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S E C T I O N
^ J J ^ c h a n is m  b y  w h ic h  n i t r i t e  

^ t ts  o r  re ta rd s  th e  o x id a t io n  o f
l ip id s  is  n o t f u l l y  

L ite r a tu r e  d a ta  s u g g e s t 
W * * ®  th a n  one m echanism  may be 

^  G ray and P earson  (1987) 
it|S c3 , re v ie w e d  th e  p ro posed  

w h ic h  in c lu d e : (a)
o f  a s tro n g  com plex 

heme p ig m e n ts  and n i t r i t e ,  
P re v e n tin g  th e  re le a s e  o f  

• ^ro n  wr t h  i t s  a tte n d a n t 
Of ys!s  o f  th e  p ro p a g a tio n  s ta g e  
^ b $ j .  l i p id  o x id a t io n ;  (b )
il^i<3s 2 a tio n  ° t  th e  u n s a tu ra te d  
I^ e ia ^ iP h in  th e  m em branes; and (3 ) 
W i ° n "  o f  m e ta l io n s  such  as 

^ V ^ ii i° n s ,  th u s  re n d e rin g  them  
f o r  c a ta ly s is  o f  

!^ ila h ? n re a c tio n s . E v id e n ce  is  
^ c i t ^ . le in d ic a t in g  th a t  a l l  th re e  
^ h i t ^ 112 a re  in v o lv e d  in  n i t r i t e  

o f  o x id a t io n  in  m ea ts , 
10 be f i r s t  m echanism  a ppea rs

H e
t 'e s t  im p o rta n t.

num ber o f  s tu d ie s  have 
«'''hi llv. °n  th e  re a c tio n  o f  n i t r i t e

J ^  s t a b i l iz a t io n  o f  th e  
¿ M e  ^ t e d  f a t t y  a c id s  in  
3c> r Membranes b y  n i t r i t e .  Ih e  
^  l^ e t iv e  o f  t h is  s tu d y  was to  
3 s  in fo rm a tio n  in  s u p p o rt o f  
3 ( ie rk3 tlan ism , as w e ll as fu r th e r  
V  ^ 'a t  n ih r i f 6  s ta b il iz e s  
3  P igm ents and th u s  p re v e n ts  
^s^ t i . ease ° f  nonheme in to  th e  m eat

MATERIALS AND METHODS
Rt^hn 1 i z a tio n  o f  m eat l ip id s  w ith  
n i t r i t e
C ured and u n cu re d  ( n i t r i t e - f r e e )  
p o rk  sam ples fro m  th re e  p ig s  w ere 
p re p a re d  in  th e  MSU M eat L a b o ra to ry  
to  e nsu re  th a t  th e  c u re d  and u ncu re d  
sam ples came fro m  th e  same 
a n im a ls . Ih e  c u re d  sam ples had 
ta r g e t  le v e ls  o f  156 m g/kg  n i t r i t e ,  
550 m g/kg  a s c o rb a te , 2.0% s a lt ,
0.67% su c ro se  and 0.5% sodium  
tr ip o ly p h o s p h a te  added. Ih e  u n cu re d  
sam ples d id  n o t c o n ta in  n i t r i t e  b u t 
had th e  same ta r g e t  le v e ls  f o r  th e  
o th e r  a d d it iv e s .  M ito c h o n d r ia l and 
m dcrosom al f r a c t io n s  w e re  is o la te d  
fro m  th e  p o rk  sam ples b y  s e q u e n tia l 
c e n tr ifu g a t io n  (B u c k le y  e t  a l . ,
1989) and d is p e rs e d  in  a K C l/ la c t ic  
a c id  b u f fe r  (pH 5 .5 )  f o r  use  in  th e  
p e ro x id a tio n  a ssa y . P h o s p h o lip id s  
w ere  e x tra c te d  fro m  th e  c u re d  and 
u ncu re d  p o rk  sam ples u s in g  th e  d ry  
co lum n m ethod o f  M arm er and M a xw e ll
(1 9 8 1 ). L iposom es f o r  th e
p e ro x id a tio n  a ssay w ere  p re p a re d  b y  
d is p e rs in g  a known q u a n t ity  o f  th e  
e x tra c te d  p h o s p h o lip id s  in  th e  
K C l/ la c t ic  a c id  b u f fe r  and a d d in g
0.05% T r ito n  X -  100 to  e m u ls ify  th e  
system .

P h o s p h o lip id s  fro m  th e  u n cu re d  p o rk  
sam ples and e th y l e s te rs  o f  s e v e ra l 
p o ly u n s a tu ra te d  f a t t y  a c id s  w ere  
re a c te d  w ith  d in it r o g e n  t r io x id e  as 
d e s c rib e d  b y  Ross e t  a l .  (1 9 8 7 ). 
L iposom es w ere  a g a in  p re p a re d  by  
d is p e rs in g  th e  l ip id s  in  th e  b u f fe r  
system s d e s c r ib e d  above . Ih e  
o x id a t iv e  s t a b i l i t y  o f  th e  
m acrosom es, m ito c h o n d ria , phospho­
l ip id s  and f a t t y  a c id  e th y l e s te rs  
was e v a lu a te d  u s in g  th e  
m e tm yo g lo b in /h yd ro g e n  p e ro x id e -
in d u ce d  p e ro x id a tio n  a ssay o f  H a re l 
and K anner (1 9 8 5 ). Ih e  p e ro x id a tio n  
assay was c a r r ie d  o u t a t  3 5 'C and 
sam ples w ere  ta k e n  a t  v a r io u s  tim e  
in te r v a ls .  Ih e  e x te n t o f  o x id a tio n  
was m o n ito re d  b y  a TEA p ro c e d u re  
(B u c k le y  e t  a l . ,  1 9 8 9 ).
To c o n firm  th a t  n i t r i t e  re a c te d  w ith
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t h e  u n s a tu ra te d  f a t t y  a c id s , th e  
l ip id s  w ere  h e a te d  w ith  a  se con d a ry  
am ine (m o rp h o lin e ) in  a s e a le d  
am pule . H ie  sam ples w ere  a n a ly z e d  
f o r  th e  p re se n ce  o f  N -n itro s c m o r-  
p h o lin e  as d e s c r ib e d  b y  Ross e t  a l.  
(1 9 8 7 ).

S ta b iliz a t io n  o f  heme p ig m e n ts  b y  
n i t r i t e
T h ree  p o rk  lo in s  w e re  o b ta in e d  fro m  
a lo c a l s u p e rm a rk e t, trim m e d  o f  
excess f a t  and g ro u n d . The p ig m e n ts  
w ere  rem oved fro m  th e  g ro u n d  p o rk  
u s in g  th e  d is t i l l e d  w a te r -e x tra c t io n  
p ro c e d u re  o f  T ic h iv a n g a n a  and 
M o rris s e y  (1 9 8 4 ). Enough p o rk  lo in  
was e x tra c te d  t o  p ro v id e  a p p ro x i­
m a te ly  2 .5  k g  w a te r -e x tra c te d  m uscle  
f ib e r s  f o r  each r e p lic a te d  e x p e r i­
m en t. The fo llo w in g  a d d it iv e s  w ere  
d is p e rs e d  in  30 m l d is t i l l e d  w a te r 
and added t o  300 g  a liq u o ts  o f  th e  
m usc le  f ib e r s :  ( i )  c o n tr o l (no 
a d d it iv e s ) ; ( i i )  h yd rog e n  p e ro x id e  
(80 ju m ó le s ); ( i i i )  m etm ryog lob in  (5  

m g/g o r  80 p m o le s ) ; ( iv )  n i t r i c  
o x id e  m y o g lo b in  (80 p m o le s ) ; (v)
m e tm yo g lob in  (80 p n o le s )/H 2 02 
(80 um oles) a n d ; ( v i)  n i t r i c  o x id e  

m yog lQ b in /H 2 02 (80 p m o le s ) . The 
f ib e r s  and re a c ta n ts  w e re  th o ro u g h ly  
m ixe d , d iv id e d  in to  th re e  p o r tio n s  
and s u b je c te d  to  th e  fo llo w in g  h e a t 
tre a tm e n ts : ( i )  raw  (no h e a t ) ; ( i i )  
s h o r t h e a t tre a tm e n t -  sam ples w ere  
p la c e d  in  c o o k in g  b a g s , h e a te d  in  a 
w a te r b a th  ( 1 0 0 ' C) t o  an in te r n a l 
te m p e ra tu re  o f  7 0 'C, rem oved 
im m e d ia te ly  and p la c e d  in  an ic e  
b a th  to  c o o l;  ( i i i )  p ro lo n g e d  h e a t 
tre a tm e n t -  sam ples w e re  h e a te d  as 
in  ( i i )  above , b u t w e re  m a in ta in e d  
a t  7 0 'C f o r  30 m in u te s  b e fo re  b e in g  
p la c e d  in  an ic e  b a th .

A l l  sam ples w ere  a n a ly z e d  f o r  l i p i d  
o x id a tio n  im m e d ia te ly  a f t e r  c o o k in g  
and a f t e r  s to ra g e  a t  4 'C  f o r  24 , 48 
and 72 h o u rs  u s in g  th e  TEA p ro c e d u re  
o f  T a r la d g is  e t  a l .  (1 9 6 0 ), as 
m o d ifie d  b y  C ra c k e l e t  a l .  (1 9 8 8 ). 
The f r e e  ir o n  c o n te n t o f  th e  sam ples 
was d e te rm in e d  a f t e r  72 h o u rs  b y

a to m ic  a b s o rp tio n  spectrcphotc®1®<&í‘

RESULTS AND DISCUSSION jjl
The p e ro x id a tio n  a ssa y  p e r f  
th e s e  s tu d ie s  was based or\^àe 
in te r a c t io n  o f  h yd ro g e n  PerC% )' 
w ith  m e tm yo g lo b in , le a d in g  
t o  th e  g e n e ra tio n  o f  an a 
s p e c ie s  w h ic h  p ro m o te s 
bound l i p i d  p e ro x id a tio n . 
fro m  th e  p e ro x id a tio n  
in d ic a te  t h a t  th e  m icrosom al 
m ito c h o n d r ia l l ip id s  fro m  th e  ^  
p o rk  sam ples w ere  o x id iz e d  ^  
r a p id ly  th a n  th o s e  fro m  th e  n i^  ^  
f re e  sam ples (F ig u re  ! ) .  A t ^rtfl 
o f  th e  p e ro x id a tio n  assay $0 
m in u te s ), TEA v a lu e s  fp r  $$ 
m icrosom es and m ito c h o n d ria  ^  
c u re d  sam ples w ere  a p p ro x im a te ly  ^  
tim e s  s m a lle r  th a n  th o s e  f ° r  
u n cu re d  sam p les. P h o s p h o lip id ^ * * 1 
th e  c u re d  p o rk  sam ples a ls o  oXi ^
le s s  r a p id ly  th a n  th o s e  tP
u n cu re d  sam ples when s u b je c t0^

(F ig u re  2 ) .  Thus i t  is  apP^"$0

¡0
th e  same p e ro x id a tio n  c ° nd^aj^ lt 
(F ig u re  2 ) .  Thus i t  is  apP^ 
th a t  n i t r i t e  s ta b il iz e s  $  
p o ly u n s a tu ra te d  f a t t y  a c id s  
p h o s p h o lip id s . To le n d  ^  
cre d en ce  t o  t h is  o b s e rv a tio n .' Jj. 
p h o s p h o lip id s  fro m  th e  u n c u re d ^g i 
sam ples w ere  re a c te d  w ith  d in 3- $  
t r io x id e  and s u b je c te d  
m e tm yo g lo b in /h yd ro g e n  P ^ ^ ^  
in i t ia t e d  p e ro x id a tio n  assay* 
p h o s p h o lip id s  w ere  s i g n i f y #  
(p<0 . 0 1 ) m ore s ta b le  than  

p h o s p h o lip id s  o b ta in e d  
u n cu re d  p o rk  (F ig u re  2 ) .

S im ila r  tre n d s  w ere  o b ta in e d  ^ cf 
s e r ie s  o f  e th y l e s te rs  
p o ly u n s a tu ra te d  f a t t y  a c id s  
been re a c te d  w ith  d in 3 ^  
t r io x id e  (d a ta  n o t in c lu d 0^ $  
p u rp o se s  o f  b r e v i t y ) . A l l  
re a c te d  sam ples had lo w e r TB& 
th a n  th e  u n re a c te d  sam p les. ,

To c o n firm  th a t  th e stabilizat3° V  
dueth e  l ip id s  was due 

in te r a c t io n  o f  n i t r i t e  o r  d in 3 0 
t r io x id e  w ith  th e  d o u b le
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U p ^ ^ ^ tu r a te d  f a t t y  a c id s , th e  
secQta s a n p le s  w ere  h e a te d  w ith  a 

am ine (m o rp h o lin e ) in  
^orm  ‘̂ ie  c o rre s p o n d in g  N- 

ccaipound. R e s u lts  c le a r ly  
t h a t  p h o s p h o lip id s  

fro m  c u re d  p o rk  w ere 
° f  n it r o s a t in g  m o rp h o lin e  

th o s e  frx3n th e u n cu re d  p o rk  
ftic w  p o u ld  n o t.  When th e  la t t e r  
^ ^ ° l i p i d s  w ere  re a c te d  w ith  

t r io x id e  and th e n  h e a te d  
(ko > Q ^ ^ P h o lin e , a s ig n if ic a n t ly  
t̂tosri_ g re a te r  am ount o f  N- 

^ c jt^ ^ o rp h o lin e  was p ro duced  
. to  th a t  p ro du ce d  b y  th e  

fro m  u n cu re d  p o rk . 
^ 4  ^  ’ r e a c tio n  o f  th e  f a t t y
W . e t h y l  e s te rs  ( l in o le ic ,  

and a ra c h id o n ic ) w ith  
t r io x id e  p ro duced  

ca p a b le  o f  n it r o s a t in g  
upon h e a tin g . R e s u lts  o f  

v ^ i t e S tu d ie s  th u s  im p ly  th a t  
re a c ts  w ith  u n s a tu ra te d  

fo rm  n i t r o - n i t r o s i t e  
1Ves/ th u s  s t a b i l iz in g  th e  
a9 a in s t p e ro x id a tiv e  changes.

o f  heme p ig m e n ts  
^  ^ lase ° f  th e  s tu d y  was 

ih i l i ?  • in v e s tig a te  th e
th k T"*’01"1 o f  th e  heme p ig m e n ts
^  ^  n i t r i t e ,  th u s  p re v e n tin g
^ ? ^ h g eaSe ° f  nonheme ir o n  d u r in g

^  s to ra g e . W a te r-
¡. ui jj^ T ^ P o rk  sam ples w ere  tre a te d  
jv ^ lc ^ j^ ° 5 lo b in  and n i t r i c  o x id e  

Ŵ -h  and w ith o u t hyd rogen  
^  s to re d  a t  4 ‘ C. TEA 

hj ^ t io n  lncf'-ca te d  th a t  l i p i d  
yas s ig n if ic a n t ly  (p<0 .05 ) 

ru'Voo'i sam ples c o n ta in in g
. W h y d ro g e n  p e ro x id e

v t o  th e  c o n tr o l sam ples and 
ip * !  Q ^ j^ ^ n ta in in g  n i t r i c  o x id e  
tk  M orJ._jnd. m e tm yo g lo b in  (T a b le  
iO  th e erne r ro n  a n a ly s is  re v e a le d  
t w 1 % trrtva no u n t o f  ir o n  re le a s e d  

^ c g lo b in /h y d ro g e n  p e ro x id e - 
V i0‘ 05) ^ P lo s  was s ig n if ic a n t ly  
\ ^ e d  l^ ^ h a r  th a n  th e  am ount 

trca ti m e tm yo g lo b in  a lo n e . 
' t t  a pp e a rs  t h a t  h yd rogen

2«

p e ro x id e  in  th e  p re se n ce  o f
m e tm yo g lob in  does e x e r t  seme e f f e c t  
on l i p i d  o x id a t io n . H ydrogen 
p e ro x id e  may " a c t iv a te "  m etm yo- 
g lo b in ,  th e re b y  in c re a s in g  hem e-
c a ta ly z e d  l i p i d  o x id a t io n  as
su g g e s te d  b y  K anner and H a re l (1985) 
and Rhee e t  a l .  (1 9 8 7 ).

Raw sam ples tr e a te d  w ith  n i t r i c  
o x id e  m y o g lo b in  a lo n e  o r  in
c o m b in a tio n  w ith  h yd rog e n  p e ro x id e  
showed no in c re a s e  in  l i p id  
o x id a tio n  o v e r th e  72 h o u r s to ra g e  
p e r io d . TEA v a lu e s  f o r  th e  uncooked 
sam ples c o n ta in in g  n i t r i c  o x id e  
m y o g lo b in  and n i t r i c  o x id e
m y o g lo b in /h y d ro g e n  p e ro x id e  a f t e r  72 
h o u rs  w ere  0 .3 9  and 0 .4 5 , 
r e s p e c t iv e ly .  S h o r t-  and lo n g -te rm  
h e a tin g  d id  n o t a c c e le ra te  l i p id  
o x id a tio n  in  e ith e r  sam p le . Thus, 
i t  appeared  th a t  n i t r i c  o x id e  
m y o g lo b in  a c te d  as a  s p e c if ic
a n t io x id a n t in  th e s e  sys tem s.
M o rris s e y  and T ic h iv a n g a n a  (1985) 
a ls o  re p o r te d  th a t  n i t r i c  o x id e  
m yo g lo b in  m a in ta in e d  i t s  a n t io x id a n t 
p ro p e r t ie s  in  th e  p re se n ce  o f  s tro n g  
p ro o x id a n ts  such  as m e tm yo g lo b in  and 
f re e  m e ta l io n s .

A n o th e r p o s s ib le  e x p la n a tio n  f o r  th e  
lo w  am ount o f  l i p i d  o x id a t io n  in  th e  
sam ples c o n ta in in g  n i t r i c  o x id e  
m yo g lo b in  is  t h a t  n e ith e r  h e a tin g  
n o r hyd rog e n  p e ro x id e  caused any 
breakdow n o f  n i t r i c  o x id e  
m y o g lo b in . Nonheme ir o n  c o n te n ts  o f  
th e  sam ples c o n ta in in g  n i t r i c  o x id e  
m y o g lo b in /h y d ro g e n  p e ro x id e  rem a ined  
in  th e  ra n g e  1 . 6  t o  1 . 8  p g  nonheme 
ir o n /g  m usc le  f ib e r  even  a f t e r  
h e a tin g . T h is  le v e l was n o t 
s ig n if ic a n t ly  d i f f e r e n t  fro m  th a t  o f  
th e  c o n tr o l sam ple w h ic h  c o n ta in e d
1 .4  pg  nonheme ir o n /g  m u sc le  f ib e r  
a f t e r  lo n g -te rm  h e a tin g . H ydrogen 
p e ro x id e  a ls o  had no a p p a re n t e f f e c t  
on th e  nonheme ir o n  c o n te n t o f  th e  
m u sc le  f ib e r s .  T h e re fo re , i t  can be 
co n c lu d e d  th a t  h e a tin g  o r  h yd rogen  
p e ro x id e  d id  n o t p ro d u ce  any 
m e a su rab le  d e c o m p o s itio n  o f  n i t r i c
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o x id e  m y o g lo b in . h yd rogen  p e ro x id e .

SUMMARY
R e s u lts  o f  t h is  s tu d y  c o n firm  
p re v io u s  o b s e rv a tio n s  th a t  s e v e ra l 
m echanism s p e r ta in in g  t o  th e  
a n t io x id a n t r o le  o f  n i t r i t e  in  cu re d  
m eats a re  o p e ra tiv e . I t  has been 
d e m o n s tra te d  th a t  n i t r i t e  s ta b il iz e s  
u n s a tu ra te d  l ip id s  to w a rd  
p e ro x id a tiv e  a tta c k  b y  fo rm in g  a 
n i t r o - n i t r o s i t e  d e r iv a t iv e ,  as 
su gg e s te d  b y  L iu  e t  a l .  (1 9 8 8 ). 
T h is  s tu d y  a ls o  p ro v id e s  fu r th e r  
in d ir e c t  e v id e n c e  th a t  th e  
p e ro x id a tiv e  re a c tio n s  in  m eat 
system s a re  in i t ia t e d  in  th e  
membranes. T h e re fo re , s t a b i l iz a t io n  
o f  th e  m em brane-bound l ip id s  th ro u g h  
th e  fo rm a tio n  o f  a n i t r o - n i t r o s i t e  
d e r iv a t iv e  s h o u ld  c o n tr ib u te  t o  th e  
enhanced o x id a t iv e  s t a b i l i t y  o f  
cu re d  m e a ts . E v id e n ce  th a t  
p h o s p h o lip id s , m icrosom es and 
m ito c h o n d ria  fro m  c u re d  p o rk  a re  
le s s  s u s c e p tib le  t o  p e ro x id a tio n  
th a n  t h e i r  u n cu re d  c o u n te rp a rts  has 
been p ro v id e d  in  t h is  in v e s t ig a t io n .

A d d it io n a l e v id e n c e  in  s u p p o rt o f  
n i t r i t e  s t a b i l iz a t io n  o f  heme 
p ig m e n ts  has a ls o  been p re s e n te d . 
The a d d it io n  o f  n i t r i t e  o x id e  
m yo g lo b in  t o  w a te r -e x tra c te d  m usc le  
f ib e r s  d id  n o t r e s u lt  in  any 
s ig n if ic a n t  in c re a s e  in  nonheme ir o n  
when th e  m odel system  was h e a te d  
( s h o r t-  and lo n g -te rm  h e a tin g ) and 

th e n  s to re d  a t  4 'C  f o r  72 h o u rs . In  
c o n tra s t, when m e tm yo g la b in  was 
added t o  th e  m u sc le  f ib e r s  and 
s u b je c te d  to  th e  same h e a t 
tre a tm e n ts , th e re  was a s ig n if ic a n t  
in c re a s e  in  th e  nonheme ir o n  
c o n te n t. I t  has been su g g e s te d  th a t  
nonheme ir o n  is  th e  c a ta ly s t  o f  th e  
p ro p a g a tio n  s ta g e  o f  th e  o x id a tio n  
p ro c e s s  and w i l l  decompose p re fo rm e d  
l i p id  h y d ro p e ro x id e s  (A sg ha r e t  a l . ,  
1 9 8 8 ). T hus, n i t r i t e  a ls o  fu n c tio n s  
as an a n t io x id a n t b y  re a c tin g  w ith  
th e  heme p ig m e n ts  and p re v e n tin g  th e  
re le a s e  o f  f re e  ir o n  as a 
consequence o f  e xpo su re  t o  h e a t and
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T a b le  1 .  E f f e c t  o f  m e tm y o g lo b in  a n d  n i t r i c  o x id e  m y o g lo b in  
on th e  o x id a t iv e  s t a b i l i t y  o f  l ip id s  in  w a te r -e x tra c te d  
m u sc le .

TBA. v a lu e  (m q /m a lo na ld e hvd e /kq  m uscled
S to ra g e  
T im e, h r

C o n tro l h 2 o2 NCMb NCMb/
h 2 o2

MetMb M etM b/
h 2 o2

Raw
0 0 .2 0 0 .38 0 .27 0 . 2 2 0 .4 9 0 .38
24 0 .3 1 0 .3 5 0 .3 7 0 .43 0 .7 1 0 .82
48 0 .3 1 0 .37 0 .3 8 0 .43 0 .8 0 1 . 1 1
72 0 .3 2 a 0 .4 0 a 0 .3 9 a 0 .4 5 a 0 .8 7 b 1 .1 8 C

S h o rt te rm  
0

h e a tin g
0 .32 0 .39 0 .32 0 .32 0 .5 5 0 . 6 6

24 0 .8 9 0 .8 8 0 .4 6 0 .5 1 1 .2 5 1 .47
48 1 .23 0 .97 0 .5 6 0 .63 1 .6 0 2 . 0 2
72 1 .4 8 c l . l l b 0 .5 6 a 0 .7 4 a 1 .9 5 d 2 .4 9 e

P ro lo n g e d  h e a tin g  
0 0 .62 0 .8 1 0 .37 0 .3 4 0 .63 0 .6 8
24 1 .3 0 1 .23 0 .5 9 0 .4 9 1 .57 1 . 6 6
48 ! . 4 1

1 .4 8 °
1 .39 0 .7 5 0 .7 9 1 .9 6 2 .3 9

72 1 .5 7 b 0 .9 0 a 0 .9 3 a 2 .3 5 c 3 .0 1 d

Means fo llo w e d  b y  d if fe r e n t  s u p e rs c r ip ts  w ith in  row s a re  s ig n if ic a n t ly  
d i f f e r e n t  a t  p < 0 .0 5

T a b le  2 . E f f e c t  o f  h e a tin g  and a d d it io n  o f  h yd rog e n  p e ro x id e  on th e  
re le a s e  o f  ir o n  fro m  m e tm yo g lob in  and n i t r i c  o x id e  m yog lob in  
added t o  w a te r -e x tra c te d  m usc le

uq ir o n /q  m u sc le
H e a t C o n tro l 
T re a tm e n t

h2°2 NCMb NCMb/

H2°2

MetMb M etM b/
h 2o2

Raw
1 .7 9 a 1 .4 5 a 1 .5 4 a 1 . 64a 2 .02h 3 .8 7 b

S h o rt te rm  h e a tin g  
1 .3 3 a 1 .5 4 a 1 .5 7 a 1 .7 0 a 3 .1 2 b 4 .9 8 C

P ro lo n g e d  h e a tin g  
1 .3 6 a 1 .4 9 a 1 .6 3 a 1 .7 9 ± a 4 .4 4 b 5 .1 4 C

Means fo llo w e d  b y  d if fe r e n t  s u p e rs c r ip ts  w ith in  row s a re  s ig n if ic a n t ly  
d i f f e r e n t  a t  (p<0 .05 )
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