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Tim co ,ccpt  of a purely Inl~lbttory function of parasympathetic nerves In the vcrtebratcs which arose In tfm 
middle of the last century has boca under review In recent years. M. G, UdcInov, i n a  scrlcs of communications 
[3, 4, 5J. has shown that both Inhibitory and stimulating influences on the heart a~c mediated by the vagus. R 
has bccn established that both regulatory effects arc mediated by similar pararympathctlc elements, Inhibition 
o r  sth,ulatlon of  cardiac activity is determined, as dCinonstrated by Udclnov's expcrlmenu, by ~ number of 
parasympathetic nervous elements whose Impulses Impinge simultaneously on the hcart. When a relatively 
~nall number of  vagal ncrvous elements arc stinmlatcd c~rdlac actlvtty is onhanccd, when a larger number of 
.inch elements is stlmulatcd Inhibition takes place. Them data were obtained on animals (predominantly 
aml~=ibia) which had both parasympathetic and sympathetic lnnervation of  thc heart, but the remlts rcmaIncd 
unchanged If the cxpcrin:cntal animals wcrc subjcctcd to pa:llminary, sympathctlc dcncrvationof the heart. 
It appeared to be lm/>ort0nt to discover whedlqr the vagi In anlmah ~cking sympathetic hmcrvatlon of the 
heart had the power to stimulate automaIle cardiac activity. 

In the cyclostornata r2)r syn~pathctlc trunk Is absent [15], In myxine and In mlnnow|arvae there is no 
innc(vatioa of the heart at all [11J. FLql have a wclbdcfincd syrrpathctlc chain, starting from the tail segments 
and reaching thc lcvcl of  the III-IV thoracic vertebrae[15], Sympathetic nerves innervate many viscera In many 
c a ~ s  ald~o~g!i, according to Stann[us [15l, who Investigated over one hundred species of various fish. no nerve 
fibers o f  sy,ipathettc origin approach the heart. Thcse data were rcpcatcdly confirmed in more recent studies 
by mori,~)ologlsts and physlologlsts [9, 10 ct  all. 

V, A. Shidlovsky [6], who carried out shnu|tancous recording of venous sinus, atrial and ventrleular 
cootractions tJI sonm bony flsh, observed that on stimulation of the. sympathetic "border" tnmk a smaU positive 
inolropic effect on the venous sinus was secn: howcvcr, ncithcr the rhythm of contractions of this nructurc nor 
any indicators of thc activity of thc other parts of the heart showcd any changes In the fish examlr~d by him. 
The venous Sinus in these fish b a subservient section of  d~: heart ,  since the lcading cardiac bundle In their 
case Is In the atrial auricle. If this is considered togcthcr with the absence of changes In the aci:ivlty of the 
atria and ventricles in this case, then it must he recognized dial this auttmr, too, confirmed the absence of  
functionally active sympathetic inncrvatlon of the heart in fish. 

A number of  invcstlgators [1, 2, 8, 9, 10, 12, 13, 14. 15J observedcardiac arrest on direct stimulation of 
tin: vagl in flslh AccordIng to these nudgers no stimulation of t ~  heart beat was seen either dm'lng st/mulation 
Itself or subsequently, following arrcn evoked by vagal stimulation. This permitted SlaamUk [12, 13, 14] to 
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~rmulate ht~ t~mery of  untlatcrM regulation of tlm Imart in flt.~., mediated by reflex ch~ngms in the inhibitory 
~'ms of fl~e ~agL Aeec~L'tg to his concepts, acceleration of the heart In f l~  do~s not oeeut as the remit of 
�9 etlvc impulm, from the vagl but front weakening of impulse! from the~0 qmclfieally Inhibitory nerves. 

It can be concluded from the data available in tim l l t e r ~ r e  that fish are a very convenient obJrct for the 
ex[mrimetttal solution of the problem whether aetive vagal influence on ~ e  heart devoid of ry~mpathetlc lrmer- 
ration can cause aeceleratiolt of the heart rat6. 

M E T H O D S  

The work was carried out at the Shcberbakovsky water reservoir tn July-September 1949 and January* 
February 1950. Slxtyt,Sortexperlmentaon fish were performed: mainly on pike, also on teneh, perch, earp, 
groundling bream end nallm ". No significant differences tn the lmvervatton of the heart were found In them 
fie,. 

The fish were t~k+en kom the water and fixed in ~ frame, on the back. The posterior part of  the gtll cover 
was removed, the membrane Joining thr shoulder girdle with the last gill arch was severed, the mperftelally 
lying nerve, a brm~ch of the vagus in the fish, was dissected and traced to the root of  the vagus. The other 
branches of the vagus wet .  then dissected: 4 gill nerves, upper a~d lower pharyngeal nerves and the visceral 
branch. The c a r d i ~  branches (usually two on each side) may come off the visceral, pharyngeal or gill branche# 
of the vagus: they enter the cardiac venous sinus with the ducts of Cuvier. 

The abdominal wall was tran~ected by a transver~ incision at the level of the shoulder girdle; a second 
incision in the midIine was made perpe~dicularly to tim first and towards the head. The abdominal wall muscle, 
overlying the heart a_+mt the bones of the ~houlder girdle were removed. The heart was ~eed from the pericardium, 
a serrefine was applied to the apex and connecu2d to an Engelman lever. Cardiac contractions were recorded 
on a smoked ky~nograph. 

The distal eztd of  one of the cardiac nerves wal placed on stimulating electrodes cotmec~ed through a 
~dtch ~o an induction apparatus, 

R E SUL T S 

On stimulatio~ of the peritxberal ends of the cardiac nerves of  fish with induction cm~ents of different 
mength various changes in cardiac z~tivity were observed, 

In sorre ca-ms more or tess _~rolonged cardiac arrest was seen (Fig. 1) which was usually replaced, still on 
the background of ~tLmulation of the cardiac nerve, by cardiac contractions, first infreqt, ent, then increasingly 
frequent (Fig. 1, b, c) - the ~o-r "phenomenon of cardiac e~cape from vagal influence. = On oetaaflon of 
stimulation the floweJ rhythm of c a r d i ~  cow, tractions sometimes returned immediately to normM (Fig. 1, a), 
but usuMly this was ~eceded  by considerable acceleration of  the heart rate and only after that was the initial 
rhythm of cardiac activity regained (Fig. 10 b. c~. This is eon~andy observed in experiments on animals which 
possess both vagM and sympathetic innervation of the hearL It is explained as a result of  the entry into the 
reaction of syTnpathetic cardiac nerves and is called =sympathetic after-effect. = Neither this name nor the 
explanation cited above can be applied in the given case, since there is no sympathetic tnnervation of the heart 
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In other cases ~flmulation of  ff, e cardiac branche." of  the vagt caused only more or less pronounced slowing 

of dm heart ram (Fig. 2~, 

Finally. in a number of c a~s  stimulation of the cardiac branches of the vagi led to acceleration of  t ~  
heart rate (Fig- 3). Since acceleration of the heart rate elicited in animals lacking sympathetic trmervation of 
the heart war in these experiments determined by stimulation of the periphGral ends of the cardiac branches of 
rd'~e vagus, explanation of this phenomenon by" Skramlik*s theory cannot be accepted. 

This fact poses the question ~* to whether Inhibitory tonic action of the vagus on the heart exist, In fish, 
SkTamtik*s eoneeptJ were based on the remits of his experiments with section of the vagl in f l~  which caused 
~r of  the heart rate. 

'~'-A'--bony fish native to the USSI~ 



Fig. L Cardiac arrest (fish) In response to stimulation of the cardiac branches of the vagus. 
After cessation of nlmvlarAon the heart rate either Immedlately returns to the Initial (a). 
or exceeds It dlghtly(b ) or very m~rkedly(e), then retumlng to the Initial value. Record, 
from above down: cardiac mechanogram, stlmulue mark. Figures Indicate distance between 
the Inductlon coils during given stlmulatlon; tlme marker. 

Fig. 2. Slowing of the heart rate 
(fish) In response to stimulation of  
the cardiac branch of the vagus. 
Records the same as tn Fig. 1. 

Fig- 3. Sharp Increase of heart ram 
during stimulation of the cardiac branch 
of the vagus. 
Records the same as ha Fig- L 

In a s/~cial series of exF:riments bilateral nansecdon of the cardiac brancb.es of the vagl .w~ performed. 
As a role, no changes in cardiac activity were associated with this. Such results were obtained in 23 of the 30 
experiments carried out; ha 3 cases transient acceleration and In four-  slowing of the heart rate were observed. 
Comparable results were obtained by A. G. Fillppova(19~). The remits ofthe 7 experiments In which denervatlon 
of the heart was associated with transient changes In the rhythm of cardiac contractions can be regarded as a 
consequence of the stimulating effect of the trrtn~eetlon of the cardiac branches, particularly since In the prevl,)us 
series of experiments both ~ceeleratlon and slowing of the heart rate under the Influence of electric stimulation of 
the~ branches of the vagus had been observed by the present author. It Is possible that the acceleration of the 
heart rate ob~rved by Skramllk also arose under the Influence of a definite degree of stimulation, determined 
by.the teethed.adopted by him for the transection of the branches of the vagu~. $kramllk does not mention the 
duration of the changes associated with this. The factual material presented mggests that the presence of ~ml>" 
athetfc innervation of the heart or of Inhibitory tonus of the vagl Is not obligatory for the appearance of a pofltlvr 
chronot~ople Influence on the heart. Nervous regulation of the rhythm of cardiac activity can be achieved In 
these animals by means of active vagal influences In the same way as that which has been found by M. G. Odeinov 
to prevail in higher vertebrate, possessing ,ympathetlc innervaflo~ of the heart, 
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P~-eeleratlon of tl~ I~art rate, as well as slight .~Iowlng, occurred on stimulation of the cardiac nerve~ 
In f i~ ~r a vet), n:~'cow r.'aa,ge of variation in tl.~e strengfl~ of stlm,fl~ttngeurtem exceeding only *.lightly the 
threshold yahoo, It was at times mffietcnt to alter the lntcrcoll dtstanee by fractions of a eentltrn:ter only to 
be ,able to ~ s e r w  the reversal of'effect; flit.thor increase In fl~e strength of ~hfm!ation led to tempocary cardiac 
am, st which occurred over a very wide range of chanRe~ !n eurrer, t strength m+d d]ls particular form of vagal 
influence was dins e~sily elicited under the given experimental eondttlon.~, It may br thought that prolonged 
eartd,~e ~ t  oceu~ very lnfreq~tcntly under normal physiologic conditions ~ that d~e changing requirements 
of the fish organism e~.rt be ~ati-~fied by relatively muall changes of eardtae activity in one or the other dlreetlor~ 
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wily Skramlik ar~.l ot~+er authors failed to observe acceleration of the heart rate in fid~ o~ electric stimulation 
of the peripheral ends of the vagu~, AI the data presented contradict Skramltk's coneepU rega.xling tim mechanism 
of functional regulation of the heart In fish and permit the assurrpt~ that both Inhibitory ~nd stimulating effeeti 
of the nervou.~ sytem on the heart rate .~n fia~ are ~hleved ~ the remit of active vagal influences, 

S~JMMARY 

The resulu of flxty experiment~ oil bony ft~es, IrJo~fly p ike ,  with stimulation of the peripheral ends of  
tim cardiac branches of vagal nerves are reporteck Frequency of heart contractions varied In accordance with 
the intensity of stimulatiorl: In one 'and the same experiment the heart would stand still, dew down and hasten 
Its co~raetiont~ Bilateral section of the cardiac brartches of vagal nerves would cause l~ansient changes of heart 
contractions in some cases, but no change whatsoever in most of them. Skramlik's theory on the tonus of vagal 
nerves in fishes must be revi~'d toinclude the pos~ibillty of an active positive chronotropie effect of vagal 
nel've~. 

[6] 

[7] 

[S] 

[9] 

[10] 

[11] 
1860. 

[12] 

{13] 

L I T s  C I T E D  

[1] Dogiel L, Archangelsky g.,Arch, ges. FaysioL, 1906,eel 113, pp.1-96. 

[2] A. N. Kazem-Bek, L M. Dogicl, Z. ZooL, 1908-1909, 37, 201. 

[3] M. G. Udclnov. In book: C o m m u n l c a t ~ s  Pre~nted at the VIII All-Union Congress of Physiologists, 
Biochemists and Pharmaco!vgi~, * 1947. 

[4] M. G. UdeL'Iov. Communications Presented at file VIII AII-Uniou Congress of Physiologists, Biochemists 
and Pha~TnacoIogists," Mo~cow, 1951, pp. 620-621. 

[5] M. G, Udelnov, Thesis,'Structural-Functional Basi~ of tile Inh~itory Action of the Nervous System and 
the Nau,'.~ of Cardiac lah~itiOno" Moscow, 1955. 

V, .A. Shldlov~ky, ByuIL Ek~tL BioL i Med., 22, 170-171, 1941. 

BieHg W., Z.verglck:~Vhysiol., 1931, 14, 614. 

BIa~hko H.Z.verg le ich .  Phy~ioL, 1929,eel 10~p. 357-366. 

Bottazzi P.,ZbL PhysioL 1900, voL 14, No. 26, pp.665-670. 

Carlson A. L,Z. allg. PhysioL 1904. boL 4, pp.259-288o 

Hoffman, C. E. E. Beitrage zur Anatomic und Phydologie des Nervus Vagus bei Fischen, Giessen, 

Skramlik E., Z. vergleich, Physiol.. 1929, eel. 10, pp.344-356. 

Idem+ Z. vergleich. PhysioL, 1931, e e l  13, pp.626-638. 

[14] I d e ~  7-. vergleich. Physiol., 1932, e e l  16, pp. 275-289. 

[15] $tannius H.,Das l~ripherischc Ncrwen system der Fisehe, Rostock, 1849. 

* ~1 Russian. 

774 


