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Further Studies on the Heart and Median Cardiac Nerve of 
Limulus Polyp h emus. 

PETER HEISBECKER. 

From the Dcpai.inwtit o f  Burgcry, TPasl1ington C,iiz.ersit?l Medical School. 

The heart of Liiiiulus consists essentially of 2 clivisioiis, ap 
atrium and a ventricle, each of \\-hich are contractile. The electro- 
inyogi-anis o1)taiiietl nritli the cathode i-ay oscillograph as  a recorcl- 
ing mechanisiii indicate that the fully contracted state is reached by 
a process of successive atltlitions. In the atrial atid ventricular muscle 
fibers the greatest amount of shortening occurs a t  the onset of a coii- 
tractioii, the further additions being of smaller and iiioi-e nearly 
equal degree. The electromyograin consequently has a f oini sonie- 
what conipai-al)le to the RST coinplex o f  the niaminalian electro- 
cartliograiii. I n  coii trast the electroniyogram of a small group of 
isolated ventricular muscle fillers after stiniulatioii with a single 
shock has the form of ail ordinary diphasic muscle record, the rate 
of progression being 1 to 2 cni. per secoiid. 

The electroneurograrn of the nieclian cardiac nerve shows 2 groups 
of oscillatory discharges lxginiiiiig 30 to SO sigmas before the start 
of electrical activity in the niusculature of the atrium and ven- 
tricle. The start of the ventricular electroniyograni precedes the 
start of the visible ventricular contraction by several hundred sigmas. 
The oscillatory discharge can lie shown to consist of potentials cle- 
rived horn 2 sources. From a correlation of the electrical and histo- 
logical studies it is inferred that these 2 sources of potential are the 
axons of the large ganglion cells and the axons of the small gaii- 
glion cells. For reasons previously presented ( Heinbecker ) the 
large ganglion cells are considered normally to be the pace-maker 
cells, the small ganglion cells being responsible for the nerve im- 
pulses which directly innervate the cardiac muscle. Normally activ- 



ity in the adult heart of Liinulus is directly neurogenic in origin. 
The heart muscle can, lion-ever, lie slio\\-n also to be rhythmically 
contractile without the interveiitim I )  i cardiac ganglion cells. Uii- 
der such circunistances contluctic UI is peristaltic in type antl its 
propagation rate is 1 to 2 ~ 1 1 1 .  1)er second. In the iioriiially itiner- 
Y iIte(1 heart, cotit ract ic u i  is 1)  ract i c:iIl!- siiiiul taneous throughout its 
length. The clironasie oi the (lei wrvated ventricle in air when re- 
corded by point  electrode^ is oi siniilar order to that o i  the clironaxie 
c f tlie normally innervated ventricle. 

The heart rate ordiiiari1~- ma!. lie decre;txtl or increased by the 
action of the extrinsic nen-es. This is iiicIic;ttetl by the effect of 
ciestruction of their ceiiti-a1 coiiiicctions. Stimulation of the estrirl- 
sic nerve centers aiter renioval oi  the nietlim cardiac nerve is with- 
out effect on the heart rate or tlie irritability oi  the ventricular mus- 
culature. I t  therefore is iiiit.rretI that the estrinsic nerves act only 
oii the ganglion cells of the heart antl not on the heart musculature 
cl i rec t 1 y . 

Stiiiiulation oi  the extrillsic tier\-e fibers of the heart alters the 
potentials derived from the iiietlian cardiac nerve. The effect of the 
‘vagus’ fibers is to reduce the aiiiplitucle of the potential, to show its 
oscillatorp rate and shorten its total duration even to the point of 
extinction. The effect of the ‘s!-mpatlietic’ fibers is to increase the 
amplitude of potential ( greater syiichrotiizatioii of ganglion cell re- 
sponses), to increase the ireqtieiic!- of the oscillatory discharges ant1 
to lengthen their total cluration. The extrinsic nerves modify the 
rate of Occurrence of the discharge complexes. They also modify 
the t h e  interval between the coiiipleses which initiate contractioii 
of the atrium and the ventricle. 

Froni the above aiitl other experimental evitleiice not here re- 
ported, it appears that changes in the heart rate may be effected by 
the activity of fibers which niodiiy tlie intrinsic rhythm of the large 
ganglion cells. The axons of these cells in turn modify the rate of 
discharge of the small ganglion cells whose axons stiniulate the 
heart niuscle directly. This alteration in rhythm of the small gan- 
glion cells by tlie large ones is only in  a positive direction from their 
own autoclithonous rhythm. Since IIJ- the activity o f  the ‘vagus’ 
extrinsic nerve fibers it is possible to depress all potentials of the 
median cardiac nerve to extinction, it follows that the extrinsic nerve 
fibers niust also act directly on the small ganglion cells as well as on 
the large ones. Our ex~)erimeiitaI evidence also indicates that the 
‘sympathetic’ fibers influence directly both sinall and large ganglion 
cells. 


