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ABSTRACT 

J. B. DUMSER 

Ph.D. ~ Parasitology 

CONTROL OF SPERMATOGENESIS ,IN RHODNIUS PROLIXUS 

, , 
.-

This study involves essentiallv two 

ph~ses: (irstly, the description,df testis . 
structure and gern ce Il dynamies in Rhodnius, 

leading to the foroulation of a kinetic hypothesis 

of germ ccli development, which prediets division 

rate enhancèment by ecdysone, and the suppression 

of this enhancement by juvenile hormone. The 

.econd phase involves a critical evaluation of the 

validlty of this hypothesis, by experimental in-

.. 

vestigation of three major aspects: a demOnstration 

of appropria~e mitotic index reaponse to hormonal 

, 
presence; hormona~~4nstituted changes in moult 

il> 

cycle,duration; and hor~onal1y Independèn~ .equen­

tial germ cell differentiatlon. A fourth major 

control" mechanism" an eèdy sone-re la ted f non-kine t le 

autolyais of the moat differentiated germ eel1 

comp'artment durlng each larval diapause per.lod la 

al.o descrlbed. 
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ABREGE 

Ph.D. J. B. DunSER PARASITOLOGY 

CONTROL OF SPERMATOGENESIS IN RHODNIUS PROLIXUS ." 

Deu~ étapes sont impliquées dans cette étuJt: 

premiêrernent, une description de la structure des testicules 

et de la dynamique des cellules germinatives chez Rhodnius. 

Cette description permets l'avancement d'une hypothêse cynétique 

~ur le développement des cellules germJnatives laquelle, prévoit 

un taux de division augmenté pa~ ecdysone ainsi que la . 
suppression de cette augmentation par l'hormone juvénile. La 

1 
seconde étape est une évaluation critique de la validité de cette 

hypothêse présentée par une inve~tigation de trois aspects 

majeurs,: une démonstration de la réponse de l'index mi totique 

approprié a. l~ présence de l' hormone; les ch.angements du cycle 

de la moue sous l'influence hormonale; et une différentiation , . 
des ce~lules germinatives indépendammént de la séquence des 

hormones. Un quatriême mécanisme de contrôle majeur en 

rel~tion avec ecdysone est l'autolyse non-cynêtique des 

.composantes des cellules germinatives três différenciées durant 

chacune des p6riodes de diapouse larvaire est aussi décrit. 
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PREFACE 

One very biased way of viewing the larval! 

adult transformation would be to consider it analo~ous 

to vertebrate puberty. It 18 biased becaus~ structural 

and physiologieal changes not direetly related to repro-

ductiDn are enormous at thi~ time, and to the develop-

mental biologist the chan~es observed in the gonad 

are reslly no more striking th an those observed in 

metamorphosis of external structures, and the abrupt 

shift in lifestyle these often make possible. On the 

other band, the author's ùnAeemlv preoccupation with 

sex, revealed in the openin~ sentence, csn be justified 

on both theoretical and practical grounds. Theoretical, 

in tbat given the dogma of contlnulty of the germ line, 

we may view an insect in aIl of ita sta~es a. a di6posable 

shel!, a kind of culture vessel deaigned to propagate 

the Bpecies' germ cells. Prsetieal, in that aan has 

, alvay. had .an economie, social, and .edical interest 

, , 

in the nuaber and kind of his insect neighboure, and 

hopes to exerci.e'Bome control over these numbers by 

a selective attack on the in.ect', reproductive fa~ulties. 

Bistorieally, a very large nu.ber o~ etudies ~ 

have been carried out on the physiology of elg production 

by the female inseet. The literature on the aale 18 

ainute by co.pariaon, and one jUltificatlon of thi. 

1v 
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di~parity i5 that the male in the wild population i8 

often ~edundant, sometimes dispensed with entirely as 
; 

in parthenogenetically reproducing form~. Ths female 

i5 entrusted with for"ing the egg, the protective , 
. \ 

shell which nurtures aIl subsequent pro~eny through 
J . . 

embryonic development. The male provides genetic 

diversity, the basis for evolutionary selection vital 

to the mainten~nce of po~ulation fltnes~, but of small 

impact on nex~ season's popuration levels. Development 
/ 

of broad spectrum insecticides in th~ Mid 1940's enabled 

us to deal vety effectively with agriculturally and 

medically important 'insects throug~ any of their life 

stages. Increasing resistance in these rapid1y evolving 

populations, large1y a result of the extraordinary 

~ 

selection pressures Inherent in our methodg of control, 

has resulted in a constant increase in the anounts of 

the chemicals used. The accumulation of larger and 

iarger levels of toxic residues by both biologica! and 

physical amplificatio~ 18 be~inning'to be felt as 

pop~lation instabilities ln life forms often quite 

remote from the original target populations. The 

limitations of the broad-spectrum attack are now clear. 

AttenXion thus has recently been focused on the male 
, 

a8 one potentially specifie agent for cont~ol. As 

carrier of genettc information, he can a190 be manip-

ulated to carry ~isinf~rmat1on through the mechanism 

of the semi-sterile translocation heterozygote (Laven' 

v 
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et al 1971). a Machiav~111Rn Menclellsm derived frop 

the sterile male techniçue ~Knipling.1955). 

Ho W e ver. v l' h a v e a 's y e t no cIe fi r rie t II r e 0 f 

the development of the male &erM cell Rystem, it~ 

r.l a tu rat i 0 Tt atm e t a m 0 r p h 0 s i!'l, a r, cl in ter n ale 0 n t roI 

exercised by the insect over thiR develn~T'ent. 'Peaclin~ 

puber:y'. the attainment of function at metamorpho~i~, 

can be experinPl tally manipulatpd; thug, as ~e shall 

see. controis do certainly exist. In a recent ane' 

thoroug'ly excE:llent revie,,' of comparativt? endocTlnology, 

(Highnam and Hill, 19f,Q), twerlty-eight pages are deV'oted 
, , 

t 0 t Il e en cl 0 cri TI 0 lof, ~7 0 fin sec t 0 iS g e n e sis, a. n d pre c 1 Rel v 

011f rundrf'd'ar.d twenty-five '.'ords to the endocr:ne 

contro) of reprodl,ction in tre male. ,Iheir conclusions 

cre, " it ls likel~ thercfor~, that ft fs controlled 

by the same combination of hotmonEg that effects netD-

morphosis.~ In a verv ~roe~ sense, this thesis tA 

intended to investigate the vRlidity of t~statement . 
FolIo.ing , vpry hrief review of the endocrin~ 

ology of .et •• orpho.ts, a eo~prehensive review of the 
l 

literature specifically dealing with t~sticular ~rowth 

and endocrinology in insects will be attempted. In this 

way, the question can be refined to what ,this author 

chooses to calI the 'larval-adult paradox': the mainten-

ance of 8permatogenes~~ in vastly differing endocrlnol-

ogieàl milieu • The neceAsity for isolatlng par.m@ter~ 
" , 

of.srowth fro~ those of differentiation q~ould also 
) 
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become apparent, justifyi~g a review of testicular 

morphology in the 'generalized' insect, and an intensive 

analysis of structure in Rhodnius. 

Certain control points can be iSOl~ from 

this analysis, and a limited series of endoc~ino1ogical 

investigations will be describ~. In an attempt to-gain 

a more precise pieture of germ cel! differentiation and 

production, a study i~ described defining the dynamic 

relationsbips between differentiated germ cel1 eompart-

ments, and som~~effects of hormonal ~anipulation on 

these relationships are rep~rted. Frbm theft results, 

and froD correlations witt the body of endocrinologiea! 

• information already present for Rhodnius, a kinet·lc. 

h y pot h e sis i s pro po Red wh i c h s a't 1 s fie s the con dit ion s 

dictated hy the lar~al-adult spermatogenes{s paradoxe . . 
This kinetic hypothesis depends in ~arie part' 

on two unsupported assumptions:· That germ celr division 
\, , . 

rate 18 subject to endocrine regulalton; and that sperm-

atogonial differentiat10n pro~eeds in 8 series dt steps 

related to the number of divisions éxperienced, but no~ 

directly related to tim~ per se. lke two succeeding 

chapters will therefor. pre~e~t more precise defi~itions 

~of these questions, and describe experimente carried 
; . , 

out 

the 

ODset of certain events 18 non-rend01llly distributed in 

. 
titRe. Il further anlflyr;ls of thi. effec,t l'eveals the 

., 

"~ 
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existence of a fourth significant endocrinological 

1> 

intervention in the dev~lopmental schema of the testis, 

control over the availability of tjme for development. 

Following these experimental p~ocedures, the 

d~cussion is presented. 
• 

This section is divided into 

three parts: The first.contains a brief review of major 

.findings, and an assessment of their validity. The 
, . , 

kinetic hypothesis i9 then restated, and applied to the 

observations on testis develop~ent from the literature; 

1 
, the second section comprises a Dore detailed and theot-

etical account of division rate and its potential control, 

and concludes with a somewhat modified and speculative 

version of the kinetic hypothesis; the,final section 

presents a comparison of this s~eculative hypothesis 

.with a control system which has been proposed for certain 

vertebrate tissues. 

'" The organization of this·thesis thus departa 

from the standard format of historical r@view, ex~iment81 

observations, and discussion in a fairly radical m_nner, 

-and the'author regards this departure as nrce.sary to 
,0 

preserve the ~onti~uity of the ,log1c presented. This 
, 

structural complexity aris~s largely from the lengthy 
, 

" .observations on structure and dynamics necessary to 

isol!~ and 1dentif,~ ,.possible contr\l 

'development prtor to the ~xperimental 

points in testis 

investigation of 

the~e control phenomena~' The thesis thus co~re8ponds 

. 
iIJ organization to tSiO ,such stu~f.e8: t~e one to define 

• 
',\. 0 -viii 
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the probleœ and suggest solutions; the second to provide 

an experimental in~estigation af the validity of these 

solutions. The organi%ation adopted,while somewhat 

unueual, can thus be seen t~ reflect an order!y and 
~ 

l~gical progressfon in our *nderstanding of the control 

of testicular development. 
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ChapterAne: Hetamorphosis 

'''\ 
An insect's life is com~dnly, and efficiently 

divided into a nupber of stages, or stadia. Each may 

be considered to end, and the next begin with the 

shedding'of the old cuticular exoskeleton, a process 

termed ecdysis. In its eariier stadia, the insect's 

activities are directed toward an accumulation of nutrients, 

and growth toward the size which Datural selection dietates. 

While the young or larval insect Rhows a steady increase 

in mass, a volumetrie constraint i8 imposed by the 

relatively inflexible cutlc!e, hence its perloJic reMova!. 

This ecdysis 18 a very visible process, ~,d orovides 

the insect physiologist with a precise and unmistakeable 

marker. The entir@ cAtalo~ue of events by which the 

insect replaces this cuticle ie cyclical and continuous, 

and is referred to as the moultlng process. Briefly, 

it consists of the separation, or apolysis of underlying 

epidermal cells from t~e old cutlcle, the production of 

a new cuticle by these cells, digestion and resorption 
, . 

of valuable, largely proteinaceous materials from the 

old cuticlc, and final1y the shedding or ecdysis. 

Additional interna! and external layers are added to 

the c~ticle following its exp~nsion, hardening and 

darkening. Apo~ysis then begins the next moulting cycle. 

• Eventuelly this cy<;le i9 halted in the tvo major 

groups of inseets. exorterygota and endopterygota t bv 

/ 

\ 
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t 'It e pro cl u c t i o.~ () i t' l ~ r ~ 1.:1 1 r e pro cl u c t :1. v est age, the 
\ 

adult or imago. Thio; sta~p. i9 rl·~~ons.ible fnr dispers;:tl, 

and the production of the succeeding generatlon. 
"\ 

i n sec t s • ~1 i n p, s. a n cl sen " (1 r :' "t r ' ~ r. t ure s f (l r l 0 C l t L Il h 

t'l,~ :nate appear, and external reproductive structHrp.~ 

• , 
are developed. Patterns of pigmentation"pf the cuticle 

may be drastical1y altered. Change~ al~o nccur in the 

internaI orga!1S ar.d tissues, it\cluding. the maturation 
, 

" 
of the gonads, and there is a general re~rrangeaent of 

structure ~nd function consistert with the new role 

aS5urneù by the insect. Taken as a whole, these 9hanges 

are termed metamorphosis. In the exopterygota, the 

adult and larvai stages are recognizably similar, the 

aclult specializations being added to a common body plaa 

at the final or metamorphic moult. In the endopterygota, 

an entirely new body plan 15 realized in the adulte 

The massive reorgan~zation required 18 carried out 

dur1ng a stage intervening bet~een larva and adult, termed 

the pupa, and this type of metamorphosis i8 called complete 

metamorphosis, in contrast to the incomplet, metamorphosls 

of the exopterygota. 

In the exopterygota, and to some extent in 

the endopterygota as well, ~he seme ectoderm61 cells 

produce the larval and adult cuticles, and this extra-

ord1nary differentiation has been the foeus of coneerted 

• examination for fort y years. The v~lume of literature 
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has doubled and redoubled in the past deeade. and as 
.. 

Willis (1974) points out, it sometineR ~eems that 

littlc or no progress hRS beén made. This, of course, 

i9 not really 50, the quc~tions ~sked today ~re 

increasingly more sophisticatcd, and one problem eertainly 

i5 the collation of <;0 much availablc data. However, 

the bril1iance and vision of the early research in in~eet 

endocrinology cannot be lig~tl~' ti9~issed. This thesis 

concerns the differentiation and development of trye 

testis, an internaI organ, and how this d~velopment 

relates to metamorphosis. A ~enerAl, and very brief 

review of the endoerinology of Metemorphosis 15 presented 

here. Most of this information has re~ulted from studtes 

of the metamorphic process affccting cuticular different-

iation, much of it stated sorne time ago. Virtual1y every 

point is disputable, and a eareful analysis would take 

us very far from testis development, the matter under 

primary consideration. Thus, what fol10ws 18 a simple 

statement of vhat is sometimes termed the Classic Theory 

of ins.ct endocrinology. Contentious issue~ are avoided, 
1 • 

and it ie hoped the non-specialist will be provided in • 
~ this way vith a simple framework on which to interpret 

the e,perimental and descriptive work to follow. Where 
/ 

a greater depth of understanding i8 requlred, for the 

Interpretation of an observation or appreciation of a ~ 
question posed, a short reviev has been included in the 

relevant section. The author recognizes that th1s technique 
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lntroduces an inconvenient fragmentation of the infor~-

ation presented, but hopes that in this ~Anner ft va~t 

and intractable literature can be made availahle to ? 

widet audience thsn would othei~ise be possible. 

1nfo1'D;ltl011 presented here l'epl'esents the contributiol"'s 

of very many vorkers over a long pel'iod of tiMe, internai 

r~fel'encing in this section has been avoided except uhel'e 
,'" 

the information 15 unlikely to oecur in a standa).c1 

review. For the l'est, the material has been tBken fto7, 

and the l'cader 19 recommended. thE:' f('\llo\l:ing l'Pvle",!'! on 

insect ,ndocrinology, in order of lncreasinp, complexity 1 

a n cl corn pIe t e l'! e s s: Hi g h n am a n ù Fil 1, 1 9 t1 9; W i g g 1 e S W 0 l' ~ , 

1964 and 1970; Gilbert and Kl~g, 1973. Thp aforErnentlnned 

revie\' by Wi1116 (1974) le; unique in that il dealfil aIr o~t 

entirE1y vith what we do not know, bein~ 8 dlscusslor Of 

eurrent points of contention. Finallv, areas of physiology, 

not specifically endocrinologie al in nature, are descr1bed 

lar::,ely fror:; Wiggles'Worth (1<)65). 

Each cycle of the eplderMsl cel1 activity 

responslble for the moulting process earlier described 

18 brought about by the ~teroid hormone ter~ed moulting 

hormone. The structure of three s1milar sterolds, termerl 

.-ecdysone,ts-ecdysone (crustecdysone or ecdysterone, 

the 20- OH form of'(' -ecdyaone) t and 20-26 dihydroxyecd~sone, 

aIl poss,ssing soae activity, Is now known, as weIl ~s 

a large number of si~i1ar Molecules of plant origln. the 

phytoecdysones. The preci~e role of these products 15 

the current 8ubject of Intens~ve research, compl1cated .. 

/ 
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b Y a P p ~ r e n t s P (' cie s cl i f fer E: n ces ( l1 a r k s, 1 9 7 l, 19 7 3) • 

Houlting hornone has long been thought to h~ pro\lllced 

in 3 somewhat variable, looselv orranized anterlor mass 

of tissue terne~ the prnthorecic gland, and this has 

been very rf'cently convircinRly Jemonstrated l.!! vitro 

by Chino et al (l Q 74). It 15 possible that other 

tissues rnay have the capacity to synthesize ecdysone 

as weIl, and very many tissues ean effeet tre required 

hydroxylation reactions (Kin~, 1 Q 73). The prothoracic 

glands are certainly the chief source of f"cdysone in the 

larval insect. however. 

The specifie erfeet of ecrlvsone on the epi~ernel 

celi is similarly an area of sorn~ speculation. ObRrrvflt-

10ns include hot~1 tl.E. initifltion of DNA and J\NA synthesis, 

cytoplssrnlc eventfi f>uch as protf-in syntllesis, ?nd memhrAne 

related events, such as perneability alterations. In 
"-,4 

general term~, it may be stated that ecdysone Rctivates 

cell~ to perform a pre-program~ed series of activities, 

which may or THay not include SOTae or aIl of the Aboye. 
t 

.-
In the eomplete absence of ecdysone many tiR~tJf-'~: of the 

larva enter n stage of ripvelopre~nta1 Arrest termed 

diapause, which is &ft~n characterized by a muc~ reducpd 

level of oxidative metabolism. 

The type of cuticle pro~uced by ecdysone activated 

epidermal cells is determined by the titer.of another 

circulatinf! t.ornone, juvenile hornone. Juvenile hormone 

i8 produced by the paired, OT some'tll'1eS fUBed corr'h'r:l 

allata loc&ted in the head capsule. The structure of 



.. 6 

three naturally occurring juvenile hormone mo1cculps 

1 

has been elucj~ated, and the synthesis a1so has been 

reccntly carried out.!.!:. vitro (Judy et al, ]Q73a & b; 
• 

Pratt & TobE, 1973). Over twenty five hundrerl active 

.lrcluc1int; [""n.esoie aei!! esters, terpenoid ethers, 

p-substituted benzoatE:s, ppptit1e analoguEs of poly-

isoprenoids, and chrysanthemic aeid ethers. Host of 

these co~pound~ pOAAess a tprninal cArhoxy al~yl or 

sl!1ilar group conjugAted with a double bond in trans config­

'4' 
uratioll witl) a Ioor: aH'''! chain (Pun1;. ft ,1,1(;73). 

1 TI e 0 nt ras t t 0 f' (' (t) S f' r e, 1 uv e TI i 1 f' l, 0 r Tl' (),' e ni 111 i C SAp P e a r 

to be more specieq-specific, a1thou~h mORt have consif'-

erable activity in other inRects (Schneiderman. 1965, 

1972) • Once again, tre prpei~e morle of action ls 

OLFIIJT(; how-ever, in affect:ln~ the dirpet;nl' of cut:lC'uJ;.r 

development, the action of juvenile hOrmOIL€ on el"lùep"lé'll 

c~lls seems to requ:lre the prior ~ctivatlo~ of these 

cella by ~cdysone. In the presence of 1uvenile hormone, 

ecdyRone activated cellA 
, 

H(''t;i''pte a lllrvni c 11ticle, whereas, 

in it,:; nhl--E-nce, ~n adult cuticl€: ls produced. 'l\,he inter-

ven in g pu pal eut i c 1 f' 0 f en cl 0 r t Fr:' go t e in sec t s r P. r. 11 1 t s 

from activation in li lo~Y titE-r (II" jUV( li)., hormone prc.s'>l'(I': • 
. ' 

The'J ,,~nd rel~ted obaervations on the polytene chrot-osor.es 

of sorne dipteran sslivary gland cel1s, hAv~ led to a 

co:,,:"'~t of 'gene-s\.\1.ching' for juvenile hOr!'oT1e. l t j ~ 

~ 

p 0 ~ t u 1 a t e d t ha t e a ch elP i, der mal ce Il con t a i Jl fl the g e net: :1 (' 
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of (uticle. Ecdysone ~rovlc!e~ tl,at sone set of eer,etic 

information will be read; Juvenile hormone occlcf'!,; 

'.Thiel! set. Juvenj] f' hormone proèuetion in the early 

s t él cl i a mai n t a i n s t 1-, e 1 tl r val c 1" R r Et r t pro f e;; C h m 0 ü l t • 

A ]n'~t-'r titer in thf:' p,re-pup.-!! stadium resultfl in tle 

'reading' of gene,j ror pupal clltiele"pr()rl!,.ctiol', anel 

the absence of juvenile hormone in the pupal or rj~al 

larvdl metamorphic moult re8ult~ in the pro~uctinn 

of adu) t cuticle hy the pC0ysone activAtc-. Fpidf'rmaJ 

cellf>. 

Tnitiation of tlis prnC€5<', t1f- rr(!(',,(tion 

and secretion of ecdysone by the prothorRc::Ic p,land, 

resull::; from ~he release of an as ye~ uner.aré'ctf-ri-'.-,l 

secretion produced ln lIodified neurons of the brain. 

ÂxonR of these neurons terminate in , neurohaenal organ. '.1 

the corpus ca rd lacum, situa ted in cIo se prox lmi t y to 

the corpus al1atum. This spatial separation of synthesis 

and atorage sites for this brain hormone introduees 

Bome difficulty in analysis of the events cullllinating 

in brain hormone release. Indeed, species-spe~ificity 

in this step reaches its highest development. and environ-' 

mental and physiologieal information i8 clearly being 

fed into a neural network V1~.h requirements peculiar 

ta each species under consideration. 

Ac t iva tion of the pro t horae ie gland by the 
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neurosécretory brain hormone, in the absence of juvenl1e 

hormone, leads to the subsequent de~eneration of these 

glands; tMe adult thus lacks the capacity for ecdysone 

production, or further moulting activity. The allatum, 

by contrast, resumes lts activity and secretion of 

juvenile hormone at even ~reater levels than in the 

larva. J~venile hormone now acts as a gonadotropin, 

involved in the synthesi~ and transport of yolk proteins 

... 
for the developing eRRs, and accessory ~land secretions 

. 
for proJuctidn of the spernatophore or sperm-sac in the 

male. Further roles concerning chan~es in pigmentation 

and behaviour are a1so indicated. 

Rhodnius, our experimental subject, served 

as a model for much of the early elucidation of the above 

1 

s to ry. The physiology a~d life-history of this bug, as 

in aIl insects, i@po~es certain specializations on 

the endocrine pattern, and it ls useful to hriefly review 

these now. 

Il 

Rhodniu9 pro1ixus Stal 19 a Reduviidid Hemipteran. 

ln dan tfb 1 i g Il t e 'll i c r 0 pre d a t 0 r • Rh 0' d n i u sin the w i 1 d ex h i bit s 

a complex ecology involving blood feeding on both birds 

and rodents (Baldwin and Cowper, 1969.>. Howeve r, 1 ike 

other members ~f this group this bug readily becomes 

domesticatéd. inhabitating native dwel1ings in South 

and Central America. and feeding on hous~hold pets and 

human in~abitants. Rhodnius may harbor the causative 

ag~nt of ChagaS' disease, Trypanosome cruzl~ ft transœits 
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by posterior station infection. (Cheng, 1964). 

!hodnius exhibits a variable span of tiMe in 

the egg. On eclosion the ~irst larval in~tar resembles 
...,.... 

a di~inutive adul~, lacRing, however, wings, ocelli, 

and external genitalia, and differing from the adult 

in details of cuticular structure and pip,ment~tion. 

(l-ligglesworth, 1933). Th e· bug will 8 c cep t i t s f i r s t 

blooè meal a few days after eclosion, or ecdysis in succ-

eeding stadia. However, if isolated from a source of 

food, the animal remains active but unqergoes little or 

no development. This period may be extremely long. 

Under sorne conditions, later Instars may be malntained 

for a year or more. Presented with a source of blood, 

the bug gorges, taking Rever~l times its own wei~ht in 

blood. Distension of the abdomen activates stretch 

receptors which trigger the rele88e of brain hormone 

from the ~orpus car~iacum, hence activating the rrothor-

acie glands to produce ecdysone, and setting into ~ction 

events culminating in ecdvsis a specifie number of 

days folloving the feed. Five larval instars are 

produced, each characterized by a period of develop-

mental stasis of variable duratiou, a single blood 

mesl, and subsequent moult. A certain degree of cut~cular 

r 
morphogenesis proeeeds during each moulting cycle. T-he . -
insects. for instance, can be easily differentiated 

as to sex by variations of the IXth and Xth sternites 

during the ~ifth stadia, but final adult form 18 atta1ned 

( 
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at the fifth ecdysis. 

The developmental stasis encountered in each 
. 

stadium results from a lack of ecdysone, and is hence 

• '1" 

functionally equivalent to larval diapause (Wlgglesworth, 

1970) in the endocrine scbeme first described by 

Wi11"lc!ms (1952). The ability to manipulate this important 

parameter through feeding la one of Rhodnlus' great 

. 
assets as an experimental animal. 

l> 
As weIl, the neurosec-

retory cella, corpus' cardiacum, and corpus allatum are 

aIl admirably positioned and constituted for efficient 

and relatively non-damaging surgieal removal. Unfortun-

ately, this is not true of the prothoracic gland, a 
t, 

structure whlch can effectlvely be removed from very 

~- few species of insecte 

J 

• , 

,jJ 
(' .,~ 

r-( 

( 
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Charter Two: The Endocrinology of Testis Deve~opment 

Early in the history of the investigation of 

insect endocrinology, it was shown that a headl~sst larval 
1 
1 

Rhodnius could be csused to moult if eo~nected by parabiosis 
\ 

to another headles6 bu~, decapitated after the eritiesl 

period for the release of brain hormone (Wigglesworth, 

1934): In erfeet, the Darabiosed individual iq exposed 

to eedysone and, under certain cireumstances, Juvenile 

hormone normally present at each larval moult can be 

avoided. Under these conditions, many external structures 

of the larva at the succeeding e~dysis show an advaneed, 

adultoid developme;t. Internal structures, such as the 

ovary, were a1so seen to be more advanced developmentally 

than would have been the case followin~ a nor~~l larval 

moult (Wigglesworth, 1936). The ovary of a third 

instar larvae parabiosed to a fed, decapitated fifth 

instar bug, iispl~yed recognizable oBcytes, fol1icular 
i 

cells, and nurse cells, although it did not reach 

the level of differentiation of a normal adulte Wiggles-

worth concluded from these experiments that the corpus 

allatum secretions, which were necessary to maintain 

the larval cuticular structure at each moult, also 

inhibited development in the larval gonads. These 

results vere also obtained for Bombyx ~ by Fukada 

(1944) • In this case, adultoids produced ~y allatect-

omy of the third. the penultimat~ larval instar, contained 

ovar*.or testes which wer~"functionally adulte Females 
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laid a small nunber of eggs Hhich could be fert- , 
ilized, and the t'laIe orr;ans contained Matyre ·spermatozoa. 

Fukada's conclusio~, like those of Wi~~lesworth,-were 

~'/hat gonad maturation_ is under the cORtrol of th)1 

hormones which con~rol im~inal differentiation. 

l'âme 

1 
1 

Piepho fl939, 19~1), 1942), performed the converse 

, . 
experiment, implAn~ation of dctive corpora allata into 

the final larval instaT of Galleria mellonell~. resultin~ 

in a supernumerary larval Moult, 8n~ in sorne cases, 

larval-pupal iotermediates as ~efinej by external morphology. 

Sehnal (1968), has repeated these experiments and 
, ... 

demonstrated by vp1umetric estimation an~ibitory effect 

of corpora a11ata on the\growth of the gonade The 

degree of inhibition depends O~ the time of implant-

ation of the allatum within t~e sta4iu~, suggesting a . ' 

continuous development of the gonad (Sehnal, 1968). An . 
inhibitory effect of the co~pus a1latum or its secret-

ions on gonad development i~ further renorted: '~arek 
. 

& Sli~a (1968) utillzed applications of 'paper factor' , 
• 

and Law's mixture (Law et al, 1966) on Pyrrhocboris apterus; 

by Takeuchl (1969), in tlomby» ~ thtaugh "go nad and 

allatal transplants; by Blaine and Dixon (1970) through, 

aliatectomy of Periplaneta ameriçana; by Madhavan (197) 
1. • 

through applicati?ns of a variety of juvenile hormone 

analogues on .Pro90phila, melanogaster; b'y Riddiford (1972) 
., 

through appl1catloP\of juvenile hormone analogue. to 

, . 
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HyaloRhora cecropia larvae and pupa~; fi~ally, Nowoek 

(1~?3), through the teeding of farnesyl methyl ether 

(FME), a juv~nile h~rmone analogue to larval Ephestia , 

kuhniellA, obtained similar inhibitory effects. Criteria 

for development vary somewhat ~rom study to stu~y, but 

generally involve either or~an size, or the appearance 

of sperma~ozoa. At the fine structural level, Cantacuz~ne 

~nd Se~reau (1970) have demonstrated dcge~erative ehan~es 

in the parietal ells and associated spermatide of 

Locusta mi rator a migratorioi1es in respoose to implant-

ati9~ of corpora a1lata. 
• 

In contrast to th~se above 

findings. Economopoulos and Gordo~ (1971) report an 

absence of effect of Juvenile hormone analogtle applic-

ations on testis development, despite considerable 

ju~nil:f'zation of e~tternal chl'lractet's in Oncopeltus 

faseiaçY2· S~œi18rly, Bhaskaran (1972) reports fully 

""""'-
differentiated sperm in th~ testes of Sarcophaga bullata· 

'{j 

Intermediates following juv~nile'hormone analogu~ treat-
•• • ,.c 

ment. In this case, however, testis ducts were absent • 
. 

'In Many species of insect, la~val or pupal • 

" " . 
diapause reaulte in a cessation of growth·o~ ~he t~s~es. 

(Williams, 1948, Church, 1955, Beek and Hanec, 1960). 

Williams (1951l at~~ibuted pupal diapause in t~e.wild 

'silkworm HY'91ophora < cecropla to a 1,~ck of 'ec.tiysone, 

_ .and was able to provoke spermatozoal development i~ ~estes, 

or j$olated spermatdcyst8 ~ vitro by addln~ the bloDd 

" , 

. '-"" < . " 
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of a non-diapausing pupa, be1ieved to contain a high 

• 
tite~ of ecdysone~ These resu1ts yere successfully 

repeated by other workers (Laufer and Berman, 1961, 

, '"'' 
B""owers, 1961) in Hya10 phora and in the closely related 

Sarnia cynthia. Yagi et al (1969) demonstrated that tJ,e oia-

pausing Hyalophora spermatocysts cou1d be made to undergo 

development in insect haemolynph free media by the 

addition ofj3-ecdysone, commercia11y derived from plant 

sources • The in vitro sy~tem has been further refined 

(Williams and Kambysel11s, 19f9; Kambysellis and Williams, 

1971a & b) defining a permissive role for ecdysone in 

the transport across the testis sheath of a blood-

borne factor, macromolecular factor (MF), necessary for 

spermatozoa1 production. The authors demonstrated 

a.limited capacityof various ~ovine sera to dup1icate 

the activity of MF; essentia11y simi1ar resu1ts have 

been recently reported for the slug math, Monema 

flavescens (Takeda, 1972). 

On the other hand, in vitro cultivation of 

1arval testes of the non-diapausing wax math Gal1eria 

mellonella in the absence o~ any insect hormones was 
1 

p~rformed by Lender and Duveau-Hag~~ (1963), both 
\ 

\ 
geTmarial mitoses and spermiogenesis being reported. 

, 
.\ 

The same results have been obtained in a variety of 

Dipterans (Stern, 1940; Le1ou~, 1964; Kuroda,' 1974; 

see review by Marks, 1970). 

( 

... 



.. 15 

Evidence favoring the hypothesis that ecdysone 

stimulates testicular development has been obtained 

by in ~ experi,mentation. Testes transplanted from 

diapausing.to ndn-diapausing type larvae in Papillo 

xuthus showed advanced differentiation, as did those 

in larvae receiving supernumerary brain-prothoracic gland 

complexes (Nishiitsutsuji-uwo, 1961). Takeuchi (1969), 

in a series of transplant experiments, showed maximum 

development of embryonic testes in last instar larvae 

of Bonbyx ~, slight development in those imp1anted 

in newly pupated hosts, and no development in the 

remainder of the hosts which were be1ieved 10w in ecdysone 

titer. On the distaff side, Blaine and Dixon (1970) 

were unab1e to show accelerated development by trans-

plantation in Periplaneta americana. Economopoulos 

and Gordon (1971) a1so transp1antcd fourth, and last 

instar testes into adu1t Oncopeltu8 fasc!atus. and 

obtained mature spermatozoa, indicating development 

unrelated at 1ea~t to the last. metamorphic moult., 

On balance, the experinental evidence appears 

to.favor the hypothesis that testicular development 

is enhanced by ecdysone. and inhibited by juvenile 

hormone. Insofar as negative report~ invo1ving juvenile 

hormone are concerned, the work by Economopoulos and Gordon 

• (1971) and Bhaskaran (1972) might be interpreted as 

• indicating a lack of inhibition of spermiation. rather 
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than earlier stages of sperMatogenesis •. Certainly, bath 

preparations conta in differentiated sper~atids at the 
( 

time of hormone application, and neitrer ,,,orl: assessed 

'"the relative nUrJber of spermatozoa produced. 

l 
Objections ta the contention that ~cdysone 

accelerates testis developMent are equally suspect. 

In aIl cases so far reported of anhormonal in vitro 

development, the IMmediate history of the expIant 
~ 

includes stages likely to have involved ~xposure to some 

titer of ecdysone. The importance of this fact 18 under-

scored by the demonstration of 'covert' ecdysone effects 

...... / 

in flies (Zdarek and Fran~el, 1970), which indicate that 

the pcdysone 'message' can be retained for ~one time 

in its absence. Economopoulos and Cordon's (1971) 

results ~ ~ indicate that normal develop'1ent can 

occur in the absence of t~e metamorphic ecdysis, but 

the authors point out that a low titer of ecdysone 19 

present in the adult host during the time bf this 

experiMent (~eir and Winkler, 1969). Similar ècdysone 

levels have becn found in the ~dults of another species 
( 

(Bombyx 1!!..2.!.!), and ;t i5 not known how general thia 

phenomenon might be. The observations by 31aine and 

Dixon (1970), of nor~al spermatogenesls in Perlp1aneta 

lacking a source of brain hormo~e are ~ore puzzling. 

One complicating factor in the interpretation of these 

rcsults i9 the report of continued growth, Aetamor-

phos'Is, and reproduction in three species of eockroach. 
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inc1uding Periplaneta, deprived of prothoracic ~lands 

(Nutting, 1955; Chadwick, 1955, 1956), indicating ecdysone 

synthesis outside the c1assica1 schema in t~is group 

of insects. 

An overall viev of the-role of these morpho-

genetic hormones in spermatogenesis was proposed~by 
V· 

Takeuchi (1969) for Bombyx. He suggests that in larval 

instars, germ ce1ls differentiate to form a large 

pool of secondary spermatocyte~. On release trom 

)-

juvenile hormone inhibition, and in the presence 

of high titer of ecdysone, a " ••• simu1taneous 

production of large numbers of spermatozoa in the late 

larval period~ ensues. Such an hypothesis i5 consistent 

with much of the experimental evidence so far compiled, 

and admirably fits the endocrine patterns be1ieved 

responsible for metamorphic development. Rowever, 

in an~sive ~mber of 

c~ntiJues d~ring the adult 

insect species, spermatogenesis 

stage (Bonhag and Wick, 1953; 

Giles, 1961; Hannah-A1~va, 1965; Amerson and Hayes, 

1967; NcLaugh1in and Lusk, 1957; Sl'en and Berryman, 1967; 

Jones, 1967; Phi11ips, 1970). In these cases, a contra-

diction arises; the endocrine picture of the adu1t, 

with its very high titer of juvenl1e hormone (Wigglesworth, 

1936; Gilbert and Schneiderman, 1961) and absence of 

ecdysone (Wigg1esworth, 1934) wou1d appear extremely 

unfavorable to spérmatogenesis. 
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carries out this spermatogenesis in an endocrine milieu 

which Is precisely the reverse of the late larval/pupal 

P7riOd of maximum germ Le11 differentiation. 

As we have seen, Rhodnius served as the first 

example of Juvenile hormone inhibition of gonad 

development (Wigglesworth, 1934). Moreover, each 
. 

1arva1 instar of Rhodnius enters an endocrinologieal 

diapause, terminated by feeding, during which no 

appreciable-developmental growth occurs (Wigglesworth, 

1934). The germarlal area of the adult Rhodnius is 

mitotically active (Buck, 1967) and in fnct aIl elements 

of spermatogenesis are pres~~l until the death of the 

insect, six months or more after the metamorphic moult. 

Thus, Rhodnius would appear to be a part1eularly Apt 

experimental system ln which to attempt to resolve 

this larval/adult spermatogenesis paradox. 

1 
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Chapter Three: Teqtis Structure 

lt should be clear from the foregoing review 

of the experimental investigation of testicular devel-

opment and i~s potential endocrine control that the 

design of such experiments, and the Interpretation of 

results obtained requires A b~tter under~tandlng 

of the changes which oecur throughopt the normal larval 

span than is currently available in standard texts. 

,Therefore, a series of histologieal inve~tigations 

on ~hodnius at various stages of larval development 

'vas undertaken, and the information obtained presented 

in this chapter, By way of introduction, a review of 

structure in the 'generalized tns~ct' is presented. 

The initial part of this introduction deals with the 

embryology of the testis~~s in the informat~on 

presented in Chapter One, this work represents the 

efforts of a great number of workers over many yeare, 

and the account presentecl here ls taken largely from 

the classie worka of Imms (1957) and Snodgrass (19j3, 

1935). Cumbersome internaI referencin~ lB thus avoide~, 

but tt should be understood that none of the work 

regardlng embryology reported here has been carried 

out by the present author. The remainder of the chapter 

• includes the author's original observations on Rhodntu8, 

and compari.ons with other fnsects whfch are referenced 

in the standard manner. 
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Formation of the two-layered band in inseets 

occurs by one of several proeesses, none of the~ 

closely resembling that of other animaIs on which 

<' cl ••• ical embryology is ba.ed. From the assumption that 

these processes are aIl highly modified forms of 

gastrulation, we may tentatively define the outer cell 

layer of the germ band as eetoderc, and the inner, 

mesoderm. This longitudinal mesoderm forma two ban·ds, 

which a~ conneeted aeross the midline by a single layer 

of cells. Transverse constrictions result in the , 

~mat1on of mesoblastic s~mite8, and each comes to 

contain a coelomic sac through the appearance of a 

clef t, or through folding of the lateral margine The 

inner layer can now be termed splanchnic mesoderm, the 

outer, somatic. Somatic mesoderm will give rise to 

body muscles, dorsal diaphragm, and pericardial cella. 

The splanehnic layer will f6rM visceral muacles, the 

bulk of the fat body, and the genital ridges. 

The primitive germ cella, which will give 
F 

rise to the sex cells, have been shown to arise 

direetly from certain po.terior pole cella in the 

eggs of several inseets (Snodgt.ss, 1935). These 

• cells .1grate to the splanehnic .esoblast and come 

to lie ln the walls of the coelomic sac in abdominal 

.egments t or II to VI or VIII. While this has not , 

been observed in other insects, it probably i. the rule, 
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rather than differentiation of sex cells from 

splanchnic mesoderm in situ as i5 occasionally sugg­

ested. Thus, at least initially, the gonads are 

segmental and meta~eric in origine Multiplication 

of both sex cells and mesodermal tissue soon results 

in the fusion of adjacent groups to form a continuous 

genital ridge on each side of the embryo. The 

enclosing sheet of splanchnic mesoderm becomes 

thickened dorsally to form a dorsal suspensorium, and 

ventrally to forll a ventral strand. The mesoderm 

ridges in posterior segments not containing germ 

cells also fuse with the ventral strand, eventually 

giving rise to a continuous duct terminating at the 

Xth abd.minaI segment. The gonads thereby becoDle ~8ired 

a.egmental structures. 

At this time, columns of mesodermal cells 

form in the dorsal suspensorium over regions of germ 

celt-é, and form the terminal filaments of preauaptive 

ovaries in tbe case of the fernale. Grooves form 

between the terminal filaments. eventually reaching 

the ventral strand, thus definlng the ovariole by 

aeèondary segementation." Me.oder_al cella of the 

ventral strand dlfferentiate to produce pedicle, calyx 

and lateral oviduct. Essentially the same proceaa is 

believecl to occur in the te~tis, reaulting in the 

formation of sperm tubes, though terminal fila.ents are 



• 

.. 22 
) 

generally absent. Unlike the ovary, the testis 15 

contained in a mesoderrnal sac. The ventral strand 

'gives rise to vasa efferentia, and the paired vasa 

deferentia in posterior segments,vhich terminate in 

ampullae on the Xth segment. The single nedian 
, 

ejaculatory duct arises post-embryonically from an 
~ 

ectodermal evagination, the anterior of which provldes 

" ~ 
a1so for the formation of various accessory glands. 

It should be noted that Seidel (1924) has described, 

in the bUR Pyrrhocoris apterus, 8n alternate scheme. 

He claims that incomplete fusion of the mesodermal/gern 

cell groups inltially directly defines the ovarioles . ~ 

and sperm tubes, the mature p,onad thus being prlmarily 

segmented. Further work would be required to determine 

if this may not be an hemipteran specialization gen-

erally. In either case, the result is the production 

of nests of sex ce Ils wlthin an internally segmented, 

wholly mesodermal supporting structure. 

In the generalized insect thus the te.tis 

comes to be composed of a number of sperm tubes, the 

number being constant in any species. The number varies 

wldely: from one in the Diptera to severa! hundred in 

.any Orthoptera (Im~s, 1957). These tubes are some-

times termed testicular Jolllc1es (Imm., 1957; Phillips, 

1 
1970) but, being developmentally equiva1ent to ovarioles 

rather'than ovarian foilicles, l shatl henc~forth refer 

, 
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to them as testlcu1ar tubules (Snodgrass, 1935). The 

walls of the tu'bule are delineated by an epithelial 

or internaI sheath, and severa! tubules enclosed in 
~ 

a peritoneal sheath of varying comp~ity. The ~ 

tubules are free apically in the sense that they lack 

the terminal filament typica1 of ovarioles, and continue 

basal!y as short vasa efferentia, simple epithelial 

duc t s • The vas e f fer en t i a j 0 in t 0 for m the va 8, de fer e n s , 

characterized by the addition of a musculai layer, 

and outer peritoneal cell coat (Imms, 1957). No 

dilation at the junction of the se ducts 18 found equiv-

aIent to the female ealyx, but a dilation in the vas 

deferens generally serves as a seminal vesiele. The 

va.a deferentia continue basal!y and, in the adult~ 

terminate in the single ventral ductus ejaculatorius. 

formed post-embryonically as an invagination of the 

ectoderm from the IXth abdominal .egment. Various 

acee.sory gl,nds may be present, those derlved from 

aeaodermal ducts belng refetred to as meladenea, those 

derived from the ejaeulatory duct as ectadenes (1 •••• 

1957) • 
\ 

The contents of the teatleular tubule may be 

dlvlded into a number of funetional lones (Depdolla. 

1928). The apical portion contains the unencysted pre-

~ef1nitlve spermatogonie (Bannah-Alavs. 1965). often 

aurrounding a trop hoc y tic apical ce11 or apteal complex 

(Carson, 1945) and 18 r~ferred to as the ger •• riua. So_e 

• 
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of the progeny'of these pre-definitive spermatogonia 

become surrounded by a cyst cel! of mesodermal origin 

(Zick, 1911) to form the definitive spermatogonia! 

cyst. General!y. no intervening indefinitive divisions 

occur between pre-definitive stem-cel! division and 

encystment.(Hannah-A1ava, 1965). The enêysted sperm-

atogonis undergo a apecies-specific number of mitotic 

divisions (White, 1955; King and Akai, 1971) with 

incomplete cytokinesis (Lava1lette, 1865; Smith, 1916; 

Phi11ips, 1970) and the area occupied by this sctiviti 

is termed the ~one of growth. 

Fo11owing the ultimate mitotic division, the 

spermatocyte i9 recognized. Cysts containing these 
JIr) 

spermatocytes in inte~~hase and prophase .ake up the 
/ --

area of the tubule ca1led the zone of spermatocytes. 

The active components of the mitotic divisions provide 

the zone of maturation and reduction. Spermiation, 

the deve10paent proce.s by which apermatida become 

.ature sper.atozoa, takes place in the ba.al zone, 

of transformation. 

In addition to the apical cell and cyst wall 

cel1s~ trophocytic interstitial cella _ay be present 
,. 

(Cooper, 1950). At the junction of the tubule epithelium 

and the vas efferens, the tubule ia closed, at leaat 

durlng larval development, by cella •• rlously 

teraed plua cell'a. (Davey, 1958, 1965), neck cell. (Lus~. 

) 

1 
J 

•. : :L 
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et al, 1970) or the basi1ar membrane (Omura, 1936; 

Edwards, 1961). 

The ontogeny of the Hemiptera presents a 
~ 

confusing picture of apparently primitive character-

istics which on investigation are seen in fact to be 

rather spe~ia1ized, and this seems to ho1d for the 

reproductive system (Seidel, 1924). Thu. it i9 no 

surprize to find that in our experimental animal, 

Rhodnius prolixus. the structure of the _testis, white 

c10aely rese.bIing that of the 'g~erali%ed' inaect 

described, possesses a number of interesting modifl~-

ations. What follows here 19 a fair!y detailed 

c.ta1ogue of Rh~nius' testicular structure. The 

reader should note, however, that techniques uaed are 

su ch as provide morphologicsl detail o~ly, and tbat . 
cbarscterizstion of function genera11y must await 

precise histochemiea1 and eytochemica1 analyse~. 

At the aoaent of ec1osion, bath testes and 

ovari~8 are rouAhly .imi1ar in 81ze (100 x 300 microns). 

DiffetAntiatlon of the gonads has progressed, however, 

to 8ueh a stage that the ovaries may be clearly dis-

tinguished by the ~hickening of tbe eu.pensorial .keet 

wbich t. designed to become the terminal fila.ents 

(Snodgra.s, 1933) (fig. 1, 3). In the testis this 

event dôes not occur and the seven tubules can be 

visualized 'fr.~' in the enelo.ing ••• brane (fia_ 2). 

, , 
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Figure 1. Whole ·mount' of ,the ovary at ecloslon. 
,Ovarioles (0) weIl deflned~ terminal fi,lament (t) 
recognlzable in dorsal suspènsorium (0). 
Trloxyhaematin, X 620 
, 

Figure 2. WQole mount of the testlà at eGlosion. 
Tubules (T) weIl defined, lacklng anterior terminal 
filament'. Vasa efferentia (VE) Join to f()rm vas 
deferens (VD), exiting as the gonoduct (G). 
Trloxyhaematin, X 700 .' 

Figure 3. Detail of the .first instar, ovary. Germ1nal 
cells of ovarlole (0), and terminal fiLament cel~s 
(t) • Epon, Sa to 's polychrome, X 650 .. 

. . 
Figure 4. Detail of the first instar testls. Continuous. 

mesodermal sheath (S), tubular epithelium (E)~ 
sperma togonla (S~) and .. ~resumptl ve mesodermal ceil~ 
(MS) of undeflned funetfon. Epon, Satots polychro~e 
X 650 . ' 

Figure 5. Desheathèd, mounted testes from.fourth. 
firth instar and adult insects Immedlately after 
ecdysls. Note hlghly col1ed spermatocyte regian 
of adult testls. (arrow). X 10 
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ln the gonads of both sexes_ the tubules are fully 
" ) 

delineated by their presumably mesodermal sheaths, 

ineluding the duets (fig. 2, 4), and at least for the 

.'testis, the sheath organization, spatiallv and in terms , 
of elements repr~sented, has a1ready reaehed its final 

forme The bulk of the tubule in both cases consists 

of indefinitive germ cells, and posslbly sorne scattered 

non-germinal efements, (fig. 4) and a tubular 

epitheliun which, by convention, must be considered 

mesodermal $fig. 4). In dissection, both terminal 

filament and gonoduct are found present, the 'terminal 
~ 

filament' bein~ attache~ to the extern~l layer of the 

p~ritoneal sheath œil. Il) rather th an individua! tubules. 

Lobes of fat body are a180 found attached to the testes 

in characteristic positions ~y a fine hyaline envelope, 

the cellularity of which could not be determined. 

Th~se connections are maintained throughout the life 

of the insecte 

Verson's cell now known as the apical cel!, 

was first descri~ed by Spichardt (1886) in the Lepidop-

teran Smerinthus populi. Controversy as to the origin , 

and functio~ of the celi ensued; and this stage ls 

admirably reviewed by Carson (1945). He reports def-

lnite identification of this celi or celi complex in . 
the testes of Lep1doptera, Diptera, Orthoptera and, 

• 
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posslbly, some Hetero~teia. Hoting the capriciousness 

of appearance, even in c1ose1y related insects, he 

concludes a trophocytic function possibly related to 

mitochondrial respiration of the young spermato~onia, 

and not a matter of fundamental significance. The 

matter has been more recently reviewed b~ Hannah-Alava 
.il. 

(1965) ln a monograph directed toward the question of 

comparative stem-cell rene11al • ... Noting reports of the 

absence of division in the cell, she rejects any stem-ce!! 

funetion. 10 sum, she appears to favor the hypothesis 

first presented by Nelson (1931) that indefinitive 

spermatogonia in close association with the apical cell 

or complex are oourished by its secrctidns, and those 

which become displaoed by division differ~ntiate as 

cyst wall cells, and are thus not me~odermal in origin. 

Interest in the apical cells has been re-

kindled by the demonstration of an androgenic capacity 

by these cells in the glow worm Lampyris noctiluca by , 

Naisse (1966) analgous to the aodrogen gland of the 

amphipod Orchestla gammsrella (Charniaux-Cotton, 1954', 

which determines both primary and secondary sexual 

characteristics. Extensive electron. microscopal Invest-

igations by Menon (1969) have established the existence 

, of apical cel! complexes in the related Coleopterans 

Tenebrl0 molitor and Zophobss rug1pes, and show them 

structural1y similar to crustacean androgenic cells • 

'" 
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However, attempts at sex-reversal vere negative, 

perhaps because in these insects as in Rhodnius 

and m~st other Insects (Wigglesvorth, 1970), sexual 

determlnatlon ls already vell-establiahed by the time 

of eclosion. 

Bonhag and Wick (1953) describe an 'apical 

complex' in the Hemipteran Oncopeltus fasciatus. cont-

tainlng 9 to Il nuclei, and surrounded by spermatogonia 

in a partial state ~ dissolution. 

In Rhodnius, no tlear évidence of an apical 

cell or complex has been observed, although, immediately 

followlng eclosiou, the germ cella may glve the impression 

of surrounding a somewhat more heterogeneous mass 
1 

which contains some cells of apparently mesodermal 

origln (flg.~). The germarial area ln general presents 

a rath~_~onfused appearance, and not every cel1 can be 

reliably characterized. Single, unencysted cella are 

qui te rare, however, vith the exception of th.ae cells 

coapriaing the basement eplthelium (fig.6 ). Occasional 

aingle ~itoaes aay be aeen ln cloae appoaition to the 

tubule epithelium, vhich may represent a quasidlchoto­

mous stem cell diviaion (fJg.718 ). lt ls poasible 

that this aeaodermal epithellum carrles out the trophocyti~ 

function of the aeaodermal apical cell ayetem of other 

in.ecta. Another polnt worth mentioning ia that in 

1 
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Figure 6. Anterlor ( germarlal ) segment of fifth 
instar tubule. Note two-layered tunlca externa 
(TE), cells of the tubular eplthellum (E) (= tunlca 
1nterna). Typ1cal spermatogonlal cysts {SO} 
ev~ent, as weIl as pycnotic nuclel (p) of 
degeneratlng cyst. Osmium ethyl gallate, X 1600 

Figure 7,8. As above, lllustratlng single mltotlc 
cella in close apposition to tubular eplthellum 
(arrows) . X 1600 . 
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Rhodnius, as in other germ cell systems, (Roo8en-Run~e, 

1973) nuclear pycnosis and degenerBtion are common 

occurrences. On close investigation, it can he determined 
,( 

that these foci of degeneratioo cao occur over a wide 

range of cyet sizes, and an intact eyst wall i8 generally 

present (fig. 6 ). The description of the apical cel1 

complex, and micrographs presented both by Bonhag and 

Wick (1953) and Economopolous and Gordon (1971) also 

on Oncopeltus, hesr a close resemblance to this widespread 

degenerative process. 

The sheaths surrounding Rhodnius' testis 

appear similar to, but slightly More comp1ex than those 

of many other insects (Snodgrass, 1935). The overall 

organization can best he appreciated perhaps trom a 

semi-thin (y) section in epon of a fresh1y moulted 

third instar (fig. 9). Here, one can reeognize first, 

a cellular sheath surrounding the entire testis proper, 

in the Ilanner 0 f a 8C rotaI "'c. A very similar aheath 

can be seen to aurround each tubule individually, and 

numerous profiles of tracheoles are visible between 

the two, but nqt penetrating the inner sheath. This 

complex likely repre.ents the tuniea externa of earlier 

authore (Keuc~eniu8, 1913). 

The nuclei are extremely etell.te or .ore 

likely discoid in shape, have one or very few nucleo1i, 

are relatively balop~ilic. and fix rather poorly. This 

.heeth complex can be ea811y removed from the te.tis. 

\ l 



Figure 9. Thlrd instar te3tis~ two weeks post ecdysis. 
One major tubule (far right) damaged in processing. 
Note variation in basophilia in develoning spermato­
gonial cysts (SG), and the continui ty of the sheath 
membranes. Epon, Sato's polychrome, X 300 

, , 

Figure 10. Detail from above preparation. Apical 
tubular area, showlng delamination of 1nner and 
outer tun1ca externa layera (TE). Cyat wall cell 
(C). Epon, Toluidine Blue, X 1250 

Figure 11. Sa me , showing contlnulty of 'terminal 
filament' (F) with outer tunica externa layer (TE). 
Delam1nation of TE layers produces a potential 
tunica externa lumen (extratubular lumen, TEL). 
Epon, Sato's polychrome, X 1250 
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Rhodnius, as in other gerrn cell syste~St (Roosen-Runge, 

1973) nuclear pycnosis and degeneration are r.omMon 

occurrences. On ~1ose investigation, it can be determined 

that these foci of degeneration can oecur over a wide 

range of cyst sizes, and an intact cyst wall is generally 

present (fig. 6 ). The description of the apical cell 

comp1ex, and micro~raphs presented both by Bonhag and 

Wick (1953) and Economoppulos and Gordon (1971) also 

on Oncope1tus, bear a c10se resemblance to this widespread 

degenerative process. 

The qheaths surrounding Rhodnius' testis 

appear similar to, but slightly more complex than those 

of rnany other insects (Snodgrass, 1935). The overall 

organization can best be apprectated perhaps from a 

semi-thin (y) section in epon of a freshly moulted 

third instar qig. 9). Here, one can recognize first, 

a cellular sheath surrounding the entire testis proper~ 

in the manner of a ~rotal sac. A very similar sheath 

can be seen to surround each tubule individually, and 

numerous profiles of traeheoles are visible betueen 

the two, but not penetrating the inner sneath. This 

complex likely represents the tunica externa of earlier 
j 

j 

authors (Keuchenius, 1913). 

The nue1el are extremely stel1ate or more 

like1y discoid in shape, have one or very few nueleo11. 

are relatively basophilie, and fix rather poorly. Thi" 

aheath complex ean be easi1y removed from the testis, 



• 

stretched on glass, fixed and stained. The preparation 

obtained consists nearly exclusively of a single cell 

type (fig.12). In the fed insect, normal appearing , 
mitoses are prominent (fig.14), and late prophase appearance 

shows a chromo.ome count ~Ch is es •• nttally dipl6id 

(f ig .13 ). 

The testis consists of seven tubules, two of 

which are about twice the size of the remaining five. 

The structure of both major and minor tubules appears 

identical. None of the tubules show the bizarre special-

izations, such as harlequio lobes, found in some Pentatomidae 

(Fain-Maurel, 1966; Schrader, 1960). The tubule proper 

is bounded by a sparsely distributed layer of cells whlch 

are triangular ln cross sections, and p088ess large, 

multlnucleolar nuclel (figs. 15,17 ). At higher magnif-

ieation, a thin ( O.6Jk) base.ent membrane can be seen 

between these cella and the Inner layer of the tunica 

ext,erna (fig. 16 ). This cellular layer, with ita external ., 
basement membrane probably is the equiva1ent of teuchenius' . 
(1916) tunica interna. Fig. 17 demonstrates that the 

epithe1ial tunica interna eell ls distinct from the 

generally more basophilie and olmiophilic cyst wall cells, 

which will be deseribed shortly. In pas.ing, it. might 

be worthwhile to point out t·he homogenous. granular 

1 
material collected in the .idale layer af the tunica in 

this fifth instar inaeet five' days after the blood meal • 

Thi. phenomenon i8 typical of fed inseets, and the aater!.l 

.. 
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Figure 12. Whole mount ,of tunica externa sheath, ,--., 
affixed to slide. Vari3tlons in the shape of the f 
nuclei due to stretching of cytoplasmic components. 
Trloxyhaematln, X 675 

Figure 13. Detail from above, 111ustratlng a Iabe 
prophase nucleus twenty four hours following the 
blood meal. N approxlmates 22, the normal diploid 
chromosome number. X 1550 

Figure 14. Same, showlng Metaphase plates. 

Figure 15. Fifth instar testls, junction of two 
tubules. Four days post feed. Not'e accumulation 
~ amorphous material in lumen of tunlca externa 
(TE). Tubular eplthellum illustrated distinct 
from cyst wall cells ,(C). Spermatocyte cyst (SC). 
O~mium Ethyl Gallate, X 700 

Figure 16. Similar area in unfed firth instar insect. 
Illustrates basal lamina (BL), tubular epithelium (E) 
which together comprise the tunlca interna. Tunlca 
externa lumen (TEL) deflned at thls level as the area 
between TE cell layera of adjacent tubules. Note 
mit9,tlc figures at lower left. OamLum Ethyl Gallate, 
X rf350 . . 

F~gure 17. Same, 111ustratlng oyst wall cella (C) 
a~Jacent to tubular eplthelium (E). X 1350 
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ls never found {nside the inner layer of the tuniea 

\ 
externa, in spite of the aIl too common separation of 

layers due to fixation and histologiesl proeesslng 

(fig.15 ). The author has never observed division in 

these interna cells, in sev~ral hundred preparations at 

aIl stages of development. 

Bath the tunica externa and the tunica interna 

extend to caver the anterior of_the vas deferens (fig~18;19) 

The elements of the tuniea interna, following the contours 

of the tubule, meet and 'join' at the junctions of the 

{' 

vasa efferentia, which in section gives the impression 

of a blind pocket. The oversll topology might better 

.be represented by the analogy of a hand in a glove, . 
ene losed to the wr Is t in s ba g. The f Ingers ~ the hand 

represent the tubules, bounded bv the tuniea in~erna. 

The glove represents the inner cellular sheath of the 

tunica externa, and the bag the outer cellular layer. 

Despite ~neiderable coiling during the later 

development of the testis, the germarial areae of aIl 

the tubules always oecupy anTexternally direeted position 

(fig.92 ), which might provide maximum efflcacy of 

exchange with the haemolymph. No pigmentation la found 

in the Rhodnlus' testitular aheath, unlike the condition 

in aany insecte (Blum, 1970). 

Nor are fat body ce~18 found wlthin th~ tunJca 

. externa, as 18 reported for ~ confuaus (Bhakthan et a~, 

\ 



Figure 18. Fifth instar tubule, at Junctlon of tubular 
eplthellum and plug Gell layer (p). Contlnultyof 
tunica externa (TE). Davidsons' Fluid, Biebrich 
Scarlet., X 1500 

Figure 19. Cross sf!ctlon ot ,vas efferens (,VE). Bath 
layers of the tunlca ext~rna still recognizable, 
defin1ng lumen (TEL). Osmium Ethyl Gallate, X 1750 
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1969). 

The basal end of the tubule le closed by a 

ring of cells which extend down from the tunica interna, 

and merge imperceptibly with the epithelial cells of 

the vas efferens (fig.24). These cells, termed plug 

cells by Davey (1958), resemble the epithelial cells 

of the vas efferens except that they are larger, lack 

the halrl1ke proce8~B which characterlze the lumina! 

border of the vas efferens epithelium, and p088ess 

several nucleoli in cpntrast to the single nucleolus of 
1$ 

the va s e f f erens cell. The- nue leus b ecome s fa Ided and 

ruffled (fig.23 l and division figures indicate a high 

degree of polypâidy. Thè cells nevertheless form meta­

phase plates, though"sometimes ln more than one plane (flgs. 

20,21), pOBseas visible aplndles (fig.22 ), and 

undergo anaphase segregation. 

has not been observed. The nuclei of these plug cells , 

are aitu.ted around the periphery of the t"ubule, the 

central area being occupied largely by a thin inter-

digit.ted cytopl.'lIlic sheet. Thus, these cells may , 

ea.ily be mi •• ed in a true longitudinal section of the 

tubule. More tangential sections show .imilar cells 

extending for a short distance up the tubule. As 

these cells have not been seen to divide, it is 8US-

pee ted t hat th ese are 'en face' prof ile s of the tun ica 

interna epldermal cells. Neck cells have been deacribed 
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Figure 20. Base of the tubule, tangential to the 
longitudinal axis, ln a recently ecdysed fifth 
instar insecte Illustrates plug cell layer (p), 
Includlng lateraI Metaphase plate. Trioxyhaematln. 
X 560 ' 

Figure 21. Adjacent section in series. Polar 

F:g:::a::~~e :::::8::":i
1

: 1:: ::::.ce~:~e :o:::nulty 
of vas efferens ePit~elia, plug cells, and tubular 
epithella. Trioxyhaematin, X 800 

Figure 23. Interphase, prophase, and,metaphase ln 
plug cells. Note lobulateà nuclear membrane of 
interphase plug celle Trloxyhaematln, X 1450 

Figure 24. Besal area of tubule and vas efferens 
of fifth instar lnsect, four days followlng the 
blood meal. Note elon~ating spermatids (SP), 
mltosis in plug celis {pl, hairlike prooesses 
of vas efferens (H). Osmium Ethyl Gallate, X 1050 
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in this ares of the tubules of the rosFhes Gromphadorhina 

portentosa and Byrsothria fumigata by Lusis ~t al (1970), 

and a secretorjfunction postulated on the basis of 

histochemieal i vestigation. Sinee these neek cel!s 

do not form at(' ffective barrier between the tubule 

and the vas efferens lum~n, and sinee the plug cells of 

Rhodnius performed rather differently under limited 

histochemical investigation (were negative when 

atained vith OrAn~e G.ne~ative for diaulphi~ groups, 

and negative for acid phosphatase activity), theyare 

not likely analogous. As described originally by 

Davey (1958), the plug cella rema!n intact in the adult, 

each sperm bundle passing through the central cvtoplasmic 

f 
area. 

The vas efferens, immediately beneath the plug 

cell sheet, iB a single celled tube during larval life. 

It ia aurrounded by the tunica externa as preyiously 

described (fig.lB ) and posses.es numerous hairlike 

proceS8es on its luminal surface, described previously 

by Davey (1958). Omura (1936) has described a aimilar 

specialization in Bombyx~. Danilova (1971) augg-

ests a mechanical role in assiating sperm through the 

basilar m.mbrane which seals the tubule 1n this insecte 

A more likely but equal1y unproven hypothesis, that 

these haira provide an amplification of surfAce ar~ 

for fluid absorption, will be advanced in a later section. 

/ 
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The process of encystment of the spermatogonia 

was described in the early part of this century. 

Zick (1911), concluded that the cells which become t~e 

cyst wall were mesodermal in origin. arising from the 

epithelium of the sperm tubule. Other authors have 
• 

advanced a germinal origin (Nelson, 1931). No con-

clusion on this matter will be attempted here. The 

encystment of an apparent single spermato~onium is 

illustrated in figure 25, in the testis of Il nevly 
.J 

moulted thlrd instar larva. One to a few of these 

cyst wall cells cao be seen around every cyst, in every 

atage of development (figs.26,27 ), including cysts 

containing mature spermatozoa, unlike the situation 

in some insecte which lack cyste surrounding mature 

germ cella. 

The cyst wall celle are presumably stellate 

and have a very reduced cytoplasm. T~e nuclei, while 

preaenting a ~ariable appearance in cross section, are 

quite large 'and posseas éeveral nucleolt. The nucleus 

is generalli aomewhat more osciophilic than that of 

the epithelial cella or the plug cells. On only one 

occa.ion has a mitotic fig~re been observed in the se 

cells, and even in that case identification of the celi 

aa a cyst wall cell was not poaitive. The nuclear 
..t 

aize appears to increase ba.ally, BU~8esting endoploidy 

without spindle fôrmat10n and ehromosome segregation • 
. 

unl,ike the events occurring in the plug cells. 

'\ 
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Figure 25. Third instar testis, apical area of tubule. 
Cyst~l.l cells (C) surrounding what appears in this, 
and l~subsequent sections of the series, to be a 
single spermatogonlum. Epon,' Toluidine Blue X 1700 

Figure 26. Multtnucleolar cyst wall ce Il (C) 
surroundlng spermatocyte cyst (SC). Trioxyhaematin, 
X 1700 

Figure 27. Cyst wall cell (C) between adjacent cysts 
of advanced spermatozoa (SZ). Trloxyhaematin, X 1700 

Figure 28. Junctlon of three spermatocyte cysts, 
11lustratlng Independence of cyst wall cells, and 
the lack of cellular contlnulty between cysts. 
Blebrlch Scarlet, X 1700 
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Synchronous developoent within ~ach·cyst was 

reported early (Smith, 1916) and this svnchrony i5 

presumed to resu1t froo cytoplasmic continuity, A 

result of lncomp1ete cytDkinesis (LaValette St. George, 1865; 

reviews by Fawcett et al., 1959;Dym and Fa\\'cett, 1971 and 

Phillips, 1970). Characterization of the intercellular 

bridge et the fine structural level, and the suggestion 

that such bridges within the clonaI cell population 

might direct differentiation of the oocyte (Koch and King, 

1967) and spermatocyte (Kin~ and Akai, 1971) will be 

dealt with more fully in a succeedin~ section (Chapt. 10 ). 

Ring canals stain with iron trioxyhaematin, and part-

icularly are highly osmiopl.ilic (fig29,30). With 

increasing cyst size, more than one centre of ring canal 

fus ion ma y ex i s t (f i g • 3 1 ). Since the groups formed .-are roughly equal in size, they are presumably formed 

by an extension of the ring canal centre itself rather 

than by, displaCèment of one cell throu~h spindle 

orientation or crowding. Slight differences tn divi~ion 

phase are noted between t~ese subdivisions vithin the 

cyst (fig.32). Due to crowding, the existence of the 

inter-connections cannot be visualized in late spermato-

gonial or spermatocyte cysts. However, the Pxse vari­

ations perslst, 8uggesting retention of the b idges 

through to the spermatid stage as in mammals ( ym and 

Fawcett~1971 ). 

• 
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Figure 29. Spermatogonial cyst (SG) at prophase of 
approximatel~ 32 cell stage. Note central fusion 
of ring canals (R). Trioxyhaematin, X 1600 

Figure 30. Same, .16 ce Il stage, Osmium Ethyl Gallate, 
X 1600 

Figure 31. Spermatogonial cyst, approximately 128 
cell stage. Two centers of ring canal (R) fusion 
apparent in same cyat. Note -tYplcal clrcumnuclear 
accumulation of mitochondria (m). Osmium Ethyl 
Gallate, X 1600 

, 
Figure 32. Approximately the same size of cyst, 

demonstra,tlng partinl asynchrony of development: 
Half th~' cells are in prophase, half in Metaphase. 
Trloxyhaematin, X 500 
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. The Rhodnlus germ celi shovs a cytological 

development very similar to the typical hemipteran 
, ' 

cytogenetic plan exhaustively described by Wilson (1912). 
~> , 

Accurate staging of the degree of germ cell differenti-

ation forms the basls for many of the as say techniques 

subsequently used in experimentation, thus a seties of 

squashed and air-dried preparations of tubules, and 

portions of tubules vere prepared and compared to (lat-
1 

mounted sections of tubules stained vith trioxyhaematin 

(Appendix: Materials & Methods). ~he long spermatocyte 
, i 

prophase provided the best m~ans of quantification in 

thè Rhodnius tubule, and attention vas focused on that 

compartment. 

Hemipteran chromosomes, holocèntric, small, 

and very similar in size to one another are extremely 

~nfavorable mat~r1al for cytologie investigation. Very 

little could be determined from spermatogonial or somatic 

cell .qua.hes, save the diploid chromosome number, 

twenty-two in both sexes. With regard to the highly 

endoploid mesodermal celIs, examples were seen as high 

as sixteen-ploid (fig.55). Large. interphase endoploid 

nucle! vere aLao identified, with numerOU8 heteropycnotlc . r. ' 

.ex elements (fig.54). The degree 01 ploidy could not 

be asceTtained iu these cells, however, due to the small " ' 
Bize of the sex chromosomes, and a complication in 1 

'" ~ their number shortly to bè des~ri.èd. Siml1a~ findings 



are reported in the testis tsheath' of related species 

(Geitler, 1937, 1938, 1939a and b, 1941). 

As p~evious1y mentioned, the stem cell cou1d 

not be located spatially, and thus cannot be charact-

erized cytologically. In mammalian systems, cytologicsl 

identification of spermatogonial types is weIl advanced 

. (Clermont, 1972). Very simply. ignor1ng the many sub-

divisions now recognized, these spermatogonia may be 

divided' into type A or 'dustlike t spermatogonia. 

being stem cells or predefinitive, uncommitted spermato-, 

gonia. and type B or 'crustlike' spermatogonia. which 

are destined to become spermatocytes through a species-

specifie number of divisions. Hannah-Alava (1965) 

suggests that similar cyto1ogical ~istinctions may be 

1 
made in insects. However, distribution of the chromatin 

required for this technique ia most favorable with 

Zenker's fixative, and is completely eliminated by the 

Lebrun's Carnoy found mOlt suitable for the preservation 

of apàtial orientation and spermatocyte identifieat'ion 

in Rhodnius. Thus, only one basic .permatotonial cell 

may be recognized (figs. 33-37 ). Some distinction 

can ~e made o~ the basis of position in the tubule, 

and cyst size. but theae criteria are not entirely reliable 

and become quite hopeless in the germarial region. 

• By contrast, the cytological events durihg 
, 

the spermatocyte prophase result in distinctive and- easily 

• j 

, 
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Figure 33. Final spermatogonial cyst, as identified 
by position in the tubule. Interphase; compare 
wlth figure 38. Trioxyhaematin, X 1800 

Figure 34. Late spermatogonial prophase} Aceto-
Carmine squash, X 1800 ~ 

Figure 35. Polar and lateral spermatogonial meta­
phase plates. Trioxyhaematin, X 1800 

Figure 36.' Male sornatie chromosome spread, Aceto 
Orcein squash preparation of aecessory gland. 

~ X 1800 
0-

Figure 37. Female sornatie chromosome spread, Aceto 
Orceln squash preparation, oViduci{. X 1800 
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characterized stages. The initial stages, interphase 

and leptotene, closely resemble the last spermatogonial 

stage both cytologiea1ly and in terms of cyst size 

(figs.38,39 ). Typically, the hemipteran spermatocyte 

nucleus then entera a phase of maximal coiling of 

the chromosomes to torm the synizetic knot of the zygotene 

stage, Gr synizesis. This is a particularly well-repres-

ented stage in Rhodnius (figs. 40,41 ). During the 

succeeding pachytene stage, the chromosomes gradually 

uncoil, revealing for the firat time the sex vesicle, 

but no well-characterized bouquet formation (figs. 42-

44 ). Complete decondensation of the nucl~ar material, " 

with the exception of the heteropycnotic sex complement, 

provides a well-marked diffuse diplotene stage (fige. 45. 

46 ) • Diakinesis ia evident (fi~a. 47-49 ), and 

the f i r s t 111 e i 0 tic met a p h a s~e, Il n a p ha s j!.' and tel 0 p h a s e 

follov in order, unremarkable save for the late segreg-

ation of the sex chromosomes (figs.50-53,56). No second 

interphase or prophase is reeo~nized, and the spermato­
# 

cytes likely pass direct!y to the second metaphsse, 

which is indistinguishab!e in sections from the fi st 

meiotic division figures. 

This progression represents a simplifie 

version of the twelve stages deseribed by Wilson (1912) 

for Lygaeus and Oncope1tus, and differs largely 

exaggerated synizesis and diffuse diplotene s s displayed 



Figure 38. In~erphase of sperm~tocyte 'cyst, deflned 
by position in tubule. Trioxyhaematln, X 1800 

Figure 39. Chromosome spread from S3Me stage, some 
pairing evident. Note heteropycnatlc sex elements 
(arrow). Aceta Orcein, X 1800 

Figure 40. Characterlstic zygotene spermatocytes, 
showing hlgh1y condensed, ~ng1ed chromosome mass 
(synlzetlc knot) wlth c1ear area surroundlng. 
Trioxyhaematln, X 1800 

Figure 41. Possibly same stage in squash preparation. 
Note smal1 and large (double) sex elements (arrows). 
Aceto Carmine, . X 1800 

Figure 42. Pachytene spermatocytes, poorly characterized 
bouquet configuration around sex vesicle (arrow). 
Trioxyhaematin. X 1800 

Figur~ 43. Same stage, Aceta Or.cein squash preparation 
X 1800 

Figure 44. Slight1y 1ater in pachytene. Trioxyhaernatln, 
X 1800 

Figure 45. Diffuse dlplotene stage, Aceta Orcein squash 
preparation. Three doubled heteropycnotic se~l~ments, 
no condensed autosoma l chroma tin. X 1800 '" 

Figure 46. Early diffuse diplotene, Trloxyhaematln, 
X 1800 

Figure 41. Early diakinesis, Ac'eto Orcein squash 
preparation. Note palrlng of two of the sex elements.' 
X 1800 

Figure 48. Diakinesis. Distribution of chromosomes 
on the nuc 1ear membrane. Trioxyhaema tin, X 1800 

Figure 49. Aceta Orcein squash preparation at same 
stage as figure 48. Note sex chroma tin now nearly ~ 
isopycnotic with autosomes •. X 1800 
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by the Rhodnius spermatocyte. The sex chromosome 

complement in Rhodnius fol10ws the hereropycnotic 
i 

behaviour pattern defined by Wilson; however, in 

Rhodnius, an interesting variation ariBes. Three 

doubled sex e1ements can be seen in early prophase 

\ , 

(flgs. 45,47 ). 1 The two 1arger of these pair to form 

a bivalent at first Metaphase, and segregate apparently 

in the lame manner as the autosomes (f ig s. 50,52 
1 

) . 
ln the second metaphase, the un1ike sex chromsomes 

apparently join by 'touch and go' pairing, common to 

hemiptera (White, 
't 

1973), resulting in a reduction 
, 

in chromosome number (ten + two; ten + one). 1 n th 1 s 

case, the Bex complement at the second Metaphase is 

tripartite, and might be assumed to represent an . , 

XIX2Y group, a1so quite common to the hemiptera (White, 
, 

1973). However, the equality of chromosome number 

between male and female somatic cells (Twenty + two) would 

8uggest that this .ex complement ls X1YlY2 in Rhodnius. 

In view of the rarity of such a phenomenon among the 

hemiptera, this observation would need to be verified 

by an investigation of the oocyte chromosome complement, 

a technique whlch was not carried out. 

In any case, follow~ng the meiotic divisions, 

the spermatids ao formed are smail ( 
, , ) cells, 

wi thout lIuch app arent interna 1 B truc ture (f Iga. 57 ) • 

Turning tQ other histological techniques, spermiation 



" , 

Figure 50. Primary spermatocyte Metaphase, polar view. 
Ten autosomes, two sex e1ements. Aceto Orceln, X 1700 

Figure 51. Secondary spermatocyte, me~aphase, polar 
vlew. Ten autosomes, one sex element. Aceto Orceln, 
X 1700 ' 

Figure 52. Primary spermatocyte Metaphase, lateral 
vlew. Note that paired sex element (left arrow) 
has apparent bivalent structure, unlike single 
sex element (right arrow~. Aceto Orcein, X 1700 

figure 53. Secondary spermatocyte Metaphase, lateral 
view, 111ustrating 'touch and go' pairlng of sex 
elements. Aceto Orcein, X 1700 

Figure 54. Heteropycnotlc elements in interphase 
nucleus of polyplQid cell. Aceto Orcein, X 1700 

Pigure 55. Po]yplold chromosome spread, approxlmately 
8N. Aceto Orceln, X 1700 

Figure 56. Late s~gregation of the presumed sex element 
ln melot1c t~lophase. Aceto Carmine, X 1700 
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could be followe~ with part1cular r ference to the 

development of the acrosome, centri 1ar reorgan1z-

ation, and coalescence of the mitoe to form 

~e nebenke~n (f1gs. 58-60 ) • Ma t maturtng 

sperm of Rhodn1us are not vel1-char.cterized~t the 

level of the light microscope (fig.27 ). As Davey 

(1965) poin~a out, they·are lu~g and f1~8mentous in 
, '~ , 

eharaeter, .presumab1y so that the micifopylar opéning' 

in the egg may be as sma~ as poss1ble thua mihimizing 
01 

water 10S8 through evaporation. The heade a~e main-

tained weIl in register vith ODe another, typt5al of 

insecta (Phil1ips, 1970), and no specifie sp~rm cap 

cell or associatiçn with ~ny particular ares of the 

cyst wall'is evident. 
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~igbr~ :5~, Early ~perma~ids, showing nucleus (N)~nd 
.forIT.~ng pcrosomal granule (A). 

Figure 58. ',La ter stage., Mi tochOIidrla have coalesced 
to fOTIr. two nebenkern (N) ... bodies. Acrosome (A) 11\ 
characterlstlc posltiBn lateral to nuoleus (N). 

Figure 59, El~ngation pf nebenkern. 
o 

,Figure 60'. At later stage" oe'ntrosomes (eN) eeen a-t 
base of ~wcleus, 'Head' of flagellum pr6duced by 
nebenkern. ~ 

, . 
Figure 61, Filiform spermatide, Aç~osom~ 

layeraI, centrosomes still doubl~, , 

AlI micro~raphs Osmium Ethyl Gallate, X150G 
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V 
Chapter Four: De!elopmental Events; Autolysls 

, . 

One criterion of development attended to by 

previou~ workers in other species has been the chanGe 

in size of the testls through larval development. A 

c~mon pattern observed is that of slow growth through 

early instars, supplanted ~y a more rapid increase ln 

the last lar~al instar and pupa, as in Bombyx (Take~Ch~, .• 

, 1969) and Aedes trimulans (Horsfall and Ronquillo, 

1970). McLaughlin and Lusk (1967), on the other hand 

define a stable growth rate for Anthonomus 'grandis, 

similar' to othe:r larval structures. 
l 

, 
Econ~mopoulos and 

p • 
Cordon report a slightly Aeclining growth rate through 

t. , , 
to the young adult in Oncopeltus '(1971)~ Both studies 

/ 

begin w1th la te larva! development, however, and 

. \ 

are thus not comparable to the above work. A decllning 
... . 

growth rate i8 also defined for Drosophila, apparently 

1nflü~need in part by the spirallt8tion of th~ testls 

directed by the vas efferens (Kerkis, 1931). The 

testis size of the adult ln Bome insecte 1s cons1derably 

, - ( leaa than that 1n a msture larva or pu pa Ch1ronomous 

plumos~s, Websler and Rempel, 1962; Hyolaphora cecropia, 
1 

Ridd1ford, 1972), a consequence of ~grat1on of spermatozoa~ 
• 

> ta tt:e 'seminal vesicle • 
. 

~ The testes of Rhodn1us are qui~e" small in 
-..... 

ear11er instars, making direct volumetriè measurements , 



. ·60 

by displaccnent or cstinates from weight impossible. 

As Jwell, conc;iderable variation,between insects of 

the same age is note~, as often r~ported in other 
, f 

species (Econompoulos and Gordon 197·1; HcLaughlin 

and Lusk, 19~7). As estimates based on surface area 

~ere cons~dered imprecise, no detailed analysis was 

carried out, but tssual inspection of available 

preparations indicates an ap~roximate douhling of 

surface dimensions of the testis between eclosion (lO~ 

x 3~~() a~ù ~id th!rd instar (20~ x 60~). 

pr a c t ic~ll y a11 growth dur.inl thi s per iad if h~ cell 

division. ~im11arly,. the early fourth ins{ar testis . 
has dimensions of about 26~'x 78~ • Aline dra\1n 

th r 0 u g h the sep 0 1 n t ,s i 5 1 1 n ~ a r (f i g • 6,2 ). Changes 

in size between the fourth and fift~ instar, and the 

fifth instar and young adult are considerahly greater, 

as is lliustrated in f11. 5. These quantitative 
. ~ \ 

changes are accompanied by qualitative changes in the 

state of differentiation of the ~erm. cell cysts. "Thus, 
;, ~ 

prior to the blood meal . ) 
th~ fourth instar test~s con tains 

, 
only spermatogonial cysts, ;each' c'yst cont1nin~ up ta .. 

b ' 
abo~t 2 cell~ (fig.98 ). In the fifth instar; prior 

to the feed, the dominant cellular element~ a~e not .. 
\ 

... 
speroatogonia but sperma~ocytes (fig. 20 5! "Sections .. cut of testes at dai~y interval$ indicate the initial 

-
appearance of spermatocytes at about the eighth day-

fol"lowing the feed in the fourth in'star. 
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mately the fourth day following the moult to the fifth 

instar, a period of about eight days from first 

appearance, the testis has been largely colonized 
r (~ 

by spermatocytes. The increace in testis size between 

the 'fourth and fifth jnstar this 'involves not only 

cell division, e accumulation and subsequent 

increase in ind cell size of a lar~e . .pool of 

primary spermat After the feçd in the fifth 

instar, spermi In the adult, Most of 

the testicular by spermatozoa 

and developing developMents are 

illustrated in fig.63 • 

It ls imporÇant to note that wh~n a ~iven 

'~ s ta g e 0 f .. g e r"ë c e Il d if fer en t i a t ibn .i s r e a che cl, e a r lie r 

stages do not decline or disappéar. 
if 

Spermato~onial 

mit 0 s e il con tin u e dur :C n g the p e rio cl 0 f' s p e r mi a"t ion a n cl , 

indeed, both proeesses occur throughout'the life of, 
, ' , 1 

the adulte The gefmarial region of an actively breed-

ing adult, while' o~cupv1}g a very small part of ~he 

total testieular volu~e, does not appear to differ in 

absolu te size markedly ftom t~at tbund, for 'instance, 

1n a fed fourth,1nstar. 
<. 

" ~ Histologieal investi~ations carrfed out , 

during the diapause and post-feed periods revealed a 

sur p riz in g f a'c t • Mei~~~~~e figures i~ the germjrial ---- , 
1 

and g~~wth are~s of ~he tubule, and mei~Cic'c~taphase 
, 

plat~s in the hpproprtatc instar w~re present tn the 
" 

, , 
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diap8u~ing as weIl as the fed insect, in sp1te of 

the fact that no increase in testis volume or cell 

numbers occurred during the diapause. In e8r~1er 

instars, the mechanism of this stasis wns puzzling. 

The size a~d linearity of the fifth instar tubule, 

however, permitted a recon~truction of events 

suggesting the solution. Meiotie divisions began 

early: approximately day two ta five days post-moul,t 
"-

in the unfed fifth instar. No spermiation occurred 

in tiese unfed, diapausing insects, however. Instead, 

the spermatid cysts sa formed underwent degeneration 

(fig.64 ), and aIl cysts so produced were s'uhjected 

to this fate until the fifth instar feed. Spermatid 

cysts prod.,pçed by meiotic 'divis10n subsequent to the 

blood m:al ~derwent, spermiation land maturation to 

8Ipermatozoa. 
, 

It .i S 0 f te fi i m p 0 s s i b 1 e, 0 f' cou r s è, t 0 -=Id e n tif Y 
, f , ' 

aécurate,ly the source O'r. stage of· differe~tiation of .. 
d~generating cel1~, sinc~ the proces8 itself restilt$ , .'" 
i~ a prog.ressive a,nd total mortologiC,hl and cytol-

/ 

"ogical disruptiod. In this c~se, however,' diff~rentiation . . , 

of the spermatid reBults in the form,tion of specifie, 

highly distinctive organel~es: -' the a~roso~e or pro-

acrosomal granule, "and the nebenkern ('figs. 58-65 ) - . - ~ ~hi~h are not fo~nd in anv other ce11 state. Con~lugive_ 
"t 
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Figure 64. Testis' tubule of a fifth instar lnsect 
10 days following ecdysls. Note spermato,cyte cyst (SC), 
melosis (M), spermatid cyst (~D), and degenerating 
spermatid cyst (00) in basal p'rogression. Osmium 
Ethy 1 Ga lIa te , X 775 C i 

Figure 65. Deta~l of degenerating spermatid cyst. 
Illuatrating acrosomal granule.{A), nucleus \N} 
and nebenkern.(K) in cella. 09miurn Ethyl Qallate, 
X 1950 

Figure 66. Accumulation of cyst wall cell nuclel 
(arrows) in plug cell reglon of unfed lnaect 
tubule. Biebrich Scarlet, X 1550 
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identification of the se structures in cyets early, 

in the degenerative process (fig. 6S) and position 

. 
of the degenerat1~g cysts basal to meiotic metaphase 

figures, and early, apparently normal spermatid cysts 

( fig. 64) pro vi de dam e 8\i1 S 0 f e a s y ide n tif i c a t ion. 

" 
It thus eeemed that the spermatid,o inappropriate to 

the developmental schema during the variable length 

of time apent in the fifth instar diapause. was 

selectively and tota;ly removed from the system.' 
a 

Evidence,that the process was continuous was found 

in the accumulation of cyst cell nuclel in the basal 

area of the tubule. adjacent to the cytoplacmic barrier 

formed by the plug celle (fig.66). This accumulation 

did not occur indefinit~ly. D1sappearance of the remna~t~ 

of the degenerating cyets from the basal area of the 

/ tubu~e occurred by about four days post-feed, providing 

'. a rough esilmate of the transit time for the de~enerat-. ' ,~ , 

iDg c~lls. ( 

the appearance of t~e (degenèra ing, s~.;ma t i~'S 
J ... • )... .. • 

. . 
ïs quite d4.stlnt~ -from ,that .'of deg~nfrâting IIperma~o" . ~ " . 
\gonial ce,lls. alluded •. to· in an .earlier aect:i!on (see . 

. ' 

Ch.~ter Three). TheBe~e.rlier ez •• ples of degenerati~n a 
4 ~ f , . 

infr~quently and apparentiy rando~ly disiribut~d 
. ) . . 

thrQughout the tub~le. a~e ch4r.ct~r~zed br"extreme .. 
, '-

j .' 

8hrlnka~e and pycnosi'S 'of-.the 'Duclel, whlc.h come to pe .' 1. , 

.. 

n • 

, , 

'. 

.' 
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clumped centrally in a much reduced cyst (fig. 6 ). 

The specifie spermatid autolvsis in Its carly stages, 

~shows a dramatic swelling of both celi And nu~leust 

from approxlmately 5, 3.~in diameter in tre sperMBtid, 

. 
to and 5~ re6pectively~in the degenerating 

cell (fig. 65 ). Lysis of the cell occurs, releasin~ 
.) 

nuclei and nebenkern in ta the cY$t interior. l n'Ci i vi du al 
\ 

compoaents become difficuld to follow in Rubsequent 

stages. but pycnosis of nue le i does not appear to be 

part of the process. 

As the' event's aiways occurred in the basal 

reg i'on of the tubule in close proximi ty to the plug 

. • 
cells, le was suspected that these cells mi~h t be 

instrumental in the process. There are reports" scattered 

throughout the I1terature of acid phosphatase !ctivlty 

ln simllar cells: neck cells in Gromp~adorhina and , 
; 

Byrsothrla (tu~is et al, 1969); supportive cells of the 

testis of Artemia salina (Wolfe, 1971); nutritive 

phagocytes of the téstis of the Bea u~chln St$locidaris t 

(Holl~ndt 19~7). This enzyme 18 generally associated 

wlt~, lysosomes (DeDu~e, 1963) ~ and while the rofe of 
, 

ac1d phosphatase aetivity at lèast in the neck cells 

abave 18 not clesr, two pos8ibil~s' might be 'proJ..,ected 

for a slmllar activlty in ~he plug cells. First. 
! , 

resulti«g from lyaosomes produced and packaged for 
J ,,. 

,'export ~o the cyst' to 1n~1.te thl hisfolysiB repor~edt 
" 

( 

• 
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, 
or, second, as ly5050mal acid phosphatase for the 

digestion of phagocytosed remnants of the spermatid 

autolysis. 
. 

To investi~ate these possVbilities, a popul­
I 

ation'of sibling Rhodnius males were selected at the 

moult from fourth to f~fth instar, held ten days, and 

then fed. Two to four inseèts were rembved from th~ 

population at daily intervals from the moult, dissected, 

and the ';.'testes ,investigated for the presen<;e and dis-
. ~ 

tribution of aeid phosphatase. The technique employed 
~ j • 

was that of Barka and Anderson (1965), using 8;U 

seriaI sections obtained by cryotoMy. (Appendix 

Two ,: Bis tolo,6) • The experimen t wa s con t inued 

\ 
for fifteen days following t~e bloQd mea!. 

The results obtained indicated that acid 

ph'olphate aetivity vaa present in the testis but 

loca11zed sttietly.within the degenerating cvst. 

TheQaetivity vas so pronouneed, in fact, th~t it .. vas 

" elearly visualized in fresh, intact testés incuhated 

in the histoeh~mical medium. Thi~ âctivity vas demon-

Il 
strated ,t those , times when degénerating cysts were 

present in the testis: that i5 from four days post-moult 

to four day~ post-feed. In the intact testes, ,the 
'1 

positi()n of the reaetion prod,uf;!t and timing of its . 

appe,rance 'coinc~dea p~ecl.e1y "ltb, the .ppe.r':"~(of • 
, -

.: 

ye11ow"isb, 1;'efracti1e mass. Thi8 was .imi1ar 1n eppes.rance 

\ 
-, 

... ~ 

. \ 

" 
~: & " :; 

.\ . .. 
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to that resulting from oocyte resorptfon âncl degradation 

of p~stovulationary follicles, an&,refeire~ to as 

'yellow bodies' (Cone and Eschenberg, 1966). Relat-

ive 1 y lat e in the po s t - f e e cl p e rio d', a ci cl ph 0 S ,1' ha tas e 

activity could be 'seen in scattered mesod~rfual cells, 
-l 

but the precise-identification of these cells was not 

possible. At the same time, a slight ~mount of ac~ivity 
~." . 

was found free in the vas ef!erens'.hd ~as deferens ~ ~ 

lumen. 
\ 

At ~o ~ime, however, was activity demonatra;le 

in the plug cells. This finding might b~ explained 

by the relatively high, and hence nOi-opt(mal pH 
l 

\) . . 
range used in incub~ti:'on of the tisst/e, which was 

. 
necessary to control diffu&ion of the reacti~n product 

Sq 

This interpreation 19 
, . 

f~m the c~ntre of activity. . 
~ . 

argued against by the vigorous react~on of the .mesode~a~ -

cells, and vis'ualltatiot1 of 'free 1':lctivity 1n the duct, , 

system. The plug, cells tla" or ,may not be, invo.lved ln ... Il 

int't{ation the of spermatld autolysis·, but, if ~o • it • .. 
"ould seem not be through the production and exp.o~t of 

acid phosphatase. As weIl, there would, seem not to be 
l , ( ,'; 

a role for thes\ s:ells 'in "the p-bagocytosks' of "c",s~ 

remDants. though the confdsing mix\of cell detritus 
. 

and plug cells in this règion of thettubule does.oQt . ~ 

permit any firm co~clus~on. 

" As the eessat ion· of au tolys ts se iDc ides vi t-h 
, ." "'. il.. \' • 

actlv&ti~n .. Clf>. the endocri~e system iJ'l preparation for 
~ ~ ~ ! 

i 

, , 

.. 
, . 

• 
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to that resu1ting from oocyte resorption and degradation 

of postovul~tionary follicles, and r~ferred to as • 

'yellow bodies' (Cone and Eschenberg, 1966). Re1at-

1. ve1y la te in the pos t-f e ed per iod, ae id phosph,a t ase 

activity cou1d be seen in scattered mesoderma~ eells, 

but the precise identification of these cella was not 

possib~e. At the same time, a slight amount of activity 

vas found free in the vas efferens and vas deferen~ 

lumen. At no time 9 hovever 9 was aetivity demonstrahle 

in the plug cella. This finding might be explained 

by the relatively high, and hence non-optimal pH 

range used in incubation of the tissue. which vas 

necessary ta control diffusion of the reactlon p~oduct 

from the centre of activi\Y. This interpreation i8 

argued against by the vigorous reaction of the .esodermal 

célIe, and visualization of free activity in the duct 

eyst:em. The Rlug cells may or may not be involved in 

the initiation of spetmatid autolysis, but, if 80, it 

would seem not be through the production and export of 

aCi~ pho8phata.e~ As weIl, there would seem not ta be 

a role for theae cella in the phagocytosls of eyst 

remnants, though the confu8ing mix of cell detritus • 
~ 'and plug cells in this reg ton of the tubule does Dot 

-~~mit any firm conclusion. 

As the cessation of a~oly.i8 coinc1dea with 

activation of ~he endo~r1ne syste. id pr~paration ~or 

.1 
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the oncoming moult, a limited series of experiments 

" ~ 

was performed ta clarify the role of hormones in this 

event. Ten appropriate young fifth instar insect~ 

were subjeeted ta removal, of the neuroseeretory 

c~lls of the pars intercerebral{s, he Id for ten days, 

'" 
â~~ ~~en fed. Similarly, ten insects wére fed, and 

·1 
deca6itat~~ twenty-four hours 1ater. As expected, 

no moulting _itivity was evinced by either of these 

preparations. Tissue was taken at five and ten days 

from the feed, and no cessation of autolysis was found 

in either preparation. 

A regimen intended to provide a normal endo-

crine environment for morphogenetie development, in the 
~ 

absence of nutritional and osmotie influence of the 

blood mea1 was then attempted. Young fifth instar 

,1 

larvae vere immobilised with tape and an incision was 

made in the dorsum of the abdomen. A sterilized human 

hair wa s looped around the j unc t ion 0 f the crop and \ 

mi18ut an~ pulled tight. The free enda of the hair 

were trimmed and the vound sealed with vax in the ulual 

manner. As above, these insects vere held for a'ten 

day recovery period, though dur!ng this time, half 

the operated ins~cts died. The .ur~ivor. vere fed and 

four bugs saerifieed at 8ix days folloving the feed • 
. , \ 

No cessation of autolysi. vas found in any preparation • 

Four reDaining in.ects which had fed vere held to BBsees 

moulting activity. None of these insecta ever abowed 
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sigplg of apolysis or nev cuticle production. Surviva! 

vas v.riable •. One insect whlch apparently received sorne 
\ . 
\. ( ( 

limiteij flow of material into the midgut survived 
~ 

through three feedings, fully gor~ing each time over a 

period of five months. At death, ev en this ins~ct 

showed no cessation of autolysis, nor testicular 

development beyond that typical of a diapaused fifth 

instar larva. 

The approach next tried was parablosis, uBing 

a variety ~f larval or adult insects vith unfed fifth 

instar lthodniul!. 
.. 

As further controls, fifth instar 

bugs wer~ implanted with sealed capillary tubes. In 

the normal insect it regularly ~ut infrequently ~appens 
~ . 

that one or two cysts in a tubule will be found in a 

fairly advanced stete of spermiation, or advanced 

cysts will be aeen degenerating. Many of the parabiotic . 

preparations showed thiB phenomenon, including controls. 

Hone showed-evldence of moulting, prob.bly due to the , ' 

aeverity of the operation as perforaed by this author. 

·Thus, in aIl the experiments 80 far performed, no 

evidence of a normal p~oductlon of ec~y.one was obtained. 

-Ali that can be concluded wes that, in the presence of 

markedly unusual physiologieal, ~ut not neces •• ril, 

endocrinological conditions, no fufi~!~al speraietion 

."'" \ 
c:;çcurredt 

1 / Finall" the problem was approached with exogenoue 
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supply of commercial insect hormones. Three separate 

experiments were performed. The initial experiment 

was carr1ed out to investigate the feas1b111ty of 

Injectlng fJ- ecdysone, and whether or not any res-

ponse could be obtained in the intact insecte Six unfed 

fifth instar inB~cts vere injected, three times each 

at daily intervals from the third day post-moult, with' 

3 • Or l. 0 f a O. ~g Ir 1. sol u t ion 0 f tc1- e c d y son e in d 1 s t -

Illed vater. An additional sIx siblings were simllarly 

1njected with water only. The horaone-treated lnsects 

thus received O.~g. ecdysone in 9./"1. dist'illed water , 
and the cdntrols water on1y. The right testis was 

removed from two of each group at two, five and twelve 

days from the onset of the injection series, fixed in 

Bouin's, sectioned and stained. The s.mpling times 

vere chosen to indicate development commenclng iamedi-

a tely, (2 days ~, t 0 approxima té the normal trans i t 

tlme for degenerating cysts (5 days), andrto .a.ple 

deve10pment potentially realized by an induction of the 

in.ects' own endocrine system (12 days). However~ the 

results ahowed elongating spermatida or IPer.ato~ 
\ 

.11 the insects recelving~-ecd,.one, .nd 

devel'opment in any of the control insecte. 

no such 

Experimenta carried out in the intact inaect 

do not, permit a very pr~ci.e analY81. of hormonal 

action,. Ecdysone has been reported, for instance, to 
1 

If 
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induce RNA synthe~is in the corpus arlatum, suggestinr 

activation (Siew and Gilbe~t, 1971), and excessive 

handling and injection might conce~vably trlgger neur~­

s'cretory 'telesse (Highnam, 1961). A Rroup of fifth 

instar male siblings were thus isolated two day~ 

following the moult, decapitated in such a manner as 

to remove the brain, allatum-cardiacum complex, and 

suboesophageal ~anglion, and returned to the incubator 

for two days. Kambvsellis and Williams' experiments 

(1971a ~ b) indicated that spermiation could be 
. 

induced .!.!!. vitro by appropriate concent'rations of short 

chai? alcohols, presumably through a disruptive effect 

on the testicdlar sheath. To investip,ste this poss-

ib,ility, the insects wera injected with :rI of' 2%, 

and ten with 6% ethanol in distilled water, ~ach day for 

three consecutive days. Controls were injeated with 

~ater only, and a fourth group received three injections 

of 2.0~1 of O.15~g.~I.~- ecdysone in distilled 

water, giving a total dose of O.9~g. per insecte The 

g~ups were sampled as above, st two and five days fron 
'1 

the onset of the injection series. Results wer. con-

sistent with those obtained in intact insects. ~-ecdysone ' 

injections resulted in apermiation in aIl cases, and 

wat~i produced no development. Injections of ethanol 

prod~ced considerable ~ethality at the higher dose, 

only three of seven potent1ai samples 8urv1v1ng to five 

days. At nelth~r dose, hovever, was any aper •• tid 

\ 
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development noted. 

A final series was conducted to investigate 

the relation of f-ecdysone dose to apermatid develop­

ment. A group of fifth instar siblings were decapitated 

as previously, but on the day of the moult. These 

1.,nsects were held in. the incubator for ten days, 

after which the population was once again separated 

into four groups of ten insects each, and exposed to 

three consecutive daily injections, in this aase of 

i 2.0, 1.5 and 1.5 rI. respectively. The solutions 
'-, 

employed, seriaI dilutions of the same stock, provided 

eventu&i exposures of 5.0, 0.5, 0.05 and 0.005 ~g. 

j1-ecdysone per insecte Three insects from each group 

were dissected and the testes prepared and investigated 

as above on days two and four from the beginning of 

t~e injection series, and usually three, but, in some 
l , 

cases, two survivors sampled on day eight. 

On day two, at whlch time the insects have 

received seventy percent of the projected total dose of 

f-ecdY8one, spermatida could be found in two of three 

testes in both the high (5.0~g.) and 'physiological' 

(O-rg .) dos,e level samples. No .per.atids vere seen 

, a~ the O.O~g. dose, but one insact in the group rec-~ 

eiving O. OO;rg. cont,ained a tubule with saveral very 

advanced elongating spermatids. The degree of develop-
,1 

aent in these cysts was such that tt could not have 



.. 7! 

been instituted by the injections ~e~un on1y two 

days previously. and,thus can be considered an example 

of the occasional ~evelopment noted in normal insects 

referred to earlier. No development of spermatids 

or accessory glands, and no mitosis in the vas efferens 

occurred in any other insect at this dose level (O.OO~g.) 

on either four or eight days. 

At the O.Or g • level, no spermatlds were nOt~ed 

in any preparation. However, a sli«ht levei of mitosis 

was noted i~ the vasa efferentia at day two, and in , 

the accesBory gland complex at day four. At eight 

days, th~ aceessory glands had reachep about half the 

site seèn in preparations ftom higher dose levels, and 

mitotic activity had ceased. 

_ At 00'lg., Iperllatids were present in two 

of three sa_pIes at day two, one of three et day 

four, and aIl of the eight day s •• ples. At the 'highest 

dose leve! (5'~R.), developing spermatids were found 

in two of three testes sampled at day two, and in aIl 

the remaining samp)es. Aecessory gla~d developaent 

vas quite promiuent. 

A. these testes were fixed without re.oving 

the aheaths and fIat embeddi~g quantitative analysis of 

sper_atld survival la impossible. However. the data 

clearly show a cessation of autolysla and subsequent 

epermiation in the presence of;S-ecdysone in what may 

be consldered roughly physiologieal •• ount. (~1Ig1e.vorth • 

.. 

" 
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1970). Acce.sory gland developaent woul! .ppear to 

be induced at even lover 1e"e18 of;d-ecdysone exposure. 

~.-

, ' 
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Chapter Five: Developmental Eventsi Dynamic5 

\.../ 
The timing of onset of different!ated states 

within the gerrn cell complement of the testis having 

been accomplished (fig. 63), attention was turned to 

an analysis of the kinetic relationship of these diff-

~rentiated states to one 2nother. As previously des-

cribed, the primary ger~ cells arise in the apex of the 

tubule. As they divide, they beco~e surrounded by a 

single layer of squamous cells, forming a clu8ter of 

spermatogonial cell~ termed a cyst. Divisions are 

approximately synchronous within each cyst, and cyto-

plasmic continuity retained by incomplete cytokinesis. , 

This synchrony of division results in the cell number 

per cyst being 2n , where n pquals the number of div­

_ions experienced by the clone of. cells comprising 

the cyst. The cysts Increase ln size as they move 

down the tubule, and the test! presents a linear 

display of advancing ~tages of ifferentiation, the 

zonation referre~ ta earlier (Defdolla. 1928). The .. 
most mature cysts come ta lie at the junction of the 

tubule and the vas efferens, whic~ i5 blocked by the 
\ 

p!ug ceLla unt!! the moult from th~ fifth instar to 

the adult: 
\ 
\ 

\ 
\ 

The var!ous spermato~on!al\eyst8. as previ-
\ 

ously noted. are cytologieally indisttnguish.ble and 
\ '\ 

\ 
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their apparent diameter and cell number are dependent 
• 

on the plane of section. These circumRtances render 

it impossible, usin~ t~e pre~ent technique~ to inter-

pret the developnent of the spermatogonial c7st~ in 

... terms of the nu~ber of divisions which they have 

experienced. The linear arran~ement of successive 

stages of the meiotic prophase, however, provides a 

basis for estimation of the size of the spermatocyte 

compartment. 

The term 'compartment' is used to indicste 

aIl those cysts in a given tubule which are st a 

specifie level of differentiation. Such cvsts will ... 
occupya continuous segment of the tubule. The use 

i, 

of this term, however, i~ not int~nded to imply a 
. 

structural or mechanieal separation from adjacent 

cysts. For the purpose of the experiments to be 

described in this section, an 8ccurate picture of 

changes in the differentiated compartments rather 

than the total bumber of cyets or cells, was required. 

Counting techniques vere therefore directed tovard 

••• pling a constant proportion of e.ch compartment 

throu~hout the time span of the study. Measurements 

1 

~ obtained are thus an index of comp.rt~ent 8ize, but 

are hot Inte~ded to represent ch~ entlre population 

• of·cells in any given co~partment • 

As described ~reviou8ly, the he.~~teran ~perm-
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atocyte prophase ig characterized by a number of 

cytologically distinctive stages. Following int~r-

phase or pre-Ieptotene DNA synthesis, leptotene, 
J 

synizesis, pachytene, diffuse ,diplotene, diakinesis, 

and metaphase follow in order. The second metaphase 

occurs without intervention of a second interphase or 

prophase. Those spermatocytes which are in the 

first meiotic interphase ,nd leptotene 6t~ges strongly 

resemble the final spermatogonia, bo~h cytologicall~ 

and in terme of cyst size. A preliminary investig-

ation vas carried out in favorable sections to estimate 

the size of'this early meiotic period, defined as 

extending from the last spermatogonia! mitotic figures 

to the onset of synizesis, and no accumulation vas 

noted vhich did not also affect the remainder of the 

spermatocyte compartment. As these early rneiotic 

stages could not be defined in that majority of prep­

arations vhich la~ked mitotic figures in the final 

spermatogonial cyets, they vere not included in the 

estimates ~! cyst numbers uBed to determine the Iperm-

atocyte compartment index. 

A median longitudinal section through a 

testis tubule would permit a re.sonably precise 

sa.pling of the total population of cysts within the 

tubule. However, because the tubule ia very long 

vith respect to it. dia •• ter, it is impo.sible ta 

\ 
r 

" 



~hieve precise planar orientation of the sec~ions. 

Tnerefore, each prophage sub-diviston with the except-

ion of leptotene, ,that ls, synizesis, pachytene. 

diffuse diploteRe, and diakinesis, plus any division 

figures. were counted separately in several sections 

of the most favorable area. The maximum number 

obtaine~ for each sub-division was added to obtain 

the final spermatocyte cOMpartment index. This. number 

thus approximates the total of the cysts in an Ideal 

section through the longitudinal axis of the tubule. 

'. The term 'spermatld compartment' 1s used 

here to refer to aIl of the cysts produc~d by the 

meiotlc divisions, that ls, those cysts whieh contain 

spermatids and developing and mature spermatozoa. 

The cysts of spermatids are cytologicalli distinct 

and no problems of recognition oceur. During the' 

course of spermi~tion, however, the cyst Bssumes a 

corkscrew shape, and may be represented by several 

profiles in ft single section. Therefore, only cysts 

showing nue lei or sperm heads were' count;ed. The 

compartment was divided into newly-formed c1rcular 

spermatids, and those which had begun elong.tion, and 

the results were summed as above to determine the 

spermatid compartment index. 

• Histologieal preparation of tubules for fIat 

embedding and sectionin& 18 deseribed in the Appendix 
Q 

(Appendix TWOL Histology). ln arder to . , 
ft 
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demonstrate changes in the spermatocyte an'd spermatid 

compartments during the fifth instar, one hundred 

insects with identical developmental histories were fed 

as fourth instars. These were sexed at the moult trom 

fourth to fifth instar, and the 1l1es fed again ten 

days later. Two insects vere sacrific~d daily until 
n 

the stock was exhausted, eight daye after thé f~ed. 
". 

From approximately fifty fifth instar ~ales, thirty 

sucees. fuI preparations of major tubul~s were obtained; 
'" 

the chief sources of loss vere damage to' the testis 

during de-ahèathing, unacceptable plane of section, 

excessive coiling of the testis, and fa~lure of the 

insect to feed. 

• 

Becau se of th,e se losses dur ing the ~'repa ra t ion .. 

the points on the graph (fig.67 ) represent thè results 

from individual inBect~. Thus, fo~ most days duribg 

the course of the experiment; data from~nly one insect 

is available, an admittedly smalt sa.ple. Bowever,' 
. 

varia~lon on those day~ for wh~ch two p&lnts ~re avail- ~ 

able, la not extreme, and' a '-ine drawn to the PQints 
'. 

ahows a relatively a.ooth progr~.s10n with certain 

inflections of considerable ~.gnitude. Since onLy these 
, . 

major changes will be interpreted, t~e~rap? can be 

eonsldered a 8uffitiently accurate r;preoe,nta,tl+ of 

~Jchanges in the spermatocyte and spermatid compart.ent , . 
\ 

size. from the moult from the fourth tO,the fifth inst.r, 
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through the diapause period in the fifth instar. and 

the eritical period of the post-feed fifth instar. 

Spermatocytes are first recognized at 

approximately day eight post-feed in the fourth instar, 

four days prior to the moult from fourth to fifth. 

Their number inereases slowly through the late fourth 

instar, then mu ch more rapidly during the early fifth 

instar, reaching a plateau at' about f~ur days after the 

moult to the fifth instar. This level' is maintained 

during t~e rem~inder of the fifth instar until the 

blood meal. Subsequent investigation of fifth insta~ , 
larvae which had been kept unfed for as long as 

six months show that the level deelines only slightly 

from this plateau. It is important to reeal! at chis 

time that the spermatocyte eompartment receives a 

continuous input from spermatogonial mitoses and, ainee 

the histologieal observations show that meiosis begins 

about day four, it ~o110w8 that there is also a eontin-

uous output due to spermatocyte melosis. This steady 

state condition of the eompartment i9 thus adynamie 

rather than a static phenomenon and refleeta an eqoal 

mitotie and mei9tic aetivity. , , 
Immedla~ely followin~ the blood meal in the 

fifth instar, the s~ermatoêyte compartment shows a .. 

dramatic incréase. Numerous meiotic and mitotlc figures 

can be de~onstrated durin~ th~s period, and an inerease 

J 



• 

.~ 

i~ compartment size indieates that input exceeds 

output, that is. that total mitotie activity exeeeds 

total meiotic activity • 

. In contrast, the level of the spermatid 

compartment size index is zero to five for the 

entire p,eriod of the diapause. Since these fev 

spermatid cysts present are always in a state of 

advaneing autolysis, they are not included in the 

graphe After the feed, this compartment a1so iucreases 

in size, though perhaps not so rapidly as the eperm-

atocyte compartment. Since no output existe for the 

spermatide until afier the moult to the afult} the 

compartment sile index shows a continued increase 

durin~ the remainder of the fifth instar, albeit at a 

reduc1!d rate. 

An interesting inference which may be drawn , 
from these results i8 that, in the fifth instar, when 

juvenl1e hormone 18 absent (Wigglesworth. 1934), aitotie 

activity exceeds aelotic aetivity for at le.st the four 

days following the blood/meal. Such an observation i8 

inconsistent vith any hypothe81s whieb 1nvol.es the 

selective inhibition of mei081s by juveni1e hormone, 

for. in) the absence of juvenl1e horaone, ve vouid expeet 

meiosis to be greatly enhanced. Therefore, it pas dec­

ided to investigate the role of juveni1e hor.o~e ~ir-
ectly through the use of j uvenile hormone .D,.10~ue8 on 

, 
, 
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this preparation. 

Application of the potent juven~le hormone 

analogue, farnes11 methyl ether (FME) to recen~ly fed 

fifth instar Rhodnius leads to the production of a 
) 

range of larval/adult intermedtat,es"tn the sueceeding 

moult (Wigg1esvorth, 1969; Barrett. 1974>: the vide ran~e 

in effect on the population after a single uniform 

application la believed to be the re8ult of variations 

" 

in the rate of penetration of the hormone analogue 

through the eutiele~ and hence its availability and 

eatabolism in the individual inseet (Patterson, 1973; 

Wigglesworth, 1973). Wiggleaworth (1969), has devised 

a scale for gauging the effe~t of the analogue on 

morphogenesis of the resultant cutte1e., Tbis scale 

thus represents a .ea~ure ot effective dose of the 

analogue Oh any given individual within the population. 

In this study FME was dis.olved in iso-

octane in ratios of 0.1. 1.0. and 2.5 nI. FM! to l~O ~l. 

iso-octane. 'One microliter applications of the res-

ultant solutions vere made tO,the ventral abdominal 

cutie"le of fifth instar Rhodniu •• iblings. tv.nty-four 

bours after the blood aeal. Controls vere treated in 

the same fashion, but with iso-octane only. Of, fifty 

in~fet. reeeiving 1.0 or 

.o~tted to interaediates 

\ 

2.5 nauoliters of FMI, fort y 

vith a acore of 2 (hlgbly adult) 
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to 17 (high1y 1arva1) on the Wigglesworth scale. 

Controls, and insects receivivg 0.1 nanoliter FME, 

moulted to normal adults. Scoring, and histologieal 

procedures as in the previous experiment, vere 
r 

earried out within eight hou~ of the moult. 

Counts vere made of the spermatocyte and 

spermatid eompartments as before. Losses vere aga~ 

eneountered, particularly in the highl~ coiled spermato-

cyte region of the major tubules (flg.6 9 ). Since it 

was not possible to recognize any trend in that com­-part.e~t due to the small number of points obtained, 

data from the minor tubules was also computed, and 

presentéd here (figs.70,71 ). 

The index of spermatid compartment size for 

both minor and major tubules (figs.68,70 ) diapl.ys 

a linear decrease with effective ,dose of FM!. As no 

output for this compartaent exista at this time, the 

decrease in compartment size index aust be interpreted 

as a dose related depression in the output of the 

produets of. aelotic division. 

The data for the aper_atocyte of th. ainor 

tubules (fig.71 >, on tbe other hand, ahova no 8ignif-

• icant change vith the degree of 1arvalization. If the 
. 

inhibition deacribed above were specifie for the meiotic , . 
, 

diyision t a ~e ln the index of thi. eo.pa,tftent would 

result. The c~nstant level of the sper •• tpeyte co.part~ 

1 
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FIGURE 68 Effect of Farnesyl Methyl Ether, a Juvenile Hormone analogue l on spermatid oyst index. 

FiGURE; 69 

X axis represents seale devised by Wigglesworth (1969). Data eompiled ror major tubule, points represent individual samples. J ' 

Spermatocyte cYat index, maJor tubul.e, Sil deacribed above and in text (Chapter 5). Wldely 9cattered points ·preeludea flttlng 
of V;fld 11ne. 
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FIGURE 70 Data for spe~~tid compartment index of 
minor tubules of same preparations as in 
two previous figures. Essentially the same 
results as in fig. 68 

FIGURE 71 ~ Data for sperm2tocyte compartment cyst index 
of minor tubules, ~ame preparations as above. 
Note that y àxls has not been extended to the 
basel1ne. 
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aeut thus deaouacrated an equal 1nh1b1tory ,ffect 

of FME on both the meiot1c and mitotie divisions • 
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Chapter Six: Interim Revie~ut01ysi8 

Thus far, the investigations have been dir-

ected towar4 unravelling testicular development into 

its separate aspects of growth and differentiation 
, 

and identifying possible control points within these 

developmental processes. The author's plan of attack 

now calls for a 'stock taking', an Interim review 

of results so far eollected, and a correlation with 

the main body of endocrinologieal information in 

Rhodnius and other insects. In this way, a working 
) 

hypothesis consistent with the observations and with 

the larval/adult paradox earlier defined, cao be put 

forward for classical endocrinological investigation. 

The most strikiog and significant control 

mechanism available to the insect lies in the ability 

to selectively and totally de~troy the Most differ-

entiated element of the germ cell line. A dynamic 

stasis is thus achieved, resulting in a condition of 
" 

no growth in the testis during diapause whether or not 

additional controle are in force. --.. .-....-------- Degeneration of germ cell el~menta ia by no 

means an unu.ual phenomenon. Rooeen-Runge (1973), in 

a recent and comprehensive review of the eubject, 

• • 

Btates that " ••• one gains the i.pression that degen-

erative phenoaenon have been found wherever the eperm-
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atogenic proeess of a species has been thoroughlv 

investigated." The degree ta which this occurs 

varies eonsiderab1v vith speeies and also with the 

stage of dif~erentiation uncler investigafion. Quan-

titative data are scaree. One well-eharaet~rized 

mamma1ian species and variety, the Sprague-Dawley rat, 

gives the fo1lo~ing percentage losses: Al (pre-

definitive or $tem cel1) to Intermediate type &perm-
# 

atogonia, 60% 10ss (Clermont, 1967); Late 9permato~ 
) 

goniai to advanced spermatid, 22%, with on1y 2% direct1y 
j 

involved vith the meiotic divisions (Roosen-Runge, 

1955). In other species, the 1088 associated with the 

meiotie divisions in rabbits is 24% (Swierstra and Foote, 
1 

1 9 63 ), a n cl 3 5 % in hum ans ( Bar r e t a 1., 19 7 1 ). 

With the diffieulty of establishing the 

progression oi events, and subsequent 1aek of quant-

itation, the significanee of 1iegeneration in .the insect 

testis has not often been appreciated. Reports which 
~ , 

suggest specifie autolysis of germ cells can be found 

for Hyalophora cecropia (Schmidt and Williams, 1953), 

Cephus cinctus (Church, 1955), and Papilio xuthus 

(Nishiitsutsuji-uwo, 1961). Particu1arly 1nteresting 

1s that different elements are invo1ved in each case, 

respectively spermatids, spermatocytes, and both these 

e1ements in Papilio. Theae evertts have been reported 

to occur-only during diapause, and always at the level' 
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of the ~o~t differentiated ge~m1na1 e1ement. In 

Rhodnius, due to the linearity of the system ~nd ease 

of recognition of at 1east 1ater stages of different­

iation, a clear distinction ean be drawn betweén 

spermatogonial pycnoses and spermatid or spermatogoniel 

autolysts. The earlier events appear not only histo­

logica11y distinct, but are randomly dispersed through 

successive generations of clone size and are relatively 

r infrequent in relation to apparently normat cysts. 

1 

The basal autolysis in the fifth instar diapause is 

spermatid specifie, and inexorably erases the entire 

population. A re-investigation of earlier instars armed 

vith the knovledge of this dichotomy led to the demon­

stretion of both pycnosis and the basal autolytic 

degeneration in a diapaused third instar testis (fig. 72,73) 

suggesting a position specificity rather than a spec­

ificity for level of differentiation for the phenomenon. 

In an earlier pàper, Roosen~Runge and Leik 

(1968) examined in considerable detail the evidence 

for the various types of germ cel1 degeneration in 

the rat. Conclusions reached are that the pycnotic 

. nucleus type of cell death i6 a firmly established 

phènomenon. In the later review, Roosen-Runge (1973), 

puts forth the hyyothesis that thls phenomenon 18 

divisionsrelated. and pOBs1bly a 8ummat1on of ama1I ' 
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Figure 72. Extra-luminally dlrected vacuollzation 
(arrow) in vas efferens epithelium of unfed fifth 
instar ins~ct. Osmium Ethyl Gallate, X 600 

Figure 73. Samé. This specimen has been recently 
fed,but has not yet cleared aIl products of 
autolysis from the tubule. Osmium Ethyl Gallate 
X 600 ~ 

) '-

Figure 74. Apparent specifie autolysls at.the plug 
cell (p) 1 vas efferens (E) area of the unfed 
third instar testis tuBule. Epon, Sato's pOlychrome, 
X 1250 

Figure 75. Pycnotlc degeneratlon 1n apical reg10n of 
same tubule." ,Epon, Sato"s polychrome, X 1250 
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errora or catastrophes occurring during division, 

eventual1y resu1ting in an abortive mitosis or meiosis.1 

These authors regard the evidence for the 1ytic type of 

cell deàth~, described in ra~ by Frtnchi and Mand1 

(1964), as less conclusive, pointing out a rese~}lance 

between tha events described ~n~ p~~-mitotic.or pre-

melotic évents as visualized with certain cond1tions 

. oJ fixation. The non-dividing nature of the spermatid 

and complete lack of survival ne88te such an argument 

fOT the results reported in this thèsis on Rhodnius • 
testis. A third type of degeneration, eharacterized 

. 
by bizarre multinucleate forms and described by , ~' 

~) 
Huckins (1965), in fact could apply to e1~er of the 

\ ' , 

two types described in the insecte 

The occurrence of this division unrelated, 

apparently pos~tion specifie autolyai. ductng the dia-, . 
pause period~ i~mediately suggests a role for ecdysone 

----------in the proeess,. This observation ~.s a180 .ade by . ~ 

Nish11tsut.uji-uwo (1961) ,fo~ Papilio. She further . '\ 
reports that experiments designed to Inveatigate 

, 
the prob1am vere ineo~cluslve. al the mechanieal abock_ 

" 
of tran8plantati~n induced deg,neration in .any cysts. 

, 
The present author echo~8 and a.plifies. thia" co.plaint. 

Surgic.l injury quite re.oved froa the testil proper 

.• aeaa capabtle of :fnducing degeMrat;,ive ~vents. or • 
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~onversely~ partially alleviating degeneration. Possibly, 

some component of the complex system of events 

concern~d vith vound metabolism (H~rvey, 1962; Wyatt, 1971), 
4. 

le involved. 
\ 

Ecdysone has been experimentally demonstrated 

to be eff~ctive in preventing the onset of degeneration 
, . 

1a ~ in Rhodnius, in the atisence of nutrttional and 
., 

biophys1cal influences of the blood meal, and in the 

absence of other obvious sources of hormones. 'lt i8 

'impossible to predict hov many interven1ng steps m1ght 

be ;n~olve! in the process. However, Kiss. in Williams' 

laboratory ~illia~s, persona! communication, 1973), has . , 

succeeded in demonstrat1ng a necessity for the cont1nued 

presence of macromolecular factor fractions of insect 
ù 

haemolymph for thè survival of Isolated speraatldal 

cyn. II vitro. In an earli,er work, Kambysellis and 
, 

WilLiams (1971à) a1so reported a peak of MF activity 
.. 4.. [ 

presdnt in the h~e.olymph of ~1.o1ated abdomens subjected 
e 

to cuticular vounding. Thele results would suggest a 

role for a similar factor, in Rhodnius as wea.l. The 

limited experiments w~th injected alcohol. an effective 
, . 

activator of MF induced .permiation in ~ vitro 

studies ~n Cecropia testes, pOI.lbly vere ineffective 

'" in Rhodni~8 due ta & rapid clearance of this .etabol1zable 

molecule from the 1!\vfvo preparation • 
. , 

Howe~er, the de.on8tratlon of aufolytic' 

1 
J 

t 
• 
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activity in the testes of a dlapausing third instar 

larvae. and the variation in stage 8peei~citY of an 
1 

apparently similar process reported by pther workers, 

suggests a specificity for site ln the tubule rather 

than stage of germ cell differentiation, and thus 

suggests the notlon that autolysis is an active process 

mediated by site specifie ele~ents in the tubular 

system~ Once underway, sperm1ation s~on results 1n 

the eolonization of the tubule by elongatin~ spermatids. 
. .. 

This lack of site specificity for spermiation, the 

converse of autolysis, argues against a simple hypothesis 

of control over metabolltes necessaTy for spermiatlon, 

or further development of apermatogonia. 

A final observation on this system ia warr-

\ anted here, but th~'reader is eautioned that these 
\ 
\ /" '- _." ~.Ults are highly tentative. Durin~ such time as 

de\eneratlve cysts are present in the tubule basal 

.r,,~l1 .. tion is often noted in the vas .ffuens 

of the affected tubule, and these vacuoles are always 

extra-luminal ln position ln the vas efferens eplthelia. 

:facuollzatlon oecura at thls tlae in the plug cells 

as weIl, but appears to be randomly directed (flgs.72, 

73). Thia pnenomenon la extremely rare ln younger, 

non-degenerative "tubules, or in fed insects (figs. 20 ,21, 

24 ). If the vacuoliz*tibn denotee a secretive 

process and the testia aheath ia aelectively p.r.eabl~, 
~ 

, 

• 
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as Kambyse11is and Williams' (1971a & b) work indicates, 

the architecture of the system as previously described, 

would result in a recyeling of material back into the 

extra-tubular lumen of the testis. Such a process 

has direct parallels in the mamma1ian testls (Waites 

and Setehe1l, 1969). A simi1ar vacuol;zatlon has been 

described for guinea-pig vasa efferentia and epididymis 

(Ladman and Young, 1958). Setehel1 and Sirinathsinghj i 

(1972) suggest a role of this process in the recycllng 

not on1y of trophic materials, but bioactive materials 

as weIl, a topie which will be explored more fully in 

~ the final chapter. One possibility la that the cyto-

plasm of the plug cells, rather than acting as phago-

cytic elements, act as a macromolecu1ar sieve for the 

~olyzed cyst products. Valuable metabolites are then 

r~ted back into the testis through the vas efferens 

epithelial cells, either by an active transport process, 

or simply throu~h a kind of solvent drag phenomenon 

assoclated wlth the uptake and transfer of large fluld 

volumes. However, although these results have been 

noted in preparations util~zing three entirely different 

fixation procedures, vacuollzatlon of eplthellal cells 

is a very common histoloRical artlfact, and further 
. \ 

evidence would certainly be required.before much con-

fidence could be placed in this testieular recycling 

hypothesis. 

1. 
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Chapter Seven: Interim Review; Dvnamics 

A second significant conclusion which can be 

drawn from this study concerns the accumulation of 

spermatocytes which accurs early in the 18st 1arvsl 

Takeuchi (1969), working ,·dth Bombyx mori. 
\ 

instar. 

r~gards this accumulation as resulting from a greater 

inhibitory effect on meiotic then mitotic division bv 

juvenile hormone. Economopoulos and Gordon (1971), in-

a similar study on Oncope1tus fasciatus, conc1ude 
j' 

that the accumulation of spermatocytes occurs as a 

result of mitoti~ proliferation of spermatogonia. 

Failure of these resting spermatocytes to undergo 

meiosis in the fourth instar, and their high leve1 of 

geiotic activity in the Iast interval instar, ia 

regarded by the suthors as being due to the absence 

of an "adultoid biochemical milieu." They suggest that 

this altcration in blood composition i9 unrelated to 

juvenile hormone. 

The results reported in thi. work indicste 

that spermatocyte accumulation, st lesst in Rhodnius, 

is a direct effect of the difference in time spent 

in the spermatogonial and spermatocyte compart.ents 

by the developing cyst. It can be argued that the 

difference in the duration of meiosis and mitosis is 

a consequence of a long ob11gatory prophase duri~g 
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meiosis. In the simplest case, where rhe spermatogonia 

and spermatocytes have approximately equal cel! cycle 
"-

times, vith the exception of the prophase in meioeis. 

spermatocyte accumulation must inevitably occur until 

saturation of this prophase provides an outlet for the 

spermatocytal compartment. 

The degree of accumulation which 18 achièved 

i8 11lustrated in the following example: In such a 

simple case as outlined above, the percentage of germ 

cells whlch are spermatocytes at the onset of meiosis 

can be predicted by the following relatlonshlp: 

M 
( m 

M • 2n 

m X 100 
.2 n 

) + 
Melanoplus differentialis ia one of the few 

~D8ects for which the cell cycle duration is known. If 

it 18 aSBu.ed that Melanoplus flts the aimple conditions 

outlined above. the figures of Muckenthaler (1964). 

yiald an accumulation of spermatocytes of approxi •• tely 

90% of the to~.l germ cell complement. 

. . 

M = duration of the aeiotlc cell cycle. 

20 days. 

m • duration of the aitotlc cet1 cycle. 

28 hours. 

2n _ size of the sper •• tocyte cyst, 2 7 • 256 

This 18 n~t to sURge8t cbat specifie inhibition 
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of meiosis doe~ not a1so occur, simply that the initial 

spermatocyte accumulation is a kinetie event rather 

than the result of a block on differentiation or div-
\ 1 

ision. However, if hornonal or biochemical conditions 

favored the inhibition of meiotie division specific-
/ 

al1y~ spermatocyte accumulation wou1d occur indeflnitely, 

ref1~cting a condition of b10cked output and continuous 

input. It can be seen from the data on Rhodnius 

that this doe~ not occur, and a static compartment size 

is reached and maintained even in the presence of 

exogenously applied FME (fig.71 ). In the case of 

Oncopeltus and Bombyx, in both 6f which the duration 

of larva1 instars is r.ther closely defined, it i8 

questionable whether such inhibition is ev en possible. 

The time from onset of the 8ppearanc~ of spermatocytes 

to meiosis in Takeuchi's study (1969) i8 approxiaately 

eleven days, a~reeing well vith the duration of the 

meiotie stage in Bombyx determined trom repopulation 
1 

of the testes fo11oving ecute x-irradiation (Sado, 1961, 

1963a & b). Exact figures are not availeble for ~-

peltus, but Economopou1os and Gordon (1971) indicate 

that spermatocyte accumulation begine in the four th 

instar and meiosis starts ln the ear1y fifth instar. 

an interva1 of on1y three or four daye. The on.et of 

meiosis ln insects showlng Ruch rigld te.poral devel-
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opment might simp1y refl~ct the time required for 

passage through the meiotlc prophase. It 19 quite 

clear that juvenile hormone does affect te8tic~r dev­

e10pment in many insecta, but the precise nature of 

the effect is still in some doubt. The results of 

these experiments suggest that this role may a1so be 

kinetic in nature; that juvenile hormone acts as a 

division rate inhibitor affecting the entire germ 

cell population equally. The results demonstrated 

by Sehnal (1968), indicating an inhibition of test-

icular developEent throu~h the larval instar by 

implanted cor~ora allata, would also argue in favor of 

an effect of juveniae hormone on a continuous process 

Buch as cell division. 

Having establls~ed that the appearance of 

aelotie figures th Rhodnius is a time-dependent 

phenomenon reflecting the maturation of the .eioc~te, 

and that 'inappropriate' aperm.tid. are re.oved by 

autolysls durlng the diapausé period. there vould 

.eem to be no requirement for control over division 

in auch a ~ystem. Nonetheless, a. previoualy Doted. 

division figures are far more prevalent in aeetions 

of testes fixed immediately after the fourth/fifth 

moult. and for several day. following the fifth tnatar 

blood aeal, than at any other tiae during the instar • 
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Similar discontinulties in division frequency have 

been noted in mosquito larvae (Jones, 1967; Horsfall 

and Ronquillo, 1970). Because of the small sample 

size in the present study, no meanin~ful comparison 

.. / of the slopes of the compartment size index curves 

\ 
is possible. However, certain trends are seen 

which might be interpreted as reflecting changes in 

division frequency which are noted histolo~ically. 

In particular, the rapid attainment of plateau level 

by the sper~atocyte compartment in the four days 

1 

following the Doult fron fourth to fifth instar i8 

indicative of considerable input due to mitotic 

activity. 

The chang~s in this compartment following 

the blood meal are more complex in nature aince, at 

this time, both input to and output from the compart-

ment occur. If meiosis necessary for spermatid 

production were favored at this time, a fal1 in 

spermatocyte compartment would be expected. Instead, 

a quite considerable rise is observed, indlcating a 

) 
rate of mitotic input which exceeds meiotic output. 

Su ch a result i5 in fact predlcted by the principle 

of dynamic accumulation earlier outlined. If the 

duration of the meiotlc prophase 16 relatively 10-

flexible and thus changes in division rate affect 

largely the rema11)oder of the çell cycle, mitotic and 

1 
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melotlc cells equally. the .eiocyte ls not in as 

favorable a position to react to these changes by 

div i s ion a 8 1 s the s p e r m a t'o g 0 n i u m • A 1 agi n 0 u t put 

would result tn a foro influenced by complex factors 

not here determined, such as the degree of flexibility 

of the meiotic prophase, the exact position in the 

cell cycle of inhibition or stimulation, and the 

rate of change of the mitotic and meiotic cell cycle 

durations. The net result would he the temporary 

attainment of a new level of dynamie accumulation in 

the spermatocyte compartment, which should eventually 

be redressed with saturation of the prophase. 

The data presented here do not extend far 

enough into the period between~he att.inment of; 

maximum compartment size at the fourth day after 

feedlng and the moult to the adult stage to recognize 

any possible trend. ln any case, the architecture of 

t~~.ajor tubule at this stage of development la 

unfavorahle for the countlng of cysts, largely al a 

r e sul t 0 f the ex ce. B ive co 111 n g 0 f the tu b'u,l e ( f 1 g • 5 ). 

Thus, the compartment size Index after four days post 

feed 18 variable 8S determlned by the aethod. u.ed here. 

and a downward trend would he difflcult or tapo •• ible 

to reco·gnize • 

. ]. 
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Chapter Eight: Interim Review; Division Rate 

and The Klnetic Hypothesis 

The period following the blood meal in 

Rhodnius larvae has been demonstrated to be a time 

of prothoracic gland activity and ecdysone production 
~ 

(Wigg1esworth, 1934). The post-feed ri~e in divis~on 

activity thus very simply coinciàes with a time of 

known ecdysone presence in Rhodnius. suggesting a 

stimulatory raIe for th1s hormone in accordance 

vith the hypothesis of Takeuchi (1969). 

, 
J 

Correlation of post-moult division activity 

with hormonal events i8 mor~problematical. Williams 
\ 

and Kambyse1lis (1969) and Kambysellis and Williams 

(1971a & b) have shown that ecdysone exerta ite effects 

~) on spermiation at least through a second biological!y 

active factor, MF. rather than directly. In such a 

, 

, 

complex system, the effect of ecdy.one might be mimicked 

by other substances which could. for instance. cause 

changes in MF titer or avallabillty. On the other 

hand, both Bowers and Williams (1964) and Gre.nstein 

(1972) have described events occurring during the 

pre-diapause and very early diapauae in developing 

vings and cutiele of Hya1ophora ceeropla pupa. vhieh 

8uggest lov levela of ecdysone production i •• ediate1y 
4 

follovlng the moult from larva to pupa. No evldence 
I~ 
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exists for such activity at the larval/larva~ moult 

in Rhodnius; however. Stee1e and Harmsen (1971) have 

described a neurosecretory release during the larval/ 

~dult ecdysis in Rhodnius. Shou1d such an event~ 

also occur during the larval/larval ecdyses, lo~ 

levels of pre-diapause ecdxsone secretion mlght be 

predicted. 

The ubiquity of presence of juveni,le hormone 

during the eariier Iarval stadia. and the qualitative 

difference in te9tis development in the last larval 

or pupal stadium in t~e ahsence of Juvenile hormone, 

has given rise to a speculative role for this hormone 

~n the differentiation of the oeiocyte or spermatide 

The results reported in thifi thesis, in contras:, show 

no specifie inhibition of melosis or differentiation. 

The suggestion of specifie inhbition of the melocyte, 

perhaps in analogy to the diplotene oocyte, has been 

demonstrated to be unlikely on the basis of kinetics 

of the germ celi population, and will be dealt with 

further in a chapter on differentiation to fol1ow. 

The excellent electron microscopieal evidence for 
1 

juvenile hormone induced degeneration in Locusta 

(Cantacuzène and Seureau, 1969) 15 comp11cated by the 

involvement of highly speeialized. trophic, parietal 

cells in this insect, and thus cannot be generalized. 

While volumetrie analyses cannot provide much 
('" 

.. 



information regardin~ the parameter of germ cell 

developm~nt affected, the dose-related depression , ... 

• .IC>6 

(Nowock, 1973) and depression of development related 

to the time of implantation of 6upernumerary corpora 

allata (Sehna1, 1968), indicate that the affected 

process is ongoing throughout the stadium. This can 

be taken as further evidence against the notion of a 

hormone-1inked simultaneous differentiation of 

spermatids, and in favor of an effect mediated through 

a continuous level of cell division. 

lt le clear that in Many insect species, 

the size of the spermatocyte cyet in terme of cella 

per cyst, is speéific and invariant (White, 1955; 
...., 

Phi1lips, 1970; King and Akai, 1971). This fact vou1d 

indicate that meiocyte differentiatlon is a Bequential 

rather than an abrupt process. The rigorous correl-

ation of cyst size (celle per c'yst) vith stage of 

differentiation would suggest that division rate control 

aione is a eufficient mechanism for explanatlon of l 

the temporal pattern of sperm production. Although 

dynamic accumulation accounts for thé eventua1 8ize 

of the spermatocyte compartment, the rate of division 

in the 1ast-Iarval instar is lIIuch higher than that 

encountered in earlier instars. The role of juvenile 

hormone in these earlier atadia might be in the supp-

reaaion of a maximal division rate, allowiog the Berm cell 

\ 

\ 
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compartment to build slowly toward a leve! of diff-

erentiation consistent vith the pre-im~gina1 state. 

Such a kinetic hypothesis of germ œe11 dev-

elopment requires an endogenous levei of division 

in the absence of endocrine activity, as is observed 
1 

~during the fifth instar diapause in Rhodnius. If 

juveni!e hormone inhibi~on affects only ecdysone 

accelerated and not endogenous division activity. 

several conflicting ob6ervatio~s may be reconciled • 

• Some leve! of division and, thus, differentiation 

wouid occur in the absènce of ecdysone as ~eported 

i~~ (Blaine and Dixon, 1970; Economopoulos and 
~ 

Gordon, 1971), and ~ vitro (see review by Marks, 
/ 

1970). Similarly, adult spermato~eneBis, not requir-

ing the explosive cel1 division of the pre-i.aginal 

instar, would continue at the endogenous levei ln 

the absence of ecdysone and in the presence of a high 

juvenile bormone titer. 
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Chapter Nine: Division Ratei Colchicine Accumulation 

~Evidence of changes in division rate vith respect 

to hormonal'influence both in the res~lts so far presented 

and in the work of other authors, has been largely 

correlative and unquantified. The kinetic hypothesis 

put forward ~in the prev~ous chapter, would require~an 

incresse in division rate in the presence of ecdyaone, 

and the absence of this iner.a.e in the ai.ultaneous 

presence of juvenile hormQne. This hypotheais was put 
1 

to the classical endocrtnologist's test of mea.ur •• ent 

of the relevant parameter following removal of the hormone 

source, and re8upply of hormone. 

~roD the data earlier pre.ented on .• permato-

cyte accumulation, it could be deduced that no spermato-

" cytes are present in the four th inatar teat1s fot at 

l,ast six day. poét-feed (fig.67). One aea.ure of 

divi8ion activ1ty ia the mitot1c index (MI): the per-

centage of cella in metaphase vith respect to th. total 

cell popula tion. Sperm,a tocyteB, due to the 10Dg prophase, 

vould not be expected to divide vithin the ti~. course 

of the follaving experiments, and thua cou1d be consid­

ered operailbnally no~-pr01~ferative cel1.. The aitotic 
h 

index, or Any si.ilar technique which co.pares a visible 
.~ 

division Btate to tatal' «:e1.( popu-1att~~, is only va1id -------

(' 

" • " - . 
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a reason~bl1 constsRt proportion. 
~ 
• 

Accumulation of 

~oph,Bse spermatocytes would "resl,l1 t in an increase . 
1 • , ~ • 

~1~ the non-Pfoliferative ~e~ment of the cells 

.. 10f 

relative to the total cetl complement, and, in this 

case, to an artificial decrease in MI or a 'false-, 

negative' effect. T~e use of fourth instar testes, 

assessed within a few days of feedin~ ~r hormone 

treatment of the insect, avoids this complication. 

Exposure of dividing cella to the plant alkaloid, 

colchicine, results in a disruption of spindle fibres 

and thus an accumulation of cells in C-mitosis, adaphase ..... 
segregation being impossible until the concentration 

of tolchicine bècomes suffici~ntly low to allow 

spindle organization. This technique is often employed 

to ~rovide a larger sample of Metaphase chro.osome 

pre~sratlons fqr cytological purposes. lt 1a part-

icularly important in the meèsurement of MI, howev~rt 

aince it perm,lta the sampling of aIl divisf'on activitY,-

witbin a tventy-four hour expoaure period, thus 

negating any variation produced by potential circadian 

influences on division rate. 

An init ial exper imen t ,.,as des igned to inves't iga te 

the proposed' endocrine effects on division-rate as weIl 

-as the feasibil1ty of the technique. Sixty-s1x fourth 

instar insect~ of similar 8ize and history vere iaolated 

t~.nty day. af~er the moult from the third to the four th 

1 ,1 
1 
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instar. AlI vere sub1ected to removal of the corpus 

allatum, corpus cardiacum, and the neurosecretory 

cella of the pars intercerebralis. During post-operative 

recovery (Appendix One), thirtv percent of the samp1e 

d ied. Folloving this ten day period, the remaining 

bugs vere permitted to feed. Ei~hty percent, that is 

fifty-six percent of the original group, gorged to 

repletion, the remainder either partially feed~ng, 

refusing entirely, or ~orging until the crop and the 

inte~ument burst. 

The gorged insects vere held for twenty-four 

hours in the incubator to permit diuresis, and randomly 

segre~ated into four groups of nine insecte each. Tvo 

groups vere then injected vith 1.0)"1. of a mixture 

cont.,aining l.~ g. of,.8-ecdvsone in a 2.5 x lO-4M' 

colchicine solution, and tvo ~roups vere injected vith 

the colchicine solution alone. One hour following 
, 

this treatment, one group receivirr~-ecdveone, and 

one control group. recelved 0.5 nanolitere of FME 

J 

dissolved in O.5~1 iso-octane, applied topically to 1 
the ventral abdomen. The remainin~~-ecdy.one gr~up a~d 

control group received control applications of O.5~1. 

i&o-octa~ alQne. The insecte vere returned to the 
Of 

incubator, and tventy-four hours 1ater removed and 

Each insect vas then dissected in Ringer's 

! 



• 

•. 1U 

solution, and the right testis ~emoved and Rquashed 

in hot aceto-car~lne (Appendix Two). 

The s1ldes were counted for metaphase plates 

and total cell numbers, and the MI computed for the 

.twentv-four hour exposure. Results (fig.76 ), clearly 

indicate a doublinA of the ~I in the presence of ecdysone, 

whlch 15 entirely abollshed b~ the sinultaneous applic-

ation of the juvenile horMone analogue. F~E had no 

effect on the e~dogenous divisan rate demonstrated by 

MI in the absence of ecdysone. 

In snite of the rather clear results produced, 

these preparations were regarderl as promising rather 

than definltive: Sample nU'libers eventllally obtained 

were very smali in relation to the amoun~ of tedious 

surgieal, cytologicnl, ann 'llicroscopical work performed; 

50 small in fact that statistical analysis was not worth-

wh i le 1 Ma ny prepa ra t·iorls had to be di sea rd ed due to 

an inability to identify4reliably the typical condensed 

baIl mitoses, and different!ate them fron simple germ 

cell pycnosis. 
, 

To improve and simplify the above experimental 

preparations, a numher of changes were introduced ln 

the procedure (Appendix Two). Creatly inproved vlsual-

ization of chroMosomes was obtained by pre-treatment 

of the testes in 0.8% sodium citrate, and squashing in 
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FIGURE 76 , 

4th INSTAR: NSC-, CA-, FED 
EFFECT OF ECDYSONE AND FME 

SAMPLE TREATMENT MITQ,TIC INDEX: 
24 HOURS 

5 WATER ISO-OCTANE 8.9 ± 1.2 . 
3 WATER FME 8.4 ± 1.4 

3 ECDYSONE ISO-OCTANE 19.8 ± 4.1 , 

2 ECDYSONE FME 8.1 ±" 1.0 

FIGURE 11 
4th INSTAR: FED; DECAPITÀTED 

EFFECT OF ECDYSONE 

SAMPLE TREATMENT MITOTIC INDEX: 
\ NO COLCHICINE 

7 WATER 1 .. 0 ± 0.3 

7 ECDYSONE 2.9 ± 1.5 

6 UNTREATED 1.0 ± 0.6 
UNFED 

ECDYSONE vs WATER: 0.01> P>''Û.dOl 
ECDYSONE vs UNFED: P·O.Ol 
WATER vs--UNFED: NOT SIGNIFICANT 
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cold aceto-orcein. these, and aIl the following 

preparations, were blinded prior to counting, and 

exhaustive countin~ techniques introduced. To avoid 

the necessity of time-consumin~ surgical techniques. a 

feasibility study was do ne with fourth instar insects 

decapitated twenty-four hours after feeding. No 

colchicine was used in this experiment, to ascertain 

if the MI was sufficiently hi~h to avoid this sten, 

.with its somewhat abnormal cyt~logicalAeffects. Since 
/ 

these pr parations lacked both brain and sub-oesophageal 

gangli , the persistence of circadlan rhythms was 

• 
Resulta (fig.77 ) indicated that consid 

the control injected insecte did not differ significantly 
1 

frbm unfed intact fourth instar insects in terms of 

testis MI and that~-ecdvsone was quite effective in 
1 

such preparations; however, further improvements were 

judged desirable. -
Decapitates were prepared as in the previous 

experime~~. As the unmanipulated MI vas judged too low 

for reliable measurement, colchicine vas again introduced 

into the procedure. To avoid 'breakthrough' anaphase 

noticed in some preparations in the initial experiment, 

the dose was increased to ~ of IO-3M solution per bug. 

On the assumption that alter~tlons in MI reeulted from 

changes in the duration of ,)he Cl phase of the c~ll 
c y cle'l'-ecdy sone or distilled vater injections were 
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carried out tweive hours prior to colchicine injections. 

Further, to decrease abnormal effects due to hyperecdv-

sonism, the dose ofl'-ecdysone administered was reduced 

ta O.~~ ~er insect. Not bound by circadian inputs, 

the colchicine exposure time WAS reducerl to ten hours. 

This experiment involved two group's on1y, 

those receiving;G-ecdysone solution, and ~hose receiving 

water alone. Each group init~ally was comprised of 

thirty insects, yiel~ing an average of eight countable 

samples. The experiment was repeated as preciseIy as 
. 

possible, two '"eeks later. The results (figs.78, 79 ) 

of these two runs, while showing considerable stat15-

• 
tical significance, and qualitatively a~reeing with 

earI1et experiments, are quantitatively different not 

only fron earlier experiments but from one another as 

wel~. A potential source of this variation may be ln 

well-documented but Iittle understood ~henomenon of 

hyperecdysonism (lI!ll laDs, 1968; Mouze ~1, 1974). 

In support of this exp1anation i8 the observation that 

aIl of the ecdysone-ireated individuals in both runs 

of this experiment had completed apolysis within the 

twenty-four hours between injection and dissection, a 

r~sponBe considerably advanced over that produced by 

activation of the endocrine system through fe.ding. 

T~erefore, a fina~ investigation vas deaigned to •• sess 

division activity under soaewhat more phys101ogicàl 

(1 
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\ FIGURE 78 
4th INSTAR: FED, DECAPITATED 
EFFECT OF ECDYSONE: TRIAL ONE 

SAMPLE TREA Tr-1ENT MITOTIC INDEX: 
10 HOURS 

8 ECDYSONE 7.2 T 2.6 
~ 

8 WATER 4.6 ± 1.7 

0.05 ~ P > 0.02 

... 
FIGURE 79 

4th INSTAR: FED, DECAPITATED 
EFFECT OF ECDYSONE: TRIAL TWO 

SAMPLE TREATMENT MI TOTI C INDEX: 

9 

7 

\ 

ECDYSONE 

WATER 

0.1 > p) 0.05 

FIGURE 80 

10 HOURS 

4.3 ! 
+ 3.5 -

, 
'. 

1.2 

1.1 

4th INSTAR: CA-, FED 
EFFECTS OF ENDOGENOUS AND EXOOENOUS JUVENILE HORMONE 

, 
SAMPLE TREATMENT MITOTIC INDEX: 

24 HOURS 

9 SHAM OP. ISO-OCTANE + 9.2 - 2.6 

7 CA- ISO-OCTANE 16.0 t 3.7 

Il CA- FME 9.2 t 2.3 

SRAM ~ CA-/ISO-OCTANE: NOT SIGNIFICANT 

SHA~ ~ CA-/ISO-OCTANE; CA-/ISO-OCTANE ~ CA-/FME: P<O.OOl 

/ ~ 
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conditions. 

Fourth instar sjblings, approximately one 

month after the moult froD third to fourth instar, 

were subjected te allatectoMY. Partlcular care weB 
.( 

taken to avoid dama~e to the corpUR cardiacum, and to 

avoid damage throu~h overheatin~ when sealing the 

wound with molten tacklwax. Such emphasis, designed to 

favor normal feedin~ responses, brain hormone release 

and prothoracic gland activation, might be expected to 

p~oduce a hi~her level of mortality due to dessication 

from Inadequate sealing of tre cutlcle. However, 

mortallty wàs a relatively standar~ twentv-five percent 

tn the allatectomy series durin~ the ten day pORt-

operative periode Sham operated controls, in which a 

simllar incision was made and one salivary gland reservoir 

removed, suffered a fort y percent mortality. 

The innects were fed to repletion ten days 

following t~e surgery, and returned to the incubator. 

Twenty-four hours after the blood meal, thirty allatec-
1 

tomized individuals received an ap~licatlon of 0.7 

nanoliters of FME in iso-octane, and thirty received 

iso-octane only. Sham operated controls similarly rec-

eived iso-octane. At sixt Y heurs ~os~-feed, aIl the 

-3 insecta "rere injected with ~1 of 2 x 10 ~1 colchicine. 

Twenty-four hours later, a11 insect~ were removed froo 

the incubator to 4°C for subsequent dissection an~ prep-
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aration of right testis squash. 

Counts received from this experiment yielded 

{j consistent and highly significant t-esulté (fig. 80). 

Activation of, the bugs own brain hormone and prothor-

acic ~lands with subsequent ecdysone production, in 

the absence of juvenile hormone, resulted in a seventy-

five pe~cent increase in MI over the sham operated 

animaIs activiated in the presence of naturally occurr-

ing juvenile hormone. Moreover, application of the 

synthetic analogue FME, total1y abolished this increase. 

There was no FHE-related depression of MI belou the 

endogenous level demonstrated by the controls however, 

in spite of the rather arbitrary dose of the analogue. 

The results obtained are also strlkin~ly similar quant­

itative!y to those obtadne1 by injection of~-ecdY80ne 

in the original experiment perfor.ed (flg.16) . 
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Chapter Ten: Seguential Differentiation 

Having presented experimental evidence in 

support of hormonally affected changes in division 

act1vity consistent with the kinetic hypothes1s, the 

va11dity of the sequential differentiation hypothesis 

becomes a matter of tantamount importance. The 

encysted, clonal nature of the insect spermatocyte 

provides a simple means of deterrnining the past history 

of division of the cyst. In the great number of 

species 80 far investi~ated, a precise relationship 

between the onset of appearance of the meiocyte and 

number of cells per cyst can be estab1iRhed. (White, 

1955; Phillips, 1970; King and Akai, 1971). Except­

ions to this ru le are found on1y in strain differ­

ences in silkworms (Murakarni, 1971). 

Cytoehemical evidence favoring a sequential 

differentiation of the meiocyte ia prov1ded by 

Ansley's study (195R) vhich demonstrates a progressive 

change in histone characteT of the spermatogonial nucleus 

of the Pentatomid bug, ~ fiavicolis. Similarly, 

meiotle precoclty ln chromosomal palring Is well-est­

ablished in Bo~e Dipteran spermatogonie (White, 1973). 

Finally, following the early work of Regaud (1901), 
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workers have defined a sequential and predictable 

lineage in cytological appearance of various sperm-

atogonia1 5tages ln a number of mammals (Clermont, 1972). , 

However, the classic experlments of Fukada 

(1944) demonstrated that the remova1 of the corpus 

a11atum from a third or four th instar Bonbyx resulted 

ln the production of a precoclous adult, w~ich contained 

~ully mature sper~ ln th~ testis. This could he Inter-
1 

preted as the removal of a 1uvenile hormone inhibition 

on differentiation of the meiocyte or spermatid as it 

vould seem unrelated to the age of the larvae 80 mani-

pulated. That Is, the posslbl1ity exists that, in the 

absence of juveni1e hormone, meiocytes could be recruited 

from any stage in the spermatogonial division sequence. 

UiggleAworth's (1934, 1936) early studies on 

corpora allàta and precocious adult formation in Rhodnius, 

vere limited to ovarian development. However, he states 

that development, while advanced in such preparations, 

does not approach t~at reali~ed in the normal adulte 

Previous histologica1 examination provides a rough 

estimate of the maximum cyst 8ize in third (approximately 

Z5) and fourth (4pproxirnately t~) 1nstars. The question 

posed vas this: given the same conditions of allatectomy 

and precocious adult formation, would the third and 

four th instar ~u~s achleve t~e seme level of apermatocyte 

or speraatozoal different1ation,as vould be predicted 

\ 
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if a differentiation block vere involved, or would 

they maintain the discrepancy imposed by the necessity 

of one to one and a half extra divisions in the thir~ 

instar as predicted by the sequential differentiation 

hypothesis? 

To answer this question allatectomy was carried 

out on a number of third and fourth instar insects ear~y 

in the diapause period. The animals vere held for ten 

days. fed and returned to the incubator. The results 

of this initial experlment supported the sequential 

differentiation hypothe~is in that adultoids resulting 

from third inRtar allatectomies never showed .permatozoal 

development. and those produced by allatectomy of fourth 

instar bugs always did. However, rather few survived 

to the metamorphie moult, and an extremely large vari-

ation in the duration of the aucceedinR moult reaulted 
, 

1 • 

in no valid comparison betveen the condition~ imposed 

on any pair of third and fourth instar insects. 

A more extensive series of allatectomie. vas 

thus performed to provide adultoid individual. from 

third and fourth instars. A detailed analysis of the 

duration of the moult period in this .ample will b~ 

provided la the followlng chapter. However, from 

thirty-two succe.sfur third/adultold and .eventeen 

fourth/adultoid in~lçts, considerable pairing of ind­

ividuals of equal ~r.tion of the moulting proce •• la 
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pO'11blo. 

Non. of the third/.dultoid individuale con-

tain.d .perm.tolol at the time of the moult. ln 

ract, tho •• individual. which moulted rrior to tw.nty-

two dava poat-f.od cont.lned nnly .perm.toRoni •• 

Roco.niaable aperm.tocytea .ppe.r at tWlnty-two to 

twenty-live d.ya. By contr'lt, 'T',rfect' adultoid 

cuticul.r mOTphoJen •• l., .1 evidonced bv oc.ll.T and 

external .enitalia dev,lop •• nt (f1g.83,8ti)and intern.l 

.enit.lia develop.,nt(flg.94-96) occur •• t about 

.1Rhte.n dayl aft.r th, blood meal. 

In thl fourth/adultoid leriea, a~.r.atocyt •• 

and apermatid. are .vld~nt ln ail pre~ar.tlonl. In 

twb ina.ct. vhich moulted to hl~hly l.rv.l Intera.di.ta. 
, ' 

tn twelve .n~ fift"n d.y., very little d.v.lop.ent 

of th, duet .y.t.m ch.r.et,riatic of adultold. v •• 

tn th •••• p.etaln.. At etRhtaa" d.YI, full duet and 

acc ••• ory Jland growth 1. achiavad. Th, taatil eon-

tatn •• perm.tid. ln •• rly .t •••• of Ilon.atton. Dy 

tv.nty-thr.1 day. poat-f.,d, filttora aplr.atoloa .1" 
,recoRD1 •• bl.. tn the .a.~l. of lODle.t aoult plr~od 

duration, thirty-two d.ya, furth,r dlfferenti.tlon of 

thl moat advancld .peraato&o. ta ,vident. Th •• axtaum 

, differentt .. tton of \xtlrn .. l(f,11.84,89) and intlrnai 

'(f1g.93,97)atruet\1r,. occur.' by contr •• t at about tventy 
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.. F1.gure 81. Female adultoid produced by alla tectomy of 
third ~nstar larva. Insect completed ecdysis, except 
for head capsule and ln~tlon of wings. Note adult 

f cutlcular pigmentation. X 12 

Figure .82.. Adult male, and adultold male produced by 
~ allatectomy of third instar larve. Illustrating size 
• dlfference. ,x 3 

Figure 83. 84, 85. EXtension of aedegus (a) produced 
by injection of ringer solution. Note also later~l 
~leat development (L). Third and fourth instar 

~allatectomY/adu1toids, adult. X 12 

Figure 86. Ocellus (OC) of normal adult. X 7 

Figure 87. 1 Sllght ocellar pigmentation (OC) of 'normal 
.' fifth instar nymph, visualized in teneral nymph. 

X '10! ... . l 

Figure 88. Ocellus of adultold produced from thlrd 
1 ns ta r nymph. X 10 

Figure 89. ·Same, adul toid produced. from t;ourth 
- instar nymph. X 10 • 

Figure 90. Derangement of ocellar development as a 
result of the incision during allatectomy. X 10 

• 

• 
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days. 

It can be concluded from this Btudy that 

the disparity in level of germ cell differentiation 

between third and four th instar insects cannot be 

redressed solely by the removal of juvenile hormone. 

The level of differentiation attained by the adultoid 

testis appears inflexibly tied to the completion of 

a species specific division sequence. The advancing 

stages of development with incresse in duration of 

the moulting period, indicates that the process of 

differentiation continues during times which are not 

necessarily under the direct influence of ecdY8one. 

These effects are in contrast to the effects of the 

morphogenetic hormones on vasa deferentia and acc­

esâory glands. These structures, even in the third 

instar preparations, show considerable mitotic growth 

and individual cellular differentiation when expose~ 

ta ecdysone in the absence of juvenile hormone (figs. 

93,94 ). Slml1arly, morphogenesis of the cuticular 

structures fol1ows the classical endocrine scheme, 

and 'an thus be 'dissa8sembled' from the sequentially 

differentiating germ cell compartment • 



Figure 91. InternaI genitalia of a freshly ecdysed 
adulte Right complex removed to permit visualization. 
Accessory gland/seminal vesicle complex (ag), vas 
deferens (vd), and gen1 tal ampulla (ga). X 10 

Figure 92. Same, freshly ecdysed fifth instar nymphe 
Vas deferens (vd) faintly visible (arrows), mi~U e 
genital ampullae. Note externally d1rected api es 
of major tubules (large arrows). X 10 

Figure 93. Same, adultoid produced by allatectomy of 
tourth instar nymphe Testes (T)not markedly larger 
than normal fifth instar nyrnph, but extreme 
dtfferentlation of vas deferens, accessory gland and 
genital ampulla. Ventral fat body sheet not removed 
from this specimen. X 10 

Figure 94. Same, from thlrd instar allatectomized 
nymphe Small testes, considerable èctodermal 
and mesoderma~ duct development. X 10 

Figure 95. Adultold produced by allatectomy of thlrd 
instar nymphe Vas etferens, and basal area of the 
tubule. Vas efferen~~~pi thellum columnar, secretory. 
Cysts contain spermatogonia. Tr1oxyhaematin, X 550 

Figure 96. Same, major tubules 1 vas deferens. Trloxy~ 
haematip, X 225 

Figure 91. Similar ta figure 95, but adultoid produced 
by allatectomy of fourth instar nymphe Note spermato­
zoa (SZ), secretory eplthelium of vasa efferentla and 
vas deferens. Trioxyhaematln, X 225 

Figure 98. Same area in the testis or a freshly ecdysed 
fourth instar nymphe Vas efferens low cuboidal, cyats 
contain spermatogonia. Trloxyhaematln l X 550 

1 

1 

• 
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Chapter Eleven: Moult Duration 

Following allatectomYt the duration of the 

succeeding development to the metamorphic moult is 

characteristically considerably longer than that 

experienced by an unoperated larva (wigglesworth, 1934; 

Fukada, 1944). Certainly, some of this delay might 

be imposed by woundin~, and regenerating tissue (see 

review by Barvêy, 1962; Hy'fit, 1971). However, ex-

periments denonstrating larvalization of Rhodnius by 

applications of FME and other analogues of juvenile 

hormone have indicated a positive correlation between 

the degree of juvenilization attained by the inter-

mediate, and shortening of the moult period (Wiggles-

worth, 1940; Barrett, 1974). Somewhat similar results 

have been obtained for a variety of hemipterans 

(Sl'ma, 1971~ for Tenebrio Molitor, (Socha and Sehnal, 

1973), ~nd for the dragonfly Aeshna cyanea Müll. 

(Scha1ler and Defossez, 1974). In this last case, the 

authors have interpreted the effect 8S due to a pro-

thoracotrop~c action of juvenile hormone, which has 

~ repeatedly been demonstrated in diapaysing pupae of 

Hyalophora (Williams, 1959: Gilbert and Schneiderman, 

1959). Evidence for a prothoracotropic function of 

juvenile hormone i8 not entirely conclusive, and this 
, 



rather complex question will be dealt with more 

fully in the discussion. 

It has been deconstrated in this thesis that 

spermatogenesis proceeds in a ~eries of closelv 

defined and obligatory steos. The rate of passage 

through this sequence may be modified by alterations 

in the rate of ~l division. Equally important, at 

least in the inte~retation of adultoid development, 

and by extension in the inter~retation of spermato-

genesis in those insecte lacking additional diapauee-

related controls, is the amocnt of time available for 

cell division and th UR germ cell differentiation 

w1th1n each stadium. 

The question posed then, without regard ta 
r 

mode of action for the moment at leaet i5, do the meta-

.orphie hormones exert a regular and predictable 

influence on the developmental period within each 

stadium in Rhodnius; that is, the duration 01 time 

from the blood meal to the moult? 

The author previously conducted an experiment 

deslgned to investigate the question of the time of sens-

itivity to FME during the fifth instar. This experiment 

i5 thus complicated by the factor of the time of apoli-

cation of tbe analogue. That question involves essenti-

ally cuticular morphogenesis, and does not directly con-

cern the questions posed in this thes!8, and a full 
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compilation of results and graphie representations has 

been included in an appendix (Appendix Three) for the 

curious. Howéver, the sample size of the experiment 

was quite large, and an an~lysis of results concerning 

the correlation of degree of larvalization and duration 

of the developmental period preceding the M~ult is 

thus hi~hly valide 

~-----
A large---population of fifth instar siblings 

were isolated at th. moult trom fourth to fifth instar, 

held for ten days, and fed. Applications of 2.5 nano-

liters or 1.0 nanoliter of FUE in 1.0}"1. iso-octane 

were made to the ventral cuticle at one hour post-feed. 

and every twenty-four hours for the succeeding fourteen 

days. This procedure was carried out on ten bugs per 

dose level each day, and the insects returned to the 

incubator. No iso-octane controls were carried ~ut, as 

previous experience indicated that ~any insects, part-

icularly in the lower dose range, would be unaffected 

by the treatment. The insects were observed daily, 

moulting individuals removed, and scored by the tech-

nique dev1se1d by lHgglesworth (l q 69) • 

The histogram (f~g.99 ) showa that nearly 

half the sample showed little or no larvalization 

(score of 0-3), and the majority of these insects 

moulted in the normal time period of approximately • twenty days. The developmental time can be obeerved 
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FIGURE 99 Effect of PME on duration of moult cycle. Insects 
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/ 
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insecte moultlng wlthln à 2 day span. 
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to shorten pro~ressively with advances in the degree 
1 

of larvalization, arriving eventually at a peak of 

fifteen to s1xteen days for perfect and near perfe~t sixth 

instar l,arvae. 

SimilarlYt a more modest experiment carried 

out by application of the analoRue at twenty-four 

hours following the feed on1y, provides almost preeisely 

the same figures (fi~.lOO). The perfect sixth instar 

larvae moult at day fourteen to fifteen in this 

experiment. ln fact, this represents on1y two insects, 

one on each day. Day thirteen is the earliest occurrence 

that this author has noted in these, and several related 

experiments using Fr1E on the fifth instar. 

The fifth instar Rhodnius larva ls not. con-

sidered to p08sess an active corpus allatum during at 

lesst the early 'critical' period of the develop-

mental span (W1gg1esworth, 1964). Not surprisinglYt 

therefore, allatectomy had very little effect on moult 
. 

duration in this insect (fig.lOI). As noted above. 

this ia,not the case with earl1er inatars. Initial 

" 
experiments involving allatectomy of third and fourth 

instar bugs resulted in widely varyin~ results. However, 

more eareful surgieal procedures, and a l.r~er sample 

of inseets (Chapter Eleven) permitted the demonstration 

of moulting durat~ons of both third and fourth instar 

~ns.et8 vith a definite peak (fig. 102 ) . In bath 
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cases, approximately fifty percent of the sample 
" n- e 

moulted within a three day 8pa~. Particularly inter-

esting is ,that the span, though sligbtly different 

for each instar, closely approximated th~ normal 

duration of the fifth instar met~morphlc moult 

(twenty + one day) • .. . 
To investigate the role of juvenile hormone 

in this phenomenon, fourth instar bugs were ls01ated, ' 

allatectomized as above, held f&r ten daye and permitted 

to gorge. Insects which fed to repletion ~ere held an 

additianal twenty-four hours for diuresis to take place, 

. \ 
and 0.7 nanoliters FME in 0.5 1. iso-octane topically 

r 

applied to the ventral abdom,el. , It may be seen from 

the histogram of the results fig.102) that over sixt Y , 

p~rcent of these insects moulted within thetbree 

span comprising a mOulting cycle duration of twel~e to 

flfteen days. The normal duration of the fourth instar 

developmental period i8 twelve t one day; hence, this 
, 

aample may~be regarded as ~lo8ely approxim~ting a normal 

larval moult in duration. 

~ These experiments, white providing np Inform-

\ 

~.tlon on the .eans by which juvenl1e hormone aeco.plishes 
(~ , " 

.,~hi,s end, -do 'conclusivel.y demonstrate that analogues 

of tilEl' hormbne can tailor the dUl"ation of the develop­

me"n tar peJriod. Close approxima ti.on of th Is dura t ion wi th 
. 

t~a~ ob8erved 1n~the normal Insect under differlng con-

1 .. 
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Discussion: Introduction 

This discussion has been organized into 

three sections, the first of which deals with what 

U$ ma~ now be said to know about the control of 

testicular development. That is, this section . 
includes a brief general review of structure and 

function in the developlng testis which may be con-

sidered to be built on firm ohservational and ex-

perimental evidence. The limitations of thie evidcnce 

'Will be discussed in relation' to the severa! factors 

inpinging on testicular dev~lopm~nt, and a conserv-

atlve re~tatement of the kinetic hypothesis made. 

The section will conclude with an application of this 

hypothesis to the observations on testlcular develop-

Qent existing in the literature. 

One important concept, central to the 

kinetic hypothesis, is that the rate of cell division 

in the germ line is 'u~der hormonal influence. This 

cannat be unequivocally concluded fro~ the evidence 

presented in this thesis. The importance of the 

concept requires a thorough analyais of the e~peri-

mental evidence obtained through this study, and 

ancillary evidence frorn the literature. This section 

• will necessarily be more speculative and ~rgument~tive 

than the preceding section, and h tentative conclusion 

will be presented. 
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• In the final section, an attempt will be 

made to compare the systems operating ln testicular 

development to an hypothettcal construct of the 

control of proliferative tissue which has been defined 

in vertebrate systems. In this manner, on the basis 

of fragmentary evidence and analogy to systems phylo-

. genetically far removed from the Insecta, an hypoth-

etical schema of testicular developmental control will 

be developed: 

• " 

'\ 
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Chapter Twelve: Discussion; Kinetie Hypothesis, 

The question lnltially posed in this thesis 

was: do the hormones of ~orphogenesis, eedysone and 

juvenile hormone, exert a regulatory effect on testis 

development? A review of the literature indicated that 

they do indeed, but the precise nature of their effects 

was obseured by a mass of conflicting data. Certainly, 

some of this confliet has been generated hy species-

specifie pormonal responses, and a1so much of the 

information consists of valuable but cursory observ-

ations on gonad development extracted from studles 

conducted for qulte different ?urposes. The major 

source of confusion, however, was the lack of any real 

understanding of the many complex cellular events which 

comprise the development of the testis, or even simply 

the germ line. As a result, even the most carefully 

conceived experiments often produce results which, 

laeking a suitable framework of normal development, are 

cryptie and uninterpretable. Similarly. with no 

developmental timetable as a guide, fhe choice of ex-
,> 

perimental system has often been completely unsuitable 

for the investigation proposed. Contention'and con-

fusion were the result, borne of mis1nterpretation and 

the comparison. of unlike data. Nonetheles8, certain 

atudies stand out aa milestones in the history of 
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testicular and gonadal endocrinology. Williams' 

(1952) demonstration of a ro1e for ecdysone in 

lifting ~iapause inhibition i5 one of these, though 

the assay emp10yed is near1y as obscure today as it 

was then. Demonstrations by Wig~lesworth (1934. 1936) 

and Fukada (1944) that the corpus allatum, hence 

juveni1e hormone played an inh~bitory role in some 

way 00 gonad development are equally important in the 

history of this topic. Finally, the imaginative and 

courageous attempt by Takeuchi (1969) to consolidate 

these findings into a comprehensive hypothesis of 

gonadel endocrine control must be noted. 

Takeuchi's (1969) e~planation of events 

impinging on spermatogenesis is suitab1e only for, 

those insects which do not mature sperm during the 

adult stage. Many do, however, and indications in 

the literature 8uggested that the pattern of larva! 

development displayed by these insects vas oot uolike 

that in Bombyx, Takeuchi's experimental model. Rhodnius 
1 

pO.Besses many admirable traits as an experi_ental 

anlmal, and carrles out both larval and aduit .permato-' 
. 

genesis. In view of the confusion alluded to in the 

preceding paragraph, it vas decided to attack the 

problem not by posing a question for experimental anal-

ysis initially, but by attempting an understanding of 

J 

1 1-
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the tinetable of normal larval and metamorphic gonadal 

deveIopment, and, particularly, to isolate parameters 

of growth from those of diffcrentiation. 

Some success was achieved by this approach. 

though certainly major areas, such as stem cell div-

Ision, were avoid~d entlrely. Howeve1' an anaIysis 

of the eytology and hi5tolog~ of the testis and, part­

icularly, a serni-quantitative analysis of germ celi 

kinetics during the last larval moult, provided hand­

sorne rewards. As thes€ observations are exhaustively 

catalogued in the relevant sections of the thesis, 

only a brief statement of findin~s of major significance 

will be presented here. 

Sexual differentiation of the Rhodnius 

testis has been accornplished prior to eelosion. Sperm-

atogonia arise in the tubule apex, become encysted, 

and pass through a series of seven disivions. Follow­

ing the eighth division, the cells ~ay be recognized 

as spermatocytes. Following a prophase period of app-

roximately ten days, the spermatide are produced by 

meiotic divisions. Spermiation immediately ensues 

in those insects which have received a blood meal. In 

contrast, in those insects which have not fed aIl 

spermatids produced are autolyzed in an histologicall)' 

distinct fashion. A Aimilar fa te befalls the most 

differentiated spermatbgonial cysts in earlier instsrs • 

• 
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/ The author has demon~trated that this specifie 

au to lys 1s can be hal ted by 1nj ec t ions 0 f,é -ecdysone , 

in physiological amounts, in preparations lacking 

J 
brains, corpora cardiaca, corpora allsta, and sub-oeso-

phageal gsnglis, and further deprived of any potential 

nutritionsl input or osmotic influence f~o~ a blood 

meal'. The process thus rese.,bles Williams' (Kambysellis 

and Williams, 1971a & b) denonstrations of ~ vitro 

spermiation stimu1ated by ec~ysone. As the process 

does not occur in the adult, which 1acks a source of 

ecdysone, the precise significance of this finding 

remains obscure. I~ can be concluded that juvenile 

hormone does not play a direct role in the phenomenon 

since the diapause-releted autolysis snd 1ts allev-

iation occur in each instar and in al1stectomized 

las~ larva1 instars,hence in both the presence or 

absence of juveni1e hormone. It is not possible, of 

course, to assess the significance of macro-molecular 

\ 
factors in an ~ ~ system, but th~ resemb1ance to 

the system defined for Hya10phora an~'Samia (Kambyse11is 

and Williams, 19718 & b), invites the speculation that 

ecdysone scts in 8 simi1ar manner in Rhodnius te.tis, 

permitting the access of bioactive haemocyte products 

to the developing system rather than exerting a direct 

effect. Regardlêss of the mode of' action, the import. 

ance of the phenomenon should not be underestimated. , 
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This is che .yste. vbich per~iC& Rhodnius to _aintain 

a constant testis volu.e. and a static level of 

d1fferèntiatlon dur1ng each larval diapause. Hovever, 
1 

.1ailar observations exist for on1y tbree other 

insects (Hyalophora cecropia, Bovers and Wl1li.~s. 1964; 

Cephu8 cinctus, Church, 1955; Papilio xuthus, Nishiitsu-

tsuji-uv~, 1961), in each ca~e only during the perioè 

of diapause. lt is thus not.knovn hov general tbe 

phenoaenon may be. If non-diapause species 1ack the 

mechanism for this specifie aut01Y6is. then there is 

no obvious reason why ~p.rmatocenesis could not proceed 
~ 

~ vitro in the absence of insect hormonés (see revlèw 

by Marks. 1970). 

As more fully described and illustrated in 
1 

tbe text (Chapter Pive), spermatocytes accumulate in 

the tubu1e and reach a plateau level of accumulation 

over a time courBe equivalent to the duration of the 

meiotlc prophase. Of course, this faet should be self-
1 

evident. however, the significance ls underscored by a 

81mplified mathematical relationship which predicts an 

accuaulation of germ cells in the spermatocyte co.part-

ment which reaches and eus tains a lever of over ninety 

percent of the total ger~ celi population. This mech-

anism expla1ns the accumulation of spermatocytes typic-

ally ob8erved in late larval insects without r.course 
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to a specifie inhibitory role of 1uvenile hormone ~n 

the ceiotic divisions, as suggested by Takeuchi (1969). 

Experiments conducted by the aut~or with app1ication~ 

of a Juvenile hornone ana1o~ue ar~ue strongly against 

the existence of a specifie meiotic inhibitor. The 

products o~ meiosis, the s~ermatid cysts. dec1ine in 

number with ~ffective dose, ps ls a1so su~~ested by the 

results obtained by Nowock (1973) in Ephestia kuhnie1la. 

However, an analysis of the sile of the spermatocyte 

compartment at this time shows no change at aIl with 

hormone exposure. If output from this Co~p8rtment were 

specifiea11y inhibited, a substantial rise in number 

of eysts wou1d OCCUT. This does not happen, and the 

conclusion can be drawn that the final sper~ato~onial 

mitosis, input to t~e sperma~yte compartment, 19 

inhibited equally. While the figures prcsented show 

a maximum decllne to twenty-five to thlrty percent of the 

normal spermatid output i~ the moat highly larval-

ized inaects, subseouent experlmen~8 have demonstrated 

1 

that the duration of the moulting prncess must also be 

taken into account. As these most highly larvalized 

insecte moulted in approxlmately seventy p~rcent of 

the nor.al duration of the metamorphic moult, the 

correated figure for maxi~~m inhibition of spermat~cyte 

> 
.meiosis approaches fifty percent, and is thus very 

si.ilar to the figure obtalned experimentally for In-
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hibition of spermatogonial mitosis as measured by 

colchicine Metaphase accumulation. 

Experiments conducted by the author (ChapterTen), 
~ 

demonstrate that the sequentiel rlifferent1ation ob-

served in Rhodnlus, which occurs also in other insects 

(White, 1955; Phi11ips, 1970; King and Akai, 1971). is 

unaffected by alteration~ in the titer of juv~nile 

hormone. Thus the discrepancy of approximate1y one 

and a half divisions between third and fourth instar 

testes cou1~ not be corrected by the allatectomized 

insect, and an adultoid was produced wi~h juvenile 

gonads. The mesoder~a1 and ectoderma! cooponents 

of the reproductive systeM, while ettaining a size 

reflecting the stadium Iron w~ich they were derived, 

underwent extensive metamorphosis typical of the final 

moult. Curiously, in both the third and fourth instar 

preparations, little evidence of an accelerated 

division rate could be found. For instance, the normal 

third instar mlght be expected to .pend ten days in 

development to the four th instar, ~erheps four deys 

continued growth before diapause, and produce apermato-

cytes eight days followlng the blood meal. The total 

developmental time in that Case would be twenty-two 

daye, approximately the t\me of âppearance of spermato­

cytes 1n the allatectom1zed th1rd instar/adultoid • 

However, many important parameters are yet unknown iq 

the system, auch as the duration of exposure to ecdysone, 

) 



• 

• 

.• 147 

.. 
the role of macromolecular factors, the amount of juvenil~ 

r r 
hormone required to inhibit the mitotic index incresse, 

" and the degree of inhibition experienced in any given 

instar. These factors, tokether with the difficultv 

in recognizing early spermatocytes, render this puzz-

ling observation difficult to interpret but perhaps not 

as important as it rnight seem. 

The nature of the cellular events resulting 

in this sequential differentiation is not known. Koch 

and King (1967) have ~arried out extensive research 

in the related area of oocyte differentiation in 

DroBoph ila and have prol'o sed th a t the d ist ri but ion 

of rin~ canals, or.,ganelles encircling the c~topI'asmic 

interconnections in germ ce Il cysts, act in som~­
\ 

undetermined manner as a differentiator. King and 

Akai (1971) have suggested a similar mechani9m funct-

ioning in the male germ ce Il eyst. How.ever, even in 

the oocyte, the final .tages of differentiatian are 

decided by othef influences since two potential oocytes 

per cyst .i;t"e pos's1èle on the basis of ring canal dis-

tribution ~~. (KOCh and King, 1967). Recently, 

Mlndek and Nathiger (1974) have conclusively demon-

strated that competence to undergo metamorphosls 

and be~:1n cutiele deposition in Drosophila wing'''discB 

i9 attained through a succession of cell divisions • 

How this relates to the embryonieally, structura~ly. 
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and functionally distinct germ cell is not at aIl 

clear. but it does indicate that sequential dlffe~-

entiati~n does not necessnrily require the influence 

of incomplete cytokinesis and ring canal presence. 

The first half of the thesis was thus 

largely directed toward a critical observation of 

normal testicular 'growth and differentlation, and 
,. , 1; 

culminated in the proposaI of a kin~c hypotheois • 
. 

for the maintenance of germ cell development in phase 
'-

\1ith «lormal larval development and metamorphosis: 

As is true of most such hypotheses, the ~ork ls not 

really original to this author. but rather an extension 

of theories provided larsely by the authors mentioned 
~ 

in the introduction to this cha~ter. However, a 

continua~ion of this logical series, integrating the 

fact of adult spermatogenesis and anhormonal ~ vitro 

spermatogenesls, leads to the postulation that an 

endogenous division rate must exist which is Dot .ubj~ct 

to further decline in the absence of insect horaones, 

c, nor in the presence ,of inhlbi tory hormones. Further, 

1 
>-t 

this endogenous rate must be raised in ,the pre.enc~ 

of ecdy.one; tt la this increase in rate vhich i8 
\ '1. affected by juvenlle hormone, the endogenous rate 

being unaffect~d. TheBe conditions are indeed .,fis-
1 

fied fo~ the aitotic index (MI) using a 'variety of 

experiaental preparations, and vith a very h11h degree ... 
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of statistical val1dity. Th&. NI i9 an adequate estimate 

of t~e ,number of cyS"ts which, in effect, are ~anr,-
• 

ing differentiated compartments through division, , 

> 
" 'but 1,.t i5 unf,ortunàtely not an adequate estimate of 

... 1., 

the r~te at which t1H~''f- do 50. 
• 

The kinetic hypothesis \ .-
can be conSide\d greatly strenr,thened by these results, 

,---./Q 
but it is not proven. 

6" 

It was e'arlier pointed -o.ut that the MI, As a 

measure of division state'co~ared to total cell pop-,. 
ulation"is affected by any changes in that cell popul-. . . ~ 
ation. !liis principle has its greates't impact in tissues ( . 
containing a mi~ture of cells comnitted t~ division 

~ , 

"and cells, whi.oh for .on,e re,son or ,n?~~e,r" have ceas-ed 
• ~ ,0 ~ ... 

d~~iding. ~hts non-pr9Iiferat~v~'fract~on compromtses 

any such,technique using total population size as a ~ 

refer~nce. In some cases, major sources of non-prolif-

erative cells can be determined or ayoidéd, as in the 
- . 

. ca'se" of. the tchoice of .'instar for the tests r~pot'ted in 

this thesisi Th~ com?l~cation of 'non-proliferative' 

sp,eX'm .. tocyte!l wa,s thus av01ded. However, at leas.t one 

urce of non-prol1feratlve other poteri~1ally 
o 'Î.'~ 

cells , the random de gene;atlon 

" of sper~atogonial cells ha rac ter 1z ed' by nuclea r pycno sis. 
, 

The speçifi~ auto~ys1s . .. ... eed not be considered, as it ' 
, l , 

'has been shown to be insensitive • The 

, . 

, 

~ , 
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manner in which these pycnotic ce11s may effect the 

MI"is succinctly stated in Houck's Laws, being 

that dead \ells donlt divide, and second, that 

.first; 

dyil'lg 

cells divide very slow1y (Houck, 1973). There i8 at 

present no valid technique to Identlfy whieh cells 

are on this non-proliferative pathway (Roosen-Runge 
'\. . 

and Leik, 1968), and ~ttempts at quantifying the 

d~8ree of pycnosi~ in any preparation have not met 
, 
with success. There 15 no fitm evidence that the 

~ percentage of the population engsge~ in this activity 

~v~ries ~ith normal alterations in ,the physiologiesl 

1 
milieu, hut neither i5 there evidence that it does .. 
not. 

. 
0' The author considers that ariy iniluenee of 

th,is ph~nomenon is' 1 ikely to be neg1igible on the 

basts that, fir5t; if Roosen-Run~e (1973) 18 correct 

in assu~ing the phenomenon to be a result of an ~cc-

umulation of genetie deficlencies re8ulting in a~ 
/ ' 

abortive divi,ion, the frequency of 8uch an 8ccumul~ 

ation is unlike1y ta be influenced by hormonal con-

ditions, nor fun~tioning through catastrophle division, 

would there he an interphase eel1 lingering in the 

non~proliferative cpmpartment. Second, the deg~ee 

.of incrèase in MI would require ~ pool of cryptic 

, pycnotie cells considerably 1arger than eBtimated to 

" 
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exist in the population at any ~\ven tinc. Of course, 
oô 

such an estimation d~pends in part on me len~th of 

the cell cycle compared to th~ len~th of time reQuiTe~ 

for the complete de~eneration of a cyst, and this 

information ls not availahle. However, cysts wit~ 

actively pycnotic nuclei occur at the rate of about 

five ta ten percent, and often less, of the total cell 
t 

population. Furthermore, su ch cysts can often he founè 

in areas where the surrounding cysts are more advanced 

in terms of nunber of cells per cyst. This indieatcs 

that even the actively degener'ating phase of the phenom-

enQn 18 l~n~er than a nornal cell cycle, thus the 

frequency o~ occurrence f, le~s than fhe fi~e to ten 

percent figure est~àted. Taking suc~ observatiohs 

into 'account, it would seet:l likely tha~ the incr~as~ 

in mitotic index represents & real sryortening of the 

germ cell cycle durat~on~ However, any ~ore concrete , 
statement must avait a direct measurernent ~f thls para-

.ete~ under the a~propriate horDonal conditions. 

The final potentially si~nificant effect of 

" 

morphogenetic hormones on testicular development, 

concerns the ability of juvenile hormone to alter the . 
Il 

duration of the mouli. That FME, a powerful juvenile , 

'hormone analogue. haL this ability has been ~onclu~ively , r 
dem~nstrated in alla ectomized fourth instar and unop-

erated fifth instar R odnius. That it does so in the 

normal larval span 1s not as clear, but the increasc 

'1 

:: 
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in duration of the moulting process noted by other 

authors (Wlgglesworth. 1940; Fùkada; 1944) as a result ) 

of removal of the source of juvenile hor~one. and the 
,,~ 

shortening of this process by application of analogues 

(Slama, 1971; SochA and Sehnal, 
( ~ 

1973; Barrett, 1974), 

subsequently quant~fied in t~is thesis, artues 

strongly that it doe~. Juvenile hormone ia unlikely . . . 
to.be the on1y significent input ta th~s parametcr, of 

course, and the variation in duration between third 

an~ fourth instar inaects ls retained ~en in the 

ài~ate~tomized preparations (10/12 d~ys; CA-, 20/24 

days).' However, the difference between la"te larval 

.. and metamotphic mout't .durations can be imposed or 

abolished by removal or resupply of the hormone, and 
1 

the influence of .this pheooftnon 00 thè spèrmatid 

production and 8~ermiation durin~ th~ final ~oult 

period ls obvious. 

The mode of action of juvenile ho~one in 

affectin~ moult duration i9 thought ta be a con-... 

sequence of a direct effect on the prothoracic glands, 

with à subsequent stimulation of ecdysone production . . 
(Kris~nakumaran and Sçhneidermen, 1965). 'Thu~, moult-

ing ca~ be induced in some diapaused Lepidopteran 

J pupae and brain~ess daüer pu~ae by- the implantation 
) 

.( 

of corpora aliata, or the irijection of Jal-tu;'al Cecroi?ia' 
.. 

, . 

, . 



.. 153 

oil, or j uvenile norMone ana10~lrti>~s. The response 
, , 
~oes not occur in is01ated pu~al abdo~ens, which 

lack prothoracic glanns, arguinR against a direct 

effect of juvenile hor~one on the epidermal celis 

(Oberlander and Schneiderman, 1966). FurtQE'rrnore, 

juvenile hormone analogues ~ be sho •. m t~ pronO'te <ln 

increase in RNA syntbesis in prothoracic glands 

(Siew and Gilbert, 1971). 

. 
""" Th.ese rf:>sults, lo1h"ile 

very leading, Cànnot be considered conclusive. Pu~~e \ 

of sone, t.hough not .<l11, diapau~ing insects are, 
, \ 

sensitive to various type1 of manipulation and 
. , 

\1 injurY-induteè .. ,activation. SiMilarlv, ~NA.svnthesis 

in the prothoracic glands can be induced 
1 •• 

~ -~ . 
by a variety of 'techniques n~ related to 

. 
juveni1e 

Qormone (!3err,y et al, 1q64) and, furtherm~e, cannat 

be re1iably linked to ec.sdne production •. Fina11y, 

non~ of -the above effects have been cl-emonstrated in 
- lto 

other tha~ the Lepid~Pteran pupae, although attPmots 

have been Madé with' other ~ro\\ps (rr<lenl:{'l and HsiAo, 19(8). 

Rh (, cl n i Il n la r va e, in t he ah sen ce 0 f a fun c t -

1 
foning neural and retrocerebr.l'endocrine axis, carl be 

l 

induced to modlt by the injection of ecdysone (WiggJes-

worth, 197~). Do.es of !1-ecdysône emplov(!d "in v-arious 

ex~er~ments reported in thig theRis were serected from 
1 , 

a series oe1experimcnts correlatingp -ecdysone dose 
. 

with ·dura-ti~n of the mdult period (A'Ppendix One). The 
• .. ' .. 

r -

'. 
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acceleratory effeet of ecdysone on apolysis, new 

cutiele deposition. and eedysis, referred to as 

~ hyperecdysonistl (tHlliar.18, 1968) i8 thus readily 

~ 
dernonstrable in Rhodnius. lt i5 conceivable that 

juvenilè hormone exerts a physiologieal prothoraco-

tropie effect of ecdysone at the ini~iation of ~ach 

1arval moult. Davey (1~7l) has also reported a 

Juvenile hormone-induced discharge of n~urosec~etory 

material in Phoeafiema decipiens, And here too, the 

physiological significanee ls simply not known. Haemo-

cyte factors 1)8ve been shQwn to be implicated in, the 

response of epideroal ee~ls ol various species to 

ecdysone (Wig~lesworth, 1955; Hoffmann, J971), and 

i~ 18 known that Juvenile hormone ean repress RNA 

synthesis ln hc!emocytes (Berry et: al, 1964), F1.n~lly 
it has b4en shown that id vivo ecdysone s~im~l.ted 

.......--:-

'~: Rl'lA synthesis in the ~.,ing dises of Sat'\ia (Patel and 

Madhavao,c....19(9) anJ Call,lphora fat bOdy.!..!:!. vitro 

(Congot!? et al, 1969), ls abolished by simultaneous' 
.' . , 

appli;3tion of juvenile hormone analog~eé, and proteln 
~ l , ~ 

synthesis a1so oeing g~ea.tly reduced. indit:ating'il 

\direct effect on t,he epiderJIla'1 cells ~henselves; , ~ 

~ The related pheno~enon of a detay in éedysis 

has long been linked with wound healing (Harvey, 1962; 

W1a~t, 1971), the af4iementioned di,rup~ion of haemoeyte, 
'of . , 

. 
i 

" 



,J 

1 , 
1 

.. 155 

function, the presence of re~enerftting tissues (O'Farrell 

and Stock, 1953) and, recently, with high doses of 

ju~nile hornone analogues (Hangartner and Masner, lQ73). 

~~ should be noted that rnany of these phenomene are 

highly specifie with regard to the age of the larval 

sttie in es"tigated. For instance, \Joundin~, or auto­

tom m result in an accelerated. supern~rnerary .... 
ecdysi~'if carried out early in the instar, or a normal 

but delayed Moult if perfor~eè at a later date (Kris~~ 

nakumaran, 1972)'. 

A report ~f correlation of ~oult duration 
1 

and, juvenilization {n .Aesl}pa cyanea,sit'llil'ar ~o that 

described for Rhodnius and reported~by Barrett (1974), 

has appeared and ~he authorr have attempted to explain 

the o~servatio,s' on the 

morphogenetic ~ù~ctions 

hasis 'of prothoracotropH: and 

of Juvenile ,hormone CSehaller ... 
'and Defossez, 1974). ~uch attempçs are laudable and • 

necessary t~ t~~ dev.eloprnent of, a knowledge of these . 
eomplex interactions. 

4 ' However, the present author, 

in" ligfut of ~he above reported ~ultiplicity of poten-. , 

~ ti~~parame~ers involvéd. and the esaentially intaet 

or nearly intact specimens used, concludes th~~ an in-, 
~ .' 1 

terpretatlon of th~ effec~s on Rhodnius would be a 
, 

futile exercise at this time. .. 
• T~e 0efiÇ, hypotp,esls can b~ &U~Clnctl{).tated 

c, , 
as follows: 

, ~ 

, ..... 
thé germ cells differentiatè to ~permato­

~ ~ 

\ , 
'" 

/ 
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cytes and spermatids sequentially through a species-

specifie number of divisionR. The rate at whie~ these 

divisions are carried out is sensitive to the norpho-

genetie hormones. Ecdysone markerlly inereases the 

ratc, and juvenile hormone inhlbits that increase in 
) 

a dose related fashion. Juvenile hormone has no effcct 

on the endogenous division rate maintained in the 

absence of ecdysone. The division and hence the diff-

,erentiation of the gern cells is a continuou~ process 

and thus hormonal effects on the duration of any stadium, 

q 
the 'availability of developmen~al time', will have a 

noticeable imoact. Finally, a brutal, non-kinetic 

iheek on diff~re~tiatlon Is imposed in systems exhibit­

\ 
ing diapause, through the autolysis of the most differ-

entiate~ germ cell element. 

This hypo~hesis can ElJ:count for virtuall.y . . . 
~ . 
aIl ~ observations ,curr~~tl,y in the lite;ature, reg~rd-

...1 
ing hormona~ effects on insect sperrnatogenesis and 

épermiat,ion, provld1ng' thet suffic~e'nt informati.on 

c·~nceJ'ni..ng the .normal devc'loprnental timfng 18 avail~>ble. 

The case' for diffèrentiat;ion ~lgerm cells in adulto1ds 
\ • , 1 • 

produce~ ftom third and fpurth instar Rhodnius has been 

p~asented. ' In Bombyx, ~here third ins.ar la~a'e as 
, . , J 

w.ll as~ iourih instar la~vae may mature spermatozoa 
> 1 > • • ~ 

~. ~ . ~ 
subsequent to a~latec~o~;, su~ficient deve~~~~~ntal 

, , time to -aduolto1.d "etD~rgenc.e must e!x:1st in both ca9'es, . 

~-

" , ' 

. . 
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This indeed i8 found ta be 50. Takeuchi (1969) 

reports recognizable spermatocytes in the s~)ond 

instar larvae in this species. In fact, this i9 

predictable from his observation of spermio~enesis, 

henc~ neiosis, on the second dav of the fifth inc;tar and 

Sado's (1961, 1963a & b) approximation of ten to 

twelve clays for the duration of the spermato~yte 

stage. Fukada's (1944) figures for pupation and sub-

sequent emergence of the diminutive third instarl 

adultoid, fourteen days, thus provides a rlevelopmental 

time of at least sixteen days and prohnbly eighteen 

days for spermatocyte maturation, meiosis, and sperMi-

ation. 

In reg~rd to the application of Juvenile 

ho'mone analogues, or tre implantation of corpo~a 

alla ta and subsequent Ropad developDeni, sever~l 

, con f 1 i c tin g 0 h s e r vat i 0 Il ~ c a n ~ e r e c' 0 n cil e d • The 

\ppe-aranêe'-Of"'sper~;toz<aa -ha;----~eQn) r.~~o"rted. i,n On90- /." 

" \. 
p'eltus 'ahd" Sarçoph.aga foll~~.,in~ Juvenile. hormone 31l"p-

li<;atiot\s whieh r'esulted' i'n consLderable juven~tiiat-
,"" l' 

-ion. of internaI and- ex1:ernal structures~ Precise 
1 . 

of 

of 

BQwer's compound VII 
, 6 • 

(30i'1ers, 1969) to the penultir.rate< 
.,. 

larv,;1 instar had no ~pparent -e~fecJ on ~~',S,;iS 

'~pment as assessed~in the Iast Ift~al stadium, 

, " 

o 

de.vel-, 
/ 

'~cSn818tent 
J 

'-

, . 
... ...... 
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with the demonstrated inability of ;uvenile hormone 

to repress the basal or endogenous level of cell 

division. Application 1ust prior ~o the fourthl 
( 

fiftp ecdysis resulted in the analogue heinr lost 

with the exuvium, and thus was not very enlightening. 

Treatment during the e~rly fifth instar was judged 

ineffective in preventing testis development. 

ceiosis and sp~rmlat1on had be~un by this ti~et and no 

quantification of the level o~ spermatozoal output 

was attem.pted. Bhaskaran's (1973) results on Sarcophaga 

siQilarly are produced by late application of the anal-

ogue, and no quantification of the data pre~ented. ~ 

N%ck (1973) and Sehnal (1969) provide vol-

) 
) ~metric quantification, but no analysis as to the cyto-

Ingical parameters involverl. Feedin~ of the juvenile 
~ 

! , "1 ' 
hormone analogue FH~ to Ephesti~ kuhniella l~v~e res-

, \ 

ulted :bn a dose-linked depression in testis volume. ~ 

1 

Ioplantatlon pi active corpora allata into IJst 'nstar 

larva of Galleria mellonella simila~ly reduc~d testl$ 

Volume/in what may be .considered a-dose/time fashion. 
l " 

&bth r~ulrs ,are likely direct1y com~8rable to ~he . , 

dose relat~ deci,ine in sp~rmatid output dem6nstrated 
.. 

in Rvodniu~, a consequènce of juvenil~ hormQnè inhibitîon 

o.f et-dysone:"stidlu'late'd celi division. 
\ 

8:~ultJ)ids, of ~a.rying· revel' of juvenil1t:n.tion. by rearibg .... 
~, 

.Pyirhocoris apte~ua on f1ltet~.per.~onta~nin& L~w's 
,\ l , ' , , ' • . ~ , ". 

t , 

J 

" 

. . 
,1 
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mixture (Law et al, 1966) or by applyin~ purified 

paper factor, a Mixture of 1uvenilc hor~one analo~ue~ 

spe'~ific for Pyrrhocori.s (Sl~mi\ anc\ l<J111iam!'l, 19~6). 

Spermatozoa were faund in the testes of adllit-larvai 

i~termediates which showed little external adult 

,J 

structure, although SUC~I internaI non,-p,erninal ele~ents 

as seMinal vesicles and accessory glan~s were well-dev-

eloped. ln morohological1v perfect supernumerary 

larvae, testes were described as 'undifferent1at~d'. 
) , 

No data are presented on the dur~tion of the r.lou,"" 

/ 
known to vary with j'lvenilization ln this group (Slaca, 

1971) • Th~se results would see~ to parallel chose , . 
reported above, inrlicating Jivision rate inhibition. 

The mo,st interestin~ and cO"ltllex report on 

juventle hor~one effects on testls development 19 in 

regard ta the Cecrooi~ silkmoth (Riddiford, 1972). 
" 

Application ot 1uvenile ~ormone analo~ues priar ta the . 
spinnin~ of t~le pu:>r1 'c~coon l-tas no effect on internaI 

" " 
or external development, nor on the incidence of p~pal 

diapau~e, normally obli~atory in t~is species. Aop 1 ic- " 

ation subqequent to s~innih~, or durlng the ~reïPupal 

period, resulted in paoae which failed ta rliapause, 
, r 

developing inst~ad toward the adult ec~ysis. The res-
, , 

.,ultanr. pharate adult moth·s eihibi,,'ted larval tes~es. 
~ t 

t1!~ juvenil.e hormone analogu~ ".is ~pp'lied durin~ this 

" l 

\ 

\ 
\ 

1:f 

\ 

'-
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sensitive period, diapause induced by removal of the 

brain, arië adult development subsequently initiated 

after a normal three month diapause period by an in-

jection of ecdysone. the gonads Are once more found 
... 
to be adult in character. Conversely, if diaoause i8 

JI., 

averted in pupae ~hicr have not been exposed to Juvenile 
.) 

hormone analogues, by ecdysone in1ection, ~he ~onads 

, 
are still fou~d to be adulte ~herefore, the retarded 

development fbund in moths exposed to 1uvenile hormone 

analogues and averting diapause represented a real 

inhibition, and not one ioposed by precocious adult 

development. This developmental inhibition i9 redressed 

during diapâuse, whether natural1y occurring or art if-

icially'induced. 

Such a resuit if!; C!uite conststent w!th the 

• 
kinetic hypothesis. The retardatlon of development 

e 
produced by Juvenile hormone analogue application is a 

consequence of genersl ger~ cclI division rate inhibition. 

During the diapeuse yeriod, re~ardles8 of ~ow it 15 

Induced, the endo~enous division rate will redres8 ~h1s 

inhibition. Tbat 18, the' level of· differentiation 
, 

attained will be that 'permitted' by the~specific auto-

lyais reported in thi8 species (Bovers ~nd Williams, 1964), 

and any effect of juvenile hormone acting through d1visioq ~ 

rate inhiblt~on and 

J 

leque~tial di!ferentiation will grad-
.. . 

~ 

ç 

• 
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T 
ua1ly di~appear through the long diapause period. 

Adults from any diapausing pupa will thug always have 

ad"ul t gonad s. In t~e case of foreed devplopnent of 

the normal, and juvenile hor~one ~na10~ue-treated 

! pupae ln cqual developmental time, the kinetie eff~ct9 

of the analogue on sequential differentiation cannot 
.ç 

be redressed, sinee no non-kinette specifie autolysis 

ls encountered. 

An intere~tin~ observation in t~ls case Is 

that, since the normal pupa has reached a level of 

dtfferentiatioll 4f>f the ~ern line sufficiently advanced 
~ 

ta allow norMal de~elop~ent of spermatozoa during the 

) 

induced adult developmental tiMe s~an, diapause i9 truly 

'inpose~' on this insect as far as gonad~l developmeot 

is concerned. The Wifliams' ecdysone 8s5ay, (Kambysellis 

and Williams, 1971~ & b), based on an a11evintion of 

sper~atiD autolysis, has been criticized by Gt1bert~a~d 

• , Q-
King (1973>. 00 the grounds tl-tat in f)ne insect ~tie assay 

,~ .. 
responds to rUbraqterone. a generll'lly ina'~tive phyto-

veèdysone (Taked a , 1972). Such anom~lie~ in specificity 
r , ' 

would be expecte~ in a diapause 11mited system, which 

certainly ~U6t have arisen later and quite 1ndependently 

of ecdy9~ne's ro~e ~n cpider~al celi acti~ation. 

. 
Fina11y, a11 in vitro tlo~k .ca~ried out on 

non-diapause soecies should show . ~ - ..-
r­

of sper~atogeni~ events and.thus 

a co,,", p 1 ete ,c a t a 1 '0 ~1.1 e 

need not hi con~idered 
" . . 

separately. Conditions 'of culture' will certAin1y affect . ,.: - - ., 
the rate at which even~8 occur but the testis, i~ the 

'" , . . , 

.-
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absence of specifie autolysis, is truly an autodlffer-
<1 iii 

ential ok-gan. In the adult a' slml~ar condition perta;n$ ... ~ 

ln the adults of insects whlch shaw a larval or pupe l' 

< , 

diapause, however, the situation 18 not as clear.·~ ,Spec-
'''\ 

if~c autolysis would be expected in the ahRen~e of a 1 

source of ecdysone~ but lt r' not ~bgerved. Pp8sibly, 

some ço~ponent of this complex furtction ha~ been~'di~- ~ 
• '!! 

... . , "j .J 

~antled' durirtg the metamorphic ~oult, ~fislo~OU9 to the • 
! 

" \ J " .~ 

-di.solution of the ~rothoracic gland itself st this tlmp 

(W~gglesworth,l955a). 
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Chapte~ Thirteen: Discussion; Division Rate and 

Hormonal Action 

On the basis of the evidence p~esented in 

t~is thesis, the testis can be seen to be an autodiff-

erential organ, whose, state of different1ati~n ia 

maint~ined in phase vith the total developttental pattern 

of the insect by mechanisms affecting both the rate and 

the available time of development, and specifie events 

• 
within the sequence. The importance of Bny one of these 

mechanisms is determined in ,large part by the precise 

characteristics of the species unèer consideration. 

In aIl species, however, the rate of passage of the germ 

. 
cells through their predetermined developmental sequence 

will ~e a matter of underlyin~ significance. the control 

exercised over the rate of cell division can thus be 
• 

considereA a~very basic, perhapa primitive, component 

of the overall control system in aIl insects, a fact 

which just~fies the more, thorough analysis of this 

function presented in this section. As very little 

experimental information exists directly concerning 

rat~ cba~ges in cell division in the testei, or Any other 

insect tiss~e for that matter, supportive evidence will 

occasionally be drawn from 
• 

sources quite far re.oved 
1 

from thf 8ubject at hand. 
/ 

Similarly, an investi~ation 
~ 

of aach of several facets of th!. problem will lenerally 

J 
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result in .the deteroination of lik'ely.or potential 

mechanisms, the validity of whil:4Ymust remain specul-

ative until established or rejecteù by direct experi-

mentation. Nonetheles~, an hypo~hetical model ~an be 
)' , 

formulated in this manner which describes the mode of 

" 
action of the hormonal control of germ cell division at 

a mo..re nearly molec~lar level. The reader is caution.ed 

that the model 50 prodaced i5 highly speculative, but 

does not contradict any observations or knowledge 

currently held and,·cons~stent ~ith the definition of 

an.hypothesis, is amenable to experimental investightion. 

The initial question vital to ihis analysis 

i8 whether the hormonally responsive ~n does in fact 

" re~resent changes in the rate of cell di~ision. This 

question vas considered in part in an eariier chapter 

(Chapter ~ine) vith the tentative conclusion reached 

that at least major shi~ts in the proportion of prolif-

erative to non-~ioliferative cells did not 8e.m able 

to produce the obeerved changes in Ml. "As vas polnted 

out at that time. an actual change in cell cycle duration 

cannot be regarded as proven until directly œ •• sured. 
.. 

and pitfalls in the .easure.ent of division act1vi~y 
l, 

are many. Largely due t~ ~qe ~recise characterlzstion 

of events po.eible in '~ure' culture .ystems, certain 

radiolabelling procedures are now available which would 
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be adequate in the heterogenous, exponent1ally increas-

, \ 
lng or.an ~ystems; dealt with here (Baserga and Nemeroff, , 

1962; Lala. 1968). However, the spermatogonial cell 
J 

cycle has been demonstrated to hé particularly sus-

ceptible to direct alteration by incQrporated isot6peR (John-

Ion and Ctonkite, lQS9) and henee requires extremely low 

1.vel~ of label for oaxinun ~alidity of est~Matio~by 

th •• e methods. With t/e CUTrent level of teehnology. 

th!. procedure would t8ke between nne and two years to 

Jcarry out and is thus not n6w practical. Using 5uch 

techniques. Lobbecke (1969) has demonstrated that the 
~, 

duration of the S or DNA synthetic period of Ephestla. 

win~ dises is shortened by half 4ur'bg the pre-pupal 
• 6 

period. thought to be a tine of hi~h ecd,sone titer. Mo 

direct horconal manipulation uss atte.pted, however, 

nor vas the role of juvenile ~or.one investigated. 

On the basis of tbe arguaent eariier proposed 

a~ainst the •• jo~ source of artif&ct. proliferative' 

fton-proltferative cell population shifts, and the 

.bo~e correlation of L&bb~cke. ~t viII be teatatiyely 

conclud.~ here tbat th~ obseryed changes ia MI repre.en~ 

.lterations in cell c~cle duratioD. Sucb.a ••• a.~tloD 

ls aec:essary for the re •• indel of th .. discosslon •• 3d 

ls ill~e.d ~ot ualikely • 

..d .oel •• r. 1'12; Boack. 1'13). co.f~raatloa ca. o.l~ 

~. proYlded ~T • direct •• d c •• ~10 •• experl.eat.1 .r •• ra •• 
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The second question of si~nificance to be asked 

is whether this cel! cycle alteration is affected in a 

specifie and physiologies! manner by t~e circu!atin~ 

hormones, or is simply s manifestation of a general 

metabolic shift in the insecte ~itosis ls, of course, 

affected by a very great number of factors, and the 

question normally asked is whether or not the indueed .. 
changes are part of a normal b~olo~ical pattern. In 

contrast, Ortavant (1958) demonstrated that the duration 

of the cycle of the seninlfcrous epithelium, and thu~ the 

ce!1 cycle of the ram was rernarkably constant. This 

finding has bean confirmed for a number of mammallan 

species, inciuding rats (Clermont and Harvey, 1965) and . 
humans (HelIer and Clermont, 1964). ,However, recent 

results indicate that earlier stages of spermatogenesis 

can be manipulated in a predictable manner (Clermont and 

Mauger, 1974), which will be considered in g~eater 

deiail in the succeeding chapter. 

Th'e situati.on, of course. Is not as weIl 

understood in insects. The moulting hormone, ecdysone, 

commonly institutes a pattern of aetivity in the 

epidèrmal cells which 'includes DNA synthesia and division, • 

but it has been conclusively demonatrated that later 

evants in the activated pattern. such as the secretion 

• ~f new cuticle, will occur whether or not this division 

• 
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~ :., 
has taken place (\-1i~~lesworth. 1970 ; H.dhavan and 

Schelderman, 1968) and that injury will induce these 

divisions ln the absence of-ecdysone (HIJu:1esworth, 

1937) . Similarly, injections of 1ar~e doses oft'-ecdysone 

w~ll brln~ about apolysis and cutleu1ar deposltlon with-

out 

and 

epiderna1 mitoses (Wi\1iams, 1968; Mouze et al, 1973) 

ln wing dises of so~e ~ecies cu1tured ~~vitro, 
'-

~-ecdysone nay actua11y inhibit division (OberI8nde~, 

1972). Juvenile horMone, during larvel development, 

does not seen to expr~ss its activtty except through 

cells activated by ~cdysone. In its presence. some 

are a S 0 f the e p id e,r mis car r y 0 tJ t ~ r e a ter div i s ion, but: 

sooe, 8uch as those respons!ble for the external genit-

alia and winge, undergo ~~eatêr ce11~divi8ion in its 

absence (Wiggle.worth, 1963). AR previouely diecu8sed, 
':> 

the current consensus ls th~t ecdysone vil! aetiv.te 

epidel'mal cells to carry oot a specifie patte~n, and the 
, 
nature of the pattern 18 ~elected hv juveal1e horftone. 

Hence,\no d~rect e~fect on DNA synthesis or division 

i5 postulated for either of the motphogenetic hor.one.: 

The normal pattern of activ1ty ~) the Rerm ' 

line ia division, of course, and, un11ke the ~p1dermal 

cells, they do not' l'equire activation, beiag continuously 

engaged in proliferation. In the presence of a aatural 

or artlfieial 8oul'c~ of ecd1sone, th~se cella inerease 

the;rate of their normal activity. This wou14 .eem ta 

imply a différent mechanism than that involved in epidermal 

; \ 



l 

• 

r 

.. 168 

cell activation. The role of juvenl1e hormone ls 

. 
somewhnt more conplex. As in the epidermal cel1 res-

ponse, juvenile horoone is ineffective in the absence 

of a simultaneous ecdvsone presence. Hcwever, juvenile 

hornone canndt alter the pathway of development, as 

this is a fixed, sequential differentiation, and ls not 

amenable to redirection by any known horMonal presence. 

Instead, Juvenile hormon, comp1etely extinguishes' the, 

eedysone rate-stimulatin~ effeet. Such a role for 

juvenile hormone is not unique; juvenile hormone abol-

ishes the ecdysone-stimulated RNA synthesis in Sarnia 

cynthia wing dise (Patei an~ Madhaven. 1969) and 

Calliphora ervthrocephala fat ~ody (Congote et al, lQ69), 

-as previously mentioned. Growth of T~nebrio molitor 

ovar1es ~ vitro is a1so enhanced by ecdysone, an effect 
. 

wh1ch i8 abolisred in the presence of ferne.ol (Laverdure, 

1969). Such results are uncommon, ~owever, and no 
J 

satisfactory explanation for them has jet been found • 
• 

It wou1d thus seem that hormonal ~ffects on 

the ger~ line are aualitative!y distinct from those on 

ectoder~al systems. 
1 

A second poss~billt, is that the 

effects noted are simpl. manifestatiO~s of an overal1 

alteration in the ~ate of metabolism. This explanatlon 
,~ 

ntal support. Durin~ the diapause , 

peTiod absent in !hodnius, oxygen utll-

, " 

, 
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ization i8 some four to five times lees than that 

~easured afte, the activatln~ blood mea. (Zwicky and 

Wigglesworth, 1957). Similarlv, while both stimulatory 

1 and inhibitory influences are reported in various 

specles (DeWi1de and SteRvee, 1958; Roussel, 1963), 

» an important observation ls the de~onstratlon of an 

inhibition of NADH linked oxidation hy Juvenile hormone 

in vitro (Firstenberg and Si1hacek, 1973) the effects of 'di\>-

ision/noted could be due to general1zed metabollc 

events. Hovever, Zwicky and Wl~g1esworth (1957) note 

that no unusual demands see~ to he made on oxldative , , 

metâbolism during the proscribed period of epidermal 

celi mitosis in Rhodnius, rather the curve of oxygen 

utilization s~ems to reflect increasing demands of 

protein ~ynthesis. A comparison of oxidative require-

mente in the fourth and fifth instar, that i5 in the 
~ 

presence and absence of 1uvenl1e hormone, exactly parallels 

the increase {n mass of the individusl insect: 

Ratio of fourth tp fifth instar 

02 utilization, mm 3 02/hr. l 

Wet weight, one day post feed 1 
~ 

2.3 (Zwicky and 
Wiggleaworth, 1957) 

2.4 (Appendix One). 

This would indi~e that, at least in Rhodnius, the effect 

of Juvenile hormo:r on ~~e normal physfologieal o~ldative 

metabolism ia negligiblé. As wèll, the endo~enous ~ivision 

rate i5 maintained in the absence or presence of juvenile 

hormone, 8ug~estlng a 8pecific~y re~ui~ement.~ot met by 

Î 

, . 
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~eneral metabolic considerations. 

A final possibility of a non-specifie effect . 
on division rests in the denon~tration that lipo8olual~ 

materials may affect. the rate of cell division directly 

~ vitro, in a predietable manner related to their 

degree of hydrophilic activity (In~ram and Fisher, 1973). 

Substances highly insoluble in water, s~ch as Juvenile 

hor~one, could he viewcd aq 'stabilizln~' membranes, 

and t h u sin h i bit in g c y t 0 1- i n e sis • The m 0 r e w a ,f~e r sol u b 1 e 

'ecdysone perhaps could be considered to a~t in the 

op?osite manner. This interpretation does not explain 

the intera~tion of the hormones but, in any case, the 
t ,t 

concentrations·rc~uired to produce these physico~emical 

cffects are approximatel~ 10 n~, several orders-~f magnitude 

rei:\oved from the mâximum effective/concentrations ernployed 

in the studies copducted by the author. (App end ~x One). 

Williams and KaMbysellis (1969; Ka~bys~llis 

and Willia~s, 1971a & b) have conclusively demonstrated 

that a blood borne factor, probably produeed in the 
(' 

haemocytes, ~9 the active agent permittin~ sDerm1ation 

in the Hyal~phora ~ vitro testis preparation. Ecdys~ne 

acts to permit aeces~ of this Molecule to the germ cèllS t . 
but exer t s no direc0~io~n on the germ cells 

Theseflthors d~ not restrict the 

in 1ts 

own right. effect of 

XF to a paintenance of spermiation; ~he prQsent author 
\ 

o 

t 
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has ch6sen that int~rpretation in the main body of 

this thesis since none of the techniques emp~ved in the 

sesay permit Any conclusions concernin~ the possible 

role of ~F in cell division. 

The existence of a ·si?Ttilar macromolecular 

factor has not been demonstratecl in Rhodnius. Such 

'an' undertaking would not likely be successful in an 

in ~ preparation of the type used in the experi-

ment~tion ~eported in this thesis. Circumstantial 

evidence su~gests that M~ nay a1so be the active comp-
.... 
onent in spermatirl survival in Rhodnius. Techniques 

which involve cuticular vounding in Rhodnius are 

spparently felt in the testis as a temporary deran~e-

ment of the process of snermatid autolysis. Kambysellis 

and Williams (197lb) have demonstrated that slml1ar 

cuticular injury in diapausing Ryaloph9ra pupae pro~okes 

a marked increase in the titer of available HF in the 

blood of this inse~t, reaching a pea~ four d_ys after 

the injury and then deélining ~radually. 

A u8efulJthou~h entlrelv theoretical construct 

at least in the ·insect testis, is that the endogenotls 
, 1 

division rate measured at tirnes of ~aximum testicular 

isolation from c1rculatin~ hormonal activity· represen~8 

a levei which is inhibited rather than a s~rictly auton-
( 

1 

j 

.. 
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omou~ basal level of germ cell division. The increasq. 

in division rate hormonally, instituted 15 thus ,seen 

as drifting upwards ta reach a 'normal' physiologieal 

d~vision rate preseribed, perhaps, by Renetic constit-

ution. The simplest way of viewing the situation i5, 

ot' course, the reverse, that the hormonal éffects 

~ . 
noteè represent an active stimulation. However, there 

ls sorne justification for the viewpoint that th~ 

maximum divi!;ion rate: under any defined. corflbitions 

of substrat~ Availability, cellular integrity~ ternp-

erature. etc. is at lenst the mechanically 'normal' 

condition. 1 Any reduction ln ,rate concomitant.wlth 

further differentiation or tissue format{~n must be 

imposed in some way. In this view, the molecular 

syntheses and reor~anizati~n underlying division must 

proceed at optimal rate under optimal conditions. 

Inhibition 15 possible, and a cessation of inhibition, 

'but not stimulation. 

Such an inhibition can be imposed in myriads 

of wayd. includin~ regulation of the availability of 

substra tes t repression of the' genome. or al tera tions , 
in the structure and function of t~e membrane systems. 

One clear demonstration of su ch an inhibition in invert-

ebrate gonadal systems exists. The lugworm. Arenicola. 

marina. exhibits a lov rate.of spermatogonial aitosis 

in the presence of its own spermatocytes. 



\ 

are removed experimentally, or throu~h periodic gamete 

shedding, the spermatoRonial ~itot~c i~dex increases 
, 

considerably. Similarly. if the teste~ are cultured 

~ vitro, dilution of thi~ endo~enous in~ibitor res-

ults in an increased MI. The more differentiated 

eleoents in 'the cell lineage are' thu5 producint": an 

inhibitor which limiçs the rate of celi division and 

hence the rate of gTowth oç ,the spermatocyte compart-

nent; a classic example of negative teedback (Oiive, 

1972a & h). 

An h~potretic~l qchema can thereforl be 

envisa~ed for tbe insect tpstis qhich, incorporating 

these last two highlv s1Jeculative canponents, !,ostulates 

the action of ecdysone as perMittin~ the access of ap 

anti-inribitor, ~F, to a qelf-regulated interna1 

hormonal milieu. Juvenile hor~one, '~s a r~pressor of 

,RNA and prote~n synthesis in the haet!1ocyte (Berry et al, 1964) 

might be inv~lved in this system as a specifie inhibitor 
c 

of 'fF synthesis. The complex,selectivelv permeable 

b 

testis she~th and the potential reeyclin~ current 

• earlier described, ~ight funetion ta retain adequate 

concentrations of the endo~enous inhlbltor as weIl as 

liniting access of the anti-lnhibitor. 

The on1y thoroughly unflmiliar and experiment~ 

ally unsupporteJ concept in thts schema 19 the endogenou9 

inhlbitor, which may seem & needless complication. How-

ever, the existence of Buch a molecule would ~onfer a 

, .. 
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• self-regulatory functiqn on the developirrg gonad, 

~ , 

already known to be self-differentiating. The role 

\ " .... 
of the morphogenetic pormones could be construed as 

providing information regarding the total developmentai 

patt~rn of the insect to the autonomous t~stis; advance 

warning of oncoming imaginaI differentiatibn. The 

6~mewhat anomalous, non-elassieal effetts of these , , , 

hormones as- me,asured by chan~es in the r,'erm cells, 

could thus be seen due to these germ cells not being 

the target' tissue directly:" the m"esod!!rmal support 

structures ~hich provide testicular iso~ation, and 

haemolymph components synthesiztng mitogenic mess.ngers 

b~ing the true target of morphogenetlc hormone activity. 
~ \ 

On the basls nf the evldenee presented such a schema 
\ , . 

must be regarded as yet somewhat fancifu!, but it 15 • 
a eompelling fantasy, and moreover one for whieh eon-

siderable evldence has reeently been compiled in vert-

ebrate-proliferative ti'sue systems, the tapie of the 

uext section. 

. ' 
o , 
~ 

\~ 

,< 

.. 
o 

.. ,/" 
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Chap~~r Fourteen: Discussion; Cha1anes 

The principle of negative feedback inhibition 

i8 not new, nor la the concept of local tissue induction, 

or inhibitive interaction. Numerous e~mpleR of these 

phenomena continuali y appear and re-appear i) the b101-

qgical lite!ature~ The specifie fOrM of one such system 

governing mammalian epidercal growth and repair bega~ 

to take shape 'in the early nineteen sixties', and W8S 
tG 

termed the ch,lone concept (see review by Bullough, 

1967) • 

inhibitor 

This co~cept proposes ~he elstence of a, mltotie' 

withln the organized tissue~roduced by the 

,more dlfferentlated cellular elements and exertlng • 

its major effect on the less differentlated or stem cetl 
~ 

e(ements in th~ cel! liueage. The inhibitor iB not 
fi 

cytot~xic, 15 reversible, in a~tion, and ~ccom~118bes 
.. 

a limitation in rate rather than a complete block in 
, fi. 

division. the c'alouè 16 highly specifie to the 1;1"~e,,' 

but not to the specles of orir,in' (Bullough. 1967). . ' 

f 

Over the succeedlng ten year~, 'énd~genous . 

mitotic inh1bitcrs fitting this dèseription have been 
1 • 

c1escribed fer a large number of tissues, chief4.y 1I\alll1ltalian 

but including cod fish ePithe~~um .... , (Bullough et al.. i967~ • 
and Xenopus kidney (Chcpra and Simnett, 1969)~ , Ver;! 

. , 
? • 

l' 

• 

.' 

". 
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recently, a spercatogonial chafone has been described, 

affec~ipg early, uncommitte~ ~ermatOgOnia ln the 
._- .... 

rat ~eminiferOU9 ePithelium\(Cle~nd Mauger, 1974). -----. Attempts.at purifi~a~ion have been somewhat less 

6uccessful. Results so.far have démonstrated activity 

in two proteinaceous fractions of app~oxlmately 3 to 5 

x lC 4 and 1 to 

Ma ug h, 19 7 2) • 

3 ~n3 daltons respectively (Marks, 1971; 

Speculation exists whether these classes 

'of Molecules mi~ht not rerresent the observerl inhibition 
~ ;-

t 

at dif(erent pb~ts in the cell cycle. 

A vety significant finding of direct relevance 

~o the chalone concept 15 the anti-chalone, or mitogen. 

Re~ently. Houck and Chen~ (1973) 

such a mitogen in mammalian sera 

have djmOnstrated 

from f~pecies, 

shown it necessary for ~ontinued mitoses 1n human 

fibroblast c~lture. This factor has been purified, 

and identified as a sialoprotein of molecular weight 

of 12 x 104 daltons. AIl the mitogenic act1vity of 

•••• alien sera on fibroblast culture i6 contained 

in this fraction. ~f mixtures of partially purifled 

libroblast chalone and the aialoprotein mitogen" are 

and 

aubjected to ultrafiltration, e'lent1ally aIl of th~. . . 
chalone 1. reJ'vered' The author8 eonelude tbat'the ' 

,deao'Dstrated c01D-peti t ive èf fec t be tween chalone and ~ 

anti-'chalone in .t?e fibroblast culture syatelll llk._ly 

" ' 
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residcs in a reactive site competition on tre fibroblast 
\ 

"il 

membran~ (Houck, Sharma, and Cheng, 1973). Houck 

further speculates, on the basts of as yet incamplete 

evidence, that t~e initial action of chalones ls in 

reducing Ca++ permeability vith subsequent effects 

on c-AMP medlated inhibition of DNA synthesis (Houck,' 

1973). ~aurl(;èe et al (1972) and ~oreau and Bullough 

(1972) define a somewrat.similar ~nti-chalone operating 

in the epidermal ce11 system, but point out additional 

• 
complexities such as highly site-8p~ciflc activities 

in thls organized tiss~e. 

In addition, Laurence et al (1972) pastulate 

a mechanism for the anomalous effects of tre hormones 

adrenalln and hydrocortisone in the ~ vitro system. 

lt i8 known that the hormones are in~ctive by them-
~ 

selves in mitotic inhibition (Bullou~h and Laurence, 

1963). Such hormones considerably strenp,then the 

inhibitory activlties ~f chalones, however, and the 

authors sup,~est, froM e~~ri"ental analyses, that 

adrenalin blocks or destroy~ antl-chalone, and that 

h~drocortisone inhibits tts synthesis. An 1nterest-

ing correfation whlch i8 presented in this work 18 that 

the diurnàl rhythm of epidermal mitosis i5 thus due to 

the fluctuatin~ adrènalln concentration, accounting 

for the absence of such a rhythm in adrenalectomized 
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animals (Bulloûgh and Laurence, 1966). 

The net effect of a chalone in any ~iven 

comple~ c~llular system i5 imperfectly understood ~t 

present. The precise point of inhibition within the 

cell cycle will determine in part the nature of 

mea~ured effects. A view which ~s gainlng support 

i9 that the ~ever81 defined points of inhibition of 

chalones, Gl - S transition, but not S duratïon; 

G2 - M translt~on, hence G2 dUTation, may lead to 

premature differentiation of cells from G2 at least, 

and possibly from GI (FrankfUrt. 1971). Moreau and 

Laurence further identify a dichophase, inmediately , , 
following division at which the 'decision' to differ-

entiate and mature, or re-enter the proliferatlve 

pool'is taken by tre cell, 8~d suggest a chalone in­

fluence here as weIl. These 1uthors thus 8uggest 

that the observed c~ahges in ~ll c~cle duration are 

• 
aecondary to ~ore'subtle alteratlons in the direction 

of differentlation ~(Bullough.and Ryt~maat 1965; Kivl1-

aakso and RytHmaa, 1971). 

-While these concepts are not universally 

accepted (Voorhees, 1974), the case presented 18 con-

stantLy gaining ground! Parallels vith the previoosly 

described hypotheticsl testlGu1ar system ln insects 

are many. though perhaps the most '1mpor tan~. a demon-

stretion of an endogenous mitotic inhibitor in that 

.ystem, is laeking at preBent. 'Close 81milarltie. 

1 
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between MF and antl-chalone, and between the inhibition 

potentiation of adrenalin and hydr~cortison~, and the 

inhibitory effect of juvenile horMone are particular1y 

striking. As mentioned previou~ly, the apparent 

recytling current in the insect vas efferens ls well­
'\ 

characterized in mamma1s (Uaites And Setehe11, 1969) 

and ls sug~ested to set to coneentrate cha10ne (lnhibln~ 

(Setehel1 and SirinathsinRhji. 1972). A final point 

of Interest i8 the suggestion that.rApidly proliferating 
• ,1 

110 

cells may respond to chalone blockage by death (Frank-

füit, 1971), perhaps as a result of the premature 

differentiation effects described above. Either or 

both of the insect testis cel! death phenomena, pycnosis 

or nite-specific autoly~is. ni$ht have a basis in this , 
as yet poorly-characterized chalone function • 

.. 

l '. 
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Appendix One: Experimental Stock, Sur~ical and 

Hormonal Procedures 

Experimental Stock 

"-The insccts used in this study were taken 

from the colony of Rhodnlus prolixus which has been 

maintained at the Institute of Parasitology for ~pp-

roxlmately ten years. Very litt le maintenance 15 

required in the breeding and raising of Rhodnius. 

The bugs are kept on folded filter paper, thirty to 

fifty insects per one pound mason jar, fitted with 

screened lids. These j~r9 are kept in an incubator 

1 
at twenty-ei~ht degrees C. and a hi~h relative humldity 

i s provided by placing an open jar of water in front 

of the heater/fan of the Incubator. These incubators 

do not have lighting units, and thus the bugs are 

kept ln continuous darkness except when the door to 

the incubator la opened. 
~ 

No parti~ular emphasis has 

been placed .n the regularity or timing of these 

light exposures and the insects might be expected to 
1 

lack any stron~ circadien rhymi.city. Nonet,hele8s. 

. 
certain events, such as ecdysis, seem to occur vith 

much greatér frequency from about six to eight o'clock 

in the morning. Severai possible explanations for 

this apparen\ ~hymicity can be suggested. The in.ects 

/,e ~ften firat exposed to ligbt at about eight in 

the morning, at the atart of each working day. Daily 
~ 

./ 

\ ' 
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temperature cycles probably exist within the Incubator. 

Final1y, the evening and early morning hours generallv 

represent a period of minimu~ disturbance for the 

insects, and the apparent circadian activity pea~ ~ip,ht 

thus be simply ~nduced by the expericentor each day. 

r/ Feedin~ i5 carried out on immobilized rabbits. 

The procedure takes approximately twenty minutes per 
, 

jar, and the filter paper and jar are chan~ed shortly 

after each feed. 1his i5 necessary to prevent the 

insects drowning in the copiou~ urine pro~ced im~edi-

ately post-feed and to prevent the grovth of fun~us 

on the filter paper. ~o ri~orous record was kept on 
.1':' 

any specifie group of insects; however, feeding and 

moulting success 19 very high, certalnly over ninèty-

five percent ln any stadium. Under these conditions 

of culture, the morphogenetic moult from fifth instar 

~o adult takes tventy + one day from the blood meal, \ 

vith no evidence of difference 1n duration between the 

sexes. The monit from fourth to fifth instar takes 
.,. 

~welve ± onè day f~om the blood meal, and earlier coults 

are accomplished ln ten or eleven days. 

Breeding adults vere selected from large 

and vigorous members of-the coIoni,/and fed at about 

two week intervalâ. At th1s time, the egga are removed 

to clean mason jars for hatching. Fitst inltar inBeets 

whieh have undergone eeloalon over a period 'of two,to 

three ~ays vere isolated and carried throu~h to ~atur1ty 
1 w ~ 
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to~ether, with blood neals approximately three 

weeks apart. For experlmental purnoses, a group would 

he selected which had ecdysed within an e1~ht hour 

per10d at the last moult. These 1nsects will have had 

identical feeding and moultin~ hi~tories. Very SMall, 

~nd very lar~e individuals vere removed frorn such a 

population prior to experimentation. These groups are 

referred to in the text aR sibl~n~ popul~tions to emphasize 

their uniforn1ty; thev are not, however, necessarily 

true siblin~s. 

Surgical Procedures 

The various sur~1cal procedures performed 

were carrled out wlthout anaesthesia. Such techniques 

may result in, for instance, Activation of the corpora 

allata (Cassier and Fain-Haurel, 1970), possihly Ss a 

result of Irreversible damage to inhibitory neurons 

(Hafemann, ~9). Et~erization and nitrous oxide- a1so 

cause Irreversible nerve damage (Krishnakumaran, 1972). 

Instead, the insects were fAstened to the bench top with 

strips of cellulose tape. Surgifal equipment consisting 

entirely of jeweler's forceps, electrolytically sharpened 

tungst.~ probes, and microscalnels made of razor blade 

shards vere rinsed as neces.ary in seventy percent 

ethanol. No ant1blotie preparations were ~mployed. 

Aa~de from the case where injury ta the gut liberates 

Noe.rdia rhodn1i, ~the normal .ct~nOmyete gut symbiont 
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/ 
of Rhodnius, no'incidence of infection occurred. 

'\ ' 

Except in the ca9~ of 1iga ture of, t'he tlidgut, more 

fully desc-ribed in the text (Chapter Four), no ringer . . 
/ 

or saline solutions were employed. AlI pr~ceGures 

were c4rrled out under'the binocular microsco~e. 

The majority of surgieal procedures involved 

the remova lof endoe r 1 ne or ga n s f rom the head capsu le. 

In these ~aseR, the inseet was taped down wlth the 

head extended over a voke made from a capl1lar~ tube. 

The tip of the rostrun \1aS taped down as \lell; in this 

manner the relevant area of t;e t-ea~ capsule was weIl 

... , 
exposed hy the slight flexing and extension ~f the 

head, and damûp,e to the antennae and mouthparts ~8s 

avoid~d. A small cap of cutiele was removed with the 

razor blade, and retained. In the case of removal of 

the corpus allatum or the corpus cardiacum, this eue 

'{ould extend fr.om illlme~iéltely anterior to the cervica11,: 

.embrane, t·o th~ area of ocellar pigment'~ion. For 

removal of the neurosecretory cells of the para inter-
.' 

cerebralis, a more ~nterlor incision vas employed. The 

organ {nvolved was most effectively removed with two 

hooked probes. Allatectomy was ~argelY complete, vith 

Bome cardincum inevitably removed as weIl; total re­

moval requ1res a b!section of the corpus ca~um. 

Removal of the neuro8ecretory cella was slway. partial, 
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and, 

five 

1 

/ 
indeed, sf~e 

/ " 

ars i x !ri 0 0 cl 

'f.rt 

of these insects woulg moult after 

neals 6ver a period of MBnv rnonths. 

In no case ~as any dcvelopmept noted in these insectq 

after one ,olood meal, however. 
/ 

/ The cuticular c'ap was replaced follolJing 
, . 

! 
renoval'of the endocrine organ and the wound sealed 

with moulter.' Tackh~a" (Cenco Ltd.). This proceàure 

was ~nparently the most damaginR aspect of the surgiea! 

t e c,.-h n i que a n cl r, r e a t car e \' a s r e <l u ire d t 0 a v 0 i ri 0 ver-

h_ating of the insect's nervous system. Touching the 
. , 

~ax-meltin~ probe to various areaq of the inseet's 

undaMa~eè euticlE indicatect that thOe quiverin$! and . 
motor collapse characteristie of this damage was 

probably a result of neural da~a~e to the important 

locomotor systens of the suhoeqophageal ganglion rather 

than to tre 'brain', the supraoesoppa~eal ~an~lion. 

Best results in tris procedure were t;us obtainedoon 

dars whcn the room tenperature wnR relatively low, or 

i 
when a breeze could be induced to flow over the prep-

aration. '---Control procedures Î1 the case of allatectomy 

invoived removing one bright red salivsry ~;8nd reeer-
1 

voir through the same type of incision 8S in th~ allat-

ectonized individuals. This proce~s occurs Rccldentally 

in a smali proportion of the operations, pre~umably as 
1 

a result of haemocoele pressure and, Burprisin~ly, does 

ii 

/ 



f· 

\. 

· .185 

not seem to Interfere with gor~ing even whe·n both 

reser~oirs were renoved. In the case of neurosecretory 

ce11 removal, contro1s were produced by tearin~ the 

rnenbrane overlying the brain. Followin~ the sur~ical 

procedures, the insects in aIl cases were placed in an 
1 

incubator at thirteen de~recs C. for forty-eight hours. 

Such a technique ls thought to prevent massive diuresis 

and ~flSSicati~ brourht about by a stresS~induced 

release of neurosecretion. The insects were then 
, 

removed ta the incubator at twenty-eight degrees C. 

for a minimùm of eig~ davs to permit the decay of 

wound-!nduced metabolic stimulatlort (Okasha, 1970) and 

the repa~r and regeneration\of neurohaemal tissue. 

Insects subiected to these techniques behaved in a 

re1atively normal manner, with the exception that al1a-

tectomized animafs, ~althou~h capable of vigorous loco-

motor activity, tended to show reduced spontaneous 

movement. The n~r~al insect will Att~Pt to avoid 
~ 

eapture, for instance, but the al1atectomized ineect 

would usually remain motionless unt!l actual1y touched 

or prodded. lt would thereafter respond in a normal 

and well-po-ordlnated manner. 

Similar ~cedures vere employed for parabiosis 
, 

and decapitation. In the caee of fed, decapitated , 

insects, only those insecte vhich could be decapitated 

between twenty-three and twenty-five hours were used. 

, 
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ln this way, a reasonably consistent exposure to endogenous 

ecdysone secretion was approximated. .. 

Hormonal Procedures 

Information regarding effective doses of 

juvenile hormone anAlogues a~d ecdV80ne for 50me Rhodnius 

larvne are available in the literature (Wigg1esworth, 

1969, 1970). To provr~e information permitting sirnilar 

doses in $everal instars, and to permit comparison ~f 

dose levels with other insect preparations, three 

proceclures vere carried out: Fcd and unfed wet wei~htg; 

Inulin space (blood volume); and response to f3 -ec.dysone 

injection. 

\Jet Weight 

Croups of ten fourth instar, fifth ~nstAr 

males, and fifth instar females vere wei2hed individually 

prl~r to feedin~. withln one half hour post-feed and 

twenty-four hours post-feed. The fo11owing average 

values were obtained: 

INSTAR UNFED 30 MIN.P.F. 24 RRS.p.r. 

Fourth 15 ! 3 mg. 116 :!: 24 mg. 75 :! 13 mg. 

Fifth Male 33 '!.6 mg. 293 !45 IIg. 173 :!: 20 Mg. 

Fifth Fem.le 39 ! 8 mg. 329 ~69 mg. 186' '!. 39 mg. 

It can be seen that both fourth and f if th 

instar bugs take a blôod me.l which. following: diure.ts, 
1 

1 
the previous body weight. The 

1 : 
a.ounts to four timee 

\ 

\:1' 
l 

............. ____ --------~----w~~ 

( 

" 

\ 
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size disparity between fourth and fifth instar Insects, 

both fed and unfed, is 1 : 2.4. Figures obtained at 

thirty minutes post-feed are ~ore variable, probably 

because some individuals have not yet completed the 

initial diuresis. 

Response to Ecdysonc 

Wigglesworth states that the dose of ecdysone 
\ 

necessary ta induee moulting in the fourth instar insect 

ls àbout one microgram (Wi~glesworth. 1970). A 

do~e at 1 this level produced very rapid apolysis in the 

insects from our ~olony. and since the phenomenon of 

hyperecdysonism was a potentially serioue problem in 

the colchicine mitotic accumulation experiment8, an 

injection Beries ~aè prépared te define the dose more 

closely. 

A population of fourth instar Rhodnius larvae 

were subjecte~ to al!atectomy, and removal of the corpus 

cardiacum and neurosecretorY,cells of the pars inter-

cerebralis, as p~viously de.cribed. On feeding, thirty-

five fully gorged individuale were obtalned and these .... 
were randomly assigned to one of .ix groups. Three 

of the groups received toplcal applications of farnesy! # 

methyl ether (FME). ~.5 nanoliter$ in .0.5 microliters 

of iso-octane. The remaining three received applications 

of iso-octane onlY. the groups were then 1njected 

through the 188t ~bor.clC leg with 0.1, 0.5, or 1.0 

'IIlicrogralls of p -eedy.one (Rohto Pharaaceut leals. Osaka, 

/ 
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Japan) in 0.5 microliters of distilled vater. Inject-

'ions .were carried out ~ith a five microliter Ha~ilton 

1 
syringe fitted ~lt~ a thirty-one ~auge needle, and the 

injection site was s~aled vith molten ~ackiwax. The l 

Insëcts were returned to~the ineubator at twenty-ei~ht 

dê~reéS C., and observed daily to Bssess the onset of 

ecdysis. Resulta can be best appreciated from the 

hiatogram (fi~.103) of the percentage of each s8cple 

versus the day of ecdysis. It can he seen t~at a 

hyperecdysone effect 18 well-marked at one microgram 

p-ecdysone dose level. The 0.5 mic~b~ram close level 

results in a slight decrease in ~oult cvcle duration 

. 
over that ,of a nort!lal fed fourth instar (twelve ~ one 

day) • 0.1 microgram resultéd in a len~thy moultin~ 

ap~n, and many insecte in this sampl~ died without moult-

Ingo Applications of FME were carried out sinee this 

procedure would be used in the colchicine-squash 

teèhaique, Mnd a possibility exi5ted that a direct pro-

thoracotropic stimulation would result. No such trend 

ia noted in the histogram, possibly due to the ••• 11 

sample, or to the overriding signifieanee of the slmult-

aneous e~dysone injection. On ~he b~sis of thls expcriment~ 

a rough phys 10 log iea'l do se 0 f 0.5 mie rograms of fJ-ec'dys one , 

~as estimated for a fed ourth instar bu~. 
j 

This ia abou t 

6.7 mlcrogra~s per gram wet weigWe of bug t but it should 

be kept in mlnd that four-fifths of thi. weight 1a undlg-

•• ted blood. 
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5uvenl1~ Hormone Analogue 

, The Juvenile hormone analogue used ln the 
, 

above expe~iment and in aIl subsequent experiments 

... 
was fernesyl rnethy! et~er (FHE) a gift of Hoffmann-

LaRoche Pharmaceuti~ais, Base!. The naturally-oceurring 
11 
1 

Juvenile hormbne of Rhodnius is not known. Choiee 

of this particular analo~ue i8 pa~tly simp1y a matter 

of availability; however, aside,from species~speeifleity, 

'the action'of any given analogue seems remarkably 

( similar to that of any other analogue (Schnelderman et 

al,1965). F\JE, "yhile not specifie to Rhodn1us, 15 

hiRhly active. FME differs fro~ most analo~ues ln 

that a single topieal application provides maximal 

juvenilizing aetivity. It 15 thought that this effeet 
\', 

results ~rom a slo~1 rate of penetration of the cutic1e. 

andior a slo~ rate of metabolism and excretion (Wiggles. 

worth,' 1913 ; Patterson" 1913). This molecu1e has 

been demonstrated to be non-cytotoxie. Ln contrast to 
~ 

the extracted and conc~ntrated ~atural Cecropia oi1 

(Chlbara et al, 1972). In the fed fifth instar, t~plcal, 

a~pli~ation of 1.0 ~nd 2.5 nonoliters ~ives an approx-

!mate dos~ of 5.0 and 12.5 micrograms per gram vet weight. 

The-aetual amount of hor1ll.o"J;le reachin'g the ta;r:'get tissue 

19 presumabl~ conside~ably less rhan thig figure. 0.5 

nanoliters per fed fourth instar siœilarly correspond~ 
" 

to 6 mlcrograms per gram. Ali 801utiens were prepared , , 

in iso-~ctane, a~d stored at -20 0 e. 
e 

. ., 
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Appendix Two: ijistologv 

A variety of standard histolo~ical techniques 

vere employed in this study. The ~ature and justification 

of the technique used for each purpose will be briefly 

mentioned here, with n more com~lete account of unusual 

or intricate techniQues. Except as othervise noted, 

the testis ~as dissected free of tracheAl and fat body 

connections, and the ter~inal fila~ent and vas deferens 

eut while bathed in insect ringer and then rertoved to ., 
fixative. T~e eo~position of thi9 Rinp,etssolution 

(Davey, 195~) is:~ 

NaCl 
KCl 
CaCl 2 bnltyd.) 
NaUC03 
Distt1led Water 

7.5 ~ 
0.1 g 
0.2 ~ 
0.2 g 
1.0 1 

Initial ~orphological studies vere carried 

out by fixation and ~tai~inp' with osmium-ethyl gallate, 
r-

as described hy Wigg1esworth (1957). The ti8s~e 80 

prepared was infiltrated, oriented, and embedded in 

five percent a~ar. These blacks were aehydrated in an 

"ethanol/cel1osalve (:ethylene ~lycol monoethyl ether) 

~ series to pure cellgso1vet and infiltrated and embedded 

in Ester ùax (Wig~lesworth, 1~59). 0.5 to 1.0 micron 

'" sections were obtained from 9uch preparation, on the 

Cambridge Instrument Co. rockin" ~icrotome. and Mounted 

in Farant's medium (Microtomist's Vade Mecum, 1937). 

) .~ 

;' 
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Using thls technique, excellent micro-anatomieal detail 

eould be visualized under phase eontrast opties and 

vith objective and condenser oil immersion. 
,. 

An appreciation of the progression of cytol-

agie events in the linear tubule (Chapter Five) uas 

provided by the following technique: The insect was 

dissecteà under Rlnger'Ssolution, ~nd the testis removed 

tog~ther vith a drop of Ringerssolution ta a small 

petri dish. Under the binocular microscope, the 

external sheath, trachea' and fat body were removed, 

and the testicular tubules nrrnnged flat, and free of 

one another. The Ringerssolution was carefully removed 

from the preparation, and the testis tubul~s ~ently 

bathed in Lebrun's modif1r.ation of Carnoy's fixative 

(Microtomist's Vade M~cum, 1937), for fifteen minutes. 
1 • 
\ 

Owing, perhaps, to the anhydrous nature of this fixative, 

a firm bond was p~oduced between the tissue and the 

glass, permitting ltlashin~ in absolute ethanol, Cleari"j. 

and infiltration in 56.~oC.Tissuemat (Fisher Sclenti~c 

Co., Hontreal) to be carried out in the petri dish 

without disturbln~ the tissue. The final 'ethanol rlnse 

contained 0.1 r~rcent spirit soluble eosin, greatly 

aidin~ the subsequ~nt orlentati~n of the tissue Ln the 

wax block. 
1 Houlds for the productlo~ of wax blocks were 

prepnred from, rectangular iron ba.rB,eS> ~urrçH.\nded 'at' the 

anterior by a cup of cellulose tape. Sueh moulds vere 

", 
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heated on the hot plate, and molten wax poured into 

The infiltrated tubules were gently 

pried loose tram the petri dish with a razor blade 

chip, transferred to the iron bar-cellulose tap~ 

1 
rnould, oriented under the binocular microscope, and 

chi lied by plunging the base in ice water. Blocks 
\ 

were hardened for several ~ays at room teMperature. 

.. 193 

and seri~l sections cut on the rockin~ Microtome at~ 

four to f ive t"\ ic rons in th ickness • t-lax ~.,as removed .' 

and the sections hydrated in the normal manner. and 

the series Has stained for forty-five seconds in 

Hansen's Iron Trioxyhae~atin (Pantin, 1946). The 

s t a in sol u t ion w n s k e p t ft 0 zen' tl h E' n '-n 0 tin use, and 

H2S04 was not considered necessary to. reduce cvtoplasmic 

staining. The sec t'i d-n s W E.' r e 'b lue d' in ta p wa ter for 

twenty minutes, d~~ydrated. cleared and mounted in 

Permount (Fisher Scientific Co., Montreal). Standard 

transrnissio~ microscopv ~as then em~loyed. This 

technique, while sOMewhat disruptive if fourth and 

earlier instars, provided excellent cytolo~tcal detall 

of spermatocyte accumulation in the fifth instar. 

More standard techniques were employed in 

some other experiments. In estimating the effects of 
~ 

ecdvsone on autolysis (Cha~~er Pour) and the degree of 

development of allatectom1zed precocio~s adul~8 (Cb.pter 

Ten)~. the testes vere removed in Ringem solution, flx:ed 

·f 

• 



• 

·.194 

in alcoholic Mouin's (= DuboRcq-Brasil. Pantin, l,Q46), 

sectioned without prior dissection, anrl stained with 

Han~en's Iron TrioxyhaeMatin as before. This schedule 

allowed for the accumulation of testés in fixative 

from the som~~at randomly moultin~ precocious adults, 

and f r 0""1 var i 0 \1 5 1 Y t i m e cl e c d 'T son E:' ex" 0 sur e~ • ~Hnimum 

fixation time in any case ~as forty-ei~ht hours. 

Several days' washln~ in scventy percent etha~ol wss 

required to remove t~e ~icric ac1d from these prepar-

a t ions. 

The demonstrat10n of ~hole, deshenthed fourth 

instar, f~fth instar, and adult testes was carried out 
1 

}~ , 
as if for fIat e.,beddinl;, but> Oh a caver ~lass rather 

than directly in the petri di~h. Following over-staln-

ing with spirit soluble éosin, the preparations were 

cleared and mounterl directly in Permount, and photo-

graphed on a li~hted background. 

W~ole mo~nts of first instar testes and 

avaries were orepared in the followin~ manner: The 

gonad was dissected free of attachmentA in Rin~er~sol-

ution, and transferred ta a depression slide containing 

Karnovs~y's glutaraldehyde fixative (Karnovsky. 1965) .. 
for fifteen minutes. The ~onads were transferred throu~h 

., 
thTee changes of 0.1 M sodiuM cacodylate buffer, thence 

to a diluted (1 : 3) mixture of Hansen's Iron Trioxy-

haematin in distilled water. The progress of staining 

" 
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was folloued under the binoculél"f microscope, anc!. the 

organ re~oved at the appropriate tine. Following 

'blueing' 
, 

in tap voter, the gonads vere mounted directly 
\ 

in Zeiss aqueous phase contrast medium (Carl Zeiss, 

Oberkochen), a coyer slip applied, and the material 

.r ,r 
viewed in the fhase contrast ~icroscope. 

'( se~~-thin •• ctions of t.stes from young 

males vere prepared in the followtn~ manner: For 

the firs~ instar, the gonad was dissected as before 

in Rtnger~solution and then olaced in the fixative. 

For the thire! instar testes, houever, the insects 

were placed on cellulose t&pe over an ice-fil1ed 

petri dish. Th~"Gorsum was renoved, body cavity 

flooded vith ice-cold Karnovsky's glutaraldehyde, a~d 

the tastis quickly removed to fresh karnovsky's fixat-

ive (1965) ~t 40 C. The recipe for this fixative 18: 

Solution A 
Distilled wBter, plus 2 or 3 
dro~s IN NaOq 25.0 ml 
Par~form8lJehyde 0.5 g 

heat to dissolve, then cool in refrigerator 

Solution B 
Sodium cacodylate buffer, 0.2M 
Glutaraldehyde, 50% 
Acrolein 
Cael 2 

Cool solution in the reEri~er~tor 

22.0 
3.0 

'0.5 
25.0 

ml 
ml 
ml 

Add Solution A to Solution B, ~eeplng cold. The 
solution is then shaken with activated charcoal, 
and filtered in the co~d. This fixative should 
be used within one or two weeks. Duriftg filtration, 
the solutions should be packed in ice and kept in 
the fume hood, owing to the exceptionally noxious 
acrolein fumes. 
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Following one hour fixation at 4 oC., the 

organs were washed in three hourly changes of D.IM 
1 

sodium cacodylate, and post-fixed for one hour in 

0.1% osmium tetroxlde in 0.2X Sorensonts phosphate at 

4 0 CJ, adjusted to a pH of 7.4. The testes were then 

rapidlv dehydrated thrnu~h seventy, ei~hty, ninety, 
, 

and ninety-flve percent ethanol, and tvo fifteen 

minute chan~es of absolute ethanol, aIl at 4°C. The 
~ 

testes vere then transferred to fresh absolute ethanol, 

allowed to reach room temperature, and the a1cohol 

bath chanFed once nore in the course of two hours. 

The tissue wes taken throu~h a fifteen minute change 

of propylene oxide/absolute ethano1 (1:1) and tvo 

fifteen minute changes of ·propylene oxide. Next, the 

tissne was transferred to a 1:1 mixture of eponl 

araldite (Anderson and Ellis, 1965) and propylene 

Oxide, and kept uncap~ed in the refrigerator overnight. 

The mixture was brought to room temperature on the 

fo11owing day, and embedded in fresh epon/araldite. 
\ 

This fixation and embedding routine i9 that devised 

by Huebner and Anderson (1972). 

Fo11owing polymerization of the blocks, 

semi-thin (one micron) sections were eut on the LKB 

ultramicrotome. Sections were stained in 1% Toluidine 

blue in 1% b~rax (Huebner and Anderson. 1972) or the 

basic fuchsin and methy1ene blue polychrome stain dea-
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cribed by Sato and S~aMoto (1973). Viewin~ was accon-

plished with phase contra~t anè oil immersion. 

In an attempt to define optimal fixation and 

staining routines, a number of combinations were also 

attempted, includinR Baker's formol calciu~ (Pantin, 

1946) ~ Davidson's fluid.and c;tandard' Carnoy's1 fixative 

(Xicrotonist's Vade Mecum, 1937). Staining techniques 

emploved' include Hubschman's Azan (Hubschman, 1962), 
.... 

Heidenhaln's Azan (Mallory, 1938), Paraldehvde fuchsin 

(Meola, 1970), Schiff's reagent (de Tomasi method, 

Pearse, 1~60). Piçric Acid Schiff/Methylene blue (Green, 

1970), Methyl Green/Pyronin Y(Ahlqvist, 1972), and 

Biebrich's Scarlet/FaRt Green (Reckert and Garher, 1°66). 

Resulte obtained vith Hansen's iron trioxyhaematin vere 
1 

~enerally superior ta anv of these more complex mixtures. 

For t~e demonstration of acid phosphatase 

aetivity (Chapter Three), the basic technique employed 

was that of Barka (1960; Barka and Anderson, 1965). The • 
incubation medium weB composed of sodium alpha-napthyl 

acid phosphate in Michaelis' veronal acetate buffer. 

To this was added hexazonium salt freshly prepared from 

equal volumes of four percent pararosaniline hydrochloride 

(Brickman Chemicals, Montreal) in 2N BCI and four percent 

sodium nitrate. Fol1owing the advice of Cone and Eschenberg 

(1966), the medium vas adjusted to a pH of 6.0 prior 

ta filtration and incubation at room temperature. Controls 
} 

1 
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.. 
were carrled out ln the a~sence of sodium alpha-napthyl 

acid phosphate (substrate) and in the presence of 0.01~ 

sodium fluoride. Either technique resulted in a complete 

absence of the characteristic bright red reaction 

produet. 

A number of fix~tion schedules ~ere tried 

to providè optimal morphologieal deta!l. Karnov9~y's 

glutaraldehyde without Berolein waR flnally adopted 

for routine use. buffered with 0.2M sucrose. In the 

absence of sucrose, ùevelopinR testes froM f~d insects 

would swell. and burst the testicular sheat~. The 

amorphous mater!al found between the tunica internA 

and externa of fed insects i5 likely the agent of this 

phenomenon. Testes were dissected free in fixative 
~ 

anù 'transferred ta fresh fixative at four degrees C. for 

one half hour. They were then washed in three half-hour 

rinses of O.lM sodium cacodylate and sucrose at four 

degrees C., brought to room te~perature, and infiltrated 

for one hour in gelatine at thlrtY-8even degrees C. 

(Pearse, 1960). The infiltration mixture was cooled, 

• 
eut ln blocks, and hardened in fort y percent formalin 

at room temperature for one hour. Following one hour 

wash in running tap water, the blocks ~ere oriented 

~n Tissuetek (Ames Co., Elkhart, Indiana) frozen to -2CoC., 

and c~ght micron serial sections were eut on the Ames 

Lab-Ték cryoatat microtome. Sections were mdUnted 

,1 
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on subbed slides (HuMason. 1962), oermitted to dry for 

one haIt houri and incubated at rOOM te~perature for 

one half hour. The sections ~ere rinsed briefly 

in distil)e~ uater, dehydrated rapidly in ethanol and 

mountad through xylene in Peroount. Various counter-
<# 

~inq were tried. hut results were undesirable. 
j , 

\ 

Cytologieal Techniques 

Confir~ation of cytology defined by lon~-

itudinal sectionin~ of the testls tubule, fixed in 

Lehrun's Carnoy and stained with Hans~n's Iron Trioxy-

haematin, and quantitative colchicine metaphase accum-

u lat ion s we r e car rie d o-~ U 5 1 n g the f 0 110 '01 i n ~ t e c h n i que 9 : 

Initial!y, the testis or relevant portion of the 

tubule '\~as removed under Rin~er's llnd placed in a drop 

of sceto-carmine (Microtonist's Vade Hecum, 1937), 

on s cleaned sllde. The drop of stain A~ tubule were 
1 

,warmed slight1y over a Ras flame, a coverslip aoplied 

and the squash carried out bv thumb pressure. The 

covers!tp ,,'as thE'n rin~ed with clear nail'·polish. 

Uverheating led to the 109S of many preparations, and 

insufficient pressure,often resulted in ambiguous 

chromosomal spreads. 

The folloving modifications were suggested 

by G. Fontana, Department of Entomology, MacDonald 

Co ll,ege. T~ t ea tes v.sre d tssec ted in one perc~nt aodiulll 

ci "Jàte solution, and transf erred 'to fresH sod ium cit­

rate aolution at room temperature for ten to f1fteen 

\ 
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minutes. The testes or tubules vere then trans-

~ferre~ to a clean microscope slide, dràined, and a 

drop of sceto-orcein solution add~d. This mixture 

wes permitted to remain for two to three minutes, a 
/( 

coverslip applied, and squash prod~ced by tapping 

gently with a rubber-tipped Iron rode The coverslip 

was then ~inged with clesr nall polish, and the prep-

aratl&n heated overnight st 40 o C. Acèto-orcein 901-, 

ution was prepared ln the folloving manner, . ... 
Distilled water 20.0 ml 
Glacial Acetic Acid 20.0 ml 

Mix and hoil ~ently for a fev minutes 
Adq: Orcein (synthetic, Gurr) 1.0 g 
Boil gently for a few more minutes 
Add: Glacial'Acetic Acid 10.0 ml 

Glycerine 6 drop~ 
Filter. May be diluted vith additions! 
distilled water. 

" 

Colchicine Metaphase Accumulation 
, 

The techniques fo~ investigating change~ in 

the mitotlc index subsequent to hormonal trèatment 

evolved during the course of the experiments, as indicated 

1n the text (Chapter Nine). The initial experiment 

was carried out u$ing the hot aceto-car~ine technique. 

Slldes were not blinded, and some dlffic,lt~el wer~ 

eXi8 ienc'ed in d1stinguishing between 1U8u.ff1cently 

spr ad ~ball' mitoses and pycpotic nuclei. Às ~he changes 

i mitotfc index were of considerable importance 1n the 

inve8tigation of the kinetic h,potheais, ~odific.tions 

/ W' 

.. 
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in the above procedure were introduced to ensure a high 

level of validity and confidence. 

As previously discussed, (Chapter Nine), 

the testis at thi selected time in the fourth instar 

contains only spermatogonial cells with an attendant 

sheath of various mesodermal cells. Prior 'to ,incub-

ation in sodium citrate solution, the testis was 

d1vested of the tunica externa, thus reduc1ng the 

preseftce of meso~ermal cells to those lining the tubules, 

cyet wall.cells, and a few vas efferens and plug cells. 

The proportion of oe~oëermal cells 1s thus very small 

in relation to the ~er~ cells, And no effort was made 

to separate the cell types when counting ce Ils or 

metaphase plates. 

The germ cell cyste 1ncrease in cell number " 

in an exponential fashion; hence the great proportion 

of cells will be those of the moAt advanced cysça. The 

fLnal three cate~ories of germ cell cysts would be ,.. 

of the total germ cell complement. This has advantages 

and disadvantages. It permits the e~perimenter to 

ignore the problem of a progressive and regular change 

in cell cycle duration during the course of Rerm cell 

differentiation. However, the statistical validity 

• of the oitotic index w1thin.any given field in the squash 

~ay be reduced by the synchronous development of the 

large cysts. In fact, the resultant squash preparations 

f' 
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are not at aIl hamogeneaus in freauencv of division 

figures, ref1ecting this condition. Fortunûtelv, the 

testis at this time is of suer a s1ze that the entire 
1 

cellular compleMent 18 displaved on a single slida. 

The technique adopted to provide a complete and 

random sampling of the gern ce Il mitotie index wÀs to 

tocus at fort y pover on th€ top left mar~in of the 

squash, and proceed lin short stens horizontally through 

the squash, then ~ove vert1cally, and proceed horiz-

onta11y once a~aiTh but in th~opposite direction. 

This process was, continued until no more cells were 

encountèred. Twenty-five to fifty samples were thus 

~ taken on each testis, comprising between two and 

/ 
four thousanà cells. Since these preparations were 

not particularly homogeneous as ,to cell density éither, 

aIl cells within the mm 2 ocular grid were counted for 

each sa~pling. and Metaphase figures eounted to 

provide, in effeet, a separate mitotie index for each 

field. Tot~l cells were compared ta total metaphase 

plates to provide an average mitotte index for the 

entire testis. Although a1l preparations after the 
. 

first experiment vere carried out by the improved 

co Id aceto-orcein method, it still oecurred that in-

sufficient pressur~ would result in ambiguous chromo8ome 

• figures. Su eh preparations were discarded. AIl.the 

slldes vere blinded with opaque white tape, shuffled . 
and numbered randomly prior to counting. These te~h-



.. 

nique~ are extremely time-consuming; so much 50 that 

the sample size of the experiments a~e limited by the 

fou~ to five day usable life of the squash preparations. 

Nonetheless~ the author believes that the high level 

of validity of the individual mitotic indices so 

produced outweighs the disadvantages of smali sample 
~ 

size. 

Colchicine injéctions were carried out in 

the same fashion as the ecdysone injections, through 

the thoracic leg. Volume and concentration eventually 
, 

adopted was two microliters of IO-lN, solution in dis-

tilled w8ter. An exposure time of twenty-four hours 

was used in several of the experiments. Concentrations 

and durations usee ln earlier experiments should not 

be considered invalid, merely non-optimal. Fa"i1ure , 
of the colchicine to block mitosis complete!y reaulted 

in the appearance of anaphase aud telophase figure~, 

and such prepa~ations were discarded. An intereatins 

occurrence ~s the para1ysis of insects whlch occurred 

some time after the iftjection~ The onaet of ~.ralysis 

was much earlier, and the 'fraction of the population 

affected mu~h greater in those groups receiving ecdysone 

injections or in normal fed )n8ect~" 

the final crtologieal te~h.ique .mployed was 
r 

the air-dried-aceto-~actie,drcein technlqu~ 4e.crlbed 
, ' 

by Croz1er (1968). Exee11ent permanent preparationa 

vith a ~ealth of cytologieal datai1 vere obtaiued in 

" • 

" 
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mau~er. However, very ~onsiderab1e , 108s of cells 

occurs. apd the ... prepar.a~ions. are thus not' lJu1ted for 

quant1taiive st~41es: 

.. 

.. 

./ 
" . 

\ 

-; 
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Appendix Threé . , 

Inulin S~!ce: 

BWOD VOLUME Ur 1J,1 
SAMPLES l 2 3 1 

,4 5 
~. 

5th MALE UNFED Il.0 8.8 14.2 5.0 12.6 
\. 

5th MALE FED 38.5 33.7 76.5 33.7 

5th FEMALE UNFED 15.5 15.4 Il.3 8.8 7.0 

5th FEMALE FED 42.0 38.0 3fJt5 . 49.5 

ADULT MALE UNFED 23.0 21.5 29.0 30.0 

ADULT MALE FED 29.5 29.5 29.5 46.5 
, 

ADULT FEMALE UNfED 26.6 31.7 26.2 23.5 39.5 

ADULT )EMALE FED 41.2 49.0 31.0 44.5 32.5 

14 
Figure 104. C-Inu11n space (~haemolymph VOlume). 

W 

.. 

AlI insects sampled (unfed) at 10 days po~t ecdysls, 
\....--'"" 

or fed at 10 days, sampled 48 hours post feeà. 
14 ~ 

~ 1J.1 C-Inulln injected, 1 or· 2 1J,1 haemo1ymph ta.ken 

at one hour. Volume ca1culated from the method 

adapt~d by Tobe (1972), from the rnodified relatioh­

ship: 
vo.(~ ; Vs) - Vi 

s 

Ai. amount Inulln 1njected (in dpm' 8) 1 

As • amount Inulin in sample ( in dpm t s) 
Vo • haemolymph volume 
Vi il volume of injection ( 
Vs • volume, of sample 

. .. 
/ , 

, , 
!' 

. 
J 
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i 

~Critical Period' for Juvenile Hormone Action: 

As more fully explained ln the text (Chapter Il), 

an experlrnent was carried out to define the effective 

perlod of Juvenile hormone analogue activlty following the 

blood meal. In thls experlment, groups of fifth instar 

insects were treated with a single application of PME at one 

to fourteen days post feep. The insects were permitted to 

ecdyse, and the duratlon of the rnoultlng cycle and degree of 

larvallzation were noted. These results are presented ln 

the following: 

Figure 105. Day of Application (2.5 ~l FME) vs. Day of 
Ecdysl s . ". 

Figure 106. Day of Application (1.0 ~l FME) vs. Day of 
Ecdysls. 

Figure 107. Day of Ecdysls vs. Degree of Larvallzatlon. 
(Hlstogram, Figure 99, taken from this data) 

Figure 108. Graph of Degree of Larva11zation vs. Day of 
Application (2.5 ~l FME). 

Figure 109. Same as Figure 108 but 1.0 ~l PME 

Results are essentlally those reported by Barrett 

(1972), except that Insects whlch requlred longer t~an 

a normal moultlng cycle to complete ecdysls tended to be 
, 

hlghly juvenilized. The average values of larvalizatlon 

(solld clrcles) thus tended to remaln hlgh (4-8) at any 

given day of application. The data representing insects 

treated after the 5 day crltlcal perlod can be resolved 

Into two distinct groups,. and the average of the high~ 

larval1zed group (starre.d circles). and the lidult (open 
\ 

clrcles) seperately presented.< The llne chosen in each 
/ 

graph (Figs. 108, 109) follows the more adulto1d. group. 
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The more larvalized insects possibly reflect the direct 

inhibition of ecdysls reported by Hangartner and Masner 

(1973) after the application of high doses of FME. 

1 
/ 

) 

.. " 

" 

• 

'. 

.. 
r.': 
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Figure 105 

. , 

DA Y OF ECDYSIS (POST FEED) AVG. DEGREE 
13 14 15 16 17 18 19 20 21 22 23 24 25 26 LARVALIZ 1 TN 

0 2 l 4 6 2 0 

1 1 5 2 1 1 18.8 

2 3 5 1 1 16.6 
>. 

--- 3 l 2 1 1 1 1 15.1 
~ 

/ 

4 7 5 1 16.3 ~ 
li. 

E-t 5 
Ul 

5 2 l . 1 7.1 
0---o...w 6 4 3 1 4.4 
-~ li.. 
:z. 7 6 2 2 \, 4.0 0.--4 
HC 

, 
E-t 

8 4 3 1 3.5 .q;m '1 (.) • 
H(\J 
~- 9 5 2 1 2 1 1 6.0 
0... 
A.W 1 
<CUl 10 1 2 3 2.3 0 
~o . 
0 

2 0.8 
~ 

Il 2 
Cl; v 

) -A 12 3 3 2 1 7.0 

13 1 2 3" 1 
• 

1 2.8 
• .. 

~- 1 3 3 l 1 2.0 

.. 
~ 

--- ) e .. 
1 

" . 
< ôII 

1 
- :::- < 

i-
l, 



Figure 106 

DAY OF ECDYSIS (POST FEED) AVG. DEGREE 
13 14 15 16 17 18 19 20 21 22 23 24 25 26 LARVALIZ 'TN 

~ 
0 2 7 2 5 1 0 .. 
l 2 2 2 l l 2 14.4 

2 1 7 2 15.6 
,...... . , 
&1 3 1 2 2 2 1 15.1 
w 
et. 

4 13.6 
E-t 5 2 l 
Cf) • 
0- 5 5 3 1 6.4 
o...~ 
-:E \ 
~ 6 6 2 1 1 3.7 Z 

Ori 
HC 
E-t 7 3 c:t:o 

4 1 1 5.2 
u . 
~~ 8 l 1 4 1 1 1 3.8 
Çl. 
Çl.~ 

9 2 2 3 l 7.5 c:(CI) 
0 

fJ:.Q 5.7 0 10 1 2 2 1 l 
~ 
c:t: Il l 2 4 8.3 
~ 

12 1 3 0.3 

13 3 2 1 1 1 0.8 
, , 

14 "1 3 1 3 1.3 

. . . 

\ 

~ 

+-

" 
. 

Î 

. ~ .. 
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DEGREE OF LARVALIZATION 
19 18 17 16 15 14 13 12 Il 10 9 8 

13 1 

~ 14 7 2 3 

15 5 4 1 5 3 

16 l 4 4 5 3 1 1 
r 
./ 

17 1 1 1 

CIl 18 2 1 2 1 1 
H 
CI) 
)of 

19 2 1 1 2 3 0 2 1 
~ ....-... 

~ 
20 1 1 1 

0 

)of 21 1 2 1 2 4 2 1 
-« 
Cl 

22 l 1 1 1 
1 

J 
23 ,-1 1 2 

24 1 l l l 

-25 

26 l 1 

# IN 19 18 9 15 8 5 7 6 4 4 4 3 

SAMPLE total 61 total 26 total 15 
1 

Figure 107 

7 {) 5 4 

... , 

2 2 6 

2 , 3 

l l 3 

1 1 l 

l 1 

1 l 1 

l 1 

" 
3 5 6 16 

total 30 

3 2 l 0 

1 

8 7 1 2 

6 2 2 Il 

2 4 7 13 
: 

4 5 17 

1 2 4 1 

1 2 5 2 

1 3 

1 2 

24 19 zr 46 

total 116 

e 

# IN 
SAMPLE 

• 
l 

12 

18 

19 
/ , 

31/ 

34 

43 

32 

21 

16 

8 

10 . 
0 

4 
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Statist1cal Methods: 

AlI statlst1cal rnethods used in the Interpretation 

~ of ~data p~esented ln th1s theslsj includlng the means, 

standard dcvlat1ons, and probabl1ity analysls (Student's 

t test) m1tot1c.indlces (Chapter 10), and the analysis 

/ 

1 , 

of variance, regresslon line éorrelatlon coefficients 

and probability analysls for the effect of FME on spermatid 

~~nd spe~tocyte output (Chapter 5), were carrie~ out as 

prescrlbed in ~sic Statistics: A Primer for lhe Biomedical 

Sciences, by O.J. Dunn, Jùhn Wl1ey and Sons Inc •• N.Y., 

1961. In aIl cases, rnethods used Included Eessel's 

correction for sma11 sample slzes. 

• 
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