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The Phosphorylases System of the Cardiac Muscle of Normal and Reserpinized Rats Poisoned with 
2,4-Dinitrophenol 

The glycogenolytic effect of 2,4-dinitrophenol (DNP) 
on the skeletal muscle in vivo, was recently explained by, 
among other factors, the increase of the activity of phos- 
phorylase b kinase, the enzyme that catalizes the conver- 
tion: phosphorylase b to a, and consequently the content 
of phosphorylase a is found increased1. The effect of 
glycogenolytic agents such as adrenalin and other 
catecholamines seem to be mediated by increasing the 
production of adenosine 3', 5' phosphate which increases 
the activity of phosphorylase b kinase2. Recents studies, 
however, show that this nucleotide is not increased either 
in DNP-poisoned animais3 or in anoxia4. In order to 
accumulate evidence of the similarities of the action of 
the DNP with that of anoxia on the glycogenolysis, we 
performed determinations of phosphorylase a, phospho- 
rylase b kinase and lactic acid in the heart of rats poisoned 
with DNP. Experiments were also made in reserpinized 
animais. The comparison between the effect of DNP and 
those of glucagon and anoxia is discussed. 

The content of phosphorylases in rat hearts in vivo was 
determined in adults rats that were injected i.p. with 
2.5 mg/100 g DNP. After 1 h they were anesthetized with 

Table I. Content of phosphorylase a and total and of phosphorylase b 
kinase in hearts of rats poisoned with DNP 2.5 mg/100 g 

Determination Normal rats DNP poisoned 
rats 

Phosphorylase a (10 rats) 7.0 ± 1.7 
Total phosphorylase (+ AMP) 
(10 rats) 67.2 ± 7.1 
Ratio Phosphorylase a/ 
Total phosphorylase x 100 10.4 ± 1.1 
Phosphorylase b kinase (10 rats) 1346 ± 480 

25.2 ± 3.1 

85.3 ± 13.0 

30.7 ± 6.5 
3384 ± 334 

» S.E.M. The activity of phosphorylase a and total are expressed in 
units according to Cori10 per gram of heart. The activity of phos- 
phorylase b kinase is expressed in units of phosphorylase a formed 
from phosphorylase 6 in 15 min according to Fisher and Krebs 
method11. 

ether and the hearts were rapidly removed, weighed and 
ground in ice-cold solution containing 0.001 M EDTA - 
0.02 M Sodium fluoride pH 6.8 in the proportion of 
25 ml/g of muscle. After the treatment of the extract 
with either norit A or not, 20 mg/ml, 1.0 ml of the 
centrifuged extract were taken and incubated with 
glycogen for 20 min at 30oC and aliquots of 0.4 ml were 
then treated with glucose-1-phosphate, and either water 
or AMP as previously described1. The activity of phospho- 
rylase b kinase was determined in male rats that were 
either injected or not with DNP 2.5 mg/100 g. After 1 h 
they were anesthetized with ether and the blood was 
drained from the jugular vein. The hearts were cooled 
for 30 min in crushed ice, then weighed and ground in 
sand with ice-cold solution of 0.002 M EDTA pH 7.0 in 
proportion of 2 ml/g heart. The homogenate was then 
centrifuged at 4000 xg for 30 min and the supernatant 
was filtered through glass wool and the activity of 
phosphorylase b kinase was determined immediately, as 
described1. 

Table I shows that the content oí phosphorylase a in 
hearts of rats poisoned with DNP is increased when 
compared with normal rats, by about 3 times, and also 
that the phosphorylase a is in high levei, due the activity 
of the phosphorylase b kinase. This effect was also found 
in skeletal muscle in vivo1. By the other hand, as the 
effect of the DNP could only be detected in vivo5, and its 
action on the phosphorylases system occurs after 1 h 
from the injection, it was important to know its effect in 
perfused hearts, to avoid both the action of the metabolic 
products of the reduction of DNP in liver and the possi- 
bility of the increase of adrenalin in the blood circulation. 
The experiments in perfused hearts were done in adult 
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rats that were anesthetized with ether and the hearts 
were isolated and perfused via the coronary circulation 
with Krebs-Henseleit Bicarbonate buffer6, gassed with 
oxygen at 370C in either the presence or not of IO-5 M 
DNP. The perfusate flows by gravity from a reservoir 
70 cm above the heart. After 10 min the hearts were 
frozen in liquid nitrogen and the content of phospho- 
rylase a and total (a + b) was determined, as above. The 
determination of the content of lactic acid in hearts7 was 
carrying out in normal and DNP-poisoned rats that were 
anesthetized with ether and the hearts rapidly removed, 
weighed and ground in 3% perchloric acid solution in the 
proportion of 6 ml/g of muscle. Aliquots of 0.2 ml of the 
acid supernatant were diluted to 3 ml with solution 
containing (final volume): 0.2 M glycine buffer pH 10.0, 
0.2 M semi-carbazide 0.0025 M NAD and 50 pg of lactic 
dehydrogenase crystallized from beef heart8, after 1/2 h of 
incubation at 30oC the optical density was determined 
at 340 nm in Beckman DB spectrophotometer. 

Table II shows that perfused hearts of animais poisoned 
by DNP also show an increase of the content of phospho- 
rylase a from phosphorylase 6; at the same time the 
content of lactic acid is increased about 4 times, showing 
that the DNP per se is responsible by that increased rate 
of the glycogenolysis. The content of phosphorylase in 
experiments shown in Table II is higher when compared 
with that of Table I; this is probably due to the pre- 
treatment of the extract with Norit A which, by the 
adsorption of nucleotides, gives less imprecise estimation 
of the fraction in the form of phosphorylase a, according 
to Cornblath et al.6. In our case the increase of the 
content of phosphorylase a mantained the same propor- 
tion in both normal and reserpinized animais. These 
results suggest that the push mechanism for accelerating 
glycogenolysis9, that seems to be controlled by the 
content of phosphorylase a, could explain the role of the 

Table II. Content of phosphorylase a and total and of lactic acid in 
perfused hearts with IO-5A/ DNP 

Determination 

Phosphorylase a (10 rats) 
Total phosphorylase (+ AMP) 
(10 rats) 
Ratio Phosphorylase a/ 
Total phosphorylase x 100 
Lactic acid (6 rats) 

Normal DNP-poisoned 
perfused hearts perfused hearts 

18.0 ± 4.5 a 72.0 ±11.5 

168.0 ± 21.0 

10.7 ± 1.8 
1.4 ± 0.2 

192.3 ± 25.0 

37.5 ± 7.4 
6.0 ± 0.4 

a S.E.M. The activity of phosphorylase is expressed in units/g of 
heart and the lactic acid in jjt,mol/g of heart. 

DNP as glycogenolytic agent. On the other hand, one can 
consider that DNP is an ATPasic agent, and the content 
of ATP of the cell is low in poisoned animais, and the 
pull mechanism could be also involved, once phospho- 
fructokinase, the enzyme responsible for this mechanism, 
is highly sensitive to low concentration of the ATP. The 
action of DNP can be compared with that of glucagon 
and the anoxia in cardiac muscle®. Thus glucagon was 
found to stimulate glycogenolysis and lactate production, 
and to increase the phosphorylase a up to 50%, and DNP, 
like anoxia, produces a still faster rate of glycogenolysis 
but a smaller increase in phosphorylase a activity up to 
about 30%. By the other hand, with glucagon neither the 
rate of glycogenolysis nor the phosphorylase a basal 
levei shows any important increase in skeletal muscle. 
Our findings strongly suggest that the injection of DNP 
simulates the anoxia, as concerns its effect on the glyco- 
genolysis in the skeletal and cardiac muscle. 

Résumé. L'effet du DNP dans la glycogénolyse du 
coeur du rat a été étudié en mesurant le taux de phospho- 
rilase a, phosphorilase totale et phosphorilase 6-quinase. 
On a obtenu des résultats semblables à ceux qui ont été 
observés pendant Tanoxie. L'occurrence possible de deux 
mêchanismes d'accélération de la glycogénolyse («push» 
et «pull»), dans les animaux emploisonés par le DNP, est 
discutée. 
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