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In spite of the fact that data exist in the literature on the change in the effect of stimulating the vagus 
nerve on atropinized visceral organs, until no~" the idea of the exclusion of the effect of the vagus nerve 
by means of ~tropine has been widespread in physiology. 

In Communication I we set forth experimental data on the effect of atropine on a mechanogram and elec- 
trogram of the heart .  It was established that atropine increases and stabilizes the resting potential of the heart 
muscle, and does not alter the form and duration of the mo~lophase action potentials. The data of the report 
showed a change in the effect of acetytcholine on an atropinized heart; under these condittom acetylcholine 
proved to be incapable of changing in the usual way the rate of the restored processes taking place in the heart 
following depolariziatiotl o f cellular structures. These data permitted us to suggest that atropine, stabilizing 
the resting potential of the heart muscle, must first of all disturb the ~ormal process of an increase in polarizi- 
bility of cellular structures during stimulation of the vagt-,s nerve. Proceeding from the experimental data and 
the theoretical conclusions of M. G. Udehlov [2, 3], we assumed that under these conditions the greatest changes 
will be observed in the chronotropic index of vagal inhibition of the heart. 

The present communication is devoted to an examination of the forms of the manifestation of the effect of 

the vagus nerve on an atropinized heart. 

E X P E R I M E N T A L  M E T H O D S  

The experiments were conducted during all seasons of the year on frog hearts isolated according to A. F. 
Samoilov's method. The use of the A. F. Samoilov preparation (the heart on a Straub cannula and in a 

circular perfusion system, connected with the frog's head by the vagosympathetic trunks) permitted stimulation 
of the nucleus of the vagus nerve in the medulla oblongata and the cephalic sympathetic ganglion. This llte- 
thod made it possible to obtain pure vagus and sympathetic effects during parallel  pcrfusion of the isolated heart. 
Stimulation was accomplished by means of movable necdle electrodes Joined with a Dubois-Reymow.l coil; the 
voltage in the primary circuit was 4 v. Cardiac mechanograms and electrograms maintained simultaneous re- 

cording (see Communication I). 

Following the recording of 3- 5 normal vagal effects on a heart perfused with Ringer solution atropine was 
introduced into the cannula, and at varied t ime ltreervals repeated stimuli were applied to the medulla oblon.. 

gata. 
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EXPEI~'iMENTAL RESULTS 

In all of the cxperimems, following atropmizatlotl of tile heart tile efft-ct of vagal tl~libittogl W,~S r 
by a marked ~]tnpat|,cticot~limctic effect. The chau,ge ill vagal effect after the ill|cot|on of atropiue into the 
heart in ~ concentratiou of 10 -s  Call be seen in Figure I (I and IlL The ~.ntpathelicomimetic effect Is mat~i- 
retted in an je_crcast: in the stret~gth o f  contraction* aim ill tile speed of the rhythmic activity of the hear~. This 
effecl is highly stable; in the cxperilnent cited,14 vab, equem stimulations gave identical results (Figure l ,  ll). 
After 40 millute~ the atropine solution was replaced with Ringer's solutiol! and stimulation of the medulla ob- 
longata was o~ce again accompanied by an In!rib|tory effect (Figure 1, IID. 

Fig. 1. "Ihe change in v0gal effect under the influence of atropine ( In ' s ) .  Vag,d 
effect in conjunction with ,tilnulation of the medulla oblongata before and il,~- 
mediately after the action of atmpine(I) ,  1 horn after the action of atropine and 
following washing Out with Ringer's solution(if). Distance between inductor coils 

- 1 2  cm. Duration of stimulation -10  seconds. 

During the coulse of the experiments we were faced with the question of the nature of the sympathetico- 
mimet ic  effect. In Figure 2, a, Segment I show~ the typical inhibitory effect of stimuIation of the medulla 
oblongata; a srnall increase in the amplitude and ~rength of the contractiot~s of tlle heart is apparent in ~he 
aftereffect. Ill spite of differential stimulation of the f iberso/ the  vagus nerve, ot~e could as-ume that after 
the introduction of atropine precisely this sympathetic aftereffect is stengthened. Segments II and IiI show the 
development of a stable sympatheticomimetic J f e c t  during stimulation of the medulla oblongata after the 
introduction of atropine (in the given experiment 12 identical results were obtained). Figure 2, b shows the 
change in the effect of stimulation of the cephalic ~mpatheric  ganglion after arropinizarion of the heart : the 
introduction of atropine reduces the ~jmpathetic effect (this phenomenoil was obsc'rved in ali of the experiments). 
Figure ?,c completely eliminates the Ixzsibi!ity ft,.at the participation of sympathetic fibers in the de- 
velopment of symlathet icomimetic  effects is a resulz of stijlmlation of the va~'~s nerve. This kymogram was 
obtained on a permanently desympathetizcd f ~  hea~; even ill this case srilnulation Of the n-edMla oblongata 
after the introduction of atropine was accompanied by a marked syn~patheticomimetic effect. 

In studying the relationships of the iuorropic and chronotropic properties of vagal inhibition during atro~ 
ptaization of the heart, we established that stimulation of the medulla oblongata immediately after injection 
of atropine in concentrations of 10 " e -  10 "t5 is accompanied by tile development of a positive chronotropic effect; 
the negative inotropic effect disappear,." after a certain period of strop|lie influence. Thus atropine affects first 
of  all the chronotropic index of vagal inhibition. This regularity was particularly well- marked in the experi- 

ment* with continuous pe.rfusion of the heart. 

This continubus perfuslon is effected by a Straub cannula with a side outlet; introduced into the cannuIa is a 
small funnel with a fine, almost capillary outlet which passes freely into the horn of the eannula. The small 
funnel is filled with Ringer's solution, which is continuously renewed by means of drops falling from a large 
funnel fagened above the cannula; the excess fluid exits from the side outlet of the cannula. If an active sum 
jtance (atropine, for example) is introduced imo the small funnel, it will at once begin to be washed out by new 
drops of  Ringer's solution." In this manner on~ can -)bserve the change in vagat effect as atropine it washed out 

of the heart. 
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The expetlmentsthowedthst wtthcoatlntJu~t perfution the negative lnoerop*c effect is resoled flrg of all 
(in the pretence of a potitlve chronotrople effect), at~J then a negative chronotropfc effect is produced by tit- 
mulatlon of the medulla oblongati. 

Fig. 2. Change in vagal effect in conjunction with stimnta~ion of the medulla 
oblongata (a) and the sympatlaetic ganglion (b) on a normal and a permanently 
detympathetizedhean (c) before and after ~ } the action of atropine (lO'lt). 
Dlttance between the inductor coils in the experimems on the norm~l heart 
(a0 b) -19  cm; in the detympatheti~ed heart (c) -12  cm. Duration of stimu- 
l a t lon- I0  seconds. 

In thls connection It was neceJsary to establish the sequence of changes in the reaction of the beans to 
acetylcholine and ttimulatlon of the vagus nerve during atropinization of the heart and waiting it with Ringer'| 
Solutlon. The experiments showed that after atroplnlzation the capacity of cardiac muscle to respond toJtlmula- 
tlon of the medulla obIongata is initially altered by a reduction in heart rate; then the negative lnotropic effect 

532 



disappears. Finally the ruc t ion  of the heart to ,cetylcholine It changed. 
The literature cot, taint indications of the gre~t tentitivi*.y of the chronotroptc effect to ~troptne [5, 6]. 

Thus ene can conclude that in the process of atroplnlza~lon of the heart exclusion of the vagal effect does 
not occur, but only the form of its manifeRa~lon is altered. 

Stimulation of the vagus nerve under th~se conditions it accompanied by positive chronotroptc and lnotro- 
pic effects, which Increase in the process of gradual atrop~r~tzatlon, attain a maximal value and are stabllzed. 
It has been established that sympgthctlc fibers do not take part in this reaction; the inaccuracy of  the assump- 
tion of the possibility of the stimulation of chromaffln tissue Is shown in the work of A. V. Klbyakov arm L. V. 
TtLkhvatulllna [1]. 

In our supplementary experiments the atroplnlzed heart secreted a greater than normal amount of vagM 
substance. These data are in agreement with the results of Brucke [4]. Con~equemly the sympatheticomlmctic 
effect does not result from the secretion and influence of stnall amounts of acetylcholine. 

This effect canrmt be caused by the actlvlation of accelerating fibers in the vagus nerve trunk, since in the 
work of M. G. Odelnov [2. 3], the ab, ence of specific accelerating fibers in the trunk of the vagus nerve of the 
frog and of warrrv-blooded animals has been demonstrated. 

In view of the particular sensitivity of the chronot~opJc effect of vagus inhibition to the action of atropine, 
we examined the shift: in polarization which occur in an atroplnlzed laeart in conjunction with stimulation of 
the vagus nerve. 

In our theoretical assumptions we proceeded from the data of M. G. Udelnov [2, 3], who established a cau- 
sal relationship between reduced heart rate and increased resting potential in conjunction with stimulation of 
parasympathetic nerves. 

The vagal effect was produced either by placing a small crystal of rock salt on the nuclei of the medulla 
oblongata or by their electrical stimulation. Figure 3 show~ the development of the vagal effect before and 
after atroplnlzatlon. As Is evident from Figure 3,..a, placing a small salt crystal on die medulla obiongata before 

Fig. 3. Mechanograms (upper curves) and electrograms (lower cur~'es) of the 
heart, r~corded in conjunction with stimulation of the medulla oblongata 
with a small crystal of NaCI. 
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atrotllnizatioll l i  accoilip;lnted by the dcvl~lopiiient of ct~t~liutl of lilt: liean and an increase hi the feltiilt~ po,- 
tfelillal of the cardiac itiulcle, Foltowillg atropiiiizatton (t'igo 3, b) durlli~ stiluulalion of the n~iclel of the iagul 
IlcrVr a slight titcreast" ill llca~t late is observed ili tile presence of a parallel redaction ill testing potential and 
a lowering of the alnplnudc of the nloil~q~hasc action potential. A similar phenomenon was recorded in all 65 
Cases. 

Thus the electiophysiological experiments also*attest to a change in vagal effect, but not Its exclusion, 
under tile influence of atropine, 

The results obtained in comparison with the data in the literature permit one to assume that atropine pre- 
refits the possibility of poaitivization of cardiac muscle in the presetlcc of stimulation of the vagus nerve. Atro- 
pine by itself is capable of augmenting tile resting potential, but, collaterally, it emerges also as a stabilizer of 
tile level  oirpolarity of the Cardiac muscle. Acccptiilg tile poiit~ of view of M, G. Udelnov, ouc can maintain 
that the number of impulses arriving by way of the vagus nerve is insufficient in the atropinized state for tile 
creation of positivizati0n, and thus for inhibitioll of the heart. Under these conditions tile usually "inhibitory" 
lmpu!sation produces an effect of negativization, characteristic of tile action of a sympathetic nerve; there 
occurs a parallel itmrease in heart rate and in the amplitude of heart contractions. In this case the minor 
amount of impulses artiviiig by way of a sympathetic nerve is incapable of producing any effect. 

We suggest that file data presented confirm d~e viewpoint o f  M. G. Udclnov relative to the leading role of 
shifts in polarization durii~g the emergence and development of vagal inhibition of theheart. They also show 
that atropine influences first of all tile initial restiiig potential of cardiac muscle, eliminating the possibility 
of changing it during development of vagal inhibition of the heart. The absence of positivization under these 
conditions causes tilt: replacement of the inhibitory effect from irritation of the vagus nerve by one of stimula- 

tion. 

SUMMARY 

In normal atropinized and chronlcalIy desympathetized frog heart;the effect of vagus nerve stlmulatlon 

is altered but not excluded. 

Stimulation of the nuclei of the vagus nerve in the medulla oblongata causes a comtant sympatheticomi" 
metric effect,  The same Is to be seen In chronically desympathetizeJ frogs. During atropinization and washing 
the negative chronOtr0pic effect caused by vagus stimulation was replaced by a positive one. The last to be 

altered was the reaction of the heart to aeetylcholine. 

The atroplnized heart secretes more vagus substances than the normal one. 

Stimulation of the vagus nuclei after atropfnization causes a Hight diminution of the resting potential 
of the heart muscles, diminishing at the same time the amplitude of monophase action potentials. 
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