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AB.STIUCT 

Detrdled histological studios of the brains of 23 species 

of Lepidorltera reveal a renarkablo uniforitErY in the disposition, 

nultiplicity of neuresecretr., 	collg, and in the nulaer of meet 

types of cells. The recognition of A-, B-, C- and 1)-calla is 

based upon tho varaldehy6a fuchsin staining technique. Those 

7.ajor categories aro further divided, to give a total of 10 

types of cells. In all species neuresecretery culls art-; confined 

to medial and lateral Sroups of the pars intercerebralis. with 

the exception of molial B-cells, all of the naurosocret:,ry cells 

that occur in the adult baceue differentiated durIA1 the second 

larval instar. The cycles of secretion and increases in volume 

of the cytoplasr6 ar42 estioated in 5 types Of cells an4 correlated 

with physioloc;ical Frecosses. 

In adults, activity Of the neurosecrotory cells was studied 

in the short-living saturniid moth, Philosamia cynthia ricini, 

and compared lidth the cctoparatively 	 noctuid, Trlp-

hatila pronuba. Circddian cycles of secretion in the medial Al-

and A2-cells are correlated with diuresis and flight activity 

respectively. 

A detailed histechenical analysis previeles evidence in 

suFport of the assumption that inclusions in the various types 

of neuresecretery cells differ in chemical coNrosition. It is 

suBSested that the inclusious of A- and C-colic are glyeOptotains 

and that the B- coil inclusions arc proteins . There is histo-

che:Alcal evidence that /12-cells also contain 5-hydre;7.ytryptamine. 

Factors afiectin activity were analysed, using an actoLxaph 
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designed t;) record the insects in ftitc. /In endogenous flight 

rhythm was demonstrated in nocturnal .7vthc. Thu offect of 

nouresocrotery colic amt. areas of tilt; Drain was 

studiqd, and a hypothesis of hJrn,nol control of flight activity 

is put forwara. Tile role c f 5-hyf,roxytrntamille 1.n the initia-

tion and mnintellaaco of L110 CirCaAmn flight rhythm is discussua. 
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1. 

I. INTRODUCTION 

Ldvances in our understainding of neuresocretion in insects 

have developed from. experimental and histological studies. To 

a large extent these two approaches have progressed independently. 

Xopec (1922) first demonstrated the humeral influence of the 

brain, upon pupation of the lepid3pteran, Lymantria dioDar. 

Wiggloswerth (1934, 1940) showed that implantation of neurosec-

retory cells from tiw pars intercerobrulis of the brain initiated 

neulting inF:hodnius prolixus. Since then, the role of these 

neurosocretery cells is growth and moulting has been confirmed 

in several other species, including: 4yalephera cecrolda 

1946); CalljpAoraggy:throcelDhala (Pos;.;empos, 1953); TI.Ihita lim-

bata (Nayar, 1956). In a series of transplantation and liga-

ture experiments Fukuda (1940a, b, 1941) demonstrated the import-

ance of the proth:)racic glands. .5illians (1046, 1947, 1952) 

proved that the cram herm,e functioned in stimulating the 

pro thoracic Lhands. 

Llthouh the histological studies of Weyer (1935);  Scharrer 

(1939) and Hanstrom (1933) sugested secretory activity of 

certain large neurones in the pars intorcorebralis, further 

devolopoents wore hampered by lac' z of specific staining tech-

niques. This situati,ua persisted until Bargmann (1949) discov-

ered the sl)ecificity of Gomerils chremehaeontoxylin towards 

neuresecretry materials in _,animals. This method was subsequ-

ently found to be suitable for insect neuresecretien (Stutinshy, 

1952). In the same year Ralmi aerlifiod Gomori'r paraldehyde-

fuchsin technique for differentially stalnin the pancreas, 
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a  	 . Itrao crt no t i-r,s4  ao ( 4 41)750difc( , 	.nc,z 	z  

The full paraldehyde fuchsia staining sequeacc includes a 

tri7ar, ecAra-borstnin. 	+1-L1c ha,̀  fr,--tlitatocl differentiation 

of ncurosocrctory cells which are classified according to their 

tinctorial affinities. Nayar (1955) recDgniced twe tyes of cells 

which be; ecsiGnated as A- aaa B-. Since thou further categories 

have been recognised, eg. A-, B-, C-, and D-cells in the brain 

of Onco7.eltus facciatus (Johann son, 1958). Lone authors have 

found it necessary to further divide A- and B- categories, to 

accoliodatc all of the cells having a distinct appearance 

(Panay and timid, 1963; Chaloyu, 1965; Dolphin, 1965). Others, 

however, believe that the various catod 	merely represent 

different phases in a secretory cycle of a sin:ac type of cell 

(Brandenburg., 1956; do Lerma, 1942; Hurlant-Heewis and racquet, 

1956; Thomsen, 1952). Nevertheless there are mraorous histolo-

gical stndios providing substantial evidence that thdro are 

several types of neuresecretory cells (CL;. 1;.obayashi, 1957; 

Jehansson, 1958; Gel'llay, 1959; Hijinam, 1961; Ladduwahotty, 

1962; McLeod and Beck, 1963; Herman and Gilbert, 1964; Dolphin, 

1965; Raabe, 1965; Hsino and Fracuhol, 1956; Dogra, 1967). 

In ad -lition to moultin and metamorphosis, neVrosocretory 

cett etaducl7s have been showln to influence a divtrsity of pylio-

loil:.;ical 1)rocesses. These include:- auresis (Maddrell, 1963; 

Hijhnam, Hill and Dingell, 1965; Borliee, 1953), carbohydrate 

and lipid 7Aetabelism (Steele, 1961; Ian Handel and Loa, 1965), 

protein metabolisrA (Hill, 1902; The son and Mellor, 19.53), 

migration of epidermal pig:Aunt durin. colour chanbe (Hothes, 
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1960), rate of heart boat (Gel.sch, Fischol., Ungar and Koch, 

1960), tanning of adult cuticle (Fraenkel and Usiao, 1963, 1965) 

and locemoter activity rhyth_ls (Eid:nan, 4.956; Harker, 1960c; 

I:aborts, 1965). Despite repoatod efforts to establish a systou 

of classifying insect neurosocrtory cells, in no instance in 

the list above can any singlo function be attributed to the 

product of defined type of cell. 

Partly as a result of c-.;nfusion in classifying neurosecretery 

cells, an,2, partly as a result of the failure to recognise nero 

than ono or two types of culls, :aany of the earlier histophy-

siological stufios are net particularly 72eaningful. As an 

oxanplo, 1:eh:: (1951, 105e) described in detail the histological 

changes that occur in the brain nouresecret,ry cells of 1.1hoptia 

kuhniolla and Plolis. brapsicae during leulting and .netamorphis, 

based u7en the assuption that she was considering a single 

typo of coll. In contrast, Heruan and Gilbert (1964) recognised 

8 distinct types of cells in the brain of lival::1-:Aora cecro-da 

all of which arc active during at least one stage in develop ant. 

Their report is so brief that it only monti_ns that activity of 

one typo of modial - and tho:latural A-cells can bo correlated 

with -noulting. 

1.:anstrom (1940) showo2 that nourosocretery _.material is trals-

portcd from the cell bodies in the' dersu:A of the brain to the 

corpora cardiaca, and that these errans function in storage 

and release of the herhon.:::(s). This trans:rt of neurosocrotery 

natorial was proved to occur in jeqcpplio,g,-,L,-.1o.,..ato.o by Scharer 

(1952), and in Calli2hra or_ythrcoi,hala by Thomson (1954). 
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In the latter, the msvenent of nourosecrotory granules was 

c,:served ,:drectly, in 	nerves 7,ass as fren the brain to the 

corfera cardiaca. 	this is re7resentative of ::any in.isects, 

the neurosecr,.tory materials ni-e not always 7on:',ucted te the 

corpora cardiaca; Sochan and Ittychoriah (1966) have demnstrated 

that in I-hitalinbata_ene typo of secretion Tosses to the cor-

pora allata and a:LI:tiler coos -t ,-) the aorta which serves as a 

storac and release or ;an. Furthermore,J0mrg,Tamt1903) has 

shown that in aphids neur:secretory :.laterial is conducted 

dir.:ctly to tarr,et tissues by the nervous systo_. 

The role _;f neuresecretion in circadian L:ce,2.etor rhythms 

has been subject 	considerable (tontroverny. Bark,:r (19.5,5, 

1950, 1960a, b, c,) in a series of 	, ;nut e:Jcperinents 

strated a conple:: endocrine mechanisn in Fori-, -.1anota americana, 

involvinc the corpora cardiaca and certain neur::secretery cells 

in the suboeshaeal 	 Roberts (1959, 1905) was unable 

to duplicate Harker's results in the same species and f und, 

contrary to her results, that the centroLdnj end..crine centre 

lay in the pars intercerebralis. In a mere receat study of 

this species, Brady (1967b, c) obtain reults c-ynflicting with 

both Harker's and Robert's, he postulates that rhythmicity is 

pri.::..ary neural and not hormonal. Hewevor the e:merimental 

evidence of Eidmann (1150) using CL4InlpiuL:11Iresus, and 

Nishiitsutsu&I.-Uwo (1904) usin,:: P. anericanc and LL.madorae 

i-:::plicates the medial neuresccretory cells as the centrollinL; 

centre. Brady (1907a) showed that the nuurosccretery cells in 

the sub-eeso-zhaeal 	._'.id not under ', _ any circo.dinn 
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cycles of secretion that could be revealed after staining with 

paraldehyde fuchsin. Niud (1958) showed that neurosecretory calls 

in the :ars illtercerebralis of Carabusnemc,rlaia become cinost 

deplete of inclusions n ni,;'nt, when the beetles are Liest 

active. Vensim (1964, 1985a, b) and SZetrmillv,  Bruce and Thach 

(1965) demonstrated similiar but loss marked bi:aodal cycles of 

secretion in Lac:di:a neuresecretory cells in thJ brain of Drpso- 

molan-aster which could also be correlated =.L -th loco-

motor activity. Unfortunately in th- se sl.:ocies in which a 

circadian cycle of secretion has been identified in the nouro-

secretory cells there is no ex7)erillental evidence to su7,port 

the view that, they are intiately connecte,.'. with loco:ootor 

rhythms. 

1.lthou:2h ox7lerimental studies made en various Lepidoptera 

have contributed much to cur knewled e of endocrine :articipa-

tion in =ultini, and metaelJrhesis, histelejical confiraticn of 

the part played by brain neurosecretry cells has 	ed far 

behind, and CVOA now are incalete. DEjy 	tlis, very little 

is known of the activity of these cells, and of their function 

ia the adult. 

Various LopicrIo,;:tora, osDecially 	have been used 

for histochomical studies of the neuresecretery cells, and as a 

source of the brain hor:".eno for chel: cal analysis. With respect 

to the latter extracted substances have boon shown to have pro-

thorzAeoLropio activity. Kiriura, ;.aitc and hobaynshi (1962) 

claimed that the,  activatinb hormone was cnclosterol, Ihereas 

rtnd 	(ips.7.)) found thatiiliadroctiwe natiDri(11 
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wae,  a 7:reteltn. 	uren histechoaical sttLflies, Kebayo lli  

(1957) concluauc, *11nt 	g!nr-r.,4.1w, 	In llpid and 

phsph:lilAd; 	(loss).,tliz,t It is 

Gaa,uly and Basu (1952) that it 19 ;:tuce.:,alysa :..claarida or muco- 

protein; Lrvy and c abo (1932) that it in Glycretthin. With the 

cf floh=1, those workers studied T3,._e1'i, therefore, the 

varyinr conclusians cannot be atributed tc :31-ocific differences. 

studies um7:n the functions ,2f neuresecrotien 

in adult Leridol.tera, and in adult :,ala insects, 1•.ro:Ilte this 

investigation. Lfter considerinti; the literature, this wore 

was underta:zon with the follain,; objectives:- (1) to -,u.ovido 

a dotailed 	 account of neurosecretery cells occurrinc 

in adults in a selected nu:tber o2 species. (II) t,) trace the 

develo.dment of thu different t;pes of cells, and deter:line their 

to:ITeral sequence of activity in each staL3o. (III) an evaluation 

of their activity in adult 71ales, in a cDocies that foods (ri2- 

- 4aepoyopuba) an . 	thLt does nat feed (Philoennia cynthia 

ricini), with 1..a3:-ticular refereaco to circadian rhyth.Lm. 

(IV) to establish the che.lical basis of selective- an diffaralt-

ial histelerj_cal stains, by unity histache7lical techninues. 

(V) to elucidate the factars centrollinz fliZat activity and 

e-perientally detur.Ano the role of the nourosecretoTy cells 

in this :recess. 

Tilts study, thorefore, falls into three :min sections: 

a. histolo.4zy, b. histeche7listry, c. experilnontati-m. 
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III MATERIALS-;AND iiETHODS. • 

(1) ..idateri.-A,1-3. 
Captures in lie t traps fittea with 150 Trutt r...!orcury vapour 

lamps, situatod on Imperial College Field Station, Silwood Park, 

provided most of the British moths used in this study. These include 

the following: Deilephila Dore°llus Linn, Stauropus fagi Linn, 

Hotodcnta zic-zac Linn, Phcosia tremula Cl, Pha1orabuceph:4.a. Linn, 

Spilosona lubricipoda Linn, Bona prasinana Linn, arotieclavis. Man, 

A-gratis  	Elufn, Pu?ina umbratic.1 Geozo, p_LeAba 

AuLtogupna_aamma 	Diataraia 9193.:;c2aa Linn, Elston bc.,,tularia 

Linn, Colotois pe.anaria Linn, Tethea ocularic Linn, 11c.1..bro_zyne derasa 

Linn, Zeuzora syrina Linn, and IieblE.Ilus huy4t11 Linn. Pupae of 

Horse convolvull Linn, Sarnia gloveri Streets and Celerie otiphorbiae 

Linn wore purchased from Worldwide Butterflies or the Butterfly 

Farm. Adults of Dip_aronsis costanea 'Imps of kno...--n age, were pro-

vided by Tropical Products Institute. 

Cultures of Philosamia_synthia. ricini Jones were lalatained in 

a CT room at 20°C; larvae, pupae or adults were available through-

out the year. Numerous attempts were .ade to establish a culture 

of T. pronuba, but no more than 2 generations were ev:a. successfully 

reared, before a virus infection which was always present, killed 

all remaining larvae. Some virus resistant larvae do occur, but 

the adults from these are always very small and fail to brood. By 

giving the larvae a varied diet, changi.lg the food frequently and 

minimising crowding the incidence of infection ac,s reduced, but at 

best an ultimate survival rats of 40% aas obtained in the first 

gem-ratin. lLrtality always res,J a-)preciably in tIle second gat- _ 

oration 
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(2) Hiatological  Technigyes. 

ProParatioa 0.f.sqction. 

In this study emphasis has boon placed upon a critical 

analysis of the neurosocretory cells, which has depended to a 

large extent OA obtaining sections in which all cells are well 

preserved and optinally stained. Numerous fixing and embo,-lding 

schedules yore tested in an effort to find a single method that 

would give reproducible results when applied to any of the 23 species 

detailed in this section of the work. 

At an early stage it became apparent that Benin fixed tisuos, 

dehydrated Iiith dio:::aa, transferred to chloroform and embedded in 

ester wax (Steed- 1a n, 1947) gave superior results. Unfortunately 

this wax is eatreucly difficult to section and is quite unsuitable 

for any routine histological wor where serial sections aro needed. 

After testis; paraffin waxes with lelting points ranging from 

39-63°C, in conjunction with various dehydrating agents and ante 

media the following schedule was adopted for brains of adult insects. 

1. Brain, thoracic ganglia and aorta were dissected out under 

hoYlos (1953) Ringer solution. 

2. Transferred to a drop of Ringer in a solid water glass, and 

Bonin added. After 1 hour tissues transferred to fresh 3ouin and 

fixed for 13-18 hours. 

3. Excess picric acid removed by treating with 5% ammonium 

acetate in 70% alcohol for 10 minutes. 

4. Dehydrated in graded solutions of dioxan for 24 hours, 

foLowed by 3 changes of pure dioxan over 24 sours. 



5. Diozan repinood by chloroform with several changos until 

tissues cleared. 

6. Tissues placed in 1:1 chloroformi  wax mixture (5240 M.P.) 

in the embedding oven. 

7. After 20 minutes tissues parried through 3 changes of Duro 

filtered wax, allowing 15 minutes in each. 

For larval and pupul brains a siuiliar procedure was used 

except that dioxan was rnlaced by ethyl alcohol. 

In some species adult brains wore poorly preserved in Bouin 

and the fixative of Halmi (1952) was used (9 parts of Suca to 1 

part saturated picric acid solution). No aplprociable differences 

wore noticed between either fixative on brains that were well pre-

served in Bouin. 

Blocks were cut 	a Cambridge rocking microtono, in frontal, 

transv.;rso and sagital planes. at a standard thickness of 6 

Stainilaprocedures. 

Four methods wore used for differentiating the neurosecrotory 

cells; Heidenhain's Az an, Go sari's Chrome-haematoxylin./phloxino, 

Alcian blue/phloxino (After Dolphin, 1963), and Gomori's Paraldehyde-

fucsin; henceforth referred to as fr,an, CUP, ABP and Pf,F respectively. 

The use of PLF and Agar permits a more precise differentiation 

of nouresecrctory cells than tither CEP or ADP, and for this reason 

wore chosen for routine use. CUP or ABP were only used to demon-

strate phlagdnophil cells. 

The original formula for PAF staining as given by Gonori (1950) 

has since been modified several times; 	(1952), Gabe (1953), 
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Dawson (1953), Cameron and Steele (1959), Enron (1062) and Jennings 

(1065). 

The nethod that I found to give the best rosulta involves the 

use of paraldohydo-fuchain pre.oared and applied according to Halml 

(1052). Each preparation cf paraldohydo-fuchsin was ripened for 

24-36 hours at about 22°C, and discarded after 72 hours. Used in 

this limited time the stain has a hiGh degree of specificity. 

Sections thus stained, WO1'0 then stained for 10 ri-L- in Ehrlich's 

haollategylin, blued in tap water, rinsed in distilled water then 

countorstained for 20 minutes. The recipe of the countorstain 

found to give the bust results is that of Delphin (1063). This 

has the sa7o proportiens of the dyes as E.wen's (1962) formula, but 

has in addition, 0.5 ga of phosphotungstic acid added. No mordant 

is accessary. 

The criteria for optimal staining with PAF arc; the purplc, 

dye from paraldehyde fuchsia confined to the neurosecretery cells, 

tracheae and neuriloupa,. and, after countorstsining, nouropile 

green, nuclei orange, nucleoli bright rod. 

All subsequent reference to the abbreviation PAF are to the 

co:Iplete staining sequence, and PIT-positive is used to describe 

structuroa; staining purple (fuchsinophil). 
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II LORPHOLOGLa TYABLATORO-ENDOCRINE  COMPLEX  

Cazol (1948) has given an acc:,unt 	the nerves connecting 

the brain, crp,:,ra-cardiaca and allata and sto:Antcastric chain 

in 8 species ..;f Lopid,ptera. Of the twenty three species wore 

dissected in this study the innervatipn of the crrora-cardiaca 

and allata were cc.nsidered in detail in 3 .af then; Deilephila 

,percellus,   cunt is ricini and Trirhaena Dr3nuba. 

All 3 species differ only in the shape and dis-.:esithn of the 

c,,rpora allata. That in D. --)orcellus and P. cynthia ricini is 

the nest ce.__EAn; in the forllor those glands consist 7f ovoid 

b.:,diec lying directly behind the corpora cardiaca, but in the 

latter,  they are lamer, broadly 7. bed, lying above the cor-

pera cardiaca. In T. pr:nnba they c,: :;,rise an el.::ugate cluster 

of 20-40 ovoid cells each ileasurina 120 x 135 - 135 x 210. 

Those cells are connected by a separate nerve to the corpora. 

cardiaca. The cardiac-allatal nerve (NC L) ivicic 	contact 

with the cer.T:ra allata in the ether species, and raDiflies 

through the tissues, supplying' each cull. 

The c'A-,D-ra cardiaca lie on either side 	the aorta to which 

they arc 1- esely connected in T. TIrc,nuba and P__.__ cynthia ricini, 

but inti:ately connected in D,_1.;..rcollus. 	pairs f nerves 

connect the c:_rpora cardiaca directly with the brain, the nervi 

corporis  cardiaGi of Hanstrin (1940). The inner pair, designated 

NCC I and the outer 7:,air NCC II, receiving axons fr3]..1 the 

and lateral neuresecrot.:7ry cells resectivoly. Betoen NOG I 

and NCC II a third nerve passes laterally to descend .over tho 

tontorial anis int_ the head capsule. It c::7rresDends 
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nerve ux" of Cazal (1948), and nerves o or mw,cod and Beck (1963), 

who traced the distal connection to tho cuboesephagoa1 gan81ion.in 

the larva of Ostrinia nubilalis. This nerve, which I have design-

ated aervi cardiacis lateralis (NCL) divides after passing over 

the tontorial arms; one branch extending dorsally to connect directly 

with the sub-oesophageal ganglion in P. cynthia  ricini and D. porcul- 

1122, but with the labial nerve in T. .oronuba. The.nain branch of 

NCL continues anteriorly to a point above the maxillary paip where 

it divides into several fine nerves lying on the surface of the. 

ma,:illary muscle. Preparations stained 	methylene blue roveal 

a distinct dilatation in NCL below the tentorial arms. The dilated 

portion terminates ia a bulbous structure near •the point whore the 

nerve to the suboosophagoal ganglion arises. Whole mount prepara-

tions show quite clearly that the bulbous structure consists of 

2 intrinsic cells. Dissected nerves stained with heidenhains iron 

haomotoxylin, Acid fuchsia and PilF clearly demonstrate that these 

cells arc enclosed within the neural sheath and bear a:apn-like 

processes extending dorsally between the nouritos of NCL. Whether 

these cells have an ondcdpino or purely .nervous function could not 

be decided; while they stain very siiailiarly to the intrinsic 

cells of the corpora cardiaca, no fuchsinophil inclusions were 

evident. 

It is likely that NCL is homologous to the allatal-subo)sephyoal 

nerve described by Hanstrem (1040) in Pleceptcra said Ephemeroptera, 

and more recently in various orthopteroid insects, Engelman (1957), 

Harker (1960), Willey (1931) anJ Degra (1964). 

Thu neuro-endeerine complez of T. Ireenuba and P. Cynthia ricini 

is illustrated in figures 1 .and 2 
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A. 

Fig. 1. The neuroendocrine complex of T. pronuba A. Dorsal aspect. 
B. Distribution of neurosecretory cells and the axonal pathways. 
ca, corpus allatum; cc, corpus cardiacum, ch, chiasma; iccc, 
intrinsic cells of corpus cardiacum lnsc, mnsc, lateral- and medial 
neurosecretory cells; nsca, neurosecretory cell axons. 
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B.  
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Fig. 2. The neuroendocrine complex of P. cynthia ricini. A. Dorsal 
aspect. B. Lateral aspect, ao, aorta; ln, labial nerve; oe, oesopha-
gous; pta, posterior tentorial arm, other lettering as in fig. 1. 
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III hISTOLOGY. 

(1)  Classification of  Neffe5eefetorY cell. 

IXx :reviewing the published research on neuronecretion in 

insects up to 1959, van der Foot (1960) drew attention to the need 

to differentiate between neurosecretory colic as defined by Scharrer 

(1956) and "nouro-endocrine" cells. Sharrer's criterion, "nerve 

cells which show cytological evidence of secretory activity" 

utdoubtedly includes neurones that have no endocrine function. 

Born (1962) and Bern and Hagadorn (1962) have dealt extensively 

with the problem of defining neurosecretion. Bern (1932) states 

"a modern conception of nourosecrotion includes the attachment 

of functional significance to neurones possessing morphologic 

indicators of secretory activity." He later -ooints out, that, 

"acceptance at present is based on little more than the confidence 

that functional activities and specific hornal agents 21.th cvon- 

tually be found." This is indeed the case for ev,ry accepted 

nourosecrotory cell in insects. 'While there is a E;roat deal of 

experimental evidence in support of the view that the products of 

nourosocrotory cells are hormones, in no case is the chemical 

nature of the hormone known. histological methods therefore, 

remain as the priucipal moans of studying those colls. 

The development and refinement of the PIT sequence has per-

mitted differentiation of at least 4 major typos of nourosecrotory 

cell. As yet no standard procedure for fixation and staining has 

been adopted. Variations in technique that are encountered arc 

aimed at specificity and balance of staining to impart some col- 
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oration by each of the 5 dyes comprising the PiF method. 

The' alphabetical symbols that 'are now widely used to denote 

different neurcoecretory cons, fellow several systems of clas,ifi-

cation. Consequently the literature is quite confusing; it is 

often difficult to relate the oyster,' of one author to that of 

another. Dolphin (1963, 1965) ,_-,a  de a detailed study of the 

neurosecretory cons in the ventral cord of Schistocer^a Pro,"aria, 

he describes 4 cljor types of cells, A, B, C, and D, further sub-

divided into Al, A2, %nd 43  and Bi and B2. As part of this study 

he has brought together such of the literature ur to 1962 and 

related the types of cells described in 23 papers to his system of 

classification. All attempts at classifyin neureoecretory coils 

derive from the work of Nc.:Ax (1955) t:ho recej,nised A and B cells 

in the brain of Iplita linbata, based upon CIIP and Az: T., staining, 

but failed to obtain selective staining Atli Ply'. In a successful 

application of the PAF technique, Johansson (1958) extended the 

classification to include C and D cells, although the endocrine 

function of these additional types of cells seined uncertain. 

HiGlinall (1961) adopted Johanssonis classification, and applying 

it to PAF-stainod sections of S. gregaria brain found A, D, C and 

D cells; their staining characteristics together with dinensions 

are given. These 2 papers fore the basis f Dolphin's mere com-

prehensive syotum. Highman (1961) describes C and D colic as stain-

ing pink with sparse reddish-purple inclusions; the larger diameter 

of the D-cells distinguishes then from C-coils. By altering the 

ratio of the dyes in tiro trichromo counterstain Dolphin (1963) was 

able to iapart a green background colour in C- and D- cells, which 
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revealed a difference in the cytoplasmic morphology of the 2 cells. 

In D-cells thn rndrlic-purplo inclusions be ix, clear areas of 

cytoplasm, appearing as mcueles, whereas C- ells cytoplasm stains 

uniformly Lreon. 

Dolphin based the diffc.rentiation of A cells upon; (1) back-

ground staining, greenish-orange in A2-, 'but absent in Al- and 

A3- cells. (ii) stainability with Agat; A2- cell inclusions bright 

red, Al- and A3-. cells uncelvured, (iii) dinensicno; A2- alio A-

constant (22.0 and 45.0 u respectively), whereas A1- cells vary 

fro: 11.0-13.0 u in diameter. 

Panov and Xind (1963) have described tho neurosecretory cells 

occurring in the brain of 20 species of Lopidoptora, but their 

system of clasAfication is only in partial agreement with Dolphins. 

While recognising Al-, A2- and B- cells they make no reforence to 

C- or D- cells, and where further clasLification is necosscry give 

groups cf cells a topographic desiLaation; dividing the liodial 

cluster into, 	.12  and 	and lateral cells into L1, L2  and L3. 

Pansy and :find (1963) found a remarkable constancy in numbers of 

cells in each hemisphere of every species; Al  (4), L2 (4) in ILI  

group, 2 A cells in I.12  and H3, 5 or G A- cells in LI and 2 B- cells 

in L2 and L3 groups. 

The only other comparable study of this nature, again in 

Lopidoptera, is that of Mitsuhashi (1963). After the application 

of PAF, ho describes medial, lateral, posterior and optic groups 

of cells. However, his results are at variance with those of 

Panov and Kind with respect to numbers of cells, types of cell, 

and their distribution. Of the 8 species he studied, the number 
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of medial A- cells varies from 3-9 in each. hemispheres and from 

5 to 9 B- collo. Ho reports a similiar variation along" the lateral 

cells, with some species having no B cells. His system of classi-

fying the coils is identical to their which Mitsuhashi and Fukaya 

(1960) used for the larva of Chile sap-pressalis; in which 	cells 

are recognised as PAF-positive and 3- cells as less positive. The 

neurosocrotory cells of the brain of Ostrinia nubilalis have been 

described by McLeod and Bock (1963) who report the presence of 9 

cells bearing Pa-positive inclusions in each :J. :dial group,  reoaxc.ed 

an 1 typo of A- cell, and in addition 2 B- culls recognised as 

staining greed with no PLF-positive inclusions. Heruan and Gilbert 

(1965) have given a detailed description of the neurosocretory culls 

in the adult Hyalophora cecro.Ria. They recognise 4 categories of 

A- cells in the medial cluster, designated; 'small-', 'large- 1, 

'deep-', and 'posterior- A cells'. B- cells occur medially and 

laterally, with a fifth category of lateral-A cells. Their system 

of classification is esentially siniliar to that of Panov and 

Hind (1963) and McLeod and Beck (1963) in which A- cells are PIF - 

positive and B- cells Pa-negative. While this fundamental dif-

ferentiation of A- and 3- cells has been most extensively used, a 

different but quite comprehensive system has boon proposed by 

Raabe (1955) following a detailed study of the urosecretory cells 

occurring in the ventral cord of the phasmid, Clitumnus extradent-

atus: Four cate,series of cells are recognised; A, B1, B2 and C. 

The first three are P.LF-positive; 11!-, 32- and C- cells stain with 

Azar (but only after Belly fixati)n in the case of the C- cell), 
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and 131.. and 82.;. no110 give a pocitivo reaction-with- WitCreagent 

(indicating anipllydryl an,1 	Tnip ,ayetem has 

been c1._1,pted by Chalaye (1965) in a descrirtion of tho nourosocra-

tory coils in the ventral cord of Locusta m,igratoyir.:, and added a 

further category, /.1- coils; as belac PLIP-positive, but uncoloured 

by .111$m or RSP.. From th tinetorial affinities of tho cells Classif,. 

iod as B1, B2 and C it is apparent that they do not corrc.wipund to 

the B- and C- cells of Johansson and others. 

It is recognised that the classification of nourosocrotory 

cells is quite arbitrary, howovor adhorance to can.: author's systou 

is becoming increasingly necessary. Whilo the system of Raabe and 

Chalayo offers some chemical rationale, individiag fuchsinophil 

coils into B- and b.. culls according to the presence or absence 

of -SH groups, it necessitates the use of 2 fixatives and 3 staining 

procedures to differentiate 5 typos of cells. Care in the applica-

tion of PAF, ad Dolphin (195) has demonstrated, permits recogni-

tion of 7 typos of cell in S. 4- rer..aria. Furthormoro, the funda-

mental division of cells into those that are: PAF-positive (A cells), 

and thcse not so (B- cells) has been aoro widely adopted. Conse-

quently the classification of Dolphin (1963, 1965) is used in this 

study, with the exception that B- coils are recognised by the con- 

filets absence of PAF-positive inclusions. The staining reactions 

of these 4 basic cell typos has boon clearly enunciated by Siow 

(1954). 

(2) Staining  Reactions of the Neurosocrotory Cells. 

The following scheme of classification, based upon PAF-staining 
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recogntmcs 	I. ;Injor classos of cells debbribed by Sicvi (19C560. 

aid Doinhia  (1gs5). Furthr,r  rigoginn of 3 of th..;,04; :1.7.c boon 

necessary to embrace all of the typos of cells which occur in the 

brain of Lepidoptora, but they do not nocor.sarily correspond to 

Dolphin's sub-divisions. In sub-dividing le- coils I have adhered 

to the Al/L2  division of Panov and Kind (1933) and created further 

cate6orics for coils appearing oonsistontly distinct. 

A- Cells. 

Inclusions strongly PLF-positive, often coalesce to form 

aggrogatos of varying sizes. Cytoplasm pale greyish-g-:oon, pink 

or colourless; alwoys colourloss whon inclusions are ,5o)arse. 

Ll- Cells: 	Inclusions bright purple or reddis'n-purple usually 

form very distinct granular agc,rugntos. Occur only in the nodial 

group. Neurosucrotory material often present in the .axons. 

A2- Coils: 	Inclusions either bluish-purple or purple-brown, 

large accumulations form dense aggro:gates appearing as flakes. 

Occur only in the medial group, interspersed among Li- culls. 

Nsm often present in the axons. 

- Colin: Inclusions purple, consisting of very small granules 

  

evenly distributed in some species; forming a fine reticulum in 

others. Cytoplasm usually dull greyish croon., occasionally colour-

loss. Occur only in the medial group, lying posterior to the /5.-

mud L2- coils in most species, both posterior and anterior in others. 

Nourosocrotory material only occasionally vistolo in thu aeons, which 

have a characteristically large diameter. Whoa depleted of secre-

tions they appear as 'o,iant' nourenos. 
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./14.- Cells: 	Inclusions greenish-purple, have either a coarse 

granular form or appear as flakes. Cytoplasm colourless or pale 

grey-green. Comprise the lateral I,- cells. aways considerably 

smaller than any of the medial fe. cells. Nsm occasionally visible 

in the axons, which are inva iably fine., 

B- Cells. 

Inclusions always PAF-negative, but having a strong affinity 

for ono or more of the ccunt3rstain; green, eraage-green, or orange; 

occanionally strtining adaLtinnally with chromotrow 2 R, then 

colouring orange-brown or brown. 

Inclusions fine and evenly distributed in most 

species, but appearing as small aggregates or fla:ces in others. 

Bright green when inclusions are plentiful, brownish-green to 

orange when few or no inclusions are present, at which stage the 

cells arc usually smaller. Form a discrete block of coils in the 

medial group, lying between and beneath the A-cells. Neurosecre-

tory material frequently visible in the axon hillocks, but less 

frequently in the axons. 

BO- Cells• Inclusions bright green, blue-green or brown, 

    

depending upon the species. Occuring in most SDOCiSS as very 

fine evenly distributed granules, less commonly as aggregates, 

which often have a whorled appearance. Comprise the. lateral 

B-cells. Their axons can be traced for only a short distance, 

as neurosecretory material is rarely evident in them. 

C-Cells.  

Sparse finely granular PLF-positive inclusions, colouring 
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reddish-purple when separate, l.-.t rurpio in Some Species where 

they coalesce to form small streaks of irregular shape or a 

disrupted reticulun. Background cytoplast bright green, or, 

bright orange in which case it has a distinct E,ranular form. 

Cl-Cells: 	Inclusions variable in share, sometimes absent. 

Cytoplasm intense green or a;:ceptionally orange. One cell occurs 

in the medial group of each brain hemisphere, lying butwen ',l-

and A2- cells. Larger than B- cells. /Axons usually fine with 

?IX-positive inclusions together with inclusions staining the 

same colour as the cytoplasm occasionally visible. 

PAF-positive inclusions always present, but individ-

ually beyond resolution, when abundant frm darker staining patches 

of ill-defined outline. Cytoplasm stains siniliarly to the B2-cclls. 

Ono or two cells occur laterally, azsociated with B2-tolls. Axons 

fine with PAF-positive iiourosecrotory 7.1aterial occasionally evid-

ent. 

D-Cells.  

Small PAF-positive inclusLms distributed in bright green 

cytoplasm, each inclusion surrounded by an area of clear cyto-

plasm having the appearance of nacuoles. iieuresecrotory material 

occasionally visible in the axon hillocks, axons v ry fine and 

can only be traced a short distance. 

The staining reactions, after Pa, Q}IP, ABP ane. Azut, of 

the neurosocretory cells and other structures of the bran are 

summarised in table 1, and cells of each typo arc illus rated in 

Ft Z, 3. 
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Table 1. 

Aza zt ABP PAF 	CHP 

Al Bright purple 	Blue Rod Pale Blue 

A2 Purple-blue 	Blue-black Orange or 
orange-red 

Blue 

A3 Pale purple Grey Pale Blue 

A4 Dull purple 	Blue Blue Pale Blue 
or Pink 

Al Gr„.en or 	Pink 
orange 

Blue, red 
inclusions 

Red 

B2 GrLien 	Pink Red Pink 

O Green or 
orange, purple 
red inclusions 

Orange, red 
inclusions 

Rcd 

DI Grcsen, purple- 
red inclusions 

Pale blue Blue-green 

P2 It Pale blue Pale Blue 

Nourilemma Dull purple 	Purple-blue Purple-blue Blue 

No uropile Grcen 	Pink Pale blue Pale blue 

Other neurones Orange or 	Pink or 
pale green 	blue 

Orange-red Pale blue 

Trachea Purple-red 	Blue Grey-brown Blue 
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(3) Survey  of theAleureSecretoryW.1s Occurring_katho Bran  

of variousLepidoptora. 

.1103 i ocegaition of /13-,.C.- and 	cells depends, to a 

large extent upon satisfactory preparation of the tissues. Whilo 

Boulu,or Picro-Susa is suitable for most species, these cells are 

not always apparent. In the following table the numbers of each 

cell type are given for 23 species of Lopidoptera, representing 

10 families. Instances :hero a Particular typo of cell could not 

be idontifiod with any degree of confidence are left blank. Tho 

numbers represent tho count for each cell typo in one ho;:isphore 

of the brain, oxcopt the D1-cells,  which occur as one discrete 

group in the midline; for this cell, the figure is the total 

number. 
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Table 2. 

SPECIES 	Modial NourccocrQtory 
cells. 

Saturniidao: 	Al 	A, 	A3 	B1 	C 	Di  

Wourosocr-
tory cells. 

A4 	B2 	C2 	"De 

Philosa7a_cvnthia ricini 4 4 2 28 1 2 6 4 2 

Sanla„...acvori 4 4 120 1 5 2 1 1 

Sphiagidao: 

Horse convolvuli 4 4 2 180 1 5 3 1 

Cclorio ounhorbiao 4 4 2 50 1 2 5 3 1 2 

Doilollhila Dorcollus 4 4 2 60 1 2 5 3 1 

Notodontidao: 

Staurolpus fcjii 4 4 24 1 5 3 1 

Uotodonta zic-zac 4 4 2 34 1 5 3 1 

Phoosia tronula 4 4 40 1 2 5 2 2 

Phalora bucohala 4 4 45 1 2 6 3 1 

Arctlidao: 

Spilosoma lubricipoda 4 4 1 5 3 1 

Noctuidao: 

Bonn 7)rasinana 4 4 2 52 1 2 5 3 1 

Irrroti- clnvis 4 4 ,90 1 5 2 2 

Agrotis innilon 4 4 2 82 1 5 3  1 

Diapmilaois castnoa 4 4 36 1 5 3 1 

Runina uScratica 4 4 30 1 5 3 1 

Trinhacna pronuba 4 4 2 84 1 2 5 3 1 

Goonotridao: 

Biston botularia 4 4 25 1 5 3 1 

Colotois ponaa4.at  4 4 2 25 1 5 2 2 
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SPECIZS 

Thyatiridae: 

Medial Fourosocretory 
cells. - 

Li 	A2 	L3 	Bl 	C 	Di  

Lateral Nourosocre-
tory coils. 
A4 	B2 	C2 	"D2" 

Tetliea ocularis 4 4 2 40 1 5 3 1 

Habrosyne d.::rasa 4 4 2 40 1 5 3 

ZyGaonidae: 

Zyfiaena filipondulao 4 4 1 5 3 1 

Cossidao: 

Zouzora pyrin 4 4 1 2 5 3 

Hopiclidao: 

Hoyialus 3u7auli 4 4 1 5 3 1 
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The Al,.colls described and enumerated horn correspond to the 

A-cells of Kobayashi (1957), Lrvy and Gabe (1962), Mitsuhashi 

(1963) and to the 'large medial' A-cells of Herman & Gilbert 

(1965), the Al-cells of Panov and Kind (1963) and probably to 

the larGor of the- 2 cells described in tho brain of yimas tiliaa 

by RigtraM (1958) A2-ce116 correc-pond to Au-colls of Panov & 

Kind, th> rromr111 redialu A-coll,J of Norman and Gilbert and B-

cells of Mitsuhashi, and some of the smallcr nollo la H. till ac. 

A constant number of both Ai- and A2-tells aro readily 

differentiated, furthermore in most spocios there is a notice-

able difference in both coil and nuclear dimensions, and tho 

appearance of the inclusions (Table 3, and fig. 3). 

A3-colls wore identified in 13 species, the characteristic 

appearance of the cytoplasm is particularly clear in T. pronuba, 

C. euphorbiae, A. i)silon and D. castz.inea. From their location 

and staining reactions these cells undoubtedly correspond to the 

L13  group of Panov and Kind, and the 'posterior' A-colic of Herman 

and Gilbert. When present just 2 cells occur in each hemisphere. 

(Fig. 3). 

Five A4-cells comprise the lateral A-cells in most species, 

exceptions arc P. c, thin ricini and P. bucphala which have G. 

Pan.ov and Kind similiarly found 5 cells in 18 species, but G 

in Bembyx marl and the larva of P. buceilhala. (Fig. 3). 

The 31-cells described here have not previously been recog-

nised as nourosecrAory cells in Lepidoptora. In many species, 

it is only with difficulty that they can be differentiated from 
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Table 3. Differentiation of Al- and L2-cells. 

clean raa.:Lirium Cia:lotors (p). 

P. cynthia rici/ 

cell nucleus cell aucicus 

Al A2 

Li 38.0 11.0 24.0 9.0 

40.0 15.0 37.5 x 31 12.5 

26 x 23 10.5 21 ::: 15.5 8.5 

39 - 29 13.5 ;. 10.5 38 .: 29 11 x 8.5 

22.5 x 17.5 3.0 21 x 17 7.0 

26 x 21 10.0 18.5 x 15.5 8.5 
. 	. 

Appearance of neurosecretory uat.eril. 

Colour of iaclusions Porn of inclusions. 

Al A2 Al A2  

I purple purple-blue i;ranules coarse isrrn- 
ules. 

violet purplo-bro:n coarse coarse L;ran- 
granules Ples. 

:purple purolo sparse dense 
aGGro,saLs aLgroc,a -os 

purple plIrple-bluo coarse flakes 
granules 

purple purple-blue flakes flakes 

purple dull violet large flakes 
granules ... 

P. unthia rici 

C. oupherbiae  

B. nrasinana 

T. _pronuba 

D. castanen 

P. bucephala 

C. ounhorbiae 

Dalappinana 

T. p.renuba 

D. castanoa 

P. bucophala 
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adjacent nouronos. Uowovor Li all of the noctuids oxaminod they 

have characteristic appearance and staining reaction which is in 

accordance with the,  description .J-f B cAls given by Kopf (1957b), 

Johanoson (1958), HighAal (L961), Siew (19234),Thonson (1965) and 

Hslao & rrannka (1967), Theca collo appear to undczgo cycloa of 

secretion in T. proauba and A.  ipsilon and their axone can bo 

traced through the brain (together with 1.-cell axons) bearing the 

greon-staining colloid. Eowover, in many species the cytoplasm 

is sparse and has little affinity for light green, phloxine or 

Azcn. Identification is further complicated by their Ielativoly 

s;lall size; in sone species, notably saturniids and &;conotrids, 

the douarcation between B-coils aid other neurones is indistinct. 

This probably accounts for the fact that these B-coils were over-

looked by Uorman & Gilbert (1965), Ichikawa (1962) and '''':nyashi 

(1957) who studied neurosocretory coils in saturniift only (Fig. 

4). 

B2-colls vary from one species to anothey in both confi6ura-

tion of inclusions in the cytoplasm and stain affinity. In all 

species stained with ?JP or CHP, they cLa phlo:dnephil; with 13,A.F 

they usually stain a shade of green but are orange-brown in C. 

ounhorbiao and dull brown in P. cynthia riciri. With Lulu y 2-cells 

stain bright red, thus resenbling Al- and A2-cells. Palley and 

Kind (1963) found 4 lateral B-coils in every species they studied, 

whereas Heroan and Gilbert (1935) could find only 2 cells in the 

saturnlids; Nyclophora cocrol]ia, Antheraca rolyphouus and Philo-

saniq_unthia. In the 23 species comprising this study 3 B2  cells 
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were identified in most species, 4 in -1 species and 2 in the 

remainder. A total of 4-coils were found in eacil hemisphero 

having similiar• dimensions and staining leactions, but the one 

cell and occasionally 2 cells contained PAF-positive inclusions. 

To be consistent with the classificatia adopted here, these have 

been put in a separate category (Fig.. 4),. 

The single Cl-coil present in the medial group of each hemis-

phuro was located in evaiy species studied. This cell is most 

conspicuous, is intensely phlcxinophil, and has previously been 

regarded as a B-cell; the "medial" 33-cell of Borman and Gilbert 

(1965), M1-B-cell. of Panov and Kind (1933) and the single large 

phlexinephil cell of Ichikawa (1962). Nitcuhashi (1963) describes 

a single C-coll in each hemisphere in larvne of Euproctis flava 

and Dendrolimus spectabilis. Following PLF-etaining, the appear-

ance of the C-coll conforms to the C-cells of Siew (1J64) and 

Dolphin (1965), in all species except P,.....synthia ricini, in which 

the cyt3plasa is granular and stains bright orange. The size, 

shape and number of PLF-positive granules or aggroi,at..;e varies 

from one species to another; they are Ilarticularly clear in 

aec 	cicada  (Fig. 4). The inclusic:ns are fre-

quently masked by dense background staining with light green or 

orange G., and they are best exrrlinod bolero counterstailling. 

C2-tolls occur lateraili with B2  cells and differ 	several 

ways from Cl-cells. Some PAF-positive material is always present 

and laports a faint purple-pink colour to these cells before 

countrstainiag, but whether this is due to the presence of PAF- 
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positive inclusions could not be decided; resolution of individ- 

ual inclusions 	por7siblO with ti light microscope. After 

countorstaining C2-cells have a bluish-green celcuration, and 

viler° the PAP-positive material is most abundant, bluish purple 

patches of ill-defincd outline can be observed. Occasionally 

this stainable material can be seen in the a;:on hillocks. It 

aces unlikely that these) cells represent a phase in the secre-

tory cycl- of B2-cells; in all specimens of each species cxanthod 

a constant number of these cells is apparent, furthernore the 

dimensions of both c::11 and nucleus diff,.,rontiat,s t,lem from 

B2-cells (table 4). In some species they cue larger, in others 

smaller, but the size ratio of B2/C2  cells remains f6.irly constant 

in every species. (Fig. 4). 

Table 4. Mr,j,_r dicl-,eters (u) ef B2/(!2-cells end their nuclei. 

Inclusims present (02) IlIcIusions absent (B2) 

1 

Number in 
each 

hemisphere 

Cell Nucleus Number in 
och 

heniaDhere 

Cell Nucleus 

H. 	colvvolltull 2 32.5 x 22.5 10.0 2 41.0 X 25.0 11.0 

D. porcellus 1 12.5 10.0 3 13.5 5.0 

P. tremula 2 16.0 8.0  2 19.0 x 12.5 8.0 

N. zic-zac 1 25.0 x 15.0 7.0 3 14.5 x 12.0 8.5 

T. ocularis 1 13.0 6.5 3 13.5 6.5 

H. derasa 2 13.5 7.0 2 16.0 7,5 

T. Pronuba 1 16.0 12.0 x 7.5 3 24.0 x 17.5 8.0 

Bt_zpaciftanft 1 15.0 x 1C.0 7.5 3 12.0 8.5 
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Di-cells were identified in 8 species, and wore located 

posterior to the AI-,  and A2- clusters in each hemisphere. In 

older moths the cytoplala has less affinity for light green and 

superficially they resemble 113-cells which lie nostero-ventral 

to them. From their staining reaction and situation Dl-cells 

correspond to the "posterior" A-cells of Herman and Gilbert (1965) 

and to the H2  group of Panov and Kind (19-3). However, thc arrange-

ment :)f the cytoplasm forming 'vacuoles' in which lie PI.F-positive 

granules clearly differentiates them from A3-cells, and places 

them in the class D-cells as described by Dolphin (1965). The 

axons are often very large in diameter and can be traced far into 

he neurepile together with other neurosecretory cell axons. D
1-

cells which appear to be actively secreting chow fine strands of 

cytoplasm extending into the axons, but identification of inclus-

ions was not possible; the vacuolar structure becomes disrupted 

near the axon hillocIsl. and individual inclusiens are at the limit 

of optical resolution. In the brain of Onc2peltus fasciatus 

(Johannson, 1958) and in the brain of S. grogaria (High,tem, 1961) 

the D-cells arc the largest of the neurosecretory cells; in Lep-

idoptera they arc always smaller than Al-cells. (Fig. 4).. 

The lateral, D2-cells wore found only in P. cynthia ricini 

and C. euphorbiac, careful searching of sections of this area of 

the brain failed to reveal them in any other species. Thoir stain-

ing reaction clearly indicates a secr..tory function; PLF-positive 

granules arc comparatively large (larger than Di-cells) and are 

discharged at the time of emergence of the adult. 
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Fig. 3. The typos of A-cello occurring in the protocerobrum of. 
adult LL:::,„iptbra. a.41- ai.d 1x2-colls in P.cynthia 	b. 
A2- and As-cells in D.caatanea. c.A1-, A2- and 113-colls in T. 
pronuba. d.A4- and C2-calls in T.pronuba. o.A.1-, A2-, and 113-
cc:lls in P.tromula. f.1,.4-colls in P.upthia_ricini. 
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cynthia ri cini_(s tainod with Az an) . d. Ci- coll C. ou,  qlorbiac 
o Cl- coil A „clavis f ,D- cull 	P,11,1ce.;j2la 
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(4) Lumspert and Release of'Neuresecretory Material  

The a:; anal pathways ::f• both medial and lateral neurosocre-

tory cells are illustrated in figure 1. In all species the axons 

extend anteriorly for a short distance, then descend through the 

ncuropilo forming distinct tracts cf fibres. The 2 main tracts 

cross over at a point just below the doro-ventral deflection, 

forcing a chiasma similiar to that which has been described in 

all insects co far examined. 

Most frequently secticans 	the brain rev:Jai c.nly short 

lengths of the nourcoecretery c-11 aLons but occasionally favour-

able soctinc cut in the piano 's:f the dorsotral course chow 

tracts free: the pre-chiasmatic re2;ioJ t7,  the floor cf the brain, 

at which point they i'ecurve ';ack and extcmd ant,:ro-posteriorly 

to their exit from the brain. in NCC I. Mien the axons bear num-

erous PPJf-positive inclusi,.ans in T. 2ronuba, it can be soon that, 

sons a: ens cross over directly, -:2he:coa others divide int,  2 

branches. One branch cres:;os ever to supply the contralateral 

corpus cardiacu:,1, the others rem%Li in the ho,lisphore of ::ruin 

and supply the ipsilateral corpus cardiacuu (fig. 5). Using a 

silver-staining technique, van dor ;fleet (1900, 1961) observed 

a similiar division and decussatien in the brai of hyz,lophora 

cocronia. Llthough the Celgi-dichremate method that he employed 

is not specific to neurosecretory :aaterial, it seons fairly cer-

tain that the al:ons described are derived fren -:aodial r. eurosecro-

tory cells. 
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Nourosecretory granules become more difficult to discern in 

the distal c4teni:..tola of tae an WCC I and IT), and only 

occasionally arc PLF-positive inclusions visible in the tracts 

within the corpora cardiaca. In no instance vas any accumulation 

of neurosocretory material cvidunt in the corpora cardinca; it 

therefore, appears that these glands do nut have the same storage 

function, or capacity i,. adult Lopidoptora, that is well documulted 

in some other insect ordors. Of the nerves arising from thu COX-

porn cardiaca small quantities of nourocecretory material wore 

sumetioos visible in the proximal portions of ?JCL and NC A, but 

never observed in the finer nerves exteadinc; to, or into the cor-

pora allata. 

Axonal transport of nourosecretory call products can be clearly 

studied in PLF-positive material only, secretions from B- and C-

oals stain so similiarly to the neuropile that lack of contrast 

precludes clear definition at any distance from the respective 

axon hillocks. Nevertheless, sections cut in the plane of the 

chiasma occaAonally reveal the presence of gram-staining drop-

lets in axons intermingled with those bealinL KF-positive inclu-

sions. It seems likely that B- and G-coll secretions are trans-

Ported to 11CC I. IL division of B-cell axons was ever observed; 

they form a simple chiasma. 
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(5) Post-ombryonio Dev-loirv,nt of Nouros,cretorY 

The histology of the nourosocrutory cells during devaopment 

in Lopidoptera, has been studied in detail in Ephastia kubnitUla 

(qchu, 1951) and Pieria•  brassicau (Rohm, 1955), Using Azar and 

Heidonhains haenatoxylin sho recognised but a single typo of cell 

and enumerated 8 Medial and 3 lateral one in each hcmisphore. 

Arvy, Bounliiol and Gabe (1953) provide a short account of the post-

ombryonie changes occurring in Bombyx nori, although they used 

CHP and Azcn, only ,no typo of cell is nentinod. Moro recently, 

in a very bridf account of the devolopJental changes in the neur-

ococretery cells of 1-1,_cuc2.o-ola, Homan and Gilbert (1964) des- 

Bribe 8 typos of cull and find that each type eLhibits secretory 

activity during at least one stage of devolopnent. Other studies 

on nourosocretion in lopidopteran larvae have been confined to 

changes associated :ith diapauso (Hitsuhasili & Fukaya, 1960, 

Mitsuhashi, 1961, Wa!zu, 1960, McLood & Bock 1963). 

In the present study the distribution and nunbers of A- ells 

occurring in larvae al.e in agreomont with those of Panov & Kind 

(1963) and Homan & Gilbert (1964). However, tho discovery of 

medial B-cells in aallts raises the quosti:m of their derivation 

and, if present, their activity in immature stages. The present 

study together with proviously publiehod accounts ;:show that the 

medial. A-cell complex couprisos 3 distinct typos of cell; while 

Herman & Gilbert (1064) state tat activity of ono typo of medial 

A-cell (and the lateral A-cells) is correlated with moulting they 

Give no indication 'ihetbor it is the L1- or G2-cell that is con-

cerned. 



3 . 

Thu incidence of a vivus infection in T. 'pronuba larvae 

produced many individuals 171th a onb-lethal infoctl,:u c:Ild a 

stage,crod rate of development. Consequently, analysis of nouro-

secretion during development was confined to larvae and pupae of 

F. cynthia ricini. 

A single group of 1st iastar larvae wore dissected, 2 days 

after eclosion. During the 2nd and 3rd instars, 3 groups were 

dissected i.e., freshly moulted larvae (post-moult), mature larvae 

and moulting larvae. During 4th and 5th instars and 'pre-pupae' 

larvae wore dissected at daily intervals. The commoncenent et 

spinning was ta7z:en as the onset of the pre-pupal stage. After 

pupation dissections were Lade at daily intervals for the first 

5 days and at 3 or 4 day intervals thoroaftor, 

1st instar larvae. 	Using the complete PIS' sequence neurosocro-

tory cells arc barely discernible as the cytoplasm of practically 

all neurones stains iatersoly with haematozylia and Orange G, T1D-

bably signifying an abundance of IUJA and acidophil proteins. how-

ever, sectins stained with EAF, but with the countor.tains ommit-

ted, ro eal 4 L1-, 2 A2-cells mectially and 2 postelior A3-cells 

in each hemisphele (fig. 5). 

2nd instar larvae. 	Freshly moulted larvae have 4 Al-, 2 large 

and 2 small A2-, 1 C and 2 D-cells medially, 2 A3-cells posteriorly 

but lateral cells are not apparent. Twelve hours later 5 A4- aid 

4 132-cells are just visible laterally, and the ipdial cells stain 

more intensely. In the mature 2nd instar larvae, the lateral 

cells are clearly visible and the medial A7-cells are all of oqUal 
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dic.mter. In neither lst inctar nor 2nd innybotr 1nrVa0 ere any 

mitotic figures evident in cells .noar the latoral and-medial 

neureocretory cells; the appearance of A2-, C-, D- and lateral 

cells is -mot likely caused by differentiation of existi_ig 1.our-

0110s at these stages. 

SubscalleLt instate. 	The cells present In the :aturo 2nd ilistar 

larvae ale evident in all subsequent instars and no other neure-

secretory cells were observed other than 2 D2-cells in the 4th 

instar. Apart from Bi-cells the numbers 	all other types are 

tiro same as in the adult brain. 

Pupae. 	No additional cells were evident up to the 5th day 

after pupation, but by the 7th day i:;!aLinal dovelopnent of the 

brain results in a closer fusion of the neispheres with a 

reduction in the .7,ntero-dorsal cleft. Between the meurile=a 

remnants of tho cleft and the -medial h-coils a comact group 

of small neurones develops. A few of these cells boar green 

inclusions which delineate them no the developing Bicells. After 

14 days after pupation, the Bi  cells are larger, and more cells 

contain inclusions (fig. 5) at this sta!;e each cluster consists 

of about 10 cells; increasing to a total cf 28 by the 20th day. 

This is the number found in the adult, and t'1-tolls  of the 20 

day pupae are cmpletely differentiated and meet in the aid lino 

forming a single. group. Tho axons fr:)m each group can be clearly 

seen extending into the nouropilo together with those frem tilt 

A cells. (fig. 5). 

While ne distinct mitotic figures wore observed anong the 

differentiating 1B1-cells, larger collo containing 2 nucloi-ucro 
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scoasionally observed. This observation is reminiscent of 

Fraser's (l950) sugsostion that neuresccretory cells are derived 

by endomitoses; which has roceived furthz.r ouppori; by Hitsubt:Isht 

(1960). 

The poot.-,riorly situated 113-cells arc incorporated into the 

media/ cluster by the time the pupa is 20 dyers old. One pair 

of cells does so in the 5th instar larva and the. remaining pair 

do so during imaGinal differentiation. Figure 5 shows the rela-

tive positions of these and some medial cells in the plre-pupa 

of T. pronuba.  

L further 2 pairs of D cells arc evident in the fenalo 

pupae, appearing in the 20-clay pupa of P. cynthia ricini (Fig. 5) 

and at 6 days in T. .eronuba. Those cells lie ventrally in the 

tritocerobrum, their axons extend dorsally, towards those of the 

medial cells; they wore never visible in adults or larvae. 
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(6) aples of SQsxptipn_i4-illture Stages,  

Second and 3rd instar pest-moult larvae show a marked 

reduction in the density of incluziollt; in. Ai-, 14-, 5z- and C-

cells. (fig. 6). Immediately after moulting, before the cuticle 

of thc: head capsule becomes tanned, 14- on,,  B2-cells are vilt-

ually devoid of inclusions. However, by the time the cuticle 

is tanned material is again visible in these cells, in fact 

quite large aggregates are apparent within them (fig. O. 

Lccunulatiou of material occurs in all culls until the larva 

ceases to feed before eed,;sis. Release of neuresecletory mat-

erial from 111-, A4- and B2-cells commences after the first vis-

ible signs of eedysis which ie indicated by a change in colour 

of the cuticle aad an antero-ventral deflection of the head 

capsule. Before this occurs, in the 2nd and 3rd instars C-cells 

begin to show a characteristic change in the cytoplasm as a large 

crescentic vacuole appears which partially encircles the nucleus, 

indicating a rapid release cf material. (fig. 6). 

Freshly moulted 4th instar larvae similiarly show a duple-• 

tion of L1-, L4- and B2-culls. The C-coils too, contain very 

little material. Two days after moulting Al-cells contain a 

feu inclusions but L4- and B2-cells stain intensely. The mature 

4th instar larva (about 7 dgys after moulting) show signs of 

abrupt release from Al-culls, which have meanwhile become packed 

with inclusions. The discharge of inclusions from L1-cells at 

this stage is marked by 	appearance of -oori-oheral vacuoles 

in each cell (fig. 6), and coincides with a considerable deple- 
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tion of A4  and B2  cells, whereas C-cells are still packod with.  

incaust:,ns. In ccrItradictinction to the 1:4. and B2-colls, and 

to these and Al-cells in previous ins tars, the rate of synthesis 

of nourosecrotory material in Al-cells of the 4th instar proceeds 

slowly during the first 3 days, then, rapidly for the two follow- 

- ing days. An accumulation of PLF-positive granules reveals the 

lateral D2-cells at the beginning of t::,e moult to the 5ta instar. 

Later stages of e:.dysis reveal a rapid restoration Of inclusions 

in Al- and G-cell: but there is a co.liplote loss of inclusions 

from D2-cells and these cells becono visible again only in the 

late pupae. 

In the first 4 instars, the patterns of se:cruti4n and synthesis, 

as revealed by fluctuations in stainable inclusions, she:: a dist- 

inct cyclical activity in most cells in each instar. The activity 

of Ai-, A4-, B2- and C-cells is correlated with moulting. There 

are nevertheless some irregularities; for arzamplo the slow rate 

of synthesis of neurosecr...tory material in Al-celis of the 4th 

instar and the paucity of C-cell material. This is h:-,waver, 

likely to be due to the sudden increase in cytoplasmic volume 

of these cells at the 3rd -ziult (fig. 7) While there is a flux 

in the content of A3-cells, no comparable phases of accumulation 

and secretion occur; there is usually a peripheral and porinucloar 

concentration of inclusions. Activity of the DI-cells cnnnct be 

corrolatod with moulting as they usually show ramzinal staining 

donsity at all ecdysial stages; difficulties are often encountered 

in satisfactorily resolving the cytoplasmic constituents of these 

cells between the moults. 
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IA' far as 1.2-coils  arc cz,acorned, thoy shiw little fluctua-

tion iu content, holikivur, houresecrutory ,mterial is evident in 

-4110 aLens eftor neultinis whun th. 6ruatest concentration of inclu-

4p in tilo pba-Lonal rugien Pg iach cell. 

r-J-7.ttiv ;!-ngral--,ppo-t-motAL-t tarmac? hairea-tektAttve---46wAcTivite-

of 14;,clurton s in =s-oth Ls- p.nat.ctalet kv.. . b) inducd, the latter 

arG pAcXqa. L 44r, a4aB20.p,a110 tiara st4linablo nat,rial is very 

Sparse, but unlike pievious instars, at this stage, sone mater- 

in). i ovidi1t in 44.-colls. During the first 3 clays 	lo a 

Drol;roosivo acpttaaaticril of iAcittoVroz in 1.1-cella is ;-Auch slowr, 

and by the 3rd day thus culls a2u 	fodnts but subsequently 

their content nc 	cansiduably and by the 7th day thc.y stain 

densely (fig. 6). Reloase of socretery 	coLlencuc froia 

ill-sells on the 7th day. On the followin, clay tho L4,  and D2,  

cells be:in t3 discharge, and in the :.ature (10 day old) larva 

::uch of the densely c.:;regated ifleillsj„;4p of /11,cylls have boon 

discharLeJ.uil vacus1ati,7-41 is u4tensive (fig. 6), By tü 	taei  

4.4..cells are tetally de2leted, B9-co1ls inclusions aro very sparser  

as als3 aro thDsu in G-colls which have the cxoscuntic vacuole 

:mein onlarged, This ph7i-... r)I7 ccroti-:,a constitutes the 'critical 

period' and it is interuntin that 1,2-culls are tic; oilly cells 

that are n:.t active. 

propupc..ct  It the corimonceunt f the prupal stage the cuticle 

Ampl 	2i7.04. is frotficuJ ana t4ktlirtrvr01  becono very act- 

ive. During the first do.y the phasu of socretin whi, 2,a0 nro_ 

vjously coT.Ienced in the :1,- turing larvae co_tinues; Ai-, 

and C-cells arc.; ,;ither c7tplutuly, or al-:.1:Jst conplotay d;.pleteo.. 
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AT-ccals also disCharge and show a lower density of inclusions 

than at a:1y Droriodine stage. 

For the renainder of tau pr-pupal stage (4-5 drys) 

is a progressive accumulation in AI- and L2-cells, although the 

lattel appear to continue sccretin for :overal days, as is evid-

enced by the lack of inclusions in the t-c.:onal poles of the cells 

and the axon hillocks. Very little :latorial is apparent in A4-

and 2-cells, but there is such a rapid accumulation in the C-

cells, that by the 2nd day they are T,ore or loss -packed with 

orange-staining inclusions. The 5th day propupa shows little 

change in all culls other that C-cells which show an ontensive 

loss of _material. 

Pupae. 	Twelve hours after puilation the histological picture 

is very similiar to that in the 5th day prepupa; Ill-culls have 

numerous uniformly distributed inclusions and few Doriphoral 

vacuoles. C-coils are again packed with inclusions but A4-cells 

are completely depleted. IL high rate of secretion appears to per-

sist during the first 4 days, at the end of which Al-cells arc 

considerably vacuolatod, l.2- coils bear fet7 inclusions and the 

lateral 114- and 132-cells are quite devoid of any stainable mater-

ial. Pupae dissected at 7, 10, 14 and 17 days fro pupation show 

a progressive accumulation of inclusions, periods of secretion 

still occur which is evident in the prsonce of inclusions in the 

axons, but the rate of synthesis obviously 0::ceeds that of release. 

Vlithcut a detailed knowledge of anatAlical ac.7. histological chnigos 

in the other tissues it is i:Ipossible to sugg-est any correlations. 
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'In the 20 day pupa (about.  5 days bufbre emergence) both 

medial, and latoral D-cials and !3-cells contain numerous inclu-

sions (fie,. 8) Which are oubseouontly released. This phase of 

accumulation and. secretion by the B typos of cells appears to be 

associated with emergence or final stages f imaLinal development. 

PLY-positive inclusions ale evident in axons of Ai- and £4-col], 

but absent, from fit-toll  axons; otherwise the histological picture 

is similar to that in the newly emerged adult. The development 

of at-cells has already boon outlined; it is noticeable that B1-

cells show a peak development towards the latter part of pupal 

life and that the dogreu to which they take up light gr-en stain 

diminishes in the adult. Farther:lore, the presence of green 

inclusions in both their axon hilloch.n and distal parts of the 

axons indicate transport of this secretory product, ane its pro-

bable release during this period. The secretory activity of Bl-

cells appears, therefore, to be maximal in the pupae sta6o. 
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Fib;. 6. neurosocrctory calls ia larvae of P. cynthia ricini. a. 
Al-cells in post-moult 2nd instar, cuticle untanned. b./I.-cells 
in post-moult 2nd instar, cuticle taiLaed. c.C-coll in 4th instat, 
note p iphcral vacuole. d.Li-cells in 7-day 4th instar. o. Al- 
cells in 2-day 5th instar. LA1-cell in 10-day 5th instar. 
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(7) GrOwthjacrements of NeuroSecrutoty 

In table 5 the calculated volume of the cytoplasm of 6-

types of neurosocretory cells are given at rcprosentativo stages. 

It is a'oparent that the major increment in growth in each cell 

occurs dtring ocdysic. The volume of cytoplasm in Ai-, 44-, C-

and BT-cells attains a maximum some 20 dyaa after pupation, there-

after they decrease in volume. Initially A2-calls show, a com-

paratively slow growth rate (up to the 3rd instar), ahich increases 

by a factor of 2.3 during the 3rd-4th instar moult, and by a factor 

of 2.4 at the following moult. Unlike Al-, 44-, C- and 32-cells, 

the remainder (i.e. A2-, L3- and D-cells) reach their maldmum vol-

ume in the adult; the Growth rate of Di-cells closely parallels 

that of A2-cells. 
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Table 5. w1emn101t of_Uouosocretory q.q.12s ;tay.L, Comtbia_xi=1 

volume of  cytul1s4  (11,p).  
STAGE 

2nd instar, 

ill  C D A4 B2 

post moult 892 208 1,037 844 Omni 

2nd instar, 
mature 1,499 268 929 929 334 731 

3rd instar, 
post moult 2,394 268 1,394 1,218 584 1,109 

3rd instar, 
mature 2,628 268 1,930 1,294 749 1,109 

4th instar, 
post moult 5,196 617 6,920 2,823 1,294 1,546 

4th instar, 
mature 5,992 971 6,860 2,673 1,375 1,924 

5th instar, 
post moult 8,162 2,352 6,860 3,922 1,499 6,860 

5th instar, 
mature 10,975 3,371 8,683 3,869 3,371 3,869 

4 day old 
19,890 3,324 7,735 3,869 3,371 2,352 

20 day old 
pupa 32,373 7,254 22,411 8,183 3,449 15,081 

Adult 28,044 11,117 16,140 10,444 1,244 10,370 
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Tho doVelepment of A3-cell= is not related to any other 

cell typo. Frea a gradual increase up to tho noture bj-d instar 

larva, these cells rapidly increase in volume (by a factor of 4.3) 

during the following moults, after which they resume a gradual 

increase in volume to the adult stage. 

!.part fro ,7 L3-colls, -the most rapid growth occurs in A4-

cells which, in the freshly moulted 4th instar larva have a cyto-

plasmic volume greater than that in the adult. Expressed as a 

percentage 	the volume of adult cells, the following figures 

are obtained; A.1-36, A2-5, G-42, D-27, A4-104 and B2-15. Further 

iacreascs in volume occur in all cells subsequently as indicated by 

the following percentages in the nature 5th Instr.]: larvae; A1-32, 

L2-33, C-53, 1)-37, A4-270 and B2-37; and in the 4 day ,)1d pupa:- 

L1-701 A2-301 C-47, (D-37), 	(A4-270) and D2-22). 	The B2-cells are 

of interest in this context, as they attain a volume of GO, (of 

the adult B2--cells) in the post m.,ult 5th instar larvae, out the 

volunc declines to 22'4 in the 4 day old pupa; thereafter a pronouncol 

growth occurs reaching 145% in 	20 day old pupa. 

Each phase of cytoplasmic growth is usually preceded by an 

increase in nuclear volume which. also occurs during ocdysis. 

The calculated volumes of neurc.secretory cell cytoplasm are 

of interest for several reasons; an abrupt increase in volume will 

have a 'diluting' effect upon the neuresecretory material present 

and nay give a false picture of reduced density of stainable mater-

ial. Increase in volume can ho used as an index : of ;.resent or 

impending hormonal requirement; and the relative rates of increase 
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among the. various typos of cell is liltolyto reflect their impor—

tance in respect to the najor pkysiological events during dovelo» 

pmont (fig. 7). 
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2nd instar 	3rd instar 	3rd ins tar 	4th instar 	4th nstar 	5th instar 	5th nstar 	Pupa ' 	Pupa 	Adult 

	

mature 	post•moult 	mature 	post•moult 	mature 	post moult 	mature 	4days old 	20days old 

Fig,7.The cytoplasmic volumes of neurosecretory cells during the development 

of Philosamia cynthia ricini,in relation to those of the adult, 
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(8) Neurosecreti= in Af'.ults: ?!synthia ricini and T. pyonuba. 
.....*.-•••••••=••• 

One major aspect of this study cDmprises an investigation 

into the relationship between the circadian flight rhythm and the 

activity within the nourosocrotory cells of the brain. Hales were 

primarily used tc, avoid any complicating factors that :my arise 

in the feEales, in which cycles of secretion associated with repro. 

ductivo cycles may occur. For most species light trap captures of 

males far exceed those of females, and this has aided this study. 

Nevertheless nourosocrotory cells were e:tamined in females from 

several species; it was found that precisely the same cells occur 

in both sexes, in fact the histological picture is remarkably 

similiar in all respects. h:wevor, as the f,..males that are 

attracted to mercury 2apour lamps appear much later than the males 

in most species, it is likely that this rhene:lenen occurs at a 

particular physiological phaeo. So far as I am aware no definitive 

study has been :Lae of the neuro-endocrine system in relation to 

the reproductive cycle in female Lepidoptora. In their brief 

account of the brain neurosecretory cells during the development 

of B. Dori, Arvy:ot al (1953) state that in young females a fresh 

accumulation and transport of the neurosecrotory material occurs 

before ovipesiticn, regardless of whether the moths have ;7ated or 

not. To attempt such an investigation was considered to be beyond 

the scope of this study, but the occurrence of an identical nouro-

secretry cell system in both sexes artises the question of the 

function of those cells in males, where a distinct reproductive 

cycle may be lacking. 
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a. Zililosamia_cynthia ricini. 

L.dults are short lived in this species; females and unmatod 

males live 7-8 days at 200C, but :It.tori nnlos usuaily live 5-0 days. 

Like all other saturniids they 	not feed, and moths dissected over 

an 8 day period show a progressive dec3ine in the volume of the 

fat body. Krishnakumaran & Schneiderman (1964) have shown that 

in fnct,doath of saturniids is duo to lipid depletion. 

Effect of Ao. 

Neurosecretory cells wore examined in both males and females 

at daily intervals from emergence until the eighth day. In this 

series all moths were chloroformed and dissected between 2.00 p.m. 

and 4.00 p.m. on each day. No lajor cycles of secretory actilrity 

_were observed during adult life in any of tac nourosecretory cells, 

but some minor changes do occur. The Al-cells aro vacuelated peri-

pherally upon en,_:rgence, and this condition persists for the rennin-

dor - of.  their'life. With increasi4g age the vacuoles onlarL:e, tend-

ing to become coafluent particularly at the axonal and abaxonal 

poles of each cell. Granule density also changes; in newly emerged 

moths the granules are largely aggregT:-od, but become dispersed 

with ago. No vacuoles were over observed in A2-coils, which, 

nevertheless show a z;roator diminution of PLF-nositive material. 

The bulk of the stainable inclusions in A3-cells arc discharged 

before emergence, becoming alnost coipletely depleted 3 days later. 

The lateral A4-culls boa uu;.ierous aggregated inclusions shortly 

after emergence, but their concentration progressively decline 

during adult life, 14Ucloar volume and total cell volume does 40.0 

alter in any of the A-cells, the appearance of the chro:aatin and 
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nucleoli remain equally consistent. inclusias are frequently seen 

in axon hillocks but only rar..ay eb.71L,rvo4 in axo12:5 traversing the 

neuropilo. 

The low affinity that Bl-col±s have for any of the stains 

emloyed por,.lit no conclusions to be drawn regarding dynamics of 

secretion in the adult. There are no fluctuations in volumes of 

coil.. - v their nitcTej_, all of 71!:i.h are of closely similiar 

teary gi;c  the inpro sion of having little secretory activity. 

On the other hand, B2-cells stflin distinctively and reveal a pro-

gressive increase in nourosocretory - aterial. In no instance 

were B2-cell inclusions observed in their axons. 

The pair of medial C-cells were Uniformly and donsoly stained 

at all ages, and 'favourable' sections reveal the presence of the 

orange-staining colloid in the ax)ns, suigestive of a steadily main-

tained level of secretory activity. Inclusions flat. both DI- and 

D2-coils are discharged before and during e.:Iergence, no further 

accunulation takes _:loom. The volume of the Nuclei of Di-cells 

decr::ases and tLo nuclear mo:lbranes bece:tes irregular in section. 

Together with the sl)arse chromatin this chanr;e is interpreted as 

indicating cessation if synthetic activity. 

The loss of inclusions fro:a Al-, A2- and !i3-colts, occurs 

gradually in unmated moths. When recently emerged males and females 

are put in a cage together, copulation usually co: ences during 

the first night. Both sexes arc strictly nocturnal and females begin 

'calling' fro:..) the first .,tight after emergence. Calling, or release 

of the pherom:yno is accomplished by ev..,rsion 	the terminal abdo-

minal segJents exposing th:, scent brushes and thus disprsing the 
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attractant. Copulation lasts from 24-48 houro during which tiro 

both SZT:CS nro inactive. c  cti.onol brnino 3f both males and fenalos 

after 24 hours of copulation revealed little chano in content of 

tho neuresedretory colls, other than A2-dells -.then conparod with 

unmated moths of the sado age. The quantitative changes occurring 

in any type of cell were small during any 24 hours period, neverthe-

less, it becaLle evident that in nated moths as secretion is released 

from I2-cells, whereas there is a reduction of inclusions in those 

cells in unmated moths. It se--Ls poasiblo that tho lack of secre-

tion in matinc, meths is associated with their inactivity. 
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nour.eLig.cr.e..tjoo_n atolimqq_44tervals during a 24 hour T)eriod. 

Although a decline in stc.:the-Lblu natorica 1. cacnrly appar-

ent, nourosocrotory material wos rarely detected in the axons. As 

all these aoths had been dissected during the afternoon, it is 

possible that secretion occurs at some other time in each 24 hour 

period. Examination of the flight rhytha had demonstrated that even 

in constant darkness this species adheres to a circadian rhytha of 

activity. In the male ,loth, apart from copulation, nocturnal flight 

activity comprises the riajor physiological event; participation of 

one of more types of nenorosecretcry cell in control of this endo-

genous rhythm, was therefore anticipated. 

For this investigation, croups of moths of the same age 

were dissected at 12.30 	8.30 p.m., 12.30 a..o. and 8.30 a. l., 

only vales wore used and none had mated. After PLF, no difforoncos 

wore noticed botween those dissected at 8.30 or 12.30 p.a., whereas 

axon hillocks of all h2-cells showed a aarkod reduction in inclusions 

in moths dissected at 12.30 a.m., and to a lesser extent in those 

dissected at 8.30 a.m. Of 4 moths dissected at 12.30 a.m. eno 

brain had been successfully orientated for sectioning whreby axons 

in the region of the chiasma were *present in 2 sections and revealed 

numerous PAF positive inclusions. Only soort lengths of A-cell 

axons could be seen in the remainder of this group, these too, 

unlike all others contained nw:erous inclusions. Although nourose-

cretory material can be clearly differentiated in the porikzr'jia 

of Li- and A2-cells by their staining reaction, this is not possible 

with axonal inclusions. Mille there is a detectable loss of mat-

erial from A2-toll axon hillocks, there is no comparable loss from 
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Ar.celle nt 	12.30 a.m. or 8.30 a.m. The possibility that 

A-cells rise secreti at a similiar ti:le cannot bo discounted, 

but it sues nor,: likely that the axonal material observed is 

derived fron 

Induced Changcs is Neurosecretory_Cells. 

So:le preliminary experiments were conducted in an attempt 

to establish which type of cell, if any, control diuresis. Unmated 

male moths were selected from 3 ,f: so gzoups; 12 hr., 30 hr.. and 5 

days after e.aergence. Erich moth received 0.2 ml distilled water, 

injected into the haenocool of the abdo-.:.n. Their brains were 

dissected out and fixed either 7 hr., or 24 hr., after injection. 

La additional zroup of 3 five-day old moths, were each injected 

with 0.2 al of 10% de:ztrase solution. Thu ti::io at which injections 

wore: made was arransod so that dissections were made between 2.00 

p.m. end 4.00 p.m. This allowed direct corliiarison with those pre-

viously prepared 7t this tine at daily intervals. 

All moths showed a reduction of inclusions in L1-cells, but 

no changes were detected in any other cells. The reduction 1;:z :aost 

marked 24 hr. after injection end was acce::In:-Inied by increased vac-

uolation. Twenty four hours after injection in the 5 eL:y old moths 

a considerable amount 	neresecretory material was evident in 

the axons, and the hillocks were practically devoid of inclusions. 

In this Troup vacuelStion had become so extensive that sone vacuoles 

approached the nurloi. (fig. 8). 

b. Trilphacna  .proruba. 

La many field moths were used it was necessary to assess 

the effects of feeding and of age upon the neurosecretory cells. 
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Loncovity is very '7.1uch grunter than in '2. vuthia ricini, as food -

ing in adults of T,_nronubn is .:bligatery. Laboratory reared moths 

lived for as long, as 2 months. In the field they arc present from 

early July until late September, but emergence is spread over soy.-

oml weeks. They are strictly nocturn,11 and copulation occurs at 

night and is of a very short dUration. The differences between the 

2 species ::inkos a cooparativo study of Ilcurosc:Crvtion of particular 

interest. 

Effect of te. 

A batch of pupae, from 1st generation laboratory reared 

stocks wuro retained for this investigtion. The dates at which 

noths onergud were noted and they were separated into age groups. 

All dissections were ca. ried out between 2.00 p.n. and 4.00 p.n., 

conuonciiig from the day of encrgunce and thereafter at 5 day inter- 

vals. The 	group were dissected after 45 days when the supply 

of moths had become exhausted. 

Both Al- and L2-cells reveal a progressive accumulation of 

nourosecreti-)n, but 	cycles of secr,.tory activity were apparent. 

Moths over 20 dyers old showed a very considerable density of inclu-

sions, and this was paralle]ed in individuals captured in the field 

later in the season. In contrast L3- and A4-cells do show fluctua-

tion in the density of inclusions, reflecting phases in cycles of 

secretion and of accumulation. These occurred at irreL,ular inter-

vals, but the processes to which they were linked did not become 

apparent. The A3-cells together with D-colls discharge accumulated 

materiel in a period of secretion that conmencos before adult emer-

gence, and continues for several days afterwards. Thereafter inclu- 
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sions gradually accumulato is D-coils. Tha lateral, B2-cellS 

showed na evidence of activity at any arc, whereas 131 ce118 apy,oar 

to undergo mar!zed cycles of sacretin. The latter form a wedge-

shaped group of cells ti. ;t lies beneath the A-cells and which is 

easily distinguished fron the latter and the :7djaceat neurones. 

Ezisting in two distinct phases, differential cell counts show a 

Trogressive recruitnont to produce more cells in which nouresecre-

tory material is present. These bear briLht green inclusi,hs witi-

out distinct outline, their nuclei are lax:Fe and spherical and tbe 

chromatin is sparse anr1 agLregated. In the distinctive pre-secretory 

phase the cells are much snaller with basiphibe cytoplasm, staining 

orange-red; the nuclei are also smaller, ollipseid with evenly 

pursed chromtin. It appears that this stage is followed by rapid 

synthesis of the neuresocretery material and by incr-csse in volume. 

The elaborated material is equally rapidly discharged, but only 

when the cell is packed vdth inclusions. This cycle occurs inde-

pendently within each cell, unliLto that in all other typos of neuro-

secretory cell. 

The total number of cells is always 82; at emergence there 

arc 32 calls bearing inclusions and 50 without. After 5 days there 

ham" 28 cells -...1h-inclusions and correspondingly, 54 without; there- 

after, the ratio alters as follows:- at 10 days, 33 with and 49 with-

out, at 15 days 40 with and 42 without, at 25 dyers 48 with and M 

without and at 30 days 52 with and 30 without. The ratio at 30 

days does not alter at 35, 40 or 45 days. Old moths from field 

popultions almost invariably have this ratio of 31-cells. It 

'.gybe noted that the decrease in the aunber of calls with inclusions 
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was found consistently in 3 individuals examined 5 days after 

c.)ergence:, In fact very little variation was found between indiv-

iduals of tho same age. The' progressive increase that occurs bet-

ween 5 and 30 dyas after emergence could be interprotecl as contin-

ued differentiation of Hi-cells that conmences in the pupa. However, 

the initial decrease in 	number of cells with inclusions supports 

the view of short torsi cyclical activity, and of diminution of requi-

rement for this secretory laturial, since the number of cells bearing 

inclusions increases as the meths get-older. The physiological 

role of these cells remains obscure, but they are of particular 

late:cost as they are the only type that is absent from larv:.0 and 

are theroP:re fuactienally significant to the adult T. pronuba and 

primarily to the developing adult P. cynthia ricini. 

Cl-cells remained constant in appearance throughout all age 

groups. They are pacIted with bright green-staining material with 

small reddish-purple inclusions which are widely but regularly dis-

persed. The laterl, C2-cells on the other hand, shows signs of 

cyclical activity. The secretory product differs from that of C1-

cells in that the purple inclusions are more numerous but -:such smaller 

and while they are similiarly associated with green-staining mat-

erial the proportion of purple to green is much greater. The accrm-

ulation of neurosecretory material in these cells becomes apparent 

with the formation of patches of purple and green material. Even 

when patches of inclusions aro absent the cells stain faintly red-

dish-purple; this stage, or vari.)us stages of accumulation occur in 

different individuals of the same ae. Furthermore the apparent 
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phases of accumulation and socrotion occur irregularly _.tad could 

not bu correlated with any function. 

It is immediately apparent that whereas in P. qyathia_ricini 

there is a Dro.crortsivc: loss of nourosecretery natorial in most cells, 

quite the opposite occurs in T._pronuba. Probably this is related 

to longevity, and the mainteneace of synthetic capacity further 

indicates participation of most if not all dolls in physiological 

events of the adult. 

Neurosocretion during;L 24 hr. _poriod. 

There is little change in secretory activity of the 

and lateral A-culls, with age. The moths had however, all been 

dissected within the smo. 2 hr. period en each day of sampling. 

Flight activity in this species shows c. strong and a persistent 

endogenous rhythm. When subjected to 16 hr. illuination flight 

co::ences shortly after the lights r.:M.1 switched off (11.00 p.m. in 

the C.T. room). In a preliminary study meths weie, therefore, dis-

sected at 4 ti'_ o intervals, when it was hoped to revoal the maLimum 

fluctuations in granular density within the culls. This w.‘,s based 

on the assumptin that r. circadian cycle of secretion occurred in 

this species, end was siniliar to that in P. cynthim ricini. Thu 

times selected were; 9.00 p.m., 2.30 a.m., 8.30 a.m. and 3.30 p.n., 

6 moths were dissected on each occasion. 

By the use of the copleto staining sequence (PLF) it became 

apparent that in some individuals, A2-cells bear few inclusions but 

these tend to be obscrred by the intense background staining. To 

obtain a clearer pictur- of the density of PAF-positive inclusions 

tho counterstains were removed by rehydrating and thoroughly washing 
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in distilled water; Blida° wore than e0Alydrated 	reounted. With 

only PAF-positive structures remaining, Al- marl 42-cells were readily 

estimated. The concentration of inclusions va.s scored on a scale 

from 1-4, in which 1 represents few inclusions, increasing to 2, 

and 3, and with a maximu of 4. The results are given in table 6. 

From this series it can be seen that in all moths dissected at 

3.30 a.m. the nourosocrotory cells (A1 and A2) aro quite uniform 

and d_asely staining (fig. 8), which would explain the rather con-

stant picture obtained In the study on :suing. However, the 3 other 

grouts show quite considerable variation; although no clearly defined 

cycle of secretory activity is evident, in several moths both typos 

of cells reveal secretio.1 of material, and almost all A2-cell mat-

erial in a few -leths (fig. 8). Nevertheless to L: fact that secre-

tion does occur at these ties, together with the constant appear-

ance of cells with dense granular acariulations fixed in the after-

noon demonstrates a circadian cycle of secretion. It is noticeable 

that when Al-cells have discharod a considerable quantity of material 

and arc at stage 2, A2-cells axe at stage 3 or 4. Conversely, when 

A2-cells aro at stage 1 or 2, Al-cells are at stae 3 or 4. There 

is an appearance of an inverse relationship between the secretory 

activity of those 2 types of cells. Howeve.r, the factors which 

govern secretion by those cells must be complex. 

In preparing moths for this study no attention was paid to 

feeding; the captured moths used had boon exposed to a feeding pad 

soaked in I% honey solution. It is liholy that the 24 moths that 

were examined had last fed on different occasions, C-J3 later observa-

tions showed that v:11,:n allowed to fee at any tine, over a long 
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Table G. C-:•nccntrc..tiou of iuclus,ioan in 41- nnd 1'.2-0Q118 ct timed 

iaturvcas during c. 24 hr. period. 

Tire Huth 41-colls 

1 

2 

3 

4 

2 

3 

1 

4 

2 

9.00 p..n. 4 3 2 

5 2 4 

6 4 2 

7 3 1 

8 2 4 

9 2 4 

2.30 a.m. 10 2 3 

11 2 3 

12 2 3 

Tina 11;th A,1-c alls 

13 

14 

15 

4 

4 

4 

0 

1 

1 

8.30 	-..n. 16 4 2 

17 4 3 

18 4 4 

19 4 4 

20 4 4 

21 4 4 

3.30 p.u. 22 4 4 

23 4 4 

24 4 4 
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period individuals establish different feeding patterns. 

Effoct of feedinr and starVation•Unon-Secretery Cycle. 

In an attempt to elucidate the cifect of both feeding and 

starvaAon upon the release cf earuseecretery material froze Al-

and A2-tolls, two groups cf noths each of 28 individuals, were 

isolated and stzrved for 5 days. The following day one batch 

was fed and the other starved for a further 24 hr. Each batch 

wc.s divided into groups of 4 and cue group from each was dissected 

at 2 hr. intervals commencing at 8.00p. m. Ia the fed batch, the 

fuediag pad was removed at 4.00 p.m. As in the previous series, 

the countorstains were ommitted, ana the density of the inclusions 

was siniliarly scored (tublo 7 and. 8.).. 

It can be seen 	feuding :las c. naraed effect upon the 

release of nouresocretery material from both Al- and A2-culls. 

The period of illumination extended tom 7.00 a.m. to 12.00 p.m. 

and whether f.d or starved it appears that release of material occurs 

in most individuals after the lights are switched off. Starved moths 

continue to secrete from Al- and A2-cells throughout the night, 

whereas fed :laths secrete from A2-cells only, and for a much 

shorter period. 

At first it se,.:7,s somewhat difficult to reconcile these 

results with the apparent role of Ai- and 4-cells in P. cynthia 

ricini; i.e. in control of diuresis and of activity respectively. 

While the reduced secretory activity of A9-cells is in accordance 

with the function attributed to them, the parallel in sucretory 

activity of Al- to 4-cells in starved roths and their apparent 

failure to secrele in fed moths is harder to ezplain. PobSibly, 



1 	4 	4 

2 	4 	4 

8.00 p.ri. 	3 	4 
	4 

4 	3 

5 	3 	4 

6 	3 	3 

10.00 p.n. 	7 	3 	3 

0 	3 	4. 

	

9 	4 	4 

	

10 	2 	3 

	

12.00 p.m. 11 	2 	2 

12 

2.00 a.n. 	13 	3 	4 

14 	2 	1 

	

2.00 a.m. 15 	2 	1 

	

16 	1 

	

17 	2 	1 

	

18 	2 	1 

	

4.00 a.n. 19 	2 	1 

	

20 	1 

	

21 	2 	2 

	

22 	2 	2 

	

6.00 a.o. 23 	2 	2 

	

24 	2 	1 

	

25 	2 	2 

	

26 	2 	2 

	

8.00 a.m. 27 	1 	2 

	

28 	1 	2 
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Table 7. Coniiohtration tf• i:lelLsiens in Al- and A2-cells at timed 

intervals in starved moths. 

Ti Me 	Moth A1-culls A2-cells Time 	Moth Al-c011s A2-cells 

as in A2-culls role so 	:ieur_secrotl,ry :Iatorial is inhi>ited. 

11,,wovo). in keeping with the p_,stulatu; that they have a duirotic 

functi,n, the reduced rate 'f secreti after feeding can be expla-

ined ,therwiso. As lipids f,,r:a the 'flight fuel', activity will 

result in the preductiell c,t 	water', and this ::ay rain() 

the 	of haoll.J1Tiph, and dilute it, thus stinulating release 

f a diuretic factor. If this is correct, if would explain the 

observed activity of Al-culls. It has bee sh,w11 that even under 

dry co:Iditins ilsects are able 	obtain sufficient 1:Jc:tab-lie 
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Tablo 8. Concontration of inclusions in Al- and L9-culls at tinud 

intorvals in fed moths. 

Timu Moth Al-lc:ale A2-c-11s Tire Moth Al-colls 112-culls 

1 4 4 2.00 a.m. 15 4 2 

2 4 4 16 4 1 

8.00 p.11. 3 4 3 17 4 3 

4 4 3 18 4 2 

5 4 4 4.00 -p.m. 19 4 2 

6 3 4 20 3 1 

10.00 p.o. 7 3 2 21 4 4 

8 3 1 22 4 3 

9 4 4 6.00 p.m. 23 4 3 

10 4 2 24 4 2 

12.00 p.m. 11 4 1 25 4 4 

12 3 26 4 4 

2.00 a.m. 13 4 3 8.00 	a.7.:. 27 4 3 

14 4 2 28 4 3 

water' to Ilrovo:A 	proportio.ial loss c..0 a body colistituo:A (Buxton_ 

al4d Lowis, 1934; Wiciaosworth, 1950). 
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A,. 
	A;  'A, 

e. 	 f. 

Fig. . a.Lateral D-cell in 20-day pupa. b./la...cell in 5-day old 
moth, 24 hr. after water injection. c.Nouresecretery material in 
axons, 7 hr. after water injectin. d.Al-cell in 5-day old moth, 
untreated. e.Medial A-cells in starved moth at 3.30 p.m. f. A-
cells in starved moth at 3.30 a.m. a.-d. o. 
an e, f. T.pronuba. 
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Discussion.  

The present study confirms that there is a multi,-

plicity of nourosocrotory cel3d and types of coils in the brain of 

Lepidoptora, as previously reported by Panov and Kind (1963) and 

Herman and Gilbert (1964, 1965). That, furthermore there is a 

remarkable uniformity In numbers of Al-, A2-, A3-, C- and D4colls 

medially and A4-and D2-cells laterally, in different species and 

in most stages of a single species. Studies of the tinetorial 

affinity and cytonorphology of the various typos of cells leaves no 

doubt that they are quite distinct; the cyclical changes that occur 

during development confirm the distinction. While some authors 

believe that cells with different histological appearance merely 

represent phases in the secretory cycle of a single typo of cell 

(e.g. Brandenburg, 1956, Horlant-Meewis and Pacquet, 1956, Hig1W-

1959, Kopf, 1957a, Nayar, 1955 and Thompen, 1952), this suppositioM 

is quite untenable lith regard to Lepidoptera. It is notable that 

these workers used Azaa or CRP but more recently PAF has replaced 

the 'classical' CHP method. It has.  become apparent that much of 

the previous difficulty and confusion in categorising nourosocrotory 

cells can be avoided by the application of the newer technique, 

together with precise analysis of the results. 

The various schemes of classification that have been 

proposed in the past have been outlined and discussed (pp. 	), 

and so far as it has been possible, cells described in previous 

accounts of the lenidopteran brain have been related to the system 

adopted here. Acknowledgeing the present wide acceptance of the 

PAF sequence, the utilisation of aaalphabetical system necessitates 
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- 	• 
n sham ' dtattnctiOn between 	and 13 .Ce1lii; At'ilreg4.11t 

there is an Outstanding Aced for this, and based upon PPS. 

ing the only logical distinction is that which Johansson (1958) 

applied: B-coils never bear fuchsimophil inclusions, wheroas 

coil inclusions are always fuchsinophil. This does mean though, 

that there is an 1 L-cell complex' comprising at least 4 distinct 

types (A1, A2, AG  medially, and A4  latexally in Lepidoptora), but 

those culls probably have quite different physiological roles. 

Raabo's (1965) system includes B1- and B2-colls which are fuchsin-

ophil, and would therefore fall into 2 categories of A-cells. Tho 

fact that this author differontiated A- and ;l--cells upon the absaaco 

(in the former) and presence (in the latter) of sulphydryl groups 

does notoar,00, invalidate the systom that places thaa in the samo 

'class' of cells. (A.cells), rather it confirms their so .rata 

identity. is far as histochemical differentiation is concerned it 

is worth pointing out that aldehyde fuchsin do used as a histochon-

ical reagent (e.g. Scott and Clayton, 1953, Spicer, 1960, Sulkin, 

1960) for muccnolysaccherides. In this respect this primary divi-

sion of cells would rosemblo that which is currently accepted for 

cells of the vertebrate adenoitypophysis; into serous and mucoid 

cells (Herlant, 1964). 

To provide a scheme of classification that would embrace 

all kncan types of nourosocrotory cells from all of the orders of 

insects, and from brain and ventral cord ganglia poses cortain 

probl:::ms. Ultimately, only further confusion will arise, i:Vfor 

example, it is found that Al-cells of the ventral cord have a dif-

forent function from Al-cells of the brain; this must, therefore, 
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`co an area of further invoEc.tiGation. lu  gra of the dif.fioulties 

in relating categories of yells designated by one author to those 

by another, it does become apparent that considerable variation 

exists in the occurrence of different cells in the Insdicta. Among 

the pterygote orders the presence of lateral as well as medial cells 

has been widely reported; notable exceptions arc found in some 

Hymenoptera (Thomson, 1954) and in Blatta clAmtalis and P. ar.ieriiana 

(ku11bri 1961) but the presence of neurosecretory cells in the 

ventral cord is by no means so well known. It is perhaps signifi-

cant that they have boon most frequently reported from orthoptereid 

insects (Sohoxror, 1941, Harker, 1955, 1930, Fuller 1960, Panov, 

1962, Freon, 1964a, 1964b, Huignard, 1964, Besse, 1965, Delphin, 

1965, Raabe 1965a, 1965b, Chalayo, 1965, 1966). In most of these 

studios at least 1 type of A-cUl is described, and as many as 3 in 

S. gregarici (Dolphin, 1965), whereas only 2 types of Acell are 

known to occur in the brain of this species (Highma4, 1961); a single 

type laterally and another medially. However, neurosecretory cells 

are known to occur in the ventral ganglia in other orders, most 

cortionly in the sub-oesophageal ,,anglion, as +his is often sectiomod 

with the brain, (c.g. in Diptora; Kopf 1957a, Fraser 1959, Fuller 

1960, in Coloptora; Kirchner, 1960; in Huaiptera: Nayar, 1965, 

Johaneson 1958; in Hymenoptera: Brandenburg, 1956). Ladduwahottr 

(1962) and Fraser (1959) on the other hand found no neurosecretery 

cells in the ventral ganglia (including the sub-oesophageal) in D. 

maculatus and larvae of L. eaosar respectively. 

Despite the application of CHP, Azan and PAF and adoption 

of a vary comprehensive system. of classification, no neurosocrotory 



72. 

cells were observod in either sub-oeso-ohaacal - or protboracic 

ganglioft of larvae, pupae or adults of any of the Lopidoptora 

examinod in this study. It is, thorefore surprising that Kobayashi 

(1957)-  found no loss than 1,172 neurosocrotory ceits in tho ventral 

cord of B. Mori larvae; including 80-100 such cells in the sub-

oosophagoaI, and 79 cells in the protkoracic ganglion. Those cells 

are PIS-negative, but phlexinophil and histochemically are similiar 

to medial B-coils (= ty CI-cells), Choy also showed cyclical acti-

vity. It is of course possible that B. mori differs from other 

Lepidoptora that have boon studied, and this may well be the case, 

as Kobayashi further found that lateral cells only becaLe apparent 

at the fifth instar. This spocios quite obviously cierits further 

detailed study. Rehm (1951, 1955) has also described neuresocro-

tory culls from the sub-oosophagoal gatigiion in E. kuhniella and 

Galloria r1911onolla, but absent fro:? Pieris bzssieae. However, 

Pansy and Kind's (1963) descrivtion 	P. brassicac does not agree 

with that of Rehm (1955), tho accuracy of Panov end Kind's obser-

vations is sul-Tortod by Herman and Gilbert (1964;  1965) and this 

study. Rohm's studios, althou,;11 detailed must be treated with 

some reservation. 

It seems fairly certain that, if there aro nourosecrotory 

cells present in the ventral cord of Lopidoptora they comprise a 

single typo. This apr:arcnt 1)alleity of cell types in the ventral 

cord is not surprising when the nouroendocrine system as a whole 

is compared, with, for oxamplo that of 	zrcicoria. In this 

species there are 4 typos medially 1 laterally (Highaam 1901), 

and 6 typos ia the ventral cord (Dolphin 1965). No doubt sail* 
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overlap occurs; Delrhin considered 1 type Of ventral cord A-cell 

to be siniliar to, if not the sane as the nuAilial A- coll. Further- 

More, C- and 	aro likely to be tho farm. This iuplies that 

in S. grogarAL Vlore are at least 8 typos of nourosecretory coll. 

Apart fron the debatable cells of the ventral cord in Lopidoptcra, 

there are 8 tyl)es occurring ia the central nervovs systou, all in 

the brain. In this context it is of interest to examine Frasers 

(l@Egm, 1959b) finding in the brain and ventral cord of L. caesar. 

Without atterapting to fit the cells into any alphabetical systeu, 

he cakes a good case for considoritg the cells of @ach of the 6 

groups as distinct. He subsequently described the nourosocrotory 

cells of the ventral cord in the same species, this time applying 

an alphabetical system and dividing cells into 2 categories of 

A-coll and 1 B-cell. Although Fraser concluded that the 2 types 

of A-cell represented different phases in a secretory cycle of a 

single typo of cell, and the B-cell to be An inactive A-coil, his 

histochcuical findings do not support this notion. The possibility 

the L. caesar has 8 types of neurosecretory can be considered. It 

would of courao be premature at this stage to suggest that 8 typos 

of neurosecretory cell are fundaltontal to insects in general, before 

any such conclusions can be drawn, comparative and detailud hist0,2o-

icil studies will be required for other orders of insects. However 

it may be stated that in the: Lopidoptora the absence of distinct 

neurosecretory cells in the ventral cord but the presence of at 

least 8 types in the brain indicates a pronounced cephalisation of 

central endocrine elemOnts. 
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Notwithstanding the histological evidence of the 

nultiplinity of nouresecretory cells, th%:ro is a justified caution 

against regarding just any neurone with a typical appearance as 

having an endocrine function. There is vide agreement that the 

lateral fuchsincphil and phloxinophil cells as well as the medial 

fuchsinophil culls are neurosecretory, this imnediately includes 

5 distinct typos of cell in the Lepidoptera. For the reminder 

of the cells that have been regarded as neurosecretory in this 

study (81-, C- and D6-cells), their *elusion as such seems justi-

fied for the following reasons:- (i) they occur in either lateral 

or medial groups, (ii) reveal marked cycles of accuulation and 

secretion, (iii) have fuchsitophil inclusions (D-cells), phlexina-

phil inclusions (B-cells), or both (C-cells). Even when C-coils 

are recognised, there is often a reluctance to rogara therm as 

aeuresecretory (Johausson, 1958, HighnaM, 1951, Themzen, 1965). 

However, distinct cybles of GecrAion bave only been observed more 

recently (Dolphin, 1965, Slew, 1935b). In this study the cyclical 

activity of C-cells was clearly demonstrated, occurring at each 

larval moult, and during metamorphosis. While these cells char-

acteristically bear very small fuchsinophil inclusions, they occur_ 

in intimate association with the orange-staining asgrogates in 

P. eynthia ricini (green in other species). Release and synthesis 

of both materials coincide, thus, it appears that the so called 

inclusions are part of the secretion uhich is mainly PAP-negative. 

ExamO.natioa of the cytoplasnic volume at different stages of P. „ 

a,ulthia  ricini (fig. 7) clearly indicates that medial C-cells in 

this species are most active during dovelopnent especially in the 
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last 2 larval instars and pupae. 

William 	t57) proved thot in terminating diapauan 

of 	of H. cocro,)1a, a brain homone activates the prothoracic 

glands, stimulating the production of moulting hormone. This func-

tion of a brain hormone has been confirmed  by Wigglesworth (1952) 

in R._12;.olixus, by Rehm (1952) in Sialis lutaria and by Church (1955) 

in Ce-Dhus cinctus. As Wigglusworth (1934) demonstrated, the effect 

is not a brief triggering, on the contrary exposure of the prother-

note glands is necessary for several days. In relating the histo-

logical evidence of .aecretory activity of the neuresecretory cells 

of P. cyathia riciai; the phase of flecretion commencing at each 

moult, stinulates the prothoracic glands for the subsequent moult. 

The observation of Herman and Gilbert (1964), that all types of 

neurosecrutory cell show cyclical activity during development, is 

substantiated in this study, which has revealed that 4 types of 

cell arc active at the time of moulting (Al- and G- medially and 

A4- and B2-laterally). Whether all of these are necessary to act-

ivate the prothoracic glands is not known. It must, however, be 

borne in mind that throughout much of development the corpora allata 

are also actively secreting. The sequence of events in the eadocrin-

Odinqduriag development has occupied the attention of numerous 

researchers over the last 3 decades. The enorgent picture has boon 

lucidly presented by Gilbert (1964); stated briefly, moulting hor-

mone induces (i) larval - larval moults when juvenile hormone con-

centration is high, (ii) larval-pupal transformation whoa juveinle 

hor:lone concentration is low (iii) pupal-adult transformation in 

the absence of juvenile hormone. In adult insects the gout-lac:tropic 



effect of :uvonilo horuone is sell Imown (reviews by EiGhnan, 

19,34, Dolluacc, 1964) 	d thelallatotr")pic- effect if a brain 

hornono has been established in- sene_insocts G..a. la11g,.1958; do 

Wilde and do Boer, 1961, Ladduwahetty, 1962; SicJw, 1965). It is 

lihely_that som lleurosocretcry product. has the.sa:i.c.effuct-in 

larvae, but experinewtal evidence is conflicting (Vaglusworth, 

1904), for in sore insects. the corpora allata appear te,be under 

nervozls rather that hormonal control. Willia:Is (1948) and vout der 

kloot (1960) found that both lateral and vedial neurosecretorY 

products were necessary for continued develup1-2o4lt in 11.cecr:-.:Dia 

puDae, and that the products must K2:2 to be effective. It is 

interestin to note that it has recently been sug:..;ested t1,7,t in 

Schistocerca maranensis the lateral neuresecrutery cells contrra 

the 	carperq allata (Strong '1965). DurinG devoloyneat in P. cv:ithia 

ricini, up until the pro-pupal stage the cyclical activity of ned-

ial Ai- and C-coils coincides with that cf the lateral A4- and 

B2-cells, but at this stag.° bucoe dissociated. During the 5 day 

pro-.nupal T:Wiocl tLe lateral-cells bear no inclusions until the 

5th clay, when the C-culls discharge, while Al-cells show a pro-

,gressive accunulation throuchut the period. Further histological 

and experimoatal wUrk will be -2equired before the wulcuiri of these 

findings becomusclear. As Highnclm (1965) has pointed out histo-

logical observations alone are of strictly limited value, amil in 

all instances need to be substantiated by suit -kbly designed experi-

nents. 

Fron the species Of Lepidoptera that sie studied, .de2n2 

(1951, 1955) co31cludod t:v1t the nollrosecretory cells are inactive 
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in the edults. 4 view zupportca by Arvy et al (1953) applying 

to B. mori, rathough these authors did note rolonse of platerial 

associated with coAkposition. From their account it is impossible 

to deduce what typo or types of cells are involved. Contrary 

to their findings, the present investigation has revealed that 

both lateral and medial neurosecretory cells are active iA P. 

cynthia ricini and T. Dronuba. The activity of the different 

types of A-cell further dcrionstrLtes their separate identify. 

In. .an overall consideration it is of interest to com-

pare the 2 species; on one hand the short-lived saturniid reveals 

a progressive loss of nouresecretory material, in all but the B2-

cells, whereas the long living noctuid shows an accumulation in 

most cell types. It seems that little synthetic cfrTacity is reta-

ined by the neuv'secrotory cells in P. cynthia ricini, furthermore, 

apart from A2-and D-cells there is a reduction in volume of the 

cytoplasm in the cells of the adult, suggestive of a diminished 

functional requirement; Examination of pupal brain and coaparison 

with that of the adult shows that following the release of accumu-

1,.ted -Liaterial before emergence, the As-, B,- and D2-cells have 

little if any function in the adult. It is assumed that the pre-

emergence phase of secretion from these cells is in some iilLy asso-

ciated with the pupal-imrginal moult. 

The induced release of neuresecrotery roaterica from 

L1-cells of P. cynthia ricini after injecting distilled water or 

dextrose solution, and subsequent excretion, is interpreted as 

hormonal control of diurosis. Highnam, Hill 	Gingell (1965) 

have demonstrated that the redial cells of S. cirer'aria discharge 
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thoir contents when the haamolymph is diluted. Hayar (1960, 1962) 

has 1-:xplicatod iodic,. A-coils in antidiuretic control, by deron-

strating an accumulntion or Inclusions in I. limbata and P. ameri-

cana when the insects are hydrated. More direct evidence of secre-

tion of a diuretic factor from nedial neurosocretory cells has 

boon provided by Berridge (1966) in Dysdercus fasciatus. Whereas 

nosothoracic ganglion extracts show only a small amount of diuretic 

activity in .this insect, Maddrell (1964) clearly demonstrated that 

neuresecretory cells in the fused thoracic ganglion' of R. 'prolixnis  

are the source of diuretic hormone. Unfortunately definitive 

histological studios are lacking for both species. However Delphia 

(1935) has shown that in S. gregaria Water loss results ia release 

of material from A-calls (I.2- in his claf,:sif.'-eation) in the ventral 

cord, thus indicating as ahtidiurotic factor. 

With rega d to P. cynthia ricini it is of interest to 

examine the possible di:ire:tic function of Ai-cells at each stadium. 

The discharge of secretory material from. AI-cells is maximal in 

larvae at each moult, and also in the mature larva/urrly prepupa. 

Superficially it scims Anlikely that diuresis would occur at cody-

sis as the hydrostatic pressure of the kaemolymph is probably an 

important aid in splitting the old cuticle, furthermore wator losses 

by transpiration through the cuticle are greatest immediately after 

noulting (Wigglosworth, 1948). However no excretion occurs during 

ecdysis and even if diuresis is stimulated, its storage in the 

malpighian tubulcs would mean no volumetric loss to the larva. 

Such H process would, however, increase the concontrati:m of the 

haemplymph, and in so doing raise the titre of circulating hormones. 
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The nest pronounced release of Al-cell hornono occurs in the-nature 

5th instar larva, when distension of the malpighian tubules. accom-

pantod ny a :narked 1-L,clunt9,on and cnacontration of the haemolynnh. 

During metamorphosis, there is, up to the 17th day continued Ai-

cell secretion, which again nay be correlated with diuresis and 

production of the. liquid meconium, which is stored in the hind-

gut and largely discharged shortly after oergence. 

The circadian cycle of secretion exhibited by A2-cells 

in adults is marked by a large efflux of 71aterial in T. pront:tcy, 

but only slight in P. cynthia 	 In the latter no material 

is apparently released during copulation when the moths are inact-

ive. In larvae these culls show little fluctuation in content, 

but appear to release no material during ecdysis, when the insects 

are inactive. The L2-cells do discharge during the pre-pupal 

stage, it is relevant to note that that the pre-pupae are very 

active, albeit spinning the cocoon; if they are removed they dis-

play a much greater locomotor activity than do disturbed larvae at 

earlier stages. 

In adults of T. prenuba both Ai- and A2-cells exhibit a 

circadian cycle of secretion, but the activity of both coils is 

influenced by nutrition, 	respect to the tits at which noths 

last fed and the presence of reserves. Selective ablation of A-

cells (both Al- and A2) abolishes the endogenous circaaan flight 

rhythm, which provides additional evidence of nnurosecretery control 

of activity. 7hile it is not possible to ablate Al- or A2-cells 

alone, it is most likely that A2-colts produce the flight activat-

ing factor. A circadian cycle cf secrettalt by medial neurosecrotory 
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culls was first doAunstrated by KluG(1958) in Carabus neniorelia„ 

in which conplote discharge of stainable natorial was noted in 

fully active beetles followed by rapid rosy:Ithesis when inactive. 

L sinilir.tr but binudal cycle occurring in medial cells of Droso-

iihila4lamoqtpt has been reported by 'tensing (1954; 1965), which 

can bo correlated with loccrioter activity and o:tygen consumption. 

Neither author, though, gives sufficient histological &tails to 

porrlit classification of the aeurosecretory cells, other thalit that 

they are P!F-positivo, and therefore L-colls. 

Evidence pointing to control of loce:actor of flight 

activity by L-cells is to so-le e=tent difficult to reconcile with 

the well established dynanics of secretion by these Cells in Delmalos 

of sons species, in relation to reproductive cycles. Highnam (1962) 

has shown that in the fonale S. fcregaria there is accuLmlation with-

out release of naterial until copulation. However, inactivity does 

tilt accampany failure to secrete as it does in the case 	T. pro- 

nuba, but Highnall et al (1965) have shown that those cells arc also 

involved in diuretic control. LS Highncw(1965) sutwests, those 

cells probably have a dual role, from a functional point of view 

the toodiaJ. L-cells in S. gregaria would corres73ond to Ll-colls in 

Lepidoptern. Whether the A-cells do have nuneleus functions; con-

trol of protein synthesis (Thomsen, 1052, Highaan 1962, Thosen & 

Holler 1963), trichycerido and glycogen synthesis (Van Handel and 

Lea, 1965), diuresis (ighnan at al 1955, Berridge, 1906), anti-

diuresis (Nayer, 1960, 1962), loconotor activity (;flu;;, 1953, 

Ronsing, 1964, 1965), activation 	corpora allata (Highnan, 1964), 

activation of prothuraci L1::ndo (Wiz;c1;:sworth, 1952, Williams, 1947), 
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or, some of those functions are coutrollod by other cells is riot 

clear. Certainly there are sufficient number of different nouro-

secretory cells L. the Lapidoptcra and S. aregaria that have boon 

described, to permit such 'division of labour'. These are pro-

blems which await future investiE;ztiea; from this study evidence 

is presented to suiszost that Al- and P.2- cells are involved ilk 

diuresis and flight activity respectively. 
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V HISTOCHEMISTRY 

1„,__Iltroduct 

Himtochonical studies have boon conducted upon neuro-

secretory coils of various insects: ETAlestia kuhnolla, Galleria 

mollonolla and Pioris brassicao (Rohn, 1955); Iphita linbata 

(Nagar, 1955); Lucilia caesar (Fraser, 1959a, and b); Blabora 

fusca (Brousso, Idelnan and Zagury, 1958); BoAlayx.nori (Kobayashi, 

1957, Ganoay :::id Basu 1962) LocustaAgyria (Chalaye, 1965); 

Poriplancta am,ricana (Pipe,, 1962); and the comparative study of 

Arvy and Gabe (1962) couprising 15 species fron 9 orders, includ-

ing G. mullollella and B. nori. Only Fraser (1959a, and b), Nayar 

(1955), Kobayashi (1957) aid Chalaye (1965) spo,tfy the types cf 

cells involved. Unfortunately all of these are limited by the 

tests applied; Fraser consentrated upon the carbohydrate and lipid 

content, whilo Chalaye utilised throe procedures for demonstrating 

sulphydryl groups, and 2 for carbohydrates. Ncyar gave no consid-

orat1= to any carbohydrate component other than glycogen, and 

Kobayashi confined his attention to carbohydrates and lipids. 

The conclusions reached regarding the chomical conpos-

itien of neurosocrotory natorials arc understadably varied and 

are listed bolow:- 

(1) phospho-lipoprotoin complex (Reinl, 1955); (ii) phospholipid 

and protein (Nayar, 1955); (iii) Lipid and phospholipid, but no 

protein (Kobayashi, 1957); (iv) mucopolysaccharide or nucoprotoin 

(Ganguly and Dasu 1962); (iv) sulphydryl-rich lipoprotein (Brousso 

of al 1958) (vi) mueopolysaccharido in sone 	glyco- or phospho- 

lipid, or lipoprotein in ethers (Fraser, 1959a and b); (vii) lipo- 
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fuscin in k-colls (Pirm, 1032); sulphyryl-rich glycoprct,..in (Lrvy 

and Gabe, 1962). Chalaye (1965) clearly deonstrated that - three 

tyDes of coil bearing PLF=positive inclusions, only one proved to 

be rich la sulphydryl grous; all were positive to Llcian blue, 

but qtly thrscJ rich iii culphydryls gave a stro:.; roacticn. Ls all 

types of cells were PLS.-negative they obviously differ fre-.1 'L' 

coils in the brain of L. .11;,rat:.ria described by Lrvy and Gabe 

(1962). 

The nost couprohonsive study undertaken, with the nost 

accurate tests is that of Lrvy and Gabe (1962). IL:I/over, these 

authrs failed to take the ylultiplicity of cal typos into account. 

Their histological critc.,ia i.e. PLY-positive, and staining red 

with Lzan include at least the categories of cells in the Lepid-

optera, the Al- and A2-cells deonstrated in this study: 

The histechomical- and staining reactions of tLe brain 

nouresecretory cells of T. preauba were investigated in the hope 

of oplaining the chemical basis of the histological difforentiatt'n. 

Selected tests were also applied to sevena other species. 
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2. ErARQZ4tiolt  -1'  Tissues and Stalajaa_Procedure. 

Initially brains 	treated with fixatives aTTropriato 

to the tests and reactions that were to be cnducted. For example 

cadmiuucalcium-formalia for lipids, acridine-othernel for Ilucopoly- 

saccharides 	Carn'4 for nuclei acids 1,'arse, 1960) wore used. 

Unfortunately most of these special fixatives result in extremely 

poor preservation and all tests had tc be repeated aft,rfixation 

in Bruin. Zrovided excess picrate fron Bruin is removed, results 

are essentially 	but preservation is far superior. Embed-

ding an-St sectioning procedures wero the saue as those used ler 

the histological work, serial sections were mounted on acid-cleaned 

slides, and all sucticas from each brain were subjected to each 

test. 

The staining procedures and histochenical reactions were 

conducted accordia,  to the nethcds Given by Pears:: (1960). Nucleic  

Acids: Pyronin/Rethyl green of Kurnick (1955), Gallocyanin-

chrealum (Einarson, 1951), and controlled by hy.lrochleric acid 

hydrolysis. 

Proteins: Chloramine-T Schiff (Burstone, 1955), Mercury Bra :lphenel 

Blue (Bonhag, 1955); AKp:ininc: ScU 	reactin (Baker, 1947); 

Tyrosine: 	reaction (Baker, 1956); Sulphydryl and Disulphide: 

Ferric-ferricyanide (Chavromont and Frederic, 1943), RSR reagent 

(Bennett, 1951), DDD reaGent (Barrnett 	Sonoma, 1952); 

Nectotrazolui.;1-BT (Pearso, 1954); reduction of disulphide linkages 

accmplished with sediu71 thiclycollate buffered tc pH 8.0 and 

sulpllydryis blcked with N-ethyl-maloinide at pR 7.4. 
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Carbohydrates: PLS reaction cl lidManus (1948), controlled by 

acetylati:m and Saponifiction, for uns ubstitutod glycsides; 

Toluidiae Blue Method (Hors and Fe:alander, 1947) and Alcian Blue 

(Steed:Ian, 1950) for acid 7lucopolysaccharides; sulphution technique 

of Mcere and Schoenberg (1957) followed by paraldehyde fuchain 

for neutral rlicopolysaccharides and glycortoins. 

Lipids: Sudan Black B method (Cluffollt and Putt, 1951) and 

Oil Red 0 (Lillie, 1954). 

In L.,dditipn, three tuchniquos ou.)ted by Barka c:Ild 

Lafterson (1963) were used: Diazetised Saffranin for 5-hydroxytrro 

ta7line (Lillie, Burtnor and Greco-Henson, 1953); the Astra Blue 

method fer acid. .Aucep,Aysaccharidus (Pioch, 1958); and Potassiu 

iodate lOthod for adrc.nalin (2illarp and ho Melt, 1955). 

After glutanaldchydc fixation the Tetroliun-, and 

Ferric-forricynide reactions for nor-adrenalin (HDi  u and. MakirLOW, 

and differentiation procedures fcx. indolos 	&dela, Sa'.1petro and 

Vassallo (1966), were applied. 

3, Results. 

After application 	souc stains and tests flu 'background' 

staining of oither non-neurosecretory neurones 	neurpile occurs. 

Hcwovor, the staining reactions of neurones 	than neurcsocretory 

colic, togoth. r with those A" the tracheae, neurilenna and the nouro-

secretory colls, arc included in Table 9. 

Nucleic Acids: While MIL is present in all nourosecrotory culls, 

thorc it :,ccu.  . in a variable concentration; no ir.prtance is 

attached to its c ccurrencc in this study. On ono hand Bouin is 

nc)t a vs:xy suitable fixative, and 	the other, there is no evidalco 
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from this study, or any previous ones that RNA is a component of 

any nourosecretDry mato,Aal. It has become apparent, thpugh, that 

31-cells in the 1 pre-secretion phase' contain considerable amounts 

c.f RNA as c4napared with the phase 31-cells in which they are packed 

with inclusions. In table 10 the constituents of the two phases 

of'151-cells are compared. Quite clearly the smaller cells with 

their ellipsoid nuclei are at a stage in which RN'_ and proteins, 

probably structural proteins aLe. enzy.les associated with ribosome/ 

Golgi synthetic mechanism, arr; abundant. These diminish markedly 

when the neuresecretry 	acclululates. Despito the rapid 

elaboratica of inclusi,:,ns in Al- and A2-colls during a 24 hour 

period, these cells have a comparatively low concentration of 

RNA. 

Proteins: The dirtribution of protein revealed by Chlor:,::iine-T 

Schiff closely resembles that of Bromphenol blue (fig. 9). The 

former reveals terminal amino scups and unbound amin-:, groups in 

side chains of argiine, lysine, glutamine and asparagine. The 

mechanism of reaction of Bremphencl blue is not understood (Pearce, 

1960). It is assumed hero, that it reacts with free amino groups, 

as ionisation ,,Jf carbc;:y1 groups would be suppressed, but protona- 

tien 	animo groups enhanced in the axis; dye solution, 

Both the DRAB reaction for tryptophan and Millon 

reaction for tyrosine were carried out on sections of L.- ipsilon 

D. yornellus and P. c7uthia ricini in additi.::nal to T. pronuba (f S. 

9). Only in P. cynthic, ricini was theze any appr,:ciable concentra-

ti.7n ,of tyrosine in Al-cells as well as in 112cells, and in all 
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species tryptophan is cenfined to L2-tolls. The distribution of 

sulphydryl groups (cyst:Line) is unifor:i throughout the brain, but 

in 'tory low concentration. After thioglycollate treutcnt cystiw 

is reduced, and staining with RSR re:-gent ehows a slight increaso 

in sulphrdryls in 11 culls rith a co -paratively greater Increase 

in A„,-cells. -lowever, this is not revealed by the DDD nethod nftor 

reduction (fig. 9). 	erginine has a very uniforn distri-

bution, with no high cencentr:_ti:,a in ,--;ny nourococrotery natorials. 

In addition to reacting with sulphydryl groups, 1Teototroluiu BT, 

reacts with other inducing groups, including sugar, lipid-

and lipofuscin-aldeLydes (Poarso, 1960). The intensity of the 

reaction (fig. 9), certainly i:Iplictes :Jere 	rvctokao cncl 

cystine. Likovise fel-ric-ferric7anide reacts with ether reducino  

roups 	-1u1r,hydryls. It is doubtful if lowering the pH as 

BL:rrnctt c.,:acl Soliisnca (1954) nuunstod is in itself sufficient to 

confer the specificity to the Tetraznlis roction than has boon 

clained. 

Carbohydrates: The 112-cells alone,  give c positive reaction with 

PAS (fig. 9), which is abolished by acetylation and restored by 

saponification. The reaction is strong in L2-cells of A. ipsilon  

but weak in A2-cells of P. cynthia ricini. Ac a-aDylase does net 

affect the reaction the polysaccharide cannot be glycogen. 

lug with Toluidino blue at pH 2.5 showed a conplote absence of 

:letachr:)nasia, with or with(,ut oxidation. Slyliliarly there is no 

affinity for Alcian blue c.t .1.1 pH. Barka an: Anderson (1963) 

prefor Astra blue f-.r the do73onstration of strengly ionising cationic 

groups and using thib technique 1.2-cells have slight affinity for 
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the yo after oxidation, but it becomes teadkesi stt-totaxin9 dehydra-

tion/. As the aifinity is abolished by reduction in bisulphite 

solutin the poactiar. Gruns cannt-t be sulphinic- or sJirhciTic 

acids, but arc :lest likely to be carboxyls of r-ldohydes; the latter 

reactinG to fern bisulphfto cc-nploxos. Ionisation of the latter 

would produce cationic Groups for which the dye would have affinity. 

Sulphation introduces sulphuric acid croups into both 

substituted 	unsubstituted polysaccharides. In practice this 

technique :lust be carefully carried out; exposure of the sections 

to the sulphuric-/acetic acid nixture results in c:ztonsive hydrol-

ysis after 3 Dinutes. The use of paraldehyde fucsin to rLvoci 

introduced sulphuric acid Groups showed that nearly ::.11 cells and 

other structures that are fuchsinephil after pernncanate oxidation 

are also fuelsinophil after walphation (f iG. 10). 

Lipids:  All cells in the brain, the neurile=a, and neurepile show 

sone cudanophilia. Afiinity for either Sud:m Black E x. Oil Red 0 

is :no Greater in neuresecretery cells than it is in nary other 

neurones. In the forner the stainable 7-2terial is n.t Granular, 

on the contrary, in L2-cells it is clear that the dye is taken up 

between the flakes of neuresecretory iaclusins (ii. 10). 

!wines: A stroaGly positive reaction with diazotiscd 

saffranin indicates the presence of 5-hydroxytryptanine (5-HT), 

which is confined to A2-cells in all species studied (fiG. 10). 

This was net confirned by the tests for insoles (DMAB and xanthydrol) 

when applied te Glutaraldohyclo fixed cecti:ns. !although this fix-

tive produces little shriaGe, and Good proservatil,a appears to be 

obtained after dehydration and wax e.Abef.din:;, application of the 
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PLF-sequonco showod nr.rkod loss in Ltainin::. Tito voscibility 

of in::.:lec;ur.to fixation cannt, theroforo, be ovorlooked. Sinili-

arly tho noi;u.tivo result with farrio forri-cy7„niduay not nacos-

snrily inclicato tho absonce of ,ur-ndronalin. It is probably 

e2ibnificant that tho Totrazoliu:i reaction (litotrazolium-Ba) was 

7.uch soaker than aftor Bouin cr buffsrod 	fixation. 
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4. Stains Specific to Neurosecrutory  Material.  

Reactions of the stains specific to neurcecretory nat-

erial; PIS, paraldehyde tiiionin (P!.T) of Pagot (1959), and Victoria 

Blue (VB) of Dogra and Tandan(1931), arc included in Table 9. Some 

analysis has boon made of the effect of oxidising and reducing agents. 

Their specificity indicates their potential use as precise histo-

chenical rua6ents. Indeed they pornit a degree of differentiation 

that is unparalleled by and accepted histochenical techniques. In 

sonparing the results of the 1,1-2ethods, it can bo seen that speci-

ficity is in the order: VB PAT PAF. Whereas VB stains only L2-

cells, nourilenl.la and tracheae, PAT stains Lit-cells in additin, 

and PLF.tr all categories of A-cells, inclusions 3f C- and 

D-calls as well an nourileana and tracheae. However, distinction 

7aust be made between speoi_eity and sensitivity. Quito clearly, 

PL F has affinity for sulphuric acid groups (fro;:, sulphation: fig. 

10); sulphonic and sulphinic acids (oxidation 	-leta-cells of 

pancreas); aldohydec (engendored by oxidatiVe-ddaLlination: fig. 

10). Paraldohyde-thicnin hi_s affinity for aldehydes where they 

occur in sufficient sYncontratien (pernanganate, or performic acid 

oxidation + reduction) but very little affinity for sulphuric acid 

8;roups (sulphation). While VBihas selective aginLey fr the bis-

ulphite-aldehyde co;:.ple:%0s arising fron oxidation of 1, 2-glyeolc 

(by Tile. pQrnanganate oxidation, or perfernic 	+ reduction: 

fig. 10), it has no affinity for sulphuric acia E;TOlteS. Staining 

of aldehydes by PLF is nuch 	intonso that by VD, and both arc 

more intense than T.,. The iJiportance of aldehydes grnIlls in stain-

ing of neur::::ecrotory 71aterial by any of thear, three nethds, is 



Table 9. 	Staining 

of 

Stain or 
reactim 

and Eistochomical 

T. pronuba. 

Reactions of ths Neurosccretory cells 

	

m 	0 

	

a) 	A 0 

	

g 	0 

	

k 0 	mi 	• 	.g 
0 A3 	A4 	B1 	B2 	C2 	.2 	0 

	

.ta a) 	g H 	k 

	

o z 	z 0 ea  
Al  A2  

Bromphenol blue 2 3 2 1 2 2 1 1 1 1 

Chloramine-T 
Schiff 2 3 2 2 2 3 2 1 2 1 

Neotetrazolium-BT 2 3 1 2 2 2 2 1 2 1 

Millon-Baker + 2 + — + + + + + + + 

DMAB 0 2 0 0 0 0 0 0 1 0 

Xanthydrol 0 2 0 +0 0 + _ 0 1 0 

Sakaguchi 1 1 1 1 1 1 1 1 1 1 

Ferric-ferricyanide 1 2 +  1 1 1 1 + + + 

Reduction/Ferric- 
:rricyanide 2 3 1 2 2 2 2 1 1 1 

Oxidation/Ferric- 
)rricyanide 2 3 + — 3 + — + — 2 1 2 2 

RSR 1 1 1 1 1 1 1 1 1 + 

Reduction/RSR 2 3 2 2 2 2 2 2 2 + _ 

DDD 1 1 1 1 1 1 1 1 1 + 

Reduction/DAD 2 2 2 2 2 2 2 2 2 + — 

Periodic acid-Schiff 0 2 0 0 0 0 0 0 ++ ... .... 

Permanganate-Schiff 0 2 0 0 0 0 0 0 + _..... + 

Alcian blue 0 0 0 0 0 0 0 0 0 0 

Oxidation/Alcian blue 0 0 0 0 0 0 0 0 0 0 

Astra blue 0 0 0 0 0 0 0 0 0 0 

Oxidation/Astra blu4 0 0 0 0 0 0 0 0 0 0 

Metachromasia 0 0 0 0 0 0 0 0 0 
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Stain or 
reaction 

Diasotised saffrinin 

	

A1 	A2 	A
3 	

A4 

	

0 	3 	0. 	0 

	

3 	3 	3 	3 

	

3 	3 	0 	1 

	

3 	3 	3 	3 

	

3 	3 	2 	2 

	

1 	1 	0 	1 

	

+ 	1 	0 	0 

	

+ 	3 	0 	0 

	

0 	1 	0 	0 

	

0 	3 	0 	0 

	

0 	+ 	0 	+ — 

	

+ 	3 	0 	2 — 

	

0 	2 	0 	0 

	

3 	0 	2 

+ = doubtful result; 1, 

B. 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2, 3, 

0 

	

a 	i 	' 	d 

	

0 H 	0 

	

4 0 	•i-1 	•• 	A 
C2 	

k d  

	

.0§ 	ge 	0  32 	
+) 0 	k 

	

o 0 	z (1) 	El 

0 	0 	n 	0 	0 

D 	1 	C 3 	• 	3 

0 	0 	0 	3. 	3 

2 	3 	2 	3 	3 

0 	0 	0' 	- . 	3 

0 	0 	0 	1 	1 

0 	0 	0 	1 	1 

0 	0 	0 	3 	3 

0 	0 	0 	1 	1 

0 	0 	0., 	3 	3 

0 	0 	0' 	1 	1 

0 	0 	0 	3 	3 

0 	0 	0 	2 	2 

0 	0 	0 	3 	3 

= positive reactions (weak, 

Permanganate/PAF* 

Sulphation/PAF 

Cbloramine-T/PAF 

Performic acid/PAF 

Perwangp!a:te/ 
Acetylatia/PAF 

Sulphation/VB 

Permanganate/VB 

Performic acicl/VB 

Performic acid/ 
Reduction/VB 

Sulphation/PAT 

Permanganate/PAT 

Performic acid/PAT 

Performic acid/ 
Reduction/PAT 

0 = negative reaction; 

intermediate and strong). * = counterstains ommitted. 
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Table 10. Conwlriscn of Appearance and 5taining Reactins A' the 

2 Phasesof Bl-colls 	A. i73silon and T. 7pronuba. 

Inblusions.7Jresent. Inclusions absent. 

Di -e.nsion (meandia. 
im)z). Cell 14.0; nucleus 7.5 Ctll 10.0; nucleus B..0 

Appear?mce of 
chroatin 

. 
sparse and agjregated ,fell dispersed 

Apperance of 
cytoplasm some peripheral 

vacuoles. 
never vacuolr,ted 

PAF 

/ 

nunorous croon inclus- 
ions. 

Inclusions absent 

Aza.n reddish-blue inclusL7,ns Colourless or 7rey 

CEP phloxin7;phil pr lo ire;*-blue 

PyroninMethyl Green 
. 

little RNA present RNA abundant 

Bromphenol blue streaL; reaction nild reaction 

•Baciphilia nil marked. 
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confiz' e 	:-:..tylntica; 	n1;11.4--hos utranina 7-)Y PAT and VB 

and r.larkedly dininishes affinity Va• P12 (fig. 10). Thus PLF has 

the greatest sensitivity but least specificity, however, tho latter 

is increased by using the stain after a precis° pori-A of ripening 

and ,scarding it when selectivity di:linishes. On the other hand 

the other two dyes arc nuch :lore stable, and are colf-li7liting. 

(5) Enzytne Digestions.  

The availability of ...,:astively pure enzynes fro71 Co7rIer- 

cial sources, Demit their use in augnenting histocher3icl studies. 

Classically, ribenucleasc, x-emylace and hyalurcnidase are used 

to confiryl the presence of RNA, fx-1, 4-clucc.n residues, and hyalur- 

onic acid respectively, that are indicated by histochenical staining 

etheds. As onzyLle specificity is extre7:ely high, they provide 

very sensitive reagents. 

In this study selected iglycolytie,  and tproteolyticl 

enzy.f.es  wore used, to substaftt 	and ez:tend the histocho:Lical 

findings. 

Enzy_les were purchased fron SigLIa Chemical Campany in 

the purest grade available. These include, trypcin, pepsin chynot- 

. rypoin, cloctridiopeptidase A (= collagenase), 	(= diastase), 

B-glucuronidase, hyaluronidace and neura::inidaze(= sialidase). 

Sections of Bouin fixed brain;3 were used in each inctaaces; 

they were thoroughly washed in lithiun carbonate solution to renove 

any residual picrate, followed by rinsing in several cos of 

distilled water, and finally i:1 -:oreed in a buffer solution !)f the 

co.':nosition no that in which each enzT:le w,:s dissolved. 
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Rapid lydrolysis ui 
	by -10:it:;;1ytic onzy;les, 

together with the tendency for suctions to beco.Le detached during 

extended incubation (3 hours r more); required r,:peating the treat-

:lents at various cnncentrations for shorter p2riods of tine. In 

order to olininate the chancy  chanc f hydrolysis by cont4tibtating. 

enzyfbs, ideally very low concentrations s1:cul4 be used. In prac-

tice it was found that sections wore loss easily detached when 

treated for short intervals, consequently hiGher cencentratian of 

enzyles had to be u;Jad. Liter a series of trials, the follouiag 

concentrati= and incubation tines proved :lost ;Alitable. (The 

nuabers in par:aithesis and no%lenelature are ta'.=:em fro:'. the Enzyme 

CoLrnission Report (Dixon and Webb, 1964)). 

Trvpsin (3.4.4.4.):, Hydrolysin,s peptides at bilds adjacent 'a 

are;natic or dicarboxylic a:lino acids. 1 nc/- 11 in 0.05 N glycine 

buffer pH 2.2. Incubated at 37°C for 1.5 hours. 

Chynotrypsin   Hydrelysinn peptides at bonds invelvinc; 

carboxyl croups of aronatic anino acids. 1 nc/nl in 0.05 U phosphate 

buffev pH 7.0. Incubated at 37°C for 1.5 hours. 

ClestridioneDtidase 	Hydrelysinc pepties containing 

prolino. 2 Yz/.:11 in 0.05 1,1 phosphate buffer pH 7.4. Incubated at 

4 inurs. 

o(-Lnylase (3.2.1.1.): IydrolycinG 	4-61ucan links in pelysac-

charides centainig 3 or acre ;c-1, 4-lin%od D-aucose units. 1 nc/ 

ml in 0.02 i phosphate buff .r pH 6.0 (+ 0.05 M NaC1). Incubated 

at 25°C for 2 hours. 

p-Glucurenida:2e (3.2.1.31.1): Hydrelysin B-D-L;lucur.:,aides. ]. ::2a/ 
n1 in 0.05 M phcophate-citric acid buffer pH 5.0. Incubated at 
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37°C for 3 h3ure. 

Hyallaronidcoc (3.2.1:1):  Hydrolycine, liniv3 1.)ctvtoc:: ,. 2-n.cotylauino-

2-clooxy-D-Glucoso and D-clucuronato. 0.5 .1,,:j..1 In 0.1 H phosplir.to 

buffor p1-1 6.9. Incubatod r..1; 37°C f ,...)r 4 

Hourv,liniclaso  (3 .2.1.18.):,  Hydr•-_, lysinj, terminri. 	b"--lin'm bet- 

re Oil N-^.cc.tylnura.-_-.inic acid 2-acc.,ty3..::::d.no-2- 	ealact370. 

0.04 Lizi.-1 in 0.05 	r..co-tato buffer pH 5.5 (4-0.00:3 H Cr C12) 

Incubated at 37°C for 4.5 hr:urrs. 
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RESULTS. 

Tho effects of the enzymes are giver, in Tn.ble II. Assessment 

was made after staining with the c:;:cloto PEE sequence, after 

conlx.ring untrcatoe. sections and ccntrol secticns incubated in 

buffer seluti:n withut enzve. Slight r::,rtion in staining 

was noticed in sou° controls which were allowed for in analysing 

the hydrolytic effects of the enzymes. 

Trypsin rapidly removes practically all etructuro other 

than tracheae, neurile:ana and A2-cell inclusions (fig 11). 

Sono proteinaccous -material is also renwed fron the neurilontl 

and L2-cells, as they lose their affinity for light groeu. The 

fraction lest from 112-cells contains tryptc.phan, but tyrosine 

residues still rennin (fig. 11). The A2-cell material is largely 

retained within the axons, this enzyne, culd therefore, T:rovide 

a ricans of differentiating neurosecretory materials under tions-

port. 

The °fleet of pepsin (fig. 11) and chynotrypsin are similiar 

in that both hydr..lysc the tissue proteins much nore slowly, but 

both remove Al-, A3- and A4-cell inclusions. Pepsin partially 

removes the light green-staining fraction from A2-inclusions, 

leaving the natorial negative to 	reagent but positive 

to DMI113, whereas chymotrypsin has little effect, leaving both 

tyrosine and tryptophan residues intact. All other typos of 

neurosecrotory cells aro fairly rapidly hydrolysed by pepsin and 

trypsin, but Iii- and C1-cells are only partially.  affected by 

chymotrypsin. 



Table 11. Effect of Enzyme Digestions as Revealed by tl;c PAF-Ooqusanco, and Mile. , 

lon4 and DMAB Rea8,eilts. 

;. ...t 

Enzyme and reagent A
l  A2 A3  A4  B1  B2 

C.2 2 4 v- 
TrypsinADAF 3 1 3 3 3 3 3 3 1 1 

Trypsin/Millon - 0  - - - _ - - 

Tr-spa in/DR,B - - - - - - .. MD 

Pepsin/PAF 2 1 1 1 2 2 2 1 2 0 

Pepsin/Millon - - - - - .. - mm ••• 

Pepsin/DMAB - - - - - - - - - 

Chymotrypsin/PAF 3 1 1 1 2 2 .2 1 2 0 

Chymotrypsin/Millon - 0 - - - - - - - 

Chymotrypsin/DMAB - 0 - - - - OD ••• •m• 

Clostridiopeptidase/ 
PAF 2 0 0 0 0 2 0 0 2 0 

OC-Amylase/P/IF 0 0 0 0 0 0 0 0 0 0 

p-Glucuronidase/PAF 2 0 0 0 0 0 0 0 0 0 

nyalurouidase/PAF 2 0 0 0 0 0 0 0 0 0 

Neurarninidase/PAF 1 0 1 1 0 0 0 0 0 0 

0 = no effect;1 or 2 partial hydrolysis; 3 complete hydrolysis; - = unassessed 

because of limitations of reagent. 

ClostriOlopo2tidso quite soloctivoly hydrolysos /1+ and B2- 

cell inclusiJns (fir, . 11), c,nd tho lit;ht Ercon-pssitivo notarial 

In  C1 	- -colls. All )thor cells i:._:. structur e of the braia 
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are unaffectnz1. It is 	interest that there is colective hydro-

lysis of s.;1_10 ljIlt-sreea-stainias pr:,teins, indj.catins 

differences that 	nt evident after any sta: 	precedure. 

	

X-..._ylase has n effect, that 	be detected with 

PIS', PLB, or Lzan.. Srie reducti•n 	L1-coll j_n,;lusins occurs 

frolA treat-no/It with glucuronidase (fiG. 11) and hyalurnidase, 

and the pattern cf hydrfAysia is silliar in b:;th. It is of 

course pessible that the sa:Aplus 	both easy:leo wore c:-Qtal..inated 

with sne prJteolytic onzynes. However the slides subjected tc 

oxidati.rn befc;re treatnent showed very little 1-:ss 	material 

and as 1, 2 flycols are 	t susceptible 	Malapradian oxidati n, 

proteclysis see :z 	likely. A'cre=ver, only Al-cells shkAmd 

any significant change, it theref:re 0,:;0E1 :ist likely that the 

reduced staining was duo 	hydr-Ylysis 	the 1.,, lysaccharide 11?ioty. 

The effeEt of neural.iinid,.-usr,, in selectively and sub-

stantially reducing fuchsinphilia of Li-cells is interesting. 

As this enzTle was enp1,7;yed at a very low cpncentratin (0.04 nc/ 

n1) there is little likelih Gd of the effect duo t- protease. Con- 

sideratin :114-t then be given to the possible presence 	N-acetyl- 

neuraninic acid as a 	neat 	the neur::secret::ry naterial (fig. 

11). 

These results clearly underline the difforonces in C.-)11- 

pc,s.itton of the various neur:.secrot6ry Jiaterials, and ;jr-vide 

a ueaas :f characterisinL; and investigating the:A .'lft has re-lained 

unernl.,ited. 
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Fig. 9. Histochoical- and stainihc roc.cti'as of th 	odiai nouro- 
socrutory coils thf T.-ronul)r. a.BrJliopho-xil bluo. 	totra- 
zoliu'A. c.DDD. 	(phaso contrast). ,:aanAn (haso 
ContrnSt). f. PLS. 
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C. 

Fig. 10. Histochoilical- and stainin rcactins of the oJia1 
nourosocrotory colas of gLpronuba. a.Sudan blac11:. b.Diazotisod 
saffranin. c.PorftrDic acid, bisulphito rinso, Victoria blue. 
d.Sulphation. PLF. o.Chloraninc-T, PLF. f.AcotAr7ot4orr 



A, 
B, 

102. 

B, 

Fig. 11. Effect of enzyme dic_;estions upon the medial aturosecre-
tory calls of T,pronuba. a.Trypsia, PLF. b.Trypsin, Millon-Baker 
(rhasc contrast). c.Pe7sin, PSF. LI,Clostriedopeptiaase, PAF. 
c.Glucuronialse, PLF. f.NeuraTiaidase- PAF. 
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Discusci-)n 

The low lipid content 	all nev.rnsecretnry ells is 

ccrnsistont with the Landings f Lrvy and Gabe (1962). Eewever, 

ilany lipoid .laterials w uld not remain after Bruin fixation and 

wax nbedding. The faintly sudn:Thil material that is present, 

Lies bbtween aL3reGations 0.1 neurepsecrgtory Material in Ai- and 

.i2- cells. Ls no naurosecretory piaterial were sudanphil even 

after cadmiun-calciuu-fornalin fixation it is concluded that in 

T. ri-onuba, at least, there is no lipid ccviponent. 

When secti:,ns are stained with PAF, rib-'nucleic acid 

contributes t. the dye affinity of only B1-cells, and then only t2 

phase whore inclusions are absent. 

Total protein concentration cann3t be demonstrated by 

any sinc;le method and can only be deduced aft -  r stainia:3 far ce:).-

ponent amino acids and a:Ibund 

Schiff and Brephen,a blue visualise the latter, and they are pre-

sent in all neurcsecretery 	Hevever the Greatest concen- 

tration occurs in A2- and L4-cells. By blocklac 	Sreups by 

acetylatin it *as de:Ionstrated that they are t'i so:3e extent res-

ponsible for the affinity sh.:Tin towards lic,ht Green in the PAF 

sequence. The relatively low but uniform flistributin of arbinine, 

indicates that basic Groups of lysine, hydr -_,xylysine er histidine 

contribute -Llainly to the acidophil 	 many neursucrettry 

cells. is B1- and B2-cell inclusions are rea:lily susccwtible to 

tryptic diCest, a fairly hi gh cencentratin of lysine can be expected. 

Unfortunately carbxylic acid :sroups canaQt be satisfactorily deuen-

strated by present histochaytical techniques, and the passibility 
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runaina that sow of nouresecretery Llaterlals, osIlecially the 

protein fraction of Al-culls may be rich in :,spartic- and glutazi-

ic acids. 

The presence of sufficiently hiL;h c:nceutratins of 

tyrosine and tryptophan tc: give a p2oitive reacti—n by the 0. thuds 

used, characterises A2-cells in noctuids and Ofthinicis. liowever, 

the !.1-cells in P. cynthia ricini also give a faint, but neverthe-

less, a p::,sitivo reacticn for tyr:sine. When this is considered 

together with the high or ccnceatratiom af ar:::,inine, and alTarent 

absence of tryptophan in this species, it SC:0713 lihely that there 

arc specific differences in the amino acid compasitimn cf 

neuresecretory niaterials. 

Results 3f the dnzy:Au diL;estion studies provide evid-

ence that both tyrosiao and tryptophan arc 1,rtein-boune, in T. 

Tironuba and D. ncrcellus, as tyrosine is in P. czlthia ricini. It 

was earlier postulated that the strengly esitivu onterochraffin 

reaction (diar.3tised saffranin) revealed st.1red 5-HT and the c:;111-

paratively hih tryrtThan content, of A2-cells, indicated reserves 

ef this Lyiine-acid, as the precursor of 5-HT,Hin.2.:s (1967). An 

intense enterochtenaffin reacti.:n w-,uld indicate the presence of 

5-iiT in these cells, but in the liE;at f the enzylae digestions, 

the above hypc.thesis has to be Liedified. is chrntryllsin rapidly 

abolishes the affinity for diav,otised saffranin, but leaves try-

ptphan intact, it is unlihely that the latter .,021,ilJ,Ls in the cytc-

plae.1ic pool of reserves, but is an integral part of the 112-cell 

neurisecretory 

The specificity of diaz_tisod saffrnin ;f:c. 5-ET is, of 
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cnurse questienable; all 	the five D.oth-2ds used 	densnstrr,te 

this aino quoted in Pearce (1960) dullend up:_nroductica of the 

chr1:131;here by the -5-hydroxyl croup. Le Po: r. points 	, ferric- 

ferricyanide is nut only reduced by 5-HT, but als:,  by melanin, 

6ulphydryls and phospholycuracetals. However, :olanin 

is visible as a 7:ignent, and cencentrntions of both lirj_ds and 

sulphydryls have ::eon shown tc, be luw, and con t:lerefb:ra. be dis-

ceu:Aed. In my opinin reducinc suuars, are cis:. effective, as 

they are in roducinc tetrazliu salts; further research is 

required to decide whether the positive lltercchre:::.affin reaction, 

is, in this instance due to reducing.  sugars Of' t6 5-HT as smestod. 

The devxdastratiun 	cysteine and cystine in neurosecre-

tory cell inclusidns has had a considerable influence upon inter- 

-i7retation 	the che:dcl nature i)f the mateial, and has stinulated 

the use uf 35S-cystine in cnjunetioa with antoradiocraphy as a 

mans ,f studying the dyna!ajts- of synthesis and secretion. (Highnaa, 

1962; DelThia, 1963; Slew, 1963;  1965). Stet4ma:1 (1950) intL,Taducod 

Alciaa blue SGS as a histc'ne:Acal stain for acid lic(T.aysacchar-

ides; it interacts with carb3xyl and sulhate ,f,r77u7;s (Scutt, 

quintarelli one Dullov::, 1964; quintarelli, 1965). Adans and 

Eloi:er (1955) adopted the technique for the deaonstrati7n of cysteine-

rich neurosecrooty :laterial in the vertebrate hypethala:Aus. The 

chfoical basis of the reaction rests upon the oidatin 	cysteino/ 

cystino to -oreduce sulphcnic- 	sulphinic-acids, which :;.uhavc as 

sull:hated .111cor ..;1,saccharides do to-car:7:s aciaa blue in acid col-

SirLiliarly the use of aldehyde-fuchsia for de_..onstratinc 

the insulill-containiaC beta-cells uf the ':,anereos rests 1pon the 
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production cf sulphinic- and sulphmic acids by porlmn,:anate/ 

sulphuric acid o;Lidaticn. (Scott as J Claytc.n, 1953; XristberL;, 

Lector and Lazar w, 1936). Sloper (1958) inferred that c.:1:idised 

cysteine and cystiao was responsible for the affinity shown by 

neurosecretory material for paralduhyde-pachsin and chr::,:..Ae-alu-.2- 

Ilwevor, in co_11)arinL'; PLF and PAS roactin in 

vari,7:us tissues Scott and Clayton (1053) cA-,c:.od that PIS stained 

both acidic Groups and aldehydes. 

Slayer (1958) nenti.ons that Crystal violot-Doxtrin-

Rostrcin substituted for Llcian blue Gives illprc.ved results; and 

this foroed the basis of D,Gra 2  Tandanis (1934) Victoria blue,-

Deztrin-Pos:_;rein-ir.:n lake (VB). They sh.:.wed that after porf:DrJic 

acid oxidatin this dye is vory specific towar's -o7;th vortbrate 

and invertebrate neuresecretory 	 Lx.flied to the brain 

of Sarcel)haisa ruficernis and co'npared with PAF, Tand:::n 	Thera 

(1966) showed that not all PAP-positive cells reacted 	VB, and 

sua;c;±.-t that the Increased specificity of the latter renders it 

superier. Recently, Dis,g;ra (1937), has stated that the B-cells of 

K:Dbayashi (1957), Johan con (1958), Aitsuhashi and Fukayn (1960), 

Ili; hnml (1961), lien (1932), AcLood and Dee L: (1963) and ilitsiihashi 

(1963), aro mft only c:;ntraictry but conspicuous by beinG noga-

tivo t7;ar.:s VB: Ile puts forward the view that the absence of 

cystino as indicato by this technique nay e;:clud,; the- possibility 

that these coils are neur.:.secret.)ry. 

Of the Liethods currently used 	ile:Ionstratg sulphydryls, 

DDD and RSR roaents are L;enerally accepted as Fiore reliable 

Wearso, 1960; Bnr:za « Lndersi,n, 1963). FerI- ic-forricyanide and 



• Totrazoliun salts are also used, but rLaday react with ether 

reducing substances. Fran the histoche:Iical results of this 

study it is awarent that these two :'2":117:10 of .-eatTents act dif-

feri;ntly; DDD and flSB fsivinc, a weak. reactin in practically all 

cells of the brain, Ifhereas ferric-ferricyanide and Neototraz7diuu 

stain A4-coll3 particularly int,;nsoly, as d. PLZ, and VB after 

oxidation and hisulphiterinse. The fact that VB fails to stain 

any neurosecrotory cells after perIWT74.0 acid oxidation alone 

rules out any significant concentratien of sulphydryls or disul-

phide. Nevertheless in sone oracles there is a sufficiently high 

concentration to produce an intense reactia with AlCian blue, 

after oxidatin (Br -Jusse of al, 1958; Sloper, 1937; Chalayo, 1965; 

Del?hin, 1905; Siew, 1965c; Naisso, 1930). As Delyhin (1965) found 

that two out of three,  types f PAP-positive cells stained with. 

-Lacian blue, and Chalaye (1935) found that 3n:• out of throe stained 

strnly and the other 2 weakly, and all cells in the brain of tip 

lepidoptera used in thin study wore negative, it is evident that 

there is a considorable variation in sulphur content 3f nor: Poore-

tDry .::atorials. Therefor , aothc:ds rolyins.  upon tho visualisation 

engoadered sulphonic- or sulphinic acids will reveal only a 

fracti:m f the neursacrotory cells in sou° species and none in 

thors. It ';lou3d bo quitc: invalid 	use thi_n ar; the solo clitorion 

for neursecretien. 

The technique )f ntainin;; with PLF after sulphation is 

used tt* den:,nstrato neutral muccTolynccharides, 	lyceprotoinc 

(Sulkin, 1960). Theoretically, hydrxyl gr-WrIs 	ucrino, thre;nino, 

hydrexlylnine ca.d hydryrrelino ceuld he 43ectel t. react, but in 
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tissue sectins they ai.'e 	iaoe). 	the results 

obtained in T. ra-muba, inclusins 	Al-, IL2-, A4- and C2-cells 

gave a positive reaction. As Ai-, A4- and C2-cells are PAS nega- 

tive, it is ayi.arent that tho carbonydrato 	cenprises sub- 

stituted hexDses, i.e. hexosauines and H-acetylhexcsanines. These 

suars are less easily oxidised; -.:eriodate oxidation is hindered 

by protonatia of a fr,e 	(Lrimac=bo and ':iebber, 1964). 

Nevertheless, clea?riao 	the b.:2nd between carbons 3 and 4 will 

occur in N-acetyl-hexosaDines (Neuberj;er and iLarshall, 1966). 

This may possible explain why the .:xidathn products of these 

substituted sugars are PIS-negative, but PAF-psitive, and also 

why the stronger oxidising :,_.;ent, puraanGanato 13 preffeerred for 

use with PAP. 

The intensity of PLS-stainin corrulaLs well with 

hexese content, but only when 1, 2-,',1Jcels are available 	exida- 

tion (Curran, 1965). See:dagly, the distance between 1, 2-clialdo- 

hydes allows condensation with the 2 :Ten 	in a 

IlDlecule of fuchsia lbucosul7h2:.:ic acid, but in a linear 11A.yaer 

of substituted he; osos the distance between adjacent aldehydes (1/ 

hexose residue), will be too groat. Alternatively, if a sinle 

bend is famed a quin:fne structure will net develop, and a colour 

be evident (Kasten, 1960)., Paraldohyde-fuchsin is ;roared 

fr= basic fuchsin, which consists ol a :nixture 

phonyl-ethano derivatives (Co an, 1961; Gurr, 1960). During 'rip-

ening' of the pre,ared stain, hydrochloric acid catalyses depoly-

nel-isation of 7-)aralehyde t free acetal'el:yde, „Thie c—idensos 

with the aryl-a7aino flroul's 	az-, othines (Iinn -;le, 1954). Men 
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all amino c;rovps 	:pen condensation vith tizsuc aldehydes does 

not occur in the staininG tine nornally omplyed. Neither does 

it when the dye has 'aged', i.e. whoa all aniiio groups have reacted 

with acetaldehyde. It would tilereforo seem probable that the reac-

tive dye is me/le-acetaldehyde ilarar:.saniline chloride. '3ith no 

ro2aining aryl-amino :3roulD, this dye would react with single alde-

hydes resultinG iron exidatiJn of roil:: sugars. 

Paraldehyde-fuchsia quite clearly reacts with tissue 

aldehydes, as evident after oxidative deaninatipa, however in 

the demonstration of structures after permanganate o::idation, tho 

reducing rinse will result in for:Aathn 3f a bisulphite addition 

product. This may dissociate in the acid dye solution leaving 

free aldehyde, er, may L.nisc as weuld sulphinic- or sulphcmic- 

acid. The latter ::ochanisinG 	explain the i:.1purtance Df 

the bisulphitu rinse in obtaininG a positive reaction with VB, 

ro;1;ardless ;:f the oxidant erlrloyed. 

From the enzyme digestions it appears that all:types 

of aeurosecre tay3 makrirla have a protein or peptide backbone. 

Ai- and C-cell inclusions have in addition a carbohydrate fraction. 

The rapid hydrolysis of A1-cull inclusins by the 1)rotec,lytic 

enzyies indicates that the protein collpnent is rich in phenyl-

alanine, (chymotrypsin), dr dicarboxylic acids (pepsin); lysine 

(trypsin) and proline (clostridiopoptidase). Only the last enzyme 

had any al7reciablo affect upon L2-cells, and it nay be deduced 

that these have a significant prolino c,ntont. This enzy::e also. 

differentiates Bi- and B2-cell inclusions, the latter boi ng rapidly 

hTir,.:lyso but the fc,r_zer anaifected. It has already been sugested 
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that roaucod staining cf Al-cells after treatilvat with B-

glucurouidase or hyaluronidase nay be duo to the presence of 

traces of proteclytic enzynes. Intorpretatj.on of the results 

an indicating the presence of glucuronato, glucuronido, or 2-

acetylanino glucose, en tnis basis nust be tentative. On the 

other hand, the effect of neuraminidaso is less doubtful, as the 

enzyno was preparod at a low concentration. While neuraninic 

acid has never been identified in any insect tissue, it is a 

common conponont of vertebrate adonohypephysial glycoprotoins 

(Papkoff, 1963). Insect glycoptroteins, other than chitin, have 

received scant attention in the ;past (Wyatt, 1967). 

It is concluded that the PAF-positive nourosecretory mater-

ials are.glycopreteins, differing frol. one cell-type to another 

in both composition of the protein backby.ne, and the sugars of 

the carbohydrate side chains. The latter show both qualitat-4..ve 

and quantitative differences. Carbohydrate to protein ratios 

are in the following order: Ali. A2> A4 > C2 	B-cell neuroses-- 

rotary naterials consist solely of protein or pcptido. The 

results therefore support the differentiation and classification 

of the cells, based upon PLY staining. The basic division into 

A- and B-cells is justified, but although it would be logical 

to include C- and D-colic as further typos of A-cells, at pre-

sent it is nor° conventiciit to adhere to the alphabetical syston, 

that is cDnsistent with cyte-morphploi„ical distinctions evident 

after PAF staining. 
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VI. EXPERIMENTLTION. 

J. Annorr.tus .f,xr recordi,nE 

In the design and castructien apparatus recorling activity 

(actograph) difficulties are encountered in Troducilz a readily 

assessed record of activity without iposig any signifiec.nt dis-

turbance. The types of actogtaph described and reviewed by 

Cloudsley Thorlpson (1955 and 1961), can be IL: 0d to record ambula- 

tory :loveent. Rocordj.:IL; flight 	 2articuirArly of loct-

urnal insects presents siDocial proble:ls, as even brief exposure 

to any part of the range of clectro-ngaetic radiation, frun 

ultra-vi..aet to far infra-red can induce a resi);:nse. The effect 

of interllediate and far infra-red radiation upon n,Joturnal :Ioths 

has been described by Callahan (1965). 

Substrate vibration can have a si]Ailiar effoct, but :lay 

only beco-:o apparent in unnatural situations, for exaliplo is 

continuous light or darkness. However a constant envirearient is 

a pre-requisite in any test for innate, endogenous ur persistent 

rhytivo. 

Edwards (1960) has described an actograph f;.u• c - ntinuous 

recording of flight activity, in which the insects are enclosed 

in a Faraday cage and the charge generated on the wings during 

flight is detected by an electrostatic probe. The signal is 

anplificd and graphically recorded. While this instrunent is vary 

suitable for flying insects, disadvantages lie in its high cost 

and the ne,:.d to adjust the size .;f the cage and the input resis-

tance to the size of the ilLsects. is an alternative, the appara-

tus described below was constructed. 
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The cage containing the :.ioths is fitted vita :icrophones 

and the sow.d produced by notha flying near or ai;ainst the walls 

is recorded; the apparatus is therefore, an audiJ:letric actograph. 

The principle Lf audio-frequency rocerding of insect activity was 

first applied by Park (1937) but his description is rather obscure 

and contains no details of the flight chaAber. Since then, audio-

frequency recording has been confined to analysis of insect 'song& 

(Bushel, 1964). 

The flight chamber consists of a woodo71 frauo 30 x 30 x 30 c7.1 

with taut tracing paper walls on three sides, top and button, and 

cellulose acetate on the renal:ling side. The latter 1)rovides a 

window facing an Osran strip light which is fastened to the outer 

box. The side apposite the cellulose acetate windows is hinged 

and served as a doJr. The outer box consists of a stout franc 

covered with "beaver board"; this effectively insulates the :acre-

phones fron any extraneous srnd. 

In order to :.lintaize vibrati n the flight cha:iber is suspaided 

by elastic bane s. 'rive crystal ILicrophos are affixed centrally 

on the top and 4 walls. Loads iron the nicrophones and light 

transforner are taken through a rubl:er gro*.tiet in one side of the 

outer hex. The co::-ion lend droll the IiicroplL)noo feeds the signal 

to a siLiple 2 valve al-Iplifier, thro•ugh a dide rectifier to a 

Fielden Sorvograph. Maxi:Jun deflectin of the recorder pen is 

adjusted by the potentioneter in the a).plifying circuit, according 

to the nunber of insects in the flight chanbor aft the strength 

of the signal produced at 	activity. The circuit to the 

strip light i:Lcorperates a Venner trine switch with fittings fox 
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6 switch loaves, thus poruitting 1, 2 	3 phaaos (light dark) 

in a 24 hour cycle. The apparatus is illustrated in figure 12. 

2. Prelinlnarmsesults and test for endogenous rhythns.  

Initially diurnal and nocturnal species were tested in the 

actograph. Diurnal species indludo, Pieris brassicae Linn, Vane- 

ssa urticae Linn, and Zygaena filinundulae Linn. The 	switch 

to the light was adjusted to give a 16 hour phatophaso (7.00 

11.00 p.n.). The alleunt of activity and flight pattern showed 

little variation whop: a feoding pad was present or absent. When 

fed, a pad of cotton wool soaked in 1% solution of honey or sucroso 

was placed in a polystyreao container inside the flight chanber. 

To test for endogenous flight rhyth7Ac the actograph was put 

in a constant teupurature roJzt and the insocts exposed to contin-

uous illunination for period in P. brassicae and V. urticae extends 

for the wholo tine of illuninatioa with no pock of activity cor-

rosponding to tho tine of illu:Aination in natural conditions. 

Both P. brassicae and V. urticao fly only when illuninatod and 

appear to require antra-violet light. Whoa a Phillips warn white 

(80 W/29) strip light was fitted no flight occurred; this light 

does not unit the ultra-violet rcuigo. 

Under continuous illunination Z. filipondulao exhibits a peak 

of naxiunn activity coincident with the activity when exposed to 

tho nornal scoto- and photo-phaso, nevertheless, cone activity 

occurs throughout the 24-72 hour period of illuLth4ntioa. These 

3 species aru strictly diurnal and no flight occurs in the absence 

of 	Further exporilionts in which P. brassicao was 

subjected to 6 hour photophaso alternated with 6 hour scotophaso 
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for 72 hours reveald that this species r/ill fly during any period 

of illunination regardless of the tine (fig. 13). While Z. fili-

291]a9 shows solle evidence of an endogenous circadian flight 

rhythn, none is apparent in P. bracsicao or V. urticae. 

Many nocturnal noths were exanined, those were collected 

fron light traps maintained at Silwood Park. After capture, 

species were sexed and separated and confined in nuslin walled 

cages_ in a 20°C constant tenperature peon; exposed to a 16 hour 

day (7,00 	- 11.00 p.n.). Test conditions were essentially 

the sane as those used for the diurnal species, except that the 

light source was disconnected and the roon in which the actograph 

was used was blacked out. This stage of recording was carried 

out as a prelitinary to selecting a species for further experi-

!lentation; various athor factors had, thereftre, to be taken into 

account. As various surgical procedures wore envisaged to investi-

gate endocrine effects, snaller noctuids, notodontias and geonotrods 

were rejected as they showed a low survival rate after incisions 

were *:iade in the head capsule and cervical region. Larger noctuids 

such as Autographa 	Diatarnia cleracea and Noctua pr.ruba 

fulfill this requireent, and also have a distinct pattern of 

nocturnal flight. Figure 14 shows recordings Iron A. ga:Eta and 

D. Oleracea; it is interesting that both species are also diurnally 

. active. Weak bursts of diurnal flight is characteristic of D. 

oleracoa, and:narked overrun of vigorous flight into the photo-

phase co:Illonly occurs in A. Grt:17-:.a.  In neither case is it likely 

that the bursts of diurnal flight result frJn disturbance within 

the actograph; A. ra=a can often be observed flying and feeding 
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during the de.,y. flocordi.16. 	PolwiLz6 24-72 hours continuous 

darkness show that D. olexacea, L. ;m:.  is and 'I. orwiuba  have a 

persistent endgoneus circadian flight porio (fig. 14), whereas 

the diurnal flight activity is pronoted by light following the 

scotophase, and no circadian rhythm during 72 hours continuous 

• light is detectable. 

In each expertAent it was found practical 	use :tore than 

one ;loth. When activity was recorded oDntinu.;usly for 3 clays, 

or as long as 14 days, the flight cha:Aber could be left un..;!ist- 

urbed even if one aoth died. However, when 	nany 7%Ahs wore 

put in the flight charter nutual disturbance boca:ao a signifi-

cant factor; 3-5 .loths was the most suitable nu!aber and as the 

availability of moths varied, 3 :leths wore used in each experi-

ment. 

The flight chamber . bvi:.flusly presents an unnatural eaviI.,n-

!lent inasmuch as the space fxv free-flight is coi:.paratively 

small. For this reason large rapidly-flying ,:aeths such as 

sphingids wore not used. Initial trials with Milaas tiliac 

Lim and .11eri7ithus ocellatus Linn preyed -Llsatisfactery as 

they became badly damaed after sovoral ni:_;hts. In this respect 

the nectuids used are ideal in that very little damage thn,ugh 

contact with the walls of the flight chanber occurs even after 

several weeks. The da:aage sustained by sphiz.o:ids in prolonged 

experiments depends up:fa certain fliht characteristics which 

are absent in the Saturniidao; groups of 3 :.ale P. cynthia ricini 

and H. ,71overi were reoatedly used and lived as long, as controls 

confined to large iuslin walled cages. 
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In considering of the activity patterns of the species 

tested, the more clearly demarcated a,:.eturnal flight period :,f 

T. pronuba  na,k this species tiro most suitabla 7Cer further 

experimentation. Difficulties were oncr,untered in establishing 
wiNre i  (Zook durms Hto Summer monnq (age numberS became 

a brooding / available from the light traps. Furthermre, so le 

individuals survive for 2-3 :.tenths under laboratory conditions. 

Frou the point of view of surr:ical procedures, the Tindall 

effect exhibited by the nedicl neurosecretery coils (L cells) 

is a distinct a:vantage, and facilitates the selective ablation 

of these cells with a high degree of accuracy. This property 

is shared by several other species 	Noctuidao, but the field 

populations at Silweed Park (as indicated by light trap captures) 

arc very uuch snaller than that of T. ,lrenuba. 

The experinents detailed in subsequent sections wore applied 

mainly to T. pronuba, but when time peruitted selected exporiaents 

were also :ado with, A. i-psil,:n, A. rama and P. cynthia ricini  

(whore those were considered particularly significant). 

It is likely that activity rhythus in females are complicated 

by endocrine changes associated with reproductive cycles, and 

ovipositien behavi - ur, therefore, ales alone were 'zed in all 

experients. 

Effect of Feeding.  

• The time of onset of flight, and its duration and amplitude 

proved quite uniform, in -Liaised males (T. pronuba), collected 

frem the light traps and recorded within 72 h urs. Mereas 

moths that had been expsed L. a feeding pad varied considerably; 

frequently Sh,Jwing a ':larked reduction in activity and a shift 
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in the peak ...light. LLue. In 	nern was no flight, 

or it was of brief duration, in the nhotophaso alone. 

This sugr,esto that feedins has a marked t:_. tact upon the 

cadian flight rhythm. To investigate this, freshly captured moths 

were isolated and starved for 48 hours. Three :.rotas wore trans-

ferred to the flight chauber of the actogranh and flight activity 

was recorded for further period of 24 hours of starvation. With 

Levi exceptions vigorous nocturnal flight occurred. L feeding 

pad was then placed inside the flight chamber, slid removed 24 

hours later, when the meths were ex.a:.:ined to assess the extent 

of feeding in each nth. After 3 days starvation they usually 

feed until satiated. Individuals weighed prior to, and immediately 

after feeding often show a 30% gain in weight. However, a relat-

ively large volume of liquid imbibed can be gauged by the dist-

ended abdomen. Occasionally noths were encountered which would 

not feed. Upon dissecthn a wIthclosical condition was recog-

nised, in that the oesophagus was partially or conpletely occluded 

by a plug of melanised tissue. Diseased a.:)ths do net usually 

survive the initial period of starvation. 

! typical activity pattern extending over the pro-feeding, 

feeding and starvation periods is shown. in figs. 15 and 16 they 

depict an uninterrupted record from the sane three moths. The 

marked reduction in activity :Turing the feeding period always 

occurs. Obviously no f114 ;ht takes place when the :ioths are 

feeding and it is possible that feding .occurs at intervals 

thr.:ushout the night. The low levels of flight activity durin 

the 2nd and 3rd nights suggests that so7y.2 inhibitory process 
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has taken place as sporadic diurnal flight occur:, during the 

photephases of the first 72 hours it is apparent the only 

nocturnal fliht, 'a being ihhibitud. 

On the third night there is a u;nsiderable increase in act-

ivity with further increased during L.no 4th mid 5th nights. 

Very little increase in activity occurs after the fifth night, 

and the feuding/starvation sequence can then be JuDlicated with 

striking regularity. 

The co:21only occurring burst of activity cummencin3 at 

8.00-8.30 a.n. is associated with switching on of the light. 

It is noteworthy that this activity is also aifected by the 

nutritional status. On the first and second clays it is absent 

but reappears on the third day and reaches a peak on the felloa-

ing day. The fourth day appears as a transition point and in 

some individuals the amount of activity recorded between 8.00-

9.00 a.:a. exceeds that of the nocturnal phase. The possibility 

that this -n ruing burst of activity is au unnatural one, induced 

by the sudden dark-light transition cannot be overlo.)ked. However, 

a down flight is a cannon feature 	nocturnal :moths and is pro-

bably represented by this brief burst of activity but enhanced 

by the experiLlental abrupt transition. 

In those experillents a 2% solution of honey was used as the 

food sources at 1.7., wer concentrations the quantity imbibed varies. 

Higher concentrations produce a longer ponied of inihition. 

It is apparent that nutritional, status is aLl i:tporta,:t 

factor in doter:A.:ling flight activity. In all subsequent oxperi-

lents this factor was taken into account, and, utilising the 
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uniforu activity pattern and marked Iwcturnai habits ezrhibitod 

by T. pronuba after 4-5 daysstarvathn, noths vier° starved far 

a standard 4 day period. 

(4) Effect of  Aire. 

.21s onlyy - a limited number of moths bocauc available iron 

laboratory roared stocks a large proporti:La of the experimental 

work had to be carried out on specinons collected iron the light 

traps. No mothod was found for assessing the age of those, but 

ago is a factor which nust be considered. Edwards (1962) found 

that changes in the flight activity pattern occurred in 4 out 

of the 7 species ho studied. 

A group of 20 pupae fron laboratory roared T. pronuba were 

isolated and later, moths divided into age groups after e::.orgalco. 

Tho first 5 days activity was recorded fro::: 4 groups of 3 noths 

which were unfod. Thereafter activity was recorded for 2 con-

secutive days, representing days 4 and 5 aftor each exposure tp 

a fcoding pad. This was continued for 60 days from the time . of 

emergence. 

Lftor 4-5 days from the day of emergonce the full flight 

activity had developed and very little variation was shown by 

the different groups of noths. There was no shift in th,L; tine 

of onset of nocturnal or diurnal activity. Only the amplitude 

and duration of flight activity showed any change; there was 

a gradual increase in the first 4 days, and a fall off as the 

--::the aged. 
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(5) Effect of ContinuJus Illumination. 

From the experiments Du feeding and starvaticn it became 

evident that sore diurnal flight always occurs in Noctua. 

Fro:a the feeding-starvation experiments the extent of diurnal 

flight was found to vary, and that variation was related to the 

nutritional status of the moths. Initial records of activity 

for periods varying from 48 to 72 hours under continuous Mum. 

illation gave no indication that diurnal flight has a circadian 

rhyth2.. 

The effect of continuous illumination was further investig-

ated - upon both 5-day starved and freshly fed ::ioths. In each 

experiment a continuous record was maintained for 7 days. With 

continuous illumination temperature did not fluctuate and ren!ained 

at 200C or 25°C. The 7-day activity records showed no differerce 

at either temperature. Only during the first day was any diff-

erence apparent between starved and fed moths; those that had 

been fed. showeda snail burst of activity between 7.00 and 

10.00 a.u. On the other hand starved moths showed a small Hirst 

of activity, in 3 out of 4 groups; thin occurred between 11.00 

p.m. and 2.00 a.m. In both starved and fed moths very little 

or no activity occurred during the following 0 days. This 

reduced activity was sporadic and had no circadian rhythm. It 

is quite apparent that exposure to continuous illumination has 

a marked inhibitory effect. 
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(6) Effect of Continuous  Darlraess. 

It has already been noted that under constant darkness for 

48 or 72 hours a circadian cycle of nicht activity persists, 

the onset and duration coinciding approximately with the nor-

mal nocturnal rhythm. These experiments were extended. in diff-.  

erent batches of noths, their activity being continuously recorded 

for as long as 14 days. After 7 days bowevor, : _eths bean to 

die of starvati::n and it becaue inpractical to extend recording 

beyond 8 days. Figures 17 and 18 shows a continuus record of 

ono group of 3 moths for a period of 8 days. These had been 

starved for 24 hours after capture froze the light traps. During 

the first 24 11,Airs in the actcgraph an 11 hour scotophase was 

given, which corresponded approximately to field conditions at 

that time of the year. This was followed by a period of con-

tinuous illumination lasting until 5.00 p.m. cn the second day, 

at which tine the light was switched off. The flight activity 

occurring in the following 5-days was recorded in constant 

darkness. 

The nocturnal rhythn quite clearly persisted and showed a 

circadian rhythm. It is noteworthy that the noths become re-

entrained to commence flight just after 5.00 p.m. i.e. at the 

tine when the light was switched off. This effect diminished 

with tine 2nd by the 5th 'day' of constant darkness the first 

strong burst of activity returned to 9.30 p.m. The entraining 

effect of the light-dark transition is clearly demonstrated in 

fig. 18., in this instance the same meths were exposed to a 

1 hour illumination relied fron 1.00-2.00 13.2,. Further experi- 
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moats were conducted with separate groups of :laths, when tho 

light was switched off at 9:00.  a.u., mid-day and 1.00 a.n. 

following 1 hour illumination, after several days constant 

darkness. In each instance ro-entrainnent occurred, but the 

effect was less marked and the nor .al nocturnal poriodicity 

commencing about 9.00 p.71., resumed after 1 or 2 days. 

(7) Effect of Phase Reversal. 

In the above e::perinents an endogenous circadian flight 

rhythm was demonstrated, and also the entrainini3 effect of the 

light-dark transition, introduced at a time which would not 

occur naturally. The effect of complete phase reversal was 

investigated; introduced after several days exposure to the 

usual 8 hour scotophase (11.00 p.u.-7.00 p.m.). To introduce 

reversed phases, the new scotophase (11.00 a.m.-7.00 p.m.) must 

be preceded either by a short photophase (7.00-11,00 a.m.) or 

by a 28 hour photophaso. aternatively, a nor:2.al scotophase 

that ends at 7.00 a.m. can be extended to 7.00 p.m., which 

moans preceding the reversed phases by a 20 hour scotophase. 

The effect of these 3 conditions before the reversal of the 

phases was investigated, by recortling flight activity for 4 

days. Following a 28 hour photophaso a near-normal pattern of 

activity is exhibited, occurring in the new scotophase (fig. 

19). The :icw scotophase is adopted on the first experimental 

"night" and similiar patterns of flight occur en the 2nd, 3rd 

and 4th. /nights.' When the reversed phases are preceded by a 

20 hour scotophase, the flow scotophase is likewise adoptod from 

the first 'night' with closely similiar patterns of flight on 
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the; subsequent 'night'. However, a 4 hour photophase preceding, 

the reversed phases elicits very little or no activity during 

the first reversed scotophase, but during the 2nd, 3rd and 

4th 'nights', near-normal levels cf activity again occur (fig. 

19). Seemingly the moths must be exposed to a certain dura-

tion of photophase before re-entrainment to a reversed or 

.,5htftleri 	ke 	rxpozioAtP! 	‘Ihich 

photophases of 5, 6 or 7 hours duration were given have shown 

that at least 6 hours darkness arc necessary at a temperature 

of 209C. Separate groups of moths were used in each experiment 

which was repeated at least 3 times. In further experiments 

moths were exposed to reversed phases following a 28 hour 

photophase, and activity was then recorded in constant darkness 

for 48 hn1rs (fig. 20). While the reversed scotophaso is adopted, 

the levels of activity aro always levier than in those in which 

the scoto7)hase is set at a natural time. The appearance of 

bursts of activity occurring 11.00 p.m. and 7.00 a.m. in con-

stant darkness again demonstrates the endogenous rhythm, but 

there is a distinct tondancy to shift back to the original 

tie commencing at 11.00 p.m. 

Those results imply that sone internal process operates 

in controlling the circadian flight rhythm in a manner similiar 

to that which Harker (1956b and 1960a) has demonstrated in 

P. americana.  

Assuming the release of an activating factor at the onset 

of the endoL;enous rhythm, it is apparent that it only promotes 

flight activity when the moths arc in darkness, or, that it is 
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released at the onset of darkness. The transition from light 

to darkness a1,7ears to sot the 'internal clock', which is then 

released at this time on each subsequent day or iii _ht in a cir-

cadian rhyth: when constant c_a rknosG is maintained. Furthermore 

the efficiency of entrainment increases :)rogrocsively as condi-

tions approach the natural dusk. 

(8) Effect of Chillint;.  

Harker (1960b) shoved that when intact cockroaches were 

chilled to 3°C, a delay equivalent to the duration of chilling 

occurred before the next period of activity. A similiar effect 

was obtained when the sub-oesophageal zanglion alone was chilled. 

Moths were taken from a normal light-dark cycle (11.00 p.7!. 

- 7.00 a. 	scotophase), at midnight al_Zt chilled at 2°C for 

12 hors. They wore then transferred to the flight chamber of 

the actograph in which the scotophase had boon reversed (11.00 

a.m. - 7.00 p.m.). After ono complete cycle (24 hours) further 

activity was recorded in constant Llarkness for 72 hcairs (fig. 

21). The persistence of a eircadian flight rhythm co17::loacing 

between 11.00 a. 3. and midday indicated that the endogenous 

rhythm was shifted by 12 hiurs. In centrax,t to reversing the 

scotephasa without chilling, a permanent reversal in the endog-

enous rhythm had taken place. 
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(9) Effect of 4111qtQyesteA_Areas in tie Brain. 

a. kiediol Neurosepretecy Cells. 

The hilindall effect',  exhibited by both Al- and L2-cells 

makes it possible to ablate selectively these cells with a 

fairly high derec of accuracy and with a LlilliDUD amount of 

damge to the adjacent neurones. 

The operation was performed upon moths that had been starved 

for two days. Ether and chloroform anaesthesia resulted in a 

high -r:st-operative mortality. Chilling to 20C and CO2  anaesthe-

sia proved quite satisfactory, in-lobilising the moths for longer 

periods, and allowing full recovery. Anaesthetised moths were 

rapidly transferred to a ca:aed Plasticine platfcr:1 Which had 

been mculded to fit the ventru.A. The thLra:: was hold in position 

with a plasticise strap and beads of plasticine were moulded 

arcund the compound eyes and frons, thus firlay securing the 

head. L snail area of cuticle above the brain was re:loved, and 

the exposed dorsal tracheae moved to one side. Gentle pressure 

on the abiLmen :laintained a pool of haemolynh covering the 

bIain. By releasing the abdomen the level was lowered below 

the neurosecretc:ry cells which were i7.mediately cauterized, and 

the brain was then again bathed in hae:olymph. The excised piece 

of cuticle was extremely difficult to replace with out damaging 

the brain; as an alternative snail pieces of Kleenex tissue were 

used. These were soaked in Ringer solution (Hoyle, 1953), and 

immediately after cauterisatit:n a piece was stretched across 

the cut edges of the cuticle. Sealing was effected by mnulding 

bees wax over the !Aeistened tissue and over the et: es of the 
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cuticle, using a WarLI 

In the above, a:1d in subsequent operations, ablation was 

accomplished with a battery operated micrc-cautery. Briefly, 

the instru- tent comprises a heater filament fer:!ed from a loci-) 

of 47 SWG platinurl wire mounted in a plastic handle, through 

which are carried wires connected to a 1 volt battery. Curralt 

is controlle:7. by a potentiometer and moaitored by an amoter. 

The platinum wire loop was bent to form an effoctivo cauteris-

ing tip approximately 60/' la diameter. 

Operated moths were isolated in hvz.d.:1 containers for at 

least five days, as it was found that individuals living that 

lone usually lived for at least a further five days. Groups 

of 3 noths wore transforred to the actograph, and their activity 

was recorded for several consec utive days. In each instance 

there was no activity during the scotophase but sr:me flight 

usually occurred during the photJ.phase (fig. 22). This indicates 

that the ability to fly was nct abolished, but there is a definite 

loss of the factor that iniates an maintains nocturnal flight. 

b. Other Areas of the Brain. 

Identical operations wore carried out on throe selected areas 

of the brain:- area im.lediately lateral to the A-coils, fronto-

lateral area, and p::sterior area. In the firz;t two, the areas 

wore cauterised Oh both sides of the brain, and in the last a 

single 1:ledial area. Care VMS taen to avoid damaj_ne the medial 

cells, and the total areas ablated were aloprxinately equivalent 

to that of the .1-coil ablathn. 
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Results :.;f all three e:-:verinents were essoutially 

apart fron d tsonoral red4ction 	ra17.11tude, the noct- 

urnal rhythz, was unaffected (f16. 22). 

Pee_t-morteu,„1.1;q.r,74.navtion. 

eLd of each ex->Drinent, noths were dissected to assess 

the extent .)Jf the operations. One or more ^f the brains wore 

fixed, sectioned and stained with 107'..F. While A-cell ablation 

vae conducted quite successfully, s.lee underlyin Br-cells wore 

inevitably daraced. Out of the 82 Bl-cells in thin species, 

between 40 and GO cells survived the n-rerati:,n. 	wound boa.,:os 

partially sealed by the cautery, but adjacent cells do de:_;enerata 

and becc7:.e :iolanised, and this increases in successive days after 

the operation. Sections ef brains in which areas adjaceot to 

the Vii-cells wero ablated, in 	instance revealed any necrotic 

chvni;es in t:le 	neurosocrot)ry coi s. Lateral ablation 

resulted in los,,.; 	the 	B2- and C2-cells, bit td.s does 

not sue:, to impair flight activity 	rhythmicity any noro than 

does ablation 	ar:n-neurosecrotery neur:.:nes. 

(10) Effect of Tn19ctin,a_phtupl4cllyAcjt.iye_Supstses. 

a. l__-cells !_dated. 

5-117dyeLytrzptanine. Previous experinonts have inlaicated one 

or nere tyres of nedial !-cell in the contr.)]. 3f the circadian 

fliLht rhyth:l. .Men this is considered to Gather with hi*.ltelo- 

i3ical denonstratien of a circadian cycle 	socroti..)nby Li- 

A2-cells, and histechec.ical indicati:m of 5-HT, it is feas-

ible that this substance has a function in the initiation nod 

naintenance Df licturnal flikt activity. This hyrothesis was 
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tested by injectl-aG 5-'7 into moths in which the A-cells had 

been ablated. Seluti.:ns of this andne were prepared by dissolv-

ing it in distilled water or Ilin.s.ors solution, and serially dilu-

tod over a range 1 part in 10-5  to/in 10-8. At each concentration 

the moths received 1,:a. Activity was recorded for24 hours 

before injection, and from 2-4 days afterwards. The actogranh 

litlait was set to switch off at 11.00 p.:i. and the injections 

iven one Maur earlier. 

At all concentrations 5-HT injection consistently produced 

nocturnal flic,ht activity, in moths that had previously boon 

shown to be inactivie. There was a noticeable relationship 

between concentration and total activity; moths riven higher 

dosages were more activio. At the two lower concentrations moths 

wore active only during the niOit after the injection, but at 

the higher concentrations (1 x 10-6  and 1 x 10-5), sone activity 

also occurred during the following night 	23). 

Other Biogenic Amines. Moths were prepared by the uethod given 

above and injected with 1 pl samples of the following substances:-

adrenaline, nor-adrenaline, dopamine, tyrz.1.71:12e and tryptanine. 

your concentratio.is of each amine wore prepared, ranging fron 

1 part in 10-5  to 1 in 10-8. They all failed to restore nocturnal 

nicht activity, and whereas some diurnal flight occurs just after 

the lights switch on, there was nine in meths injected with 

adrenaline and nor-adrenaline. 

b. Uncoerated Moths 

5-iiydroxytrntapine. This was administered at two concentrations; 

1 part in 10-5, and 1 in 10-2. The meths used in these e::pori- 

avid 
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manta had boon starved for 3 days, and injectj.ens were made 

at 10.00 p.n. lo;e. one hour before the light in the actograph 

switched off. Records of activity of one group of 3 moths are 

shown in figure 24; During the first 24 hours before the injec-

tion, these noths displayed an activity pattern consistent with 

the fact that they had last fed approximately 72 hours earlier 

i‘e. total activity was approximately equally divided between 

nocturnal and diurnal flight. handling disturbed the moths, 

consequently they were placed under a bright light for 30 min-

utes to inhibit flight, and only then introduced into the acto-

graph. On the first night after injection activity is consideo-

able. It is slightly reduced during the second night, and more 

so during the third night. Some increase in nocturnal flight 

is to bo expected even without injection, but consistently 

became greater in the groups of nothe injected with 5-HT at low 

concentration. The subsidence of activity during successive 

nights after the initial injection provides further evidence of 

the stimulatory effect cf 5-HT. However, whoa 5-1-1T acIministered 

at the higher concentration (1/.11, 1 part in 10-2), activity is 

markedly &proceed (fig. 25). 

Other Bion'enic Lmines. Adrenaline, nor-adrenaline, dopamine, 

tyramine and tryptamine, were injected. Each moth received 1;11, 

and two concentrations were tested; 1 part in 10-5  and 1 in 10-8. 

Dopamine, tyranino and tryptamine had no measurable effect, 

whereas both adrenaline and nor-adrenaline inhibited flight 

activity. The duration of inhibition depended upon the concen-

tration; at 1 in 10-5  activity was abolished during the first 
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night; but gradually recovered Burin; the following two nights 

an was coupletay restored during the fourth night. At a con-

'contration of 1 in 10'6, activity was dot:Tossed during the first 

night only. 

Reser,Dine. As thiS alkaloid is known to stiuulate the release 

of 5-UT and catecholauines in vertebrates (Shore, 1962; Axelrod, 

1964) it was interesting to exanine its effect upon flight acti-

vity in T. ,ronuba. Dosages of 1,ti1 of 1 in 10-6, 1 in 10-4  

and 1 in 10-2  were injected. At tho highest concentration 

activity was completely depressed during the 4-day test period; 

and considerable depressed at 1 part in 10-4. However at the 

concentration of 1 part in 10-6, the opposite occurred and 

activity was considerable enhanced. (fig. 25). 



Fig. 12. •,ctograph, A, flight umber; B, strip light; C, microphone-insert; 
D, sound-insulating box; F, amplifier; F, Fielden ,Jervograph. 
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Fits. 13. Flight activity records J,f Pioris brassicae. a. Reversed 
scotophnse. b. kLrial scatophase. c. Two scoturhases d. Contin-
uous illuninatiod. 
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C d 

Fig. 14. Flight activity cf kitorruba gaong (a. & b.) and 
Diataraxikolcracop (c. & d.). Nernal sCotophamc: nx4 coustaat 
darkness. 
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Fig. 15. Effect of fuedins upon flisht activity of Triona 
7,)ronuba. a. Unfod. b.-d. Thu saLlo .nths foe, durinG tho scoto-
phase in b. 
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clIgaapaiw  

Fib. 1C. Continuation of fie. 17. a.-d. cc..,Isc:cutivc; poriods 
24 hr. 
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d 

Fig. 19. Effect of revorsod scotophase upon flight activity of 
T...pronuba. a. Scutophaso procedod by 4 hr. photophase. U.-d. 
Activity of the sane noths ,2.uring cemsecttive periods 	24 
hr. 
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c 	 d 

FiG. 20. EffoOt of revorsod sctorhase (a.), svoceded by 20 hr. 
scetophase. b.-d. Activity of the sa,10 noths durias cr.ns,:;cutiVO 
periods of 24 hrs. in crillstaat darkness. 
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21. Efioct of rcvorsua scothaso (a.), aftor 	ricths 

for 12 hr. h.-d- Lctivity 	thu sa;.io :A.Dths during cnzosutivo 
poriods ;:f 24 i.r. (coral:arc with fiL;•. 20). 
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Fig. 22. Iffect of ablating medial A-cells (a. & b.). Effect 
of ablating lateral neurones (c. & d.). 
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Fig. 23. Effect of ablating medial A-cells, and injecting 
1 x 10-5 5-HT (arrows in a. & c.). 
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Fig. 24. Effect of 5-HT in unoperated moths (141, 1 x 10-5) 
(moths injected at 10.30 p.m., b.). 



X44. 

b 

 

 

..- 

d 

Fig. 25. Effect of 5-HT (114, 1 x 10-2) injorted into unoperated 
moths (b.), and reserpine (141, 1 x 10-6) injected into unoperated 
moths (d.). a. & c. Activity before injection. 
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p;scpssxoN.  

la this study an eadosoaous circadian rhythm of flir:ht 

activity has boon clearly demonstrated in the nocturnal 

exa:Auel. This phenomenon is well documented for many insects 

(Reviews by Cloudsley-Thom-nson, 1961; Harker, 1961, 1064). In 

contrast strictly diurnal species of Lopideptura display very 

- weak rhythms, and in those fli&ht activity al-:nears to be an 

event initiated and lcdmtained by the nervous system, without 

an endocrine link. In strictly nocturnal species the onposito 

obtains. Continuous illumination inhibits fli,ht activity, and 

this is known to occur in other insects, for example in Leschna 

nymphs (Serfoty, 1945), in parausius -_-12rps4p (Sti:inigor, 1936; 

Eidtmann, 1955), in Pseudsnitha aronaria (Reort, 1955) and 

in Lnonholes ganbioo (Jones, Ford and Gillett, 1966). 

In the pact the influence of extrinsic factors has received 

m.)st attention, however, during the last decade evidence has 

accumulated which indicates that the endogenous c.:mponent invol-

ves one or m. ro endocrine centres. In a series of papers Harker 

(1956, 1958, 1960a, b and c) has postulated a complex endocrine 

control in P. americana,  involvini; the corpora cardiaca and 

nourosecretory cells of the sub-oesopagsal gonclion. Herwevor 

many of•Harkor's findings have since been disputed. Roberts 

(1959, 1965) aud Brady (1967, h and c). Were unable to duplicate 

her results after transplanting sub-2esophaval 	an?. 

sevcring the allatal-sub-.)esorhageal nerves. In an attempt to 

reconcile the c:aflictinj3 results of Hark:or, Robert's and his 

own work, Brady (1967c) su[;i;cst that the brain provi,Aes primary 
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control, centres in the sub- NJW:ch - is neural, and the hor: 

ouscphaL;oal L;Ctli 	;•aa. ,, a vn 4es7uti. cord canslia aro subrdluato, 

opho:Ieral and easily upset. Further:lore .3rady (1967b) found 

cautery of tho medial nouresecretory cells failed to abolish 

the loco7ietor rhythm. Ho thou dismisses the assu,T,Aiou that 

siniliar:operations loading to loss of activity can rs:voal 

vital part of a nbilecical clock." 

It is evident from Harlt..erls (1953) results that P. a:Ticana 

is both diurnally art:1 nocturnally active, indeed she uas able 

to demonstrate a persistent rhyth.1 under continuous illuination; 

a rhytiri that had boon entrained by feeding. In -)thor e::1)oriunts 

it becano apilaront that rhythmicity faao4 after 5-6 days under 

c.:nditions of constant darkness Dr cDntinuous illu,dnation. This 

nay hell to explaim sere of the col: 	rosults that have 

been obtained with this insect. Ls I have dc:mDnstrated in Lo-

idoptera, an oadoopaous rhythn can ealy be unequivocally :-Ic.m-

stratod in strictly nocturnal sl.ocies. nore..over ay evidence from 

diurnal Species suc3osts that neural (= nolectrical" Brady, 

1967c) control predominates. It is feasible that in an insect, 

such as P. anoricana, wilch is b6th diurnally and nocturnally 

active, the neural umchanismis operative under illulAination, 

but there is a bias towart.ls horenal control in darkness. If 

this is true, then an approciatio.n of this distinction is neat 

inpertant in the interpretation of fATerimental clata. 

In 1,Qrannsi and P cvnthia ricini histological studios of 

the nouresecretory cells of the brain showed differences in 

content of stainable inclusions at varif.,us tines Ourint: a 24 hour 
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perioet. Similiar circadian cycles el secrwtory activity. have 

boon rotortgla j.n 	ilvUroeecreter) oells of Darabus_uoraQrAUR 

(I1ug, 1958), and of Drosophila mo1anogastor (Rousing, 1964, 

1965a and b; Rensing, Thach, and Bruce, 1965) 	In the former, 

the rhythm is unimodal, and in the latter it is bimodal; in 

both species it is well - correlated with locouoter activity. 

In addition, Reusing, Thach and Bruce (1965) were able to show 

cytological circadian rhythms in corpora allata, prothoracic 

glands and fat body in larvae of D. molanogater. However, 

'lensing (1965a) regards the brain as the primary endocrine 

centre. This view is supported by Roberts (1959, 1905), 

Eiduann (1956) and Nishiitsutsuji-Unto (1964), however, Roberts,  

(1959) evidence is based upon decapitation. Didmann (1956) 

;howod that surgical reawal :)f the pars intorcorobralis aboli- 

shed locouotor rhythus•in C. morosus. 	si:dliar loss of 

rhythmicity was found in P. americana and Leuccahaea aq0.510 

(Nishiltsutsuji-Uwo, 1964) after cautery of the pars intercero-

bralis. In the present study the effect of cauterizing the 

medial neuresocrotory cells loaves no doubt that these cells 

are intimately connected with the flight rhythm. 

As far as P. n-loricana is concerned both Harker and Brady 
• 

conclude that the endocrine centres involved, lie outside the 

brain, and arc located within the sub-oesophageal ganglion, . 

ventral cord ganglia, or both. In this respect it is worth 

comparing P. americana and T. Iyonuba. The latter, like other 

Lepidoptera, shows a pronounced cephalisatioa of neurosecrotory 

cells, whereas the former, probably typical of all Blattaria, 
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have neuroseorotery cella in the brairt, silt-e0Pephagoal Ganglion 

and throughout the ventral cord Ganglia (Goldiny, 1959; FUllor, 

1960; Scharrer; 1941; do Basso, 1967). Uovortholoss the role 

of non-nourosocrotory (4eUral) elomants cam of be 

as they mediate botwa,n environantal stiuli and the endocrine 

contras. Ca-erdination betw,,on tho two in ceatrollin5 circadian 

rhythms offer uniquo opportunities for studying nouro-endocrine 

integration. 

Foodin::::; in T. pronuba profoundly affects the circadian flight 

rhythm. Ls it als affects the releaso of neurosocrotory mater- 

ial, an oadocrino link betwoon feeding and tho observed 0..p2:;,s- 

sion of flijat activity can be postulated. In this context it 

is intorestinG to compare the results fron this study with those 

of G7een (1964). He showed that in Phormia rorina stretch 

recoptors in the forogut monitor the presence or absence of 

food, and the roce7;tors have a nervous connection with the 

corpus cardiacum. In tho presence of food the corpus cardiacum 

is sti7nulated to release a locomotory inhibiting factor. Ozbas 

and Hodgson (1958) found that extracts of corpus cardiaca decreased 

the frequency of spontaneous nerve impulses in isolated nerve 

cow's from P._aqpricana and Blaberus craniifor. Nilburn, 

leiant and Roodor (1960) have shown that extracts of corpora 

cardiaca block inhibitory impulses to the motathoracic ganglia 

from the sub-oosophageal ganglion. Those crude extracts invari- 

ably consist of several hormones derived from the brain, plus 

. ono or possibly -.ore produced by the intriusic secretory cells 

of the corpora cardiaca. This was borne out by the oxporimonts 
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of Strockolia. SorVit and Nov= (1e65), Vane chronatoraphically 

separated several fractions from crude cardiaca extracts. Two 

factors, “Cin and Illy (Gersch, Unj,or and Fischer, 1957), wore 

tested upon the ventral cord )f P, americana; Di was found to 

evoke hyper-autorhythmia and C2  inhibited oristino "electrical" 

activity. Thus it has become apparent that the corpora cardiaca 

store stimulatory and inhibitory factors. The histoleical 

evidence from this study sucests that cts feeding inhibits the 

release of tutorials from Al- and A26.cells secretion from ono 

or the other type of cell has a stimulatory function. Moreover, 

histochelnical evidence sn&;ests the presence of 5-HT in /12-cen. 

Furthermore, when A2-cells are rooved by cauterization, and 

the moths are injected with 5-liT, nocturnal nicht is, to some 

extent, restored. These lead to an attractive hypothesis that 

5-HT has a central role in the initiation and maintenance of 

the circadian nocturnal fliatit rhythm. 

Most of the catecholanines indoloatlzylamines and histamines 

known to occur in vertebrates, have been identified in extracts 

of insects tissues; nor adrenaline and 40panine (Ostlund, 1954), 

5-HT (Gersch, Fischer, Uncer and Kapitzer, 1961; Jaques and 

Schachter, 1954; G.:11ier, 1957; V!olsh and Moorhead, 1960; Colhoun, 

1963; Brown, 1965; and Bertacciai, Noviani and Roseishini, 1965), 

an ortho-eciphenol (Came_on, 1953), -Unidentified adrenercic 

substance (Barton-Brown, Dodson and Hodcson, 1961), histamine 

and H-acetylhistamine (Dertaccini of ml 1965). The findin[;s of 

adrenaline-like substances in corpora cardiaca eztracts (Barton-

Brown ct al 1961) and of 5-HT (Gorsch et al, 1961; Colhoun, 1963; 
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Broil/a, 1965) are ef partieulat tAtc1.-...f-.- Even 	relevant, 

5-HT has been extracted fro'a the ',rain (Gersch et al 1961), and 

adronercAc fibres have been dnonstrated in the brain by fluore-

scent microscopy (Frontali and NorberG, 1966). Those substnnces 

variously stimulate or depress spontaneous contractions in vis-

ceral cuscles of insects (Davey, 1964). However, as Davey 

(1964) points out the insoct heart, which is frequently used, 

shows a marked lack 3f specificity in its response; the effects 

of the bioGenic aLlines upon intact insects has received little 

attention. In this respect the stinulatory of-Yoct of 5-HT, and 

the inhibitory efC.ects of adrenaline and nor-adrenaline upon 

flight activity arc especially interestint. Obviously cauti:Al 

is necessary in interpretinG these results, Dr:)wn (1965) quite 

justifiably draws attention to the instability sad extra-cardiac 

inefficiency of those "small molecules." If indeed 5-HT is 

involved in triL;Gering and naintaininG nocturnal flight activity 

it is by no moans clear how this is achieved. It is poible 

that it functions as a synaptic trans,-iittor or "potentiator," 

rather than as a hormonc in the classical sense; with its effector 

site at the nournsecretery cell axon terninals in the corpora 

cardiaca, and associated with other nourosecretory cell fibres 

in the ventral cord. Instead of havinc a stimulatory action 

per se, it is possible that it antao3nises inhibitory fibres 

extending from the brain to the sub-oese:):3A3cal i;anGlim. In 

this c.;anoction it is 'worth notinL that thu lateral nerves 

OCCL) provide direct anatonical con,ioctir:ns between the 

corpora cardiaca and sub-c,esphaGeal i:anslic,n. However this is 
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purely speculative and muck' further work is deeded to clarify 

those important points. 

r2he effects -A• reserpine injectiem is 61 interest for two 

reasons; firstly it has boon shown that when it is fed to female 

insects it drastically reduces fecundity (-Zuot, Corrivault and 

Bourbeau, 1960; Hays, 1965; Benschoter 1965; Wicht and Hays, 

1967; Hays and Lmerson, 1967), secondly a tranquillizing effect 

was reported by Hays (1965), and noted in this study when admin-

istered in relatively high concentrations. There is substantial 

evidence that the tranquillizing efrect in vertebrates is zinc 

to induced hyporsecretion of 5-HT in the brain. As 5-HT 

injected in high doses also depresses activity a mechanism 

analosets to that known to occur in vertebrates is quite feasible 

in insects. Nevertheless the situation may well be more complex 

than this, as reserpine also induces release of other biel7;enic 

amines (Shore, 1962; Lxelrod, 1054) and also ACTH invertebrates 

(Meickel, Westormann and Brodie, 1961). However it is likely 

that the effect upon fecundity is due to endocrine dysfunction 

rather than a direct effect upon the ovaries; Huot et al (1960), 

drew attention to the similiarity between reserpine aaainistra-

tion and allatectomy. 

Insect pharkacology is at present in its infancy, but it is 

likely to be a fruitful field of resecrch in the future, and 

may well provide the :such needed information on co-ordination 

between nervous and endocrine functions. 
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SUktilifa 

1. Conparison is :lade of the neurosecretory cells occurring in 

the brain. of aclults cf 23 speciog of Lepideptero., representing 

10 f=ilies. 

2. Using four stainini techniques specific f,:)r neurosecretory 

materialn, 10 distinct types of coils are ftifiercatiatod., and 

classified as: Al-, L2-, A3-, Bi-, C1- and D1- in the medial 

group; and A4-, B2-, C2- and D2- in each lateral group of the 

protocorebrum Six of Truro typos of cells occur in all 23 species, 

7 or more in 20 species; 8 or more: in 14 species; 9 or non) in 

5 species, and all 10 in a single species. 

3. There is a striking unifornity in the numbs:rS DI  Al-, A2-, 

A4-, and Cl-cells in every species (8, 3, 10 and 2 resr,ectively). 

Medial B-ce34s, treviously umiescribed fr(w) the lepidopteran 

brain, vary in number, fro..a 25 in goometrids to 180 in Horse 

couvolvuli. 

4. The outsc;eny, aid secretory activity of each tyne of cell 

arc described during Teste7lbryaic dovelcp7Aent of Philosamia 

_unthip.. ricii4. With the exception of 31-culls which are diff-

Rrontiated airing the fapal stai,:e, the renalnin6 types are pre-

sent frc_a the 2nd instar onwards and in the aalau nUrturs that 

occurs in the adult. Cycles of secretiDn in Al-, A4-, B2- and 

C1  -collo are correlated with moultin%, but in the 5th instar 

they buce:ae asynthrou4s; their activity in the last instar is 

associated with the 'critical period', and the physioloiriy of the 

pre-pupa. 

5. The cytoplasmic voaune is calculL,:tod for each typo of cell 

during development; rates Df r.;rowth and oalli:lun velul_les are used 
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as indicators of functional domnnd. 

6. Comparison is gado of neurosocrotcry activity in adults of 

ricint met T._Fronuka:. In the former thore is a 

Graoual decline in the density of inclusions in all but B2- 
iw 

cells during the 8-day pri4a of adult life, thereasLthQ: latter 41,.ere rS 
boy, o 

Graduallw accunulatqp.nclusions im most tyres (cf.  calls. po 

secretory activity is arrareat in S1-cells of P.cynthicLricini, 

but nnr%od cycles of secretion occur in T. 	 rnuba; in this 

speclos as in other noctuids these cells exist in two distinct 

phases, and underlo independent cycic$ of Mecr<;tian. 

7. The releaeo of inclusions from Al- ane A2-cells occurs at 

Ai ht in bath species. This is foilewol by raFid re-synthesis 

in T.  ronuba, aed occurs during the clay-tinte. 	Aisc1iar:30 

la inclusions in P,._.q:ratiiictrisi4i in responso to injected water. 

Secretico frou 111-colis occur later than fro A2-cells in T. 

frr,•pM,),a, and is aln.)st canletoly inhibited after feeding. 

8. j oLtc.ileci hist.;clicolica1 analysis is made of seven typos cf 

cells. It is concluded tint 91- any 132-cell inclusions consist 

df prctein or Fetida, and that A- and C-cell'inc/usions arc 

glycoproteinS. Tale carbohydrate/protein ratio differs from ono 

type 'of cell to another. AAimo acid co Arsition of the protein 

chain VarieS)  and substituted SunoYs predominate in all FAF-

Tcsitivo culls; 112-cells alone contain sent: unsubstitutad swrs, 

and in addition give a rositive reaction for 5-111. There is no 

significant sulphy4ryl concentration in any type of cell. 

9. Factors affoctinl nctivity are elucidAted, using an actojraph 

that recorco the ,noun: s produced by the ihsects iN fliht. In 
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diurnal species flight is stimulated by light and ultra-violet 

ennission is important. A persistent endOgenous circadian flight 

rhythm is delaenstrated in several nOcturnalmoths. 

10. In T. pro4uba, fecdia§ inhibits fliisht activity for several 

days. During recovery of activity, bursts of flight still occur 

in the lay-timo; this activity which is not eado6enous is barely 

affected by feedin5. 

11. The effect of shiftint the scotortaso is described. De-

entrainment realily occurs, but activity durin5 the first scoto-

phase is dependent upon, (i) duration ef the intervening phOto-

phase, (ii) the time at which the new scotophase conmences. 

There is a tendency to revert tc the natural flight time, con-

sequently re-entrainnont is most easily accomplished as the 

natural dusk is approached. 

12. goths chille4 for 12 hours, then exposed to roversuct phases 

impediately accept the new regime. 

13. Cauterization of the mcdial ft-cells abolishes nocturnal 

flipt but abla tIOR  of adjacent areas has he effect. 

14. It is concluded that the medial A-cells are intimately con-

nected with the circadian flight rhythm, that the release of 

neurosecretery material initiates and Maintains flight activity.. 

15. Injection of adrenaline or nor-adrenaline &presses flight 

activity in uneperatod moths; aovanine tryptamine and tyramine 

have no effect; 5-HT when injected in low concentrations enhances 

activity but depresses it at hidlor concentrations. 5-HT alone, 

to some extent restores nocturnal flight to moths in which 

cells have been ablated. It is postulated that 5-HT has an im- 

portant role in the control of flipt activity. 
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(Reprinted from Nature, Vol. 214, No. 5086, pp. 386-387, 
• April 22, 1967) 

Relationship between Serotonin and the 
Circadian Rhythm in some Nocturnal Moths 

TILE presence of serotonid has been reported in various 
insect tissues; mainly in connexion with the venom glands 
of Hymenopteras.8, in head, thorax and abdonien or total 
insect extracts2.3  and in the corpora cardiacas. In several 
cases the corpora cardiaca and corpora allata have shown a 
relationship to a circadian rhythms-8, but the nature of the 
activating material secreted has remained obscure. 

The structure of the corpora cardiaca in the orthop-
teroid insects, on. which attention has largely been centred 
in the past, differs from that found in the Lepidoptera. 
In the latter, these organs are considerably smaller, in 
many species with as few as three intrinsic cells, and it 
appears in the adult insects to have very little storage 
capacity (my unpublished work). My histological in-
vestigations have confirmed that the neurosecretory 
material of the median and lateral cells of the pars inter-
cerebralis is accumulated in the cell bodies and along the 
axons leading to the corpora cardiaca. 
• In an investigation of the circadian flight activity of 

various nocturnal moths during the past 2 yr I have pro-
duced evidence that serotonin is secreted by certain 
brain neurosecretory cells, and appears to play a part in 
raising or lowering the threshold for activation. I was, 
therefore, interested to note that circadian fluctuation of 
concentration of serotonin has been demonstrated in 
extracts of gut and nervous system from the opilionid, 
Leiobunum longipes, and, furthermore, efflux of serotonin 
from the brain could be correlated with histological changes 
in the neurosecretory cells'. Histochemical investigations 
of the noctuid moths, Noctua pronttba and Agrotis ipsilon, 
revealed a large concentration of tryptophan in the median 
"A" cells. As tryptophan is the precursor of serotonin, 
the possible presence and function of this biogenic amine 
were further. investigated. I  

The brain and retrocerebral complex was dissected from 
adult male moths in Ringer's solution, fixed for 18 h in 
Bouin's solution, embedded in wax and sectioned at 5it. 
The neurosecretory cells were identified by a modified 
paraldehyde fuchsin technique. Tryptophan was made 
visible by the DMAB methcal°. Application of Ninhydrin-
Schiff and bromphenol blue indicated a smaller total 
protein concentration in some "A" cells than in adjacent 
neurons, all of which are tryptophan negative. These 
, "A" cells alone gave a positive enteroclu•omaffin reaction 
with diazotized saffranin (Fig. 2). The possibility of the 
enteroclu•omaffin reaction giving a positive result with 



Fig. 1. Tryptophan-rich "A" cells (dark inclusions) in brain of Noctua 
pronuba, DMAB method-phase contrast. 

Fig. 2. Enterochromaffin reaction in "A" cell (dark staining) in brain of 
Noctua pronuba. 



closely related substances could not be excluded. It seems 
unlikely, however, that tryptophan is stained, for when 
sections of the brain of the silk moth, Philosamia cynthia-
ricini, were similarly treated the "A" cells were tryptophan 
negative, but strongly positive with the enterochromaffin 
reaction. An explanation of this dissimilarity might be the 
difference in longevity of the adult male insects, which is 
7-8 days in Philosamia and 2-3 months in Noctua. 
Obviously if serotonin is an essential secretion its continued 
synthesis would be necessary in Noctua, whereas Philo-
samia could synthesize and store sufficient serotonin for 
its comparatively short adult life. 

The median "A" cells of Noctua exhibit a "Tindall" 
effect, which renders them visible when the brain is ex-
posed in Ringer's solution. This property is shared by 
some other noctuid moths and appears • to be consistent 
with observations on Calliphora erythrocephala". This 
feature makes the selective ablation of the "A" cells 
possible with a microcautery. Experiments in which this 
operation was performed further support the idea that the 
material secreted by these cells is connected with nocturnal 
flight activity. 

Operated insects were separated for a period of at least 
5 days before being introduced into an aktograph. The 
post-operative delay was considered necessary because 
some individuals died after 1 or 2 days, but the survivors 
lived for several weeks. The result of "A" cell ablation 
was to abolish the normal night flight, but had little 
effect on flight activity which characteristically appears 
from 0.5-1 h after the lights are switched on ( = "light 
activation"). As a control to these experiments other 
moths were subjected to sub-peripheral cautery of the 
neurones adjacent to the "A" cells. In these, the overall 
effect was to diminish slightly the flight amplitude, but 
not to impair either day or night flight. The likelihood of 
substances other than serotonin affecting the nocturnal 
circadian rhythm was not overlooked; consequently a 
number of known biogenic amines of natural occurrence 
were tested. For these experiments unoperated male 
moths of known age were injected with 1 VI samples of 
serotonin creatinine sulphate, tyramine, trypt amine. 
adrenaline and L-noradrenaline in concentrations of 1 part 
in 1 x 10-5-1 in 1 x 10-8  in both Ringer's solution and 
distilled water. In all cases adrenaline and noradrenaline 
suppressed all flight ; tryptamino and tyramine had little 
effect, whereas serotonin usually enhanced the duration 
and amplitude of the night flight. A description of the 
aktograph used in these investigations, and details of the 
flight patterns evinced in the various experimental con-
ditions will be published elsewhere. 

On the basis of these results I would like to suggest that 
"light activation" is mediated directly through the nervous 
system and that dark activation is mediated or enhanced 



by the secretion of serotonin from the "A" cells of tn.. 
brain. The time of release would, then, comprise the 
onset  of the endogenous component in the circadian 
rhythm of nocturnal flight. 
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