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The nerve which reinforces heart co~tracrlom, discovered by L P. Pavlov in 188'2, was described by him 
as a nerve which heightens all vital activitLm of the heart muscle in general. " 

The fact that stimulation of the reinI0rcl~ nerve restored the worlklng of a heart stopped by convallaria 
preparatlom in experiments on the whale animal and also the fact that the reinforcing nerve ccmld act on an 
isolated heart drained of blood Convinced ~,vlov of the trophlc ngture of its influence on the heart. 

Further work along this llne by Pavlov~ students [/2, 8, 6] Indirectly thowed that the reinforcing nerve 
could influence the chemlstryclthe heart muscle. 

On the other hand, the prolonged late~t period noted when the reinforcing nerve was stimulated (several 
seconds), the similarity of the relationship ketween the excitabfll.ty of the ~eakenlng fibers and that of the suength- 
enlng fibers when stimulated electrically to the relationship between th~ characteristic properties of excitability 
of the vasoconstrictor and of the vasodllator nerves, and, finally, the ana~o.~i_cal_ daral-  the disudbuflon of d3e 
luengthenlng branches along the coune of t~e co~or~,ry vessels - prompted l~vlov to suggest the pcmlble vaso- 
motor nature of the reinforcing nerve. HcTwever. he wrote: "Of course, the final resolution of this question 
must await direct experiments on the blood flow in the coronary vessels and the changes occurring in it when 
the various cardiac fibers are stimulated. "ere Ixopose to undertake such eJ::periments in the very near future" 

But there was no fu:ther work of these experiments; nor did other dala appear in the literature on the 
Influence of the reinforcing nerve on the coronary circulation. Study of this matter was the purpose of the 
work described in this article. 

EXPERIMENTAL M E T H O D S  

We employed Rein'J then-noelectric mer-~od in Noyons' mOdiflcatlc~, which made it possible to Judge 
changes in the rate of blood flow in vessels not opened. The recording of the rate of flow was effected with a 
minor galvanometer. A thermoeiectrode ,;as attached to the left descending 0r left transverse branch'of the 
coronary artery. Slmultaneomly with Pho~aphlc recording of the rate ,~f flow in the coronary vessels a photo- 
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glapi,it- ~.'*'.~di*~:~ was ~.~dc ol the arterial  blood press**re i~* the c o m m o n  c;,rol|d artery with a membrane mano-  
)~r162 At the same ti~nr in all  the" cMx.-rim~-ms, the bh~. l  prcss,,,c *~as recorded t~  the smoked tape of a kymo-  
~;~aph ~i.*h a mercury ~,~d ~,~e~,~hram: ~,,anc--:~cter. Al~ elcct~ocardio~oram in st,a)~cla~d lead 11 was taken before.  
during, a~d i,~H~cdi.~tcl)" after each st inmlarlo~ of the reinforcing nerve. 

The reinforcln~ nerve was ldcnzificd b)" us according to the scheme t~*troduced by Par lor .  It was 
s t imulated with an h,ductical currc~t from a Du Bols-Reymond coi l .  using a special e lectrode with a Hering loop 
to e l imina te  branchln~ of the current. 

In a l l .  '2"2 act~te experiments were pcrfo~ned on dogs, in which the thocaclc cavi ty  was opened under mo~- 
phine-barbamyl  ~ narcosis, including "T exper iments  on heparlnized dosos, using a "hemobarostat".  a desc~'lptlon 
of *chide. ~-i.ll be given below..  

EXPERIMENTAL RESULTS 

The functional effect of s t imulat ion of the reinforcing nerve, in agreement with Pa r lo r ' s  findings, 
manifested i tself  in the form of a rise In the ar ter ia l  blood pressure and an increase In the ampli tude of the hear t  
contractions in most of die experiments without an accompanying change In the r h y t h m . . T h e  arter ial  p~e~urc 
rose 8-55 mm. In some cases the ampli tude of the contractions Increased to twice the original  v a l u e .  

In addivion to this typical  effect ,  a two-phas-., react ion was obse~-ved in some cases, with a depressor phase 
coming first. The appearance of depressor phase immedia te ly  after sthnulation and th~ fact  that it  was s t r e n g ~ -  
ened by phyxostigmine and e l iminated  by atropine gl~es reason to think that lu  appearance h apparently connec t -  
ec with the pre;ence of weakening f~bers, possibly of vagus origin, in the trunk of the teinfmcing nerve.  R w'~ 
the admixture of acce lera t ing  fibers in the reinforcing nerve that caused the appearance of the unsteady a c c e l -  

erating effect in our experiments and also In Pa r lo r ' s ,  
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Fig. 1. Change In the coronaty flow and the arter ial  pressure on .-rlmulatton of the reinfor-  
cing nerve,  g )  Increase In the ~oronaty flow; B) decrease.  Curves ( top to bottom): Rate 
of coronary fl0w; arterial  pressure (membrane  manometer) ,  t ime {in seconds). Above - per i -  

ods of s t imulat ion.  

In most of the experiments the effect  of s t imulat ion of the. reinforcing nerve on the c o r ~ a r y  c i rcula t ion 
was c lear ly  marked.  The typical  effect  was an increase In the rate of coronary flow; mote rarely a decrease 

was no~ed, while sor ,~t imes the coronary flow ~lowed no change (Fig.  1). 

Comparison of the influence of the reinforcing nerve on the strength of the hear t  contractions (dynamic  
effect)  and on ttle coronary flow revealed no pa ra l l e l i sm:  sometimes a relat ively larg~ Increase la the rate of 
the coroaar:, fl0w was observed with a slight posit ive dynamic  effect ,  or even in the absence of such an effect .  

"Barbam)'l  = amyta l  - Tramlator .  



With repeated st imulat ion of the nerve, while tl|e Imart c ~ t r a c t i o n s  were strengthened, the ln~'rease In the 
coronary How beca||~e le.~ marl~ed, and not ln'~feqne||tly there was a decrease instead. When the exper iment  
was prolouged It was po.~ible to observe the most varied relatt,w'J'.ll~ betwee~ strengthentng of the heart  con t t ae -  
tio~ts and change~ in the rate of coronary flow. 

This permitted the supp(,sition that when the reinforcing nerve is stin:~utated the d y , a m i c  and va~omoto~ 
fibers in it  are s t imulated at the game t ime .  Fr6m this point oF view the explanat ion for the m,~t frequently 
observed combinat ion,  an Increase In the coronary flow with a simultaneous i~crease tn the p:essure, may 
that llberx stxengtl~enir.g the contraetion~ oF the hear t  musete and Fibers expanding the lumina  of the coronary 
vesse's were drawn tnto the st imulat ion simultaneously.  

However. there was the po~slbility that the Increase in the coronary Now was a passive react ion to the In ,  
crease in the arterial  pressure [8]. ~ e  undertook to exclude the role of an In,:-rease In the arterial  pressure in 
the Increase in the coronary flow. For this purpose we nsed a "hemobarostat"  - an apparatus protx~sed by Pearce 
and Gowdey [0l for automat ic  equal izat ion of the blood pressure when i t  falls in the body. 

Improving cer ta in  detai ls  of the apparatus, we employed i t  for automat ic  regulation of the leve l  of the 
arter iat  pressure as i t  ei ther rose or (ell  in the circulatory system. 
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Fig. 2. Influence of the reinforcing nerve un the coronary flow: A) With the blood 
pressure being maintained at  constar~t l eve l  with a "hemobarostat '~ B) without the use 
of the "hemobaros ta t ' .  Curves ( top to bot tom):  ar ter ial  pressure; rate of coronary flow: 

t ime (in seconds). Above - period oF s t imulat ion.  

The prlnciple of operation of the apparatus consists of creat ing an opea c i rculat ion system in which the 
blood pressure is kept at  a constant level  by using a contact  mercury mano~  eter connected through a re lay  with 
two electromagnets .  By means of a mechanic:al arrangement  one of the ele~:tromagnets, when the pressure rises, 
of>kns an out le t  for the bloo<l from the circulatory system into a reservoir in which the pressure h at  a l e v e l  l o w ~  
than the orlgir.al blood pressure; when-the blcod pressure drops in the animaL's vascular system fl~e other e l e c -  
t roma~net  opeps an inlet  for the blood into t~e an imal ' s  circulatory system from a reservoir In which the pressure 

is higher than the original pressure. 

In our experiments  a contact  manomet,:r  was connected in pa ra l l e l  with a manometer  recording the p :e~ure  
on a kymograph. Movement of the blood froln the vascular system into the compensat ing system and back  again  

was effected through the le f t  subclavian artery.  
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In the experiments in which the ~hemobarosiat" w~s cr, lploycd we were able to establish that the changes 
w~l-ch ~.'e observed in the c~,rtn~a D" flow on si lmulal io~ of the reinforcing nerve may also take place In the 
absence of cha~gcs in the arterial pre~ure {Fig. 2). 

~hus. the increase in the coronary blood flow on stimulation of the reinforcing nerve is undoubtedly not 
a p~,sslve result of the increase In ar ter ia l  pressure, bat  the result of an. ac t ive  react ion caused by st imulat ion of 
Vasodllator fibers entering tnto the makeup of this nerve. 

The lack of paraUellsm which we establish~:d in the appearance  of the dynamic  and the vascular effect  
when the reinforcing nerve was s t imula ted  Indicates the simultaneous exis tence tn tt of fibers strengthening 
the heart  contractions and f ibe~  Influencing the coronary flow. The appearance  of the separate act ion of both 
kinds of fibers in our exper iments  was favored by the conditions d e l ec t r i ca l  s t imulat ion.  The vasomotor fibers 
are evidently more l ab i l e ,  and on repeated e lec t r ica l  s t fmula t iom they lose the i r ' i r r i t ab i l i ty  sooner than the 
dynamic fibers at~d cease to evoke an effect ,  

The fact  that a strengthening effect  can be obtained without a s imultaneous vascular react ion evidently 
indicates that within d~finlte l imi ts  h h possible for the reinforcing nerve to exert  a d i rec t  Influence ot~ the 
metabol ic  processes In the card iac  muscle without an accomlw.nying increase in the blood supply. Precisely 
this ts Indicated by the intensif icat ion of the heart  conuac t lora  without an accompanying change In thecorona.n/ 

flow. 

C 

Fig. 3. Electrocardiograms before (left) and after (right) stlmularion of the relnfc~hlg 
nerve. A) Increase in the ' r  wave;  B) decrease ha the T wave:  C) change In dbec l ton  
of the T wave.  

Under natural  conditions a l l  these kinds of influences on the strength and rhythm of the hear t  contract iom 
and on the condit ion of the vascular  :~ystem of the h e a ~  ev idendy  dc~mbine in harmony,  ensuring changer  in the 
working of the hear t  to mee t  the derr~ands made upon it .  Under pa thologica l  condit ions,  however,  the possibil i ty 

of a select ive dLsruption of cer ta l~  nerve influences is not to be excluded.  

We compared the observed react ions of the coronary flow wit~ the e lec t rocardic~raphic  da~l.  The changes 
in the e l ec r  lmmedL~tely after  s t imulat ion of the reinforcing nerve concerned the rhythm, and 
es~eciaUy the f inal  par t  of the v e n ~ c u l a r  complex~ In o ~  ,work w~: were espec ia l ly  interested In the changeso[ 
position o~ the S-T Interval, and also In the amplitudes and dLrecflcRs of the T wave since, according to the 
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current views It Ix precisely that reflect the condition tff the blood supply nf the heart. In most cases the ampli-  
tude of the T wave Increased, but sometimes It decreased, and In certain cases the T wave becamt negative 
(Fig. 3). We were uuable to link these changes with any certain devlatlom of the coronary flow from the origi- 
nal level: they were observed both with t,-.-r:.,szes and ~lth decreases In the rnte of c~':c,.ary flow. and In the 
absence of any changes. 

Considerably less often a shift of the S-T Interval downward from the Ixoelectric line was observed. In vtew 
of the fact that In the clinic a~slmllar shift h comldered as a sign of deficient blood supply to the myoc2rdlum, 
It Is of Interest to note that in some case~ we observed changes In the S-T Interval even when the rate of the 
coronary flow was not reduced. 

Most authors think that the changes In the T wave are caused by changes In the metabolic processes connected 
with the recovery "of Irritability after the passage of the wave of stimulation [1, 4, t/, et al.]. There Is also 
another view, accordhag to which the causes of the changes In the T wave alte to bc ascribed to dltmptlon of the 
nutrition of the heart muscle. 

Our findings do not warrant exp1alnlng ~Le changc~ which we observed In the T wave of the electrocardio- 
gram~by changes in the blood supply of the heart muscle ~lorte. There changes are evidently cc~'~ected not to 
much with changes in the blood supply to the heart as ~,-lth the Intimate troj~lc processes in the myoeardlum 
which are also deflected from daelr normal e,mrse under the Influence of thi." reinforcing nerve. 

Our findings indicate that when the ~tx~ore'ing r~rve Is stimulated ~ o  of the mechanlsw.t noted by.Pavlov 
for regulation of the working of the heart mt~tcle are Included at the same time, these being the vasomotor 
ne:~es, determining the "gross delivery of ch,emlcal ma te r i a l ' ,  and the/~ophtc nerves, determining, "In the 
Interest of the body as a whole, the exact exlent of final utilization o f thh  material" [5, p. 584]. Thel: aetlvtt~ 
Is not separate but Joint, and tt takes place when the -~l.uforclng. nerve Is stimulated. 
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