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I t  has a lre a d y  b een  re p o r te d  t h a t  minces o f  f r e s h  p ig  s k e le ta l  
fnuscle a re  a b le  to  m e ta b o lise  sodium n i t r i t e  a n a e ro b ic a l ly  a t  pH 6 .0  to  
Y ield  a  gas f r a c t io n  s o lu b le  i n  a lk a l in e  sodium s u lp h i te  b u t  n o t i n  
a^ k a l i  (p resum ptive  n i t r i c  o x id e ) ; th e  p re se n se  o f  n i t r i c  o x ide  i n  "the 
gaseous in c u b a tio n  p ro d u c ts  has b een  confirm ed  by mass sp ec tro m e try  and 
V  in f r a - r e d  sp ec tro p h o to m etry . T h is a b i l i t y  was n o t a f f e c te d  by  th e  
Presence o f  th e  b ro ad  spectrum  a n t ib io t i c  c h lo ra n y o e tin , and from t h i s  
and o th e r  ev idence  i t  was concluded  th a t  th e  re d u c tio n  o f  n i t r i t e  i s  
^ o m a lia n  i n  c h a r a c te r ,  i n  c o n t r a s t  to  t h a t  o f  n i t r a t e ,  f o r  which 
°ac t e r i a l  in te r v e n t io n  i s  n e c e s sa ry . (W alte rs  and T a y lo r, 1963).

As an  a l t e r n a t iv e  to  th e  gas p ro d u c tio n  te c h n iq u e , th e  an aero b ic  
u t i l i s a t i o n  o f  n i t r i t e  by  p ig  m uscle m inoes has been  u sed  as an  index  

a c t i v i t y .  T e s ts  were c a r r i e d  o u t i n  Thunberg tu b e s  i n  th e  p re sen ce  
C hlorom ycetin  and p re lim in a ry  d isp lacem en t o f  a i r  w ith  argon  was used  

t°  o b ta in  an ae ro b ic  c o n d itio n s ;  r e s id u a l  n i t r i t e  was determ ined  a t  th e  
co n clusion  o f  th e  in c u b a tio n  p e r io d  by th e  G r ie s s - I lo s v a y  re a g e n t, 

t r i t e  u t i l i s a t i o n  was s u b s t a n t i a l l y  reduced  by  im m ersion o f  th e  mince 
a  w a te r  b a th  a t  dCP C f o r  te n  m inu tes and th e  n i t r i t e  up tak e  o f  h e a t -  

h e a te d  m inces was u sed  th ro u g h o u t as a  c o n t r o l .

iS S^uence o f  reduced  m ethylene b lu e  on n i t r i  te - r e d u c im  a c t i v i t y  o f  
m uscle m inces

Both th e  p ro d u c tio n  o f  p resum ptive  n i t r i c  ox ide and th e  o v e ra l l  
■fcilisation o f  n i t r i t e  by p ig  m uscle m inces u n d e r a n ae ro b ic  c o n d itio n s  
s re  s t im u la te d  i n  th e  p re sen ce  o f  reduced  m ethylene b lu e  (T ab les I  and 

I n  th e  gas p ro d u c tio n  experim en ts th e  dye was c o n v e rted  to  th e  
®duoed form w ith  hydrogen  and p la tinum  b la c k  b e fo re  a d d i t io n  to  en su re  

d a n e d ia te  re sp o n se ; i n  -the l a t e r  work on n i t r i t e  u t i l i s a t i o n  t h i s  
c a u tio n  was found to  be u n n ecessa ry  s in c e  th e  t e s t s  w ere in c u b a ted  

r  18 hours and th e  d y e , added i n  th e  o x id is e d  form , was reduced  w ith in  
15 m inu tes by th e  u n h e a te d  m uscle m inces.



HABIB I .  E f f e c t  o f  reduced, m ethy lene b lu e  on an aero b ic  
p ro d u c tio n  o f  •presumptive n i t r i c  o x ide  by p ig  m usole

m inces a t  37° C

¿3 g . m uscle m ince; ; 3*0 ml* 0.2M phosphate  b u f f e r  pH 6 .0  + 
0 .5  m l. 3 .0  % (w /v) sodium n i t r i t e ;  c h lo ra n y c e tin  p re s e n t 
to  8 mg. / ;  0 .027 m g./m l0 reduced  m ethylene b lu e j /

MENGE

NO.

G A S  E V O L U T I O N  -  p l . /m in .

WITHOUT METHYLENE BLUE WITH METHYLENE BLUE __^

A lk a l i
A bsorbent

A lk a lin e
S u lp h ite
A bsorbent

D iffe re n c e  
(P resum ptive 
N i t r i c  Oxide)

A lk a l i
A bsorbent

A lk a lin e
S u lp h ite
A bsorbent

D iffe re n t«  
^ P resu ro p ti^  |  
N i t r i c  0 * ^ 5  •

1 0 .72 0 .43 0 .2 7 1 .4 3 0.71 0 . 7 2 _ ^

2 0 .79 0 .3 9 .0 .4 0 1 .2 4 0 .6 0 0 . 6 4 ^

3 1 .1 6 0 .7 2 0 .4 4 1 .3 6 0 .6 3 0 . 7 3 ^ J  ;

TABLE I I .  E f f e c t  o f  reduced  m ethylene b lu e  on an ae ro b ic  
u t i l i s a t i o n  o f  sodium n i t r i t e  by  p ig  m uscle m inces

/1  g . m uscle m ince; 4 .0  m l. w a te r + 1 .0  m l. 0 .0 5  % (w/v) 
sodium n i t r i t e ;  C hlorom ycetin  p re s e n t  to  10 mg.
0.037 m g ./m l. m eihylene b lu e ;  o v e rn ig h t in c u b a tio n  a t  
roan  tem p e ra tu re  on o s c i l l a t i n g  t a b le ^ /

MTNCE

NO.

S O D I U M  N I T R I T E  

U T I L I S E D  -  | ig

IN ABSENCE OP 
METHYLENE BLUE

IN PRESENCE OP 
METHYLENE BUIE

-
3 60

5 7 150



The s t im u la to ry  e f f e c t  o f  m ethylene b lu e  on p resum ptive  n i t r i c  
oxide p ro d u c tio n  and i t s  obvious enhancement o f  n i t r i t e  u t i l i s a t i o n  by 
two r a th e r  in a c t iv e  mince3 sugges t s  th a t  th e  c a p a c ity  o f  m uscle to  
m e tab o lise  n i t r i t e  u n d e r an ae ro b ic  c o n d itio n s  i s  a s s o c ia te d  w ith  the  
r e s p i r a to r y  p ro c e sse s  o f  "the t i s s u e ,  th e  e le c tro n s  p a ss in g  down th e  
r e s p i r a to r y  c h a in  in  norm al a e ro b ic  m etabolism  b e in g  d i r e c te d  tow ards 
n i t r i t e  i n  th e  absence o f  oxygen» Seme ev idence  to  su p p o rt t h i s  
p o s tu la te d  c o m p e titio n  betw een oxygen and n i t r i t e  f o r  c e l l  r e s p i r a to r y  
p ro c e sse s  i s  p ro v id ed  by th e  o b se rv a tio n s  t h a t  th e  endogenous r e s p i r ­
a t io n  o f  m uscle m inces in  a i r  i s  reduced  by n i t r i t e  (F ig . 1 ) and th a t  
the  p ro d u c tio n  o f  n itro sy lm y o g lo b in  from sodium n i t r i t e  and th e  
ind igenous pigm ent o f  m inces i s  g r e a te r  u n d e r an aero b ic  th an  u n d e r 
ae ro b ic  c o n d itio n s  (T ab le  I I I ) .

TABLE I I I .  N itro sy lm y o g lo b in  fo rm a tio n  on in c u b a t io n  o f  f r e s h  
m uscle m inces w ith  sodium n i t r i t e  under a e ro b ic  and 

a n ae ro b ic  c o n d itio n s  a t  37fcC

¿J) g . m uscle mince j 3 .0  m l. 0 .2  M phosphate  b u f f e r  jfi 6 .0  +
0 .3  m l. 3*0 % (w /v )  sod ium n i t r i t e C h l o r o m y c e t i n  p re s e n t  
to  8 mg. %•, 90 m inu tes in c u b a t io n / /

MINCE

NO.

A V E R A G E  N I T R C S Y L M Y O G L O B I l f  

F O R M E D  -  mg.

ANAER0BIGALLY 
/ATMOSPHERE -  ARGON/

AgRDBI GALLY 
¿ATMOSPHERE -  A I£/

6 2 .5 0 .8

7 5 .2 2 .2

*N itro sy lm yog lob in  e s tim a te d  by e x t r a c t io n  in to  
80 % (v /v )  ace tone  and d e te rm in a tio n  o f  o p t i c a l  
d e n s i ty  a t  540 mp. (H ornsey, 1956)
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F ra c t io n a t io n  o f  p ig  m uscle t i s s u e

These c o n s id e ra tio n s  have prom pted th e  a ttem p ted  i s o l a t i o n  o f  the  
p o r t io n  o f  th e  c e l l  re s p o n s ib le  in  the  m i n  f o r  i t s  r e s p i r a to r y  capacity» 
namely th e  m ito ch o n d rio n , i n  o rd e r  th a t  th e  components o f  th e  r e s p ir a to ry  
ch a in  re s p o n s ib le  fo r  n i t r i t e  re d u c tio n  may be i d e n t i f i e d  and s u b s tr a te s ,  
e t c . ,  c o n tr ib u t in g  to  o r  a n ta g o n is in g  th e  a c t io n  may be e s ta b l is h e d .

The m ito ch o n d ria  o f  s o f t  t i s s u e s  such a s  l i v e r  and b r a in  have been 
s tu d ie d  e x te n s iv e ly  v i i i l s t  th o se  o f  s k e l e t a l  m uscle have re c e iv e d  on ly  . 
s c a n t a t t e n t io n  b ecause  o f  th e  d i f f i c u l t i e s  o f  hom ogenization o f  th e  fib red  
t i s s u e  and the  lo w er m etab o lic  a c t i v i t i e s  o f  th e  p ro d u c ts . As a  m arker _ 
enzyme f o r  th e  lo c a t io n  o f  m ito ch o n d ria  w ith in  c e l l u l a r  f r a c t io n s ,  succirh-0 
dehydrogenase h as  been  adop ted  as  i t  i s  a s s o c ia te d  a lm ost e x c lu s iv e ly  w i^1 
t h i s  p o r t io n  o f  th e  c e l l  and i t  i s  rem arkably  s t a b l e ;  i t  i s ,  i n  f a c t ,  
n e c e ssa ry  to  damage c e l l u l a r  p a r t i c l e s  by  im m ersion i n  h y p o ton ic  s o lu tio n  
a n d /o r  by f re e z in g  and thaw ing to  o b ta in  maximum a c t i v i t y  in  t h i s  re sp ec t 
(A ld ridge  and Johnson , 1959).

I n i t i a l  a tte m p ts  to  i s o l a t e  th e  m ito ch o n d ria  o f  p ig  s k e le ta l  
m uscle were made u s in g  th e  c o n v en tio n a l hom ogenization  medium f o r  o th e r  
t i s s u e s ,  namely an  i s o to n ic  s o lu t io n  o f  s u c ro se ,w ith  and w ith o u t th e  
a d d i t io n  o f  v e rsen e  to  c h e la te  harm fu l t r a c e  m e ta ls , and an o rd in a ry  
b lad e  hom ogenizer. A change o f  medium to  a  t r i s  (hydroxym ethyl) -  
aminomethane / t r i s / - K 0 1  b u f f e r  pH 7 .4  and o f  hom ogenizer to  a  ty p e  in  
which th e  t i s s u e  was fo rc e d  p a s t  c lo s e ly  f i t t i n g  and r a p id ly  r o ta t in g  
p l a s t i c  p lu n g e rs  i n  a  smooth g la ss  tube  (A ld rid g e , Finery and S t r e e t ,  
i 960) f i r s t l y  w ith  a  c le a ra n c e  o f  0 .0 2 M (0.51 mm.) and th en  w ith  
one o f  0.01 " (0 .2 5  mm.) le d  to  improvement i n  th e  d is p e r s io n  o f  th e  
t i s s u e  and co n seq u en tly  i n  th e  l o c a l i z a t io n  o f  th e  s u c c in ic  dehydrog­
enase a c t i v i t y .

F ig u re  2 i l l u s t r a t e s  th e  f r a c t io n a l  c e n tr i f u g a t io n  a t  2°C to  
which p ig  s k e l e t a l  m uscle homogenates were su b je c te d , th e  f i r s t  f r a c t i ° h  
sed im en ting  a t  850 x  g f o r  10 m inu tes c o n s is t in g  o f  whole c e l l s  and 
o th e r  heavy  d e b r is .  Two m ito c h o n d ria l f r a c t io n s  have been  i s o la te d  
by c e n t r i ih g a t io n  fb r  15 m inu tes a t  5000 x g and 14000 x  g These 
f r a c t io n s  c o n ta in e d  on ly  2 - 5 /  and 0 .5 -2 .0  % o f  th e  o r ig in a l  p r o te in  
r e s p e c t iv e ly ,  o v e r a l l  p r o te in  re c o v e r ie s  b e in g  in  th e  range o f  90-95 7°*

F or th e  d e te rm in a tio n  o f  th e  s u c c in ic  dehydrogenase a c t i v i t i e s  
o f  th e  c e l l u l a r  f r a c t i o n s ,  th e  m anom etric method o f  Q u aste l and V/heatley- 
(1938) was adopted ; i n  t h i s  method p o tassium  fe r r ic y a n id e  a c t s  as  th e  
e le c t r o n  a c c e p to r  and H io n s  s im u lta n eo u s ly  re le a s e d  u p s e t  the  
e q u ilib r iu m  o f  th e  O O a/bicarbonate b u f f e r  w ith  th e  p ro d u c tio n  o f C0a 
g a s . I n  o rd e r  to  o b ta in  maximum a o t i v i t y ,  th e  o r ig in a l  homogenates 
and t h e i r  f r a c t io n s  were fro z e n  o v e rn ig h t a t  -2CPc and a llow ed  to  thaw 
b e fo re  u se  and a  hy p o to n ic  medium was employed. C o n cen tra tio n s  o f



each f r a c t io n  were chosen to  m a in ta in  C02 o u tp u t to  w ith in  the  range
2-5 p i . /m in .  as f a r  as p o s s ib le .

On -the b a s i s  t h a t  s u c c in ic  dehydrogenase i s  e x c lu s iv e ly  lo c a te d  
in  th e  m ito ch o n d ria , th e  d e b r is  f r a c t io n s  s t i l l  co n ta in ed  up to  40 % 
o f e i t h e r  unbroken c e l l s  o r  m ito ch o n d ria , b u t a c t i v i t y  i n  th e  heavy 
m ito ch o n d ria l f r a c t io n s  was 6-1 0 tim es t h a t  o f  th e  o r ig in a l  homogenate 
on th e  b a s is  o f  p r o te in  c o n te n t . D e ta i ls  o f  a  ty p ic a l  f r a c t i o n a t io n  
p rocedure  a re  p re se n te d  i n  T ab le  IV,

TABLE IV. The d i s t r i b u t i o n  o f  p r o te in  and su c c in ic  dehydrogenase 
a c t i v i t y  on d i f f e r e n t i a l  c e n tr i f u g a t io n  o f  an  hom ogenat e  

P ig  s k e l e t a l  m uscie (24  g . )

T o ta l
p r o te in
mg.

S u cc in ic  dehydrog­
enase a c t i v i t y  : 

u l ,  C02 p e r  h r

Enrichm ent 
( A c t iv i t ie s  
p e r  mg. 
p ro te in  
p e r  hou r)

J? X ¿LG UJ-OIl p e r  g. 
o r ig in a l
t i s s u e

p e r  mg. 
p ro te in

Homogenate 3240 6600 48 -

D ebris  (up to  850 x 
g f o r  10 m in ,) 1580 2570 36 x 0 .75

M itochondria  -  heavy 
(up to  5000 x  g fo r  
15 m in .) 92 1600 375 x 7 .8

M itochondria  -  l i g h t  
(up to  14000 x g 
f o r  15 m in ,) 50 640 290 x 6 .0

S u p ern a tan t 880 1140 29 x 0 .6

W ashings 318 990 69 x 1 .4

% re co v ery  % re co v e ry  
o f  p ro te in :  o f  a o t i v i t y :  

91 % 105 %

I n  g e n e ra l ,  th e  re c o v e r ie s  o f  a o t i v i t y  were o f  th e  o rd e r o f  90 %, 
P robably  because o f  th e  d i f f i c u l t i e s  in v o lv ed  i n  ta k in g  re p re s e n ta t iv e  
samples o f  th e  th ic k  d e b r is  f r a c t i o n ,  b u t i n  a l l  o a se s  th e  su co in io  
dehydrogenase a o t i v i t y  has been  c o n c e n tra te d  i n  th e  m ito c h o n d ria l 
f r a c t io n s .
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Ut-i 1 -in a tio n  o f n i t r i t e  by m ito c h o n d ria l f r a c t io n s

Both heavy and l i g h t  m itochondria l, in a c t io n s  have been  in v e s t ig a te d  
f o r  t h e i r  c a p a c i t ie s  to  u t i l i s e  sodium n i t r i t e  i n  com parison w ith  c o n tro l 
d e te rm in a tio n s  in c lu d in g  th e se  t i s s u e  p re p a ra t io n s  p re v io u s ly  h e a t  in ­
a c t iv a te d .  Table V re c o rd s  th e  amounts o f  n i t r i t e  consumed a n a e ro b ic a lly  
by p re p a ra t io n s  o f  p ig  s k e le ta l  m uscle m ito ch o n d ria  o v e r th e  co u rse  o f  
one ho u r a t  57° C and pH 6 .7 . The su p p o rtin g  medium co n ta in ed  hexok inase , 
which i s  l o s t  d u rin g  th e  s e p a ra t io n  o f  th e  m ito ch o n d ria  by c e n tr i fu g a t io n ;  
t h i s  enzyne i s  n e c e ssa ry  fo r  th e  m aintenance o f  o x id a tiv e  p h o sp h o ry la tio n , 
p y ru v a te  and fu m ara te  were a ls o  added as s u b s tr a te s  capab le  o f  su p p o rtin g  
o x id a tiv e  p h o sp h o ry la tio n ; a  sm all q u a n ti ty  o f  fum arate  i s  r e q u ire d  i n  
a d d i t io n  to  p y ru v a te  s in c e  th e  Krebs cy c le  does n o t p roceed  e f f i c i e n t l y  
i n  i t s  absence as  th e  supp ly  o f o x a lo a c e ta te  th en  becomes a  l im i t in g  
f a c to r .  The u t i l i s a t i o n  o f  n i t r i t e  i n  a i r  by two m ito c h o n d ria l 
p re p a ra t io n s  was 63 and 74 % o f  th a t  observed  a n a e ro b ic a lly .

TABLE V. N i t r i t e  u t i l i s a t i o n  by  m ito c h o n d ria l f r a c t io n s

F ra c tio n

T issue
p ro te in
p re s e n t:

mg.

Sodium 
n i t r i t e  
a v a i l a b le : 

Hg*

Sodium
n i t r i t e
u t i l i s e d :

Hg.

Heavy m ito ch o n d ria 1 .9 'N« 5 .4
y 1 i t 1 .9 > 12 .5 6 .6

Heavy 1 ' 3 .8 “V1
1 4 .0

l i g h t  " 1 .3
t
i 3 .8

Heavy M 2 .9 I
\ 11

l i g h t  " 0.61

--
--

-^ l\> Ul • O 9 .3

Heavy 11 4 .6
•i
1 13

L ig h t ' ' 2o4 8 .9

In  th e  undamaged m itochondrion  th e  p ro c e ss  o f  e le c t r o n  t r a n s p o r t ,  
i . e .  o x id a tio n  i s  accompanied by the  co n cu rren t e s t e r i f i c a t i o n  o f  
in o rg a n ic  phosphate  in to  adenosine  t r ip h o s p h a te ,  e t c . ,  so  th a t  th e  
su p p ly  o f  h ig h  energ y  phosphate  bonds i s  m a in ta in ed . The u t i l i s a t i o n  
o f  n i t r i t e  by  m ito ch o n d ria  u n d e r c o n d itio n s  s u i ta b le  f o r  th e  m ain tenance



o f  o x id a tiv e  p h o sp h o ry la tio n  th u s  p ro v id es  f u r th e r  ev idence o f  the  
a s s o c ia t io n  o f  n i t r i t e  m etabolism  w ith  r e s p i r a to r y  p ro c e sse s . I t  i s  
hoped in  f u tu r e  work to  u t i l i s e  m ito ch o n d ria  i n  s tu d ie s  o f  f a c to r s  
prom oting n i t r i t e  u t i l i s a t i o n  and hence c o lo u r  developm ent.

SUMMARY

Under anaerob ic  c o n d itio n s , b o th  th e  u t i l i s a t i o n  o f  sodium 
n i t r i t e  by  m inces o f  f r e s h  p ig  s k e l e t a l  m uscle and th e  p ro d u c tio n  o f 
a  n i t r i c  o x id e  gas f r a c t i o n  a r i s in g  from such in c u b a tio n s  a t  pH 6 .0  
and 37° C w ere s t im u la te d  by  reduced  m ethylene b lu e .

The s e p a ra t io n  o f  m ito ch o n d ria , th e  c e l l u l a r  component m ain ly  
a s s o c ia te d  w ith  r e s p i r a to r y  p ro c e sse s , from p ig  s k e le ta l  m uscle has 
been  accom plished by d i f f e r e n t i a l  c e n t r i f u g a t io n  o f  t i s s u e  homogenates 
a t  2°0* Under c o n d itio n s  s u i ta b le  f o r  th e  m aintenance o f  o x id a tiv e  
p h o sp h o ry la tio n  and u s in g  p y ru v a te  and fum arate  a s  s u b s t r a te s ,  such 
m ito c h o n d ria l p re p a ra t io n s  have been found to  m e tab o lise  sodium 
n i t r i t e  u n d er an aero b ic  c o n d it io n s .

REFERENCES

A ld rid g e , W.N., Emery, R .C ., and S t r e e t ,  B.W. (1 960). Biochem. J .  
1 2 : 326.

A ld rid g e , W.N., and Johnson, M.K. (1959), Biochem. J ,  75 : 270. 
H ornsey, H.C. (1 9 5 6 ), J .  S c i .  Fd A erie . 7 : 534.
Q u aste l, J .H . ,  and W heatley, A.H.M. (1938), Biochem. J .  J52: 936. 
W alte rs , C .L ., and T ay lo r, A* Mcli. (1963), Food Technology 1 7 : 118.



OX
XG

EN
 U

PT
AK

E 
(p

i.
 )

400 r

i

j

\

300

200

100

1

A. NITRITE ABSENT

B. NITRITE PRESENT

A

B

30
------------------------ --------------------------------1

60 90
TIME (MIN.)

P ig . 1 .
The r e s p i r a t i o n  o f  a  f r e s h  mince o f  p ig  s k e l e t a l  m uscle a t  pH 6 .0  
w ith  and w ith o u t th e  p re sen ce  o f sodium n i t r i t e  (0 .4 3  %)



Homogenate
(1 .0  g . t i s s u e  p e r  10 m l.)

F i l t e r  th rough  gauze

C en trifu g e  a t  2750 r .p .m . (850 x g) f o r  10 m inutes
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e tc . )
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47
F in a l
w ashings

us pend i n  f u r th e r  volume o f  t r i s -  
01 medium and c e n tr ifu g e  a t  
'50 r.p .m . f o r  10 m inutes

S u p ern a tan t
i

G entrifU ge a t  6500 r .p .m . 
(5000x g) f o r  15 m inutes

F
Heavy m ito c h o n d ria l 
f r a c t io n

Suspended i n  w ashings 
C en trifu g e  a t  6500 
r .p .m . fo r  15 m inu tes

v /
Heavy m ito c h o n d ria l 
f r a c t io n
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L ig h t m ito c h o n d ria l 
f r a c t io n

Suspended i n  washingp 
C en trifu g e  a t  11000 
r .p .m . fb r  15 m inu tes

L ig h t m ito c h o n d ria l 
f r a c t i o n

S u p e rn a tan t

C entrifU ge a t  
11000 r .p .m . 
(14000 x g) f o r  
15 m inu tes

\J/
S u p ern a tan t

F ig . 2 .

Flow s h e e t  o f  p ig  m uscle t i s s u e  f r a c t io n a t io n  by d i f f e r e n t i a l  
c e n t r i f u g a t io n  a t  2°C.


