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It has been established that intramuscular inject ion of 0.5 or 0.8 ml  adrenal ine produces myocardit is  in 
white rats. Frequent repeti t ion of these doses with intervals no longer than 6 days do not result in repeated acute 
myocarditis, although there is shock with each injection. Rats sacrificed after many injections show only myo-  
cardial scarring similar to that seen in rats after a single injection sacrificed after the same period of t ime.  

When frequent injections are given the animals tolerate doses of adrenal ine which even exceed the lethal  
dose. This is evidently due to "areact iv i ty"  of the myocardium to repeated injections,  since acute  myocardit is  
is removed from the complex  of reactions to adrenaline under these conditions [1]. 

Changes in myocard ia l  react iv i ty  were discovered morphologicalIy.  The effect  of repeated injections on 
cardiac ac t iv i ty  remained unclear. This question was studied by means of e lec t rocardiography*.  

Inif ial ly ECG changes followiflg a single intramuscular inject ion of 0.5 ml  adrenal ine (12 rats) were deter-  
mined. In the major i ty  of the rats changes in the ECG appeared within 5 minums after inject ion:  d isplacement  

of the S-TcR 4 interval above or beiow the baseline, diminution or inversion of  TCR 4 and increase or decrease in 
the voltage of RCR r These changes became more pronounced after 20-40 minutes, while after 24 hours they 
were present in a l l  rats, in some cases to a very marked extm~t and not only in the ches t lead  IV but alsoin Ne three 
standard leads. Nine rats were sacrificed 24-25 hours after the injection.  Microscopic examinat ion of the heart  
disclosed acute  myocardit is  of varying intensity. The remaining rats showed the ECG changes described over a 
period of a week following the adrenaline injection. On the 7th day the S-TCR 4 displacement  was seen to be 
less marked, the voltage of R was restored and the T wave returned to normal in a l l  leads. By the 12th day after 
injection the ECG was normal. The rats were sacrifided on the 23rd day after the beginning of the experiment .  

Histologic examinat ion of the hearts of these rats revealed only focal cardiosclerosis. The namber and 
size of ~cars served as indicators of the severity of myocardit%. 

These experiments showed that following injection of adrenal ine,changes in &e ECG often become appar-  
ent before the usual histologic methods can demonstrate fire presence of inflamator), processes in the myocardium. 
Thus, 5-40 minutes- after adrenal ine injection the myocardium only shows hyperemia  while the ECG points to 
disturbances of contraction and metabol ic  processes (reduction in voltage of the waves, S-Tcp,4displacement and 
smoothing out or inversion of TCR ( 

Our previous experiments with al ternating injections of adrenal ine and sympathol i t in  led to the conclusion 
:bat the process underlying myocardit is  began almost instantaneously following the inject ion of adrenaline.  Mor- 
phologically, however, myocardit is  is rarely apparent earl ier  than 3-6 hours after the injection.  ECG also in- 
dicates the rapidity with which mechanisms underlying adrenal!neqnduced myocardi t is  are cal led into p l ay - -  as 
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early as ,q mhnttcs after die injection there a te  consistent changes In the ECG. 

Towards the end of the first post-injection day t~th the histologic manifestatfous of myocarditls and the 
ECG changes are fully developed. Acute and subacute n'yocarditis lasts 6-8 days, During riffs time the ECG 
changes also per.,ist. Scarring of die myocardium begins to take place from the Gth day. At die same time a 
begimfing of ECG recovery cau also be seen. By the 12th-g3rd day, when the myocardial scats are fully developed, 
the ECG is little different from nornaal. Apparently focal cardiosclerosis does not always find refleetioll in hhe 
ECG. 

Investigations have shown that ECG reflects the development of adrenaline-induced myocarditfs, not only 
when it is morphologically evident but also in its very earliest, insidious period. 

It was also fo,,md that there was correlation between the extent of ECG changes and the stage of develop- 
men to r  wvocarditis. In rats with diffuse and predominantlyparenchymatousmyocardJtis  theECG changes were 

more profound and clear-cut  not only in the chest lead IV but also in the three standard leads. 

Fig. Rat No. 1029. Daily injections of 0.5 ml adrenaline. Rat sacrificed on the 9fla day. 
Microscopic evidence of diffuse cardiosclerosis. Electrocardiograms- chest lead IV. 
a) 5/9/195f~ ECG before the experimeut. R = 0.7 my; b) 5 /10 /1955.  ECG 24 hours 
after first injection. R = 0.8 my. S-T displacement above baseline; T negative; c) 
5 t 12/195.5 ECG 24 hours after third injection. R = 0.5-0.7 my. T negative; d) 5/' 16/ 
/ 1955. ECG 24 hours after seventh injection. R = 0.5-0.8 my. T weakly negative; e) 
5/17/19~5. ECG 24 hours after eiglrt, h injection. R = 0,5 my. T positive. 

Im tim next group of experiments (16 rats) injections of "myocarditic" doses of adrenaline (0.5 ml) were 
given daily. ECG records were taken before each injection and 40 minutes after it. The rats were sacrificed on 
the 9th day, 24 hours after the eight injection. 

Forty minutes after the first adrenaline injection t}mre was lowering or increase in the RCi ~ voltage and 
sometimes notching of this wave, disptacemm~t of the S-TcR 4 interval above or beIow tlm baseline and lowering 
and sometimes inversion of TCP,, 1. 24 hours after tile first injection the same changes were seen, but more marked; 
in .qome rats they were seen in all four leads. 

During the next 5-6 days no new changes were observed ill the ECG. 

Neither tile first nor the subsequent injections were usualIy accompanied by disturbances of tile cardiac 
rhythm. 

Signs of recovery appeared in tile electrocardiagram 6-8 days after the first injection: increased height or 
appearahce of a positive T wave in all leads and restoration of the R wave voltage. On tire 9th day the ECG of 
these rats differed li t t le or l~ot at all from normal (see Fig.). 

Correlation of ECG changes with tzistologic data showed that the extent of ECG changes in this group of 
experiments corresponded to the severity of myocarditis associated with the first injection. 

These investigations thus established that with daily injections of ~myocarditic" doses of adrenaline only 
the first injection is significant with respect to nhe myocarditis. Further "areactivity" of the myocardium consists 
not only of tile absence of new bursts 9f acute myocarditis following repeated injections, but also of the absence 
of repeated characteristic changes in the ECG. 

There is no doubt that electrocardiographic changes reflect the appearance of acute myocarditis. They 
either remain on the same level or become somewhat n:ore pronounced during tire acute and subacute periods 
of myocarditis. As myocarditls changes to cardiosclerosis the ECG becomes more normal despite the daily 
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administration of "myocarditic" doses of adrenaline. Siace it is taken that ECG reflects biochemical processes 
in the myocardium it would appear that the complex of reactions characteristic for adrenaline undergoes qua- 
litative changes on repeated injections of large doses of this substance. There are references in the literature 
[2] to adaptation of the organism to adrenaline. 

The data obtained point to adaptation to an ~extraordinaty" stimulus as being at the basis of the changed 
reactivity of myocardium to r4peated large doses of adrenaline. This is more especially interesting since adren- 
aliae under the particular experimental conditions is an %xtraordinary" stimulus in the quantitative sense only, 
being a constant agent in the physiology of the organism. Such rapidly developing adaptation can be referred 
to ~e category of tachyphylaxis. This phenomenon, known to occur with respect to adrenaline as evidenced by 
funcr.ional indicators, can apparently also occur in such orgaIfid lesions as adrenaline4nduced myocarditis. 

S U M M A R Y  

Frequent injections of large doses of adrenaline in rats, resulted in myocarditis with characteristic changes 
of ECG only after the first injection. As the myocarditis developed into cardiosclero~is, the ECG became normal 
in spite of daily injections of "myocarditic" doses of adrenaline. 

The changed adrenaline response following the first injection may be regarded as an adaptive phenomenon. 
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