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ABSTRACT
Histblégical‘studies.of the distribution of cell bodies

within the metathoracic ganglion of both the stick insect’

- Carausius morosus and the’cricketiGryllus bimaculatus were

carrled out ‘using orthodox histological technlques (silver,
| iron haematoxylfn ) as well as back- -filling and 1ntracellular
injectlon sta;nlng techn;ques with both Cobalt Chloride
_and_Procion yellpw as weli as whole mOunt'staininé techniques.
ﬁaps-of geographical groups of cell bodies of the metathoraeic‘
ganglion of both.insects were reconstructed frem serial.
' sectidns.e Salient through-tfacts were described.

Neurones that- innervate the dorsal 10ng1tud1nal fllght
{muscles were identified in both the mesothorac1c and meta-

»thoracic ganglia of Gryllus b;maculatus, and.thelr detailed

morphological properties were described. Difficulties
impbsed'by resistance of the neural sheath to impaling'glassj'
microelectrodes and by some of the substances used were
:dlscussed o | |
Neurophysiologlcal and pharmacologlcal experiments were
carrled out to 1dent1fy some of the phy51olog1ca1 propertlese
of the neurones that 1nnervate the dorsal longltudlnal fllght

muscles of the crlcket Gryllus blmaculatus
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CHAPTER ONE

T - _ANATOMY AND HISTOLOGY

1. ‘Introduction:

| insect nerVQus systems have many advantages for -studying
the relationship between structure and function. In general,
the mhsdlee of inseets consist of only aAfew motor units,
~each containing relatiﬁely small.numberseef-mnscle fibres,
and innervated by relatively few 1arge neurones (Hoyle, 1970).
The nunber of neurones in the central nervous system (CNS) is
small by;eomparison with vertebratee andﬂthere'is constancy
Of;neuronai identity and positien. Thisiecenomy of
innervation has encouraged anatomiste and»pnysiologists, to
workAOn insects in the belief that it is'poesible to work
.repeatedly with single, identified neurones{

o Struétural studies .of the main parteief the CNS of

| Eertainwinseets, and of some of thetcharabteristics of the.
'individual-neurones invqlved have been catried out by a
number of authere in an attempt to understand the'phyeiolegieai.
‘and behavionrai events taking place within the.system. Tnese‘
studies have led to the use of a variety of stalnlng

| technlques in attempts to recognize the detalls of the
~distribution of cell bodies within the CNS and some of theirn
,axonal pathwaye and branches. As a result many techniques

_have been developed for staining, and several maps of neural‘:.

: .organizatlon have been produced for dlfferent species.

One of the early stalnlng methods for the study of the'

CNS was methylene blue (Zawarz;_n_,, 19244, lg)‘; but it ten.dé tQ.}'-.
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stain'certain.cells completely and to leaye others unstained
(Hughes,’19655 '<Zawarzin (1924) prOduced<detailed methylene
blue studles ‘of abdominal ganglla of nymphSof the dragonfly
Aeschna A criticism of this work is that he descrlbed the
— presomed.

neurones on the basis oprhys1olog1cal type (sensory,motor,
~assoc1at1on) and thebanatomlcal relationships between the

| various types of neurones were not determined (Bullock and

_,Hoftidge,gl965); It is, of course, one of the difficulties
.:;of histological_methods _'fthat'they givellittle information_
'}dconcerning function. For example, one cannot distinguish
fﬂthe;inhibitory cells from those that are excitatory, although
gﬁiit is usually possible to'distinguish motor'and interneurones.
zf»However, in the finer endings of the neufopile, all axons
‘and theirlbranches appearhidentical.(Hughes;'l965)} Huber,
(1974) . y |

Silver 1mpregnat10n 1s also a w1dely used technique for
stalnlng nervous tlssue of 1nsects- but it has the dlsadvantage
of - be1ng capr1c1ous from one- spec1es to another, although
many suggested 1mprovements for its use have been produced,
»such as that of Rowell (1963), Blest-(l976), and others .
(e. g- Strausfeld 1976; 1930) '
In hlS work on the nervous system of - a w1nged but

fiightless Drosophila melanogaster, Power (1950), using a

protatgol (silver) method, showed that the thoracico-

abdominal nervous system = -eonsists‘of'the same main
'_elements and does not change 51gn1f1cantly even in mutant
'stocks Plpa et al. (1959) using the Bodian activated |

protargol technlque, described the anatomy of the thorac1c




~

ganglia.of the_cookroach, Periplaneta americana, and egFecially

the longitudinal and transverse tracts and fibres., They
noted’that.the majority of the nerve cells were looated in

the Ventral reglon of each ganglion, and used this crlterlon

for determlnlng the orlentatlon of the sectlons They described
two types.of nerve cell bodles: globular cells, characterized

hy their.Spherical'shape, smaller'diameters, and predominance

- of nuclear volume to cytOplasmlc volume- and- glant ovate

.cells with as much as or more cytoplasm than ‘nucleoplasm., No

spec1fAC'axonal'pathways were descrlbed.

Guthrie (1961) presented an anatomical study of the

nervous system of a skating insect, Gerfis, - He used a silver

impregnation method for staining, which shoued a high degree
oonondensation in that all the segmental'neuromeres ate
fused; and revealed giant lnterneurones half:a millimeter
long, having dendritio branohes in at least three ganglionic
neutobiles; |

He COncentrated on one ganglion, theemesothoracic,
because the three thoraciqganglia are approximately equal in
size and exhibit general similarities in the internal
arrangement'of the nerve flbres and nerue cell bodies.

Using microgldécirodes, Mill (1963) made an attempt at

mapping a single'ganglion of dragonfly larva, and in (1964)

" he presented a histological study describing‘the structural

elements, cell body groups and axonal pathways and tracts.

~Seabrook (1968) used osmium ethyl gallate in studylng .

‘the 51mp1est gangllon of the. ventral nerve cord, the seventh L

gangllon,.ofrthe male of'Schlstocerea gregarla. He desgrlbed‘

_the structural elements of that'gmxn;on, i.e. cell body




gropps transverse and longitudinal tracts and axonal pathways
Cohen and Jacklet (1965) developed a technique for
recognizing motoneurone cell bodies in their ganglia, In
this.technique, a heavy ring of Ribonucleic_aoid (RNA)
appears aroundfthe cell nucleus within.two days: of section
| of.peripheral'nerves in the cockroach, which can be stained
with pyronine and malachite green.. Using this technique,'
.Cohen and Jacklet (1967) produced a map of the metathoracic
l ganglion of cockroach, in which they showed the distribution
of the cellhbodies related to the peripheral_nerves through
which they send their axons. 'Although this.teohnique.
confirmed.the symmetry between the two halves of the
ganglion, it does not allow single axone to be-followed
“because the nerve'transection has to be maderlose to the

ganglion.

The mesothoracic ganglion of the'cockroaoh, Periplaneta
americana, was also‘mapped by Young (1969) using a similar
.injury'technique. He described the overall layout of the
large cell bodies within the mesothoraCic ganglion, which .
was found.similar’to that of the metathoracic ganglion.

Gregory (1974) working on the mesothoracic ganglion of

Periplaneta americana, made a full ‘anatomical study of the *

ganglion using silver staining and F&ocion yellow, He described
the distribution of cell bodies but most of his work was
~.devoted to the tracts Within the ganglion and he gave .
‘detailed descriptions of them. ‘The Similarity of the’ threejd*

thoraCic ganglia of the cockroach Periplaneta americana was_;]p

'confirmed by Iles (1976) when he mapped ‘the prothoraCic

ganglion using toluidine blue for staining the gangl,ion




- overall‘and the'baCk filling.technidue Of.cobalt chloride
through the ént'ends of the ganglionic'nerves. He showed the
vgroupings:of'cell bodies within the gangiion as well as’ the
axonal pathnays of some individual neutones |

The giant flbres of the ventral nerve cord of Perlplaneta

americana, were studied by degeneration technlque by Hess
(1958, 1960); thls-teohnique was also used by Clark (l976a,b)
in-stninng the morphological'and thSiological properties of

the contralateral dorsal longitudinal motor neurone (CDLM) ‘of

' the metathoracic ganglion of the cricket Teleogryllus

oceanicus. The course of the giant fibres within the ventral

nerve cord of the cookroach Periplaneta americana,.was also
studied by Farley and Milburn (1969) who described their

N branching'inethe terminal ganglion and in the thoracic ganglia;
also Milburn and Bentley (1971) showed that the ramifications

of two giant fibres 1n Perlplaneta americana are different.

oMmicA
K:mps for other invertebrates than 1nsects also have

been'produced~such as those of Aply51a depllans (Hughes and

Tauc, 1962), the'lobster, Homarus americanus -(Otsuka et al.,

1967), and the leech, Hirudopedicinalis (Nicholls and

Baylor 1968).

However; the real and more rellable llnk between structure |
. and function of central neurones has been hmde by using the |
intracellular staining technlque involving suoh dyes as
ProciOn»yellow, e.g. Stretton and Kravitz (1968- 1973) and
,.stalnlng through the cut ends of nerves (Iles and: Mullony

hl97l), and the cobalt chloride technlque (Pltman, Tweedle

'and Cohen,‘l972 1973a,b). These technlques were used in

~many studles that attempted to 1dent1fy the 1nd1v1dual




neurones and their branches; and also neurones in groups.
Bentley (1970) used :rocion yellow and silver nitrate stains
in'producing a map of flight neurones of the mesothoracic

gahglion of the locust, Schistocerca gregaria, and in the

cockroaoh,hperiplaneta americana, the'cell bodies have been

: describedhas groups in relation to the nerves through which
their axons pass, after having been filled'with the wrocion
yellow dye through the cut ends (Iles and Mullony 1971). In
(1972)AIles'reconstructed the fast coxal depressor motoneurone

in the metathoracic ganglion of Periplaneta americana, using

;wfocion-YeilOw; Also a single motoneurone was demonstrated

in the metathoraoic ganglion of Periplaneta americana by

Pitman et_gl.'(l972) wheh they used their‘techhique of cobalt
.cﬁﬁ:nide~staining for the first time. Then followed a o
_number of studies of individual neurones'and their pattern

‘of branchlng, Bentley (1973) studied the fllght motorneurones'

in the postembryonlc development of cricket, Teleogryllus.'

oceahicus. The common-inhibitory neurone of‘the.metathoracic

'ganglion of the 10Custs, Schistocerca'gregaria and .Chortoicetes

termlnlfera was studied morphologlcally by Burrows (1973a)

and the morphology of an elevator and depressor motorneurone

of katHhci unhg of Chorticetes terminifera was also’ studled ,
: by Burrows (1973b) using cobalt - chlorlde The topagraphy
of llmb motoneurones in the metathoracic gangllon of

ASchlstocerca gregaria ¢Na5 also studied by Burrows and Hoyle

' (1973) u51ng Fkoc10n yellow dye, and 1dent1f1catlon of the S
'somata of common 1nh1b1tory motoneurones in the metathorac1c‘-

gangllon of the cookroach Perlplaneta americana was carr;ed )




- out by'cebalt chloride staining techniQue (Pearson and Fourtner
1973) although'there-were no detailed axon branches shown,

Motor and sensory flight neuroms in Chortoicetes terminifera,

and their probable correlation were studied by cobalt
chloride as well (Tyrer and Altman 1974). Detailed_stuﬂy |
of internenronsiof the locust Schistocerca gregaria, were

—

~also presented by Siegler and Burrows (1979). On the other

hand, mefphology of‘identified neurones ef‘other~invert—
ebrates than insects were presented by many workers, e.q.
Aplysia (Winlow, 1975; Winlow and Kandel, 1976) and Lymnaea
stagnalis (Benjamin et al., 1979; Haydon and Winlow, 1981).
Onenof the species which has received less attention is

the cricket, Gryllus bimaculatus. Although the cricket is

a winged insect; its wings are not ﬁSed mainly fot flying,
~but in stridulation, by rubbing them aéalnst eaeh.other,
(Elsner and Popov, 1978). So, it\MB'mf'interest.to investigate
some of:the neurores that innervate some of the flight ‘
,muscles; | _> o |

. The dotsal longitudinal fllght'muscées,Tmnscles no., 112
(Snoagrass, 1929) are indirect flight muscles (Chapman 1969);

m all ingects
‘and are major fllght musclesﬂyhere the up-stroke of the w1ng

movement is produced ﬁa—e%%—tnseetg'by their contractlon
'(Prlngle 1975)," and are not involved in walklng, so the'
arborlzations of their_motor neurones are expected to be'less
“complicated than those of neurones that'innerQate muscles
which are involved in both flylng and walking such as the
dorso—ventral muscles (Wilson 1962). Another interest of theﬁ

cricket preparatien is that the muSgles,wh1Ch are re§p°n51b;e3i




- 8 -
and

' for sound production may'also'be used inifllght#?hich requires
involuement oﬁZhotor pattern generating system which‘must
involve SOme form of_central_switching process, from "flightﬂ
channel to "song" channel and vice¥versa¢'fhis permits,- in
,prlnc1ple, the study of a motor tape selectlon mechanlsm
(Huber, 1962; Bentley and Kutsch, 1966; Hoyle, 1970). :
| On the dorsal side of the thoracic and abdom1na1 ganglla

'of some insects there is a group of cell bodles, group No. 2
d(Flgure .,13 arranged around the dorsal longltudlnal mld-
~ line of ‘the ganglion. The neurones of this gtoup differ from
other neuroneS'in being unpaired and at least some of them
. giuentise to a Single short process which bifurcates'into
symmetrical processes that leave the ganglion through the
lateral ‘nerve trunk on each side, Thls group was flrst

identlfled by Plotnikova (1969) who was working on Locusta

' mlgratorla using methylene blue stain only; .She descrlbed :

them as- polyaxonal neurones with large pear shaped cell
ngyog from length X fread
body X%O 'x 40 to 30 x 25 um located 1n the. dorsal part of the
gahgllon at the exit of the dorsal connective$. She found o
nine neurones with symmetrical axons in.thé metathoracic
gangllon. 'Among them there were no less than'thfee neurones
with axons passing into the second and the thlrd pairs of
lateral nerveSQ She reported that these neurones send theif_
axons to the first, second, and thitd nerve pairs of the o
ganglion; and she suggested,that these neurones have a
regulatory‘function. | |

Crossman'et'al (197la)-Showed‘a‘similar group in the

'cockroach Perlplaneta americana and the locust, Schlstocerca B

'rgregarla They studled it phy51olog1cally in both anlmals




and they:founddthat the group consisted of'eight cell.bodies
.arranged around the dorsal mid-line of the gangllon they
-reported that the locatlon of these cell bodles is sllghtly
variable from one preparation to ‘another; and that they were
electrically excitable giving overshooting action potentials,
Theyvalso reported that two celi bodies in the metathoracic
ganglionlhave bifurcating axons supplyingﬂst(nomenclature of
Pringle 1935) on each side of the ganglion{;and their axons
were thlckest where they passed on the edge of the neuroplle
to the s1de of the gangllon, and were thlnnest near the cell
body and 1ts perlpheral nerve root.

Again Crossman et al, (1971b; 1972) worklng on the same

inSeets reported.that all the eight dorsal unpalred cell
bodies send branches through'all'the ganglionic nerve trunks-
-on both sides of the ganglion including the anterior and
Posterior eonnectives,-hnt with the exception of nerve trunk
N2 (nomenclature of Pringle 1939). This was concluded from
e#perinents using antidromic and orthodfomdc-stimulation
and.recording-therresponse. |

However, they found that the mediodorsal nerve cells

: fas they‘cailed'them) of the locust, Schistocerca gregaria
contributed axons:to nerve trunks 3-5 and .the anterior
.'connectives on both‘sides of the ganglion; but not to nerve
trunkS'l and 2 and the posterior connectives. They were
unable to get the whole neurone stained w1th Procion yellow
and they attributed that to the failure of the dye to diffuset

flnto the flne branches of the neurones.

The dorsal cells were studled also in Schlstocerca
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gregaria by Hoyle et al. (1974), who Ahey'called them the
dorsal unoaired median (DUM) neurones; in their study they

- used a combination of serial sections of llght and electron
‘microscopy, methylene blue vital staining, intracellular and
peripheral extracellular stimulation and recording,as well
as dye'injection. They found 23 neurones on.the dorsal
surface of the metathorac1c ganglion, which ranged from
'25 85 um in average diameter- ‘eleven of them being large cell
bodies (over 45 um diameter) and seven of the latter were

, efferent‘because they had> one or two axons leaving the
ganglion through the nerve trunks, and-since'reflexly—evoked
impulses'travel centrifugally in them. The other four were
probably<interneurones, with one major neurite each in either
the left or the right anterior connective, The smaller |
neurones apbear also to be‘interneurones,'but with no majorvi
neurite leaving the ganglion. Five of the large ones send
their axons to N5 (nomenclature of Campbell 1961) on both
51des and ‘give branches to N4 - The largestrof'them was
| traced to 1ts target, the extensor tihiae<muscles, hence the{d
‘neurone was called:DﬁMETI and its ending in the muscles found
to contain a large‘number of dense core vesicles of unknown

‘ function; but ﬂoyle et al suggested that DUMETI might serve
‘a trophic function, And in (1974) Hoyle found that stimulation

of DUMETI causes partial or complete inhibition of the intrinsic

ﬁfffr” rhythmicity, seen in the intact animal or isolated leg
(Hoyle and O'Shea 1974) of the metathoracic extensor. tibiae

muscle fibres. This DUMETI neurone was shown to have an

' oCtopaminergiC’transmitter.(Hoyle 1975; Hoyle and Barker

1975; Evans and O'Shea 1977, 1978),.
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In the locﬁst Schistocerca gregaria and the grasshopper

Romalea microptera, Hoyle (1978) reported that the whole

cluster of the DUM neurones is variable in regard to total
number;.relative sizeAand location of somata " He reported
~that’ not all the mediodorsal cells are unpalred,belng
phys1cally llnked‘together indirectly by 1nterm1ngllng of
neurjtes and'axonal processes and by sharing'of glial cells.

" ‘Another of the DUM neurones also'gives rise to a
deifurceting}neuritef this neurone supplieé.the'dorsal
longitudinal.flight muscles. (DLM); Bentléyj(i973) in his study
-of the postembryonic development of inséot motor systems
showed thie'heurone in the metathoracic ganglion of the

sixth ihstarfnYmph.of<Te1eogry11ushoceanicus which he had

- filled with'cobaitous chloride through Nli(noﬁenclature of

| Campbell 1961) of.both sides but he ddd'not épecify the
branch through which it goes to the DLM and he found it
dlfflcult to flll 1t with dye in the’ adult stage _The same
cell body,also was noted in the netaﬂrxacn:gangllon of the
hsame aniﬁa;'byvC1ark (1976a,b) but without'details.' HoYle
;(1978) reported.that this neurohe (the'DUMDL).was:looated
_onlyfin hewlyvmouited.iheects up to five”déyS<old in the -
locdst and grasshopper and he sdggested'that'it may
'tdegeherete.'

| | Davis and Alanis (1979) using extraoeilular.stimulationo
and recording'technigUe, fhey showed that the DUMDL 1nnervatesv

the DLM 1n the crlcket Gryllus domestlcus through Nl l

‘.(nomenclature.of Campbell, l961)-but'no stalned preparatronsi..

were shown or intracellular recording.
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'In addition to innerVation by the DUMDL the DLM is
innervated. by another neurone, whose cell‘body lies contra-
laterally oh both_sidgs of thé'metéthofaéic ganglion. Neville
(l963),demon5trated physiologically that:the DLM. is
innervated by four neurones whose céll bodies lie in the
ﬁesbtho#aéic ganglion and a'fifth one with:its cell body in

the metathoracic génglion in the 1ocust'S¢histocerca gregaria.

Guthrié”ﬂl964) followed this neurone to,the1contraléteral
side of the netaﬂunaé#:ganglion, but he thoughtAit innervated
‘the obliqué'déxsal muscle. Bentley (1970) in his map of the
flight motor neurones in the‘mesothofacié éanglion of the

lodust Schistocerca gregafia, reported that he was unable to

excite the DLM by stimulating its cell body, and he
attributed that to the distance of the-éell'body from the
spike initiation zone. Bentley (1973) showed this neurone

stained with cobalt chloride in the cricket Teléogryllus

-oceanicus; and Clark (1976a,b) studied the effect of
separation of the soma from its arbori?atipﬁs in the same
animal. Tyrer and Altman (1974) investigated the flight
'motqr neurones including this neurone ithhe-ﬁesothdracic andv

‘metathoracic ganglion of the locﬁst, Chortoicetes terminifera

and'showéd its morphology using cobalt chloride.
In the present work, a study has been made of the meta-

thoracic'ganglion of the cricket Gryllus bimaculatus, with these

.earlier'investigations in mind, and qoncéntrating on the neurones
' most studied-ih.Other insects by other: authors. The purpose -
of the work was (a) to determine the extent to which neurones’ .

. with similar functions might be grouped together, in view of .



- 13 -

conflicting reports on this point- (b) to see how. far the
.cricket might fit into a constant pattern of central neurone
distribution among insects as a whole; (c) to investigate
how far recording fromiﬁell body might beian indicator of
" that cell s function, and (d) to prov1de some information
for further anatomical and phy51ological studies of this
- insect. |

A major part ofrthe<investigation, therefore, was an
anatomical and histblogical study of the'metathoracic
ganglion and its neurones; and it is thisfthat forms this
first section of the present thesis. -

’The?original intention Was.to carrypout this investigation

on'the~stick.insect, Carausius morosus Br. 'whiCh although

much studied from a variety of v1ewp01nts, had not ‘been
systematically investigated as far as its neuronal content

was concerned (see for examples Wboi,1957 1963; Treherne and
Maddrell, 1967a, b- Huddart and Oates, 1970;_Fin1ayson and .d‘
Orchard, 1977; Fifield and Finlayson, 1978; Cruse{.lQSi;

Cruse and ffluger, 1981) vh considerable amount of-anatomicalv
'and histological work was performed on. this animal before it
was found to be impossible to penetrate the sheath surrounding.
ltS ganglia w1th 1ntrace11u1ar microelectrode (see section II
for details). Thus, - the account that follows.in this chapter.g

; relates to both the stick insect Carausiusnmorosus and the

crlcket Gryllus bimaculatus s it bg”qg hgézggaryffo“subsﬁtutg;'

¥£he '4f€¢r fﬁct &he FOrYneb. x~rin}”:' -

', Na, ke
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I MATERIALS AND METHODS

Maintenance of the insects

(i) Inséctarz":~

_ Thelinsectary was maintained at a temperature of 30
+ C.SOC and 60 # 5% relatiVe‘humidity. Circulation of air was.
maintainea by three large eiectric fans and a slight contiﬂuoﬁs
éif,éxchahge was effected by means1of'an ﬁXbeléir/ventilator.'
A éonstant photopefiod,12'hcu:s light and 12 hours dark,was
‘maintained. | |
Ahimals

(ii) Gryllus bimaculatus :

These were maintained in(bulk'culfufes'supplied with
apple,(lettuce,and.dry animal food. Experiments were performed
mostly-on‘adultAmales at least one week after the final moult,.
forAthefmales areleasier to aissect than‘females,which contain
egg‘masses.‘

(1ii) carausius morosus :

These Wére maintained in large glass and plastic containers
at room temperature (approximately’22°C) and were fed on Ivy.

Histological Methods

(i) Direct observations on the'peripheral'ganglionic nerves

‘These were carried out under a dissection microscope as

foilows:
4 coﬂd

After dissecting the animai and'epréing the nerve
and the-peripheral nerves the disseétion was flooded overall
Qithffog‘alcdhol and left-for'30—60 mihufeé after thch the  :
| nerve cord aﬁd the periphéral‘nerves became white and fairly

visible and could be followed to their muscles.
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On some other occasions, about twenty minutes before
dissection, the specimen which was to be examined was
injected with a solution composed of 50 per cent
0.1 per cent methylene blue and 50 per cent saline solution.

]C,xa/‘u/e,
The spec1mens were f1xed in Bouldi%nd afterwards preserved in

70% alcohol (Campbell 1961) untll examlned

Methods for staln;ng serial sections

(1) Heidenhain's Iron Haematoxylin
| Ganglia were fixed in Bquin's-fixative for 24 hours to
3 days, dehydrated throughAalcohol series;’eleared in Xylene,
embedded in paraffin, serially sectioned'at 10 ym and mounted.
 The sectiens were stained in Heidenhainds haematoxylin
using 4% iron Alum for mordant and dlfferentlatlon. Then
the slldes were dlpped into ammonlated water for 2-5 minutes,
._washed initap water, dehydrated in an'asdending alcohol
series and dipped in alcoholic €08in for Z'minutes before
going‘intb'the'abSOlute alcohol. They‘were cleared in Xylene
* and mounted in DPX. | | |

(1ii) Silver nitrate staining method :

vBest:results were obtained in hoth the stick insect and
the cricket by dsing the Holmes-Blest technique as described
by Strausfeld (1976) and-according to whieh'the foilowing
Steps»were undertaken: |

Freshly disSected ganglia were fixed ih‘Bouin or Carnoys
or AAF'(Formol-acetic acid-ethanol); for-2-12 hours, washed
in 70% alcohol dehydrated and embedded in paraffin.
Paraffln was removed from 10 um sectlons using Xylene, and the"

| secthns.hydrated and then placed 1n'ZQ% silver nitrate

solutiqn'for'zegfhgurs, in the dark
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| _Sections were rlnsed ln distilled water, then lncubated
at 37°C in the following solution: | : B |
27.5_mi M/S horic aoid; 22,5 ml M/20 borax} 1% silwer nitrate,
Srlorml;_z—s ml oyridlne; 250 ml distilled water. Best
‘results were-found to be obtained after incubation for 8
hours.oompared to the original schedule of 10-20 hours
Sectlons were reduced’ w1thout washlng, in a solutlon contalnlng
3 grams hydroqulnone -and 30 grams sodium sulphlte in 300 ml
dlstllled-water, for 3-7 minutes at 55 C. They were washed
in tap water and.rinsed.in distilled water.

. For tOning,bcontrasting and fixation, sections were
treated~as for the Bodian-Power procedure as follows:

: The sectlons were placed in a 1% solutlon of gold chlorlde,
contalnlng I'ml of c1tr1c ac1d or acetlc ac1d/100 ml solutlon,
for 10515 minutes at 25 ¢ in bright light and then rinsed
quiokly in distilled water. Sections were nentvolaced in,a"hi

2% solution of oxalic acid for 10-30 minutes until the sections

o appeared blulsh red (under the mlcroscope), and then rinsed

.very ‘quickly in dlStllled water and fixed in-a 5% solution of ,
sodium thlosuymate (Blest, 1976) for 15 minutes, dehydrated
,and‘mounted.

Methods for'staining'the'ganglion in bulk

(iv)- Toluidihe blue method :

ThlS was. carrled out according to ‘the technlque of Altmanvf
and Bell (1973). The freshly dlssected gangllon was immersed -
in a solutlon of toluidine blue in a solid watch glass for. " :
3_10 -15 mlnutes at .50° C; from the stain, . spe01mens were trans-‘”‘
.»ferred,dlrectly to Bodian's No. 2 flxatlve (Bodlan 1937), . wh1ch

acts as a differentiator as well as a fixative; it was changed. .
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‘ eVefy minute -for the first five minutes, until it remained
almos£ colourlees.  At.this stage the ganglia appear dark
blﬁe with a metallic sheen. Differentiation was eontinued-
until cell bodies were clearly visible uﬁdef“a dissecting
mierosc0pe and the nerve roots and neurepiielarees were almost
‘white.‘ As a little stain is lost duringvdehydration, diff-
‘erentiation is stopped just before the desired appearance is
reached;"The ganglia were-dehydrafed in 90% ethanol and two
chandes of absolute ethanol, and the ganglia then were |
cleared in'ﬁethyl benzoate according.to'the~methed_of Pantin
(1946) . |
The Spec1mens were examined either 1mmersed in methyl

benzoate in a cavity slide, or mounted 1n<DRx and exam1ned~

after drying.

f(v) Cebalt chloride soiution for staining-hhole mount -

In view_of the'ease.with which indiVidﬁal neurons seem‘
to:stain with cobalt chleride, it was decided to see if this'
subStance'could'be used for staining gang@ia in-bulk.

‘The,freshly diseected ganglion was immersed in a
diluted eelutiOn of CoCl2 (50 mM) for 1—5:minutes; Ehen in
: a 2%'(v/v) eolution of ammonium sulphidefto precipitate.the
cebalt; for 5 minufes; then fixed in alcehelic Bouin'e{“ahVQJ.
dehydrated, cleared in methyl benzoate and e%amined as a
~whole mount. All?steés wefe carried out at room temperature54

Although*the method was not always cempletely successfeil'
because it proved easy both to overstain or understaln £hé**f’
ganglla, it was a useful method for demonstratlng the general

distribution of cell bodies, and had the great advantage of




- 18 -

speed. Figures 1.lILJ“173‘showltwo of these preparations,

(vi) 'Cobalt chloride method for staining individual

neuronfs through cut ends of their nerve trunks:

This. staining technique has been used according to the

procedure described by-Pitman et al, (1972 1973b) .

_ A range. of dlfferent concentratlons of CoCl2 was tried.
Good fillings were obtalned by using 10% (w/v) through
'relatively“short~nerves; but as the'nervesiget 1onger and
thinnerhdilntion iS'needed down to 1—2%-(approx1mately 50-
100 mM)  CoCl, solution. The required weight of CoC12 salt'was
weighed and“dissoived in the corresponding volume of - ‘
dietilled mater; or 50% insect saline if the preparation was
intended'to be left overnight, for this was found to give
better_resnlts, brobably by keeping the cut end in good
condition for a lonéer time.

“-The<apparatus used for filling was Of-tmo types;

As can be seen in Figure ld. one-type (Fig.l.lA) is
for'single’filling, similar to that described by Iles and
Mulloney (1971) and which consisted of a‘;erspexfbath with two
chambers joinedfby a narrow channel, thatmallows a nerve
trunk to pass through In some baths, the'two chambers were
:301ned by up to three narrow channels, soO three preparations o
can be fllled in the same bath. |

The other type of bath is for double fllllng, and con-
sisted of three chambers (Flg. l]B) the middle of which is
narrow only around 2 mm in w1dth to. accommodate the gangllon,ﬂ
and is jOlned to another blgger chamber on each side . by ;Lefﬁ

a narrow channel, so enabling each nerve of the same pair

to be put through a channel in the'gQEISSEOEQing side of ‘the "~




~ Figure 1.1

A drawing of the apparatus.used for Baék—filling
with COCLQ solution. (A) is é-double chamber bath
consistinq of two chambers A‘and B jbined by narrow
channels (érrows) through which a nerve trunk can pass.
This kind of bath was used for single fillings (unilateral
fillings) and up to three preparations can be made A& the

saﬁe_time.‘_(B) is a triple chamber bath7 €he middle chamber

- being narrow to acéommodéte the ganglionAand joihed to another

bigger chamber on either side, A and B, by‘harrow channels
(arrows) for the passage of a pair nerves, one on each side
of the ganglion. Chaﬁbers C and D are éxtentions'to the
nérro& chamber to ease adding or sucking solution. This

kind of bath was used for double fillings (bilateral

fillings).




(A)

(B) A




middle chamber.

(vii) Preparing the ganglion for back#filling :

The animal was 1a1d in a waxed bottom petrl dish in the
natural p051t10n (the dorsal side was uppermost) and fixed by
| small_pleces of plasticine put around 1t3~1egs;tthe_w1ngs
and tergumlWere removed (inzgase of Gry1ius)}theh a long-
itudinal cut was made along the dorsal midline of the bod{
starting from the posterior-end of the abdomen right
through to the'necki the two flaps of thefbody were pinned-
down. - The vjscera, fat bodies and connectiVe-tissues were
remoVed; the arms of the mesofurca and metafurca were‘cut to
,free the nerves that lie beneath them and the muscles that
cover the thorac1c ganglia were also cut and removed untll
.the ganglla and their nerves were qu;te‘v1slblefA This
‘di9section‘was'Carried out carefully under,a‘dissecting‘
binocular-microecope.' Therpreparation wae moistened with
' Flelden s g&zg?) insect sallne in case of Gryllus and with.

- Wood's (l957d in/case of Carausius from tlme to time durlng
the.d;ssectlng‘process to prevent dryness,

| Motor nerves were followed to the muscle they innervatedi
and cut close to it; other nerves issuing from or.running to
.the ganglion were cut [;4\._ : cioee to:itj then the branches
of the nerve of ihterest were cut at abmk1»5¥4bzﬁ length and'__
.the nerve was then dealt with as mentioned later.

The anterior connectlves were cut between the mesothorac1c“ﬂ
and the metathorac1c ganglia when neurones in the metathorac1c'7
ganglion only were to_be filled; but-when‘fllllng through Nlj'i
was carried out the prothoracid/mesothoracic connectivea werel

cut and in some cases the three thoracic ganglia were left:
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intaCt; the posterior connectives'weredcut a little further
behind the first abdominal ganglion. The trachea;were‘cdt
as distal_as.possible from the ganglion;:and the ganglicn
h(cr ganglia) was finally~lifted and tranSferred to the £filling
bath.

When a filling of a single nerve waé'to be made, the
preparatlon was transferred to a double chamber bath and the
gangllon was put in one of the two chambers, contalnlng
saline solutlon, close to the narrow'channelr A llttle-
'_ﬁVaseline" (petroleum jelly) was usually placed‘beneath the

gangllcnﬁto help to stabilize it aéainst:the motion of the
saline solution; the nerve to be filled was led through the
‘narrow channel to the second chamber which?also contains
saline\selutibn as well to keep the nerVe!moistened; the
‘narrOW'channel was then sealed carefullyiwith,JVaseline",
thus leaving the ganglion in one chamber_and lts nerve in
the.other} If the nerve‘had more than bne'branch emerging' '
from its‘trpnk, as is the situation in Nip.(Fig.lIB); all
the endsAOfcthe branches, except that to behinVestigated,
werefcarefully<sealed with small,amounts;ofaﬁvaseline" using
fine fcrceps.underva dissecting microscobe; AWhen the nerve
was ready'ror filliné, the saline in the‘chamber was sucked
off and replaced 1mmed1ately with the cobalt solution, and
‘the whole bath was put 1nto a small plastic box with a lld
contalnlng a moistened filter paper to prevent evaporatlon
of the sallne and cobalt solution. . The cobalt solution was
ballowed tovdlffuse through the nerve.tq f£ill neurones with L
axons in that‘nerve. The diffusion time was_lO—24 hours and'

was kept at room temperature (18-22°C) following Tyrer and : -
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Altman'(1974) and Goodman (1974) | At rirst preparations were
kept in a cold room at 4 C follow1ng Iles (1976), but it was
found that thlS merely causes the nerve to take a 1onger time
to f;ll and permits less dlfqulOn, and this procedure was
therefore abandoned. Also the’effect of passing small amounts
of current was tried according to- the method_used by Iles
and Mﬁlloney’(iQ?l),originally for procion yello&, but reversing
‘the directioh of current. by making the COélé pool positive..
This latter procedure was found unhecessary as it was by
Tyrer and Altman (1974) and Iles (1976).

’ Wheh a filling of a pair of nerves (double filling)
was to be:made; the nerves of interest were followed to their
muscleS'oh’either side of the ganglion and cut close to |
them. The unwanted nerves and the anterior and posterior
connectives‘were;cut as previously described for the single
‘ fiiling: The ganglion was llfted and placed in the narrow
middle chamber of a triple chamber bath G&g 1.1B); each nerve of
':the'twopnerves of~1nterest on either 31de of the ganglion »
was treated in the way described for the -ein.gle filling; and
'each‘of them was led through the'ccrresponding narrow channel
to the ipsilateral»chamber that contains chlz solution, and
the process was completed as described abo&e. |

(viii) Developing and processing :

‘After the period of diffusion was over, the precipitation,
cf the cobalt -that had diffused into the éanglion was under-
taken by 1mnmr31ng the fllled ganglion in a freshly prepared-'
2% solutlon of ‘ammonium sulphlde in the suitable insect

saline (Fielden's 1960; Wcod s 1957) for 5-10 minutes; then
. e l
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the ganglion was briefly washed in insect saline and fixed

following'Pitman et al. (1973b) or in Carnoy's fixative, or-

’

. ¢
in alcohollc Bouin¥/, Most of the work was carried out using
ﬂkdwl

alcohollc ‘Bouirfyf.for 1t was found that thlS gives better

tissue preservatlon.l This is also in accordance with
previous work. Tyrer and Altman (1974) found that Carnoy's:
fixativefcauses.some distortion, and'Bacon'and Altman (1977)
found that an aldehyde fixatige may cause problems during the
intensifiCation'process, for aldehydes reduce silver nitrate,
causing too much precipitation outside the ganglion.

| Specimens were then dehydrated in a series of ethanol
andhcleared in methyl benzoate, and examined‘as'a'whole
mount;in‘a cavity ‘slide in methyl benzoate;r After heing
photographed or drawn, the ganglion. was intensified following
the method of Bacon -and Altman (1977) andt -examined again.

(ix) Intensification of the Cobalt dye L

The ganglion (or ganglia) was brought through a descendlng
alcohol series to distilled water. »

:intensification was carried out in the dark in an oven
maintained at 50°C., All solutions, exceptfsilver nitrate,
and all glassware were brought to oven temperature'to ensure
- constant temperature and rate of reaction.' The ganglion
was - transferred to warm distilled water in the oven for 5
mlnutes before being pre-soaked for one hOur in warm developer
vbase solution (3 grams of gum acac1a, 0. 8 gram of c1tr1c ac1d
0.17 gram of hydroqulnone and 10 grams of sucrose in 100 ml. )
dlstllled water). The constituents were added toAthe water.uﬁ'
atZSOOC and‘electrically stirred until all were dissolved.

The ganglion was then transferred to freshly made up - .
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4developer.solﬁfienecontaining iO parts develoPer-baee to
1 part ‘1% silver'nitrate}.for twenty to tﬁirty minutes, washed
weil"in'warm Water,‘andeleft toecool. It wes then dehydrated
and clearea,‘examined as a whole meunt,'ahd photographed
or drawn. After being washed well in absolute alcohol, it
waS~embedded in paraffin ‘and sectioned at .10 um, the eectiens
beihg mquhted in DPX. |

in some cases the ganglion-was Qver—intensified-over
prolonged periods to reveal the fine processes. It was then
found that the nerves and the gaﬁglion were too dark} In’
such ‘cases, the preparation was de—stained'to the required
degree by.treating'if under observation Qith a bihocu1ar
microscope using Farmer's reducer:

A, petassium,ferrieyanide 7.5 gm; Qater 1000 c.c.

B. -sodium thiosulphate 200 gm; water 1000 c.c.

(equal quahtities of A and B miked‘just before use) .

(x) Staining with Procion Vellow :

‘,At the beginning of thie histblogicalfﬁork, I-used‘”
Procion Yellpw dye according to tﬁe method of Ilés and
.Mulieney'(197l) and Mulloney (1973), in which the dye was
_aliowed_tewdifque through the cut ends of the nerves, but
'unsétisfactory results were obtained,:probebly because the
neufoﬁal pathWays-in insects afe too narrow for the dye to
diffuse proberly. So thereafter'phe dye was'used for intra-
celluler staining by an iontophoretic method (Stretton and;
Krav1tz 1968). B | “

A stock of the powdered dye was thorOLghly washed 1n
' acetone to remove contamlnants soluble in acetone (the dye

'1tself belng 1nsoluble in acetone),'thgn it was filtered
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The required weight was weighed out and dissolved in
distilled water to make a 4% (w/v) solution off)rocion,yellow.

(xi) Electrophoretic intracellular dye inlection :

Attempts ‘have been made to stain’ neurones indiv1dually
through electrophoretic intracellular staining technique
with Procion Yellow, M4RS (Stretton andAKrav1tz, 1968;
1973) and Cobaltous chloride, CoClz.GHZO,{(Pitman et al,
1972;1973) . o |
-Glasshicroelectrodes were pulled from 2 mm diameter
glass tubing with capillary insert, on a horizontal puller
(Palmer). The microelectrodes had a DC resistance of 40-60 MQ
.when filled with the dye solution (1-2% Coélz_Or 4% Procion
yellow, bothgw/v in distilled water). ' The glass micro- -
electrodes were filled witn the dye solution‘through a
hypodermic needle after pa551ng the dye through a 0.22 um
pore filter.~ A stock of dye-filled m1croelectrodes was
'lprepared;'and stored in a suitable covered plastic container’
containing noistened filterlpaper to preventlevaporation of the
‘dye solution and kept in aArefrigeratorr The cell body of |
: 1nterest was’ detected intracellularly, then the dye was
electrOphoretically injected by passing pulses of negatively
charged (infﬁase of . f . .Procion yellow) constant current
-‘(lSAnA 1n(500 m sec. pulses repeated everyvsecond) deliVered_~
from a stimulator for 30-60 minutes (description of the
electrical system'used will be given in_chapter two). On
_somerccaSions a~continuous current of thensame strength was

used with Procion-yellow in particular. When cobalt chloride -

was injected, the same pulses of current were used but with

reversed charge. After the dye was injected, it was allowed
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to diffuse at room temperature for about 8 hours; on some
occasions it was allowed to stay in a'cold'room.(ééC) for
'24'hoﬁfs. Eixation and post treatment of ganglia injected
with Cociz was carried out»as previously described:for back-
fillingAthrough cﬁtlends cf nerve‘tranks.' Gangliahinjected
With Procion yellow!were fixed in Glutaraldehyde/formaldehyde
: 'pH4;O (stretton and'Kravitz, 1973), dehyd:ated in alcohol
series, cleared in methyl benzoate and viewed under a Zeiss
'micfoscope using colour filter. After being examined as a
“whole mount and photographed or drawh, the ganclicn-(or
ganglia)'was washed thoroughly in absolute alcchol,‘embedded
in paraffin, sectioned at 10 hm, mounted in fluoromount and
examlned as serlal sections.

B, METHOD OF: PRODUCING A GEOGRAPHICAL MAP

OF THE CELL BODY DISTRIBUTION WITHIN

THE METATHORACIC GANGLION :

This was prepafed by reconstruction~of serial‘sections.'b
of the'gahglia.stained by one of the two'staihihg methods
for staining.serial sections mentioned above; though the .
sil&er'nitrate'stained sections were found more reliable
and were more extensively used in the reconstruction.

(1) Drawing¥of.the serial sections :

Serial sectlons of the gangllon were drawn using,
pr1nc1pally, the methods of reconstructlon of Pusey  (1939) and
" Pantin (1946). In this method, the stained sections were
' drawn, each oh ‘a separate paper sheet using'a cahera
'luc1da or by projectihg them from a Zelss mlcroprOJector
onto a whlte sheet of paper whlch was attached to a board .

at a‘su;table fixed dlstance from the mlcrOprOJector The -

']position of the first paper sheet on the board was marked by
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means of;a penéi1 at itsiber cornérs'and‘each successive
sheet bf“péper was fastened'in the.sémé"positibn. The outline
of each section was dféwn'first,.then the'butline»of"each
cell'body, Eéch drawing was given a coae number to denote
:(a) its position'in the séries, (b) thé pdsition of the
-secfién 6n-thé slide; (c)‘the position of:the slide among

all the slides, D |

(ii) Reconstruction of the map from the drawings :

‘After éll the serial sections of a_ganglionlwere
drawn-ih‘the way-mehtioned<above7the reconstruction of a
géoéraphical map of the distributionlbf cé;l'bodies within
,thé gahglion was.undertaken as'follows: _

L ﬂ bA grid was ruled on a previously;pfepared outline of om
‘{ t.'xg"an.c_;.lio:n (Fig.lmﬁA); the transverée diviSions of the gfid
'cqrresponded in number with the number of’serial sections df :
_the'génglion, SO every tranéverse'divisién represents one
section,’ The longitudinal divisions ;eprésént another grid
drawn on the drawing of the section (fig;]¢2BL Using these
grids, the outlines of the cell bodies for éach serial
sectioﬁ were transferred to the ganglioﬁié oﬁtliﬂe. In this
way, a map was produced showing the distribution of the cell.
bbodie$ througﬁoutAtﬁe ganglion. 'Dorsallénd'ventral‘maps |

" .were produced in each case. Although'thiégmethod does not
‘give a three-dimensional picture of the distribution of the
~cell bodies, it gives 3 - reliable jdea of their

‘peripheral distribution.



.Figure 1.2

A drawipg showing the feconstruction process. (A) a
grid was ruled on an outline of theAganglién. The transverse
4divisiohs'correspond with the actual number of séctions of
the'gangliop to be reconstructed. The longitudinal divisions
on the outlihe of the ganglion correspond with a similar
number of divisions on the drawing of each section.

(B) A drawing of a transverse section with the longitudinal
divisions. M, the m%d—line between the-two lateral halves.

H, a horizontal line)between the dorsal and ventral halves

of the ganglion.
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o (iii) Reconstructlon of 1nd1v1dual neurones

Serial sections of ganglia contalned 1nd1v1dual stalned
neurones or a group of neurones_stalned through a particular
nerve trunk with back-filling technique were drawn separately

using a camera lucida; then reconstruction of them was

" undertaken. w‘kg,{&gr: Psgg,ble the drawings :were- Superimpoged on
“peach other on one paper sheet .. ' -

'Problems and dlfflculties ﬁ

' Detalled plctures of ind1v1dua1 neurones ‘were obtalned
from preparations in which the neurones were fllled with
cobalt chloride solution that finally precipitated as cobalt
sulphide; or filled intracellularly with the dye Procion
-.yellow>thr0ugh'a'microelectrode;-or through;the cut end of}the
' nerve tronk through which the neurone'of lnterest sends its'
axon. - However, injectioh of cobalt_chloride solution into
the.cell‘body'electrophoretically was fOund diffiCult and ’
‘succees using this method was limited*» ThlS dlfflculty could
have orlglnated from the tendency of cobalt chlorlde
solutlon to coagulate with some of the contents of the cytOplaém
K with.thc result that the microelectrode'became blocked. The
solution itself was always filtered before £illing the micro-
electrode to make sure that it was free from any solid
contaminants. Varying concentrations of solution were'firstr'
tried'and.both types of current, continuousdand pulsed, with -
fdlfferent strength and duratlons, but the problem remained |
' that the microelectrode- became blocked after a- few mlnutes
from the start of applying the current. ‘This is why ‘cobalt . .
stainihg was carried out largely by'hack-filling techhiqoe} :'~

But parallel with back-filling, I continued to try electro=
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phoretic injection of cobalt. Eventually,-it was decided to
investigate whether the saline vehicle used in the micro-
electrode itself might be causing precipitation in the tip
of the electrode, and by varying the comp051t10n of the
saline, it was found that by elimination of the phosphate,
carbonate, and bicarbonate from the saline sdlution,
acceptable electrophoretic injection of cobalt could be
obtalned;A It was concluded that the dlfficulty encountered
had been due to prec1p1tation of‘cobalt as ‘a complex (or
complexes)iof the above-mentioned chemical groups in'the tip
of'the'microelectrode under the influence of the electric
current. o

'-"Similar problems were encountered with ‘the Procien yellow
'on some occa51ons, but this was overcome by washing the dye |
powder with acetone prior to preparing the dye solution (see
‘earlier in- this chapter). However, although the 1njection of
| Proc10n yellow electrophoretically was found much easier
than that of _” cobalt chloride, 1ts diffu51on was confined
-to the'main large branches of the neurone, and it was |
impossible to resolve the fine branches by;its use, a dis-'f
adwantage that cobalt chloride solution does not poses5$
However, Procion yellow was used as a cell’marher on some
occasions. |

‘Another'major problem encountered was the resistance

of thefneural sheath surroundingAthe'oanglion,eSpecially in ; ~,'
.the'stick insect. It was necessary to penetrate the neuralhgn;'
.i'sheath first in order to impale the neuronal cell bodies ';l
beneath, but the electrode invariably broke or bent rather ';

" than pass through the sheath, . Attempts were made to overcomet.




the probiem as follows:
(i)'-By using' - softening enzyhes such as proteases (sigma
__type‘III)~and collagehase (Sigma type Ii)} to soften the
neural'éheath.“Although‘this method worked -on a few'occasions;
. it was found'that such substahces not~only oeused softening
of'the'neﬁral_sheath, but also produced a’rapid decline in
the physiological state of the neurones beheath. With use
of Suoh'reegents,‘resting and action pOtehtiale-declined
'rapidly.; Different durations of application and different
| concentrations were used in an:attempt'to avoid this
neuronal decline, but without.success, Téﬂe'ldLshows the
different concentrations and durations trred.
Apart from this, although the use of the enzyme did

result in the softening of the sheath, the latter became
sticky and rubbery and it was found to block the micro-
electrbdes. | |
(2) An alternative approach was to use a platform—llke
- device s1m11ar to that described by Hoyle:and Burrows (1973)
-This device wasvused to avoid: the use ofyw“zenzyme to ease
. impaling the'neurel sheath., It provided a solid support
from underheath the ganglionyand by lifting the ganglion
l'éently,'by the micromanipulator to which the'device was
attached, it caused the sheath to be stretched so it becameh_
somewhat easier to be penetrated. Therepﬁas'no evidence
‘that this stretching caused damage to the neurones. This

method requlred the use of mlcroelectrodes with fine, short S

tlpS, produced by adjustlng the puller heat




TABLE 1.1

Concentration :
$ (weight in gm/v) 0.3 . ’

Time after which the :
effect on sheath starts 8§ - 20 6 - 15 3 -8
(min) :

The'efféct of protease and collagenase on the ganglionic
sheath. On some occasions, the enzyme was sprinkled

directly on the sheath and left for 5 - 10 minutes.
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However, neither method of dealin§ with the neural.sheath
helﬁed in impaling the neuréllsheath.oﬁ thg stick insect.
This proved fa; too tdughlto impale withbut enzyme treatment,
Yet enzyme treatment'prdduced a highly sticky sheath that
cénsistently blocked the microelectrode. . It was for this
reason that a switch.had to be made to tﬁé cricket and much
ofvthé histological work already done.on the stick insect had.

to be repeated on the cricket.




Ju' © ".III: ‘RESULTS

A. GENERAL OBSERVATION.ON THE METATHORACIC GANGLION OF THE

STICK 'INSECT AND DISTRIBUTION OF CELL BODIES WITHIN IT.

The shape of the netathoracic.ganglion of Carausius
_morosus appears somewhat spherical and it is not distingukshed
from the other thoracic genglia by a unique ehape as is the
-metathoracic'ganglion of the cricket. Internally, the
neurOpiler mase occupies most of the ganglion and the cell
bodiee.forn an interrupted rind around it (Figure‘l.3).
However, theAnumber of cell bodies, in general appeared
much 1ess than in the cricket where- the number of the cell
bodies whose diameter was 20 um or larger was foun%;;j' and
estimation of cell bodies whose diameter was less than 20 um
was ‘found’ Eo be*A'Elfo e " The 51ze (diameter) of the
cell bodies does not exceed 50 um, |

The.groupings of cell bodies in the dorsal region of.the
ganglion- look similar to those of the cricket; but in the
ventral region: there are two extra emall groups of cell.
‘bodies which can he recogniéed and were~designated No. 4.
Anélogous .7 :.groupst No. 4 were not detected in the
ventral region of the metathora01c ganglion of the cricket.
Table 1.2 and Figures 1.4,.1.5 show the distribution of the
cell~bodies within ranges of sizes. It can be seen that the:
pattern of the whole ganglion is s1m11arvioit;..
Wlth the exception of groups 2 and group 4 Also Figure 1.6
shows the reconstructed maps of cell body~groupings on the
dorsal end ventral ‘regions of the ganglion. Back-filling

' through the perlpheral nerves of the ganglion revealed . a

rather small'number of cell bodles,'31, on the ventral region

which were filled mestly through the nerve that innervates



Figure 1.3

Three cross sections of fhé metathora&ic ganglion of
the stick insect. (A) and (B) are silver stained. (C) is
Haématoxylinw~s£ained. In éll three sectidns the neuropile
is occupying most of the ganglion awngd tﬁe cell bodieg vEnJ
is iﬁterrupted and,"Sh(1Hb¢¢ . Group 4-is shown in (C)

(aerws), Group No. 2 (dorsal) is also shown in (C) ; (arnné> P

Calibration : Bar represents 100 um.







TABLE

1.2

" Cell body

Group 4v

Group 1v Group 1d Group 2v Group 2d Group 3v Group 3d
diameter
um m S.D m S.D. m S.D m S.D m S.D m S.D m S.D.
20 - 30 19 | 3.2 |10 |1.4 - - - - 12 | 1.7 g8 1.7 3 0
31 - 40 8 1.4 4 0.8 1 0 2 0 6 0.8 4 0.8 4 0.8
41 - 50 2 0 - - 3 0.6 6 0.6 2 0 - - - -

Distribution of cell bodies over 20
ganglion of the stick insect.

d = dorsal

m = mean

ventral

v

S.D.

standard deviation

(Figures from 5 ganglia).,

um diameter in the different groups of the metathoracic




Figure 1.4

Histograms showing the distribution of-cell bodies of
thebmetathoracic ganglion of»the stick insect within ranges
of cell sizes. It can be Seen that the pattern of distri-
bution is similar in groups one and three of'both dorsal and
ventral regions, i.e. the number of celi bodies decreases
as the size increases. In groups.2 and 4 which contain much
less cell bodies, the number of the large cell bodies is
Yreaferthan that of the smaller ones,

St. = stick insect.
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Figure 1.5

'Hisfograms of the distribution of cell bodies within the
ganglion as a whole. It can be seen that the pattérn.of
diStribution within ranges of sizes is,similaf in both ‘the
dorsai and Ventral regioné of the Qanglion; though the number
of cell bodies on the dorsal region is greater than = in
the Ventral'regionr, | |

St._i stick insect.
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Figure 1.6

Reconstructed maps showing the geographical dist:i-
butions of cell bodies within the metathéracic ganglion of
the stick inséct.(A)Arepresents'a dorsal view and (B)
represents a ventral view. It can be seeﬁ that the cell
bodies are found more in the ventral region than in
the dorsal region. The‘groups were éiveh numbers (see text)
AC, anterior connectives. Pc; posteriorICOnﬁéctives.

LN, the hind leg nerve.

Figure 1.7

A dfawing of efferent cell bodies that were back-filled
through peripheral nerves of the metathoracic ganglion. All
the stained celi bodies are ventral and = mostly belong
to N5 (the hind leg nerve) and N4, Most of the filled
cell bodies belong to group 1lv (Qentral). It can be seen

that N5 contributes neurones to all the ventral groups.

(ventral view). (Bi@erewb q7oops of neorones Shown

on Qaﬁk
Side).

~
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the hind leg (Figure 1.7). No cell bodies were filled on the
dors.ai'région.' Attempts have been made to back-fill through
nerve 1 té see if any of the dorsal unpaﬂ‘ir‘ed‘medi'an (DUM)
neurones, group 2, couid be stained but none was found to be
f£illed of this group, whos"e»numbeerf ce‘l:l‘bOdlie's is eight
-only‘(Figure‘l;B). ‘ |

)




Figure 1.8

A photograph of the metathoracic ganglion (dorsal view)
of the stick insect stained with toluidene blue. The most

obvious group is group 24 (2 dorsal, arrow) (DUM Ceﬂ%) .

Calibration : 200um,
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B. GENERAL OBSERVATIONS ON THE METATHORACIC GANGLION OF THE
_CRICKET.
The métathoracic_ganglion'of-the'criéket,-GryllUs

' bimaculatus, is heart-shaped (Figure 1.9), resembling the

correspondihg gangiion of the locust; this peculiar.shape,
- which‘reSults from the fusion betwéen thelthird:thoracid
ganglion and some of the.abdominal'ganglia during'ihe early
stages of development (Johannsen and Butf,f194l)( gives it
a distindtive appearance compared with the‘other thoracic
gangiia;‘ |
The ganglion is connected anteriorly to the mesothoracic

ganglion via the anterior connectives (Figuré 1.9) and |
pbsteriérly to the first abdominal ganglion, via the
lpoSteridn c¢nnectives whicﬁ are fhinner thén the éhterior
ones. As in the whole CNS and peripheraifnerves.of the
insegt;fthe metathoracic ganglion is well protected by a
neural sheath. | | |

' The supply of oxygen to the gangiion-is éghiéved £hrodgh'fv
smalllﬁracheaé;,which originate from a sinéle trachea on N
each side that branches from the middle_of'£he large tracheal
trunkv(Burrows; 1980);

(1) The peripheral nerves :

Five»main pairs'of hefve trunks emefgé from ﬁhe gangiion-
én'both sides. Although the proximal‘part of the first |
'vne?ve Qf the cricket is different from that of the locust,
' Campbe;i'svnomenélature (l961)}has been adapted to cficketsA
' _bY‘a variéty of_aufhors , €.9. Clark'(1956a, b) gnd DayiS"

and'Alanis:(l979f proximal to the ganglion; the distél part'{;;_,




Figure 1.9

A drawing showing a dorsal view of the metathoracic
ganglion (Mt) and the mesothoracic ganglion (Ms) of Gryllus

bimaculatus. Peripheral nerves are shown. The topography

of N1 is shown to the dorsal longitudinal flight muscle

(DLM) .
An, anterior; Rn, recurrent nerve; Ps,Aposterior. Bar
represents 100 um, Gor ofher Gbbreviations, see reh{(t.

Figure 1,10 -

(A) A dorsal view of the metathoracic ganglion of
Gryllus showing the position of some of the through-tracts.
(B) The positions of the same through-tracts are shown

in a cross-section. Bar represents 100 um,
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of N, conformg: . to that of the locust. In Locusta, the
topography ‘of Nl is different in that it originates from the
ganglion (as in many other insects) as one ‘branch only.

(ii) The pattern of branching of Nl:-

‘Preliminary inveétigainn was carried out to follow the
branches of N1 to the dorsal longitudinal flight muscles
using methylene blue and 70% alcohoi; i;‘Shdwed thét the

pattern. of N1 branching of -Gryllus bimac@latus; is similar

to the paftern‘of N, of Gryllus domesticus.described by

Davis and Alanis (1979).
Unlike'some other orthopteran insects (such as the

1ocﬁsts),'£he first nerve (Nl) of the metathoracic ganglion

“»of Gryllus bimaculatus, originates as-two séparate branches

on eaCh.sidé of the ganglion (Figure 1.9)5 they are Nla which-

is smaller and more anterior, and Nlb which is more latero-

ventral in joining the ganglion, Nia is joined by the

' recurrent nerve (N6)'of the mesothoracic gahglion to form a

joint nerve, which in turn is joined by Nlb:forming the main
compound trunk, that is N1 itself (Figurefl.9). This compound.

nerve, Nl; }atgrf.splits into two branches;:.NlC and NlD' NlC

runs to the sensory receptors on the anterior base of the

metawing (Altman et al., 1978; Davis and Alanis 1979). N,

divides into N,D; and N,D,. N;D, runs to Fhe stretch
receptors on the posterior base of the wing. NlDl divides
into three branches: NlDlA innervates the dorsal longitudinal -

flight muscle; N,D,B innervates a small dorsal oblique flight

muscle‘(almost_an oblique segment'of the dorsal longitudinal

flight mUScle} Guthrie 1964), extending from the lateral
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post-notum to a posterior lateral attachment on. the scutum;’
NlDleinnervétes the integument of the posteriof_lateral

surfade of the scutum, . .

(iii) Salient:structures Qithin the ganglion :

Like Other centfa1 ganglia df other iﬁsects, most of the
metathoracié ganglion is occupied by a complex fibroué'mass, '
the neuropile. It is in this area of the génglion that contécts
between the different neural eleménts take place (Smith,‘1967;'
Hﬁber,'1974). .Howeﬁer, some of the fibres that pass through
thé ganglion or terminate in if collect together ﬁo forﬁ
distinct bundles of fibres that could be recognized. These
" are called "through tracts'by Tyrer and Altman (1974 and are
regarded as.land'marksvwithin the ganglion; oniy the most
'deious*Qnes‘ére mentionedﬁhere. |

Foﬁr pairs of longitudinal through-traqtsican be dist-
inguished in boﬁh left and right halves of thé ganglion,
and they have been designated_ij b, S) and é_(Figures 1L10A,BX:_;
These tract$ can be distinguishéd in haematoxylin and siiver_
.stainedapreparations as well as cobalt chloride preparaﬁions,

. From the cobalt chloride preparations it éah_be seen that
some fibeé of these tracts give off some branches into the
ipsilateral half of the ganglion, and on some,occasions
‘ brénches-to the contralateral half were also given off
(Figure 1,11). |

| Figures 1.lOA,B show the arrangement of thesg tracts in’ .
thch £td¢tl§;liesAdorSally in the ganglion} it extends from:
va fapefiné pbint at the hid-ddrSal iine'df the ganglion to -

a furthér léteral point at which it becomes thicker and

extends more lateral to tracts'b and ¢. Tractsb lie . in the '~




Figure 1.11

Photogfaphs of whole mounts of the mgtathoracic ganglion
0f Gryllus. (A) Back-filling through the anterior connectives
showing bundles of fibres (through tracts)..

(B) 'Back—filling through one anterior connective showing
branches given off in the ipsilateral half cf the ganglion.'

(C) On some occasiors a few branches cross the middle
~of the ganglion'td thg qontraggeral half (arrows). (D) and
(E) show some of the'giant fibres that pass through the

ganglion, 

1

_Calibration : (A) (B) (C) 100 um; (D) (E) 50 um.
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upper doréal half of the'ganglibniclose £6 the longitudinal
mid-line of the ganglion and are less thiék‘j‘fhan,tracﬁs_g.
Tracts.é;liék almost centrally and they éfe:'  closer to
each other thén tracts b. fTracté d lie laééfal to tracté
.EJ b, and ¢ and almost .’ level with tracts g:.

Other small diamefer‘tracts, 1ongituainal, transverse,
'(commissures),'cifculér.and_oblique aé weilAas the nérve roots
(e.g. Figure 1.12) can be seen, but thosé ﬁentioned above
~are the most obvious and presumably'thé mcsf important in
terms Of'thé.number of neurones they invqive. |

_(iv) -Géneral distribution of cell bodies in the metathoracic

gaﬁglion of the cricket :

'Recbnstruction of seriai sections of the metathoracic :
ganglion,'stained~with silver nitréte Or'iroh haematoxylin';;
provided a general; fairly reliable picture of the cell body_v
- diStributibnvwithin'the ganglion as geograpﬁica1 groups.

This picture was confirmed with whole-mouht staining techniques
with toluidine blue and cobal£ chloride,-(seé Materials and'
“Methods Sectibn).. |

" It was found that the cell bodies were distributed
peripheraliy in the cortex of the ganglioﬁ'in a bilaterally
symmetrical way with the exception of the dorsal and
ventral median groups, group No. 2, immediately under the
neural sheath aﬁd around the neuropile, -They are more
numerous in some areas and less in others; béing ﬁore con-
céntrated'in the anterior and posteriorbparts of the
E génglién'whereas a few are found in the middle areas, whigh;x
are almost‘éﬁtire1y occupied by'the neuropiie’(FigureAi,lg); o

Also they are much more numerous in the ventral region




~ Figure 1.12

(A) A segittal section pass thfough an anterior connective
showing the longitudinal through—tracts,‘a,b,c; Groups

No. 1 aﬁd'3 of the ventral region are shown.

"(B) Obliqueléross'section-showihg group;No.Al dofsal and
nerve root (N3) terminates in the neuropile. Two cell bodies

of group No. 2 ventral are also shown.

Calibration ;lOO um, .







Figure 1.13

Reconstructed maps of the metathorécic gahglion of
Gryllus showing the distribution of.cell;bodies as geographical
groups desighated by numbers in the ganglibn. '(A) Dorsal view,
(B) ventral view. (C) a whole mount (venfral view) étained

with cobalt chloride.

Calibration : 100 um,
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than the dorsal region (Figures 1.14, 1.15, table 1.3).

The blassificatié£‘§¥'¢e11 Sﬁg?és byiPipa et al., (1959)
.vcan be applied tovthis‘ganglion;: Some ceLlS“aro laréej
.(& 60 um)'énd ovate ond their ratio, of cytopl&ém/nucleus is
high,7épproximately 1.5; oﬁheps are globﬁlar, and the |
ratio.of.the cytoplasm/nucleus;is low,'aporokimately 1.15,
and méyAeveh approach unity in some cases. There are some
laroe ovate cells that contaiﬁ obvious granules and these
. may possibly‘be-neufosecretory;'howeverj;there iéuno |
'épecific type of cell confined to a pértioular region of the
'ganglion.l“ : | :
Theré is an obvious difference in nUmbef’of cell bodies. .
‘_ among these geographical groups, and the only groups Whose S
cell bodies can be counted precisely areothose.of the middle
.#egions oh:the dorsal and ventral sides of the ganglion
'_vbecause‘of their rather sméll number;@&aymﬁthé anterior and-
posteiior-groups cannot‘be precisely couhtedAbeoauSe of their -
N o O A A S e
less  than 20 umjf(table 1,3; Figures 1.14, 1t15):b¢4M3;ZSL04i'
' ‘{j"?wgh’on . Estimation of cell bodies less than 20 umjivés af]a‘ﬂurg
pfound 2200, IR
The groups themselves were délimited according to their
: regional'position within the ganglion. Each group has been
given a number for the sake of recognizing it}” Apart from -
two groups which occupy the middle of the dofsal region and
‘the ventral region.of the ganglion.fospecfively, the.other'

groups are bisymmetrical.
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' filling through N

Groups No. 1 :

Figure: 1.13 shothhe location of the major cell body
Qroupé; Group No, 1 has a smaller number of cell bodies on

the dorsal side than its equlvalent on the ventral side

(Figures 1,14, 1.15). Both the dorsal and ventral groups
‘occupy the anterior corners of the two halves of the

f‘ganglion (Figure 1.13). On the dorsal side, the cell bodies

are cOﬁfined,to ashﬂhd/region of the corner'oftthe ganglion;
which extends from the lateral side of the‘ipsilaterai anterior
conneotive to the leVel of N2; whereas theiventral group
spreads over a much larger distance'including the region
beneath thelanterior connectives back to the level of N;.

Both dorsal and ventral groups contain cell ‘bodies of different

sizes ranging from 65 um to less than 20 'im. The large cell

'bodies'are'more peripheral'and lateral. in position and they

are elther ovoidal or spherical

Back fllllng through N5 w1th cobalt chlorlde solutlon

showed that up to 12 cell bodies were fllled on the ventral

side only of group No, 1; three of them- were large, being about

60 um diameter, siX were between 35 - 40 um and the other

three were around 20 um, (Figure '1.16, table 1.4) Probably
all or most of them are motor neurones that innervate the
muscles of the metathoracic leg. On the other hand, back-

5 revealed up to 7 cell bodies filled on the .

. ventral side. Two of them have a diameter around 40 um each

and the other five a diameter around 25 - 30 um and on

the dorsal 51de two cell bodies were filled: through the same-. h

nerve and their dlameters were around‘ZQ pmf



Figure 1.16

(a) A drawing showing the cell bodies back-filled with cobalt
chloride through their cut peripheral nerves. Cell bédié5~ '
of each nerve are shown only on one side to avoid intérmixing.
'(B) Back-filling thrdugh N5 showing some of the cell bSdies

filled (érrow) in group 1 (ventral view).

Calibration : 100 Mm,










TABLE 1.4

Cell bodies filled through peripheral nerves of the

ganglion of Gryllus.

Dorsal Area

Group No, 1 Group No. 2 Group No. 3
Nervé g
trunk | NO: ©F |giameter | YO F | giameter | NO: Of | qiameter
cell m's cell n's cell um's
bodies MM bodies H bodies
N1 2 60,20 1 60 ‘ - -
- N2 - - - - - -
N3 2 20 1 ' 35 2 30
N4 - - - - . - -
N5 C- - 1 60 - - -
Ventral Area
Group No. 1 Group No. 2 Group No. 3
Nerve :
trunk ggilOf« diameter ZZilOf diameter EgilOf diameter
bodies Hm®S bodies Hm's bodies um's
N1l - - - - - -
N2 - - _ - - - -
N3 7 25.30 . 1 40 -1 30
N4 1 <20 - ' - 6 20-30
N5 12 20-60 1 50 | -3 30-45

Cell bodies of groups No. 1 and 3 represent only one half

of the ganglion.
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It had been expected that" a. larger number of
neurones from all over the ganglion would be fllled through
the}perlpheral nerves; but despite the_large'number of
‘ preparations_made, the‘number of neurones:filled_remained
small,’and it is most'likeiy that it does not represent the

real number.of neurones that ought to be;filied. |

~ Figure 1.14 shows the'frequency ofvcelr‘bodies within
different ranges of cell body sizes. 'It.Should.be noted that
'celi bodies less than 20 um‘diameter were not included both
because of their large number and because they are probably
elther 1nterneurones or glial cells (e.g 2%%hen and Jacklet
1967) Table 1.4 shows the size dlstrlbutlon of cell bodles
back fllled through the. peripheral nerves of the metathoracic
_gangllon;

Group No, 2

This group is characterized by being median and unpaired;
.there is on1§ one group in each of the dorsal and ventral
:regions. Also their cell bodies are characterized by their

large_size (ranging mostly from 40 to 55Aun)~(table 1.3) |
and ‘being unpairedAand sufficiently small in number it is
possible to count them in good preparations.. ﬁ

' Dorsally, the grOup 1s situated almost in the middle
of the gangllon over and between the two dorsal longltudlnal
tracts‘g (Flgures 1.13, 1.17) and contalnSfabout 18 cell
bodies, whereas the ventral group contains only about 6 cell
' podies. -
Thehcell bodies on the dorsal side are arranged around
- the dorsal longitudinal midFline, but their arrangement is

not consistently the same in all preparations, There are



Figure 1.17

(A) and (B) : Two different preparations of whole mount

stained with cobalt chloride showing group No. Z(Wwows)ori*x
dorsal area. .It can be seen that most of cell bodies are
of the large size and that their positions are not the same

in both preparations; See also figure 1. 34.

Calibration : 50 ym,
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variatiéhs from one individﬁa1 of the. species to another
(Figﬁrésli,l7; 1.34); in some indi&iduais, the.cell bbdiesA
are grouped close to each other, in pfhersxére arranged in
lines, and in others are separated from edch other. Figure
1;14 shows disﬁribution of§§e11 bodiesﬂaccording to their.
sizé an%?;able 1.3. The‘variations cannot,be.attpibuted to
methods oﬁ fixation for suéh variations afe seen whatever
'fixativés.énd periods'of fixation afe”u;ed. Some variation
was also observed in the;numbef of cell bodies and it is
beiieVed that this.is indeed due to actﬁal variation in
number BetWeen individuals. It seems that variation in
"positiOﬁAand in number are not linked to éach other for

- there isﬂno correlation between them; |

Group No. 3 s

These are the cell body groups that éré situated in the
'posteriéx'Payj of the ganglioﬁ; As can b¢ seen in Figuref
1.13 the ﬁiddle séction of the ganglion is dévoid of cell
.bodiesAand appears as a clear area becauée thelneurOpilé
expandS‘iﬁ’the middle of the ganglion.aﬁd extends up to the
ganglioniclsheath. GroupéfNo. 3i1ie poétgrior to the neuropila:
'~ rclear" aréa, and again as in groups No, 1, théy hve a
vsmaller number of neurones on the dorsal side, and most of
them éugment laterally rather than in the middle, speciaily
on the.dorsal side. Also, they aré mosfly rather small .
"(éround 30 um) except for a few cell boéies;‘mostly.on the
-ventrai side (Figure 1.14). Cobalt fi1ling.throﬁgh‘N4
revealed a group of six cells in the ventral region uSu;llyiﬁ
'filled ﬁhfoﬁgh.thié nerve (20 - 30 um Figﬁ;e 1.18) and

‘dorsally two rather big (35 um). cell bodies were filled



Figure 1.18

(A) Back-filling through N4 revealed six neurones of group
. No. 3 on the ventral region, (B) drawing showing the course

of these neurones. Both views are ventral of the ganglion.

A (From af least 5 prepal M‘ms) N

Calibration : 100 um,
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thréugh‘fhe posteribr connectivés; one on. each side (Figufe
1.19)."They.may be interneurones, for £hey were not filled
through;a peripﬂéral nerve.. Ihvaddition'to these two big
cell bodies, there arelmany of the smallér dnes (axround 20 um) -
- that wére filled through thé_p6sterior connectives in both
dorsal‘andTVentrai ?egions. However, bACk-filling‘through
- the connectives has the disadvantage of allbwing some_of the
cobalt solution to leak into theﬂextracellular medium, which
‘resulted in preparations.thét were too dark (sée fiéure 1.19
L as anvéxample); AéCordingly, attempts were made to penetrate
the'giant iﬁterneﬁrones that pass thfough-the metathoracic
ganglion and injéct the CoCl2 solution iontéphoreticaily;
 although success was rather limited due. to difficulties
referred to earlier concernlng CoCl ection, a number of
| (aboor 5%, of W ire&s of adrewnpts)
successful 1njectloni(were made and Flgure 1.20 shows one
of them,up ‘to eleven small cell bodies, all with diameters:
'QOF;‘ “less than 20 um, that were filled toéethér can be seen;
.i.e. tﬁeyvﬁere filled through the injection of one giant o
interneurone, suggesting Ihe7Axons“are sYnthial Table {,y
-shows the ‘numbers of cell bodies filled through the peri-
pheral nerves of the gangllon- and Figure 14 shows the

dlstrlbutlon of cell bodies within a size range.

Group No, 4 :

This is not simply a geographical grouéihg of cell
ﬁodies, but is in fact a small.fqnctipnal‘grOupvthat
coﬁsists of'fOur'somewhat 1arge:motoneurones'(40 - 50 um)
and é'fifth‘smaller one (lesé than 20 um), that innervaté
the dorsal iongitudinal flight muscles. They are not found

in the métathoracig ganglion at all, but are situated in thHe - - -



Figure 1.19

A dorsal view showing the two cell bodies (arrows). of
"group No. 3 (dorsal) that are filled with cobalt chloride

-through the posterior connectives.

Calibration : 100 um

Figure 1.20

(A) and (B) Dorsal views of the metathofacic ganglion
showing some of the cell bodies that ére filled.through
an impaled giant axon. (C) A camera ludia drawing showing
the course of the giant axon and the small cell bodies.

Arrow in (C) indicates anterior.

Calibration : 100 um












mesothoracic'ganglion.
large '

The*cell bodles are approx1mately of the same size and
Shape which is nearly spherlcal The p051tlon of thls group
is in the posterlor reglon on elther 51de of the mesothorac1c
gangllon w1th thelr cell bodles ventrally 51tuated Their
axons heave the ganglion almost dorsally through the
ipsilateral recurrent nerve (Figure 1.32A); but the position

of the cell bodies varies slightly from one indigidual to

| another: in some individuals they are found close to each:

other whereas in others they are found‘separated to a

‘varying extent (Figures 1.21, 1.22).

‘This small group of cell bodies is connected with the
metathoracic ganglion in that its members send their axons
to their_destinations through Nl of the metathoracic ganglion
which joins’the mesothoracic ganglion.through itsANG'(the

recurrent nerve) ' Furthermore, the memberS'of this group

' together with three other neurones 51tuated in the meta-

thorac1c gangllon form a functlonal group that innervate the

'dorsal longltudinal flight muscles The small neurone con-

. tains obv10us granules suggestlng that it may be neurosecretory.

This group can be 1dent1f1ed only by stalnlng its cell .
bodies with COC12 through back fllllng via their axons
There are no distinguishing properties that allow the
recognition@fhese cell bodies reliably from.each other or
from other'neighbouring cell bodies in seriallsections or in’

Stained-whole mount, for they'are situated among other

similar cell bodies within the ganglion;i






Figufe 1.21

‘Drawinés of four different preparations in which the
four neurones of the group Ehat lie in the mésothQraéic
ganglionAwére back~filled with cobalt chloride th;ough N1l
of the metathoracic ganglion. The drawings were produced

the -

using camera lucida and are showing)ventral view.

!

S

Calibration : 200 um

Figure 1.22

(%%wxakoﬁ&f PQPanmﬁqg
The four cell bodies group are shown stainedKWith

cobalt chloride through N1 of the metathoracic ganglion

and are highly magnified (arrows).

Calibration : 50 um
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C. BACK-FILLING THROUGH N :

In OrthOptera Nl<is'a joint nerVe trunk between the
mesothorac1c gang110n and the metathorac1c gangllon (Campbell
1961).‘-It is connected to the mesothorac1c gangllon by the
recurrentvnerve (NG);‘and.to the metathorac1c gangllon by a
’ vsingie hranch_in locusts,_hut by'two branches in crickets
(Figure 1.9). When the cobalg chloride solutionlwas allowed
~ . to dlffuse through the cut end. of Nl; two types of neural
structures were revealed.

1 - Afferent axonS'(sensory) with their celiibodies in the-

."periphery_and.branches in the centraifganglia.

2 -.Efferent axons (motor or neurosecretory) wrth their cell f
‘bodies -and branches in the central ganglla and their maln‘
axons running to the perlphery. |
lPrerlmlnary filling through both main branches NlC and. -

N,D (Figure 1.9) revealed the.complexity of both afferent

and efferent elements, in both theAmetathoracic and the

4 mesothoraciC'ganglion, Back-filling through ﬁlc only

_revealed arferent elements runninguin'theiventral region

of the ganglion'(Figure 1.23). Filling through NiD only

revealed nine cell bodies in the mesothoracic ganglion on

either side filled through‘the recurrent nerve, and three
cell bodies in the metathoracic ganglion,'-The ceil bodies
in the nesothoracic ganglion are situated as follows-

Four large (40 - 50 um) cell bodies (Flgure 1. 22) lie

ventrally at the rear of the gangllon and 1ps1lateral to the

recurrent nerve through wh1ch they were fllled. Another |

four cell.hodies, but smaller.(less'than_zo um) lie also ;5:‘“'



Figure 1.23

(A) Back-filling through N.,C showing sensory axons

1
in the ventral area of the ganglion (back-tilling through
N.D; showing sensory axons of the stretch receptors on the

dorsal area of the ganglioh, are shown in Figure 1.33).

(B) A!diag.rdﬁ}m&ﬂi, vepresentation of (A) -

Calibration : 100 um
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ipsilaterally but dorsolaterally (Flgure 1 mc) The ninth
one lies 1p51laterally ventral and in prox1m1ty to the large
ones (Flgure 1.24). | -

In the metathoracic ganglion there are'two large cell
bodies (approxlmately 50 um) one of them is unpalred ‘and
11es mld dorsally, the -other lies contra%terally on both
srdes ‘of the ganglion._ A thirdvcell body is smaller, and
,’lies_antero-ipsilaterally. filling through N,D also revealed
afferent elements.which run in the dorsalAreglon‘of the
'ganglion.. Further filling through N,D, showed .only the dorsal
afferent elements and no cell bodies fllled through it. '
Fllllng through Nl 1 showed only the nine cell bodies in the
mesothorac1c gangllon as well as the three ones in the meta-
thoracic ganglion, Further filling through.Nl 1A revealed
the four‘large cell bodies and the single'ventral one in
the mesothoracic ganglion, as well as the mid-dorsal and the
contralateral cell bodies in the metathoracic ganglion
(Flgure 1. 32A), when filling through N1 1B revealed the four,
dorsal small cell bodies of the mesothoracic _ganglion as o
_hwell as. the 1psilateral one in the metathorac1c gangllon.

A few attempts have been made to fill through NlDlC but
they were unsuccessful, and no more attention has been given
:to it. | .

I fOund that as the length of the nerve filled increases, =
Lfilling was efficient only when the CoCl2 was reasonably
| diluted;vmost'of the fillings throughvthe very distal branohés;
(N l lA and NlDlB) were obtained with concentratlonsof |
between 50 - 100 mM; hlgher concentratlons produced 1ncompletei}

fillings and it was dl,f.,i;qult tg make out ths; finer branches,




Figure 1.24

cx.Sec;(L'l‘on OF the 9610\3(('.0% So\o—pdw;ﬂ
Two photographs of{the small cell body that is usually
‘the . : L

found iri,{vicinity of‘,'the four motor neurones in the meso-
thoracic ganglion. (A) Is highly magnified to show the

conterits of the cell body. (Coﬁal[’ Cif\leﬁ‘de,‘ PP@PMOLHW,
3 | | T fensified),

Calibration : (A) 50 um ; (B) 100 um
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. despitevthe use of the intensification method-of~Bacon”and
Altman (1977) which did produce a useful enhancement of the

stain.

. DETAILS OF THE EFFERENT ELEMENTS :

(1) In the metathoracic ganglion :

(a) The Contralateral neurone: This neurone is unique,

for it has'some unusual properties : (a).its cellhbody is
situated contralaterally to its main.aXOn‘eXit, (b)-it has two
'setslof branches, one ipsilateral to the cell body being short
and less extensive; the other is contralateral to the cell
body but much more exten51ve.

In a hlghly magnified preparation, the cell body appears
"almost spherlcal (Figure 1.25) with a cone—llke end from
which the axon emerges at the rear of the cell body whlch
, has a. dlameter of approximately 50 - 65 um, Inla_few cobalt:
preparations, the cell body appeared deformed, being elongated
_to an unusual diamond shape 35 x 80 uﬁ, but still in the
normal position. Its nucleus still can be seen clearly
(Flgure 1. 26) - This cell body (the contralateral dorsal
longltudlnal motor neuron CDLM Clark l976a) was always found
in the contralateral connectlve and 1aterally to it (1. 27
A B,C,D,); even the neural "through tracts" make a slight
bend at‘that p051tlon of the connective durlng‘thelr, |
jPQSEd{;éff!i (Figure 1,20), and this can be seen in the silver
stained preparations as well as in'the cobalt ones._ Guthrie. - -
‘(1964) showed what appears to be the homologous cell body 1n :_:

‘the locust Schistocerca gregaria, close to the mldllne of the

gangllon; though_Bentley (1970) and Tyrer and Altman (l974)

found it more laterally in the locusts, Schistocerca gregaria




Figure 1.25

A highly magnified cell body of the CDLM (the contra-
lateral dorsal longitudinal motor neurone). The rear of

the cell body is “cone-like and from this the axon of the

neurone emerges,

Calibration : 50 um

Figure 1.26

C)n:a very few'occasiOns the cell body was found deformed.
In this fiéure, the dorsal unpaired median neurone (DUMDL)

is shown also in the middle of the ganglion (arrow).

Calibration : 100 um







Figure 1.27

(), (B), (C), and (D) are four different preparations
showing the position of the CDLM (in the connective). 1In

(B) the cell body- is out of focus to show the branches of

the neurone (arrows).

Calibration : 100 pm
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and Chbrtoicetes-terminifera respectively;-also Truman and

Reis (1976) described a similar neurone in the fourth abdominal
ganglion,‘butbin,the uentral region, in the tobacco hornworm
moth, | | ”

| The'axonvemerges from the cell body and follows its'.
path‘backward then'it'bends towards the curvature of the
'gangliOn'withla slight inclination downward} then it makes a
Y"U" turnfbowards the contraliteral side-of'ﬁhe'ganglion
towards'N’la | | |

Two sets of branches are given of £ by the axon on both

~sides ofrthe ganglion. The first one is.ipsilateral to the
cell body;'shorter, and less extensive (Figure 1.278B, 1.28).
”'The other set is contralteral to the cell body, more exten51ve,
 and cons1sts of two main branches- one is more contralteral
and'longer; the other ls.lateral ‘and shorter. All the maln_,v
branches give rise~to smaller branches;,and:some of them end-
in biebs;._The density of the branches increases at the .-
"anterior'part of the ganglion (Fiéure 1.28);Atbe‘branches are
running only-dorsally, and no extension of them uas noticed
fdeeber tban-?O uﬁ from the Surface of the gangiion. Also in-
some preparations, some branches were seen emerging from the
main axon, going into the connective'contraiauﬂzlly to the |
cell body; thesa ,start thlck then they termlnate abruptly
‘ nearby (Flgure 1.29).

(b) . The dorsal unpaired median neurone (DUMDL) that

f1nnervates the dorsal longltudlnal fllght muscles : The cell

© body of this neuron¢ is usually found almost in the mlddle
of the dorsal region of the metathoracic gangllon (Figure

1,26). It is filled through N,D;A on both sides of the






' Figure 1.28

(A) ' A camera lucida drawing of a'Qhole'mouné stained with
cobalt chloride showing the branching pattern of the CDLM.

(B) A reconstructed cross section showing the CDLM and its

axons,

.Calibration ﬁllOO um

Figure 1.29

A highly magnified branch of the CDLM, that goes
eng ,

towards the anterior\of the connective (arrow).

Calibration : 50 um
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'ganglion.» The cell body 1s a large one (50 - 60 pm diameter)
,and almost spherlcal in shape. Its neurlte emerges from it

| anterlorly, posteriorly, or ventrally‘on.some occasions and
‘runs wentrally'for‘between~30'to 60~um'downwardsvfrom its
emerglng p01nt (Figure 1.30); then it turns anterad beneath
’the cell. body, and contlnues forward for a 1ength ‘of around

200 - 300 um after which 1t bifurcates, g1v1ng a branch to

N1a on both-51des " However, durlng lts-eourse from the soma

to the p01nt of blfurcatlon, variations were fOund to occur

in thls pattern and these were generally as follows after
leaVLng the soma, the neurite bends and goes forward between
the "through tracts".a and parallel with thé dorsal side for

a length of 55 - 77 um; and this lengthhueually stays straidht;v
or slight zigzagging may occur in some preparations. Then it
loops around itself several tlmes for a length of 46.5 um;
durlng this looplng, some parts of it go downward to the levelr‘
of traet b, ‘then it continues going stralght;forward for a
_length'of 155;um before it bifurcates into two branches, eaoh

- of themogoing to the ipsilateral'Nla on. each side of the

' ganglion. Along the course of this'axOn‘between 4-7 swellingsh
can sometimes be seen at irregular distances, varying from
6;13‘nm in thickness and 7-15 um'inblength; From these
.swellings very'fine branches can~be seen emerging in all
directions and they end shortlp after they emerge although

some go further up to around 100 um; howewer they are not
| thick-or arborized; and they end usnally‘infépiny endsf No
other branches were seen emerging from other areas of th?‘
main aXonbexcept at these'swellings; butiafter the bifnrcatihg.
point;'each branch gives of»some“rather thin and short

‘branches (Figure 1.30).




Figure 1.30

Drawings produced using camera lucida showing variations

in the course of the axon of the DUMDL.

Figure 1.31

(A) 'Eour different preparations were drawn.usinglcamera
lucida, showing a slight variation in the position of the
-DUMDL_and the arrangement of the surrounding cell bodies.
The DUMDL was first stained with.the‘Co’CI2 “hrough N, then
the whole mount was:stained with the toluidene blue method.
(B) The DUMDL in a cross section after being stained with
pfocion yvyellow through the microelectrode.'

Arrow indicates its axon.

ANT = Anterior

?

Calibration : 100 um
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In some other preparations, the whole axon appears
almost straight until the bifurcation point,‘or slightly
iigzagged. The bifurcation point on some occasions was
found to be more anterior (Figure 1.30A,B,C) close to the
axon of the contralateral neurone, and it is most likely
that these two neurones contact each other in some way for
‘they both innervate the same muscle; although it was difficult
definitely to establish such a relationship with the
technidue used. |

Most of the fillings of this neurone were.obtained only
by using diluted concentrations of CoClesolution (50 - 100 uM);
and this resulted in rather faint precipitétion of cobalt
sulphide which needed to be intensified carefdlly. The
length of the nerve was aﬁother-problem andrit was not easy
to fill, needing numerous attempts in order to ohtain a few

- Cahout 20% df e ollempts were Success F)
successful results/, Other workers have reported difficulties
of this sort, e.g. Bentley (1973). Hoyle (1978) suggested
thet in such circumstances the cell body maj be degenerate,
but he gave no real grounds for this and eﬁidence is given in
the next paragraph that it is'indeed a functional motor neurone,
Some of the difficulties could well be caused by the very
complex and 1098 pathway taken by the a?ﬁ;; T dddltion
Kand, the position of the cell body *q%fllghtly ﬁwnaqkm; from
one individual to another (Figure 1.31).

Sensory axons of the wing stretch receptors of the hind-
wing of both sides branch in vicinity to the main axon of the

DUMDL as well as to its two branches beyond the bifurcating

point. This can be seen in Figures 1.32A and 1.33.



Figure 1.32

(A) Camera lucida drawings of the neural ‘elements that
innervate the DIM and which aré.situated'in both the
meséthoracic ganglion (MS) and- the metathoracic ganglion
AMT). In theAmesothoracic'ganglion : the four motor neurones
that innervate the DLM can be seen (in bléck),‘their cell
bodies are ventrally situated and their branches are in the
dorsal region, A branch of the hind wing stretéh receptor
is also'shbwn (in red). A

In the metathoracic ganglion the followiné are shown:
The DUMDL (in black), the CDLM (in green) and the branches
of the hind_wing stretch receptors (in red)., (B), (C) and
(D) éhowing the DUMDL filled with Procion yellow. (B) is

same as (C) showing the axon and the soma, (D) is another

preparation.

Calibration : 100 um,







-Figure 1,33

A dorsal view of the metathoracic gangllon of Gryllus
showing the main branches of the hlnd w1ng stretch receptors,
The axons of the CDLM are also shown (a:row). This prep-

aration is a double-filling through N1D of both sides of the

ganglion.

Calibration : 100 um

" Figure 1.34

A dorsal view of the metathoracic gangllon GFva'
48 hoursD
prolonged fllllnthhrough N1l that resulted in filling of
two cell bodies of group No. 2 dorsal, the DUMDL and
another one (arrows). The .ganglion was later stained as

'a whole mount with CoCl, before fixation.

Calibration : 100 um
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| Eigﬁres l.323,c,b, show the DUMDLhcell body stained
intracellnlarly with procion yellow through'mioroelechodes.Ib has
often"'j,fbeen identified physiOlogioally,(see chapter two)
wherr it was stimnlated, and a twitch in the-ﬁLM was observed.
In other words, this would appear to be a normally functioning
_motorineurone.' Davis and Alanis (1959) hage'previously
demonstrated ektracellular action potentials along the axon
"of thls neurone in NlDlA in the house crlcket .

Proc10n yellow was not found to penetrate very far along
the process from the cell body»compared wlth‘other methods;
and its Chief'use would appear to be asAa‘marker'dye for
cell bodies, 'This neurone seems to be connected to other
~ neurons of the dorsal group (group No, 2), for with
prolonged filling some of their cell bodles were filled as
well (Flgure 1.34). |

(c) The ipsilateral neurone : This neurone innervates

“‘the dorsal'oblique muscle, a small muscle, described by

Guthrie:(1964) as "an oblique segment of the dorsal longitudinal

flight'muscles". Repeated filling of this weurone showed |

that 1ts arborlzatlon is not extensive. As can be seen in

"_Flgure 1.35, the cell body is an elongated one, its-length-

is 72 um whereas its width is 32 ym, It glves rise to a short

' neurite;'only 16 pym long; this neﬁrite¥splits into three fine

branches after a slight thickening. The three branches are

directed as follows: |

(i) lThe first one turns anterad where itogives three finer.. ..
' branches- one goes towards the 1p51lateral anterior -

.connectlve where it branches and then disappears there,

another one goes to the extreme létsral region of th@:»“"



Figure 1,35

The ipsilateral neurone that innervates the  dorsal

obliqﬁe muscle, stainéd with the CoCl, method through the

. . 2
nerve NI1DIB, <7~ out OF 5 P’Y@PM“HMD

Calibration : (A) 100 um, (B) 50 um,
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gangllon- and - the thlrd ends near the cell body.
(ii) The second one is in the mlddle, and thlS is the main
axon that leaves the cell body and goes.to its exit

“through N, _ without giving branches..:

la
'(ili)The third one goes laterally,'where it gives rise to
‘twolbranches,:hut they‘disappear after giving offa few
more'branches near its branching pointh
The contents of this cell body are homoqeneous compared
w1th the comparably p031tioned neurone in the mesothoracic
gangllon (Figure 1,24A) and whlch contalns obv1ous granules,

o .
suggestlngAdlfference in functioning bffcueerv them.

(ii) In the mesothoracic ganglion : .

(a) - Detailed arborization of the fourvlarge motor-

neurons : These are situated in the posterior.ventral corner'
- of the mesothoracic'ganglion‘ipsilaterally to the recurrent
nerve (RN), throuéh which they send their axons (Figures
l.32A; l.36).. The RN itself, joins the mesothoracic ganglion
*either directly in the ipsilateral posterlor corner of the
ganglion, or by joining the ipsilateral conneotive between,
the metathorac1c and the mesothoracic ganglia at any point,
The four axons of these motorneurones leave the meso-
'thorac1c ganglion dorsally through the recurrent nerve; then
through the connecting nerve between the recurrent nerve
ancl,Nl ; then through NlDl,‘and'from these tovthe branch

l lA that leads to thelr destination,. the dorsal longltudlnal

fl;ght muscles. The filling was carried out through the
branch Nl l |
Thelr ventrally positioned cell bodles ‘with axons

directed towards the dorsal reg%on-of ths neurop;le where they



‘ Figure 1.36
(A) Back-filling through N1D1l showing ‘the arborizations
of the. four ﬁotor neurones‘in the dorsal region of the

mesothoracic ganglion.
(B) Is a ventral view of (A) showing the position of

the cell bodies (arrows).

Calibration : 100 um

'!l
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‘arborize:ahd branch; all ¢Onform’ to the‘classical description
of inséct'mbtorneurdﬁes (Guthrie 1961); and also with the
‘more modern description by Strausfeld (1976) which is "unless
..a nerve cell can be Visualized from the ﬁeﬁropile fo its
terminal on muécle, or uniessAit'can be -shown up by
retrograde dye'diffuéion of a motor nerve bundle to muscle,
the térm motorneurone is gest'hot uséd".‘v
'The céurse of the axéns of these fourfneurones is.shown
in Figufés 1.36; they leave their cell bodies, which.lie
,Véntrallyi_and pass towards the dorsal éidéAof the ganglion,
whereﬁthey branch extensively in the following pattern:
vOnce the axons pass into the upper"hélf of the ganglion
they start giving off branches, sparsely af’first, then
incréasinglylas they pass.upward until théy reach their most
extensive branching at the extreme dorsai'bért of the neuropile
(Figure 1;37). Here, the axons give off main branches as
folldWs::
(1) Oné~of the main branches, a heuropilafvsegment, crosséé -
‘the dorsal longitudinal ﬁid—line of the génglioﬁ'right to the
cbntra-léteral half of the ganglion (Figuré 1.38), where it~
swells more, up to 15 um,:and givgs off sohe branches which - -
.afe much less extensive than those of the ipsilateral and
‘almost cbnfined to the region around the main branch itself
(Figure 1;39). In some specimens, this contralateral branch
. gives qff branches that pass poster;d into-the ipsilateral

connective towards the metathoracic ganglion.A In locusts, -

Kendig (1968) and in cricket Gryllus domesticus, Bentley (1969)

gave physiological evidence for electrical coupling petwéeQ' 1

o
|
I"




Figure 1.37

A cross section of the mesothoracic ganglion of Gryllus

bimaculatus, showing the arborizations of the four motor

neurones. It can be seen that the arborizations are confined

to the dorsal region of ‘the neuropile 3§ ° . they are almost

completely absent near the cell bédiest

Calibration : 100 um

‘Figure 1.38
A cross section similar to Figure 1.37 and showing

the axonic segment that extends to the contralatéeral half

meso thoraCr C

of theAganglion (arrow). It can be seen also that the

axon of the cell body femains bare after emerging from it

suggesting a kind of layering (see text). -

Calibration : 100 um







Figure 1.39

(A) A camera lucida reconstruction of the four motor

' neufonesfshowing the position of the cell bodies and the

' ‘ lhmwm
course of their branching pattern). (B) and (C) are two
serial sections showing some of the features shown in (A);
the piéce of axon in (B) indicated by the arrow is a
completion of the axon in (C) (arrow). Arrows in (A)

indicate, approximately, the mid-line of the ganglion. 1In

all the three figures, the cell bodies are in the ventral

region. -,—w&;,u,&gom %mﬂ Cll fodies ane seon clmso‘faﬁ’%
A'M@) (am-oux) (Se&P“g&“‘*) ‘

Calibration : 100 um
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left and right dorsal'longitudinal neurones -in the.meso~
-thoracie ganglion. This could explain theiexistance of the

-contralateral branches in Gryllus blmaculatus Tyrer and

Altman (1974), ﬁfund similar contralateral branches in the
. _ oomdlicn
mesothorac1cAof Chortoicetes termlnlfera.when they used

bias current to force the CoCl, solution to diffuse through
the cut end of.the'nerve trunk} but they asSumed.that it may
.bevan'artefaot'resulting from the imposea current.
(ii) Another ma1n branch is extended laterally to the
1ps11ateral dorsal 81de of the cell bodies (Flgure 1.39);
'_and this also gives off branches mainly directed anterad
and lateral. |
(iidi) -The third main/branch is in fact a band of primary
branches ‘that- extend anterad and glve off a branchlng

WidH of the :
"tree" that extends over almost two thirds of the<1p51lateral

half of the ganglion. 1Its branches are qulte dense (Figures

1. 32A l 36) above the cell bodies but thev get less dense

tecminations
as they mw@k%s towards their/ ~ in the anterlor part of the
g mere Supecficiad

gangllon {-hey be(ome /(1n the neuroplle as Lh{y Prog pess anteriorly.
The dens1ty of these branches is so thlck that.they are |
.indistinguishable from each otherm(Figure'lﬂ39).

Some of the branches terminate in swellings or knobbed
ends-(blebs), their diameters ranging fromAless than a micron
- up to 5 um. These swellings presumably represent synaptic
areas.; Physiological e&idence indicates that flight motor
: neuroneg hate‘outputs to other neurones in locust (Burrows
1973C) and these synaptic areas could,represent this kind ofi:i
connection. Tyrer and Altman Kl976)treoonstructed vesigle

aggregates'from 1 um thick sections by light microscopy in an. :
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attempthto determine the spatial distribdtion‘of synapses
onto thoracic motorneurones in locust,'rhey,found that there
are relatively'few on the thicker_branches*ﬁué_-the finer
btanches have more,(suggeSting that synapsee'to the branches
may be found mostly'onAthe<more distal tWigs;
The blebs cOntain synaptic apparatus in insect brain and
- optic iobes (Strausfeld 1971), and similathhlebs are found
in the’teiminals Qf-the fine branches of flight motor
__neurones in:the locust (Tyrer & Altman 19745; but only electron
microscopy can resolve their nature, and:thia has'not been
_undertaken in the present study. Strausfeld (1976) stated
that-'"most elements certainly. have trees. that may be termed
»dendrltes ‘from light microscopy observatlons, but are in
fact both pre-and postynaptlcﬁ |
However, there are two striking features about the
branching pattern'of these nenrones:
(1) The arborizations are confined mainly to a specific
depth (= 50 um) of the dorsal side of the ganglionic
'neur0pile.
(2)h That the axons after emerglnc from the cell bodies do
not give off any branches and stay bare untll they reach
the dorsal region, this base length was call .ed "neurlte"‘
,by Tyrer and Altman (1974) and Strausfeld (1976), |
was different from one neurone to another of the four
but ncne of them starts branching in the lower half
of the gangllon. |
It could be con51dered that the general conflguratlon :
- of the neurones consists of three,layers;ﬁalthough not very:‘{

obvious ones, namely:
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(a) The ceillbody layer-which occupies.a vcntrsl position,
It istcompletely devoid of any brahches.

(b) The central areas of the axons‘that pess'through the
'cehtral neuropile‘andlwhich are‘eitherﬁbare'or sparsely
give“off short finelbranches.

(c)' The érborizations that are confined'to‘the dorsal region
of'the ganglion, but spread over a larQe area of it.

The neurite itself is either strsightiand vertical or
sometimes 21gzagged° and there are no obv1ous constrlctlons
along it. |

» 'In'some preparations, one of the heurités emerges from
its cell body ventro-laterally direCted“tOWards'the middle

of the:ganglion (Figures 1.39,; ) it crosses to the contra-

lateral haif-df the ganglion, then it turns upwards with a

right-anglevand slightly zigzags before joining the other

axons dorsally. | |

Attempts'have been made to inject CoClz'solution into -
these neurones indi#idually throggh a microeiectrode, but this
wes not-achievéd because ofbthe'difficulties mentioned above
(see Materlals and Methods Section). |

It was notlced that the axons of stretch receptors of the
hind wings pass and branch (although much less exten51ve than
their'branching‘in the metathoracic ganglion) in the'same
area that the four motor neurones give off their branches
(Flgure l 32A) suggesting that direct synapses between the

two elements is probable.

(b) The small neurone'that.is found igiyicinity of the ...

four motor neurones 1n the mesothorac1c g ngllon : As can

- be seen ln.Flgure ;324, th;s neurone has a small cell body
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" situated ventrally in the mesothofacic gahglion in' the
“adjacent ipsilaterai position of the four motorneurones
described above. Its soma is an elongatéd ovoid shape with
. length of'about 20 m and width.of about 10 m; its axon
is very'thin ahd seems to disappear a éhort distance after
leaving the cell body; this neurone was found ta be filled
in most prépa:atiopé in which filling throﬁgh NlDlA was
carried out. | | : | |
EXaminatioh of the cell body showé that it contains
'6bvious small granules (vesicles) of diffefeﬁt sizes which
| may méan.that this cell body is neurosecretory; the granules
were black stained with cobalt chloride but this substance
is not,.of_éourse, a specific dye for neﬁxoSecretory V

contents.
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DISCUSSION
~In recent years; the neuroanatomy of arthrOpods in
general andfinsects in particular,'has,beenladVanced‘cone
siderably because of the use of'intraceiiular‘staining

methods (Stretton and KraVitz, 1968; Pitman et al., 1972)

as tools whereby the fine as well as the main branches of

neurones can be resolved and Visualized in sections and in

’.‘bulk The discovery of these new methods of staining does

S  from
not, of ‘course, dkadC£,lthe importance of the earlier

' orthodox methods, of staining the neural elements, such as
_ silver“nitrate technique.and methylene_blue. Both methods
are, in'fact,‘of considerable valuehand‘complement'one
-“another and were used in this work. |

Both'kindS'of staining methods wererused=in studying‘
. the metathoracic ganglia of both insects,rthe stick insect,

‘Carausius‘morosus, and the cricket Gryllus bimaculatus.

Each of the two methods hasAits own advantages and
.disadvantages; for instance it isinot possibie'to stain only"
individual neurones'with the silver nitrateﬂtechnique, but |
va general idea about the distribution‘of:cell'bodies'within :
. the ganglion could be obtained by silver staining of seriala
sections of that ganglion although a functional role for |
the neurones cannot: be concluded reliably from this method.
Tt has the disadvantage'of being capricious from one

| speCies to another and even the same spec1es on many
“4occa31ons | By using the newer methods, 1ndiVidual neurones:;
| could be . stained andfheyenable determlnatiogiwhether the
‘stained neurone lS sensory (afferent) or motor (efferent)

Procion yellow was found not to diffuse into fine branches - -

less than 2um in di-.-t@f,a 11fficulty found by many PreVlouS Wmﬂﬁr‘
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e.g, Tyrer &“Altmah‘(1974). Cobalt'chloride has the dis-
advantage of téndihg to precipitaté with some of the com-
ponents of thelcytoplasm éu¢h as phosphate andk@érbonate-
and this resulted in the blocking of the glass micro-
eleétrodes when the substance was injected ;ntracellularly,
or in bldéking the axoﬁs‘when used for back fi;ling. This
was~par£icularly true:of the stick insect érépération with
Which:stCess was limited, no doubt reflecting the fact that
' the haemolymph of this insect containsz;omgWhat high level of
phosphaté7(Ramsay,'1955, Wood, 1957). On some rare
occasions, cobalt sulphide shifted from its original
1ocatioh in sections as previously repor;ed (Stfausfeld and .
Hausen,-l977). |

In the present work a general‘map'ofAthe gross anatomical
 features was’feconstructed from seriai sections with |
partiéularjattentioﬁ being baid to thé nggpings éf cell
bodiés within'the metathoracic ganglia of'both‘insects and
-eventually a group of neurones that innervdﬁe the dorsal

longitudinal flight muscles of Gryllus bimaculatus was given

further attention by studying their individual morphological
feétureé in an attempt to correlate it with subsequént
physiological features. Beéause bf the p?dblems encountered
with stick ihsect preparations,Athié work was finally con-
centréted on that of the cricket, in which these problems
wére iesé acute. . |

In general, the basic ﬁéﬁroanatomical'éfganizatiOn offthe~u
mefathpraéic ganglia in both insedts appeated to be consistehf 1
‘from one individual to another; and tﬁis was found to be inaff'

. accordance with the general framework of .other insect ganglia
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such as the terminal abdominal ganglion of the locust

SchistocerCaogregaria (Forskal) (Seabrook 1968, 1970), the

‘ mesothorac1c gangllon of the locust Schlstocerca gregarla,

(Bentley, 1970), the mesothoracic gangllon of Chortlocetes

terminifera (Tyrer and Altman, 1974) and the metathoracic

and the mesothoracic ganglia, respectively, of the cockroach,

- Periplaneta americana (Cohen and Jacklet, 1967, Gregory, 1974).

These baSic'features have been summarized by Huber (1974)
as follows: | | |
"(a) A fibrous sheath, the neural lamella, built of
collagen”like material; (b) a cellular layer, the perineurium,
situated'beneath; (c) the area with  the neuron‘cell bodies
encapsuiated by glial cell processes. This4COrtical region
| with‘grouped cell bodies of motor and interneurons is rather .
sharply'demarcated from (d), a central complex:containing'
anons and their branchin§ processes, the neuropile{"

Most of the ganglion appeared to be occupied by the
neuropile, which is.a_Very complex part,;consisting of
3 complele‘interweaving neural fibres, -and little is known'.
about any.general organination of itstfine details. ‘Most
Afof it is‘so densely packed with arborizations that single
--processes cannot even be resolved. | |
-1though the neurOpile of the thoracic ganglia contains
aiscrete regions.(Gregory 1974) yet it does.not resemble that
of the brain, which is compartmentalized intO'special regions
that are. innervated by characteristic configurations of |
neurones (Strausfeld 1976), Such spec1allzed 1nnervatlon has.
not been found in the thorac1c ganglia elther by prev1ous h‘: :

workers or in the present study However workers on 1nsect

nervous systems are 1n agreement that synaptlc contacts as
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well as iﬁtegratihg pfocesseé occﬁr‘in thé neuropile
'(e.g.'seé Huber 1974). This assumpﬁion is-mainly based on
electrostimulation (Huber, 1960; Rowell 1963) and on
electfbphysiblogical recording (Hﬁghes, 1965; Hoyle, 1970;
Burrows, 1973a,c; Burrows and Rowell 1973);‘ Electron micro-
-'séopical stﬁdies of the‘neuropile (Smi£h11967) showed that
most of the fibres ' and branches ére rather closely packed
vwithih theineurbpile, and fibre membranes are separated by
a space éf-lO-lS nm, Also certain féatureé of organization
appeat to bé shared bylchemically mediéted‘central and
peripheral synapses - notably close'appositiqh of pre- and
prt-éynaptic membranes across a harrow glial free synaptic
gap and the presence of large nuﬁbers of sYnéptic vesicles,
within the presYnapﬁic element, characteristically aggregated .
intO'élusterSvalongside the membrane of the axon termihal, -
(Smith 1967) .

 Wi£hin the neuropile, bundles of fibres that pass through
the ganglion can be recognised in stainedfseqtions, these were
called'éhe "through-tracts" in'the_locust (fyrer and Altman
1974) and.cah be regarded as land—marks'within the'ganélion..
These fibre bundleé éontains fibres of different diameters,
aﬁﬁarently including the well known ones, hémely the giant
fibres (interneurones), that associate the head ganglia with
the last abdominal ganglion. It is through these giant
fibres tha£ escape -behaviour haS»tHOught.to be transmitted
(Roedef; 1963; Hughes, l965);'howéver, itAwas found later

" that other smaller fibres carry this type of information

-as well (Iles 1972), 1In Gryllus bimaculatus, the situatiQn'

seems similar, for back filling through the connectives
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shOwed'thaflséme ofnthe fibres that pass through the meta-
thoracic ganglion give off branéhes withinAtﬁefgaﬁglion, and
some of these brahchesbeven.cross the mid-line to the contra-
lateral half of the génglion providing links between the two
sides.f The overall link between the metafhoracic ganglion,
the brain and the last abdominalAganglion was demonstrated
phyéiologically4bY'intracellular recording;frém'the DUMDL
éell‘bédy'while stimulating~séﬁse:organs on,theuhead or thé cerci
(see next Chapter).  The fine details of tlie through-tracts
have not been followed in all their detail, but suffiéient
has been seen to suégest that in general, they appear similar
to those of the locust (Tyrer and Altman 1974) and of the

'co¢kroach,'Perip1aneta americand (Gregory 1974).

.The’gaﬁglion,like the rest of the insect hervous system,
iS'énveloped<with a.neural sheath that separates it f:pm
the surrounding haemoiymph. It was found (Smith and Treherne
1963) that the neural sheath consists of two layers; a non-
cellulér outer layer, the neural lamella gndla cellular
underlying one calledJ?erilemma. Ho&éver;'mqre complexity
can be seen in the duﬁer layer. Both electron microscopical
~and X-ray diffraction studies of the neural lamella have shown
that this region of the sheath conﬁains coliagenous fibres
mounted in a non-fibrous matrix at‘different directions; and
the structuré is similar in both the loéusﬁ and the‘cockroach;A
If would thus appear that the collagenoué méterial.is deploygd
“in a mulﬁidirectional meshwork with the long axes of the |
fibres.geﬁerally,tangential'with respect to the ganglion as

a whole (Smith and Treherne 1963). It is this structure
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that c:eatéé SO mgch difficulty for neurophysiologists
working with glgss microelectrqdes.< In ggggg_thef depth of
the neural lamella is between 60 and 100 nm (strgusfeld 1976) .
In'additioﬁ to this'barrier,'the cells of the perilemma are
joined by their adjacent surfaces by septate desmbéomés,
forming a further unicellular shéath tzhat invests the cell
" body rind (Treherné et al., 1973 ; Strausfeld,‘1976). However,
the main bar to microelectrode penetration appearévto be the
neural lamelia, which contains collagenous fibrés' : Pdnnwﬁ-h\
different directions. In the stick insect even the use of
enzymes;(including coiiagenase, failed to permi? micro-
electrode pehetration, and it may be that in this insect thére
are.differénces in structure and/or composition from those
of other insect heﬁral lamellae. On the otﬁer'hapd, it was
shown by Skaer and Lane (1974) that the neuraiflamellaeof

Periplaneta americana and Schistocerca gregaria. show

‘a range in-depth, being rather thicker around the ganglia

.Of the véntral nerve cord than the intefganglionic connectives,
Deprits of”fat'body are also, common1§ found at intefvals
'albng the ventfal nerve cord of £he cricket;:bﬁt always
forming a continﬁous circumferential sheath”in'the stick
inéedt_;hat needed to be removed_beforé-penetfating the
ganglion with a microelectrode; this fat body sheath was
'founqkmuch less extensive in the cockroach and the locust
.'thén it is in the stick insec£ (Maddrell and Treherne, 1966;
Lahe énd Treherne 1971; Huddart, 1972;:Skaér and Lane.l974),;
The thsiological_properties df-ﬁhe Sheathbwa@ investigated.f
by Wigglesworﬁh (1960) and lane &Tréhe?ne (l972)iwho suggegte@

'that the influx of nutrients from the haemolymph is
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mediated by a complex physiological - structurai link between
the cellular eomponents'of'the sheath and the glia, and it

has been proposed that the tlght junctions of the sheath

- cells 1mpose a selective barrier to the exchange of meta-

bolltes and ions between the blood and the underlying ganglion.
The non-cellular neural lamella is relatively permeable, even
to 1arge.molecules such as inulih (Treherhey 1960)!dyestuffs
(WiggléSWbtth 196Q) and some histolegicalﬁstainihg solutiens,
such as methelyne blue. | | |

‘Thé neurone cell body rind forms an intermittent layer
'of'somata‘around the neuropile, and this'differs from other -
insects'examined) e.g. Guthrie (19615 found that the cell
bodies“afound'the ganglia of Gerris form a centinuous layer
of. nearly equal thlckness around the neuroplle in both

’Gryllus blmaculatus and the stick 1nsect they are found more

aggregated in the antero—lateral and postero—lateral positions
of thefganglion nearer to'the.exits of the'nerve trunks which
are mainly at the 1ateral sides of the gangllon However,

the general 1ayout of the cell body layer seems similar to
those‘of other ganglia, such as the metathorac1c ganglion
(Cohen ‘and Jacklet, 1967), mesothoracic gangiien (Yound
11969;'Greg0ry; 1974) and prothoracic ganglion.(iles, 1976)

of the cockroach Periplaneta americana; and to the mesoth-

oracic ganglioh of the locust Schistocerca gregaria (Bentley
1970) . |
| Althouéhlthe distributioh of ‘the cell bodies Qithin'the;>
éahglion appears confusing at first:sidht,Ait can be fairly

: classified into pbsitional or geographicai}groupingsf Howeve;,

fusing purely morphological griteria'fgr the grouping of cell
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bodies proved impossihle1except for the dorsal median
group, (group No,_2).‘vThere is no particular size or shape
of cell bodies.that can be used to distinguish'any.group of
cell bodies:from another group; but different sizes and shapes
fof cells'can be seen in all of the positionai groups
Functlonally, it -has been suggested that neurones of cell
bodles of dlameter less than 20 um are 1nterneurones (Cohen
et al,1967; Taylor and Truman, 1974; Selgler and Burrows
1979); ‘large cell bodies are often assumed to be motor
neurones-Or neurosecretory. On the other'hand, there is a
clear-neurooilar‘area,that separates.the groups situated in
the anterior half of the ganglion from thosetsituated in the
' posterior half. However, despite the similarity in the
'general_olah of the ganglion of both the-cricket and the stick
1nsect, there are some differences. ‘Concerning the detailed
grouplngs of cell bodles, both insects have the same geo-
.graphlcalvgroups;_but in the ventral region of. the metathoracic
ganolionfof thelstick insect appeared two extra small grOuos
.(group No. 4) which are, in fact,.aniextension of group No., 3
on each side, but they appear as distinct small‘groups'(Figure
l.6B). These separate'small groups were_not_detected in
the metathorac1c gangllon of the cricket. .Their occurrence -
in the stick insect could mean thattmew‘members hawea.spec1al
functional role, but more information is needed to be sure
about thls such as the organ they inneruate. Despite the
51m11ar1ty in the general layout of. the other cell bod1es of
both 1nsects to each other and to that of the cockroach |

there are d;fferences in the detalleq groupings.
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These differences appear clearly'in'the middle groups
that exist along the longitudinal mid-line of both dorsal

and ventral sides of the prothoracic‘ganglion of Periplaneta

‘americana and both'Carausiu#morosus and. Gryllus biﬁaculatus.
It was shown by Iles (1976f that there are three distinct
groupe onithe doreal side found along‘the:longitudinal mid-
line,-one;ofhthem lieslin the anterior of the ganglion,
another group.in the ‘middle and the third in the'poeterior;"
and én the ventral side there are only two groups along the
ventral longltudlnal mid-line In Gryllus and Carausus the
- cell bodles on both the dorsal and ventral 51des of the meta-
thorac1c ganglion group together to form only one group
(group No. 2, Flgurel 13A,B) ,though the number of cell bodies
onAdorsal 51de, in particular, differs in both an1mals, being
8 cell bodles in Carausus and up to 18 cell bodies in Gryllus

On-the»other hand, as mentloned earlier, there are two
ISmali ventraljgroupsiin,the methathoracio éanglion of Carausué
.'but not in Gryllus, These two emall'groups'oould correspond
toxgimiiarly positioned | groups in Periplaneta (Iles
1976, Groups PV3, Flgure 26) .

The number of motor neurones~(neurones ulth cell bodlesp
ouer 20 um diameter) in Gryllus is greater, belng 215,
(TableL3).than it is in Carausius; being §4, (Table 4),
and this~perhaps'is relevant to the fact that Carausius is a
'wingless.aninal,whose'patterns of behaViourgare less com-
-.plrcateo'than those of Gryllus. The total number: ‘of Gryllus
motorneuronesthaf) fllled through the perlpheral nerves
was 77 (Table 3) i.e. 39% of the total numberumwnqgthere

- were 31 neurones, i,e. 34% filled through the peripheral’
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nerves of_Carausius. These figures of neurones of both‘
animalsZSuégest‘that‘there are'l38-1215d— 77) in Gryllus and
53 (84 - 31) in Carausius interneurones, and possibly |
neurosecretory. Also it can be seen from Figures (l.S 1.15)
and tables 3 ‘and 4 that whereas the numbers in the 30 - 50 um
range is exactly %Ain Carausius (42 agalnst 84) there are also
21 neurones larger than this in Gryllus, and none in Carausius;
however the largest size of cell body found in Gryllus was
65 um and is only in groups 2d and 1V (table 2):'7%2
largest size of cell body in Carausius was 50 um in groups
24, lViand'3V Estimations of-motorneuroneS'(neurones with
ﬂcell bodles over 20 um diameter) of the cockroach were
230 neurones in the metathoracic gangllon (Cohen and Jacklet,
1967), and 300 neurones in the mesothorac1c ganglion
(Gregory;l974).l The number of neurones with cell bodles
over 20 um diameter ¢# the cricket (being 215) is
‘close'to_those of the cockroach, but that of the stick
insect'(being 84) ls~much less; this feature-may,perhaps be
related to the general behavioural levels of the two animals.
It should be noted_that only cell bodies>ouerl20 um diameter
were countedoinfall these‘estimations; and certainly they
include some interneurones and neurosecretory neurornes, for»
filling;through the interganglionic connectiues revealed
'some cell bodies that were not fllled‘throudh the peripheral
nerves,’yet'these were over 20 um in diameter (Figure 1.19).

On the other hand, the smaller cell bodies less than 20 um in
'dlameter are many .more in number than those of 20 um and over.*
Estimations of these cell bodles in the metathoracrc_ganglrg g
,‘Qf both‘the cricket‘and the stick‘insect were . 5'22001-

and 1500 respectively. . They are smaller than
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those of the metathoracic(of the cockroach whlch were

| estlmatedcat around 3400 (Cohen and Jacklet 1967). 1In
addition to the difference in the generaiibehavioural leveis,
the size of the animal may be relevant as weli. iHowever,
the small cell bodles, i.e. less than 20 um are considered
to be mostly glial cells or interneurones. .Burrows and
Selgler (1979) found that all the 1nterneurones they studied

in the metathorac1c ganglion of the 1ocust 5chlstocerca

~americana- gregarla were less than 20 um 1n dlameter

.Wbrbover, the majority of neurones in the nervous systems
of vertebrates and invertebrates are 1nterneurones (Pearson
1977) . |
AThe distribution patterns of different sizes of cell
bodies appeared sinilar dorsally-and ventrally, but with.
" more of all sizes in the ventral regions (Flgure 1.5,1.15)
"1n both insects. This means that most of the motor neuronesh
:are.situated in‘the ventral part of the ganglion; andvthis is
supported by the'finding that almost all;(except a few) of |
the fllled cell bodies through the peripheral nerves are
situated in the ventral region. Others have found that
motor'neurones such as those that control flylng and walking:
all were found in the ventral region (e.g; Bentley, 1970; |
- Burrows, 1973b; Burrows and Hoyle 1973; F0urtner_and Pearson
1977).
| If the 20 - 30 pn croup is mostly motornenrones (Figure
i.lS ), and there,are»motorneurones in the other groups, as .
well:aS'neurosecretory'and interneurones,Athen there are o

likely to be more motorneurones than interneurones, which
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suggests that some of the neuronal systems in the ganglion
may be of the "Command neurone" type, i.e. one or a few
interneurones that trigger a much larger number of motor
. neurones to'perform a sequential behavioural-act (such as
walking, flying, feeding- etc.) (e;g. see‘Kupfermann and
‘,Weiss 1978). | o
The pattern of the size range for the separate groups
| was similar to that for the whole ganglion (Figures l.l4)
except for group No, 2 of both‘the cricket and the stick
insect and grOuplNo. 4 of the latter, where there are more
of the larger neurones than the smaller ones;- This means
that, with the possible exception of groub ﬁo. 2, it is not
feasible to:distinguish functional groups of neurones in
aifferent regions on the basis of.size, since the size
distribution is comparable over the whole or most of the
ganglion. "This suggests that cell bodies subserVing
different functions may be mixed together in the different
areas without being geographically grouped in any fine sense.
_The‘medio-dorsal group, group 24, is,rather distinct
from the other groups because of some unuSual pr0perties
One of the noticeable features of this group is its varying
pattern of arrangement of cell bodies both as a group and in
their number within the group (Figures 1.17 ). sSimilar
variations of arrangement were also found in other areas, i.e.
the four motor neurones that innervate the‘dorsal | |
1ongitudinal.flight-muscles and.which are situated in the
lmesothoracic ganglion.  Such variation of the position of

cell bodies may perhaps be a more common,phenomenon than is
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sometimeslsupposed in different parts of thevCNS.of insects,
but is simply more easily detectable in the smaller groupings
of cell bodies However, it seems that these variations do
not affect the functional role of the cell bodies for
activity recordings from an identified neurone (DUMDL) of
'group 2d, were obtained ‘from different preparations, yet they
were always wirtually similar. Hoyle (i97é) showed similar
variations in number and arrangement of-cell‘bodies in the

s
D

'corresponding groups of the locust Schistocerca gregarea

and the'grasshopper;-nomalea microptera; he~explained this by

suggesting‘that the absent cell bodies could be unusually
located forwards or backwards of the main group. This could

be the situation in the cricket and the- stick insect but

- variablevdegeneration of some neurones is also possible for

it was found by Taylor and Truman (1977) that degeneration of
neurones during deve10pmental stages’ takes place and by the
adult-stage, reduction in the number of neurones by up to -

. 50% can,occur. It is clearly possible that either some of- the
degeneratinguceil bodies might'be.retained but inactive, or

a varying number of active neurones could survive to maturity.
The 1east number of cell bodies found was eight large ones.
The neurones of this group are known to be unpaired
(Plotnikova 1969), i.e. each of them send axons to both sides.
of the: insect body,'and because of this, they were called
"Dorsal unpaired median neurones" (DUM)'(Hoyle et al., 1974).
The 1east number of cell bodies found was eight large ones,
but a varying number was usual and the upper limit was

'eighteen cell bodies in the cricket when it was not more
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than eight in the stick insect leferent numbers of the
cell bodles of the corresponding group of other 1nsects ‘were

reported as well. Plotnikova (1969) who first described these

~.neurones as unpaired found nine cell bodies in Schistocerca
'gregaria; Crossman et al. (1971) reported elght cell bodies
- on the'dorsal'region-of the metathoracic ganglion of

- Periplaneta americana,Hoyle (1978) found up to twenty one in

Schistocerca gregaria and recently’only four unpaired dorsal

neurones were found in the lantern ganglion of male fireflies

| Photuris versicolor (Christensen‘and Carlson,:1§81). It is

- likely that the "Dorsal unpaired median neurones" (DUM) as -

were called'by Hoyle et al, (1974), exist at different numbers

in different ganglia accordingjto the role‘they perform.

. ‘The‘neurones of this group, namely group 24, are known

‘to be unpaired, i.e. each of them sends axons to both sides of
_the insect body (Plotnikova, 1969 Hoyle - et al., 1974), but

it ‘seems more likely that(only some of.them, notably the
1arge-onesi are unpaired; for dyelfilling.through the connectives

f,of the metathoracic ganglion of Gryllus bimaculatus, revealed

- some of'the'smaller.cell bodies of this group are paired. On

the other hand, the.cell bodies of this group appeared.to be

‘connected to each other through fine branches (intermingled),
for on some occasions more than one cell body were filled over,
prolonged periods of back-filling through,Nl This may

-indicate that they are integrath/e neurones; but Hoyle and

‘ Dagan (1978) found no electrical coupling between 51milar

"'cell bodies of the Locust,and the grasshopper,
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B'.ack-'-‘fi‘lling" through N, also revealed "thé other five
motorneurones that innervate the dorsal longitudinal flight
muscles, four of which are situated in the posterior region
of the mesothoracic ganglion, and the fifth in the anterior
region of the metathoracic ganglion and c0ntra1aterally to

. N through which it was filled, Neville (l963) demonstrated

1
that the dorsal flight muscles of the locust"Schistocerca

ugregaria, Forskal phasic gregaria ‘are innervated with five

motorneurones ‘four of which lie in the mesothoracic ganglion
and the fifth-lies in the metathoracic ganglion. The
imorphology of the group of four is conformable with the
classical description of motorneurones of insects (Wiggles-
?worth l959 Guthrie, 1961) by having their cell bodies

_ situated at the ventral region of the ganglion and their
.arborizations‘in the dorsal region. In their studies of the

v.flight motorneurones of the. locust Schistocerca gregaria'

‘and Chortoicetes terminifera, Bentley - (1970) and Tyrer and

‘ Altman (1974) respectively, showed the- coriesponding
' neurones in the. mesothoracic ganglion of these animals, but

'Bentley (1970) did not show their branches- whereas Tyrer

In general, resemblance between the configuration of this
'group of motorneurones of Gryllus -and the similar grOup of
.Chortoicetes was found. However, some-differences were

. ond
. noticed as well Xthese authors attributed the apparent

"branches of the group that cross the middle of the: ganglion
~ to the contralateral half of the ganglion,to dye leakage .. - :

andlregarded'them as artifacts caused by the use of ‘bias
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current.hAIn:the present study, it was found‘repeatedly in
GrYllusithatsthey are indeed genuine branches.(Figure 1.37)
and'not only appear fn.the dorsal.region} hntAin the ventral
region as well, .where on some occasions one of the four aﬁons
goes towards the other half of the gangllon after emerglng
from its cell body; but not more than one such axon was found
in the same preparatlon However, 1t should be borne in mind

e
that although both Chortoicetes and Gryllus are orthop rans.

and w1nged-1nsects, Gryllus do not fly very much,iiidike locusts.
‘Each of the four neurones has a part of its axon that
is almost bare after emerglng from the cell body and the
branching ramifications appear in the upper half of the
gangllon,iwhere branches from the wing sense organs pass
through and give off further branches,’Which again could
1nd1cate some sort of synapbic contact between the two neural
' elements e "’ It was ShOWn phy51olog1cally by Burrows
(1975a)that the connection between the stretch receptors of
the wings and the flight motorneurones iscmonosynaptic.
However,_synapses in invertebrate'central nervons
systems do not occur on the soma. as in vertebrates, but are
.found on the’axons,away from the soma (Tyrer and Altman
1976). -This reSultS'in isolation of the'somalfrom the spike -
1n1t1atlon zones in 1nvertebrates (Cohen 1976)
It was noticeable that the neurones‘studied in this work -
fall of which innervate the dorsal longitndinal flight muscles
have their branches.mainly'in the dorsal area of the ganglia,
'althoughfsome of their cell bodies are ventrally'situated.

~and others are dorsal. ‘This could suggest that the dorsal. f‘,.
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area of the ganglion is the main region for Synaptic contact
between theée neurones (and probably allﬁfiight neurones)
and the branches that come from the_wing sense organs, This
conclusion was made because all the branches of'the above
mentloned neural elements (efferent and afferent) are’ found
in the same areas w1th1n the ganglla Burrows (1975a) and
Altman and Tyrer (1977a,b) showed that the branches of the wing
stretchhreceptors are found mainly on the_dorsal areas of
both the mesothoracic and'metathoracic.ganglia of locusts,
On the'other hand, the two sﬁall cell bodies that dye-
filled4along with the large ones are of uhknoWn function.
The cell in the mesothoracic gangllon contalns obvious
VESlcles,suggestlng it may be neurosecretory,and the other
in the metathoracic gangllon is of uncomplicated branching
patternp however, it has been reported recently thatAthere
- are present SOme Sensory neurones with central small cells
(Peter.Brauning and'Reinhold Hustert 1980)i;i- ’

- - A

Eaéh‘of the four motor neurones has.a:part of its axon
that is almost bare after emerging from the cell body, and
the branchlng ramlflcatlons appear in the upper half of the
ganglion where branches from the ipsilateral hind wing
"stretch receptor pass through and give off further branches,
though they are not as exten51ve as those given off in the
metathoracic'ganglion<by the same stretch receptor'(Fig. 1,32A),'
which again could indicate some sort of synaptic contact
between’the two neural elements. Branchee,from the ipsilateral‘

fore wing stretch receptor were shOWn n the correspondlng F;T*

| area of the mesothoracic ganglia of the locusts | Chort01cetes f?
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vterminiferar(Altman and Tyrer, 1974, I977a,b)*and-

Schistocerca'gregarian(BarrOWS 1975a)., In the present study,

‘no filling was made through N, of the mesothoracic ganglion

of the cricket Gryllus bimaculatus but similar branches of
the. fore wing stretch receptors of locusts are most.likely

to be found in the cricket. This is because great similarity
between the branches of the hind wing stretch receptors'in
~both the mesothoracic and metathoracic ganglia of the cricket
and locusts was feund ¥hough Clark (1976a) reported that
the branches of the hlnd w1ng stretch receptors in the meta-

thorac1¢ ganglion of Teleogryllus oceanlcus were short and

did not show similarity to those of the-locust»shown by
Burrows (1975a). However, these stretch receptors were found

‘to control wingbeat frequency (Wilson and'Gettrup, 1963;

Gettrup,-1963- Burrows, l975b c; 1977) ;

As has been prev1ously mentloned the cell bodles of
the ﬁour‘motor neurones are situated in the ventralbequwlof
the mesothoracic ganglion away from their;arborizations.
Synapses.in invertebrate central nerVous systems do not occur
on the}soma as rn vertebrates, but are founa on ﬁgiuiﬁ2?61h nﬁeds
‘away frem the soma (Tyrer and Altman, 1976) ‘This resulti(ln Ghd

@%uﬁm@L
1solatlon of the soma from the spike 1n1t1atlon zones in /
invertebrates (Cohen,-1976), |

The sixth neurone/of.the'grbnp that:innervates the DLM
is the contralateral aorsal 1ongitudinalfmeter neurone
.FCDLM"'(Clark, 1976a) that is situated in the.metathoraeic
' ganglionr Its strikiné_properties are: (af'its cell beay

- lies in the anteriorlconnective contralateral to N, through_;SJ;Q
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which 1t sends 1ts axon to the DLM (b) most of its rami-
flcatlons are found contralateral to the cell body, in the
dorsal area of - the gangllon (Flg. 1.327A). So, the cell
bodyvappeared isolated inside the~anterior oonnective and
away_fromomost of its_ramifications. It is not khown

yet, whether or not,'this positioh of ‘the cell body has

any physiological-significance. However[ Behtley (1970) was

unable to excite the DLM of Schistocerca gregaria by

stimulating the corresponding cell body of the mesothoracic
‘ganglion. He attributed his failure to the distance. of the
cell body from the spike'initiation zone. . However the
' ‘ Qggﬂu
pOSlthn of the cell body, the CDLM, is dlfferentAfrom that
of locusts Guthrle (1964) found it almost in the middle .

of the anterlor part of the mesothorac1c gangllon of

Schlstocerca gregaria; L Bentley: (1973) ‘and Clark (1976a)
ifound it more lateral, anteriorly in the gangllon_of

Teleogryllus oceanicus similar to that found by TYrer'and

Altman (1974) in Chort01cetes termlnlfera, but none of these

authors reported 1t in" the connective as was fOund in

Gryllus bimaculatus. The axon of the CDLM 6f each side of

the gangliohiis very olose to each of the two branehes of
the'DUMDL axon (beyond the bifurcating point) and from which
some branches are given off (Figare 1.32A) .. However, direct
contact between them has not beenvfound But'Davis and
Alanis (1979) reported that the DUMDL remalns inactive durlng :
vra burst-of the CDLM, On the other hand, the arborizations

of the CDLM are only dorsal and found in the same area that E
~has exten51ve sensory branches from the wing stretch receptorAf

suggestlng that connectlon between them may ex1st
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It was noticeable that the neu:ones-stﬁaied in this
work, and which innervate the DLM, héVé-their branches
mainly in the dorsa1 area of the ganglioh, althdugh some
of the cell bodies are ventrally Qituated‘and othérs are
_dofsal{ 'This could suggest that the dorsal area of the
ganglion'ié'the main region for synaptic céntact between
neurones. This conclusion is suppofted'by the finding that
most of the cell bodies of;the ganglion és a whole are found
in the ventral region, indicating a kind of functional
layefing.- No ‘indication has been féund in,the course of
thé present work of any,obvious layering in the’neuropile.

It was'shggesﬁed by Bentley (1970) thét}neurbnes that
innérvate the same muscle are grouped together in the
gahglion..‘The condlusion to be drawp from the histoiogical'
and anatomical work presented ﬁere is that very little such
‘ grdupihg Qf:neuroﬁes occurs, ;nd this seems to be especially
true of the motor neurones, e.é. thése'that ;nngrvate the
'dorsal‘longitudinal flight musclé. No ddubt £hiS‘iS to some
extent a reflection of thé fact that all fhe‘synaptic:
cOn£éc£s occﬁr away from the éoma. Such grouping as there
may be would Be more likely'tvoccur within the neuropile;
but the complex and tortuous routs followed by-many neurites
‘may,Suggést‘that éven in the neuropilé.the anatomiqal
'organiéatién is not such ﬁhat it will be readily worked out

by histological methods.
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CHAPTER 2 : NEUROPHY SI0LOGY

1. Introduction

The dorsal longitudinal flight muscles of the orthop—
teroid inseots Gre known to be innervated by five motor-
neurones for each side. Four of these neurones are situated
ipsilaterally in the mesothorac1c ganglion and the fifth
is s1tuated contralaterally in the metathorac1c ganglion
(NeVile, 1963; Guthrie, 1964, Bentley 1970);' In addition to
these five motorneurones, it was shown later ‘(Bentley, 1973;
Altman and Tyrer 1974) that there is a sixth neurone situated
in the metathoracic ganglion that innervates.both sides of
the dorsal longitudinal flight muscles, This neurone is a
member of a group (group 2d) of neurones whose cell bodies
are situated in the dorsal area of the metathoracic ganglion;
The neurones of this group have unusual properties compared
with the rest of the neurones of the central nervous system
- of the 1nsect and are found in all of the thoracic and
abdominal ganglia of the nerve cord (Rowell, 1976). These
neurones are unpaired; they do not occur_as.biiaterally
symmetrical hOmologues.. Each of these celi bodies gives
rise to a single somewhat short neurite that bifurcates
'_into.tw0'symmetrical processes each of which goes to the
ipsilateral side'of the ganglion to exit through peripheral

nerve trunks on eaoh side. This group of neurones was:

described first by Plotnikova (1969) in Locusta migratoria

and she called them polyaxohal neurones. Crossman et al.

(l97lb) showed that the somag of these neurones of Perlplaneta'

_amerlcana and Schlstocerca gregaria glve,rlse to bllateral,

axons that exit through most of the nerve trunks of the meta= '
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thoraciczéanélion;‘bﬁt_found'no sign of axoh innervation
from theselcelis to fhe nerve that goes tovthe dorsal
longitudinal flight muscles and suggested that these
.-néurones may be involved in thé éo-ordinatién of lég mbvements
or the maiﬁtenance'of posture. " |
InﬁeStigaiions-have beén cafried out by some workers
of the elédtrical and physiologicalApropertiés of these
neurones. One of their striking propertieé is that they are
electriéally-excitable, thé soma of these neurénes being
capable of_carrying'large,-ovefshooting'actibnApotentials
that are of longer dﬁration than is usual.iﬁliﬁsect neurones
(Crossman et al, 197la, 1972). ?his exCitability was -not
foﬁhd in other neurones of insécts (Hoyié,.l970; Hoyle and

Burrows 1973). Hoyle et él. (1974) described seven such cells

from Ehé metathoracic ganglion of Schistocerca and showed
that one of them.sends axons bilaterally to the fast
| extensor tibiae muscle of‘the'metathoracic'lég, and that
the terminal showed an EM profile of large (60 - 170 nm)
electrondense vesicles typical of some neurosecretory cells.
It was’foﬁnd théﬁ'this neurone inhibits the slow spontaneous
- rhythm of contractioﬁ and relaxation that is characteristic

.of.this muscle and is itself of uﬁanwn function (Hoyle and
- O'Shea 1974;4Hoyle 1974).A Because ghese neurones‘are
'unpéired»they were called the dorsal unpaired median (DUM) .
‘neurones (Hoyle et al. 1974) and that which innervates the.
fast‘exténsof-iibiae muscle was called DUMETI..

From the whole cluster of the (DUM) neurones, the.

destinations'of,only two of them are known so far; the
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DUMETI and that which goes to the dorsal longitudinal
flight muscles, the DUMDL . |
' Only DUMETI of the locust ‘has been studied in detail,

' Eapus Thak hanve oppeared.
mos l%Kduring the course of the present work (Hoyle et al.

1974; Hoyle 1978; Hoyle and Dagan 1978 Evans and O'Shea
1978; Heltler and Goodman 1978). The DUMDL that innervates
.the dorsal“longitudinal'flight musdles‘(bLM)1Was.less
stndied’in‘the adult stage. Davis'and'Alanis (l979)-snowed
'some of dts functional aotiVities using entracellular_

recording techniquesin Gryllus domesticus; and general

_ properties of the DUM neurones of Scnistocefca were presented,
again”durino the course of the present work,by'Hoyle and.
Dagan (19785.~ It was found»tnat the effect of the DUMETi
on the rhythmic contraotion and'relaxation:of<the jumping
'muSCletcan be mimicked by the application of low‘concentrations
of octopamine to the isolated muscle (Hoyle i974; Evans and.
O'Shea 1977, l978)land‘the soma of‘the,DUMETI has been shown
_to contain ootopamine (O'Shea and Evans,ul977) Also, there
was no mechanlcal response obtained when the DUMETI was
stimulated.’ ThlS in addition to the finding of neurosa%etory
vesicies in its axon terminals led to the suggestion that it
‘is a neurosecretory cell body, a suggestion whicn was expanded ‘
to include the whole cluster of the DUM neuronesi |
On the other hand, the electrical activities of the
DUMETI~were'related to different spike initiation zones
(Hoyle .and Dagan 1978 Heitler and Goodman 1978) .Somel
: electrlcal and pharmacological properties were suggested for o
~ the DUMDL by recording 1ts actiVity extracellularly (Davis |

and Alanis 1979)
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This work has been carried out as a compliment to the
histological information obtained. in the first‘chapter to
extend our knowledge about the functional role of the DUMDL

of Gryllus bimaculatus. Attempts have been made to find out

if'there is a link between the DUMDL'and'some sensory organs

‘such as the caudal cerciAandlthose of the heaa.‘ Also, the

effeet of direct (electrical) and‘indirect‘stimulation on

the DUMDL and the dorsal iOnéituainal fliijt muscles has

been studled.Intracellular recordlngswerexoiialned from

other ‘neurones that 1nnervate the dorsal muscles,.

-Pharmacologlcal experiments were carraed out using cholinergic

drugs to see their effect on the activity of the DUMDL since

cholinergic system components are wideSpreaa in the CNS of

‘many.insects (e.g. Pichon, 1974'-Sattle, 1980).

Act1V1t1es of the other motorneurones that .innervate the
their inter-

DLM were also recorded and the possibility oﬁ(relatlonshlps

with the DUMDL .is discussed.
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II. Materials and Methods

The animal was put inAa,waxed‘diséecting plate in the
natural position and_wasuimmobilizéd-with strips of
plasticene around the legs. The;wings were removed, and a
cut was made alohglthe dprsal longitudinél mid-line from the
neck‘right'to £he pbsﬁerior end‘of the animal. The viscera,
fat, connective tiséues}‘énd muscles lying over the
_abdominai:nerve-cord_weéé removed to ex?éSe it. Tracheae
:were left intact to.suﬁpiy oxygen, aﬁd the twolflaps of the
body were pinned oh~each side. The ﬁetathbracic ganglion was
gently.iifted.and a rigid plastic platfqrm was slipped :
beneafh it either passing betwéen:the4metathbracic-mesothoracic
connectivés or from the lateral side. The ganglion was
securedVQn‘the platforﬁ by meéns of finé,pins passing clése
“,td it'or through the tracheae or connective tissues. The
platform was attached ﬁo a micromanipulator, so'it éould be
‘gently and precisely adjusted to‘thé level wanted. The
platfor@,prOVided‘a solia‘support,from beneéth the'ganglion
during impaling with a microelectrode} Although the cell
bodies are invisible, and their position is somewhat variable,
experience ﬁade it possiblevto predict the poéition of the |
bUMDL.Which is usually almost in the middle of the dorsal
region of ﬁhé metathoracic ganglion, in line with Ng of
both'éides of the ganglion.. During the preparatién of the
ganglion for penetration, it was kept moiéteﬁed with insect
"séline...Other insect salines were tried and usually Fielden's

(1960) saline was used having the following cbmposition:
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7. 5g NaCl 0. lg KCl, 0. Zg CaCl 0. 2g NaHCO dlstllled

2
Trls - HCl buffer.

H 0 lOOOml Its PH was kept at 6.8 .using. l OomM

However, ‘when CoCl2 was used to stain the neurone, seline
containing chlorides only was eventually used to-avoid
.blockingrof t he elecrrode. Eventuelly the whole ganglion was
flodded with.the seline,

A'QlasS'ﬁicroelectrode was attached to a-holder and this
~in turn attached to a micromanipulator that was pushed towards
the predicted position of the eell body, end the penetration
:was carried out blindly. Sometimes many artempts had to be
:maderin~oraer to’find*j!u the desired cell body. The glass
microeleetreae wesAfilled with an electro}yte,AZM potassium
acetate'following Hoyle and Burrows (1973);‘ Potassium
chloride was used at the beginﬁing, but”ifs precipiration
at the top of the glass tube led to some problems. On
‘some oeeasions, the'glass microelectrode_was filled with
4.5% Procion yellow or 5% cobaltous chloride (COCL,).
Microelectrodes had a resistance of.ZO—4OVMQ’when filled with
potassiumpehloride'or potassium ecetate, and'4d-66 MQ when |
filled with Procion Yellow'er}CobaltOus Chloride. At the
end of the experiment,'dye was iﬂjected into the cell body
. electrophoretically through the recording miCreelectrode
"~ by means of a bridge circuit‘fitted into“the amplifierr’
Procion Yellow was injected by ﬁegatively charged direct
or pulsed constant current (12nA) and'the CoCl, wes injected
by pulses,df'pesitively charged eurreht (12naA, 500 m sec.
‘repeate& every second). "After dye lnjectlon was accompllshed“l

' hlstologlcal processes were carrled out as prev1ously

described in the first ghapter,
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' Microelectrod es were connectéd_ﬁo aﬂHigh%Gain differential
pfe-amplifier thfough'a cathode follower and the neural
activity was displayedq on a Tektronix dual‘béam oséilloscope
(Type 502A). Re’fco}"gl'i'ﬁégj"oc the activity Cwlre made by =
 means of a Tektroni# oscilloscope camera-using.a Kodak
249 RAR'fiim. Intracellular injécted current was delivered
from a Gréss 104A stimulator: ofAfrom a pulsé generator, A
silver/silver chloride electrode served as an indifferent
electfode. ; |
PhafmacVological agents were prepared Ey dissolﬁing
them in £hé insect saline solution. |
| Air-puff stimulation was delivered ermAmOuth‘or from
an aquarium pump and was directed to the cerci or'head

through é narrow glass tube.




ITI, Results

A. The dorsal unpaired median neurone innervating the dorsal

longitudinal flight muscles (DUMDL) :

As has been shown in the first chapter of this work
(Figufe‘l.32A) the DUMDL cell body is situated ‘almost in
the middle of the dorsal area of the metathoracic ganglion

of the cricket Gryllus bimaculatus, as a member of group No.

'2d (the ‘dorsal unpaired median neurones).

Anatomically it has a bifurcating.axon thé£ innervates
both right and left sides of the dorsal longitudinal £light
muscleéﬂ(bLM). .

(I) TIdentification of the DUMDL neurone

‘(i)' The. Position:

The position of the cell bddy is slightly §ariab1e, but
the extent of this variation has not preventea penetration
- of itsOSOma‘by microelectrqdes on the majority:of occasions..on
which this has been attempted. .

(ii) Response of DUMDL to electrical orthodromic and.

Antidromic stimulatioﬁr
A difect check on correct éenetration wéé_thé'twitching'
of‘the dorsal longitudinal flight muscles of both sides » |
‘foliowing stimulation of the cell body with depolarizing |
constant current (3-15 nA for a dufation of O;l —'SOO m sec.,
althoﬁgh sometimes direct constant current was used for .
vafying periods);- A Single stimulating pulse of depolarizing 

mnxent:causes a twitch in the dorsal longitﬁdinal flight
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musclé; but. these twitéhes_disappear with continuous
repetition-of stimulating puises-when applied fof 3-5 minutes.
The twitches can be elicited again if the animél:is allowea
to reét for é period of 15-30 mihutes; but stronger current
is required and the twitcheé are less in number than those
originally obtained. The times involved make it unlikély
that Qe are dealing with a peripheral fatigue phenomenon.
It seems more likely that there is a chanée in membrane
properties at the site of impulse generation of the neurone
caused by the artificial stimulation of the somé but since
impulse genefatién oécurs away from the soma it is not
possible to be specific about this.

‘The-pbsition is further complicated by ﬁhe fact that
this twitch response was not obtained on aligthe occasions
when it was otherwise evident (by allowing its electrical
properties  to be obsérved and distinguished from another
aéfive cell body) that the soma had been penétrated. This
VVariability of response may reflect differences in physiological
‘condition = between animals and/or the heurones involved. It"-
is not known, for example, what effect the-synaptic relationships
between DUMDL and other neurones‘might havé oﬁ impulse
generation; hbweVer, the resting potential lével of this
‘neurone was compafable between different:animals, and fluctuatiops
in its level, that might have represented sgch distant
synaptic influences, were never observed. Ié‘wﬂl Pfeﬂnnakﬂy not
'simply reflect damage caused by'the_microeieétrode to thé | |
penetrated»éell body. |

In éddition to its response to Electrical 6rthodromic

stimulation DUMDL responded to antidromic electrical
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stimulétioﬁ through N,. However, DUM nequnes in general
respond to antidromic stimulatipn through most'of the
gangliOnic‘péripheral nervés (Crossman éf_él" 1972;‘Hoylé
and Dagan, 1978). | |

(iii)‘ Distinguishing the DUMDL's activitiés from those

of the other DUM neurones:.

Successful searching for the DUMDL.ceil body among the
"DUM heurones required a large number of penetrations of
cell bodiéS' of the bU'M group (Group No. 24, f‘igure 1.133),

Penetration. of any cell body in this grbup was indicated
bf a sﬁeady:resting potential and/or'membfane activity.

Usually two cell bodies of the DUM négrones afe found
'either~Spdntane,ously active, or can be felatively_éasily
éctivéted by eithér direct stimulation of the cell body,
by injecting a small amount of depolarizing current
(3-i5nA);.or by external, indirect, stimulation such as air
puff on the éerci, gentle tactile stimulatién of the_abdbmen,
1oud noiséjof sﬁdden shadowﬂ Theée two kinds of stimulation,
direct and'indirect; elicit somewhat different.types of
vresponse as will be:discussed below.

. Each of the two cell bodies has its own paﬁtern of activity
ﬁhich”ﬁakes it distinguishable from the other one as fpllows: o
(a) The first cell body always exhibits thé'same pattern of
spiking (Figure 2.1A), being distinguished by its single
Spikes'with ffrather pronounced undershoots. The épikes of
this ceiliboay usually Qccur‘at-é regular frequency which :
is rathérvlow.(l—4.5HZ)'when spontanebusiy adtive, but
'increééing up'to 23HZ (Figure 2.1B) if the»énimallwas excited .

by direct or indirect stimulation,



FigureA2.l

(A) and (B) Intracellular recordings showiné patterns of
fifing of the DUMETI neurone. (A) spontaneous and (B)
induced by air puff stimulation onthe caudal cerci. |

(C) - (H) Intracellular recordings from the{DUMDL showing
pattern of firing of this neurone. Irregﬁiérity of spiking
is shown; Thevundershoot is absent compared<with that of the

DUMETI. All recordings are from different preparations.

Voltage calibration, (A) and (C) - (H) 20 mv.

(B) 40 mv. Time calobration (A) and (C) - (H) 400 m sec.

(B) 200 m sec.
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The nature of the activity of this cell body suggests
that iﬁ may be the corresponding cell body to the DUMETI

neurone that innervates the extensor tibiae (the jumping

musclé) Qf the hind legs of the locust SchistoCerca gregoria
: ahd'which has received a good deal-of investigation from .
many workers (see’Inﬁfoduction). This céncluéion ariées
‘ frombthe.fact thaf there are common propertiés.betweén these
‘two neurones in the cricket and the lodust,.as folléws:
(i)_-' Both are membérs of the DUM group of neurones .-
of the metéthoracic ganglion. |
(ii)  The low rate of frequency, in Cricket 1-4HZ;
: and in locust from O.5HZ (Heitief & Goodman 1978)
to 1-3HZ (Hoyle and Dggan 19751}
(iii) The spikes are usually single; doublets were
' seen duriﬁg the firing of this cell body only
;on a véry few océasioné.
(iv)--© The spikeé of this cell'body have a pronounced
undershoét. A | . |
(v) ‘ It cén be stimulated throﬁgh NS’(theAnerveAto
‘the leg). | :

(b) The second aétive_cell body has its own differént pattern
an spiking. This pattern is distinéuishable by spikes that .
usually appear in bursﬁs of spikes, each sonsisting of 2-5
spikes; howéver, single spikes wefé.seentbccasionally but
‘could be prece ded or followed by'bursﬁs»bf doublets,
triplets or more (Figure 2.1 C-H).

"The firing frequency is.thus irregular, at 1-30 per

minute. Regular firing was found in some preparations but
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‘_even here the frequency‘varies from one individual to another;
It has no'after—potential or a very small one compared with vi
that. of ‘the .first cell 'blody.,. the DUMETI. On the other hand,.
twitching in the DLM.was produced when this cell body was
stimulated_by depoiarizing current and the cell body itself

- could be stimulated through N So ik was concluded that

A 1P1-
this is the cell’bodi which innervates the DLM(Bentley,
{1973) and which was termed the "DUMDL" (Hoyle and Dagan,
1978) in loousts,

- (ii) ' The electriqé} properties of the  -DUMDL

_ The cell body has a resting potential ranging.from
45—55 mV in different individuals, being negative with respect '
to the 0utside of the ganglion. The differences may reflect
the‘physiologicallcondition of the animals Overshooting :
' arafiens Stodieds

action potentials were obtained m abouf 50/0 of - the X sometimes
induced and at other times spontaneous,reaching up to 90 mv
in size (Figure 2 2 A-D) with a duratiOn ranging from 20-50 ms
(lt is noticeable that the spontaneous ones have a longer
Aduration); ‘The action potential has either no undershoot or
rather small undersnoot (compared with that of the DUMETI);
tnough it reaohed nearly 7 mY on some occasions (Figure 2.2A).

Bursts of action potentials as groups of spikes is a
common feature of the DUMDL neurone and there was no
preparation Without this kind of activity. The number of
ispikes found in each burst varied between one to five spikes
per'burst uhenpthe cellobody was spontaneously.firing (Figure
2.1 C-H) but it couldlbe increased by stimuiation such.as
gentle tactile stimulus or air puff; or by chemical
stimulation by applying Acetylcholine (ACh) which increased

it to more than twenty spikes per burst (see section on

effect of ACh). During the firing of a burst of action



Figure 2.2

(aA) - (D).'intracellular-récording from the DUMDL_showing
overshootinglaction potentiéls from different preparations,
(A) A sudden brief tactile stimulus to one of the caudal cerci
initiafed an overshooting action potential. (B) and (C)

are spontaneous action potentials. It caﬁ'be seen in (A) and
(B) that there is an initial slow rise in:membrane

pétential before the épike fires. (D) Is-an action potential
initiatedlin.response'to an intracellular stimulus (10 nA,

20 m sec. duration). (E) Intracellular recording from the
DUMDL showing spontanebus spikes with after potentials that

were abolished by applying direct depolarizing current

(arrow) ‘and which also incfeased~the spike frequency.

Voltage calibration : (A) - (D), 40 mv; - (E) 20 mV-,
Time calibration : (A) 40 m sec; (B) -»(D)'loo m sec.

(E) 200 m sec.
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potentials, the underlying membrane potential‘shifts towards
depolarization (e.g. Figure 2.1 E-H). This kind of firing
was never seen in the other cell body, the supposed DUMETI

neurone.

(III) Synaptic input and spontaneous activity of DUMDL

'As stated above, the DUMDL was found spontaneously
firing on some occasions. When such activity occurred it
| lastedythe whole liferf the preparation'(up to two hours).
»This spontaneous activity had an irregular:frequency of
ll—3O per minute. If the animal was excited by directly
injected‘depolarizing current (3-15 nA) into the soma,“or
indirectly by gentle tactile stimulation or air puff on to
the caudal cerci, the'frequency increased up to 16 HZ
(Figure 2 2 E lS an example) .

‘The heuhonc ireceives a continuous_bombardment of both
inhibitory post synaptic potentials (ipsp's) and excitator =
. o in the cell bady
. post synaptic potentials (epsp's) which are clearly v151b1e/< :
when spontaneous act1v1ty is not present (Figure 2.3); the
ipsp's usually. being common in the unexc1ted animal, and
“SometlmeSflpSp s and epsp s_were produced by the.same DUMDL
alternatiyely (Figure 2.3F). The epsp's sometimes
g&vekise to an action potential or ahb;rst‘of action
potentials, :

Both ipsp's and epsp;s were at varyingfamplitudes,
indicatlng the input of many synaptic 51tes to the neurone
_at varying distances from the soma, Reference to the morphology
of the neurone-(first chapter Figure 1.30) shows that some -
pro;ections, spiny and swollen ended, emerge from the main

| axon .at relatively short distances from the soma and these



Figure 2.3

Cl

Intracellular recordings showing different kinds of both

ipsp's and epsp's : (A), (B) ipsp's, (C) epsp's, (D) and

. , , ‘ Enlo %MIQS 06 : '
(F) show 4toth - - ipsp's and epsp's. (E)/(ePSP'S Which occur af
regular intervals. (G) - (J) show epsp's give rise to different
numbers of spikes in each burst.
Voltage calibration : (A) - (E) and (G) - (J), 20 mV (F) lOAmV

Time calibratioh : (A) - (E) and (G) - (J) 400 m sec.

(F) 200 m sec.
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may representAsynaptic contacts made with other neurones.

In view of_their promixity to the 'soma, it is likely that
synaptic activity in this region would be recorded in the

soma.  Also fron the first section of this work, it is
noticeable that there are many afferent elements that terminate
or branch ‘and pass close to the axon of the DUMDL and its
‘branches (Figure 1.323).

IV. Functional properties

Direct and microscopical observations were made of the

DLM of GrYllus bimaculatus in most of the preparations to

see whether there were any'contractions similar to the
"intrinsic‘rhythmic contractions" found in the locust
jumping-muécles,.‘This rhythmic'contraction of the locust
jumping mnscles Was'found by other workers to be abolished
by artificial saline and reduced in frequency'and amplitude
or completely inhibited when the DUMETI was étimulated_
(HoYle, 1974; Evans and O'Shea, 1978). Nothing'similar was
observea in'the cricket'e DLM althoughvthe observations
were made both before and after the addition of saline.
However, on some occaSions some.contraction'of the DLM w&re
observedfduring electrical stimulation of the DUMDL and the
four motor neurones of the mesothorac1c ganglion, although
these were not always obtained. ‘

Itvwae suggested by Davis and Alanis_(l97§) that the

DLM of Gryllus domesticus are bifunctional, serv1ng both in

flight and in more generalized intersegmental -movements like'
ventilation, Coincidence of firing of the DUMDL, of Gryllus.

bimaculatne, with the respiratory movements of the»body‘wa$ —

_noticed on some occasions; but it did not last a whole.life =~ -

- of a preparation neither was it found in every one.



- 92 -

V. Effect of decapltatiomAand deafferentiation

When the animal was left 1ntact and an air current
was applied on its head, the_act1v1ty in. the DUMDL cell body
was either completely suppressed or Slowed down very much
with little shifting of the membrane potentlal towards
hyperpolarlzatlon (Figure 2.4A).

- On ‘the other hand, the DUMDL.of headless and legless
animals tended to be hyperactlve (Figure 2.4 B-E). This
indicates that the DUMDL is under.inhibitory control by
nenrones in one or both of the head gangiia.A‘It was shown
histologically (First Chapter; Fig. 1, 11)'that axons pass
thrOugh the metathorac1c ganglion to the anterior and
posterior parts of the animal some of these axons give
branches in the metathoracic gangllon and some others
terminate into it, and Huber (1965) found that inhibition

of kicking in Gryllus campestris was caused by stimulating

theVIOCi'in-the head and-that'neurones which seem to be.
 involved in»suppressing the cercai re5ponse"could-be‘localized :
within the glomerulardregion and the lobeesystem of the ° o
‘ mushroom bodies which.also}control the sound»production.

VI. The responsiveness of the DUMDL to the indirect stimulation

Crickets, like many other insects; exhibit evasive
responses. That the head has an inhibitory influence on DUMDL
has already been established and it seemsviikely that this
is related to such evasive responses It was therefore
decided to stimulate the animal. under experlment in another
way Whlch might mimic natural stimuli that could produce such’

'eva51ve.responses, ‘'while recording from the DUMDL cell bodygd,fg;



Figure 2.4

Intracellﬁlar recordings from the_DUNDL. (A) Regular
.bursﬁs of spikes; the one that should:o¢curAbetwéen the two
arrows was suppressed by applying air éurrent on ;he heéd.
(B) - (D).examples of a hyperactive DUMDL of a_decapitated-
animal; the activity continues for up to ?houks and on s§me'

occasions for the whole life of the preparation and towards

the end of the preparation the amplitude of the spikes

becomeé low (E). (D“'E [CVOW‘ Same FP&PMa,hW'}

Voltage calibration : 40 mv,

Time calibration : 400 m sec.
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TABLE 2.1 X

Period in
Frequency of
which habitation

stimulus S.D.

occur
(seconds)

(mean)

5 . 25 sec. ) §?6

15 1.5 min,. 0.5

30 6.5 min. 1.5

60 15 min. 2.8

The effect of air jet (appréximately 1 second duration)
on the activity of the DUMDL. The air jet was applied on the
caudal cerci. The mean of the time from 5 preparations.
Repetition of stimulus resulted in lowering the amplitude
of spikes as well as their frequency on some occasions

(e;g. Figure 2.5E).

minutes

sec seconds

S.D. = standard deviation
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By analogvaith the well-known response to air moﬁements
in the ‘anal cerci of the cockroach;The'ahimal was excited
thorugh the caudal cerc1, by directing air puffs onto
them through a narrow glass tube.

In~cr1ckets and cockroaches, the}e#asive response is
mediated by cercal sensory neurones, giaht fibres"in the-
abdominal connectives, and thoracic motor neurones (Roeder
1963;;Hgber 1965).' Palka'(lé??) stared tharﬁfhe abdominal
cerci ofhorthopteroid insects'are purely sensory appendages
arising from the 10th abdominal segmeht,‘and they are
regarded -as major sensedorgans that provide'input to the.
largest interneurones in the central nervous.system?.
lThe‘stimulos,appliedvto the cerci was either continuous or

interrupted. The response to this kind of stlmulation was
- found to becoptimal when it was applied to.an animal that
had remained undlsturbed for at least !5mnm. Examples of the
activity recorded are shown in Flgure 2 5 A F . It will be
”seen that the effect of the air puff is ‘to excite the neurone.

If the air puff was applied continuously;'the response 3

. recorded in the DUMDL cell body -stopped completely within

half a minute, that is the anlmal became habituated to the
stimulus. The stoppage usually was preceded with few changes
ih the activicy before the final disappearance (Flgure

2.5 E,F). The longer the interv:als and;shorter the
duration of the stimulus, the more Slqwﬂydidfd '5ubi&uqficn
{OCClLv A?(Table 2.1). Repetition'of this stimulus resulted-
in lowerlng the amplltude of SplkeS as well as the number of

splkes on some occasions (Flgure-Z.SE), Habltuatlon lasted

from 15 minutes up to 40 minutes.



Figure 2.5

(&) - (D) intracellular recordings from the DUMDL in résponse
to air puff on the caudal cercl of different animals,

(E) same preparation as (D) but after 20 minutes. Some of
the preparations resbond with long duration spikes after
repétition of stimulus (F);‘ana repétition'éf stimulus for
longer time resulted in habituation to.étimulqs, (G)
‘represénts a refractory period of a DUMDL. KH) and (l)
showing activity recorded from the DUMDL'bﬁt unaffe;ted by

indirect stimulation (see text).

. Voltage calibration : (A) - (F).4O mv; (G) - (I) 20 mv.

" Time calibration : 400 m sec.
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, RemoVal of oﬁe of the cerci and stimulaﬁion of the
remaining.cercﬁs produced similar results to stimuiation of
both, bufuwith less ampiitude, suggesting tﬂé£ each of the
ceréi has:its own pathway to the céll body, and that the
amplitude‘ofithe activities which is recorded in'thé DUMDL
cell body‘és responses to stimulation of both cerci‘is
probably the summétioﬁ of the response due to each pathway
(Figure 2.6 A,B). '

if £he stimulus was applied while the DUMDL was
spontaneously firing, the frequency iﬁéreaéed (Figure 2.6
C,D), but if £he-stimulus was repeated coﬁtinuouSly, the'
firing spmétimes stopped for a while and then resumed
'séonténeously, and at varying amplitudes‘(Fiéure 2.5 H,I)
énd further stimulation to the cerci doeé ndt affecﬁ the
firing, indicating that the s?ontaneous actiQity is du; to
'inputs éoming from other source$ and that £he Sife.of the
habituétion previously observed is 1i£eiy to be the synapées_ui_
in.thg‘cercal péthwéy. This conclusion is suppéwted both by
the behavidﬁr of habituation observed in the cricket and
other insects and.the pﬁysiological work.bn similar systems
in other animals. For example; in the crayfish it was found
that ﬁﬁe escape reaction (tail £flip) soon:habiﬁuated upon
repetitive stimulation. Zucker (1972b) repoited that the
syhaptic'sites between tactile afferents and non-giant
interneurone ére#veiy vulnerable to hébituafioﬁ upon -
repetitive stimulation, - This habituation was demonst;atedf
to be causéd by a powerful inhibitory effect of these ‘
synapses . as a resﬁlt of activity in the.lateral gianf

neurone by Krasne and Bryan (l973), who suggested that the



Figure 2.6

Intracellular recordings from DUMDL :

1(A)'A response to air puff'on both cerci while they are

intact.

(B) response to air puff on one cerca while the other was

removed.

(C) Another preparation in which DUMDL shows single spikes

whose frequency increased (D) in response to cercal

stimulationCC6 ﬂ Einlovs P"’%)

Voltage calibration : 40 mV,

Time calibration 400 m sec.



2.6




..- 95 -
inhibition was exe:tea agains£ thé_sensory terminals themselves,
reducing tﬁe ﬁroduction of transmitter liberated by the
activity evoked by the tail flip. Kennedy, Calabrese, and
Wine (1974) demonstrated that the site of inhibition is -
indeed'presynaptic, by recording with'microeiectrodes from
the afferent terminals themselves.‘ '

“In the cricket Murphy and palka'(1974j have shown that
there is a central inhibition of the synapses made by the
sensqry receptor of the cerci in the last abdominal ganglion
when the animal engages in' spontaneous walking activity;
this inhibition is reported to come from the ﬁetathoracic
ganglion, for it was abolished by transection of the nerve
cord at any point between the metathoracic ganglion and the
last abdéminal éanglion, but it was not abblished by tran-
sectidn of the connectives anterior to the metathoracic
ganglion. | |

VII. Effect of the direct stimulation on DUMDL

. As mentioned above, the DUMDL cell body is excitable and
reéponds directly to a stimulating depolarizing current in
most cases. o i

| The application of depolarizing current during the
firing of the cell body increases:the frequency of the
firing (Figure 2.2 E). If the cell body was depolarized
'while'receivinglinhibitory post-syngptic potentials, the
amplitude of the i.p.s.p's increased s TA/S™
.— conform§  with the Hodgkin-Huxley modél.

On the other'hahd, hypefpolariZing'current suppresées o;A :
' SIOWfs down. the spontaneous activity of the_cell body. If_ o

the\hyperpolarizing current was stopped after being injected



Figure 2.7

f
Y

(D) the

e

firing was inhibited by hyperpolarizing current; and after

the ceasing applying current, the cell body resumed firing

with higher ffequency which returns to its original one
gradually; also it developed after potential which disappears

gradually as well. - (F) - (K) show the effect of direct

" stimulation. (see text). In (H) - (K) the response is

preceded by a stimulus artefact.

’

voltage calibration : ‘¢ ... = (b) - (K) 40 mv,

Time calibration : #A}—200-m—sees (B) - (K) 400 m sec.
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1nto a flrlng cell body, 1mmed1ately after tessatlon of the
applied current the cell was seen to fire at a higher
frequencytthan originally with undershoots that progressively
disappear and the firing_sooﬁfslowed down to its former
.level. This is an example of the well-known pﬁenpmenon of
"post-inhibitory rebound" (Figure 2.7E).

Stimulation of a non-spontaneously active DUMDL soma,
‘directly with a depolarizing eurrent produceﬁ two kinds of
_response: |

| .(i)' In mest preparations usually there was not a one-
to-one splke response- to each stlmulus- but when a depolarlzlng
current w1th amplitude of 3-15 naA (varylngufrom one
preparation to another) and for a short<duration rangingv»'
between 1-20 ms, was injected into the sema, it triggered it
to'spike, this spiking on some oecasions continued for a
1ongAtime until the preparation as a whole finelly failed
vto function, i.e. up to two hours. On other occasions it
'produced:only a few spikes,

“(ii) The second kind of response.is'thefone-to-one
"responselto each stimulus: this kind is rare, but was
obtained on some oecasions. Figure 2.7 shows different
steges of this kind of response.; In Figure 2.7F -the cell
-body‘ie shewing post-synaptic activity. 3nA depolarizing
current of 5ms duration did not.evokezrespense_(Figure 2.7G)
but by increasing the aﬁplltude of the injected current
up: to 5nA a sign ofzresponse appeared (Flgure 2. 7H),_and

further increase in the injected depolar1z1ng current up

to 9nA produced a clear response of nearly 40mvV (Figure 2,7I). .



On_;uother occasion. increase in the amplitude of the
1n3ected depolarlzlng current did not result in a bigger
- response, but it produced a double component response
(Flgure~2.7J,K).' Double component spikes were frequently
Seen during activity of DUMDL;

VIII. Effect of Acetylcholine and eserine on DUMDL

Acetylcholine is one of the commonest neurotransmitter
suhstancee in animals including insects.

Attempts were therefore made to study the effect of
Acetylchollne ({ACh) on the DUMDL cell body whlle recordlng
1ntracellu1arly from 1t. leferent concentratlons ranging
from 1075M ACh were tried to determine the threshold con-
centration by flooding-the metathoracic ganglion overall
with the solution under test whiie'the ganglionic sheath
lwas left intact. The threshold concentration‘mae found to
be between 1073M-10"2M; within this range, ACh produced an
increase in both the frequency and the amplitude of spikes

(see TabIe 2.2). Table 2.2 shows the effect of ACh at

2M on the act1v1ty of DUMDL

concentrations of 10 3M and 10
cell body. It had a restlng potentlal of nearly 55mV, and
was not spontaneously active but shows post- synaptlc
act1v1ty; It was trlggered to splke by a gentle tactile
stimulus applied to the Caudal cefci. 'The spiking was typical-f
of the manner in which the DUMDL usually fires and which was
found in this-preparation, as regular buere of firing |
(Figure 2. 8 A B) with llttle depolarlzatlon of the background‘

membrane potentlal during bursts, followed by a perlod of

inhibition.



Figuré 2.8

Intracellular recording from DUMDL to‘shqw the effect
of ACh on its activity. (A) and (B) Regular firing of bursts
triggered by indirect stimulétion. kC) Inéreése in number of
spikes after applying ACh at 10;,13 conceﬁtration. (D) - (H)
SuccessiVé £faces to show the effect of lO&?,ACh; (;rrows
in (C) and (E) mark the start of the depolarization). The
burst sometimes failed to appear as in (Gj but was followéd
by a longer one. | (AH from Sanre preparation) = .

.......

Voltage calibration : 40 mV,

: g
Time calibration : 200 m sec.
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Charactefietics of the firing in normaiosaline are
shown in Table.2.2. The action of ACh at a concentration of
io-3M is shown in Figure 2.8C and Table.2 2. 'As can be seea,
" the effect of 10 3M ACh is small compared with that of 10 2M
(Flgure 2 8 D-H ‘and Table 2.2). The increase in the
depolarization of thé membrane potehtial during the firing
"_is smalivat'10_3M whereas it becomes more than double at

‘10_2M.; It can also be seen that this depolarizatioo takes
place gradually (e.g. Figure 2.8 C,E) umtil it reaches a
.threShold at which spikes appear. Thé;depolarizacion then
continues during the burst duration (e.g. Figure 2.8 D,F)
until'if ie sudden ly suppressed. This strong suppression
euggests-that the bUMDL celi,body is qnder the influence of
strong inhibition. It was noted also that the number of
splkes in each burst increased up to two and a half times at-
10 3M but 1ncreased up to nearly elght times at lO 2m,
this increase ;n number of spikes was accompanled by doubling.
.of amplitude at 1072M but not ‘at 1073, and a decrease in
dufation'to abouf a third at 1of?M.’ The intervals beﬁween
spikesAincreaéed‘at 1073M; but the effect at 1072y was
va;iable,athe interﬁal~decieased to half between some and
increased to double.betweendotheré at iOfZM. Changes in the
bdrst_doration took place as weli, it was increased by about
100ms at 10™M and by about 1300ms at 10-2M'from time to timeévz

The intervals between bursts increased only at 10_2  by

nearly 1300 ms. Thus it was found that the effect of ACh-at .

10 2M was generally greater compared with 1ts effect at

10 3M. These are relatively hlgh concentratlons to use, but o

it must b_e‘ remembered that the ganglion sheath is left .

intact.
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2M solution was applied to a non-firing

When ACh 10~
DUMDL cell body it increased both the ffequency and amplitude
of epsp's, and on some occasions it induced them to give

rise to action potentials.

IX Effect of Eserine (physostigmine)

To compliment the study of the effeét of Acetylcholine
the effect of eserine was tested to see whether it has a
similar effect upon the DUMDL aétivity in view of its
inhibitory aCtioﬁlon Acetylcholinesterase (AChE) and its-
consequent prolongation of ACh~ac;ivity in cholinergic
systems. The threshold concentration was found to be
107> ; the solution was applied to the gangiidn overall with
the neural sheath left intact. An increase in both the
frequency énd amplitude of the epsp's was obtained and on
some occasions they gave rise to action potentials (Figure

2.9 A,B,C). When eserine was applied to a firing DUMDL, it

incrdased therétevof firing (~+~<s=—~—=————) so the action

CCM\HV_IU&S & F/00>




Figure 2.9

Intracellular recordings from the DUMDL showing the
effect of eserine. (A) The cell body wasAshowing epsp's
before applying the drug. (B) and (C) After applying

eserine atﬂlogs concentration.

e T e

(F) and.KG) showing the

effectvof ca’? free saline containing 20 mM Mg++ (arrow).

. Voltage calibration : (A) - (C) 20 mv; (D) - (G) 40 mv,

Time calibration : 400 m sec.



2.9
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ef eserine at lQ_%M resemb;es that of AChfa£ 10'3M. On
the other hand,_ eoncentratiehs higher. than 16'5M0f eserine

- were found to block:the activity'altogether. ‘The block was
reversed on washing with saline. This is,because‘eserine

is one of the nicotinoids (Leake and Walker 1980). They

beaf a ciose»relatiOnship to'ACh, and bind'to}cholinoreceptors
causing.depolarization and excitation and at'ﬁigh concentrations

this leads to depolarization block (Eldefrawi et al,,

1970).

 Pretreatment of the gangllon with eserlne 10 6M - 10_5M
: 1owered the threshold concentratlon of ACh to 10 4M This
was observeq on many preparations before andiafterAthe
treatment. ihé treatment uSually preceded”fhe~application
of'ACh-by 5-10 minutes. |

On the other hand, the effect of a calciﬁm—free saline
with the relatively high concentration of 20 mM_Mg++
reeulted in a progressive decrease in the.actiVity of the
DUMbL, which finally disappeared.(Fiéure 2.9HF,G5; This'wae
tried to show that transmission ie chemicaily mediated

- for it is known that saline lacklng Ca 'and high in Mg++,

‘ (entral
blocksXphemlcal synaptlc transm1551on in insects.

B. The four motorneurones that 1nnervate the DLM and which

nare situated in the mesothorac1c gangllon

‘As has been shown in the first chapter of this work,
the cell bodies oftiesekeurones are situated.in the posterior
ventroiateral'ﬁart.in either side of the mesothoracic ganglioni
Because of the variable arrangement of:their'position, |
and since intracellular stlmulatlon does not evoke contractlon

always ;nvthe DLM, 1t was 1mp0551b1e to recognlze each of
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A&Lwr\ .
them &4 X’unlque characterlstlcs However, intracellularly

recorded act1v1ty from dlfferent preparatlons showed some
common prepertles such as_response to stimulation of NlD’
‘;'rathefsfMImkffesting petentials, lack of large action
botentials,'bccasiOnal'twitehes in the DLM when the impaled
cell body was intracellularly stimulated, and some similarity
in the pehterh'of firing'(e,g; Figure'2;10)'ae well as
‘their position (see Figure 1.32 A, fifst‘chapter).

The-cell bodies have a resting potential rahging from
50 - 60 mV in”differént<individua1s, being negative with
respect £o the outside of the ganglion; and unlike the
DUMDL'overshoofing.action potentials were never obteined
from theéefheurenes. B

Post synaptie potentials were much less common than
thoseiof the DUMDL and mosﬁly are excitatory (epsp's), but
ipsp's were also seen but leSS»frequentiy. ‘This suggests
thatvthese neurones may not be involved in integrating events. -

Stimulating the impaled soma with depolarizing current
usuéily»produces Singlelspikes (Figure 2.10 A;B) of whieh
the biggest amplitude obserﬁed weé around'éo mv (Figure
2.10 C).- Most of ‘the responses wefe below‘thresheld,
though twitches in the DLM were eeen on somerccasiens when
vdepolarizing current was appliedhv |

On the other}handfiéesponsesof these cell bodles to
indirect stimulation appeared dlfferent from the re3ponse of
A'the.DUMDL to this sort of stimulation. Flgure 2.10 D-J show U
.their reséonse to air puff on the head-and on the cerc1-».-r‘hQ

vesponse. to air puff was found more frequentlyin animals whose ;'
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Figure 2.10

Intracellular recordings from the four hotorneurones[of
the meséthoracic ganglion,
(A) The impaled cell body was stimulatedAwith direct de-
polarizing current (3nA). The'activity frequency was
increased (B) when the strength of £he injected current was
increased to (9nA). (C) From another preparation at'which
 3nA direct current was injected. (D) - (F)'sth flight
patterns; a burst of 3 spikes (D), (Fi or 5~s§ikes (E)
followed by strong inhibition (arrows). [(D), (F) from the
same preparation, (E) from another prééargtion].
(G) show response to air current on the head from another
preparation, some of the spikes sﬁart wiﬁh@regular sharp
increase in the depolarization of the.membrane potential (e.g.
fhe first spike) until the spiké fires; -Inhibition is still
seen (arrow) delayfhg‘ ' - some spikes (e.qg. the.
inhibitions foilow the arrow). (H) is another preparaéion :
at which an inhibition (arrow) similar to that of (G)
followed with no spikes. (I) another preparation at which the
inhibition is weak in preventing spikes, buvt air puff on the

cerci stopped them (J).

Voltage calibration : (A) - (C) 40 mV; (D) - (J) 20 mv.
Time calibration : (A) - (D) and (G) - (J) 400 m sec.

(E), (F) 200 m sec.
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legs were rehoved.. This perhaps ié because of the removing
of inhibitory influences.coming'from the Leg-Sense organs,
the tarsi in particular. Applying air current on the head
produced flight pattern activity 31m11ar to that found by
.Bentley (1969) and which showed progre551ve fncrease in
depolarlzatlon followed by strong 1nh1b1tlon (Figure 2,10
D-F) and each burst. con51sts of 3-5 splkes On other occasions,

valr current on the head produced 31ngle splkes Jbut strong
inhibitiOn still can be seen after each‘three.or-two spikes
j(FigureZZ.lO:G)‘an.d sometimes the spikes stopped'completely
following this inhibition (Figure 2.10 H). nOn the other
hand, air puff on the: cerci inhibited the activity (Flg

‘ and emly '
ZilO I,J); though, it produced few SpikesAon rare oocasionsf;

C.” The contralateral dorsal motor neurone (CDLM)

h_As'has'been shown in the first chapter (e.g. Figure
1.32 Af the CDLM, that also innervates the DLM, is unusually
"situated in‘the connective of either side close to the
metathoracic ganglion. Several attempts wefe.made to
'penetrate its soma but the mechanical resistance of this
arealwas much greater than other partsiof.the ganglion,
Figure 2.11 shows some of the activity recorded from it.

It is impossible to relate this activity to

any spec1f1c physiological functlon without a great deal of

. Yoo

further work, < . LT L

1The CDLM has a restlng potentlal of about 60 mV Spontaneous.
~ firing was found on some occasions but progre551vely dis- |
appeared, perhaps indicating damage-of the cell body caused

by the microelectrode;



Figure 2.11 |

(A), (B) and (C), three intracellular recordings from
the CDLM of three different'preparations. .In (A) and (C)
the frequency is higher than it is in (B) , however,
progressiVe décliné Qccurred in ﬁhe activify of the cell

body»sbon after éenetrating it with the microelectrode.

Voltage calibration (A), and (C) 40 mV, (B) 20 mv,

Time calibration : 200 m sec.
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'IClafk (1976b) -and DaviS'andelanis (1979) showed the

‘activity bf‘the CDLM of Teleogryllus oceanicus‘and

 Gryllus domesticus respectively. These authors used extra-

cellular recording techniqué, howeve:; so their results

are not directly compérable with those présented here.
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DISCUSSION

‘ It has been establlshed in the flrst chapter ‘of this
work that the DUMDL neurone (the dorsal unpalred median
neurone 1nneryat1ng the dorsal longltudinal flight muscle,
DLM) of the metathoracic ganglion of'theoricket Gryllus

bimaculatus, is morphologically very comparable to analogous

neurones in Teleogryllus oceanicus (Bentley 1973) and in the

locust Schistocerca gregaria (Hoyle 1978), but with the

difference that the DUMDL of Gryllus bimaculatus was repeatedly

back-filled with dye in the adult stage, though difficulties
simiiar to those reported by these authorsdmve encountered
~ on- some occasions (discussed in the firSt:ohapter). However,
apart from a‘study-dnring the course of,the.present work by
Davis and.Alanis.(l979) in which they used'the isolated

metathoracic_ganglion of GrYllus domesticus and extracellular

recording technique, DUMDL neuroneSas such have not been
investigated physiologically, but the properties of DUM

neurones (dorsal unpaired median neurones) in general have

been.studied_in Schistocerca gregaria and'the‘cockroach Peri~

planeta americana (Crossman et al., l97la;.h; 1972) and in

the 1ocust'Schist0cerca gregaria and the-grasshopper

Romalia mlcroptera (Hoyle and Dagan l978) and the locust

_Schlstocerca nltes (Heitler and Goodman 1978) However, in

- these studies work was mainly concentrated on the DUMETI
which‘innervates the jumping muscle.

It can be seen from these previous studies that-the
phy51olog1cal characterlstlcs of the DUMDL neurones of .U

Gryllus blmaculatus presented in- thlS work showed sxmllarltles ;

with some_of these. From the whole c;uster of the DUM

neurones, however, there are only two whose destinations .
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are known, the DUMDL and the DUMETI. Both the DUMDL

and the DUMETI were identified in Gryllus blmaculatus,

and although both of them were spontaneously active or could
ea51ly be activated by direct or. indirect stimulation, their
patterns of spiking were sufficiently differeht from each |

' -other to enable the particular cell body that is impaled to be
recognised through its pattern of Spiking;'.ohe of the two
lneurones the DUMETI always exhibits only single spikes
which'undershoot. The DUMETI of the locust sends its axons

to the hind legs through Ng (nomenclature of Campbell 1961)

as it does in the cricket Gryllus bimaculatus. In addition

there is a strong resemblance between the Splklng patterns
“and that of :

of this neurone J the locust, where it was reported that

doublets, triplets and multiple groups are completely absent

(Hoyle and Dagan 1978) and .in Gryllus. All these observations

Suggestpthat this active neurone in the cricket is the

correspondiné one to the DUMETI of the locust.

On the other hand, the second actlve neurone DUMDL, was
found to innervate the DLM through the stimulation of the
cell body of the DUMDL itself where it produced twitches
. in the DLM on some occasions when it was stimulated with
depolarizing current,'this as well as the. back-filling of
. .the DUMDL with dye through N lA was regardeq‘as direct
evidence that DUMDL innervates the DLM, On the other hand,
the pattern of spiking of the DUMDL differs from that of the
DUMETI as it appears as bursts of.spikes that make'it
distinguishable from the DUMETI which fires single spikes
only Also another noticeable difference between the two

_neurones is the pronounced undershoots that appear after
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each spike of the DUMETI, however, although _ was either

completely absent or rather émélliin the spontaneous spikes
of‘DUMDL, itjwas'wel1 developed wheﬁ the DUMDL was injected
with hYperﬁdlarizing‘current, when it becaﬁe.evideﬁt after

cessation of the hyperpolarizing current, but soon returned.

to its original level. 1In the DUMETI of Schistocerca

gregaria,’the»undershoot was attributed to increased potassium
. conductance associated with the recovery éf_the soma spike
for it was reduced, abolished, and reversed’by'progressive
hypérpolarization and.enhanced by depolari;aﬁion.(Hoyle aﬁd
Dagan 1978). This would seem to be the case in.the DUMDL
of the Cficket also, for hyperpolarizatioﬁ abolished the
activity;:and ipsp's were increased in amplituae when the
DUMDL'was depolarized (Figure 2.7A). | |

The twitches observed_in the DLM were no£ obtainable
-in éll preparations alﬁhough'the neurone responded eléctrically
to sﬁimulation. This situation befhaps-indicates‘that there
is a'specific PhYsiblOQical‘condition in which‘ﬁhese muscles.
aré responsive to stimulation of .the DUMDL. It is well
knowh“that'the flight muscles of érickets ére-ﬁot highly
develoéed for flying. Although these insects:fly occasionally,
they are not stronély flying insg;ts, as is the locust; but
an additionél use for winés in cricketé is' the production
of sound.by scraping one of the fére&ings err a rasp-like
series of ridgesAon the other forewing (Huber 1962) perhaps
for courtship or fighting. Huber (1965) has shown that the
Behavipﬁr and sound productibn 6f the‘criCket Gryllus

.campestris differ at different sexual stages. He also

showed that the mushroom bodies and the central body (in
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the_btain) afe necessary for the control of sound production.
It is clear that the DUMDL is indeed under inhibitory control
from the head ganglia. This effect was clearly seen when the
.animai was décapitated, whenihyperactivity éf the DUMDL
occurred'indicating that the neurbne was disconnected from
én\inhibitOry source. A similar effect of décapitatiOn was

found in the cockroach periplaneta americana by Hughés (1965)

and infthe‘metathoracic gahglioﬁ of Schistocerca gregaria

and Melanoplus differentialis by Hoyle (1965)and these also

were presumed tp be due to interfﬁption of some descending
ihhibitory pathways. So'éossibly the inhibitory influence

of the head'could be abolished auring sqund production or
flight but not at other timeé; This sugéestion is supported
by the finding‘thét‘when a curreht of air waé directed on

~ the head, the firing of the DUMDL Qaé stopped and the membrane
potentiél shifted towardS’hYperpolarizaﬁion, at the same

time as thé'same”stimulus caused flight spiking patterns

in the four motor néurones tha#:innervate‘the abrsal 1ongitudinal
- flight muséles and which are situated in the mesothoracic
ganglion, In addition, Davis and Alanis (1979) noticed

that the CDLM neurones (the<¢ontralaterai longitudinal

motor neuronés).which also innervate thé‘dorsal longitudinal
flight muscles~(DLM) fire during the suppression of the DUMDL.
However, no activity was recérded of the CDLM of Gryllus

bimacuiatus that would indicate the functional role of this

' ‘neurone due to difficulty in penetrating its soma. It has

o /
been shown in the first chapter that the neurites of both the

DUMDL and the CDLM lie in close proximity to one another in
~the neuropile (Figure 1,32A). - This could suggest that the

DUMDL may be linked to the neurones that innervate the DLM
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in both the metathoracic and the mesothoracic éahglia;
‘The question that raises itself here is:‘howldbes the DUMDL
‘that lies'in the metathoraeic gahglion affect the four
- motorneurones that lie bilaterally in the mesothoracic
ganglion? It seems that there are two explanations:
(1) via the internuncials that pass through'the thoracic
ganglia. It has been shown in the first ehapter'that dye
filling through the interganglionic connectives as well as-
intra-axonic dye 1njection through mlcroelectrode revealed
many neural fibres that pass between the ganglia and branch
.or,termihate in the thbracie ganglia (Figuresl.1l)
apparently inciuding the well-known giantifihres that link
the head ganglia- w1th the last abdominal ganglion |
| When the puff of air 1s directed onto the head, the
DLM motor neurones are excited, but the DUMDL is inhibited. -
At(first‘siéht, the DUMDLACCuld'be seen aeldirectly inhibiting
the'mesothoracic‘motor neurone (or CDLM neurones). When
the inhibition of the motor neurones.is lifted through
inhibition of the DUMDL by the head‘ganglia,nthe motor
heuroheé'are enabled tovfire epontaneoﬁsly; alternatively,
interneurones that innervate.thesebmotor neurones may fire
spontaneously, to excite the motor neurones; |

However, a puff Of air directed onto the caudal cerci,
causes excitation-of the DUMDL and exc1tation of the DLM's
Thus, excitation of the flight muscles by puffs of air directed
onto opposite ends of the body, produee Qpposite effects on 2
the DUMDL but the same effects (or similar ones) on-the :
DLMs.  This .shox.ﬂs that the DUMDL cannot be'_linke,d with the

motor neurones in any direct way, If it produces its effect
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on the DLMs,thrOUgh‘the motor neurones,'the pathway or
pathways must be indirect, and capabls of moaulation or
Suppression by the mOreldirept‘effect of head or tail stimuli
on ‘the mctor'neurones. Behaviourally, this is to be expectd:.
the flight.or escape reaction must be difect‘aﬁd override
more sﬁbtle.effetts. (2) Another alternative site for
the effect of the DUMDL on the other neurones that innervate
the DLM is directly upon the'muscleswthemSeives by modulating
their action through varying amounts of its neurosecretion.,
In the 1ocu:st, Evans .'and’O'Shea (1977, 1978) found that the
DUMETI5direttiy'modulates the myogenic rﬁythm that.was found
in the extensor tibiae muscle. This kind-of cqﬁmand function
of the DUMDL, if it exists, seems different from that of
the conventional command neurones, ' which are usually
interneurones and more dbvious in otheér inQéttebrates such
as cruStacéans and molluscs rather than 1nsects (e.g. Davis
19775 Kupfermann and. Welss 1978) .

“In thelr work on Gryllus domestlcus, Dav1s and Alanls

| ,(1979) suggested that the dorsal longltudnuﬂ.fllght muscles
may play a role 1n ventllatlon; If so, thlS could be another
explanatlon for the hyperact1v1ty of the DUMDL that resulted
from decapitation, for Huber (1960) has shown that in
.crickets the ventilation cycle 1s(1n1t1sted”from a centre

in the sub«esophageal'ganglion; ‘Cettainly the firing of
the DUMDL did coincide with the body moveheﬁts_due to vent-
ilétion for prolongea periods of time on-manf occasions,
.HOWever, spike bursts synchronised with the. ventilatory

rhythm in a nerve innervating a non-ventilatory muscle have
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also been Observed in Schistocerca (Miller, 1960; Hoyle, 1964),

and Burrows (197Sb)vreported that ‘some flight motorneurones
are continually depolarized during ventilatory rhythm although
they prdduce'no'spikes and contribute nothing towards

ventilation in the experimental'situation.

'In his work on Schistocercagregaria, Burrows (1975b,c)
_has‘shown that there are at least ‘two interneurones whose -
'somaﬁa'éfe ﬁrobably'within the metathoracic ganglion, and
that make widespread cohnectiqns with 50 flight and
'ventilétdry.motorneurOnes.' These'impose two different
rhythms upon the-fligﬁt motorneurones; a‘Slow rhythm in time
with ventilétory movements and a faster. one whose perioa is
| similar ‘to that of the-wingbeat'in flight. ' -The activity in
the motorneurones which are affected by these two inter-
neuroneé_is-groﬁped in bursts similar'toAthoéebnormallj
recorded from the DUMDL in the cricket, and this may indicate
‘that DUMDL is coﬁnécted with similar interneurones, These
interneurones were also found to be in connection with the
‘motor neurOnés_that.innervaté the dorsél longitudinal flight
muscles ffom the mesotﬁoracicvgaﬁglibn. It has already been

established in the first chapter that the dorsal longitudinal

flight muscles of the cricket Gryilus bimaédlatus are

similar to those of the locust initheiréinnervation,pattern.
' Each of the dorsal longitudinal flight ﬁuscleS‘dn

‘ either side consists of five units innervated by five motor-

neufonés, Four of these motorneurones are situated ip-

siléterally in the mesothoracic gangiion and the fifth is

situatedvcontralateraliy in thé métathoracic ganglion

~ (Figure 1,32 A); this is in addition to their innervation
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Sy é éixth neurone, which jointlYfinnervates~bbth7Sides of .
the body; the'DUMDL.' As for the precise inngrvation of the
DLM, it is not known which unit Orluniﬁs is ;hnervated by
this latter neurone. However, it was repbrted.byAIkeda
(1977). thét twp units.ofwthe dorsal'longituaihal flight
muscles on each side'Qf dipteran.inseqté such as Drosophila
aré'innervatea by the saﬁe neurone. In the case of the

cricket.Gryllus bimaculatus there may be a similar innervation

pattern or more likely the pattern is one of innervation of

- the whole unit, since all the units of the DLM were demon-

-stréteditOZbe innervéted each with one of~the five motor-
neurones mentioned above (Nevile 1963). Sé,,it-is uﬁlikely
~ that DﬁMDLliﬁnerVates'only somé of the units unless they
havé a special role and since the,DUMDL‘supplies both sides
| of the body its action.must be.sYnchroﬁized'on.bbth sides.
The restihg poténtial of the DUMDL (45 - 55 mv) falls
among the normal range'ofArestiné potentials for insect
neurones and in particular 6f the DUM'neﬁropes'(Hoyle and
Dagaﬁ 1978). The differences in the"fgSting potentiél from
- one animal tovanother,.may indicate differences invthe
o physiological conditions of tﬁe néurone; although damage
'caused'by‘the recordiné electrodé?to séme neurones'cannot
be'disc0unted. The duration of action éotehtials of the
DUMDL is,relativle'long (5 - 50 ms) a feature which is
: charaéteristic of neurosecretory cells (Gosbee gg_gi.,'l968;
' Wilkens and Mote, 1970 Maddrell and Nordman 1979), and it
has beeﬁlshown that DUM neurones, in general, are neuro- 
,secrétory;(Evéns and O;SheaA1977;.l978). _This long duration

(compared with other moterneurenes and which is around 4 msec.
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(e.qg. Gwilliam and Burrows-l980) may-refléct'a slow con-
-'ductlon through the axon . ‘Tt was found that slow
conductlon axons in the cockroach Periplaneta americana

a Céion potenbiais
have longer durationX(Pearson et al., 1970) -and- this is in

agreement. with the finding of Paintal (l966, 1967) for small
mammalia fibres and suggests that there is a systematic

$i3e¢ of their
relation between\action potentials,Aduration and conduction

'Ve10q1ty,

. The DUMDL gave rise to overshooting action potentials
_in'the'cell.body, a phenomenon that is believed to occur in
insectS-only-in the DUM neurones. It was.euggested that the
insect cell bodies are inexcitable (Hoyle 1970) and that the
liabsencefof overshooting'actiOn potential'in other motor-' u
neurones was related to the fact that spike-initiation zones
. are distant from the soma (Hoyle and Burrows 1973) . However,
it should be borne in mind that DUM neurones are unpaired |
and thelr'action potentlal must be effective on both 51des'
of thehbody and this probably requires larger action potentials.
vthan those of ordinary neurones since these are not prop-

ond
agated action potentials, Atheir ability to pass over a

distance-w1ll depend on their size. Howeverhxgﬁershooting
action potentials were not alwaye‘obtained'and this failure
could not be attributed to the condition of the preparation
since it occurred in some preparations'of:long life only a
few times and did not occur inlother good preparations at
all. . o

" The occurrence of overshooting action potentials will
presunably helrelated to the'diameter'oflthe.main neurite.

‘Calculations on Aplysia neurones (Graubard 1975) which are
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of laréer size than those of insects but generally similar
in‘morpholocy, indicate that severe voltage.attenuation,
particularly of-transitory potentials, will‘occur during
. passage from a small to a large prccess. ,Thistalso has been -
demonstrated in the locust, (Burrows 1977),.'In the cricket
it was found that the diameter of the neurite is larger than
that of the axon branches so when a spike comes from one
of the branches, it Wlll suffer a Significant attenuation
due to‘the diameter of the neurite, unless the branches fire
in synchrony to raise a strong acticn potential in the soma..
chever, although Heitler and Goodman (1978l'related the
failure of the'soma spike in some events tc this cause, they
Valso pointed'out that the ioncphore composition of the membrane
may be such}thatAthe membranevis;limited'in-its ability to
support a‘full action potential under conditions in which
spikes fail . |

‘The activity of the DUMDL usually appeared as bursts
of spikes grouped together and accompanied by slight de-
polarization in the underlying_membrane pctential. These
bursts ‘consisted of varying number of-spikes'which were of
different amplitudes on some occasions, sugcesting-that'these
spikes were coming from synaptic areas at.varying distances
from the soma., In their studies on the DUMETI of the locust
and the:grasshopper, Hoyle and Dagan (1978) and on the
locust Heitler and Goodman (l978l, related spikes at different'i
amplitudes to different spikerinitiation zones: the soma, -
the-neurite, and the two main axon branches. All of theSe.
workers related the overshooting spikes to the soma, ‘

whereas splkes of up. to 4O mv are neurite spikes and smaller
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ones are'axon.spikes. As for the'Spikes of the DUMDL, it
is not evident that they show such clear-cut limits in their
amplitudes as fo enable them to be related definitely to |
specific spike-initiation zones; although the amplitudes of
the seikes which occur in the same preparatibn and even
within the same burst of spikes do indicate £ha£ these.
spikes are coming‘from verying distances.,  However, they
| may perhaps-be eomihg from a bigger nuﬁber'of spike-initiation
zqnee £han four. | |

It seems that“the DUMDL is in eenneqfibn with a great
_number of Cther‘neurdnee through synaptic ereas. This con-
clusion was made because the neurone can be excited through
differeht“modalities including visual, euaifory, and tactile
ones;.and'from the'varying amplitUdes ofeédet-synaptic
petentiel ef_both kinds,Aexcitatory and iﬁhibitory. However,
it has beeﬁ'shown thaﬁ‘in the ventral nerve cofd'of the locust
,the.largest'axons whieh run beﬁween the brain and the thoracic .
genglia‘are those of a pair of neurones calied the descending'
contrelateral-movement detectors (DCMDs), each of which

reSponds with a v1gorous burst of splkes when a small object

moves suddenly in the visual field of the compound eye contra- '
lateral to its axon (Palka, 1967; Rowell, 1971; Rowell and
O'Shea, 1976). It was also found that spikes are elicited

in a DCMDby loud noises (0O'Shea, 1975) It was found. also
that a DCMD medlates epsp's and ipsp's: in the Jumplng motor
neurones through 1dent1f1edA1nterneuronee (Pearson EE,EE"
l§80;_Peareon and Geodman,'l981).and tﬁese authors. suggested-

that the DCMDs are involved in initiating thefjump‘ that

444444444 =
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‘that of crickets. Pearson and Goodman (1979) and Simmons
(1980) have found that a DCMD mediates epsp's in some un-
identified flight motorneurones. Anatdmically, there are

branches from the axon of a DCMD in all three thorécic

ganglia of the locust (O'Shea eﬁ-al., 1974; O'Shea and
Rowéll,,l977) ”';;which is simiiar to .o ‘;;the cricket

' (Paika; 1969). All these evidences indicate that thefe is

an input from thé visual system to.fhe thoracicvgénglia

and to neurones that innervate the flightAmuscles, and
probably others, and this explainsithe responsiveness: of

the DUMDL to visual stimu1ation, However, the fesponsiveness
_of this neurone to diversity of stimulation5~show5'the |
VC§mpleXity.bf'the DUMDL connections with the different

~sense organs, ThiéAcan be accounted for by looking at the
morphological piéture'of thé DUMDL'where”exténsive branches
of afferent elements terﬁinate in its vicinity,'or give off
branches- in this region durihg their'éassage through the |
metathoracic ganglion (Fiéures 1,32A,'l.33). ' However,
aithough it is difficult to pin-point the preciée.areas of
.synapse, it was appérent'fiom the CoCl2 preparations referred:
to earlier that, in addition to'tpe<fine brancﬁeé given off
.by the two laterai matn branches of thg aXoﬁ,.there are
'.bétween'3—7 swollen areas in the maiﬂ neurite from which fine
spiny and boufon-ended branches émerge. On the othér hand, the
arborizations arouwnd the DUMDL axon brahéhes and close to
it are éo.profusé that many probiéms ariseAwhich aré fér‘

from beingxreéolved. For éxample,_Burrows (1977) asks,
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:"In how many anatomical synapses 1s one phy51ologically
defined synapse represented’ What4propcrtionlof branches
" are inputs compared with outputs, or can a distinction be
made between the two? ' Can different parts of a neurone
'act independently?, and what effect does a postsynaptic
‘potential in a distant branch have on thebimpulse 1n1tiaticn
'zoneﬁ.' We are Still far from precise ansﬁers to these.
- questions. |
' DUMDL showed rapid.responsiveness to'air4puff and
| :gentle touch ‘on the caudal cerci. It is well knoun that
'many arthropods,. 1nclud1ng the crickets eXhlblt escape
behaviour; this escape behaviour was found.to be conducted
to the upper central nervous system throuch-the.ascending
'éiant:fibres found within the nerve cord (Raeder 1963;
Hughes‘1965; Huber 1965; . Parnas and Dagan.197l). The'response
to cercal: stimulation recorded in the DUMDL is consistent’
with the finding (Chapter one) that~the_fibres that come
from the posterior part-cf the nerve cord,‘givenoff branches
in the metathoracic ganélion,‘which may provide synapses
with»the neurdne. It was reported however, that the dorsal
giant fihres terminate in the thoracic ganglia of the cock-
roach (Farley and Milburn 1969).

Although DUMDL remained firing, on some cccasions, for .
- up to an hour, it showed rapid habituation to stimulation
of the cerci; in other words, the response. to tactile and

, skimulation
air. puffjon the cerci recorded in- DUMDL declined on
repetition ThlS could be accounted for by the work of Zuckerf
(1972a b) on the crayfish whlch exhibits .many Similarities .ﬁ“;

.w1th the systems in the cricket (Murphy and Palka 1974)
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Zucker éuggesped»that habituation of the lateral giant system
is due to intrinsic depression of the individual synapsés
between'tactile afferent'and interﬁeurones.. Mofeoyer; there
'is'preliminafy evidénce'that the synapfic dépréssion is, at
least in part, séeéifiéally‘dué to changeé of the pre-.
synaptic element at these functions (Zﬁckef,-l972b;'Krasne
1976).. *Confirmatidn of the presynaptié inhibition dﬁring
._habituation come also from.the work of Kennedy, Calgbrese,
:‘and Wihe (1974), .~ recording intracellularly from the afferent
terminals themselves. In the‘cricket, Murphy and Palka.

(1977) have shown that there is a cenﬁral-ihhibitionbof the
synapses‘ﬁade by these receptors when thé ahimal engagés in i
.'spontanéous'walking activity. So - the habituation‘process

of the DUMDL seems to take place far away from the soma -
itself. Murphy and Palka have found(thgt most of this
inhibitory influence on the LGi and MGI was.abolished by
sectioningxof the connective ipéilateral to the axon:of
interést, while cutting'the‘contralaterél coﬁnective had only

a sﬁall(effect. In contrast, the smaller-ascending‘giant ipfer-
neurones which fire tonically receive their inhibitory control
equally from‘the two'connectives;r They demonstrated that

this inhibitory influence was coming from the metathoracic

~ .ganglion. In Gryllus bimaculatus, Ilh&%g shown, that the
response recorded in the DUMDL was reduced to about half
its'amélitude when one of the cerci wés cut: off while the
other'was‘kept intact and stimulated. Thisfindiéated ﬁhat‘
VDUMDL is in direct connection through béth connectives, . that
the're$ponse of the.two cerci is gonducted'ipsilgterally.andgth

‘that the response recorded in the DUMDL is the summation of
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thatscbnducted through both connectives.A ﬂowe&ef, it was
foﬁnd:thst the giant fibres seﬁd'bfanches to the contra-
latersilside,of thé_last abdominal ganglion where the afférent
fibres.synapse'that'cdme'frdm'the cerci (Rbeder 1963;-

Callec and Boistel‘iQGS); but it is not known whether the

 DUMDL is connected to the‘last‘abdominallganglioh-through the
laﬁge gisnt fibres‘or through thelsmaller:dnes. HoweQer,
7'éscape‘behavisur is a rapid action and first priority; and

it was sﬁggested that the large giant fibres existed to
prbvide a'fast velocity route for théﬁ ﬁdrpose (Murphy and
‘Palka 1974), in additioh to serving as iﬁtegréting.inter—

: neﬁronesA(Parnas and Dagan 1971). |

In sddition to fhe induced excitaﬁionlof the DUMDL’
Ajby'vériOusssensory_modalities the DUMDL was shown to exhibit'
spontaneoﬁs aétiVity for prolonged periods cf time as well
‘as'receiving epSp's and ipsp's; This spontaneous activity

is pfesumably coming from intrinsic mechanisms of the DUMDL
itself.,-This assumption is suppofted by ﬁhe finding that

on some occasiohs,.after the DUMDL have.sho&n no more response's
to‘stimulation of the caudal cerci, i.e.ibecome.habituated,
Spdntaneous firing was resumed asd even at varying amplitudes

- on someboscasions; ﬁoreover, this resumed firing was no 1bnger.-
affectea:byvfurther.stimﬁlation of the cerci within a |

refractory time. However, the activity of the DUMDL vanished

. in a saline labkingCa++ andlhigh'in,Mg+fg..This suggests
'that'the activity of the DUMDL is chemically mediated from
other ihterneurones, but it is possible that the synaptic

blocking agents also have a direct effect on the DUMDL.
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Ths DUMDL showed response tooACh.and eseriné applied
on the ganglion overall. DUM neurones, in general, wefe
'shownvto be.octopsminérgic hy Evans and O'Shea (1977; 1978).
The afferént synapses - to the DUMDL may be cholinergic for the
above-mentioned reason, i.e. response to ACh. Although
' Dale's hypothesis that each neurone contains,snd releases only
one-transmitter was challenged by,xeports-that there are some
'neuroneS'containing'more than one transmitter (e.g. in Helix
pomatia, Gershenfeld, 1973; Hanley and Cottrell 1954; Hanley

et al. 1974; Cottrell, 1977, and in Aplysia,'Brownstein 1974 etal,)

this has not been éstablished in insects.:-On the other hand,
élthough ACh is aipostulated transmitter substance within the
- CNS of insscts, it‘is-not so at the néuromnsoular junctions -
(e.g. Pichon, 1974; Leak and Walker, 1980) unlike'vertebratss,
The releass of acetylcholine from insect ganglia by presynaptic
‘nervs stimulation has not so far.been demonstrated, but thers”
is a high ACh content in insect central nerfous s§stems, and
'; oharmacological experiments have revealed a highhsensitivity'

- of insect-centfallneurones to locally-applied or bathed- |
applied Ach following the inhibition of endogsnohs acetyl-
_cholinesterase (Kerkut et al., 1969a,b;AShankland et al.,

1971; Callelec, 1974; Sattle et al., 1976;) and

this explains the effect of ACh and eserine on the DUMbL,

Evans and O'Shea (1977) have shown that the DUMETI of
‘loousthcan modulate the intrinsic rhythmic contraction of the&
tibiél'exténsot muscle, and Hoyle et al. (1974) have shown
iarge numbérs of dense core vésicles of néuroseoretory type-
at the muscle fibres that receive'terminals from the DUMETI.;.h5

‘However, Evans and O'Shea emphasized that the function of
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.DUMETI'andAother DUM neurOnesAis unlikely to be concerned’
solely with the modulation of the muscle rhythm, Ohservation
on the DLM resulted ‘in flndlng no such rhythm in- thls indirect
zfllght muscle. 1In the mouse neuromuscular Junctlons, Winlow
and_Usherwood (1975, -1976) showed-apparentflack of correlation
between vesicle aggregates and theIoccurrence»of:abnormal
miniature EPP discharges, inferring-that these discharges
wereiprobably‘induced by changes unrelated to the spatial
arrangement of the synaptic vesicles observed in electron
microscope sections, ‘although the simultaneous occurrence
_of'aggregated veSicles and silent functions could‘be causally

related events.

‘"Function for DUMDL :

‘Twitch oroduction in the dorsal 1ongitudinal flight
muscles in response to‘intracellular'stimulation of DUMDL
with depolarizing current has been already established; also
spontaheous activity of the DUMDL has been.demoﬁstrated.
'However, it is difficult to relate these act1v1t1es with '_ k ‘
‘ certalnty to a specific functlonal role. Several suggestlons
‘have been made by some workers concerning the functlon of
~ DUM neurones in general and DUMETI in partlcular In their

work on the cockroach Perlplaneta americana and the locust

Sch;stocerca gregaria Crossman et al. (1972) suggested that

- the distribution of the mediodorsal cell bodies probably
}favour»a motor function rather than a sensory one. Also some -
function 1nvolv1ng the co-ordlnatlon of both sides of the
'anlmal was suggested by them, They added that "the p0551b111ty
-.exists,_therefore, that the mediodorsal neurones are legd

motorneurones. Since most of the other leg motorneurones



 - 121 -
appear:tO'be situated ven;rélly aﬁd to have different electrical
' propéftieéifrom fhe mediodorsal éells,‘a'somewhat specialized
function'seems'likely". Alsé; accérding to ;heir proposed
coﬁfigurétion 6f'axon distribution through neryeitrunks of
the ganglion -~ which was concludéd from extracellular
feédrdings and which was found to coiﬁcide with the axon
distribution of the "Common inhibitor neurone" suggested
bY‘Peérscnfand.Bergman'(1969); they pdstulated ihat the
mediodorsal cell bodies may be fundtionélly reiaﬁed to the
, coﬁmdniinhiﬁitory neurones. However, the axon distribution

proposed by Crossman et al., (1972) was not found in' the

.'idcustf(Hoyle 1978) nor have I found it in the cricket

Gryllus bimaculatus. However, in his work on Schistocerca

gregaria)'Hoyle (1974a) found that the axon of the DUMETI
accompanies the fast axonl‘but not the slow one which is
<unwﬂBlLYaccompanied Ey the cémmon inhibitof,<énd he suggested -
two possible trophic roles for DUM neurdnes.A:One is thé
ﬁaintenahce of good functional condition in.the~abs¢nc¢ of
exitétory nerve impulseé. The other is that fhéy are
respon$i51e for the differentiation befween muscle fibres

that are innervated only by fast axons comparéd‘with those
that also receive a slow and common inhibitor neurone;

‘i.e..fast'versus slow mu5c1e_fibres,'respectively. Hoyle

:(1974b; 1975) also found that DUMETI of Schistocerca gregaria

- and the grasshopper Romalea micropteré has an inhibitory

effecﬁ'bn the rhythm, It causes long-term inhibition of
- the slow inﬁrinsic rHythm of contraction of “he muscle by

releasing a neurohumoral agent. Large (600 - 1900a), dense77~'
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.l core vesioles'are_present in:the'nerVe‘terminals.'The
‘_inhibitory ection was.mimicked'byAinfusion_into the leg of a
minute (0.0l ml)AdrOp;of locust saline containing a very
low;conqentration (lO'GM) of dOpemine or noradrenaline, or an
Aextreordinarily low concentration of octopamlne (2.5 x |
lOfQM). Accordingly it is suggested that. this neurone and the
- other DUM neurones‘are’octopeminergic..'Hoyle‘and Baker
(1975)1found that bUMETI producesfoctOpamine but nelther
noradrenaiine nor dopamine was deteoted.\vaaaagwi

andfb}Shea (1977; l978)‘confirmed that'DUM‘neurones are
octOpamlnerglc for- they selectlvely stalned w1th the dye
-neutral red, -a dye known to stain monoamine contalnlng
neurones;, and through chemlcal assay. However, they empha51sed.
(that the functlon of 'DUMETI and other DUM cells is unlikely

to be concerned‘solely w1th the modulatlon-of the muscle
rhythm for the axon of DUMETI progects to parts of the
metathorac1c extensor xlblae muscle that do not eXhlblt

" “the rhythm, and the rhythm in the extensor tlblae muscle is
confined to. the metathoracic segment and in the cockroach

is absent altogether (Hoyle and O'Shea_l974). |

| Observatlons were nade to see if there is any link
ybetween the'activity of the DUMDL*neuroneland the ventilation
movements of the body. AlthoughAsome synchromyzation was
noticed on some ocCasions betWeen_the spikes and the body
'movement:of’véntilation, this was not'always found. However,
the pattern of the DUMDL sometimes does appear as .single

tonic splkes, and . 51m11ar tonic spikes were recorded extra—
'cellularly 901ng to the dorsal 1ong1tud1nal flight muscles

of the house cricket Acheta domestlcus (DaV1s and Alanis 1979)
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and in]Teieogryllus oceanicus,(Clark l97éb). These spikes
were believed to come from the ‘DUMDL and the authors sﬁggested
that,they are ténié motor.impulées probébly'relatéd to
ventilatibn movements and posture."Davis and,Alanis éuggested
that DUMDLimay repreéent:siow innervation to tﬁe dorsal

flight muscles: but these muscles are believed in most
insects, to have only fast motor innefvatidh}énd are |
phasié'(Wilson 1968) . .

Since the dorsal longitudinal flight muscles play a
rolé in the sound broduction as.well as flight, and probably
véﬁtilation; so the function of the DUMDL could bé a command
IOne.tovcoﬁtrol “@il the neurones that»innefvéte #he dorsal
muscles £d'organize.their roles and coordinate the‘requiréd.'
action.by the muscle according to'ﬁhe situation of the animal.
~ For instahée, if the animal was producing sound, when an |
~escape behaviour suddenly was imposed, the neﬁrone should
'coordinéte fhe functibn of the dorsai muscles with the other:‘b
effective organs in this process and give the escape behaviour
first priorify to'sound productiOn,' Thusp thé command function,
as alréady,demonstrated, éould ndt‘bé a simple one, and its
effect may well be indirect and subject té modulation by a

variety of sensory inputs.
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AfPENDIX
Fixing solutions used:
(i) A.A.F. fixétive.(Formol—acetic acidéefhanol):
40% Formaline ' 10 ml.
Glacial acetic acid .5 ml.
100% Alcohol o ' . 85 ml.
(ii) Bodian's No. 2 fixative:
Formaline 5 ml.
Glacial acetic acid : _ 5 ml.
SO% Ethanol , 90 ml.

(iii) -Bouin's fixative:

Picric acid saturated aqueous 75 ml.
Fofmaline _ 25 ml,
Glacial acetic acid 5 ml.

(iv) Alcoholic Bouin's fixative:

80% Ethyl alcohol - 150 ml,
Formaline | ' : .- 60 ml.
Glacigl acetic acid ' -A. 15 ml.
Picric acid crystals o 1.0 gm,
(v). Carnoy's fixative:
Absolute ethanol o 60 ml.
Chloroform : ' 30 ml.
Acetic acid - 10 ml.

(vi) . Glutraldehyde Formaldehyde pH4:
25% Glutraldehyde | 0.1 ml.
lFormaldehyde | ' 0.4 gm,
(solid paraformaldehyde was weighéd out, heated. to
90°Cc in distilled water, and 1 drop NaOH was added) .

Buffer 5 ml. (O.I M acetate pH4)



Salts 2.5 ml, [salts contain_:‘Z.O% Caclz,

123 NaCl

2’
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12% surose,'%ll (w/v)].

Wood's (1957) insect saline solution:.

Na
K

Mg

15

18

50

4.5

133



- 149 -

Figure Al "
A diagram of the amplifiers circuit used in this work.
Circuit modified from Colburn and Schwartz (1972).

Amplifiers Al, A2, A4, A5 = J.FET op. amp. (R.S. Com-

ponents) .

Amplifiers A3, A6, A7 = 741 op. amp. (R.S.'Components).

BAL. = Balance
CU.IN, = Current input

D.C.Of. = D.C. Offset.
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