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The development of electrocardiography was just 
getting under way when it began to appear that particul- 
ar components of the electrocardiogram (EKG), especial- 
ly the T wave, are dependent on the state of metabolic 
processes in the myocardium [11, 17]. Analysis of a 
large volume of experimental and clinical data accum- 
ulated prior to 1936 gave G. F. Lang [5] grounds for the 
opinion that the T wave is based on biochemical proces- 
ses in the myocardium, and that the use of the electro- 
cardiographic method showed great promise for the 
study of cardiac metabolism. 

The progress made by modern biochemistry in the 
study of the energetics of mnscle tissue has aroused 
interest in the metabolism of energy-rich (macroergic) 
phosphorus compounds in the myocardium, and has led 
to the publication of works dealing with studies of this 
metabolism involving the use of electrocardiography. 
For example, it has been found that a reduction of 
ATPase activity in hypocalcemia results in prolongation 
of electrical systole (the Q - T  interval), the most char- 
acteristic sign of so-called energetic-dynamic cardiac 
insufficiency [16]. Enhancement of the breakdown of 
macroergic compounds under the influence of epine- 
phrine, and diminution of this breakdown under the in- 
fluence of acetylcholine, are combined primarily with 
changes in the T wave [9]. In experimental hyperten- 
sion in rabbits, a disturbance of energetic processes in 
the myocardium is manifested in the EKG through a 
reduction in the height of the T wave and a displace- 
ment of the S - T  interval [10]. 

In electrocardiographic investigations extensive use 
has been made of the method, widely employed in ex- 
perimental medicine, of toxic depression of respiratory 
and glycolytic phosphorylation with so-called inhibitors, 
Under the influence of agents that poison glycolytic 
phosphorylation-sodium monoiodoacetate and sodium 
fluoride, the amplitude of the slow component of the 
ventricular complex (T wave) increases; then the T wave 
assumes a diphasic form, becoming less diphasic as the 
action of the poisons is prolonged; at the same time the 
initial portion of the EKG, the R wave, remains un- 

changed [8]. Methylene blue, an agent that causes dis- 
sociation of respiration and phosphorylation, leads in 
high concentrations to prolongation of the S - T  interval 
and to a slight elevation of the T wave in the EKG of 
the frog [4]. 

We have been unable to find published reports of 
changes produced in the EKG of the frog by 2,4-dinitro- 
phenol (DNP), the substance most widely used for the 
purpose of dissociating respiration from phosphorylation. 
The present paper is concerned with an investigation of 
this phenomenon. 

METHOD 

Experiments were carried out in the fall and winter 
months. The frogs (Rana te.mporaria) were immobilized 
with curare or urethan. The DNP solution was injected 
into the femoral lymph sac. Since the Cessation of pul- 
monary respiration that occurs in animals under the in- 
fluence of curare or urethan markedly enhances the 
toxic effect of DNP [6, 7], we injected DNP in doses 
(5-20 y/g) that produced no visible changes in intact 
animals, but were lethal for immobilized animals. We 
were forced to abandon attempts to record the EKG with 
nonpolarizing electrodes, in spite of the fact that, as is 
welt known from special studies [15], bringing the elec- 
trodes close to the heart of the frog results in a fuller 
representation of the true nature of the heart's electrical 
activity. After some orienting experiments with the use 
of direct recording,we chose to record the EKG in the 
standard leads, using steel needles implanted under the 
skin of the extremities and connected by wires to an 
EKP-4M electrocardiograph. The choice of standard 
leads was dictated mainly by two considerations: 1) to 
record changes in the electrical activity of the heart 
under the influence of sublethal doses of DNP from the 
moment of injection of the poison to the onset of card- 
iac arrest, one must record for 8-4 hours; but 1�89 -2hours 
after the heart is exposed, the distortions in the EKG, 
owing to a variety of causes (drying, etc.), become 
considerable [11, 12, 18]; 2) in the course of these 
experiments it was found that the exposed heart stops 
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beat ing later  than the nonexposed heart  in DNP poison- 
ing (this is evident ly  related to the diffusion of oxygen 
through the epicardium);  under our exper imenta l  con- 
ditions this factor is not susceptible to precise quant i ta-  
t ive evaluat ion,  and so compl ica tes  the method. By 
comparing the three standard ieads we established that 
the waves were more pronounced in lead III ( lef t  fore- 
l imb - left  hindl imb);  consequently,  we thereafter  re-  
corded the EKG in lead  III in a l l  the frogs (40 exper i -  
ments on 51 animals ,  of which 11 were controls). The 

over -a l l  form of the EKG of curarized (or urethanized) 
frogs in our experiments was quite s imilar  to those ci ted 
in published reports [8, 14]. 

RESULTS 

The ini t ia l  changes produced by DNP are slowing 
of the heart  rate (before poisoning, 86-52 beats / rain)  

shown by a lengthening of the R - R  interval ,  and a 
marked e leva t ion  and deformation (diphasic form) of 
the T wave (Fig. t ) .  In the terminal  period the form 

of the T wave returns to normal,  or nearly so. As the 
toxic condit ion develops, the bradycardia  progresses. 
Subsequently, there occurs a prolongation of the P - R  
interval  (slowing of atr ioventr icular  conduction) and the 

R-T interval  (slowing of e l ec t r i ca l  systole), developing 
much more intensively than the slowing of the rate (be-  
fore poisoning, the duration of these intervals was 0.35- 
0.42 sec and 0.65-0.92 sec, respectively).  Thus, on 
comparison of frames 4 and 5 in Fig. 1,we see that, 
against  the background of developing bradycardia, some 
acce le ra t ion  o fhea r t r a t e  has occurred,and the duration 
of the R - T  interval  has increased. In those cases in 
which the S peak was dist inctly evident  before poisoning, 
it  decreased in ampl i tude  or disappeared as the poison- 
ing progressed. The Q wave, in agreement  with pub- 
lished data [1, l~?],was not seen in the normal frog EKG 
in our experiments.  All  the EKG changes described were 
also seen in experiments with pre l iminary  atropinizat ion.  

The almost  constant invar iabi l i ty  of the R wave 
observed in DNP poisoning of the hear t  provides a basis 
for the assumption that the process of depolar izat ion,  of 
which the R wave is the ref lect ion,  and the subsequent 

polar izat ion of the heart,  are re la t ive ly  independent  of 
the state of respiratory phosphorylation (an analogous 
assumption is made in regard to the g lycoly t ic  process). 
Just before cardiac  arrest, the spli t t ing of the ventr ieular  

complex described by E. I. Borisova and V. S. Rusinov[2] 
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Fig. 1. Changes in the EKG of the frog under the influence of DNP. 
T ime marker,  0.05 seconds. 1) Background ( f rog immobi l i zed  with 
curare, 2 y/g; heart  rate 85 beats / ra in) ;  2, 8, 4, 5, 6) 15, 47, 60, 
90, and 120 minutes, respect ively,  after inject ion of DNP, 20 ?,/g 
(heart  rate 26, 24, 24, 28, and 28 bea ts / ra in ,  respectively).  
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Fig. 2. Changes in the EKG of the flog under the influ- 

ence of DNP. T ime marker,  0.05 seconds. 1) Back- 
ground (frog immobi l i zed  with urethan, 3 m y / g ;  hear t  
rate 52 bea ts /min) ;  2, 8) 60 and 90 minutes,  respect-  
ively  after in ject ion of DNP, 20 ?,/g (heart  rate 33 and 
16 bea t s /min ,  respectively).  Splitt ing of ventr icular  
complex,  of the type seen in longitudinal  dissociation 

of s ing le -chambered  ventr icle .  
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was observed, of the type seen in longitudinal dissocia- 4. 
tion of a single-chambered ventricle (3, Fig. 2). 

These principal changes in the EKG produced by 
DNP gives evidence that when respiratory phosphoryla- 5. 
tion is depressed, the primary disturbances are disturb- 
ances in sinus automatism, in the restorative processes 
(of which the T wave is an expression) that ensure the 6. 
spread of excitation, in atrioventricular conduction, and 7. 
in electrical systole. 

SUMMARY 

The principal changes produced in the EKG of the 
frog by 2,4-dinitrophenol, an agent that dissociates res- 
piration from phosphorylation, are (1) progressive slow- 
ing of the heart rate, (2) marked elevation and deform- 
ation of the T wave (it becomes diphasic), (3) lengthen- 
ing of the P-R interval (slowing of atrioventricular con- 
duction) and the R - T  interval (slowing of electrical 
systole), and (4) diminution or disappearance of the S 
wave, developing much more rapidly than the slowing 
of the heart rate. 
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