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L. P. Pavlov established the anatomic individuality of nerves which altered the strength of cardiac contrac-
tions, and devoted particular attention to the nature of these nerve fibers which he calied "dynamic.” Analysis
of the action of these nerves on the heart led Paviov to conclude that these were special nerves exerting a trophic
effect on heart muscle, At the same time, Pavlov said, “this question may be raised and discussed, but not set-
tled finally® (11 "

it would appear that direct proof of trephic infiuences of 2ynamic nerves could be obtained only from bio-
chemical examination of the myocardium, Of particular interest, therefore, is one of the recent communications
of M, E, Raiskina [2]) who showed that the “reinforcing™ cardiac nerve increases the process of phosphorus fraction
turnover in the myocardium (inorganic phosphorus, adenosinetriphosphoric and creatinephaphoric acids),

In the present work are precented results of investigations of the effect of dynamic cardiac nerves, para=
sympathetic and sympathetic, on the metabolic process of the myocardium, The following were taken as indices
of myocardial metabolism: tissue respiration, content of phosphorus fractions (inorganic phosphorus, adenosine<
uiphosphate and phosphocreatine) and glycogen content,

METHODS

The expetiments were performed on dogs of approximately the stame age and weighing 8-13 kg. The dogs
were kept under identical conditions and on identical diets; they were kept fasting for 24-30 hours prior to be-
ginning the experiments,

Experiments were carried out at different times of the year, The thorax was cpened under hexenal>mor~
phine apesthesia (artifical respiration), the vagus was followed along its course, and the cardiac branches leaving
the infertor cervical sympathetic ganglion were dissected, The nerves were stimulated by induction current ob=
tained from a Zimmerman apparatus with a 2 v accumulator, Stimulation of the nerves was from 1 to 4 minutes
in duration, Cardiac activity was recorded on a smoked drum. Since interest centered on the influence of dy=-

“namic cardiac nerves on myocardial trophics only, the data of biochemical analysis reported in the present paper
are concerned only with experiments in which stimulation of cardiac nerves led to changes in the strength of
cardiac contzactions (iucrease or decrease) without changes in cardiac thythm, After a precisely determined
petiod of time from the beginning of stimulation, a portion of the heart in the region of the left ventricle was
removed; part of the tissue was frozen in liquid oxygen, while the remainder was used for determination of

tissue respiration,

¢ Russian trade namra2,



Respiration was mcasured In a Warbwrg apparatus with alkall in the middle reservolr, using heart muscle
wacerated with phospliate buffer (pH 7.4) at 26°C,

Phospltorus fractions and glycogen were determined on heart muscle frozen in liquid oxygen, The frozen
tissue was triturated. The proteins were precipitated with trichloracetic acid fn the cold. Inorganic phosphorus
was precipitated from protetn=free {iltrate, in tie cold, by an cqual volume of magnesial mixture, and estimated
by the Fiske=Subbarow method, Phosphocreatine was determined in the filtrate after the precipitation of inor=
ganic phospliotus; {n the presence of molybdate in-an acid medium, it broke down with the formation of fnot-
ganic phosphorus, which was cstimated as described above, ATP (adenosinetriphosphate) was fsolated as the
barfum salt from a scparate portion of the trichloracetic filtrate, and determined by the amount of fnorganic
phos'phat_e split off followlng 7-minute hydrolysis in 1N HCI on a boiling water bath, Inorganic phosphorus was
determined simultaneously, but without preliminary hydrotysis in the other portion of the same solutton,

Glycogen was isolated from the tissue, hydrolyzed and estimated as glucose by the fodometric method,
In total, 50 experiments were performed: 27 with stimulation of the nerves, and 23 controls,
RESULTS

The whole dynamics of biocheinical changes associated witha positive inotropic effect is represented
graphically in Fig. 1. The diagram is based on the arithmetic mean of data =xpressed as percentage of control,
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Fig. 1. Changes in biochemical indices of the myocardium with a positive inotropic
effect, a) Tissue respiration; b) inorganic phosphorus content; c) phosphocreatine con=
tent; d) ATP content; e phosphocreatine + ATP; f) glycogen content; 1) one-minute
stirnulation; 2) two-minute stimulation; 3) three~minute stimulation; 4) four-minute
stimulation, Broken horizontal line — control (100%).

n the control experiments, biochemical analysis of the heart muscle was carried out without preliminary sti~
mulation of the nerves. At first, an attempt was made to take the control sample and the sample following sti=
mulation from the same heart, However, this had to be abandoned since trauma sustained by the heart in the
process of obtaining the control sample resuited in severe changes in biochemical indices, and it was difficult
to distinguish such changes from those occurring under the influence of dynamic nerves,

As can be seen from Fig. 1, stimulation of the reinforcing nerve led to changes in all the indices being
considered, their nature depending on the duration of nerve stimulation, Thus, tissue respiration, depressed dur=
ing the first minute of stimulation, reached and matntained the control level during the second and third minutes
of stimulation, and again decreased during the fourth minute, Dynamics of the changes in inorganic phosphorus
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Fig, 2, Changes in biochemical indices of the myo=
cardium with a negative inotropic effect, Legend

as that inFig. 1,
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were analogous to these of respiration, Fhosphocreatine
content remained almaost unchanged in the first 3 minutes,
and only exceeded the control level to some extent dur~
ing the fourth minute of stimulatioa of the reinforcing
nerve,

The amount of ATP in the first 3 minutes was
above the control level, and was significantly lowered
only during the fourth minute, The myocardial glyco=
gen content was incseased during stimulation of the rein=
forcing nerve, reaching a maximum during the second
minute.

Unlike the other {ndices, glycogen content did not
drop below the control level throughout the perfod cf
stimulation (from 1 to 4 minutes),

The above-mentioned biochemical indices were
also examined upon stimulation of the parasympathetic
dynamic nerve, which produced weakening of cardiac
contractions without slowing of the fiythm. Resulwis of
these experiments are presented in Fig, 2,

Figure 2 shows that tissue respiration was below
the control level at all values of duration of stirnulation,

The amount of inorganic phosphorus exceeded the control level appreciably during the third mirute, Phospho-
creatine, unchanged during the first minute, was lowered during the third minute, and was considerably in ex=
cess of control upon four-minute stimulation, The amount of ATP which tncreased upon 13 minute stimulation
of the nerve, returned to control level during the fourth minute, Glycogen content remained above conticl level

throughout,

All the indices studied were thus altered both {n the presence of a positive and a negative cardiac inotropic

effect,
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Fig. 3, The effect of reinforcingnerve stimulation on cardiac activity, Records
from above down: cardlac contractions — three tracings, time marker (1 sec);
2 lower tracings are continuation of the top trace,
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Whea the relnforcing nerve fs stimulated, tha rearrangement of blochemical processes may be directed
toward tnevessing the endrgy potenttsl of the myoscardium. The rapid transition of the heart muscie to increased
wark leads to resplratory depression, but the total content of ATP and phosphocreatine shows some increase rather
than decreass, It may bs asswned that more econtcmic we of oxygen and enhancement of the anaercbic phase
are tnvoived. The amouni of glycogen was altered in the proces of stimulstion, but rematned above the centrol
level without being affected by the duration of stimulation, Incressed work following a positive inctropic effect
on the heart and increasad metabolism appear to result in more intemeive breakdown and restoration of glycogen
(V. A, Engelhardts principle); such glycogen supercompersation hes been observed ia musculer work, All thés
suggests that the effect of the reinforcing nerve on myccardisl metabolism 13 associated with considerable parti-
cipation of glycogen. On stimulation lasting 2 and 3 minutes, respiration maintairs the control level while the
total higheenergy bond (~ ph) valves and glycogen remalin above the contzol figure. Continuing fncreased car=
" diac work under the influence of the reinforeing nerve (on 4=minute stimulation), unaccompanied by incressed
partial pressurs of oxygen, could conceivably lead to fatigue, since resplration decreased, as did the total ~ ph

of the ATP,

The character of biochemical changes in the myocasdium described was cbserved in a1l the experiment
involving the reinforcing nesve,
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Fig. 4. The effect of relnfercingnerve stimulation on cardiac activity, Records
from above down: cardiac conmractions; time marker (1 second),

The degree of changes in individual indices, however, fluctuated in different expertments with a corre~
spondence, in some cases, benseen the extent to which physiologic effects were pronounced and the intensity
of changes in the hiocheminal fndices, In support of this, cardlograms of 2 experiments (Fig. 3 and 4) and cone=
spordmg biochemtical data ars presented,

Figure 3 shows that siimulation of the nerve led to fairly considerable increass in cardiac activity, which
wag associated with an adequate ~ ph content (117.74%) and giycogen content (296%),

In another experiment, the reinfarcing nerve caused transient increase in the amplitude of cardiac contrac=
tions, with gradual retumn to the {nitial level on cenrinuing stimulation (Fig. 4), Exceedingly low ~ ~ ph (38%)
and glycogen (85%) content was found to be associated with this,

The negative lnotropic effect of dynamic parasympathetic cardiac nerves 13, evidently, accompanied by
chianges {n myocardial wophics in the direction of weakening breakdown processes and enhanciag the synthe-
sizing processes, Thus, despite depressed tissue respiration, the total content of ~ ph and glycogen remains
abeve the control level, Thus both sympathetic and parasympathetic cardiac nerves lead to appreciable quali=
tative rearrangement of myocardlal biochemical processes,



It was demonstrated in experiments on dogs, that the stimulation of dynamic heart nerves of sympathetic
and parasympathetic origin (which evoke positive and negative inouropic efiects) was associated with the change
of contents of phosphorus fractions {inorganic phosphorus, adenosinetriphosphate and phosphucreatine) and, like-
wise, {n the change of intensity of tissue respiration. These changes depended on the duration of the stimulation,
The content of glycogen fn all cases never went below the control level, The mechanism of these phenomena
arc discussed in their connection with the physiological effects,
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