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Present day data on the mechanism of tim vagal effect on the heart indicate that the vagus can not only inhibit 
but also, under certain conditions, stimulate cardiac activity. Detailed studies of such dual Influenr of  the 
vagus has led many scientists to conclude that tltc different nature of thc~ different vagal effects is associated 
with secretion of  chemically active substances dnring its stimulation [5, 6, 7, 8, 9, 10, 11]. 

In the Iisht of  tim problem being considered in the present work of great intcre.q arc the remarches of I. 
Went, E. Szucs and E. iletenyl [10]. L Went, E, Szucs, T. Kov~:s [11], M. Szcntivanyi. A. Kover [12] and othcrt 
which deal with the interrelations of aectyleholinc and adrenaline. It has been ~own that prolonged action 
of acetyleholtnc can promote liberation of adrenaline in the heart, I.e., acetylcholinc stimulates cardiac activity 
by way of  h'beratlen of  Its antagonist - adrenaline. In the analysis of  the humoral basis of vagal action on the 
heart a study of the Secbcnov-Mcehnikov phenomenon is especially rclcvant; this phenomenon consists of  the 
fact fllat prolonged stimulation of  the vagus (up to 40 mtnures) elicits periodic changes in cardiac activity 
manifested by alternating inhibition and restoration of cardiac activity. 

The prcscnt work is concerned with an attempt t9 Find the answer to the question of whether the periodic 
alternation of  inhibition and stimulation of  cardiac activity ob.~rved on prolonged vagal s~lnmlation is a,.sociated 
with a periodic appearance In the heart  of  chemically .~tctivc snbstances which act differently on fllythmlc cardiac 
activity during the different phases of vagal effect, 

M E T H O D S  

All the present experiments were performed in accordance with the following scheme: three Str.~alb-lsolated 
frog ~Rana te.rnporar!a ) hearts were used. One of these -- the donor heart - retained its connection with the medulla 
oblongata which was subjected to prolonged electric stimulation. It must be noted that both cardiac reaclIo~ 
(inhioition and restoration)occurred under identical experimental conditions, viz..with the same suength and 
frequency of stimulation. The hear~ was perfuscd with Ringer's solution; during definite phases of  periodic 
cardiac activity under conditions of  prolonged vagal stimulation the pcr[usato from the donor beart was transfenrcd 
to fl~ mlvtion maintaining the recipient heart. Two recipient hearts wcm u.md in the cxperlmcnt: one tcrvcd 
as a testing agent for fltc #tams of  inhibition of tim donor hcart, the oflmr for the phascl of Its restoration to 

full activity. 

R E S U L T S  

In the first series of  cxperin|cnts an attt:mpt was made |o clarify the qucstionofw~ther it war po~fblr fog 
dm Scchel~ov-Mechnikov effect to [x~ mediated humoraUy. The re.tits of dice: oxpclimcnts arc given in Fig.l~ 
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A.~ k)-m~rall) I show,% proi~gcd slilmdatt.on of lhc vaglzs (31 nlinziR's)t:licits I~*:l(x]|c allernation of tnllib|tJon 
~ ~,~t~xali<~ of Cardiac. ~t| ivlty. Ccs.~atioll of sfimulalion abo|i~mc,~ all forms of ['~riod|c activity. 

Kyll~ogra=os 11 .rod ri1,4~ow tht: r~'.~llT,~ of cxIx'ri,:cnis z,~alyzing the po,~sibility of "humoral traasmt,~slon w 
oi d~., [~:ril~Jie alternation of inhibt|iou and r~,qoraHon of cardiac activity uixm prolonged stimulat|on of the 
va.~l~. A~ can be ~'r from kymogra~u If, Ibc p~rf~1~atc taken from the donor heart dn,ing a period of inhibit|on 
(a. e) Cau.~'~ a m-gative inotropie rc,~ction in ~1~, rccipk:nt heart. Thus, ~rfil,~a0c (a), taken at the moment of  
the fir.~t arrc.~t, dimini.~cs .tl~e a=~=p|inlde ~,f c.ardiac cot~tracttons by ~fF~ Kymogram ITI .draws the C|h'mges 
ob,~'=vcd lii ',.L'c recipient hcan t~,atcd ~.~ith th,: [,~'rf~.L~e colh~clcd from th~ donor heart during the phases of  
restoration (b, d, c). This l~rfusa~v c~t .~s  a po.~itive ino~opic reaction in the recipient heart. A=~alogous data 
w:'rc obtained in all the other e• of thi: .~ries. Ti~c results thu= Indicate that the periodic vagal effect 
,~'~n on prolonged stimulati~'a of the nerve is accompanied by a periodic sccrelion of chemical agents which 
exert alternate inhibitory and stimulating influences on tile heart. 

The ,~'coud ~-ries of experiments wa~ devoted to a pharm~ologie ,'malysis of the nature of the substances 
liberated during the different pha.~s of  the p::riodic cffcct exerted on the heart by prolonged vaga! stlmulatioch 

31=c study of this question was begun by investigating rite role of ~ctytcholine ha the periodic appearance 
of inhibitory phases of e,~,~diac activity on ~olonged vagal stimulation. Experiment~ with proscrinc*and atropine 
wet.2 t|~2r~'brc c&rr~d. O~.tL 

Action of pro~rinc. Thc~r cxperimcnts were based on d~chypothc~is tha ~. pro~rine, being andchollnex- 
tera~ preparation, .~ould enhance the effect of the inhibitory mbstancc appearing in the donor heart during the 
inhibitory pha~ if this ~bstancc were in fact acctylcholinc. Thc expcrimcnts were performcd as follows: prosertne 
was in~oduced into both recipient hearts (concentration I x 10"s). Pcrfusate taken from the donor heart during 
ini~ibitory and resm:ativc pha~s was then tested on these hearts. The resuI~s obtained in this serics of experiments 
are gi~,'en ~n Fig. 2. 

Kymogram III ~ows d~at p~o~crine promotes a considerabl~/more profound ncgativc i~ortopic ~:ffect of  
pcrfusatc collected from the donor heart duAng pha~s of inhibition (a, c, e, f, h). For fngtancc, perfi~sate (a), 
taken at the moment of thc first arrest of the donor heart, decreases the amplitude of cardiac contractions by 
90-70 with simultaneous glowing of the rhythm by 2,5~ as compared with normal: ha the second l~lase of inhibition 
of the donor heart the perfusate col!ceted from it (c) 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  ".he whole experiment (kymogram III. e, f). Analysis of the effect of pcrh~sate collected from the 
do,nor heart during the phase of restoration (Fig, ~, k)anogaam 1% b, d, g) rcvealcd that the respon~ reaction of 
dlc recipient hca:t was unaltered; the perfusate in this ease clieitcd the u~al  positive inotropic effect, 

Treatmcnt of recipient hearts with aza anticholinestcrase preparation - proscrine - tiros leads to maxkcd 
declining o f  the cffect exerted by ~he " inh~i tor)"  ~bstanee liberated by the donor heart during the pha~s of 
cardiac arrest. The effect of perfusate taken from the donor heart during the inhibitory phases is increased f o~  ~ 
fold as compared with the effect of the same perfusate on ~he recipient heart which had not been treated with 
proscrinc; at the same time the effect of the "restorative" pcrfu.~ate elicits the usual positive inotropic cardiac 
reaction. Th~s fae~ appears to the present authors to ipdieate d~at periodic arrest of myocardial activity as~qoeiated 
w~th prolonged vagal stimulation depends on the prcsenec of acetyleholine. During the pha~s of restoration 
mb~tanccs diffcrent in nature arc probably liberated; this question is to be considered more fully below. 

In the next series of experiments all attempt was made to discover the effect o f  atropine on the response of 
the recipient heart to the action of perfusate from the donor heart.: atropine was chosen as a s~abstance Polishing 
prolx:rties abolishing the effect of acetylcholine on the one hand, and not interfering with the action of adrenaline 

~a ~t~c o~her [41. 

The effee= of atropine. The experimental conditions were the same as in the preceding series except that 
the recipient i~earts were treated preliminarily with atrophic (concentration 1 x 10"s~ 

Atropine abolishes d~e negative inotropic effect: pc rfusate taken from the donor heart at the moment of  
~hc first arrest docsnot alte~ the amplitude of contractions of the recipient heart (3.7-3.6 era); using perfusate 
lakel~ at the mon~ent of the second arrest a I~  leaves the amplitude of recipient heart contractions unchanged 

{:L 5-a.5 cm). 

~ ~,~ian trade name, 
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Exam[natical of the action of ['~'rGIsiltt'~ rolkx:tcd fml~l the dollor |l('~ar| during tile phase of restoration 
r~;'c,~Icd tha| ~l~.. rc'.T~n~ of the r~'cipk'i~! hear! wa.~ u.~ually po~Hlvcly lnolroplc tn e!~ar,~ctcr. 

Trcatt~cl~1 of rcclplen! hcarls with alroptne thus leads to abollllon of the negative lnotrople effeel caused 
by tx'rfusatc collected during tie pha.~..s of inhibitlou of the douor hcarh while thc reaction of atropinlzed 
[x'c|p|cn! hr to the .'R-ttoll of "rL'stor:Hivc a [x'rf~lsalc prc.~rvcs Ihc nsu;d posilivr inotroplc chancier  of  the 
rc.~,a m .~.', 

It bl low; fro;~; all lhc cxix.rimc:lt.~ carried out tha! during tl.~e different phons of  ca.rdi,~_ activity under 
1he la.quetg'c of prolonged vagal stimulation .~bsta~wcs of different nature ,arc apparently liberated. This 
couelusion Is .~tpported by the f,~t that both pro.~rinr aud atropine chmlge the character of the effect exerted 
by ~l~.. qibstanee l~b~tated during the tul!|bitory phase btR do not change the effect of the substance secreted 
during the restor.~tive p!~a.~ of the donor i~r The data cited above ~ggcst that the agent acting during the 
inhibitory pha.~s is ~ctyleholtne,  while during the restorative phases adrenaline-like substm~ees are mo~t 
probably lik.ra~cd. To test ~this hypothesis a series of experiments with dibcnamine - an antJsympathette and 
anti-adrenaline agent were performed, 

The cffcc! of dibcnamine. Experiments with dibcnamine were ca~ied out as follows: d fbcnamh~ 
(concentration I x 1-'~- ) 'was introduecd into both recipient hearts and the action of perfusatc from the donor 
heart collected during the pha~s of inhibition a~d ~storation was then tested on these, 

As can be seen from the kymogram (Fig. 3. kymogram [II, b, d, e, h) d~cnaminc abolishes the usual 
positive motropic effect of pcrfusatc collected f~om the donor heart during the inhibitory phase. Thus, pcrfus- 
ate (b), taken at the moment of tl~ first period of restoration of the donor heart does not exert the usual positive 
inotroptc effect; on the background of dibcnamine action a s imil~ effect Is produced by Perfusate taken from 
the donor he,xrt during subsequent pha.,~s of re,oration -_b,_d, e~c, Examination of the action of Perfusate 
collected from the donor heart during inh~itory phascs(Fig. 8, kymog~am ]I, ~, e, f, g) showed that the respons~ 
of d~benaminc-~,eated recipient heart was the same as that of a normal recipient heart: the pcrfusatc in this 
ease evoked the usuaI negative in0tropic effect, 

Treatment of recipient hearts with an anti* adrenaline a g e n t -  dibenamine - thus leads to the abolition of  
the positive ino~opic re.action occurring in response to the introduction of Perfusate collected from the dono~ 
heart during restorative phases, The slight diminution in the amplitude of c,xrdiac contzactlons as compared with 
the norm'J, observed in thcs~ expcriment~ can be explained either by the presence of a certain amount of 
acerylcholine in admixture with tlm adrenaline=like mbstances in the =restorative" pcrfusate and the inactivation 
of these substances by d~benamine with consequent "unmasking" of the action of admixed acetylcholine (Baker, 
1~,54), or by a distorting effect cxerted by dibcnaminc on the action of adrenaline (Zakusov, 1953). 

As a control, all the experiments mcntioned abovc were Performed on hcarts which had been frccd from the 
influcncc of the  sympathctie ncrvous system. Experiments with ~,dch hearts (on the 15th day after denervation) 
~howcd that prolonged vagal stimulation~ in d~c ab~nee of sympathetic ncrvou.~ syrccm influer~ees, was a.~oeiated 
with periodic alternation of inh~itory and restorative phases, with "hun}oral transmission" of this effect., 

These experi~r~ents, therefore, Iead to the following conclusion: functional, periodic changes in the heart 
mua:te which accompany prolonged vagal stimulation (uniform -~n strength and fr~-qucncy) are determined by  
the periodic appearance of chemical substances of differcnt nature: ra:etyleholi~.e during the pha~s of cardizr 
inhibition a.~d adrenaline-like substances during the phases of  restoration. 

We cannot as yet. on the basis of our data, determine tile mechanism of the appearance of these substances 
during definite p h a ~  of  cardiac activity. In accordance with the data found in literature [i0, 11] the most 
1Lkcly h)T~OthCSiS is that acetylcholine, which i~ liberated during .stimulation of the vagus, upo,~ reaching a 
certain dcgrco of accumulation .and a certain stage of interactior~ with the physieo-ehemical reeeptor systems 
promotes the l ~ r a t i o n  of  substances with a stimulating action similar to that of adrcna~3ne-like agents. 
gcetylci~olIne, in the opinion of the Oxford school ,gf pharmacologists [5] plays the role of  regulator of  the 
rhythmic activity of the heart; it probaul)- plays this part during prolonged vagal stimulation also when periodic 
alternation of phases of inhibition and restoration of rhythmic eardiae activity are observed. 

~ This value contradicts the one given in Fig, 3 caption. - Publisher, 



S U M M A R Y  

Prolonged ~tm~,latton of ~ c  v,~gxts n~rvct (t~p to 40 mtntttcQ cvokcdperfodic changes In the actlvtty of 
|loArt l~tn.?,cle. It |t |nanlfcstud by the lr!tcrchange of pha~s of inhibition and recovery of heart activity 
(,gccbenov-Meclmikov plmtmmcnon). 

Expurlments wcru porfornmd on Imarts of frogs R~_~a tcm._mt~r.L~!a~. It wm established that the ftlnctional 
periodicity lfl the ~ctivity of the heart, which wasobscrvcd nn tecr conditions of prolonged ~im'Jlatlon of the vagul 
nerves is ag-~tated with pcrtotl|c appeararkec of chemically acttvc substances of different ortg~n In the Ileart. 
Thus, the periodic app0axance of phases of intflbiticm i= connected wltJt periodic ~cection of ace:ylcbollne, 
while dtc periodic appcrancc of ]'~]1**L~25 of r ecove ry -  with periodical mcrction ofadlenallrm-llke subskances. 

It i= probable that acctylcholinc play, a regulating role in r activity, prgmottng liberation M 
adrenallr~-likc tu~tance= utglcr conditions of prolonged stimulation of the vagus nerve, 
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