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OBJECTIVES

M y o g l o b i n  i s  a n  o x y g e n - b i n d i n g  h e m e  p r o t e i n ,  f o u n d  i n  m u s c le ,  t h a t  i s  r e s p o n s i b l e  t o t  
i n t r a c e l l u l a r  o x y g e n  s t o r a g e  a n d  o x y g e n  t r a n s p o r t  f r o m  t h e  p la s m a  m e m b ra n e  t o  t h e  m i t o c h o n d r i a -  

H o w e v e r ,  m y o g l o b i n  i s  e a s i l y  c o n v e r t e d  t o  a n  o x i d i z e d  f o r m  ( m e t m y o g l o b i n ) .  I m p o r t a n t l y  
m e t m y o g lo b in  i s  u n a b l e  t o  b i n d  o x y g e n  a n d ,  t h u s ,  r e p r e s e n t s  a  d e f e c t i v e  s t a t e  f o r  p h y s i o l o g i c a l  

f u n c t i o n .  A l s o ,  i n  m e a t ,  u n d e s i r a b l e  d i s c o l o r a t i o n  o f  t h e  m e a t  s u r f a c e  d u r i n g  s t o r a g e  i s  d u e  t o  
t h e  a c c u m u l a t i o n  o f  b r o w n  m e t m y o g lo b i n .

The significance of metmyoglobin reducing enzyme systems in preventing metmyoglobin 
accumulation has been demonstrated in muscle and meat. We have reported that the NADH-cytochroms 
t>5 reductase system is responsible for metmyoglobin reduction in musclei-5). Purified NADH' 
cytochrome b5 reductase reduces metmyoglobin rapidly using the electron transfer mediators OM 
cytochrome b  or cytochrome b5 i n  v i t r o 1 <•3 ) .  Also, we demonstrated the localization of this
enzyme system components in skeletal muscle by immunohistochemical techniques^). The data fro® 
our studies, along with previous work showing myoglobin localization in muscle, suggested that 
NADH-cytochrome b5 reductase reduces metmyoglobin by using OM cytochrome b at the mitochondrial 
surface and, in part, by using cytochrome at the sarcoplasmic reticulum to prevent
metmyoglobin accumulation in muscle and meat.

I n  t h i s  s t u d y ,  w e  h a v e  u s e d  i s o l a t e d  m y o c y t e s  f r o m  r a t  h e a r t s  t o  e l u c i d a t e  t h e  m e t m y o g lo b in  

r e d u c i n g  e n z y m e  s y s t e m  i n  l i v i n g  m u s c le .  T h e  c h a n g e  o f  m y o g l o b i n  d e r i v a t i v e s  i n  m y o c y t e s  w as 

m e a s u r e d  t o  s e e  t h e  e f f e c t  o f  i n h i b i t o r s  o n  t h e  m e t m y o g lo b in .  r e d u c t i o n .

METHODS

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

e s s e n t i a l l y  b y  t h e  m e th o d  o f  F a r m e r  e t  a l . 5 ) .  B r i e f l y ,  t h e  
h e a r t s  w e r e  t a k e n  f r o m  d e c a p i t a t e d  W i s t e r  r a t s  w e i g h i n g  2 0 0  

t o  25,0 g .  T h e y  w e r e  a t t a c h e d  t o  t h e  a p p a r a t u s  f o r  p e r f u s i o n  

( F i g u r e  1 ) ,  a n d  p e r f u s e d  w i t h  K r e b s - H e n s e l e i t  b u f f e r  

c o n t a i n i n g  g l u c o s e  a n d  b o v in e  s e r u m  a l b u m i n  t o  r e m o v e  b l o o d .  
C o l l a g e n a s e  a n d  h y a l u r o n i d a s e  w e r e  a d d e d  a n d  t h e  p e r f u s i o n  

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

s l i c e s  a n d  d i s p e r s e d  i n  t h e  sa m e  s o l u t i o n  c o n t a i n i n g  t w o  

e n z y m e s .  R e s u l t i n g  c e l l  s u s p e n s io n s  w e r e  s i e v e d  t h r o u g h  
n y l o n  m e s h ,  c e n t r i f u g e d  a n d  w a s h e d .  I f  n e c e s s a r y ,  t o  o x i d i z e  

t h e  i n t r a c e l l u l a r  m y o g l o b i n ,  n i t r i t e  ( N a N 0 2 ) w a s  a d d e d  t o  t h e  

c e l l  s u s p e n s i o n  b e f o r e  t h e  s i e v i n g  p r o c e d u r e .  A b s o r p t i o n  

s p e c t r a  o f  t h e  c e l l  s u s p e n s i o n  w e r e  m e a s u r e d  f r o m  4 5 0  nm  t o  
6 5 0  nm  u s i n g  s p e c t r o p h o t o m e t e r  w i t h  o p a l i n e  g l a s s .

RESULTS

A l t h o u g h  m o s t  o f  m y o g l o b i n  d e r i v a t i v e  

i n  l i v i n g  m y o c y t e s  w a s  o x y m y o g l o b i n , i t  w a s  

c o m p l e t e l y  o x i d i z e d  t o  m e t m y o g lo b in  b y  t h e  
t r e a t m e n t  w i t h  n i t r i t e  ( F i g u r e  2 ) .  

M e t m y o g lo b in  i n  m y o c y t e s  w a s  r e d u c e d  a g a i n  

b y  r e m o v a l  o f  t h e  n i t r i t e  f r o m  c e l l  
s u s p e n s io n s  ( F i g u r e  3 ) .  T h i s  r e d u c t i o n  w a s  

t h o u g h t  t o  b e  a n  e n z y m a t i c  r e a c t i o n  f r o m  t h e  

f o l l o w i n g  e x p e r i m e n t a l  r e s u l t . Figure 2. Spectra of rat heart myocytes.
A: control; B: treated with NaN02; C: difference spectrum (A-B).
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T h e  a d d i t i o n  o f  2 - d e o x y - D - g l u c o s e ,  t h e  i n h i b i t o r  o f  t h e  g l y c o l y t i c  p a t h w a y ,  t o  t h e  c e l l  
P e n s io n  i n h i b i t e d  t h e  r e d u c t i o n  o f  m e t m y o g lo b in  i n  m y o c y t e s  ( F i g u r e  4 C , D ) . O n t h e  o t h e r  

n > a lo n ic  a c i d ,  t h e  i n h i b i t o r  o f  t h e  c i t r i c  a c i d  c y c l e ,  d i d  n o t  i n h i b i t  t h i s  r e a c t i o n(PiSure 4 E ) .
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Figure 3. Reduction of metmyoglobin in rat 
heart myocytes during incubation.
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Figure 4. Effect of inhibitors on reduction of metmyoglobin 
in rat heart myocytes.

g v  T h e  g l y c o l y t i c  p a t h w a y  i s  i n v o l v e d  i n  t h e  m e t m y o g lo b in  r e d u c t i o n  in  v i v o .  P r e s u m a b ly ,  t h e  

t h i s 0 1 7 3 1 3  P r o v : '-<̂ e s  NADH f o r  t h e  e n z y m a t i c  m e t m y o g lo b in  r e d u c t i o n  s y s t e m .  F r o m  t h e  r e s u l t s  o f  
s t u d y  a n d  o u r  p r e v i o u s  o b s e r v a t i o n s ,  w e  p r o p o s e d  t h e  m e t m y o g lo b in  r e d u c i n g  e n z y m e  s y s t e m  a t  

M i t o c h o n d r i a l  s u r f a c e  s h o w n  i n  F i g u r e  5 .
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Figure 5. Proposed pathway of metmyoglobin reduction in myocytes.
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