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ABSIRLCT

Dotniled histewlogical studies of the braiuns of 23 specics
of Lepildorterc revesl a roenarkable unifcrhky in the disposition,
multiplieity of ncurssecratesey colls, aad in tho auabor of ﬁ;et
tyics of ceclls. Tho recegaltion of A-, B~, C~ aad D~ccllo is
based upon the garaldohydé fuchsin stalniug technique. Thesc
aajor catcjories arc further divided, te give a total =f 10
types of eclls. In all spocics neurescocrctory cells ars confined
tc medial and lsteral groups of tic parg intercerebralis. With
the excoption of medial B-cells, all of thic aeurcsocrotory cclls
that occur in the adult becous cifferentiated durimz thc sccond
larval instar. The cycles of sceretion and incroascs in valunic
of the cytoplasm are cstimnted in 6 tynoes 0f colls and corrclated
with physieclcgical Froccsscs.

In adults, actlvity of thc mcuresceretery ceclls was studled

in tlie short-living saturniid moth, Philosamia cyathia riciai,

and comparcd with the cuomparatively long-living noctuid, ggig-
haena Proqggg. Circadian cycles of scerotion in the medial Ly~
ant Ap-cclls cre correlated with diuresis and flight activity
respeetively.

A ¢etailed histochomical analysis provides cvidoence in
supFort cf thu assumption that inclusigus in the various types
cf nouroscecretory cells differ in chemdcal co&yositicn. It is
sugfested thot the inciﬁsious cf 5= and C~cclle arc glycopkotélns
and that the B-cell inclucions arc protelius, here is histo-
cheaicel evidence tliat fig-cells alsc contain S-hydroxytrygataninc.

Factors affccting activity were analsucd, using an actograph
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desipgned to vecord the inseetsy in f14%hc. in endogeuvus flight

rhythn was demenstratcd in necturncl ncthis, The effoet of

ablatin% ncurgscerctory cells and orcas of the brain was

studied, and a aypothesis of horncnod control of flight activity

is put forwaed. The role of S-hyiroxytryphomise in
x J 4

tion and weiptepauce of tuw Circacham flisht rhythm
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1.
I. INERODUCTION
Ldvances in our understaindiang of ncurosocrotion in insects
have developed fron cxperinmental and histological studics. To
a large extent these tue aprroaches have prosressed independantly.

Kopec (1922) first demcastratcd the humcral influcuce of the

brain, upon pupatiocin ~f the lepldopteoran, Lynantriz dispar.

Wiggleswerth (1934, 1940) showed that inplantation of ncurosec-
retery cells fron the pars iantcrcersbralis of the broin initiated

aculting ia Rhodnius prolixus. Since then, the role of these

neurcscerctory cells in growth cud aoulting hos boeen coafirned

ia scveral other specics, includiug: Hyalophera ceeropia (Williawms,

bata (Nayar, 1956). 1In a scrics of trazusplaataticn and liga-
turc cxperimoents Fukuda (19402, b, 1941) deiwnstrated the iiport-
snce of the prothsracic ;lands, Willians (1946, 1947, 1952)
proved that the broin horac.e fuactiosned in stinulating the
prothoracic zlauds.,

Llthough the histological studics of Weyer (1935), Scharrer
(1939) and Heunstron (1938) su:scsted sccrctory activity of
certain lariec acurcitecs in the pars intercerebralis, furthcer
develepaents were hanpercd by lack of specific staining toch-
niqucs. This situaticn persisted uatil Bargzanu (1949) discove
ercd the specificity of Gomori's chronchaemntoxylin towards
neuroseerctory materials ia saouals.  This uzethod wns subsequ-
cntly fouad to bLe suitable for imscct ncurvscerctien {Stutinsky,
1952). In the sance year Heol-d ncdificd Goucri's paraldchyde-

fuciisin tochuique for differcntially stainin: the vancreas,
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anda: Gahe. {'IQ'SG) . modified o s depbed i -l' e :L:rauud. henrasaa: wabdlon .
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Tac full parcldohyde fuchsin staluing scquence includes 2 ;
irinlc conotorstain. ane thie han froilitaoted differcentiation
of neurcsccrctory cells which avc classificd according te their i
tinctorial affiudtiscs. Nayar (1955) rcecogaised two tyres of cclls
wiieb b fesignated as fi~ aitd B-. Siace tnoun further catogorics

have beca recegnisced, ei. A=, B-, C~, and D-ceclls in the brain

of Onconeltus fagciatus (Johansson, 1958). Sonc authers have

i

found it neccssary tc further divide i- ond B- categerics, tc
accounwodate all of thc colls hoving o distinet appearance .
(Panov cnd Kind, 1963; Chalaye, 1965; Delphin, 1965). Othors,

however, beliceve that the varisus catejuries nercly roprescat

differcnt phascs iu a scerctory cycle of a siungle type of cell

(Brandcabury, 1956; do Lurna, 1942; Herlaat-ilccowis and Pacquet, i
1956§ Thomsen, 1952), Noevertheless there are nunorous histclo- .

gicel stulies providing substantial cvideace that thdre arc
scveral types of nourcescerotory cells (ci. Xoboayashi, 1957;
Jchaasson, 1958; Gel-dlay, 1959; Hirhnan, 1981; Ladduwalhetty,
1962; McLeod an? Beck, 1963; Icriim nnd Gilbort, 1964; Delphin,
1985; Raabe, 1965; Hsiar and Fracnikel, 1966; Degra, 1987).

In ad?ition tou mculting and mctauorphosis, nuurscsecerctory
cell. preducts have been shown %o influence a diversity of ghysio=~
logical processes. Thesc include:- Jiuresis (Maddrell, 1963;

Highazn, HL1l aad Gingell, 196S5; Berididic

&, 1986), carbohyarate
and lipid setabolisa (Stecle, 1961; J&u Haadcl and Lea, 1985),
protein nctabolism (ELll, 1962; Thonscen and Mollor, 1963},

L

nmigration of cpidernal pigaent durian . colzur chauge (liothes,
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1960), rate of heart bent (Gersch, Fischew, Ungor and Koch,
1960), tonning of advlt outicle (Fraom'rel amd Hsizo, 1963, 1965)
and 1ocomotor’hctlv1ty rujthds (Eidnan, 1955 Lar{cr 1980¢;
Roborts, 1965). Despite r,tcht'& ciforts te establish a systen
of classifying inscct acuroscer-tory cclls, in no iastcace in
the list above cen any siansle fuactisn be attributed to the
preduct of defined type of ccll.

Partly os a result of c¢unfusicn in ciossifyins ncurcsceroetory
ctlls, an< pertly as a result of thc failure to reeognisc nore
tlian ¢ae or tuo types of cells, many of the carlior histophy-
siclogical stulics arc act particularly caingful., 4s an
exanple, Rehm (1951, 1855) described in detail the histolegical
changss that occur in the brain ncurcscerctery cells of Epucstla

tuliniclla and Pleris hrassicoe duriug noulting and actansrplis,

bascd uriil the assumption that shc was coasidering a single
type of cell. In contrast, Horuan aad Gilbert (19648 recogniscd
8 distlnct types of cells In the braiu of Hyalerhora cecroia,
all of which erc actlve during at lecst one stage in devclopoent,
Thelr report is so brisf thet it only neati.as that activity of
one tyre of uwediel - cad thel laturzal A-colls con be corrolated
with soulting.

Lonstron (1940) showed tiaat ncuroscerctury aaterizl is trois-
ported from thoe ccll bodios in tihe dersun of the brain to the
corpora cardlaca, aud that thesc orgoas functisn in storage
cnd releasc cf the horaone(s)., This trons ort of newrescerstory

naterial was

proved to occur in Leuconhoea. ¥ Schazper

(1952), and in Cagllijyh.ra orythroceiphala by Thonsen (1954).
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In the laticer, the osvenent of acursscerciory sranulcs was
ohserved Jircetly, dim tiir nerves pess ng fron tio brain to the
corpera cardinen, While this is roproscatative ¢f zeny iusects,

thc nouroscer.iory aotorials nie not alunys coulueted to the

corpora cardinca; Scchan aud Ittycheriah (13966) have Jdcuoastrated

storaze aad releasc organ.  Fuarthoruas ¢, Jobmraama{1963) has
siovn thot in aphils ucursscerctary naterial is ceocaducted
dircetly to tarset tissues Ly thoe nervous syste.

The role -f noursscerciion in circadion lccouctor rhythns

}.-.

lias boen subjeet to considereblc controversy. Havicor (1858,
1958, 19€0a, b, c¢,) in a szriss of clojmat ciuperinents deacn-

strated a couplex crxdocrine meehinaist in Ferdvlancia aacricana,

involvinr the corpors cordinea and certain ncurasceretory cells
in the subocsophasecl anglicn.  Roberts (1959, 1963) was uaable
to duplicate Harkert's rosults in the sane specivs aad I oung,
contrary to her resulto, that tho coutrsliing cnd.crinc centre
lay in the pars intirecrcbralis. In a2 ncre recont study of
this speecies, Brady (1967b, c¢) obtain results cinflictiag with
both Harker's and Robert's, he prostulates thot rhytanicity is
prisnry neurcl and act hornonal, However the emaperiiental

-

evideuce of Bid:aan (1158) using Carausiud~ moresus, aind

-

lidshiitsutsug .~Uao (18064) using P, aouericans aud L, iaderac
inplicates the nedicl dcurcscercetyry cclls os thc controlling

cuntre. Bra (1957a) showe! that the ncurescerctory cclls in
vl

the sub-cescrliascal sesglion Jdd aot underte auy elrcodion
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cyclcs of scerction tiaat could be revenled after staining with
paraldchyde fuchsin., Klug (21958) shcued that ncurssccretoery cdls
in the pers iloterecerchralis of Carabus nonercolis becesue almost
de~lete? of inclusions ot night, when the beetles ocre uaost
cctive, Remsdmg (1964, 1985a, b) on? Remaiinygy, Bruce and Thach

(1965) demwenstrated sizdiliasr but loss merked binodal cycles of

sccroticn in nmedinsl ncuruscerctory cclls in tihc brain of Droso-

Loncaster, wilcn could alse be corrclates with loco-
poctor activity. Unfortuaately in il sc stecios in which o
circadieon cycle of sceretion hes boeon identificd in the aouro-
suecretary cells thoere is uo oimpoerinentel cvldence to sunport
the vicw thot thoey ~re intictely connected with locoootor
rhythus.

flthough cxpoerinentsl studics made —a varisus Lepidoeztera
have contributed nueh to cur knowled;c of endocrine porticipa-
tion in moulting cad netazorphosis, pistologlical couflrnaticn of
the part phayed by brain acurssccrotery cells has laxed far
behind, aud cvea now are ineonplete. B8y 1d this, very little
is lmown of the activity cf thesc cells, and of thelr function
in the odult.

Varicus Lepidoptora, <spoelnally Bonby nsri have beeil used
for histochemical studdcs of thc ncurcsecrotory cells, and as a
source of tho bBrain loruone for clicideal analysis, With rospoct
to the latteor cutracted substances have bucn showm te llave pre-
thorncelropio activity. Kirinura, soitc and Zobayasni (1962)

cleodined that the activating horaone wos cnolostoerol, vhereas

Iehikawr ~nd T=hizaixi (19R3) -fouhr! that 'ﬁj}mﬂmtiwﬂ natericl
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Wue A rrotain.  Buscd upon histochomical studies, Eebayasst

(1957) conclucua shnt g iipid and

2171 mprretitng e el AN

A

plhcspholinid; Liclha (L088), fhot it is phe ﬂ,ndlL«¢P~,tcin;

by

-
Gan. uly and Basu (1962) that it is suco-wnlyseccharide or nuco-
%) Doly

g glyconrotain, With the

l..'-
*,
&

protein; Lrvy oad uabe (1982) that it

excerticn of Rehn, thesc worixers studied 3. zori, thereforc, the

———

varying eonclusicins cauinat be at’ributed teo celific Qiffercnces.,

The*Paugity “f studies uren the functions of ncurosccretica
in adult Leplidoptera, ond in acdult nele insccus, pron tod this
investigaticn. After considering the literaturce, this worx
woas wadertoxon with the followin,; objectives:~ (1) tc provide
o detailed histolsiical accouat of nourcsoerctory cells cecurring
in adults in a sclected nustber of specics. (IX) to trace the
develovnent of the differcit t.poes of culls, and deterndie their
teoporal scquence of activity ian each stase. (ITI) an evaluatica

of their activity in odult =alas, in a snecics that fceds (Grin-
v 1 g

shiqena pronuba) ocnd cne that Jdues not food
ricini), witi jparticulor rofolonce TS circadian rhythas.
(IV) to cstahlish the chedeznl bhasis of sclective- cul differant-
ial histelosicel stains, by using histociieidcal techuigues.
(V) to clucidate tic foctors centrelling flipght acidivity aad
enperientolly lcterodine the role of the neurosceretory cells
in this ;rocess.

Thaés ctudy, thercfore, falls intc threc uadn scctions:

o, histology, b. histochenistry, c. oxperimeantation,
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111 MATERTALS-AND WETHODS.™
(1) dntorials
Capturés in lia‘f‘frapé‘fittéd ﬁiih iso untt iércury vapour
lanps, situatced on Iméorial Collecge Field Station, Silvood Park,

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

Notodcnts zic-zac Linn, Phcosia tremula Cl, Phalcra buccphala Liaa,

Spilosona Lubricipeda Linn, Bena prasinana Linn, Lgrotisclavis Hufn,

Azrotis ipsilou Buin, REusiua umbratica Gooze, Iripiaci.g pro.uba Linn, -

Autopgrapia somns Lins, Diataraxia olerscsa Ldnn, Siston betularla

Linn, Colotois peunaria Liaan, Tetlca ocularis Lina, Habrosy.ic cerasa

Lian, Zouzmera pyrica Lian, and Hepialus bunuli Iiasun., Pupac of
2 el i ] e B~ ey AR e

Hersce convelvuli Lian, Samia gloveri Stroekx and Celorio eupiorbiac
Linu were purchesced fron Worldwide Buttoerflics or the Buttorfly

Farm. Adults of Diaparopsis castanca Inps of kaowut age, were pro-

vided by Tropical Products Iastitutc.

Culturcs of Philosamia cynthia ricini Jounes werce aal.atained in
a CT room at 20°C; larvac, pupac or adults were available through-
out the year, Huncrous attempts werce de to establish a culture
of 1. pronuba, but no more than 2 generations were over successfully
rearcd, beforc a virus infection wvhich was clviays nresent, killed
21l rcmeining larvae. Some virus resistaat larvac do occur, but
the adults from these are always very snall and fail to brcod. By
giving the larvae a varicd diet, changiig tlic food freguently and
minimising crowding the ianeidouce of infection was reduccd, but at
best an ultimatc survival rats of 40% was obtainced in the first
guqyrati:n. Hortality always rosc avprociably in the scceond gul=

cration.
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(2) Histological Tochnigues.

Pr anratio;n_/é,i%:?ﬁ_g.ﬂ-m};:.

In this studyhémphasis has“bcaﬁ placéd upon a critical
analysis of the ncurosccretorj célls, which has depondcd to a
large extcit oa cbtaining sectious in wihich all ceclls are well
prescrvad ané optinally stained. [Muacrous fixing and cmbeddiug
scliedules werc tosted in an offert to find o single wmcethod that
would give roprcducible results whoen appliocd to auy of the 23 specics
dotailed in this sccticin of the worix.

At an cearly stoage it became apparcat that Douin fixed ti-sucs,
dehydrated with dioxan, transferred to chloreform aud cmbedded in
ester wax (Stecd:uan, 1947) gave supcrior results. Unfortunatcoly
this wox is estremely difficult to scction nud is gquite unsuitable
for any routinc histological work wherce sericl scctions are nccded,

Aftor testing paraffin wares with mielting points rasging from
39-63°C, iz conjuaction with various dehydratisg ageuts ond ante-
media the folloving schedule was adopted for brains of adult insccets,

>

Ll. Brain, thoracic gsanglie ond norta werc dissccted out under

]

Hoyles (1953) Ringer solutioa,

2, Transferred to a drop of Riager in a solid water &lazs, and
Bouin added., After 1 hour tissucs transferred to frosh RPouin and
fized for 16-18 hours,

3. Excess pleric acid roimoved by treatiag with 5% azmonium
acctate in 7C% alcohol for 10 minutes,

4. Dehydratcd in graded solutiosus of dioxan for 24 hours,

fol . owed by 3 chaages of purc dioxan over 24 liours.
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5. Dioxan replacsed vy chloroforn with scevorzal changes until
tissues cleared.

6. Tissucs placed in 1:1 chloroforn, wax nixture (529¢ M.P.)
in the cembedding oven.

7. After 20 minutes tissues paried tiharcugh 3 changes of pure
filtered wax, allowing 15 minutcz in each.

For larval aad pupul brains a siuiliar procedurc uas used
eXxcept that di;xau vas rovlaced by cthyl alcohol.

In soune species adult brains vere poorly prescrved in Bouin
and the fixative of Halwmi (1952) was usced (9 ports of Susa to 1
part saturated picric acid solution). No apprccisble diffovcences
wers noticoed between cither fixative on Lraius that were well pro-
scrved iu Bouln.

Blocks werc cut ci a Cambridge rociking microtome, in irontal,
tronsvorsce cud sagital planes. at a staindard thiclkuess of 6

Staining procedurcs.

Four mcthods were uscd for diffcrcantiating the ncurosccerctory
colls; Hecidenhain's Azan, Gonmori's Chroic-hacmatoxylin . /phloxine,
Alcian blue/phloxine (Lftor Delpnin, 1963), and Gomori's Paroldchyde-
fucisin; bonceforth referrsd to as Lgan, CHP, ADP end PLF ruspectively.

Tho usc ¢f P/F aud Agar pernits a wore preeisc diffcrcntiation
of acuresccrctory cells than cithor CHP or ABP, aund for this rcason
wore choscn for routine usa. CHP or ABP were ouly uscd to doron-
sirate phloxinephiil cells.

The originol formula for PAT stcocining as given by Gowmori (1950)

has sinec beon modified soveral tines; Halai (19352), CGabe (1953),
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Dawuson (1953), Camcron and Stcele (1959), Ewonm (1962) and Jenaings

The .etliod thot I found to give thc kost resulis invalves tho
use of paraldohydc-fuchzin preparcd auxd applied according to Halmd
(1952). Each preparaticn cf paraldchyde-fucisin wes ripcencd for
24-36 liours at about 22°C, and discarded wfter 72 hours. Used in
tnis limitcd tiwme the stain has a high degrec of speocificity.
Scctions thus staincd, woroe then stained for 10 ndn  in Ehrlich's
Lacnatoxylia, bdlucd in tap water, riuscd in distilled wvater then
counterstained for 20 winutes, The rcecipe of thie counterstain
found to givo tliec best results is that of Delvhin (1963). This
as the same proporticns of the dycs as EBuen's (1962) formula, hut
has in addition, 0.5 gu of phosphotungstic acid added. No mordant
is neccessary.

The criteria for optinal staining with PAP arc; tho purplc
dye from paraldcliydce fuchein confinoed t0 the nourosecretory cells,
trachcae and acurilouba,  and, aftcr counterstaining, ncuropile
groun, auelel orange, aucleoli bright red.

¢ the abbroviatioin PAF arc to tic

o

All subscquent refcrcacce
conplete staining scquonce, aad P4F-positive dic used to describe

& tructurcs staining purple (fuchsinophil).
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II ORPHOLOGY OF THE HRURO-ENDOCRINE COMPLEX

Cazel (1948) has given on acczuat -f the nerves cohnecting
the brain, cirpora-cardinca and allatz and stonatesastric chain
in 8 speeics of Lepicdeptera. Of thoe twenty threc specics were
dissceted in this study the inneorvetisn of the corpera-cardiaca

and allzata were considered in detedl in 3 of thouy Deilonhila

norcellus, Philosania cvnthia ricini aand TIrirphocna nronuba.

A1l 3 spoecics diffor only in thc shape ond dispositioa f the

corpora allata. That in D. _poreccllus and P, cynthia ricind is

the acst cowmcn; in the foruer thoso glonds consist “f ovold
bedies lying dirccetly behind the corpera cardiaca, but in the
latter, thoy aerc largoer, broadly 1:bed, lying ahove the cor-
pora cordicca. In I, pronubg they coomprisc an eliugate clustor
of 20-40 oveid cells cach measuring 120 x 135 - 135 x 210.
These cells arc conunscted by a separate nerve te the corpora
crrdinca., The ecarlisc-allatzl acrve (HCL) divides =i ecutact
with tho corp.ra allata in tho cther spocics, and ramiflics
throush the tissues, supplying coch ccll.

The ecurn-ra coardiaca lic on eithor side f the acrta to which

they arc 1 osély cennected in T, nronuba cnd P. cynthia ricinid,
but intiatcly connecetod in D,y orecllus. Tu:r palrs of ncrves
coincet the cirpsra cardiaca dircctly with the brain, the nervi

crporis cordigei of Hanstroian (1940). The inancy padr, designated
HCeC I aad the ocutoer palr NCC II, recsiving azoas frsa the nodial,
and lateral acurcscerctory colls respectively, Betuoon HOC I

~nl HCC IT a third ncrve pocses laterally to descond over the

postorior tenterial er.s int. the lhead capsule. It correspunds to
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- .

nerve "™x¥ of Cazal (1948), and merva 2 of Moncod and Beck (1963),
who tracoed the distal connection to tho cuboesophageal ganglion'in

the larva of Ostrinia nubilalis. This ncrve, which I lhave desiga-

ated nervi cordincis lateralis (HCL) divides aftor passing over

the tontorial arms; one branch extending dorsally to councct dicetly

with the sub-ocsophageal ganglion in P. cynthia ricinl and D. porcule

lus, but with the labial nerve in T, pronuba. The.nain branch of
HCL continuce anteriorly to a point above fhc narillary palp whore
it divides into scveral fine nerves lying on the surfacc of the
nacillary muscle, Proparations stained cith methyleie blue roveal
a distinct ailatation in NHCL below the tentorial cxms, The dilated
portion terminates ia a bulbous structurc ncar the point where the
nerve to the subocsophagoal ganglion arises. Waolo mount prepara-
tions show quite clecarly that the bulbcus structurc consists of

2 intrinsic cells, Dissccted ucrves staincd with leidenhalns iron
hacmotoxylin, idcid fuchsin and P&F clearly dencastrate that these
cells arc encloscd within the neural sihcatii cnd bear cron-like
processcs cxtending dorsclly betwoeon the neourites of NCL., ‘Whethier
these cclls have an cndeépine or purely sorvous functicon could not
bo deeided; whilc thoy stain very similiarly to the intrinsic
cclls of the corpora cardiaca, no fuchisinopail ianclusicas weiro
cvident.

It is 1likely that NCL is homologcus to the allatale-subg:scephyeal
nerve described by Honstrew (1240) in Pleccptera and Ephcucreptera,
and more rccoitly in various orthopteroid iasccts, BEngelmon (1957),
Horker (1980), willey (1931) :.:ad Dogra (1954).

The acuro-cndocrine conplos of T. pucnuba and 2. cynthic rieini

is illustrated in figurcs 1 eond 2
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Fig. 1. The neurocendocrine complex of T. pronuba A, Dorsal aspect.
B. Distribution of neurosecretory cells and the axonal pathways.
ca, corpus allatum; cc, corpus cardiacum, ch, chiasmaj iccc,
intrinsic cells of corpus cardiacum lnsc, mnsc, lateral- and medial
neurosecretory cells; nsca, neurosecretory cell axons,.
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Fig, 2. The neuroendocrine complex of P. cynthia ricini. A. Dorsal

aspect. B, Lateral aspect, ao, aorta; 1ln, labial nerve; oe, oesopha-
gous; pta, posterior tentorial arm, other lettering as in fig. 1.
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IIT sISTOLOGY.

(1) Classification of leuwreseeretory CElls.

In wovicwing the publiched roscarch on neurcceerction in
insccts up to 1959, voan der Xloot (1960) drew attontion to the nced
to differentiate between neurosecrctory cells as defined by Scuarrer
(1956) and ‘mcuro-endocring!! cells. £harrer's cuiterion, marve
cells wvhich siicw cytologiecal evidence of sccretory activity®
tndoubtedly includces neurones that hove no endoerine fuanction.

Bern (1962) and Bera and Hagodorn (19562) have deali extensively
with the problen of defining acurosceretici. Bern (1982) states
Wa wiodern conception of ncurosecrotion includes the attachment

of functional significance to ncuroncs vossessing nerphologic
indicators of sccretory activity.™ lIic later points cut, that,
tacceptence at prescnt is based on little morc thaa the confidonce
thiat fvacticagl activities nid spocific horucnal agents with cvoen-
tually be found." This is dindeed the cnse for ovory accepted
acurosecrctory cell in dusccts. Whilce therce iz o proot denl of
experinmentol evideice in support of the view that thc products of
neurosccrctory cclls are hormoncs, in no casc is the chendcal
naturc of the hormone known. Histological wnetlhivds thercfore,
renain ae the priucipal acans of studying thesce cells.

The developzment and refineient of the PAF scquence has per-
inltted differcutiation of at least 4 nojor types of ncurosccrotory
ccll, As yet no standard procedure for fixation and staining hes
been adopted. Variations in technique thatl arc cinccuntered arc

ained at specificity and balaice of staining to iumpart souce cole
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oration by cach of the 5 dyes comprising the PAF method,

Lo’ alphcbetical symbols that arc now wddoly used to depote
differont nourcoceretory colle, fellow soveral systewms of clas-ifi-
cation, Consequently thc literature is quite coafusing; it is
often difficult to rclatc the systea of cme author to that of
another. Delphin (1963, 1965) nade a deteiled siudy of the

ciuilstocerra greogoria,

ncurosncretory cells in the ventral cord of

0

he describes 4 uajer types of cells, A, B, C, ond D, furthor sube
divided into 4, fipy @ Lig end By and Bp. 4o part of this study
e has brought togethvr much of the litcrature up to 1962 =nd

.
rclated the types of cells described in 23 papers to his =ystem of
classification. A1l attenpts at classifying nourssccrctory colls

derive from the vork of Hopear (1955) uvhio recogniscd A and 3 cells

in the brain of Ipldita linsbota, based upon CHP and Lzry stainiag,

but £foiled to obtoiln sclective ctaining with PLF. In o succossful
applicatiﬁn of the PAF techniquc, Johansson (1958) exteaded the
¢lossification to include Cband D cells, altiough the endosiine
function of those additional types of cclls seuied uncertoisn.
Highnan (1961) adopted Johansson's classificotion, nnd applying

it te PiF-staiuncd scetions of S. gregaria brain found 4, B, C and

D cclls; their stedining characteristics togetihor with dircusions
are given., These 2 papers forir tho basis uf Delphin's mcre colle
prehensive system, Highiman (1961) doscribus € ond D cclls os stain-
ing pink vith sprrse reddish-purple inclusicns; the larger diancter
of the D-cclle distiuguishes then from C-cells. By altering the
rotio of the dycs ia tie trichreoue counaterctein Delphin (1963) was

able to iupart o grecn background colour in C- oad D- cells, which
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revoaleod a diffcience in the cytoplasmic morphology cf the 2 cells.

In D-cells the rcddish-pur'la inclusicas he in clear areas of
cytoplosm, appearing ac -+acuoles, whoroas C-zcelle cytoplasn stains
unifornly srecn.

Delphin baosed the diff.rentiation of A colls upon; (1) baclk-
ground stnining, greenish-orange ia A?-,»but absent in Ay~ and
hg=- ceclls. (ii) stainebility with Agen; Az- cocll inclusicns bright
red, 4q~ and Az~ cclls uaccleurcd. (3.1ii) alnocusicas; Ly~ auno As-
constont (22.0 and 45,0 u respectively), whercas ly- cclls vary
from 11.0-18.0 u in diancter.

Prnov and Xiund (1963) have‘dcscribed thic acurosccrotory colls
occurriug in the brain cf 20 speecics of Lepidontera, but their
systen of clacsification is only in partisl agroencat with Delphins.,
Wiile recognising fiy -, Az‘ end B~ cclls they wmalkte no reforcnce to
C- or D- cclls, and wihere furtlher clascificetion is neccszary give
groups cf cells o topographic designation; dividiag the fredial
clustcr into, iiy, iy and iiy, and lateral cells iutc Ip, L, and Lg.
Pancv cad Liand (1963) feound a rencrkable coustancy in nunboers of
cells in each hemisphore of every specics; fy (4), Ly (4) in i
group, 2 L cells in i, and ig, 5 or G fi- cclls 1n Iy and 2 B- cells
in L2 and L3 groups,

The cnly otiier comparable study of this uaaturc, again in
Lepidoptera, is that of iitsuhashi (1963), After the application
of PLF, hc deseribes nedial, lateral, posterior and optic groups
of colls., Iboyover, his resulis arc ot variauce with thosc of
Panov and Kind with rospect te numbers of cells, types of coll,

arnd their distribution. OF the 8 speclies hie studied, thce aunber
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of medial A~ cells varies from 3-9 ia cach. hemispheres and from
5 to 9 B- ccllas, He reports a similiar variation among the lateral
cells, with Somo specics hiaving no B cclls, ifis system of classi=-

fying the colls is identical to thcir vhiclh ifitsuhashi and Fukaya

(1960) uscd for the larva of (hilo suppressalis; in which A~ cells

(]

arc recogiaised os PAF-positive and B~ cells os less positive., The

necurosccrotory cells of the breiu of Ostrinia nubilolis Lhave been

described by McLeod and Beck (1963) who report the prescnce of 9
cells bearing PAF-positiveo inclusions in cach .iedisl group, regorded
as 1 type of A~ ccll, and ian additioa 2 B- culls recoguiscd as
stodning greca vwith no PAF-positive inclusicns, Hernon aond Gilbert
(1965) have given a detailcd description of tho ncurosceirctory cells
in the «dult Eyalophora cccropiz. They recogulse 4 cotcegoricvs of
L= cells in the nedial cluster, designotoed; 'small-', 'larje-!,
'doep-', and 'posterior- A cclls!., B~ cells cceur medially and
laterally, with o fifth cotegery of latural-A cells. Thoeir systeom
of classification is csscutially siniliar to that of Panov ond

Kind (1963) and iMeLeod and Beck (1963) in which A- cclls arc PAF -
positive and B- celis PiF-ncgative., While thic fundomentzl dif-
forentiction of A~ and B~ cclls has been oot cxtensively uscd, a
differcat but quite comprchonsive system Los becen proposcd by

Raabe (1965) following o detailcd study of the uncuroscecrctory cells
oceurring in the ventral cord of tic phasumid, Cliturnus cxtrodent-

atus. Four catesorics =f cells arc rocogniscd; A, B, Bp and C.

The first three arc PiF-positive; A-, By= and C- cclls stain with

fzzaa (but only after Helly fixation in the casc of tie C- coll),
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and Bi< and Byp< colls give a porcitive reaction with RSR ‘roagent

(indicating sulphydryl and disulphidn sxswps), Tais sycteon has

bewn sdopted by Chalaye (1963) in o doscrirtion of tho acuroscers-

tory cells in the ventral cord of Logcusta wigratoriz, and added a
furticr cotegory, Iy~ cells; as voong PiF-positive, but uircoloured
by fz#m or RSR, Frowm the Tinctoricl affiwitice of the cclls cdlassif«
icd n5 By, Bp and € it is epporcat that they co not coxrospond to
tho B~ ond C- cells of Johansson snd otheors,

It is rccogniscd that tic classification of nourcsecrctory
cclls is quite orbitrary, however adhernnce to one author'!s syston
is beeoning incrceasingly accessary. Wille tlic cystenr of Racbe and
Chalayce cffers sono cuenicel raticnalc, iandividiag fuchsinophil
cells into B~ and A= cllls according te thc prosciice or abscncoe
of -SH groups, it nccessitates the usc of 2 fixatives and 3 stadlning
proccdurcs to differeatinte 5 types of cclls, Caru in the applica-
tion of PLF, B Delpliin (19 5) has deasoastrcoted, perioits recogni-
tion of 7 types of cell in 5, gregaria. Furthervore, tac funda-
aental division of cclls into those that are P/F-nositive (4 cells),
and these net so (B- cells) has been norc widely cdopted, Consce
quently the clessification of Delphin (1963, 1965) is uscd in this
study, witih the cxception that B~ cells arc rccogniscd by the gom-
plcts abscnee of PLF-positivc inclusions. The staining rcactions
of thesg 4 basic ccll types has beon clearly cnunciated by Siow

(1954).

(2) Stcining Rooctincns of the licuroscerctory Cells,

The follewing schewe of elassificaticn, bascd upon PiF-staining
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ceognlzas the 4 anjor classces of cells deseribed by Siew (19€84).
and Delphin (1985), Fupthar Aivricicn of & of theee uds boel
necessary to citbrace nall of the types of cells wmdch occur in tho

1 3

brrin of Lepidoptera, but they do not noscssarily corrospend to
Doclphin's sub~divisions. In sub-dividing fi- colls I acve aodéhered

to the Al/uz ivision of Prnov aad Kind (1933) cad croated further

catogorics for ¢ells appeasing cousistoutly distinet.

L= Colls.
Inclusious strengly Piv¥-positive, often cealesce to form
azgrogatos of varying sizes. Cytoplasu pale groyish-groon, pink
or colourloess; alwrys colourluss when liclusioiis Arc sSporsc.
L= Cellis: Inclusiocns bright »urple or reddisli=purple ustally

T

form vory distinet groaular aggrosates., Occur only in the acdial

sroup. Heuroscerctory .aterinl often proescat in the osions,
fip= Colls: Inclusiocns cither bluish-purple or purplo-brovn,

loarge accumulations forn dense aggregates apnearing as flakes,
Occur only in tho unedial group, iunterspersced amwng L= cells.
llsian often prescent in the axons,

Lig=_Cclls: Inclusions purple, cousisting of viry small granuloes

-

cvonly distributod in sonc spoecics; forming o fiac retienlun in

o

othors., Cytcpleosm usuclly dull greyish groca, occasionally colour-
lcss. Occur only in the weddal group, lyiung postoricr to the Iy =

and Lip- cells in most specleu, both posturior ond anterior in others,
Weuroscerctory matericzl only ocemsionally visiole in the cxons, which
Eave a characteristicclly larse dianctor. Whoen doploted of scerce-

ticns they appear as ' icnt' anocurcucs,
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Ay= Cells: Inclusions grecnlsh-purple, have cithcr a coarsc
granular foram or appeor as flakes. Cytoplasm colourless or pale
grey-sreen.  Comprisce the iatcral L~ ceclls. [flways considerably
smaller than any of the nedisl L= cclls. sk cccasicnelly visible

in tho azons, which are iuve icbly finec.,

B- Cells.
Inclusicas always PLF-ncgotive, but heving a strong affinity
for onc or nore of the cecuntsrstain; green, oraage-greciy, or orenge;
occasionally stadining add. tionnlly with cliromotrope 2 R, then
colouring orangc-breown or brovm,
Byi=Cells: Inclusions fine and ovenly distributed in west
spocics, but appearing as snall cggreogates or floiies in others.
Bright green when inclusiocns are plentiful, browmish-green to
orango wvhen fow or no inclusions arc prescnt, ot which stage the
cells arc usually sanlloer,. Form a discrete block of cells in the
mcdial group, lyiang between and beneath the f-cells. Hcurosecre-
tory natorial ircquently visible in the oaxon hillocks, but less
frequently in the axons,
By _Cclls: Inclusions bright groon, blue-grecen or browa,
depending upon the species. Occuring in 2ost specics as very
fine cvenly distributcd granules, less commenly as aggregatus,
whicli oftcu have a wiorled appoaraicc. Conprisc the loteral
B-cells., Their axens can be tracced for ouly o short distonce,

as acurosccrctory material is rarcly cvident i then.

C=-Cells.

Sparsc fincly gromular PiF-positive inclusions, colouring
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rcddish-purple vhen sovparate, uwt purplo in Sonie speeles wherc
they coalesce tb fofm amnll éfrcaké of ifregulaf‘shapc or a
disrupteq reticulun. Background cytoplaszn br;ght grocn, or,
bright orcnge in which cose it has a distinct sroanular forn.
Cy=Cells: Inclusions varinble in shave, somctincs obsent.
Cytoplnasn intciasc green or cuceptionally orange. One cell occurs
in the aedial group c¢f cach braim hemispherc, lying betwcca Al‘
and fip- cells, Larger then B- cells. fixons usuclly fiae with
PiF-vositivo inclusions togethor with inclusioas staining thc
sope colour rs the cytoplasi occasionally visible.
Lo=Clls: P.iF-positive inclusions alvinys prcescnt, but individ-
unlly beyond resolution, when abuadent f:rm darker staining patchos
of ill-defined outline. Cytoplasa stainz siniliarly to fhe Bg-cclls.
Onc or two cells occur laterally, associoted with Bz-cclls. Ixons
fine with PAF-positive acurosucretory uaterial occasionally cvid-
cnt,

D-Cells,

Snall PAF-positive inclusinsns distributoed in bright green
cytoplasu, cach inclusion surrounded by na arca of clecar cyto-
plasi having the appenronce cf nocucles. eurosccerotory uatericl
o ccasionally visible in tho axon hillocks, axons very finc and
can only be traced a short distance.

The staining rocctions, after P/F, CHP, ABP and fLzexr, Of
? ? ’ *

the neuroscerctory cclls and otlicr structures of the bra a arc

Bumiicrised ian table 1, aad culls eof cach type -re illus eonted dn
]

F‘-.;:p 3-



25

Iablo 1.

PAT CHP Azap ABP
ey Bright purple . . Blus Red Pzlc Blue
&y Purploc~blue Blue~black Orange or Blue
orange-red
A3 Palce purple - Grey' Pale Blws
Ay Dull purple Blue Blue Pale Blue
or Pink
351 Gr.cn or Pink Blue, red Red
orangoe inclusions
B2 Gruen Pink Red Pinlz
[0 Groen or - Orange, red Red
orange, purple inclusions
red inclusions
Dy Green, purple- - Pole blue Blue-green
rsd inclusions
Dy " - Prle blue Pole Bluo
Neurilemma Dull purple Purple-bluec Purple-blue Blue
Neuropile Green Pink Palc blue Prle blue
OCthexr neurones|{Orango or Pink or Orange=-red Prle blue
pale green blue
Trachea Purple-red Bluo Grey-browvn  Blue
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(:_5): Survey of ‘the Heurosccrctory Gells Occurring in_the Brain

of virious Lepidoptera.

ihe'rocognitioﬁ of Ag-,.C- aad D- cclls depends, to a
large extent upon satisfactory preparation of the tissucs. ¥hile
Pouin,or Picro-Susa is suitable for rnost species, these cells are
not aluays cpparont. In the followiug table the nunbers of cach
cell typc orce given for 23 species of Lepidoptera, reprosenting
10 families. Instances where a particulor type of cell could not
he idonfified with any degree of confidence arc left blemk, Tho
aunbers ropresent tho couat for cach cell type in cic hoilisplere
of the brein, oicept tho Bj-cells, which occur as oac discrete
group in the nidlinec; for this cell, the figurc is the total

nunmbor,
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Table 2.

SPECIES Modial Weurceoerutory ILoteral fourosocro-
cclls, tory cclls.

Snturniidaoc: Ly Lo &g By C Dy Ay Bz Gy DR
Fhilosoriia cynthin rieini 4 4 2 28 1 2 6 4 2
Sanda gleveri 4 4 120 1 5 2 1 1
Sphingidae:
Eorse convolvuii 4 4 2 186 1 S S 1
Cclerio ouphorbiag 4 4 2 50 1.2 5 3 1 2
Deilephila porcellus 4 4 2 6 1 2 5 3 1
Metoqontidac:
Stauronus fagi 4 4 24 1 5 3 1
o todonta zic-zac 4 4 2 34 1 5 3 1
Pheosia trcnuls 4 4 4 1 2 5 2 2
Phalera buccnhala 4 4 45 1 2 6 3 1
Lrctiidao:
Spilosona lubricipoeda 4 4 1 5 3 1
tloctuidae:
Bena prasinana 4 4 2 52 1 2 3 3 1
Lgrotis clavis 4 4 v9C 1 5 2 2
Lgerotis dinsilon 4 4 2 62 1 3 3 1
Diaparopsis castonoa 4 4 36 1 5 3 1
Rusing wabratica 4 4 30 1 5 3 1
Trisliacna proauba 4 4 2 84 1 2 5 3 1
Geonetridnc:
Biston betularia 4 4 2351 5 3 1

Colotois wmennaria 4 & 2 25 1 5 2 2



SPECIZS

Thyotiridae:
Icthea ocularis

Habrosyne duerosa

Zygocnidace

dysocna filipendulac

Cossidac:

dcuzcra pyring

Heopialidaoe:

Hepiadus humuldi

26.

Mcddol Feurosccrotory

cclls.,

4 4
4 4
4 4
4 4
4 4

40

40

c

Dy

Lateral Heurosocrce
tory cclls.
1\&4 Bz Cz “Dz "

5 3 1
S 3 1
S 3 1
S 3 1
5 3 1
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The A)..cells described nnd onusmeratced horc corrcspond to the
A-cclls of Kobayoshi (1957), Lrvy and Gobe (1962), iitsubhoshi
(1963) and to the 'large anedial' L-ccells of Hernaon & Gilbert

(1965), the Aj-colls of Panov and Kind (1963) and probably to

the largor of the 2 oclls deascribed in the broin of Minas tilioe
by Higkran (1958) Ap-cclls corrucpond to fjj-cells of Panov &
Kind, tho "emall nedial® A-colle of dorucn oaud Gllbert and B-
cclls of Mitasuhashi, and sowic of the smaller rells ia . tiliac,

L constant wuubor of both Aj- and Ay-vells aro readily
diffcrentiated, furthernorce in nost spocics there is a notice-
able differcncc da both cell and nuclear dinensions, ciid tho
appearance of the inclusicus (Table 3, and fizg. 3).

A3-colls werc identificed in 13 specics, the characteristic
appearance of tho cytoplasm is particularly cloar in T. proanuba,

C._ scupnorbicoe, A. ipsilou and D._ castoaca, Fronm thedr locotion

and staining rcactions these cclls undoubtedly corrsspoud to the
Hy group of Panov and Kind, and tac 'pestoricr! A-cclis of Heruan
and Gilbert, ‘hen present just 2 cells occur in cach henisphere.
(Fig. 3). |

Five hLy=cells cénpfisé the latoral A-celis ia nost species,

exccptions are P, cynthio ricini and P. buc.phala which have 6,

C

Panov snd Xind sindliarly found 5 cells in 18 apocics, but 6
in Bounbyx wmeri and the larva of P. buccphala. (Fig. 3).

The Bil=-cells described hierc hiave ot provisusly boon recog-
niscd as acurosccir.tory cclls in Lepidoptera. Ta nany snecies,

it is only with difficulty that they cair be diiforentiated fron
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Tablc 3. Differentiation of Aj- and Ay-cells.

Mean nonirum diasnctors (n),

2. cynthia rieini

C. cuphorbiac

B. prasinana

i, pronuba

D, cactanca

P. buccphala

cell nucleus cell wclous
oY Lo
38,0\ 11.0 24,0 9.0
40,0 15.0 37.5 = 31 12;5
26 x 23 10.5 21 = 15.5 8.5
39 i 29 13.5 % 10,50 38 2 29 |11 x 8.5
22,5 % 17.5 8.0 21 = 17 7.0
26 % 21 10.0] 18.5 x 15.5 8.5

Appesarance of neurcsegeretory uaterial.

Colour of iaclusions

Forn of inclusicns,

B, _cynthin ricini

C. cuphorbiac

Bsppasinana

L. pronuba

D. castanceo

P. buccphala

Iy A2 iy Ly
purple | purple-bluc granulces cecarse frone
ules.
violet |purplo-bro.m |coarse coarsce Eroa-
granules tles.
cpurple |purnle sparsc donsce
aggregates | aggregates
purple |purple-blue coarse flakes
gronules
purple [purplo-bluc flokes flakes
purple [dull viclot |large flaltes

sranules
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gdjacont nouroncs. Iowover ia all of the noctulds oxaminod they
have charactcrisfic éppdarancc and éfﬁiniug rcadtion ﬁhichﬁis in
accordancy with the description f B culls givon by Kepf (1957b),
Johanssoi (1958);.ﬁighndﬂ C196l), Siéw (lQéShJ,Thonson (1965) eand
Hsino & Fraenko) (1967), These cclls appecer to undorgoe eycles of

socrotion in T, proauba and L. ipesilon and their arons can bo

traced through the brain (togother w;th L=ccll axons) bearing the
grocn-staining colloid. Howovor, in moay specles tho cytoplasn
i sparse and has 1ittle affinity for lisght green, phlexiac or
Azcn. Idontification is furtacr comiplicated by their iclatively
sinall size; in sonoe spocles, noiably saturniids aoaud geouctrids,
the donorcation hetweon B-cells and other ncurcnes is indistinct,
This probably nccounts for tihc fact that these B-cclls wcre over-
looked by Hernan & Gilbert (1965), Ichikawa (1362) and @ o7:ayashi
(1957) whe studicd mourcscerctory cclls in saturniids only (Fig.
4).

Bg=-colls vary from o2 speeies to another in hoth confipura-
tion of inclusiocus in the cytoplasm and stoiu affinity. In all
spccics stained with LBP opr CHP, thoy «c plhloxiacphil; with PAF
they usually stiodn o shade of greenr but are orcige-browa in €.
cupnorbiae and dull brown in P, cyathia riecini. With Azan Bo-cclls
stain bright rod, thus resenbling Al- aad A2~cclls. Pancv and
Kiad (1963) found 4 lateral B-cclls in overy speeies they studied,
whorcas Herwan and Gilbort (1945) could find only 2 cslls in the

saturniids; Hyclophora cceroniz, Antheraca polyphemus and Pailo-

sapia cynthia. Ia the 23 specics comprisiag tiils study 3 By cclls
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were identificd in most gpocics, 4 in -l species and 2 in the
reaadinder. A total of 4-ceclls wore found in caca hemispherp
having siniliar diwonsions ond staining :cacticus, but tho one
ce¢ll and occosionally 2 cells centazined PAF-positive iaclusicns.,
To ve consistent with the classificaticn adopted herc, thegoe have
beon put im a scparate category (Fig.. 4).

Tho siangle Cyj-ccll proescat in the medlal group of cach heuis-
phore was located in overy specics studiced. Tiis cell is nost
couspicucus, is intensely phloxiaophil, aond has previcusly been
reparded a8 a B-cell; thie mediel® B-cell of Herman aond Gilbert
(1965), Myj-B-ccll of Panov and Kind (1983) zad the siagle large
phloxinophil ecll of Ichikawa (1962). IMitcuhnshi (1963) describes
a single Ceccll in cach homispherc in larvac of Buproetis flave

and Dendrclinmus spectabilis, Following PrF-ztaining, the appear-

ance of the C-ccll conforms tc the C-cells of Sicw (1264) and

Delphin (18685), in all spccics cxeept P.__cyntiia ricini, in which

the cytoplasn is groawlar and stadns bright osrange. The sizo,
shape aad aumber of PAF-positive grauulos or asgrepatos vearies
from onc spocies to another; they arc particularly clear in
C. cuphurbice a2ad L., clawds (Fig. 4). The saclusicns arce fre-
gqucntly aaskced by dense background steianlug vith ligint grucn or
oraiiize G., and they arce best exnuined befere coeuntoerstediudnsg,
Cz-culls occur leoterall;y with B2 cclls and differ 1o meveral
vays from Ci-cclls., Somc PAF-positive matorinl is alwoys presant
and iuports a faint purple-pinx colour to theso cclls bofore

counterstaining, but whether this ig due to tic proescncc cf PAF-
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positive inclusicns could not be docided; rosolution of individ-

1zl inclusicag is nst peseiblo with thc light nicroscopo, After

counturstaining Cy-cells have a dpluilsh-groch cclouration, and

vhere the PAF-positive nnatericl is most abundant, bluish purplce

patches of ill-defincd outlince can be ubscrved. Ocecasionally

this stainable material con be sceon in the aron hillocks, It

scows unlikely tact thcso cells renrosent o phiase in the scerc-

tory cyclc of Bp-cells; in =11 spoelavas of cach specles cxazined

a constznt aumber of thoce colls is appoarent, furthoerrorce the

dimcneions of both cull and nuclius diffcrentiates tuacy fron

Ba=cclls (table 4). In sone specius they arve larger, ian othoers
2 I < 3

snaller, but the sizs ratic of B2/C2 cells renmins fairly constant

in cvery spocica. (Fig. 4).

Table 4, Hajor dicwotors (u)‘uf Bzfﬁz—colls cad their auclel.

Liclusimns prescat (Cs) Agwﬁginclusions nbscnt'(Bz)
Muaber in| Cell Muclous Number in| Ccll Huclcus
ecch ach
heidsjherd heidsphers
H. coeavolwul 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, trepmula 2 16,0 8.0 ' 2 19.0 x 12.5| 8.0
H._zic-zac 1 25,0 x 15,0 7.0 3 14,5 x 12,0 8.3
I. ocularis 1 13.0 6.5 3 13.5 65
H, derasa 2 13.5 7.0 2 16.0 7.5
T. pronuba 1 15.0 12.0x 7.5 3 24,0 x 17.5] 8.0
B, prasinang 1 15,0 x .0 7.5 3 12.0 8.5
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Dy-cclls were identified in 8 specics, and were located
postaerior to tho Jy+ and fLy—~ clusturs in cach homisphore. In
oldcr moths the cytoplasa has less affinity for light grecn and
superficially they roscmblo Lig=-cclls which lic nostoro-ventral
to theia. Fron thoir staining redcticon end situation Dy-ccells
caorrespond to the ''pesterior! fi-cells of Hermon and Gilbert (1965)
" and to the My group of Panov and Kind (19..3). Ilowcver, the arrange-
neat of the cytoplasst forming 'vacuoles' in which lic PiF-positive
graaules clearly diffcreatiates them fro: A3-colls, and placcs
theom in the class D-cells as described by Delphin (1965). The
axons are often very large in diameteor cad can be traced far into
vhe ncuropilc togetiur with othoer ncurasccretery cell axons, Dl—
cclls which appcer to be actively scercting shew fine strands of
cytoplasm cxtending into the axons, but identification of inclus-
ions was not possible; the vacuclar structurc beconces disrupted |
near thé axoen hillock and individual incluéiuﬁs aré at the limit

of dptical resolutinn. vIn thd brain of Oncopeltus fasclatus

(Johaunson, 1958) and in the brain of S. qrogaria-(Hightaq 1961.)
the D-cclls are the largest of the neuroscerctory cells; in Lep=-
idoptera tiley arc always smaller than Al-colls. (Fig. 4).:

The laterel, Dz-cellé were found only in P, cynthia ricini

and C. euphorbiac, careful secarching c¢f scctions of this arca of
tiic brain feiled tc reveal thenm in any other species. Thoir sﬁainu
ing rcaction clearly iadicates a secr-tory fuwiction; PAF-positive
granules aire comparatively laorge (larscr than pl-cclls) aad arc

discharged ot the time of cumergence of the adult.
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(4) Trensport_ ond Releasc of Nourosgcrctory Material

The axonal pathways of both ncedial and lateral ncurcsocre-
tory cclls are illustratcd in figuro 1. In 211 spcclos the axons
exteond anteriorly for a short distance, thon duscend through the
ncuropile forming distinct tracts cf fibres. The 2 main tracts
cress over at o point just below the doro-ventral doeflection,
for:ing o chiasma similicr to that vhich hes been described in
211 inzects =o f;r exaniaocd.

Mcst frequeatly sectiens of the brain rovesl -uly sicrt
longtiis of the ncurcscerctory coll azons but occasionally favour-
able scciicns cut in the plane «f the dorso-vaoiitral coursc chow
tracts frci: tho pre-chinsuetic regios to tue floor of the brain,
at which noiut they vecurve wock and cxicnd zntoro-postericrly
to ticdir exit frem the vraian in ¥CC I. Yaon thie nxons bear nune-
crous PAF-positive inclusions in T._oroauba, it can be scen thet,
sorc awone crsgz over dircetly, whercos othurs divide inte 2

braachcecs,., Onc braich crosaes

Swor o sunply tihe contralateral

1

corpus cardiacui, the oflicrs romrid in the honigphere of crizin

~

and supply the ipeilateral corpus cardiccun (£ig. 5). Usiag o
silver-stoining tochnique, van der oot (1980, 1961) chbserved
a simdliar divieicn and decussatics in the brein of Hyslophora

gecropia. Althougn the Celgi~-dichronate nethod that hic caployed

is 1ot spreific to zcurcsecrctory naterial, it scens failrly cor-

prs

ain that thc asous described arce derived fron mwedicl n cursscerc-

tory cclls.
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Neurcecerstory grenules beconce nore difficult to discern in
the distal catensions of tho oxors (in WCC I anﬁ IT), 2nd only
occasionally arc P.iF-positive inclusions visible in the tracts
within the corpora cardiaca. In ao instaace waé any accunulation
of neuroscerctory materizal cevideat in the corpora cardiaca; it
thercfore, appoars tiuot these glands do not h#vo the sanme storage
fuanction, or capacity i. adult Lepldoptera, tihetl is well docuﬁcnfcd
in some othior imscet ordirs. Of thc nerves arising from the cop-
pora cardicca snall quaatitics of acuroscerctory material vwerc
sometives visible in the proximel porticns of HCL oud HCA, but
ncver obascrved in the finey nerves oxtouading teo, or into the cor-
pora allata.

ixonal troasport of neourcscerciory ecll prodiucts ein be clearly
studicd in PiF-positive matoricl ouly, suverotioas frem B- and G-
culls stain so sinllierly to the aneuropile that lack of contrast
procludes clear definition at any distanéc frbm-tﬁo rcspuctivo>
axon billocks, Heverthelcss, sceticas cut in the planc of thé
ciilasna occo:ioually roveal the proscnce of grecan-staining drcp-
lots in axons intourmingled vith thosc beoring PoF-positive inclu-
sicns. It sceme likely that B- and C-cell sccrctious aye trans-
ported te HCC I, U division of B-ccll axons was ovor cbscrvoed;

thoy fornm o sinple chiasna.
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(5) Post-oubrvonlu Develonmaent of Nouroscerctory Cells.

P

Thc histology of the ncuroscervtory cclls during dovelopnment

in Lepidoptura, has been studicd in detail in Ephastia kuhniclla

(Rchi, 1951) ond Picris brassicnce (Reha, 1855). Using Azm:a: and

Houidenhains héountoxylin she rocognised but a single typoe of cell
and caumeratod 8 nedinl and 3 lateral onc in cach hermisphero.
Lrvy, Beunhiol end Gabe (1953) provids a short accomnt of the post-
ombryonic choanges occurring in Boabyx ncri, altheugh they used
CHP cnd fizcw, only -ac type of cell is nenticned., More rocontly,
ia n very brief account of the developaentoel clicages in the anecur-
oceerctory cells of E. cecrenia, Hermcon and Gilbort (1954) des-
cribe 8 types of cell and find that caeh type ciliibits scerotory
activity duriag at lcast oﬁe stog f developzent., Other studics
on neurvscercticn in lepidopteran loarvac nve beocn confined to
changes associatod with diapnusc (i tsuhasii & Fuliaya, 1960,
Mitsuhashi, 1961, Wa'tu, 19C0, MeLeod & Beeix 1963),

In the present stqdy the distributica and sunbers of fi-ceolls
cccurring in lorvae ave in agreencnt with thosce of Ponov & Kind
(1963) ond Ecrmien & Gilbert (1964). Iowever, the discovery of
uedial B-cells in adults raiscs thc guestiza of thelr derdivation

cad, if present, their activity in imnmature stzges., The present
study togothoer with w»roviously published acecunts ~how thint the
nedial fi=ecll complex coaprises 3 distinet types of eelil; whilce
Hornan & Gilbort (1954) state tunt activity of oac type of medial
Limccll (cnd the laterel f-colls) is corvelated with aculting they

give ne indleatiocn whethier it is the iq- or Az-ccll tiint iz con-

carucd,
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Tho incidcncb of o vivus infcction in'T;-nronubg larvac
produccd aany individucls with o sub-lothal infocticn and o
staggcroed rote Sf develonmont., Coascquuutly, acnalysis of nourc-
scerction during deovelopaecnt was confincd to larvac ~ud pupac of

P. cyunthia riciai.

A single group of last iastor larvas were dissccted, 2 days
after cclosion. During tho 2nd and 3rd instars, 3 groups wore
dissccted i.c., freshly moulted larvac (post-moult), matur§ larvec
and noulting larvac. During 4th aand 5tu iastars cad 'pre-pupco!
larveae woere disscctod at daily intervelds. Thie commcncencnt of
spinniag was toltou s the onset of thie pre-pupel stage. Lfter
pupation disscctions werce ande at daily iatcervales for the first
5 days aud ot 3 or 4 day intervals theroafter,

lst iunstar larvoc, Using the couplete PLF scqueilce ncurosccre=-

tory cells arc barcly disceraible as the eytoplesi: of practicolly
all ncurencs stoins intorsely with hecematoxylin and Orange G, -
bably signifying an abundance of BidL and ccidophil proteins. lHow-
ever, scctlons stained with PAF, but with the couutoer tains ommit;
ted, re cal 4 Ly-, 2 lp=colls medinlly and 2 postericr Lig-cclls
in cach hemisphcic (£ig. 5).

2ad iastor larvgo, Freshly ooulted larvae hiave 4 Ay-, 2 larsge

and 2 snall fp-, 1 C and 2 D-culls nedially, 2 fg-cclls posteriorly
but leoteral cclls arc not apparcat. Twelve hours latcr S Lg= md
4 Bz—colls are just visible latecrally, and tic :wodial cclls stain

noro inteascly. Ta the mature 2ud instar larvac, the lateral

cclls arc clcearly visible and the wedinl f,-cells arc all of equal



dié.mtar. In bncithnr lsf inetar nor. 2nd insber iarvace "for any
Qitotic figurcs ovident in cclls near tiie latorpal and ﬂollﬂl
nocurcisacretory cclls; the appocroace of Lip=, C-, D~ aond lotoral
colls is nmt likely caused by diffcrcatiation of ouxistiag acur-
ones ot these stages.

Subscque.nt anstors, Tio colls prescat in thwe zature 2ad iustor

larvos axce cvident in 21l subscquont instors cad ao other acuro-
sccrotory cclls werc chserved otacr thai 2 Do-colls in iac 4th
ianstar. Lpart fronm By-celis the nuibers =f all othoer types are
tho saune as in the adult brai#,

Pupac. Ho additionnl cells were cvident up to the 5th day
after pupation, but by the 7th day imngiaal dovilopacat of the
brain results in o closer fusion of the socaisplicres with a
reduction in the matiro-dorsal cleft., Between the aocurilimel
romants of the cleit and the zodial fi-colls o compnct group

of small ueuroncs develops. A fou of thoge colls beor groen
inclusions which delincate then as the develeoping Byeclls. After
14 days after pupation, the By cc¢lls core larger, and uorc cclis
contaoin inclusions (fig. 5) at this stzge cachh clustor cousists
cf about 10 culls; dncreasing toc e total ¢f 28 by tuc 20th day.
This is the nuuabcr found in the adult, and By-cclls cf the 20
day pupnae arce cunpletely differcntiated and meet in the nid line
forming a single group. fThe axons from cach group can be cloarly
scou extending intc the ncuropile togotiier with thosc froem the

A cclls. (fig., 5).

=d

While ac distincet ndtotic figures were observ aong tho

differcutiating By-colls, larger colls contalaing 2 nuclei werc
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sccasionally cboorved., This obsorvation is reminiscent of
Frascer's (1959) sugsgostion theat neuroscersicry cclls arc dorived
by ocndoamitoscs; which has rocuivod furthir support by Mitsuhashi
(1.960).

The pocteriorly situatcd As—co;ls arc iancornorated inte tﬁc
medial cluster by the tine the pupa is 20 dyas old. Onc pair
of cells does so in the Sth inetear lorva and thoe romaining pair
do soc duriag imcginal differentiation, Flgure 5 shows tho rela-
tive positions of these nand sonme medial cells in the pro-pups
of I, prouuba,

L further 2 poirs 9f D cells arc evident in the fonalo

pupac, appearing in the 20-day pupa of P, cyanthia ricini (Fig. 5)
and at 6 deys in I._pronuba. Thesce eclls lio veatrally in the
tritoccrobrum, their axons oxtond dorsslly, towards those of the

medial cells; they were acver visible in adults or larvae.
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(6) Cycles of Secreotion in Iuzaturc Stages,

Socoad and 2rd instar pust-moult larvac show a markod
reducticn in the dounsity éf inclusions in M-, A4-, Bz- and C-
cells, (fig. 6). Imzcdiately after asulting, before tho cuticle
of the hend capsule bocomes tanncd, L= and By-colls ore viit-

ally dovoild of inclusions. Howover, by the tince the cuticle
is tauned naterial is asadin visible in these cclls, in fact
quitc large agsregetes arc apparont within thom (fig. 9).
leccuwmulation of material occurs ia 211 cells until the larva
coascs to fced before cedysis. Reloase «f ncurosce:ctory mote-
orial from A)-, A4- and By-cclls coumeaces aftcr the first vis-
ible sigas of ccedysis which is indicated by o change in colour
cf the cuticle znd an anturo-ventral deflection uf the head
capsulce, Before this oceurs, in the 2ad oad 3rd instars C-cclls
begin to show o characteristic change in thc cyteplasa as o large
crescentic vacuole appears which partially cuacireles tho aucleus,
indicatiug a rapid rclecsc of material, (fiz. 9).

Freshly moulted 4th instar larvae sizmiliocrly show o deple-
tion of Ll-, Ly= and Bpo=cells. The C-cclls teo, contain very
little material, Tuo days aftor moulting Ly-cclls contnin a
fow inclusiouns but L4~ and Bp-cclls stain iatensely. The nature
4th instar larva (cbout 7 days ofter moulting) saow siguns of

fal

|3

brupt rclease from [gj-cells, which have mcanwiaile become packod
with inclusions., Tho dischopge »f iaclusious from [y-cclls at
this stagc is unariaed DY the appearcncc of poriphoral vacuclos

in each ccll (fig. 6), and coincides with o cousiderable deplo-
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t;on of Lp= and Bzécolls, vhercas G-cells arc still packod with'
ineclusicns, In ecutrazistineition te the L~ ond Bz-colls! and
to these and fy~cclls in provious instars, the rate of synthceeis
of nouroscerotory material in Al-ccila of the 4th iastar uvroccods
s5lowly cduring tac first 3 doys, thon, ropidly for the two f0llovu-
ing days. i accurmtlation of PLFLpositivé sranulcs'rcvealé the
lzatercl Do=cells at the beginning of tiho uoult to the 5t iastar,
Lator stages of vidysis rovecl o roapid restoration of inclusions
in fy=- 2id C-cells but there is a couplete loss of inciusions
fron Do=-colls and these colls becouc visible osain only in the
latc pupce.

In tho first 4 dinstaors, the pattorns of egcretion nnd synthesis,
as revealed by fluctuations ian staincbic inclusions, shuw a dist-
iuct cyclical activity in moset cells in cach instar. Thce activity
of fg=, A4=, By= and cfculls is corrclated with moulting. There
arc ncvcrtﬁolcss sone irrcvulﬁritioé; for cmoaple the slow rato
of syntlhosis of ncurcscerctery naterial in Ly=-cells of the 4tn
instar aad the pavcity of C-cull naterinl. This is nowover,
likely to be duc to the suddeu inercaso in cytoplasmic volune
of these cells at the 3rd a-ult (fiz., 7) ¥While there is a fiux
in the cocatent «f La-cells, no coaparcblc phascs of accunmulation
and sccrotion cccur; there is usually a peripherel acad porinucloér
concentration of inclusions, Lctivity of the D-cclls connct be
corrciatcd vith moulting as theoy usually shew nauiral staining
dcnsity'at all cedysial stagos; dilfficultics are often cncountered

in satisfactorily resolving thc cytoplasmic coastitucnts of thesc

cells between the acults,
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i far as fp-cclls cre concoeracd, tiwy show 1ittle fluctua~
tdon in cuantent, however, acurosacrvtory -aterial is cvident inm
tho cxons effor noulting when the greatest goncentradiocn of inclu-
sivng lies in the mbaienal rogicn of vaeh ecll.

Pifth inmtar gostemoult larvae have &.-relstive sbundamite

I lagluslons in Both ly= and Tmeudldsy ££1.. O} dadeed, T lotier
arc paciod. In Ag= ond Bpegolls the staineblo =matericl is very
sparsc; but unlilks provious instors, ot this stags, sonc nater-
inl is cvident in Ly-colls. During the first 3 cays tiluic is o
progrossive accumulation of inclusions in i3-cells is omnech slovivr,
and by the 3rd day these eulls ere still foint, but subscqueatly
thuir content lioeressch consideiably ond by the 7th day thcy stain
douscly (fis., 8), DNuloose of scerctory mintorial conicacou from
n1~0u118 on the 7th doy. On the folloyin,, doy tho ly4- and BQ”.
colls bosin to discharge, cad in the =ature (10 day old) larva
nuch of the denscly e gregated dnclusioias of A1~q9lls havae buoen
discharvgis au3 vacuslation is oxtensive (f£ig. 6), By this stage,
hgmoolls ope totally acploted, Bomcolls inclusioas arc VOry Sparsc,
as also cro thoese in G=cells vhich have tic crescentie vacuclo
nuieh enlarged, Tuis whnse of coerotion constitutes the 'c'Lthhl
perdod! oad it is iatercsting that fip-culla are tac culy colls
that croe ast active.

Prepunacy 4Lt the commoncouwnt of thoe npripupsl stage the euticle

BkaRg@& colour, sillk s r‘oduccd ana phe 'larvae! boconw vory act-

ive, During tie first doy the phasc of scervtlon Wit hag apoe

visnsly coovicheed in thoe caturing lorvecs cootinues; fa-, 4,-, Bsy-
© s 41T A

and C=colls orc cither ennplotely, or aluwst conpletlly dupletoo,
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ﬁgucclls alss discaarge and siow o lower density of inclusions
than at any nraaading stago.

Tor thc renainder of the propupal staze (4-5 drnys) tierc
is a pregressive accummlation in fg- and fL,-cclls, although the
latte: appecxr to continue sccercting for coveral days, as is ovid-
chced by the lack of inclusicns din the atoncl polos of the cells
and the axon hillocks. Very littlc :wicrial is apparcnt in fg4-
and Bz-cclls, but therc is such a ropid accunulation in the C-
cells, that by the 2nd day they arc worce cr less packed with
orcuge~stainiag inclusions, Tho 5th dey prepupa showus 1ittle
change in cll cells other tiat C-colls which show an oxtoeasive
loss of antorial.

Pupoc. Twelve hours after puwpation the histological picturc
is vory siniliar to that in the 5th day proepupa; dy-cclls have
auncrous wuniformly distributed inclusions ocind fow peripheral
vacucles, C-cclls are again packed with inclusicas but A4—cclls
ar<e complutely depletad. 4 high rete of scercticn appecrs to per=-
sist during the first 4 days, at the cud of which Ly =celln orc
considerably vaecuolated, fp-cclls boor fow iunclusions cnd the
lateral A,~ oud By-cuells arc quite develd of any steincble notar-
ial. Pupcoo dissceted at 7, 10, 14 and 17 doys fron pupation show
a progressive accurmlation of inclusions, perieds of scerciion
still oceur which is evident in the pruscince of inclusicns in the
axons, »ut the rate of syathesic obvicusly cicvcds that of releaso.
Yitheut a dutedled Jmouledge of anctoRical and histological chel ges

in the othor ticsues it is iupossible to sugsest any corrclations.
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“In tho 20 dwy nuph (nbuut 5 days bolforu cmorgence) both
nedial and la tc °l D-cblls a)d A3 cclls coatain aumsrous inclﬁ—
sione (fig, 8) vhich aro subscauently rclenscd., Tais pheose of
accumulation auad scercticn by the B types of cells appecars to be
associatoed with crmorgence or final stezges of imnzingd doveloprnient.
PLE—positivc inelucions avo cvident in axous of Ai; and fi4-colls,
but abzeat fron Lig=cell exons; otherwice the histologleal pisture
is sindliar to thot in the aevly cencrged cdult., The dovelopnent
of Bl—coiln et alrcady veen outlined; it is notiderble tant Bl—
cylla show a peax develepneat tovards tho lattor part of pupal
lifc and that the dogroe to which they toke up light gr.cn stain
diminishic in the adult., PFurtacrnore, the prescice of groen
incluzicus in both thodr sxon hillocks ond distnl ports of the
axons Indicatc trousport of this scerciory preduct, and its pro-
bablc rclease during this poriod. Tho scerctory activity of By~

cclls appoars, therefore, to be acxinal in the nupac stazo.
& H 3 p l (&)
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(7) Growth Increments of Nourosécrotory Cell .

In tablo 5 thc calculated volume of the“éytop;asm of 6-
types of neurogccreiory cells arc given at rcprcscntativo stages,
It is opparont that the majdr'incromcnt in growth in cach cell
occurs arring cecdysis. The voluno of cytoplasm in fy-, Ly=y C-
and Bo=cells attoine a uexinua soue 20 dyas after pupation, there-
aftor they decrcase in volumc., Initdially fp-cclls show, o com-
paratively slcw growth rate (up te the 3rd instar), which increcases
by a.factor of 2.3 during tho 3rd-4th ianstar ﬁoult, and by a factor
of 2.4 at the following wmoult, Uanliks fg3-, fiy=-, C- and Bz—éells,
the reaainder (i.c. Az-, Aa- aﬁd D-cells) reach their naximun vole
une in the adult; the growth rate of Dl-cclls closuly parallels

that of Az-cclls.
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Tablo 5, ggvqlgnmgnJLgﬁ;ﬂanpﬁggzsigry_leiauinMRL_éxnthi&Lliﬁiai
yolune of cytoplasn (13).
STLGE Iy 4y c D Ly, By

2nd instar,
post moult 892 208 1,037 844 - -

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

3rd instar,
post moult 2,394 268 1,394 1,218 584 1,108

3rd instar,
nature 2,628 268 1,966 1,294 749 1,109

4th instar,
post moult 5,196 617 G,820 2,823 1,294 1,546

4th instar,
naturce 5,992 971 6,860 2,673 1,375 1,824

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

5th iastar,

nature 10,975 8,871 8,583 3,869 3,371 3,809
4 gay o1d

pupa 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

&dult 28,044 11,117 16,140 10,444 1,244 10,370



20.

Tho dovclopment of Ag~rclls is not relatcd to any other
ccll typé. Fr i o gradual inércasé up to the nnturc ard instar
larva, thesc cclis rapidly incrcasc in volume (by a factor of 4.3)
during thc following moults, after which thoy resunc a sradual
inercasc in volunie tc the adult stage.

Lpart fron fg-cells, the moct rapid growth cceurs in fiz-
cclls which, in thc freshly mOUltbd 4th dastar larva Love a eyto-
plasnic volume greater thoa that in the adult., Expresscd os a
percentage »f the velunoe of adult cells, the following figures
arce obtailaed; Ap-34, A2_§, C-42, D-27, A4—104 ~ad B2-15. Further
iacrecasces in volune occur in all ecells subvscequently as indicated by
the following perecwantazes in the noture 5th dastar lorvae; 41-32,
Lp=33, C-53, D-37, £;,-270 and B,-37; and ia the 4 doy old pupa:i-
L,-70, Ap-30, C-47, (D-37), (£;-270) ond (23-22). The By-coclls are

.

of inturcst in tiis context, os thoy atiaian a voluwue of 66 (of

the adult Bp~cclls) in the post moult 5th iastar larvace, but the

volune declines to 22% in the 4 doy old pupe; thercafter a proncuncos

growth occurs renching 145% in tle 20 doy old pupa.

Each phosc of eytoplasumic grovih is usually pruccded by an
inercasc in nueclear voluue which also oceurs during ccdysis.,

he caleculated volumes of asurcscerctory cell cytoplasi: are

of latcrest for scveral rcasons; an abrupt increase in volune will
have o *diluting' coffcet upon the necuroscerctory naterinl present
and aay give a false picture cof reducced duasity of stoinsble aater-
ial. Increesc in volune ecanl bo uscd as cu dndex of prescent or

inpending hormonal reguirenmcnt; ond the rolative rates of iacreasa
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aaeng the vaxious typos of cell is likely to reflect theivr inpor-

tanco in respeet to the uajor piysislogical events during develo-

prent (fiz, 7).
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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) Hcuros =cr»ti~n in A“ults. P. cynthia rlcini ond T. pronuba,

. memes e

[ PP . P

One nmajor aspect of this study conprdses an investigation
into the rulatizaship betwecn tite eireadicn flight rhyihn and the
activify within the ncuroscerctory cclls of tic brain. icoles were
priusarily uscd to aveld any complicatiag factors that uay arisc
in the forales, in which cyclos of secrcticn associated with repro-
ductive cycles nay cccur, For st spocilos iight trop captures of
nalcs far oxcecoed thosc of females, and this has aided this study.
Neverthceless neurosccrgtory cells were exanined in feaales fron
sevaeral spocics; it was found tuot preeiscly the somu cells cccur
in both soXes, in fact thce histclogical picturo is renarka?ly
sinilicr in all rospects. I-wevor, op tie fonales that ove
attracted to mercury :apour lenpas appear —meh later than the nales
in nost speeios, it is likoly that this plhiencoenon cccurs at a
particular piysiological phace. So far as I am avarce no definitive
study has becen sade of tihe ueuro-ocndocriie systen in relatica to
thc reproductive eycle in fenale Lepidoptera. In their orief
account of the brain nourvsecrctory cells during the develeopnent
of B. nori, frvy.ct al (1953) stote that in youug fenales a frosh
accunulation and transport of the ncuroscerctory naterial occurs
beforc ovipesiticn, rcegeordless of whether the moths have ated or
net., To attonpt such au investigation was considercd to be beyond
the scope of this study, but the occurrence of an identical nouro-
seerctory coll systen in both scexes sriises the question of the
function of thosc cells in malos, where o distinet roproductive

cyclo uay be lacking.



524';

a. Biilosomin eynthia ricinid.

-~

Adults oro shart lived ia this snceles; femoles and unaated
anles live 7-8 days ot 200C, but -wtod nrlus nsually ilive 5-6 days.
Lilke all other saturniide tliey do not feed, and noths dissccted ovar
an 8 deoy neriod show a progressive decline ia tho voiume of the
fat body. Krishnakunaran & Sclincideroan (1964) have showun that
in fact,death of saturaiids is duc to lipid depletion.

Bffcet of 4AB0.

Neuroscerctory culls were cxaminced in beth nales and fenales
at daily intervals fron omergence until tie cdghth dey. In this
scrius all notis were chlercfornod and dissccted between 2.00 Palls
and 4.00 p.n. on cach day., HFo najor cycles of scerctery activity
worc obscrved during adult 1ife in any of tiac nourosecrotory cells,
but some winor changes ¢o occur. Tho fj-cclls arc vacuolated pori-
nheorally upon ocn.rsicuace, and‘this condition rersists for the rconin-
&crlof'théir'lifo. Vith inercasiag age the vacuvoles calarse, tend-

ing to beecone coafluent particularly ot the axonal and abaxonal

poles of cach celi. Granulc‘donsify ~lao cnangds; in newl&.cmerged
noths the grenules are lorgely agoreseed, but become dispcrsed
with age. We vacucles werce cver obscrved ia fiy-colls, which,
novortheless show a sreater dininution of PAF-positive material.
The bﬁlk of the stainable inclusions in Aa-cells are discharged
before cmcrgehce, becosiing aliost coaplotely depleted 3 days later,
The 1atcrai A4=-cclls boar murous ansregated inclusions shortly
aftcyr ca;rggncc, but their concentration progressively decliac
during adult life, Huecivar voluae and totzl ecll valwie does ace

altcr in any of the f~cells, the appearcace ol the clironatin and

i
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nucleoli romain cqually consistcat. Inclusicas arc froquontly scon
in axon hillccks but only rorwly obzerved in axons traversing tho
nouropilé.

Tho low affinity that Bp-cells iinve for any of the staius
c:wloyed periiit ws conclusions to be dréwu rogardiag dynanics of
socretion in the odult. Thore are no fluctuations in voluaes of
cnite o theli ancloi, all of wlich nre of cinsely similicr dincn-
siocns; tucy gi%e the impre sion of having little sccrotory activity.
Oun the other hand, By-cills strin ddstinctively oad roveal a pro-
grussive increcasc in astrascerctory materianl, In no instanco
were Bo-cell dinclusions obscerved ian their axons.

he pair of medial C-cells wore Udifcraly cad densely stoined
at ¢ll ages, ond 'fovourable! scctlons reveal tie prescace cof the
craunge~stoining colleid dn thie uions, susestive of o steadily nsin-
tained lovel of scerctory activity. Inclusicas fren both Dy- and
Dz—colls arc discharged before cnd during cisrgence, ace further
accunlation takes nloce. The volunc of the Auélci of Dl-cclls
deecrcases cad ti:ec nuclcor nenbrancs boeecties irregular in scction.
Togcthur with tlhic syzrse chronntln this chonpe is interpretcd as
indicnting cussation uf cynthctic activity.

Tine loss of inclusions frou fn-, fip= 2nd ig-celis, occurs
gracdually in unnoted neths, Vhen recently cnerged niales and females
are put in a cage togethor, copulaticn usuclly comencos duriag
the first night. Both soxes cre strictly nocturncl nnd funeles begin
Tealling' fxon the first .dizht after cuersgence. Colling, or reloasze
of the pheronone is acenaplisicd by oversica of the terninal abdo-

adnal segaents ciposing ths scent brushos cud thus dispersing the



56.

nttractant. Coﬁulﬁéicn lasts frou 24-4é‘hoﬁrs ﬁufing which timo
both saexes arc inﬂctive; Sogtional broins of both malus and fenalos
sftor 24 lLicurs of cppu;atipn revealed little chango in contont of
thre neunrescerctory cells, other than fip-cells whon compared with
unnated noths of thie souo age, The quontitative changes ocecurring
in any type of cell werc snall durdng any 24 hours period, noevertle-
less, it becouc ovident thot in snted noths as sceretion is releascd
fron A2-cclls, whourvas therc is o reduction of inclusicns in thesc
cells in unneted uoths, It sc.3s possiblo that tho lack of sacre-

tion in noting ncths is associsted with their inactivity.
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Noeuromccrction ot m:.'aczd :mterv ols durm > o 24 h'our; i)uriqc_l,_._

Althoﬁéh a doclino in stoihablu wgtgrl“l Lo c¢cnr¢y cppor—
ent, nouroscerctory naterial wis rarcly deteeted in the axons. As
all thesc moths had beon diszscceted during the afteracon, it is
possiblc that scerction oceurs ot sonc other tine in each 24 hour
poeriod. Examination of the flight rhyth:z had denonstrated that cven
in constant davkness this speeiovs adhercs to a circadian rhytho of
netivity. In the mole twth, apart froa copulation, nceturnal flight
activity conpriscs the najor rhysiologicenl covent; participation of
onc of nere types of asurascerstery ccll in coutrol of this cado-
gonous rhythn, wos thercfore anticipated,

For this investigation, proups of aoths of tl sane age
werce dissceted at 12,30 petl., 8.30 p.r., 12.30 2.1, aind 8,30 ..,
only umales were uscd aud nonc had anted. After PAF, noe diffcronces
vorc noticod betweeon thosce dicsected at 8.30 or 12.30 p.a., whereas
axon hillocks of all fAy-cells showed a uarked recduction in inelusions
in noths dissceted at 12,30 n.it., cnd to o lesser oxtont in those
disscected at .30 a.n. Of 4 ncths dismsceted ot 12.30 a.m. uvne
brein hod beca succoessfully oricntoted for scetioaing whércby oxXons
iz tho region of the chiasna were prescat in 2 seetiscas and reved ced
nuncrous PLF positive iasclusions. Only scort lengths of A~-ccll
axons could be scen in thwe roncinder of this group, thuse too,
unlikc all others cecataincd nunercous inclusicns. Although nsurosc-
erctory unterisl ean be clearly differentiated in the perikaryia
of L=~ cnd fip=cclls by their stainiag roaction, this is not possible
with ~zonal dinclusions. While there is a detectable loss of uot-
erial frei figmccll axon lill: ckc there is uo conparable loss fron

- © e « ot .. Lieeacan ,



Lo~coclle i oither 12.30

Al-colls flso sceroti at

but it scens nore likeoly

derived fron Az—cclls.

Ianduced Chaonrmes is Nous

Soue prolivinary

to osteblioh which type of coll, if any, coatrol diurcsis.

nale weths were scloctod

deys «ftcr cacrgence,

injocted inte the hactiococldl of the zbds-on.

disscctod cut cnd fixed o

L additicunl) group i 3

with 0.2 1 of 10% destrase solution.

is Noursscerctory Co

Eoch noth rccoived 0,2 il distilled
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G.de vr 8.30 o,u1. The posgibility that
o sindlisy tiie connot bo discounted,

tiat the oxonal aatoricl cbsorved is

cupurinents wcere couducted in wa attenpt
Unacted
froa 3 «goe groups; 12 hr., 30 hr.. cad 5
ucter,
Thoir broedns wero
ither 7 hr., or 24 bhr,, after injection.
five-doy old nwotlis, srorce eccehh injected

Tire tine ot which injecticns

were nede was orraaged so that dissceticuas were nado betwecn 2.00

n.il. end 4,00 p.i. This
viously preporcd -t this
411 toths showsd

no chauges weorce detectod

cllovwod dircet conporison with those pro-
tine ot doily iantervelds.
~ roduction of iluclusions in fy-cclls, but

ia any otier cells, The rcduction wis 08t

iierked 24 hr. aftor dnjection cnd wes tceccunonicd by ircreasad voc-

uolation.

o considercble cnwount of

the

In this group vacuclation had becons so

Twenty four hoéurs after injouction iz the 5 doy o0ld ncths

ne rosecerctory noatericld wes ovideant in

cxons, aud the hillaockis wore practicenlly dovoid of inclusions,

cxtensive that sone vacuoloes

arproached the nurlei, (fig. 8).

b. Triphcen: proruba,

As mony field noths vors used it woas nocessary to assess

the

:;ffects of feeding and of

age upon tle acurasecrctory ccells.
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Longovity is very much groater thos in P, bzggg;g ricini, as feeds
ing in adults of B, pronwba is sbligatery. Laboratory roared noths
lived for as long os Z‘nonths. In tho ficld they cxre present fron
carly July uatil lote Scptomber, but caergence is sprecd over sove
ercl woclkis. hey are strictly ncocturnsl nad copulation occurs «ot
night and is of o very sheri diration. Tuc differcaces between the
2 specics nokos o couparative study of ncurosccrviion of particular
interest,

Effcect of fAze,

4 boteh of pupac, fron lst genorction lnboratory roarcd
stoccks were rutaincd for this iavestigotion. The dates ot which
noths cricrged were noted tnd thoy were sepirated into age groups,
A1 disscctions wure ci. ricd cut between 2.00 p.ia, and 4,00 p.n.,
corsieheing from the day of cucrgence and theronfter ot 5 doy inter-
vals. The final greup werce dissccted oftopr 45 doys wien the supply
af noths had becone cxiiqusted,

Both £~ cad Az—cells roveal a progressive accummilation of
nourosccerotion, but uo cycles of secrotory activity were apparcnt.
Moths over 20 dyas 21ld showed o very ccasidernble deasity of inclu-
sicus, rad this wos porcllelsd in individvucols captured in thoe field
later in the scoson, In coutrost AS— cad A4-cells do show fluctua-
ticnn in the density of inclusicns, reflecting phascs in cycles of
sccrotion and of cececwmlation, These occurrcd ot irrciuloy inter-
vals, but the vrocesses to which they were linkod Jdic¢ not becone
apparent, The Ag-cclls togethor with D-colls discharge cccunulated
naterisl in o period of secretion thot commoeinces before cdult omer-

gence, wnd continucs for sovercl doys afterwerds, Thereaiter inclu-
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sions>gradually accunulato ia D—éoils.‘ The latoral, Bz—colls
showed 10 ovidonce of cetivity ot cay ago, wieroeas By-culls appea
to undorg§ aarfzed cycles of secrotiqx; The latter foerm o wedge-
shapod greup of cells tiat lies hoheath the A-cells and which is
caslily distiunguishied fron the lotter wud tiie mdjacont neurcacs.
Lxisting in two distinet phoscs, differential coll ccunts show o
nrogresgive rocrulitnent te produce uore cells dn uliich neurosecrc-
tory actoricl is prescnt. Tuesce vear brisht sreon daclusicus witi-

out distinet cutline, thelr nuclei cre lapsoe and sphorieal oad the
]

a

v

chromatin 1s sporse rad aggregnted, In the distinctive pre-scerctory

¢

phose the cells arc ouch snnller with besiphibe  cytoplas., stoining
or cuge-1rod; the nuclel cre cdso saeller, ollipsodd with covenly ds-
perscc caronv.tin., It appears taat this stoge is followod by rapid
syinthesis of the ncurcscerctory antericl cnd by inercesc in volune.
The claborated nmtericl is equally rapidly disclhiorped, but only
when thc cell is packed with iunelusicns. This cycle occurs inde-
pendently withiln each cell, walike that in all othor types of acuro-
scerctory cull.,

The totzl auwnber of culls is alwnys 82; ot wergence there
arc 32 cells beardng inelusions suid 50 witisut., Aftor 5 doys there
Q.r 28 colls with.inyclusions ~nd corrospondingly, 54 witheout; thore-
cftoer, the ratio clters as follows:- ot 10 doys, 33 with ond 49 wi th-
out, ot 15 days 40 with cad 42 without, ot 25 dycs 48 with «nd &4
without and =~t 30 duys 52 with o~nd 30 without, The rotio at 30
deys does nct nlter at 33, 40 or 45 days. 01d soths fron field
populations olmost invoricbly have this ratio of Bl-cells. It

noybe noted thot tuc deercoasce in tho uumber of colls with iunclusions
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wesd found ddﬁéiéﬁéntly in & individunls oxonined 5 dnys oftor
cororgences  In.fact very 1ittle voriction wos fouad botwoen indive
iducls of the‘sémc LBe. Liv’ progressive iﬁcrcaso thot occurs bot-
wouit § cad 30 dycs aftuer ciwrgence could be intervreted as contin-
rvod¢ cdiffercntintion of Bl—cclls that ceoancencoes in the pupa. However,
the initiad deercaso 1 the ausboer of cells with inclusions supports
the vier of shoert torn cyclical activity, :nd of diminuticn of rogqui-
roucnt for thié scerctory otericl, sirce tac nuamber of culls bearing
inclusicne increases as thoe moths get . oldur, The paysioclogiccl
role of thosu cells renmcins obscure, but they are of particular
intorest as they are tac only type that is abseat from loyvie mad

arc therefors functioncdly significant to the cdult T. proanubs and

prinarily to the doveloping adult P. cyathis ricini.

Cy=cclls renadned coastrnt in appeorence throughout «ll age
groups, Thcy cre pecked with brighit groca-stoining naterdal with
sncll reddish-purple iaclusions whlel: nre widely but regulorly dis-
porsud. The lat.rdd, Cp-cclls on the otiusr hond, shows signs of
cyclicnl netlvity. The sceretory product differs frow that of Cp-
cells in that the purple ianclusicus are wuore auncrous but much snaller
and while they are simdilicrly cssoclated with grecu-stoining nat-
erial the pronortion of purple to green is mmch greatsr. Tho ncorhe-
ulation of acuroscerctery natorizl in these cclls beconics apparcat
with the foruation of patechoes of purple aad groen asnterial, Evoen
when patches of iunclusions arc cbscat tic eclls stoin failutly red-
dish-purple; this stoge, or varisus stoges of cccumulation occur in

different individuals of tho sanic cgo. Furtheriore the aoparcat

-



62.

phosces of accunulation cad socrotion sccur irrcgularly =nd could
not by corrclatod wmith any fuaction

It is immcdiately cpporent that sherens in P. cvathig ricini
there 18 & pragrenssivae loss of ncurosuerctory oamtorial in nost cells,
quite thc oppositc ocecurs in Tk_n;gnuba. Probnbly this is rclated
to longewity, and thc naintuincice of synthntlc capacity furtacr
indicates participation of nost if not cll dells ia physioclogical
cvents of the adult,

Hecurossercidon during o 24 hr, poricd

Thore is litilc chonge inm scerotory ¢ ct1v1ty ef the nedial
and loteral f~cclls, vith cge. The neoths hod hewover, o1l been
dissceted within thoe sou 2 hr. poriod on cach dzy of sanpliag.
Flizat activity in tidls specics shiows o strong ond o porsistent
cadogonecus rhytiunm. Whon subjected to 16 hr. illwsdincticoan flight
coiurenees shortly after tic lights oo switched off (11.00 p.n. in
the C.T. roow). In z prelimdncry study notis weire, tucrefers, dis-
scected ot 4 tine dntorvals, when it was hoped te roveal the nozinun
fluctuntions in groanular density within the eclls. This w.s bosced

sceretion cccurrcd in

[}
Cr
)

on the assunmptinsi that - cirendisn cycl

this speeies, ond was similicr to that in P.cynthio ricini. 7The

tines sclected wore; 9,00 p.it., 2.30 c.n., 8.30 a.i. and 3.30 p.n.,
6 noths wore dissccted on cach scccasien.,

By the usc of the couplete staining scquence (PAPF) it beocane
apparcnt thet in some individunls, dp-cclls benr few inclusions but
these tend to boe obserred by the intensc bockground staining. To
obtudin a clearor pletur. of the density of PAT-pozitive inclusions

the counterstains wers renoved by rehiydrating mnd thoroughly woashing
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in distilled wafor; slidos wvore tilan dchydrated «l retounted. With
only PiF-vpositive structuros ronmcining, Ai— and fy,-colls worce roadlly
estinated. The concentration of inclusions w:s scored on o sealc
fron 1-4, in which 1 ruprescnts for inclusious, increcasing to 2,

and 3, and witﬁ a nexinne: of 4. The rosults are given in table 6,
Frox this sories it ccn be even thoat in cll noths dissceted ot

3.30 p.m. thae nouroscerotory cclls (A =nd Az) are gquitc uniforn

and doasely staining (fig. 8), which weuld oxploin the rather con-
strat picture chiained iz the study on ageing. Howc?or, the 3 cther
sroups show quite considerable variction; altheugh ao eloorly definced
cyecle of scerctory activity is cevideat, in sceveral noths beth types
¢f cells reveal seerction of naterial, and alnost a1l Loo=cull mqt-
ericl in « fow weths (£ig. 8). Neverthceloss the foet thiat scero-
tion does occur ot those tioes, togotihcr with the constant cppoar-
ance of colls with dense gronular cccurmlations fixed in the afteore
noen denonstrotes o eireadicn eyele of scerctisn. It is noticeocoble
that when fy-cills have discharged o considerable quantity of material
wngd are ot stoge 2, fip~cclls &¢e at stage 3-or 4. Couversely, whon
Lg~culls are at stoge 1 or 2, Aj~czlls cre ot stoge 3 or 4., Thérc
is oo gppeawance of an inverse rolationship betwoen the scerctory
activity of these 2 types of cells, However, tho factors wiich
govern scerction by thusc colls must Lo eosuplox.

In preporing noths for this study no attontion was paid to
fieding; tho coptured motlls uscd had been oxposed to o feeding pad
gonked In 1% honoy sclution. It ds likely that the 24 noths that
were oxoained hod last fod con difforent occasiens, as later obscrva-

tions saoswed that wiwen dlowed to feod at ony tino, over a loug
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Table 6. Oonecntration of ineclusions in - nnd Ap-cvlls at tincd

iatorvels during o 24 hr. pericd.

Tine  ioth Ap-colls Ap-colls|| Time Mo th Aj=eolls Lp-colls

S P 4 1 13 4 0
2 2 4 h 14 4 1

3 a 2 15 4 1

9,00 pile 4 3 2 8,30 ~.n. 16 4 2
5 2 4 17 4 3

6 4 2 18 4 4

7 3 1 19 4 4

8 2 4 20 4 4

9 2 4 21 4 4

2.30 a,z. 10 2 3 3.30 p.u. 22 4 4
11 2 a | 23 4 4

12 2 3 24 4 4
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period individucls cstablish difforent foeding patterns.,

Effoct of focding ond starvatior unon Scerctory Cyele.

In an atteapt to olueidate the cifcet of both fceding and
starveilion upon the rcleaese of wvarusoccrctory naterial froa Ay -
ond fp-colls, two groups of noths cocl: of 28 individucls, were
isoelated cud starved for 5 doys. The fcllowing dey onc boteh
vag fod ond the other starved for o further 24 hr. FEoch b#tch
wes ddvided into groups =of 4 and cue ércup fron cach was dissected
at 2 hr., intervals commcncing at 8.00p.r. In tihe fod bateh, the
fuoeding poad was reaoved ot 4,00 p.m.  Lis da the previous scrics,
the eounterstoins woere eruritted, wnd thc density of the ineclusions
was sinilicely scorcd (toble 7 aad 8.).

It can bo scoen thot feeding hns o unaried oeffeet upon thoe
rolense of nourcscercteory waterial from both fy- oad fp-cells,

The poriod of illumination cextended fiom 7.00 a.u. to 12.00 p.i.

aund whother fud or starved it Lppcgrs thot release of natoericl oceurs
in nmost individucls after the lights arc switched off. Starved noths
continuc to scercte from fig- cad fp-cclls throughout the anight,
wicreas foed moths seercte froam fp=-cells only, aud for o much

shorter puoriod.

At first it scuns soncewhat difficult to reeoncilce those
roesults with the coparcent role of fiy= cnd fp-colls in P. cynthia
rieini; i,c. in control of diurcsis and of cetivity respeetively.
Wiile the roduced scerctsry activity of Az—colls is in accordance
with the function attriﬁutcd to thew, tho parallel in scverctory
activity of Al" to Az-cclls in sterved roths ~nd their apparceat

feilure to suercie in fod wmotas is herder to ciplcin,  Posbibly,
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Table 7. Condohtration of inclusions in A= and Lp=-cells at tiaed
intervals in starved moths,

Tine Mcth fAy-cells Az—colls" Tine Hoth Aj-colls Ag-cells

1 4 4 2.00 a.a, 15 2 1

2 4 4 16 1 1

8.00 p.r. 3 4 4 17 C 2 1
4 3 4 18 2 1

5 3 4 4,00 .. 19 2 1

6 3 3 20 1 1

10,00 p.n. 7 3 3 21 2 2
8 3 44 a2z 2 2

9 4 4 6,00 a.nn, 23 2 2

10 2 3 24 2 1

12.00 p.u., 11 2 2 25 2 2
o 12 2 2 26 2 2
2,00 a.mo. 13 3 4 8.00 a.a. 27 1 2
14 2 1 28 1 2

as iu dp=cells relenso of ucurmsﬁcrct;ry imtordial is inliidited,
Howover i keeping with the p.stuwloto; thrt they have o duiretic
funetion, thc reducod rate of secretl il after feodiiy coi. be expla-
i:ied otherwise., As lipids for: the 'flight fuel!, activity will
result iu tho producticu ot "aetabulic water!, o:d this oy roiso
the volwe of haenslynph, cud ddlute it, thus stihwwmletiing release
~f o diurctic factor, If this is currcct, if would oxplein the
cbaserved cetivity of Al—colls. It hos beon showny that coven widar

dry conditious iioccets aro ablo to obtoin sufficicnt hietabolic
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Table 8, Concuantration of inclusilons in fy- and A, ~cells at tinud

intervels in fed noths,

Tinwo Moth fy=celie Ap-colls Tine Moth My-cells Ap~-cclls
1 4 4 2.00 a.n. 135 4 2
2 & 4 16 4 1
8.00 p.u. 3 4 3 17 4 3
4 4 3 18 4 2
5 4 4 4,00 p.n. 19 4 2
5 3 4 20 3 1
10,00 p.n. 7 - 3 2 21 4 4
o 8 3 1 22 4 3
9 4 4 6.00 p.n1. 23 4 3
10 4 2 | 24 4 2
12.00 p.n, 11 4 1 25 4 4
12 3 1 26 4 4
2.00 2., 13 4 3 8.00 oo, 27 4 3
14 4 2 28 4 3

vater' to preveut ony proporticial loss o8 a body ccustituont (Buxton

azd Lowvis, 1934; Wigileswerth, 1950).
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Thézpreseﬁt:étﬁdy confirms that there is a multi-
plicity of nourosocfotory cclle and types of cells in the brain of
Lepidoptera, as previously rceported by Panov and Kind {1963) and
Horman and Gilbort (1864, 1965). That, furthormorc there is a
remackeble unifornity in nﬁnbors of Ay=, fAp=, Ag~, C- and Ducells
nodially and Ag-and Dz-cells laterally, in differcnt specics and
in neost stages of a sihgle specics., Studies of tlhe tinctorial
affiaity and cytomorphology of the various types of cclls ;cavcs no
doubt that tiey are quite distinct; the cyclical cherges that occur
during developuent confirm the distinction. Wiile soinc authors
beoliave that colls with differcnt histological oppoarance Kerely
represent phases in the sceretory cycle of a single type of coll
(c.§. Broadenburg, 1956, Herlaut-Meewis and Pocquet, 1956, Highe--
1959, Kopf, 1957a, Hayar, 1955 and Thompen, 1952), this suppositiom
is quite untenable wWith regard to Lepldopteora. It is notable thet
these workers uscd Azan or CHP but moroe rccently PAF has replacoed
the 'classical' CHP nethod., It has become apparent that auch of
the preovious difficulty and confusion in categorising ncurosccrctory
cells can be avoided by tke application of the newor techuaigque,
together with precisc analysis of the results,

The various schenes of classification that have been
proposed in the past have becn outlined and discussed (pp. ),
and so far os it has been possible, ceolls described in previous
accounts of thoe lepidopteran brain have been related to the systen
adopted here. Acknowledgeing the present wide aceeptance of the

I
PAF sequence, the utilisation of aQalphabetical systen nccossitates

\
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draving na shdrﬁ”aiéﬁfhéiibn'bétﬂusn I~ end Bugells. &t ppegeit
hore is an 6utstdndiﬁg iced for this, and bascd upon PAF. staile.
ing the only logical distinction is that wiich Jolizusson (1958)
applicd: B-colls neﬁer bear fuchsinophil inclusions, wherecas L~
ccll inclusions are always fuchsinophil. This doos mean though,
that tlerc is an '"f-ccll complex! conprising at least 4 distinct
types (4q, Ay, Az nedially, and A, laterolly ia Lepldoptera), but
these colls probubly lhiave quite difforent physiclogicesl roles,
Raabo's (1965) systen includes Bj- ond Bp-cclls which are fuchsin-
ophil, zad would thierefore foll into 2 categories of A~cells, Tho
fact that this author différonticted A- ond S8-cells upon the absomce
(in the former) and prescnce (in the latter) of sulplydryl groups
doeg not,per rso invalidato the systenr that places thoz in the same
tclass' of cells. (Awcoells), ratiier it coafirns their sepmraté
identity. £Ls for as histocheudcal differentiation is concerned it
is worth pointiug out that aldeliyde fuchsin ds used as a histochien-
ical reagent (¢.z. Scott and Claytom, 1953, Spicer, 1960, Sulkin,
1980) for muconolysacchcerides. Ian this rospect this prinary divie
sion of cells would resenble that whiclh is currcatly acceFted for
cclls of the vertebrate adenobypophysis; into scrous cud mucoid
cclls (Herlont, 1964).

To provide a scheiac of classificoticn thoat would embrace
all knewn types of ncurosccerctory cells from all of the orders of
inscets, and fron brain and ventral cord goanglia poses cortain
problins. Ultinetely, only furtihcr confusicn will crisc, 157 for
exanple, it is found that fAj-cclls of the ventrad cerd have a dif-

ferent function from fiy-cells of the brain; this nust, thoruforc,
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e an arén of further iavestipgation., In grite of the difficnlties
in relating catoegories of wells designatcd by onc aunthor to those
by amotier, it dees become apparont that considerable variation
oxists in tho occurronce of differont cclls in the Insécta. Anong
the pterygsote orders the prescnce of lateral oo well as rnedial cells
has been widely reported; notable cxtepticns arc found in sono

Hynenoptora (Thonscn, 1954) and in Blatta c¥demtalis and P, ancriiana

(Fuller, 1960) but thec prescice of ncurcsecretory colls in the
ventral cord is by no means so well known., It is perhaps signifi-
cant that they hove been nost frequently reported froun orthaptereid
insccts (Scharrer, 1041, Harker, 1955, 1930, Fullor 1960, Panov,
1962, Frecon, 1964a, 1964b, Huignard, 1964, Bessc, 1965, Delphin,
1865, Raabe 1965a, 1965b, Chalaye, 1965, 1966). In :ocst of thoso
studics at least 1 type of L-cill is described, and as nany as 3 in
S. grogaria (Delphin, 1965), whereas enly 2 types of A-ccll are

known to cccur in the brain of this spocics (I ghwos, 1961); a singlo

‘-f

-

yve laterally cnd another nmedially. However, ncuroscerctery cclls
arce known to occur in the ventral genglic in othor orders, uost
coruenly iun the sub-ocsophageal ranglion, as *his is ofton scctioned
with tho brain, (c.g. in Diptora; Kopf 1957a, Fraser 1959, Fuller
1960, in Coloptera; Xirchmer, 1960; in Hemiptera: Nayar, 1965,
Johonsson 1958; fu meanoptera: Brandonburg,.lgse). Ladduwahet@y
(1962) and Frascr (1959) on the other hand found no neuroscerctory
colls in the ventral ganglia (including the sub-cesophageal) in D.
aaculatus ond larvac of L. caesar respoctively.

Decspite thoe applicntion of CHP, Azan and PALT and adoption

of a very comprcheonsive systol of classificaticn, 10 ncuroscerctory
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colls worce absorved in cithcr sub-ocsownhazenl ~ or prathoracic
ganglion of larvee, pupae cr adulis of auy of the Lepidoptoera
examined in this study. It is,thercfore surprisiag that Kobayashi
(1957) found nc loss than 1,172 ncurosccrctory cellls in the wentral
cord of B. mori larvae; including 80-100 such cclls in the sub-
oesophageal,, and 79 cells ia the protkoracic gonglion. These cells
arc PiF-nczative, but phloxtinophil ond histochenlcally arc siniliar
to nedial B-cclls (= toy Cl-cclls), thcy alsc shiowed cyclicoal ccti-
vity. It is of coufsc vossible theti E. pord differs fron other
Lepidoptera that have been studied, nnd this nay well be the cose,
ag Kobayashi further found that lateral cells only beean6 appareat
at the fifth instor. This specles quite obviously moerits furthor
dctailed study. Rehn (1951, 1855) has clsc described ncurosoecre-
tory culls fron the sub-oessphagsal zabglien in E. kuliniclla and

Gallgria mellomella, but absent fro: Pieris brassicae. Iiowever,

Panov and Xind's (1963) desceription »f P, brossicace does not agree
with that of Rchn (1955), thoe accuracy cof Panov and €ind's obscr-
vaticns is supported by Herman and Gilbert (1964, 1965) and this
study. Relm's studics, althouzh detailed must boe treated with
semc roscrvation,

It seems fairly cortain that, if there arce acurosucretory
colls prescnt in the ventral cord of Lepidoptora they conmprise a
single type. This aprorcent palaity of cull types in the ventral
cord is not surprising when tho neurocndocrine system as a whole
is compared, with, for cxample that of §. gregaria. In this
spcclos thore arc 4 types nediclly + 1 laterally (Highman 1961),

and 6 types in the ventral cord (Dclphin 1965), 1o doubt sawe
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overlap occuré: Dolrhide considored 1 tygo'of vontral eord f-coll

to be siniliar to, if not the saie as tic medial A-coll. Furthor-

fMorce, C- and D-c¢slls aro likely to kg tho fama. Tais inplios that

=

n 8, grogards thorc are ob least 8 typoes of acuroscerctory cell,
hpart from the debatable colls of the veatral cord in Lepidoptera,
there arc 8 types oceurring in the cceatral nervows systen, all in

) H
the broin. In this contuyxt it is of intcrest to examine Frascrs

(1S69a, 1959b) finding in the brain aad ventrel coxd of L. cacsar.

Without attumpting to fit tho ccllé intc emy alphabetical systen,
he makes a Soed cose for considerifg the cclls of @achh of the ©
groups as distinct, He subscquently doescribod the ncurosccrctory
cells of tic veatral cord in tho samo spccios, this timc applying
an alphabetical systemw ond dividing cells intc 2 catecgorios of
fi=cecll aad 1 B-cell. Although Frascr concluded that the 2 types

of A-ccll reprosoated diffcerent phoscs in o secrctory cycle of a
siugle type of cell, and thce B-coll to be an inactive A-cell, his
histochenical findings do not support this notion, The possibility
the L. cacsar has 8 types of ncurosccrctory can be considercd, It
weuld of courac be prenature ot this steoge to sugsest that 8 types
of neurosccretory ccll are fundoawental o insccts in gencral, boﬁ:ro
any such cocaclusions can be drawn, conparative and detailoed histodo-
sieal studices will be required for other orders of iascets. Howcver
it may be stated that in the Lopidoptera the abscnce of distinet
neurosccretory cells in the wventral cord but the prescnco of at
leoast 8 types in the brain indicatcs @ pronounced cophnlisation of

central condocerine elemidnts.
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Notwithstanding the histalogical covidouce of the
nultiplieity of nourosocretbry cells, thur§ is a juetified caution
agoinst rogarding just any peuronc with a tyrical appoarance as
having an cadociine function. Therc is wide agreonment that the
lateral fuchsinepiiil and phloxinophil cells as well as the medial
fuchsinephil cclls are peurascceretory, tihis impediately includes
5 distinct types of ccll in the Lepidoptera, For the rencinder
of the colls that have beea regorded as ilcuresecretory in this
study (B1-, C- aud D-cells), tholdr imclusism as such seens justi-
fied fer the following rcasons:-~ (1) thuy cccur iu either lateral
or medial groups, (ii) reveal nmorked cycles of acewrmlation and
sccretion, (1ii) have fuchsinhephil inclusions (D-cells), phloxine-~
phil inclusicis (B-cclls), or both (C-colls). Even when C-colls
arc recogniscd, thers is often a rcluctauce to regard thom as
neurosceretory (Johausson, 1958, Highnam, 1951, Thomsca, 1965).
Howcver, distiact cyclcs of fecrebion have only bpeucn obscrved worc
recently (Delphin, 19865, Siew, 1965b), In this study the cyclical
activity of C-cclls wios clearly denoastrated, occurring at cach
larval noult, and curing mctamorphosis. While thesz cclls char-
acteristically bear very saall fuchsinophil inclusions, they oceur,
in intimate association with the ornuge-staining agsregates in

P. cyathig ricini (grecn in othoer species). Relecse and synthesis

. . . . . S ° .\
of both matoerials coincide, thus, it appears that the sc called
inclusiocns are part of the sccreticn vhich is mainly PiF-ncgative,

Examination of the cytoplasuic volume at differcent stagoes of P.

cyathia riecini (fig. 7) clcarly indicntes thel medicl C-cclls in

this specics arc most active durdng devolopmeint cspeeially in the
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last 2 larval instars and pupac.

Willian544194l);provod fhot in terudnating diapause
of puzac of H, cecronia, a brain homeone netivates the nroticrocic
londs, stinulatisng the production of moulting horwone., This func-
tion of a braia loriwone has been confirmed by Wigglesworth (1952)

in R. prelixus, by Rch: (1952) in Sialis lutaria and by Church (1955)

in Cophus cinctus, As Wigslesworth (1934) douionstrated, the offcct
is not a brief triggering, on the centrary oxposurc of thio prothore
aeclc glands is nccessary for scveral days. In relating the liistoe
logical ovidence of gecrctory activity of the ncurosccretory cells

of P, cyuthiz ricizi; the plase of mecreticn comwwencing ot cach

noult, stimulatus the prothoracic glands for the subscquent nwoult,
Thac obsorvation of Heraon and Gilbert (1964), that 21l types of
ncurosccrotory cell show cyclical activity duriny developnent, is
substantinted in this study, which hos rovealed that 4 types of

ccll arc acctive at the tine of noulting (Al- aind C- redially aad

fiy= annd Bo-laterally). Vhethoer all of thesoe are neccssary to acte
ivate the prothoracic glands is not known, It nust, howover, be
borne in nind thint throughout muel cf developient the corpora allata
aro also activcly scercting, The scguoence of cvoints in the eudoerii-
@&k@?7during developaont has oceupied the attontion of uunerous
rescarchers over the kast 3 decandes. The émersent picturc has been
lucidly prescated by Gilbert (1964); stated bricfly, weulting hore-
nénc induces (1) larval -~ larvel noults when juvenile horione coin-
ceittration is high, (1i) larval-pupcl transforaction vhen juvclalce
horiene coacentration is low (iil) pupal-adult trocasformation in

the abscence of juveuniloe hermonc. It adult dnsccets tiho gonadctrrple
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effvet of Juvonils hormone is well lmowm (rovicws by Elghaan,
12854, DolWilde, 1964) -~nd %ﬁ;zallutotrﬁpic' effeet of o bhrain
hornone hos booen ostanlished in.cone.insccts (¢.g. Klug, 1858, de
Wilde and de Bacr, 1961, Ladduwshetty, 1962; Sicw, 1965)., It is
likely. thet some nevroscerctcry product. heos the sawc.effcet. dn
lorvae, but experinciitsl ovideneo is conflicting (v sodlesworth,
1984), for ia sonc lascets the cerpora allata appear o, be under
norvews rotiler that hormenal countrol. HWillians (1948) and ven dar
¥loot (1980) found that both latural aad wodisl ncurosccrotory’
products werc nocessary for continued duvelopneat in M., cecrspic

upne, and that the products must wix to be effective. It is

:

a

i1 .

intorcsting to note thot it hos rocontly been sugiested tiat 1n

Sclhistocerca parcacnsis tio lateral ncurssccerctury cells contral

the corpor%allata (Strong 1965). uring developaeat in P. cyathia
ricini, up until the pre-pupal stage the cyclical cctivity of ned-
inl Al' and C-cells ccinecide bwitﬁ {haf ci thé‘iaturniun4- and
Bz-cclls, but at this stage boenme dissociated., During the 5 day
pro-nupal ;eriod tha latcral-c;lis 5chf ﬁo‘iﬁclusians ﬁhtil the
5th dey, uhen tac C;cullé discharge, whille Aj-cells show o pTo-
orussive accﬁnulnfion fhroughﬁuf the poried. Furtbor hiétﬁlagical
aad exjurimuntal work will be.rcquifed béfarc tho ﬁ&mning of these
findings beecomes clear. 48 Highnm& (1965) as poiated out alsto-
lagical cbscrvations alonc arc of stfictly limited velue, and in
#11 instundos nced to be substantiated by sulinbly designed cxXpori-
nents.

Fron the spccieé of Lopidopters thet she sfudiod, o

(1951, 1955) concludod thnt the acurcoocrctory colls are iaactive
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in tho ddults., 4 viow supported by Arvy ct ~1 (1953) coplying
to B, mordi, ~lthough these cuthors did note rolease of matorial
associctsd withtndposition. Frox tholr cccouat it is inpossible
tc deduce what type or types of cells are invelved. Coatrary
te their fiudings, the preseat investigation has rovealcoed thct
bsth leteral ond medial acurosecrotery cells ore active iw P,

cynkhio ricini and . pronuba. The cctivity cof tho differeat

types of fLi~cell further dermonstreieos thoeir separate identify.

Iz an overall cousideration it is of interest te cone
poare the 2 spoeeles; oa onc hicnd the short-lived scaturniid reveals
o progressive loss of neuroseccrctory nicterisl, in 11 but the B2-
cells, wihoreos the long living acctuid shows on accunulation in

aost cell types. It scoms thot 1ittlce synthetic ceopacity is reto-

ined.by the neurssecrctory colls in P. cynthico ryicini, furthor-wre,
apart from lg-and D=colls there is o roduction iu veluse of the
cytoplasa in the culls of the adult, suggestive of o dindndshed
functional rcquircment, Exaninaticon of pupal brain and cormparison
with that of the adult shows that followiag tho relecso of acecuru-
l-ted aaterinld beforc cmergence, the fig=, By~ oad Do-ciclls have
1ittlc if any function i thie adult, It is assuned that the pro-
cnergence phosc of sceretion fron thesce cells is an sone Wy osso-
ciated with the pupal-ineginal noult.

Tﬁe induced rcleasc of nourcsecrotory watoriadl from

fig=cells of P, cynthia ricinl after injocting distilled water or

decxtrosc selution, aud subscqueant creretivn, is intervroted as
horional centrol of diuresis. Highnwoa, Hill ond Gilunzgell (1965)

hove denonstrated that thoe medial eclls of 8. grogeria discharge

(o=
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thoir coatents whem thc haemolynph is diluted. Heoyar (1960, 1962)

has inplieatod uedial fA-cclls in antidiurctic control, by devon-

couc when the insccts aro hydrated. Hore dircet evidencce of sccre-
tinn of o diurctic factor from nedial nwuroscerctory cclls has

bac

b

. provided by Berridze (1866) ia Dysdercus fosciatus. Whoercas
nesothoracic ganglion extracts show only o« snall azcunt of diurctic
activity in .this insocct, taddrell (1964) clearly demwnstratcd that

neurcsacrctory eclls in tho fusced thoraclic goanglion of R, prolixais

arc the scurce of diurctic horiwone., Unfortunatcly dcefinitive

histological studics arc lacking for beth species. Howoever Delphin
(1935) has showa thot in 8. pregaria woter loss results im roleasc
of nateriel from fi-colls (i3~ in his clawsiflcation) in the ventral

coxrd, thus indieating =s ab¥idiurcetic factor.

With regord to P, cynthia ricind it is of interest to
¢Xawine the possible diuretic'function of Al—éells at caéhnétadiﬁn.
The discharge of sccfoﬁéiy material‘fron Al-cclls is naxingl in
larvaé at cach zoult, and alsb in the ncture lorvaferrly brepupa.
Superficially it scuus fnlikely that diurcsis weuld occur at ccdy-
sis o5 the hydrostatic pressurc of tho haemolyaph is probably an
1aportant cid in splitting tiic old cuticle, furtheruorc watcer losscs
by tronspiration through the cuticle are groatest immediately after
noulting (Wigglosworth, 1948). Hcwever no oxcrotion sccurs during
cedysis and oven if diurcsis is stimulated, its storage in the
nalpishian tubules would meay no volunietric loss to the larveo.

Such a process would, howévcr, inercase the concoentratisn of the

noemolyaph, end in so doing raisc the titrc of circulating horionos,
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The nost pronounced rclocse of Aj-cell hormone occurs in the. naturo
5th instar larva, when ddstension of the oolpipghian tubules, acceon-
panisd LY a nerked rodustior and coneantration of the hacuolynph,
Duriag netanerphesis, there is, up to the 17th day continued fi3-
coll scerction, which again nay be corrclated with diuresis aad
production of the. Liquid ueconiun, which is stered iu the hind-
gut and larsely dischacrged shortly after energence.

The circadian cyclc of sceretion exhibitcd by Az-cells
in adults is uarked by a large cfflux of material in T.'nronut ,

but only slight in P. cynthiz ;d2ini. In the latter nc nctoerizl

is apparently relecscd during copulation whon the noths are inact-
ive. Iymlarvao those culls show 1littlo fluctuationr in content,
but anpecar to relensce no aetorial Juriag ccdysis, when the iunsccets
are inactivc., The Ap-cells de discharge during the pre-pupal
stage, it is rclevant to note that that the pre-pupcce arc very
active, albeit spinning the CdCDOﬁ; if they aro rcnovcd.thcy dis-
play o nuch groater loconiotor activity than deo disturbed lﬁrvac at
corlicr stages.

In adults of I. wronuba both Ly- and Ay-cclls cxhibit a
circaddan cycle of scerotion, but the aetivity of both cclls is
iaflucaced by nutrition, i th rcspect to the tipe ot wvhich peths
last fed and the prescince of rescrves. Sclective ablation of A-
cclls (both fig~ and Ap) abolishes the ondogenous cirecdian flight
rhythr, which provides additicnal cvidoncc of marrosceretory control
of activity. While it is ot pessible to ablate Al- cr Az—colls
alone, it is nost likely that fLp-colls produce tho flight cctivat-
ing facter. A& circndiain cycle cf scerctioh by nedicl neurosceretory

¢ . o _ . .. )
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cclls was first cdomenstrated by Klug(lo58) in Corpabus ncndoralis,
in which conplete discharzge of stainable natordal was noted in
fully =ctive beetles followed by rapid rosynthosis whea inactive.

L siailiar but bimodal eycle occurring in medial cclls of Droso-

phil

]

.nplanggggtg; has beou reported by Reusing (1964; 1965), which

¢

!

canr be corvelated with locowtor activity oud oxygenr couzsumption,
Noiﬁhor cuthor, theugl, gives sufficlcat histolegical dotails to
permdt classification of tihe acursscercotory colls, othor tigm thoat
.thcy arce PLF-positlive, ond thercofore f-ceolls,

Evideuce pointing to couttrsl of locuictor of flizght
activity by L-cells is to somie cutent difficult to roccocmeile with
the well established dynanics of sccereticu by these cclls in famalces
of sene species, in relaticn to reproductive cycles., Ilighnam (1962)
has showm that ia the fenele 8. gregaria there is accunulation with-
cut releasc of natericl until copulaticn., Iswever, ivactivity dees
Lbt cccampany failure to sccercie ws it deos in the case »f T, pro-
nuba, but Highhooy et al (1965) have shown tihat those colls are also
iavelved in diurctic coutrol. 45 Highuam (1965) sugsests, thesc
cclls probably have § dual relo, from o functional point of viow
the medial L-cclls ia 8, gregoria would corrczpond to fy=-colls in |
Lepidoptera. Whothoer the A~ccll§ do hove nunerous functiciis; eoi-
trol of protein synthosis (Themsen, 1952, Highann 1962, Thousen &
Moller 1963), trighyceride cud glyeccjen syathesis (Van Hondol and
Lea, 1963), diurcesis (Highuan ot al 1965, Borridge, 1966), auti-
diurcsis (¥oyar, 1960, 1962), locenotor ~ctivity (Kius, 1958,
Reneing, 1964, 1965), cctivotion of corpora allata (Hlghnan, 1964),

activation of prothursel zlands (Wigglesworth, 1952, Willions, 1947),
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or, soiic of thosc fuuctions arc couxtrollud by other cclls is not
cloar. Cortainly there are sufficicat number of difforcnt nourc—
scecretory colls L. the Lapidoptera and S, groegeria that have boon

deseribod, te pernit such fdivisiec of labour!. Thesc arc pro-

blcns which aweit future investigoticn; from this study covidenco

jun

s proscated to suggest thot fy3- cad Ly=-cclls are iuvolved ik

diurcsis and flight activity rospoctively.
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V HISTOCHEMISTIY

L. Introduction,

Histochcnical studios hove beon couaducted upon nource

scerutory colls of various inscets: Ephestio huhuclla, Golleria

nellonella ond Pieris brassiggg (Roh::, 1955); Iphita linbata

(Nagear, 1955); Lueilia caesqg (Fraser, 19592, and b); Blabera

fuseca (Brousse, Idelocn cid Sagury, 1958); Beubyx sori (Kebayashi,
1957, Ganguly ~ad Basu 1962) Locustz igrateria (Chalaye, 1965);

Poriplancta anerdieanc (Pipa, 1962); and the conporative study of

Arvy and Gabo (1962) couprising 15 specios fron 9 orders, includ-

ing @, nellogella cnd B, tori. Ouly Froscr (19592, oud b), Dayaf
(1955), Kobayashi (1957) a1d Chalaye (1965) spos ify the types cf
cclls iqvblved. Unfortunately all of thesc arc limited by the
tests applicd; Froser coasentrated upen the carbeohydrate and lipid
coatent, whilc Chalayc utiliscd three proccodurces for denoustrotiag
sulphydryl groups, cid 2 for carbohydrates., Hoyar goave no conside-
cratl:n to any carbohydratc compenent cother than zlyecogen, and
Kobayashi coinfinod his attontioﬁ to carbohydratoes and lipids.

The conclusicus reached regording the chondeal conpos-
ition of ncurosocrotory natoerials ocre widerstaadably varded and
are listed bolow:-

(1) phospho-lipoprotein conplex (Rchiy, 1955); (ii) phospholipid

and pretein (Nayar, 1955); (1ii) Lipid and phospholipid, but no
protein (Xobayashi, 1957); (iv) nucopolysaccharide or nucopretein
(Ganguly and 3Bzsu,  1962); (v) sulphydryl-fich lipoprotein (Brousse
et al 1958) (vi) mucopclysaccharide in soue c¢.1lls, glyeo- or phespho-

lipid, or lipoprotein in others (Froscr, 1959z and b); (vii) lipo-
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fuscin in fimcolle (Pipn, 1382); sulphydirylerlich glycoproicein (Lrvy
and Gabe, 19625. Ch; ayc (1965) clecarly denouastrated that = Shroc
types of ccll 5caring PiF-positive iuclusions, only cae proved to
be rich in sulphydryl grcuds; all were pesitive tc Alclan blue,
but -aly thicsc rieh iun sulphyteyls gave o strows reocticn, 4s all
types of cclls wvere PiS-acgative thoy sbviocusly differ from 'L

cclls in the braiu of L, mdgratoria described by Lrvy aand Gobe

(1962).

The mwst couprchonsive study undertaken, with tuc nost
ccecurate tests is that of Arvy and Gobe (1962). Hovover, thesc

}

authﬂrs foiled te toke the swltiplicity of el ll tynes ints cccount.
Their histologicnl critecoiia i.o. PiF-pesitive, and staliniung rod
with Azap include at least twe categorics of culls in tho Lepid-
eptery, the M- ond lg-colls dononstratsd in this study.

The hiétOChcmical— an stoining rcactions of tL: brain
ncursscerotory ceils of T, prenuba were iavestigated in the hope
of cxplaining tho chomdenl basis 2f the histclogical differcunticti-n.

Sclectud tusts vore also applicd to sovernl oticr speclos,
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2. Proparation 2f Tissucs nnd Stoining Proccdurc,

Initially breins wverce treated with fixctives appropriate
to the tusts and recctions thet werce te boe conducted. For oxanplo
codniunenlciun=-fornalin for lipids, ceridine-cthansl for mucopoly-
saccharidos anl Carusy for nuclei ccids ‘Piorse, 1960) were uscd,
Uafortunately nost of thcsc.SPQCial fixetives result ia oxtrenoly
poor preservatiscin and all tosts had te be repeated after fizeticn
in Beuin., Provided oxcoss picrate fre:m Beuin is reiwver, resultis
are essciatially similiacr but prescrvation is for superior. Enbed-
ding and sceticuing procedurcs wore the scue as thicse usced feor
the histelogiccl woriz, sericl sccticns were neunted con acld-cleancd
slidas, and all sccticns fron cach brcdn wrere subjected to cach
test.

The staining procedurcs nad histocliomdenl rceacticus were
connducted according tu the notheds given vy Pearsce (1960). MNucloic
Acids:  FyroninMcilhyl grecin of Kurmick (1955), Golloeyanine
chrenclu: (Eincrsca, 1851), and centrolled by hylrechleric acid
hycrclysis.

Prgotoius: Chloraaine~T Schiff (BurutNMV, 1955), ilcrcury Broiphenol

Bluc (Bosnhag, 1955); firginine: Sakoguchi reactisa (Bokoer, 1947);

Tyrcsianes: Millen reactien (Baker, 1956); Sulphydryl znd Disulphide:

Ferriceferricyanide (Chovranont aud Frederdc, 1943), RSR roeagent
(Benuott, 1951), DDD roogent (Barruett cu” Sclignen, 1952);
Heototrazeluln=-BT (Pcorse, 1954); roduction of disulphide ifnkages
aeccumplished with sodiwn thioglyecllate bufferced te i 8.0 cad

sulphydryls blocked with Necthylencloeimide ot o 7.4,
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Carbohyirates: PLS reactdon of HcMonus (1948), controlled by

acetylatirn ond Scpenification, ior uns ubstituted glycnsides;
Tolaidine Blue Method (Hoss and Helloader, 1947) cud flcion Blue
(Stcodn 1cn, 1950) for acid :wcopolyscacchariles; sulphaticn techaique
a¢f Moore anﬂVSch:enborg (1957) followed by paraldchydc fuchsin
for neutrcl rmeopelysaccihinrides oud glyoe-vr:teins,
Lipids: Su-an Black B wcthod (Cluffellt ol Putt, 1951) nud
0il Rec O (Lillic, 1954),

In wdditdon, three technigques ¢usted by Berka aad
Inderson (1963) were usod: Diazctiscd Saffronin for S-hyiroxytryn
tordae (Lillice, Burtier cad Grocoe-Heiscon, 1953); tho Astra Bluc
nethzd for weid weepslysacchorides (Picch, 1958); ond Potossiun
ledeis ngthod for adreacdin ((Illarp and hokfolt, 1955).

Lfter glutcncldchyde fixatica the Totriizcliun-, cad
Ferric-ferricyinisis rcouctions for ncr-adrcuclin (Hopsu cufl ilakingd,
and ddffcrontioticu proccdurcs for indeles ~f Sulein, Saputre and

sszlle (1968), wore opplicd

3. Results,.

Lfter opplicatica «f sone stuins znd tests nv '"background!
stoining -f c¢ither non-iicurcscecrotory ncurones or neurcspile cccurs.
Hovover, the steining reactions of neurcnes othok than nourssecrctory
cclls, togethoer with these »f the trachoece, acurilenra znd the acuro=

scerotery cells, arc included in Table 9.

Hucloic ficids: Whilc RUL is prescat in 11 acurcsccrotery coells,

thore it seceul in o vordable conceutration; ac inprrtance is
attached te its cccurrciice in thie study. On cone hend Bruin is

aot o very suituble fixctiwve, cnd on the other, there is aov evidaice
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fron this study, c¢r oy previous cnes that RN is @ conponent of
any aourcsceretory nateoinl, It hos boecune oppoarent, thoush, that
By~cvlls in the 'pru~-secrction phasc! coatcin cousidercble amcunts
<f RWi o3 gyaparcd wwith tho phasc By-cclls in which they are packed
with inclusions, In table 10 the coastitucats of the twe phascs
0f By-cclls are cemparcd. Quite cleorly tiie sucller cells with
their c¢llipscid auclel are ot o stoge in whieh RNL il protoins,
probably structurcl preoteins il cazyies assceiated with ribssonc/
Golgi syathetic ncchauisn, ors cbundent., Thoese dininish narkedly
when the neurcsccerctory naterinl accuwrmlates, Dospitc the ropid
cluboraticn of inclusicns in fy- wnd fLip-cells during a 24 heur
perioed, these cells uave o comparatively low ccuneentrition of
RN.L.
Protoins: The dictribution of protein rovecled by Chloersrdace~T
Schiff closcly reschables thot of Broophonol blue (fig. 8). The
forner reveuls tersdnal coine greups and uabound arint groups in
side choins of argiaine, lysiuc, glutamine and csyarcgine. The
nechanisn »f reactisn ¢f Bronphensl bluc is not uaderstucd (Pearse,
1960). It is assuicd hore, thot it reccets with free anino groups,
os dinnisation of carboxyl groups would be supproessced, but protona-
ticn of animo groups cithanced iu tho cxid dye sclution.

Both the DMAB rcaction for tryptophan and Millon
rcoction for tyrosine were crrriced out on sceticas of 4. ipsilon

D. pgrecllus oud P, cyathia ricini in additi-nasl to T. nronuba (£13.

9). Only ia P. eynthis ricini wos there ooy opprecioble eoncentro-
P

tisn of tyrosine iu fy-cclls as well as in lLo~cells, oud in all
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spocics tryptophen is confinod to fip~cells, Ths distribution of
sulziyCryl groups (cysteine) is undiforn throughsut the broin, but
in Yery low concontroticn., ALfter thio@lycollutc treatoent cystine
is roeduced, wnd stoining with RSR recgent chows o slight dncroass
in zulpbhydryls in @11 cells vith ¢ co parctively groeocter incrcaéc
in fg-colls. Youwswer, this is not revesled by the DDD aothod after
reduction (fig. 9). Si.ilinrly, erginine hos o very wniforn distri-~
buticn, with no high concentr: tisa in ony nourceccretery ctoricls.
In cddition to rorcting with sulphydryl croups, Meototrazoluin BT,
~1lss reacts with cther 1cducing grouns, iuncluding suser, lipid-

and lipofuscin-:ldelydes (Pocrse, 1960). The intonsity of tho
roncticn (fig. 9), certocinly implicrtes 1Yo bieea e~vstoine cud
cystine, Likowice forric-forricyaunide roicts with cthor reduclug
STOUDS wewsr . anlphyiryls. It is doubtful if lowvering the pH os
Burrnett cad Selisncn (1954) suprasted is in itscolf sufficiceat to
confer the speeificity to the Tetrazoliva voccticn thon hes boen
clained,

Gorbohydrates: The fLy-cells alone give a positive ruaction with

PLS (fis. 9), which is :Lslished by ccctylatica aud roestored by
gepenificaticn, The reaction is streng in lp=~cells of L, dpsilon

but wcak in Az-colls ¢f P._cynthia ricini. Ao X-onylasc does act

c.ffect the rocetion the polysaccharide connot be glyeogen. Strin-
ing with Teoluidine »luc at pH 2.5 showed o couplete abscince of
sotoclironusic, with or without oxideticu., Sinmilicrly there is no
ciffinity for flcian Dbluo ot Low pH, Birke an? Zaderson (1963)

refor Lstra blue £or the dencastrotion of strously ionising cationic

Sroups At using thds techadque Az-culls have slisat affinity for
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tilc dyo after cxidatica, but it becomes {eached out dunng Ara-
ticn, As tho cifinity 1s obelished by roduction in bisulphite
soluti-n the wecctince grounzs caniiet ho sulyhinie- or solphend:

acldg, but are nweat likoly to be carboxyls of ~1dchydes; the latter

reocting to forn bisulphl to conplexes. Ionisction of tho latter
would produce citionlce groups for which the dye weuld hove offinity.

Sulpheation introduces sulphuric ncid groups into beth

de
Q

o
o
I—l-

substituted o wmsubstituted polysacchrrides. In pract
technique 'mst be carcfully corricd out; cimosure of the socticns
to the sulphuric~/ccetic ncid nixture results in oxteisive hydrol-
ysoils aftor 3 minutes, The use of parcldehyse fuclisin te rovecl

introduced sulphuric ncld zgroups showed that nearly 11 cells aad

other structurcs thot arc fuchsinophil cftur perocugoncte oxddction

wre nlso fuchoinephil oftur sulphaticn (£ip. 10).

n

Lipids: 11 ccllas in the brodn, the nourdileniwn, ol neurcpile show
sorie sudenophilia., /[Afiinity for cither Sudsi Black B ooxr OLl Rea O
is mo grecter in neurcsccerctery colls thon it is in noay othoer
neuroncez, In the forner the stainoble wrtoricl is a0t gronuler,

on the ceontrory, ia &2-cells it is clear thot thce 2ye is tckoen up
hotwoen the flekes of ncurcsccrctory incdlusi-ns (zi:. 10).

logenic Lodnes: A streagly positive roaction with ddczotdsc?d

&

saffronin indicates the prescnce of S5-hydroxytryptanine (5-HT),

which is coafincad to Az-c¢115 in 21l specics studied (£i5. 10).

This wes not ccnfirly by thoe teste for indoles (DB oand Xanthydrol)
when cpplicd to glutaraldehyde fixed sectins., flthough this fixe
tive produces little zhrisxoge, snd jood prescrvetion appeors to be

obtrined after dohydration cud wax cabelding, copplicaticn of the
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.

PiF-scquence showed ¢ morked loss in stcining., Tho poescibility
of inzdegurte fixation ecunnct, therefore, Le overlooked., Sindli-
arly the negetive resulit with forric forri-cyonide nay not acces-
sarily indieate the obsonee of or-cdrenclin. It is probably
girnificant thot the Potrazmoliun renction (I stotrozoliun-Bi) wos

much workoer thon aftor Bouln <r Luffered formclin fixation.
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4, Stoins Spocdfic to Neurosoercicry Moterial,

Recceticns ef the stains spocifie to ncurascceretory nat
ocricl; PALF, paraldchyde thionin (PAT) of Paget (1959), and Victoria
Bluc (VB) of Dogra and Tandan(lgﬁl), are included in Table 9. Sone
analysis has boen made of the offocelt of oxidising and reducing agents.

Their speeificity indicates their potenticl usc as prceeisc histo-

Gifferentiation

O
[

chenieal recgents. Indeed titey meralt o degree
that is unparalluled by and cccented histochieiziecd techinlques. In
cowpurinﬂ the results of the 3. methods, it cocn bho scea thet speci-
fieity is in the ordeor: VB P.LT PLF., Wheroas VB stains cnly Lig=
cells, nourilem:a and traclicoo, PAT stcius fy-colls in addition,
and PAF, S..lar cll categories of fi-celle, inclusions of G- and
D=cells as well ce neurdlomie and trachecc. Howovor, distinction
nust be made between speti. ioity ond scnsitivity. Quitc clonrly,
PLAT has affinity feor sulphurdic acid groups (frou: sulphation: fig.
10); sulphonpic wud suljhinic acids (oxidation =f heta-cells cf
pancreng); aldchydoes (cungendered Dy oxidctive dersination: fig.
10). Parcldchyde-thicunin Les offinity for oldelyrdes wherce they
occur in sufficient eoncentratien (perizngonate, or perfornie acid
oxidaticu + reduction) but very littlc affinity for sulplhuric ~cid
groups (sulphaticn). Whilo VB /lics sclcetive abfanity for the bis-
r

wlphite-aldehyde corplones arising fron oxidotion of 1, 2-3lycols
(by milé pernangonote ouidation, or pexformic accil + roduction:

fis. 10), it has no affinity for sulphuric zcid sroups. Staining

H
cf aldchydes by PLF is nuch dicro dntoasc that by VB, and both ore

sore inteanse then T .. The dnportonce of oldehiydes grouns in stolne

iang of nour:scerctory ticitericl by cuy of these thaee meth-ds, is
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Table 9. Staining and Histochomicol Reacticns of the Neurosccretory cells

0] o
of T. pronuba. 8 A 8
8O0 ok e o
. ey Hdg ©
Stain or A Ay Ay Ay B B2 G2 3% 5d 8§
reacticn o= =0 =
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 Z 1
Millon-Baker + 2 + + + x bt x + x
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-
arricyanide 2 3 1 2 2 2 2 1 1 1
Oxidation/Ferric-
arricyanide 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/DDD 2 2 2 2 2 2 2 2 2 +
Periodic acid-Schiff 0 2 0 0 0 0 0 0 * +
Permangamate-Schiff 0 2 0 0 0 0 0 0 + +
Alcian blue 0 0 0 0 0 0 0 0 0 0
Oxidation/Alcian blue O 0 0 0 0 0 0 0 0 0
Astra blue 0 0 0 0 0 0 0 0 0 0
Oxidation/Astra blus 0 0 0 0 0 0 0 0 0 0
Metachromasia 0 0 0 0 0 0 0 0 0 0
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a [
. 8 o 5
Stain or b, Ay A, A, B3, ¢ S5 EFT
1 2 3 ! 2 2 = @
reaction 53 2 g A
Diagotised saffrinin 0 3 0. 0 0 > 0 n 0 0
Permanganate/PAF* 3 3 3 3 o] J 1 Cr > 3
Sulphation/PAF 3 3 0 1 0 0 0 0 3 3
Chloramine-T/PAF 3 3 3 3 2 2 53 2 3 3
Performic acid/PAF 3 3 2 2 0 2 0 o 2 3
Perpang, J_aa,jie/
Acetylatici/PAT 1 1 0 1 0 0 o 0 101
Sulphation/VB + 1 0 0 0 0 o o 1 1
Permanganate/VB + 3 0 0 0 0 0 0 3 3
Performic acid/VB 0 1 0 0 0 0 0 0 1 1
Performic acid/
Reduction/VB 0 3 0 0 0 0 0 0 3 3
Sulphation/PAT 0 + 0 + 0 0 Q 0] 1 1
Perpanganate/PAT + 3 0 2 0 0 0 0 3 3
Performic acid/PAT 0 2 0 0 0 0 0 0 2 2
Performic acid/
Reduction/PAT + 3 0 2 -0 0 0 0 3 3

0 = negative réaction; + = doubtful result; 1, 2, 3, = positive reactions (weak,

intermediate and strong). * =.counterstains ommitted.
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T able 10, Compariscn of Appocrcuce and Stedning Roactisns »f the

2 Phaosos of By-colls in (. dozdileon cad T, Dronub.

i
Intlusions. wresent, Thclusione absent. i
Disension (mecndia,
in p). Csll 14,0; nuclous 7.5 Cell 10.0; nucleus 5.0
Lppsar=nce of
chroxatin sparse ond agsregated flell dispersed
Anpesrance of
cytonlasm sene periphercl never vacuoclated
vacucles,
PAF nunerous Jgrocir iaclus- [Inclusions cbhsent
ions,
hzan roeddish-blue inclusisi:igd Coleurless or Irey
CEP phlexin:phil pele gray-blue
PyroninfMethyl Green little RHA present RN, abundont
Bromphenol blue strong rcoction ild reaction
Baciphilia nil marked,




9%.
confiz: ¢ bv szotylaticn; vhiieh abolishos gtadning LYy PAT and VB
and oorkodly 2drdanishes affinity for PLF (fig. 10). Thus PiLF has
the zreatest sousitivity but least specificity, however, the lattor
is increcascd by using the stoin oftecr o precise perisd of ripening
and ailscarding it when sclectivity lodndishies. On the other hond

the other two dyes arc much uorce stable, and are sclf-limdtiag,

(5) Enzyne Digestions,

The availnbility of Lcolatively purc enzyrics frol cotxer-
cial scurcos, permdt thedr usc in auqusntin; histochemicnl situdics,.
Claossisally, ribonuclecse, X-anylase gnd hyclurcaidasce arce uscd
to confir:n the presonce of RULA, ®-1, 4-gluccn residucs, and hyclur-
onic nedd respeetively, that are indicated by histochicuical stoining
othods, J&s onzyle spocificity dis cxtromely higlk, they provide
vory sensitive reogonts.,

In this study sclocted 'glyecelytic! aund 'protcolytic!
cnzyncs were uscd, to substofd ~to, and oxtend tiue histochoidceal
fiudings,

Enzy:ws wore nurchased fron Signa Chemlcal Cempony in
the purcet grade ovoilable, These include, tryprin, pepsin chynot-
- rypoin, clestridiopeptidese A (= collogeinase), X-mwylave (= diastase),
B-glucuronidass, hyclurenidace il neurarinidese (= siclidose).

Scetions of Bouln fixeld brains were uscd in onch inston ces;

G

they were thoroughly wesbed in lithiun eorboacte solution to roenove

ny residucd plerate, follewed by rinsing in several choniges of

n

distilled woter, nnd finally distersod in o buffer aolution »f the

saie coposition os tuat in which coch cizyie wao dissolved.



Reopid nydrolysis <i =rvag Wy vrotoclytic onzynes,
togethor with the tendoney for soctions to beezie detached durdiag
extonded inecubaticn (3 hours or roroe)] roguired ropeating the troot-

=aeits at varisus eoncontrotiscas for sherter pevicds of tinwe. In

e

order te climinate the choneu £ hydrolysis by contgritiating
cenzyfis, idcolly very lovw ccuaccoatrotions sheould be used, In proc-
tice it was found that scctions wore less ecsily detoched when
trected for short intcrveals, consequently ligher cencentrnticas of
enzyos had to be uwed. Lfter a serics of trials, the followiag
couccutratiozs and incubation tiies proved ost suitabls {(The
nunbers in poronthecis and mouchnelature are tazon fron the Eazyme
Comdssicon Roport (Dizon and Webbd, 1964)).

Trypoin (3.4.4.4,): Hydrolysing peptides ot Daads adjacent ‘o

aronatic or dicarboxylic sino aeids., 1 0/ X in 0,05 M glyecine
buffer pH 2.2. Incubated at 37°C for 1.5 hours.

Chyotrypsin (3.4.4.5.): Hydrolysing neptides at bonds involving

carboxyl groups of arcintic anvino aelds, 1 i5/:1l in 0.05 1 phosphate
buffer pE 7.0, Incubated at 37°C for 1.5 hours.

Clestridispentidasce 4 (3.4.4.19.): Hylrolysiug poptiics covutaining

preline. 2 ng/sl ian 0,05 M phosphate buffci: pH 7.4. Incubated ot
87-C f-r 4 haours.,

X=Liylase (3.2.1.1,): Hydvolysing &=1, 4=-pluccn linlic in polysce-

charides containiug 3 opr wore «x-1, 4=linlicd D-plucosc units., 1 op/
nl in 0,02 i1 phosphate buff.r pH 6.0 (+ C.05 i1 NaCl). Incubated
at 25°C for 2 hiourc,

B=Glucurcaidcze (3,2.1,.31.): Eydrolysiug B=D-slucuroaides, 1 24

21 in 0,05 M phesphate-citric aclid buffur vH 5.0, Incubatced ot
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37°C for 3 hours.

Eyaluronidpse (3,2.1d): Hydrolyciag links hetmeo: 2-acotylaulno-
2-deoxy-D-slucoss and D-glucurcaate, 0,5 .i/21 in 0.1 M phosphrte
Luffer »nk 6,9, Iocubated ot 37°C fur 4 hours

Feuraainidase (3.2.1.18.): Hydrolysing torainal -2, 6-linis bot-

veen N-~cetyliucurasinic ceid 2-acotylodns-2-denry-D-galactors,
0.04 23/-L in 0.05 7. riectnte buffer pE 5.5 (H0.003 M CmClz).

Incubated at 37°C for 4.5 hours.
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RESULTS.

Tho effocts uf tho eazyies are given in Tobleo II.  fLssossnent
wes nade after stniniag ﬁita the cuipleto PAF sequence, after
conwaring wntreated seetizus aud contrsld sceticus incubated dn
buffer sclutizn withzut enzye. Slight roncalicn da stadning
was neticed iz soiic contrels vhich wore allowed for in cnnlysing
the hydrolytic orfocts of the onzyues.

Trypsin rapidly rensves proctically o1l structurc other
than trachoae, acurilerxia and Lo~cell inelusious (figz. 11).

Scmie pretcelaaccous naterial is nalso remsved fron the neurilceirm
and Liy-cclls, as they losc their affinity for light green. The
fraction lust fron Ap-cclls coutnins tryptophan, but tyrosine
residues still renain (Fig. 11). The Ao=ccll nnterinl is largely
rotained withia the axouns, this enzyne, could therefore, provide
a neecns of differeontiating ncuroscercitory anterials under tians-
port,.

The eficct ¢f pepsin (fig,., 11) aad chyactrypsin arc similiar
in that both hydrolysc the tissuc proteins uuch more slowly, but
both roncve L=, fig~ and A4-ccll inclusions. Popsin partislly
removes the 1ight green-staining fraction froua fLp-inclusioas,
looving the naterial negrtive to Millonts roageat but positive
to DHLB, whorcas chyaotrypsin heas 1ittle ceffcect, leaving both
tyrosine ond tryptophon residucs intact. AL1l other types of
nourcsccretory cclls arc fairly rapidly hydroslyscd by popsin and
trypsin, but By~ and Cl-cclls are only »artially affected by

chymotrypsin,
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Table 11. Effect of BEnsyme Digastions as PRevealed by the FiF-Oequencc, and pile .

3
lon+4 and DMAB Reagents. s -

H £

3 ¢ 3

c V L]

3 T 03
Enzyme and reagent Al A2 A A Bl BZ 02 __g 23 ‘2
Trypsin/PAF 3 1 3 3 3 3 3 3 1 1
Trypsin/Millon - - - - .- - - - -
Trypsin/Oi.B - . - - - - - - - -
Pepsin/PAF 2 1 1 1 2 2 2 1 2 0]
Pepsin/Millon - - - - - - - - -
Pepsin/DMiB - - - - - - = = -
Chymotrypsin/PAF 3 1 1 1 2 2 2 1 2 o
Chymotrypsin/Millon - 0] - - - - -— - - -
Chymotrypsin/Di\3 - 0 - - - - - - - -
Clostridiopeptidase/
PAF 2 0 0 0 0 2 0 0 2 0
ae-Amylase/PLF o) o) 0 0 o) o) o o0 o0 o
B-Glucuronidase/PAF 2 o] 0] 0 0] 0] 0 0 0] 0
Hyalurouidase/P\F 2 0 0 0 0 0 0 0 0 0
Neuraminidase/PAF 1 0] 1 1 0] 0] 0] 0] 0] o]

0 = no effect;l or 2 partial hydrolysis; 3 complete hydrolysis; - = unassessed
because of limitations of reagent.

Cleostridiopeptidase quite sclectively hydrelyscs [3+ and By-

ccll inciusias (fig. 11), cuad the Light greca-pesitive onterdial

in Cl—cells. L1l otlhior cells cus structurcs of the brain
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arc unaffoctrd. It iz .f intorest thot thore is solective hiydro-
lysis of s.ie 1i:ht-green-staining protelins, indicating choendcal
diffcrences thot ~oe not ovideat ofter ony stedniag procodurc.
X-rivlase has av offceet, that cowld he detected with
P/F, PALS, or Azak. Svue reductiin of [q-cell inelusicns cccurs
fron treataent with glucurcenidase (fig. 11) and hyaluronidasc,
ang the poattern of hydre 1yuls iz similiar in both, It is of
course pessible that the sanples °f boti enzyacs were contaninnted
with s:ie protcolytic cuzynes., However tho slides subjcectod to
cxidati.n befurc troatuont showed very little l-ss of naterial
and as 1, 2 glyesls are nort suscoptible t Molapradion cxddaticn,
proteclysis sucie luss likely., derecver, snly fg-cells showed
any si;nific ant change, it thoeref re cooie st likely that tho
reduccd staining wos duc to hydrolysis of the polysncchiaride unicty.
The effeft of necurandnidasc, in sclectively and sub-
tantially roeducing fuciusincphilia of Al-cclls ic iuteresting.
As this enzynie was caployed at a very low coucentrati-n (0.04 ng/
111) there is 1ittle likelib cd of the cifcct duc t. protoasc. Cohe
sideration et then be given to the possible prescnce of N-zcotyl-
acuraminic acid as a cunp-neut - f the ncur:scerctiry materiel (£ig.
11).
Those results clearly underline thoe diffcrcaces in cou-

o vari-us nourisocretory nateriocls, and provide

o

pceition of
E i

a ueans -f characterisinr and inveatigating then *irt has reaained

uticxpl -itod,












103,

The low lipid content of 2ll nourascereisry colls is
cansistént with the findings of Lrvy cad Gabe (1962). However,
nany lipeid iatericls wiuld net reémain aftecr Bouin fixaticn and
wax eubedding., The faintly sudwophil materizl that is prescnt,
lios bbtween agirogations of neurgsceretory watorial in fy- and
dg=cclls., U5 no neurescerctory motericl were sudensphil cven
after cadmiun-calciun~foraalin fixati-n it is concluded that in
T. pronuba, at least, thers is nc lipid conponunt,

Wiea scetions are stainod with PAF, ribtaucleic acid
contributes tu tho dyc affinity cof ounly Bl—cells, and then oaly the
phasce where inclusiens arc absent.

Tetal pretcin ceacentratien cannat bo doewmenstrated by
any single method and ean enly bo dedueced after stuining for coie-
ponent aminoe acids cnd anbound adns-sroups,  Both Chleraning-T
Schifi and Brouphensl blue visualisce tiie lattor, and they arce pre-
scat in all avurcsecrciory interisls, Howoever the greatest concen-
traticn cceurs in AZ— and A4-cclls. By blpcking aine Sroups by
acctylati~n it was dcncnstrafpd that they are to soe eoxtent ros-
ponsible for the affinity shown towards lisht sroen ia the PAF
gequence, Thie relatively low but wniform ddistributicon of arginine,
indicotes that besic groups of lysine, hydeoxylysine or histidine
contribute uainly totho ceidophdil proporiies of neny ncuroscerotbry

~cell iuclusi:ns ore realily susceptible to

cells, " As Bl-‘and 52
tryptic digest, o folrly hish elinecentration of lysine econ Lo eXpected,

Unfortunately corboxylic acid groups caniet be satisfacturily deuens-

strated by rrescat histoclivmical toehudgues, and the possibility
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runicding that some of nvursscerciory watoricls, cspeeially tho
protein fraection ol fy-ccells may beo rich iu ospartic- and glutan-
ic acilds.

Thc prescice «f sufficleatly hish ciucoutratimms of
tyrosine and tryptophnn te give a positive roacti.n by tae wethods

used, charactcoriscs Lo=celis in noctuids and ﬁphin;iés. Howover,

the Aj-cclls in P, cynthia ricini also sive a foint, but aoverthe-

less, a pusitive reoeticn fer tyrosine, Whon this is considoeroed
together with tho aighér concoutration of ~rsininc, and anperont
absénco »E tryptezhan in this spyccies, it scoms likoly that there
arc specific diffcrences in tie apine celd cemposition cf sawc
nouroscerctory materials,

Rosults sf the @nazyne digostion studics provide ovid-

cnce that both tyresiuze and tryptephan arce yrotein-bound in T,

pronuba and D, percellus, as tyrcsise is in P, cynthia rieini, It

was carlioer pestulated that the strongly mositive eatorcchroaaffin
rcacticn (diazotisced saffrauin) revonled stored 5-IT aand the ool
paratively lLdgsh tryptophan centent, of lip=cclis, indicated reserves
¢f thie widnc-acid, as the precurscr of 5«17, Jinis (1967). in
intense ontcrcchtronalfiin reactisn r-uld indicate tlic prescnce of

)

5-dT in these cells, but in the light of the onzyne digestiocas,

o8 te boe uoddficd. As chyuotrypsin rapidly

v

tho aobuve Lypctlicsis i
abolishies the affinity for dinuzctisced saffraunin, but leaves try-
ptoplice: dntact, it is unlilicly that the latter vaicis in tho cyte-
plesmic peoel of reserves, but ds an dategral part of the Az-coll
noursscerctory nnterial,

Tic specificity of diezotined salfronin ofr 5«01 is, of
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course questisnadle; 2ll of the fivae oothtds usod o demwnatpnte
this adins quoted in Pearse (1980) dupond upwn roducticn of the
chr:zoshore by the =3-hydroxyl group,. J5 Poori o polnis sut, ferric-
ferriecyonide is aut caly reduced by 5-HE, but alz> by melanin,
lip.fuscin sulphydryls oud phosplieglycoracetals. However, elanin
is visible as o zigaent, and conccatretiens of both lipids and
sulphycryls hove Loen shown to be luow, cad con ticprofare bo dis-
coucted. In my epiaisa reducing sugors, are cler eifcctive, ns
they arce in reducing tetraz:liun sclis; iuvrtier roscarca is
requircd tc decide vhethor tho positive outer:chrouaffiin reoction,
is, in this instaince duse o reducing sugrrs or bt 5-HE as suggestod.
Tiio demenatration of cystoine cud cystine ia acurssccre-
tory ccll inclusisns lins had a consziderable iafluence upen intor-
srcetetizn of tho chendeal nature »f tie matcricl, and has stinwmlated
the usc of ass-cystino in ernjuncticn widh antorcdizgrophy as a
neans oI gtudying tice dynanids of syathesis cnd seceretion. (Highnam,
1962; Delphin, 1663; Sicw, 1963, 1965). Steedwa: (1950) interaduced
Llcion blue 8CGS as o sistochendeal stoiu for neid wcupslysacchar-

ides; it dintercots with carboxyl and sulphate srouns (Scett,

Quintarclli and Dellowvs, 1964; guintorelld, 1963). Adans aad

o

Sloper (1855) adopted the technigue for the Cenwustroti-n of cysteine-

rich nour:sccrooty ratericl dn the vertebente Lypothalasus. The

chenical basis uf the reactiza rests apon the csidativn of cysteing/

cystine t5 produce sulphonie- or sulphiunic-acids, wiich

jeh

sulzihated mucoepsl,scccharides 4o towards Alcion bluc in acid nel-

utismn, Bindliesly the use of aldehydoe-fuchsin f-r deonstrating

bt

the insulin-contoiniag Lota~colls of the poagreas rests upon tho
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R

nic acids by perimaganate

producticn ¢of sulphinic~ and sulph:
sulpiuric acid ciidaticn. (Scott an! Clayton, 1953; Hristbery,
Lester an? Lazarow, 1986), Slgper (1658) inrcrped that sxidised

tcine aad cystinc was recponsible for the afiinity shown by

0

cy
neurosecrctory matorial fer poroldcihydc-fuchsin and clirolc-alun-
heocuatzzylin, However, in coupering PATF cud PLS ronction in

aricus tissucs Scott and Clayton (18533) e.nel . ted that PLF stailned
voth acidic groups aad aldchydes.

Slsper (1958) nmentions that Crystcl vielet-Doxtrin-

Roserein substituted for Meiecn blue gives iuproved resunlts; oaad
this forued the basis of Ducra & Tandan's (1934) Victoriz bluc-
Dcutrin-Ressrein-ir.n lake (VB)., They shoewed that after porforaic
acld oxidation this dye is very spocifiic towar’s pi:th vertbrote

and invertebrate ncuroscerctory atericls,

of Sorcovuasa ruficornis and compared with PAF, Tendzn oud Dugra

(1966) showed that not all PiF-positive cclls reacted niti: VB, and
suggest that the incronscd speeificity of the latter readlers it
supcri.r. Receutly, Degra (1987), has statcd tiat the B-colls of
Kobayashi (1957), Johausssn (1958), i teubashi and Fukaya {(1960),

noek (1963) -~ud iltsubashi

LJ

Highnen (1961), Byweu (1982), idcLeod and
(1983), ave n-t only coatrniict:ry but conspicusus by beiug nega-
tive toworle VB, He pute Torward the view that tac absouce of
cystine cs iudicated by this teclmigue nay coxelude the possibility
thot thesc cclls orce acur.scceratory.

Of the cthods currently uscd to derwastrate sulphy?ryls,
DDD and RER reagents are soeaerally cceontod as acre roelictle

{Pcorsc, 1980; Barka & /fanderswia, 1963). Fervic-ferrdceyanide ond



Tetrazaliuwa salts ore clse used, dui readily roact with cthor
reducing substonces, Froao the histochonicel rosults of this
study it is apparcat th thoze tywe groups of reoZonts act dif-
catly; DDD ead BSR siving a weal rencti o in practically atl
cclls of the brain, whereas ferrice-rorricycaide cud Neotetrazzliun
stain Ae-cells particularly intoemscly, as ds PiS, and VB after
cxidation and bisulphitcrinse. The foct that VB fodls to stain
any neurasccretory cclls after porfomile acid cxidaticn alone
ryles out any sigaificant cciicountrsticza of sulphydryls or disul-
phidc. Hovertheless in scuc spocics there is a suffdcloently high
cocaceatratici te produce an inteasc reccticn with flcian Llwo,
after oxidaticn (Brosusce ot al, 1958; Bloncr, 1837; Chalaye, 1885;
Dclrhin, 1965§ Sicw, 198Sc; Meisse, 19G8). 43 Delyhia (1865) found
that two zsut of throe types of PAF-positive cclls stained with .
Llcian blue, and Chalaye (1885) fcumd that ane cut of threc stained
strensly and the other 2 weankly, and 21l cclls dn tic broin of the
T cepidoptera usod in this study werc nogative, it is ovident thot
thisre is a concidorable voriation in sulphur coatent of nreor. rocre-
tory naterials, Thercfore, metheds relying upen the visualisation
- eageadered sulpionic- or sulphinic acids will reveal only &
fractizn ~f tho neurzsecrctory co2lls in scue Blecies and nshe in
~thers, It would be quite iavalid t: usc this as the sule ciiterion

-

for acurrsocretioa.

Thc technigue »f staindn;, with PLF zfter sulpheation is
uscd te denmustrate neutral ewceprlysncchearides, or glyccproetoins
(3ullkin, 1960). héoretically, hydrexyl grouns of serinoe, thresnine,

R}

xlyleine 21 aydeoxypreline coulsd e eupocist to react, but ia

Ly
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ticsie soetlons thoy ace unrculiiss (Do-nre, L890)., Frod tho resﬁlts‘
chtained lu.l. T, promuba, inclusiing of fy-, fig=, fy~ ond Cp-colls
gave a pecitive roaction., As i, A4- aad Cz—cclls are PAS neoja-
tive, it is cpyarent that thoe cardsaydrate ol y cunprises sube
stituted hexsscs, i.o. hexosavines and M-acctyliwczosenines., These
susars &rc less cosily cxidised; noricdate oxidation is hindored
by protonaticn of a froe ausinc=group (Srinccornbe ond ebber, 1964).
Neverthelese, cleoopn o «f tho bond betueen carbons 3 and 4 will
occur in Neacetyl-hoexosanines (Neubsrgor and Harshall, 1986),

This uay possible explein why the >xidatiza products of those
substituted sugars are PLS-nogntive, but PAF-pesitive, and olso

why the stroagoer oxidising agent, aoaganate s prefiered for

use with PLY.

The intensity of PiS-ztaining correlates well with
hexose content, bdut only whon 1, 2-1/cols arc ovailable fur oxido-
tica (Curran, 1963). Scoitdnzgly, the distance between 1, 2-dialde~
hydoes ollows cendensation with the 2 spen ocrylanino Srouss in a
nizlecule of fueasin dsweoswWh.xic ncid, but in a liucar polyner
of substituted hetomes the distauce between adjacent aldenydes (1/
hexose residue), will be too great. Alteraatively, if o single
bond is formod o guinsme structurs will act dovelop, and noe colour
w11l be evident (Kasten, 1960). FPoraldehyde-fucisin is proparcd
fron basice fuchsin, which consists of o mixture of tri-anin.-tri

:

enyl-uethane derivetives {Conn, 19681; Gurr, 1960), Duriag 'rip-

,_

caing! of the propared stain, Lydrochloric acid catalyses Jdopoly-

nevisaticn of soralleliyde t freo ncctolleliyde, which coudensas

o~

with the arylessinoe seoure foradng az-aoct s (Gonsle, 1954).  Yhen



1C2.

all aminc sroups ose open coadensation wlth tdssuc aldeohydos dees
nct oceur in the staining tine nornaldly onployed. Hedther does
it whon fnc ayc has ‘tzged!, i.c. when all amins groups heve reccted
with acetaldchyde, It would tluoroforo scon proebable that the reac—
tive dye is nenc-acctaldelyde pararisaniline chlerdde. Yith one
cooining aryl-anino sroup, this dye would recct with single alde-

hydes resulting fron oxidatiun of amdus sugars.

Brrcldehyde~fuchein guite clearly rencts with tissue
aldchydes, as evident after cxidative docndnatiosn, however ia
the demenstration of structurcs after peruangonate oxidatisn, the
reducing rinse will result in furnaﬁitn of o bisulphite additicn
product. This noy disscciate in tixe aecdld dye solution lezving
free aldehyde, cr, way i.uisce os would sulphinice- or culphomic-
acid., Tho latter ncciouilsing would cxplain the ilportance of
the bisulphitc riuse in obitndning o positivo recciioca with Vb,

ciardless o the cxddant oaployed.

Fron the enzynce digesticns if appcars that all types
of ucurouccrctétg malterisls krove o protoin or peptide backhong.
L3~ and C-ccll inclusions Lave in addition a carbohydrate fraction,
The ropid hydrolysis of Al-ccll inclusius by the proteclytic
cnzy.es iudicates that the proetein conponent is rich in phenyl-
alanine, (chymotrypsin), ér dicarbexylic aclds (pepsin); lysine
(trypsin) and proline (elestridicpeptidasc). Ouly tihc last enzyiie
hed any aporeeinble affoect upon Lz—cclls, and it nay be deduced
hat these have o significant proline contoat., This enzyue als:
differentiates Bl- and B2-coll inclucions, the lattor being rapldly

ayirclysed bat the foroacr taaifocted. I 2as alrecdy boem ~uggcatod
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thet rcdﬁccl stnining of Al—colls cftor trcatneat with B-

slucurcaidasce or hyalurcnidasc 2ay be due to thoe presciice of
traces of proteclytic onzyumes., Iitoerprotation of the resulis
as iandieating the prescuce of jlucurenate, glucuronide, or 2-

acetylaminoe sluecoss, on tuds basis nust be teatative. 0Oa the

othoer hand, thoe offcet of ncuranindidase is less doubtful, as the

[

enzy:le was preparcd at a low conceutration., While ncurasiinie

acld has never been identifiecd in any inscct tissue, it is a
commicnl conponent cf vertcbrate adenoliypephysial glycoproteins
(Papkoff, 1966). Iunscet glycoptrotoins, other than chitiu, have
recceived scant atteatien in the past (Wyatt, 1967).

It is concluded that the PAF-positive ncuroscerctory mater-
ials arc-glycoproteins, difforing from one coell-type to cnother
in both comgpesition of the protein backbone, and the supgars of
the carbohydrate side chaiie., The latter show both qualitarive
and quontitative difforcnces. Carbohydrate tc protein ratiocs
are in the followins order: Ay > Ay > L4, 2 Cp »Cy. B-cell nourcsce-
retory naterinls consist solcely of protein or peptide. The
rcaults thercforo support the difforentiaticn and classification
of the cells, based upon PLF stalning. The basic division into
L= and B-cclls iz justifioed, but although it would be logical
to include C- 2id D-cclls as further types of L-cclls, at pre-
sont it is unore couventicut to adhere to the alphabetical systen,
that is consistent with eyto-norphoslogiceal distincticns cvident

aftcr PAF staining.
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V1. BXPERIHMENTLTION.

2. pAnnarntus fun_rocordiiu £1isht _activity.

In the desipgn and esustructicn apparatus recordlug activity
(cctogreph) difficultics arc cncowitered iu zroducing o roadily
asgosscd record of activity without iiposing any sigaificent dis-
turbanece. The types of actopraph deseribed oiid rovicwed bY
Cloudsley Thompson (1955 cud 1861), car e wed to record abula-
tory ove citt. Recordias flig!t aotivity, varticularly of naoct-
uringl inscets proesciats spoecicl prodlenss, as cven bricf cxposurc
to any part of the range of ecleoctru-nguetic radiation, fron
ultra-viclet to far infra-red con iuduce o resnoense. he offcct
of interuediate and foar infro-red radiation upon hcecturi:nd :eths
has becn describod by Callahau (1.965).

Substrate vilbration co: hove a siduiliar ceifcet, but oy
only beeo e opparent in wunatural situations, for cxauple in
contiusus light or darkuess. Howover a coustont cuvirouucnt is

o pre=reoquisito inn any tost for imnecte, cidogenous ur persisten

rhythis.

Bdwerds (1960) has described an actegraph for coutinuous
recording of flight activity, in which the inscets arc onclcosed
in a Faraday cazoe aid the charge gencrated on the wings duriang
flight is deteccted by i clcetrostotic prebe. The sizaal is
anplificd and groaphically rccorded, While this instrunent is vary
suitable for flying lusccts, discdvontagos lic in its high coust
cuad the necud to adjust tho size ¢f the cage aud the input rosise-
taice tu the size of the imscets., As an alteruative, the apparo~

tus descrilbed Lelow was constructed.



The cage centeiaiig the oths ds fittod with dercpioiics
and the scwid produced by weths flyins neor or ogjodust the walls
is recorded; tho apparatus is therefore, au audisietric actograpli.
The prinecinle of audio-froguency recurding sf inscct activity wvas
first aprlicd by Park (1937) but his description is rather obscure
aud contoins no details of the flight chouber, Sinee then, acudio-
froqueiicy rocording has been confined to auclysis of inscet fsouss!
(Busncl, 1964),

The flight chanber consists of o wooder frae 20 X 30 X 30 ¢t
with taut troeciag paper weolls oa thrce sides, top a
cellulose acetate oun the rencining sido. The lottor provides o
window faedng «i Osran strip light which is fastoned to the ..utor
box. The side aqpposite the celiuwlose ccctate windows is hinged
and scrved as a dewur, The suter bex cousists :f o stout frooe
covered with Wbeaver boardM; this effcctively iusulates the -upro-
phones fron any extraucous srvad.

In crder to rdudidge vibrotis: the flight chasiber is suspaided
by clastic bands., Five crystal :derophones are affixced centrally
on the tup and 4 walls., Leads frow the nicrophoies and light
trousforier are tele:: through a rubter greoxriwet i oue side of the
outer hox.,  The comrien lead dros the derophones foeds the sigial
to a siiple 2 velve anplifier, throush o disde reectificr to a
Ficldea Servograph. Maxiimnm defloetici: of the recorder pel
adjusted by the patoationotcf in thoe aaplifying circuit, according
to the nuuber of iasccts in the flight chaber n:d the strougth
of the sigael produced at wexiwn activity., The circuit to the

stripy 1ight icorpora a Veunner tilue switcl with fittiugs for
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6 switch loaves, thus porudtting 1, 2 -r 38 phasos (Xight + dark)

iz a 24 hour cycle. The apparatus is illustratoed dn figure 12.

2. Prelidnory results and test for cadogenous rhythus,

Initially diurnal aad accturaal snecles were tested in the

actograph. Diurnal species 1ndlude, Picris brassicac Linn, Vanc-

————

ssq urticac Linn, aud Zygaena filiwendulae Lirn. The tiue switch

to the light was adjusted to give a 16 hour photophase (7.00 a.ile~
11.00 p.n.). The awunt of actiﬁity and flight pattern showed
little variation vhon a feoding pad was presciit or absent., When
fed, a pad of cotton wool sockod in 1% solutioci: of lhoiey or sucrosc
was placed in & poiystyrcao conttainer inside the flisht chasber.

To tost for cadoegencus flight rhyth: tho actograph wos put
in a coastant teupuraturc roc.a and the insccts exposed to contiile
wous 1lllwmduation for pericd in P, brassicac and V., urticac extonds
for the wholo tiie of illwiination with 0o peak of activity cor-
regponding to the tine of illwiinction in natural couditicns.

Both P. brossicac and V. urticac fly ouly when i1lluninated and

apprear to require wntroeviolet light. Whon a Phillips wari white
(80 W/29) strip light woes fitted no flight cccurrcd; this light
dves not condt the ultra~viclet range.

Under continuous illwiination Z, filinendulog cxhibits & peak

of naxiiy activity codncidont with the activity whenr expesed to
tho norial scoto- and phicto-phase, nevertlicless, scue activity
occurs throughout the 24-72 hour period of 1llwdnation. Shesc

3 spocics arc strictly diurual and no flight occurs in the abseice

of ililwdnatiorn, Further oxperitients in which P, brassicac was

i
&

subjected to 6 hour photophese alternated with 6 hour scotophasc
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for 72 hours reveald that this spccics will fly during any poriod
of illwidnation regardless of the tine (fig. 13). While Z. fili.--
poicdulae showa sone evideince of o eadogonvus circadian flight

rhythn, ncue is apparent in P. braccilcaoe or V. urticac.

Many nocturnal noths woro exanined, thoesc were cullocted
frow light traps adintained at Silweod Pork, Aftor capture,
spccies werce scXed and separated and coufined in nuslin walled
cages in a 20°C coustant teuperaturc roon; oxposed to a 16 hour
day (7.00 a,mt, - 11.00 p.i1.). Tost conditions were essentially
the saie as these used for the diurnal species, except tuat the
light svurce was disccunccted and the roowr in whieh the actegraph
was uscd was blackced out. his stage of recording was carriced
out as a preddidnary to sclectiug a Bpecies foar further cxperi-
nentation; various athor factors had, thoref:ro, to be taken into
account., As wvariocus surgical procedurcs were cuvisaged to investie-
gate cadverine effeets, snaller ncetuids, nctodoutids and geoinotrods
were rejectad as they shewed a low survival rato after incisions
worc ade ian the hecad capsule and cervical rogion. Larger noctulds

such as Autcgrapha gmiria, Diatarszia cleracea w:d Noetua pe ruba

fulfill this requircient, and alss hove a distinct pattern of
neecturnal flight, Figur; 14 shows recordings fron 4. gaiia and

D, aleracea; it is iatceresting that both spocies are also diurnally
cactive, Wealt bursts of diurnal flight is charncteristic of D.
ulcfacca, and a narked overrun of vigorous flight into the photo-
phase co:tionly occurs in A, ganria. In neithor case is it likely

that the barsts of diurnal flizsht rosult froo disturhance within

the actograph; A, pavia can often be observed flying and feeding
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during the dey. Rucoriliage reles Aneing 24-72 hours coutinuous
darkness shuw that D. olorzcea, L. Jasiia and 4. prouuba have o
porsistent ondigonous circadion flipht poricsd (£ig. 14), whercas
the diurnal flight activity is proowted by lisnt following the
scotophase, and ao circadian rhyth:: during 72 hours continuous
light ds dotectablo,

In cach experiiwnt it ves faund wractical to usc ;wro than
cue swth. Whon activity was rceorded continhucusly for 3 days,
or as long o8 14 days, the flight chauber could‘bc left wadict-
urbed oven if oune aoth dded. However, Whon to: nany :woths were
put in the flight chanbor sutual disturbance becaie o signifi-
cant factor; 3-5 mwoths wos tho wet sultable imiber and as the
availability <f uocths varicd, 3 ricths wero usod in each experi-
neunt,

) The f£light chamber cbviously prescits ab unuetural cnviioi-
r1ent inasimchh ng the space for Proe-flight is couparatively
snall. For this reason large repidly-flying mcths such as
sphingids wore ot used. Indtial trials with Hinas tiliac

Linn oud S:aerisnthus acellcotus Lian proved unsatisfactory as
X

they bocaue badly daeaged aftor soveral aishts, In this rospect
the necctuids used are ideal in that very little dauano throusgh
contoact with the walls of the flight chanber ocecurs cven after
soveral wecks, The dange sustained by sphincids in prolonged
experinents depends upen certain f1ishit characteristics which

arc abscat in the Saturaiidac; groups of 3 ale P. cyntiiie ridni

S

1
3

. cloverd weore roveatedly usced and lived os long as coutrals

e 2y vt ————————————— B4

"
jax]

sad

C

confiued to large msliu wnlled cnies.
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In considering of the activity patterns of thc =pcceioes
tested, the wre clearly deucrcated ncéturnal £1izht peried of
T. pronvba nede this speclus tie tiest suitebls for further
cxperinentation, Difficultics wore cicountored in establishing

tultere,buk during Hhe summer montks {avge numbers became

a breodingfavoallable from the light traps, Iurtherisre, suic
&) L 33 ?

individuals survive for 2-3 wonths under laboratory conditions.

Froun the peint of view of sursical precedures, the Tindall

cffect exhibited by the nedial ueurssccretury cells (4 cclls)
is a distinct advaitage, and facilitates the selective aﬁlation
of thesc cells with a high degres of accuracy. This property
is sharcd by scveral cther species of Hoctuidae, but the ficld
populaticus at Silwuod Park (as indicated by light tray captures)
arc vory :imutch snaller than that of T. pronuba,

The cxperineits detailed in subscquent soctions were applicd
nainly tc T, proauba, 5ut wheu tine pernitted sclected cxperincnts

were olso uade with, 4, ipsil.n, 4. gaana and Pocynthia ricini

(where these woere considercd particularly significant).

It is likely that activity rhythos in feursles arc connlicated
by ondoecrine changes assoclated with repreductive cycles, and
oviposition behavi.ur, therefeoro, nales alene wero wod in all

cxperients,

Effect ci IFeeding.

The tize of onsct of £lipght, and its duration aand amplitude
proved guite wnifory, in uafed uales (7. proauba), collected
fren the light traps and recerded within 72 hours, Vherees
aoths that had booh exposed to a foecding pad varied counsiderably;

frequently showing a narked reduction in activity ocud a shift
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in the peak Ziigit Lime., It vwvse.o wason diore was ao flight,
or it was of brief durstion, in the photophass alcue,
This sugrests that fecding lies a uarked cisect unsi tho ciiwe

~

codian flight rhyth:a, Te iuvestigato

cr

his, frcshly captured aoths
werc isclated and starved for 48 hours. Tareos awths wore trans-
forred to the flisght chamber of the actogroph aund flight activity
was rccarded for further period of 24 hours of starvaticn, With
fow oxcepticns vigorous novcturicl flight occurrcd. 4L feeding

rad was then placed inside the flight chanber, and ronwved 24
hours later, wiioen the npfhs wore oxardned to assess the cxtent

of feeddng in cach wuth, Aftor 3 days starvation they usually
focd until satiated. Individuals weighed prior to, and iuediately
after fecoding cften show a 30% pain in weight. However, a reolat-
ively large voluie of liquid i:nbibed can be zauged by the dict-
cinded abdonen, Occasion;lly uioths werc oncountered which would
not fecd. Upen disscctiscn a nathelogienl coadition was recog-
nised, in that the cesophasus was partially cor conpletely cccluded
by a plug of uelaniscd tissuc. Diséascd aoths de not usually
aurvive the initial periced of starvotion.

A typical activity pattern extending over the pro-feeding,
feeddng and starvatio-n poriods is shown iu fisgs, 15 ocuid 16 they
deplet an uuintorruptsd rocerd fron thoe sanc threc woths. The
ilarkoed roduction in activity Juring fhe fecdiug peried zlways
occurs. Obviously a> flisi:t tnkes place whon the noths ore
feeding and it is possible that foodiug ccecurs at intervals
thrsughout the night. Tho low lovels of flisht activity dwnrding

he 2ad and 3rd nighta suizsests that sone iahibitery procoess
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has takon place as spoeradic divenal flignt oceurn during the
‘photcphasos of the first 72 hours it is apparcat the oaly
ascturncl £lishti °s boing inhibitod. .

On tho third uizght there is a considerable incrcasc in acte
ivity with further incrcasecd duriasg oho 4th and 5th wigshts,

Vory little increase ia activity occurs after tice fifth night,
end the feodlng/starvaticn soquence can then be Jduplicated with
striking regulority.

The courisnly occurriug ﬁurst of activity conuencinzg at
8.00-8.30 a,1, is asscciated with switching oa of the light.

It is noteworthy that this activity is also affected by the
nutritiosngl status, Ou the first zid second days it is absent
but reappears oo the third dny and reaches a poak on the follow-
ing day. The fourth day appears as o transition point and iu
sone individuals the ancunt of activity roccrded betwewua 8.00-
$.00 a,1, cxceeds that of the aocturnal phase. The possibility
that this - ridag burst of activitj is an unaatural one, induced
by the sudden derk-lisht tronsiticn cannst be overlosked, Iswover,
a dewa flight is a comon feature o uccturinal moths and is pro-
bably represcuted by this bricf burst 2f activity but cenianced
by the experitwital gbrupt tronsition,

In thosce experinents a 1% solution Qf honey was uscd as the
fozd scurces at lower conccutratisas the quantity intibed varics.
Higher concentrotions producce a longer poriod of inihition,

It is epparciat thzt autritional status is o importact
facter in dotoeridaing flight nctivity. %n all subscqucnt oxperie-

nents this factor was telon iute acecsunt, end, utilising the
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uniforn activity pattern aid marked socinrnal hablte coxhibitod
pronuba after 4-5 days starvation, uoths were storved for

by T. 3

a standard 4 doy period.

(4) Effcct of Agc,
Nt

_Ls culy a liniﬁad nuiber of mnoths becane available fron
laboéhtory roarcd stoucks a large proportizn of the experineatal
work had to be carricd out on specinens ccllected frern the lizht
traps. 1Mo uothod was found for assessing the age of tlicse, but
age is a factor which nust be cousidercd. Edwards (1962) found
that changes in the flight activity patterit occurred in 4 sut
of the 7 specice he studicd.

L group ¢f 20 pupae frox laboratory roared T. nronuba were
isolated and later, moths divided into apge groups after cicrgecc,
Tho first 5 deys activity waé rceorded fron 4 proups of 3 noths
wwhich were unfod. Thereaftor activity was recorded for 2 con-
sccutive days, rcpreoscnting days 4 and 5 aftor cach cxposure
a fceding pad. This was c