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I. P. Pavlov estaMlshed the armtomic individuality of nerves which altered the strength of cardiac contrac- 
t lom,  aM devoted particular atte~atlon to the nature of these nerve fibers which he called =dynamic." Analysis 
of the action of the~r r, ervc, on the heart led Pavlov to conclude that th~r were special nerves exerting a trophic 
effect on heart muscle. At the same time, Parlor said, "this question may be raised and discussed, but not set.. 

fled finally" [1]. 

It would appear that direct proof of trc~hic influences of d),namic nerves could be obtained only from bio- 
chemical examination of the myocardium. Of particular interest, ~erefore,  is one of the recent communications 
of M. E. Raiskina [2] who ~owed that the "reinforcing" cardiac nerve increases the process of phcsphorm fraction 
turnover in the myocardium (inorganic ph~phor,dsr ad~nosinetriphc~phoric and creatineph~i~oric acidO. 

In the present work ate pre, ented results of t~rcestigations of the effect of dynamic cardiac nerves, para- 
sympathetic and sympathetic, on the metabolic process of the myocarditm% The following wer~ taken ~ indices 
of myocardial metabolism: tissue respiration, content of ph~phorus fracttom (inorganic phosphorm, adenosine ~ 
trlpho~phate and phesphocreatine) and glycogen content. 

M E T H O D S  

The experiments were performed on dogs of approximately the o.ame age and weighing 8-13 kg. The dogs 
were kept under :dentlcal conditions and on identical diets; they were Z<ept fasting for 2g-30 hours prior to be.. 

ginning the experiments. 

Experiments were carried out at different times of the year. The thorax w ~  cpened under hexenai'-mor- 
phine ane~the.sla (arttfical respiration), the vagus was followe~l along its course, and the cardiac branches leaving 
the Inferior cervical sympathetic ganglion were disse.~cted. The nerves were stimulated by induction current ob- 
tained from a Zlmmerman apparatus with a 2 v accumu!ator. S~imulation of the nerves was from 1 to  4 minutes 
in duration. Cardiac activity was recorded on a smoked drum. Since interest centered on the tnfluener of dy- 
namic cardiac nerves on myocardial trophies only, the data of biochemical analysis reported in the present paper 
are concerned oMy with experiments in which stimulation of cardiac nerve s led to changes in the strength of 
cardiac conL~aetiom (it,crease or decrease) without changes in cardiac fllythm. After a precisely determinod 
period of time from the beginning of stimulation, a portion of the heart in the region of the left ventricle was 
removed; part of the tissue was frozen in liquid oxygen, while tlle remainder was used for d~terminatlon of 

tissue respiration. 
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~espiratton was mca.~ured In a Warbt~rg apparatus with alkali In the middle reservoir, using heart mmele 
il~ao-_t~ied with pht~phate buffer (ptt 7.4) at P.~'C. 

Pho, phorm fraetlom and glyco~oen were determined on heart muscle frozen In liquid oxygen. Tim frtmen 
tL~sue was triturated. The protetm were precipitated with trlchloraeetle acid In the cold. Inorganic pho~phorm 
was precipitated frcnrt protein-free filtrate, In the cold, by an equal volume of magneslai mlxtuie, and estimated 
by the Flske-Subbarow method. Phosphocreatine was detem~lned In the filtrate after the precipitation of Inor- 
ganic pho~phonn; In the presence of molybdate in-an acid medium, it broke down with the formation of Inor- 
ganic phosphorus, which w~s estimated as described above. ATP (adenosinetrlphosphate) was holated as the 
barium salt from a separate portion of the trichloraeette filtrate, and determined by the amount of Inorganic 
phosphat e split off fotlowtng 7-mfnute hydrolysis In 1N HCI on a boiling water bath. Inorganic pbo~phorm wa, 
determined simultaneously, but without preliminary hydroly..ls in the other portion of the same solution. 

Glycogen wa* Isolated from the tissue, hydrolyzed and estimated as gluco, e by the lodometrte method. 
In t~a l ,  50 experiments were performed: 2"/with stimulation of the nerves, and 23 controlt. 

RESULTS 

The whole dynamics of biochemical changes associated with a positive inotroplc effect  It represented 
graphically in Fig. 1. The diagram is based on the arithmetic mean of data expressed ~ percentage of control. 
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Fig. 1. Changes in biochemical indices of the myoeardium with a positive fnotroptc 
effect, a) Tissue respiration; b) inorganic phc, photus contem; c) phcsphocreatine con- 
tent; d) ATP content; e) txrto~phocreatl~le + ATP; 0 glycogen content; 1) one-rnL, tute 
stimulation; 2) two-minute stimulation; 3) three-minute stimulation; 4) four-minute 
st;a'nulation. 13token horizontal line - control (100%). 

L~ the control experimentsj biochemical analysis of the heart muscle was carried out without preliminary stl- 
mu!a~'ion of the nerves. At first, an attempt was made to take the control sample and the sample following sti- 
mulation f~om the same heart. However, this had ~o be abandoned since trauma sustained by the heart tn the 
process of obtaining the control sample resulted in severe changes in biochemical indices, and it was difficult 
to distingut.~ .~uch changes from rhone occurring under the influence of dynamte nerves. 

As can be seen from Pig. 1, stimulation of the reinforcing nerve led to changes In all the indices being 
considered, their nature depending on the duration of nerve stimulation, Thus, tissue respiration, depressed dur- 
hag the first minute of stimulation, reached and matmained the eomrol level during the second and third minutes " 
of~stimulation, and again decreased during the fourth minute. Dynamics of the changes in inorganic phosphoan 
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Fig. 2. Changes in btodaemtcal indices of the myo- 
c&rdtum with a ~egatlvr Inotrople effect. Legend 
.as that in Fig. I .  

were analogous to thc, e of r~ptration. ~c~#oe2eatine 
content remained almmt tmch~nged In ~r  ft~t 3 minute0 
and only exceeded the control level to tom, extent din- 
ing the fourth minute of sttmtdattoa of lhe relnfc, cing 
l ~ e A ' v e .  

The amount of ATP In the first 3 mlnut~ was 
above the control level, and was significantly lowered 
ordy during the fourth minute. The myoc~dial glyco- 
gen content was inc#eased during stimulation of the telno 
forcing nerve, reaching a maximum duflng the seecmd 
minute. 

Unlike the other Indices, glycogen content did not 
drop below the control level throughout the period c~ 
ttirnulation (from 1 to 4 minutes}. 

The above-mentioned biochemical lndteet we,t, 
also examIned upon stimularlati of the parasyr~pathetle 
dynamic nerve, which produced weakening of cardiac 
contractions without slowing of the rhyflml. Results of 
these experiments are presented In Fig. 2. 

Figure 2 shows t~at tissue respiration w~ below 
the control level at all values of duration of stimulation. 

The amount of taccganle ph~ph~m exceeded the control level appreciably dt~ring the t!xttd minute. ~o~#to- 
creat~e, unchanged during the first minute, was lowered during the third minute, and was eomide~Ably In ex- 
cess d control upon fouz..mtnute ,timulatto~ The amount of ATP,whlch Increased upon 1-3 minute stimulation 
of the nerve~ returned to eontzol level dttring the fourth minute. Glycogen content remained above co~t.cl level 
t~ughout. 

All the tn61ce, studied were thus altered both in the presence of a p~Itive and ~ ~egativr cardiac lnotropie 

effect, 

Fig. 3, The effect of relrfforeing~erve stimulation on cardiac activity. Reetxdt 
h ~  above down: cardiac contractions - three tracings, time marker (1 see); 
2 lower tracings are continuation of the top trace. 



W~r ~ ,  ~r162 nerve is ttLmutated. ~ t  m s r r ~ e m e n t  of biochemical processes rn~y be dice:ted 
t ~ a ~ l  ~ ~  tt~ ~ .t~otemial of the m y o c ~ t c m .  The t~pid tr~mitton of ~he heert mt~tcle r ~ e a e d  
w~xk 1 r  m ...~tratt~y ~,~,-~alon. but the term co,  tent of ATP &t~d pho~#ocreatine ~how~ t~ne  L~e.~se tether 
alma ~ ~ .  R ms), ~ ~mt~ned that more economic me of c~ygen at~d en2tance~ent of the anaerobic # a t e  
~-~ ~ o l v e d .  The amo~ml of # y c o ~ n  w s  ~lte.-ed in the proce~ of ,ttrnulstton, but remained ~bovr d~e control 
level withc~at beL~ affected by the dm~tton of ttimulatton. ~e.~e~ed wo~k following a pesittve lnotropic effect 
tm the be~r~.~l tnc,'eas~ m e t l M t s m  ~prm~r to re, ult in ~_~_e !n~e~!ve b~ .~k~-n  aRd re, toratio~ of glycogen 
Ct. A. 12t~lha2dt'~ pH~Iple); such ~ly~ogen supercompemallon h ~  bee~ ob, e~ved tn mu, cul~r work. All thtt 
, ~ e s t t  that the effect of the teiRforcing nerve on myoca~lisl metabolism L~ associated with comiderable parti- 
ctpltion ef glycogen. On tttmulatttm la~tt~ 9 and 3 minute,, re, ptration main~aim d~e control level while the 
total hl#t-ene2gy betel (-. ph ) vslL~ ~ glyco~ea remMn above the control flgm'e. ContinuLt~g incre~ed c.m~ 
disc wozk under the inftnenc, off ~ e  ~L~fcr neree (on 4*minute ,dmul~tion), unecc~p~nied by tncte~ted 
pm~q~ pre**u~ of oxygen, could conceivably l e ~  to fatigue~ ~ince respiration decre~ed, a, did the total ~ ph 
of the ATF, 

The character of b~ochemlcal cl~r~es in the myoca~dlum described wa~ otnerved in all the exp~lmenm 
lnv~vtng the m t n f o ~  nex~e. 

Fig. 4. The effect ofrelnfe.'ci n~ne.,ve stimulation on cardiac activity. Records 
from above down: C.~tdlac contractiom: t ime mazker (I second). 

The degree of che.nge~ in IndlvlduM indices, howeverj fluctuated in dlfferenz ezpertrnentt with a correo 
spondesr tn some cases, between the ext~nt to whtc~ ~y, lologlc effect, were pronounced and ~e intenzity 
of changes in the b~ochemlcsl Indlce,. In support of his, cardtog.rams of 2 expeRmcnts (Fig. 8 and 4) and corre- 
sponding biochemical data ate presented. 

Figure 3 show~ ~hat sth-nulatlon of the nerve led to fairly comiderable increase in ca~ilac activity, which 
was a~ociated with an adequate ~ ph content (117.7%) and giycogen content (29S~). 

In another expeziment. ~e r~infci~ng nerve caused t~s.~ier~t Increase in ~e ampli~de of c~diac contrac- 
tloz~, wi~h g~&ddal re~urn to the .initial level on continuing stimulatlon (Fig. 4). Exceedingly low -- ph (38%) 
ar~i glycogen (8~) contain was found to be associated with this. 

The negative Laotroplc effect of dynamic parasympathetic cardiac nerves lJ, evidently, accompanied by 
d~.nge, in myocardial trophlr in the direction of weakening breakdown processes and enlaancLag the slmthe- 
,lzIJlg prce2~es. Tam, deapite depressed t ~ u e  respiration, the total content of ,-. ph and glycogen zemaim 
B~,e the co~t~ol level. Thus bo~h sympathetic and parasympathetic cardiac nerve, lead to appreciable qmili- 
~ t.We zearrangernent of myocardial biochemical pmcesse,. 



It was demomzrated in experiments on dogt, that the stimulation of dynamic heart nervet of sympathetic 
and par~ympathetlc ortgtu (wltle~l evoke positive aM negauve tnotrop|e effects) w~ associated with the dtangts 
of contents of pht~lflaorm fraetlom ~:organic pht~Otorus, adencnlnetrll~mphate and ph~l~oereatlne ) and, llke- 
wise, in the change of lntemlty M tl,sue respiration. These changer depended on the duration of fire ,t~nttlation. 
The content of glycogen In all eases never went below the control level. The mechanism of theae phenom~.rm 
are discussed tn their connection with rite physiological effects. 
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