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Regeneration of the myocardium in rats was shown to be possible in our collective work [2]. We studied 
this process in a combined manner, using the methods of experimental morphology, biochemistry, physiology 

and histology. 

The aim of the present work was to trace the progress of the changes in the electrocardiogram during heal- 
ing of the myocardium after injury and also during stimulation of the process of regeneration with biological pre- 

parations. 

The electrocardiogram of normal rats has been studied by many workers [4-6, 7, 8]. It differs from the 
electrocardiogram of other animals by the definite stability of its main waves. It is not possible to take an elec- 
trocardiogram from an unanesthetized rat on account of muscle tremor in the rats which are restless when placed 
in an outstretched position, and furthermore the type of anesthesia (urethane, ether etc.) also affects the character 

of the electrocardiogram. 

In the experiment we used 100 adult (male) white rats, weighing from 250 to 400 g. Electrocardiograms of 
39 of these were studied in experiments with injury. The electrocardiograms were taken under urethane anethesta 
(3-5 ml of a 50]o solution given intraperitoneally). The rat was secured to the table by its paws with soft tape, in 
the prone position. The electrodes used were fine hypodermic needles, inserted under the skin of the limbs. 
Electrocardiograms were taken with a type EKP 4 electrocardiograph (EMA factory). Film was fed at the rate of 
80 mm/sec .  Electrocardiograms were taken with 1cads I, II and III, but since with lead I the R wave was extremely 
low and all the other waves were completely absent, lead II and III elecrocardiograms were selected for study 

(Fig. 1). (in this and in all succeeding experiments the curves shown are from lead II). 

The rate of the undamaged heart in the adult anesthetized rat varied from 360 to 480 beats per minute. The 
amplitude of the waves in the normal electrocardiogram of the rat is considerable less than in man. In the normal 
rat the P-Q interval from the beginning of the P wave to the beginning of the Q wave, corresponding to the atrio- 
ventricular conductivity, is 0.050-0.065 seconds. No realtiouship was found between the length of this interval 
and the rate of the heart. The QRS complex - the time for the spread of excitation through the myocardium of 
the ventieles - in the same conditions was 0.018-0.020 seconds. Here also no relationship was established between 
the duration and form of the QRS complex and the rate of the heart. The QT segment - the ventricular complex 
of the electrocardiogram - varied in different animaIs between limits of 0.063 and 0.110 seconds. 

The length of this particular interval depends on the rate of the heart just as is observed in the human electro- 
cardiogram. The amplitude of the waves was characteristically as follows: the V wave was positive in all cases 
in leads II and I11, and the variational deviations of the P wave were within normal limits; the R wave also was 
always positive and its height in lead II was 0.14-0.36 my and in lead I I I -  0.10-0.25 my; the height of the T 
wave varied from a smoothed out plateau to a well marked positive crest; the S wave in lead III was present in 

37.5~ of eases, but in lead II in only 10.2%. The Q wave was not found at all. 
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Fig. 1. Electrocardiogram of the heal thy rat .  

The rats se lected for the exper iment  mainly had a 

normal type of e lec t rocardiogram.  As a result 33 of the 

39 showed a normal type,  three showed signs of lef t  and 

three of right axis deviat ion.  The type of e lec t rocard io -  
gram was determined by the height  of the main waves in 
leads II and tlI .  The normal  e lec t rocardiogram was studied 
in rats which had been under our observation for a i o n g  t ime .  
The e lec t rocardiogram was normally taken in each an imal  

2 or 3 t imes  in the 2 weeks before operat ion.  

The operat ion was carried out as follows. The animal  

was anesthet ized with urethane, the fur removed from the 
operation field,  and rite hear t  exposed with steri le  precautions in the fourth intercostal  space.  An ar t i f ic ia l  respir- 

a t ion apparatus was used. Air was passed into the t rachea through a cannula.  The beat ing hear t  was momentar i ly  
damaged with a d ia thermocoagula t ion;  a whitish spot with a d iameter  of 4 mm on the average appeared on its 

surface. The apex of the cone of necrot ic  tissue, s imilar  to that  seen i n a n  infarct,  was at a depth of 3-5 mm in 
the myocardium.  The wound was sutured in layers,  and an e lec t rocardiogram taken immed ia t e ly  afterwards. Sub- 
sequently e lec t rocardiograms were taken 1, 3, 6, I0,  15, 20, 30, 40, 50, 60, 80, 100, 120 and 160 days after  the 

operation.  

Fig, 2. Elect rocardiogram of a rat  a t  
different intervals after injury to the heart .  
a) Acute  stage; b) subacute stage; 
c) stage of scar formation.  

Fig. 3. Electrocardiogram of a rat during ex-  
per imenta l  injury to the hear t  and the sub- 

sequent inject ion of a hydrolyzate  of card iac  
muscle.  

a) Normal  b) acute  stage; c) stage of 
scar formation.  

In a control  series in which the hear t  was damaged without any addi t ional  t reatment ,  on the basis of the 
character is t ic  changes in the e lec t rocardiogram 3 stages of injury were established. In experiments  on rabbits [1] 

in which the coronary arteries were l iga ted ,  character is t ic  changes in the e lec t rocard iogram were also found at  
cer tain t imes  after operation.  

In our exper iments  the acute stage (Fig. 2, a) begins i m m e d i a t e l y  after operation.  In this period the fo l low-  
ing character is t ic  signs are observed on the e lec t rocard iogram:  the RS-T interval  is markedly  displaced upwards, 
forming a monophasie curve; the T wave is "g igant ic"  and positive; the S wave if present normal ly  is deepend; 
the rate is considerably slowed: 310-340 beats per  minute;  the atr ioventr icular  conduction is retarded and PQ 
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measures 0.062-0.080 seconds. The e l ec t r i ca l  systole of the ventricles of the hear t  is lengthened and QT measures 

0.100-0.137 seconds. The changes continue for several  hours, and in some animals  for 2-3 days after the operation.  
During this period the animals  are very weak and a large proportion of them die in the course of it. In the weakest 

rats the hear t  rate falls  to 180 per minute.  After only 24 hours, in the major i ty  of animals  the character  of the 
e lec t roca rd iogram is sharply al tered,  changing over from the acute to the subacute stage (see Fig. 2, b). The T 

wave, instead of being "g igant ic , "  is smoothed out an may even become slightly negat ive.  The RS-T interval  

is l e f t  in isolat ion and the rhythm becomes slightly quicker than normah 420-500 beats per minute.  The PQ 

interval  measures 0.050-0.062 seconds and QT 0.062-0.081 seconds. The ampl i tude  of R is increasedl  RII measures 

0.17-0.14 my, RIII is 0.17-0.50 my. The subacute stage lasts for 4 to 8 days. With reestabl ishment  of RS-T on its 

original  l ine,  the longest  stage begins - the stage of scar formation,  which lasts for different lengths of t ime in 
different  animals .  The rate of the heart  attains the normal value;  the l eng thof the  PQ and QT intervals hardly 

differs from normal.  The ampl i tude  of the R wave is reduced. At la ter  periods of the stage of scar formation the 

e lec t rocard iogram may approach closer to normal.  In two of the seven cases in the control series the e lec t ro-  

card iogram returned to normal  in one animal  after 30 days and in the other 40 days after operation.  However, 

after 50 days and continuing until  the 160,h.day, their e lec t rocar iogram once more re turned to that of the stage 

of scar formation.  

In the stage of scar formation (see Fig. 2, c) the e lec t rocard iogram differs from normal by the shape of the 

T wave, which merges with the P wave at  a he ight  above the base l ine.  The PQ interval  is displaced upwards 

a t  an angle  to the base l ine.  The R wave is diminished in height,  and its apex is bIunter than normal.  

In the next series of experiments  an extract  of hydrolysate of cardiac  muscle was injected into the animals  

i m m e d i a t e l y  after  operat ion.  The b io logica l  preparations were in jec ted  10 t imes on a l ternate  days [2]. Electro- 
cardiograms were taken under normal  conditions and at  the same t imes as in the control  series. In this series only 

two stages could be ident i f ied  - an acute  stage and a stage of scar formation.  The subacute stage was probably 
very much shortened. The duration of the acute  stage was different in the different animals .  They could be 
separated into two groups. In the animals  in which the acute  stage lasted several  hours, after only 24 hours the 

charac te r i s t ic  curve of the stage of scar formation was registered.  On subsequent days the stage of scar format ion 
again  reverts to the acute  stage;  f inal ly ,  af ter  7 days the stage of scar format ion becomes s tabi l ized .  The return 

of the e lec t rocard iogram to normal was not observed in these animals .  In the rats of the other group the length 
of the acute  stage (see Fig. 3, b) was increased to 2-3 days. The next stage was that of scar formation and the 
charac te r  of the curve was close to normal .  Only 11 days after operation,  in 50 per cent of cases the e lec t rocard io -  

gram returned to normal  and remained normal  until  the 30th day after operat ion (see Fig. 3, c). The characteris t ics  
of this stage were the same as in the previous series of experiments .  Comparison of the e lect rocardiograms of the 
rats in these 2 series of exper iments  will  show that  in the series of animals  t reated with hydrolysate the process 
of wound hea l ing  takes p lace  more rapidly than in the control series. Furthermore,  in 50% of these cases, return 

of the e lec t rocard iogram to normal  was observed. 

In a third series of exper iments  the animals  were in jec ted  with extracts of cardiac musc le  [2]. No essential 

differences in the e lec t rocard iogram in comparison with the controls could be observed. In some animals ,  3 days 
after operat ion the subacute stage once more returned to acute ,  and this lasted until  5 days after operation.  Later 
the stage of scar format ion appeared and continued unti l  the 160th day after operat ion without any return to normal.  

If the e lec t rocard iographic  findings are compared with the his to logical  picture of the exper imenta l  hearts, 

a cer ta in  pa ra l l e l  may be observed between the funct ional  and morphological  changes in the heart .  The his to-  

log ica l  findings show that  [2] in the control  series, 20 days after operation,  in the region of the injury, foci of re-  
generat ing muscle are seen which have become resolved 46 days after the operation,  and become converted into 

a connect ive  tissue scar. We see a s imi lar  picture in the e lec t rocard iogram:  in some animals  30-40 days after  
operat ion the e l ec t roca rd iogram has become normaI,  and after 50 days i t  once more changes into the stage of 
scar format ion.  In the experiments  wi thhydrolysa te  a return of the e lec t rocard iogram to normal  from the stage 
of scar format ion is also observed, but this takes p lace  much ear l ier  and is more stable than in the control series. 
In this series of exper iments ,  only 11 days after operat ion in 50~ of cases a normal e lec t rocard iogram is registered.  

His to logica l  examina t ion  shows that  a t  this same t ime,  on the 10th-13th day after  operat ion,  regenerat ion of 

muscle fibers is taking p lace  in the focus of injury. 
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S U M M A R Y  

Three stages of  myocardial healing were established tn injury of the heart wall in rats (by meam of electro,. 
diathermocoagulator) and the following development of an infarct-like focus, i.e. acute, subacute and the stage of 
of scarformatlon. Changes in the electrocardiogram correspond to these stages. 

In experiments with additional administration of biopreparations stimulating the regeneration after the heart 
injury the best effect was obtained by using the hydrolysate of the heat muscle. Thus, after the 10-fold administra- 
tion of this hydrolysate a shortening of the subacute stage and the earlier appearance of the stage of scar formation 
was noted. 

In this series of experiments a stable return of the electrocardiogram to the normal was noted t i  days after the 
the operation in 50% of the eases. 

In comparing the physiological data with the histological one it was established that the normalization of the 
electrocardiogram corresponds to the time of regeneration of muscles at the site of the injury. 
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