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the heemal strand is attached to the oesophagus by means of muscle
fibres and connective tissue.

Ten nerves, the pyramidal nerves, which run to the
lantern, can be seen leaving the circumoral nerve ring where this
structure comes in close contact with 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 epproximately 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. sykion (Pople 1952) are relatively
mach larger and can clearly be seen going to muscles, This is
not the case in P, anmilosus, Such connections have not definitely
been traced to the musculature, While lanterns stained in reduced
methylene blue (Smith, 1937) 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 ih 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 & 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,

If 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, angulosus, lying on the redial
aboral portion of the nerve ring (fig, 9), The narrow “line"
dividing the two can be seen as a continuation of connective
tissus which lies on the aboral surface of the pyramidal nerve,
This "1ine" 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),































































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 were 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 Millott (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 relatlvely 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-
stimilation,

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 lantern protractor
miscle 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 ruscle to overcome and

it tends to tear itself apart.

The single rusele 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 ligaments were then cut
through and the compass apparatus removed from the top of the
lantern. A rotula was removed by slippingz 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 ;. ¢
split along the midline. ... 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 on +the, twn auricles. This woakored
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 gside of the auricle with its attached muscle. Two ways

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

the test with a dentist's diamond saw. The second was to make

a groove in the test with a needle and thus weaken it. The test
could then be cracked along these lines of weakness., The perioral

skin was then cut towards the mouth and the segment of test and
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TABLE TV

Effect of duration upon the Size of the Quick Respons

Duration of stimulation Increase in tension {mm,)
(sec.)
Preparation
1 2 3 4
0,1 4,0
0,2 3,0 4,0 7.0
0.5 4,5 7.0 S
1.0 7,0 8,0 9,0 4.0
2.0 4.0
Z,0 4,1
4.0 4,0
5.0 4,0
6,0 4.0
7.0 4,0
8,0 4,0
g.0 4,0
10,0 4,0
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stimulus, However, in preparations that show well separated
guick znd slow responses, the second and subsequent responses
may be considerably modified and smaller than the first (fig. 43),

This phenomenon may be studied guantitatively and can
be shown to depend upon the interval between the stimuli, The
effect is illustrated by the results of experiments summarised in
fig, 44, In this graph the ordinate represents the difference
in tension between the first and cecond responses to a pair of
stimuli whilc the abscisse represents the interval between the
first and second stimulus of a pair. Vhere these are separated
by about 10 seconds the megnitude of the response to the second
stimulus is depressed, but by 30 seconds the depression, albeit
still present, is small,

When longer pulses sre used so ag to evoke the slow
response as well as the fast, there is evidence that the depression
of the fast response may last for considerably longer periods,
Thus fig; 45 shows the effect of two long light pulses separated
by an interval of 25 seconds., The second contraction shows
clearly a depression of the fast response,

But with short light pulses a second long duration
depression is © be seen. This is shown in the results summarised
in fig. 48, Here is recorded the magnitude of the {irst response
to trains of brief light pulses riven st varying intervals of time.
Graph A relates to trains of five pulses at onc pulsc cevery Tive
seconds, graph B to five pulse trains with one light pulse every
ten seconds. In both graphs the short duration depression
reflected in fis, 44 may be scen, But at intervals of m-—: than
one minute between stimulations = second depression occurs which
persists for about 20 minutes,

Finally fig, 47 shows a unigue phenomenon, Here the
preparation was stimulated for pericds of 30 seconds alternating
with periods of 30 seconds derkness., In this case no depression

but an enhancement of both quick and slow responses is to be seen,
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presented either as a long ar~ument involvins the crection of
trial hypotleses and their subsequent rejection -~nd modification
or by a logicrl prescntation of the conclusion finmlly reached.
The latter, being briefer, has been followed here.

The retroctor muscle of Parechinus sheres with the
phiryngeal retractor muscle of CSucumiria the prop.rty of
spontancous activity, Pople and Ewer (1953) have presented
evidence that the spont. neous azctivity of the retractor muscle
of Qucumaria srises from an interplay of excitation and inhibition
in the motor complex of this muscle and the assumntion is made
herc that this is true z2lso for the retractor muscle of Parechinus.
The form of the spontancouz activity of the two preparations is
very different, albcit each iz part of the foeding pattern of

the animal. In Cucumaria = spontaneous contraction occurs every 10-15 minutes,
in Farechinus typically every two or three; in Cucumaric a contraction
consists of a relatively rapld risc in tension followed by a slow re-
laxition, in Parechinus there is & slow rise in tension by a fairly

rapid fall,

he gencsis of spontcneous activity in Pargehinus can
be represented by a model (fiz, 55) which includes an excitetory
cyton, the S cyteon, which, by & steady outflow of impulses, causes
the muscle gradually to develop tone. A colateral from the S
cyton feeds back to an inhibitory cyton, the I cyton; 3the sieady
zrrival of impulses on the dendrites or soma of the I cyton
effects a gradual depolarization and after cbout 120 seconds the
I cyton discharges a train of impulses which, relaying back to
thz 5 cyton,inhibits th2 output of motor impulscs for about 20 o
30 seconds causing the mugcle to relax, The cycle then starts
again, This prepossl for the conirol of a rhythmic activity
finds justification in the fact that Eccles, Sears and Shealy
(1962) have demonstrated a gimiler slow depolarization leading
to o burst of impulses in the motoneuroncs of the externsl and
internal intercostal muscleg of the cat, zlbeit the rhythm in the
mammal is mere rapid. The S cyton may be comnared with the

"pattern contre" postulated by Pople snd Eier (1958), the I cyton
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i

Parechinus angulosus., [Response of lantern retractor

preparation.  Time mark: o seconds.

Parechinus agngulosus. Response of lantern retractor
muscle to D.C. stimulation. In this and subsequent
figures a '+ beneath the signal indicates 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 abruptly
reversed. Time mark: 5 seconds.
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Fig. B62. Parechinus angulosus. Response of a retractor muscle
preparation to D.C. stimulation 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 signsl
the end of light stimulation. Time mark: 5 seconds.

Figs. 63, DParechinus 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. stimulaticn. Fig. 63 A shows an
apparent fall in the rate of tension development after the make
twitch, while fig. 64 A shows a clearly marked fall in tension;
the same effect but less distinct may be present in fig. 64 B,
Further, there is a striking fall in tension following the break
response n fig. €3 A. Thus the nature of the response to anodic
stimulation of the pyramid is variable.

The same cffect, in the reverse sense, is to be seen with
cathodic stimulation. In fig. 62 B, after the make response there
is a fall in tension and no subsequcnt recovery, in fig,.83 3 a
fai. in tension but, after the well marked break response a rise
in tension, In fig, 64B there is 2t most o slowing of the rete of tension
development while in fig. €64 A a suggestion of a transient
rise in tension, but the picture is confused by the response when
polarity is reversed.

Figs. 65 and €6 show the rcsults of the opposite type of
experiment in which a light stimulus is imposed upeon a background of
D.C, stimulation. In fig. 65,with the pyramid anodic, the additional
light response is a typiczl fast contraction followed by a slow.
Fig. 66 is more complex. After an initial make rcsponse, the rate
of tension development is high, The light stimulus now produces a
quick twitch which rapidly subsides and the rate of tension development
is very low indeed, On switching off the light there is a marked
rebound and the subsequent rate of tension development is closely
similar to the original value.

Before proceeding to an analysis of the present daols
it is of interest to consider the results of similar experiments
by Hughes (1952) upon cockroach thoracic gangiis. Direct currents
affect the flexer-extensor muscle balance of the legs causing them
elther to bend or stretch. The rcsult of stimulation depends on
the intensity of the stimulus as wcll as the direction of the
applied current, Hughes shows that the site of action of the D.C.
lies in the ganglion and not in the motor axons.

The responses recorded from Parechinus similarly show a
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Adrenaling, (tartarate, B.D.H.). The zction of
adrencline is depressant, Thus Fig, 73 A illustrates a re-
cording from a preparation of .gnh tone and slight irrepular
spontaneous nctivity. Addition of adrensline at 1 x 10-5M
causes a rapid loss of tone cnd, as has already been described,
a locs of response to light stimulation, a. aiough a small on-
responsc which lasts about 10 sec, may be shown while the drug
is establishing its action (fig. 73 B).

dl-Nor-adrenaline, (Lieht). This drug has the same
action as adrenaline, but is effective al far lower dosages;

a spontanecusly active preparation was inhibited both in tone

and activity at 1 x 1079

M, z concentraticn at which adrenalir
is completely ineffective (fig., 74).

¥ = amino-butyric acid, This material, whose iphibitory

action has been demonstrated on a variety of preparations, caused
at 1 x 10"6M a slight dapression of the response to light pulses.
The effect is morc strongly marked at 1 x 10_5M.
S-hydroxy-tryotamine, (creatine sulphate, Light).
This drug is without action upon the preparction,
Interaction betwcen acetvlcheline : 1 adrensline,
These drugs, having opposite actions, were tested against each
other, They were found to be antagonistic, Thus if a pre-
paration is brought to a contracture by treatment with 1 x lO—GM
acetylcholine, subsequent trestment -rith adrenaline at the same
concentration will result in a grodual lowering of tension
achieved as o series of fairly abrupt fells, each resembling
the relaxetion of a pattern of spontaneous activity. After each
fall in tension, the new level would be maintained steady (fig. 75 4).
With a higher concentration of adrenaline (1 x lOHSM) there follows
the typical spontaneous activity pattern of a slow rise in tension
followed by a more abrupt fall (fig, 75 B), The same effect is
observed if the preparation is first treated with adrenaline and
subsequently with acetylcholine.

Interaction betwsen acetylcholine and curare, Although

curare stimulates the present preparation to activity, it acts,
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the hypothesis first claboratcd, it has bacn neccessary to urge
special considerations to cxplain the aciion of both cserine

and curare. This sugrests that the initial assumption of the
cxistance of a motor complex may be incorrect. Such a structure

has not been demonstrated histologically and the possibility has

to be considered that the spontﬁneous activity, the starting

point for the elaboration of subsecquent ide:is, may be myogenic,

not neurogenic, in origin.

6. An alternative hypothesis.

Therc are two struciures which display myogenic activity
and which have been the subject of closc study during recent years,
namely ithe rabbit heart and the taeni~ coli muscle of the guinea
pig. They differ in their charscteristic responses to acetylcholine
and adrenaline, To the hecrt edrcnaline is stimulatory, to
the taenic coli inhibitory; acoetylcholine is typically inhibitory
to the heart, bu. stimulates the activity of the taenia coli,

Both these latter cctions can, however, in certain conditions, be
reversod,

In considering the mechanism of the myogenie heart Burn,
(Burn and Vene, 1949; Bidlbring ond Burn, 1949; Burn and Kottegoda,
1953) has produced cvidence which suggests that the rhythm is
determined by a cyclical synthesis and breakdown of acetylcholine,
The further details of this mcchanism have yct to be elucidated,
but since it is possibl: to demonstrate acetylcholine in the
perfusate from o isolated r~bbit heart (Briscoe and Burn, 1954),
it would appear ti b this matericl is libersted from the muscle
cells during the course of their activity. In studies upon the
taeria coli Bilbring (1957) has shown that the tension developed
by the muscle during its spontancous myogenic activity is correlated
both with the frequency of developement of small spikes and the
level of peolarisation of the muscle membranc, Bilbring compares

the spontenecus activity of the taenia coll -+ith that of a
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activity of cv re alone. Partial blockage of the genera:
receptor sites leads to a greater liberation of acetylchol:
which causes a gencral rise in tone, while at the rhythm s:
partial blockage by curare causes the formation of acetylcl
to continue until there is a level of depolarisation adequs
to permit the release of the hyperpolarising agent and a cc
sequent fall in tension, A1l that has been achieved is a
level of activity,

With eserine the position is different, At the 1
sites the blockage of cholinesterase causes a more rapid W
up of acetylcholine and a morc rapid depolarisation so that
hyperpolarising agent is liberated sooner and the rhythm of
activity established is more rapid, The eserine will also act
generally 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 hyperpclarising agent now falls and the
tone of the miscle rises still more,

Adrenaline presumably acts, as on the taenia coli, by
causing a generalised hyperpolarisation which can be antagonised
by acetylcholine both generally and at t : rhythe sites to allow
rhythmic activity to be established,

It is now necessary to see whether the effects of light
stimulation may also be explained in terms of z myogenic
hypothesis, Any effect of light must be attributed to the
presence of photosensitive substance which, in the first hypothesis,
were located in the neurones of the motor complex and here must
lie in the muscle itself.

We have seen thut 1ite light contains two elements,
one of which is excitatory : this excitation we may attribute
to a depolarising zction of some photoncnsitive substance. The
other effect is inhibitory and may be regarded as due to a
hyperpolarising action of a second photosensitive material, This

latter is particularly sensitive to some wavelengths in a mercury

lamp and produces a general hyperpolarisation with an accompanying
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the nerve ring beneath the comminator muscle when these were
gevered, One side of the preparation was screened from the
other by a red filter and one muscle then stimulated by light.
Wo response was obtained from the other muscle.

A further limited number of experiments were conducted
in which all five pairs of lantern retractor muscles were
recorded at the same time, using the techmique already described
(fig, 26), The muscles were excited to spontancous 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., & rapid jaw closing reflex
may readily be shown if one of the pharyngeal lips between the
jaws is touched, Whichever 1lip is stimulated all the jaws are
brought together at once. It seemed rcasonable 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 rest for a periocd of two
hours or more, this coordinated closing of the jaw is still
displayed if one pharyngeal lip is stimulated, This experiment
makes it clear that some inter-radial reflex coordinatory pathways,
other than the circumecral nerve ring, exist in the lantern, These
possibly lie in the pharynx which is abundantly innervated.

The probability is that stimmlation of a pharyngeal lip causes
impulses to be propagated over the whole aryngeal network,
Nerves from the pharymnx carry this information by way of the
circumoral nerve ring to the comminator muscles within the limits
of a radius ¢ as a result,section of the nerve ring does not
destroy this coordinated snapping of the jaws,

Reciprocal iﬁhibition between the longitudinal muscles

of the body wall and the pharyngeal retractor muscle of Cucumaris












mechanism underlying the effects observed in these preparations
of the lantern retractor muscle-  The onz, the ncurogenic
hypothesis, inéolves two unsatisfactory postulates, Firstly
therce is the assumption of the existence of a motor complex
which has not been successfully demonstrated., Secondly the
hypothesis invelves possibly as many as four distinct photo-
sensitive materials, The majority of effects observed are
readily explained by the hypothesis, which is, however, so
flexible as to make critical experiment difficult,

The second hypothesis, the wmyogenic hypothesis, is in
certain features unsatisfactory, Tt is clear from experiments
with the comminator-reftract muscle preparation that the tone
of the retractor muscle can be inhibited and this observation
compels us to postulate either the prescnce of inhibitory fibres
acting directly upon the muscle, or, more elaborately, excitatory
fibres which maintain the tone of the muscle and are inhibited
cither at their origin, or at tho myoncural junctions, Further-
more the myogenic hypothesis can cccount neither for the fact
that, with D.C. stimulation, an alteration in the direction of
current flow changes the response of the muscle (fig, 61),
nor for the twitch like responses at thc make and break of a
D.C. stimulus. A pure myogenic hypothesis can therefore be
excluded,

The twitch-like responses to D.C. stimulation can only
be interpreted on the agssumption that the muscle is supplied with
excitatory nerves and we have scen thot therc is some evidence
for the presence of irnhibitory nerves as well, More direct
demonstration of these ideas comes from the responsz of the
lantern rctractor muc  le to square wave stimulation {fig, 80).
This type of response is almost certainly due to stimulation of
nerve fibres and the close similarity bctween this and the

response to photostimulation 5 compelling evidenco that at
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