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It is well known from clinical observations and experimental research that the hormones of the adrenal 
glands affect many aspects of the activity of  the body, including--and this m a very great degree- the  cardiovascular 
system. Nevertheless the reports in the literature on the character and, especially, on the causes of the changes 
in the functional state of the heart in response to functional disturbances of the adrenal glands are contradictory. 

The changes in the ECG in Addison's disease and in experimental interference with the function of the 
adrenat glands in animals have been described by several authors [3, 10, 13, 15, YI, 20, 22 and others]. Some 
of these [3, 9, 10, 12, 23] associate the changes in the heart 's activity when adrenal function is disturbed with 
interference with the electrolyte balance (Na and K); other workers do not find this connection [14, 15, 21]. 

Other investigations have been made which indicate that the adrenal hormones affect the carbohydrate 
and protein metabolism of cardiac muscle. Removal of the adrenals leads to a considerable fall in the glycogen, 
ATP and creatine phosphate contents of the heart muscle. Administration of corticotonin(a physiologically active 
preparation obtained from the adrenal cortex by V. P. Komissarenko's method [4]) to an animal increases the 
glucose requirements of the muscle of the isolated heart and increases the content of energy-producing compounds 
in the cardiac muscle [5, 11].  These facts, it seems to us, do not support the assertion that the changes in the 
activity of the heart in adrenal insufficiency are due only to disturbances of the electrolyte metabolism. 

We studied the activity of the heart (by the method of electrocardiography) in dogs after removal of the 
adrenals. By tracing the development of the EGG changes in adrenalectomized dogs, we tried to discover any 
possibility of compensation for these changes. 

E X P E R I M E N T A L  M E T H O D  

Experiments were carriedouton 9 dogs. After bilateral adrenalectomy (in two stages at intervals of 2 to 8 
weeks) the animals were kept alive for a long period (from 2 to  20 months and even longer) by administration 
of desoxycortieosterone and saline solution, closely resembling plasma in its composition. As a result of this, 
the absence of adrenal cortical hormones regulating the water-salt metabolism was partially compensated, 
and the Na: K balance was not disturbed in these animals in a state of compensation. The animals received no 
glucocorticoids. In their outward appearance and behavior,  these dogs were indistinguishable from normal .  

In these animals which, thanks m the replacement therapy, were in a state of relative compensation, 
acute adrenal failure was caused by a change in the therapy. This was accompainied by sluggishness, adynamia, 
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Fig.  1, Changes in the ECG of  the dog Brovko after b i la te ra l  adrenalectomy.  (In all  
the figures the ECG is shown for the 3 leads- - I ,  II and IIL) For explanat ion see text.  

diarrhea, vomit ing,  a fai l  in the blood pressure, hemoconcentra t ion,  slowing of the bloof  flow, an increase in the 
plasma potassium and loss of weight, Repetition of  the course of  rep lacement  therapy brought the animal  out of  
its crisis. Some anima!s endured several crises. 

The ECG was studied before operat ion,  after removal  of one adrenal ,  after removal  of the second and until 
the end of  the an imal ' s  l ife.  The changes in the ECG were studied in a state of compensation and during c r i s i s .  
The ECG was recorded with the three classic leads, bythe  usual me thod ,  by means of an EKP-4 apparatus. 

E X P E R I M E N T A L  R E S U L T S  

The ECG was unchanged after the removal  of one adrenal.  The smal l  variations which were due t o  the oper-  
ation i tself  lasted one or two days. Removal of  the second adrenal was accompanied  in some animals by sharp, 
but brief,  changes in the ECG main ly  of  the T wave: this was ei ther great ly e levated  or i t  became negative.  In 
many animals marked tachycardia  (up to 165-170 beats per minute)  was observed in the course of  one or two days 
after removal  of the second adrenal.  

Replacement  therapy was given from the day of  removal  of  the second adrenal ,  but, in spite of  this, 
s ignificant changes gradual ly  developed in the ECG. In the first p lace  the T wave and the S-T interval  were 
affected. The change in the other components of  the ECG took p lace  much later .  Very severe changes in the 

ECG were found only in the Iast days, and sometimes only in the last hours of the animal ' s  l ife.  Under these 
circumstances a l l  the waves of the ECG were diminished,  and especia l ly  the R wave (by 6-14 mm).  The T wave 
was lowered and f lat tened;  i t  often became negat ive  and, in some cases, biphasic. In the last days of the an imal ' s  

l i fe  the P wave, m~d sometimes the T wave also, disappeared. Thanks to the sharp fal l  in the main  waves ,  the 
whole ECG at this t ime  acquired an ex t remely  flat  and monotonous character .  In the major i ty  of  the animals  
severe bradycardia  developed (the heart  rate did not exceed 50-40 per minute).  The P-Q intervals 'were lengthened 
by 0.02- 0,06 seconds and the S-T intervals by 0.05-0.12 seconds. Replacement  therapy did not prevent the 

changes in the ECG but mere ly  retarded their development .  
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Fig.  2 .  Development of changes in the ECG during the last 4 days of life 
of the dog Pushok. For explanation see tex t .  

Fig. 3. Changes in the EC, G in the period of development of and emergence 
from a repeated crisis in the dog Shalun. 1) ECG before discontinuation of 
replacement therapy; 2, 3, 4)  ECG 5,7 and 10 days after discontinuation 
of replacement therapy; 5,6) ECG 3 and 8 days after resumption of the course 
of replacement therapy. 

Fig. 1 illustrates the changes in the ECG after removal of the second adrenal from the dog Brovko. Cuts 
1 and 2 show the ECG the day before (I) and the day after (2) operation; cut 3, the ECG 35 days after removal 
of the second adrenal (it kept this character throughout the whole time). Forty days after operation, 14 days 
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before the death of the animal, significant changes developed in the F CG (cut 4 ) .  During the next 10 days there 
was little change in the ECG (cut 6) , and only in the 10-12 hours before the animal's death were the changes 
in the EGG greatly intensified (cut 7). 

In Fig. 2 are shown the changes in the gGG in the last 4 days of life of the dog Pushok. During the 55 days 
after removal of the second adrenal, the character of of the EGG was almost unchanged (cut 1). Marked changes 
appeared only 3 days before the animal's death--the P wave disappeared, the character of the T wave was changed 
(cut 2). Subsequently the gCG changed every day (cuts 3, 4), and the changes reached their maximum degree 
30-40 miuutes before the animal's death (cut 5). 

Both dogs received replacement therapy throughout this time. 

When the animal's condition was good and the gCG kept its normal appearance, we temporarily ceased 
giving the saline solution ~nd desoxycorticosterone, so that the role of the replacement therapy and the 
possibility of compensation for the changes in the BeG could be brought to light. Discontinuation of the re- 
placement therapy led to severe and rapidly increasing changes in the ECG. On the 2nd-3rd day the heart rate 
rose to t50-170 per minute; on the 4th-5th day, still before the appearance of any external signs of crisis, changes 
occurred in the ECG (the T way e baceme negative and the S-T interval was shortened by 0.02-0.27 seconds); 
the ECG waves later diminished in size and they all gradually became smoothed out. On resumption of the 
replacement therapy the animal emerged from the crisis, although the changes in the ECG persisted for the first 
few days. The ECG regained its original form after 5-8 days. 

Fig o 3 illustrates the characteristic changes in the BeG in the period of development of and emergence 
from a repeated crisis in the dog Shalun. Three days after discontinuation of the therapy, the heart rate rose 
from 60-68 to 100, and 6-7 days after, to 133-155 beats per minute. After 7 days,significant changes were ob- 
served in the ECG (cut 3)~ after 10 days these became more profound (cut 4). The animal's condition remained 
good during almost the whole of this t ime,  and only 9 days after discontinuation of the therapy was slight 
sluggishness of its movement apparent. With the resumption of the course of replacement therapy, the changes 
in the ECG showed no weakening for one or two days (cut 5). The gCG regained its original appearance 8 days 

after the resumption of the therapy (cut S). 

During repeated crises the pattern of the changes in the EGG and of its return to its original appearance 
as the result of resumption of therapy was reproduced with remarkable accuracy. The only exception was the 
fact that after repeated crises the changes arose more rapidly and reached their maximun deveIopment in 
shorter periods of time than in the early crises. With resumption of the replacement therapy,  the ~CG regained 
its original appearance more slowly than after the previous crises. It seems to us that these factors indicate 
growing changes in the cardiac muscle after bilateral adrenalectomy, in spite of replacement therapy. 

It must be pointed out that the rapidity of development and the depth of the changes in the EGG after 
bilateral adrenalectomy were not the same in the different dogs. Whereas some dogs live d a Comparatively long 
time, maintaining a constant ECG in the period of compensation (Shalun-- over 20 months), others died quite 
quickly (Kashtan lived 29 days, Orlik 14 days); under these circumstances the changes in their BCG in the day 

or two before death were either very weak or even absent altogether. 

The results which we obtained testify to the high power of adaptation of the heart muscle to changes in 
the endocrine background of the utmost importance to the action of the heart. This is indicated by the maintenance 
of the constant character of the EGG for a long period of time in association with the profound disturbances of 
metabolism accompanying bilateral adrenatectomy. In this respect the results of our experiments agree with 
clinical observations, according to which, in the majority of cases of Addison's disease, significant changes are 

apparent in the last stages of the disease [9 ] .  

Our findings also suggest that the profound changes which develop eventually in the 5CG of adrenaleetomized 
dogs cannot be entirely explained by disturbances of mineral metabolism. The latter are compensated by the 
administration of saline and desoxycorticosterone. In a state of compensation the relative proportions of sodium 
and potassium in the serum were not disturbed. The possibility that relative compensation is, in fact, obtained 
with replacement therapyis shown by the sharp aggravation of the EGG changes when the therapy is discontinued 

and their disappearance soon after the therapy is resumed. 
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Replacement therapy did not, however, produce full compensation, for, although it was given for long 
periods of t ime, the dogs eventually developed significant ECG changes after bilateral adrenaleetomy. These 
changes were evidently associated with interference with carbohydrate and protein metabolism, as a result of 
the absence of glucocorticoids. This is also confirmed by direct experiments [1, 2] showing that the protein and 
carbohydrate metabolism is considerably upset in adrenalectomized dogs on replacement therapy. 

We have referred previously to the work of V. S. Lusenko [5], who showed that the content of glycoge n, 
creatine phospahte and ATP in the heart muscle falls after adrenalectomy. 

Finally, the character of the changes in the ECG after adrenalectomy may also serve as indirect evidence 
of changes in the metabolism of cardiac muscle. As we have pointed out above, the components of the EGG to 
be altered first after adrenalectomy were those which, in the opinion of many workers, are to some extent 
connected with Oaetabolic processes, and according to A. I. Smirnov [7 . 8 ] ,  with restorative processes in heart 
muscle. This applies to the T wave,  changes in which, in our experiments, appeared earlier and were more 
profound than in the other components of the EGG. 

The association between the T wave of the EGG with metabolic processes has been shown by a number of. 
special experiments in which authors have brought about changes in the carbohydrate and phosphorus metabolism 
of cardiac muscle and have observed changes mainly in the T wave [6, 8, 18, 19 and others]. 

Our results thus do not support the view that the profound changes which eventually develop in the F-CG of 
adrenalectomized dogs are the result of interference with the mineral metabolism alone. 

S U M M A R Y  

The electrocardiographic changes developing in dogs following bilateral two-stage adrenalectomy were 
studied. The animal's life was maintained by desoxycorticostemne and saline solution administration. Changes 
appeared in the EGG only after the removal of the second adrenal gland, and were mainly revealed in the T wave 
and the S-T interval. In an animal in a compensated condition, these changes developed slowly and would become 
marked only during the last days, and, sometimes, even hoursof its life. The ECG changes progressed more 
rapidly during the development of  the crisis caused by the interruption of the replacement therapy. They could 
be revealed before the appearance of the external signs of the crisis. 
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