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e Control of Hindgut Motility in the
yster, Homarus gammarus (L.)
, ;erér Qutput

/INLOW? and M. S. LAVERACK

__éif?fé Laboratory and Department of Natural History
'ef_sity, St. Andrews, Scotland

-.Segrfgfc«’.iyz{)er 1, 1971}

‘wo types of motor activity pass from: the sixth abdominal ganglion (6 A.G.) via the
-ietéstinal nerves (P.J.N.’s) to the hindgut of Homaries. These have been designated
or non-repetitive and bursting or repetitive activity. They are not entirely exclusive
wother.
¢ unitary discharge is produced by at feast one and possibly two interncurones ((1)
her class of interneurone (12) produces bursting output.
Forms of motor cutput are paired between branches of the P.I.N."s. This pairing
& to-either anatomical or physiclogical methods of connectivity.
wirsting discharge is compleicly immutable and is not affected by extirpation of
iput. We have ntternpted to explain this immutabitity on the basis of a fixed neuronal
nthie 6 A.G. invelving precise connectivity patierns.

repetitive units produce faily weak hindgut peristalsis whilst the bursting dis-
uces very powerful contractions. We suggest that bursier neurones innervace
and longitudinal muscles whilst ex¢lusively unitary neurones only innervate
nal musculature. The role of neurones which can assume both tvpes of discharge

on-of the ventral nerve cord (V.N.C.) of Homarus induces hindgut
sis. co-ordinated with anal dilation and closure (Winlow and
. 1972.1). We bave shown this “defaecatory response” to be
-via the posterior intestinal nerves (P.LN.’s), but the form and

"f__z:_zéidress: Department of Zoology, University of Glasgow, Glasgow W.2,

E‘db} an S.R.C, studeniship for which we express our thanks.
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characteristics of the motor discharge are, as yet, undescribed. In this pap
we have attempted (0 analyse the gutput to the rectum and to relate this ouip
to the hindgut movements and sensory mmput previously described.

MATERIALS AND METHODS

The sixth abdomina!l ganglion (6 A.G.)/rectum complex was exposed |
dissection as described in our earlier paper (1972.1}, leaving the ent
abdominal nerve cord intact. The rectum and the attached abdominal V.IN 1
were then isolated and maintained in sea water at about 12°C. :

The P.I.Ns were often detached from the hindgut by fine dissection an
raised on plaiinum wire hook electrodes into a laver of liguid paraffin i
electrophysiological purposes.

In ather experiments the 6 A.G./rectum complex was left in situ and hindg
movernenis were monitored concurrent with motor activity, using R.C.A_ 57
transducer valves. i1 is not possible to make deductions about the timing:
various units from traces showing ssmultaneous recordings from two branch
of the P.UN.'s, since the recording position relative 10 the 6 A.G. varic
between branches.

RESULTS

A. Analysis of Motor Qutput

There are basically itwo forms ol nervous activity which are efferent in i
P.I.N.'s to the hindgut following V.N.C. stimulation. These types are ne
however, entirely exclusive of one another and both forms of activity can !
elicited by sumulation of either connective in any abdominal segment (as
probably by stimulation of the thoracic connectives). At low stimulus amg
tudes “unitary” motor responses follow the stimulus pulses in a one to ot
ratio (often up to 20 or 30 Hz) as is shown in Figure 1{A). At slightly hig
stimulus amplitudes pronounced bursts of activity may occur in the P.1.2
(Figure 1(B)). Initially the response is similar to that wn Figure (A}, but
neurones initially involved 1n the unitary discharge eventually start firis
repetitively as do a number of smaller “burster’™ units. Such bursting acti
may be the result of the activation of repetitively firing driver units activate
by interneurones responding at higher stimuvlos amphtudes. The numbe
units involved in either form of discharge varied from preparation to prep:
tion, but fewer units generally occurred in the P.L.N.p.’st as compared %
the P.I.N.a.'s.} '

ttPosterior and anterior branches of the P.LN.'s respectively.
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URE 1 Recordings from the intact right P.1.N.p. The left 4 -5 connective was stinnilated
Hzwith 1 msec. positive going rectangular pulses. Dots indicate stimulhi,

} ‘Unitary responses following the stimulus marker in a onc (0 one ratio.

SAn increase in stimulus amplitude of 3V produces a repetitive discharge. The large
“unifs involved in this bursting discharge are the same as those which previously
pegponded phasically.

mulation of either the right or left connective can elicit either unitary or
ing responses in the same axons. [n Figures 2(A) and (B) the same unitary
onse is activated in the right P.1.N.p. by stimulation of either abdominal
ective between segments 4 and 5. There is a longer delay of 5-10 msec.
en delivery of the stimulus pulse and recording of the response when the
i connective rather thap the left connective is stimulated. Shghtly increas-
he stimulus amplitude as in Figure 2(C) and (D) shows that burst formation
5 the same units regardless of which connective is stimulated.

ute 3 shows recordings of the activity of both the right P.1.N.a. and
. during stimulation of either the left or right 4-3 connective or during
ition of both connectives simultaneously. Burst formation takes the
orm regardless of which connective is stimulated. Both bursts follow a
of paired non-repetitive units which occur with the first few stimuius
In Figure 3(C), where both connectives were simultaneously sumulated
the threshold for burst generation, a burst of exactly the same duration
aracteristics occurred as in 3(A) and (B). but commenced immediately
ke first stimulus puise. This indicates that the right and left inter-
es mediating burst formation may both synapse onto the same units
directly or indirectly via driver units. Presumably instant burst forma-
‘due to summation of the p.s.p.’s produced by both interneurones at
simultanceity. '
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. 1 Sec '

FIGURE 2 The effect of exchanging conneclives on (he discharge of the intact ng
P.IN.p. | msec. pulses were delivered at 12 Hz. Dots indicate stimnlus pulses,

(A) Right abdominal 4-5 connective stirnulated at low stimuius amplitude.
(BY Leftabdominal4-5 connective siimulated at low stimulus amplitude.
(C) Right abdominal 4—5 connective stimnulated at 5V increase in slimulus amplitude Qv
(A).
(D) Left abdominal 4-5 coppective stimulated with a 5V increase in stimulus amphiﬁ
over (B).

Note how the same uniis are activated by stimulaton of either connective. In add
there is an increase in the delay time of about $ msec. between the delivery of a stimul
pulse and the unitary response when the right rather than the left 4~3 connective is stirmuls

The sinits which respond non-repetitively in{A) and (B) discharge repetitively in (C) angd
and z number of smaller bursler units also start firing.

{. Unitary responses
As well as single non-repetitive responses to stimuli, doubletsT may also oce
These non-bursting responses usvally oceur in both P.I.N.a.’s and P.ILN,
almost simultaneously and with a constant delay time between one anot

tWe have used the term doublet freely to denote either two spikes in the same axo
spikes of different magnitude occurring in a constant close relationship to one another
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RE.3 Generation of bursting activity by stimulation of either one or both 34
Hves.

pper beam - intact right P.I N.a. Lower beam — right P.LN.p. | msec, stimulus pulses
delivered at 30 Hz.

Stimulation of the right 3-4 connective causcs bursting activity in the P.LN ’s.

Stimulation of the left 3—4 connective has the same effect, apparently on the same
uaits,

imuitaneous stimulation of borh 3-4 connective causes a burst jn the P.1.N.’s, which
ace iitiaied differs in no way from that initiated by stimulation of a single connec-
we. The only detectable difference is in the decreased latency of the bursting response
.which commences at the first stimulus pulse in (C), but at the fifth in (A) and the fourth
n{ ). This is presumed 10 be due te summation of p.s.p.'s in follower cells, common
¢ interneurones in both left and right connectives.

4(A)1 illustrates responses recorded from the P.I.N.a.'s after stimula-
he right 4-5 connectives. In the contralateral trace (upper beam)
occur, whilst ipsilaterally (lower beamn) there are single discharges. In
B} the connectives had been exchianged and the left 4-5 connective
ted. In ipsilateral records (upper beam) the smalier unit (2) of the
“does not discharge; a totally different unit (4) fired contralaterally
beam). Figures 4(A)2 and 4(A)3 show that the doublet of 4(A)l
 separates into 1ts two constituent vnits (1+2) at 30 Hz. These units
ycome to fire alternately to one another and also on alternate stimulus
he smaller unit (2) fires in synchrony with the ipsilateral (3) unit and
p out simultaneously while the larger contralateral unit (1) continues
A time.

foy
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FIGURE4 Unnary responses recorded from the cut cantral ends of both P I WNa
Upper beam -~ left P.I.N.a. Lower beam - right P N.a.

(A) Sumulation of right 4.3 connective.
(1Y Stimuli delivered at 10 Hz. The spikes in the upper beam are doublets.
{2} Stimul delivered at 30 Hz. Doublets eventually separate and fire on ahwr
stimufus pulses. The smaller unii (2) drops oul with the ipsilaters? unit £3).
(3) Repstition of 2 showing an earlier alternation of Iarge and small pulses,

(B) Sumuation of Jeflt 45 connective. Only the fargey of the two upper units (1) remy
and the lower unit (4) is different from thatn (A).
(1) Stimuds delivered at 10 Hz.
(2) Stimuli delivered a1 30 Hz. The large ipsilateral unii (1) eventually lazas behi
smaller upit (53 which fires in simubtaneity with the contralateral unit (4). Us
drops out first and unit $ is fost in simultaneity with 4,
(3} Stimuli dedivered a1 10 Hz later inexporiment, The systeni is fatiguing and
initially Ares in simultaneily with unit 4 but later drops out keaving uits 4 and 5
in synchrony.

In Figure 4(B)2, in which stimuli were delivered ar 30 Hz, the ipsilat
unit {1} drops out first, but additional complications occur. On the 1
stimolus pulse units | and 4 fire synchronously and | then drops out for a’
pulses unmasking a much smaller unit, 5. Unit 5 fires synchronously w
unit 4. They initially fire spasmodically and then on alternate stimulus puil
Later therr discharge frequency decreases and both units drop out togetl
Unit | reappears and fires alternately, but erratically, to umits 4 and 3
then drops out independently. Stmilar events take place in Figure 4(B).
10 Hz as the preparation fatigues. A much simpler fining pattern is show
Figure 5 in which the same units are apparently activated by each inte
neurone and both contralateral and ipsilateral units drop out simultaneous

2. Repetitive responses _
The activity elicited in boih P.I.N.a.’s following stimulation of the righ
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HLRE 5 Won-repetitive uniis recorded from ihe cut ceniral ends of the P I.N.a's,
por beam — lefl P.1.N.a. Lower beam — right P.I.N.a. | msec. stimulus polses were
red 1o the 4-3 connectives at 10 Hx in (A and (B){ and at 40 Hz in (A)2 and (B)2.
% indicate stimulus pulses,

A} Stimolate right 4-5 connective.

By Stimudate lelt 43 connective,

 he-same units are apparently elicited in both P L.N.a.'s by stimulation of either con-
itve, In addition both ipsilateral and contralateral units always drop out simultaneously.

1 Seac )

F-6 - Bursting activity recorded from the cut central ends of both P I.N.a.'s. Upper
ight P.LIN a. Lower beam — left P.I.N.a. | msec. stimulus pulses were delivered at
210 the right 5-6 connective, Dots indicate stimulus pulses. The arrows labelled
wrtit in the right P.I.N.a. which always occurs at near simufltaneity and constant
th a farger unitin the left P.{.N.a, Records continuous.

nnective 15 exhibited in Figure 6. Bursting activily occurs in both
multanecusly and several units in each may be paired as were the
titive units mentioned above. Further evidence of pairing 1s demon-
! 'E-f'igme 7 in which spontaneously active units were recorded from
N.a. Only four units were active in each P.I.N.a. and these were all
ith one another, but it is not known whether they were unitary or
urones, or whether the pairing was anatomically or physioiogically
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FIGURE 7 Spontancous aciivity of paired units recorded from the intact P.L.N.a
Upper beam ~ lefi P.1.N.a. Lower beam ~ right P.1.N.a. Arrows labelled { 10 4 mdlca
four pairs of units. Continuous irace.

Characieristics of the bursting activity :

a) Response to stimulation frequency The {requency of stimulation of 1
interneurones activating bursting units is important in the genesis of a bur
Bursting activity 1s normally initiated when the stimulus frequency reaches
exceeds 10 Hz, although there js some individual variation (Figure 8). Bel
10 Hz stimulus pulses begin to entrain 4 or 5 spontaneously active units..
7.7 and 10 Hz these units do not produce a fully formed burst but some po
stimufatory activity does occur. At 20 Hz and 40 Hz fully formed bursts oce
Above 40 Hz the burst is abolished and only 1 : 1 firing of otherwise repetiti
units takes place. Overall the most eflective frequencies of stimulation:
between 10 Hz and 40 Hz.

b) Response to variation in number of stimulus pufses Stimulus pﬂ}"f
delivered at | Hz have hittle effect on 1onic entrainment (Figure 8(B)), but th
generally elicit a unitary response. In Figure 9 a single stimulus pulse elicit
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E 8 Effect of increasing stimulation frequency on burst formation at constant
,amplitude. Tn alt but (A) which is a recording of spontaneous activity, | msec,
s pulses were delivered to the left 3-4 connective. Recordings were made from the
ral énd of the right P.I.N.a. The frequencics of stimulation were as follows:

S (CY4 Hz (DY 7.7 Hz (E) 1O He (F) 20 Hz; (G)40 Mz (H) SO Hz: {I) 77 Hz.

HHQ(D) the response is gradually being entrained whilst between (E) and (G) there
wl range of stimulus frequencies which produce bursting activity. In (H) and ()
o post-stimulus burst and the large units (which normally exhibit unitary and
T rosponses) drop out, leaving the small ones which would normally only participate in
ration 1o follow the sumuliin a 11 ratio,

le unitary response. When two or three stimulus pulses at 10 Hz were
i Figure 9(B) and (C) a short burst followed. Delivery of 4 or more
esresulted in normal burst formation. It is interesting to note that
ﬁ(up to 10 or 12 stimulus pulses at constant frequency) the duration
he burst following the final stimulus pulse is fairly constant. This
i in Figure 9(D), (E) and (F). Arrows labelled 1, 2 and 3 indicate
b-bursts” within the burst. Bursting activity may be elicited by
wo or three stimulus pulses provided that a set of facilitaling
livered in the preceding two or three seconds. Figure 10 iflustrates
i icy with which four stimulus pulses may drive a burst decreases
sing frequency of stimulation.
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FIGURE 9 The effect of increasing the number of pulses at constant {requency on
formation. In all cases | msec. pulses were delivered at (0 Hz Lo the left 5-6 connective g
recordings were made from (he cut central end of the lefi P.1.N a, '

A minimum number of 4 stimulus pulses is required for burst formanon although aho
short bursts may occur with 2 or 3, Within limits, the burst carries on for the same Jeng
time after the last stimulus pulse in all cases and has the same basic characieristics as o
by arrows [, 2 and 3, These arrows denote 3 “sub-bursts™ which occur at the same pos)
within bursts (D). (E}, and (F) after the cescation of stimulation. The various burss are’
up so that the final stimulus pulses lie below one another to #lustrate this point,

B. Correlation of Motor Output with Hindgut Motility

Both unjtary and bursting activity in the P.LN.’s may elicit hindgut
ments (Figure (1). The type of response shown is very different in each ¢
A short term activation of units driven non-repetitively will release on
single rather weak longitudinal muscle contraction of the hindgut and a'w
peristalic wave, which merely returns the hindgut to its resuing position:
does not cause 1t to elongate (Figure 11(A)), whilst a single burst eficits as
cycle of powerful hindgut movements (Figure 1 1{B)). The onset of the resp
1s much more rapid in (B) than in (A)and the longitudinal and circular mg
contractions are much more pronounced. The circular muscle contraction w
cavses normal elongation of the hindgut as previously described (Winlo
Laverack, 1972.1). Longer periods of stimulation mvolving non-repet
discharge (Figure 1 1{C)) cause numerous weak hindgut movements. At hig
stimulus amplitudes (Figure 1 {{D}) the inittial bursting response is exactly a
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f' 1y Efficiency with which 4 stimulus pulses can cause burst formation decreases
-mquenu I msge. pulses at varions frequencies were delivered o the left 3-4 con-
and recordings were made from the right P LN a.

“Correlation of hindgut movements with activity in the P.EN s, Stmuli
ﬂfn:- lelt 4.-5 connective at 25 Hz with 1 msec, pulses. Stimuius duration and

4 <t Ofs{fmuh al ﬁ\f hw her amplitide than in (A). This causes burst forma-
asingle evele of powerful hindgut movements.

surst of low amplitude stimuli causes a serics of weak hindgut movements.

sst.of higher amplitude stimuli cavses burst formation in the PINs

hv smitary responses. The initial burst causes hindgut movements as in {B)

guentunitary discharge drives the hindgut rathgr moreweakly.
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Figure 11(B), but once the bursi is completed it is succeeded by a scries d
unitary responses producing rather weaker contractions. Thus a single burs
is followed by a complex of kindgut movements that are co-ordinated with th
anal rhythm (Figure 12).

'.A.._LL b u;-.‘. x

o /M-—mmm_ ——

FIGURE 12 Rhythmic anal movements produced by a single burst in the PN
Continuous trace. Upper beam - intact right P.I.N.a. Middle beam — transducer on righ
anal lip; upward deflection denotes anal opening. Lower beam — intact right P.L.N.p.

I msec. stimuli at 10 Hz were delivered to the left 3-4 connective. Dots indicate stimuhs
pulses.

C. Sensory Modulation of Bursting Discharge

No differences in the form of the bursting discharge were deteciable prior
and following anal nerve section so the anal recepiors (Winlow and Lavera
1970, 1972.1) do not modulate it directly. In addition the borsting mo
discharge recordable from completely isolated preparations (Figure 9)
compared with that from the intact 6 A.G./rectum complex (Figure |I{
shows no differences in form whatever. Thus modulation of the bmsu
pattern does not occur, at least not at the level of the 6 A.G.

Although many of the units so far described as having a non-repetit
discharge could also fire repetitively many others appeared exclusiv
repetifive or non-repetitive. |

DISCUSSION

The two types of motor discharge shown in Figures | and 2 may be eli
by stimulation of any segmental connective of the V.N.C. Thus two typs
mterneurone would appear to elicit the output and hence control the def;
tory response. The interneurone (I1) which drives the unitary discha
consistently fires at lower stimulus amplitudes than that (I2) produg
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iive discharge, so that both mtemcurones must be activated at stimulus
pi:iudes sufficient to excite [2. Since many “non-repetitive units” aiso fire
etitively at higher stimulus amplitudes both types of interncurone, or
jated driver cells, must impinge upon these units, whilst only {1 or 12
ectively impinge on exclusively unitary or burster neurones. This division
unitary and burster neurones is real, since further experiments involving
acefiular stimulation of neurone somata (Winlow and Laverack, 1972.3)
ate-that some cells may be driven non-repetitively and others repetitively
rect depolarisation.
ith regard to the two types of motor output it is seen that firing in one
ch of the P.I.N."s is always paired with ficing in other branches both from
for to posterior and from side to side. The basis of these linked outputs
¢due 10 either lateral excitation between neurones or neuronal groups,
ndividual multibranched or bifurcating neurones sending axons down
al branches of the P.ILN.’s. We have previously reported neurones with
atter features (1972.1). The presence of neurones causing and receiving
ik excitation is suspected on consideration of Figure 4, in which most
ral non-repetitive responses drop out during stimulation at high
ncies leaving mainly contralateral output. This suggests a breakdown of
mation Now across the ganglion probably at the level of individual
apses. In addition the loss of the ipsilateral rather than the contralateral
ynse-suggests that Il interneurones must decussate in the 6 A.G. This is
outby the traces shown in Figure 2(A) and (B) where there is an increase
fdy between stimulus puise and unitary reponse when ipsilateral rather
ntralateral interneurones are stimulaled.
ome cases (Figure 5) neurones in both right and left P.[.N.a.’s discharge
xed temporal relationship both (o one another and to the stimulus
regardless of whether the right or left connective is stimulated. What 13
t high stimulus frequencies, both ipsilateral and contralateral units
'izf simultaneously. The jimplhicanion of such responses is that both inter-
es may either synapse onto some sort of medial driver unit which then
both motor units, or onto a medial branching motor unit. However, it is
sw that multibranched motor units are not involved in the unitary
rge (Winlow and Laverack, 1972.3). Therefore it is possible that a
d class of internevrone producing non-repetitive discharge occurs, so
ree classes of interneurone controlling defaecation may exist. George
(personal communication) of the University of Texas at Austin supports
oposition and states that from one to five interneurones of the second
rd abdominal connectives affect the hindgut of the crayfish, Procambarus

¢r cases the relationships of paired non-repetitive units may be rather
obscure. An example of the complications faced is shown in Figure 4
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which we have auempted 10 analyse in the terms of a neural model as &
indication of the many possible connectivity patterns of these neurones: 1
the absence of sufficient information recorded from individual units usip
microelectrodes such models must be incomplete. In Figure 4 differences i
output from the P.L.N.a."s are detectable according to which connective
stimulated. Somulation of the right 4-5 connective (Figure 4(A)) initiale
discharge by two contralateral units (1 and 2 - see arrowed vnits on Figure:
firing as a doublet and one ipsilateral unit (3). On stimulation of the .
4-5 connective (Figure 4(B}1) umt 2 does not discharge leaving only unit.
(now ipsilateral) and unit 3 1s replaced by unit 4 (contralateral). There are a
additional complications as shown in Figure 4(B)2 and 3. At higher frequenci
of stimulation of the {eft 4-5 connective unit | fires spasmodically unmaski
a further ipsilateral unit (5). 1t s thought Lhat this small unmit always fires
syncihrony with unit | during stimufation of the left connective, The neuro
network shown in Figure 13 would account for these phenomena. In this nel
work units 1, 2 and 3 are coupled by two driver cells (D) and D2) which:
activated by the night [[. At fow stimulus frequencies (hese units fire

R — e 4 |

{ 4
Otl D2 03 04
Lehy Rignt

I

FIGURE 13 Possible neural connections 10 account Yor the cutputs shown wn Fig
The right ¥l stitnulates two driver cells (D{ and D) coupling units I, 2 and 3 at 1
A1 30 Hzunits 2 and 3 drop out simuliancously which supgests breakdown of a single syni
These units may therefore be linked by a unitateral driver ([32) and one ustit may laen
excite the other. Unit 1 gradually scparatcs from unit 2 1l it Ares alternately with it T
SuggEests activation by a sgparate driver cell (D).
On stimudation of the left 14 upnis U, 4 and § are vsually coupled at 10 Hz, At 30 Hx
4 and 5 are strongly coupled, but unic | fires independently. Units 4 and 5 are then
shown 1o be doven by a bifurcating drver cell, D4, whilst the erratic unit | is pro
activaled by a separate driver neurone, D3I, which cventually fatigues even a1 low frequeny
(Figure 4(B)3), '
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whrony. but at shghtlv higher frequencies units 2 and 3 fail simultaneously
itis thought that stimulation of one or other rather than both units would
;Tﬁ()ﬁt likely to produce this phcenomenon than if two synapses were to fail
taneously. The excited umit, which we arbitrarily selected as 3, would then
te-j1s contralateral homologue (2). A further possible explanation is that
s 2 and 3 arc driven by a bifurcate driver cell. Another result of high
uency stimulation is that units | and 2 gradually separate and come to fire
lternate siimulus pulses. {n the first part of Figure 4(A)2 unit 1 gradually
swith respect {o unit 2 probably due to decreasing synaptic efficiency of D.
-then fires erratically on several stimulus pulses and misses altogether on
before its output is restored. Missing of suimulus pulses may account for
thrupt shift of phase of unit | so that in the latter part of the trace (L is un-
edfrom and fires aliernately with units 2 and 3. It has been assumed that
aximal frequency of sustaned discharge of the driver units is less than
z:;-so that each selects to fire on every second stimulus pulse at this
ency. This would alfow the fortuitous phase shift mentioned above. In
{A)3 units } and 2again come (o fire on alternate stimulus pulses after an
tdin start.
aalation of the feft (1 at JO Hz cauvses units 1, 4 and 5 1o fire simul-
usly. At 30 Hz 4 and 5 are strongly coupled and it seems reasonable (o
‘either that unit 4 is uself laterally inked to unit 5 or perhaps both are
) by a bifurcating dviver unit, D4, as shown in Figure 13, Unit | fires
poradically in traces 4(B)2 and 4(B)3 and 1s uncoupled from 4 and 5. We
erefore assumed that it is driven by a separate driver, D3.
ur view, that the unitary responses recorded in the P.I.N."s are not due
" ating motor neurones, 15 correct, then these units might be expected
vmimetrically paired with either lateral connections (e.g. between units
1} or bilateral {e.g. D4) and unilateral {e.g. D2 and D3) deyver cells
x the mid-line. Figure 13 goes some way towards providing a model on
o base such a network. However extracellular recordings are unlikely
¥ truc picture of the output to the rectum due ro the lack of resolution
noumis {¢.g. 1 and 3) inherent in this method. Iniracelular micro-
d¢ studies on this sysiem should eventually help to determine the
tivity patterns of the vatious neurones involved.
paiting of units shown to occur for unitary discharges is also maintamed
hursting responses elicited by the high threshold 12 interneurones
In addivon stimulation of exther right or lefi connectives at high
“ampliludes induces a bursting discharge of fixed pattern in the
The immutabiity of this discharge with respect (o the connective
d is demontrated in Figure 3. On simultaneous stimulation of both
ure 3(C)) the burst is inittated at the firsi sumulus pulse rather than
eral stimulus pulses after which unitary responses occur (Figure 3(A)

e,
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and (B)). This may be because both 12's synapse either onto the same uniis o
onto the driver cells of these umits and this results in a rapid shift of membran
potential above threshold, on simultaneous stimulation. From other investiga
tions (Winlow and Laverack, 1972.3) we know that penetration and stiny
lation of the somata of certain units of the 6 A.G. will produce bursti
activity of several neurones n both ipsilateral and contralateral P.ILN
Thus a network of bursting neurones is implied in which individual units may
mutually excite one another or be excited by driver cells. As vet we are i
certain if either or both processes take place, but the immutability of the d
charge suggests that certain units may be utilised exclusively (o dissemin
the interneuronal input to the system. We {entatively suggest the sort
situation shown in Figure 14 in which all units are excited via a median dri
cell along a fixed pathway. At least some of these fibres might be bifurcate &1
multibranched. Their lateral branches could then serve to jnduce some {o
of cascading group discharge which would be self-generating over a sh

\ Y \ L'
55 & 580

han vy
ced

Left I2
Right I2

FIGURE 14 Convergence of the left and right 12 onto a median driver cell dnw
network of burster motor neurones, some of which are muitibranched.
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1od, rather like the cascading outpu! demonstrated in the brain of the
ibranch molluse, Tritonia, by Willows and Hoyle (1969). The inter-
rones producing the bursting discharge are presumed not to be in contact
stally since the latency between stimulvus onsel and burst discharge varies
ording to whether one or both neurones are activated. However, they could
be simultaneously activated in the brain of the intact animal.
1 this suggests a singfe, probably median, network of repetitively dis-
ging units which drives the hindgut but, the general situation in arthro-
{5 35 that the ganglia are symmetrically arranged (Kennedy er af, 1969,
hen and Jacklet, 1967, Bentley, 1970) and the partner units may be coupled
one ancther in some way. However, in all the cases cited above the systems
vated were themselves bilaterally symmetrical, whereas the gut 15 a
an fubular organ rather like the heart. The cardiac ganglion of the lobster,
darus americanus contains a group of gon-symmetrical interacting cells
! 'produce synchronised bursts of activity to the heart muscle at regular
vak These bursts produce tetanic contraclions of the myocardium
nard, 1966; Horridge, 1968). The heart is controlled in its rate of dis-
e by symmetrically arising snhibitory and excitatory neurones from the
I nervous system.
e stomatogastric ganglion lies within the anterior aorta on the antero-
surface of the stomach. Tt js the seat of patterned sequences of motor
v which control the quite complex actions of the gastric muscles, which
erted extrinsically, like the radial muscles around the anus (Winlow
ywerack, 1972.1). According to Maynard (1966) it is quite common for
rocesses to divide soon after leaving the ganghon and “it s character-
the paired stomach muscles to receive innervation from a single bi-
curone”, The output from the ganglion is thought to be modulated
ther-centres (Morris and Maynard, 1970).
d evidence, therefare, exists to show that median collections of nerve
irol organs lying in the midline. Tt is our proposition that the hindgut
‘controlled by a medial group of repetitively discharging cetls which
}fa_l_iy excite or imhibit one another in ways which are not yet fully
od. In addition, some of these cells are thought 1o be multibranched
nd major axonal branches 1o both the right and left P.LNs.
ntidned in our previous paper (1972.1) sectioning of the anal nerves
~alter the form or co-ordination of the movements of the hindgut. In
we have now shown thai rhe usual bursting discharge remains
Iy unaltered in (hat sitvation. Indeed it seems that the bursting
jce initiated is completely immutable (Figures 8 and 9) which
the theory that fixed peural pathways involving precise connectivity
dnd numbers of neurones form the basis of the defaecatory
ai sequence. All the interneurones previously imphcated as evoking

A
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motor discharge may be concerned and it i1s conceivable that the 11°s mer
act on selected regions of the burster network.

[n Figure 11 the unitary and repetitive units are shown 1o produce mm
different muscle responses. Non-repetitive units will often produce weak
rhythmical contractions of the hindgut, although these movemenis are ¢
much greater amplitude than the spontaneous hindgut contractions w
previously described (1972.1). The major point of difference in the response
the hindgut is that repetitive units produce a massive pernistaltic moveme;
which considerably elongates the hindgut, whilst this elongation is not
marked with non-repetitive units. 1€ is thought that exclusively unit
neurones may only innervaie the longitudinal muscles. The weaker perista
contracuions caused by unitary neurones may be produced as a result ¢
siretching of the circular muscles duning longitudinal muscle contractio
The circular muscles may then contract against the imposed load. v

The response initiated by repetitive units is usually of large amplitude an
a neurally evoked circular muscle contraction is thought o be (nvolved
that burster units apparently innervate both longitudinal and circular muase
The function of the vnitary discharge may be, (n part, to “prime’ the lon
tudinal muscles and thus facilitate the defaccaiory response. The prinﬁ;
phase of hindgut movements (Winlow and Laverack, 1972.1) may be indu
by repetitive units and (he subsequent rhythmic contractions may depe
solely on a umitary discharge. The role of units which fire both repentively
non-repefitively is unknown.

The onigins of the radial and Jongitudinal muscles may be similar (Winl
1970). It is interestbng to note that both can be driven rhythmically by n
repetitive units. [0s also of interest, in this context, to consider the pharm
logical investgations of Florey (1954) and Elofsson e af (1968). Florey fou
that both noradrenaline (and adrenaline) and acetylcholine increased
frequency of spontaneous contractions of the hindgut. Acetylcholine consi
ably increased the muscle tone of a longitudinally suspended hindgut,
noradrenaline did not. Thus acetylcholine may have specifically aflected
the longitudinal muscles, whilst noradrenaline affected both longitudinal
circular groups. Elofsson ¢r ¢/ show noradrenaline to be distributed an
both longitudinal and circular muscle groups. Thus it is possible that the
repetitive units may uvulise a different transmitter from repetitive unit
basis for a pharmacological study of the neurones s thus provided ani
two different types of neurone would be expected o be segregated into gr
dependent on their biochemical properties (Otsuka er a/, 1967). The respy
of both radial and longitudinal muscles 10 non-repetitive units may
similarities in their pharmacological properties.
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