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Present day data on the mechanism of the vagal effect on the heart indicate that the vagus can not only inhibit
but also, under certain conditions, stilmulate cardiac activity. Detafled studies of such dual influcnce of the
vagus has Icd many scicntists to conclude that the different nature of these diffcrent vagal cffects is associated
with sccretion of chiemically active substances dnring its stimuladon [5, 6, 7, 8, 9, 10, 11}

In the lght of the problem being considered in the present work of great interest are the researches of L
went, E. Szucs and E. Hetenyi {10}, L Went, E. Szucs, T, Kovacs {11}, M. Szcntivanyi, A. Kover {12} and others
which deal with the interrclations of acctylcholine and adrenaline, Tt has been shown that prolonged action
of acetylcholine can promotc libcraiion of adrenaline in the heart, fLe., acetylcholine stimulates cardiac activity
by way of liberaticn of fts antagonist — adrenaline. In the analysis of the humoral basis of vagal action on the
heart a study of the Scchenov-Mechnikov phenomenon is especially relevant; this phcnomenon consists of the
fact that prolonged stimulation of the vagus (up to 40 minutcs) clicits periodic changes in cardiac activity
inanifesied by alternating inhibition and restoration of candiac activity.

The present work is concerncd with an atiempt to find the answer to the question of whether the periodic
alternation of inhibition and stimulation of cardiac activity obscrved on prolonged vagal stimulation is associated
with a periodic appearance in the heart of chemically active substances which act diffcrently on thythmic cardiac
activity during the diffcrent phases of vagal effect,

METIIODS

All the present cxperiments were performed in accordance with the following scheme: three Sranb-isolated
frog (Rana temporaria) hearts were used, One of these — the donor hicart = retained its conncction with the medulla
oblongata which was subjected to protonged clectric stimulation, It must be noted that both cardiac rcactions
{inhipition and rcstoration) occurred under identical experimental conditions, viz., with the same sucagth and
frcquency of stimulation. The heart was perfuscd with Ringer's solution; during definite phases of periodic
cardiac activity under conditions of prolonged vagal stimulation the perfusatc from the donor heart was transfcrred
1o the solution maimaining the recipient heart,  Two recipicnt hearts were used in the experiment: onc scrved
as a testing agent for the phases of inhibition of the donor heart, the othier for the phascs of its restoration to
full activity.

RESULTS

In the first serfes of experiments an ancinpt was made to clarify the question of whether it was possible for
the Sechenov-Mechnikov cffect to be mediated lnnnorally, The resalts of these experiments are glven in ¥ ig. 1L
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As kymogram T shows, prolonged stimmlation of the vagas (31 minutes) clicits periodie alternation of inhibition
and restoration of cardiae activity, Cessation of stimulation abolishes atl fonns of periodic activity.

Kymograms 11 and I how the resalny of experintents cnalyzing the possibitity of "humoral transmission®
of the periodic alwernation of inhibition and restoration of cardiac activity upon prolonged stimulation of the
vagus, As can be seen from kymogram H, the perfusate taken from the donor heart during a period of inhibition
{a, ©) cauws a pegative inotropic reaction in the recipiem heart, Thus, purfusate (a), taken at the woment of
the first acrest, diminishes the amplitude of candiae contractions by 20%, Kymogram I shows the changes
observed jp the recipiont heart treated with the perfusate collected from the donor heart during the phases of
restoration (b, d, ¢). This perfusate causcs a positive Inotropic reaction in the recipient heart.  Aualogous data
were obtained in all the other experiments of this series,  Tie results thus indicate that the periodic vagal effect
seen on prolonged stimulation of the nerve is acconpanicd by a periodic sceretion of clicinical agents which
exert alternate inhibitory and stimulating influcnces on the heart,

The sceond series of experiments was devoted 10 a phannacologic analysis of the nature of the substances
liberated during the different phases of the poriodic cffect exerted on the heart by prolonged vagal stimulation,

The study of this question was begun by investigating the role of acetyicholine in the periodic appearance
of inhibitory phasce of cardiae activity on prolonged vagal stimulation, Experfments with proscrinetand atropine
were therefore carried on,

Action of proscrine. These experiments were bascd on the hypothesis that proserine, being anticholines=
terase preparation, should enhance the cffect of the Inhibitory substance appearing in the donor heart during the
inhibivory phasc if this substance were in fact acetylcholine, The experiments were performed as follows: proserine
was intoduced into both recipicnt hearts (concentration 1 X 10 %), perfusate taken from the donor heart during
inhibitory and restorative phases was then tested on these hearts  The results obtained in this serics of experiments
are given in Fig. 2.

Kywmogram [N shows that proserine promotcs a considerably morc profound negative inotropic effect of
perflusate colleeted from the donor heart du.ing phascs of inhibition (a, ¢, ¢, [, h). For instance, perfusate (a),
taken at the momeat of the first arrest of the denor heart, decreases the amplinude of cardiac contractions by
90% with simultancous slowing of the rhythm by 25% as compared with normal: in the second phase of inhibition
of the donor heart the perfusate collected from it (¢) again exerts strong inhibition on the recipient heart,
decreasing the amplitude of cardiac contractions by 62,5% this time. Analogous data were obtained throughout
the duration of the whole experiment (kymogram 1L, e, ). Analysis of the effcet of perfusate collected from the
donor heart during the phase of restoration (Fig, 2, kymogiam I, b, d, g) revealed that the response reaction of
the recipient heast was unaltered; the perfusate in this case clicited the usual positive inotropic effect.

Treatment of recipient hearts with an anticholinesterase preparation ~ proserine — thus leads to marked
decpening of the cffect exerted by the “inhibitory ™ substance liberated by the donor heart during the phases of
cardiac arrest.  The effect of perfusate raken from the donor heart during the inhibitory phases is increased fous-
fold as compared with the cffect of the same perfusate on the recipient heart which had not been wreated with
proscrine; at the same time the cffect of the "restorative® perfusate elicits the usual positive inotropic cardiac
reaction. This faci appears to the present authors to indicate that periodic arrest of myocardial activity associated
with prolonged vagal stimulation depends on the presence of acetylcholine. During the phases of restoration
substances different in nature arc probably liberated: this question is to be considered more fully below,

In the next series of experiments an attempt was madc to discover the effect of atropine on the response of
the recipient heart to the action of perfusate from the donor heart; atropinc was chiosen as a substance posscssing
properties abolishing the cffect of acetylcholine on the one hand, and not interfering with the action of adrenaline
on the other [4).

The effect of atropine, The experimental conditions were the samc as in the preceding series cxcept that
the recipient hearts were treated preliminarily with awropinc (concentration 1 x 10 5.

Atropine abolishes the pegative inotropic effect: perfusate taken from the donor heart at the moment of
the first arrest doesnot alter the amplitude of contractions of the recipient hearr (3.7-3.6 cm); using perfusate
raken at the moment of the second arrest also leaves the amplitude of recipient heart contractions unchanged
{(3.5-14.5 cm).
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Examination of the action of perfusate vollected from the donor heart during the phase of restoration
revealed that the regpoase of the reciplom heart was usually positively Inotrople in character,

Treatment of recipient hearts with atropine thus leads to abolition of the negative inotropic effect causcd
by petfusate collected during e phases of inhibition of the donor hieart, while the reaction of atropinized
recipiont hearrs to the action of "restorative™ porfusate preserves the usual positive Inotropic character of the
FUSPONSC,

It follows from all the experiments carricd out thar during the different phases of cardiac activity under
the influcnce of protonged vagal stimularion substances of different nature are apparently liberated. This
conclusion is supported by the fact that both proscerine and atropine change the character of the cffect exerted
by the bstance Tikzeated during the inhibitory phase but do not change the cffect of the substence scereted
during the restorative phase of the donor ticart, The data cited above suggest that the agent acting during the
inhibitory phascs is acetyicholine, while during the restorative phases adrenaline~tike substances are most
probably liberated. To test this hypothesis a serics of experiments with dibecnamine — an antisympathetic and
anti-adrenaline agent were petformed,

The effect of dxbcnamim, Expcriments with dibenamine were carried out as follows: dibenamine
(concentration 1 x 10- %) was introduccd into both recipient hearts and the action of perfusate from the donor
hcart collected during the phases of inhibition and rostoration was then tested on these,

As can be scen from the kymogrami (Fig. 3. kymogram I, b, d, ¢, h) dibcnaminc abolishes the usual
positive inotropic cffect of perfusate collected from the donor heart during the inhibitory phase. Thus, perfus-
ate (b), taken at the moment of the first period of restoration of the donor heart does not exert the usnal positive
inotropic cffect; on the background of dibenamine action a similar effect s produced by perfusate taken from
the donor heart during subscquent phaeas of restoration ~b,d, cic, Examination of the action of perfusate
collecred from the donor heart during inhibitory phases(Fig, 3, kymogram IL, 3, c, f, g) showed that the response
of dibcnamine-trcated rccipicnt heart was the same as that of a normal recipicnt heart: the perfusate in this
case evoked tiic usual ncgative inowopic cffcey,

Trcatment of recipient hearts with an anti- adrenaline agent — dibenamine — thus leads to the abolition of
the positive inotropic reaction occurring in response to the introduction of perfusate collected from the donor
heart during restorative phases, The slight diminution in the amplitade of cardiac contractions as compared with
the normal, obscrved in thess experiments can be explained either by the presence of a certain amount of
acetylcholine in admixture with the adrenaline-like substances in the “restorative® perfusate and the inactivation
of these substances by dibenamine with consequent unmaskmg of the action of admixed acetylcholine {Baker,
1954), or by a distorting cffect excrted by dibcnamine on the action of adrenaline {Zakusov, 1953).

As a control, all the experiments mentioned above were performed on hearts which had been freed from the
influcnce of the sympathetic nervous system, Experiments with such hearts (on the 15th day after dencrvation)
showed that prolonged vagal stimulation, in the absence of sympathetic nervous system influences, was associated
with periodic alternation of inhibitory and restorative phases, with "humoral wansmission” of this effect.

Thesc experiments, thercfore, lead to the following conclusion: functional, periodic changes in the heart
muscle which accomipany prolonged vagal stimulation {uniform in » strength and frequency) are determined by
the periodic appearance of chemical substances of different nature: acctylcholine during the phases of cardiac
inkibition and adrenaline-like substances during the phascs of restoration,

We canpot as yet, on the basis of our data, determinc the mechanism of the appcarance of thesc substances
during definite phases of cardiac activity. In accordance with the data found in litcrature [10, 11} the most
likely hypothesis is that acctylchohnc. which is liberated during stimulation of the vagus, upon reaching a
certain degreo of accumulation and a certain stage of interaction with the physico-chemical receptor systems
promotes the liberation of substances with a stimulating action similar to that of adrcnaline-like agents,
Acetylcholine, in the opinion of the Oxford school »f pharmacologists [5] plays the role of regulator of the
thythmic activity of the heart; it probauiy piays this part during prolonged vagal stimulation also when periodie
alternation of phases of inhibition and restoration of rhythmic cardiac activity arc observed,

* This value contradicts the one given in Fige 3 caption, ~ Publisher,
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SUMMARY

Prolenged stimulation of the vagus nervee{up to 40 minutes) evoked periodic  changes tn the activity of the
heart muscle, It is manifested by the Intcrchange of phases.of inhibition and recovery of heart activity
{ Scchonov-Meclhinikov pho..nomcnon).

Expuriments were performed on hearts of frogs (Rana tc_x_qgomria) It was established that the functional
periodicity in the activity of the heart, which wasobserved under conditions of prolonged stimulation of the vagus
nerves Is associated with periodic  appearance of chemically active substances of different origin In the heart,
Thus, the periodie  appearance of phascs of inhibition is connccted with poriodic  scerction of acetylcholine,
whilc the periodic  apperance of phases of recovery — with periodical scerction of adienaline-like substances,

it is probable that acctylcholine plays a regulating role in cardlac activity, promoting lberation of
adrenalinc~like sulstances uixder conditions of prolonged stimulation of the vagus nerve,
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