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It is known that injection of large doses of adrenalin into animals caums destructive changes in the myo- 
cardium, for which reason It is frequently applied for the production of so-called "experimental myocarditis" 
[1,3]. However, up till now such destructive changes in the myocardtum have been studied by histological 
methods only. The present paper describes an a.ttempt at elucidating the protein metabolism of the myocardium 
foUo~ng administration of a~lrenalin. As an indicator of the trophism of the myocardium we took the rate of 
incorporation of ~ - l a b e l e d  methaonine into myocardial proteins. The view has gained general acceptance oyez 
the past few years that the rate of incorporation of radioactive isotope-labeled amino acids into tim proteim of 
organs or tissues Is a measure of the intemity of their metabolism and of the rate of replacement of these protetm. 

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

We produced experimental myocardifls in rats by single massive intramuscular injections of adrenalin, in 
doses of 0.5-0.8 ml of 1:1000 solution. According to the findings of O.P. Vishnevskala [3] such doses cause pro- 
nounced morphological changes in the myocardium of all injected rats within the first few days after Injectio~ 

We examined the protein metabolism of the myocardium in experimental myocarditis two hours, and orm 
and two days after injection of toxic doses of adrenalin, by measuring the specific radioactivity of the myers- 
dial proteins. In some of the experiments, we supplemented these measurements by autoradiographic examina- 
tlon of fragments of myocardium. The simultaneous application of both them methods allowed us to r con- 
cktslons regarding both the genera! rate of incorporation of ~s and its distribution within the myocardlum. 

IntrapeHtoneal injections of ~'~-labeled methionine were given to control rats and to rats which had been 
suffering from myocarditis for various lengths of time, at a dosage level of 8000 impuhes per g body weight. 
The animals wore killed by decapitation two hours later. "The heart was removed, and perfused with physiolos!- 
cal saline through a cannula inserted in theaorta,  until the effluent was no longer bloodstained. The heart war 
then pulverized and triturated with quartz sand in a mortar. The proteim were precipitated with 10o~,trichloo 
roacetic acid. The protein precipitate was washed With ~ trichloroacetic acid solution, until the washings no 
longer showed any radioactivity. The washed proteins were defatted by extraction With alcohol and alcohol- 
ether mixture. The precipitate was ground up with 2 ml of N potassium hydroxide. Portions (0.4 ml) of the ~- 
sulting solution were uamfetred to a watch-glass for radioactivity counts, using an end-wlndow counter, and a 
0.4 ml  portion was taken f ~  determination of protein content, by the biuret method. Specific radioactivity w ~  
calculated from the number of impulses per minute per 10 mg of lx~teL~ 

The specimens for autoradtogsaphy were fixed in Carnoy's fluid, and embedded in paraffin. Type R emul-  
sion~ marr~acmred by NIKFI. was p~ced on the sections, by the procedure described by Gracheva, Z_hinkin. and 
~acherban' (1956). The preparation of a supporting layer for the emulsion, and the development and fixation off 
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�9 the films were performed according to NIKFI instructions. We prepared track autoradiographs with a duration of 
exposure of one. three, and five days, and contrast autoradiographs with e• of 25 dayt. 

The late of |nco Iporat[on of labeled methl0nine was taken as being proportional to the ra~ of darkening 
of the photographic emuhlon, wMch we measured with theaid of an MF-4 microdemitometer, and expressed in 
arbitrary urdts, 

We also followed the incorporation process by counting trac~ formed in the emulsion by products of tilt- 
integration of S ~. The number of track, was counted by meam of a mlcroscotm with a grating fitted to the Ocu- 
l a r .  We counted the number of tracks in a square of the grating, of 100 ~t area. 

EXPERIMENTAl,  RESULTS 

At the dosage level of adrenalin used by us we were able to achieve definite dystrophic changes in the 
myocardium, as shown by both electrocardiographic data and by microscopic inspection. Marked changes ap o 
pcared in the electrocardiograms during the first three to four hours after injection of adrenalin, The flnus rhythm 
was retarded, as a general rule. The P waves became flattened and dichrottc. The potential of the R waves fell, 
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Fig. I. Electrocardiograms of rats. taken with three 
standard leads: I) normal; II) after 20 minutes; HI) af- 
ter three hours; IV) two days after intramuscular iMec- 
lion of 0,8 ml of 0.1@ adrenalin solution. 

andof the S waves rose. The S-T interval was displaced above or below the l~oelectric line. The T wave usual- 
ly became accentuated during the first few hours after injection, but had become greatly din:dnisk, ed by the end 
of the first or second day, hardly rising above the isoelectrlc Une. or even undergoing inversion (Figure 1). 

The observed changes in the electrocardi0gIams were evidence of the presence of a sezic~:J myocardial le- 
don. and this was confirmed in a number of experiments by subsequent morphological examination. We could 
find no microscopic, ally evident changes in the myocardium of rats killed within three hours of t~e injection. Af- 
ter one to two days, however, all tlm rats showed focal or diffuse fat D" degeneration of the muscle fibers, lndi- 
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~nco~,adon of Sm-tabsle~ ~c~iordne Into the HeL,~t.M~cle of P~u 0 : ~  ~be -,,pe~c :ad~o~cdv1~ of d~ 
~ o r ~ d l a l  pro~.lm) 
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Vidual fiber~ ",,'ere ~wollen. with fragmentation and necrotic Cha~ges in places, Extensive and numerous aggrega* 
tior~ of infiltrated c~lls were visible throughout the thickness of ~he heart muscle (Figure 2), 

Two hours after injection of adrev~lin the rate of incorpo~uon of ~s  into the myocardial proteins differed 
only slightly from uhe normal value (Table I.A). fluctuating in e ide r  direction from It. 

Afar  one to v," 0 days. however, the specific radioactivity of the myocardial protciru of the experimental 
rats was considerably gtca~er than in the control series (Table I. B and C). The increase in the amo~m of incca- 
poration varied widely on different days and fo~ d~ffcrent pairs of rats (experlmcntal-cont~ol). In all cases, how- 
eVCro the specific radioactivity of the myocardial prorelns of t,he adrenalin-injected rats exceeded that of the 
controls, on the a~.rage by a factor of 2 (the difference is stazizctically signific~nz). 

The autoradiographic data correspond closely with those for specific radioactivity. Simple inspection of 
file auroradiographs shows a striking difference between the der~ties of the films from injected and control ra~ 
(Figure 3). A [xecise quantitative expression of the rate of incorporation of 5a~S-methionine is given by the den- 
sitometric dam. and by the track counts, giving a rate in the injected rats of neatly double that in the controls. 
Table 2 gives a comparison of the rates of incorporation of labeled met'hionlne into myocat~al Ixotelns of a rat, 
as derived from specific radioactivity, densitometric, a~d track-counting dam. If we take the ram oflncorpoc- 
ation of S ss into myocardial proteins as 100:~ in control rats; then the rats for adrenalin-injec~d rats is 235% 
from specific radioactivlty data, 223~ from denshometric data, and 217~o from track-count f l ~ .  

TABLE 2 

Incorporation of ~SS'Labeled Methlonine Into the Myocatdium of Adrenalin-lnjected and Control Rats. As De.- 
rived from Specific Radioactivity of Protein Measurements and from D~nsitometric Measurements of Radloauto- 
graphs 

s~cifiC ra~ac~ ............ i~u~mber of tr'ac'~'~'r"i'00~ : ....... % p ~ c a ~  " 

t e""tl/co"'l i '. I I 
_ _ ! ,~oi (~,,). ! .  ] .~!...(~.) . . . . . .  i. _[ ~ ) _  

31~ ~ , = s  ,15.~- { 7.o m 41.4 { l s .6  { 

As we have ~hown in an earlier paper [2]. SSS-methionine is uniformly distributed throughout the thickness 
of the heart muscle of normal animals. In experimental myocasditis the rate of incorporation in the myocardium 
as a whole rises, as a result of increased incorporation both into muscle fibers and into connectiv~ lisme, The  
process is of particular intensity at sires of aggregation of ioFll~-ated cells (Figure 3 and Table 3). 

Fig. 2. Photom~iczograph of tar myocat~um: a) con~ol; b) 
experimentaL Objective 8x. ocul,~ 10x. Stained with az~_re- 
e o s ~  
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TABLE 3 

Distributi,m of S4S-Methiordrm in the Heart Muscle of Rat~ Suffering from "Experimental  Myocazditis" (From dell- 
:it,~metric measurements of Izack autoradiographs) 

Date I Time of ex -  _.r:umber of tra,c,,ks per 1O00 ~z _ _  Ratio: e xperimental /control(%~ 
posurc o f  control  . experiment  . . . .  exper iment  

. . . . .  films (da}:s) (m.u~le fiber,) muscle fiber ce l l  i:~fiI~ate muscle fiber ce l l  infiltrate 

6/28, 1956 1 7.0 11.5 I~.0 164 211 
6/28 3 17.0 25.5 42.0 150 247 

I0/22 1 2.4 5.0 12.2 203 508 
10/22 3 7.9 13.3 24.2 168 306 
I0/22 I 4.1 6~8 13.6 166 332 
I0/22 3 IL4 '13.0 26.7 114 234 

The tare of incorporation of methionine varied within fairly wide l imits.  This is probably due to differ-  
e nees in the severity of the injury to the myocatdium, since different a ~ m a l s  reacted differently to the same 
dose of adrenalin. In some an imals ,  the injuries had a focaI  distribution, while in others they were distsibuted 
uniformly throughout the b e a n m u s c l e ,  and in some animals we obser~ed extensive and numerous aggregations 
of infiltrated cells throughout :he whole thickness of the muscle, while in others the}, were much smaller,  and 
were located chiefly in the region of the papillary muscles. These olr.,ervations explain,  to a cer ta in  extent, the 
wid~ variations found for specific radioactivity of myocardial proteins (see Table I). However. in all eases the 
rate of inclusion of ~s irt'.o the myocardial proteins was much hlghcr in "experimental myocardi~s" t.r~an in the 
controls, and this is evidenc~ of the erdaanced rate of resynthesis of the myc.cardial proteins. The h e l ~ t e l m d  
protein metabolism of the myocardium cannot be considered to be a direct  react ion to adrenalin,  t h e e  i t  does 
not appear earl ier  than a day after its injection,  i .e . ,  when auy adrenal in  in the tissues must have undergone de-  

Fig. 3. Track a.utoradiograph* of rat  m y o c a r ~ u m  two hu~_.~rs 
af ter  introduction of S~-methiortine. ExIx~sure ~irae ef  the 
emulsion five days. Immersion objective 60. ovular "/x. 
Staiu -- r~crr.atoxylin-cosin, a) Con~oh b) e~perin'mnL 

suuction. The increas,zd resyn~ests  ~f proteins lm~st therefore be asc-nbcd to tt.,e injurieus act ion of a~eu~l i ru  
It is ~f f icu l t ,  at t i t s  stage, to expla in  the direct mechanism of ~,is incrca:.c in protein synthcsi_.. I~ is po~.sible 

*We Wish to express out sincere gza~itude to the Histology Laborato~-, I~k L a!~d to Prof. LN.  Z~'r;kin, for theix 
help and advice in preparing the auzoradiographs. 
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that in expcrimcntal myocarditls the spcclflc actlvity of the myoc~diUmo vlz., its contractive function, is de- 
pressed, which in turn leads to intensiflcallon of met~l>ollsm, expressed as rcsynthesis of ptoteim. On tlm other 
hand, intensified resynuheds of pcotelns may be regarded as a consequence of regenezative processes ptoceedlng 
in the myocardlum in response to the des~ctlve action of adrenalin. 

SUMMARY 

Myocardltis was experlmenmlly induced in rats by a single In~amuscul~ Ir~ectlon of a large do~ of ad- 
zenalln (0.5 to 0.8 ml of I;100t) ~olutlon). 

Myocardial damage was supported by the data of e lec~ocardio~aphlc and morphological examinations. 
It was ievealed that the rate of inclusion of SSS-methlonine Inlo the proteins ofthe cardiac muscle is greatly in- 
creased in experimentally-lnd~ced myocarditls. This takes place as a result of inclusion of sss-methlonlne into 
the muscle flbsrs as well as into the connective tissUe. Its inclusion is especlally Intemlve in places of accumu- 
lation of the cellular elemen~t. 
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