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A d e n o s i n e  T r i p h o s p h a t e  (ATP) has  a p a r t i c u l a r  i m p o r t a n c e  for its 
m u l t i p l e  f u n c t i o n s .  I t  p r e s ide s  in  t r a n s p o r t a t i o n  a n d  d i s t r i b u t i o n  of t he  
e n e r g y  t r a n s f o r m a t i o n  in  the  d i f f e ren t  p h a s e s  of t i s sue  m e t a b o l i s m .  

A t k i n s o n  (1) r e p o r t e d  t h a t  e n e r g y  m e t a b o l i s m  in  g e n e r a l  is c o n t r o l l e d  
by  the  re la t ive  c o n c e n t r a t i o n s  of A T P / A D T / A M P  i n s i d e  the  cell. The  
i n c r e a s e  in  o x y g e n  c o n s u m p t i o n  d u r i n g  exe rc i s e  is u l t i m a t e l y  d e t e r m i n e d  
b y  the  p r o v i s i o n  of la rge  a m o u n t s  of A D P  to the  m u s c l e  m i t o c h o n d r i a  
t h r o u g h  the  r ap id  sp l i t t i ng  of A T P  d u r i n g  m u s c l e  c o n t r a c t i o n  (14). O the r  
i nves t i ga to r s  have  also s h o w n  tha t  low c o n c e n t r a t i o n  of A T P  in  fas ted  rats  
are a s soc i a t ed  w i t h  low o x y g e n  c o n s u m p t i o n  in  l iver  s l ices  (16). 

I n  e x p e r i m e n t s  on  who le  a n i m a l  we  f o u n d  t h a t  i n t r a v e n o u s  i n f u s i o n  of 
A T P  r e s u l t e d  in  i n c r e a s e d  m e t a b o l i s m  of a n e s t h e t i z e d  dogs  (34). Howeve r ,  
the  i n t r a m u s c u l a r  a d m i n i s t r a t i o n  of A T P  r e s u l t e d  in  a d e c r e a s e d  m e t a b o -  
lic ra te  of a l b i n o  ra ts  (35). 

The re  is c o n s i d e r a b l e  e v i d e n c e  t h a t  t he  m e t a b o l i c  rate of a n  a n i m a l  is 
the  s u m  of t he  ra tes  of r e s p i r a t i o n  of va r i o us  o r g a n s  (25). N e v e r t h e l e s s  
t i s sue  slice is t h o u g h t  to r e p r e s e n t  t he  o rgan i z e d  s u r v i v i n g  t i s sue  a n d  its 
m e t a b o l i s m  at leas t  q u a l i t a t i v e l y  if n o t  q u a n t i t a t i v e l y  (11). 

T h e  p r e s e n t  w o r k  was  u n d e r t a k e n  to i n v e s t i g a t e  the  effect  of A T P  on 
the  o x y g e n  c o n s u m p t i o n  of i so l a t ed  t i s sues  of a l b i n o  rats.  

Mater ia l s  and m e t h o d s  

The effect of exogenous ATP on the oxygen uptake of liver and skeletal muscle 
was investigated using the Warburg Manometric technique. The oxygen consump- 
tion was expressed in mm3/g/hour. The estimations were undertaken on the fresh 
muscle and liver of albino rats in absence and presence of ATP. 

The weight of the animals ranged from 120-180 g. The animals were killed by a 
blow on the head, followed by cutting the throat. The liver and muscle were 
removed and were kept in Krebs Ringer phosphate buffer solution. Two types of 
liver and muscle preparations were used, namely slices and homogenate. 

Experiments using the skeletal muscle or liver slices 

Each diaphragm was cleaned of fat and connective tissue, and its central portion 
was removed. The hemidiaphragm was placed in two separate flasks. One is 
considered as control for the other which is exposed to exogenous ATP. 
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Technique for liver slicing 

L i v e r  s l ices  0.5 m m  t h i c k  we re  p r e p a r e d  u s i n g  t he  " S t a d i e  R iggs"  t i s sue  s l icer  
( A r t h u r  H. T h o m a s  Co., P h i l a d e l p h i a  5, Pa,  USA).  

T h e  t e c h n i q u e  u s e d  in t h e  p r e p a r a t i o n  of t he  s l ices  was  a c c o r d i n g  to t he  
d i r ec t i on  g i v e n  b y  Stadie a n d  Riggs (31). 

Two sl ices  f rom t he  s a m e  l iver  we re  p u t  in  two  s e p a r a t e  f lasks,  o n e  ac t ing  as 
con t ro l  for  t he  o t h e r  w h i c h  was  e x p o s e d  to e x o g e n o u s  ATP.  E s t i m a t i o n  of t h e  
o x y g e n  c o n s u m p t i o n  at  37 ~ was  u n d e r t a k e n ,  u s i n g  K r e b s  R i n g e r  p h o s p h a t e  
bu f f e r  (28) as a n  a s say  m e d i u m .  Af te r  t he  e s t i m a t i o n  of t h e  o x y g e n  up t ake ,  t h e  s l ices  
were  w e i g h e d  on  a t o r s i on  b a l a n c e  (500 m g  capaci ty) .  

T h e  ef fec t  of e x o g e n o u s  A T P  on  t he  o x y g e n  u p t a k e  b y  t h e  r a t  d i a p h r a g m  a n d  
l iver  s l ices  was  inves t iga t ed .  T h e  doses  of A T P  u s e d  we re  0.5 mg/3  m l  (0.275 mM) 
1 rag/3 m l  (0.55 mM); 2 mg/3  m l  (1.1 mM);  5 mg/3  m l  (2.75 mM) a n d  10 rag/3 m l  
(5.5 raM). 

Preparation of the liver and muscle homogenate 

T h e  h o m o g e n i z e r  u s e d  for  t he  p r e p a r a t i o n  of t h e  l iver  a n d  m u s c l e  h o m o g e n a t e  
was  Townson a n d  Mercer, C r a y d o n  (England) .  T h e  s p e e d  at  w h i c h  th i s  h o m o g e n i -  
zer o p e r a t e s  is a b o u t  500 rprn.  

T h e  l iver  was  r e m o v e d  f r o m  t he  p r e s e r v a t i o n  m e d i u m  a n d  w e i g h e d  o n  a t o r s i o n  
ba lance .  T h e  w e i g h t  of t h e  t i s sue  u s e d  r a n g e d  b e t w e e n  300 a n d  400 mg.  T h e  
w e i g h e d  l iver  t i s sue  was  d r o p p e d  in to  t he  h o m o g e n i z e r  t u b e  c o n t a i n i n g  9 t i m e s  t h e  
w e i g h t  of t h e  liver-0.25 M suc rose  so lu t ion  to o b t a i n  a 10% h o m o g e n a t e ,  0.4 ml  of 
t h i s  10% h o m o g e n a t e  was  t h e n  s u s p e n d e d  in 2.6 m l  of t h e  spec i f ic  r e a c t i o n  m e d i u m  
( table  l)  a l r eady  p l aced  in t he  W a r b u r g  r e a c t i o n  flask. 

Fo r  p r e p a r a t i o n  of m u s c l e  h o m o g e n a t e  t he  s a m e  s t eps  u s e d  for  p r e p a r i n g  l iver  
h o m o g e n a t e  we re  fo l lowed  b u t  w a t e r  is u s e d  i n s t e a d  of 0.25 M suc rose  s ince  it gave  
b e t t e r  resul ts .  

R e s u l t s  and d i s c u s s i o n  

T h e  r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  w o r k  h a v e  s h o w n  t h a t  e x o g e n o u s  
A T P  i n  c o n c e n t r a t i o n  of  0.275,  0.55, a n d  1.1 m M  c a u s e s  n o  s i g n i f i c a n t  
c h a n g e s  i n  b o t h  i s o l a t e d  r a t  d i a p h r a g m  a n d  m u s c l e  h o m o g e n a t e  w h i l e  t h e  
c o n c e n t r a t i o n  of  0.55 m M  A T P  c a u s e s  a s t i m u l a t o r y  e f f e c t  o n  t h e  o x y g e n  
u p t a k e  i n  c a s e  o f  l i v e r  h o m o g e n a t e .  

A l s o  t h e  e f f e c t  of  e x o g e n o u s  A T P  o n  t h e  o x y g e n  c o n s u m p t i o n  v a r i e d  
a c c o r d i n g  t o  i t s  c o n c e n t r a t i o n .  W h i l e  t h e  l o w e r  c o n c e n t r a t i o n s  c a u s e d  a 
s t i m u l a t o r y  o r  n o  e f f e c t  o n  t h e  o x y g e n  u p t a k e ,  h i g h e r  c o n c e n t r a t i o n s ,  
n a m e l y  2.75 a n d  5.5 r a M ,  e x h i b i t e d  a n  i n h i b i t o r y  e f f e c t  i n  b o t h  m u s c l e  a n d  
l i v e r  a s  s l i c e s  o r  h o m o g e n a t e s  ( t a b l e s  2, 3, 4, a n d  5). 

T a b l e  1. R e a c t i o n  m e d i u m  u s e d  for 

Ra t  l iver  h o m o g e n a t e  Ra t  m u s c l e  h o m o g e n a t e  

0.3 m l  0.1 M/KH2 PO 4  
0.06 m l  0.1 M/Na  s u c c i n a t e  
0.06 m l  0.1 M/Na  p y r u v a t e  
9.4 m l  0.03 M/Mg ch lo r ide  
0.3 m l  0.01 M / N a - A T P  
0.51 ml  w a t e r  
0.97 m l  0.5 M suc ro s e  
0.4 ml  10% h o m o g e n a t e  

0.3 m l  0.1 M KH2 PO 4 
0.06 ml  0.6 M Na  s u c c i n a t e  
0.06 ml  0.1 M Na p y r u v a t e  
0.4 ml  0.63 M M g  c h l o r i d e  
0.3 m l  0.01 M N a - A T P  
0.51 ml  w a t e r  
0.57 m l  1.3 M s u c r o s e  
0.8 m l  10% m u s c l e  h o m o g e n a t e  
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Table  2. Ef fec t  of d i f fe ren t  c o n c e n t r a t i o n s  of A T P  on  t h e  o x y g e n  u p t ak e  by  the  
i sola ted  rat  d i a p h r a g m  at 37 ~ 

No. Conc.  
of of 
expt .  A T P  

O x y g e n  up t ake  in mm3/g w e t  w t  d i a p h r a g m / h o u r  
1st h o u r  2nd h o u r  

cont ro l  t r ea ted  cont ro l  t r ea ted  

10 0.55 m M  1172.1 1337.3 988.4 1131.4 
1 mg  ATP/3 ml  -+ 146.0 _+347.9 -4-152.4 _+314.2 

insig, insig. 

16 1.1 m M  1125.3 1032.2 978.1 835.7 
2 m g  ATP/3 ml  _ 98.1 +177.6 +190.1 -+215.6 

insig, insig. 

11 2.75 m M  1199.4 786.4 999.0 432.3 
5 mg  ATP/3 ml  -4-103.0 + 215.5 +_ 104.7 +- 129.8 

sig. sig. 
dec r ea s e  dec rease  
P < 0.01 P < 0.01 

13 5.5 m M  1312.3 1012.1 1135.0 479.6 
10 m g  ATP/3 ml  _+130.1 __+164.8 -+165.1 --+133,0 

sig. sig. 
dec rease  d ec r ea s e  
P < 0.01 P < 0.01 

Table  3. Effec t  of d i f fe ren t  c o n c e n t r a t i o n s  of A T P  on the  o x y g e n  u p t ak e  by  the  f resh  
m u s c l e  h o m o g e n a t e  at 37 ~ 

No. Conc.  
of of 
expt .  A T P  

O x y g e n  u p t a k e  in mm3/g we t  w t  mu s c l e  h o m o g e n a t e / h o u r  
1st h o u r  2rid h o u r  

con t ro l  t r ea ted  con t ro l  t r ea ted  

13 0.275-0.55 m M  2548.13 2362.15 1247.2 1225.5 
0.5-1 m g  ATP/3ml  ___263.35 +-323.07 -+138.2 -+166.03 

insig, insig. 

6 1.1 m M  2318.03 1905.5 1168.5 951.7 
2 m g  ATP/3ml  __+274.8 _-_388.3 -+_335,8 -+234.1 

insig, insig. 

6 2.75 m M  2477.1 1818.7 1103.6 845.2 
5 mg  ATP/3ml  _+298.4 ___256.4 +246.1 _-_ 177.9 

sig. insig. 
dec r ea s e  
P < 0.01 

8 5.5 m M  2464.8 1047.6 1279,4 612.1 
10 mg  ATP/3ml  4- 268.0 +__265.1 +_ 121.3 ___ 104.5 

sig. sig. 
dec rease  dec rease  
P < 0.01 P < 0.01 
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T h e s e  r e su l t s  are i n  acco rd  w i t h  the  r e su l t s  o b t a i n e d  b y  K o j i e t  al. (20). 
T h e y  f o u n d  t h a t  A T P  in  l ower  c o n c e n t r a t i o n s  a c c e l e r a t e d  o x y g e n  con-  
SUmpt ion  wh i l e  h i g h e r  c o n c e n t r a t i o n s  s u p p r e s s e d  o x y g e n  c o n s u m p t i o n  of 
ce rebra l  co r t ex  in  vi tro.  Th i s  m a y  also t h r o w  l igh t  o n  ou r  r e su l t s  c o n c e r n -  
ing  the  effect  of A T P  on  who le  a n i m a l .  T h u s  t he  d e p r e s s a n t  a c t i o n  of t he  
two la rge  doses  of A T P  is i n  a c c o r d a n c e  w i t h  the  effect  of A T P  o n  t he  ba sa l  
m e t a b o l i c  ra te  of the  rat  (35). Whi le  the  p o t e n t i a t i n g  effect  of t he  sma l l  dose  
of A T P  r e s e m b l e  t he  effect  of i n t r a v e n o u s  i n f u s i o n  of A T P  b y  t he  s low 
dr ip  m e t h o d  in  case  or the  dog  (34). 

T h e  o x y g e n  u p t a k e  of e i t h e r  m u s c l e  or  l iver  s l ices  a n d  h o m o g e n a t e  w a s  
s i g n i f i c a n t l y  d e c r e a s e d  at  t h e  s e c o n d  h o u r  c o m p a r e d  w i t h  t h e  f i rs t  h o u r  
bo th  i n  t he  p r e s e n c e  or t he  a b s e n c e  of A T P .  

Th i s  m a y  b e  d u e  to the  d e c l i n e  in  the  c o n c e n t r a t i o n  of the  s u b s t r a t e  as a 
r e su l t  of the  m e t a b o l i s m  of t he  r e s p i r i n g  t i s sue  or e l e m e n t s .  

C h a n c e  a n d  Wil l i ams  (6) p o i n t e d  ou t  t h a t  t he  l iver  c o n t e n t  of a d e n i n e  
a n d  its p h o s p h o r y l a t e d  de r iva t i ve s  a n d  the  o x y g e n  c o n s u m p t i o n  va r i ed  
wi th  t he  n u t r i t i o n a l  state.  T h u s  t he  o x y g e n  c o n s u m p t i o n  of l iver  s l ices 
f rom fas t ed  ra t s  w e r e  low. 

I n  p h y s i o l o g i c a l l y  i n t ac t  p r e p a r a t i o n s  t he  ra tes  of r e s p i r a t i o n  a n d  phos -  
p h o r y l a t i o n  are  i n t e r d e p e n d e n t .  T h e  ra te  of r e s p i r a t i o n  c a n  be  l i m i t e d  by  
the  ra te  of p h o s p h o r y l a t i o n .  If t he  la t te r  is i n h i b i t e d  by  the  l ack  of s u i t a b l e  
s u b s t r a t e s  ( A D P  or phospha t e ) ,  r e s p i r a t i o n  is a lso i n h i b i t e d  (21). 

Table 4. Effect of different concentrations of ATP on the oxygen uptake of fresh 
liver slices (0.5 mm thick) at 37 ~ 

No. Conc, 
of of 
expt. ATP 

Oxygen uptake in mm3/g wet wt liver slices/hour 
1st hour 2nd hour 

control treated control treated 

8 0.55mM 1815.1 1992.1 1369.1 1567.9 
l m g A T P / 3 m l  • • • • 

insig, insig. 

10 1.1 mM 1861.8 1611.0 1630.2 1302.2 
2 mg ATP/3 ml ___207.0 +-260.0 • • 

sig. sig. 
decrease decrease 
P < 0.05 P < 0.01 

10 2.75mM 1739.2 1207.8 1416.2 928.0 
5 m g A T P / 3 m l  • • • • 

sig. sig. 
decrease decrease 
P < 0.01 P < 0.01 

10 5.5 mM 1699.9 928.1 1156.8 553.6 
10 mg ATP/3 ml ___126.1 __202.5 _-148.5 ___137.0 

sig. sig. 
decrease decrease 
P < 0.01 P < 0.01 
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K l i n g e n b e r g  (17) has  e x t e n d e d  the  c o n c e p t  of r e s p i r a t o r y  c on t r o l  by  
A T P  a n d  i n o r g a n i c  p h o s p h a t e  to i n c l u d e  the  A T P / A D P  rat io  or p h o s p h o r -  
y l a t i o n  p o t e n t i a l  as a n  i m p o r t a n t  factor  in  c on t r o l  of r e sp i r a t i on .  Th i s  
c o n c e p t  was  la te r  s u p p o r t e d  by  the  d e m o n s t r a t i o n  of r e s p i r a t o r y  i n h i b i -  
t i on  b y  A T P  (19). The  e v i d e n c e  for the  e x i s t e n c e  of th i s  m e c h a n i s m  c a m e  
f r o m  o b s e r v a t i o n s  o n  m i t o c h o n d r i a  f r o m  ske le ta l  m u s c l e ,  w h o s e  respi ra-  
t i on  was  i n h i b i t e d  b y  the  a d d i t i o n  of A T P  (17, 18). 

A T P  c a n  pa r t i a l ly  i n h i b i t  r e s p i r a t i o n  t ha t  has  b e e n  fu l ly  s t i m u l a t e d  b y  
p r io r  a d d i t i o n  of A D P .  At  the  s a m e  t ime ,  t he  p y r i d i n e  n u c l e o t i d e s  c h a n g e  
to a m o r e  r e d u c e d  state.  Th i s  r e d u c t i o n  of the  p y r i d i n e  n u c l e o t i d e s ,  w h i c h  
occur s  pa ra l l e l  w i t h  the  i n h i b i t i o n  of r e sp i r a t i on ,  s h o w s  t h a t  A T P  b y  
r e v e r s i n g  o x i d a t i v e  p h o s p h o r y l a t i o n  exe r t s  a n  effect  t ha t  o p p o s e s  t ha t  of 
A D P .  I t  c an  t h u s  be  s e e n  t ha t  the  ac t iv i ty  of r e s p i r a t i o n  d e p e n d s  on  the  
ra t io  A T P / A D P .  

A T P  is i n h i b i t o r - c o m p e t i t i v e  w i t h  D P N  of the  e n z y m e  f rom hea r t  a n d  
l ive r  a n d  Ehr l i ch  asci t i s  t u m o r  (32). 

T h e y  s u g g e s t e d  t h a t  the  i n h i b i t i o n  of A T P  is d u e  p a r t l y  to c h e l a t i o n  of 
a c t i v a t i n g  d i v a l e n t  ca t ions .  C h e l a t i o n  of Mg 2+ has  b e e n  c o n s i d e r e d  as the  
s ing le  e x p l a n a t i o n  of the  i n h i b i t i o n  b y  A T P  of t he  D P N - l i n k e d  e n z y m e  
f rom ra t  hea r t  ex t r ac t s  (12). 

Table 5. Effect of different concentrations of ATP on the oxygen uptake of fresh 
liver homogenate at 37 ~ 

No. Conc. Oxygen uptake in rnm3/g wet wt liver hornogenate/hour 
of of 1st hour 2nd hour 
expt. ATP control treated control treated 

7 0.275 mM 5343.27 5673.2 4661.2 4686.9 
0.5 mg ATP/3 ml __+293.51 +-391.3 +_242.7 +_281.1 

insig, insig, insig. 

10 0.55 mM 6000.8 2701.3 3612.4 4819.6 
1 mg ATP/3 ml ___498.7 _+451.1 ___703.3 +-312.3 

sig. sig. 
increase increase 
P < 0.01 P < 0.Ol 

9 1.1 mM 5310.3 5532.1 4019.0 3919.9 
2 mg ATP/3 ml _+ 134.6 +__385.1 +-286.5 +_356.5 

insig, insig. 

13 2.75 mM 6228.3 5525.4 4515.5 2622.3 
5 mg ATP/3 rnl _+684.8 +-562.4 _+761.1 +660.5 

sig. sig. 
decrease decrease 
P < 0.01 P < 0.01 

14 5.5 mM 5894.0 1753.3 4321.1 410.7 
10 mg ATP/3 ml ___470.5 +_734.8 ___497.6 ___442.6 

sig. sig. 
decrease decrease 
P < 0.01 P < 0.01 
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A similar combina t ion  of chelation and compet i t ion  with coenzyme  
accounts  for the inhibit ion by ATP of a TPN-l inked  isocitrate dehydrogen-  
ase (23). Yet a different type  of inhibit ion by ATP  involving interact ion 
with a protein site other  than substrate  loci (and not  compet i t ion  with 
coenzyme or chelat ion of metal) has been observed  with TPN-l inked 
enzyme (24). 

In the present  invest igat ion the only significant potent ia t ing effect of 
ATP on the oxygen  up take  was noticed in fresh liver homogena te  in 
presence of 0.55 mM ATP concentrat ion.  This dose was cons idered  the 
optimal dose in increasing the uptake  of oxygen  by the fresh liver 
homogenate .  

It is to be noted that  this same dose was the opt imal  dose that  stimulat- 
ed the oxygen  uptake  by the fresh k idney slices (8). 

Working on the effect of ATP on fatigue of neu romuscu la r  t ransmis-  
sion, Talaat  et al. (36) found that  the same dose was the opt imal  dose 
exert ing an antifat igue effect as well as potent ia t ing the recovery of 
neuromuscu la r  t ransmiss ion after complete  neu romuscu la r  block. Large 
dose of ATP above the optimal dose resul ted in a reversal of the beneficial 
effect and p romoted  the fatigue process. This was expla ined by a decline 
in the rate of splitting of ATP. 

H e l n z  and H o l t o n  (13) gave similar results in fibre models.  They report- 
ed the dependence  of the splitting of ATP on its concentrat ion.  They  also 
reported that  supraopt imal  concent ra t ion  of ATP  results in a decrease in 
both the tens ion of the fibres models  and in the rate of split t ing of ATP. 

In the present  invest igation a 10% homogena t e  in 0.25 M sucrose was 
prepared.  This m e d i u m  was shown (30) to be excel lent  for the prepara t ion 
of homogena tes  with mitochondria ,  as its condi t ions  appeared  to ap- 
proach that  of the intracellular state. 

Moreover, 0.25 M sucrose is considered the best  m e d i u m  for the investi- 
gation in which the main tenance  of ATP  is required (26). 

The react ion condit ions suitable for s tudying  tissue homogena te s  are 
generally those suitable for s tudying  cell fraction. So while in tissue slice 
technique  the assay m e d i u m  mus t  resemble that  of extracellular  fluid with 
its sodium, chloride and calcium ions the react ion m e d i u m  for t issue 
homogena te  mus t  represent  an intraceUular medium.  Thus  it is recom- 
mended  by P o l t e r  (27) to avoid the above-ci ted ions or to include them in 
very small amounts .  

Compar ing  the oxygen  uptake  of fresh liver or muscle  tissue when  
Prepared as homogena te  with that  of the slices, it was found  that  uptake  
by homogena te  amoun ted  to as m u c h  as 2-3 t imes that  of the slices. 
Similarly the results of Dorr ia -E1-Agour i  (8) showed that  O2 uptake  by 
K i d n e y  homogena t e  amoun ted  to as m u c h  as 3 t imes that  of the slices. 

Homogeniza t ion  made  possible the extensive f ragmenta t ion  of the cell 
membranes  with little damage  for the cell contents,  name ly  nuclei, mito- 
chondria,  mic rosome and soluble enzymes.  

E r n s t e r  and N a v a z i o  (10) showed that  about  80% of the T P N  enzyme 
activity of rat liver is in the soluble port ion of the homogena t e  whereas  
Only 12% is associated with mitochondria .  However ,  DPN-l inked  enzyme 
is located exclusively in mitochondria .  
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The  var ia t ion  in condi t ions  of t issue slices and  h o m o g e n a t e  m a y  th row 
light on the  increased  02 u p t a k e  of the  l iver  and  musc le  h o m o g e n a t e  
c o m p a r e d  wi th  tha t  of the  slices. 

Conce rn ing  the  effect  of A T P  on the  02 u p t a k e  of the  l iver  there  is 
d i s c r epancy  b e t w e e n  liver slices and  homogena te .  Thus  1.1 m M  A T P  
caused  no s ignif icant  change  on the  oxygen  u p t a k e  by  the  f resh l iver 
h o m o g e n a t e  whi le  the  s ame  concen t ra t ion  caused  a s ignif icant  decrease  
on the  oxygen  u p t a k e  of l iver  slices. Also 0.55 m M  A T P  caused  a s t imulat -  
ory  effect  on the  o x y g e n  u p t a k e  of l iver h o m o g e n a t e  and  ins ignif icant  
change  in case of l iver slices (table 4, 5). 

This  m a y  be  due  to the  d i f ferent  act ion of ATP  wi th  r e spec t  to the  
e n z y m e  adenyl  cyclase  in h o m o g e n a t e  and  slices of different  t issues.  

In  s tudies  wi th  whole  w a s h e d  cells (avion erythrocytes) ,  D a v o r e n  and 
S u t h e r l a n d  (7) f ound  tha t  in con t ras t  to b r o k e n  cell sy s t ems  the  addi t ion  of 
A T P  and  m a g n e s i u m  ions did not  enhance  the  accumula t i on  of cyclic 
AMP. 

However ,  h o m o g e n a t e  p r e p a r e d  f r o m  a n u m b e r  of t issues,  inc luding  
rat  liver, and  p igeon  e ry th rocy te s  are able to synthes ize  cyclic AMP w h e n  
they  are i n c u b a t e d  wi th  adenos ine  t r i phospha t e  and  Mg ++ (33). 

The  a l tered level of in t racel lular  cyclic A M P  can also change  the  
me tabo l i c  b e h a v i o u r  of the  cell (29). 

Cyclic A M P  and  re la ted s t imulan t s  could accelera te  ra te- l imit ing reac- 
t ion in the  glycolyt ic  p a t h w a y  or in the  t r i ca rboxyl ic  acid cycle, the  
p h o s p h o r y l a t i o n  of f ruc tose-6-phospha te  is a poss ib le  site (22). P h o s p h o -  
f ruc tok inase  is the  e n z y m e  which  cata lyses  the  react ion.  

For  m a n y  years  A T P  has  been  cons idered  in t e rms  of its role as an 
in t racel lu lar  ene rgy  source.  However ,  there  is g rowing  recogni t ion  tha t  
A T P  and  re la ted pur ine  nucleot ides  have  po ten t  ext ra-cel lu lar  act ions  on 
exc i tab le  m e m b r a n e s  and  tha t  these  m a y  be invo lved  in physiologica l  
r egu la to ry  m e c h a n i s m s .  The  h igh  sensi t ivi ty  of s m o o t h  and  cardiac 
musc l e  cell m e m b r a n e s  to pur ine  nucleot ides  was first r epor t ed  in 1929 (9). 

H o l t o n  (15) sugges t ed  tha t  A T P  was  re leased dur ing  an t id romic  s t imu-  
lat ion of sensory  nerves ,  and  it has  been  p r o p o s e d  tha t  adenos ine  or (ATP) 
is a phys io logica l  regu la to r  of b lood flow in coronary ,  renal,  skele ta l  
m usc l e  and  cerebra l  vascu la r  beds  (4). 

Recen t ly  B u r n s t o c k  (2) pu t  fo rward  the  pur inerg ic  ne rve  hypothes i s ,  
w h e n  ev idence  was  p re sen t ed  tha t  a pur ine  nucleot ide ,  p r o b a b l y  ATP,  was  
the  pr inc ipa l  t r ansmi t t e r  re leased f rom the non-adrenerg ic ,  non-chol in-  
ergic  "pur ine rg ic"  nerves  supp ly ing  the  gas t ro in tes t ina l  t rac t  (5). 

Since tha t  t ime  a cons iderab le  b o d y  of ev idence  has  been  a c c u m u l a t e d  
in suppo r t  of the  hypothes i s ,  and  the  p re sence  of pur inerg ic  nerves  has 
been  p r o p o s e d  in a va r ie ty  of o ther  organs  (3). 

The  f inding tha t  exogenous ly  appl ied  A T P  m i m i c s  the  act ion of the  
nerve- re leased  t r a n s m i t t e r  p rovides  fur ther  suppo r t  for the pur inerg ic  
ne rve  hypo thes i s  (4). 

I t  is conc luded  there fore  tha t  the wide - sp read  act ions  of ATP  at the  
cellular level,  its effect  on  the  mi tochondr i a  and  on p l a s m a  m e m b r a n e s ,  its 
in teract ions  wi th  var ious  e n z y m e s  s y s t em s  m a k e  the  effect  of A T P  on the  
oxygen  c o n s u m p t i o n  unpred ic tab le .  
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H o w e v e r ,  t h e  d i s c o v e r y  of  p u r i n e r g i c  n e r v e  h y p o t h e s i s  wi l l  h e l p  in t h e  
U n d e r s t a n d i n g  of  m a n y  of t h e  a c t i o n s  of  A T P .  

Summary 

The effect of exogenous adenosine triphosphate on the oxygen uptake of rat 
diaphragm and liver slices and homogenate were studied in normal rats using 
Warburg Manometric Technique. Five concentrations of ATP were used, namely 
0.275, 0.55, I.I, 2.75, and 5.5 mM ATP. 

ATP in small concentrations showed no significant changes in oxygen uptake of 
rat diaphragm and muscle homogenate or liver slices, but the oxygen uptake of 
liver homogenate was significantly increased in presence of 0.55 mM ATP while 
large concentrations caused depression in oxygen uptake of rat diaphragm and 
liver tissue whether it was sliced or homogenate. 

The depressant action of large concentrations of ATP on oxygen uptake by liver 
and muscle tissues is explained by the finding that the activity of respiration is 
dependent on the ratio of ATP/ADP. 

The stimulatory effect of the small concentration of ATP in case of liver 
hornogenate and the absence of its effect in case of liver slices may be due to the 
different action of ATP with respect to adenyl cyclase in homogenate and slices. 

The oxygen uptake of homogenate was significantly greater than that of slices. 
This is presumably due to the greater excess of the intracellular respiratory mecha- 
nisms in the homogenate than in the slices. 

However, the recent discovery of the purinergic nerve hypothesis and the 
finding that exogenously applied ATP mimics the action of the nerve-released 
transmitter will greatly improve the understanding of the action of ATP. 
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