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It is known that injecuon of large doses of adrenalin into animals causes 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 tll now such destructive changes in the myocardium have been studied by histological
methods only, The present paper describes an attempt at elucidating the protein metabolism of the myocardium
following administration of aurenalin. As an indicator of the trophism of the myocardium we took the rate of
incorporation of §%-labeled methionine into myocardial proteins,. The view has gained general acceptance over
the past few years that the rate of incorporation of radioactive isotope-labeled amino acids into the proteins of
organs or ussues is a measure of the intensity of their metabolism and of the rate of replacement of these proteins,

EXPERIMENTAL METHOD

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

We examined the protein metabolism of the myocardium in experimental myocarditis two hours, and one
and two days after injection of toxic doses of adrenalin, by measuring the specific radioactivity of the myocar=
dial proteins. In some of the experiments, we supplemented these measurements by autoradiographic examina«
ton of fragments of myocardium, The simultaneous application of both these methods allowed us to draw con-
clusions regarding both the general rate of incorporation of $%, and its distribution within the myocardium,

Intraperitoneal injections of $®-labeled methionine were given to control rats and to rats which had been
suffering from myocardits for various lengths of time, at a dosage level of 8000 impulses per g body weight.
The animals were killed by decapitation two hours later. "The heart was remcved, and perfused with physiologi~
cal saline through a cannula inserted in the aorta, untl the effluent was no longer bloodstained. The heart was
then pulverized and triturated  with quartz sand in a mortar, - The proteins were precipitated with 10% trichlo-
roacetc acld. The protein precipitate was washed with 5% wrichlorcacetic acid solution, undl the washings no
longer showed any radicactivity. The washed proteins were defatted by exwraction with alcohol and alcohol-

- ether mixture. The precipitate was ground up with 2 ml of N potassium ‘hydroxide. Portions (0.4 ml} of the re-
sulting solution were transferred to a watch-glass for radicactivity counts, using an end-window counter, and a
0.4 m1 portion was taken for determinaton of protein content, by the biuret method, Specific radicactivity was

calculated from the number of impulses per minute per 10 mg of protein.

Tke specimens for autoradiography were fixed in Carnoy's fluid, and embedded in paraffin. Type R emul-
sion, mamfactured by NIKFI, was placed on the sections, by the procedure described by Gracheva, Zhinkin, and
Sacherban® (1956). The preparation of a supporting layer for the emulsion, and the development and fixadon of

458



 the films were performed according to NIKFI insiructions. We prepared track autoradiographs with 2 duraton of
exposure of one, three, and five days, and contrast autoradiographs with exposures of 25 days.

The rate of Incorporation of labeled methionine was taken as being propurtional to the rate of darkening

of the photographic emulsion, which we measured with theaidof an MF-4 microdensitometer, and expressed in
arbitrary unis, .

We also followed the incorporation process by counting tracks formed in the emulsion by products of dis=
integration of §*, The number of tracks was counted by means of a microscope with a grating fitted to the ocu-
lar. We counted the number of tracks in a square of the grating, of 100 ,# area,

EXPERIMENTAL RESULTS

At the dosage level of adrenalin used by us we were able 1o achieve definite dystrophic changes in the
myocardium, as shown by both electrocardiographic dita and by microscopic inspection. Marked changes ap-
peared {n the electrocardfograms during the first three to four hours after injection of adrenalin. The sinus thythm
was retarded, as a general rule, The P waves became flattened and dichroic, The potential of the R waves fell,
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Fig. 1. Elecuocardiograms of rats, taken with thres
standard leads: I) normal; II) after 20 minutes; III) af-
ter three hours; 1IV) two days after inramuscular injec-
tion of 0.5 m1l of 0.1% adrenalin solution.

and of the S waves rose. The 5-T interval was displaced above or below the isoelecmic line. The T wave usual-
ly became accenwated during the first few hours after injection, but had become greatly diminished by the end
of the first or second day, hardly rising above the isoelectric line, or even undergoing inversion (Figure 1),

The observed changes in the electrocardiograms were evidence of the presence of a sericus myocardial le-
sion, and this was confirmed in 2 number of experiments by subsequent morphological examinadon. We could
find no microscopically evident changes in the myocardium of rats killed within three hours of the injection. Af-
ter one to two days, however, all the rats showed focal or diffuse farty degeneratmn of the muscle fibers. Indi-
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TABLE §

Incorporation of $™-Labeled Mcthionine Into the Heart Muscle of Rats (From the specific radloactivity of the

soyocardial proteins)
Control Experimantal Experimental/
Dats welght of specific welght of specific feontrol (in 4
soimal ndiosctivity {animalb radicactivity
{in gy . : {in g}
A. Two hours after injection of adrenalin
5718, 1956 300 80 300.0 127 159
5716 330.0 152  300,0 138 8§
s 240.0 84 2310, 11 144
743 250,0 125 250.0° 171 o1
o/ 280.0 7 280.0 81 128
9/ 260,0 69 710,09 o6 139
6/5, 1957 220.0 117 270,0 217 12
8/5 256.0 197 260.0 188 98
Mean 118 138
8. One day after injection of adrenalin
£/31,% 1958 180.0 86 2200 118 137
§/a1se 180.0 C18 200.0 143 183
- 6/20 220.0 3 2200 278 378
8/20 230.0 92 220,08 208 U8
6/20 230,0 108 220,06 25% 288
s/ 180.0 190 200,0 282 148
&/ 180.0 124 200,60 242 198
Mean 107 200
C. Two days after injection of adrenalin
- 5721, 1956 180.0 141 200,0 258 189
5/24 180,0 176 180,0 200 118
5/% 180,06 126 180.0 192 15¢
6/4 200,0 71 250.0 206 416
8/28 170.0 138 20,0 an 05
8/28 200,0 122 200,0 208 168
6/29 310.0 112 370.0 151 135
e/20 333.0 114 350.0 158 139
1276 260.0 3 2600 309 ns
12/6 270.0 13 50,0 182 148
12712 175.0 T3 185.0 189 ‘161
374, 1957 1500 107 150,0 131 22
an 180.9 109 ' 200,0 181 166
3m 170.0 ' 87 230,0 io4 23
a/mn 140,0 82 2100 187 228
3/1¢ 2000 104 1900 154 148
3/z 190.6 171 180.0 209 168
3/25 210.0 3 218.0 132 181
3/ 2080 43 - 2000 1 187
s/ 178.0 103 220,0 140 136
Mean 112 198

*This is the ratlo of the specific radioactivity of the myocardial proteins of the control animals to that of
the expeimemal ones, The specific radicacdvity of the cotittol animal is taken as being 100% In the subsa~
quent tables (2 and 3) specific radicactivity, rumber of acks per unit area, and oprical density of the films fou
control animals are also takan as 1004,

**As in original. Probably 6713 ~ Publisher's note,



vidual fibers were swollen, with fragmentation and necrotic changes in places. Extensive and numerous agg,rega~
tions of infilizated cells were visible throughout the thickness of e heart mmuscle (Figure 2).

Two hours after injection of adrenalin the rate of incorporation of % into the myocardial proteins differed
only slightly from the normai value (Table 1,A), fluctuatng in either direction from it.

After one to two days, however, the specific radicactvity of the myocardial proteins of the experimental
rats was considerably greater than in the contol series (Table 1, B and C). The increase in the amount of incor~
poration varied widely on different days and for dufferent pairs of rats (experimental-conual). In all cases, how-
ever, the specific radicaciivity of the myocardial proteins of the adrenalin-injected rats exceeded that of the
controls, on the average by a factor of 2 (the difference is statistically significant).

The autoradiographic data correspond closely with those for specific radioacdvity, Simple inspecton of
the autoradiographs shows a stiking difference between the densities of the films from injected and control rats
(Figure 3). A precise quantitative expressior of the rate of incorporation of S®-methionine is given by the den~
sitometric data, and by the track counts, giving a rate in the injected rats of nearly double that in the controls,
Table 2 gives a comparison of the rates of incorporation of labeled methionine {nto myocardial proteins of a rat,
as derived from specific radioactivity, densitomeuric, and wack-counting data, If we take the rate of incorpor-
ation of $* into myucardial proteins as 100% in control rats, then the rate for adrenalin-injected rats is 235%
from specific radicactivity data, 223% from densitometric data, and 217% from wack-count data.

TABLE 2

Incorporation of s%-1abeled Methionine Into the Myocardium of Adrenalin-Injected and Control Rats, As De-~
rived from Specific Radioactivity of Protein Measurements and from Densitometric Measwements of Radioauto-~

graphs

Specific radicacuvity i Number of wacks per iooaj Optical density

exptl contrel | ratio: exptl control ! rato: exptl control ratio:
exptl/con- * exptl/con- expil/control
trol (%) trol (%) (%)

317 135 235 52 | a0 217 41.4 18.6 223

As we have shown in an earlier paper [2], $**-methionine is uniformly distributed throughout the thickness
of the heart muscle of normal animak. In experimental myccarditis the rate of incorporation in the myocaxdium'
as a whole rises, as a result of increased incorporation both into muscle fibers and into connective tissue. The
process is of particular intensity at sites of aggregaton of infilwated cells (Figure 3 and Table 3).

Fig. 2. Photomicrograph of rat myoccardium: a) conwmol; b)
experimental, Objective 8x, ocular 310x. Stained with azure~
eosin.
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TABLE 3

Distribution of $*5-Methionine in the Heart Muscle of Rats Suffering from *Experimental Myocarditis® (From den~
ditometric measurements of wack avtoraciographs)

" Date ' Time of ex- _umber of tracks per 1000 ,# Ratio: experimental/control(%)
posure of control experiment 4 experiment
films (days)  (muscle fiber) muscle fiber  ccllinfilizate muscle fiber  cell infiltrate
6/28, 1956 1 1.0 11,5 18,0 ' 164 a1
6/28 3 17.0 25.5 42,0 150 247
10/22 1 2.4 5.0 12.2 208 508
10/22 3 7.8 13.3 24.2 168 306
10/22 1 4.1 6.8 13.8 166 332
10/22 3 114 13.0 26.7 114 234

The rate of incorporation of methionine varied within fairly wide limits. This is probably due to differ-
ences in the severity of the injury to the myocardium, since different animals reacted differently to the same
dose of adrenalin, In some animals, the injuries had a focal distwribution, while in others they were distributed
uniformly throughout the beart muscle, and in some animals we observed extensive and numerous aggregations
of infiltrated cells throughout the whole thickness of the muscle, while in others they were much smaller, and
were located chiefly in the region of the papillary muscles. These observations explain, to a certain extent, the
wide variations found for specific radioactivity of myocardial proteins (see Table 1). However, in all cases the
rate of inclusion of 5% into the myocardial proteins was much higher in "experimental myocarditis” than in the
controls, and this is evidence of the enhanced ratc of resynthesis of the myocardial proteins. The heizhtened
protein metabolism of the myocardium cannot be considered to be a direct reaction to adrenalin, since it does
not appear earlier than a day after its injection, i.e., when any adrenalin in the tissues must have undergone de-
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Fig. 3. Track autoradiograph® of rat myocardium two hours
after introduction of S**-methionine. Exposure time of the
emulsion five days. Immersion objective 60, ogular 7x.
Stain — hematoxylin-cosin, a) Control; b) experiment.

struction, The increascd resynthesis of proteins raust therefore be ascribed 1o the injuricus acton of adrenalin,
It is difficult, ar this stage. to explain the direct mechanism of this increase in protein synthesis. It is possible

*We wish to express our sincere graritude to the Histology Laboratory, IEM, and to Prof, LN, Zhiukin, for their
help and advice in preparing the autoradiographs.
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that in experimental myocardits the specific activity of the myocardium, viz,, its contractive funcdon, {s de~
pressed, which In tumn leads to intensificadon of metabolism, expressed as resynthesis of proteins, On the other
hand, intensified resynthesis of protelns may be regarded as a consequence of regenerative processas proceeding
in the myocardtum {n response to the destructive action of adrenalin,

SUMMARY

Myocarditds was experimentally induced in rats by a single inwamuscular injecton of & large dose of ad-
renalin (0.5 to 0.8 m} of 1:1000 solution),

Myocardial damage was supported by the data of electrocardiographic and morphological examinations,
1t was fevealed that the rate of inclusion of $*8-methionine into the proteins of the cardiac muscle {s greatly n-
creased in experimentally ~induced myocarditis, This takes place as a result of inclusion of $**-methionine into
the muscle fibers as well as into the connective dssue, Its inclusion fs especially intensive in places of accumu-
lation of the cellular elements,
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