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This paper describes a continuation of the study of the influence of the vagus nerves on the healthy and patho-
logically changed heart, at present being undertaken in our laboratory.

When the tone of the vagus center is raised, changes are known to occur in the excitation processes in cardiac
muscle, and these are reflected in the dynamics of the waves and intervals of the elecwocardiogram (ECG) [8, 12,
13]. During stimulation of the peripheral cut end of thie vagus nerve or during an increase in the tone of the vagus
center, metabolic changes take place in the myocardium [2, 7, 9, 10] and are reflected in the T wave [3]. When the
tone of the vagus center is increased or the peripheral end of the divided nerve stimulated, the T wave may become
negative instead of positive, and it may increase in amplitude to exceed the R wave [1, 5, 6, 8.

In the present investigation the dynamics of the T wave of the ECG was studied during an increase in the tone
of the vagus center in dogs in clronic experiments in normal conditions and after the development of experimental
myocardial infarction of the venticles of the heart.

EXPERIMENTAL METHOD

The investigations were conducted on four adult dogs in chronic experimental conditions (observations on each
dog continued for 3-8 months). The tone of the vagus center was increased by means of morphine, injected subcu~
taneously in a dose of 0.01~0.03 g. The tone of the vagus center was raised suill further by intravenous injection of
a 10% solution of calcium chloride in a dose of 0.05 g/kg body weight or by injection of 1.0 m1 of 0.1% adrenalin
solution,

The ECG was recorded by means of a type EKPS-2 electtocardiograph and a type ANEK vectorcardioscope for
analysis of the elecirical activity of the heart, in three standard }eadsv(during prolonged observations lead 2 was
recorded). The pneumogram was recorded and the heart rate was measured, An experimental myocardial infarct
was produced in two dogs by ligation of the descending branch of the ieft coronary artery. Observations were main-
tained for 19-25 days after development of the infarct.

EXPERIMENTAL RESULTS

In experiments on intact dogs, an increase in the tone of the vagus eeutet was accompanied by obyvious changes
in the T wave, whereas no changes were recorded in the other waves, or they were inconsistent, In most experiments
the P=0 and 5-T intervals were slightly lengthened in all the dogs, which cemresponds to findings reported by many
other workers [4, &, 11}

In the initial stat e, the T, 28 wave in two intact dogs was negative or bizhasic, and in the other two ig was
itive or hiphasic, ff, ¢ nisetion of morphine {when the hearvrate fell froin 100-120 to 30-60 i’;aam pﬁz minute
different changes took place in the Ty wave in different animels. It should be ;m% that in ow first e ri"f"
no changes m the T, 3 wave were obsesved when the tops of the vagis o 5 incre n the tudizgu
periments changes ook plice in the magaizde and directio g T
dogs with 2n initially negatve Ty wave it becam i
the tone of the vagus center was raized the wave temaired unch

1215



i

-
[ SRS

.
bl

|-

Fig. 1, Changes in the T, wave during an increase in the tone of the vagus center
in intact dogs with an initially positive T wave. A) Experiment with the dog Laska
on March 22, 1862: 1) ECG {lead 2) before injection of morphine; 2) after injece
tion of memhme, 3,4) immediately aftzr injection of calcium chieride; 5) 5 min
after injection of calcinm chloride; 6) 1 h § min after injection of calcium chio-
ride. B) Experiment with the dog Reks on May 4, 1962; 1) ECG (lead 2 before in-
jection of morphine); 2} after injection of morphine; 3} 7 min after injection of
adrenalin; 4) 45 min after injection of adrenalin,

With a further inctease in the tone of the vagus center after injection of calcium chloride, in the dogs with
an initially negative T, 3 wave for the first 5 min this became more strongly negative, and then changed through
biphasic to positive, which it remained for 1.5-2 h. It should be noted that a sizongly negstive Ty 3 wave was formed
immediately after injection of calcium chloride {when the heart rate had slowed to 32-44 beats per thinuie) irvespece
tive of its namre during a moderate increase in the tone of the vagus ceater (when the heart rate was 50-80 per

minute),

In one of the dogs with an initially positive Tp 5 wave, whan the heart rate was slowed (after injection of cal~
cium chloride or adrenaling the T, 5 wave remained p ve and increased in amplitude (Fig, 1, 8). In ancther dog
with an initially positive Tp 3 wave, as ia the 1wo dog i hoan inirlally negative Lm WaYe, s mmg from the 12th
experiment it became negative after in;emmra of caicmm chloride, and then changad to biphasic (Fig, 1, A).
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Fig. 2. Changes in the T wave during an increase in the tone of the vagus center in a dog
with experimental myocardial infarction, A) Experimemt with the dog Dzhek on June 7,1961
(on the 10th day after operation); 1) ECG {in three leads) before injection of morphine; 2)
after injection of morphine; 3) immediately after injection of calcium chloride; 4) 11 min
after injection of calcium chloride; 5) 41 min after injection of calcium chloride; 6) 1 h

10 min after injection of calcium chloride, B) Experiment with the same dog on June 26 (29
days after operation): 1) ECG (in three leads) before injection of morphine; 2) after injection
of morphine; 3, 4) immediately after injection of calcium chloride; 5) 18 min after calcium
chloride; 6) 56 min after injection of ¢alcium chloride,

In two dogs an infarct of the anterior wall of the left veniricle developed after ligation of the descending branch
of the left ceronary artery, Significant changes were observed in the ECG, consisting of the appearance of polytopic
ventricular exirasysioles and atioventricular block, During the first § days after the operatien the influence of the
vagus nerves on the heart when the tone of their centers was raised was expressed, not by a slowmg of the heart rate,
but by an increase in the intensity of the exmasystoles. These observations are in agreement with our previously re-
ported findings [5]. On the 5th day the effect of the tone of the vagus centers began 1o be shown by a slowing of the
heart rate, One dog showed no changes in the Ty 3 wave until the 16th after the operation, and another until the 14th
day., With an increase in the tone of the vagus center the T, 3 wave was negative before and afrer injection of more
phine and sfier infection of caleium chicride (at this.period the heart rate hadfanen to 44 per minuteXFig. 2, A).

in one dog a slowing of the hear rate during an increase in the tone of the vagus ceater led, on the 18th day
and later, to the appearance of a biphasic T, 3 wave (when the heart rate had fallon 1o 44~58 beats per minute after
injection of calcium chloride) the wave became strongly negative during the first 5 min, after which it changed to
biphasic o pesitive (Fig, 2, bl

ith ;,_vomzdml infarction changes in the T, 3 wavé during an increase in the tone of the vagus

N

he 14tk day, in f‘r form of an increase ir the negativity of the Ty g 'wave
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SUMMARY

In chronic experiments on 4 dogs a study was made of the dynamics of the ECG T-wave with a rise of the vagus
nerve tone; this was done for the purpose of indirect evaluation of the effect produced by the vagus on the metabolic
processes in the cardiac muscle, The T-wave dynamics was studied in 2 dogs both in normal conditions and in ex-
perimental myocardial infarction. A rise of the vagus center tone was induced by subcutaneous injection of mor-
phine, and a further rise of the tone was attained by intravenous administzation of calcium. chloride. With an increase
of the tone of the vagus centet in the intact dogs both the value and the direction of the T-wave changed. In dogs
with experimental myocardial infarction T-wave changes resulted from rise of vagus center tone only on the 14th
day after the ligation of the descending branch of the left coronary artery. On the basis of the data obtained it is
suggested that the effect of the vagus nerves on metabolism is not shown until restoration of the functional state of
the heart in myocardial infarction, although their inhibitory effect on tbe heart rate is already restored on the 5th-
6th postoperative day.

LITERATURE CITED

-
-

G. A. Vaksleiger, Physiology and Pathology of the Regulation of Respiration and of the Circulation [in Russian],
p. 327, Kuibyshev (1957).

Kh. 8, Koshtovants and T, G. Putingseva, Fiziol. zh S88R, 5, 414 (1957),

A. F, Samoilov, Russk. vrach,, 33, 1089 (1508},

A. 1, Smirnov and A, I, Shumilina, Klin, med,, 2, 62 (1953).

A. 1, Smirnov, S. V, Tolova, and L, S, Ul'yaninskii, Byull, ¢ksper. biol., 12, 33 (1858).
L.1, Fogel'son, Clinical Electrocardiography [in Russian], Moscow (1857),

E. Bittman, Rev, Fiziol. norm. si pat. (18563, 3, pp. 61.

H. Bohnenkamp and O, Eichler, Pflig. Arch, Ges. Physiol. (1926), 212, p. 707..

K. Gollwitzer-Meier and C, Kroctz, Klin, Wschr. (1940), 19, pp. 580, 6186,

‘H. Gremels, Arch, exp, Path, Pharmak, (1833), 169, p. 689,

H. Mellerowicz, Arch, Kreisl,~Forsch, (1956), 24 p. 70.

D.,R, Morton, K. P, Klassen, J, J, Jacoby et al., Surg. Gynec, Obstet, (1953), 96, p. 724.
1. C. Scout and E,A, Reed, Am, J, Physiol. (1951), 167 p. 441,

b b ek )
PHOO® IO p®N

ot
=]

All abbreviations of periodicals in the above bibliography are lettsr-by-letter transiiter
ations of the ebbreviations as given in the original Russian joumal. Some or all of this peri-
odical literature may well be available in English trenslation., A complete lsat of the cover-1o-
cover English translations appears at the back of this issue.
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