<.01). 

The mean r e s t i n g  value f o r  epinephrine i n  t h e  myocardial i n f a r c t  

p a t i e n t s  w a s  .08 2 .03 ng/ml which was g rea te r  than t h e  mean r e s t i n g  value 

f o r  epinephrine of .07 t . O 1  ng/ml f o r  t h e  group of normal healthy males 

(AE, p<.05). Af te r  t r a i n i n g ,  t h e  mean r e s t i n g  value f o r  epinephrine i n  



t h e  myocardial i n f a r c t  p a t i e n t s  had reduced t o  .05 + . O 1  ng/ml (24th week) 

comparable t o  t h e  .07 + . O 1  ng/ml r e s t i n g  l e v e l s  of t h e  normal group. 

Th i s  dec rease  of  r e s t i n g  plasma epinephr ine  w a s  s i g n i f i c a n t  (p<0.01) 

(Tables 11, V, V I ,  V I I  (pps. 55, 66, 79, 82);  F igu res  8, 9 ,  11 (pps. 57, 

59 ,  67)) .  

It seems ev ident  t h a t  r e s t i n g  l e v e l s  of bo th  plasma norepinephr ine  

and ep inephr ine  are reduced w i t h  e x e r c i s e  t r a i n i n g  towards normal va lues .  

CIRCULATING CATECHOLAMINES (EXERCISE) I N  POST 
MYOCARDIAZ, INFARCT PATIENTS 

All f o u r t e e n  p o s t  myocardial i n f a r c t  p a t i e n t s  s t u d i e d  showed a 

p r o g r e s s i v e  decrease  i n  e x e r c i s e  plasma norepinephr ine  (NE) (mean i n i t i a l  

week .51 2 .12 ng1ml-t  mean 24th  week .37 -1 .04 ng/ml) (pc.05) and epin- 

e p h r i n e  (mean i n i t i a l  week .14 + .03 ng/ml +- mean 24th  week .09 + .02 ng/ 

ml) corresponding w i t h  t r a i n i n g  f o r  a pe r iod  of  twenty-four weeks regard- 

less of  t h e  type  of t r a i n i n g  followed. The d e f i n i t e  n a t u r e  of  t h i s  e f f e c t  

i s  f u r t h e r  emphasized by t h e  f a c t  t h a t  t h e  o v e r a l l  dec rease  occurred 

d e s p i t e  c o l l e c t i o n  of  blood samples a f t e r  t h e  inc reased  f i n a l  t e s t  work 

rates which were at tempted as t h e  p a t i e n t s  became t r a ined .  

WORK RATE, PLASMA NOREPINEPHRINE (NE) AND PLASMA 
EPINEPHRINE (E) LEVELS FOR NORMAL SUBJECTS 

(900 ~gm-m/min) AND FOR POST MYOCARDIAL 
INFARCT PATIENTS AT THE BEGINNING AND 

END OF TRAINING 

Table  V I I I  shows t h e  mean va lues  f o r  t h e  work rate, plasma nore- 

p inephr ine  and plasma epinephr ine  f o r  5 normal hea l thy  s u b j e c t s  a t  900 Kg-m/ 

min and f o r  14 p o s t  myocardial i n f a r c t  p a t i e n t s  dur ing  t h e  f i r s t  t h r e e  weeks 



TABLE V I I I  

WORK RATE (W. R. ) , PLASMA NOREPINEPHRINE (NE) AND PLASMA EPINEPHRINE (E) 
OF 5 NORMAL MALE SUBJECTS AND 1 4  POST M I  PATIENTS I N  THE 

UNTRAINED AND TRAINED STATE (MEAN + S. E. ) 

S t a t e  I W.R. (K~-m/min) 

Normal I 900 t 0.0 

*Untrained 
(Post MI) 500 t 35 

**Trained 
(Post MI) 909 + 97 

R e s t  I ~ x e r c i s e l  Rest 

;/ml) 

Exercise 

*Mean of f i r s t  th ree  weeks of t r a in ing .  

**Mean of l a s t  th ree  weeks of t r a in ing .  



of t r a i n i n g  (untrained s t a t e )  and during t h e  l a s t  t h r e e  weeks of t r a i n i n g  

( t r a ined  s t a t e ) .  The exerc ise  sample was co l l ec ted  a t  6 minutes pos t  

exerc ise .  A decrease i n  t h e  l e v e l s  of both plasma norepinephrine and 

epinephrine occurred i n  the  post  myocardial i n f a r c t  group with t r a i n i n g  

and a t  an increased average work load. The f i n a l  l e v e l s  approach those  

f o r  t h e  normal group a t  a s i m i l a r  work load. 

COMPARISONS BETWEEN REST AND EXERCISE AND BETWEEN NORMAL, 
UNTRAINED POST M I  AND TRAINED POST M I  STATES FOR 

NOREPINEPHRINE AND EPINEPHRINE 

Table I X  compares t h e  r e s t i n g  and exerc i se  values of norepinephrine 

and epinephrine f o r  5 normal healthy sub jec t s  and 14 post  myocardial in-  

f a r c t  p a t i e n t s  i n  t h e  untrained and t r a ined  s t a t e s .  It a l s o  compares the  

d i f fe rences  between these  groups i n  terms of r e s t i n g  and exerc i se  norepine- 

phr ine  and epinephrine. 

No s i g n i f i c a n t  d i f fe rence  was found between r e s t i n g  and exerc i se  

i n  the  normal group; a t  s i x  minutes pos t  exerc i se  the c i r c u l a t i n g  cate- 

cholamine l e v e l s  returned t o  normal r e s t i n g  values. (Normal values: 

norepinephrine .25 + . l o ,  epinephrine .04 + .04). However, s i g n i f i c a n t  

d i f fe rences  occurred (p<.01) f o r  both norepinephrine and epinephrine i n  

t h e  untrained and t r a ined  s t a t e s  of t h e  pos t  myocardial i n f a r c t  p a t i e n t s .  

I n  t h e  untrained group, although r e s t i n g  values  were wi th in  t h e  normal 

range, they were s t i l l  higher than those of the  normal group (norepinephrine 

.31 + .08 nglml: .24 5 .04 ng/ml; epinephrine .08 + .03 nglml: .05 5 . O 1  

nglml) and t h e  exerc ise  l e v e l s  remained considerably e levated  (norepine- 

phr ine  .51 t .12 nglml; epinephrine ,14 2 .04 nglml). I n  t h e  untrained 



TABLE IX  

RESULTS OF ONE WAY CLASSIFICATION ANALYSIS OF VARIANCE, RANDOM DESIGN FOR 
COMPARISONS BETWEEN REST AND EXERCISE STATES I N  NORMAL 

SUBJECTS, UNTRAINED AND TRAINED POST MYOCARDIAL 
INFARCT PATIENTS FOR NOREPINEPHRINE (NE) 

AND EPINEPHRINE (E) 

P a r a m e t e r  

EPINEPHRINE (E) 
Normal  
U n t r a i n e d  

( P o s t  MI) 
T r a i n e d  

( P o s t  M I )  

NOREPINEPHRINE (NE) 
Normal  
U n t r a i n e d  

( P o s t  M I )  
T r a i n e d  

( P o s t  M I )  

EPINEPHRINE (E) 
R e s t  

EPINEPHRINE (E) 
E x e r c i s e  

NOREPINEPHRINE (NE) 
R e s t  

NOREPINEPHRINE (NE) 
E x e r c i s e  

Compar ison  

R e s t  vs E x e r c i s e  

R e s t  vs E x e r c i s e  

R e s t  vs E x e r c i s e  

R e s t  vs E x e r c i s e  

R e s t  vs E x e r c i s e  

R e s t  vs E x e r c i s e  

U n t r a i n e d  vs Normal 
T r a i n e d  vs Normal 
T r a i n e d  vs U n t r a i n e d  

U n t r a i n e d  vs Normal 
T r a i n e d  vs Normal 
T r a i n e d  vs U n t r a i n e d  

U n t r a i n e d  vs Normal 
T r a i n e d  vs Normal  
T r a i n e d  vs U n t r a i n e d  

U n t r a i n e d  vs Normal 
T r a i n e d  vs Normal 
T r a i n e d  vs U n t r a i n e d  

7 R a t i o  I e g r e e s  o f  
Freedom 
(d f )  

Level o f  
5 i g n i f i c a n c e  

None 

* * 
** 

None 

* * 
** 

None 
None 
None 

* 
None 
None 

* 
None * 

** 
** 

None 

* S i g n i f i c a n c e  at .05 
d f 1 , 8  F = 5 . 3 2  
df 1 , 1 7  F = 4.45 
d f  1 , 2 6  F = 4.23 
d f  2,30 F = 3.32 

** S i g n i f i c a n c e  a t  . O 1  
d f  1,8 F = 11.26 
d f  1 , 1 7  F = 8.40 
df 1 , 2 6  F = 7.72 
df 2 ,30  F = 5.39 
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s t a t e ,  t h e  r e s t i n g  value was almost i d e n t i c a l  with t h a t  of the  normal group 

(norepinephrine .21 + .03 ng/ml: .24 2 .04 ng/ml; epinephrine .07 2 . O 1  

ng/ml: .05 5 . O 1  ng/ml) and the  exerc i se  l e v e l s ,  although not  s i g n i f i c a n t l y  

d i f f e r e n t  from those of the untrained post  myocardial i n f a r c t  p a t i e n t s ,  

were less e levated  and c loser  t o  the  normal values (norepinephrine .40 2 

.05 ng/ml: .25 t .10 ng/ml; epinephrine .ll + .03 ng/ml: .04 t .04 ng/ml). 

No s i g n i f i c a n t  d i f ferences  occurred between normal sub jec t s ,  un- 

t r a i n e d  and t ra ined post  myocardial i n f a r c t  p a t i e n t s  f o r  epinephrine a t  

rest. A s i g n i f i c a n t  d i f fe rence  occurred between normal and untrained 

groups f o r  epinephrine a t  s i x  minutes pos t  exerc i se  (p<.05). However, t h e  

d i f fe rences  between t ra ined and normal and t r a ined  and untrained groups 

was no t  s i g n i f i c a n t  f o r  epinephrine a t  exerc ise .  These r e s u l t s  i n d i c a t e  

t h a t  t r a i n i n g  reduced the  s i g n i f i c a n t  d i f fe rence  between t h e  normal subjects  

and post  myocardial i n f a r c t  p a t i e n t s  f o r  epinephrine a t  s i x  minutes pos t  

exerc ise .  

The norepinephrine l e v e l s  a t  r e s t  were s i g n i f i c a n t l y  d i f f e r e n t  

between normal and untrained groups (p<.05), t r a ined  and untrained groups 

(p<.05) b u t  not  s i g n i f i c a n t  between t ra ined and normal groups, showing 

t h a t  the  l e v e l s  were reduced by t r a i n i n g  t o  approximate normal l eve l s .  A t  

s i x  minutes pos t  exerc ise ,  the  norepinephrine l e v e l s  were s i g n i f i c a n t l y  

d i f f e r e n t  f o r  untrained and normal groups (p<.01), and f o r  t r a ined  and 

normal groups but  not  s i g n i f i c a n t l y  d i f f e r e n t  f o r  t ra ined and untrained 

groups. The exerc ise  l e v e l s  f o r  norepinephrine were reduced by t r a i n i n g  

but  s t i l l  remain elevated a s  indica ted  by the  i n s i g n i f i c a n t  d i f fe rence  

between t r a ined  and untrained post  myocardial i n f a r c t  pa t i en t s .  



The o v e r a l l  e f f e c t  of the  exerc i se  t r a i n i n g  was t o  reduce t h e  high 

r e s t i n g  and exerc i se  c i r c u l a t i n g  catecholamine l e v e l s  of the  untrained post  

myocardial i n f a r c t  p a t i e n t s  t o  normal l e v e l s  a t  r e s t  and near normal l e v e l s  

a t  s i x  minutes post  exercise.  

METABOLIC EFFECTS OF INCREASED CIRCULATING CATECHOLAMINE S 

The major mechanism whereby adrenergic s t i m u l i  a f f e c t  glycogenolysis 

and l i p o l y s i s  appears t o  be t h e  s t imula t ion of adenyl cyclase. The cate- 

cholamines, epinephrine and norepinephrine both s t imula te  adenyl cyclase 

i n  t h e  l i v e r  and i n  a l l  forms of muscle and t h i s  e f f e c t  i n  muscle is  mediated 

by B receptors .  B adrenergic blocking agents s e l e c t i v e l y  block these  e f f e c t s .  

I n  exerc i se ,  epinephrine has a more potent  e f f e c t  on metabolism than 

norepinephrine and the  e f f e c t  of epinephrine i s  considered t o  augment 3'5' 

adenosine monophosphate (cyc l i c  AMP) i n  l i v e r  and s k e l e t a l  muscle (Lundholm 

e t  a1 1966). The r o l e  of c y c l i c  AMP a s  a mediator of adrenergic s t i m u l i  - * 9 

i s  b e s t  e s tab l i shed  f o r  t h e  6 metabolic ac t ion  of t h e  amines, e s p e c i a l l y  the  

s t imula t ion  of s k e l e t a l  muscle glycogenolysis.  Cyclic AMP has been shown 

t o  a c t i v a t e  a p r o t e i n  kinase t h a t  ca ta lyzes  t h e  phosphorylation and ac t iva -  

t i o n  of phosphorylase k inase  (Walsh, Perkins and Krebs, 1968). This kinase,  

i n  t u r n ,  ca ta lyzes  t h e  phosphorylation of another p ro te in ,  phosphorylase b ,  

a r eac t ion  t h a t  i s  dependent upon caU i n  micromolar concentrat ion.  Phos- 

phorylase b can undergo dimerizat ion and phosphorylation t o  y i e l d  t h e  ac t ive  

a form (Opie, 1968). The phosphorylated a form of t h i s  enzyme i s  the  more 

a c t i v e  i n  ca ta lyzing t h e  formation of glucose-1-phosphate from glycogen and 

inorganic  phosphate. The p ro te in  kinase probably a l s o  ca ta lyzes  t h e  



phosphorylation of glycogen synthetase ,  thereby convert ing t h e  enzyme t o  

t h e  physio logica l ly  l e s s  a c t i v e  form, synthetase  I. This suggests  t h a t  

a s i n g l e  c y c l i c  AMP-stimulated regula tory  enzyme con t ro l s  both t h e  

s y n t h e t i c  and degradative pathways of glycogen metabolism. Cyclic  AMP 

mediates t h e  p o s i t i v e  e f f e c t  of epinephrine upon g lyco lys i s  l i p o l y s i s  

and gluconeogenesis while suppressing the  a c t i v i t y  of glycogen syn the tase  

and i n s u l i n  (Brody and M c N e i l l ,  1970; J o s t  and Rickenberg, 1971; and 

Robison - e t  -- a 1  1971). Thus, epinephrine might b e  expected t o  s e r v e  an 

important r o l e  i n  t h e  provis ion  of s u b s t r a t e  f o r  t h e  e levated  metabolism 

accompanying acute  physica l  work. In  mammalian s k e t e t a l  muscle glycogen 

is  undoubtedly an important source of energy f o r  t h e  syn thes i s  of ATP 

which i s  subsequently u t i l i z e d  f o r  muscle con t rac t ion  and epinephrine 

s i g n i f i c a n t l y  augments muscle glycogenolysis.  It is considered t h a t  t h e  

e f f e c t  of glycogenolysis,  a f t e r  augmentation by epinephrine,  s i g n i f i c a n t l y  

con t r ibu tes  t o  t h e  energy metabolism of the  mammalian hea r t .  W i l l i a m s  and 

Mayer (1966) found t h a t  a dose of 2.5 ug/Kg min-l infused intravenously 

i n  t h e  i n t a c t  open chested r a t  produced a n e t  decrease i n  ca rd iac  glyco- 

gen. This  dosage caused an a c t i v a t i o n  of phosphorylase and an i n h i b i t i o n  

of glycogen synthetase.  The augmentation of c y c l i c  3'5'-AMP syn thes i s  

by epinephrine mediated these  e f f e c t s .  

The hyperglycemia which follows an i n j e c t i o n  of  epinephrine is  

t h e  r e s u l t  of a t  l e a s t  t h r e e  separa te  e f f e c t s :  

1) The d i r e c t  e f f e c t  on the  l i v e r ,  t h i s  r e s u l t s  not  only i n  a 

n e t  inc rease  i n  t h e  r a t e  of conversion of glycogen t o  



glucose, bu t  a l s o  i n  a s t imula t ion  of t h e  r a t e  a t  which 

glucose is  synthesized from noncarbohydrate precursors.  

2) A d i r e c t  e f f e c t  on muscle. This r e s u l t s  i n  an increased 

r a t e  of conversion of muscle blycogen t o  l a c t i c  ac id ,  which 

is re leased i n t o  t h e  blood t o  produce hyperlact icacidemia.  

P a r t  of the  l a c t i c  ac id  i s  reconverted by the  l i v e r  t o  

glucose. Thus gluconeogenesis i s  s t imula ted  by epinephrine 

not  only by i t s  d i r e c t  e f f e c t  on t h e  l i v e r  but  by t h e  in-  

creased a v a i l a b i l i t y  of subs t ra t e .  

3) A d i r e c t  e f f e c t  on t h e  pancreas t o  suppress t h e  r e l e a s e  of 

i n s u l i n  which would normally occur i n  response t o  the  

inc rease  i n  blood glucose l eve l s .  This  leads  t o  an inh ib i -  

t i o n  of t h e  pe r iphera l  u t i l i z a t i o n  of glucose, thus 

enhancing and prolonging t h e  hyperglycemia which r e s u l t s  

from the  d i r e c t  e f f e c t  of epinephrine on t h e  l i v e r .  

Thus, epinephrine appears t o  p lay  an important p a r t  i n  providing 

s u b s t r a t e  f o r  t h e  high metabolic  demands of acute  exerc ise .  It stimu- 

l a t e s  adenyl cyclase i n  t h e  l i v e r  and i n  a l l  forms of muscle. There 

seems very l i t t l e  reason, the re fo re ,  t o  deny the  accumulation of plasma 

epinephrine during muscular work. Frankenhaeuser e t  a l . ,  (1969) and 

Docktor and Sharkey (1971) found t h a t  t h e  anxiety induced by exerc i se  

caused increased l e v e l s  of ur inary  epinephrine. Plasma epinephrine 

l e v e l s  should be increased s i m i l a r l y  under exe rc i se  condit ions.  

Another biochemical e f f e c t  of epinephrine is  t h a t  of l i p i d  

degradation. The work of Vaughan and Steinberg (1963) on i s o l a t e d  r a t  



epidymyal f a t  pads showed t h a t  epinephrine,  among a v a r i e t y  of hormones, 

had a p o s i t i v e  e f f e c t  on l i p o l y s i s .  Butcher e t  a l . ,  (1965) found t h a t  

c y c l i c  3'5'-AMP l e v e l s  were augmented p r i o r  t o  l i p o l y s i s ,  and Vaughan 

and Murod (1969) showed t h a t  epinephrine a c t i v a t e d  adenyl cyc lase  which 

had been removed from adipose t i s s u e  c e l l s .  Figure 16 i n d i c a t e s  

t h e  r o l e  played by epinephrine i n  l i p o l y s i s .  

I s seku tz  e t  a l . ,  (1965) demonstrated a g r e a t e r  inc rease ,  i n  

t r a i n e d  animals,  of f r e e  f a t t y  ac ids  during e x e r c i s e  than  i n  unt ra ined  

animals. Elevat ions  of epinephrine i n  t h i s  s tudy the re fo re  would a c t  t o  

a c t i v a t e  t r i g l y c e r i d e  l i p a s e  (Figure 16) (Rizack, 1964; Butcher - e t  -* a1 3 

1965) which i s  mediated through c y c l i c  3'5'-AMP t o  i n c r e a s e  t h e  output  

of FFA (from adipose t i s s u e )  dur ing  e x e r c i s e  and t h i s  is  g r e a t l y  

u t i l i z e d  by working t i s s u e s .  A comprehensive review of t h e  mobiliza- 

t i o n  and u t i l i z a t i o n  of glycogen and l i p i d s  a s  f u e l  f o r  muscular a c t i v i t y  

has  been presented  by Drumond (1971). This later study has  a l s o  

i n d i c a t e d  t h e  need t o  e s t a b l i s h  r e l i a b l e  va lues  of t h e  c i r c u l a t i n g  

catecholamines dur ing  exerc ise .  

For t h e  5 normal, hea l thy  s u b j e c t s ,  a progress ive  i n c r e a s e  i n  

t h e  e l e v a t i o n  of t h e  c i r c u l a t i n g  catecholamines occurred throughout 

each work r a t e .  With inc reas ing  work r a t e s  and, t h e r e f o r e ,  w i th  g r e a t e r  

demands f o r  metabolic  f u e l ,  t h e  plasma c i r c u l a t i n g  catecholamines were 

more e levated .  These e l eva t ions  i n d i c a t e  t h a t  t h e  catecholamines, 

e s p e c i a l l y  epinephrine,  augmented c y c l i c  AMP which mediated t h e  p o s i t i v e  

e f f e c t  of t h e  adrenergic  s t i m u l i  i n  providing t h e  s u b s t r a t e s  f o r  the  

increased  metabolic  a c t i v i t y .  



Figure  16 .  E f fec t  of epinephrine r egu la t ion  of l i p o l y s i s  
i n  adipose t i s s u e .  
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A sustained elevation of the cardiac sympathetic tone with adren- 

ergic preponderance over anti adrenergic parasympathetic and sympatho- 

inhibitory regulatory mechanisms results from habitual sedentary living. 

This may be concluded from the criteria of a generally accelerated heart 

rate and shortened isometric tension period (Raab, 1966; Raab - et a1 9 

1958) at rest in physically inactive, as compared with active individuals 

(Kannel, 1967; Raab, 1965; Raab, 1970). Cardiac acceleration during 

muscular effort is, likewise, greater in sedentary than in trained 

persons (Brouha, 1959; Frick, 1963; Hollmann, 1963; Kirchoff, 1966; 

Mellerowicz, 1966; Reindell, 1960) implying a higher and, in part, waste- 

ful oxygen consumption by the heart muscle. Parizkov6 (1969) found that 

the myocardial concentrations of catecholamines were higher in physically 

inactive than in trained rats. He suggested that the greater fat content 

of the non-trained heart muscle may constitute a catecholamine cardio- 

toxicity-aggravating factor. 

Besides sedentary living, it is possible that mental irritations, 

fear and tensions for example, before competitive events, scholastic 

examinations, intellectual efforts under pressure, hostile confronta- 

tions are associated with cardiac acceleration (Raab, 1966), excessive 

cardiac oxygen consumption and augmented catecholamine secretion at the 

terminal nerve ending. 

Thus, we find that high levels of catecholamines are associated 

with physical inactivity and tension. Forssman (1954) has shown that 

the early post "infarction" period in animals and man is characterized 

by a regular augmentation of catecholamines in blood and urine. These 



findings are further substantiated by the investigations of Hayashi, 

1968; Klein, 1966; Miyahara, 1967; Rossini, 1965; Russell, 1958; 

Sofiyeva, 1965; Sotgiu, 1962; Starcich, 1966 and Valori, 1967. 

Since myocardial infarction is associated with high levels of 

catecholamines, two questions arise: 

1) Are high circulating levels of catecholamines, occurring 

owing to acute stress and lack of physical vigour, precursory 

conditions inducing the infarction? or 

2) Does the heart respond to myocardial infarction by an over- 

activity of the autonomic system raising the levels of 

catecholamines in a supportive role? 

Sustained infusion of L-epinephrine into the left coronary artery 

of the intact dog induced myocardial necrosis. Shimamoto 0969 ) found 

electron microscope evidence in this condition similar to myocardial 

anoxia. It seems that any condition producing high levels of catechola- 

mines lead to lesions of the myocardium. In the prenecrotic stage, 

physical training acts as a cardioprotective mechanism and there is 

reason to believe that the trained heart is rarely ever infarcted 

(Raab , 1966) . 
The sustained antiadrenergic reductions of both heart rate and 

blood pressure, resulting from habitual physical activity, signify a 

less oxygen-wasting, more economical utilization of oxidative energy by 

the heart muscle (Mellerowicz, 1966) and thereby a lessened risk of 

cardiodestructive hypoxia. 



Acutely increased l e v e l s  of catecholamines have been observed 

a f t e r  exerc i se  i n  normal healthy sub jec t s  (Haggendal e t  a l . ,  1970; 

Vendsalu, 1960). However, i t  seems t h a t  chronic e levat ion of catechola- 

mine l e v e l s  occurs i n  cardiomegalous condit ions (Chidsey e t  a l . ,  1965). 

These l e v e l s  a r e  extremely high compared t o  those of normal sub jec t s  

even a f t e r  exerc ise  s.tress. 

The oxygen consumption f o r  t h e  four teen post  myocardial i n f a r c t  

p a t i e n t s  s i g n i f i c a n t l y  increased ( i n i t i a l  mean l e v e l s  1.99 + .28  -t f i n a l  

mean l e v e l s  2.11 +- .19 L/min) (p<.01) with increas ing work r a t e s  (mean 

i n i t i a l  550 + 35 -t mean f i n a l  909 + 97 Kg-mlmin). Oxygen consumption 

f o r  h igher  work r a t e s  inc reases  l i n e a r l y ;  however, wi th  t r a i n i n g ,  i t  may 

drop s l i g h t l y  a t  a given submaximal work r a t e .  It is poss ib le  t h a t  the  

oxygen uptake measurements noted here  were g r e a t e r  than 80% of the  

maximal oxygen uptake i f  one considers the  magnitude of the  accompanying 

h e a r t  r a t e s .  Heart r a t e ,  on t h e  o the r  hand decreased f o r  a s tandard 

submaximal work r a t e  probably r e f l e c t e d  reduced demand f o r  blood flow 

t o  t h e  working muscle which i n  i t s e l f  i n d i c a t e s  t h e  enhanced oxygen 

e x t r a c t i v e  c a p a b i l i t y  of t h e  t i s s u e .  

This e f f e c t  can be seen from Figure 15 (p. 77) of the  hea r t  r a t e  

response t o  standard submaximal work i n  a l l  t h r e e  post  myocardial t r a in -  

i n g  groups and may account i n  p a r t  f o r  t h e  s i g n i f i c a n t l y  decreased 

plasma ca t  echolamine l e v e l s  a f t e r  exerc ise .  

I n  t h i s  study, h e a r t  r a t e  was found t o  be  f a i r l y  constant  wi th  

increas ing work r a t e s ,  r i s i n g  only s l i g h t l y  a t  the  higher work r a t e s  

( i n i t i a l  mean 144 2 4 -t f i n a l  mean 148 + 4 b/min). 



Therefore ,  t h e  p a t i e n t s  were a b l e  t o  consume more oxygen and t o  

do more work a t  t h e  same h e a r t  r a t e .  These r e s u l t s  i n d i c a t e  t h e i r  

i n c r e a s e  i n  f i t n e s s  a s  a  r e s u l t  of t h e  r e h a b i l i t a t i v e  t r a i n i n g .  No 

phys io log ic  a n t i a d r e n e r g i c  measure has proved a s  e f f e c t i v e  and a s  long- 

a c t i n g  a s  r igorous  phys i ca l  t r a i n i n g .  By c o n t r a s t ,  t h e  c a r d i a c  f u n c t i o n a l  

and metabol ic  de t r iments  of sedentary  l i v i n g  c o n s i s t  c h i e f l y  i n  a l o s s  of 

adequate  parasympathet ic  and sympathoinhibi tory counter  r e g u l a t i o n  

a g a i n s t  adrenerg ic ,  oxygen-wasting and, t hus ,  even tua l ly  hypoxia t ing ,  

ad rene rg i c  preponderance i n  myocardial metabolism. 



CHAPTER V I  

CON CLU S ION 

There i s  an associa t ion,  moderately close and moderately con- 

s i s t e n t ,  between occupational i n a c t i v i t y  and the  incidence, prevalence 

and f a t a l i t y  of Coronary Heart Disease (CHD). Although the  e f f e c t  of 

occupational a c t i v i t y  on Coronary Heart Disease i s  of great  t heo re t i c a l  

i n t e r e s t ,  i t  has a l e s s e r  p r ac t i c a l  relevance. A man cannot be expected 

t o  change h i s  job i n  order t o  reduce h i s  r i s k  of hear t  disease;  and i n  

any case trends towards mechanization and automation c l ea r ly  imply 

t ha t  heavy physical work w i l l  become increasingly rare.  On the  other 

hand, i f  research on physical  a c t i v i t y  should support the hypothesis 

t ha t  a shor t  period of moderate exercise  each day has a preventative 

value, then the  p r ac t i c a l  implication of such a f inding would be  r e a l i s t i c .  

The hear t  of the ac t ive  worker seems b e t t e r  able  t o  survive a myocardial 

i n f a r c t i on ,  e i t h e r  because of a b e t t e r  myocardial c i rcu la t ion  o r  e l s e  

because of some fac tor  of g rea te r  myocardial "fitness". Exercise t ra in ing  

has been shown t o  be  e f f ec t i ve  as  a therapeut ic  method. The mechanism of 

t h i s  act ion includes s t imulat ion of coronary c o l l a t e r a l  formation and 

gradual reduction of sympathetic tone. 

I n  t h i s  study, elevations of plasma catecholamine l eve l s  occurred 

a s  the  exercise t ask  became more severe f o r  t he  f i v e  normal subjects.  I n  

order t o  cope with the  g rea te r  metabolic demands induced by the  enhanced 

physical  a c t i v i t y ,  the increase i n  t he  catecholamine l eve l s ,  especia l ly  



epinephrine,  mediated by c y c l i c  AMP, provided t h e  required  metabolic 

f u e l ,  namely glucose and f r e e  f a t t y  acids.  The untrained post  myocardial 

i n f a r c t  p a t i e n t s  were found t o  have high c i r c u l a t i n g  catecholamine l e v e l s  

at  r e s t .  It seems probable t h a t  because normal a c t i v i t y  may represent  

some degree of stress f o r  these  individuals  t h a t  the  high r e s t i n g  

catecholamine l e v e l s  a r e  present  i n  a support ive r o l e  t o  provide sub- 

strate f o r  these  a c t i v i t i e s .  

A t  s i x  minutes post  exerc i se ,  t h e  plasma catecholamine l e v e l s  

f o r  t h e  untrained pos t  myocardial i n f a r c t  p a t i e n t s  were s t i l l  consider- 

ably e levated  a s  compared t o  normal values f o r  the  heal thy subjects .  

Since these  normal values represent  approximately 25 per  cent  of t h e  

maximum secre tory  l e v e l s  during exerc i se  by t h e  f i v e  normal males, then 

t h e  maximum secre tory  l e v e l s  f o r  the  untrained post  myocardial i n f a r c t  

p a t i e n t s  must have been very e levated ,  once again providing t h e  necessary 

f u e l s  f o r  t h e  tremendous metabolic demand placed on these  p a t i e n t s  during 

exercise.  Af te r  24 weeks of t r a in ing ,  the r e s t i n g  values f o r  the  pos t  

myocardial i n f a r c t  p a t i e n t s  were normal comparing favourably with the  

r e s t i n g  values of t h e  normal, heal thy group. The s i x  minute pos t  exerc ise  

sample, c lose ly  approximated the  upper values f o r  t h e  normal range and 

ind ica ted  t h a t  t h e  maximum sec re to ry  catecholamine l e v e l  was not  as high, 

nor  t h e  work t a sk  a s  severe ,  a s  i n  t h e  untrained s t a t e .  This i s  even 

more convincing s ince  the work r a t e s  were increased a t  t h e  end of t r a in -  

ing.  The constancy of h e a r t  r a t e  and t h e  s l i g h t  r i s e  i n  t h e  oxygen 

consumption with increas ing work r a t e s  show the  high degree of f i t n e s s  

which these  p a t i e n t s  achieved. 



It i s  concluded t h a t  exerc ise  therapy i s  a most e f f e c t i v e  and 

physiological  antihyperadrenergic measure i n  t h e  r e h a b i l i t a t i o n  of 

pos t  myocardial i n f a r c t  pa t i en t s .  By con t ras t ,  the  det r imenta l  demands 

of sedentary l i v i n g  cons i s t  ch ie f ly  i n  a l o s s  of adequate parasympathetic 

and sympatho-inhibitory counter-regulation agains t  adrenergic  oxygen 

wasting metabolism. 

The r e s u l t s  c l e a r l y  show a decrease i n  both t h e  r e s t i n g  and 

exerc i se  plasma catecholamine l e v e l s  of t h e  post  myocardial i n f a r c t  

p a t i e n t s  a f t e r  a 24 week r e h a b i l i t a t i v e  t r a i n i n g  program. No d i f fe rences  

were found between t h e  various pa t t e rns  of t r a i n i n g  of t h e  t h r e e  groups 

of these  p a t i e n t s  but  a general  o v e r a l l  f i t n e s s  and normalizat ion of 

c i r c u l a t i n g  catecholamine values a t  t h e  end of t r a i n i n g  occurred. They 

w e r e  ab le  t o  do more work because of a lower v e n t i l a t i o n  r a t e ,  b e t t e r  

oxygen e x t r a c t i o n  and, therefore ,  l e s s  cardiac  output  o r  less work of 

the  h e a r t  a s  r e f l e c t e d  by the  decrease i n  the  plasma catecholamine 

l e v e l s  a f t e r  t r a in ing .  
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