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The Time Course of Plasma Enzyme Changes Accompanying Skeletal Muscle Stimulation 
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Summary. 30 min  electr ical  s t i m u l a t i o n  of h i n d  l imb  skele ta l  muscle  in n e m b u t a l  a n a e s t h e t i s e d  dogs was accompan ied  
b y  increases  in a r t e r i a l  h a e m a t o c r i t ,  p l a s m a  GOT and  p l a s m a  LDH,  wh ich  were a l m o s t  comple t ed  w i t h i n  the  f i rs t  10 
m i n  of s t imu la t ion .  This  fas t  response  ind ica t ed  t h a t  a rap id  change  in e i the r  t he  e n t r y  a n d / o r  c learance  of enzyme  f rom 
the  p l a s m a  m u s t  h a v e  occurred.  

A v a r i e t y  of s tud ies  has  d e m o n s t r a t e d  s ign i f ican t  
increases  in t h e  b lood p l a s m a  levels of m a n y  d i f fe ren t  
enzymes  fol lowing phys ica l  exe r t ion  2. In  mos t  ins tances ,  
samples  of b lood  were o b t a i n e d  d i rec t ly  before  a n d  a t  
va r ious  t i m e  in t e rva l s  a f t e r  t he  exercise;  t he  t i m e  course 
of t he  changes  in p l a s m a  e n z y m e  levels du r ing  t he  exer-  
cise b o u t  i tself  was  no t  examined .  

As p a r t  of an  ongoing  s t u d y  in to  t he  m e c h a n i s m s  
respons ib le  for t he  exercise evoked  p l a s m a  e n z y m e  
response,  we h a v e  been  looking a t  t he  effect  of ske le ta l  
muscle  s t i m u l a t i o n  on t he  p l a s m a  levels of t h r ee  enzymes  : 
c r ea t ine  p h o s p h o k i n a s e  (CPK), g lu tamic -oxa loace t i c  
t r a n s a m i n a s e  (GOT), a n d  lac t ic  d e h y d r o g e n a s e  (LDH).  
The  m e t h o d s  of skele ta l  muscle  s t i m u l a t i o n  and  of de- 
t e r m i n i n g  t he  p l a s m a  a c t i v i t y  of these  enzymes  ha s  been  
descr ibed  p rev ious ly  a. To exam i ne  the  t ime  course of 
p l a s m a  e n z y m e  changes  d u r i n g  muscle  s t imu la t ion ,  
a r t e r i a l  b lood samples  were o b t a i n e d  a t  5 m i n  in t e rva l s  
du r ing  30 min  of s t i m u l a t i o n  (Figure  1). I t  was  a p p a r e n t  
t h a t  t h e  changes  obse rved  d u r i n g  s t i m u l a t i o n  were a lmos t  
comple t e  w i t h i n  t h e  f i r s t  10 ra in  of s t imu la t ion .  T h u s  we 
saw para l le l  increases  in a r t e r i a l  h a e m a t o c r i t ,  p l a s m a  L D H  
(PLDH) ,  p l a s m a  GOT (PGOT),  a n d  p l a s m a  protein, 
w i t h  l i t t l e  change  in p l a s m a  C P K  (PCPK).  

The  s imi la r i ty  of t he  t ime  course of t he  changes  in 
PGOT,  P L D H  and  a r t e r i a l  h a e m a t o c r i t  was s t r ik ing.  
F u r t h e r m o r e ,  we found  t h a t  t he re  was a s ign i f ican t  cor- 
r e l a t ion  b e t w e e n  the  abso lu te  increase  in P G O T  or 
P L D H ,  and  t h e  abso lu te  change  in a r te r ia l  h a e m a t o c r i t ,  
evoked  b y  30 min  of muscle  s t i m u l a t i o n  (r ~ 0.79, 
p < 0.05; r ~ 0.87, p < 0.05, respec t ive ly ;  F igure  2). 
Since t he  increase  in a r t e r i a l  h a e m a t o c r i t  du r ing  muscle  
s t i m u l a t i o n  was l ikely to h a v e  been  the  resu l t  of splenic  
con t r ac t i on  r a t h e r  t h a n  a r educ t i on  in p l a s m a  volume,  i t  
was cons idered  possible t h a t  GOT and  L D H  were in some 
way  re leased in to  the  c i rcu la t ing  blood du r ing  splenic 
con t rac t ion .  I n i t i a l  e x p e r i m e n t s  showed t h a t  levels of 
b o t h  GOT a n d  L D H  in splenic venous  b lood increased 
several  fold d u r i n g  splenic c o n t r a c t i o n  induced  b y  top ica l  
app l i ca t ion  of no rep inephr ine .  The  t o t a l  a c t i v i t y  i nvo lved  
was too  smal l  to  accoun t  for  t he  p l a s m a  enzyme  response  
to ske le ta l  muscle  s t imu la t ion .  This  conclus ion was sup-  
p o r t e d  b y  resu l t s  o b t a i n e d  du r ing  muscle  s t i m u l a t i o n  in 
2 acu te ly  sp lenec tomized  dogs (Figure 3). The  increases  in  
a r te r ia l  h a e m a t o c r i t  were  p rac t i ca l ly  abol ished,  whi le  
sizeable increases  in P G O T  and  P L D H  pers is ted .  

T h u s  t h e  increases  in  P G O T  a n d  P L D H  a p p e a r  to  
occur  ea r ly  in  s t i m u l a t i o n  and,  whi le  re la ted  to the  e x t e n t  
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Fig. 1. An example of the changes in plasma enzyme activity, 
arterial haematocrit, and plasma protein concentration occurring 
during 30 rain of skeletal muscle stimulation. Stimulus applied be- 
tween B and A. 
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Fig. 2. Relationship between the absolute change in both PLD H and 
PGOT, and arterial haematocrit during 30 rain of skeletal muscle 
stimulation (N = 13). 
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of splenic c o n t r a c t i o n  (haemoconcen t ra t ion ) ,  are n o t  the  
resu l t  of it. 

Since b o t h  GOT and  L D H  h a v e  re l a t ive ly  sho r t  p l a s m a  
half l ives  (t~/~), w h a t e v e r  p romote s  t he i r  increase  ea r ly  in 
s t i m u l a t i o n  m u s t  con t inue  u n t i l  s t i m u l a t i o n  ceases~, 5. 
The  t i m e  course suggests  a r ap id  s tep a l t e r a t i on  in e i the r  
t h e  i n t r o d u c t i o n  (an increase) and /o r  t he  c learance  (a 
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Fig. 3. Changes in plasma enzyme activity, arterial haematoerit, 
and plasma protein concentration during 30 rain of stimulation (N 
2) following acute splenectomy. 

reduction)" of b o t h  enzymes  wi th in  the  p l a s m a  c o m p a r t -  
m e n t  u p o n  c o m m e n c i n g  s t imu la t ion .  E n z y m e  c learance  is 
accompl i shed  b y  severa l  mechan i sms% One of these,  
u p t a k e  b y  t he  r e t i cu lo -endo the l i a l  s y s t e m  (RES) ,  is 
k n o w n  to clear b o t h  GOT and  L D H  f rom the  ex t race l lu la r  
f luid ~. Since th i s  c learance  occurs  p r imar i l y  in t he  hepa t i c  
and  sp lanchn ic  vascu la r  beds  i t  is conce ivab le  t h a t  a 
r educ t i on  in t he  b lood  f low t h r o u g h  these  beds  would  
resu l t  in  a r educ t i on  in p l a s m a  enzyme  clearance.  Such  a 
m e c h a n i s m  m a y  h a v e  occur red  du r ing  muscle  s t imula t ion ."  
The  degree of sp l anchn ic  vascu la r  cons t r i c t ion  a n d  splenic  
c o n t r a c t i o n  would  l ikely be  s imi lar  since t h e y  are b o t h  
responses  to  increases  in s y m p a t h e t i c  ac t iv i ty .  F u r t h e r ,  
t he  tl/2s of GOT a n d  L D H  m a y  be suf f ic ien t ly  s h o r t  to  
a c c o u n t  en t i r e ly  for  t he  muscle  s t imu la t i on  induced  in-  
creases in  t h e  p l a s m a  levels of these  2 enzymes  pu re ly  
t h r o u g h  a r educ t i on  in the  r a t e  of t he i r  c learance  f rom the  
p lasma .  D a t a  o b t a i n e d  in t he  dog h a v e  ind ica t ed  a p l a s m a  
tl/2 of a p p r o x i m a t e l y  30 ra in  for b o t h  t he  musc le - type  a n d  
h e a r t - t y p e  i soenzymes  of L D H  5. E s t i m a t e s  of t he  p l a s m a  
tl/e for t he  m i t o c h o n d r i a l  and  cy top lasmic  i soenzymes  of 
GOT in t he  dog h a v e  yie lded values  of 54 min  and  4.0 h, 
r e spec t ive ly  4, ~. 

On t he  basis  of these  obse rva t ions  we sugges t  t h a t  one 
m e c h a n i s m  invo lved  in t he  p l a s m a  e n z y m e  response  to 
exercise is a r educ t i on  in t he  c learance  of e n z y m e  f rom the  
ex t race l lu la r  f luid in the  face of e i the r  a n o r m a l  or increas-  
ed e n t r y  of e n z y m e  in to  th i s  c o m p a r t m e n t .  One exp lana -  
t ion  of t h e  r educ t i on  in t he  p l a s m a  enzyme  response  to  
exercise seen fol lowing phys ica l  t r a i n i n g  would  the re fo re  
invoke  a change  in t he  d i s t r i bu t i on  of b lood b low d u r i n g  
exercise in the  t r a i n e d  ind iv idua l .  Such  changes  h a v e  been  
d e m o n s t r a t e d  a n d  s u p p o r t  th i s  hypott~esis ~. 
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Summary. Acute  h y p o h y s e c t o m y  (AH) p r e v e n t e d  the  increase  of t he  cardiac  ou tpu t ,  r ena l  cor t ical  b lood flow (e.g. 
t he  decrease  of t he  r ena l  va scu l a r  resis tance)  and  rena l  sod ium excre t ion  d u r i n g  the  E C F V  expans ion .  The  non-occur -  
rence  of na t r iu res i s  in  A H  ra t s  is suggested  as be ing  p a r t l y  in causal  r e l a t ion  to  the  inab i l i t y  to  decrease  the  r ena l  
vascu la r  res i s tance  a n d  t h u s  to  incrase  t he  p e r i t u b u l a r  h y d r o s t a t i c  pressure.  

Much effort has been concentrated on exploring a 
possibility of the existence of a humoral inhibitor of the 
sodium tubular transport, since DE gARDENER'S et al. 2 
evidence on the tubular nature of natriuresis due to the 
expansion of the extracellular fluid volume (ECFV) with 
saline ('saline' or 'volume' natriuresis). The prospective 
hormone has been called the 3rd factor or a natriuretic 
hormone3, 4. However, it was latter found that volume 
natiuresis in dogs was accompanied by the increased 
rena l  b lood flow even  if t he  k i d n e y  was n o t  connec t ed  
w i t h  t he  o rgan i sm b y  ne rves  and  t he  blood per fus ion  
pressure  was  c o n s t a n t  5. So i t  was  sugges ted  t h a t  bes ides  
a h u m o r a l  i n h i b i t o r  of t h e  sod ium t u b u l a r  t r a n s p o r t  also 

a v a s o d i l a t o r y  h u m o r a l  s u b s t a n c e  m i g h t  c i rcu la te  in 
p l a s m a  of dogs w i t h  t he  increased  E C F V  5. An  a l t e r n a t i v e  
poss ib i l i ty  is t h a t  a v a s o c o n s t r i c t o r y  a g e n t  in p l a s m a  m a y  
d i sappear .  The  r e su l t i ng  vasod i l a t ion  m i g h t  t h e n  con-  
t r i b u t e  to  t he  i n h i b i t i o n  of sod ium t r a n s p o r t  as well. 
The  resu l t s  of t he  p r e sen t  e x p e r i m e n t s  are cons idered  to  
be  c o n s i s t e n t  w i t h  these  p rev ious  suggest ions  conce rn ing  
t he  m e c h a n i s m  of v o l u m e  na t r iures i s .  

Material and methods. 54 male  W i s t a r  r a t s  ( I n s t i t u t e  of 
E x p e r i m e n t a l  Endocr ino logy ,  S lovak  A c a d e m y  of Scien- 
ces S P F  breeding)  were a n a e s t h e t i z e d  b y  I n a c t i n  P ro -  
monta, then the trachea was cannulated and in 24 rats an 
acute hypophysectomy was performed by parapharyn- 


