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Resume 

The lantern retractor muscles of regular echinoids act 

in almost isometric conditions and a study of their control 

was considered to be of interest . The retractor muscles 

cannot be indirectly stimulated from the radial nerves, but 

proved to be very photosensitive. Their responses to light 

were therefore studied . The muscles show a complex pattern 

of contraction in response to illumination, which includes 

both excitatory and inhibitory components . The possible 

genesis of these patterns is discussed ~nd examined in the 

light of the responses of the muscles to direct current 

st'inrulation and to drugs . It is concluded that many of the 

features of the response are undoubtedly neurogenic in origin, 

but that myogenic activity may possibly also be involved . 
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Introduction. 

Our detailed knowledge of the myoneural physiology of the 

echinoderms is effectively limited to the specialized muscles moving 

the spines of the echinoids and the retractor systems of the 

holothurians. 

Romanes (1885) and von UexkUll (1896) both studied 

the spine responses of echinoids, but a reasonably clear picture 

of the myoneural connections involved was only obtained when 

Kinosita (1940) investigated the responses of Anthocidaris crassispina. 

More recently Millett (1954, 1956) and Millett and Yoshida (1959, 

1960 a,b,c.) have investigated the responses of the spines of 

Diadema aqtillarum and demonstrated pathways of conduction through 

the radial nerve. 

The retractor muscle of the holothurian Cucumaria sykion 

Lampert has been studied ·in detail by Pople and Ewer (19q4, 1955, 

1958). This investigation included studies on the spontaneous 

activities of the muscles as well as circumoral conduction and 

control. c. sykion has no rigid skeleton apart from the ossicles · 

round the buccal cavity to which the retractor muscles are attached. 

When the tentacles of the animal are pulled in the retractor muscles 

are grossly shortened. They act therefore essentially isotonically 

in contrast to the muscles moving the jaws of the echinoid l ant ern 

which act over shorter distances and hence behave in an essentially 

isometric manner. 

It was thought that a comparison of the isotonic system 

found in the holothurian with the i sometric system in the echinoids 

would be instructive. At the same time an investigation of the 

control and coordination of the various parts of Aristotle' s Lantern 

could be undertaken. These aims could not be achieved for it 

proved impossible to stimulate the muscles of the lantern indirectly 

through the radial nerve. Kinosita (1940) also met this difficulty 

as he could not stimulate the spine muscles of Anthocidaris 

crassispina through the radial nerve . He overcame this problem 

by stimulating with filter paper soaked in saturated salt solution, 

a method, that, however, does not work \lith the lantern muscles pf 
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the echinoid used in the present investigation. Possib~ for 

the same reason Millett and Yoshida have exclusively used photo­

stimulation of the radial nerve in their work upon Diadema. 

It has been shown that the muscles of the Echinodermata 

are sensitive to photic stimulation (Millott 1949, Pople and Ewer 

1958). An analysis of the responses of the lantern muscles to 

photic stimulation has therefore been attempted and it is this 

study that constitutes the main section of the present investigation. 

Material 

The species of echinoid used in this investigation was 

Parechinus an~osus Mortensen . These echinoids occur 

commonly on the neighbouring coast and are largely to be found in 

rock pools. The animals are principally vegetarian and feed on 

the abundant algae in the pools. Most of the animals used were 

collected from Salt Vlei near Port Alfred in the Eastern Cape 

Province. Since the animals are to be found in the intertidal 

zone above mean low water neap tides they could be easily obtained, 

but the most profitable time for collection was at low spring tides, 

as animals living further down the tide line are usually bigger. 

The following procedure was used in collection : the 

animal s were removed from the rocks and placed in plastic buckets 

containing sea water, They promptly defaecated and before return­

ing to the laboratory the water was changed, The journey inland 

did not harm the animals and once in the laboratory they were put 

in porcelain sinks with fresh sea water. Provided the sinks were 

covered with glass plates to keep evaporation to a minimum, the 

animals survived for up to three weeks. The water usual~ re­

quired changing after about 48 hours to rid the tank of faeces, 

Thereafter the accumulation of faeces was slight. The sea water 

was always vigorously aerated with compressed air. Failure to 

do this caused the animals to die in a short time~ The animals 

were not fed in the laboratory since sea weed keeps badly in 

artificial conditions. 
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The Anatomv of the Lantern 

The anatomy of Aristotle 1 s lantern is vrell known and has 

been described in a number of text books (Bather, 1900; Chadw~k, 

1900; Delage and Herouard, 1903; McBride, 1906; Hyman, 1955; 

Borradaile, Eastham, Potts and Saunders, 1958). All are agreed 

as to the parts that are found in the lantern although they are 

by no means agreed as to the functions of these various parts. 

The lantern of Parechinus anrrulosus conforms very closely 

with the description of other well known and well developed lanterns 

found in the regular urchins. This lantern is both relatively 

larger and shows more complete development of the various ossicles 

than in the better known species such as Echinus esculentus. A 

description of the parts is necessary in order to follow the account 

of the experimental investigations and serves also to clarify certain 

minor obscurities in previous descriptions. 

The skeleton. There are three functional units in the 

skeleton of the lantern; the jaws, the rotulae and the compasses. 

Within these function~l units other entities may be recognised, 

but these are joined rigidly together to form a single structure. 

The i avrs . There are five jaws, each of which is built 

of five elements, namely the paired pyramids and epiphyses and the 

single tooth. These are all bound together with connective tissue 

to form the jaw; the pyramids and the epiphyses form the support 

for the tooth and serve as the structures to which are attached the 

muscles that work the teeth (fig. 1). The base of the j aw is 

formed from the pyr~ids which are joined interadially. The 

radial surface of each pyramid is strongly ridged and carries a 

comminator muscle which connects the pyramids of adjacent jaws 

(fig. 2). Above the pyramids are the epiphyses. Each is an L 

shaped structure with one arm lying above the radial face of the 

pyramid while the other forms one member of the arch between the 

pyramids over the interradius. A deep grove, formed at the 

junction of the two pyramids, carries the keeled tooth. As with 

other echinoid teeth the aboral part of the tooth is soft and is 
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Parechinus angulosus . Lateral view of t he 
ossicles of the lantern. c. compass; 
E. epiphysis; J. jaw; P. pyramid; R. rotula; 
T. tooth. 
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c.E. 

Parechinus angulosus. Lateral view of the lantern 
showing the musculature. A.M. ampulla; AU. auricle; 
c. compass; C.D. compass depressor muscle; C.E. compass 
elevator muscle; C.M. comminator muscle; P.M. lantern 
protractor muscle; R.M. lantern retractor muscle; 
R.N. radial nerve; T. tooth; W.V. radial water vessel. 
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made up of a large number of small plates, which, as they grow down, 

fuse to form the hard tooth (Hyman, 1955). 

The rotulae. These are oblong ossicles that lie in 

each radius between the epiphyses . (fig. 5). On the lateral 

face of each rotula are slanting slots into which fit ridges 

carried on the epiphyses. They are further connected to the 

epiphyses qy the connective tissue. 

The compasses. These are slender ossicles '"hich lie 

over the rotulae and are articulated t-ri th them at the innermost 

end (fig. 5). Each compass can be recognised as being constructed 

of two pieces, a more central and a more distal portion. These 

are firmly bound together with connective tissue and do not bend about 

their point of union. The compasses are slightly thickened in the 

middle region, where the muscles that are stretched between them 

are attached. At the distal end each is bluntly bifurcate, and it 

is here that the so called depressor muscles of the compass are 

inserted (fig. 2). 

The lantern muscuJature. In the muscles operating the 

skeletal parts of the lantern, four elements may be recognised, 

namely : the lantern protractors, the lantern retractors, the 

compass elevators and the comminator muscles (fig. 5). There 

are also lip r...;tract or muscles of the pharynx (fig. 4). Of these 

the lantern retractor muscle is of a highly complex shape since 

the muscle fibres run in different directions in the same muscle 

(fig. SA). At the distal end the muscle is somewhat like a 

squashed crescent in cross section (fig. SB) while at the pyramidal 

end the shape i s that of an elongated oval (fig. 5C). The 

muscle fibres at the aboral end lie horizontal to the test, whilst 

those of the oral end nearest the radius are steeply inclined 

towards the mouth. 

Before considering the function of the muscles of the 

lantern it is well to consider its activities. The primary action 

of the lantern is to chew off food and to pull it into the oesophagus. 

other actions have been ascribed to the lantern of Echinus esculentus. 
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Parechinus angulosus. 
ossicles. c. compass; 
R, rotula; T. tooth. 

E 

Aboral view of the lantern 
E. epiphysis; P. pyramid; 
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Parechinus angulosus. Lantern dissected to expose · 
t he oesophagus in lateral view. c.n. connective 
tissue band; C. N. circumoral nerve ring; H.S. haemal 
strand; L.S. ligamentous strap; L.R. pharyngeal lip 
retractor muscle; o. oesophagus; o.s. oesophageal 
connective tissue support; P. pyramid cut down; 
P. N. Fyramidal nerve; P.S. pyramid saw edge; 
R. N. radial nerve; T. tooth. 
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A. 

Fig. s. Parechinus angulosus. Dissection of the lantern to 
show form of the lantern retractor muscle seen in lateral 
view. 
~. A.M. ampulla; A.M.i. ampulla of buccal podia; 
A.U. auricle; E.G. epineural canal; H.S. haemal strand; 
ME. membrane to lantern retractor muscle; P.M. lantern 
protractor muscle; R.M. l antern retractor muscle; 
R.N. radial nerve; ~l.V. radial water vessel. 
~. Cross section through the aur:i,cv.le,r eUQ Of the 
lantern rQt~~ctor muscle, 
Q. Cross section through the pyramidal end of the 
lantern retractor muscle, 
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This animal is said to be able to pole itself along by means of 

its lantern, either in or out of water. (Gemmill 1912). I 

have never observed such behaviour in Par cchinus angulosus 

Parechinus feeds mainly on tough algae with relatively 

wide thalli. The food is pulled as close to the mouth as possible 

and pieces are then chewed off by means of the five teeth. To be 

able to reach the thalli the lantern must be pushed below the test 

and the short spines round the mouth. It seems very unlikely that 

the ten tube f eet round the mouth would be strong enough to bend 

the thalli and pull them up to the mouth. Once the teeth have 

reached the food they may then open, catch hold of it and pull a 

piece away so that it may be swallowed. These actions must be 

carried out by the muscles available in the lantern. Protrusion 

of the teeth has been ascribed by all authors to the lantern pro­

tractor muscles , but some have also i ncluded the compass depressor 

muscles (Chadwick 1900; Delage and Herouard 1905). The 

lantern protractor muscles (fig. 2 P. H. ) insert on the epiphyses 

and originate on the interra~ial portion of t he perignathal girdle 

between the auricles (AU). All authorities agree that these 

muscles protrude the teeth. They are fairly well developed and 

since the muscle fibres run in an oral-aboral direction they push 

the teeth out of the mouth. Delage and Herouard (1905) have 

postulated that the lantern may be protracted by the compass 

depressor (fig. 2 C.D.) which runs from the compass to the 

perignathal girdle near the interradius. They admit that this is 

not the primary function of this structure and indeed they are not 

even certain that it is a muscle at all; they consider that it 

may be a ligament, a view expressed earlier by Chadwick (1900). 

Histological examination of 'the structure in_!: • . D_.q";U;19.1:'1.U.::?. shows it 

to be mainly built of connective tissue with a few muscle fibres. 

Mechanically the connective t issue more closely resembles a tendon 

than a ligament, having little el asticity. It contracts f eebly 

when stimulated direc-tly \vith el ectricity. The main objection 

to Delage and Herouard 1s view is that the muscle fibres are few 

and hardly robust enough t o push down the bulk of the lantern. 
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Chadwick (1900) had considered the compass depressor to be a 

ligament and believed that the force driving the lantern down­

wards came from the muscles in between the compasses, th~ 

c.cmpa.ss elevator muscles (Fig. 2 CE). Once again these muscles 

are not particularly strong, and they would have to push the 

lantern downwards by decreasing the angle between the compasses. 

The compasses could only approach each other more closely by 

changing their initially horizontal position to a more vertical 

one witb respect to the floor of the lantern. Since the distance 

between the ends of the compasses and the perignathal girdle will 

be fixed as the compass depressors are tendinous, the only way iri 

which the compasses could approach each other would be by 

pushing the lantern down. In view of these considerations and 

the extremely inefficient way in which these muscles would have to 

exert their influence, I think it unlikely that they play any 

significant role in the extrusion of the teeth. 

The function of the compass elevator muscles is 

obscure. Hyman (1955) considers that they are not part of the 

masticatory apparatus as such but are concerned rather with 

respiration. Von UexkUll (1896) reported that if the oesophagus 

of Sphaerechinus gran\ll arjs was stimulated b.Y pushing the head 

of a pin into it, the co· J.p<:>.sses woul d rise and thus incr<.}nse the 

volume of the peripharyngeal cavity. Since the gills project 

into the water from the floor of the poj·i;·)hu.:c·yngeal cavity, the 

fluid in them would be withdrawn and when the co,:l}Xlsses are pulled 

down they would force fresh fluid into the gills . Von UexkUll 

also reported that if the l antern were put in water with a raised 

carbonic acid content the compasses viould perform pumping move­

ments. Gemmill (1912), however, could not confirm von UexkUll's 

observations on Echinu~, although he mentions that he did not have 

the opportunity to repeat the experiments with due care. He further­

more considered that the mechanism was unlikely to operate in Echinus 

since the structure of the gills of the two animals is very 

different. Echinus has gills with muscular walls that can contract, 
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whereas the gills of Snhaerechinus ~~nul~ris have flaccid 

membranous walls. 

In structure Parechinus is more like Echinus than 

Snhaerechinus . Pumping movements have not been seen in dissected 

lanterns in sea uat er. Further nei ther stimulation of the 

oesophagus nor i mmersion in water with excess carbon dioxide 

initinted pumping movements. One is therefore l eft with the 

problem as what the function of the compasses and the compass 

muscles in Parechinus may be . It seems unlikely that they are 

concerned with the protrusion of the lantern nor do they seem to 

be used in ventilat ory movements as in Sph~erechinus. It is 

possi ble that they may be concerned with adjustment of the volume 

of the perioral cavity as the lantern is protruded. 

Once the teeth are protracted they must be able to close t ogether. 

Chadwick (1900), Delage and Herouard (1905) and McBride (1906) are all 

agreed that this is brought about by the comminator muscle (fig. 2 CM) 

which stretches from one jaw to the other over the radius and beneath the 

rotulae. This muscle i s built up of a series of flat plates with 

intervening spaces, each plate being attached to the peak of 

a ridge on the flange of the radial surface of each pyramid . The 

reasons for this 11 stacked11 plate arrangement are possibly twofold. 

The first is that the spaces between the jaws are somewhat limited 

and to ensure a reasonable exchange of food materials and waste 

products, the muscle requires a good circulation of coelomic 

fluid. Probably more important is the need for sufficient space 

to allow the muscles to belly out as they contract . 

Hyman (1955) says that the comminator muscles rock the 

teeth together. Exactly what is meant by the -vmrd 11 rock'' is not clear, 

but if it implies that the jaws can rock at the top of the lantern 

on the parallel articulations over the radius formed by the 

rotulae and epiphyses to bring the teeth together at the oral 

end, the description is correct. 

Delage and Herouard (1905) are of the opinion that the 

main function of the comminator muscles is to maintain the 11 union11 

of the jaws . Since the jaws are articulated at the aboral end 
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with the rotulae and at the oral end by connections with the 

skin round the mouth their positions are likely to remain reason-

ably secure. The main functions of the muscles will then be to 

pull the jaws together and so clench the teeth. Both Chadwidk 

(1900) and Delage and Herouard (1905) are agreed that clenching 

of the teeth is achieved by this muscle. 

The teeth may be seen to take up two types of position 

when closed. They may either be closed symmetrically about the 

centre of the lantern (fig. 6A) or they may be twisted in a whorl 

(fig. 6B). This action must be brought about by three sets of 

muscles operating in conjunction with one another. Consider a pair 

of adjacent jaws (fig. 6);these will both articulate on the 

rotula between them. The musculature of a jaw is such that one 

shoulder may be raised while the other is depressed. This will 

mean that the oral - aboral axis of the jaw will be slanted with 

respect to the oral - aboral axis of the lantern. Since the 

rotulae articulate freely on the jaws the shoulder of one jaw may 

be lowered l.-Thile that of the adjacent jaw is raised. If this 

should happen to each of the jaws round the lantern, with the 

teeth meeting around the central axis, the teeth will present a 

whorled appearance when viewed from the oral aspect. The action 

must be brought about b.Y a differential pull of the lantern pro­

tractor on one shoulder of the jaw and the lantern retractor muscle 

at the oral end of the other side of the jaw. The comminator 

muscles would then pull the jaws together about the centre of the 

lantern. McBride (1906 ) states that successive contractions of 

the comminator muscles around the lantern give the jal.-rs a rotating 

movement l ike that of an auger and that this is very efficient in 

grinding hard and calcarious matter. If b.Y this he means the 

action described above, this can not be carried out by the 

comminator muscles alone . Further an auger-like action also 

requires pressure from above; this would involve protrusion of 

the l antern, so that the whole of the musculature woul d be in 

action during snch activity. 
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Diagram to show two possible arrangements of the 
teeth of P. angulosus . The right hand drawings 
show the teeth in oral view, the left hand drawings 
two neighbouring jaws . For further explanation see 
text. J . j aw; R. rotula. 
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Chadwick (1900) considers that the comrninator muscles 

may play a part in the trituration of the food in the lantern 

region of the pharynx. Certainly in Pareghinus the ridges on 

the radial faces ~f the pyramids extend beyond the main body of 

the pyramid towards the centre, and look much like the teeth of a 

saw (fig. 4 P.s.). This idea seems, however, improbable for two 

reasons. Firstly, the jaws only come very close together at 

the tips of the teeth since the saw edges of the pyramids curve 

away from the central axis of the lantern. Furthermore, since 

the saw teeth are very delicate and easily broken, they could not 

help in trituration of the food; if they were strong enough to 

put pressure on the food in the oesophagus, they would easily 

penetrate its soft walls. 

Delage and Herouard (1905) have suggested that the lantern 

protractor muscles draw the teeth together, while parting the jaws 

at the aboral end. This cannot be achieved in P, angulosus since 

the distance between the jaws is fixed aborally by the tough 

connective tissue binding the rotulae to the epiphyses. It is 

furthermore difficult to see how the l antern protractor muscles 

could, in any controlled manner, bring the teeth together at the 

centre of the mouth since they are attached to the jaws aborally, 

far from the tips of the teeth. 

All in all the l antern is a compler 11 floating1 structure: 

that is to say that it is connected to the test, not by osseous 

articulations but only by the way of muscles. The jaws are 

firmly attached to the perignathal skin on either side of the radius 

b.Y connective tissue. 

Since the lantern is a floating structure capable of 

movement as a whole in all directions and also capable of intrinsic 

movements such as opening and closing of the teeth and twisting 

of the teeth in the mouth, the muscles cannot be thought of as 

having clear cut independent movements serving one function alone. 

To achieve any one set of movements there must be a high degree 
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of control and coordination between the various muscles. 

The Nervous Svstem 

The gross structure of the nervous system of echinoids 

has been described by many authors (Cuenot, 1891; Chadwick, 

1900; Delage and Herouade, 1905; Hyman, 1955). In 

P. ~1~~losus the system is very similar. Inside the lantern is 

a circumoral nerve ring round the oesophagus. Five radial 

nerves leave the ring and lie along the ambulacra. Aborally, 

the radial nerves lie beneath a hyponeural canal, a haemal strand 

and a radial water vessel (fig. 5). Below the nerve and between 

it and the test lies the epineural canal. Arising on either side 

of each radial nerve are nerves going to the tube feet. These 

are similarly accompanied by hyponeural canals, water vessels 

and haemal strands. 

Starting at the perignathal girdle the nerves may be 

traced as they pass into the lantern by way of the arch formed qy 

the auricles situated on either side of the radius. As the radial 

nerve enters the lantern, the hyponeural and epineural canals come 

to an end. The radial vmter vessel can, hovrever, be traced to 

the distal edge of the comminator muscles where it leaves the 

radial nerve and travels aborally to the top of the lantern (fig. 5). 

Joining the oral face of the radial nerve two-thirds of the way 

from the centre of the lantern is a t ough connective tissue strand 

attached to the test. This protects the radial nerve from 

stresses caused by movements of the lantern in the perioral region. 

Just before passing between the ja\..rs, and under the 

comminator muscle the radial nerve gives off a last pair of 

nerves which innervate the buccal podia (fig. 7 B.N.). The 

radial nerve then joins the circumoral nerve ring and at this 

point the hnemal strand sweeps aborally up the side of the 

oesophagus . At the level of the circumoral ring the haemal 

strand is joined by connective tissue bands (fig. 4 G.B.) which 

are attached to the bases of the jaws. Just above the nerve ring 
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Parechinus an~losus. Aboral view of radial nerve 
(R.N.) ·as it enters the lantern oral to the 
comminator muscle (C.M.). AU. auricle; B.N. buccal 
podial nerve; C.T. connective tissue; J. jaw; 
~~. membrane to lantern retractor muscle; S.J. connection 
of j avr to skin; T. N. podial nerves. 
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the haemal strand is attached to the oesophagus b,y means of muscle 

fibres and connective tissue. 

Ten nerves, the pyramidal nerves, vhich run to the 

lantern, can be seen leaving the circumoral nerve ring where this 

structure comes in close contact H'i th the radial faces of the 

jaws (fig. 8). Each nerve splits into two branches. One runs 

up in the groove between the tooth and the pyramid, the other runs 

aborally up the inter-radial aspect of the pyramid near the 

oesophagus. The nerves are quite thin, being approximately the 

same size as the nerves going to the tube feet. This is remarkable 

considering the bulkiness of the lantern musculature. The nerves 

to the retractor muscles of c. gykion (Pople 1952) are relatively 

much larger and can clearly be seen going to muscles. This is 

not the case in R.~-... ~.n1;ru1Q.S.'IJ.~ · Such connections have not definitely 

been traced to the musculature. While lanterns stained in reduced 

methylene blue (Smith, 1957) showed the tracts leading from the 

circumoral nerve ring and going onto the jaws, fixation of the 

tissue in ammonium molybdate in order to study the fine detail 

failed to preserve the tissue in a recognizable condition and so 

the eventual destinations of the tracts could not be seen. 

In descriptions of the nervous system of echinoids with 

lanterns, mention is made of a hyponeural nervous system. It is 

said to consist of five plaques of nervous tissue situated on 

the aboral surface of the nerve ring in the radial position. 

It is from these structures that nerves are sent off into the 

lantern. A structure corresponding to this description has been 

seen in histological sections of .P. ... a.n:gg,toJ>.U§., lying on the radial 

aboral portion of the nerve ring (fig. 9). The narrow 11 line11 

dividing the two can be seen as a continuation of connective 

tissue which lies on the aboral surface of the pyramidal nerve. 

This 11 line11 can be observed. most clearly at the origins of the 

pyramidal nerves (fig. 10). In other regions the dividing line 

disappears and the nervous tissue of the ring is continuous with 

the hyponeural nervous system (fig. 11). 
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Fig. 8. Parechinus angulosus. Vertical section through 
lantern showing relations of the circumoral nerve 
ring (C.N.R.). C.M. comminator muscle; P.N. 
pyramidal nerve; OES. oesophageal wall. 
Fixed: alcoholic Bouin. Stain: ~4asson trichrome. 
Thickness of section 5 J1 • 
In this and all subseq~ent histological preparations 
initial decalcification was effected with dilute 
nitric acid. 
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Parechinus anuulosus . Vertical section through the 
circumoral nerve ring (C.N.R.) to show the ~eneral 
relations of the hyponeural nervous system \H.N.S.). 
C,T, connective tissue; OES , oesophageal wall. 
Fixation, staining and thickness as in Fig. 8. 
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Fig. 10. Parechinus anaulosus. Transverse section of 
circumoral nerve ring to show the invasion of 
connective tissue (C.T.) to separate the hyponeural 
nervous system (H.N.S.) from the main body of the 
circumoral nerve ring (C.N.R.). 
Fixation, staining and thickness as in Fig. 8. 
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Fig. 11. Parechinus an~losus. Vertical section through 
circumoral nerve ring to show incompleteness of 
connective tissue layer separating the hyponeural 
nervous system (H.N.S.) from the body of the 
circumoral nerve ring (C. N.R.) 
Fixati on, staining and thickness as in Fig. B. 

\ ' I ..._, ,. 
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In descriptions of other species it is stated that the 

hyponeu.ral system is restricted to the radial sections of the 

circumoral nerve ring. This is not the case in ~~rgulosus. 

Although the hyponeural portion becomes somewhat attenuated in the 

interradial position it can still be recognised (fig. 12). 

Hmvever, it is in this region that the division between the two 

nervous systems disappears (fig. 11). 

The detailed histology of the nervous systems is of 

interest. The radial nerve has a layer of large ·rounded nuclei 

on the oral r::<.rrf:we (fig. 15). These are densly packed and it is 

impossible to see connect ions of a nervous character with other 

parts of the 1wrvous system. Above this l ayer of nuclei lies the 

bulk of the nerve cord. In this region small, often oval 

nuclei are common. These bear suggestions of strands at either 

end and may be neurones, but they have not been seen Hith any 

great clarity. Sections stained in silver by Holmes 1 method 

(Gatenby and Beams, 1950) showed no more t han did Ml~sson 1 s Trichrome 

stain. ':'he g.:ner2.l irapression obtn.ineri from obJcrvo.tions 

made by using phase contrast microscopy is that longitudinal nerve 

fibres run along the length of the radial nerve . 

Vertical support ing fibres such as have been described in 

other echinoderm nervous syst ems (Smith, 1937) were also seen in 

the radial nerve cords with phase contrast (fig. 14). In the 

radial nc3rve, these structures did not st ain \<Tith silver, but 

were sta:Lned i n the circumoral nerve ring. Such fibres can be 

seen in both the hyponeural nervous system and in the main body 

of the r i ng itself (fig . 15 S.F.). In the dividing region of 

the nerve ring t he fibres can be seen to arise from button-like 

obj ects. The fact that the supporting fibres do not _stain in 

one part of the animal and do in another is not really surprising 

since silver st ains ar e knmm to be very capricious. 

Another interesting point is that in the radial ner ve 

cords t he oral edge has a dense l ayer of nuclei, whil e the aboral 

edge lacks this feature (fig. 15). The aboral edge of the hyponeural 

system bears a similar layer of l ar ge nuclei. This suggests t hat 
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Fig. 12. Parechinus an~losus. Transverse section through 
circumoral nerve ring (C.N.n.) in an inter-radial 
position to show the continuation of the hyponeural 
system (H.N.S.) in the inter-radial region of the 
nerve ring. OES . oesophageal wall; T. membrane 
enclosing t he tooth. 
Fixation and staining as in Fig. 8. Thickness of 
section 10 f.L • 
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Fig. 15. Parechi.nus angulosus. Longitudinal section through 
a radial nerve to show the dense oral layer of 
nuclei. 
Fixation, staining and thickness as in Fig. 8. 
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Fig. 14. Parechjnus angulosus. Longitudinal section through 
the aboral edge of a radial nerve to show the 
supporting f ibres (S.F.) 
Fixation: alcoholic Bouin. 
Staining: Holmes' Silver technique. 
Thickness: 5 jl. • Phase contrast. 
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Parechinus an~losus . Vertical section through the 
circumoral nerve ring (C.N.R.) and hyponeural nervous 
system (H.N.S.) to sho'" the supporting fibres (S.F.) 
and the buttons (B) on the membrane separating the 
two nervous systems. 
Fixation, staining, and thickness as in Fig. 14. 
Not phase contrast . 
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the hyponeural nervous system is folded back upon itself so as to 

show the oral surface aborally on the circumoral nerve ring. A 

demonstration of a continuous layer of nuclei connecting the oral 

region of the nerve cord and the aboral region of the hyponeural 

nervous system would lend support to this idea. However, in 

serial sections, the layer of nuclei of the oral portion of the 

radial nerve stops before reaching the circumoral nerve ring 

and can only be found again in the nerve ring itself. 

Motor complexes in muscles have been described for 

Marthasterias (Smith, 1937) and in the holothurian C. svkion 

(Pople, unpublished). Since neither silver staining not Novelli's 

stain revealed recognizable nervous tissue amongst the muscle fibres, 

the question as to whether P. angulosus has motor complexes remains 

to be solved. 

The Histology of the :Vmscles 

The histology of the lantern muscles varies from muscle 

to muscle. The lantern retractor muscle, with which this thesis 

is mainly concerned, consists of long fibres joined by means of 

connective ti~sue (figs. 16 & 17). In cross section the muscle 

fibres are collected roughly into groups (fig. 18). This has also 

been noted in C. sykion (Pople, 1952). The nuclei are to be 

found along the length of the muscle fibres. It has not been 

determined whether there is more than one nucleus per muscle fibre. 

No divisions along the length of a fibre have been seen; they 

appear to run the whole length of the muscle from its origin to its 

insertion. In the spaces between the muscles fibres lie cells 

with a fine fibrous processes (figs . 18 & 19) and with two sorts 

of nuclei. Cells vTith large, round nuclei are fairly common. 

More rarely smaller cells with oval nuclei have been seen, often 

with long, fine fibres connected to them (figs. 19 & 20). These 

l att er cells may be bipolar neurones s ince they ar e of the same 

order of size as those found by Pople in C. sykion (unpublishe~. 

The bipolar neurones in C. sykion were demonstrated using silver 
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Fig. 16. Parechinus angulosus. Longitudinal section of the 
lantern retractor muscle showing oval nuclei of 
muscle fibres (M.N.). 
Fixation, staining and thickness as in Fig. 14. 
Standard illumination. 
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Fig. 17. Parechinus anP.Ulosus. Oblique section through the 
lantern retractor muscle showing the connective tissue 
(C.T.) between the muscle fibres (N.F.). 
Fixation, staining and thickness as in Fig. 14. 
Standard illumination. 
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Fig. 18. Parechinus angulosus. Cross section of lantern retractor 
muscle showing the muscle fibres collected in bundles. 
Fixation, staining and thickness as in Fig. 14. 
Standard illumination. 
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Fig. 19. Parechinus angul osus. Cross section of lantern 
retractor muscle fixed in Heidenhain ' s Susa without 
acetic and Novelli stain. The quality of the 
fixation of the muscle fibres is very poor and their 
appearance unnatural. This procedure does reveal 
details of connective tissue structure. Note cell 
with small oval nucleus (N) and filament. 
Thickness lOf.L . Phase contrast. 
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Fig. 20. Parechinus an~losus. Longitudinal section of 
lantern retra.ctor muscle showing cell with 
resemblance to a bi-polar neurone in connective 
tissue. 
Fixation, staining and thickness as in Fig. 19. 
Phase contrast. 
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staining techniques. The present cells were found by the aid 

of phase centrast after staining the tissues with Novelli's 

(1952) method. Unfortunately the quality of the staining was 

not good enough to determine unquestionablY whether these 

cells were bi-polar neurones or not. 

The ribbon axons of the muscles in the echinoderms 

are well known. These have been demonstrated in Marthasterias 

(Srnith,l937) and Cumcumaria sykion (Pople,l952). They have 

been stained with silver stains, Novelli's stain and methylene 

blue. Ribbon axons have not been seen in any muscle of 

P. angulosus, using the first two staining techniques. With 

methylene blue the entire muscle fibre is stained. 

The compass elevator and lantern protractor muscles 

are also made up of long fibres stretching from origin to 

inse.rtion. Aborally the compass elevator muscle is made up 

of fibres very similar to the lantern protractor and retractor 

muscles. Orally, however, there is a thin sheet of fibres 

separated off from the main bulk of the muscle by a thin 

membrane (fig. 21)~ The significance of this separation is 

not understood. 

The comminator muscle is histologically highly unusual. 

As has been mentioned before, it is made up of a number of flat 

plates separated from each other by spaces. Each plate is en-

closed in a densly nucleated membrane. Within each membrane lie 

but two layers of muscle cells. Each cell has an oblong cross 

section,(figs. 22 23),and stretches the whole distance between 

the pyramids (fig . 24). No nuclei have been identified in these 

muscle cells but their presence or absence is difficult to deter­

mine since they may lie close to the densly nucleated enclosing 

membranes. The nuclei of these membranes cannot belong to the 

underlying muscle cells for in surface view they are distributed 

in a closely packed mosaic arrangement bearing no relation to the 

position of the muscle cells. The two layers of muscle cells 

are separated by a thin membrane which lies between them. This 
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Fig. 21. Parechinus angulosus. Cross section of compass 
elevator muscle showing two regions, A and B, oral 
and aboral respectively. 
Fixation, staining and thickness as in Fig. 14. 
Phase contrast. 
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Fig. 22. Parechinus angulosus. Cross section of a comminator 
muscle plate. A, nuclei of enclosing membrane 
of the muscle plate; B, oblong cross sedtion of 
muscle fibres; c, membrane on which two layers of 
muscle fibres rest. 
Fixation, staining and thickness as in Fig. 14. 
Phase contrast. 
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Fig. 25. Parechinus angulosus. Cross section of comminator 
muscle plate. Same preparation as in Fig. 22, but 
in a region of poor fixation. The shrinkage of 
the tissues shows clearly the membrane (M) separating 
the two lc:tyers of fibres. 
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Fig. 24. Parechinus angulosus. Horizontal section of comminator 
muscle plate showing the fibres for about half their 
length. The fibres run directly from one pyramid (P) 
to the next. 
Fixation and staining as in Fig. s. Thickness 10~ • 
Standard illumination. 
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does not appear to be part of the enclosing membrane as it is hot 

nucleated. 

The Physiology of the Lantern Retractor Muscle 

In any study of a neuro-muscular system some form of 

excitatory stimulus has to be applied to the preparation. 

Electrical excitation is the stimulus of choice, but, as mentioned 

earlier, electrical excitation of the radial nerve of Parechinus 

failed to elicit any responses from the lantern musculature. 

This failure to excite the lantern muscles indirectly is not a 

matter of experimental technique as trials with Cucumaria showed 

that indirect responses of the retractor muscle could readily be 

obtained. Attempts 'IJTere also made to excite the radial nerve 

by light beams in the hope that this might release responses from 

the pyramidal muscles, but again such experiments proved unsuccessful 

although Millett (1954) has shown that the nerves of Diadema are 

light sensitive. The lantern muscles do, however, respond to 

direct electrical stimulation and the lantern retractor muscle, 

but not the others , will also respond to direct light stimulation. 

In view of these difficulties it was decided to concentrate 

attention upon the responses of the lantern retractor, partly be­

cause of its relatively greater development and accessibility, 

partly because it was considered that more might be learnt from a 

muscle capable of responding to two modes of stimulation. In the 

event the major study has been dedicated to the effects of photo­

stimulation. 

With one exception all the muscles of the lantern are 

delicate and unsuitable for making neuromuscular preparations. 

The exception is the lantern retractor muscle which is robust and 

since it is attached to large ossicles at either end is the 

easiest from which to make a preparation. The l antern protractor 

muscle may also be used, but it is very thin and has but few 

fibres in it. The resistance offered by a lever writing on 
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smoked paper is almost too great for the muscle to overcome and 

i t tends t o t ear itself apart. 

The single ~uscle preparation. 

The test was cut round the ambitus midway between the 

oral and aboral poles. The gut was removed from the region just 

aboral to the lantern as rapidly as possible, and the lantern 

rinsed in fresh sea water. The compass liga~ents were then cut 

through and the compass apparatus removed from the top of the 

lantern. A rotula was removed by slippin~ a pair of scissor 

forceps between it and the jaw and severing the ligaments between 

the ossicles. The rotula was approached from the centre of the 

lantern. The lantern protractor muscles were then cut away 

cleanly from their attachments to the epiphyses and the perignathic 

girdle. Care must be taken not to injure the lantern retractor 

muscle where the protractor muscle approaches it very closely. 

The epiphysis of the side of the jaw that was not to be used was 

then broken off, leaving the other half attached to the top of 

its pyramid. A pair of old straight scissor forceps was then 

placed beside the tooth on the side not to be used and the jaw 

split along the midline. The comminator muscles above the radial 

nerve were then cut down to the level of the radial nerve, care 

being taken not to injure the nerve itself. A groove was then 

scratched with a needle betw ::-n t.he. tw0 'iuricles . Thi s WGt.:k:'!r.t..d 

the joint between the auricles so that one side could be broken 

away safely, leaving the other side intact. This was done by 

inserting the scissor forceps next to the auricle in the interradial 

position and breaking the auricle away from the perignathic 

girdle. The retractor muscle on that side was then cut away 

together with the attached auricle. The test was then broken on 

either side of the auricle with its attached muscle. T1iO ways 

of dividing the test were used. The better method was to cut 

the t est with a dentist's diamond saw. The second was to make 

a groove in the t est with a needle and thus weaken it. The test 

could then be cracked along these lines of weakness. The perioral 

skin was then cut t owards the mouth and the segment of test and 
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jaw came away free. In this operation the circumoral nerve ring 

is cut. The spines on the segment of test thus removed were 

trimmed short and the segment inserted into a plastic clip 

(fig. 25). The jaw was tied by a thread just above the retractor 

muscle and connected to a flat watch spring. This in turn was 

attached to a gimbal lever which wrote on the smoked drum of a 

kymograph. The watch spring was found desirable as the 

preparation responds better when working in auxotonic conditions. 

The double muscle preparation. A double muscle prepar­

ation was prepared either (a) by leaving the jaws on both sides 

of a radius intact a~d cutting the comminator muscles of the 

neighbouring jaws, or (b) by splitting the jaws on both sides of 

the radius which was to be used. 

muscles were dissected away. 

In all cases the protractor 

The five paired muscle preparation. A preparation 

in which all the retractor muscles remained was set up in the 

following manner. The lantern was removed by cutting the test 

as close as possible to the perignathic girdle. The compass 

apparatus was dissected away. The lantern was placed aboral end 

down on a piece of sponge plastic. Mounted in a dish were three 

small perspex posts with holes drilled in them to take stainless 

steel needles. The posts were placed so that they came opposite 

three interadii in the lantern. The needles could be pushed into 

the lantern over the epiphyses and could thus pin the lantern down 

against the slight pressure offered by the plastic sponge. A cut 

was made in the perioral skin round the edge of the perignathic 

girdle. The perignathic girdle was then fractured along each 

of the radii. This left five pairs of muscles attached proximally 

to the lantern, but separated from each other distally. Threads, 

attached to levers and running over pulleys, were tied to the 

muscles (fig. 26). 

A protractor muscle preparation. The epiphysis at the 

aboral end of the jaw was first broken off. The restraining 

membranes were then slit down to the perignathic girdle so as to 

/free •.•••••••• p. 42 • 
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Fig. 25. Diagram of experimental arrangement used in 
recording activity of lantern retractor muscle 
preparation. L. writing lever; P. pyramid; 
RM. retractor muscle; SP. watch spring. 
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Fig. 26. Diagram to show arrangement for recording activity 
of five lantern retractor muscle pairs. 
A. auricle; N. retaining needle; P.S . plastic sponge 
mat; R.M. retractor muscle. 
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free the muscle. The rest of the lantern was removed and the 

test bearing the muscle was broken away. The muscle was tied 

with thread at the aboral end. This was done either loosely just 

beneath the epiphysis, or more tightly, thus enabling the removal 

of the epyphysis. This ossicle was usually too heavy to remain 

supported by the muscle. 

Since all preparations are sensitive to light the 

dissections were carried out in very dim general lighting con­

ditions with a 15 watt bulb approximately two meters from the 

preparation. The dissections were made under a binocular micro­

scope and were illuminated vrith a microscope lamp fitted with a red 

filter. The animals are insensitive to r ed light. Unless this 

precaution is observed preparations are, initially, only very 

weakly responsive to light stimulation and may·take up to six 

hours to recover from the exposure to l ight during preparative 

dissection. 

The preparations were kept in aerated sea water as the 

body fluids of echinoderms are isotonic vri th sea water (Pople 1952). 

RecordinP: annaratus. 

All recordings were traced mechanically onto a smoked 

drum. A Palmer kymograph was used and the smoked paper fixed with 

shellac solutions. In the main Palmer gimbal levers were employed, 

though in a few experiments frontal levers were used. 

Photostimulation annaratus. 

Most of the stimulation by light was carried out using a 

Zeiss microscope lamp. Since the fil ament of the lamp takes an 

appr eciable time to heat up a device was employed whereby the light 

could be exposed without having to heat the filament of the bulb. 

This was a Zeiss camera shutter mounted i n front of the light 

s ource . The shutter was operated qy means of a cable rel ease . 

The flash contact of the shutter was used as a switch 

to operate the circuit of a signal marker which, wr i t ing on 

the drum, showed the duration of stimulat i on. The del ay bet ween 

the opening of the shutter and the closing of t he flash contacts 
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was measured in the following way. The leads from the selenium 

cell of a Seconic exposure meter were tapped and fed into one 

channel of a Cossor oscil loscope . The flash contacts ~rrere wired 

in series with a small power supply and the other channel of the 

oscil loscope. By placing the lamp with the shutter in front 

of the meter and releasing the shutter, a current \vas generated 

in the selenium cell of the meter. This sharpl y deflected one 

beam of the oscilloscope.- while the other beam was deflected 

when the flash contact operated the other circuit. The time lag 

between the t'YTO deflections was less than one millisecond. This 

has been disregarded since there must be greater error in judging 

the actual onset of a contraction from a trace on smoked paper. 

Pulsed light stimul i were provided in two ways. For short 

durations the exposure times offered b.Y the shutter were used. 

These durations were calibrated in the followin~ way. Film was 

run through an oscilloscope camera at a constant speed so that 

it would photograph a fifty cycle mains signal. The film was 

rewound and the front of the car.:era was screened off with light­

proof black paper, in which a hole had been pricked . The micro­

scope lamp with the shutter was placed in front of the camera. The 

film was run through again at the same speed and exposures were 

made by releasing the shutter in front of the l amp at various 

settings. The durations of any exposure could then be measured 

directly from the film. 

The duration of time between these brief light pulses 

was controlled in the following manner. The head of a long 

cable release was mounted on the block of a knockdown key of a 

second kymograph. An eccentric cam on the spindle of this kymograph 

pushed the head of the cable release and so r eleased the shutter. 

The time t aken for the kymograph to complete one revolution would 

then be the time bet\.Jeen stimuli . 

As the shutter did not automatically give exposures of 

more than one second dur~tion, another method had to be used to 

produce longer stimuli . 
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The duration of the pulse and the time between pulses was 

controlled in the following way. A variable duration electronic 

timer was built (fig. 27) to give impulses of 2 to 13 seconds. 

A Palmer time clock (fig. 28 S.M.) opened a relay (C.S.l) which 

started the action of the timer (D.R.T.). The timer pulled in 

a relay (C.S.2) which operated a solenoid (SOL) from the starter 

mechanism of a Chevrolet motor car. The plunger of this solenoid 

pushed the head of a cable release (C. R.) and operated the shutter 

The shutter mechanism was set on 11 time11 and thus remained open so 

long as the solenoid was activated. At the end of the signal from 

the timer the circuit to the solenoid was broken and the plunger 

and cable release i-Tere returned by means of springs to their 

original positions (fig. 28). 

Special Illumination, 

In investigations of the effect of different wavelengths 

of light on the preparation, a mercury vapour lamp was used. The 

light was filtered with Wratten filters. The resulting trans­

mission spectra were measured by means of a Hartridge reversion 

spectroscope. 

Electrical Stimulation. 

The preparations were stimulated electrically by means of 

square waves and also with direct current. Square waves were 

supplied by means of a stimulator modified from Ead's (1951) 

design. The pulse was reversed from positive-going to negative­

going by putting the output on the cathode line of V5 rather than 

the anode. The output of the stimulator was approximately matched 

to the resistance of the preparation with R 25 (fig. 29). 

Direct current was supplied from a dry cell battery 

connected with a series of resistors and potentiometers so that 

the current flow could be controlled; the direction of the current 

could be changed \.rithout altering the potential (fig. 50). 
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Fig. 27. Timer circuit , R,l . 500 ohms, t watt; 
R.2. 10 K, t watt; R.5. 100 K; R.4. 10 K, 
twatt; R5, 150 ohms,~ watt; 0.1. 0,1/lf, 
600 v , ; 0,2, 16/1 f, 450 v .; 0 .0. 4 /lf; 50 v; 
T,l, 6 volt transformer; RL. l , Post office relay, 
6200 ohms winding. Input voltage, 250 volts A.C. 
The circuit is brought into operation by pushing the 
'normally closed ' switch, S, The contacts of the 
post office r elay, 1 - 5, are shown in the operating 
position, 
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c. s. 
S.M. D.R T c.s. 
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Fig. 28. Block schematic diagram of apparatus to deliver 
pulses of light whose duration is controlled 
by the timer (D.R. T.) o~erating solenoid (SOL) 
by way of n r elay (CS 2) to control the movement of a 
camera shutter (SH) by way of a cable release (C.R.). 
The frequency of the light pul ses i s controlled by 
a Palmer Time Clock (S.M.) operating the relay (c.s. 1) 
which is normully closed and corresponds to the switch 
S of Fig. 27 . 
L. lamp; M.I. 250 volts A.C.; PREP . retractor 
muscle preparation. 
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Fig. 29. Circuit of Ead (1951) square wave stimulator . 
The circuit has been modified to give negative going 
pulses. 

R.l 10M; R.2 4.3M; R.3 1.7H; R.4 20M; 

n.s 270K; R.6 1M· 
' 

R.7 250K; R.8 25K; Re9 25K; 
R.lO 20K; R.ll lOK; R.l2 20K; R.l3 4. 4M; R. l4 1M; 
R.lS 47K; R.16 lH; R.l7 5M; R.l8 47K; R.l9 2M; 
R. 20 l.M· ' R.21 lM· 

' 
R. 22 lK· 

' 
R. 25 100 ohm. 

0.1 2f-lf; 0.2 O. Sf-Lf; 0 . 3 0.51-Lf; 0 . 4 o.oo~r; 

c.s lf.!f; 0 . 6 lOOpf; 0 .7 0.1¢; 0.8 o.OJ.p£; 
0 .9 lf.lf; V.l 6SN7; V. 2 6H6; v . 3 6SN7; 

V. 4 6H6; v .s 616. 

N. neon. 
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Fig . 50. Circuit diagram of D.C . stimulation appar atus . 
R.l 19K; S. 2 double pole, single throw switch; 
S.5 double pol e, doubl e throw switch; P.l - 5 25K. 
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The Properties of the Lantern Retractor Muscle Preparation. 

1. Spontaneous Activity. 

Some preparations of the lantern retractor muscle display 

spontaneous movement . This i s a rhythmic activity characterised 

by a slowly rising tension followed by a fairly rapid fall (fig. 51). 

If left undisturbed such preparations will maintain a constant 

rhythm over long periods. It seems probable that this activity 

is a facet of the feeding pattern of the entire animal, for direct 

observation shows the teeth of Parechinus to make rhythmic movements 

during feeding. The t eeth open slowly and close together quickly. 

The opening movement, as has already been indicated, is effected by 

the lantern retractor muscles, the closing by the comminator muscles 

between the pyramids. Here, of course, only the activity of the 

retractor muscles is being observed. 

Spontaneous rhythmic activity was only displayed by a limited 

number of the preparations studied and no certain way of stirring 

an inactive preparation to maintained activity has been found. If 

a preparation is contracting feebly, i ts level of activity may be 

enhanced by a long light stimulus (fig . 32) . Similarly an increased 

stretch upon the muscle may enhance the activity (fig. 35). Mechani­

cal stimulation of the l ips of the pharynx may increase or decrease 

the level of activity. These various influences appear primarily 

to affect the amplitude of the contractions recorded, not the activity 

rhythm itself. 

Spontaneous activity can be interrupted by light stimuli. 

Exposures to light lasting 20 seconds may cause a maintained contraction 

of s lowly increasing tone . After the cessation of stimulation the 

rhythmic activity will be resumed after a pause (fig. 34) . The type 

of response shown in these conditions to the light stimulation is 

unaffected by the point in the cycle of spontaneous activity at 

which the stimulus is applied. With longer light stimuli, of five 

minutes duration, the rhythmic activity may be re-es t ablished during 

the stimulation and in these circumstances a new activity rhythm 

appears to be set from the time of cessation of stimulation (fig. 32) . 
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Fig. 51. Parechinus angulosus. Spontaneous activity of 
the lantern retractor muscle. Time mark: 10 seconds. 

Fig . 52. Parechinus angulosus . Activity of a retractor muscle 
preparation . Upper signal indicates onset and duration 
of light stimulus . Time mark: 10 seconds. In this 
and subsequent traces, unless otherwise stat ed, light 
stimuli were all ~f the same intensity at a transformer 
rating of 8 volts . 
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Fig . 33. Parechinus angulosus . Retractor muscle preparation . 
At arrow s tretch on preparation increased. Time 
mark: 10 seconds . 

Fig. 34. Parechinus angulosus . Retract or muscle preparation . 
Upper signal indicates light stimulus. Time mark: 1 second . 

beneath t!w l ight stimulus atld ten seconda on either side o 
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Fairly brief light pulses may stop a spontaneous contraction which 

is developing and a new cycle is again commenced at the cessation 

of stimulation (fig . 35) . 

2. Stimulation with White Light. 

The response of the retractor muscle to light stimulation 

has three characteristics that are reasonably consistent from one 

experiment to the next . There is an initial quick contraction 

which is followed by a slo-vr rise in tension. After a variable and 

usually considerable time the muscle then begins rhythmically to 

relax and contract (fig. 36). The details of the different phases 

of the response vary considerably from preparation to preparation . 

Thus in some cases a preparation, when stimulated with white light, 

shows a clear separation between the quick and the slow components 

of the response (fig . 37). ~~ere these are well separated the form 

of the record produced is characterised by an initial rapid rise in 

tension followed by a plateau and then a relaxation before the 

development of the second or slow response . The general form of 

the first, quick response is unaffe cted either by the intensity or 

duration of the stimulation. This may be seen by comparing the 

response shown in fig. 37 elicited by maintained stimulation with 

that in fig. 38, the response to a photographic el ectronic flash 

-3 . of 10 second durat1on. A number of experiments vtere undertaken 

to see whether this clear double response could be regularly elicited 

by subjecting the preparation to some particular treatment . The 

action of the following different factors was s tudied:- light 

intensity, wave l ength, stimulus duration, slow narcotisation of 

the muscle with carbon dioxide and finally addition of adrenaline 

at various concentrations . In no case di d the treatment modify 

the r esponses of different preparations in a regular manner. 

It must be emphasised that the various records presented 

in the account which follows have been obtained from preparations 

of widely different physiological state . When a preparation is 

initially set up it is generally inactive and insensitive and 

inhibitory phenomena, presently to be described, are most easily 
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Fig. 55. Parechinus angulosus . Retractor muscle preparation. 
Influence of a light stimulus of 15 sec. duration 
upon a spontaneously active preparation. Time 
mark: 10 seconds . 

Fig. 36. Parechinus angulosus. Typical response of lantern 
retractor muscle to a prolonged light stimulus. 
Onset of stimulation indicated by downward movement 
of upper signal marker. Time mark: 10 seconds . 
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Fig. 55, Parechinus angulosus. Retractor muscle preparation, 
Influence of a light stimulus of 15 sec. duration 
upon a spontaneously active preparation. Time 
mark: 10 seconds. 

Fig, B6. Parechinus angulosus. Typical response of lantern 
retractor muscle to a prolonged light stimulus. 
Onset of stimulation indicated by downward movement 
of upper signal marker. Time mark: 10 seconds. 
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Fig . 37. Parechinus angulosus . High speed tracing of retractor 
muscle contraction showing differentiation into ' fast' 

Fig. 58. 

and 'slow' responses. Duration of stimulation 27 seconds . 
Time mark: 1 second. 

Parechinus angulosus. 
Response to electronic 
given at mark on lower 

Retractor muscle prepar ation. 
flash of a millisecond duration 
line . Time mark: 1 second. 
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demonstrated at this time. Later the preparation becomes dominantly 

excitatory and inhibitory effects are only demonstrated with 

difficulty. A comparable "dying away" of inhibition has been 

found by Ewer (1960) in circular muscle preparations of Calliactis. 

(a) The Effect of Intensity of vfuite Light . 

(i) Latency. 

The effects of the intensity of white light on the 

preparation may be assessed qy its influence on the latency and the 

amplitude of the quick response. As the intensity of the stimulus 

is increased the latent period of the response decreases. Fig . 39 A 

and Table I show the results from one preparation where two series 

of latencies were determined twelve hours apart. Each stimulus was 

followed by a 20 minute rest . In all cases the duration of the 

stimulus greatly exceeded that of the latent period. From tho Table 

it can be seen that , although the latencies are shorter during the 

second series, in both cases the latent period falls as the stimulation 

intensity is increased. 

(ii) Amplitude. 

The tension devel oped by the muscle during the q1rick 

response increases with increasing intensity of stimul ation . This 

I~Y be seen in fig. 39 B and Table II which are records of the same 

preparation as before . In Table II the effect of a twelve hour rest 

is shovm. There is a suggestion that the magnitude of the response 

in the second period is greater. 

(iii)The effect of intensity on the slow response. 

The effect of light intensity on the slow response cannot 

be assessed quantitatively since the final tension developed 

may be obscured by the onset of rhythmic activity. It is also 

not possible, because of the variable character of the response, 

to make a meaningful assessment of latency, nor to determine 

comparable rates of tension development. 

(b) The Effect of Duration of Stimulation . 

(i) Latency. 

The longer the duration of the light stimulus the shorter 
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T A B· L E I 

Effects of Light Intensity upon Latency of Quick Response. 

Sets of values for the latency of the first response 
taken from the same preparation tl-1elve hours apart, 
20 minutes rest allowed between each stimulation. 

I 
Series 1 I Series 2 

Lamp Voltage latency I Lamp voltage I Iatenc) I I (sec. 
i 

6 2.2 5 I 2,1 

5 3,0 8 1.8 

8 2,0 5 2 .6 

8 2,2 6 I 2,2 

5 3,2 8 I 1,8 
I 

Note: The lamp intensi t:r at different filament voltages was 
calibrated with a photoelectric licht meter whose r eadings could 
be converted to candle power, 
This showed that the three filament voltages offered by the 
lamp transformer reprcoented in fact ~ linear increase in 
luminous intensity, In these experiments absolute values are 
of no significance as no easy allowance can be made for absorbtion 
by, and reflection from the apparatus . The light intensity 
f alling upon the preparation will however be directly proportional 
to the filament voltage , 
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TAB L E II 

Effects of Light Intensity upon the Tension Developed 

by the Quick Response. 

The same preparation as in Table 1 was used . The 
readings for ser ies l and 2 were taken twelve hours 
apart . Tension measured as height of response in 
mm. using an auxotonic lever. 

Series l Series 2 

Lamp voltage Tension Lamp voltage Tension 

6 13 5 14 

5 7 8 19 

8 14 6 13 

8 12 5 8 
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Fig . 59. Parechinus angulosus. Graphs showing relationship of 
latency and amplitude of contraction to intensity of 
stimulating light. For further explanation see text. 

I n these eraphs and in fig.40 each po:i.nt represents 
the J'lean of a nnrt'lr)er of readin~s whose range :i.o shcwm 
by the vertical line through the ·point. 
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is the latent period as may be f:cen by reference to Table III and 

Fig, 40. Comparison of the latencies recorded in Series 1 and 

2, separated by an interval of ti-1elve hours, shot..r no consistent 

trend of variation. 

(ii) Amulttude of the quick resuonse. 

Over a short period the amplitude of the quick response 

of any particular ~reparation is f airly constant when tested at 

various dttrations of stimulation provided these ar c greater than 

one second. But for shorter stimuli, the amplitude of the 

response fo.lls as the duration of stimulation decreases (Table IV). 

(iii) The effect of durati on uuon the second response . 

The effect of duration of stimulation upon the second 

response cannot be expressed quantitatively for the reasons given 

above. In preparations which show a marked separation of fast 

and slow responses , the slovr r esponse may not be clearly shown 

following short stimulations. This is illustrated in fig. 41 

where a ser ies of traces obtained from a single preparation in 

r esponse to stimuli of durations varying from two to t en seconds 

have been superimposed. As is to be expected with' these exposure 

times, t he first response is hardly affected by the duration of 

t he stimulus. The second response, however, ·becomes clearly 

marked only when the duration of stimul ation is greater than seven 

second:3. 

In other preparations where t he fast and slow responses 

are not markedly separated, the slow response will be sho1m 

f ollowing briefer peri ods of st i mulation. 

(c) The Effects of Reuetitive Light Stimu}ation. 

The effects of repetitive lieht st imulation are highly 

variable. The results obtained depend on v1hether t he preparation 

responds to 3. long light stimulus i..ri th a separat e quick and slow 

response, or •..rhether the t1...ro r esponses merge one with the other. 

Fi g. 42 shows one type i n Hhich there i s a smooth increment of 

amplitude. This appears to be simple summation and is displayed 

by preparations showing a smooth response to a singl e long 
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T A B L E III 

Effect of Stimulus Duration upon the Latency of the 

Quick Response. 

The light intensity was kept constant at 8 volts. 
A rest of tl.relve hours was allowed between series 1 
and 2. A ten minute int0rval was allowed after each 
stimulation within the series. 

Duration of light stimulus Latency 

(sec.) (sec.) 

0.04 1.9 

0.55 1.2 

0.33 1.5 

0.15 1.5 

0.09 1.5 

0.04 1.9 

0.04 1.8 

0.09 1.7 

0.04 2. 5 

0.09 1.6 
o.ss 1.4 

0.55 1.2 

0.15 1.2 

0.09 1.7 
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TABLE IV 

Effect of duration upon the Size of the Quick Response. 

Duration of stimulation Increase in tension (mm.) 
(sec .) 

. 
Preparation 

1 2 3 I 4 

0.1 4.0 

0.2 3.0 4.0 7.0 

0.5 4.5 7.0 8.5 

1.0 7.0 8.0 9.0 4.0 

2.0 4.0 

3.0 4.1 

4.0 4.0 

5.0 4.0 

6.0 4.0 

7.0 4.0 

s.o 4.0 

9.0 4.0 

10.0 4.0 
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0 .1 02 0.3 0.4 05 0 .6 0 .7 0 8 0 .9 1.0 

DURATION SEC . 

Fi g. 40 . Parechinus angul osus . Graph showing the relati onship 
between duration of stimul at ion and l atency of response . 

SEC 

SEC SEC 

Fig. 41. Parechinus angul osus. Superimposed traces of responses 
of a retractor muscle preparation to light stimu1i of 
different durations . The numbers indicate the durati on 
of the stimulus in seconds . 



A 

B 

c 

D 

Fig. 42. Parechinus angulosus . Responses of a retractor muscle 
preparation to light pulses of o.ss seconds duration at 
various frequencies . A. l/20 seconds ; B. 1/10 seconds; 
C. l/5 seconds; D l/2.5 seconds . Time mark: 10 seconds . 
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stimulus. Hm.J"ever, in preparations that shovT well separated 

quick e.nd slov/ responses, the second and subsequent responses 

may be considerably modified and smaller than the first (fig. 43), 

This phenomenon may be studied quantitatively and can 

be shovm to depend upon the interv11l between the stimuli . The 

effect is i llustr ated by the results of experiments summarised in 

fig. 44, In this graph the ordinate represents the difference 

in tension bet\.J'een the first and ~econd responsen to a pair of 

stimuli while the. abscissa represents the interval between the 

first and second stimulus of a pair . \·There these are separated 

by about 10 seconds the magnitude of the response to the second 

stimulus is depressed, but by 30 seconds the depression, albeit 

still present, is small, 

When longer pulses are used so as to evoke the slow 

response as well as the faot, there is evidence the.t the depression 

of the fast response may last for considerably longer periods. 

Thus fig. 45 shows the effect of t-wo long light pulses separated 

by an inte1~al of 25 secollils . The second contraction shmlS 

clearly a depression of the fast response . 

But vTi th short light pulses a second long duration 

depression is to be seen. This is shown in the resul ts summarised 

in fig . 46 . Here is recorded the magnitude of the first response 

to trains of brief light pulses given et varyine intervals of time. 

Graph A relates to trains of five pulses at one pulse every five 

seconds, craph B to five pulse trains with one light pulse every 

ten seconds. In both graphs the short duration depression 

reflected in fig. 44 may be seen, But at intervals of more than 

one minute between stimulations a second depression occurs which 

persists for about 20 minutes. 

Finally fig . 47 shows a unique phenomenon. Here the 

preparation was stimtuated for periods of 30 seconds al ternating 

with periods of 30 seconds darkness . In this case no depression 

but an enhancement of both quick and slow responses is to be seen. 
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Fig. 43. Parechinus angulosus . Response of retractor muscle 
preparation to repeated stimulation. Duration of 
light pulses 0.55 seconds . Frequency of pulses 
l/10 seconds. Time mark : 10 seconds. 

SECOND RESPONSE 

GREATER THAN F i RST 

TIME BET WEEN STIMULI SEC. 

~ ot--4~--~------~~----~~------~-------.---------~ ~ w ~ 
u. 
u. 
o I 

z 
Q 
~ 2 .., 
..... 

3 

4 

5 

6 

SECOND 1\ESPONSE 

LESS THAN FIRST 

40 50 

Fig . 44. Parechinus angulosus . Graph showing difference in size 
of response to the first and second stimuli uf pairs 
of light pulses of 0 . 55 seconds duration at various 
time intervals. Open circles: lamp intensity, 8 volts; 
crosses: lamp intensity, 6 volts; triangles: lamp 
intensity, 5 volts . For further explanation see text. 
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Fig. 45. Parechinus angulosus. Response of retractor muscle 
preparation to two light stimuli, the first of 75 seconds 
duration and th0 second of 40 seconds. Interval 
between stimuli 25 seconds. Time mark: 5 seconds. 

~--------------------~ 8 
14 

12 

0 20 4 0 10 20 36 S'o 
SEC. MIN. 

Fig. 46. Par echi nus angulosus . Graph showing the magni t ude of 
the first r esponses to trains of five l i ght pulses of 
0.55 seconds durat i on at varying times between stimulations. 
A. Frequency of pul ses 1/5 seconds; B. l/10 seconds. 
For f urther explanation see t ext. 
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ParJchinus angulosus . Responses of lantern r etractor 
muscle to alternat ing periods of 50 seconds light and 
50 seconds dark. · Time mark : 10 seconds . 

Parechinus ru1gulosus . Response of retractor muscl~ 
to superimposGd light stimuli . Lo~er signal, back­
ground illumination. Upper signal J superimposed 
illumination. Time mark: 1 second. 
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(d) The Effect of Sunerimnoscd StimulL 

The effect of tvro licht stimuli superimposc,d one on the 

other varbs accordinG to the duration of the superinposed stimul us . 

If this is long then, is r.nrel:; SUIJ1.!.1ation (fig. 48). On the other 

hand if the superimpo.~cd ::Jtim.ulu;-; is short, that is of the order 

of a second or less, Q different effect, illustrated in fig . 49, 

m.::y be shown. Here it •rill be seen that a brief c.ddition.,_l 

stimulus is inserted ..:...t A. This is follow-..d by a quick contr:lCtion 

and ::. r .... ;la..'Cation in vlhich the tension falls bLlow that achieved 

by the background ill1mination und then rises aeain. A second 

series of superimposed stimuli at B shm..r th'; s c..ae effect, the 

tension developed by the later responses not achievinG the value 

of tho first c.nd the relaxation between stimuli fallinb belm1 

that characteristic of the background response . Tho tension 

then rises slm.Tly once more until thG background stimulation is 

removed. 

(e ) Effects of Sustained Light Stimulation. 

Sustained light stimulation causes the preparation to go 

into rhythmic contractions (fig. 56) . These bec:.r a striking 

reserablance to spontaneous contractions (fig. 51). The ceneral 

form of these contractions i~ constRnt. Thoro is a slow develop­

ment of tension followed ~f a fairly rapid r~l~xation. The time 

betv.rcon tho contractions is very variable both from one prepar­

ation to the next ancJ. at various times during the life of a 

sinele preparation. 

If, during the devel opment of ono of those regular 

contractions, a short light stimuJ.u-; is superimposed upon the 

background illumin.::.tion, the contraction ceases and a new 

contraction cycle starts ::hon the superimposed stimulation ceases . 

This is s imilar to th~ effect observed uith spontaneous rhythmic 

activity in the dark. 

(f) Variations in the Relgxation of a Prepar~tion . 

A preparation may rel:xx: in one of two ways . It may 

relox smoothly or the- re may be one or more: hesitations du:ring the 
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Fig. 49, Parechinus angulosus . Responses to superimposed 
light stimuli. Background stimulus on at first 
deflection 0f signal. At A one light pulse of 
0 , 55 seconds duration . At B five light pulses 
of 0 . 55 seconds duration and a frequency 1/10 seconds . 
Background stimulus off at last signal deflecti on . 
Time mark: 10 seconds . 

A 9 

Fig. SO. Parechinus angulosus . Responses of retr a ctor muscle 
preparations showing irregular re axation . 
A, Duration of stimulation 20 se6onds . Time mark 

I 1 second. B ana G r elaxation cu . e¢ of response¢ 
shown in Fig. 42 B ~a D. 
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rel~ation (fig. so). 

Ag~in after stimulation the pr0paration may either relax 

to its ori[;inc:.l loVE:'l of tension quite quickly or hol d r. much 

h:i."her t:msion than it did originally (fit; . 51 A). Sil"lilc.rly 

light stimul&tion during spontaneous activity t·Till often give 

rise subsequently to a heightenEd restin;: tonus after the stimulus 

has ceased (fi~ . 51 B) . 

(r; ) Inhibi.torv Effects of Hhitc Lif-ht. . 

·rhcre is a consi d0rable number of lines of evidence 

which sut;gest that ,,rhitc lic;ht is not only .Jtimulatory to some 

·system causing the muscle to contract, but ~lso excites some 

inhibitory system. 

follov1ing . 

Of these the most compelling are the 

(i) In a fvw prcpar&tions light stirnulc.tion Given within 

tho first hour of setting up the preparation causes a fall rather 

than a r ise in tone (fie . 53 A) , 

(i i) In a Gpontaneously c.ctivu preparation a brief light 

stimuluo applied durin.:; a pcricd of risin:: tone \.Jill be followed 

by e.. sharp relaxation :-.nc'l. a new slo;.J increase i n tonus (fie . 35) . 

(iii ) The saml- effect of a short light pulse superimposed 

upon a st~ady tonic contraction produced by photostimul~tion is 

shm.m in fie . 49 . Th3 brief pulse ic followed by marked loss in 

tone which i s subsequently rcgc.ined . 

( i v) Mr . Pople reports (in li tt .) th<::t I hi te light stimulation 

of the pharyngeal retractor prepr.ration of Cucumaria stimulates 

bot h excitatory anu ir~ibitor~y elemcnto . These he has shown to 

be sensitive to li.;ht:_; of different wc.ve l ent:ths . 

I hc.ve repe::tted thl-S€: observations in the follm.rinc 

manner. Shortly ~fter being first sot up ~ preparation is stim­

ulated with uhi.tc light . As the contraction d::)volops it is 

illuminated clso by a beam from a nGrcury vapour l amp . There 

is a fall in tension and then a rapid rise \·Then the mercury 

vapour l amp i s screened (fiz . 52 ). This contrasts markedly 

-v1i th the behaviour of preparations exposed to a superimposed ber:.m 
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A 

B 

Fig. 51. Parechinus angulosus. Responses of retractor muscle 
preparations to long light stimuli. Duration of 
stimulation 620 seconds in A, 520 seconds in B. 
Time mark: 10 seconds. 

Fig. 52. Parv chinus angulosus. Response of a retractor muscle 
preparation to stimulation from a mercury lamp against 
a background of white light stimulation. At first 
signal background illumination started. At tliTee 
subsequent blocks mercury lamp beam exposed. Final 
signal, background light off. Time mark: 10 seconds. 
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Fig. 53. Par echinus angulosus. Various types of r esponse of 
retractor muscle preparations . Time mark: 1 second, 
exoept for trace A in which the time mark is 5 seconds . 
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of white l i ght: this invar iably produces a further contraction. 

Attempts to identify the active wavelengths wer e 

unsuccessful . The pure yell oF doubl et from th,; mercury l amp 

is neither excitatory nor inhibitory, ivhile the inhibitory action 

of the mercury l amp is not prev~nted if a photoeraphic ultra- viol et 

filter or thick e;lass pl.4tes are placed across th3 beam. Both 

the excitatory and inhibitory wave lengths l ie between green and 

violet but attempts at separation u3i ng Wratten filters were 

unsuccessful ac these allovr too broad :'1. bandwidth to pass . 

3. An Interpr etation of the Effect s of Light Stimulation. 

It is convenient at this stage to attempt an anal ysis of 

the results which h~ve been obtained in the hope of reaching 

some provisional conclusions . The most iumediate question which 

arises is whether light is stimulatory to the nervus , the myo­

neural junctions or the muscle fibres of the l antern retr actor 

muscle . 

Firstly it is cl ear th~t tho excited systems lie within 

the musclv . Evidence for this conclusion stems partly from 

the fact that if a light beam is not directed accurately at the 

muscle, the tension developGj in response to photo- stimulation i s 

never as grc;at as th'l.t 1..rhich the muscle can dev<.;lop when fully 

stimulated by the beam. Abain if the muscl e itself is shaded 

and l ight directed at the surroundine structures no response 

is obtained from the muscle . 

It seems possible t~t the l ight is stimulating nervous 

tissue vTi thin the lantern retractor rather than the muscle fibres . 

T:1L~ re;'.::'ons £or thio conclu:::ion c:.re tvr0- fold . FirstJy'thc com-

plexity of t~1c rc(3ponGos rocorded differs markedly from the 

simple rnsponses obtained by direct electrical stimulation of 

the muscle . Secondly it is found that a::; a preparation ages the 

response to light gradually diminishes and finally fails . At 

this time the muscle fibres arc still directly excitable by 

electrical stimulation, suggesting that the photosensitive 

structures are distinct from the muscle fibres themselves . While 
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no histolo~ical evidence for a motor complex relatinG to this 

muscle htH> been found, the possibility that such a structurL exists 

cannot be excluded. 

Attempts to mr-.kc c.. finer locJ.lisiltion of the photosensitive 

areas 1.rere unsuccessful . Experin.::nt_ usinc; fine light guides 

f nil ed to ulicit ~ny r0sponscs from tlc~ muscles, possibly because 

th~ luminous intensity w~D too low, the tissues thcms.::lves rapidly 

diJpcrsing light from ~ limit~d ~rca. 

It has been found th .. t the amplitude of the initial 

response and its l atency <:>.ro c...ffect~...d by the int0nsity and duration 

of the light stimul~tion . Both vary in a manner typical of 

photosensitiv·::; systems . Since, howev"-.r, there is evidence that 

light stimulati on has both excitator~r and inhibitory effects and 

that the b.:tlanco of thc:.;o vc..ri0s with the physiological state of 

the prepa~ation, detailed qunntitstive studies appeared of little 

value and have not been undertaken . 

The response to light can be regarded as three f old, 

a quick initial rc~~ponse fol lowed by a slow development in tension 

and subsequentl y a recular rhythmieal r ise and fall in tension. 

In :tttomptin~ an ,1.n..1lysis of these events attention vlill initially 

be directed upon the fir st two. 

An examination of responses made by tho lantern rctractcr 

to photostimulation shous that a vide r:~.ngo of different patterns 

may be obtcined . Some of these arc illustrated in fig . 53. They 

have been arranged in a series in -vrhich the inhibitory action of 

the l ight appe::trs to becou1e decreasingly si~nific['.nt. In fig. 53 A 

the influence of inhibition is clearly m:trkcd . The light stimulus 

causes a short initial contraction of about five seconds duration 

but then the tone immediately drops , slovlly r ·::covers and. drops once 

ae~in when the light stimulus ceases . In fiG . 53 B the initial 

contraction ic again of c.bout five seconds duration, but tho 

subsequent loss of tone is l ess striking thc.n in f i g. 53 A. There 

is a slight increment in ton~ aft er stimul ation has ceased but 

this appears simply to be :1. r 2turn to tile ori:.;inal restin[ level 
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of the preparation. In fig . 55 C t he initial contraction is once 

again of about five seconds duration but the subsequent tone of 

the preparation iG high~r than the r esting value , At the end 

of stimulation there is a transient increment in tension. Fi g. 55 D 

shaHs the characteristic double response, while fig . 55 E shovrs 

only a slight but a distinct check in tho development of tension. 

Ther e nre then two distinct rates of development of tension and 

one could cons i der them to reflect tvro distinct processes, both 

modified by a third, an inhibito~; evant. Indeed this inter­

pretation has been implicit in the proceeding account of t he 

behaviour of these pr eparations , But a simpler hypothesis would 

be that there is a single excitatory event modified in its ex­

pression by an inhibitory process, the extent of contraction nt 

any time being the resultant of th~ difference behreen the l evel s 

of excitation and inhibition. 

A number of asswnptions were tested to see whether in fact 

such difference curves could be obtained using relatively simple 

functions to expr ess the r;rm..rth of the tvro stat es . The most 

satisfactory of these involved the poctuletc that both excitatory 

and i~hibitory states developed aft er the manner of a first-order 

reaction, but that the inhibitory condition did not nor~~lly 

reach an equilibrium - rather if it wer e relativel y high it continued 

to increase, if low it waned , The results of such calculations 

are shown in Fig. 54 and it can be seen that the difference curves 

do fairly closely reflect the types of response shown qy the 

retractor muscle . While this idea offers the attraction of re-

latively simple ass~~ptions, it cannot be r egarded as acceptable . 

The pl ateau which is characteristic of so many preparations can 

only be imitated by a careful choice of parameters for the reactions 

and even then, although there in a l evGllinc in the difference 

curve, it is not a true plateau but a curve of great radius . 

Such a simple dual mech&nism docs not provide a 

satisfactory answer and the further pursuit of an ~nalysis which 

will account for the wide diversity of phenomena observed can be 
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Fig . 54. A. Curves of excitation, A, and various level s of inhibition, 
B, C and D. All curves initially follow a first order reaction. 
B. Difference curves between the standard excitatory curve A 
and various inhibitory curves . Compare form of curves with 
responses shown in Fig . 53 . Time scale in arbitary units . 
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presented either as a lone; ar ".ument involvin.:; the €:rection of 

trial hypotheses and their subsequent rejection ~nd modifi~ation 

or by a logic~l presentation of the conclusion finally reacheu. 

The lo.tter, beinG briefer, h3.s been followed here. 

The retro.ctor muscle of ParecQ:hm!§ shares ui th the 

ph1rynge.:1l retractor muscl-.) of Cucu:n::..ria the prop..-rty of 

spontaneous activity. Pople and Ewer (1853) have presented 

evidence that the spont.neous activity of the retractor muscle 

of Cucumaria ~rises from an interplay of excitation and inhibition 

in the motor complex of this muscle and the assumption is made 

here that this is true ulso for the retractor muscle of Parechinus. 

The form of the spontaneous activity of the two preparations is 

very different, albeit ee.ch is part of the f._.~eding pattern of 

the animal . In Cu~~arl~ a spontaneouR contraction occ;u·s every 10-15 minutes, 

in r~J:~~qi~ typically every two or three; in Cucumn~in a contraction 

consists of a relatively r apid risu in tension followed by a slow re­

lax~tion, ln Parechinus there is a slow rise in tension by a fairly 

rapid fall. 

The genesis of spontc.neous activity in Parechinus can 

be represented by a model (fit; . 55 ) which includes an excitt>.tory 

cyton, the S cyton, which, by a steady outflow of impulses, causes 

the musclo eradually to develop tone . A colaternl fro~ the S 

cyton feeds back to an inhibitory cyton, the I cyton; the steady 

::;.rrival of i.npulses on the dendrite::: or soma of the I cyton 

effects a gradual depolarization and after c::bout 120 seconds the 

I cyton discharges a train of impulses \.Jhich, relaying back to 

the S cyton,inhibits th~ output of motor impulses for ::tbout 20 to 

30 seconds causing the muscle to relax . The cycle then starts 

again . This propoE'r.l for the control of a rhythmic activity 

finds justification in the fact that Eccles, Sears and Shealy 

(1962 ) have demonstrated a similar slovJ depolarization l eading 

to a burst of impulses in the motoncuroncs of t he extern2.l and 

internal intercost~l nuscles of the cat, ~lbeit the rhythm in the 

m::tmlrto.l is more rapid. The S cyton may be com:->arcd with the 

11 pattern c:;ntre11 postulated by Pople c.nd Euer (1958), the I cyton 



- 80 -

~----~~~------~ 

Fig, 55 , Hypoth3tical arrangement of neurones in a motor unit 
of the motor compl ex of Parechinus . 

Fig. 56. Parechinus angulosus. Retractor muscle preparat ion 
showing irregular spontaneous activity. Timu mark : 
10 seconds. 
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with the "inhibitory centre". 

The model here proposed can be regarded as the 

organisation of a single motor unit within the motor complex 

of the retractor muscle. Commonly the muscle displays a regular 

rhythmic activity, so that all motor units must be in phase or 

nearly so. . This implies that some general coordinatory mechanism 

must exist within the motor complex. It is possible that this 

depends upon the existance of a r~mi~;ing : neuropile system, so 

that all motor units are effectively inter-connected and a single 

unit may serve at any one time as pace-maker for the whole complex. 

In some prepA.ratioas thG spontaneous :.:ctivity is arhythmic 

(fig. 56), which could be explained on the present hypothesis as 

a r esult of several cells acting independently as pace makers. 

Pople and Ewer further postulate the presence in the motor 

complex of Cucumaria of tracts responsible for the quick and de-

layed responses shown by this muscle. The general pattern of 

the quick response of this animal closely resembles that of Pare-

chinus showing a similar plateau lasting for about five seconds. 

It is suggested that, in Parechinus, t~wre aro cytons, Q cytons, in the 

motor ::::o:nplex which are photo~Jcnsi ti ve. These are responsible 

for the initial 1quiclc 1 contr:lction and its plateau. 

The slow response may be seen as arising from the S-cytons 

which are also normally photosensitive.x The S-cytons differ from 

the Q cytons in requiring exposure to far longer light pulses to 

stimulate them to activity. Thus, with a very brief light pulse, 

only a Q type response is obtained (fig. 38). The discharge of the 

S-cytons continues for a short while after the cessation of photo-

stimulation as may be seen in figs. 55 D and E. 

The reason for regarding the slow response and the 

t It is a matter of debate whether the slow response of the 
retractor muscle of Parechinus should be regarded as homologous 
with the delayed or the slow response of Gucumaria retractor. 
Pople (personal communication) regards the delayed response of the 
Cucumaria retractor as an experimental artifact, but it is possible 
that struc~ures comparable with S cytons exist in the motor complex 
of Cucumaria but are not normally spontanevusly active. 
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spontaneous slow contraction as being of the same neuronal origin 

lies in their great similarity. This is especially cl8arly seen 

in fig . 52 where tho rates of development of tension of the two 

types of contraction are almost identical . 

We have earlier rcj~cted the hypothesis that the varying 

forms of response to photostimulation could be accounted for by a 

single excitatory event diffcrentiatt:d b;y an inhibitory action . 

They can, however, be sati~f~ctorily regarded us the product of the 

activity of Q and S cytons modified by an inhibitory influence . 

This idea is illustrated in fig . 57 which shows hypothetical out­

puts from Q and S cytons at diff·-·rent levels of inhibition . 

In this figure diagram A represents the condition in a 

preparation showing neeligable inhibition; Q reprcsc.nts th·...:: quick 

response, S the slow and T tho two responses summed. This type 

of response can bJ obtained from a preparation tvhich haJ be.an 

quiescent and has not been stimulated for at least 12 hours. An 

example of such a r esponse is shown in fig . 58 . It is importjnt 

to note that the drum speed of this record is f~r slower than that 

used for nost of the records in fie . 55 . 

In conditions of inhibition, the Q cyton starts to dis­

charge and then its activity is, in some manner, stabilised so as 

to produce a pl ateau. The higher the lev~l of inhibition, the 

sooner this stabilisation occurs . The inhibition also affects the 

S cyton, infl uencing both its l evel of activity and its latency. 

These conditions are repr0sented in fig . 57 B and C in which the 

T curves are based upon the recorded responses shown in fig . 55 D 

and E. It will be seen that, according to this interpretation, the 

duration of the plateau associated with the Q discharge becomes 

greater when the level of inhibition increases, an expectation 

which ts confirmed by obJervation . In preparations with an 

inhibitory sys t em in .~ high state of photosensitivity, the light 

stimulus may cause a f~ll in the activity of the S cyton so that 

tone i s l ost as in fig . 55 A and B. 

The range of types of r esponse shovm in fig . 53 may thus 
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SEC. 

T 

SEC. 

SEC. 

Fig . 57 . Hypothetical reconstructions of the development of 
tension by the quick and slow mechanisms of the 
retr actor muscle in different condi tions of inhi bition . 
For further explanation se0 text. 
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Fig. 58. Parechinus angulosus . Response of lantern retractor 
preparation . Time mark: 5 seconds . 

Fig. 59. Parechinus angulosus . Response of lantern retractor 
muscle to D. C. stimulation. In this and subsequent 
figures a ·.a. beneath the signal indicate·s that the 
anode was at the pyramidal end of the muscle , a -
that the cathode was pyramidal. In certain cases 
the polarity of the stimulation has been abruptl y 
reversed. Time mark: 5 seconds . 
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be accounted for by the assumption that the activity of both Q 

and S cytons is liable to inhibition. 

The simplest hypothesis would be to ~ttributc this 

inhibition to the I -cyton. ThJre are several reasons for believing 

this not to be the case. We have already postulated that this 

cyton responds to depolarization by a volley of impulses. Such 

an output might account for the varying levels of inhibition refl ected 

in fig.· 55. 

But if W\3 attribute this inhibition to ph0tostimulation of 

the I cyton, we would also expect rhythmical activity to be regularly 

expressed during the course of prolong8d light stimulation, This 1.ve 

do not observe. Thus in fig. 51 B rhythmic activity does not commence 

until 540 seconds from the start of stimulation. Alternatively, if 

we postulate that the I cyton discharges continuously during photo­

stimulation we woul d expect one of two things to occur. Either there 

should be no rhythmical activity displayed during photostimulation 

or any rhythm displayed would be markedly different from that shown 

in the absence of any stimulation. Neither of these expectations 

is fulfilled as may be seen by inspection of fig. 51 B where the 

frequency of rhythmic activity towards the end of photostimulation 

is very similar to that shown subsequently. This leads us to con-

elude that there is some second photosensitive inhibitory system, 

the GI cyton, which acts on both the Q and S cytons. This cyton may 

be continuously discharging, thus setting a general levol of inhibitory 

tone, but the arguments advanced above give reason to believe that 

its activity may be enhanced by i llumination. 

There is evidence that the photosensitive inhibitory 

action of this cyton does not persist long after the cessation of 

illumination . Thus in f ig . 53 C thor,~ is a rebound of t ensi on at 

"off" which can be att r ibuted to a cessation of thd specific 

photostimulation of the G. I . cyton. Again the experiment 

illustrated in fig . 52 shows a fall in tone on illumination from 

a mercury l amp : this is considered to be due to enhanced photo­

stimulation of the GI cyton . In this case also tone recovers 
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i mmediately the stimulus ceases . 

But there is a diffe rent inhibitory phenomenon which is 

reflected in the fall of tone following brief photostimulation. 

This is seen clearly in fig . 49 at A. It is this inhibition 

which is responsible for the effect seen in fig . 49 at B in which 

the second and subsequent responses to a series of light pulses 

are smaller than the first. The time course of decay of this 

inhibitory effect has been assayed by the relative depression of the 

second r esponse of a pair of stimuli and the results are shown 

in fig . 44 where it can be seen that the di scharge has a latency of 

about 5 seconds and decays in about 30. The sl ight positive up-

swing at intervnl s l ess than five seconds is probably due to 

mechanical summation. This inhibition is considered to be a 

reflection of the activity of the I cyton which is stimulated to 

discharge, not by the onset of illumination, but by its cessation. 

In other words it shows an "off discharge" which will affect both 

quick and slow r esponses. 

This "off inhibition'' may be recognised as foll owing brief 

light stimuli to spontaneously active preparations (fig . 35) or in 

preparations which have become spontaneously active during prolonged 

photostimulation (fig. 32 and 51 B). It is probably al so reflected 

in the fall in tone at the end of a stimulation of 85 seconds seen 

in fig . 53 A. 

The question now arises as to why spontaneous activity 

does not express itself earlier in conditions of maintained 

illumination . The most reasonable assumption is that the I cyton, 

rather than being stimulated by light to discharge , actually 

hyperpolarises if the light stimulus is maintained. Analogous 

behaviour is shown by a photosensit ive neurone in Spisula in which 

a low background discharge is inhibited by light, a long volley of 

i mpulses following when the light stimulus is removed (Kennedy, 1960) . 

The l evel of hyperpolarization of the I-cyton tvill, however, be 

r educed by the activity of the recurrent fibre of the S-cyton until 

the I cyton can once again fire and spontaneous activity is resumed. 
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It is possibly noteworthy that, comparing figs. 32 and 51 B, the 

former which shaHs a briefer time to the establishment of spontaneous 

activity, shows also a more effective relaxation . Further it is 

cle~r from the events following cessation of photostimulation in 

fig . 32 that the 11 off 11 discharge of th2 I cyton can occur very 

shortly after a spontaneous discharge . This is not surprising 

as the mechanisms of d3polarization are probably diGtinct, In 

some preparations, however, repetitiv3 stimulation results in simple 

summation of contractions (fig. 42) . In such preparations we 

must assume the I cyton to be insensitive to photostimulation~ 

Using long light pulses, there is ~lso the clear evidence 

of facilitation sho~m by the rare typ8 of ev~nt recorded in f ig . 47 . 

Here the duration of exposure to light is probably sufficient to 

paralyse the I cyton,if it is active at all . What appears to be 

taking pl ace is a photoadaptation of the GI axon so that both quick 

and slow responses grow with succeeding stimuli. The facil itation, 

on this view, is not a facilitation of excitatory effect, but simply 

a dying away of inhibitory action . It is of interest to note that 

the forms of the first three responses broadly r8semble those of 

the contraction types shown in figs . 53 D, E and 58 . It is possible 

that during prolonged photostimulation such an adaptation as is 

here postulated may normally occur, for it is striking that the 

envelope of the contractions recorded is very similar to the growth 

of a slow contraction . This would furth8r offer an explanation of 

the heightened tone often sc0n following prolonged stimulation, 

(fig, 51 A and B) : the implication is that the adaptation of the 

GI cyton has r esulted in a lm.rering of the l eve l of background 

inhibition so that inherent activity of the S cyton is now greater. 

This effect must be contracted wi th the l ong period depression of 

the quick response to light which i s shown in fig . 45 . Here it is 

possible that \>:e ar..: dealing with the need for r esynthesis of 

photosensitive material as ther e are some indications that the 

effect is more marked after long l ight trains than brief ones . 

Lastly, during the r elaxation process some preparations 



- 08 -

show a step like f~ll in t~nsion or an oscillation imposed upon a 

falling tone (fig . 50). The genesis of this is uncertain, but it 

is possible that it represents a low l evel "off discharge" by the I 

cyton. 

The present hypothesis has th~ interpretative advant age of 

a considerable numb8r of degr ees of freedom, the disadvantage of 

offering only th0 greatest difficulty in decisive experiment . However, 

two further mode s of stimul ation hav~ been examined, namely responses 

to D. C. currents and to vari ous drugs, and it is at l~ast possible 

to see whether the present hypothesis conflicts with these obser­

vations. 

4. Responses to Dir~ct Current Stimulation . 

~Vhile it wus cle~r that little could be learnt about the 

properties of th~ pr8paration using pul sed electrical stimulation, 

it was considered of interest to study the effect of direct current 

(D.C.) stimulation as this has h;en shown to have striking, though 

compl ex, eff ects upon central nervous structures. 

Using the circuit described earlier D. C. was applied to 

the preparation using wick electrodes. One electrode r est ed on the 

extr eme auricular ond, the other on the extrcm~ pyramidal end of the 

muscl e . To r educe short circuit effects, the sea water around the 

prepJ.ration 1.vas usually drained awJ.y b3fore stimulation. 

The response shown to D. C. stimulation is characterised by 

a rapid upswing followed by a slow change in tone and then, fre ­

quently, a further sharp but transient rise in tension on breaking 

the circuit . Th3 initial rise in tension may sometimes show a 

distinct make response . The form of the response depends upon the 

polarity of the el ectrodes . In general a make shock occurs only 

when the cathode is on the pyramid while the break shock is greater 

when th~ anode ruther than th3 cathode is on the pyramid (fig . 59) . 

This observation suggests that make and br~ak responses arise from 

some structure near the pyramidal end of the muscle . The rate of 

t ension development during maintained D. C. stimulJ.tion is characteristic 

of the slovl response to licht stimulation . 
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It is likely that D. C. stimulation will act upon both nerve 

and muscle . It has b..:en found that in this prep,1.ration adrenaline 

-6 at a concentration of 1 x 10 M acts as .:m effectiv. blocking agent . 

Addition of adrenaline at this concentration produces a complete 

block to light stimulation and the rvsponse to direct current stim-

ulation is only a slight and r elatively slow rise in t ension . No 

make or br8ak shocks ure npp2rent (fig . 60) . 

More rnd.y be learn .... from a study of preparations in which 

a tonic background is provided by light stimulation. At lmv D. C. 

stimulation intensities, chang~s of tone are produced without t h0 

confusion of make and break r espo:1ses . One such result is shown in 

fig. 61. Here it is clear that with the cathode at the auricle the 

D. C. is producing a very slight incr~as~ in tone, while with the 

cathodlJ in tho pyr:1midal position tht::re is n. marked loss of tone . 

The simplest interpretation which can be offered is that the cathode 

is stimulRting inhibitory c0ntres within thv admittedly hypothetical 

motor complex . 

With more int~nse stimulation the picture is confused qy 

make and bre.1.k r esponses while the eff ective intensity for any stimula-

tion is not known. The results shmm in fiG • 61 were obtained with 

the preparation under sen. water and at a high int ensity of stimulation. 

Nevertheless the eff ective intLnsity is l ow owing to the short- circuit 

offered by th~ sea water. When the pruparation '\vas stimulated in 

air, it was found that the detail s of a r esponse vmre markedly 

affect ed by the precise position of the e l ectrodes which weru easily 

disturbed when draining and flooding the pr~paration . Further, the 

extent of residual sea ivatcr almost certainly varied from one ex-

posure of the prepar ntion to the next. Poth these f actors make 

clear statements about stimulation intensity i mpossible . 

With this limitation in mind rusults from other preparations 

:may be studied. Considerinc first r esponses with the anode on the 

pyramid, fig . 62 A broadl y confirms the previous result. Th~re 

are cl ear ffi~k~ and break r esponses and between thuse the tension in 

the muscle is somewhat increased. The t ension development returns 
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Fig. 60. Parechinus angulosus. Responses of ~5tractor muscle 
preparation in the presence of 1 x 10 M adrenaline. 
At the first signal the preparation was stimulated 
by lightJ at the second by D.C. Note that the increase 
in tension at the arrow and before the application of 
D. C. stimulation is an artifact due to drainine sea 
water away from around the preparation . Time mark: 
5 seconds. 

Fig. 61. Parechinus angulosus. Responses of a retractor muscle 
preparation to weak D.C. stimulation achieved qy 
leaving the preparation in sea water during stimulation. 
Time mark : 5 seconds . 
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Fig. 62. Parechinus angulosus . Response of a retractor muscle 
preparation to D.C. stimul ation with a background of 
light stimulation. In both responses the first signal 
indicates the onset of illumination, the white block 
the duration of D. C. stimulation and the final signal 
the end of light stimulation. Time mark: 5 seconds . 

Fig. 63. Parechinus angulosus . As Fig . 62. Further responses 
from the same preparation . Time mark: 5 seconds . 
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to normal at the end of D.C. stimulation. Fig. 63 A shows an 

apparent fall in the rate of tension development after the make 

twitch, while fig . 64 A shows a cl early marked fall in t ension; 

the same effect but l ess distinct may be present in fig. 64 B. 

Further, ther e is a striki ng fall in tension following the br eak 

r esponse in fig. 63 A. Thus the nature of the response to anodic 

stimulation of the pyramid is variabl e . 

The same effect, in the reverse sense, is to be seen with 

cathodic stimulat ion . In fig . 62 B, aft er the make response there 

is a f all in tension and no subsequent recovery, in f ig.-83 B a 

fall in t ension but, after the well marked break response a rise 

in t ension. In fig . 64B there is t\t most a slowing of the rr.to of tension 

development while in fig . 64 A a suggestion of u transient· 

rise in tension, but the picture is confused by the response when 

polarity is reversed. 

Figs . 65 and 66 show the results of the opposite type of 

experiment in which a light stimulus is imposed upon a background of 

D.C. stimul ation. In fig . 65,with t he pyramid anodic,the additional 

light response is a typical fast contraction followed by a slow. 

Fig. 66 is more complex. After an initial make response, the rate 

of tension devel opment is high. The l ight sti mulus now produces a 

quick twitch which rapidly subsides and the rate of t ension development 

is very low indeed. On switching of f the l ight t he r e is a marked 

rebound and the subsequent rate of tension development is closely 

simil ar t o the original value . 

Before proceeding to an anal ysis of t he present dnt~. 

it is of interest to consider the results of similar experiments 

by Hughes (1952) upon cockroach thoracic ganglia . Direct currents 

affect the flexor-extensor muscle balance of the l egs causing them 

either to bend or stretch. The result of stimul ation depends on 

the intensity of the stimulus as well as the direction of the 

applied current. Hughes shows t.hat the site of action of the D. C. 

l ies in the ganglion and not in the motor axons . 

The responses recorded from Parechinus similarly show a 
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A B 

Fig. 64. Parechinus angulosus . As Fig . 62 . Responses from 
a different preparation and with abrupt change of 
polarity of stimul us . Time mark: 5 seconds . 

Fig . 65. Parechinus angul osus . Response of a r etractor muscle 
preparation to a light stimulus applied against a back­
ground of D. C. stimulation, the pyramidal end of t he 
muscle being anodic. At the firs t signal D.C. stimula­
tion is applied, the whit e block indicates the duration 
of light stimulation and the final s ignal the end of D.C. 
stDnulation . Time mark: 5 seconds . 
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diffor~nce ~vi th thG direction of current flow, whil e there is some 

evidence that the same pattern of s timulation may produce differ ent 

eff\.:cts: thus anodic stimulation of the pyramid m::ty cause either 

a rise or a fall in ton~ . Whether this is due to different intensities 

of stimulation is tmcertain. 

Hughi..;c at t empts an explanation of thes\3 effects on the 

assumption that the action of D. C. is at t he synapses and t h::tt 

synaptic transmission at inter-nunci :1ls depends upon el ectrotonic 

potential s rather than chemical transmi ttcrs . In this >v.J.Y he is 

free to construct an hypothesis in which the intensity and direction 

of direct current flow will modify th~ el tctrotonic l evel of the 

central synap0es . Hugh~s' basic assumption stems from the work of 

Brooks and Eccles (1947 ) on the Golgi cells of the vertebr at e spinal 

cord and on recordings of electrotonic potentials in the ocellar nerve 

of Locusta by Pd.rry (1947) . Unfortunately neither of these have 

stood th~ t est of time . Brock, Coombs and Eccl es (1952) have shown 

that thu original suggc.stions e:.bout the action of t ht.. Golgi ct:l ls is 

untenable, t.,rhile Parry 1 s observations have not been confirmed, more 

r ecant work (Hoyle 1955, Ruck 1961) showing the ocellar nerve to 

function like any oth,~ r . Indeed the site of action of D. C. stimula -

tion upon ganglionic structures is yet tmresolved, but i t is cl ear 

that its action depends upon the pr~sonce of internuncial neurones . 

It is ther ef ore reasonable t o ass ume that a pri mary act ion of D. C. 

upon th,) preparation studied her o will be upon the cells of the motor 

compl ex, but the possi ble action of the anode in pr oducing an axonal 

block must al so be rememb~red . 

In attempting an int~rprctation i n t erms of t he hypothesis 

we have developed from an analysis of responses to photostimulati on, 

i t will be assumed that the ~ction of D. C. stimulation is two-fold. 

At make and break of the D. C. stimulus there will be an abrupt 

change of el ectrotonus which \-Till be stimulatory to axonal structures, 

while during the maintained stimulus there will be an el ectrot onic 

focus which may affect the soma of different cells within the motor 

complex to different ext ent c . 
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We have already seen that make and break responses are 

more easily elicited from cathodic stimulation of the pyramidal end 

of the muscle and it seams likely that the contractions are twitch 

responses obtained by stimulation of the motor axons running from 

the motor complex to tho muscle fibres . The experiments using 

adrenaline eliminate the possibility of these responses being due 

to direct stimulation of the muscle cells th2maclves . 

Low intensity cathodic stimulation causes a f all in tone 

from which, in figs . 61 and 63, there is a rapid r ecovery. This 

i s most easily interpretud as due to catelectr otonic stimulation of 

the GI cyton . The effect is seen also in fig. 66 whore,against a 

backeround of cathodic stimulation, photostimulation causes a quick 

response followed by a f~ll in tone and a marked pos t - s timul atory 

r ebound. This , though h8re exaggerated, i s what we have already 

seen in fig . 53 C. At what may be possibly higher intensities of 

cathodic stimulation ther~ is slight evidence for an increase in tone; 

this could be due to el ectrotonic stimulation of the S cytons . 

With l ow intensity anodic sti mulation (figs . 61, 62) there 

is an incroase in tone which can be attributed to electrotonic block 

of the GI cytons . Again recovery is rapid. With 1.vhat is possibly 

more intense stimulation t he response is reversed and anodic stimu­

l ation causes a fall in tone . Such an effect can be attr i buted to 

an electrotonic block of the S cytons . 

It is thus possible to accomodate most of the present re­

sults within the hypothesis already e l aborated if WJ asswne that 

the GI cytons have a lower \...lectrotonic threshold than the S cytons . 

Heak anodic stimulation will de:press the output of the GI cyton 

l eading tJ greater activity by thJ S cyton, strong anodic stimulati on 

will partially block the S cyton. \11/eak cathodic stimulation will 

excite the GI cyton leading to a partial i nhibition, strong cathodic 

stimulation possibly excites the S cyton . 

But th<.;re are clearly further effects of D. C. stimulation 

expressed in the response of the preparation of the end of stimula­

tion. Thus in figs . 62 and 63 t he break ahock is followed by a 
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marked fall in tone from which, in fig . 62, ther e is no recovery. 

Although these effect s can be accomodatad withi n the bounds of 

the present hypothesis , their interpretc:~.tion i s t oo arbitary to 

merit el aboration . 

S. Responses to Drugs . 

The action of a limited number of ph~rmacologic~l acents 

was t ested upon t he l &ntern retractor preparation, par ticul ar 

attention being directed t o acetyl choline and its ant aJonists as 

this drug has been shown to be active upon a wide var i ety of 

echinoderm muscle preparations (A~bache and Sawaya, 1955; 

Bacq 1955, 1959; du Buy, 1956 a; Florey and McLennan, 1959; 

Pople, W. (unpublished); Prosser and Judson, 1952; Sawaya, 

1951; Wyman and Lutz, 1950) including the l antern r etractor 

muscle of Echinus esculentus (Bacq, 1937) . 

Acetylcholine (Chloride, B.D. H. ) . As Bacq has re-

ported, the preparation is very sensitive to the action of 

acetyl choline . At a concentration of 1 x 10- 5M there is almost 

invariably a powerful contraction, the t ension developed being 

held almost unchanged for at least 80 minutes (fig . 67) . At 

1 x 10-6M the m~gnitude of the r esponse in variable from one 

preparation to another . If a prepar~tion is already rhythmically 

active there may be an i ncr ease in backbround tone tvith no 

sifnificant alteration i n the pattern of the spontaneous activity 

(fig. 68). If a preparation is trE"ated uith the druc :1t a 

concentration l ess t~an that which will produce a maximal contraction, 

the increase in t ension is invariably accompanied by rhythmic 

act ivity regardless of whether the prepar..1tion Has initially active 

or not (fig. 69) . 

The r esponse of a pr eparation to a li~ht pul se is unmodified 

by the drug provided the concentr~tion applied is not suffici ent 

t o cause a maxi mal contracti on (fig . 69 ) . 

Eserin~ . (B.D. H. ) . This drug acts as an anti-cholinest erase 

and would therefor e be expected to enhance the action of acetylcholin0 . 

Bacq (1937 ) found it to lower the threshol d of the lantern retractor 
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Fi g. 66 . Parechinus anculosus . As Fig. 65, but with cathodic 
stimulation at the pyra~idal end of the muscle . 
Ti me mark: 5 seconds . 

Fig. 67 . Parechinus angulosus t Response of a retractgr 
muscle preparation to acetylcholine at 1 x 10- M. 
Drug added at first siglli~l and washed out during 
time betvrcon two final signal s . Time mark: 50 seconds . 



Fig. 68. Parechinus an~osus. Response of a spont~neously 
active preparation to acetylcholine at 1 x 10-6M. 
Signals as in Fig. 67. Time mark: 50 seconds . 

Fig. 69 . 

Fig. 70. 

Parechinus angulosus . Response of an inactive 
preparation to acetylcholine at 1 x 1o-6M. 
The fir st trace shows tho response of the untreated 
preparation to a light pulse for comp~rison with 
the response after treatment shown ~ the signal 
block. TiQC mark: 50 seconds. 

Pa r echinus angulosus. Response of a retractor 
muscle pro~aration to eserine nt a concentration 
of 1 x 10- H. The drug was added at the first 
signal, thJ preparation was washed at the first 
pair of signals and again at the second. Time 
mark: 30 seconds . 
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6 0 • 
muscle to acetylcholine from 10- to 10- a . :j< When applied to 

a Parechinus preparation shm·ling :.;light spontaneous activity, 

there is a slow gain in ten:..,ion follou:::d by the development of 

rapid rhyth~ic activity (fie . 70) . On 1-rashinr out the drub, 

the tone rises further and th-3 spontaneous activity, although 

f._,llin;-: in frequency, becomes greater in 3.mplitude, but 

eventually, o .ft::.:r about t 1:o hours , it dit:Js .1way. 

Atropine (sulphate . l!erck) . The mode of action of 

atropine as 9.n e.nta~'"onist of e.cetylcholine is probably that of 

competitive inhibition. In mam.'lmls it is only effective in 

those recions of the autonomic sy:::tcm \ rhich are stimulated by 

muscarine : nicotine type responsE-s arc not abolished by 

atropine . With the present prep~ration atropine at 1 x 10-6M 

appears to r...ave no eff8ct upon the response of the preparation 

to acetylcholine, nor does it modify the response or' the pr e-

paration to l ight pulses . 

Nicotine. In keeping Hith the previous observation, 

-7 nicotine is stimulatory. At 5 x 10 H it stimulates a pre-

paration to r.pontancous activity (fis . 71) and ~t hicher concen-

trations causes a sharp increase in tone . It does not modify the 

response of the prepar2tion to li~ht pulses . 

Curare . (Tubarino . Burroughs \{ellcome) . The pre-

paration is very sensitive to curare, a dosage of as little as 

l x 10-611 enh::tnces the tone c.nd depth of ~ctivity of c.. spontaneously 

active propnrr tion ,-ithout affecting the frequency of the con-

tractions (fig. 72 ). The .::.ction of th .l dru6 ceases 1..rhen the 

preparation is washed cle~n . With in.::.ctive preparations addition 

of the drug may stimulate the prepP.r ution to action. This is, 

however, not invc.rinble; some preparc:ttions n.re not activated by 

the drug . The response of the prE-paration both to brief and 

long light pulces is slowly deprJssed b; curare, the action 

becomil1g morv effective Hith time . 

* Unfortunat ely Bacq never makes cl(.;ar in any of his 
numerous publications the precise unit in -...rhich his 
dilutions are stated. 
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Fig. 71. Par~chinus nngulosus. Response of c retractor 
muscle preparation to nicotine at 5 x 10-7M. 
Time mark; 30 seconds. 

. - - - . - --- - - -- - - -· -- .. --- - --- -- - - -- - . - . 

Fig. 72. Parechinus angulosus. Response of an active 
preparation to curare nt 1 x 10-6M. Time mark: 
10 seconds . 
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Adrenaline, (tart arate , B.D. H.). The action of 

adrenQline is depressant . Thus Fig. 73 A illustrates a re-

cording from a preparation of high tone ~nd sliGht irregul~r 

spontaneous ~ctivity. Addition of adren~line at 1 x 10- 5M 

causes a rapid l oss of tone ~nd, as has already been described, 

a locG of response to l i ght stimulation, alt hough a small on-

response which l asts about 10 sec. may be shown vlhile the drug 

is establishing its action (fig. 75 B) . 

dl-Nor-adrenaline . (Lieht) . This drug has the same 

action as adrenaline, but is effective at far lower dosages; 

a spontaneously active preparation was inhibited both in tone 

and activity at 1 x 10- 9M, c concent ration at which adrelli~line 

is completely ineffective (fig . 74). 

y - amino- butyric acid, This material, whose inhibitory 

action has been demonstrated on a variety of prepar ations, caused 

at 1 x 10-6M a slight depression of the response to light pulses . 

-5 The effect i s more strongly marked at 1 x 10 M, 

5-hydroxy- tryptamine , (creatine sulphate , Light) , 

This drug is vTi thout action upon the preparation. 

Interaction between acetylcholine and ndrenaline , 

These drugs, having opposite actions, vTere tested against each 

other. They were found to be antaeonistic , Thus if a pre­

par ation is brought to a contracture by treatment with 1 x 10-6M 

acetylcholine, subsequent trer..tment 'lith adrenaline at the same 

concentration will result in a gradual lowering of tension 

achieved us c, series of fairly P..brupt fe.lls, each r esembling 

the r elaxation of a pattern of spontaneous activity, After each 

fall in tension, the new level would be maintained steady (fig, 75 A) . 

With a higher concentration of adrenaline (1 x 10-
5

M) there follows 

the typical spontaneous activity pattern of a slow rise in tension 

followed by a more abrupt fall (f i g. 75 B) . The same effect is 

observed if the preparation is first treated with adr enaline and 

subsequently with acetylcholine . 

Interaction between acetylcholine nnd curare . Although 

curare stimul<'.tes the present preparation to activity, it acts, 
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Fig . 75 . Parechinus angulnsus . Responses of retr actor 
muscle prep~rations to adrenaline . 
A. Response of ~n o..ctive preparation to a 
concentration of 1 x 1o- 5r.r. 1\ro 1i~:ht stimuli, 
indicc..tcd by tln signo..1, 1-rcro ci ven, one before 
and one aft er the addition of the drug. Ti me 
mark: 50 seconds . 
B. Light responses of r>. prcp"..r·~.tion before a.nd 
shortly after treatment with a concentr~tion of 
1 x 10- 6M. Ti mQ m~rk : 10 seconds . 

Fig. 74 . Parechinus nngulosus . Response of a retractor 
muscle proparr~tion to nor- rLdrenu.l ine ~t P.. 

concentration of 1 x 10- 9M. The drug wo..s washed 
out nt tho second s i gnal . Time mark : SO seconds . 
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Fig. 75. Parechinus angulosus. Response of a retractor 
muscle preparation to adrenalin0 during treatment 
with acetylcholin€ at a concentration of 1 x 10-6M. 
The adrenaline was added by syringe to the bath 
to obtain th~ requir ed concentration in the 
presence of the acetylcholine~ 
A. Activity following addition of adr enaline to 
produce a concentr&tion of 1 x 10-6M. 
B. Activity after a further addition of adren.qline 
to produce a concentration of 1 x 10-5H. 
Time mark : 10 seconds. 

Fig. 76. P~rechinus angul osus . Response of a retractor 
nusc l e pr epar ation to curare during treatment 
with acetyl choline . At A acetylcholine to 
producu a concentr ation of 1 x 10-6M was added 
to the bath; ~t B curare to produce a concentration 
of 1 x 10-6M and at C curare t o produce a concentration 
of 1 x 10-5M. Ti me mark : 10 sec onds . 
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in mc.mmalian prep ... rations, no e.n antagonist to acetylcholine, 

probably by competitive inhibition. In the l~ntern retractor 

muscle prep[•.rD.tion curare a.lso antat:onises the act ion of 

acetyl choline . Thus a prep2ration brou~ht to contr~ct1rre by 

-6 1 x 10 M r.cet:.rlcholin~, ~:hilc almo;:;t unaffected by subsequent 

trcatm::mt 1t1i th curr.re 1.t 1 x 10-6M, ;:;tc.rts to m2.k0 spontaneous 

cont racti ons uhen the curare conc<;ntration i 9 incrco.scd to 

These ar0 sonotimt s · ..l)normaJ.ly rapid . 

There is a ~~neral opinion thrt the neuro-muscular 

transmitter to the body musculhturc of the r, chinoderm~ta 

is cholinergic , Part of the evidence for this vi e\.r i s 

summarised in the dLta presented in Table V. It wil l b.J seen 

that i n all cases examined these muscl es are hiGhlY sensitive 

t o acetyl choline and that in the majority of c~ses this action 

is potentiated by eserine . Such a view would, on this 

evidence al one, be acceptable for Parechinus , However it 

would also be expected that, in this circumstance, curare should 

act ClS a blocking agent . In so far ~s it has been examined 

the action of curare on echinoderm muscle preparations is highly 

variable , Thus Wyman and Lutz (1930) report that it inhibits 

spontaneous activity but does not l ower the tone of the cloacal 

muscles of Cucumaria f r ondosa, while du Buy (1936 ) states that, 

at c.n unspecified concentration, curare blocked the response of 

the pha~Jngeal r etractor muscle of Thyone briarius to indirect 

electrical stimulation, but did not influence the direct action 

of acetylcholine upon the muscle , In Pc.rechim.a.g, as we he.ve 

al ready seen, curare, although it ca.Yl antagonise the action of 

acetylcholine, can also onhr'.nce the activity of a preparation 

(fig . 72 ). Furthermoro, in studying the action of eserine upon 

the longitudinal muscle of Holothuria tubulosa, Bacq (1955) 

found thr.t this drug not only pot:)ntiatcd tho action of 

acetylcholine, but al so that of histamine and tyramine , He 

emphasises that the action of histr.mine is distinct from that of 

acetyl choline and that the potentiating effect of eserine cannot 

therefore be attri buted to a secondary release of acetylcholine . 



Organism Preparation Experiment 

Parechinus Lantern Direct action 
angulosus retractor of drugs 

Echinus Lantern Direct action 
esculentus retractor of drugs 

Holothuria Longitudinal Direct action 
tubulosa muscle of drugs 

Holothuria Longitudinal Effect of drug 
stellata muscle response to on 

elec. stim. 

Stich opus Longitudinal Effect of drug 
regalis muscle on response to· 

el~c. stim. 

Stichopus Longitudinal Direc"i action 
regalis muscle of drug 

Stich opus Longitudinal Direct action 
californicus muscle of drugs 

Cucumaria I Cloacal I Direct action 
frondosa muscle of drugs 

Thy one Pharyngeal Various 
briarens retractor 

' 
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TABLE V 

Actions of Drugs upon Preparations of Edimoderm Muscles According to Various Authorities. 

Acetylcholine Curare 

Contrac!~re Enhanced 
1 X 10 M activi~ 

1 x 10 M 

Contracture 
1 X 10-5 

Contra~:tere 
1 X 10 

Contra~7ure 
l X 10 

Contra~~ure 
l X 10 

Inhibited 
acti vit y but 
not to::~ 
5 X 10 

Contra~~ure Blocks re-
1 X 10 sponse in-

direct to 
elec. stim. 
but not to 
ACh. 

I 

ACh + 
curare 
Antagonism 

A..11tago~ses 
1 X 10 

. . 

Eserine 

h'nhanced . 
activi~ 
l x ·lo M 

... 

Potentiates 

Sometimes 
depresses 

E.'nhances tone 
and ac~~vity 
4 .x :).0 

Enhanc9s tone 
and ac !~vi ty 
5 X 10 

I 

AC'n + 
eserine 

Contracture 
l X 10-9 

Sensitises 

Sensit~~es 
1 X 10 

Atropine 

No eff=~ 
l X 10 

Blocks 

Decrea~5s tone 
5 X 10 

No clear 
effect_

3 l X 10 

Nicotine 

.t'oha.nc ed 
activi~ 
5 X 10 M 

Contra~7ion 
l X 10 

:J.rlhanc ~' tone 
5 X 10 

}J'nhances tone 
decreases 
activi~ 
3 X 10 

Adrenaline Authority 

Depresses Present 
activi~ thesis 
1 X 10 M 

?Contrac t ion Bacq, 1937 

Contraction Be.cq, 1935 

Riesser~ 1933 

\ Riesser, 1933 

No eff=3t Be.cq, 1939 
l X 10 

Enhances tone Iriye and Di l J 
and ac!~vi ty 1940 
l X 10 

Depresses Wyman and 
ac tivi~ Lutz, 1930 
l X 10 

Relaxes du Buy , 1936 
musc1e_

4 1 X 10 
t-
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There is therefore reason to believe th..:.t the J.ction of both 

curare and eserine upon echinoderm prcp~rations is not fully 

comparabl e to their J.ction on mnm:nnlir n preparations . This 

must be borne in mind in considering the interpretation of the. 

effects of drug~ upon the l2-ntern retractor muscle prep~ration. 

Such an interpretation, in terms of th0 hypothesis J.lre::~.dy 

developed, is attempted below. 

It is suggest8d thnt tho action of both adrenaline and 

of nor- adrenaline is a gcner~lised h)~Grpolarisation of the 

muscle membrane so as to block :.11 nervous impulses . Such a 

hyperpolarising action of adrenaline upon ~mooth muscle is 

known from the work of Bulbring (1957) upon the taenia coli of 

the guinea pig. Similarly it seem3 likely that the powerful 

contracture produced by ~cetylcholine ic due to a generalised 

depolaris~tion of th~ muscle membrane . Again a pare.llel may 

be drawn with the depolarizing action of this drug upon the 

taenia coli (BUlbring, 1957). On thir:; view the ant.:->.gonistic 

actions of adrenaline and acetylcholine lie at th~ level of the 

muscle membrnne ~d a b~lance may b~ struck betw0cn the activity 

of the two drucs so as to permit the muscl~ to display spontaneous 

activity when both ~re present . 

It is next desirable to consiuer th0 effect of eserine . 

This druc becomes effective only gradually and cannot r eadily 

be washed out from the preparation. When an ~ttcmpt is made to 

wash it out the be~viour of the prep~ration changes (fig . 70) , 

suggesting that it is more firmly- attached to certain acceptors 

than others . Af t ;;r first application t!1::: prcpar~tion displays 

rhythmic activity which is far more rapid than that normally shown 

by these prepar ations . In terms of our present hypothesis this 

must be attributed to more frequent activity of the I cyton and 

suceests that thv drug is actin~ at th~ synapse between the 

recurrent branch of tho S cyton and the I cyton. Frequent 

discharge of the I cyton not only produces a rapid rhythmic 

activity, but prevents the full development of the tone \.Jhich 
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can be e.chicved in the presence · of eserine . Thi s , l.fhich depends 

upon a blockade of thu cholinesterase nt the myoneural junctions, 

is not displayed until the preparation has been washed and the 

I cyton is no lonGer nbnormally active. 

This interpr et etion meets vith r..n irnmedi<.!te difficulty. 

In c-.ssigning to eserine a stimulatory rolo on the I cyton, we 

imply that this junction is choliner eic and it would therefore 

be expected that acetylcholine should also increase the fre­

quency of rhythmical contrc.ctions by its stimulatory effect on 

the I cyton. This i s not in fact the c2.se (fig. 68). However 

it has already been emphasised that in echinoderm preparations 

eserine is known to have non-specific actions as far as. 

cholinesterase is concerned and it is concluded that its stimulatory 

action on the I cyton is euoh a case . 

I t is next neccessa~; to consider the action of curare . 

Here it must be emphasised that the potency of drugs with a 

curare-like action varies greatly from species to speci es 2mong 

the mammali a . Thus for example, consideri ng the responses of 

tibialis anticus, the c2.t is far l ess sensitive to curare than 

t he r at, whi le wit h decamethonium the cat i s vastly more sensitive 

than the rat . Clearly t he precise char acter of the acceptor 

site for these drugs varies from species to species . Furthermor e 

there is good evi dence that decamethonium may effect a block 

in two distinct ways . It may 2ct both ~s a competitive in-

hibitor and as a depolarizi ng agent . Ag11in the r el ative im-

portance of these two actions varies with species . Where the 

depolarizing action of the drug is dominant, it will act transi ently 

as a potentiating 2gent until its depol arizing action dominates 

(Zai mis, 1955). 

Chemically curr.re and decamethonium have much in common 

and it is therefore possible to visualise a situati on in >-Thfu h 

curare al so displays tH·o modes of action \-Thich may further be 

independent in thei r 0xpression if there should occur t\w very 

distinct types of acceptor protein. It has been shmm that 
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curare does indeed antagonise the action of acetylycholine . 

This action cnn be attributed to competitive inhibition at the 

muscle membranes, allowing rhythmic activity of tho prepar ction 

to be displayed in the presence of acetylcholine (fiG . 76). 

This peripheral action of curare is normf'.lly masked by its 

excitatory effect when the druc is add~d alone (fig. 72). 

If, however, tho concentration of curare is incr eased sufficiently 

it will act as an inhibitor of the rhythmic activity which it 

stimulates at lower concentrations (fig. 77) . 

The activating effect of curare upon the preparation 

may be attributed to its second ~ction, that of a depolarizing 

agE::nt. It is suggested that this depolarizing action of curare 

is upon the S cyton. Here normally the action of the GI 

cyton is inhibitory and hyperpolarizing. This hyperpolarization 

is antagonised by curare so that the S cyton becomes more active . 

Alternatively the action of curare can here also be regarded 

as one of competition with the transmitter substance released 

by the G. I. cyton. But in either case the transmitter sub­

stance cannot b3 acetylcholine as rhythmical activity, which has 

been attributed in part to the action of the S cyton, continues 

in the presence of acetylcholine. Were the transmitter from 

the G.I. cyton acetylcholine we would expect an inhibition of 

such activity. 

In this way it is possible to explain the action of 

drugs related to cholinergic systems upon the preparation. 

The actions of atropine and nicotine are partly explicable on 

the assumption that the myoneural junction is nicotinic in 

character like vertebrate striated muscle, but it is probable 

that nicotine acts also by a direct stimulation af the cells of 

the motor complex in tho same fashion as it acts upon the cells 

of sympathetic and parasympathetic gangli a . The action of 

G.A.B.A. is probable one of anta~onism to cholinergic transmission; 

certainly it has such a role in Stron€JTlocentrotus (Florey and 

McLennan 1959) • 
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Fig. 77. Parechinus angulosus .· Response of a retractor 
muscle preparation to curare. At the first signal 
curare -vm.s added to a concentration of l x 10-5M 
and at the second sufficient to increase the 
concentration to l x 10-4M, Time mark : 50 seconds . 

L.l. 

SP. 

L.2. 

Fig . 78. Experimental arrangement for studying the activity 
of the retractor ~nd cornminator muscles at the 
same time. The retractor muscle of one side has 
been omitted to show the attachment of a recording 
thread to :1 tooth. A.U. auricl e ; O,M, com.minator 
muscle; J. jaw; 1 1 & 2 , recording levers; 
P 1, 2 & 5 pulleys; R.M. retractor muscle; R.N. 
radial nerve; SP. spring; T. tooth. 
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While it has bc~n possible to cccomodate the results 

obtained from the study of drug action within th3 compass of 

th~ hypothesis first elaborated, it has b~cn necccssary to urge 

special considerations to explain th8 action of both eserine 

and curare . This sugeests that the initial assumption of the 

oxistance of a motor complex may b0 i ncorrect . Such a structure 

has not been demonstr9.ted histologically and the possibility has 

to be considered that the spont~neous ~ctivity, the starting 

point for the elaboration of subsequent ide~s, may be myogeni c, 

not neurogenic, in origin. 

6 . An alternative hypothesis . 

There are two structures which display myobenic activity 

and which have been the subject of close study during recent years , 

namely the rabbit heart and the taeni~ coli ouscle of the guinea 

pig . They diff~r in their characteristic responses to acetylcholine 

and adrenaline . To the heart cdronaline is stimulatory, to 

tho taenia coli inhibitory; acutylcholine is typically inhibitory 

to the heart, but stimulates the activity of the taeni& coli . 

Both these latter actions can, hm-Tevc.r, in certain conditions, be 

reversed . 

In considering the mechanism of the myogenic heart Burn, 

(Burn and V:>.ne, 1949; Bulbring nnd Burn, 1949; Burn ~nd Kottegoda, 

1953) has produced evidence which suggests that the rhythm is 

determined by a cyclical synthesis and breakdown of acetylcholine. 

The further det ails of this mechanism have yet to be elucidated, 

but since it is possibl~ to demonstrate acetylcholine in the 

perfusate from~ isolated r~bbit heart (Briscoe and Burn, 1954), 

it would appear th:-Ji this materic.l is l i berated from the muscle 

cells during the course of their activity. In studies upon the 

taenia coli Bulbring (1957) has shown that the tension developed 

by the muscle during its spontaneous myogenic activity is correlated 

both with the frequency of dcvelopoment of small spikes and the 

l evel of polarisation of the muscle m0mbranc. BUlbring compares 

the spontaneous activity of the taenia coli ·,rith that of a 
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spontaneously active receptor cell . This analogy is, however, 

of little immediate value since the mechanism of generation of 

spontaneous activity in receptor units is unknown. 

In considering a possible myogenic interpreptation of 

the results obtained vrith Parechinus, ideas suggested by both 

of these studies have been used . As an initial postulate it is 

suggested that within the muscle cells lies a system synthesising 

acetylcholine and that this is transported outwards to specialised 

receptor sites where it produces a local depolorisation of the 

muscle membrane . For clarity in subsequent discussion these 

specialised receptor sites , which are considered to control 

rhythmical activity and not background tone, will be called 

11 rhythm sites. 11 As more acetylcholine is liberated or possibly 

as it is liberated more rapidly the area of depol~risation around 

the rhythm si~es spreads and the tonus developed by the muscle 

increases, But at a certain level of depolarisation the membrane 

at the rhythm sites becomes permeable to a hyperpolarising agent 

which resets the electrotonic level of the membrane, and the 

muscle relaxes . This hyperpolarisation renders the rhythm 

site membrane impermeable to the hyperpolarising agent which is 

now fairly rapidly destroyed and depolarisation by acetylcholine 

around the rhythm sites starts again. The endogenous acetylcholine 

and hyperpolnrising :1gc1nts are tho countor:;>arts of the S and I 

c;;torJ.s of the previous hypothou:Ls . Such a hy) ::lthesticl'\1 mochanism 

would provide the basis for a rhythmic activity but this normally 

occurs against ~ basic tone which may be regarded as a ref~ection of a 

slow general liberation of acetylcholine distant from the rhythm 

sites. The action of exogenous acetylcholine is then to effect 

a general depolarisation of the muscle and, except at low dosages 

(fig. 68), this conceals the inherent activity of the muscle. 

Curare added to a muscle brought to full contracture by acetylcholine 

antagonises this generalised depolarisation and the inherent 

activity of the muscle may once more be seen. 

A rather similar interpretation can be offered of the 
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activity of curare alone. Partial blockage of the general 

receptor sites leads to a greater liberation of acetylcholine 

which causes a general rise in tone, while at the rhythm sites 

partial blockage by curare causes the formation of acetylcholine 

to continue until there is a level of nepolarisation adequate 

to permit the release of the hyper polari.si ng agent and a con­

sequent fal l in tension. All that has been achieved is a new 

level of activity. 

With eserine the posit ion is different. At the r hythm 

sites the blockage of cholinesterase causes a more rapid build 

up of acetylcholine and a more rapid depolarisation so that the 

hyperpolarising agent is liberated sooner and the rhythm of 

activity established is more rapid. The eserine will also act 

general ly so that the tone of the muscle will rise. On washing, 

the eserine is more readily removed from the rhythm sites, the 

rate of liberation of hyperpolarising agent now falls and the 

tone of the muscle rises still more. 

Adrenaline presumably acts, as on the taenia coli, by 

causing a generalised hyperpolarisation which can be antagonised 

by acetyl choline both general ly and at the rhythm sites to allow 

rhythmic activity to be established. 

It is now necess~ry to see whether the effects of light 

stimulation may also be explained in terms of a myogenic 

hypothesis. Any effect of light must be attributed to the 

presence of photosensitive substances which, in the first hypothesis, 

were located in the neurones of t he motor complex and here must 

lie in the muscle itself. 

We have seen that white light contains two el ements, 

one of which is excitatory : this excitation we may attribute 

to a depolarising ~ction of some photoocnsitive substance. The 

other effect is inhibitory and may be regarded as due to a 

hyperpolarising action of a second photosensitive material. This 

l atter is particularly sensitive to some wavelengths in a mercury 

lamp and produces a general hyporpolarisation '1-T:lth :m accompanying 
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the nerve ring beneath the comminator muscle vlhen these wer e 

severed. One s ide of the preparation was screened from the 

other by a red filter and one muscle then stimulated by light. 

No response was obtained from the other muscle. 

A further limited number of experiments wer e conducted 

in which all five pairs of lantern retractor muscles wer e 

r ecorded at the same time, using the technique already described 

(fig. 26) . The muscles were excited to spontaneous activity by 

the addition of a low concentration of curare . Examination of 

the records shows that the muscles appear to contract independently 

and there is no evidence of coordination of their activity in 

these conditions. 

Attempts to produce reflex retraction of the jaws were 

unsuccessful but during the course of these experiments one 

surprising result was obtained. A rapid jaw closing reflex 

may readily be shown if one of the pharyngeal lips between the 

jaws is touched. Whichever lip is stimulated all the jaws are 

brought together at once. It seemed reasonable to assume that 

this action is coordinated by way of the circumoral nerve ring. 

However if the ring is cut in two places on opposite sides of the 

animal and the preparation allowed to r est for a period of two 

hours or more, this coordinated closing of the jaw is still 

displayed if one pharyngeal lip is stimulated . This experi ment 

makes it clear that s ome inter-radial reflex coordinatory pathways, 

other than the circumoral nerve ring,exist in the lantern. These 

possibly lie in the pharynx which is abundantly innervated. 

The probability is that stimulation of a pharyngeal lip causes 

i mpul ses to be propagated over the whole pharyngeal network. 

Nerves from the pharynx carry this information by way of the 

circumoral nerve ring to the comminator muscles within the limits 

of a radius : as a r esult,section of the nerve ring does not 

destroy this coordinated snapping of the jaws . 

Reciprocal inhibition between the longitudinal muscles 

of the body wall and the pharyngeal retractor muscle of Cucumaria 
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loss of tone (fig. 52). 

A short light pulse produces an abnormally rapid de­

polarisation which may, in certain preparations, cause release 

of the hyperpole~ising factor at the rhythm sites . This release 

occurs independently of any release of acetylcholine and so the 

hyperpolarising action is clearly displayed . It is this which 

can be seen in the post-stimulatory relaxation in fig. 49. 

A long light pulse produces at first a rapid depolarisation 

whose effect may be partially antagonised by the release of 

hyperpolarising factor, but there follows a s lowly increasing 

depolarisation and, after a cr itical level is achieved, release 

of hyperpolarising f actor occurs as in normal spontaneous activity. 

On the cessation of illumination if this has been prolonged, 

the membrane rapidly repolarises to produce a sharp 11 of~' relaxation 

(fig. 51). 

It is thus possible to account for the effects of 

photostimulation by assuming the presence of only two photo­

sensitive substances, one excitatory, one inhibitory. It is 

interesting to note in this connection that in Aplysia two photo­

sensitive pigments have been shown to occur in certain neurones, 

one excitatory in action, the other inhibitory (Arvanitaki and 

Chalazonitis quoted by Kennedy, 1960). 

The assumption that the lantern retractor muscle is 

myogenic offers the attraction of a certain economy of hypothesis, 

but this i s insuffi cient to exclude the view that the activity of 

the muscle is myogenic in origin. As a final criterion the results 

of some preliminary experiments upon multiple muscle preparations 

may now be considered . 

7. Coordination and interaction between muscles of the lantern. 

If a coordinatory system exists it might be expected that 

factors affecting one lantern r etractor muscle would influence 

others. This point was first investigated using a double muscle 

preparation. Two neighbouring retractor muscles from either side 

of a radius were dissected free, care being t aken not to injure 

• •• • • 4 
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has been demonstrated by Pople and Ewer (1958). If the present 

preparation has similar characteristics to that of Cucumaria it 

should be possible to demonstrate such effects . The lant~rn 

retractor muscle may be considered as having two antagonists, the 

lantern protractors and the comminator muscles , The former are 

very slender, the latter more powerful but are short and deeply 

placed between the jaws. 

In a series of experiments tho lant~rn protractor muscl e 

was freed at its pyramidal end from the lantern but l eft 

attached to the perienathic girdle. Stretches applied to the 

protractor muscle in no way modified the responses of the retractor 

muscle of the same sector. 

The possibl e i nteractions bet ween the comminator and r etractor 

muscles were studied wit h the experimental arrangement shown in 

fig . 78. Using a double retractor muscle preparation,a thread 

was att ached to th~ aboral pol e ·of the jaws to provide a record 

of the movement of the retractor muscles. Tvro further threads 

were attached to the two teeth. These r an out l aterally, and, 

passing across two pulleys, were joined to act on a single 

auxotonic l ever, In this way the j aws were pulled apart by the 

tension of the l ever and the movements of tho comminator muscles 

could be r ecor ded , 

pulses of lOmsec . 

The comminntor muscle was stimulated by 

duration at a f requency of 2/sec . The result 

of such an experiment is shown in fig . 79 . It can be seen that 

stimulation of the comminator muscle results in a fall in tone 

of the retractor muscle after stimulation has ceased . The 

reverse experiment using electrical stimul ation of the r etractor 

muscle proved to be unsatisfactory, as the movement of the jaws 

qy the retractor muscle acted back onto the l ever recording from 

the comminator muscles . No evidence of loss of tone of the 

comminator muscles during stimulation of the retractor muscle was 

obtained, but such an event might have been obscured qy the 

retractor artifact . Tho results do decisively demonstrate the 

presence of a reflex inhibitory action upon the lantern retractor 

muscle , 
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Fig. 79. Po.rechinus angulosus , SID.ultaneous records of 
movements of the retractcr muscle, upper trace, 
and the conminator muscle~ lower trace . Signal 
indicates time of stimulation of the comminator 
muscle . Time mark : 30 seconds , 
Note: It is highly likely that the check in 

the fall of tone of tho retractor muscle 
shown in these records is due to mechanical 
interference by t he contr~ction of the 
comminator muscle. Since these records 
wer e t aken wi th ginbal l evers accurate 
registration is not achi~ved . 

Fig. 80. Parechinus angulosus , RGsponse of a directly 
stimulated retractor muscle to square wave pulses 
of 10 msec . duration and a frequency of 2/sec , 
Duration of stimulation, 30 seconds . Time mark: 
30 seconds . 
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A Final Discussion. 

Two opposing interpretations have been offer ed of the 

mechanism underlying the effects observed in these preparations 

of tho lantern retractor muscle . The on3, the neurogenic 

hypoth8sis, involves two unsatisfactory postulates. Firstly 

thoro is the assumption of the exist8nce of a motor complex 

which has not been successfully demonstrated. Secondly tho 

hypothesis involves possibly as m~ny as f our disti nct photo-

sensitive materials. The majority of effects observed are 

readily explained by the hypothesis, which is,howeve~so 

flexible as to make critical experiment difficult . 

The second hypothesis, the myogenic hypothesis, is in 

certain features unsatisfactory. It is clear from experiments 

with the comminator-rctractor muscle preparation that the tone 

of the retractor muscle can be inhibited and this observation 

compels us to postulate either the -presence of inhibitory fibres 

acting directly upon the muscle, or, more elaborately, excitatory 

f ibres which maintain the tone of the muscle and are inhibited 

either at their origin, or at the myoneural junctions. Further-

more the myogenic hypothesis can account neither for the fact 

th&t, with D.C. stimulation, an al teration in the direction of 

current f low changes the r esponse of the muscle (fig. 61), 

nor for the twitch like r esponses at the make and break of a 

D.C. stimulus. A pure myogenic hypothesis can therefore be 

excluded . 

The t1vitch-like responses to D.C. stimulation can only 

be interpreted on tho assumption that the muscle is supplied with 

excit atory nerves and we have seen th~t there is some evidence 

for the presence of inhibitory nerves as \-Tell. Hore direct 

demonstration of these ideas comes from the r esponse of the 

l antern r etractor muscl e to square wave stL~lation (fig. 80) . 

This type of response is almost certainly due to stimulation of 

nervo fibres and the close similarity bot1veen this and the 

r esponse to photostimulation is compelling evidence that at 



- 118 -

least many of the phenomena we have considered are of neurogenic 

origin. Attention is particularly directed to the post 

stimulatory inhibition. This is almost certainly tho same 

event as tho collapse of tone observed at 11 brea~' followine 

D.C. stimulation in figs . 62B and 65A and parallels not only 

the maintained inhibition aft~r stimulation of th0 comminator 

muscle (fig. 79), but ~lso the loss of tone following a brief 

light pulse (fig. 49). 

Photostirnulation of both excitatory and inhibitory events 

h~s been found in Diadema . Millett and Yoshida (1960 a) h~ve 

demonstrated the existence of a complex control over the spines 

of this urchin which shows a response to shadows. If the 

activity of a single spine is studi ed, it is quiescent in the 

light, but on removal of the photostimulus the spine beats 

regularly for about one minute . This effect is interpreted in 

t erms of the double action of light. The light is believed, 

on the one hand, to cause a build up of excitation and on the 

other to inhibit this excitation, which cannot be expressed until 

the light is extinguished. The origin of the rhythmical beating 

of the spines has not been considered by these authors . 

The parallel with events in Pnrechinus is clear, but 

here there are excitat ory neurones which r espond quickly and 

directly to light stimulation. There is reason to believe that 

these may fairly rapidly ~dapt to light and, as is suggested by 

the results shown in fig. 4S,only fairly slowly recover . The 

" slow' response of the muscle may therefore be a direct response 

to light equivalent to the inhibited building up of excitation 

postulated by Millett ~nd Yoshida. Further the rhythmic 

activity whi ch characterises many preparations or follows 

particular troatments may indeed be myogenic in origin,as is 

perhaps the beating of the spines of Diadema when the shadow 

reflex is evoked . 

The l antern retractor, on this view, r esembles a 

vertebrate heart. There is, in the intact animal, a myoecnic 

rhythm which may be inhibited or may be overruled by a fast 
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contraction. In the experiments using a five muscle preparation 

the rhythm of the individual muscles wns asynchronous, but this 

m~y well be an experimental artifact arising from unequal t ensions 

upon th~ retractor muscles and comminator muscles and the unsatis­

factory device of stirring the preparation to activity ~ curare . 

We have seen that the comminator muscles arc indeed coordinated 

in their activity; it may be that an initial contraction ~ 

them brings the activity of tho ten retr actor muscles into 

phase to contribute ,~ their inherent activity, to the characterist ic 

regular jaw movements which arc shown~ Parochinus . 

In this preliminary study of the lantern retractor muscle 

many different types of stimulation -light, direct current, drugs 

and square waves-lli~ve been used at different times . The behaviour 

of the preparations is highly variable and all t oo frequently 

phenomena produced by different modalities of stimul ation have been 

regarded as equivalent . In further study it will be essential to 

demonstrate that the correlations which have been here assumed 

are indeed valid, and especially to see whether post-stimulatory 

inhibitions to l ight and electricity have or have not any relation 

to the phenomena of relaxation during spontaneous activity. The 

former are almost unquestionably neurogenic, the l atter may perhaps 

be myogenic li1 origin. 



- 120 -

SUMMARY. 

1 . The anatomy of the ossicl es anj muscles of the jaw 

apparatus of Pare~hinus angulosus is described . 

2 . The histol ogy of the musculature is reviewed and 

attention is drawn to certain st1~ctural features 

not previousl y noted . 

3. Previous views of the mode of operati on of Aristotles 

Lantern are discussed and criticised in the l ight of 

the present findings . 

4 . An account is given of the histology of the nervous 

system which suggests that the hyponeural nervous 

system i s either more elaborate in Parechinus than in 

other species studied or that previ ous descriptions 

are incomplete. 

s. When stimulated qy long light pulses the retractor muscl e 

charactcristic.:-.lly responds with an initial qulck contraction 

followed by c. slower contraction. If the light stimulus is very 

prolc.n~ed th(: muscle may bo stimulated to rhythmic activity . 

6. The effect of variations in intensity and duration of 

photostimulation are described as well as the behaviour 

of the muscle to short light pulses and superimposed 

l ight stimuli . 

7. Evidence is presented that photostimulation is both 

excitatory and inhibitory in action and a provisional 

hypothesis to explain the observations elaborated . 

8. The action of direct curr ent stimulation upon the 

muscle is described . The response is influenced by 

the direction of flow of the current and possibly also 

qy its intensity. 

9. The behaviour of the muscl e in response to drugs known 

to affect cholinergic systems is described and 

attention is particularly drawn to the excitatory 

effects of curare and the complexity of the response 

to eserine . 

10. An examination of the behaviour of the retractor 

muscle lvhen its antagonists are stimulated provides 

evidence for reciprocal inhibition. 

11. It is concluded that while many aspects of the complex 

responses shown by the retractor muscle are neurogenic 

in origin, the possibil ity that the rhythmic activity 

is myogenic cannot be excluded . 
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