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. ABSTRACT 
3 - ----- -- 

The rete of ~yofibrillar prote in  degradation was assessed 
1 

following two sepirate  exercise t-ests o f  d i f f e r e n t  i n t e n s i t i e s .  

Gntrained male: subjects fH=13f w i t h  a mesn maximum oxygen 
*/ '  

consumption of 4 5 . 3 0  ml-kg'l*min'l performed ' t w o  e x e r c i s e  

p h t o c o l s :  A )  a ore h o u r  c o n t i n u o u s  b i c y c l e  ergometer excrc ise 
pr.5 

( E f  at a workrate of 60% mzix lmtm and, f) e set of 4 0  h i g h  

i n t e n s i t y  i n t e r v a l s  (HI) s t  1204 rwxirnurn f 30  sec work:60 see 

rest). fill subjects m a i n t a i n e d  F m a t - f r e e  d i e t  f o r  3  dzys prior  

hour urine s a m p l e s  were collected b e f o r e  t h e  d i e t  ( p r e - d i e t ) .  

f o l l o w i n g  3  d a y s  of d i e t  ( p r e - e x )  and f o r  each o f  t h r e e  d ~ y s  

immediately po~t-exercise ( P o s t l ,  P c s t 2 ,  Post3). Urinary 
%. 

3 - K e t k y l k i s t  i d i n e  ( 3EH) w e s  s i a n i f i c ~ n t l y  depressed ( 3 0 %  ) 
3 

f c l l o w i n g  3 d z y s  of meat-free d i e t  while u r i n a r y  n i t r o g e n  (N) 
- 

2nd c r e a t i n i n e  (CR) e x c r e t i o n  w e r e  n o t  a f f e c t e d  by the d i e t .  3MH 

e x c r e t i o n  was s l i g h t l y  e l e v a t e d  f o l l o w i n g  H I  exercise a t  p o s t 2  
i 

and r e t u r n e d  t o  pre-ex l e v e l s  by p o s t 3 .  F o l l c w i n g  E e x e r c i s e ,  

3 F 8  e x c r e t i o n  i n c r e a s e d  2 8 %  and 3 3 . 5 %  post1 and  p o s t 2  

respectively and r e t u r n e d  to  pre-ex v a l u e s  by p o s t 3 .  H I  e x c r c i s c  

r e s u l t e d  i n  1 8 %  a n d  2 9 %  increases i n  CR e x c r e t i o n  a t  post2 and 

p s t 3 ,  r e s p e c t i v e l y .  U r i n a r y  N was s i g n i f i c a n t l y  e l e v a t e d  
- -  - - - -- - - - -- - -- -- - - - - -- 

f o i l a w i n g  EI exercise compared to  E e x e r c i s e  st - pst3 ,  The r a t i o  

TiFFI7CFwZiF o n l y  s l i g h t l y  e l e v a t e d  a t  post1 a f t e r  b o t h  e x e r c i s e s .  

I t  was c o x l u d e d  that: 1 )  A meat-free diet is necessary when 

i i i  



measure of the fractional rate of muscle protein catabolism. 4 )  

longer duration exercise lay be needed to show differences in 

myof ibrillar protein degradation f ollaring EX and E exercise. 
-. 
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The e f f e c t s  o f  exercise on  s k e l e t a l  muscle  s t r u c t u r e  and 
1 

f u n c t i o n  have been known f o r  many y e a r s .  A s  e a r l y . a s  1895 ,  

Morpurgo obse rved  t h a t  s t r e n u o u s  e x e r c i s e  c o u l d  c a u s e  t h e  

c r o s s - s e c t i o n a l  area of a muscle  t o  i n c r e a s e  w i t h  no  change i n  

*the total number o f  m u s c l e  fibers (Morpurgo, 1895 a s  c i t e d  i n  

P m r t m a n s ,  1,976): Biochemical  i n v e s t i g a t i o n s  have  e s t a b l i s h e d  

that muscle h y p e r t r o p h y  r e s u l t s  from a l a r g e  i n c r e a s e  i n  t h e  

also been . sugges t ed  t h a t  m y o f i b r i l l a r  growth r e q u i r e s  an  
< -  

increas:  in breakdown of  t h e  musc le  p r o t e i n  i n  o r d e r  f o r  
6 

. rT r emode l l i ng  t o  occur (Neen in jun  and Dubowitz,  1977; L a u r e n t  and 

Mil lward,  1 9 8 0 ) .  S e v e r a l  e x e r c i s e  s t u d i e s  have documented 

ev idence  t o  s u p p o r t  t h i s  t h e o r y  (Mole and Johnson ,  1971; 

Consolaz io  e t  a l . ,  1975;  Rennie e t  a l . ,  1980a;1980b;1981) .  -- -- 
Skeletal muscle c o n s t i t u t e s  a ma jo r  t i s s u e  of t h e  body,  

c o n t r i b u t i n g  more t h a n  20% o f  body w e i g h t  a t  b i r t h  which 

i n c r e a s e s  to 45% i n  t h e  mature  a d u l t  ( C a h i l l ,  1971; Dan ie l  e t  - 
al., 1977). By v i r t u e  of i t s  l a r g e  mass, s k e l e t a l  muscle  is t h e  - 
body's  p redominant  reservoir of a r n i n o . a c i d s  and p r o t e i n .  The 

b u l k  of t h i s  p r o t e i n  i s  p r e s e n t  i n  t h e  form o f  a c t i n  and myosin 

which make u p  the contractile e l e m e n t s  of t h e  musc le  cell. The 

temm-er ef skebstai gr-€eeirn €hus p l a y s  a n  i r n p o r t z t  rare 
i n  t h e  r e g u l a t i o n  of whole body p r o t e i n  metabol ism.  



The r a t e  of p r o t e i n  t u r n o v e r  i n  t i s s u e s  may be a l t e r e d  by , 

v a r i a t i o n s  i n  t h e  ra tes  o f  s y n t h e s i s ,  d e g r a d a t i o n ,  or a  

c o m b i n a t i o n  of b o t h ,  C o n t i n u o u s  p r o t e i n  t u r n o v e r  p r o v i d e s  a 

means f o r  t h e  r e d i s t r i b u t i o n  o f  amino a c i d s  i n t o  n e w . p r o t e i n s  a s  

t h e y  a r e  r e q u i r e d ,  Hence ,  p r o t e i n  t u r n o v e r  r e p r e s e n t s  a n  

i n t e g r a l  p a r t  o f  t h e  c o n t i n u i n g  a d a p t i o n  o f  man to  h i s  c h a n g i n g  
? 

env i ronment .  

C o n s i d e r e b l e  s c i e n t i f i c  r e s e a r c h  has b e e n  d e v o t e d  t o  b o t h  

s k e l e t a l  m u s c l e  s y n t h e s i s  a n d  d e g r a d a t i o n .  I t  is w e l l  r e c o g n i z e d  

t h 2  b o t h  p r o c e s s e s  are r e s p o n s i v e  to  a v a r i e t y  o f  . s t i m u l i  

i n c l u d i n g  d i e t ,  h o r m n e s ,  d i s e a s e  and e x e r c i s e .  Many o f  these .*  

i n v e s t i g a t i o n s  have  f o c u s e d  on t h e  d e g r a d a t i v e  a s p e c t  o f  p r o t e i n  

t u r n o v e r ;  however ,  r e p o r t s  on s k e l e t a l  m u s c l e  myof i b r i l l a r  

p r o t e i n  c a t a b o l i s m  have  b e e n  e q u i v o c a l  a n d  - o f t e n  c o n f u s i n g  

(Swick and Song ,  1974;  Water low e t  a l . ,  19757 Hegsted e t  a l . ,  -- -- 
1975). The r e s u l t s  f r o m  t h e s e  s t u d i e s  are d i f f i c u l t  t o  i n t e r p r e t  

d u e  to  t h e  p r o n o u n c e d  r e u t i l i z a t i o n  of amino  a c i d s  i n  s k e l e t a l  

musc le  and t h e  p r o b l e m s  a s s o c i a t e d  w i t h  t h e  i n t e r p r e t a t i o n  o f  

urea n i t r o g e n  d a t a .  

The u s e  of p r o t e i n  f o r .  energy m e t a b o l i s m ,  w h i l e  c o n t r o l l e d  

by t h e  e n d o c r i n e  s y s t e m ,  is d e p e n d e n t  upon t h e  i n t e n s i t y  and 

d u r a t i o n  o f  t h e  e x e r c i s e ,  the s t a t e  o f  t r a i n i n g  and t h e  d i e t  

19811. Carbohydrates pravide khe maw energy source EQE high 

i n  t e n s i t y  s h o r t  d u r a t i o n  work (Lemon and Nagle, 1 9 8 1 1 ,  w h e r e a s  

f a t  becomes t h e  p r i m e  f u e l  in longer bouts of exercise due to 



t h e  d e p l e t i o n  of musc le  g lycogen  (Gontzea e t  a l .  ,1974; Lemon 
-- - -  

and Nagle ,  1981). Muscular  a c t i v i t y  can  a lso  c a u s e  i n c r e a s e d  

metabol ism and o x i d a t i o n  o f  p r o t e i n s  (Gontzea ,  19741,  h ~ w e v e r  

t h i s  change a p p e a r s  to  be t i m e  dependant .  Enhanced p r o t e i n  

u t i l i z a t i o n  h a s  o n l y  been o b s e r v e d  d u r i n g  one  h o u r  or more of 

pro longed  e x e r c i s e  (Cerney , 1975;  Haralambie  and Berg ,  1976; 

Decombaz -- e t  a l . ,  1 9 7 9 ) .  One e x p l a n a t i o n  of t h i s  may be t h e  

e x i s t e n c e  o f  a g l u c o s e - a l a n i n e  c y c l e  p r o p o s e d  by F e l i g  and 
a ,  

Wahren ( l 9 7 l ) ,  where i n c r e a s e d  amounts o f  a f a n i n e  are r e l e a s e d  

from s k e l e t a l  musc le  d u r i n g  e x e r c i s e .  C i r c u l a t i n g  a l a n h  is 

then  taken  u p  by ' t h e  l i v e r  where  i t 's  ca rbon  s k e l e t o n  is 

conve r t ed  t o  g l u c o s e  v i a  g l u c o n e o g e n e s i s .  
- - 

During heavy work, plasma e p i n e p h r i n e ,  n o r e p i n e p h r i n e ,  

g lucagon ,  growth hormone and cor t isol  have a l l  been obse rved  t o  

increase w i t h  a concomitant decrease i n  insulin l e v e l s  (Hartley 

' e t  al., 1972a; Galbo  e t  al., 1 9 7 7 ~ ;  1979; Tomas et a l . ,  1979) .  -- -- -- 
Galbo and c o - w o r k e r ~  (1979 1 have  s u g g e s t e d  t h a t  d u r i n g  p ro longed  

e x e r c i s e  t h e  s e c r e t i o n  of  t h e s e  hormones may be  a r e s p o n s e  to  a 

glucose privation. These  i n v e s t i g a t o r s  and o t h e r s  obse rved  

that such a d e c r e a s e  in gluoose levels significan enhances  

c o r t i s o l  s e c r e t i o n  a t  w o r k r a t e s  g r e a t e r  t h a n  60% o f  )naaaximal 
f 

oxygen u p t a k e  (DavieS and  Pew, 1973; White -- et a l . ,  1976; B l o o m  

increase i n  muscle p r o t e i n  d e g r a d a t i o n  might be e x p e c t e d  

f o l l a r i n g  high intensity exercise. 



P r o t e i n  d e g r a d a t i o n  d u r i n g  e x e r c i s e  may a l s o  be  r e l a t e d  to  

a n  accumula t ion  of ~ a c t ~ t e  i n  t h e  musc le .  I n c r e a s e d  blood 

l a c t a t e  i n h i b i t s  n o b i l i z a t i o n  of  f a t t y  a c i d s  (~redfrolm,. 1969)  

which  would s u p p r e s s  f a t  metabol i sm and  p e r h a p s  c a u s e  a  l a r g e r  
A 

4 
demand f o r  g l u c o n e o g e n e s i s  o r  p r o t e i n  m e  tab01 i s m .  Fur thermore,  

e v i d e n c e  f o r  m y o f i b r i l l a r  n e c r o s i s  and  d e g r a d a t i o n  h a s  been 

obse rved  and documented by means of e l e c t r o n  microscopy  of L 

muscle  b i o p s i e s  from marathon r u n n e r s  (Apple  e t  a l . ,  1983; -- 
Hagerman -- e t  a l . ,  1983; S i e g a l  e t  a l ,  , 1 9 8 3 ) .  F i b e r  a b n o r m a l i t i e s  -- 
have  been observed  t o  p e r s i s t  f o r  7 d a y s  post -marathon w i t h  t h e  

most p r e v a l e n t  changes  o c c u r i n g  a t  24  and 4 8  h o u r s  r ecove ry ,  

Recent  o b s e r v a t i o n s  o f  e l e v a t e d  ly sosoma l  enzyme a c t i v i t i e s  

f o l l o w i n g  endurance  e x e r c i s e  a l so  have  i m p l i c a t i o n s  for' muscle 

p r o t e i n  d e g r a d a t i o n  ( P i l s t r o m  e t  a l . ,  1978;  Vihko e t  a l . ,  1978; -- -- 
Dohm -- e t  al., 1 9 8 0 ) .  Lysosomal enzymes, p a r t i c u l a r l y  Ca theps in  D ,  

Ca theps in  B and Calcium (cA*+) a c t i v a t e d  protease a r b  c a p a b l e  of  

deg rad ing  m y o f i b r i l l a r  p r o t e i n s  (Schwar tz  and B i r d ,  1 9 7 7 ) .  C l a r k  

ar d Vignos (1981)  have s u g g e s t e d  c a t h e p s i n  D a s  a n  a c t i v e  
.'- 

media to r  of g l u c o c o r t i c o i d  i nduced  s k e l e t a l  musc le  c a t a b o l i s m .  

They found c a t h e p s i n  D a c t i v i t y  to be p r o p o r t i o n a l  t o  t h e  amount 

of muscle breakdown measured a f t e r  a d m i n ~ ~ t r a t i o n  of  - , 
-3 

z 

g l u c o c o r t i c o i d s  to r a b b i t s .  T h i s  h y p o t h e s i s  may have d i rect  

e x e r c i s e .  

Formerly ,  methods of examining p r o t e i n  s y n t h e s i s  or 

catabolism f o l l o w i n g  exercise i n  man have b e e n  d i f f i c u l t  and 



q u e s t i o n a b l e ,  U r i n a r y  n i t r o g e n  t N j  has, i n  the past, been- - - 

H w e v e r ,  one  mus t  be c a u t i o u s  when r e l a t i n g  i n c r e a s e d  N 

metabolism to  i n c r e a s e d  p r o t e i n  d e g r a d a t i o n  because :  1 ) e x c r e t e d  
Y 

P? m y  be a p r o d u c t  of o x i d a t i o n  of amino a c i d s  f rom f r e e  p o o l s  ; 

and n o t  of muscle  p r o t e i n s ,  2) working m u s c l e s  may p r o d u c e  N by 

t h e  deamina t ion  o f  AXP and f u r t h e r m o r e ,  3 )  since t h e  s w e a t i n g  

wechanism i n  wan is a n  i w p o r t a n t  mode o f  urea N e x c r e t i o n  d u r i n g  

e x e r c i s e  it must  be  c o n s i d e r e d  a l o n g  with u r i n e  when d e t e r m i n i n g  

muscle p r o t e i n  c a t a b u l i s m  ( L e m n  and Nag le ,  1 9 8 1 ) .  L a b e l l e d  

amino a c i d s  have a l s o  been used  to  measure  d e g r a d a t i o n  o f  muscle  

p r o t e i n ,  however s u c h  methods may a l s o  be  confounded  by t h e  

r e u t  i l i z a t i o n  of t h e s e  t r a c e r  s u b s t a n c e s .  

Ur ina ry  3 - M e t h l y h i s t i d i n e  ( 3 N )  e x c r e t i o n  h a s  r e c e n t l y  been 

r ecogn ized  a s  a p o t e n t i a l l y  v a l u a b l e  i ndex  o f  n r ryo f ib r i l l a r  

p r o t e i n  d e g r a d a t i o n  i n  s u b j e c t s  e a t i n g  a meat-free d i e t  or on a 

f i x e d  meat i n t a k e  (Eave rbe rg  -- e t  a l . ,  1974; 1975a;  1975b; 

Nishizawa -- e t  a l . ,  1977a;  1977b; Long -- e t  a l . ,  1975;  Young and- 

Hunro, 1978; Rennie  -- e t  a l . ,  1980;  Millward -- e t  a l . ,  1 9 8 0 a ) .  3MH 

o r i g i n a t e s  f rom t h e  d e g r a d a t i o n  of  a c t i n  and  o f  myosin heavy 

c h a i n s  of w h i t e ,  f a s t  t w i t c h  muscle  f i b e r s  (Young and  Monro, 

1978) .  S i n c e  i t  does n o t  c h a r g e  t R N A  it c a n n o t  be  i n c o r p o r a t e d  

into p r a t e i n  a f t e r  p r o t e i n  catabolism. Thus - it - -  is q u a n t i t a t i v e l y  - - -- - - - - - - 

e x c r e t e d  unchanged i n  the u r i n e  (Long e t  a l . ,  1975;  Young e t  
- - - -- -- -- - -- - 

a l . ,  1970; 1972; 1 9 7 8 ) .  - 



t 

I n  c o n t r a s t  t o  N e x c r e t i o n ,  3HH does not appezr to be 

e x c r e t e d  i n  t h e  sweat gf human s u b j e c t s  (Doh,~1198821.-Al~~r 3HB 
3 

is n o t  o x i d i z e d  i n  man as confi rmed by t h e  a b s e n c e  o f  d e t e c t a b l e  

l 4 ~ 0 ~  i n  expired a i r  f o l l o w i n g  i n j e c t i o n  o f  l a b e l l e d  l 4 c - 3 ~ ~  

(Long -- e t  a l . ,  1 9 7 5 ) .  

I n  o r d e r  t o  u s e  3MH a s  a index  df muscle  p r o t e i n  

d e g r s d a t i o n  i t  is n e c e s s a r y  t o  show t h a t  s k e l e t a l  musc l e  is t h e  

major  s o u r c e  of t h i s  amino a c i d .  Haverberg e t  a l . ,  (1975a )  and -- 
Nishizawa -- e t  a l . ,  (1977a;  1977b)  have b o t h  d e t e r m i n e d  t h a t  P 

s k e l e t a l  musc le  is t h e  p r i m a r y  source o f  3MH i n  t h e  r a t ,  

Millward e t  a l . ,  (1980 1 have  sugges t ed  t h e  a s sumpt ion  t h a t  3mH -- 
o r i g i n a t e s  a l m o s t  e n t i r e l y  from s k e l e t a l  musc l e  is e r r o n e o u s  

since their s t u d y  i n d  i c a t e d  that s k e l e t a l  musc l e  o n l y  a c c o u n t s  

f o r  74 .5% o f  t h e  u r i n a r y  3HE e x c r e t i o n  i n  rats, On t h e  o t h e r .  

hand, H a r r i s  ( 1 9 8 1 )  hzs  c r i t i c i z e d  M i l l w a r d ' s  methods and ' 

c a l c u l a t i o n s  which c h a l l e n g e d  the idea that skeletal musc le  may 

n o t  be t h e  p r i m a r y  s o u r c e  o f  3FH. 

How r e l e v a n t  t h e s e  r e s u l t s  are to t h e  3HH s t u d i e s  i n  humans 

remains  t o  b e  d e t e r m i n e d .  The o n l y  r e l e v a n t  1 i t e r a t u r e  o n  humans 

concerns a s i n g l e  p a r a l y z e d  s u b j e c t  w i t h  no  d e t e c t a b l e  s k e l e t a l  

muscle  ( A f t i n g  -- e t  al., 1 9 8 1 ) .  I t  is  g e n e r a l l y  a g r e e d  t h a t  90% o f  

3m i n  t h e  human bcdy is  found i n  s k e l e t a l  musc l e  (Young e t  al,, -- 
9 

1978; Monro e t  a l . ,  1 9 7 8 ) .  T h e r e f o r e ,  any  change  i n  t h e  -- 
- - - - - -- - - - -- -- - - 

e x c r e t i o n  rate of 3WB s h o u l d  r e f l e c t  a change  i n  m y o f i b r i l l a r  
- 

p r o t e i n  d e g r a d a t i o n .  N e v e r t h e l e s s ,  ~ e n n i e  (1983 ) s u g g e s t s  t h a t  

t h e  key t o  t h e  i n t e r p r e t a t i o n  o f  3HH e x c r e t i o n  ra tes  l i e s  w i t h  



exercise on 3ME e x c r e t i o n  rate. The r e s u l t s  of these s t u d i e s  are 

i n c o n c l u s i v e  and c o n t r a d i c t o r y .  Some i n v e s t i g a t o r s  have found 
fi 

d e c r e a s e s  i n  u r i n a r y  3M.R b o t h  d u r i n g  and f o l l o w i n g  long  d u r a t i o n  

e x e r c i s e  (Refsum -- et  a l . ,  197.9; Rennie  -- e t  a l . ,  1980a;  1980b; 

1981; Millward -- e t  al., 1982). w h i l e  others have s e e n  no change  

{Decombaz -- et al., 1979) or an i n c r e a s e  (Dohat et a l . ,  1982) .  A -- e 

p o s s i b l e  e x p l a n a t i o n  for t h e s e  con•’  1 i c t i n g  r e s u l t s  may be& 4 
% 

t ype  of d i e t  used,  t h e  t i m i n g  of u r i n e  c o l l e c t i o n s  and t h e  s t a t e  ; 
- - - - - 

- - - - 

of t r a i n i n g  of t h e  s u b j e c t s .  1 

I n  o r d e r  t o  q u a n t i f y  the e f f e c t  o f  musc l e  p r o t e i n  

c a t a b o l i s m  u s i n g  urinary 3MR it is i m p o r t a n t  to know t h e  to ta l  

muscle  mass of t h e  individual. u r i n a r y  c r e a t i n i n e  h a s  been used 

a s  an  index of t o t a l  musc l e  mass s i n c e  i t ' s  o n l y  p r e c u r s o r ,  , -  

treatise, is found principally i n  skefetal m u s c l ~  - 

(Grays tone , l968 ;  Tomas'et -- al,, 1978; Uauy -- et sl , ,  1978; B a l l a r d  

e t  al., 1979 1 .  However, f e w  e x p e r i m e n t s .  have  examined the e f f e c t  -- 
8' > 

o f  e x e r c i s e  on  crea t i n i n e  e x c r e i i o n .  Muscle b i o p s y  s t u d i e s  have 

s h m n  s e v e r e  d e p l e t i o n  of c r e a t i n e  phospha te  stores i n  muscle  

Ammediately f o l l o w i n g  e x h a u s t i v e  e x e r c i s e  (Bergs t rom,  1967) .  

Decombaz and coworkers  (1979)  . obse rved  a 509 r e d u c t i o n  i n  

c r e a t i n i n e  c l e a r a n c e  i n  man - - - d u r i n g  - - - - - - a - - long - d u r a t i o n  -- e x h a u s t i v e  -- 
- 

a m  

run, however pre-run l e v e l s  were r e g a i n e d  w i t h i n  24 hours .  
- -- - - - - 

C r e a t i n i n e ,  whose c l e a r a n c e  is also used a s  a measure  o f  r e n a l  

b l d  f l o w ,  is d i f f i c u l t  t o  assess d u r i n g  exercise s i n c e  renal - 
- - - - - - -- - %. - 



flow and g l c m e r u l a r  filtration may be decreased, I t  has- been 

s u q g e s t e d  tfiat e x c e p t  for s u c h  c h a n s e s  i n  s e n a l f u n c t i o n . ,  

e x e r c i s e  h a s  n o  i n m u e n c e  o n  24  h o u r  u r i n a r y  c r e a t i n i n e  

e x c r e t i o n  (Van P i l sunr ,  1958;  Decombaz e t  a l . ,  1 9 7 9 ) .  However, -- 
Doh, -- e t  a l .  ( 1 9 8 2 ) ,  u s i n g  m a l e  s u b j e c t s ,  f o u n d  s i g n i f i c a n t  

i n c r e a s e s  i n  c r e a t i n i n e  e x c r e t i o n  d u r i n g  t h e  24 h o u r  p e r i o d  

f o l l o w i n g  a  10-12 m i l e  r u n .  They a l so  o b s e r v e d  t h a t  1 h o u r  o f  

w e i g h t - l i f t i n g  d i d  n o t  p r o d u c e  a n y  m e a s u r a b l e  c h a n g e s  i n  u r i n a r y  
P 

c r e r t i n i n e .  T h e s e  r e s u l t s  i m p l y  t h a t  c r g a t i n i n e  e x c r e t i o n  post 

e x e r c i s e  is  r e l a t e d  to  t h e  type of work p e r f o r m e d ,  However, t h e  

a c t u a l  mechanisms of s u c h  a r e s p o n s e  r e m a i n  t o  be c l e r i f i e d .  

S i n c e  3MB and  c r e a t i n i n e  are r e l a t e d  s p e c i f i c a l l y  to 

myof i b r i l l a r  p r o t e i n  and  g e n e r a l  m u s c l e  m a s s ,  r e s p e c t i v e l y ,  t h e  

r a t i o  o f  3Yd/Cr h a s  been  used  t o  assess t h e  f r a c t i o n a l  

d e g r a d a t i o n  rate of m y o f i b r i l l a r  p r o t e i n  (Tomas e t  a l . ,  1979b;  -- 
B a l l a r d  e t  al,, 1979; Seashore et al,, 1981; DO- et a l , ,  1 9 8 2 ) .  -- -- -- 
T h i s  method of measurement  s h o u l d  mzke a l l o w a n c e s  fo r  i n d i v i d u a l  

d i f f e r e n c e s  i n  bcdy c o m p o s i t i o n ,  p a r t i c u l a r l y  m u s c l e  c o n t e n t .  To 

d a t e ,  o n l y  o n e  e x e r c i s e  s t u d y  b a s  u s e d  t h e  3HH/Cr r a t i o  a s  a 

method of m e a s u r i n g  m u s c l e  p r o t e i n  breakdown (Dohrn e t  a l . ,  -- 
1 9 8 2 ) .  T h e i r  s t u d y  f o u n d  t h a t  both r u n n i n g  and  w e i g h t - l i f t i n g  

produced s i g n i f i c a n t  i n c r e a s e s  i n  t h e  3MH/Cr ra t io ,  

I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  e x e r c i s e  d o e s  t r i g g e r  a  c h a n g e  
- - - - - - - - - - - - - 

i n  t h e  d e g r a d a t i o n  o f  m y o f i b r i l l a r  p r o t e i n  i n  man. I t  is 
- ~ - - ~  

c o n c e i v a b l e  t h a t  t h e  i n t e n s i t y  and  d u r a t i o n  of the e x e r c i s e  

plays a n  i m p o r t a n t  r e g u l a t o r y  role i n  the catabolism of m u s c l e  



protein, Hence, the p r h q  p u w  QS 424s sk&y -wss t e  - 

detemf n e  -- the - ef f e c t s o f ! i t f n t e n s f t p  - ahart 

d u r a t i o n  e x e r c i s e  o n  myofibrillar prottin degradation in ran. In 
,f 

order to s o l v e  t h i s  problem,  i t  was n e c e s s a r y  to  a s c e r t a i n :  

1. I f  a  mea t - f r ee  d i e t  changes  the u r i n a r y  e x c r e t i o n  rates of 

C r e a t i n i n e ,  :ur.ea'  N i t r o g e n  or 3 - W e t h l y h i s t i d i n e ,  
1 

2 .  If exercise alters u r i n a r y  c o n c e n t r a t i o n  of ~ r e a t i n i n e ,  

urea N i t r o g e n  and 3-Meth lyh i s t i d ine .  

3. I f  t h e  t i m e  c o u r s e  of t h e  u r i n a r y  c o n c e n t r a t i o n  change  i n  

these variables is a1 tered pos t - exe rc  ise , 
I 

- 

4 .  Whether t h e  exercise i n t e n s i t y  i n f l u e n c e s  t h e  t i m e  c o u r s e  

of any  c o n c e n t r a t i o n  change.  



2 . 1  Research d e s i g n  - 

Thir t een  untrained male u n i v e r s i t y  s t u d e n t s  (Table  1 ) were 

studied under three e x e r c i s e  c o n d i t i o n s  i n  a repea ted  measure 

design as c x u t l h e c l  in !3?&1+ 2, fni%daf f y, as a W - 3  

procedure, e a c h  s u b j e c t  performed a maximum bicycle ergometer 

ride to determine  h i s  maximum oxygen uptake (VO* max) ,  h e a r t  

rate (HR) and workrate.  After t h e  V02 max was determined,  each  

s u b j e c t  completed t w o  exper imenta l  e x e r c i s e  protocols : 1 ) an 

endurance ergometer test  of 1 hour and 2 )  a set of 40 t h i r t y  

second ergometer  sprints. ~ 0 t h  exper imenta l  e x e r c i s e  p r o t o c o l s  

were performed i n  the  Environmental Chamber ( K i n e s i o l  ogy,SFU) 

. e where r o o m  temperature w a s  he ld  c o n s t a n t  at 15.c and humidity a t  

V a l u e s  a r e  means f Standard errors of t h e  means. 
X=13 



the periods i n  which the exercise tests were unde r t aken ,  

S u b j e c t s  w e r e  randomly a s s i g n e d  to one  of t w o  .groups: ~ k o u p  1 

performed the endurance  vark f i r s t ,  f o l l o w e d  by the s p r i n t  

exercise o n  a s u b s e q u e n t  v i s i t  w h i l e  g r o u p  2 comple teB t h e  tests 

in reverse order. T h i s  e x p e r i m e n t a l  d e s i g n  was chosen  to n e g a t e  

any confounding factors associated with repeated measures, A 

minimum of seven  d a y s  rest w a s  a l l owed  between e a c h  of  t h e  

e x e r c i s e  c o n d i t i o n s .  Subjects c o l l e c t e d  24 hour u r i n e  samples 

prior t o  and f o l l o w i n g  e ~ c h  d i e t  and e x e r c i s e  periocT ( T a b l e  2 ) .  

Samples were a n a l y z e d  for c o n c e n t r a t i o n s  o f  3 - M e t h y l h i s t i d i n e ,  

C r e a t i n i n e  anz Urea N i t r o g e n .  A s  a n  i n c e n t i v e ,  each  s u b j e c t  

received t h i r t y  d o l l a r s  upon comple t ion  of the  s t u d y .  

TABLE 2 .  XPERIHEKTAL DESIGN : EXERCISE CONDITIONS 

CDRDITION lo PROTOCOL HEASURED VARIABLES 
L 
1 .Maximum Oxygen f 

up take  Ergometer R i d e  to Heart Rate, VE, ~ 0 2 ,  
T e s t .  13 Exhaus t ion  Workra te .  

I 

2 . ~ n d u r a n c e  Ergo- ter 

- - - -  



A l l  p a r t i c i p a n t s  were ,examined by a  p h y s i c i a n  p r i o r  t o  any 

e x e r c i s e  t e s t i n g .  All s u b j e c t s  were asked  to  r e f r a i n  f rom any 

prolonged p h y s i c a l  a c t i v i t y  ( l a s t i n g  30 minut- or more, h e a r t  

r a t e  > 130 bpm) for two 6 a y s  b e f o r e  each tes t  as well as f o r  t h e  

d u r a t i o n  o f  t h e  u r i n e  c o l l e c t i o n  p e r i o d .  I n  o r d e r  t o  c o n t r o l  f o r  

d i u r n a l  e f f e c t s  a n  attempt wzs made to  e n s u r e  i n d i v i d u a l  

a d d i t i o n ,  s u b j e c t s  k e p t  a r e c o r d  of  t h e i r  d i e t  and p h y s i c a l  

a c t i v i t y  d u r i n g  e a c h  t e s t i n g  p e r i o d .  The consumpt ion  of  a l c o h o l  

was p r o h i b i t e d  f o r  24 hour s  p r i o r  t o  c o l l e c t i o n  o f  t h e  f i r s t  

u r i n e  sample and th roughou t '  t h e  t e s t i n g  p e r i o d  u n t i l  t h e  f i n a l ,  

p o s t - e x e r c i s e  c o l l e c t  i o n  was completed.  \ 
~0~ max was measured on a b i c y c l e  e r g o m e t e r  by t h e  Douglas  

bag method d e s c r i b e d  by A s t r a n d  and Rodahl (1977) and o u t l i n e d  

i n  Appendix 1. S u b j e c t s  were g i v e n  a 6 minu te  warmup p r i o r  t o  

performing t h e  VO* max test .  The tes t  invo lved  r i d i n g  on the 

b i c y c l e  e r g o w t e r  a t  a pedal  f r equency  of 60 r p m  ( A s t r a n d  and 

Rcdahl,  19771, w i t h  w o r k r a t e  based on t h e  h e a r t  r a t e  a t t a i n e d  i n  
e 

the  f i n a l  minu te  o f  warmup. The w o r k r a t e  w a s  i n c r e a s e d  by 180 

every minute u n t i l  t h e  subjec t  r e a c h e d  

purposes of t h i s  s t u q ,  e x h a u s t i o n  was d e f i n e d a s  t h e - z t t  

which the s u b j e c t  could no l o n g e r  cont inue .  p e d a l l i n g  a t  60 rpm. 

Heart r a t e s  were m n i t o r e d  d i r e c t l y  f o r  the l a s t  10 seconds  of 



- t - - 

each minute  of t h e  ride and f o r  t h r e e  m i n u t e s  o f  r e c o v e r y ,  from 
0 

- -- - - - -- 

t h r e e  electrodes placed on t h e  r i d g e  o f  t h e  s c a p u l a  and on t h e  . 
right and l e f t  of the  t h o r a x ,  a t  t h e  5th i n t e r c o s t a l  s p a c e .  

The endurance  protocol c o n s i s t e d  of a o n e  h o u r  c o n t i n u o u s  

b i c y c l e  e rgomete r  r i d e  a t  60% o f  the p r e d e t e r m i n e d  W 2  max, 

Heart r a t e  was moni to red  f o r  1 0  seconds  and oxygen consumption 

for 30 seconds every 5 and 10 minutes respectively as  d e s c r i b e d  

i n  Appendix 2. All t h i r t e e n  s u b j e c t s  comple ted  t h i s  e x e r c i s e  

regime. 

i n  tensity ( H I )  e r g o m e t e r  r i d e s  a t  a. w o r k r a t e  c o r r e s p o n d i n g  t o  

120% hZ max. Each ' s p r i n t s  w a s  f o l l owed  by a r e c o v e r y  p e r i o d  of 

s i x t y  seconds ,  O n l y  twelve s u b j e c t s  p a r t i c i p a t e d  i n  t h i s  

exercise p r o t o c o l  as one s u b j e c t  wi thdrew from t h e  study 

fo l lowing  t h e  endurance  e x e r c i s e  for p e r s o n a l  r e a s o n s .  All 12 

s u b j e c t s ,  w i t h  t h e  e x c e p t i o n  of one ,  comple ted  all 40 e f f o r t s  a t  

120%: I t  w a s  n e c e s s a r y  to decrease the w o r k r a t e  f o r  one s u b j e c t  

& 100% of t h e  to2 max.for the f i n a l  1 0  s p r i n t s .  H e a r t  r a t e  was 

moni tored f o r  t h e  l a s t  10 seconds of every minute  d u r i n g  t h e  

waraup, every eighth m i n u t e - o f  the t e s t  and for t h r e e  m i n u t e s  

fo l lowing  c e s s a t i o n  o f  work as d e s c r i b e d  i n  Appendix 2, A s  i n  

the endurance p r o t o c o l ,  oxygen uptake was measured d u r i n g  t h e  



2 . 3  D i e t  -- 

E a c h  s u b j e c t  a t e  a m e a t - f r e e  d i e t  d u r i n g  a p e r i o d  of 7 days 

e n c o ~ p s s s i n g  t h e  period p r e c e d i n g  a n d  f o l l o w i n g  t h e  e n d u r s n c e  . . 

and s p r i n t  tests i n  o r d e r  to e l i m i n a t e  any d i e t e r y  c o n t r i b u t i o n  

t o  3P!H e x c r e t i o n  ( T z b l e  3 ) .  I n i t i a l  p i l o t  work i n d i c a t e d  t h z t  

t h r e e  d a y s  o n  a meat f r e e  d i e t  c t u s e s  a s i g n i f i c a n t  d e p r e s s i o n  
I 

of u r i n a r y  3MH e x c r e t i o n  (See  R e v i e w  of L i t e r a t u r e ,  F i g u r e  1 4 ) .  

The  i m p o r t a n c e  o f  m s i n t a i n i n g  a w e l l  b z l a n c e  d i e t  t h r o u g h  
\ 

o u t  the s t u d y  w a s  emphasized, Diets of all s u b j e c t s  were similar ---) 

p r i o r  to  t h i s  s t u d y ;  no p a r t i c i p a n t  was a  v e g e t a r i a n .  A l l  

s u b j e c t s  w e r e  a s k e d  t o  r e f r a i n  f r o m  a l c o h o l ,  t e a  a n d  coffee  d u e  

to  t h e i r  a n t i d i u r e t i c  e f f e c t s .  S u b j e c t s  w e r e  a s k e d  to s u b s t i t u t e  

f i s h  and d s i r y  p r o d u c t s  f o r  m u s c l e d  meat d u r i n g  t h e  d i e t  p e r i o d  

so t h a t  p r o t e i n  intake would n o t  be r e d u c e d .  I n d i v i d u a l s  who 

f e l t  t h a t  t h i s  d i e t  w o u l d  i n t e r f e r e  too much  w i t h  t h e i r  n o r m a l  

l i f e s t y l e  were s c r e e n e d  o u t  of t h e  s t u d y .  

T h e  w e i g h t  o f  e a c h  p a r t i c i g a n t  w a s  r e c o r d e d  d u r i n g  e a c h  

p h a s e  o L t h e  s t u d y .  V e r y  l i t t l e  f l u c t u a t i o n  i n  i n d i v i d u a l  w e i g h t  

was c b s e r v e d  t l ess  t h a n  0.8kg 1 .  It wzs •’el t t h a t  the lack of 

w e i g k t  c k a n g e  c o n f i r m e d  that t h e  d i e t s  were w e l l  b a l a n c e d .  



2.4  U r i n e  C o l l e c t i o n  - 

For t h e  f i rs t  e x e r c i s e  p r o g r a m ,  w h e t h e r  e n d u r a n c e  or 

s p r i n t ,  e a c h  s u b j e c t  c o l l e c t e d  f i v e  2 4  h o u r  u r i n e  ~ a m p l e s  a s  

e x p l a i n e d  i n  T a b l e  3. f i r s t  c o l l e c t i o n ,  label led ' p r e - d i e t '  

was n o t  i n c l u d e d  i n  t h e  s e c o n d  e x e r c i s e  p r o g r a m  d u e  to 

m n t r a i n t s  o n  t h e  a v a i l a b i l i t y  of t h e  Amino A c i d  A n a l y s e r  u s e d  

i n  t h i s  s t u d y .  S u b j e c t s  were r e q u i r e d  t o  v o i d  a t  t h e  time c h o s e n  

t o  b e g i n  t h e  f i r s t  2 4  h o u r  c o l l e c t i o n  p e r i o d ,  a n d  t h e n  c o l l e c t e d  

a l l  urine passed up to a& inclw3ing that vuided at the-same 

t i m e  the n e x t  day. 

1 TABLE 3 .  DIET AND URINE COLLECTION, I 
/ DAY 1 P r e - d i e t  2 4  h o u r  u r i n e  c o l l e c t i o n  I I 

1 

DAY 2-4lHeat-free d i e t  begins. I 

DAY 6 
I 

E x e r c i s e  i n  a.m.;Post 1, 2 4  hour 
4 c o l l e c t i o n  ( d i e t  c o n t i n u e s )  

DAY 5 . 

1 DAY 7 
I 

j p o s t  2 ,  2 4  h o u r  u r i n e  c o l l e c t i o n  1 

P r e - e x e r c i s e  2 4  hour u r i n e  c o l l e c t i o n  
( d i e t  c o n t i n u e s )  

I I f d i e t  c o n t i n u e s )  I 

t ' r i n e  was cof lected i n  plastic 4 l i t e r  c o n t a i n e r s  ( C o a s t  

1 

p l a s t i c s ,  P i t t  Meadows, *BC) c o n t a i n i n g  L ml t o l u e n e  as a 

DAY 8 

p r e s e r v a t i v e  (Tornas -- e t  a l . ,  1 9 7 9 ) .  A t  t h e  e n d  of e a c h  24 h o u r  

Post 3 ,  24 h o u r  u r i n e  c o l l e c t i o n  
( d i e t  c o n t i n u e s )  

collection, the velum o f  u r i n e  e x c r e t e d  was m e a s u r e d  and an 8 



m l  a l i q u o t  s a v e d .  The sample a ' l i q u o t  was d e p r o t e i n i z e d  w i t h  30% 

s u l f o s a l i c y c l i c  a c i d  ( 2 : l  u r i n e :  a c i d  r a t i o ,  Long -- e t  a 1 .  ,1975;  

Tomas -- e t  a l . ,  1 9 7 9 ;  A f t i n g  -- e t  a l . ,  1 9 8 1 1 ,  p a s s e d  t h r o u g h  a 

d o u b l e  Millipore f i l t e r  s y s t e m  (mesh s i z e  45p) a n d  s t o r e d  a t  -20' 

C u n t i l  t h e  t i m e  o f  a n a l y s i s .  A l l  a n a l y s e s  were p e r f o r m e d  w i t h  

, e a c h  sample  l a b e l l e d  with a randon? number which  c o u l d  l a t e r  be 

i d e n t i f i e d  w i t h  a  p a r t i c u l a r  e x e r c i s e  p r o t o c o l  a n d  c o n d i t i o n .  

Due t o  l a b o r a t o r y  c o n s t r a i n t s ,  o n l y  o n e  a n a l y s i s  of e a c h  

c o l l e c t i o n  w a s A d u c t e d  for  c o n c e n t r a t i o n  o f  3 .  However,  

double b l i n d  dupf  i c a t e  analyses  w e r e  performed for n i t r o g e n  and 

c r e a t  i n i n e  c o n c e n t r a t i o n s .  

a 

2 .5  3 - M e t h y l h i s t i d i n e  D e t e r m i n a t i o n  \ - 1 
3HB was d e t e r m i n e d  i n  a  t w o  column 11 h o u r  p h y s i o l o g i c a l  

f l u i d  a n a l y s i s  s y s t e m  o n  a  Beckman Amino A c i d  A n a l y z e r  (model  

1 1 9 ,  B i o s c i e n c e  Dept., SFU.  ) .  S t a n d a r d  methodo logy  f o r  t h e  

a n a l y s i s  of p h y s i o l o g i c a l  f l u i d s  r e q u i r e s  a l o n g  column f o r  t h e  

s e p a r a t i o n  of the a c i d  and n e u t r a l  amino a c i d s  a n d  a s h o r t  

column f o r  s e p a r a t i o n  o f  t h e  b a s i c  amino a c i d s  s u c h  a s  3MH. 

Columns were p a c k e d  w i t h  Beckman cus tom s p h e r i c a l  r e s i n s  ( P a l o  

A l t a ,  C a l i f . )  a n d  sod ium c i t r a t e  (Sigma,  S t . L o u i s )  was u s e d  a s  a 

b u f f e r .  Important parameters f o r  t h i s  a n a l y s i s  a re  surmnarized i n  

Appendix 3 .  C o n s t i t u e n t s  of t h e  u r i n e  s a m p l e s  s e p a r a t e d  i n  t h e  

columns r e a c t  w i t h  n i n h y d r i n  i n  o r d e r  t o  r e n d e r  them v i s i b l e  f o r  

c o l o r i m e t r y  a t  570 n a n o m e t e r s .  Peak e l u t i o n  t i m e  a n d  



* 
c o n c e n t r a t i o n  were d e t e r m i n e d  i n  t w o  ways u s i n g  3MI s t a n d a r d s  

(Sigma,  S t . L o u i s ) :  1. Through a n a l y s i s  o f  chromatolgraphs  t a k e n  

f rom t h e  amino a c i d  a n a l y z e r ,  and 2.  V i a  c o m p u t e r  a n a l y s i s  (Nova 

Computer S y s t e m ,  SFU) . The  c o n c e n t r a t i o n  of 3MFI i n  e a c h  u r i n e  

sample  was also a n a l y s e d  i n  t h i s  same manner (Append ix  3 ) .  

2.6 D e t e r m i n a t i o n  o f  C r e a t i n  i n e  - - 

C r e a t  i n i n e  c o n c e n t r a t i o n s  were d e t e r m i n e d  u s i n g  a ~ e c k m a n '  

W-8 fpectrophotameter aceording to the a l k a l i n e '  c r e a k h e  

p i c r a t e  method ( J a f f e  r e a c t i o n ) .  U r i n a r y  c r e a t i n i n e  r e a c t s  w i t h  

p i c r i c  a c i d  u n d e r  a l k a l i n e  c o n d i t i o n s  to  f o r m  a  y e l l o w - o r a n g e  

corrplex. T h i s  c o l o r  i s  d e v e l o p e d  n o t  o n l y  by c r e a t i n i n e  b u t  a lso  

by c e r t a i n  n o n - s p e c i f i c  s u b s t a n c e s  p r e s e n t  i n  t h e  s a m p l e  (Cmk,  

1975). Upon t h e  a d d i t i o n  of a c i d ,  the color specific t o  

c r e a t  i n  i n e  i s  removed, w h i l e  t h a t  c o n t r i b u t e d  by n o n - s p e c i f  ic 

s u b s t a n c e s  r e m a i n s .  The ref ore,  t h e  d i f f e r e n c e  i n  t h e  o p t i c a l  

d e n s i t y  of t h e  sample  when measured  a t  5 C 0 n m  p r i o r  to  and 

f o l l o w i n g  t h e  a d d i t i o n  o f  a c i d  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  

c o n c e n t r a t i o n  of c r e a t i n  h e .  p r e s e n t .  f R e f  e r  t o  Appendix 4 f o r  

r e a g e n t s  and p r o c e d u r e s  used for  d e t e r m i n a t i o n  of c r e a t i n i n e .  ) 



2.7 Urea N i t r o g e n  D e t e r m i n a t i o n  -- 

U r i n a r y  n i t r o g e n  (N) was d e t e r m i n e d  calorimetrically u s i n g  

t h e  u r e a s e  method d e s c r i b e d  by B a u e r  ( 1 9 7 4 )  o n  a Beckman DU-8 

s p e c t r o p h o t o m e t e r .  T h i s  r e a c t i o n  is s p e c i f i c  f o r  u r e a ,  however 

it a l s o  i n c l u d e s  a n y  p r e f o r m e d  ammonia i n  t h e  u r i n e .  U n l i k e  

b l m d  p l a s m a ,  u r i n e  may c o n t b j n  a s u b s t a n t i a l  amount  o f  

p re fo rmed  ammonia f ? ? ~ ~ + ) . ~ h e r e f o r e  it is e s s e n t i a l  t o  measure  

t h e  p r e f o r m e d  N H ~ +  i n  t h e  u r i n e  s a m p l e  b e i n g  a n a l y z e d  and 

s u b t r a c t  it f rom t h e  t o t a l  N measured .  P r e f o r m e d  N H ~ +  may be 

d e t e r m i n e d  by o m i t t i n g  i n c u b a t i o n  w i t h  u r e a s e  a n d  s u b s t i t u t i n g  

w a t e r  for t h e  urease s o l u t i o n .  The o p t i c a l  d e n s i t y  o f  t h e  b l u e  

color p r d u c t  o b t a i n e d  a f t e r  i n c u b a t i o n  o f  a l l  s a m p J e s  was  

measured  a t  5403m. ~ e a g e n t s  a n d  p r o c e d u r e s  u s e d  f o r  t h e  

measurement  o f  u r e a  N a r e  d e s c r i b e d  i n  Append ix  5. 

2.8 D e t e r m i n a t i o n  o f  Myof i b r i l l a r  P r o t e i n  D e g r a d a t i o n  - - 

Using u r i n e  s a m p l e s  and  m u s c l e  b i o p s i e s ,  Tomas -- e t  a 1  

(1979b 1 were a b l e  to d e t e r m i n e  3MEI c o n t e n t  i n  human m u s c l e  to  b e  

3.59 pH p e r  gram m y o f i b r i l l a r  p r o t e i n .  The a v e r a g e  d e g r a d a t i o n  

r a t e  o f  m u s c l e  p r o t e i n  ( g / d a y )  may t h e r e f o r e  be o b t a i n e d  by - 
d i v i d i n g  t h e  3Mf3 e x c r e t i o n  p e r  d a y  by t h e  3MH c o n t e n t  of musc le  

p r o t e i n :  



Amount o f  H y o f i b r i l l a r  P r o t e i n  Degraded - per Day= 
- - - - - - - - 

~ M H  (pM / 24 h o u r s )  

Amount o f  3HH found i n  B y o f i b r i l l a r  p r o t e i n  
Q 

Where, 
3.59 pH/g m y o f i b r i l l a r  p r o t e i n  is t h e  
denomina tor .  

2 .9  S t a t i s t i c a l  A n a l y s i s  - 

Group means +/- the s t a n d a r d  errors of €fie mean ( S E H )  w e t e  

c a l c u l a t e d  for a l l  v ~ r i a b l e s .  A t w o  way a n a l y s i s  o f - v a r i a n c e  ' 

(SPSS MAMOVA) was performed f o r  each  v a r i a b l e  between c o n d i t i o n s  

(PreDiet ,  PreEx, P o s t l ,  P o s t 2 ,  Pos t31  and e x e r c i s e  p r o t o c o l s  

(Endurance q ~ d  High I n t e n s i t y ) ,  When t h e  F r a t io  i n d i c a t e d  

s i g n i f i c a n c e  a t  t h e  P < 0.05 l e v e l ,  one  way e n a l y s e s  of v a r i a n c e  

t e s t s  (SPSS Anova) were conduc ted  for t h e  specific v a r i a b l e :  1) 

cond i t  ion  by protocol and 2 1 p r o t o c o l  by c o n d i t i o n .  T h i s  

s t a t i s t i c a l  p r o c e d u r e  was fo l lowed by -- P o s t  Roc S t u d e n t  Neuman 

Keuls  a n z l y s i s  i n  o r d e r  to  locate t h e  s i g n i f i c a n t  d i f f e r e n c e s .  

Pearson  c o r r e l a t i o n  c o e f f i b i e n t s  were d e t e r m i n e d  between each  of 

t h e  fo l lowing  v a r i a b l e s :  w e i g h t ,  u r i n e  volume, c r e a t i n i n e ,  

n i t r o g e n  and 3 - M e t h y l h i s t i d i n e .  When t h e  r v a l u e  i n d i c a t e d .  a 
- - - 

r e l a t i o n s h i p  i r  > 0 . 0 7 ) ,  a n a l y s i s  o f  c o v a r i a n c e  (SPSSf was 
-- -- - - 

performed. Thus,  t o t a l  n i t r o g e n  and u r e a  n i t r o g e n  were a d j u s t e d  

for u r i n a r y  volume u s i n g  u r i n a r y  volume as t h e  c o v a r i a t e .  

Adjusted means and s t a n d a r d  errors were d e t e r m i n e d  th rough  a 



BMDP covar ia te  s t a t i s t i c a l  package (BMDPlV).  Varying s u b j e c t  
- - -- - -- - - 

numbers i n  the v a r i o u s  c o n d i t i o n s  arose  from m i s s i n g  data due to 

methodological  a s  w e l l  a s  s u b j e c t  error. 



3.1 Maximal Exercise Response - 

 fie t o t a l  group response to t h e  maximal exercise, a s  

described by means f S E M  for Go2, ilEsWII, maximum h e a r t  r a t e  and 

maximm workrate is shown i n  Table  4 .  Mean oxygen consumption 

was 4 5 . 3 0  ( 2  1.41 ) ml*kg'l*min'l. 

I TABLE 4 ,  MAX IEAL EXERCISE RESPONSE 

Values are mans i Standard errors of the means, 
N=13 



3.2 Submax imal  E x e r c i s e  Respanse - 

T a b l e  5 d e s c r i b e s  t h d  e f f e c t s  o f  t h e  two e x e g c i s e  p r o t o c o l s  
i - 

,"--z;r , 

a s  a p e r c e n t a g e  Of t h e  maximal r e sponse .  Average k2 d u r i n g  t h e  

endurance  e x e r c i s e  ( E ;  60% max) was 30.21 rnl*kg-l*min-l  w h i l e  

t h e  s h o r t ,  h i g h  i n t e n s i t y  (HI) work (119% max) r e s u l t e d  i n  a 

rnesn h2 o f  32.31 rnl*kg-l*rnin-l.  Concomi t t an ly ,  HI work caused 

h e a r t  r a t e  to  remain s i g n i f i c a n t l y  h i g h e r  (161.1 b-min-1) t han  

the  E r i d e  (146.0 b*min ' l ) .  T h i s  r e l a t i o n s h i p  is  c l e a r l y  

demons t ra ted  i n  F i g u r e  1. 

V a l u e s  a re  p r e s e n t t 6  as percat- ef m a n s  of grow. - - - 

S u b j e c t  numbers are i n  p a r e n t h e s i s .  
- - - - - - - - - 

P 

TABLE 5 .  SUEMAXIMAL EXERCISE RESPONSE 

PROTOCOL 

Endurance 
(13  

I 

it02 GZ ( BTPS H.R. 
% % % 

I 

66.6 26.45 76.9 

High 
I n t e n s i t y  

e l 2  
c 

71.00 28.49 85.5 

. 
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Figure 1. &art rate r e ~ ~ ~ = - t o  endurance and 
high -- - intensity exercise. Values are 

- - - - -- - of groups st 8 sIPd 10 minute 
intervals for high intensity and endurance 
respectively. 



- Pea r son  c o r r e l a t i o n  c o e f f i c i e n t s  were d e t e r m i n e d  between 

e a c h , o f  v a r i a b l e s  measured .  N o  r e l a t i o n s h i p  was a c h i e v e  between '. 

c r e a t i n i n e  o r  3MH and w e i g h t  o r  u r i n e  volume, n o r  between 

n i t r o g e n  o r  3MH and c r e a t i n i n e .  I n  a d d i t i o n  n i t r o g e n  showed no 

r e l a t i o n s h i p  to we igh t .  However, bo th  t o t a l  n i t r o g e n  and u r e a  

n i t r o g e n  were found t o  be h i g h l y  r e l a t e d  ( r  > 0.91)  t o  u r i n e  

volume , 

Table  6 .  P e a r s o n  C o r r e l a t i o n  C o e f f i c i e n t s  

V a r i a b l e  W e  i g h  t 
(kg) 

C r e a t i n i n e  0.0757 
(115) 

Total N i t r o g e n  0.0486 
( mM kg-' ( 1 2 8 )  

Urea Nitrog%n 
(mn. kg") 

3 - F e t h y l h i s t i d i n e  0,3540 
f kg" I ( 11.5 ) 

Volume C r e a t i n i n e  
(mil 1 (4) 

Values a r e ' P e a r s o n  c o r r e l a t i o n  c o e f f i c i e n t  r e s u l t s .  
Nuabers i n  p a r e n t h e s i s  a re  N on  which 'r8 was computed. 

s i g n i f i c a n t l y  c o r r e l a t e d  ( p  < 0 ,000) .  



F i g u r e  2 d e m o n s t r a t e s  t h e  ~ o n s i d e r a b l ~  i n t e r s u b j e c t  

v a r i a b i l i t y  iri u r i n a r y  o u t p u t  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d s .  A 

s i g n i f i c a n t  d i f f e r e n c e  i n  u r i n a r y  e x c r e t i o n  volume was found 

between t h e  p o s t 3  c o l l e c t i o n s ,  where  HI mean v a l u e s  were 30% 
& 

g r e a t e r  t h a n  t h o s e  c o l l e c t e d  a t  t h e  same t i m e  post E. 

3.5 C r e a t i n i n e  - 

The p r e s c r i b e d  d i e t  had no s i g n i f i c a n t  e f f e c t  on  c r e a t i n i n e  

e x c r e t i o n  c o r r e c t e d  for body w e i g h t  ( F i g u r e  3 ) .  S i m i l a r l y ,  t h e  

endurance  work d i d  n o t  p roduce  a n y  v a r i a t i o n  i n  u r i n a r y  

c r e a t i n i n e  l e v e l s .  However, h i g h  i n t e n s i t y  e x e r c i s e  was marked 

by a 19% and 30.6% i n c r e a s e  i n  t h e  rate of creatinine e x c r e t i o n  

a t  4 8  and 72  hour@ p o s t - H I  e x e r c i s e  r e s p e c t i v e l y .  A t  72 h o u r s  

post e x e r c i s e ,  a s i g n i f i c a n t  d i f f e r e n c e  ( p  < 0.05)  was observed  

between t h e  E c r e a t i n i n e  v a l u e  (36.5 mg*kg'l-day-l) and t h e  HI 

v a l u e  (52.9 rag-kg-l*day-l) ,  

3 .6  U r i n a r y  Nitrogen - 
- 

Enduru lce  c y c l i n g  caused a s l i g h t  i n c r e a s e  i n  t o t a l  u r i n a r y  
- - - 

N ( a d j u s t e d  f o r  u r i n e  volume) for t h e  f i r s t  two days post 

e x e r c i s e ,  h i c h  r e t u r n e d  to pre-exercise l e v e l s  w i t h i n  72 h o u r s  
3 9 

;, .. 
, >  - --P 
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Figure 2 .  Daily urine voluntes. Values are  means 
f S M .  -Pre Diet values are the means of 
both groups (endurance and high intensity)  
prior to  t h e i r  respective exerc ises .  
N's are given in,the bars. 
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Figure 3 .  Daily urinary creatinine excretion. Values 
are m s  of groups corrected for body weight 
(Kg) 2 SM. N ' s  are given in the bars. 



, 
o f  r e c o v e r y .  However ,  this t r e n d  w a s  not s i g n i f i c a n t .  I n  

a d d i t i o n ,  HI e x e r c i s e  c e a s e d  n o  c h a n g e  in t o t a l  u r i n z r y  N 

exc e t i o n .  5 
Me u r i n a r y  N d a t a  c o r r e c t e d  f o r  p r e f o r m e d  N H ~ +  i s  shown i n  

F i g u r e  5 .  T h e s e  r e s u l t s  a r e  similsr t o  t h e  u n c o r r e c t e d  N 

e x c r e t i o n  a r e  a d j u s t e d  f o r  u r i n e  vo lume .  I t  a p p e a r s  t h a t  t h e  

w e a t  f r e e  d i e t  m i g h t  h a v e  c a u s e d  a s m a l l  i n c r e a s e  i n  t h e  

' e x c r e t i o n  o f  u r e a  N. However ,  n o  s i g n i f i c a n t  a l t e r a t i o n s  i n  u r e a  

K were o b s e r v e d  f o l l o w i n g  e i t h e r  o n e  o f  t h e  e x e r c i s e s .  

S i n c e  the method of 3PH a n a l y s i s  was i d e n t i c z l ,  t h e  r e s u l t s  

of b o t h  the c u r r e n t  s t u d y  and a p i l o t  s t u d y  ( N = 5 )  were p o o l e d  to  

d e n o n s t r a t e  t h e  e f f e c t s  of d i e t  o n  urinary 3MH. The 72 h o u r  

m e a t - f r e e  d i e t  . c a u s e d  a s i g n i f i c a n t  I p  < 0.0-21 d e p r e s s i o n  ( 4 0 % )  

of 3FH e x c r e t i o r  3 s  shown i n  F i g u r e  6 .  E n d u r a n c e  e x e r c i s e  

r e s u l t e d  i n  an  18% 2nd 2 4 %  i n c r e a s e  o n e  a n d  t w o  d a y s  post 

e x e r c i s e ,  r e s p c t i v e l y .  However ,  no s t a t i s t i c e l  s i g n i f i c a n c e  was 

a c h i e v e d  ( F i g u r e  7 ) .  The HZ e x e r c i s e  p r o t o c o l  r e s u l t e d  i n  small 

i n s i g n i f i c a n t  i n c r e z s e s  i n  u r i n a r y  3MH post1 and p o s t 2 .  T h e s e  

changes were  i n d e p e n d e n t  of u r i n z r y  vo lume and  r e t u r n e d  to  



TOTAL NITROGEN 
Legend . 

WDURANCE EXERCISE 
ad HIGH INTENSITY EXERClSE 

F i g u r e  4 .  T o t a l  u r i n a r y  nitrogen uncorrected for 
preformed ammonia. Values are means of groups 
c o r r e c t e d  for body weight (Kg) and adjusted for 
urine volume. N's are given in the bars. 
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Figure 5. Urinary urea nitrogen excretion corrected 
for any preformed ammonia found in the 
urine. Values are means of groups adjusted 
for urine volume, corrected for body weight 
(RgJ 2 S M .  N's are given in the bars.  



Slgnlfkontty dlffmrmnt from PortDImt 
~<0 .01  

Figure  6 .  Effects of a t h r e e  day meat-free d i e t  on ' the  
e x c r e t i o n  of 3 -Methy lh i s t id ine .  Values i n c l u d e  
d a t a  from p i l o t  work a n d . a r e  group means + , SEM, 
N ' s  a r e  given in t h e  bars. 



3-METHY LHISTIDINE 
Legend 
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Figure 7 .  Daily urinary 3-Methlyhistidine excretion following " 

exercise.  Values are means of groups corrected for 
body weight (Kg) f SEM. N ' s  are given i n  the bars. 



When t h e  3MH r e s u l t s  are  e x p r e s s e d  a s  t h e  r a t i o  oi 3MH to  

c r e a t i n i n e ,  t h e  p r e v i o u s l y  obse rved  e f f e c t  o f  d i e t  o n  3MH 

d i s a p p e a r s  ( F i g u r e  8 ) .  3MH/Cr t e n d s  t o  i n c r e a s e  i n  t h e  f i r s t  24 

hour s  f o l l o w i n g  b o t h  t y p e s  o f  work a l t h o u g h  t h i s  i n c r e a s e  is  n o t  

s i g n i f i c a n t  ( F i g u r e  9 ) .  T h i s  t r a n s i e n t  change  is fo l lowed  by a 

g r a d u a l  r e t u r n  to normal p r e - e x e r c i s e  v e l u e s  by t he  t h i r d  day o f  

recovery .  
i 

3.9 Urea N i t r o g e n / C r e a t i n i n e  Ratio -- 

F i g u r e  1 0  shows thet no changes  i n  tfie r a t i o  o f  Urea N/CR 

were observed  between e x e r c i s e s  o r  c o n d i t i o n s .  P r e - d i e t  measures  

a r e  s l i g h t l y  v a r i e d  depending  upon t h e  e x e r c i s e  protocol as  were 
8 

. post 3 r e s u l t s ,  however these r e s u l t s  were  n o t  s i g n i f i c a n t .  



PostDiet 
CONDITION 

Figure.8. Effects of a three day meat-free diet on the 
3-Methylhistidine to Creatinine ratio. Values 
are means of gronps f SEM. N's are given in the 
bars. 



CONDITION 

Figure 9. 3-PSeth1yhietidi.e to  Creatinine r a t i o  following 
exercise .  Values gre means of groups f SM. 
N'S are .given in  the bars. 
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Figure 10. Urinary urea Nitrogen to Creatinine ratio. 
Determined from 24 hour urinary urea nitrogen 
levels qorrected for daily urinary creatinine 
excretion. Values are means of groups * Sm. 

in  the bars. 



Myof i b r i l l a r  p r o t e i n  c a t a b o l i s m  r e a c h e d  a mean peak v a l u e  

of 104.57 grams of p r o t e i n  per 24 h o u r s  f o l l o w i n g  2 d a y s  of 

r e c o v e r y  from e n d u r a n c e  e x e r c i s e  ( T a b l e  7 ) .  A s i m i l a r  t r e n d  was . 

found d u r i n g  t h e  first 48 h o u r s  post-HI work w i t h  " s l u e s  o f  

96.72 g-day-l and 98.73 g * d a y - l ,  P o s t 1  and P o s t 2  r e s p e c t i v e l y .  

As d e s c r i b e d  ear l ier ,  t h e s e  e l e v a t e d  measu re s  r e t u r n e d  t o  noqna l  

pre-ex v a l u e s  w i t h i n  72 h o u r s  of e i t h e r  e x e r c i s e  p r o t o c o l .  

I TABLE 7 . ~  HYOFIBRILLAR P R O T E I N  CATABOLISM ( g - d a y 4 )  I 
I PROTOCOL PREEX POST1 POST2 POST3 I 

V a l u e s  a r e  means f S t a n d a r d  errors of t h e  means. 
S u b j e c t  numbers are i n  p a r e n t h e s i s .  

I 1 
J 

Endurance 

High 
I n t e n s i t y  

84 .47  99.74 104.57 87.45 
23.47 +2.01 28 -23  23.22 
(11) (13 ( 1 2 )  ( 1 2 )  

94. OE 96.72 98.73 88.45 
f3 .85  f3.02 23.62 ' f5 .03 

( 1 1  ( 1 2 )  ( 1 2 )  (12  



I V ,  DISCUSSION 

4.1 E x e r c i s e  R e s p o n s e  - 

4.1.1 Kax $ma1 E x e r c i s e  Response .  

The g r o u p  mean maximal  oxygen  u p t a k e  was 3 . 2 5  1 - m i n - I  

(45.30 ml*kg- l0 rn in - l  1 ,  c h a r a c t e r i z i n g  t h e  g r o u p  a s  u n t r a i n e d ,  

a c c o r d i n g  to  Whi te  -- e t  a l . ,  ( 1 9 7 6 )  and A s t r a n d  ( 1 9 7 7 ) .  T h e s e  

a u t h o r s  have s u g g e s t e d  that s u b j e c t ,  with, a G O ~  m a x .  o f  a b o v e  50 

m l *  kg-1 ernin-1 s h o u l 2  be c o n s i d e r e d  a s  r e l a t i v e l y  t r a i n e d  

i n d i v i d u a l s .  The meaz maximal m i n u t e  v e n t i l a t i o n ,  tvm BTPS) , 

(131.24 1 -min- I  $ 5 . 7 9 )  and  maximal h e a r t  r a t e  ( 1 9 1  bornin-1 

22.651 a p p e a r e d  somewhat low i n  t h e  p r e s e n t  s t u d y ,  however t h e y  

a r e  a c c e p t a b l e  r e s u l t s  for b i c y c l e  e r g o m e t e r  e x e r c i s e .  Maximal 

e x e r c i s e  r e s p o n s e  f rom b i c y c l e  e r g o m e t e r  work is 10-15% lower 

t h a n  work p e r f o r m e d  o n  a t r e a d m i l l  (Astrand and Rodzhl, 1 9 7 7 ) -  

The s p e c i f i c  muscle g r o u p s  b e i n g  used on  t h e  b i c y c l e  r e s u l t  i n  

g r e a t e r  l o c a l  m u s c l e  fatigue. I n  a d d i t i o n ,  t h e  sine of t h e  
i 

m u s c l e  gmup exercised while on a bicycle ergoFReter is smaller 

t h  that used wken x-ing m a  m, Thus the dcmdnd for 

and consumpt ion  o f  oxygen w i l l  be lower d u r i n g  b i c y c l e  exercise 

than d u r i n g  t readmi l l  running. 



4.1.2 Submaximal E x e r c i s e  Response .  

E n d u r a n c e  t r a i n i n g  r e ~ u l t s  i n  improved e f f i c i e n c y  o f  t h e 1  

c a r d i o r e s p i r a t o r y  s y s t e m  a s  w e l l  a s  of s k e l e t a l  m u s c l e  e n e r g y  

m e t a b o l i s m  ( I v y  -- e t  a l . ,  1 9 8 1 ) .  S i n c e  t h e  p u r p o s e  of t h i s  

e x p e r i m e n t  was t o  s t u d y  t h e  effects of two d i f f e r e n t  t y p e s  o f  

e x e r c i s e ,  i t  was f e l t  t h a t  a n y  c h a n g e s  o c c u r i n g  d u e  to  e x e r c i s e  

would be more e a s i l y  o b s e r v e d  i n  u n t r a i n e d  s u b j e c t s .  

Dur ing  submaximal  e x e r c i s e ,  h e a r t  r a t e  v a r i e s  l i n e a r l y  w i t h  

b o t h  w o r k r a t e  and oxygen u p t a k e  ( A s t r s n d  and  R o d a h l ,  1 9 7 7 ) ) .  A s  

expected, mean h e b r t  r a t e s  were s i g n i f i c a n t l y  h i g h e r  ( p  < 0.001 ) - 

t h r o u g h o u t  t h e  h i g h  i n t e n s i t y  e x e r c i s e  t h a n  d u r i n g  t h e  e n d u r a n c e  

e x e r c i s e  ( F i g u r e  3 1. D u r i n g  e x e r c i s e  h e a r t  r a t e  and c s r d i a c  

o u t p u t  increase i n  order to supply oxygensted bid to t h e  

working m u s c l e s  (Fox and Mathews, 1 9 8 1 ) .  The r ise i n  h e a r t  r a t e  

is a r e s p o n s e  to  an i n c r e a s e d  s y m p a t h e t i c  drive and e l e v a t e d  

e p i n e p h r i n e  l e v e l s ,  which  a r e  b o t h  r e l a t e d  to  t h e  s e v e r i t y  o f  

the e x e r c i s e  pe r fo rmed  ( T e r j u n g ,  1 9 7 9 ) .  

C i r c u l a t i n g  n o r e p i n e p h r i n e  and e p i n e p h r i n e  l e v e l s  i n c r e a s e  , '  

w i t h  i n c r e a s i n g  w o r k r a t e s  ( H a r t l e y  -- e t  a 1  . , 1 9 7 2 a )  . A r e c i p r o c a l  

response h a s  been  r e p o r t e d  to o c c u r  a s  a f u n c t i o n  o f  e x e r c i s e  

duration ( H a r t l e y  -- e t  a l . ,  1972b;  Kinderman -- e t  al., 1 9 8 2 ) .  
1 

Kinderman and co-workers (1982 1 found that ' s h o r t  term w i g h  
B 

i n t e n s i t y  exercise e l i c i t e d  a g r e a t e r  e l e v a t i o n  o f  c a t a c h o l a m i n e  

levels than d i d  l o n g  d u r a t i o n  s t e a d y  s t a t e  e x e r c i s e .  T h e s e  , 



o b s e r v a t i o n s  s u p p o t t  t h e  i n d i n g s  of t h e  p r e s e n t  s t u d y  where  'L 
mean h e a r t  ra tes  w e r e  h i g h e r  d u r i n g  H I  e x e r c i s e  t h a n  d u r i n g  

e x e r c i s e .  

E n d u r a n c e  e x e r c i s e ,  c a l c u l a t e d  t o  b e  6 0 %  max., p r o d u c e d  ' a  

mean V02 w h i c h  r e a c h e d  66% of V02 max. d u r i n g  s p e r i o d  o f  o n e  

h o u r .  W h i l e  t h e  H I  e x e r c i s e  ( 1 2 0 %  mzx) r e s u l t e d  i n  a n  oxygen 

u p t a k e  of 7 1 %  b2 rnax. However,  i t  m u s t  be r e a l i z e d  t h a t  t h e  H I  

V02 r e s u l t s  a r e  n o t  r e p r e s e n t a t i v e  of t r u e  s t e a d y  s t a t e  work. 

Toward t h e  end  o f  e a c h  30 s e c o n d  work i n t e r v a l ,  s u b j e c t s  had  a  

t e n d a n c y  to  p e r f o r m  a v a l s a l v a  maneouver  w h i c h  r e s u l t e d  i n  a 

l o v e r  t h a n  e x p e c t e d  hZ. F u r t h e r m o r e ,  i n  h i g h  i n t e n s i t y ,  s h o r t  . 

d u r a t i o n  e x e r c i s e ,  e n e r g y  p r o d u c t i o n  is o b t a i n e d  p r e d o m i n a n t l y  

from ATP and  CP s tores  a n d  a n a e r o b i c  g l y c o l y s i s .  D u r i n g  t h e  h i g h  
8 

i n t e n s i t y  p r o t o c o l  t h e r e  was n o t  a d e q u a t e  t i m e  f o r  t h e  

c a r d i o r e s p i r a t d r y  s y s t e m  to become e q u i l i b r a t e d  w i t h  t h e  

w o r k r s t e  . 

4 . 2  Dietary C o n t r i b u t i o n s  - to  U r i n a r y  M e t a b o l i t e s  

4 . 2 . 1  D i e t a r y  c o n t r i b u t i o n s  t o  U r i n a r y  C r e a t i n i n e  E x c r e t i o n ,  

C r e a t i n i n e  is a  w a s t e  p r o d u c t  o f  c r e a t i n e  p h o s p h a t e  

m e t a b o l i s m  and is c l o s e l y  r e l a t e d  to t o t a l  m u s c l e  m a s s  f o 3 a l l a r d ,  

e t  al., 1 9 7 9 ) .  F a t  f r e e  w e i g h t ,  a s  d e t e r m i n e d  b y  d e n s i t o m e t r y  -- 
a '9. 

( ~ r e ~ s t o n e ,  1 9 6 8  and by + 0 ~  r a d i o t r a c e r  s t u d i e s  ( F o r b e s  and 

E r u i n i n g ,  1 9 7 6 )  h a s  been shown t o  correlate w i t h  24 h o u r  u r i n a r y  



c r e a t i n i n e  l e v e l s ,  T h e r e f o r e ,  u r i n a r y  c r e a t i n i n e  e x c r e t i o n  

has been  g e n e r a l l y  accepted a s  a v a l i d  d e t e r m i n a n t  of t o t a l  

body mass. However, t h i s  r e l a t i o n s h i p  may n o t  a l w a y s  h o l d  true. 

I t  h a s  been  s u g g e s t e d  t h a t  t h e  r a t e  o f  c r e a t i n i n e  e x c r e t i o n  is 

a f f e c t e d  by d i e t  ( P e t e r s ,  1973; W o u d ,  -- e t  d., 1 9 7 6 ) .  The 

m e a t - f r e e  d i e t  used  i n  t h i s  s t u d y  d i d  n o t  a p p e a r  to  c a u s e  a n y  

appreciable  change i n  UCE. However Crim -- e t  a l . ,  (1975), o b s e r v e d  

a g r a d u a l  d e c l i n e  i n  c r e a t i n i n e  e x c r e t i o n  after subjects changed  

from d i e t s  c o n t a i n i n g  mezt t o  c r e ~ t i n e - f r e e  f o r m u l a  diets. S i n c e  

creatine phosphate ICP) stores are found p r e d o m i n a t l y  i n  t h e  . 

muscle, a d i e t  i n c f  u d i n g  meat, c o u l d  c o n c e i v a b l y  c a u s e  a n  

e l e v a t i o n  i n  UCE. W h i l e  some i n v e s t i g a t o r s  have  o b s e r v e d  

d e f i n i t e  d i e t - i n d u c e d  e l e v a t i o n s  i n  cre2 t i n i n e  e x c r e t i o n  ( C r i m  

et a1 . , 1975 ;  F o r b e s  and  P r u n i n g ,  1976 ) , o t h e r s  h a v e  r e p o r t e d  -- 
only slight c h a n g e s  i n  u r i n a r y  c r e a t i n i n e  w i t h  p r o l o n g e d  i n t a k e  

o f  a m e a t l e s s  d i e t  ( G a r z a  -- e t  a l . ,  1 9 7 7 ) .  I n  o r d e r  f o r  d i e t  t o  

c o n t r i b u t e  to crea t i p i n e  e x c r e t i o n  i n  t h e  u r i n e  i n j e s t e d  

c r e a t i n e  would have  to  be a b s o r b e d  a c r o s s  the g a s t r o i n t e s t i n a l  

l i n i n g ,  for s u b s e q u e n t  h e p a t i c  rnetabcl ism o f  c r e a t i n e .  The 

hepatic f o r m a t i o n  of c r e a t . i n i n e  would t h e n  i n c r e a s e  UCE. S i n c e  

i t  could z l s o  be z r g u e d  t h a t  f i s h  m u s c l e  c o n t a i n s  C P ,  

e l i m i n a t i o n  o f  a l l  meet p r o d u c t s ,  r e g a r d l e s s  of t h e i r  s o u r c e ,  

from t h e  diet may be necessary to itemonstrate a change in 

c r e a t i n i n e  ex&orr. 



4 -2.2 D i e t a r y  ~ f f e c t s  on  U r i n a r y  N i t r o g e n  E x c r e t i o n .  

, The m e a t - f r e e  d i e t  d i d  n o t  c a u s e  any  c h a n g e  i n  u r i n a r y  

n i t r o g e n  e x c r e t i o n .  Any a l t e r a t i o n  o f -  t h e  e x c f e t i o n  of n i t r o g e n  
. - 

(N) r e p r e s e n t s  a c h a n g e  i n  n i t r o g e n  b a l a n c e ,  -Al though s u b j e c t s  
d 

removed mea t  from t h e i r  d i e t s ,  t h e y  d i d  n o t  d e c r e a s e  t h e i r  

, p r o t e i n  i n t a k e .  T h i s  l a c k  of c h a n g e  i n  u r i n a r y  N f o l l o w i n g  t h r e e  

d a y s  o f  t h e  d i e t  a t t e s t s  to  t h e  w e l l  b a l a n c e d  d i e t  t h e  s u b j e c t s  . . 

f o l l o w e d  d u t i n g  t h e  p e r i o d  of t h e  e x p e r i m e n t ,  
M 

/ 

4 . 2 . 3  D i e t a r y  c o n t r i b u t i o n s  t o  U r i n a r y  . 3 - M e t h y l h i s t i d i n e .  

v 

I ,  

W h i l e  t h e  s u b j e c t s . i n  t h i s  s t u d y  wete n o t  v e g e t a r i a n ,  most  
, ~ 

d i d  n o t  consume l a r g e  amounts of meat in t h e i r  r e g u l a r  d i e t s .  
* 

T h i s  may p a r t i a l r y  e g p l a i n  why the mean p a l u e s  of u r i n a r y  3HH 
67 * .  

o b s e r v e d  p r i o r  t o  t h e  m e a t  f e e - d i e t  were s l i g h t l y  lower t h a n  
I 

p r e v i o u s  r e p o r t s  [Tomas,  -- e t  a f . ,  1979b). A 40% r e d u c t i o n  i n  

u - r i na ry  3FR o c c u r r e d  f o l l o w i n g  . t h e  d i e t  i n  t h i s  s t u d y ,  which is 

, similar to  o t h e r  r e p o r t s  (Tunas, -- e t  ai., 1979b; B i l m a z e s ,  - e t  

a l . ,  1978;  Renn ie ,  e t  a l . ,  1 9 8 1 ;  Dohrn, e t  a 1 . , ' 1 9 8 2 ;  Decombaz, - -- -- . 
e t  al., 1 9 7 9 1 .  Any s u b s t a n t i a l  i n t a k e  o f  t h i s  p a r t i c u l a r  amino -- 
acid in t h e  normal d i e t  i n  which m e a t  is a common component  

p r e s e n t s  a p r o b l e m  t o  t h e  u s e  o f  3KEi a s  a n  i n d e x  o f  m y o f i b ' r i l l a r  

protein c a t a b o l i s n .  Exogenous s o u r c e s  o f  3MH ( i e .  d i e t )  w i l l  

r e s u l t  i n  a n  i n c r e a s e  i n  3nB e x c r e t i o n  and a s u b s e q u e n t  

o v e r e s t i m a t i o n  o f  n y o f i b r i l l a r  p r o t e i n  d e g r a d a t i o n .  H a v e r b e r g  - e t  



- - -  

a l . ,  (1975 ) d e t e r m i n e d  t h a t  t h e r e  w a s  vfr tuaIIy  no 3HE-- i i fWids  - 

r e p l a c i n g  meat  with o t h e r -  s o u r c e s  o f  p r o t e i n  s u c h  a s  f i s h  and 

dairy p r c d u c t s ,  3UH e x c r e t i o n  d e c r e a s e d  to a s u b s t a n t i a l l y  lower 

l e v e l  w i t h i n  3 d a y s  i n  human s u b j e c t s .  S i m i l a r  r e s u l t s  were 

observed d u r i n g  p i l o t  work p r e c e d i n g  t h i s  s t u d y  (See Review of 

L i t e r a t u r e ,  F ig  . l b  f . T h u s ,  3tiE e x c r e t e d  f o l l o w i n g  a meat f r e e  

diet is c o n s i d e r e d  h e r e  to  be from an  endogenous s k e l e t a l  muscle  

source. 

4 .3  E f f e c t s  o f  E x e r c i s e  - - 

4.3.1 U r i n a r y  Volumes Fol lowing  E x e r c i s e  

I/ During e x e r c i s e ;  s y m p a t h e t i c  v a s o c o n s t r i c t i o n  r e s u l t s  i n  
1 

reduced r e n a l  b lood  flow w i t h  a c o n c o m i t t a n t  r e d u c t i o n  i n  u r i n e  

p roduc t ion  i C a s t e n f o r s ,  1967; P c a r t ,  1 9 7 8 ) .  T h i s  r e d u c t i o n  i n  

r e n a l  f u n c t i o n  w i l l  v a r y  with t h e  i n t e n s i t y  and d u r a t i o n  o f  t h e  

work be ing  performed (Kachador ian  and Johnson ,  1970; E p s t e i n  and 

Zambraski, 1979 1 .  N o  s i g n i f i c a n t  changes  i n  u r i n e  volumes w e r e  

observed f o l l o w i n g  e i t h e r  t h e  H I  and E exercise compared to  

p re -exe rc i se  volumes i n  t h i s  s t u d y .  The  lack o f  a s i g n i f i c a n t  

a l t e r a t i o n  i n  urine p r o d u c t i o n  post-exercise was likely d u e r  a t  
- - 

least i n  p a r t ,  to l a r g e  i n t e r -  and i n t r a  subject v a r i a t i o n .  

E3erCise  e l i c i t s  a n  e n d o c r i n e  response which r e d u c e s  water 

and  sodium loss; thereby c o n s e r v i n g  ex t r a c e l l u l a r  f l u i d .  Renin 



is secreted f rom t h e  k i d n e y  i n  res-e to s y m p a t h e t i c  

vasoconstriction and decreased renal UQQCI flow _as w e l l  as 

sodium d e p l e t i o n  and reduced plnsma volume.   eni in a c t i v a t e s  

a n g i o  t e n s i n  which  i n  t u r n  s t ' i m u l a  tes t h e  release of a l d o s t e r o n e  

from t h e  a d r e n a l  c o r t e x ,  The m a i n t e n a n c e  of body s o d i u m  c o n t e n t  

is c o n t r o l l e d  by a l d o s t e - r o n e  which i n c r e a s e s  s o d i u m  r e a b s o r b t i o n  
f 

from t h e  k i d n e y .  The renin-angiotensin-aldosterone s y s t e m  

p r o v i d e s  for t h e  r e g u l a t i o n  and  m s i n t e n a n c e  of p l a s m a  volume as 

w e l l  a s  b l o o d  o s m o l a r i t y ,  b o t h  o f  which  a r e  compromised d u r i n g  

e x e r c i s e .  F u r t h e r m o r e ,  e l e v a t e d  p lasma  a n t i d i u r e t i c  hormone 

(ADH) h a s  b e e n  r e p o r t e d  e v e n  a f t e r  s h o r t  t e r m  e x e r c i s e  ( B a r a g a  
I 

and C i p l e a ,  1 9 7 8 )  which  would r e s u l t  i n  lowered u r i n e  

p r o d u c t i o n .  I n  t h i s  study, a l l  e x e r c i s e  p r o t o c o l s  w e r e  performed 

i n  a c o n t r o l l e d  e n v i r o n m e n t a l  chamber set  a t  1 5 * ~  i n  o r d e  to r 
minimize  t h e  e f f e c t s  of t e m p e r a t u r e  o n  p e r f c r m a n c e .  Even so, it 

was o b s e r v e d  t h a t  i n  some subjects sweat loss was q u i t e  #cavy* 
- 

One would s u s p e c t  t h a t ,  i n  s u c k  c a s e s ,  t h e r e  would b e  a  r e s p o n s e  

by a l d o s t e r o n e  and AR3 i n  order to m a i n t a i n  homeostatic c o n t r o l ,  

E l e v a t e d  r e n i n  and A M  d u r i n g  e x e r c i s e  h a s  b e e n  found to 

p e r s i s t  t h r o u g h  r e c o v e r y  ( F r a n c i s  a n d  MacGreggor,  1978 ) . I n  

a d d i t i o n ,  t h e  r e t u r n  to normal  l e v e l s  c a n  t a k e  up  t o  6 h o u r s  

( C o s t i l l ,  -- e t  al., 1 9 7 6 ) .  Any r e d u c t i o n  i n  u r i n e  f l o w  w i l l  r e s u l t  

i n  a l t e r a t i o n s  i n  metabolic c l e a r a n c e  s u c h  thaty e x c r e t i o n  of 

certain rnetabol i t e s  may be d e l a y e d  u n t i l  a f t e r  t e r m i n a t i o n  of 

e n d o c r i n e  r e s p o n s e  p o s t - e x e r c i s e  (Refsum -- e t  a l ,  , 19j4 1 ,  S u c h  a 

p o s s i b i l i t y  must  b e  c o n s i d e r e d  when ' t a k i n g  u r i n e  samples 
?--- - 



- 

i m m e d i a t e l y  p o s t - e x e r c i s e .  A c o n t i n u a  t i o n  of renalp hofMona1 

t h e  l o w e r e d  u r i n e  v o l u m e s  o b s e r v e d  post1 H I .  However, t h e  

e n d o c r i n e  r e s p o n s e  may n o t  be a n  a p p r o p r i a t e  e x p l a n a t i o n  for  t h e  

s i g n i f i c a n t l y  greater  Volume e x c r e t e d  a t  p o s t 3  f o l l o w i n g  

e n d u r a n c e  as  o p p o s e d  to H I  e x e r c i s e .  T h i s  d i f f e r e n c e  may simply 

ref lect  a c h a n g e  i n  f l u i d  i n t a k e  d u r i n g  d a y  3 of r e c o v e r y ,  s i n c e  

a n y  r e - h y d r a t i o n  response to  e x e r c i s e  would b e  e x p e c t e d  to  h a v e  
, 

t a k e d  p l a c e  w i t h i n  2 4  h o u r s  p o s t - e x e r c i s e .  T h e r e  is n o  r e a s o n  to  

s u s p e c t  t h a t  t h e  i n c r e a s e d  u r i n a r y  volume p o s t 3  H I  and  t h e  

r e t u r n  to normal post3 E were i n  r e s p o n s e  to t h e .  e x e r c i s e  

pro toc'ols- 

4 . 3 . 2  Changes i n  U r i n a r y  C r e a t i n i n e  F o l l o w i n g  E x h r c i s e .  

High i n t e n s i t y  work p r o d u c e d  a d e l a y e d ,  b u t  s i g n i f i c a n t  

30.6% rise i n  t h e  u r i n a r y  c r e a t i a i n e  excretion (UCE) 72 hours 

post-exercise. T h e r e  was no  c h a n g e  i n  UCE f o l l o w i n g  t h e  

e n d u r a n c e  e x e r c i s e  protocol. There have b e e n  few i n v e s t i g a t i o n s  

of exercise effects o n  UCE. D e c d a z  -- e t  a l . ,  (1979) and R e f s -  

et al., t.19175 ) , observed a 40% i n c r e a s e  i n  UCE i m e d i a t e l y  -- 
following extreme long duration exercise, dccreaaifig a g a i n  

- - -- 

t o w a r d s  normal within 24 b u r s  of the race. T h i s  acute e l e v a t i o n  

in c x e a t i n i n e  post-exercise is i n  agreesent w i t h  Whm -- et a l . ,  

( 1 9 8 2  I who found UCE elevated 24 hours after a 1.5 hour run- 

Euwever t h e s e  same investigators also observed that creat  in ine  



e x c r e t i o n  was n o t  s i g n i f i c a n t l y  a l t e r e d  by 1 h o m p o f  

weight1  i f t i n g  . The r e s u l t s  of e n i s - s t i i t  a p p e a r  t o c o n f l i c i  with 
s 

t h e  above r e p o r t s  a s  no change  o c c u r r e d  post E e x e r c i s e  whereas  

, H I  work caused  a g r a d u a l  r i se  i n  UCE. A p o s s i b l e  e x p l a n a t i o n  f o r  -- - 
t h i s  d i s c r e p a n c y  may be t h e  t r a i n e d  s t a t e  o f  t h e  s u b j e c t s  used 

i n  t h e s e  s t u d i e s  c i t e d .  U n t r e i n e d  s u b j e c t s ,  s u c h  a s  t h e  o n e s  

used i n  t h i s  t h e s i s  work, w i l l  n o t  a d a p t  t o  t h e  w o r k r a t e  a s  
,- 

q u i c k l y  o r  a s  e f f i c i e n t l y  a s  a t r a i n e d  s u b j e c t .  Another  major  

d i f f e r e n c e  between t h e  p r e s e n t .  s t u d y  and' t h e s e  former  

i n v e s t i g a t i o n s  is t h a t  b o t h  Refsum and Stromme (1975)  and 
a 

Decombaz -- e t  a l . ,  ( 1 9 7 9 ) ,  c o l l e c t e d  u r i n e  immed ia t ly  

p o s t - e x e r c i s e  (8-10 m i n u t e s ) .  Thus t h e  : d i s c r e p a n c y  between t h e i r  

r e s u l t s  and t h o s e  o f  t h i s  s t u d y  a r e  a l m o s t  i n e v i t a b l y  due to t h e  

t iming  bf u r i n e  c o l l e c t i o n s .  I t  is p o s s i b l e  t h a t  a 24 hour  

c o l l e c t i o n  c o u l d  d i l u t e  and t h e r e b y  mask a n y  immediate ,  y e t  
I 

s h o r t - l i v e d ,  . e l e v a t i o n  i n  c r e a t i n i n e  f o l l o w i n g  e x e r c i s e .  T h i s  is 
4 

an e f f e c t  which t h e  s t u d i e s  o f  Refsum -- e t  a1 . , (1975)  and mcombaz 

gnd c o - w o r k e r ~  ( 1979 j appeared  to f a v o ~ = .  N o n e t h e l e s s ,  t h e  l a c k  

of change i n  UCE 24 h o u r s  p o s t - e x e r c i s e  r e p o r t e d  by Dohm -- e t  a l . ,  

119821, may i n  f a c t  be a n  a c t u a l  d e l a y  i n  c r e a t i n i n e  e x c r e t i o n ,  

comparable t o .  t h a t  obse rved  post H I .  Had t h e s e  i n v e s t i g a t o r s  

extended t h e i r  u r i n e  collection periods to  4 8  or 72 h o u r s  t h e y  

a a d d i t i o n ,  the intensity o f  t h e  exercise b e i n g  performed 

m y  p l a y  an  i m p o r t a n t  role i n  t h e  rate o f  UCE. None o f  the 

described exercise studies where UCE was measured a c t u a l l y  



q u a n t i f i e d  t h e  work b e i n g  performed. -~htrs-th&irrterprqt&t*-f- 

work performed i n  t h e  s t u d i e s  of R e f s u m  . -- et  a l e ,  (1975)  and 

Decombaz -- e t  a l . ,  (1979)  was much g r e a t e r  (5-8 h o u r s )  t h a n  t h a t  , 

o f  t h e  H I  o r  E protocols ~f t h i s  s t u d y ,  e x t e n s i o n  of t h e i r  
, 

r e s u l t s  t o  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  of t h i s  s t u d y  may n o t  

be a p p r o p r i a t e  . 
There  is e v i d e n c e  o f  elevated c r e a t i n i n e  ' e x c r e t i o n  d u r i n g  

I : f e v e r  and i n j u r y  (Wannamacher, -- e t  a l . ,  1975; Long -- e t  a l e ,  1977) .  

These r e p o r t s  may h a v e  i m p o r t a n t  i m p l i c a t i o n s  for e x e r c i s e  s i n c e  
- -c-- - - - - --- 

- - - - - -- -- - -- - 

v e r y  i n t e n s e  or  p ro longed  work may c a u s e  some minor  t i s s u e  

damage (Tomzs -- et a l . ,  1979; Hagerman -- et dl . ,  1983) .  

I n  a recent s t u d y ,  A m s t r o n g  and w o r k e r s  (1983)  obse rved  a 
. 
l a r g e  i n c r e a s e  i n  serm c r e d t i n e  i n a s e  (CK) . a c t i v i t y  inunediat ly  4: 
p o s t - e x e r c i s e  i n  rats. The c o n c e n t r a t i o n  of CK r e t u r n e d  to 

c a t a l i z e s  the r e a c t i o n  whereby CP d o n e t e s  its phopha te  g r o u p  t o  

ADP to  form ATP and free c r e a t i n i n e .  A m s t r o n g  -- et  a l e ,  (1983) ,  

a lso demons t r a t ed  a seconda ry  e l e v a t i o n  i n  serum CK a c t i v i t y  

36-48 h o u r s  pos t - exe rc i se . .  Although t h e  e x e r c i s e  was d o w n h i l l  

running ( e c c e n t r i c  c o n t r a c t i o n )  t h e  t i m i n g  o f  e v e n t s  may be 

u s e f u l  i n  d i s c u s s i n g  t h e  UCE r e s u l t s  i n  the current s t u d y .  Any 

increase i n  b l e  Ci-act iv i ty  cou ld  -- - i n d i r e c t l y  - -- r e s u l t  i n  s imi la r  
% 

C 
e l e v a t i o n s  i n  c r e a t i n i n e  e x c r e t i o n ,  Thus t h e  i n c r e a s e d  UCE a t  

post2 H I  e x e r c i s e  may w i l l  be r e p r e s e n t a t i v e  of a rise in  CK 

a c t i v i t y .  

17 



* 
- - - - - - - - - - - - - - - ---- - 

An i n c r e a s e d  serum CK a c t i v i t y  f o l l o w i n g  e x e r c i s e  h a s  been 
- - - - - - - - - - - 

shown to be d i r e c t l y  r e l a t e d  to n e c r o s i s  o f  muscle  f i b e r s  

fo l lawing p h y s i c a l  a c t i v i t y .  It  h a s  been sugges ted  t h a t  

c o n t r a c t i l e  a c t i v i t y ;  induces  a l t e r a t i o n s  i n  muscle  membrane 

p e r m e a b i l i t y  (Armstrong -- e t  a l , ,  1983)  which may r e s u l t  i n  

increased  enzyme l e a k a g e  a c r o s s  t h e  muscle  membrane. 

An i n c r e a s e  i n  CK l eakage  may be a c c o m p n i e d  by an i n c r e a s e  

i n  c r e a t i n e  l e a k a g e  from t h e  muscle  a s  w e l l ,  There  is same 

evidence for a n  e l e v a t e d  serum c r e a t i n e  f o l l o w i n g  a c u t e  

sho r t - t e rm e x e r c i s e  (Bohmer, 1973) .  T h i s  e l e v a t i o n  s u p p o r t s  t h e  
- - -  -- -- - - - -- 

sugges t ion  t h a t  CR l ~ a k a g e  from t h e  muscle  cou ld  be accompanied 
f 

by a n  i n c r e a s e d  f low o f  c r e a t i n e  a c r o s s  t h e  muscle  membrane. If 

t h i s  h y p o t h e s i s  is  correct, then  u r i n a r y  c r e a t i n i n e  l e v e l s  would 

overes t ima te  muscle  mass. S i n c e  A m s t r o n g  e t  el,, (l983), d i d  -- 
report t h a t  serum CK a c t i v i t y  returned to c o n t r o l  l e v e l s  72 

- - -  --- - - - -- - - - - - - - -  

hours  fo l lowing  e x e r c i s e  it may n o t  be a p p r o p r i a t e  to t r y  and 

exp la in  t h e  con t inued  e l e v a t i o n  o f  UCE p o s t ?  BZ as a r e s i d u a l  

e f f e c t  o f  e l e v a t e d  CX a c t i v i t y .  

The e l e v a t i o n  i n  UCE p o s t 3  H I  remains  to be exp la ined .  

I n - i t i a l l y .  i t  may appear tbat  UCE is p r o p o r t i o n a l  to ur ine)  

volume, as volume post3 H I  i s  also e l e v a t e d .  However, 

c o r r e l a t i o n  . a n a l y s i s  does nqt s u p p o r t  t h i s  o b s e r v a t i o n .  

the use o f  c r e a t i n i n e  as a n  index o f  whole body muscle mass may 

ret be v a l i d ,  as -suggested; - 



4.3.3 U r i n a r y  N i t r o g e n  A 1  t e r a t i o n s  Fol lowing  E x e r c i s e .  

I n  t h e  c u r r e n t  s t u d y ,  u r e a  N e x c r e t i o n  d i d  n o t  change  

fo l lowing  endurance  e x e r c i s e  o r  h igh  i n t e n s i t y  e x e r c i s e :  Lemon 

and Mul l in  (1980)  observed d e c r e a s e d  u r i n a r y  N l e v e l s  1 and 4 

h o u r s  a f t e r  1 hour  of c y c l i n g  a t  60% o f  ~0~ max. However. o t h e r  
---C 

s t u d i e s  have shown u r i n a r y  N to i n c r e a s e  w i t h i n  24 hou=s o f  

prolonged endurance  e x e r c i s e  w i th*  a t r e n d  to c o n t i n u e  i n c r e a s i n g  
5 

a f t e r  one  d a y  of r e c o v e r y  ( R e f s u m  and S t r o m e ,  1974; Dohm - e t  
L - - -  C - / z r - - z > - - - 7 - - - r - - c  ~ -p---------p 

a l , ,  1982). The effects of r-auci5Z u r i n e  p r d d u c f i o n   amp--^^- - 
e x c r e t i o n  p o s t - e x e r c i s e  may p r e v e n t  u r i n a r y  N a l t e r a t i o n s  from 

being  observed  immed ia t e ly  f o l l o w i n g  e x e r c i s e .  I n d e e d ,  t h e  

r e s u l t s  of o t h e r  r e s e a r c h  suggest t h a t  u r i n a r y  N i n c r e a s e s  

follclwing endurance  t y p e  e x e r c i q e  of one  hour  or more. (Refsm 

e t  a l . ,  1974; Dohm e_t &., 1 9 8 2 ) , T h u s .  t he se -  latter -- 
i n v e s t i g a t o r s  may n o t  have  demons t r a t ed  any  c h a n g e s  i n  u r i n a r y  N * 
s imply  because  of t h e  t i m i n g  of u r i n e  c o l l e c t i o n s ,  A common 

me thodo log ica l  problem i n  a l l  s t u d i e s  c i ted  is t h e  small s u b j e c t  

p o p u l a t i o n s  t e s t e d .  S t a t i s t i c a l  d i f f e r e n c e s  a r e  d i f f i c u l t  to 

a c h i e v e  w i t h  s m a l l  s u b j e c t '  numbers. Pe rhaps  s i g n i f i c a n t  changes  

vould have been o b s e r v e d  had t h e  number of s u b j e c t s  used been 

g r e a t e r ,  
- - -- - - - - -- -- - -p 

When t h e  u rea  r e s u l t s  i n  t h e  p r e s e n t  s t u d y  were expressed 
- - - 

simply i n  terms of body weight, t h e r e  appea red  to  be a g r a d u a l  

i n c r e a s e  i n  e x c r e t i o n  rate for 4 8  h o u r s  p o s t  e n d u r a n c e  e x e r c i s e .  
- -  -- 

I n  a d d i t i o n ,  H I  e x e r c i s e  produced an  i i i t i a l  d e p r e s s i o n  24 h o u r s  



- --th 72 - of . re-y* - -r. 

c o r r e l a t i o n  a n a l y s i s  demonstrated a h i g h l y  s i g n i f i c a n t  

r e l a t i o n s h i p  be tween  u r i n e  volume and u r i n a r y  u r e a  N e x c r e t i o n ,  

By u s i n g  volume as a c o v a r i a t e  i n  t h e  s t a t i s t i ca l  a n a l y s i s  of 

u r i n a r y  u r e a  N, a l l  changes  i n i t i a l l y  + . obse rved  f o l l o w i n g  

exercise d i s a p p e a r .  These  f i n d i n g s  would s u g g e s t  t h a t  prior to . 3 

i n t e r p r e t a t i o n  of urea M r e s u l t s ,  an adjustmemt for u r i n e  volume 
i 
i 

must be made, It is  possible, t h e r e f o r e ,  t h a t  t h e  e x e r c i s e  
1 1 

1 
inducedr rchanges  i n  u r e a  N r e p o r t e d  by R e f s m  and S t romne  (1974 ) 

- - - - - - - - - -  - - - - - - - -  - - - - - - pp 

f 
7 

and others ,  mey n o t  have  been  d i r e c t l y  related to t h e  e x e r c i e e  t 

performed b u t  o f  t h e  p r o d u c t i o n  and e x c r e t i o n  of u r i n e  f o l l o w i n g  

t h e  work. 

I n  t h e  p a s t ,  it was c&only acknowledged t h a t  p r o t e i n  was 

not used a s  a s o u r c e  of fwel to any a p p r e c i a b l e  e x t e n t  d u r i n g  

o f  s e v e r a l  e x p e r i m e n t s  have  shown e l e v a t e d  u r e a  N l e v e l s  

p o s t - e x e r c i s e ,  imp ly ing  t h a t  p r o t e i n  c a t a b o l i s m  and amino a c i d  

o x i d a t i o n  is i n c r e a s e d  a s  a r e s u l t  o f  muscu la r  work (Gontzea - e t  

a l . ,  1974; 1975; Refsum and Stromme, 1974; Doha e t  a l . ,  1977; - -- 
T 

Askew, 1979; Decorabaz -- e t  a l e ,  1979) .  

Evidence  h a s  been documented d e m o n s t r a t i n g  e x e r c i s e  induced 

gluconeocrenesis  ( P e l i g  and Wahren, --- 1971; Huston e t  a l . ,  1975; 

Doh et al.., 1 9 8 2 ) .  N i t r o g e n  and g luconeogen ic  c a r b o n  s k e l e t o n s  

from t h e  musc le  a r e  conveyed to t h e  l i v e r  v i a  a l a n i n e  where  t h e  

C s k e l e t o n s  from - - alan i n e  are s u b s e q u e n t l y  r e c o n v e r t e d  to g l u c o s e  
-- - - -  - - -- - - - - - - - 



c h a i n  amino a c i d ,  A d d i t i o n a l  s o u r c e s  of amino g r o u p s  may also be 

d e r i v e d  by u t i l i z a t i o n  of ammonia l i b e r a t e d  from t h e  p u r i n e  

n u c l e o t i d e  c y c l e ,  

There  is s t r o n g  e v i d e n c e  for i n c r e a s e d  g l u c o c o r t i c o i d  (GC) 

l e v e l s  and i n t u r n  g l u c o n e o g e n e s i s ,  d u r i n g  and immedia t ly  

fo l lowing  e x e r c i s e  ( ~ a v i e s  and Few, 1973; White  -- e t  a l . ,  1976) .  

However, GC l e v e l s  w i l l  n o t  remain e l e v a t e d  much beyond 6 h o u r s  
? 

of r ecove ry .  I f  GC are r e s p o n s i b l e  for t h e  i n d u c t i o n  of p r o t e i n  
- - - - - -  - - - - - -- - - 

c a t a b o l i s m  i n  m u s c l e  s e v e r 2 1  deys p o s t - e x e r c i s e ,  the '  effects 1 ,  

appea r  t o  b e  d e l a y e d  by some i n t e r m e d i a t e  mechanism, 

The r e s u l t s  o f  t h e  c u r r e n t  s t u d y  d e m o n s t r a t e  t h a t  t h e  

e x e r c i s e  d u r a t i o n  of b o t h  p r o t o c o l s  d id  n o t  w a r r a n t  s u b s t a n t i a l  

amino a c i d  o x i d a t i o n ,  U r e a  N c o n t e n t  i n  t h e  sweat o f  t h e  

e x e r c i s i n g  s u b j e c t s  w a s  n o t  measu reb  iri t h i s  study. Zernon and 

Mull in  ( l 9 8 O ) ,  found t h a t  sweat u rea  N l e v e l s  d r a m a t i c a l l y  

i n c r e a s e  w i t h  e x e r c i s e ,  I n  o r d e r  to o b t a i n  an a c c u r a t e  

d e s c r i p t i o n  of amino a c i d  ox i d a t i o n  th rough  n i t r o g e n  e x c r e t i o n "  

it would be n e c e s s a r y  to  i n c l u d e  sweat N r e s u l t s  w i t h  u r i n a r y  N 

Although n i t r o g e n  e x c r e t i o n  is r e g a r d e d  as a c l a s s i c a l  

de-t nf muscle p m t e i n  c a t a b o l i s m ,  t h i s  a s sumpt ion  is n o t  - 

t o t a l l y  valid, The c o n t r i b u t i o n  of N from t h e  body's N pools and 
/ 

l*er p r o t e i n  c a t a b o l i s m  c a n n o t  be  t u l e d  o u t  a s  p o t e n t i a l  

s o u r c e s  o f  u r i n a r y  N, Pur the rmore ,  a n  e l e v a t i o n  i n  t h e  



p r o d u c t i o n  and/or  e x c r e t i o n  of W laay b ~ a - r e s e e e  --- --- -- - 

I occurances ,  c o u l d  ead to an o v e r e s t i m a t e  of t h e  a c t u a l  q u a n t i t y  

o f  muscle  p r o t e i n  deg raded .  

Of t h e  t h r e e  t y p e s  o f  m u s c l e  f ibefs ,  f a s t  g l y c o l y t i c  (F'G), 

f a s t  o x i d a t i v e  g l y c o l y t i c  (FOG) and s l o w  o x i d a t i v e  (SO) , f a s t  

t w i t c h  f i be r s  are predominan t ly  o v e r l o a d e d  d u r i  s h o r t ,  h i g h  " t -  
i n t e n s i t y  e x e r c i s e ,  s u c h  as that pePformed d u r i n g  the  H E  

e x e r c i s e  p r o t o c o l  . ~ u r  i n g  long-  t e h  endurance  %c t i v i  ty , SO 
z - 3  

f i b e r s  a r e  t h e  first to be r e c r u i t e d  ( ~ o l l n i c i  -- e t  al?, 1973a.  

t h a n  i n  SO f ibers (Mgyer and T e r j u n g ,  19797,  m i g h t  e x a & e t a t e  

t h e  rise i n  N e x c r e t i o n .  "Such a h y p o t h e s i s  may be ex tended  to 

e x p l a i n  t h e  rise i n  u r i n a r y  N l e v e l s  f o l l o w i n g  HI work. 

- - -  - -  - 

4.3.4 E f f e c t s  of E x e r c i s e  on U r i n e r y  3 - M e t h y l h i s t i d i n e  

Exc re t ion .  

While t h e  endurance  e x e r c i s e  protocol r e s u l t e d  i n  a s l i g h t  

i n c r e a s e  i n  u r i n a r y  3MH c o n c e n t r a t i o n  d u r i n g  t h e  first 4 8 . h o u r s  

fo l lowing  t h e  c e s s a t i o n  of work, no changes  o c c u r 4  post H I  

e x e r c i s e ,  D o h  -- e t  a1. , (1982 ) made s imi la r  o b s e r v a t i o n s  f o l l o w i n g  
- - - -  -- -- -- - -- 

5 

1 .5  hour s  of running. U n f o r t u n a t e l y ,  u r i n e  c o l l e c t i o n s  i n  their 

study were o n l y  t a k e n  inmediately p o s t - e x e r c i s e  and 24 h o u r 6  

l a t e r .  I n  c o n t r e i s t ,  Decmbaz -- e t  a3.. , ( 1 9 7 9 )  , r e p o r t e d  no change  

i n  3n8 o u t p u t  d u r i n g  heavy work, w 5 i I e  Rennie  -- et ax,, and 



Millward -- e t  a l . ,  (19821 reported iTecrXasF6. However; one must bepp 

cautiuus w h e n  -tkse -- 
s i n c e  1) u r i n a r y  volumes were  n o t  r e p o r t e d ,  2 )  t h e  s t a t e  o f  

d e h y d r a t i o n  of the s u b j e c t s  i s  unknown, 3 )  t h e  t iming  o f %  

p o s t - e x e r & i s e  u r i n e  c o l l e c t i o n  v a r i e d ,  and f i n a l l y ,  4 ) t h e  

i n t e n s i w  ,p•’ e x e r c i s e  performed were n o t  q u a n t i f i e d  and v a r i e d  

from s t u d y  to  s t u d y .  

Unl ike  n i t r o g e n ,  3!& is n o t  found i n  a n y  me+surab le  
'i 

c p a n t i t ;  i n  t h e  sweat (Dohm -- e t  a l . ,  1 9 8 2 ) .  S i n c e  t h e  318 

e x c r e t e d  i n  t h e  u r i n e  presumebly comes from s k e l e t a l  musc le ,  

t h e n  t h e  amount of p r o t e i n  deg raded  may be c a l c u l a t e d .  The re  was 

a 33% i n c r e g s e  i n  p r o t e i n  deg raded  o v e r  p r e - e x e r c i s e  l e v e l s  48 

h o u r s  f o l l o w i n g  endurance  e x e r c i s e ,  .which r e p r e s e n t s  104.5 grams - - 
o f  musc le  p r o t e i n  per day .  A s i m i l s r ,  y e t  s m a l l e r  i n c r e a s e  ( 1 6 % )  1 

was no ted  f o l l o w i n g  HI e x e r c i s e  as w e l l ,  However, t h i s  i n c r e a s e  

i n  t h e  amount of m y o f i b r i l l l a r  p r a t e i n  breakdown- does n o t  
1 

n e c e s s a r i l y  r e p r e s e n t  a n e t  i n c r e a s e  i n  t h e  d e g r a d a t i o n  - o f  

muscle  p r o t e i n .  While  t h e  ra te  of d e g r a d a t i o n  h a s  been e l e v a t e d ,  

. i t  is  q u i t e  p o s s i b l e  t h a t  a s i m i l a r  r e s p o n s e  h a s  been e l i c i t e d  

from p r o t e i n  s y n t h e s i s  r e s u l t i n g  i n  a r ise i n  t o t a l  p r o t e i n  

t u r n o v e r .  

&el h o m e o s t a s i s  and metabolism v a r i e s  w i t h  t h e  i n t e n s i t y  

and' duration of the exercise b e i n g  perfpom=d, A s  p r e v i o u s l y  - - - 

d i s c u s s e d ,  u r i n e  f l u x  i s  d e p r e s s e d  during e x e r c i s e  and may - n o t  --- 

r e t u r n  to normal immedia te ly  p o s t - e x e r c i s e .  Hence, t h e  t iming  of 
t 

urine sample c o l l e c t i o n  may be c r u c i a l .  I t  is c o n c e i v a b l e  t h a t  



t h e  24 h o u r  urine cc&lections made i n  &he presen t_s_ tudx  - - -  

di_sgaised man a c t u a l  i n c r e a s e s  that may h a v e  o c c u r e d .  S h o r t e r  

c o l l e c t i o n  p e r i o d s  may i n  f a c t  g i v e  a b e t t e r  i n d i c a t i o n  o f  what 

is a c t u a l l y  happen ing  i n  t h e  musc l e  f o l l o w i n g  e x e r c i s e  , 

S e v e r a l  p r o t e i n a s e s  which c a n  d e g r a d e  m y o f i b r i l l a r  p r o t e i n s  . 
have been desc r ibed -& i n  muscle, '  Lysosomzl enzymes, w i t h  t h e i r  

a c i d  pH op t ima  n o  d o u b t  p a r t i c i p a t e  i n  t h e  a u t o l y s i s  o f  muscle  

p r o t e i n  and,  t h u s ,  h a v e  d e f i n i t e  i m p 1  i c a t i o n s  for e x e r c i s e  

ISchwartz  and B i r d ,  1977; P i l s t r o m ,  e t  a l . ,  1978; C l a r k  and -- 
Vignos,  1 9 8 1 ) .  Work by Vihko -- e t  a l .  (1978)  and o t h e r s  ( P i l s t r o m ,  

e t  a l . ,  1978; Dohm, et a l . ,  1982)  u s i n g  a n i m a l  models, have 
- 

-- -- 
brought  f o r t h  i n t e r e s t i n g  e v i d e n c e  o f  i n c r e a s e d  ly sosoma l  

a c t i v i t y  w i t h  e x e r c i s e .  A s i n g l e  b o u t  o f  e x h a u s t i v e  e x e r c i s e  h a s  
* 

been observed  to i n c r e a s e  the a c t i v i t y  of C a t h e p s i n  D, Ca theps in  

B and s e v e r a l  o t h e r  lysosomal  enzymes i n  mouse m u s c l e  ( P i l e r o m ,  

/-' I n t e r s t i n g l y ,  Vihko,  -- e t  a l ,  (197C) fcund  t h a t  l y s o s o m a l  enzyme 

a c t i v i t y  peaked 3 t o  4 d a y s  f o l l o w i n g  one s i n g 2 q 2 e x h a u s t i v e  bout  

of e x e r c i s e .  

The t i m i n g  of t h e s e  p r o t e o l y t i c  e v e n t s  may h e l p  to  e x p l a i n  

reports o f  m y o t i b r i l l a r  n e c r o s i s  and  s e l e c t i v e  d e g r a d a t i o n  i n  

human musc le  f o l l o w i n g  mara thon  runn ing  (Eagerman, -- et  al., 1983; 

S e i g a l ,  -- e t  a l . ,  1983; Apple,- -- e t  al., 1983)'. Accord ing  to 
- - - - - - - - - - - - - 

Hagerman and co-workers (19831, t h e  most p rominen t  muscle fiber 
- -- --- - - - -- - - 

z l t e r d t i o n  occurs between day 1 and day 3 p o s t - e x e r c i s e .  T h i s  

o b s e r v a t i o n  i s  similar  to the p r e s e n t  s t u d y  where  m y o f i b r i l l a r  



d e g r a d a t i o n ,  c a l c u l a t e d  from u r i n a r y  3MH, r e a c h e d  a pe_ak_-4 8 

hour s  post endurance e x e r c i s e .  I n  - v i e w  of these reprts,  one  may 

s p e c u l a t e  t h a t  had t h e  d u r a t i o n  o f  t h e  e x e r c i s e  p r o t o c o l s  i n  t h e  

p r e s e n t  s t u d y  been  p ro longed ,  more d r a m a t i c  c h a n g e s  i n  

m y o f i b r i l l a r  p r o t e i n  d e g r a d a t i o n  might  have  t a k e n  p l a c e .  

4.3.5 Rate  o f  H u s c l e  ca tab01 i s m  

Expres s ing  3kEH i n  terms o f  body w e i g h t  may n o t  b e  v e r y  

a c c u r a t e  due to c h a n g e s  i n  body we igh t  and s ta te  of h y d r a t i o n  - - of pp - 

s u b j e c t s ,  p a r t i c u l a r l y  i n  e x e r c i s e  s t u d i e s .  Fu r the rmore ,  s i n c e  

3MH is d e r i v e d  from t h e  c a t a b o l i s m  o f  m y o f i b r i l l a r  p r o t e i n ,  

c a l c u l a t i o n s  per u n i t  musc le  mzss a r e  more a p p r o  r i a t e  t han  body B 
weight  c o r r e c t i o n s .  The 3P!H/CR r a t i o  h a s  been  used a s  a method 

of expressing t h e  rate of skeletal musc le  being degraded  per day 

s i n c e  CR e x c r e t i o n  is used to estimste to ta l  body n&cle mass 

(Tomas, -- e t  21., 1979; B a f l z r d ,  -- et a l . ,  1 9 7 9 ) .  The amount o f  

whole body musc l e  mass  deg r sded  f o l l o w i n g  - b o t h  e x e r c i s e  

p r o t o c o l s  was. c a l c u l a t e d  and e x p r e s s e d  a s  t h e  r a t i o  

3MH/Creatinine (3MH/CRf. The 3FB/CE r a t i o  is elevated, a l t h o u g h  

n o t  s i g n i f  i c z n t l y ,  24 h o u r s  f o l l o w i n g  t h e  t e r m i n a t i o n  o f  bo th  

endurance  and H I  e x e r c i s e  protocols. These  r e s u l t s  are  

E ( i i 3 M  et A., f-i a l l a r  -ations . . 
-- JaU2- 

u s i n g  t h e  r a t i o  o f  Urea N/Cr:  no s i g n i f i c a n t  a l t e r a t i o n s  i n  

protein &qr&at ion were d-st rated following e i t h e r  exercise, 



These  o b s e r v a t i o n s  a r e  s u p p o r t e d  by t h e  results of D o h  -- et a l . ,  - - 
(1982 1 , who 'found u r e a  N f C R  r a t i o  to remain unchanged follewing '% , 

b o t h  r u n n i n g  and w e i g h t l i f t i n g  e x e r c i s e  b o u t s .  The c a l c u l a t i o n  

of t h e  3m/CR and u r e a  N/CR r a t i o s  make t h e  a s s u m p t i o n  t h a t  

c r e a t i n i n e  is a n  accurate m e a s u r e  of l e a n  body mass a n d  

t h e r e f o r e  i s  a t  stable levels i n  t h e  u r i n e .  Fur the rmo. re ,  t h e y  

also assume that both u r i n a r y  ~ M H  and u r e a  N a r e  from endogenous  

skeletal musc le  s o u r c e s .  I n  t h e  p r e s e n t  study, the e x c r e t i o n  

rate o f  c r e z t i n i n e  was a1 tered s i g n i f i c a n t l y  f o l l o w i n g  exercise. 

T h e r e f o r e  t h e  r a t i o s  of 31IB/CR and u r e a  N/CR do not a p p e a r  to  be 
+ 

an a c c u r a t e  method of expressing t h e  r a t e  o f  s k e l e E a l  m u s c l e  

protein breakdown, f o l l o w i n g  e x e r c i s e .  



LIHITATIONS OF THIS STIJDY 

A )  The rate of m y o f  i b r i l l a r  p r o t e i n  d e g r a d a t i o n  was d e t e r m i n e d  

b y , r n e a s u r i n g  u r i n a r y  3 H H  e x c r e t i o n  u s i n g  the z s s w n p t i o n  

t h a t  s k e l e t a l  m u s c l e  is t h e  m a j o r  s o u r c e  o f  3MH. T h e r e  i s  a .  

p o s s i b i l i t y  that a g r t i o n  of u r i n a r y  3??R w a s  d e r i v e d  from 

h e  t u r n o v e r  of o t h e r  body t i s s u e s ,  n a m e l y  t h e  

g a s t r o i n t e s t i n a l  tract (GI 1 . W h i l e  a t  rest  t h e  G I  t r a c t  
, 

c o n t r i b u t i o n  t o  urinary 3 T F T  is sfrraif; an exercise irtchwed 

i n c r e a s e  i n  t h e  t u r n o v e r  o f  n o n - s k e l e t a l  m u s c l e  p r o t e i n  

would i n c r e a s e  3MH e x c r e t i o n .  

E )  There  a r e  a n u m b e r  of prob lems  a s s o c i a t e d  with the u s e  o f  

humsn subjects i n  a n  experimental design s u c h  as the one  

used i n  t h i s  study: 

i .  I t  was the r e s p n s i b i l i t y  of each s u b j e c t  to remain on 

t k e  m e a t  free diet throughout t h e  e x p e r i m e n t .  I t  is 

p s s i b l e  that some meat  was consumed and  n o t  r e p o r t e d .  

I n  a d d i t i o n ,  w h i l e  alcohol c o n s u m p t i o n  was l i m i t e d  

during the t e s t s ,  f l u i d s  w e r e  not restricted o r  

measared, 

i i .  I t  was necessary f o r  s u b j e c t s  t o  collect  a l l  urine 

exkreted d u r i n g  t h e  testing period'. Psy  u r i n e  

excretion ~ i s s e d  and n o t  reported would  c a u s e  great 



a l t e r a t i o n s  i n  the  results, 

i i i .  L a r g e  b i o l o g i c a l  v a r i a t i o n s  were d e m o n s t r a t e d  ih u r i n e  

p r o d u c t i o n  - 2 s  %el l  as  u r e z  N a n d  c r e a t i n i n e .  T h i s  
z L , A  

c o u p l e d  with a s m a l l  s u b j e c t  p o p u l a t i o n  may h a v e  

c o n t r i b u t e d  to t h e  l a c k  of s t a t i s t i c z l l y  s i g n i f i c a n t  

o b s e r v a t i o n s .  

C) A s  a l l  p a r t i c i p a n t s  w e r e  u n t r z i n e d  m a l e s ,  c a u t i o n  i s  a d v i s e d  

when r e l ~ t i n g  t h e  r e s u l t s  o f  tt-is s t u d y  t o  f e m ~ l e  s u b j e c t s  

o r  t r a i n e d  n d i v i d u a l s .  (i 
D) I n  this s t u d y ,  only t t e  e e g r a d e t i v e  phase of m y o f i b r i l . l ~ r  

p r o t e i n  t u r n o v e r  was m e a s u r e d .  I n  o r d e r  t o  a p p r e c i a t e  t h e  

effects o f  e x e r c i s e  o n  muscle m e t a b c l i s n ,  p r o t e i n  s y n t h e s i s  

must z l s o  be zssessed.  An i n c r e a s e  i n  s k e l e t z l  m u s c l e  

protein breakdown mzy n o t  a c t u a l l y  d e f i n e  a net loss  o f  

p r o t e i n ,  but may i n  f a c t  r e f l e c t  a n  i n c r e a s e  i n  

r n y o f i b r i l l a r  t u r n o v e r .  



CONCLUSIONS 

Ki thin the l i m i  t a t i o ~ s  o f  t h i s  s t u d y ,  t h e  f o l l o w i ~ g  c o n c l u s i o n  

were drawn:  

1. Bigk i n t e n s i t y  f 120% m a x )  i n t e r v a l  exercise produces a 

greater e l e v e t i o n  i n  b e a r t  rate t b a n  e n d u r a n c e  e x e r c i s e  

( 6 0 %  max) i n  men. 

2 .  Three d e y s  o f  a w e l l  b a l a n c e d  meat f r e e  2 i e t  r e s u l t s  i n  a 

s i g n i f i c a n t  d e p r e s s i o n  i n  tke e x c r e t i o n  r a t e  o f  3MH, 

however  no  a l t e r z t i o n s  i n  c r e P t i n i n e  o r  u r e a  n i t r o g e n  

o c c u r .  

3 .  N o  s i g n i f i c a n t  c h a n g e s  i n  daily u r i n e  p r o d u c t i o n  o c c u r  

f o l l o w i n g  o n e  h o u r  of e i t h e r  h i g h  i n t e n s i t y  o r  e n d u r a n c e  

e x e r c i s e .  

s t i c a l  d i f f e r e n c e s  i n  ' t h e  u r i n a r y  e x c r e t i o n  o f  3MH 

a r e  o b s e r v e d  b e t w e e n  o n e  h o u r  of h i g h  i n t e n s i t y  i n t e r v a l  

work o r  o n e  h o u r  of s t e a d y  s t a t e  e n d u r a n c e  e x e r c i s e .  

5 .  Urinary u r e a  n i t r o g e n  e x c r e t i o n  is  e f f e c t e d  b y  u r i n e  vo lume.  

6 .  Aigk i n t e n s i t y  e x e r c i s e  c a u s e s  a n  e l e v a t i o n  i n  u r T n a r y  

c r e e t i n i n e  w h i l e  n o  c h a n g e s  i n  UCE are  o b s e r v e d  f o l l o w i n g  

p r o l o n g e d  s t e s d y  s t a t e  work. 



due to t h e  ckanges in cres t inhe  excretion following work, 



APPENDIX 1. EXERCISE PROTOCOL 

All exercise t e s t s  were performed on a !renual ly  b;aked 

Eonarche bicycle e r g o m e t e r .  A 1 1  exercises were conducted a t  a 

pedel  frequency of 60 rpm, w i t h  t h e  exception of t h e  bigk 

intensity test where a p d a l  rate of 90 rpRI was used. P e d ~ l  

frequency wzs monitored by an ef ectr ic metronome and 2 

revclution couriter a t t z c b e d .  to t f i ~  front  wheel of t h e  ergometer, 

kp a t  m i n u t e  3 znd again at minute 5. The final increase in 

workrzte  w a s  d i c t a t e d  by the individual's heart rate a t  the end 
f l  

of i z i n r r t e  4 .  W a r ~ u p  w a s  fcllowed by a dive m i n u t e  rest while 

s u b j e c t s  were z q u a i n t e d  w i t k  t F e  procedures of the t e s t  to be 

performed. 

Maximum O x y g e n  Uptake Test. 

The  s t a r t i n g  workrate for the maximum t e s t  w a s  set  upon t h e  
Bh 

basis of heart r a t e  fSaf  t i n  and A s t r a n d ,  19671, The i n i t i a l  

workrate w a s  perfumed for 2 m i n u t e s  followed by an L n c r ~ z s e  of 

180 kpm/min 1 0 . 5  kp) a t  t P e  end of every  minut~e until the 

Heart r a t e s  were monitored on a N i h o n  Kokden 

e l e c t r o c a r d i o g r a p h  Icardiofax K G  2201 ) using 3 W e t 3 f m  



s iiver-si f ver chloride dlsposabf e FC(; eigctmx%es tGreptr2- - --- 

taken for the f a s t  10 seconds of every minute during warmup, . 
. - - *  

I .  exercise tes t  and for 3 m i n u t e s  post exercise, 

Read ge+r- was placed on each exercising subject to hold a 
, . 

two-way, l o w  resistance respiratory valve in their mouth. All 

expire3 a i r  passed frcm this valve, through 70cm of Collins 

uncorruqa?ed tubhg ,  past a two-way s t o p c o c k  controlfed v a l v e  

and i n t o  me t ~ o l o q  i c a f  baf lams. Esch bag contained one f u l l  

m i i u t e  of e x p i r e d  a i r .  Expired gas was collected dur ing  m i n u t e s  
- -- 

2 , 4  2nd 6 of t h e  warnup and for every minute  or part of m i n u t e  

cf tF.e t e s t  u n t i l  the subject stopped. P11 meteological balloons 

were tested for  f a a k b g e  prior to uee, 

Samples of gas were  drzwn from each b a l l w n  i n t o  a Becbyn 
b 

LE-2 Crrbcn d i o x i d e  analyzer and an Applied electrochemistry 
A 

Cxygen a n a l y z e r  in or&er to deremfne €Fie free+lon of expire& 

oxygen (FEcZ and C 0 2  ( F ~ C O ~ ) .  The volume of expired g a s  (be,  

was obtained by evacuating the contents of each bzll m n  through 

a Parkinson-Cowan ventilction meter by means of a small .25hp 

v a c u m  pump attecked t o  the e x h a u s t  s i d e  of t h e  meter. Gas 

temperature was recorded as the eir t r a v e l e d  through the meter. 

Barometric pressure was a l s o  recorded i n  the morning and 

where  V f l ~ ,  being the volume of 02 expired 



Known gases, analyzed by the m i c r o - s c h o l a n d e r  t e c h n i g u e  ( 1 9 4 5 )  

were used to c a l i b r a t e  t h e  gas  a n a l y z e r s  p r i o r  to each 

v e n t i l a t i o n  analysis, 

I t  was t h e  i n t e n t i o n o o f  t h i s  s t u d y  to use u n t r e i n e d  

subjects, Final c h o i c e  of subjects was made on t h e  basis of 
-- 
- 

t h e i r  c ~ ~ r n a x .  test .  Any subject w i t h  a G ~ ~ r n a x  of g r e i t e r  t h a n  50 

rn l*kq- l - rn in- l  (White -- et a 1 .  ,1976; Astrand and Rodahl, 1977) was 

not accepted i n t o  t h e  study. 



Endurance Exercise 

Subjects e x e r c i s e d  on t h e  b i c y c l e  e r g m e t e r  a t  c p e d a l  

maximum Go2. P s i x  m i n u t e  warmup (as described i n  Appendix 11 - 

w a s - c o n d u c t e d  p r i o r  to the t e s t ,  Heart rate was monitored, a s  

e r W  a*, &HZ-~A# f- e s s m x x k  ---- - - 

of each m i n u t e  of warmup, every f i f t h  minute o f  t h e  exercise 

t e s t  and f o r  a t h r e e  m i n u t e  recovery period. A t h i r t y  s e c o n d  

c o l l e c t i o n  of expired g a s  was made every 10 minutes o f  t h e  

e n d u r a n c e  t e s t  for d e t e r m i n e  t i o n  o f  oxygen c o n s u m p t i o n .  

High I n t e n s i t y  E x e r c i s e  

s u b j e c t s  r d e  the b i c y c l e  ergmeteg a t  a pedel r a t e  o f  90 

rpm f o r  a se t  of 40  t h i r t y  second s p r i n t s  a t  120% of their 

p r e d e t e r m i n e d  maximum b2. Each e f f o r t  was f o l l o w e d  by a 

recovery p e r i o d  of 60 s e c o n d s .  P a r t i c i p a n t s  were r e q u e s t e d  to 

remain s e a t e d  a t  a l l  t i m e s  t h r o u g h o u t  t h e  s p r i n t  work, b u t  were 

a l l o w e d  to s t a n d  during t h e  i n t e r v a l s  between s p r i n t s .  Heart 

r a t e s  were monitored for the 12st 10 sec6iidKC0ff 3 7 E y  m i n u t 5 e T  

warmup, for e v e r y  sprint andfor €lw three minutes of 

r e c o v e r y .  Using s e p a r a t e  m e t e o l o g i c a l  b a l l o o n s ,  oxygen 

c o n s u m p t i o n  was measured mring every e i g h t h  sprirrt  (30 set) m d  



- 

for the subsequent 30 sec of recovery. Methods f o r  measurement 
- - -- - - -- pp 

of heart rate and hZ have been described i n  detail in Appendix 



APPENDIX 3 .  3-)LETEIYL€iISTID1~ DETERwIRAT~ON 

Sodium C i t r a t e :  a t  c o n c e n t r a t i o n s  of 0.2N, 0.35N and 0.38N. 

. Buffer solution p H  a d j u s t e d  w i t h  50% NaOzH or c o n c e n t r a t e d  

RC1. 

Res in :  Resin s l u r r y  was p r e p a r e d  a t  a 2:1 r e s i n  td d i s t i l l e d  

w a t e r  s o l u t i 6 p  (Resins:PA-28,  PA-35, Eeckman Co., P a l o  

A l t a ,  C a l i f . )  

Sodium A c e t a t e  B u f f e r :  (used fo r  n i n h y d r i n  . s o l u t i o n ) .  4N N a  

", - 
a c e t a t e  buffer f u m e d  b y f l d i n g  2730g N a  a c e t a t e  w i t h  500ml 

c o n c e n t r a t e d  a c e t i c  a c i d  i n  '5 l i t e r s  d i s t i l l e d  R20. 

Ninhydrin:  809 n i n h y d r i n  d i s o l v e d  i n  1 l i t e r  of I N  Sodium + '  

a c e t a t e  b u f f e r  and 3 liters Methyl  CeIlosolve TEeckman CO,', 

P a l o  A l t a ,  C a l i f . ) .  Add l.6g S t a n n o u s  Chloride (SnC14H2O).  

R e g e n e r a t i o n  Rea e n t  0.2N HaOH. I --- ,--- 

P r o t e i n  P r e c i p i t a t i o n :  309 s u l f o s a l i c y l i c  a c i d  d i l u t e d  i n t o  

l O O m l  d i s t i l l e d  H20 = 30% SSA, 

U r i n e  c o n s t i t u e n t s  were s e p a r a t e d  by t h e  a n s l y t i c a l  c o l u m n s .  

and then fe'eackd' w i t h -  h i n h y d r i n  i n  order to  becope v i s i b l e  for  

t h e  a n a l y z e r ,  l i g h t  f r o m  a t u n g s t e n  l i g h t  source a l s o  passes 
P 

th rough  and f a l l s  o n  a p h o t o e l e c t r i c  ce l l  which  g e n e r a t e s  a 

voltage p r o p o r t i o n a l  to t h e  t r a n s m i t t a n c e  of t h e  m a t e r i a l  i n  t h e  



c u v e t t e .  The r e c o r d  of the o p t i c a l  d e n s i t y  forms a g a u s s i a n  

curve. 3pa w i l l  react with n i n h y d r i n  a t  570 nan&eters. Peak 

areas are d e t e r m i n e d  in  terms of absorbance multiplied by u n i t s  

of t i m e ,  or h a i g h t  x w i d t h .  The ares of t h e  peak represents the 
I 

quqntity of the o r i g i n a l  constituent. C a l c u l a t i o n  of t h i s  area 

and comparison w i t h  peak areas from c a l i b r a t i o n  s t a n d a r d s  are a 

w a n t i t a t i o n  of 3M# f f i g u r e  11). 

In addition, a Nova Digital Computer was c o n n e c t e d  to the 

, Beckman Amino A c i d  Anzlyzer .  T h i s  integrator a u t o m a t i c a l l y  added 

U m z s  at ~maU time increments and p r i n t e d  out 

t h e  t o t a l  when t h e  proper b z s e l i n e  return was a c h i e v e d  (Figure 

11 1 .  



Figure 11. Chmatograph and NOM -ter printout fran 
m e  24 fYrur urine -1e. Peaksc represent 
corrcaztratim, Printout values represent area 
mde~ each peak. 



R e a a e n t s  

APPENDIX 4. CREATININE DETERMINATION 

2. C r e a t i n i n e  C o l o r  Reagent: C o n t a i n s  P i c r i c  A c i d ,  Approx.0 .6%;  

Sodium Borate and S u r f a c t a n t .  (Sigma, S t . L o u i s ,  #555-1) 

A l k a l i n e  P i c r z t e  S o l u t i o n :  

creak inhe  c ~ l o r  rezqent w i t h  30 ml sodium hydroxide  

s o l u t i o n  ( r e t i o  5 : l ) .  Mixture is s t a b l e  for 1 week i n  dark 

a t  room t e m p e r s t u r e .  

4 .  Acid R e a g e n t :  C o n t a i n s  a m i x t u r e  •’0 s u l f u r i c  A c i d  and Acetic 

A c i d  ( S i g m a ,  S t , L o u i s ,  4555-2 ) .  

C r e z t i n i n e  Standards:  C o n t a i n  c r e a t i n i n e  

mmol/l) and  1 5  mg/100 m l  (1 .32  mmol/l) r e s p e c t i v e l y  i n  0.02 

N ECL s o l u t i o n  ( S i g m a ,  S t . L o u i s ,  1925-3 ,925-15) .  

Procedure 

1 .  Sodium H y d r o x i d e :  1 . 0  N 

b 

1 ,  D i l u t e  1 m l  cf each u r i n e  sample by 1 0  fold u s i n g  d e i o n i z e d  

2 .  Set up d i r e c t l y  i n  c u v e t s :  

Reagent Blank:  3 . 0  mf dB$ 



S t a n d s r d  1: 3 .0  m l  (STD 1) 
# 

S t a n d a r d  2: 3 . 0  ml (STD 2 )  

Unknown: 3 - 0  m l  D i l u t e d  urine. 

3. To 211  cuvets  add 3 . C  m l  A 1 k a l i n . e . P i c r a t e  s o j u t i o n .  P i x  w e l l  

and l e t  s t a n d  f o r  1 0  m i n u t e s  + A 2  m i n u t e s  s t  room 

4 .   ad i n i t i a l  Ebso rban ce  of a l l  c u v e t s ,  u s i n g  b l a n k  a s  

r e f e r e n c e ,  a t  500 ~lm. 

, allcw t o  s t a n d  5 r i n u t k s  a t  room t e m p e r a t u r e .  

6 .  Pezd f i n 2 1  ?bsc , rbance  of  a l l  c u v e t s  a g a i v t  t h e  b l>nk  a t  500 

m. 

'< . 
Each s t a n d a r d  w a s  s n a l y s e d  for e v e r y  b a t c h  o v r i n e  s amp le s  

2 ' 

run  f 8 ucknown s a m p l e s ) .  C a l c u l a t i o n  o f  t h e  c o n c e n t r a t i o n  of , 

c r e a t i n i n e  i n  e s c h  s amp l e  wzs d ,e te rmined  u s i n g  t h e  slope of the 

s t a n d z r d  c u r v e  produced p r  b a t c h  o f  s a m p l e s  analysed. 



APPENDIX 5 .  URINARY NITROGEN DETERMINATION 

l .E !u f f e r ed  6 e ; s e  c i s b l v e  5 g m  d i s o d i u m  s a l t  of EOTP. i n  

g l y c e r i n  znd 2 5 0 ~ - 1  dE20. A d S u s t  to pB 6.5  witb 4 %  KaOH 

I z r ; ~ r o x  1 0  rr.2 r e q u i r e d ) .  C i l u t e  to  500ml. T h e n  d i s o l v e  30mg 

c r e a s e  ( t y p e  111, Sigm? S t .  L o ' u i s f  i n  lOOml of t h i s  buffer. 

F t a b l ~  i n  r e f r i g e r a t o r  f o r  f m o n t h .  

2 . P k e n o l  R e a g e n t  D i s o i v e  ST. p h e n o l  and 25gm Na N i t r o p r u s s i d e  i n  

dH2C t o  mzke iCOml. S t a b l e  f o r  s e v e r 2 1  m o ~ t k s  i n  znber 

b o t t l e  i n  r e f r i g e r a t o r .  

add  2 0 m l  N? E y g o c h l c r i t e  ( J c v e x ,  Proctor snd Gamble:  9 .25% 

c h l o r i n e )  a n d  d i l u t e  to  500ml. Store  in glass c o n t a i n e r  i n  
- 

ref  r i g e r z t o r .  

,-, 

4 . ~ e & o i c  A c i d  10.01611) D i s o l v e  2gm b e n z o i c  X c i d  i n  1 l i t e r  H20. 
v 

Add 0.8ml e o n c e n t r s t e d  s u l f u r i c  Acid and mix. .-, 

'i 

5 . C r e a  Standard - 1 D i s o l v e  0 . 6 4 4 9  urea in b e n z o i c  Acid solution 

and d i l u t e  to  500ml. Contains 60mg/100ml urea ( 4 6 . 4 2 %  

6 . C r e a  S t a n d a r d  - 2 Contains 30 rng/100 ml Urea f j i t r o g e n  ( S i g m s ,  





Each standard was a n a l y s e d  w i th  e3ery batch of u r i n e  

sampf e s  run ( 1 0  unknown samples1  . C a l c u l a t i o n  of the 

- c o n c e n t r a t i o n  of u r e a  nitrogen i n  e a c h  sample w a s  determined 
, 

using t h e  slope of the s tandard  curve produced per bztch of 

samples e n a l y s e d  . 



APPENDIX 6 .  REVIEW OF THE LITERATURE 

T h e  t h e o r y  t h a t  p r o t e i n  was t h e  e s s e n t i a l  f u e l  for e x e r c i s e  

began as e a r l y  3s 1850 w i t h  t h e  w o r k  o f  Von L e i b i g .  T h i s  

h y p o t h e s i s  w a s  d i s p e l l e d  i n  t h e  e a r l y  1 9 0 0 ' s  by Z u n t z ,  Von 6 
P e t t e r k o f e r  a n d  V o i q  who showed t h a t  p r o t e i n  w a s  n o t  m e t a b o l i z e d  

i n ,  s i g n i , f  i c a n t  q u a n t i t i e s  d u r i n g  m u s c u l a r  e x e r c i s e  o f  well 
?a 

P u c i s h e d  men ( a s  c i t e d  i n  C o n s o l a z i o  -- e t  a l . ,  1 9 7 5 ) .  I t  i n  now 

B u n d e r s t o o d  t h a t  c z r b o h y d r a t e  a n d  f a t t y  a c i d s  a r e  t h e  m a j o r  
f 

e n e r g y  s o u r c e s  f u r  m u s c u l a r  work i n  the isoc2loric s t a t e  

( A s t r z n d  1967 ;  E s s e n  - e t  -* a 1  1 1977: Lemon a n d  Naigle,  19811. 

I n  r e c e n t  years, t h e r e  h a s  b e e n  a n  a c c u m u l ~ t i o n  of e v i d e n c e  

i n  s u p p o r t  of z c t i v e  p r o t e i n  u t i l i z a t i o n  p a r t i c u l ~ r l y  d u r i n g  

locg e u r a t i o n  e x e r c i s e  ( C ~ r n e y , .  1975; Gontzea e t  a l . ,  1 9 7 5 ;  -- 

Pefsrur ,  and Stromme, 1 9 7 4 ;  H a r a l s m b i e  and F e r g ,  1 9 7 6 ;  Decombsz e t  - 

a f . ,  1979; D o b .  et a l . ,  1971; 1978 ;  1980; Lemon an6 fiuf 1 i n ,  - -- 
1 9 8 0 ) .  F u r t h e r m o r e ,  i t  w o u l d  appear t h a t  a human r e a u i r e m e n t  for 

protein is  t o  p r o v i d e  nitrogen ~ n d  essential amino  ~ c i d s  for t h e  

w t k e s i s  of body p r o t e i n  necessary f o r  growth a n d  repai r  

r ~ e e r u n j e n  2nd Dubowitz, 1 , 9 7 7 ) .  

T h e  r z t e  of prote in  turnover  is af tered by vzriztions i n  

s y n t b e s i s ,  d e g r s d a t i o n  o r  a c o m b i n a t i o n - o f  b o t h .  By v i r t u e  o f  

its lsrge mass, s k e l e t a l  muscle is t h e  b o d y ' s  p r e d o m i n a n t  

reseveir of mim a c i d s  and prokekn; t h e  bulk o f  ttri-s protein 

keing in the form of k k  ccmtzactih elemests, a&* & wz 
The t u r n o v e r  o f  m u s c l e  p r o t e i n s  is n o t  a s  r a p i d  a s  some o u h e  

other body t i s s u e s ,  However, due to t h e  enormuus mass of t h i s  



tissue, m a k i n g  u p  above 4 5 %  o f  body weight, it may be assumed 

i n  t h e  r e g u l a t i o n  of w h o l e  body p r o t e i n  m e t a b o l i s m  f Pcmrtmans, 

1 9 7 6 ) .  As d e m o n s t r a t e d  i n  F i g u r e  1 2 ,  c h a n g e s  i n  t h e  dynamic-  

state of muscle protein and q n i n o  a c i d  metabolism will be 

brought about by a number of k t i m u l i  i n c l u d i n g  diet, hormones 

and exercise  ( Y o u n g  -- e t  al,, 1 9 0 1 ) .  

It is well undestood t k a t  exercise r e s u f  ts i n  adap ta t ions  

of m u s c l e  me t abo l  i s m  2nd function, The p r o c e s s e s  involved 

include c h a n g e s  i n  both  rotei in s y n t h e s i s  a n d  breakdown a s  t h e  

muscle c o m p o s i t i o n  a n d  s i z e  a r e  a l t e r e d .  T h i s  r e v i e w  a t t e m p t s  t o  

relate i n t e n s i t y  and d u r a t i o n  of e x e r c i s e  w i t h  a l t e r a t i o n s  in 

t k e  d q r ~ d z t i o n  of &yof i b r i l f  a r  p r o t e i n .  

1,: A m i n o  A c i d  Metabolism -- 

In orde r  fo r  proteins t o  contribute to energy s u p p l y  they 

must first be  d e g r a d e d  i n t o  t h e i r  c m p n e n t  *amino z c i d s .  Shou ld ,  

t h e s e  m ino  arninu acids b e  s u b s e q u e n t f y  d e m i n a t e d ,  energy w i l l  

be produced by t h e  o x i d a t i o n  of t h e  resulting ,carbon s k e l e t o n s .  

T h i s  o x i d a t i o n  is normally measured i n  o n e  of t w o  ways: 1) C02 

production from p r o t e i n  is q u a n t i f i e d  t h r o u g h  the use of 

r a d i o a c t i v e  label t r z c e r s  a n d / o r ,  21 by t h e  m e a s u r e m e n t  of 

products from t h e  d e g r a d a t i o n  o f  p r o t e i n  . T h i s  l a t t e r  method 

h a s ,  i n  t h e  p a s t  b e e n  commonly - u s e d  i n  human s t u d i e s ,  by 

q u a n t i f y i n g  u rea  n i t r o g e n  e x c r e t i o n .  ' 
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Figure 1 2 .  W l e  protein untent is determined 
by the rates of protein sp ths i s  and 
degrashtion a d  tbe balance beteen 
- them. @ r u n  V . R ,  Y a w ,  1981) 

I <  

1 t h a s  been%learly documented that s t r e n u o u s  exercise 
2 '-.3 

particularly o f  prolonged d u r a t i o n  i s  accompanied by enhanced 

p r o t e i n  catabolism ~ ~ e f s u m  and Stromme, 1974; C e r n y ,  1975; - 

Haralambie  and Berg, 1 9 7 6 )  .' s t u d i e s  of C x e r c i s e  metabolism on 
- -- - - - -  - - 

zctivity durations of less than o n e  hour s t r o n g l y  i n d i c a t e  t h a t  

t h e  energy requirement  can e a s i l y  b e  m e t  by g l y c o g e n  and fatty 



acid breakdown. More r e c e n t l y ,  reports have f n d i c a t e a  a smafl,  

work ( F e l i g  and Wahren, 1971;  J o h n s o n ,  1971) w i t h  i n c r e a s i n g  

, i n v o l v e m e n t  a s  t h e  d u r a t i o n  o f  work i n c r e a s e s  ( K e u l s  e t  a l . ,  -- 
1972;  Mole, Baldwin , ,  T e r j u n g  and H o l l o z y ,  1 9 7 3 ) .  

S e v e r a l  reports have d e m o n s t r a t e d  e l e v 2 t e d  urec R l e v e l s  

f o l l o w i n g  exercise, An i n c r e e s e  i n  t h e  e x c r e t i o n  of N i n  t h e  

form of urea would i m p 1  y,- t h a  t protein u t  i l  i z a t i o n  and t k e r e f o r e  
, < 

amino a c i d  ox i d a t i c w - 5 ' ~  i n d e e d  e l e v a t e d  ci t h  p h y s i c a l  a c t i v i t y  

( G o n t z e a  -- e t  a l . ,  1974; 1975; Refsurn and Stromme, 1974;  1975;  

Dokm e t  a l , ,  4977; Decombaz et al., 1 9 7 9 ) .  -- -- 
i 

The m a g n i t u d e  of p r o t e i n  i n v o l v e m e n t  d u r i n g  e x e r c i s e  may be 

d e t e r n i n e d  by t h e  d u r z t i o n  of the a c t i v i t y  heing performed. 

C e r ~ y  (1 9 7 5 )  d e m o n s t r s t e d  a 20% elevation i n  serum u r e  d u r i n g  

e x e r c i ~ e ,  b u t  not u n t i l  after one hour o f  bicycle exercise at 

6 0 4 5 %  b2 max , while urinary urrs excretion was depressed 1.5 

k o u r s  post exercise. T h i s  decrease probably is a r e f l e c t i o n  o f  

a n  e x e r c i s e  induced  d e p r e s s i o n  of k i d n e y  f u n c t i o n  and u r i n e  

p r c d u c t i o n .  Haralarnbie and Berg  ( l 9 7 6 ) ,  i n  a study o f  6 g r o u p s  .- 
of s u b j e c t s  e x e r c i s i n g  a t  various i n t e n s i t i e s  and d u r a t i o n s ,  

8' observed t b a  t serum u r e a  i n c r e a s e d  q u i t e  l i n e a r l y  w i t h  exercise 

d u r a t i o n  b e g i n n i n g  sfter 70 m i n u t e s  of work. Of i n t e r e s t ,  is t h e  

s i m u l t a n e o u s  fall i n  serum amino M. A s  t h e  a u t h o r s  e x p l a i n ,  

these o b s e r v a t i o n s  occur at a t i m e  when l i v e r  g l y c o g e n  is , 

c o n s i d e r a b l y  d e c r e a s e d  ( B u l t m a n  and N i l s s o n ,  1973) and muscle 

glycogen s e v e r e l y  d e p l e t e d  ( E e r g s t r o m  e t  a l . ,  1967 ;  Costill e t  . -- - 



1.5 h o u r s  of r u n n i n g  s i g n i f i c a n t l y  i n c r e a s e s  u r i n a r y  u r e a  

e x c r e t i o n  d u r i n g  t h e  24  h o u r s  post e x e r c i s e .  I n  t h e  same s t u d y ,  

these r e s e a r c h e r s  found n o  s i g n i f i c a n t  e l e v a t i o n  i n  e x c r e t e d  

urea f o l l o w i n g  z p p r o x i r n a t e l  y one hour o f  a w e i g h t l i f t i n g  

r o u t i n e .  

E e s u l  t s  of i n c r e a s e d  u r e z  N p r o d u c t i o n  following s e v e r e  

l o n g  d u r a t i o n  exercise have b e e n  documented. Decombaz a n d  

co-workers (1979) observed t h a t  a 100 km r u n n i n g  race produced 

zn immediate e l e v a t i o n  i n  plasma urea levels t h o u g h  a n  i n c r e a s e  

i n  u r i n a r y  u r e a  was observed o n l y  t f t e r  24  ' h o u r s  of recovery 

frola tbe exercise. T h e s e  results s u p p o r t  the o b s e r v a t i o n s  of 

F e f s u m  s n d  Stromme ( 1974 ;  1975) who observed a 60% e l e v a t i o n  i n  

plasma urea  immediately following 70 and 90 krn cross country s k i  

racirrg, These i n v e s t i w W s  a* found e l e u a k e d  u r i n a r y  urea . 

levels a l t h o u g h  no s i g n i f i c s n c e  wss a c h i e v e d  u n t i l  t h e  d a y  

, f o l l o w i n g  t h e  e v e n t s .  The r e a s o n  for  immediate e l e v a t i o n s  i n  

plasma urea l e v e l s  and d e l a y e d  changes i n  u r i n a r y  u r e a  may be 

e x p l a i n e d  a s  a r e s u l t  of kidney function during exerdise .  It is 

g e n e r a l 1  y  a c c e p t e d  t h e  t u r i n a r y  u r e a  e l  i m i o a t i o n  r a t e  is 
\ 

L i m p a i r e d ,  to  some e x t e n t ,  by e x e r c i s e  [Rara lmbie  and Berg, 

1976). I n  fact, a d e p r e s s i o n  i n  u r e a  c l e a r a n c e  has been r e p q r t e d  

during s 70 km s k i  r z c e  CRefsm and  S t romme,  w 4 ) .  However, 
- -- - 

this lower e l i m i n a t i o n  by t h e  kidney may be c o m p e n s a t e d  for by 

the e x c r e t i o n  of u r e a  t h r o u g h  t h e  process of s w e a t i n g  (Lemon and 



Muff i n ,  1 9 8 0  ) . L e m n  and M u l l  i n  ( 1 9 8 0  ) determined tha t by 

W i n i n g  both methods af urea I4 excsetion ( u r i n e  and s w e a t ) ,  

t h e  observed e x e r c i s e  d e p r e s s i o n  i n  k i d n e y  e x c r e t i o n  was 

c o m p l e t e l y  c o m p e n s a t e d  for by sweat  urea  N.  T h e y  t h a t  

t h e  i n c r e a s e d  s e r u m  urea N l e v e l s  f o u n d  w i t h  e x e r c i s e  do .  i n  f a c t  

reflect a n  i n c r e a s e d  p r o t e i n  c a t a b o l i s m .  
t 

I n c r e a s e s  i n  n i t r o g e n  p r o d u c t i o n  reflect a n  i n c r e z s e  i n  

amino ac'zd c a t a b o l i s m ,  T h i s  mzy o c c u r  due  to  a n  i n c r e c s e  i n  

g l u c o n e o g e n e s i s  during exercise  as a n i n o  a c i d s  may be used as 

glsconeogen ic precursors. A l a n i n e  is q u a n t i t a t i v e l y  the m o s t  
i 

i i x p o r t a n t  g l u c o n e q e n i c  m i n o  z c i d  a s  i t  r e p r e s e n t s  a means  o f  

c o n v e y i n g  n i t r o g e n  groups f rom muscle t o  l iver ( F e l  i g ,  Owen a n d  

Kakren, 1 9 6 9 1 .  E e c a u s e  of t h e  p r e d o m i n a n c e  of a l a n i n e  i n  the 

arcinc s c i d  o u t p u t  f r o m  muscle and i n  view of the fat* t h a t  

alsnine is l a r g e l y  d e r i v e d  from p y r u v a t e ,  F e l i g  ( 1 9 7 3 1  b a s  

described z glucose-a2anine c y c l e  involving both mssle and 

l i v e r .  The c a r b o n  s k e l e t o n s  of a l a n i n e  mzy o r i g i n a t e  f r o m  o t h e r  

smlno a c i d s ,  t h u s  p o s i n g  the p o s s i b i l i t y  that a l a n i n e  t r a n s  e T 
between muscle 2nd l i v e r  may n o t  cnly r e p r e s e n t  t h e  recycling o f  

c a r b o n  s k e l e t o n s  b u t  a l s o  ' d e  novo '  s y n t h e s i s  of g l u c o s e  

( G o l d s t e i n  a n d  Newsholm, 1976). K h i l e  amino  a c i d s  c o u l d  be 

utilized i n  t h i s  f a s h i o n  a s  a source o f  c a r b o n  f o r  e n e r g y  

p r o d u c t i o n ,  t h e i r  role would most l i k e l y  be minimcl .  An i 

elevation i n  p r o t e i n  metabolism p r o b a b l y  o c c u r s  t o  p r o v i d e  ' a n  
-7 '-- 

a m i n o  a c i d  source for p y r u v s t e  r e m o v a l  (Mole a n d  J o h n s o n ,  1971 ;  

w i h r e n  -- e t  a l . ,  1 9 7 3 )  v i a  the g l u c o s e  a l a n i n e  c y c l e  a s  w e l l  a s  
,- 



f o r  c o n t r o l l i n g  l e v e l s  o f  t r i c a r b o x i l i c  a c i d  cycle (TCA) 

intermediates f L o w e m s t e i n ,  1972). A variety uf d - t - i - o r r s  rest&* 

i n  a l t e r a t i o n s  i n  TCA cycle i n t e r m e d i a t e s ,  i n c l u d i n g  e x e r c i s e .  

The s u g g e s t i o n  t h a t  exercise i n d u c e s  a n  i n c r e a s e d  leakage of 

i n t e r m e d i a t e s  f r o m  the m i t o c h o n d r i a  ( C e r n y ,  1 9 7 5  ) would  i m p l y  

t h e  need f o r  i n c r e a s e d  p a r t i c i p a t i n  of smino zc ids  f o r  t h e  

r e p l a c e m e n t  - of t h e  intermediates d u r i n g  exercise m e t a b o l i s m .  

N i t r o g e n  excretion h a s  been traditionally used 3s a m e a s u r e  

,- . cf m u s c l e  p r o t e i n  c z t a b o l i s m .  However ,  c a u t i o n  is a d v i s e d  when 

u s i n g  t h i s  me thod  of d e t e r m i n i n g  myof i b r i l l a r  degradation. 

I n t e r p r e t a t i o n  o f  r e s u l t s  f rom s t u d i e s  u s i n g  a m i n o  a c i d  t r a c e r s  
./ 

a r e  mzde d i f f i c u l t  since most a m i n o  a c i d s  released d u r i n g  

i~ t r z c e l l u l a r  p ro t e in  c a t a b o l i s m  c a n  b e  e x t e n s i v e l y  r e u t i l i z e d  

fc r  protein s y n t h e s i s  w i t h i n  tbe c e l l  ( i n t r a c e l l u l a r  r e c y c l i n g )  

or may be t r anspor ted  to other o r g a n s  where tbey  nzy e n t e r  g. *' 
pathways o f  p r o t e i n  a n a b o l  i s m  ( i n t e r c e l l u l a r  r e c y c l i n g  1 (Young 

and Yonro ,  1978). W h i l e  an  i n c r ~ a s e  i n  skeletal m u s c l e  

d e g r a d a t i o n  w i l l  result i n  a subsequent increase i n  M p r o d u c t i o n  

a n d  e x c r e t i o n ,  a n  e l e v ~ t i o n  i n  N levels may n o t  n e c e s s a r i l y  

reflect a p r o p o r t i o n a l  rise i n  muscle p r o t e i n  b reakdown .  The  

cortribution o f  N from t h e  body's pools a n d  f r o m  t h e  

d e g r a d a t i o n  o f  p r o t e i n  in l i v e r  , f G o n t z e a  -- e t  al., 1 9 7 5 )  m u s t  n o t  

be ignored as sources a•’ urinary E, Eoreover, i t  has l o n g  been 

recognized  that e x e r c i s i n g  m u s c l e s  have t h e  a b i l i t y  t o  p r o d u c e  N 

by the d e a m i n a t i o n  of AMP ( L o w e n s t e i n ,  1 9 7 2 ) .  



O f  the t h r e e  types of muscle f i b e r s ,  f a s t  g l y c o l y t i c  f FG), 

f a s t  oxidative gfycufytic ( - 1 ,  am3 s3ow ex&&&- 4&3>, A#@ 

d e a m i n a t i o n  is g r e a t e r  in FG f i b e r s  t h a n  i n  slow t w i t c h  f i b e r s ,  

(!+!eyer and  T e r j u n g ,  1979). I n  view of these f a c t s  and t h e  

evidence of g r e s t e r  r e c r u i t m e n t  of fast t w i t c h  motor units a s  

exercise i n t e n s i t y  increases ( G o l l n i c k  -- e t  sl., 1973 ( a ) ;  

r 
1 9 7 3  f b f  1 ,  there is a d e f i n a t e  p s s i b i l i t y  t h a t  N exc-retion 
vslues may overestimate t h e  tctutf quantity of m p f i b r i l l z r  

p ro te in  being degrzded w i t h  h i g h  i n t e p i  t y  e x e r c i s e .  

T h e  role p l 2 y e d  by i n d i v i d u z l  hormone repsonses of muscle 

p r o t e i n  ~ e t a b o l i s n :  i s  d i f f i c u l t  to e v z f u a t e .  Exercise i n  Puman 

9 
s u b l ~ c t s  c a u s e s  many c h a n g e s  i n  t h e '  c i r c u l a t i n g  l e v e l s  of 

hormones .  The  degree  o f  c h a n g e  depends upon t h e  t h e  n u t r i t i o n a l  

s t a t e  of t h e  s u b j e c t  ( A b l b u r g  .and F e l i g ,  19771,  the. e x t e n t  of' 

t r a i n i n g  ( H a r t l e y  -- et dl., 1972 b; S u t t o n  -- e t  a l . ,  1 9 7 8 )  and  t h e  

i n t e n s i t y  of the exercise  ( H a r t l e y  -- e t  a l . ,  1 9 7 2  a ;  W h i t e  -- e t  a l . ,  

1976; Davies a n d  F e w ,  1 9 7 3  1 .  F u r t h e r m o r e ,  e v i d e n c e  o f  e n d o c r i n e  

response to  exercise demonstrate t k a  t these h o r m o n a l  ckanges  a r e  

t e m p o r z r y  and occur d u r i n g ,  a s  o p p o s e d  to f o l l o w i n g  w o r k  

iRartely -- et a l . ,  1872 b; Keuf -- et al., 19811. - . 
Mild  exerc i se  enhances blood glucose u p t a k e  into s k e l e t a l  

m u s c l e  (Wahren -- e t  a l . ,  1 9 7 1 ) .  M a i n t e n a n c e  o f  b l o o d  g l u c o s e  

homeostasis is  made p o s s i b l e  v i a  e n d o c r i n e  changes  which  '.. 



p r e s e r v e  blood g l u c o s e  f o r  use by  t h e  W S  and b r a i n  CPruett, 

e p i n e p h r i n e ,  g r o w t h  hormone, g f u c o g o n  and cort isol  a s  w e l l  a s  a 

7 
depression o f  i n s u l i n  l e v e l s ,  a l l  of which are  l i k e l y  m e d i a t e d  

by b l o o d  g l u c o s e  l e v e l s  a s  w e l l  a s  from s y m p a t h e t i c  d i s c h a r g e  

from t h e  zu tonomic  n e r v o u s  system. T h e  e l e v a t i o n  of 

g f u c o c o r t i c o i d s ,  a r e  of pzr t i cu l sr  interest in this r e v i e w .  The  
- 

pr incipf e f u n c t i o n s  o-f gf v c o c o r t i c o i d s  are c o n c e r n e d  wi tk t h e  

metabcl  i s m  of c a r b o k y d r a t r s ,  f a t t y  a c i d s  s'nd p r o t e i n .  These 
n 
I-cmcnes s t i m u l a t e  gl u c c n e o g e n e s i s  r p s u l  t i n g  i n  a n  increase i n  

t k e  hepatic c o n v e r s i o n  of amino a c i d s  into g l u c o s e .  C o r t i s o l  

s t i n u l a t e s  p r o t e i n  cst+olism i n  m u s c l e  snd s u b s e q u e n t  r e l e a s e  

ef amino a c i d s  i n t c  t h e  c i r c u l a t i o n  fTerjung, 19791, 

rThe r e s p r s e  of  c ~ l t l c c c o r t i c o i d  r e l e a s e  w i t h  e x e r c i s e  

a p p e a r s  t o  be d ~ p e n d s n t  upon the i n t e n s i t y  of work i n v o l v e d  i n  
f 

r e l a t i o n  to t h e  s u b j e c t ' s  m a x i m a l  work o u t p u t  r a t h e r  t h a n  the 

a b s c l u t e  amoufit o f  work b e i n g  p e r f o r m e d  ( H a r t e l y  et g . ,  1972 a ;  

D a v l e s  and Few, 1973;  f i t . i t e ,  I s m a i l  and B o t t o m s ,  1 9 7 6 ) .  D a v i e s  

and  F e w  ( 1 9 7 3  1 b z v e  o q g e s t e d  t h a t  a workload o f  g r e a t e r  t h a n  

6 0 %  of V02max.  is  necessary t o  e l i c i t  a rise i n  c o r t i s o l  l e v e l s .  

1.2 U r i n a r y  3 - M e t h y l h i s t i d i n e  E x c r e t i o n  

T h e r e  i s ,  a c c o r d i n g l y ,  a n e e d  for a n o n - i n v a s i v e  method of 

m e z s u r i n g  t h e  a b s o l u t e  r a t e  of s k e l e t a l  m u s c l e  p r o t e i n  

c a t a b o l i s m .  U r i n a r y  3 - M e t h y l h i s t i d i n e  (3MH) kas r e c e n t l y  been 



e x p l o i t e d  a s  a q u a n t i t a t i v e  i n d e x  of m y o f i b r i l l a r  p r o t e i n  

t u r n o v e r  i n  humans. 3MH was f irst  i d e n t i f i e d  as a comgorrat of 

u r i n e  by  T a l e n  ( 1 9 5 4 ) .  I t  w a s  l a t e r  i n d e n t i f i e d  a s  a c o n s t i t u e n t  

o f -  b o t h  a c t i n  and myos in .  ( A s s a t o o r  and ~ r m s t r o n ~ ,  1967: J o h n s o n ,  

et a l . ,  1 9 6 7 ) .  3 M H  is  p r e s e n t  i n  t h e  g l o b u l a r  head o f  t h e  myos in  -- 
heavy  c h a i n  ( M H C )  and c o n s t i t u t e s  the 73rd r e s i d u e  o f  t h e  a c t i n  

p o l y p e p t i d e  c h a i n  (Elz" '  g s  e t  ?1., 1 9 7 3 ) .  T h i s  d e r i v e d  m i n o  r -- a c i d  i s  p r o d u c e d ' b y  m e t h y l a t i o n  o f  a h i s t i d i n e  r e s i d u e  and is 

p r e s e n t  i n  a c t i n  o f  a l l  c e l l s  and myosin  of F'G f i b e r  t y p e s  
7. 

(Young -- e t  a l . ,  1970;  J o h n s o n  -- e t  a l . ,  1 9 6 7 ) .  I t  h a s  been  

d e m o n s t r a t e d  t h a t  t h e r e  is  1 mole o f  3MH per mole MHC i n  PG 

n y o s i n  howeber ,  i t  i s  a b s e n t  i n  t h e  myosin  of f e t z l  m u s c l e ,  

c z r d i a c  m u s c l e  and b o t h  o x i d a t i v e  f i b e r  types ( K e u b l ,  1 9 7 0 ) .  3MH 
a t  , 

does n o t  c h a r g e  tRh'A, t h e r e f o r e  d o e s  n o t  u n d e r g o  m e t a b o l i s m  or 
b 
Y 

r e u t i l i z a  tion for p r o t e i n  s y n t h e s i s  and c o n s e q u e n t l y  is 

q u a n t i t a t i v e l y  e x c r e t e d  i n  a n  i d e n t i f i a b l e  fo* i n  t h e  urdine  
' 

f F i g u r e  1 3  .. I t  i s  r e l e a s e d  e t  t h e  same t i m e  2s o t h e r  amino 

zc  i d s  d u r i n g  m y o f i b r i l l a r  p r o t e i n  c a t a b o l i s m  (Monro and Young, 

1 9 7 8 ) .  S t u d i e s  h a v e  d e m o n s t r a t e d  that 3MH is e reted a s  t h e  + 
unchanged amino a c i d  i n  man (Young -- e t  a l . ,  1972 ;  H a v e r b e r g  - e t  

a l . ,  1 9 7 7 )  r a t h e r  t h a n  z s  i t ' s  N-ace ty l  d e r i v a t i v e  i n  r a t  - 

( H a v e r b e r g  -- e t  a l . ,  1 9 7 5 ( a ) ;  1 9 7 5 ( b ) ;  Long -- e t  a l . ,  1 9 7 5 ) .  I n  ! 

Mitioft ,  LO* -- et dl,, (1975), confirmed the q u a n t i t a t i v e  
8 

q x c r e t i ~ n  of 3MH by  m a n  by d e m o n s t r a t i n g  t h e  a$Sence of 

d e t e c t a b l e  1 4 ~ 0 ~  i n  t h e  e x p i r e d  a i r  f o l l o w i n g  a d m i n i s t r e t i o n  of 



Figure 13. Qltliat of rtabolisll of J~Bkthylhist idin,  

*. 
in mlatticoa to  tfre skeletal -. 
( P a r Y a n g  d W o n r 0 ,  14/81. 



to ]CAW the c o n c e n t r a t i o n  of p r o t e i n  bound 3nB i n  s k e l e t a l  
+ 

muscle. m a s ,  E e l  f ard and mpe f l 9 ? 9 ( b )  ) ham deterstined the 

3WR content o f  h u a n  muscle  to everagc 3 * 5 9  f0.06 u s t ~ l - ~ ' l  for 

subjects between 4 and 6 5  yrs (Table 8 ) .  

TABLE 8. 3-IIETIIPLBISTIDINE CCW&?? IN HUMAN MUSCLE 
P 

-- 
2.- *.. &lE 

s u b j e c t  wet a u s c l e  prote i n  
fw- 9") (wt0l.g") 

- 

2 days' . 
21 days 

4 .0  y r s  - 
5.6 y r s  
9.2 y r s  
9.5 y r s  

-33~2 FS - 
13.3 yrs 
19.0 yrs 
65.0 yrs 

Values  a r e  for l e f t  vastus l a t e r a l i s  muscle e x c e p t  
f o r  the s u b j e c t s  aged 19.0 and 65.0 y r s ,  from whoa 
samples were o b t a i n e d  at autopsy .  (Prola 'fosras et a l ,  
l 9 7 9 ( b )  1. 

The use  o f  3nB a s  a measure o f  t h e  r a t e  of muscle  p r o t e i n  
- 

degrada t ion  assumes that the m a j o r i t y  of u r i n a r y  3RH is release 
-- 

frer skeletal muscle,  w i t h  o n l y  s m a l l  &*ts c a i n g  f r o  o t h e r  

o rgans  and t i s s u e s ,  The a n a l y s i s  of t h e  major  tissue of t h e  r a t  
pp 

by Haverberg and co-worker8 (1975) s u g g e s t s  t h a t . m o r e  than  906 



- - - - - - - - - -- - -- 

- - - - - - - - -- -- - - - - ppp pp 

f 3 
of protein 4mmd in the body is Xucbted ia the actfa atslc) 

i 

- myosin of s k e l e t a l  muscle.  A raport - - by R i s h i ~ w a  et al., (19371 
rr - -- 

demons t r a t ed  b i n  t r a c t  (GI 1 smooth m u ~ c l e  
* - U * 

to be a d d i t i d s 1  s o u r c e s  o f  endogenous 31111. ~ l t b o u g h  the 3~13 . 
c o n t e n t  of these tissues is law, t h e i r  c o n t r i b u t i o n  to total  3RE 

e x c r e t i o n - w a s  e s t i m a t e d . t o  be a p p r o x i m a t e l y  16%. However, i n  
* 

segslents  of s k e l e t a l  musc le  t h a t  resseined on the bones o f  their 

animals, t h e i r  essesaaent of s k e l e t a l  musc le  c o n t r i b u t i o n  of 3?•÷E 

-pp - - - 
was protrably In v 

- 
estimated t h a t  t h e  a c t u a l  c o n t r i b u t f o n  s h o a l d  90%, a v a l u e  

s i m i l a r  to t h a t  shown by . o t h e r s  (Haverberg  et &. , 1975) .  

Mil lward,  Bates. Grimble and Brown,  ( 1 9 8 0 ( c )  1,  u s i n g  a s i n g l e  

i n j e c t i o n  of ( m e t h l y - 1 4 ~ ) l e t h i o n i n e .  to de te rmine  tha t  up  t o  75% '. . - .: 

of u r i n a r y  3#H was d e r i v e d  froll n o n - s k e l e t a l . a u s c l e  sou rces .  
- - -- -- - - - - - - - - * 

While i n  a more r e c e n t  s t u d y ,  u s i n g  a p r o c e d u r e  i nco rpo ra t ing  

labelled h i s k i d i n e  i n  ra ts ,  Bates and MFl_lward-l19811+ -vide 

ev idence  t h a t  a p p r o x i m a t e l y  h a l f  o f  t he  3XH e x c r e t e d  is derived 

from s k e l e t a l  muscle. Harris (1981)  h a s  q u e s t i o n & • ÷  t h e  v a l i d i t y  

of bath studies, c r i t i s i z i n g  t h e  fact  t h a t  t h e  3MB pool s i ze  was 

t a k e n  frum t h e  Nishizawa study (1977)  which m i s c a l c u l a t e d  the 

t u r n o v e r  rates of s k e l e t a l  muscle ,  On the other hand, tlh 

restr-l ta of#assner and Li , (1982) + would a m a r  to support those 

of Bates and @ ! i l l w a r d  (1981). I n  tkff recent St* r I ' m e r  

and L i ,  1 9 8 2 ) ,  t h e y  report t h a t  ske le ta l  musc le  c o n t a i n s  



tract ead skin contain 3-43 abd 6.4* rearpectivaly. These a~kfiorn~ 

observed that ~f tract actayesfn t k s  wer 17 t f l l~ts  faster . 
- P 

\ 1 

+ than s k e l e t a l  muscle  actmprufn.  The l a r g e  fract&onsl catabolic 4 

produced. 

urine of the rodents, Row r e l e v a n t  these s t u d i t s  are to t h e  

h u m  bgdy remains  to be determined. The only evidence i n  the a 
E 
4 

degrada t ion  and no detectable s k e l e t a l  muscle (Afting - - -  et all, 
3 

1981).  I t  was found t h a t  skeletal muscle t i s s u e  is t h e  major 
t 

c o n t r i b u t o r  o f  3WB i n  t h e  u r i n e  of ran, forming approximately 
d 

751 to  t h a t  e x c r e t e d  i n  the u r i n e ,  One may s p e c u l a t e  t h a t  in a 
.-- < -  

hea l thy  human body, t h e  s R e l e t a 1  muscIe c o n t r i b u t i o n  to  3RB 
- - - - - - - - - - - - - - - 

i 
I 
!f 

migbt be even g r e a t e r  due to the l a r g e  maps and its high c o n t e n t  ! 
r e l a t i v e  to o t h e r  t i s s u e s  ( E l i a  -- et al. ,  19771, - - - 

A major problem i n  the  use of u r i n a r y  3H.H arises from the I 
demonst ra t ion  t h a t  i n g e s t i o n  of p r o t e i n  c o n t a i n i n g  3PIH .(meat 1 

will alter 3 M  e x c r e t i o n  in a dose-related f a s h i o n  {Marl iss & 
dl., 1979). Hone the less ,  there is strong evidence t h a t  three ' 

$ 
a - ! 

days of a meatless d f e t  w i l l  d r a s l a t i c a l l y  r,educe the e x c r e t i o n  d 
d 

- - - 
ot 4Ifl, thereby red= dAetary c o n t r i b u t i o n  ot the am1110 

al., 1980; Tomas et al., 1979).  Results from pilot  work i n  this - -- 



non-invasive and s;inca all s k e l e t a l  muscle  contribute to the 

output of 3HB, not only s m&lcct as obritroed in other 



1.3 - 3 -Reth lyh i s t id inc  ~ z c r c t i o ~  - rid ' ~ x e r c i s c  

\ 
With t h e s e  lid t a t i o n s  i n  mind, 3 M  has been used as an - i n  

viva label of the rate of m y o f i b r i l l a r  p r o t e i n  d e g r a d a t i o n  i n  - 
man w i t h  e x e r c i s e  fDecombaz -- e t  al,, 1979; Rennie -- e t  a l , ,  1981; 

- - -- - 

H i i f w a r d  -- ct &. , 19-82: Bohm -- et al, . 19821 Unfoxtunahly ,  - 

results to  date  have been c o n f l i c t i n g ,  Decmbaz -- e t  z i l ;  1979, i n  

a study described p r e v i o u s l y ,  observed t 48%# d e p r e s s i o n  ,in 
- ~ - - 

- - - -  - ~ 
p--p------p----------p-- ~ 

u r i n a r y  3HH e x c r e t i o n  d u r i n g  t h e  final h a l f  of a 100 ksl run.  

This r e t u r n e d  to slightly above  p r e  e x e r c i s e  levels d u r i n g  a 

post e x e r c i s e  recovery period, I n t e r p r e t a t i o n  of these r e s u l t s  

are d i f f i c u l t  es the t iming of t h e  u r i n e  c o l l e c t i o n  post 

exercise v a r i e d  f r o m  18-25 hours ( a l t h o u g h  d i s c u s s e d  as ' 24  

observed  by Rennie  -- et  a l e  (1981)  and Willward -- e t  a l .  (1982) .  

Rennie and co -worke r~  also observed a r e t u r n  of u r i n a r y  3 M  t o  

just above normal p r e - e x e r c i s e  v a l u e s  w i t h i n  5 h o u r s  of r e c o v e r y  

from 3 . 7 5  h o u r s  of t r e a d m i l l  r unn ing  a t  501  \iOZ rax.  Cont ra ry  to  

t h i s ,  Doha -- et al . ,  (19821, u s i n g  r a t s  observed an e l e v a t i o n  i n  

3nB e x c r e t i o n  t h a t  c o n t i n u e d  for 48 h o u r s  f o l l o w i n g  3 . 5  h o u r s  ok 

treadmill running  to e x h a u s t i o n ,  I n  " the  same s t u d y ,  b u t  wih 
~ ~ -- 

human subjects, s t e a d y  s tate  submaximal r u n n i n g  (1.5 hours) 

resulted i n  an i n c r e a s e  i n  u r i n a r y  3W d-ng the 34 h o u r s  

priod f o l l o w i n g  the e x e r c i s e  b o u t ,  while one hour  of c i r c u i t  
- - - ---- - -----p---pp---- -- 

w i g h t  t r a i n i n g  r e s u l t e d  i n  a s l i g h t ,  y e t  i n s i g n i f i c a n t ,  



e l e v a t i o n  d u r i n g  the same u r i n e  c o l l e c t i o n  period. 
F 

~t must  be noted that tbe  e x p e r i m e n t s  i n  which depressed 

. L 3#H e x c r e t i o  bas - V  been reported a l l  vary i n  p o s t - e x e r c i s e  u r i n e  " 

c o l l e c t i o n  t h i n * ,  none of which ste s f u l l  24 hours. i n  

a d d i t i o n ,  t h e  s t u d y  d i s p l a y i n g  t h e  greatest d e p r e s s i o n  i n  3m 

e x c r e t i o n  invo lved  a n  e x t r e m e l y  s t r e n u o u s  p ro longed  s i n g l e  bout  

-. 
1.4 - Ur ina ry  C r e a t i n i n e  E x c r e t i o n  

The e x p r e s s i o n  of 3lYE e x c r e t i o n  corrected for body weight  

takes no a c c o u n t  of t h e  p r o p o r t i o n  of musc l e  t i s s u e  i n  t h e  body 

and may n o t  be  v e r y  a c c u r a t e  d u e  to s u b j e c t  v a r i a t i o n s  i n  body 
. 

compos i t ion  as w e l l  as f l u i d  s h i f t s ,  e s p e c i a l l y  d u r i n g  e x e r c i s e ,  
4 i 

C r e a t i n i n e  is c o n s i d e r e d  to be a relatively 'constaqt' 
P 

- - - - - -- - - - -- - -- - -- - - 1 
component of u r i n e ,  grossly a s s o c i a t e d  w i t h  body compos i t ion  1 

1 
( P o l i n ,  1905).  Because of t h e  a p p a r e n t l y  large p r e c u r s o r  s o u r c e ,  

c r e a t i n e ,  i n  t h e  musc le  tissue (Brosook et g. ,  1947)  and t h e  

d i r e c t  p r o p o r t i o n a l i t y  of body c r e a t i n e  to UCE demons t r a t ed  i n  a 

number of isotopic dilution (Hobernran et al,, 1976; Forbes and 
- - ,  

Bruining, 1 9 7 6 )  and body d e n s i t y  s t u d i e s  (Greys tone ,  19681, - i t  

h a s  k e n  t h e  t h e  amount of u r i n a r y  

c r e a t i n i n e  e x c r e t e d  is e q u i v a l e n t  to 20 grass of muscle ,  



- - Clrea- f o m d  by t h e  hydrolysis of free crektgne 

liberated d u r i n g  t h e  d e p h o s p h o r y l a t i o n  of c r e a t i n e  phospha te  

. is  s u b s e q u e n t l y  e x c r e t e d  by t h e  k idney  (Harpe r ,  1 9 7 9 ) .  However, 

G t  is recogn ized  t h a t  t h e  r E t e  of c r e c t i n i n e  e x c r e t i o n  'is n o t  

p r e c i s e l y  c o n s t a n t  and may be e f f e c t e d  by d i e t  ( P e t e r s ,  1973; 

W d  e t  a l . ,  -- Forbes  and Bru in  i n g  , 

a s  w e l l  a s  e x e r c i s e  ( R e f s m  and S t r o m e ,  1974; 1975; Decombaz, 

1979 1. 
d 

- Exogenous d i e t a r y  c r e a t i n e  and c r e a t i n i n e  s o u r c e s  w i l l  
t 
1 

* 2 
- - 

- - - - - - - - - - - 
-- & 

def  i n a t e l y  i n f l u e n c e  UCB v a r i ~ b i l i t y ( C r i ~  -- e t  al= 1 9 7 5 j , ~ i h - '  7 
I. 
4 

p r o t e i n  foods ,  such  a s  meat 'and f i s h  a l s o  have high c r e a t i n e  and $ 
2 

c r e a t i n i n e  c o n t e n t  

i n  the u r i n e  ( C r h  

M u s c l e  b i o p s y  
v 
c r e a t i n e  phospha te  

which when i n g e s t e d  may be e x c r e t e d  unchanged 
7 

e t  a l . ,  1975; Forbes  and B r u i n i n g ,  1976) .  
5 

-- : 
7 

s t u d i e s  have demons t r a t ed  s e v e r e  d e p l e t i o n  of 3 .  
1 
f 

s$ores i n  s k e l e t a l  muscle  w i t h  e x h a u s t i v e  I r . 'I 

e x e r c i s e  (Bergs t rom,  1967) .  I t  t h u s  may be  h y p o t h e s i s e d  t h a t  

a c c e l e r a t e d  c r e a t i n i n e  p r o d u c t i o n  w i l l  o c c u r  d u r i n g  e x e r c i s e .  5 

A i 5 
R e s u l t s  o f  s t u d i e s  on  t h e  e f f e c t s  o f  e x e r c i s e  o n  UCE are 1 

4 
confounded by e x e r c i - s e  induced d e p r e s s i o n  o f  r e n a l  f l o w  and J 

/ 

g l o m e m l a r  f i l t r a t i o n  s i n c e  c r e a t i p i n e  c l e a r a n c e  is a .measure o f  

r e n a l  plasma f low.  

While c r e a t i n i n e  e x c r e t i o n  is d e p r e s s e d  d u r i n g  e x e r c i s e  

s i g n i f i c a n t l y  e l e v a t e d  f o l l o w i n g  t e r m i n a t i o n  of endurance  

exercise o f  g r e a t e r  than one hour  d u r a t i o n  ( S r i v a s t a v a  -- e t  a l . ,  



(mist -- et al., 1982).. While  c r e a q i n e  e x c r e t i o n  was reduced by 
- - - - - - pp 

50% d u r i n g  a 100 I[a mad race, it rose s i g n i f i c a n t l y  ibove p r e  

exercise l e v e l s  w i t h i n  18-25 hours of recovery (Decombaz -- et a l . ,  

1979) .  These observations a r e  i n  agreement  w i t h  R e f s u m  and 

S t r o m e  (1974 ) ,who found marked i n c r e c h e s  i n  c r e s t i n i n e  

p r d u c t i o n  d u r i n g  t h e  24 hour '  p e r i o d  f o l l o w i n g  pro longed  

exercise (5-8 imtsrs). Siwifar results were reported after 1.5 

hour s  of submaximal running  (Dohm -- e t  al., 1 9 8 2 ) .  The o n l y  known 

e x c r e t i o n  a f t e r  an  a c u t e  e x e r c i s e  bou t  by w e i g h t F l i f t e r s .  

I n  view of t h e  f a c t  t h a t  u r i n e r y  c r e a t i n i n e  may be an index 

of l e a n  body mass,  many i n v e s t i g a t o r s . h g i v e  begun to  express 

u r i n a r y  3HH i n  t e rms  o f  to ta l  musc le  mass,  o r  c r e a t i n i n e  

e x c r e t i o n  (Tomas -- e t  al., 1979; B 8 l l a r d  -- e t  a l . ,  1979; Seashore  - e t  

a l , ,  1981; Dohm e t  a l . ,  1982)  a s  t h i s  method makes an  a l l owance  - -- 
f o r  d i f f e r e n c e s  i n  musc le  c o n t e n t ,  

The f r a c t i o n  of c o n t r a c t i l e  p r o t e i n s  degraded may be 

c a l c u l a t e d  from t h e  e x p r e s s i o n  : 

% 

% P r o t e i n  degraded  per day= - 

~1 of 3MB e x c r e t e d  per d a y  * 100 

Where, 
t h e  to ta l  amount o f  3MfI i n  muscle  p r o t e i n  
is equivalent to the  p r o d u c t  of 3N.H c o n t e n t  
irt ~ L f f f - o i h  C3,59& and Useamuumt af 
muscle p r o t e i n ,  



a d  ' 
~ F p ~ O u n €  OfICttTSCfe prOte* i n  t h e  *ba3y is - ---e 

c a l c u l a t e d  from the UCE r a t e  (1 mg CR = 20- 
muscIef and the  p r o t e i n  c o n t e n t  of muscle 
( 2 0 % )  * 

3HR e x c r e t e d  per day * 100 

(From B a l l a r d  -- et  a l . ,  1 9 7 9 )  

While many hzve r e p o r t e d  3KH/CR r a t i o ,  o n l y  one e x e r c i s e  

s t u d y  i n  t h e  l i t e r a t u r e  h a s  u t i l i z e d  t h i s  method t o  d e s c r i b e  

m y o f  i b r i l  l a r  p r o t e i n  d e g r z d a t i o n .  Cohm -- e t  a l . ,  ( 1 9 8 2 )  c o r r e c t e d  

u r i n a r y  3MH for UCE and r e p o r t e d  t h a t  as p r o l o n g e d  r u n n i n g  

i n c r e a s e d  3HH e x c r e t i o n  more d r a m a t i c a l l y  than c r e a t i n i n e  

e x c r e t i o n  r e s u l t i n g  i n  a n  e l e v a t e d  3MH/CR r a t i o .  T h i s  would 

s u g g e s t  a r ise i n  t h e  f r a c t i o n a l  rate o f  m y o f i b r i l l a r  p r o t e i n  

cataboll im.  However caution must be taken when fnterpreting t h i s  

r a t i o  measure  ' s i n c e  c h a n g e s  i n  c r e a t i n i n e  would s u g g e s t  a n  

a l t e r a t i o n  i n  - the  m u s c l e  mass o f  the s u b j e c t s ,  S i n c e  t h i s  s t u d y  

u t i l i z e d  o n l y  o n e  a c u t e  e x e r c i s e  b o u t ,  i t  is d o u b t f u l  t h a t  l e a n  

musc le  mass changed ,  I t  may be s u g g e s t e d  t h a t  w h i l e  t h e  3MH/CR . a 

r a t i o  w i l l  be a n  a c c u r a t e  i n d e x  o f  t h e  f r a c t i o n  o f  s k e l e t a l  

musc le  p r o t e i n  d e g r a d a t i o n  d u r i n g  rest, a n y  s i t u a t i o n  l e a d i n g  to 

i n c r e a s e s  i n  c r e a t i h i n e  - - would - c a u s e  a n  u n d e r e s t i m a t i o n  o f  
- - - - -  - - - - -- -- 



Recent investigations of ~ysosoaal enzyme acti;i ty and 
- 

exercise point toward a possible delayed response to exercise. 

There is direct evidence of increased lysosomal enzyme 

activities, particularly Cathepsin B, Cathepsin D (Cat E and Cat 

13, respect ively  f , a& Calcium Activated Pratease (CAF), during 

periods of physical exertion (Vihko -- et al., 1978(a); 1978(b)). 
-. 

It has been clearly demonstrated that intense exhaustive (Vihko, 

1978) and prolonged sub~aximzl (Szlminen and Vihko, 1980) 

e x e r c i s e s  both induce necrotic lesions in skeletal muscle. 

exhaustive running also stirnulrtes the lysosmal system of - 

surviving fibers, especially of red oxidative fibers (Vihko, 

1978a); 19-79: Sslminen znd Vihko, 1980). The highest activities 

of acid hydrolzsr , prticxlary C a t  D, has be-en demonstrated by 

Vihko -- et al., (1978a1, to be measured 3-5 days post exhaustive 

exercise. These findings have been substanti~ted by more recedt 

work (Salninen 2nd Vihko, 1980) which demonstrated major 

necrotic lesions 5 days following prolonged running in mice , 

concomitant with elevated acid protease activity. Schott and 

Terjung (1979) in a study using trained animals,.observed no 

alterations in any lysosmal activity at 0 hr and 24 hrs of 
- - - - - ---  - -  - - 

recovery from t single acute exhautive exercise bout. ~ h e f e  are 
- -- -- 

many possible explanations for the apparent-discrepancy between 

these results and those of others: the animals in their study 
- 

(Schott and Terjung, 1979) performed the acute work immediately 



folfcnring 2-4 weeks  of training,  It has recently been reported 
- - 

~ - - - ~  ~ ~ 

that training results in lower activities of lysosomal enzymes 

fSalrinen and Vihko, 1981). In addition, while no changes were 

observed immediatly follwing the exercise, it is quite 

conceivable that there was a delayed effect much like that 

described by others (Vihko -- et al., 1978; Salminen and Vihko, 

1 9 8 0  1 .  -i 

B o t h  Cat D and Cat 3 are capable of degrading purified 

z c t i n  and myosin heavy chains (Weinstock and Idice, 1969; Hardy 

et ax. , 3373; E M ,  = T .  IT +if k e n ,  a €ai'-a&*-*& fa&or - - -- 
f CAP) h e ~  been purified from skeletal muscle tissue and found to 

cause complete removal of 2-bands (Busch -- et al., 1978) as well 

2s M-lines from intact inyofibrils (Smith, 1978). Dayton -- et al., 

1979, .and others (Martin -- et al., 1974: Reddy -- et al., 1975) have 

purified CAP and determined it to be a very potent proteinsse 

capable of selective degradation of certain myofibriltr 

proteins', When CAP is incubated with intact myofibrils, 

a-actinin is relezsed from the 2-lines with a resulting 

degradation of troponin, tropomyosin C-protein and H-protein 

(Eird and Carter, 1980) .  

These observstions have definate implications for exercise. 

Priden, Sjostrom and Ekbloom (1981) have provided evidence of 

- - -- s t r u c t u r a l  changes following %Gritric exercise, -invoIvingp 

- broaanlng occasional disrupriun of Z b e v l e  

fibers. Schwane -- et al., 11983), determined that running down an 

i nc f  im resulted krr greater, ht &z%-isyetf, msde soreness than 



d i d  level  r u n n i n g ,  The greater s o r e n e s s  - - -  f o l l o w ' i n g  e c c e n t r i c  - 

e x e r c i s e  is b e l i e v e d  to  r e s u l t  from g r e a t e r  stress o n  c o n n e c t i v e b  

tissue i n  a d d i t i o n  t o  h i g h e r  t e n s i o n  p e r  w o r k i n g  m u s c l e  f i b e r  a s  

opposed to  c o n c e n t r i c  c o ~ t r e c  t i o n  ( ~ a l h s l e ~ ,  1 9 7 8  ) . F r i d e n  and 

workers  h a v e  p u t  forth t h e  h y o p t h e s i s  t h a t  d i s r u p t i o n  of t h e  

2-band i n  m u s c l e  may l e a d  t o  t h e  d e g r a d a t i o n  o f  p r o t e i n ,  t h e  

r e l e a s e  of p r o t e i n  bound  i o n s  2nd t h u s  t h e  e n s u i n g  s o r e n e s s .    he 
d i s t u r b a n c e  o f  m y o f i b r i l l a r  p r o t e i n  d u r i n g  e x e r c i s e  may p r e s e n t  

the s t r u c t u r a l  components  t o  h y d r o l y s i s  by t h e  , l y s o s o m a l  a c i d  

p r o t e a s e s .  F u r t h e r m o r e ,  2s Armstrong -- et al, (1982f suggest, 

i n t e r m y o f i b r i l l a r  acid h y d r o l a s e s  m y  c o n c e i v a b l y  be r e l e a s e d  or 

s t i m u l a t e d  a s  a r e s u l t  o f  h i g h  t e n s i c n s  i n  t h e  f i b e r s .  

Whi le  i t  is w e l l  documented t h s t  t h e s e  l y s o s o m a l  a c i d  

h y d r o l a s e s  i n d e e d  d e g r a d e  s k e l e t a l  m u s c l e  p r o t e i n  and a r e  

, a c t i v a t e d  f o l l o w i n g  p r o l o n g e d  e x e r c i s e ,  no  d i r e c t  measurements  

of p r o t e i n  d e g r a d a t i o n  have been  made i n  c o n j u n c t i o n  w i t h  
* 

h y d r o l a s e  s t u d i e s .  F o r e o v e r ,  a11 p r e s e n t  i n v e s t i g a t i o n s  of 

lysosomal a c t i v i t y  h a v e  been per fo rmed  u s i n g  a n i m a l  w d e l s .  

T h e r e f o r e  t h e  p h y s i o l o g i c a l  s i g n i f i c a n c e  of a c i d  h y d r o l a s e s  i n  

human s k e l e t a l  m u s c l e  f o l l o w i n g  e x e r c i s e  r e m a i n s  t o  be , 

d e t e r m i n e d .  

The mechanisms i n v o l v e d  i n  e l e v a t e d  s k e l p t a l  muscle 
- - 

~ y s o s o m a l  enzyme activities are, a s  y e t ,  u n c l e a r ,  ~ r u & a s e  
- - - - - . - - - - - - - - 

a c t i v i t y  a p p e a r s  to be i n v e r s e l y  re la ted  t o - p H . T h e  pH op t ima  of  

Cat D, h a s  b e e n  e s t i m a t e d  a t  4.0 ( B i r d  -- e t  a l . ,  1 9 7 8 )  w i t h  that of 

Cat  B b e i n g  pH 5.2 [ B a r r e t t ,  1 3 7 8 ; ' ~ i r d  -- e t  aI., 19781. )r'hile it 



may be s u g g e s t e d  t h a t  t h e  a c i d  pH r e q u i r e d  f o r  c o m p l e t e  
- - 

a c t i v a t i o n  o f  t h e s e  enzymes is u n p h y s i o l o g i c a l ,  b o t h  c a t  B a n d  D 

have  been shown t o  have s u f f i c i e n  a c t i v i t y  a t  h i g h e r  pH to  b e  

h b  s i g n i f i c a n t l y  i n v o l v e d  i n  d e g r a d a  e p r o c e s s e s  ( B a r r e t t ,  1 9 7 8 ) .  

I n  a d d i t i o n ,  Dayton -- e t  a l . ,  ( 1 9 7 4 ) .  h a s  d e m o n s t r a t e d ' t h a t  CAP is 

o p t i m a l l y  a c t i v e  a t  pH 7 . 0 .  

Dur ing  maximal  e x e r c i s e  of short d u r a t i o n ,  l a r g e  c h a n g e s  

o c c u r  i n  t h e  a c i d - b ~ s e  m e t a b o l i s m ,  p r i m s r i l y  d u e  t o  t h e  

p r o d u c t i o n  o f  lactic acid which r e s u l t s  i n  a d e c r e a s e  i n  b lood  

and m u s c l e  pH ( H e m a n s o n ,  1 9 7 1 ) .  I n t e r m i t t e n t  work c a n  r e s u l t  i n  
4 

a blood p H  o f  6.8 and s l i g h t l y  lower m u s c l e  p H  ( O s n e s  -- e t  a l . ,  

1972; S a h l i n  -- e t  a l . ,  1 9 7 6 ) .  T h i s  d e c r e a s e  i n  m u s c l e  and b lood  p H  

•’01 lowing h i g h  i n t e n s i t y  e x e r c i s e  may be a n  a c t i v a t i n g  mechanism 

f o r  lysosomal  enzymes and s u b s e q u e n t  t u r n o v e r  o f  m y o f i b r i l l a r  

p r o t e i n 5  

Another  p o s s i b l e  mechanism for e l e v a t e d  p r ~ t e a s e  a c t i v i t y  

p o s t - e x e r c i s e  may be e n d o c r i n e  m e d i a t e d .  Player -- e t  a l . ,  (19761, 

r e p o r t e d  a  two- fo ld  i n c r e a s e  i n  t h e  a c t i v i t y  of a n  u n i d e n t i f i e d  

m y o f i b r i l l a r  protein as^ f o l l o w i n g  a  g l u c o c o r t i c o i d  t r e a t m e n t  i n  

rats, s i m i l a r  t o  t h a t  of Tomzs -- e t  a l . ,  ( 1 9 7 9 )  and S a n t i d ' i r i a n  

and c o - w o r k e r ~  ( 1 9 8 1 ) .  These  l a t t e r  r e s e a r c h  g r o u p s '  d e m o n s t r a t e d  

that s & n i n i s t r a t i o n  o f  g l u c o c o r t i c o i d s  s i m i l a r  to  l e v e l s  found 

w i t @  h i g h  i n t e n s i t y  e x e r c i s e ,  r e s u l t e d  i n  a n  a c c e l e r a t i o n  o f  

m y o f i b r i l l a r  p r o t e i n  - cstabol isrn a s  i n d i c a t e d  by 3M e x c r e t i o n  - -- -- in 

a d u l t  rats. Tkese  p r e l i m i n a r y  f i n d i n g s  i n d i c a t e  a  need  f o r  

g r e a t e r  i n v e s t i g a t i o n  o f  e n d o c r i n ~  c o n t r o  of l y s o s o m a l  i 



a c t i v i t y .  I n d e e d ,  f u r t h e r  r e s e a r c h  o f  t h e  mechanisms c o n t r o l l i n g  
- 

p r o t e a s e  a c t i v i t y  i& r e q u i r e d  for a  b e t t e r  u n d e r s t a n d i n g  oE t h e  

role  t h e y  p l a y  i n  e x e r c i s e  i n d u c e d  myof i b r i l l e r  p r o t e i n  

d e g r a d a t i o n .  

1 . 6  S k e l e t a l  Musc le  P r o t e i n  Metabol ism - 
While  i t  h a s  b e e n  d e m o n s t r a t e d  t h a t  e x e r c i s e  d o e s  e l i c i t  a n  - 

e l e v a t i o n  i n  t h e  d e g r a d a t i o n  of myof i b r i l l a r  p r o t e i n ,  t h e  

magni tude  of t h i s  c h a n g e  is  d e p e n d e n t  upon t h e  i n t e n s i t y  a n d ,  to 

a greater e x t e n t ,  duration O•’ #e work perfamd, As d e g r a d a t i o n  

i s  only a p a r t  o f  p r o t e i n  t u r n o v e r ,  e x e r c i s e  e f f e c t s  on  p r o t e i n  

s y n t h e s i s  must  a l s o  be c o n s i d e r e d  p r i o r  to  d i s c u s s i n g  s k e l e t a l  

muscle  p r o t e i n  t u r n o v e r .  W h i l e  t h e  r a t e  o f  p r o t e i n  s y n t h e s i s  

p o s t - e x e r c i s e  was n o t  d e t e r m i n e d  i n  t h i s  t h e s i s ,  t h i s  p h a s e  o f  

t u r n o v e r  must  be c o n s i d e r e d  when i n t e r p r e t i n g  a n  i n c r e a s e  i n  
T 

p r o t e i n  d e g r a d a t i o n .  

E x e r c i s e  s t u d i e s  h a v e  d e m o n s t r a t e d  t h a t  s k e l e t a l  m u s c l e  

p r o t e i n  s y n t h e s i s  i s  i n i t i a l l y  d e p r e s s e d  bx e x e r c i s e  ( B a t e s  - e t  

a l . ,  1980; R e n n i e  e t  a l . ,  1 9 8 0 )  w h i l e  o t h e r s  h a v e  found a n  - -- 
i n c r e a s e  above normal  l eve l s  2-24 h o u r s  f o l l o w i n g  t e r m i n a t i o n  of 

e x e r c i s e  ( G o l d b e r g ,  1968b;  Rogers -- e t  a l . ,  1979;  R e n n i e  -- e t  a l . ,  

1980; Dohm -- e t  a l . ,  1 9 8 2 ) .  

E l  mated m p f i % r i  l i a r  d e g r a c h t i a n  -11 mi-ng-exercise may in 

u n l i k e l y  t h a t  e x e r c i s e  r e s u l t s  i n  a n e t  loss o f  m y o f i b r i l l a r  

profeirs, Indeed, m u s c l e  hypertrophy has been observed in trained 



athletes along with concomitant increases in myof ibrillar: 

degradation (Consolazio -- et al,, 1975). This would, at first, 
b 

appear contradictory, however a net protein synthesis 

(hypertrophy) could occur in the muscle even though overall 
+ 

protein turnover has increased. 

The physiological significance of increased myofibrillar 

protein degradation following exercise remains to be clarified. 

However several explanations ccuId be extended. Post-exercise 

protein catabolism mzy serve: 1) as a method of providing amino 
2 

acid precursors for gluconeog~nesis and maintenance of blood 

glucose levels, 2) as a mechanism for redistribution of amino 

acids for growth and remodelling of skeletal muscle tissue, 3 )  
i 

as a trigger mechanism for net protein synthesis, 
+-=- 
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