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ABSTRACT

J. B. DUMSER
Ph.D. % Parasitology

CONTROL OF SPERMATOGENESIS IN RHODNIUS PROLIXUS

This study involves essentiallv two
phases: {irstly, the description of testis
structure and gern cell dynamics in Rhodnius,
leading to the formulation of a kinetic hypothesis
of germ cell dévelopment, vhich predicts division
rate enhanceément by ecdysone, and the suppression
of this enhancement by juvenile hormone. The
second phase involves a critical evaluation of the
validity of this hypothesis, by experimeﬁtal in-
vestigation of three major aspects: a dembnst;ation
of appropriate mitotic index response to hormonal
presence; hormonally~4nétituted chtrges in moult
cycle)duration; and hormonally independent sequen-
tial germ cell differentiation., A fourth major
control” mechanism, an ecdysone-related, non-kinetic
autolysis of the most differentiated germ cell.
compartment‘during each larval diapause pe{iod is

also described.
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CONTROL OF SPERMATOGENESIS IN RHODNIUS PROLIXUS .’

Deug étapes sont impliquées dans cette étuJE:
premidrement, une description de la structure des testicules
et de la'dynamique des cellules germinatives chez Rhodnius.
Cette description permets l'avancement d'une hypothé&se cynétique
sur le développement des cellules germinatives laquelle, prévoit

un taux de division augmenté par. ecdysone ainsi que la

. suppression de cette augmentation par l'hormone juvénile. La

!
seconde &tape est une &valuation critique de la validité de cette

hypoth&se présent&e par une investigation de trois aspects
majeu;s: une démonstration de la réponse de l'index mitotique
approprié 2 lalprésence de l'hormone; les changements du cycle
de la moue sous l'influence hormonale; et une différentiation
des‘cellule; germinatives indépendamment de la s&quence des
hormopeé} Un gquatri&me mécanisme de contr8le majeur en
relation ;vec ecdysone est l'autolyse non-cynétique des

.composantes des cellules germinatives tr&s différenciées durant

chacune des périodes de diapouse larvaire est aussi décrit.
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Ay PREFACE

One very biased wav of vieQing the laryal/
adult transformation would be to consider it analogous
to vertebrate puberty. It is biased becaus® structural
and physiological changes not d}rectlv related to repro-
duction are enormous at this time, and to the develop-
mental biologist the changes observed in the gonad
are really no more striking than those observed in
metamorphosis of external structures, and the abrupt
shift in lifestyle these often make possible. On the
other hand, the author's unseemly preoccupation with
sex, revealed in the opening sentence, can be justified
on both theoretical and practical grounds. Tbeoretical,
in that given the dogma of continuity of the germ line,
we may view an insect infall of its stages as a disqosable
shell, a kind of culture vessel designed to propagate
the species' germ cells. Practical, in that man has
always had .an economic, social, and medical interest
in the number and kind of his insect neighbours, and
hopes to exercise-some control over these numbers bf
a aélective attack on the insect's reproductive faculties.

Historically, a very large number ofi studies -
"have been carried out on the physiology of egg production
by the female insect. The literature on the male is

minute by comparison, and one justification of this

iv
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di3parity is that the male in the wild population is
ﬂften redundant, sometimes dispensed with entirely as
in parthenogenetically reproducing forms. The female
is entrusted wigﬁ forming the egg, the protective

shell wh}ch nuftures all subsequent pro}eny through
embryonic development. The male provides genetic
diversity, the basis for evolutionary selection vital
to the maiptenqnce of population fitness, but of small
impact oanexg season's population levels. Development

s
of broad spectrum insecticides in the mid 1940's enabled

us to deal very effectively with agriculéurally and
medically important insects through any of their 1life
stages. Increasing resistance in these rapidly evolving
populations, largely a result of the extraordinary
sglection pressures inheéent in our methods of control,
has resulted in a consta;t increase in the anounts of
the chemicals used. The accumulation of larger and
larger levels of toxic residues by both biological and
physical amplificatioits is beginning to be felt as
population 1nstabiliéies in life forms often quite
remote from the original target populations. The
iimitations of the broad-spectrum attack are now clear.
Attention thus has recently been focused on the male
as one potentially specific agent for control. As
carrier of genetic information, he can also be manip-
ulated to carry misinformation through the mechanisnm

of the semi-sterile translocation heterozygote (Laven

‘
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et al 1971), a Machiavellian Mendelism derived fror

@

. the sterile male techdique (Knipling,1955).
) However, we¢ have as yet no clear picture of )
the development of the male germ cell svstem, 1its
maturatior at metamorphosis, ard internal control
exercised by the insect over this dJdeveloprent. 'Peac'ing
puberty', the attainment of function at metamorphosis,
can be experine;tally maniﬁulatpd; thus, as we shall
see, controls do certainly exist. In a recent and
thorougk}y excellent review of comparative endocrinologyv,
(Highnam and Hill, 1969), twedty;eight pages are devoted
to the'endocrinology of insect cdgenesis, and precisely
one tundred-arnd twenty-five words to the endocrine
control of reproduction in the male. Their conclusions
are, " ... it is 11kel§j therefore, that it is controlled
by the same combination of hotmones that effects neta- -
. /} morphosis." 1In a verv hroad sense, this thesis is .
intended to investigate the validity of t&?:’statement.
Following a very brief review of the endocrins
’ ) ology ofluetamorphosis, a c0mprehe?aive teview‘of the
litetatﬁte specificallyldealing with tgsticulaf growth
and endocrinology in insects will be attempted, 1In this

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

thooses to call the 'larval-adult paradox': the mainten-

ance of spermatogenesds in vastly differing endocrinol-

A

’ ] ogicadal miljeu. The nécegsity for isolating paraméters

¢

of growth from those of differentiation should also

L . vi
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become apparent, justifving a review of testicuiar
. morphology in the 'generalized' insect, and an intensive
analysis of structure in Rhodnius.

Certain control points can be isol d from
this analysi;, and a2 limited series of endocrindblogical

investigations will be described. In an attempt to-gain

r

a more precise picture of germ cell differentiation and
production, a study i¢ described defining the dynamic . .
o relationships between differentiated germ cell compart-
ments, and some "effects of hormonal manipulation on
these relationships are repgrted. Frém the££ results,
and from correlations with the body of endocrinologicai
information already present for Rhodnius, a kinetic..
P hypothesis is proposed which satisfies the condition;'
dictated by the larval-adult sp;tmatogenesjé paradox.
This kinetic hypothesis depends.in~large'part"
on two unsupported assumptions:- That germ celP division
rate {s subject to ;ndocgine tegulaiion; and that spera-
atogonial differentiation proceeds in a seriés of steps
r;latad to the number of difvisions éxperienced, but not
directly related to timé per se. Ihe two succeeding
chapters will therefore ptesenﬁ more precise definitions
“of these questions, and describe experiments carried

out to investigate the validity ofsthe .concepts and hencé

N -~
'+~ the validity of the kinetic hypothesis. } o

3

. ) ey ’
. . . These experimental procedures revea‘l;’,.t‘hagthe
onset of certain events is non-ianéomly distributed in

time, A further anquéis of this effect reveals the

2 al
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existence of a fourth significant endocrinological
“intervention in the dé;qlopmental schema of the testis,
cantrol over the availability of time for development,
Following these experimental ptocedures, the
dLscuésion is piesenFed. This section is divided into
three‘parts: The first eontains a brief review of major
-findings, and an assessment of their validity. The
\kinetic hypothesis is then restated, and applied to the
observations on testis development from the literature;
the second section cgmprises a nore detailed and theor-
etical account of division rate and its potential gontrol
and concludes with alsomewhat modified and speculative
version of the kinetic hypothesis; the, final section
presents a comparison of this speculative hypothesis
:wi;h a control system which has been proposed for certain

vertebrate tissues,

The organization of this*thesis thus departs

from the standard format of historical review, expwrimental

observations, and discussion in a fairly radical masner,

~and the author regards this departure as ngcessary to

o ’

preserve the continuity of the logic presented. This

structural complexity arises largely from the lengthy

’

.observations on structure and dynamics necessary to
isélg}e and 1dentifg~p6ssib1e contris points in testis

‘development prior to the experimentai investigation of

v

these control phenomena.  The thesis thus corresponds

-

ip organiiation to two ,such studies: the one to define
{ ‘ ,

) Lo
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the problem and suggest solutions; the second to provide
an experimental investigation of the validity of these

solutions. The organization adopted, while somewhat
unusual, can thus be seen tp reflect an orderly and

lagical progress%on in our ﬁnderstanding of the control

of testicular development.

e
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Chapter /Qne: Metamorphosis

\\

An insect's life is conmonly, and efficiently

s

divided into a nunber 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 earlier stadia, the insect's

activities are directed toward an accumulation of nutrients,

and growth toward the size which natural selection die¢tates.

While the young or larval insect shows a steady increase

in mass, a volumetric constraint is imposed by the

relatively inflexible cuticle, hence {its periodic removal.

This ecdysis 1is a very visible process, and orovides

the insect physiologist with a précise and unmistakeable

marker. The entire catalogue of events by which the

insect replaces this cuticle is cyclical and continuous,

and is referred to as the moulting process. Briefly,

it consists of the separation, or apolysis of underlying

epidermal cells from thHe old cuticle, the production of

a new cuticle by these cells, digestion and resorption

of vaiuable. iargely proteinaceous materials from the

0old cuticle, and finally the shedding or ecdysis.

Additional internal and external layers are added to

the caticle following its eprnsion, hardening and

darkening. Apolysis then begins the next moulting cycle.
Eventually this cycle i3 halted in the two major

groups of insec¢ts, exopterygota and endopterygota, hv

/ «
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the production nf the [ir2]l reproductive stage, the
\

adult or imago. This stage is responsible for dispersal,

and the production of the succeeding generatlon, bhvinis
w
specializatioas “or these purposz, are found in all

insects. Wings, and sencory structures for locating
t'iea mate appear, and external reproductive structures
are developed. Patt;rns of pigmentation‘;f the cuticle
may be drastically altered. Changes also pccur in the
internal organs and tissues, including, the maturation
of the gonads, and there is a general’réarrangement of
structure and function consistert with the‘new role
assumed by the insect. T;ken as a whole, these changes
are termed metamerphosis. In the exopterygota, the
adult and larval stages are recognizably similar, the
adult specializations being added t; a common bodv plan
at the final or metamorphic moult. 1In the endopterygota,
an entirely new body plan is realized in the adult,
The massive reorganfzation required is carried out
during a stage intervening between larva and adult, termed
the pupa, and this type of metamorphosis is called complete
metamorphosis, in contrast to the incompletg metamorphosis
of the exopterygota.

In the exopterygota, and to some extent in
the endopterygota as well, #he same ectodermal cells
produce the larval and adult cuticles, and this extra-

ordinary differentiation has been the focus of concerted

examination for forty years. The volume of literature
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has doubled and redoubled in the past decade, and as
Willis (1974) points out, it so;etines seems that

little or no progress has been made. This, of course,

is not really so, the questions asked today are
increasingly more sophisticated, and one problem certainly
is the collation of so much available data. However,

the brilliance and vision of the early research in insect
endocrinology cannot be lightlvw iismissed. This thesis
concerns the differentiation and deQelopment of the
testis, an internal organ, and how this development
relates to metamorphosis. A general, and very brief

review of the endocrinology of metamorphosis is presented

here, Most of this information has resulted {from studies
-

of the metamorphic process affecting cuticular different-
iation, much of it stated some time ago. Virtually every
point is disputable, and a careful analysis would take

us very far from testis development, the matter under
primary consideration. Thus, what follows is a simple
statement of what is sometimes termed the Classic Theory
of insact endocrinology. Contentious issues are avoided,
and it is {oped the nog-Specialist will be provide% 1;
this way with a simple framework on which to interpret
the egperimental and descriptive work to follow. Where

a gr;;ter depth of understanding is required, for the
interpretation of an observation or appreciation of a

question posed, a short review has been included in the

relevant section. The author recognizes that this technique
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Introduces an inconvenient fragmentation of the inforn-
ation presented, but hopes that in this manner a vast
and intractable literature can be made available to o
wider audience than would otherwise be possible. As the
information presented here represents the contributiors
of very many workers over a long period of time, internal
referencing in this section has been avoided except wvhere
the information is unlikely to occur in a standgid
review. For the rest, the material has been taken ftqv,
and the rcader 1is recommended, the following reviews on
insect fndncrinology, in order of increasing complexity ,
and completeness: Highnam and F{i11l, 1969; Wigglesworgp,
1964 and 1970; Gilbert and Kiég, 1973, The aforementioned
reviev by Willis (1974) is unique in that it deale alrost
entirely with what we do not know, being a discussior of
current points of contention, Finallv, areas of physiology,
not specifically endocrinological {n nature, are described
largely from Wigglesworth (195),.

Each cycle of the epidermal cell activity
responsible for the moulting process earlier described
is brought about by the steroid hormbone termed moulting
hormone. The structure of three similar steroids, termed
q-ecdyeone,/g-ecdysone (crustecdysone or ecdysterone,
the 20- OH form of £ ~ecdysone), and 20-26 dihydroxyecdysone.
all possgssing some activity, is now known, as well as
a large number of similar molecules of plaﬁt origin, the
phytoecdysones, The precise role of these products is

the current subject of intensive research, complicated

L
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by apparent species differences (Marks, 1971, 1973).
Moulting hormone has long been thought to Le produced
in o somewhat variable, looselv orgyanized anterior mass
of tissue terned the prothoracic gland, and this has
been very recently convircingly demonétrated in vitro
by Chi;o et al (1974), It is possible that other
tissues mav have the capacity to synthesize ecdysone

as well, and very many tissues can effect the required
hydroxylation reactions (King, 1973), The prothoracic
glands are certainly the chief source of ecdysone in the
larval insect, however.

The specific effect of ecdvsone on the epidernel
cell i1s similarly an area of some speculation. Observet-
ions 1include both the initiation of DNA and RNA synthesis,
cytoplasmic events such as protein synthe;is, and membrane
related events, such as permeability alterations. 1In

A
general terms, 1t ;ay be stated that ecdysone activates
cells to perform a pre-programmed series of activities,

L4

yhich may or may not include some or all of the above.
In the complete absence of ecdysone many tissues of the
larva enter a stage of developmental arrest termed
diapause, which is often characterized by a much reduced
level of oxidative metabolism,

The type of cuticle produced by ecdysone activated
epidermal cells is determined by the titer of another
circulating liornone, juvenile hornone. Juvenile hormone

is produced by the paired, or sometimes fused corpbra

allata located in the head capsule, The structure of




¢

three naturally occurring juvenile hormone molccules

has been elucidated, and the synthesis also/has been
reccnfly carried out ipr vitro (Judy et al, 1973a & b;

Pratt & Tobe, 1973). Over twenty five hundred zctive
ana]ogue; of juvenile bormone have bLeen synthesired,
ircluding fariesoic acid esters, terpenoid ethers,
p-substituted benzoates, peptide analogues of poly-
isoprenoids, and chrysanthemic acid ethers., Most of

these compounds possess a terminal carhoxy alkvl or »
sinilar group conjugated with a double bond in trans config-
uration with a long al¥vl chain (Punia et ?1, 16¢73),

In contrast to ecdysore, {fuvenile iorrmone nimics appear

to be more species-specific, although mnost have consicd-~
erable activity in other insects (Schneiderman, 1965,
1972). Once again, the precise mode of action 1is

obscurc; however, In affecting the directfon of cuticular
development, the action of juvenile hormone on epidernal
cells seems to reguire the prior activation of these

cells by ecdvsone., 1In the presence of juvenile hormone,
ecdysone activated cells sctrete a larval cuticle, whereas,
in its absence, an adult cuticle is produced. THhe inter-
vening pupal cuticle of endortervpote insects results

from activation in a low titer of juvc1ile hormone presence,
Théééoand related observations on the polytene chrorosores
of some dipteran salivary gland cells, have led to a
concept of '"gene-stitching' for juvenile horrone. It is

‘)\
portulated that each epidermal cell contains the genetic



LT
informatior for (roduction of the 5?0, iy * hree twvpes
of cuticle, Ecdysone ;rovides tlat some set of genetic
information will bbe read; juvenile hormone decicles

which set, Juvenile hormone procuction in the early

stadia maintains the larval character of each moult,

- R

A Jover titer in the pre-pupal stadium results in tte
'reading' of gene; for pupal cuticle productionr, and
the absence of juvenile hormone in the pupal or”iral
larval metamorphic moult results in the broductinn
of adult cuticle by the ecdysone activatm&;jﬁderma]
cells,

Tnitiation of tlis proces«, tle nroduction
and secretion of ecdysone by the prothoracic gland,
results from the release of an as yet uncharescteri-«d
secretion produced in modified neurons of the brain.
Axons of these neurons terminate in a neurohaenal organ,
the ctorpus cardiacum, sftuated in close proximity to
the corpus allatum. This spatizl separation of synthesis
and storage sites for this brain hormone introduces
some difficulty in analysis of the events culminating
in brain hormone release: Indeed, species-specificiky
in this step reaches its highest development, and environ-
mental and physiological information is clearly being
fed into a neural network wi;p requirements peculiar
to each species under consideration.

Activation of the prothoracic gland by the

~




neurosécretory brain hormone, in the absence of juvenile
hormone, leads to the subsequent degeneration of these
glands tae adult thus lacks the capacity for ecdysone
production, or further moulting activity. The allatum,
by contrast, resumes its activity and secretion of
juvenile hormone at even greater levels than In the
larva. Juvenile hormone now acts as a gonado&ropin,
invelved in the synthesis and transport of yolk proteins
for the dgbeloping eggs, and accessory gland secretions
for productldn of the spermatophore or sperm-sac in the
male. Further roles concerning changes in pigmentation
and behaviour are also indicated. '

Rhodnius, our experimental subject, served
as a model for much of the early elucidation of the above
story. The phfsiology and life~history of this bug, as
in all insects, imposes certain specializatlons on
the endocrine pattern, and {t {s useful to briefly review
these now.

[
Rhodunius prolixus Stal is a Reduviidid Hemipteran,

/{;d an dbligate micropredator. Rhodnius in the wild exhibits
a complex ecology involving blood feeding on both birds
and rodents (Baldwin and Cowper, 1969). However, like
other members of this group this bug readily becomes
domesticated, inhabitating native dwellings in South
and Central America, and feeding on hous=hold pets and

human inhabitants. Rhodnius may harbor the causative

agent of Chagas'® disease, Trypanosoma cruzi$ it transmits

P




by posterior station infection., (Cheng, 1964).

Jhodnius exhibits a variable span of time in
the egg. On eclosion the first larval instar resembles
a diminutive adult, lacéﬁgg, however, wings, ocelll,
and external genitalia, and differing from the adult
in details of cuticular structure and pigmentation,.
(Wigglesworth, 1933). The: bug will accept its first
blood meal a few days after eclosion, or ecdysis in su.cc-
eeding stadia. However, if isolated from a source of
food, the animal remains active but undergoes little or
no development. This period may be extremely long.
Under some conditions, later instars may be maintained
for a year or more. Presented with a source of blood,
the bug gorges, taking several times {its own weight in
bloodz Distension of the abdomen activates stretéh
receptors which trigger the release of brain hormone
from the corpus carciacum, hence activating the prothor-
acic glands to produce ecdysone, and setting into action
events culminating in ecdysis a specific number of
days following the feed. Five larval instars are
produced, each characterized by a period of develop-
mental stasis of variable duration, a single blood
meal, and subsequent moult. A certain degree of cutdcular
mqrphoggnesis proceeds during Lach moulting cycle. TFhe
insects, for instancez can be easily differentiated

as to sex by variations of the IXth and Xth sternites

during the £1fth stadia, but final adult form 1s attained




s

at the fifth ecdysis.

The developmental stasis encountered in each
stadium results from a lack of ecdfsone, and is hence
functionally equivalent to larval diapause (Wigglesworth,
1970) in the endocrine scheme first gescrib;d by
Willtams (1952). The ability to manipulate this important
parameter throuéh feeding is one of Rhodnius' great
asgets as an expérimental animal. As well,“the neurosec-
retory cells, corpus' cardiacum, and corpus allatum are
all.admirably positioned and constituted for efficient
and relatively non-damaging surgical removal. Unfortun-
ately, this 1is not true of the prothoracic gland, a

‘r
structure which can effectively be removed from very

2

few species of insect,
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Chapter Two: The Endocrinology of Testis Devélopment

Early in the history of the investigation of

insect endocrinology, it was shown that a healess, larval

-

i
Rhodnius could be caused to moult if comnected ?y parabiosis

to another headless bug, decapitated after the critical
period for the release of brain hormone (Wigglesworth,
1934). 1In effect, the parabiosed individual is exposed
to ecdysone and, under certaln circumstances, juvenile
hormone normally present at each larval moult can be
avoided._ Under these conditionst many external structures -
of the larva at the succeeding ecdysis show an advanced,
adultoid developméht. Internal structures, such as the
ovary, were also seen to be more advanced developmentally
than would have been the case following a normal larval
moult (Wigglesworth, 1936). The ovary of a third

instar larvae parabiosed to a fed, decapitated fifth
instar bug, d&spl%yed recognizable odcytes, follicular
cells, a;d nurse cells, although it did not reach

the level of differentiation of a normal adult. 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 were also obtained for Bombyx mori by Fukada

‘(194A). In this case, adultoids produced by allatect- -

+

omy of the third, the¢ penultimate larval instar, contained

ovar . or testes thch were> functionally adult, Females L

-

- N ‘
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. laid a sm‘all number of egss which could be fert-—‘

1234

¢
ilized, and the male organs contained mature *spermatozoa,

Fukada's conclusiof, like those of Wigglesworth, were

o ‘e A
i

" that gonad maturation is under the comtrol of thiasame

¢ g N
" hormones which control im&ginal differentiation.
/ Piepho {1939, 1940, 1942), performed the converse

L ®
experiment, implantation of active corpora allata into

the final larval instar of Galleria mellonella, resulting

v in a supernumerary larval moult, ani in some cases,

)

larval-pupal intermediates as defined by extermal morphology.

[}
Sehnal (1968), has repeated these experiments and

»

S
demonstrated by vplumetric estimation an%ﬁ?ﬁibitory effect
of corpora allata on the growth of the gonad. The
degree of inhibitlon depends o the time of implant-

ation of the allatum within the stadium, suggesting a

?

3

F——

——

“ continuous development of the gonad (Sehnal, 1968). A4n

inhibitory effect of the corpus allatum or its secret-

ions on gonad development is further revortéd: ?ﬁérek .

& Sldna (1968) utilized‘applications of {paper factor'
; :

.

and Law's mixture (Law et all 1966) on Pyrrhochoris apterus;

-4

. by Takeuchi (1969), in Bombyx mori through gonad and

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

. allatectomy of Periplaneta americana; py Madhavan (1973)
]

through applications of a variety of juvenile hormone

analogues on Drosophila melanogaster; by Riddiford (1972)

through appiicatiop\of juvenile hormone analoiues to

3
¢

A 14
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Hyalophora cecropia larvae and pupae; fimally, Nowock

(1973), through thecfeeding of farnesyl methyl ether

(FME);da juvenile hormone analogué to larval Ephestia
Euhnieila; ;b;ained gimilar inhibitory effects., Critertia

for development va;y somewhat flrom study to study, but “
éenerally invalve either organ size, or tﬂe appearance .
of spermatozoa. At the fine structural level, Cantacuz@ne

and Seureau (1970) have dem;nstrated dcgegerative changes

in the parietal ¢gklls and associated spermatids of

Locusta migratorja migratorioides in response to implant-~

ation of,c:rpora allata., 1In contrasf to these above
findings, Economopohlos a;d Gordon (1971) report an
absence of effect of juvenile hormone analogue applic-
ations og testis development, despite considarablé

juvznilf&ation of external characters in Oncopeltus

fasciatuys. Similarly,'Bhaskaran (1972) reports fully

g g
differentiated sperm in the testes of Sarcophaga bullata-

~

. , ‘ %
intermediates following juvenile -hormone analogue treat-

v . . .4
ment. In this case, however, testis ducts were absent,

In many species of insect, larval or pupal a

-~ %

diapause results in a cessation of growth“of the testes.

P

(Williams, 1948, Chyrch, 1955, Beck and Hanec, 1960).

Williams (1951) attributed pupal diapause in the.wild ' ‘
. . . ™ ¢
‘silkworm Hyalophora 'cecropia to a ldck of ‘ecdysone,

a

-and was able to provoke spermatozoal deQelopment in testes,

or ¥solated spermatdcysts in vitrd by adding the blood

» hd fl
- ’ :
e, o

v oo
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‘ of a non-diapausing pupa, believed to contain a high

L4

titer of ecdysone., These results were successfully

repeated by other workers (Laufer and Berman, 1961,

¥ e

Bowers, 1961) in Hyalophora and in the closely related

Samia cynthia. Yagi et al (1969) demonstrated that the dia-

pausing Hyalophora spermatocysts could be made to undergo

development in insect haemolynph free medi; by the
addition of/ﬁ—ecdysone, commercially derived from plant
gsources., The in vitro system has been further refined
(Williams and Kambysellis, 19€9; 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
spermatozoal production, The authors demonstrated
. a_limited capacity of various bovine sera to duplicate
the activity of MF; essentially similar results have
been recently reported for’the slug moth, Monema

flavescens (Takeda, 1972).

On the other hand, in vitre cultivation of

larval testes of the non-diapausing wax moth Galleria

mellonella in the absence of any insect hormones was

s
L4

performed by Lender and Duvenu-Hagég (1963), both
\

ge%marial mitoses and spermiogenesis being reported.
The same results have been obtained in a variety of
Dipterans (Stern, 1940; Leloup, 1964; Kuroda, 1974;

. see review by Marks, 1970),
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. Evidence favoring the hypothesis that ecdysone
stimulates testicular development has been obtained
by in vivo experimentation. Testes transplanted from
diapausing to non-diapausing type larvae in Papilio
xuthus showed advanced differentiation, as did those
in larvae receiving supernumerary brain-prothoracic gland
complexes (Nighiitsutsuji-uwo, 1961). Takeuchi (1969),
in a series of transplant experiments, showed maximum
development of embrvonic testes in last instar larvae

of Bombyx mori, slight development in those implanted

in newly pupated hosts, and no development in the
remainder of the hosts which were believed low in ecdysone
titer., On the distaff side, Blaine and Dixon (1970)

were unable to show accelerated development by trans-

plantation in Periplaneta americana. Economopoulos

and Gordon (1971) also transplanted fourth, and last

instar testes into adult Oncopeltus fasciatus, and

obtained mature spermatozoa, indicating development
unrelated at least to the last, metamorphic moult,-

RN

On balance, the experimental evidence appears
v
to.favor Fhe hypothesis that testicular development
is enhanced by ecdysone, and inhibited by juvenile
¢ hormone. 1Insofar as negative reports involving 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, both
,‘ preparations contain differentiated spermatids at the
time of hormone applicationf and neither worl assessed
#the relative number of spermatozoa produced.
Objections to the contention that chyso;e
accelerates testis development are equally suspect.
In all cases so far reported of anhormonal in vitro
development, the immediate history of the explant
’ ;;cludes stages likely to have involved exposure to som;‘
titer of ecdysone. The importance of this fact 1is under-
scored by the demonstration of 'covert' ecdysone effects
in flies (Eaérek and Frankel, 197C), which indicate that
. the ecdysone 'message' can be retained for sone time

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

results in vivo indicate that normal development can

-

occur in the absence of the metamorphic ecdysis, but
the authors point out that a low titer of ecdysone is
present in the adult host during the time of this
experiment (Feir and Winkler, 1969), Similar ecdysone
levels have been found in the adults of another species

4
(Bombyx mori), and %ﬁ is not known how general this

phenomenon might be. The observations by Blaine and

Dixon (1970), of normal spermatogenesis in Periplaneta

lacking a source of brain hormone are more puzzling.
One complicating factor in the interpretation of these
results is the report of continued growth, metamor-

‘ phosis, and reproduction in three species of cockroach,
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including Periplaneta, deprived of prothoracic glands

(Nutting, 1955; Chadwick, 1955, 1956), indicating ecdysone
synthesis outside the classical schema in this group
of insects,

An overall view of the-role of these morpho-
genetic hormones in spermatogenesis was proposed by
Takeuchi (1969) for Bombyx. He suggests that in l;}val
instars, germ cells differentiate to form a large
pool of secondary spermatocytes. On release from
3uvenile hormone inhibition, and in the presence

of high titer of ecdysone, a "... simultaneous
production of large numbers of spermatozoa in the late N
larval period" ensues. Such an hypothesis 1is consistent
with much of the experimental evidence so far compiled,
and admirably fits the endocrine patterns believed
responsible for metamorphic development, However,
in anjfﬁbtgqsive number of insect species, spermatogenesis
cénti ues during the adult stage (Bonhag and Wickz 1953;
Giles, 1961; Hannah-Alava, 1965; Amerson and Hayes,
1967; McLaughlin and Lusk, 1957; Slten and Berryman, 1967;
Jones, 1967; Phillips, 1970). In these cases, a contra-
diction arises; the endocrine picture of the adult,
with'lts very high titer of juvenile hormone (Wigglesworth,
1936; Gilbert and Schneiderman, 1961) and absence of ‘

ecdysone (Wigglesworth, 1934) would appear extremely

unfavorable to spermatogenesis. The adult, in.fact,
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carries out this spermatogenesis in an endocrine milieu
which is precisely the reverse of the late larval/pupal
period of maximum germ cell differentiation,.

As we have seen, Rhodnjius served as the first

-

/

example of juvenile hormone inhibition of gonad
)

development (Wigglesworth, 1934). Moreover, each
larval instar of Rhodnius enters an endocrinological
diapause, terminated by feeding, during which no
appreciable.- developmental growth occurs (Wigglesworth,

1934), The germarial area of the adult Rhodnius 1is
mitotically active (Buck, 1967) and in fact all elements

of spermatogenesis are presewi until the death of the
Nad

insect, six months or more after the metamorphic moult.

Thus, Rhodnius would appear to be a particularly apt

A
experimental system in which to attempt to resoclve

-

this larval/adult spermatogenesis paradox.

s
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Chapter Three: Testis Structure —

It 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
res;lts obtained requires a better understanding
of the changes which occur throughout the normal larval

span than is currently available in standard texts.

Therefore, a series of histological investigations

on Rhodnius at various stages of larval development
'wwvas undertaken, and the information obtained presented
in this chapter, By way of introduction, a review of
structure in the 'generalized {insect' is presented.

The initial part of this introduction deals with the
embryology of the testis,—wls in the informakgon
presented in Chapter One, this work represents the
efforts of a great number of workers over many years,
and the account presented here is taken largely from

the classic works of Imms (1957) and Snodgrass (1933,
1935)., Cumbersome internal referencing 1is thus avoided,
but it should be understéod that none of the work
regarding embryologv reported here has been carried

out by the present author. The remainder of the chapter
includes the authér's original observations on Rhoﬁnius,
and comparisons with other {nsects which are referenced

in the standard manner.
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¢ Formation of the two-layered band in insects
.' " ocecurs by one of several processes, none of then
closely resembling that of other animals on which
<, classical embryology is based. From the assumption that
these processes are all highly modified forms of
gastrulation, we may tentatively define the outer cell
layer of the germ band as ectoderm, and the inner,
mesoderm. This longitudinal mesoderm forms two bands,

which are connected across the midline by a single layer
@ .

£

of cells, Transverse constrictions result in the

/--) /’\\\\\E:fmataan of mesoblastic somites, and each comes to
v contain a coelomic sac thr;ugh the appearance of a

cleft, or through folding of the lateral margin. The
ioner layer can now be termed splanchnic mesoderm, the
outer, somatic. Somatic mesoderm will give rise to
body muscles, dorsal diaphragm, and pericardial cells.
The splanchnic layer will form visceral muscles, the
bulk of the fat body, and the genital ridges.

The primitive germ cells, which will give
rise to the sex cells, have been shown to arise/
directly from certain posterior pole cells in the
eggs of several insects (Snodgtass, 1935). These

”‘ncells migrate to the splanchnic mesoblast and come
v to lie in the wall; of the coelomic sac in abdominal

segments I or II to VI or VIII. While this has not

. been observed in other insects, it probably is the rule,

L]
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rather than differentiation of sex cells from
splanchnic mesoderm in situ as is occasionally sugg-
ested. Thus, at least imitially, the gonads are
segmental and metameric in origin., 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 t; form 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 abdeminal segment. The gonads thereby become %aired
asegmenfal structures,

At this time, columns of mesodermal cells
form in the dorsal suspensorium over regions of germ
celi{, and form the terminal filaments of presumptive
ovaries in the case of the female. Grooves form
betwveen the terminal filaments, eventually reaching
the ventral strand, thus defining the ovariole by
secondary segementation.  Mesodermal cells of the
ventral Fttand differentiate to produce pedicle, calyx
and lateral oviduct. Essentially the same process is
believed to occur in the testis, resulting in the

formation of sperm tubes, though terminal filaments are
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generally absent, Unlike the ovary, the testis is

contained in a mesodermal sac. The ventral strand

‘gives rise to vasa efferentia, and the paired vasa

deferentia in posterior segments,which terminate {in
ampullae on the Xth segment. The single median
ejaculatory duct arises post-embryonicaily from an

e
ectodermal evagination, the anterior of which provides
also for the formation of various é%cessory glands.

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

in the bug Pyrrhocoris apterus, an alternate schene.

He claims that incomplete fusion of the mesodermal/gern
cell groups initially directly\defines the ovarioles
and sperm tubes, the mature gonad thus being primarily
segmented, Further work would be required to determine
if this may not be an hemipteran specialization gen-
erally. 1In either case, the result is the production
of nests of sex cells within an internally segmented,
wholly mesodermal supporting structure.

In the generalized insect thus the testis
comes to be composed of a number of sperm tubes, the
number being constant in any species. The number varies
widely: from one in the Diptera to several hundred in
many Orthoptera (Imms, 1957). These tubes are some-
times termed testicular follicles (Imms, 1957; Phillips,

1970) but, being developﬁentally equivalent to ovariocles

rather than ovarian follicles, I shall hencéforth refer
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to them as testicular tubules (Snodgrass, 1935). The
valls of the tubule are delineated by an epithelial

or internal sheath, and several tubules enclosed in

a peritoneZI sheath of varying compligxity. The «
tubules are free apically in the sense that they lack
the terminal filament typical of ovarioles, and continue
basally as short vasa efferentia, simple epithelial
ducts. The vas efferentia join to form the vas deferens,
characterized by the addition of a muscular layer,

and outer peritoneal cell coat (Imms, 1957). No
dilation at the junction of these ducts 1is found equiv~
alent to the female calyx, but a dilation in the vas
deferens generally serves as a seminal vegicle. The
vasa deferentia continue basally and, in the adult,
terminate in the single ventral ductus ejaculatorius,
formed post-embryonically as an invaginat;on of the
ectoderm from the IXth abdominal segment. Various
accessory glands may be present, those derived fronm

mesodermal ducts being referred to as mesadenes, those

derived from the ejaculatory duct as ectadenes (Imms,

1957).

!

;Y

Tt

The contents of the tegticular tubule may be
divided into a number of functional zones (Depdolla,
1928). The apical portion contains the unencysted pre-
definitive spermatogonia (Haonah~Alava, 1965), often
surrounding a trophocytic apical cell or apfcal complex

(Carson, 1945) and is referred to as the germarium, Some
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of the progeny of these pre-definitive spermatogonia
become surrounded by a cyst cell of mesodermal origin
(Zick, 1911) to form the definitive spermatogonial
cyst. Generally, no inte;vening indefinitive divisions
occur between pre-definitive stem-cell division and
encystment . (Hannah-Alava, 1965), The enéysted“sperm-
atogonia undergo a species-specific number of mitotic
divisions (White, 1955; King and Akai, 1971) with
incomplete cytokinesis (Lavallette, 1865; Smith, 1916;
Phillips, 1970) and the area occupied by this activity
is termed the zone of growth,

. Following the ultimate ?itotic division, the
'npermatocyte is recognized. Cysts containing these
spermatocytes in inegghhfs:’and prophase make up the
area of the tubule called the zone of spermatocytes.
The acti;e components of the mitotic divisions provide
the zone of maturation and reduction, Spermiation,
the development process by which spermatids become
mature spermatozoa, takes place in the basal zone N
of transformation.

In addition to the apical cell and cyst wall
cells, trophocytic interstitial cells may be present
(Coop;r, 1950). At the junction of the tubule epithelium
and the vas efferens, the tubule is closed, at ieast
during larval development, by cells variously

termed plug cells.(Davey, 1958, 1965), neck cells (Lusis

|
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et al, 1970) or the basilar membrane (Omura, 1936;

Edwards, 1961).

The ontogeny of the Hemiptera presents a
confusing picture of apparently primitive c;:racter—
istics which on investigation are seen in fact to be
rather specialized, and this seems to hold for the
reproductive system (Seidel, 1924). Thus it 1is no
surprize to find that in ;;r experimental anigal,
Rhodnjius prolixus, the structure of the .testis, while
closely resembling that of the 'g%peralized' insect :«
described, possesses a number of interesting modific-
ations. What followsﬁhere is a fairly deéailed
c#talogue of Rhodnius' testicular structure. The
reader should note, however, that techniques used are
such as provide morphological detail only, and that
characterization of function generally must await
precise histochemical and cytochemical analyses.

At the moment of eclosion, both testes and
ovaries are roughly similar in size (100 x 300 microns).
Diffetantiat;on of the gonads has progressed, however,
to such a stage that the ovaries may be clearly dis-
tinguished by the thickening of the suspensorial sheet
vhich is designed to become the terminal filaments
(Snodgrass, 1933) (fig. 1, 3). 1In the testis this

event does not occur and the seven tubules can be

visualized "free' in the enclosing nenbrnée (£ig. 2).

- y
o : -
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Figure 1. Whole mount' of the ovary at eclosion.
~Ovarioles (0) well defined, terminal filament (t)
recognizable in dorsal suspensorium (D).
Trioxyhaematin, X 620

Figure 2. Whole mount of the testls at eclosion,
Tubules (T) well defined, lacking anterior terminal
filament, Vasa efferentia (VE) Jjoin to ferm vas
deferens (VD), exiting as the gonoduct (G)
Trioxyhaematin, X 700

Figure 3, Detall of the first instar ovary. Germinal
cells of ovariole (O), and terminal filament cells
(t). Epon, Sato's polychrome, X 650

Figure 4, Detail of the first instar testis. Continuous.

mesodermal sheath (S), tubular epithelium (E),

spermatogonia (S&) and .presumptive mesodermal cell

(Mg) of undefined function Epon, Sato's polychromke
50 B ' X

Figure 5. Desheathé&d, mounted testes from fourth,
fifth instar and adult insects immediately after
ecdysis. Note highly coiled spermatocyte region
of adult testis. (arrow). X 10
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In the gonads of both sexes, the tubules are fully
delineated by their presu&ably mesodermal sheaths,

including the ducts (fig. 2, 4), and at least for the

‘testis, the sheath organization, spatiallvy and?in terms

of elements represented, has already reached its final

form. The bulk of the tubule in both cases consists s

of indefinitive germ cells, and possibly some scattered

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

epithelium which, Gy convention, must be considered

mesodermal (fig, 4). 1In dissection, both terminal

filament and gonoduct are found present, the 'terminal

filament' being’attacheé to the exter;;l laver of the

peritoneal sheath (fi#. 11) rather than individual tubules.

Lobes of fat body are also found attached to the testes

in characteristic positions by a fine hyaline envelope,

the cellularity of which could not be determined.

These connectiond are maintained throughout the life

of the 1insect. - .
Verson's cell now known as the apical cell,

was first described by Spichardt (1886) in the Lepidop-

teran Smerinthus populi. Controversy as to tﬁe origin
and function of the cell ensued, and this stage is
admirably reviewed by Carson (1945). He reports def-
inite identification of this cell or cell complex in

the testes of Lepidobtera, Diptera, Orthoptera and,

”
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possibly, some Heteroptera. Noting the capriciousness
of appearance, even in closely related insects, he
concludes a trophocytic function possibly related to
mitochondrial reSpitgtion of the vounpg spermatogonia,
and not a matter of fundamental significance., The
matter has been more recently reviewed by Hannah-Alava
(1965) in a monograph directed toward the question of
comparative izfm-cell reneval. Noting reports of the
absence of division in the cell, she rejects any stem-cell
function. In 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 nourished by its secretidns, and those
which become displaced by division differentiate as
cyst wall cells, and are thus not mesodermal 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 Lampvris noctiluca by
Naisse (1966) analgous to the androgen gland of the

amphipod Orchestia gammarella (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 cell complexes in the related Coleopterans

Tenebrio molitor and Zophobas rugipes, and show them

structurally similar toe crustacean androgenic cells.



..30

‘

However, attempts at sex-reversal wire negative,
perhaps because in these insects as in Rhodnius
and most other insects (Wigglesworth, 1970), sexual
determination is already well-established by the time
of eclosion, .

Bonhag.and Wick (1953) describe an ‘'apical

complex' in the Hemipteran Oncopeltus fasciatus, cont-

taining 9 to 11 nuclei, and surrounded by spermatogonia
in a partial state 2¥’dissolution.

In Rhodnius, no ¢lear evidence of an apical
cell or complex has been observed, although, immediately
following eclosion, the germ cells may give the impregsion
of surrounding a somewhat more heterogeneous mass
which contains some ceils of apparently mesodermal

L

origin (fig.4. ). The germarial area in general presents
a rather confused appearance, and not every cell can be
reliably cheracterized. Single, unencysted cells are
quite rare, however, with the exception of these cells
comprising the basement epithelium (fig.6 ). Occasional
single mitoses may be seen in close apposition to the
tubule epithelium, which may represent a quasidichoto-
mous stem ;ell division (f1g. 7,8 ). It is possible
that this mesodermal epitﬂelium carries out the trophocytic
function of the mesodermal apical cell system of other

insects. Another point worth mentioning is that in
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Flgure 6. Anterior ( germarial ) segment of fifth
instar tubule. Note two-layered tunica externa
(TE), cells of the tubular epithelium (E) (= tunica
interna). Typlcal spermatogonial cysts (SG)
evident, as well as pycnotic nuclei (P) of
degenerating cyst. Osmium ethyl gallate, X 1600

Figure 7,8. As above, illustrating single mitotic
cells in close apposition to tubular epithelium
(arrows). X 1600 :

[ 4
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Rhodnius, as in other germ cell systems, (Roosen~Runge,
1973) nuclear pycnosis and degeneration are common
occurrences. On close investigation, 1t can b? determined
that these foci of degeneration can occur over a wide
range of cyst sizes, and an intact cyst wall 1s generally
present (fig. 6 ). The description of the apical cell
complex, and micrographs presented both by Bonhag and

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

on Oncopeltus, bear a close resemblance to this widespread

degenerative process.

The sheaths surrounding Rhodnius' testis
appear similar to, but slightly more complex than those
of many other insects (Snodgrass, 1935). The overall
organization can best be appreciated perhaps from‘a
semi-~thin (5/A) section in epon of a freshly moulted
third instar (fig. 9). Here, one can recognize first,
a cellular sheath surrounding the entire testis proper,
in the menner of a mrotal smc. A very similar sheath
can be seen to surround each tubule individually, and
numerous profiles of tracheoles are visible between
the two, but nQt penetrating the inner sheath. This
complex likely represents the tunica exferna of earlier
authors (Keuchenius, 1913).

The nucleil are extremely stellate or more
likely discoid in shape, have one or very few nucleoli,
are relatively basophilic, and fix rather poorly. This

sheath complex can be easily removed from the testis,

i

LR
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Figure 9, Third instar teatis, two weeks post ecdysis.
One major tubule (far rights damaged in processing.
Note variation in basophilia in develoving spermato-
gonial cysts (SG), and the continulty of the sheath
membranes. Epon, Sato's polychrome, X 300

Figure 10, Detail from above preparation. Apical
tubular area, showing delamination of inner and
outer tunica externa layers (TE)., Cyst wall cell
(C). Epon, Toluidine Blue, X 1250

Figure 11. Same , showing continuity of 'terminal
filament' (F) with outer tunica externa layer (TE). \
Delamination of TE layers produces a potential
tunica externa lumen {extratubular lumen, TEL).
Epon, Sato's polychrome, X 1250

s S
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Rhodnius, as in other germ cell systems, (Roosen-Runge,

1973) nuclear pycnosis and degeneration are common
occurrences. On close iﬁvestigation, it can be determined
that th;se foci of degeneration can occur over a wide
range of cyst sizes, and an intact cyst wall is generally
present (fig. 6 ). The description of the apical cell
complex, and micrographs presented both by Bonhag and

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

on Oncopeltus, bear a close resemblance to this widespread

degenerative process.

The sheaths surrounding Rhodnius' testis
appear similar to, but slightly more complex than those
of many other insects (Snodgrass, 1935). The overall
orgaqization can best be appreciated perhaps from a
semi-thin (¥/») section in epon of a freshly moulted
third instar (fig. 9). Here, one can recognize first,
a cellular sheath surrounding the entire testis proper,
in the manner of a s&rotal sac. A very similar sheath
can be seen to surround each tubule individually, and
numerous profiles of tracheoles are visible betveen
the two, but not penetrating the inner sheath. This
complex likely represents the tunica externa of earlier
authors (Keuchen&us, 1913).

The nuclei are extremely stellate or more p
likely discoid in shape, have one or very few nucleoldi,

are relatively basophilic, and fix rather poorly. Thik

sheath complex can be easily removed from the testis,
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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 (fié.lu), and late prophase appearance
shows a chromosome count &iich is essentially dipleid
(fig.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 harlequin lobes, found in some Pentatomidae
(Fain-Maurel, 1966; Schrader, 1960), The tubule proper
is bounded by a sparsely distributed layer of cells which
are triangular in cross sections, and possess large,
multinucleolar nuclei (figs. 15,17 ). At higher magnif-
ication, a thin ( O.Q/L) basement membrane can be seen
between these cells and the inner layer of the tunica
externa (fig.16 ). This cellufar layer, with its external
basement membranﬁ prob:bly is the equivalent of Keuchenijus'
(1916) tunica interna. Fig. 17 demonstrates that the
epitﬁelinl tunica interna cell is distinct from the
generally more basophilic and osmiophilic cyst wall cells,
which will be described shortly. 1In passing, it might
be worthwhile to point out the homogenous, granular
material collected in the middle layer of the tunica 15

this fifth instar insect five days after the blood meal,

This phenomenon is typical of fed insects, and the material
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Figure 12. Whole mount of tunica externa sheath, :
affixed to slide. Variations in the shape of the '
nuclel due to stretching of cytoplasmic components.
Trioxyhaematin, X 675

Figure 13. Detail from above, illustrating a late ‘
prophase nucleus twenty four hours following the
blood meal. N approximates 22, the normal diploid
chromosome number. X 1550

Figure 14, Same, showing metaphase plates. X 1%70

Figure 15. Fifth instar testis, Jjunction of two
tubules. Four days post feed. Note accumulation
Qf amorphous material in lumen of tunica externa
(TE). Tubular epithelium illustrated distinct
from cyst wall cells (C). Spermatocyte cyst (SC).
Osmium Ethyl Gallate, X 700

Figure 16, Similar area in unfed fifth instar insect.
Illustrates basal lamina (BL), tubular epithelium (E)
which together comprise the tunica interna. Tunica
externa lumen (TEL) defined at this level as the area
between TE cell layers of adjacent tubules. Note
mi%ptic figures at lower left. Osmium Ethyl Gallate,
X £1350 :

Figure 17. Same, 1llustrating cyst wall cells (C)
ad jacent to tubular epithelium (E). X 1350

Al -
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is never foﬂnd fnside the inner layer of the tunica
exter&a, in spite of the all too common separation of
layers due to fixation and histological processing
(fig.15 ). The author has never observed division in
these interna cells, in several hundred preparations at
all stages of development,

Both the tunica externa and the tunica interna
extend to cover the anterior of .the vas deferens (fig,18;19)
The elements of the tunica interna, following the co;tours
of the tubule, meet and 'join' at the junctions of the
vasa efferentia, which in section gives the impression
of a blind pocket. The ov;rall topology might better
.be represented‘by the analogy of a hand in a glove,
enclosed to the wrisf in a bag. The fingers‘\f the hand
represent the tubules, bounded by the tunica inferna.

The glove represents the inner cellular sheath of the
tunica externa, and the bag the outer cellular layer.n
ﬁespite cengiderable coiling during the later
development of the testis; the germariul'arens of all
the tubules always occupy anvexternally directed position
(f1ig.92 ), which might provide maximum efficacy of
exchange with the hsemolymph. No pigmentation is found
in the Rhodnius' tesficular sheath, unlike the conditi;n

in many insects (Blum, 1970).

Nor are fat body cells found within the tunica

‘externa, as is reported for Ips confusus (Bhakthan et ad,




Figure 18. Fifth instar tubule, at Junction of tubular
epithelium and plug cell layer (P). Continulty of
tunica externa (TE). Davidsons' Fluid, Bilebrich
Scarlet, X 1500

'Figure 19, Cross section of vas efferens (VE). Both
layers of the tunica externa still recognizable,
defining lumen (TEL). Osmium Ethyl Gallate, X 1750




.39




.. 4o

1969).

The basal end of the tubule is 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), reaemblelthe epithelial cells
of the vas efferens except that they are larger, lack
the hairlike processes which characterize the luminal
border of the’vas efferens epithelium, and possess
several nucleoli in contrast to the single nucleolus of

» &
the vas efferens cell., The~nucleus becomes folded and

ruffled (fig.23 ) and divieion figures 1ndica£e a high
degree of polypaeidy. Thée cells nevertheless form meta-
phase plates, thoughisometimes in more than one plane (figs.
20,21 ), possess visible spindles (fig.22 ), and

unaergo anaphase segregation. ~ Cytokinesis

has not been obsgtved. The nuclei of these plug cells

are situated around the periphery of the tubule, the

central area being occupied largely by a thin inter-
digitated cytoplasmic sheet, Thus, these cells may -

eaglly be missed in a true longitudinal mection of the
tubule. More tangential sections show similar cells
extending for a short distance up the tubule. As

tﬁese cells have not been seen to divide, it is sus-

pected that these are ‘'en face' profiles of the tunica

1

interna epidermal cells. Neck cells have been described
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Figure 20, Base of the tubule, tangential to the
longitudinal axis, in a recently ecdysed fifth
instar insect. 1Illustrates plug cell layer (P),
including lateral metaphase plate. Trioxyhaematin,

X 560

Figure 21, AdJjacent section in series, Polar
4 metaphaie plate visible in same cell. X 560

Figure 22, Anaphase ih plug cell, Note continuity
of vas efferens eplthelia, plug cells, and tubular
epithelia. Trioxyhaematin, X 800 J

Figure 23. Interphase, prophase, and metaphase in
plug cells. Note lobulated nuclear membrane of
interphase plug cell. Trioxyhaematin, X 1450

Figure 24, Basal area of tubule and vas efferens
of fifth instar insect, four days following the
blood meal. Note elon ating spermatids (SP),
mitosis in plug cells hairlike processes
of vas efferens (H). Osmium Ethyl Gallate, X 1050

8
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in this area of the tubules of the roaghes Cromphadorhina

portentosa and Bvrsothria fumigata by Lusis et al (1970),

and a secretory function postulated on the basis of

histochemical investigation. Since these neck cells

do not form ad dffective barrier between the tubule

and the vas efferens lumen, and since the plug cells of

Rhodnius performed rather differently under limited

histochemical investigation (were negative when

;tained with Orange Gynegative for disulphide groups,

and negative for acid phosphatase activity), they are

not likely analogous. As described originally by

Davey (1958), the plug cells remain intact in the adult,

each sperm bundle passing through the central cvtoplasmic
¢

area.

The vas efferens, immediately beneath the plug
cell sheet, is a single celled tube during larval life.
It 1is surrounded by the tunica externa as preyviously
described (fig.18 ) and possesses numerous hairlike
processes on its luminal surface, described previously

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

specialization in Bombyx mori. Danilova (1971) sugg-

ests a mechanical role in assisting sperm through the
basilar membrane which seals the tubule in this insect.
A more likely but equally unproven hypothesis, that
these hairs provide an amplification of surface area

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

“~,

3
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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 the
cyst wall were mesodermal in origin, arising from the
epithelium of the sperm tubule. Other authors havg
advanced a germinal originm (Nelson, 1931). No con-
tlusion on this matter will be attempted here. The
encystment of an apparent single spermatogonium 1is -
illustrated in figure?25 , in the testis of a newly
moulted third instar larva. One to a few of these

cyst wall cells can be seen around every cyst, in every
stage of development (figs. 26,27 ), including cysts
containing mature spermatozoa, unlike the situation

in some insects which lack cysts surrounding mature

germ cells.

—
—

The cyst wall cells are presumably stellate
and have a very reduced cytoplasm. The nuclei, while
presenting a variable appearance in cross section, are
quite largelfnd possess several nucleold, "The nucleus
is generallf'someuhat more osuiophilic than that of

the epithelial cells or the plug celle, On only one

occasion has a mitotic figﬁre been observed in these v

P

cells, and even in that case identification of the cell

as a cyst wall cell was not positive. The nuclear

' -]
size appears to increase basally, suggesting endoploidy N
‘ without spindle formation and chromosome segregation,

unlike the events occurring in ‘the plug cells.

AR
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Figure 25, Third instar testis, apical area of tubule.
Cyst.xgll cells (C) surrounding what appears in this,
and im~subsequent sections of the series, to be a
singlé spermatogonium. Epon, Toluldine Blue X 1700

Figure 26. Multinucleolar cyst wall cell (C)
surrounding spermatocyte cyst (SC). Trioxyhaematin,

X 1700

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

Pigure 28. Junction of three spermatocyte cysts,
illustrating independence of cyst wall cells, and
the lack of cellular continuity between cysts.
Blebrich Scarlet, X 1700
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Synchronous development within each cyst was
reported early (Smith, 1916) and this svnchrony is
presumed to result from cvtoplasmic continuity, a
result of incom;lete cytokinesis (Lavalette St. George, 1865;
reviews by Fawcett et al., 1959; Dvm and Fawcett, 1971 and
Phillips, 1970). Characterization of the intercellular
bridge at the fine structural level, and the suggpestion
that such bridges within the clonal cell population
might direct differentiation of the oocyte (Koch and King,
1967) and spermatocyte (King and Akai, 1971) will be
dealt with more fully in a succeeding section (Chapt.10 ).
Ring canals stain with iron trioxyhaematin, and part-
icularly are highly osmiophilic (f1g29,30). With
increasing cyst size, more than one centre of ring canal
fusion may exist (fig. 31 ). Since the groups formed
are roughly equal in size, they are presu;:bly formed
by an extension of the ring canal centre itself rather
than by displacement of one cell through spindle :
orientation or crowding. Slight differences in division
phase are noted between ttese subdivisionsgwithin the
cyst (fig.32 ). Due t; crowding, the existence of the
inter-connections cannot be visu?lized in late spermato-
gonial or spermatocyte cysts. However, the phase vari-
ations persist, suggesting retention of the brjidges
through to the spermatid stage as in mammals (Dym and

Fawcett \1971 ), &




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

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

Figure 31. Spermatogonial cyst, approximiately 128
cell stage. Two centers of ring canal (R) fusion
apparent in zame cyst. Note .typical circumnuclear
accumulation of mitochondria (m). Osmium Ethyl
Gallate, X 1600 :

Figure 32. Approximately the same size of cyst,
demonstrating partial asynchrony of development:
Half the cells are in prophase, half in metaphase.
Trioxyhaematin, X 500
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‘ ' - The Rhodnius germ cell shows a cytological
development very similar to the typical hemipteran
cytégenetic plan exhaustively described by Wilson (1912).
Accurate staging of the degree of germ cell differenti-
atioﬁ forms the basis for many of the assay techniques
subsequently use& in experimentation, thus a series of
squashed and air-dried preparations of tubules, and
'portions of tubules were prepared and compa;ed to flat-
mounted sections of tubules stained with trioxyhaematin
(Appegdix; Materials & Methods). The long spermatocyte

prophase provided the best means of quantification in

the Rhodnius tubule, and attention was focused on that
compartment.,

Hemipteran chromosomes, holocentric, small,
and very similar in size to one another are extremely
'anavorable material for cytologic 1n;estigation. Very
little could be determined from spermatogonial or somagic
cell squashes, save the diploid chromosome number,
twenty~-two in both sexes. With regard to the highly
endoploid mesodermal cells, examples were seen as high
as sixteen-ploid (£f1ig.55 ). Large. interphase endoploid
nuclei wvere also identified, with numerous @eceropycnotic
sex elements (fig.54 ). The degree of ploidy could n;t

.o be ascertained in these cells, however, due to thi‘small

size of the sex chromosomes, and a complication in v

! .

& ' .
. ! their number shortly to be descrided. Similar findings

~
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are reported in the testis 'sheath' of related species
(Geitler, 1937, 1938, 1939a and b, 1941). ‘

As previously mentioned,;the stem cell could
not be located spatially, and thus cannot be charact-
erized cytologically. In mammalian systems, cytological
identification of spermatogonial types i; well advanced

(Clermont, 1972). Very simply, ignoring the many sub-
divisions now recognized, these spermatogonia may be
divided into type A or 'dustlike' spermatogonia,
being steq cells or predefinitive, uncommitted spermato-
gonia, and type B or 'crustlike' spermatogonia, which
are destined to become spermatocytes through a species-
specific number of divisions. Hannah-Alava (1965)
suggests that similar cytological distinctions may be
made in insects. However, distributign of the chromatin
required for this technique is most favorable with
Zenker's fixative, and is completely eliminated by the
Lebrun's Carnoy found most suitable for the preservation
of spatial Prientation and spermatocyte identification
in Rhodnius. Thus, only one basic spermatogonial cell

' /
may be recognized (figs. 33-37 ). Some distinction
can be made on the basis of position in the tubule,
and cyst size, but these criteria are not entirely reliable
and become quite hopeless in the germarial region.\
By contrast, the cytological events duriﬁg

the spermatocyte prophase result in distinctive~and-easily

@
ki



Figure 33. Final spermatogonial cyst, as identified
by position in the tubule., Interphase; compare
with 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 somatic chromosome spread, Aceto
Orcein squash preparation of accessory gland.

« X 1800 ‘

1

&
Figure 37. Female somatic chromosome spread, Aceto
Orcein squash preparation, oviduct. X 1800
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. characterized stages. The initial stages, interphase
and leptotene, closely resemble the last spermatogonial
stage both cytologically and in terms of cyst size
~ (figs.38,39 ). Typically, the hemipteran spermatocyte
nucleus then enters a phase of maximal coiling of
the chromosomes to form the synizetic knot of the zygotene
stage, or synizesis. This 1is a particularly well-repres-
ented stage in Rhodnius (figs. 40,41 ). During the
succeeding pachytene stage, the chromosomes gradually
uncoil, revealing for the first time the sex vesicle,
but no well-characterized bouquet formation (figs. 42-
44 )., Complete decondensation of the nuclear material, -
with the exception of the heteropycnotic sex complement,
provides a well-marked diffuse diplotene stage (figs. 45,
46 ). Diakinesis is evident (figs. 47-4g ), and
the first meiotic metaphas®e, anaphasey and telo;hase
follow in order, unremarkable save for the late segreg-
ation ofvthe sex chromosomes &igsE@-53,56), No second .
interphase or prophase is recognized, and khe sperma&o—

cytes likely pass directly to the second metaphase,

which is indistinguishable in sections from the fipst
meiotic division figures.
This progression represents a simplifie

version of the twelve stages deseribed by Wilson /(1912)




Bigure 38. Interphase of spermatocyte cyst, defined
by position in tubule. Trioxyhaematin, X 1800

Figure 39. Chromosome spread from same stage, some
palring evident. Note heteropycnotic sex elements
(arrow). Aceto Orcein, X 1800

Figure 40. Characteristic zygotene spermatocytes,
showing highly condensed, tangled chromosome mass
(synizetic knot) with clear area surrounding.
Trioxyhaematin, X 1800

Figure 41. Possibly same stage in squash preparation.
Note small 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

a

Figure 43. Same stage, Aceto Orcein squash preparation
X 1800 . Y

Figure 44, Slightly later in pachytene. Trioxyhaematin,
X 1800

| Figure 45. Diffuse diplotene stage, Aceﬂo Orcein squash
‘ preparation, Three doubled heteropycnotic sexNelements
no condensed autosomal chromatin., X 1800

Figure 46. Early diffuse diplotene, Trioxyhaematin,
X 1800

Figure 47. Early diakinesis, Aceto Orcein squash
preparation. Note palring of two of phe sex elements,
X 1800
)’.
Figure 48. Diaklnesis. Distribution of chromosomes
on the nuclear membrane, Trioxyhaematin, X 1800

Figure 49, Aceto Orcein squash preparation at same
stage as figure 48. Note sex chromatin now nearly 3
isopycnotic with autosomes, - X 1800

’

.
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by the Rhodnius spermatocyte. The sex chromosome
complement in Rhodnius follows the hereropycnotic
behaviour pattern defined by Wilson; however, in
Rhodnius, an interesting variation arises. Three
doubled sex elements can be seen in early prophase
(figs. 45,47 ). . The two larger of these pair to form
a bivalent at first metaphase, and segregate apparently
in the‘iame manner as the autosomes (figs. 50,?2 ).
In the second metaphase,-the unlike sex chromsomes
apparently join by 'touch and go' pairing, common to
hemiptera (White, 1973), resulting in a reduction
in cgiomosome number (ten 4 two; teg + onei. In this
case, the sex complement at the second metaphase is
tripartite, and might be assumed to represent an
X1X2Y group, also quite common to the hemiptera (White,
1973). However, the equality of chromosome number
between male and femele somatic cells (Twenty + two) would

suggest that this sex complement is X;Y;Y7 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 which was not carried out. :

In any case, following the meiotic divisions,

the sperma;%ds so formed are small ( 5.0 4~ ) ;ells,

without much apparent internal structure (figs., 57 ).

Turning to other histological techniques, spermiation



Figure 50. Primary spermatocyte metaphase, polar view.
Ten autosomes, two sex elements. Aceto Orcein,X 1700

Figure 51. Secondary spermatocyte, metaphase, polar
view, Ten auposomes, one sex element. Aceto Orceln,
X 1700

1

»

. Figure 52. Primary spermatocyte metaphase, lateral
view. 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, i1llustrating 'touch and go' pairing of sex
elements. Aceto Orcein, X 1700

Figure 54. Heteropycnotic elements in interphase
nucleus of polyploid cell., Aceto Orcein, X 1700

Pigure 55. Polyploid chromosome spread, approximately
8N. Aceto Orcein, X 1700

Figure 56. Late segregation of the presumed sex element
In meiotic telophase, Aceto Carmine, X 1700
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could be followed with particular reference to the
develo;ment of the acrosome, centridqlar reorganiz-
ation, and coalescence of the mitochondria to form
tdae nebenkern (figs. 58-60 ). Matyre and maturing
sp;rm of Rhodnius are not well-chardcterized at the
level of ;he light microscope (£fig.27 ). As Davey

(1965) poinfs out, they- are lqu and filamentous in

1

character, .presumably so that the micpylar opéning‘

in the egg may be as smakl es possible thus mihimizing

~ water loss through'evaporation. The heads axe wmain-

*

tained well in register with one another, typjgal of
insects (Phillips, 1970), and no specific sperm cap
cell or associatigon with gny particular area of the

cyst wali'is evident.
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Figﬁré 57. Early spermatids, showlng nucleus (N) and
.forming acrosomal granule (A).

Figure 58. .later stage. Mitochoridria have coalesced [
to form two nebenkern (N).bodies. Acrosome (A) 1A
characteristic position lateral to husleus (N).

5 ‘
‘ 2

Figure 59. Elqngatioﬂ of nebenkern. ' : "
Figqré 60. At later stage, aentrosomes (CN) seen a¢ * - ,

base of mwcleus, 'read' of flagellum produced by

nebenkern. " : :
Figure 61, Filiform spermatids. Acfosome remains . .
' lateral, centrosomes still doubleé. f/ : ‘ »

All micrographs Osmium Ethyl Gallate, X150C
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' Chapter Four: Developmental E{rents; Autolvysis
One criterion of development attended to by
previous workers in other species has been the change
in size of the testis through larval development, A
common pgttern observed is that of slow growth through
/ early instars, supplanted By a more rapid increase in
the last larval instar and pupa, as in Bombyx (Takedchi,'

8 1969) and Aedes £¥imulans (Horsfall and Ronquillo,

&

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

define a stable growth rate for Anthonomus grandis,

similar to othey larval structures. Econom&poulos and o
- o
Gordon report a slightly declining growth rate through
¢ 1 & .
to the young adult in Oncopeltus (1971)% Both studies

s
-~

begin with late larval development, hoﬁever, and

are thus not comparable to the above work, A declininé
. .
growth rate 1is also defined for Drosophila, apparently

influenced in part by the spiralization of the testis
directed by the vas efferens (Kerkis, 1931), The
‘ 4

testis size of the adult in some insects is considerably

\J ‘ .
less than that in a mature larva or pupa (Chiromomous

glumoshs, Wefisler and Rempel, 1962; Hyoitaphora cecropia, -

. ' Riddiford, 1972), a consequence of figration of sﬁermatozoa,
/o

to the seminal vesicﬁg.

. - Y The testes of Rhodnius are quite-small in

. earlier instars, making direct volumetrid measurements




by displacement or estimates from weight impossible.
As,well, considerable variation-between insects of

the same age is noted, as often ré&ported in other

A

species (E;onompoulos and Gordon 1971; HJLaughlin
" and Lusk, 1957). As estimates based on surface area
Jere c;ns#dered imprecise, no detailed analysis was
carried out, but rasual inspection of available
preparations indicates an approximate doubling of
surface dimensions of the testis Bet:een eclosion (10@#
X 399@2) a?d mid third instar (ZOgM x 609M ).
Practic;lly all growph durine this period 1 hz cell
L.

division. Similarly, the early fourth ins testis

has dimensions of about 269M’x 7§9w . A line drawn

through these pointﬁ is lindar (fig.62 ). Changes

~

in size between the fourth and fifth instar, and the
3 . -

fifth instar and young adult are considerahly greater,

as is 1llustrated in fi3. 5 . These quantitative
- ‘ !

changes are accompanied by qualitative changes in the

state of differentiation of the germ. cell cysts. "Thus,

3 ;’ . -
the fourth instar testis prior to the blood meal contains

only spermatogonial cysts, ‘each cyst contaﬁning up to
¢ ’ .

about 20 cells (f13.95 ). 1In the fifth instar; prior

to the feed, the dominant cellular elements are not
‘ .

L
) L2

spermatogonia but spermatocytes (fi1g.20 5, "Sections
cut of testes at daily intervals indicate the infitial |,
appearance of spermatocytes at about the eighth day-

following the feed in the faurth instar. By approxi-

3T
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at various stages in larval development.
Points represent single individuals, A"

ecdysis prior to the blood megl. X axis
Aepresents days following eclosian.

four day period is assumed following each’
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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 ~
by spermaticytes. The increase in testis size betwegn\

the ‘fourth and fifth instar this involves not only

cell division, but e accumulation and subsequent

increase in indi al cell size of a larese .pool of
primary spermatpcytes. After the feed in the fifth

instar, spermiftion begins, In the adult, mnost of

the testicular up by spermatozoa

and developing sperma se developnents are

illustrated in fig.b63 . v Tsr\j\\\\

‘ It is important to note that when a given . F \\
. . . ' .
stage of gern cell differentiation is reached, earlier
R . . S e
Spermatogonial L.

»

mitoses continue during the period of spermiation and,

indeed, both processes o6ccur throughout 'the 1ife of -
) N . L] i

the adult. The gegymarial region of an actively breed- :

ing adult, while occupvifg a very small part of the

total testicular volume, does not appear to differ in

-

N ' \ rd
absolute size markedly from that f%uhd, for‘inséance, ‘

in a fed fourth‘instar.
) v

v Histological investigations carrféq out

during the diapause and post-feed periods revealed a

-

surprizing fact, Heiébﬁésg“figures in the germafial

-

L] ’ . LT .
plates in the Appropriate instar were present fn the
. . . R X,

3
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' DEVELOPMENTAL TIMETABLE :

EXPONENTIAL

SPERMATOCYTE

STEADY

| | l
- SPEAMATOGONIAL
GROWTH " |JACCUMULATION : STATE : SPEAMIATION :
‘ . | | o |
DIAPAYSE ' ’ ' DIAPAUSE l '
- ey N DATe — " D"’s VAM
3/4 .~ reED ~4/5 FEED 5/ADULT
MOULT 12pavs + MOULT 20 DAYS MOULT
Pl ’ ,
4™ INSTAR - 5™ INSTAR '
. FIGURE 63. A timetable of testis development in larval Rhodnius, inter:reting

volumetric changes (see {igs.5, 62) 1n terms of germ cell differentiatinn,
MajJor péints of-interest: appearance of ( synizetic ) ~permatocytes .
at day 8 pest feed in the 4th instar, and their subsequent 71ccurmulation; -
appearance- of melotic figures at approRimately day 4 o %he 5th instar; 3
specific autolysis of spermatlds resulting In an 'stenay tate! condliticn;
cuccessful spermiation followlwg the 5th instar blood meni,

o
Ry



diapausing as well as the fed insect, in dpite of

the fact that no increase in testis volume or cell
numbers occurred during the diapause. In earlier
instars, the mechanism of this stasis was puzzling.‘

The size and linearity of the fifth instar tubule,
however, permitted a reconstruction of events

suggesting the solution, Meiotic divisions began h

early: approximately day two to five days post-moult
AN '
in the unfed fifth instar. No spermiation occurred

in these unfed, diapausing insects, however. 1Instead,
the spermatid éysts so formed underwent degeneration
(fig.64 ), and all cysts so produced were subjected

to this fate until the fifth instar feed. Spermatid
cysts prod@ced by meiotic ‘division subsequent to the

blood mealwhhderwent spermiation[and maturation to

-~
. '
spermatozoa. . )
- /

’
’ LY

.’ It is often impossible, of coursd, to~$dentify
. , e S

aécurately the source or étage of - differentiation of
) Ry €

degenerating cells, since the process itself results
o . M y
in a progressive and total moaz?ologicnl and cytol-

( ~

"ogical disruptior. In this case, however, differentiation

© N of the spermatid results in the formation of sﬁecific,
highly distinctive organelles: the aqrosomeJBr pro=-

« " acrosomal g;anule,”ang the nebenkern (figs. 58-65 )

| yhi;h érg not fo@n& in an; othér cell state: Conclusive.

o LY [}

e
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Figure 64, Testis" tubule of a fifth instar insect
10 days following ecdysis. Note spermatocyte cyst (SC),

melosis (M), spermatid cyst (SD), and degenerating
spermatid cyst (DG) in basal progression. Osmium

Ethyl Gallate, X 775 ‘ ;

Figure 65. Detail of degenerating spermatid cyst,

Illustrating acrosomal granule.(A), nucleus {N)
and nebenkern (K) in cells. Osmium Ethyl Gallate,

X 1950

Figure 66. Accumulation of cyst wall cell nuclei
(arrows) in plug cell region of unfed insect -
tubule. Blebrich Scarlet, X 1550

o~

2
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identification of these structures in cysts earlyv

in the degenerative process (fig. 65) and position

of the degenerating éysts basal to meiotic metaphase
figures, and early, apparently normal spermatid cysts
(fig. 64 ) provided a means of easy identification.

It thus seemed that the spermatid,. inappropriate to

the developmental schéma during the variable length

of time spgpt 1ﬂ the fifth instar diapause, was
selectively and tota}ly remgved from the system.’
Evidence . that the process was continuous was found

in the accumulation of cyst cell nuclei in the basal
area of the tubule, adjacent to the cytoplasmic barrier
formed by the plug cells (fig.66 ). This accumulation
did not occur indefinitely. Disappearance of the remnantsg
of the degenerating cysts from £he gasal area of the
tdbuLe occurred by about four days post-feed, providing

a rough estimate of the transit time for‘tqswdegenerat—

N ©

%

ing cellé. i '

The appearance of the‘degenéra ingtspermatﬁds
- v R ¢ ? . 4 "
‘is quite ddsfinc;‘from/thét_bf deggnéréting spermato«

gonial cells, alluded to-in an earlier sect¥on (hée -

A '

Chapter Three). Theseueirlier examples of degeneration *
infrequently and apparentiy randomly distributed

. : ) -
thrqughout the tubule, are characteérized by-extreme

.
.

3htinkage and pﬁcnoais‘ofgthe-nuélei, which come to be

- -

* oy . , *
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.

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

<y

The specific spermatid autolvsis in its early stages,
wshows a dramatic swelling of both cell and nucleus,
from approximately 5, 3.9uin diameter in tte spermatid,

to 20 and 5‘ respectively in the degenerating

cell (fig. 65). Lysis of the cell occurs, releasing

/
nuclei and nebenkern into the cy&t interior. Individual

components*become difficulth to follow in subsequent
stages, but pycnosis of nuclei does not appear to be
part of the process.

As the events always occurred in the basal
region of the tubule in close proximity to the plug

+

cells, it was‘suspected that these cells might be

instrumental in the process. There are reports, scattered

throuéhout the literature of acid phosphatase gctivity

13

in similar cells: neck cells in Gromphadorhina and

o
P ’

Byrsothria (Lusis et al, 1969); supportive cells of the

testis of Artemia salina (Wolfe, 1971); nutrditive

phagocytes of the téstis of the sea urchin Styloci&aris,
(Hollénd, 1967). This enzyme is generally associated
with lysosomes (DeDuQe, 1963), and while the role of

{ " 3

. acid phosphatase activity at least in the neck ce%ls

above is not clear, two possibilfhies‘might be projected

<f\\ for a similar activity in the plug célls. First,
resulting from lysosomes produced and packaged for
N )

-, export qo’the cyst)to inftiate th‘ histolysis reported,
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“
or, second, as lysosoﬁal acid phosphatase for the
digestion of phagocytosed remnants of the spermatid
autolysis. ? i
To investigate these possgbilities, a popul-
étion‘of sibling Rhodnius males were selected at the
moult from fourth to fifth instar, held ten days, and
then fed. Two to four insects were removed from the
popuiation at daily intervals from the hoult, dissected,
Fnd the*xistes,investigateﬁ for the p;esenge and dis-
tribution of acid phosphatase, The technique employed
was that of B;r;a and Anderson (1965), using B/M
‘serial sections obtained by cryotomy. (Appendix

Two? Histolog@). The experiment was continued

for fifteen days following the blogd meal.

)
The results obtained indicated that acid

phosphate activity was present in the testis but
localized sttictly. within the degenerating cyst, fa . .

Thevactivity was so pronounced, in fact, that it was *

[ i 2

clearly visualized in fresh, intact testés incubated
in the histochemical medium, Thisd activity was demon-
strated at those times when degeénerating cystsnwere

present in the testis:’ that 1s from four days post—moult'

© ~

to four days post-feed. In the intact testes,lthf

position of the reaction product and timing of its
a ‘

applennce boinciaea pfeciaely with the appeariﬂk{ of a

yellowish, refractile mass. This was similar‘in appearance
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A

to that resulting from odcyte resorption dnd degradation

of postovulationary follicles, and}refef}eﬂ to as
TR

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

.

ively late in the post-feed period, acid phosphatase

activity could be seen in scattered mesodeérhal cells,

4

but the precise“identification of these cells was not

-

©

pogsible. At the same time, a slight amount of activity
»\’ .
o
was found free in the vas efferens‘and vas deferens » “
. ~ . L

lumen. At mno time, however, was activity demonstrﬁple 2

in the plug cells., This finding might be explained .

by the relatively high, and hence nog-optimal pH
AT s

range used in incubhtion of the tissJe, vhich was

necessary to control diffusion ?f the reaction product
o .

frpm the centre of activity. This interpreation is

¥

argued ag;inst by the vigorous reaction of the .mesodetmal. .
. > , ‘

ceils, and visualizatiodl of free activity in the duct,
system., The plug cells may or may not be involved in
- , . L)

the %niifhtion of spermatid autolyeis, but, if so, 1t

*

would seem not be through the production and export of
acid phosphatase. rAs well, there would seem not to bf

a role for %hes% £ells in the phngocytoshs"of*q;st

remnants, though the confﬁsing mix\of cell detritus .

and plug cells ir this région of the,tubule does not

E
-

permit any firm conclugion.

i

As the cessation of autolysis ceincides wibﬁ.

s. . \
activation of. the endocrine system in preparation for
¢ ® , _’ ¢ .
’ “ L] -

»
o
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4

to that resulting from o8cyte resorption and degradation
of po;tovulptionary follicles, and referred to as ,
'vyellow bodies' (Cone and Eschenberg, 1966). Relat-~
ively late in the post-feed period, acid phosphatase
activity could be seen in scattered mesoderma} cells,
but the precise identification of these cells was not
possible. At the same time, a slight amount of activity
was found free in the vas efferens and vas deferensg
lumen, At no time, howvever, was activity demonstrable
in the plug cells, This finding might be explained

by the relatively high, and hence non-optimal pH

range used in incubation of the tissue, which was
necessary to control diffusion of the reaction product
from the centre of activﬁ;y. This interpreation {is
argued against by the vigorous reaction of the mesodermal
cells, and visualization of free activity in thf duct
aystém. The plug cells may or may not be involved in
the initiation of spermatid autelysis, but, if so, it
would seem not be through the production and export of
aciq phosphatase. As well, there would seem not to be

a8 role for these cells in the phagocytosis of eyst

remnants, though the confusing mix of cell detritus

‘and plug cells in this region of the tubule does not
) rmit any firm conclusion.

As the cessation of autolysis coincides with

)
activation of hhe endotrine system in preparation for
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the oncoming qoult, a limited series of experiments
vas perfdfﬁed to clarify the role of hormones in this
event. Ten appropriate young fifth instar insects
were su@jected to removal, of the neurosecretory

cells of the pars intercerebralfs, held for ten days,
a%h then fed. Similarly, ten insects wére fed, and
dec?ﬁit;teq twenty-four hours later. As expected,

Y
no moulting activity 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 morfhogenetic deVelopmegt, in the
absence of nutritional and osmotic influence of the
blood meal was then attempted. VYoung fifth instar
larvae were 1mmobilié¥d with tape and an incision was
made in the dorsum of the abdomen. A sterilized human
hair was looped around the junction of the crop and '’
nirgut and pulled tight. The fr;e ends of the hair
vere ttimsed and the wound sealed with wax in the ﬁ;ual
manner. As above, these insects were held for a ten
day recovery period, though during this time, half
the operated insects diéd. The survwivors were fed and
four bugs sacrificed at six days following the feed.

No cessation of autolysis was found“}n any preparation.

Four repmaining insects which had fed were held to assess

moulting activity. None of these insects ever showed
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development beyond that typical of a diapaused fifth

‘ .74

sigp% of apolysis or new cuticle production. Survival
was v?riable. ,One insect which apparently received some
limitéh flow of material(into the midgut ;urviveg
through three feedings, fully gorging each time over a

period of five months. At death, even this 1nskct

showed 1no cegsation of autolysis, nor testicular

instar larva.

The approach next tried was parabiosis, using
a variety of larval or adult insects with unfed fifth
instar Rhodniug. As further contréls, fifth instar
bugs were implanted with sealed capillary tubes. In
the normal insect i1t regularlyhput infrequently ﬁappens
that one or two cysts in a tubule will be found in a
fairly advanced state of spermiation, or advanced
cysts will be seen degenerating. Many of the parabiotic
preparations showed this phenomenon, including controls.

None showed evidence of moulting, probably due to the

severity of the operation as performed by this author.

‘Thus, in all the experiments so far performed, no

evidence of a normal production of ecdysone was obtained.

-All that can be concluded was that, in the presence of

markedly unusual physiological, but not necessarily

endocrinological conditions, no functidnal spermiation
{

Ky L

dccurtedf

/ Finally, the problem was approached with exogenous
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supply of commercial insect hormones. Three separate
experiments were performed. The initial experiment
was carried out to investigate the feasibility of
injecting f2- ecdysone, and whether or not any res-
ponse could be obtained ifn the intact insect., Six unfed
fifth instar insects were injected, three times each
at daily intervals from the third day post-moult, with’
B.Q/.l. of a 0.}#35¢1. solution of @#-ecdysone in dist-
illed water. An additional six siblings were similarly
injected with water only. The hormone-treated insects
thus rece;ved 0.3ug. ecdysone in 9/M1. distilled water
and the controls water ohly. 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 sampling times
were chosen‘to indicate development commencing immedi-
ately, (2 days), to approximate the normal transit
time for degenerating cysts (5 days), and to sample
development potentially realized by an induction of the
insects’ own endocrine system (£2 days). However; the
results showed elongatiﬁg spermatids or spernatoiﬁifza
4ll the insects teceiving/G-ecdysone, and no such
development in any of the control insects.

Experiments carried out in the intact insect
do not;petmit a very precise analysis of hormonal

action. Ecdysone has been reported, for instance, to

-
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induce kNA synthesis in the corpus allatum, suggesting
activation (Siew and Gilbert, 1971), and excessive
handling and injection might conceivably trigger neuro-
g!cretory telease (Highnam, 1961). A group of fifth
instar male siblings were thus isolated two days
following the moult, decapitated in such a manner as

to remove the brain, allatum-cardiacum complex, and
sdboesophageal ganglion, and returned to the incubator
for two days. Kambvsellis and Williams' experiments
(1971a & b) indicated that spermiation could be

induced in vitro by appropriéte concentrations of short
chaiq alcohols, presumably through a disruptive effect
on the testicular sheath., To investigate this poss~
ibility, the insects were injected with apl of 2%,

and ten with 6% ethanol in distilled water, each day for
three consecutive days. Controls were injegted with
water only, and a fourth group received three injections
of 2.0/91 of 0'15/“g'C/“1'/6— ecdysone in distilled '
water, giving a total dose of O.Q/ug. per insect, The
groups were sampled as above, at two ;ud fi;e days from

b 4
the onset of the injection series. Results were con- -

sistent with those obtained in intact insects.,é-ecdysone
injections resulted in spermiation in all cases, and

water produced no development. Injections of ethanol
prodgced considerable }ethality at the higher dose,

only three of seven potential samples surviving to five

days. At neither dose, hovever, was any“spernatid
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developmeht noted.
A final series was coﬁducted to investigate
the relation of /3—ecdysone dose to spermatid develop-
ment., A group of fifth instar siblings were decapitated
as previously, but on the day of the moult., These
insects 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 case of
j2.0, 1.5 and l.S/rJ. respectively. The solutions
xemployed, serjial dilutions of the same stock, provided
eventuad exposures of 5.0, 0.5, 0,05 and 0.00S/ug.
/3~ecdysone per insect. Three insects from each group
were disse;ted and the testes prepared and 1nvest1gateé

as above on days two and four from the beginning of

tqe 1nj;ction series, and usually three, but, in some

c;ses,\two survivors sampled on day efight.

On day two, at which time the insects have
received seventy percent of the projected total dose of
/ﬂ—ecdysone, spermatids could be found in two of three
testes in both the high (5.9/~g.) and 'physiological'

(0.3»3.) dose level samples. No spermatids were seen
at the 0.03»5. dose, but one insect in the group rec-_
eiving 0.003ﬁg. contained a tubule with several very

advanced elongating spermatids. The degree of develop-

ment in these cysts was such that it could not have

L4
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been instituted by the injections gegun only two

days previously, and.thus can be considered an example

of the occasional development noted in normal insects
referred to earlier. No development of spermatids

Or accessory glan&s, and no mitosis in the vas efferens
occurred in any other insect at this dose level (O'OOE”S.)

on either four or eight days.

At the 0.0}.3. level, no spermatids were noted

e

e

in any preparation. However, a slight level of mitosis
was noted ;n the vasa efferentia at day two, and in

the accessory gland complex at day four. At eight
days, thg accessory glands had reached about half the
size seeén in preparations from higher dose levels, and
mitotic activity had ceased.

At 0.5 ,g., spermatids were present in two
of chree‘sanples at day two, one of three at day
four, and all of the eight day samples. At the highest
dose level (5.9/5g.), developing spermatids were found
in two of three testes sampled at day two, and in all
the éemaining samples. Accessory gland development
wvas quite prominent.

As thege testes were fixed without removing
the sheaths and flat embedding quintitative analysis of
8per;atid survival 1is impossible. However, the data
clearly show a cessation of autolysis and subsequent
spermiation in the presence of/s-ecdysone in what may

be considered roughly physiological amounts (ﬁigglesvorth,

-
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. 1970). Accessory gland development would appear to

a

be induced at even lower lewels of/d—ecdysone exposure, -

J

.
%

-
=%t
T

.
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Chapter Five: Developmental Events: Dvnamics

The timing of onset of differentiated égates
! within the gerﬁ cell complement of the testis having
been accomplished (fig. 63), attention was turned to
an analysis of the kinetic relationship of these di{ff-
erentiated states to one az2nother. As previously des-
cribed, the primary germ cells arise in the apex nf the
tubule. As they divide, they become surrounded by a
sing}e layer of squamous cells, forming a cluster of
spermatogonial cells termed a cvst. Divisions are
approximately synchronous within each cyst, and cyto-
plasyic continuity retained by incomplete cytokinesis,
This synchrony of division results in the cell number
per cyst being 2", where n equals the riumber of div-
Dions experienced by the clone of_ cells comprising
the cyst. The cysts increase in size as they nmove
Aown the tubule, and the testis presents a linear
d‘splay of advancing stages of differentiation, the
zonation referred 22 earlier (Depdolla, 1928). The
most mature cysts come to lie at the junction of the
tubule and the vas efferens, which is blocked by the
plug cells until the moult from th; fifth instar to

1

the adult: \

bt

\
The various spermatogonial'cysts, as previ-

ously noted, are cytologically indistinguishable and



their apparent diameter and cell number are dependent

L ]

on the plane of section. Tﬁese circumstances render
it impossible, using the present technique, to inter-
pret the development of the spermatoéonial cysts in
terms of the number of divisions which they have
experienced. The linear arrangement of successive
stagés of the meiotic prophase, however, provides a
basis for estimation of the size of the spermatocyte
compartment.

The term 'compartment' is used to indicate
all those cysts in a givgn tubule which are at a
specificllevel of differezfiation. Such cysts will
occupy a continuous segment of the tubule. The use
of this term, however, is not intended to imply a
structuralior mechanieal separation from adjacent
cysts, For the purpose of the experiments to be
described in tyis section, an accurate picture of
changes in the differentiated compartments rather
than the éotal nunber of cysts or cells, was required.
Counting techniques were therefore directed toward
sampling a constant proportion of each compartment
throughout the time span of the study., Measurements
obtained are thus an index of compartment si;e, but

are not intended to represent the entire population

of -.cells in any given compartment,

As described previously, the hemipteran gperm-
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atocyte prophase is characterized by a number of
cytologically distinctive stages., Following inter-
phase or pre-leptotene DNA synthesis, leptoteﬁe,
synizesis, p;chytene, 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 and leptotene stages strongly
resemble the final spermatogonia, both cytologicalfy
and in terms of cyst size, A preliminary investig-
ation was carried out in favorable sections to estimate
the size of 'this early meiotic period, defined as
extending from the last spermatogonial mitotic figures
to the onset of synizesis, and no accumulation was
noted which did not also affect the remainder of the
spermatocyte compartment, As these early meiotic
stages could not be defined in that majority of pﬁep-

arations which lagked mitotic figures in the final °

spermatogonial cysts, they were not included in the

estimates of cyst numbers used to determine the sperm-

atocyte compartment index. -

A median longitudinal section through a
testis tubule would permit a reasonably precise
sampling of the total population of cysts within the
tubule. However, because the tubule is very long

with respect to its diameter, it is imposuible ta

o
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achieve precise planar orientation of the sections.
Therefore, each prophase sub-divisfon with the except-
ion of leptotene, that is, synizesis, pachytene,
diffuse diplotene, and diakinesis, plus any division
figures, were counted separately in several sections
of the most favorable area. The maximum number
obtained 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 ‘'spermatid compartment' is used
here to refer to all of the cysts producéd by the
meiotic divisions, that is, those cysts whiéh contain
spermatids and developing and mature gspermatozoa.
The cysts of spermatids are cytologically distinct
and no problems of recognition occur, During the:
course of spermiation, however, the cyst assumes a
corkscrew shape, and may be represented by several
profiles in & single section. Therefore, only cysts
showing nuclei or spern he;ds were counted. The
compartment was divided into newly-fo¥rmed circular
spermatids, and those which had begun elongatiqn; and
the results vere summed as above to determine the ‘
spermatid compartment index.

Histological prebaration of tubules for flat
embedding and sectioning is described in the Appendix

(Appendix Two: Histology). In order to

A

*
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demonstrate changes in the spermatocyte and spermatid
compartments during the fifth instar, oge hundred
insects with identical developmental historjies were fed
as fourth instars. These were sexed at the moult from
fourth to fifth instar, and the qgles fed again ten

days later. Two insects were sacrificfd daily until

the stock was exhausted, eight days after the feed.

From approximately fifty fi1fth instar males, thirty

.

succesgsful prepara&ions of major tubules were obtained;
the chief sources of loss were damage to the testis
during de-shéathing, unacceptable plane of section,
excessive coiling of the testis, and failure of the.

insect to feed.

5

Because of these losses during the preparation,

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

from individual insects. Thus, for most days during

the course of the experiment;, data from .only one insect

is available, an admittedly small Qanple. Howa?er,'

-~

variation on those days for which two peints pre'avail- °
able 1is not extreme, and a line drawn to the paints

shows a relatively smooth progression with certain

Y

inflections of considerable magnitude. Since only these ]
- - ‘ .

Y .

major changes will be interpreted, th}sraph can be

considered a suffitiently accurate represeptati%n of

_~changes in the spermatocyte and spermatid compartment ..

sizes from the moult from the fourth to,the fifth instar,

-
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through the diapause perioé in the fifth instar, and
the critical pefiod 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 increases slowly through the late fourth

»

instar, then much more rapidly during the early fifth
K} -

¥

instar, reaching a plateau at’ about four days after the
moult to the fifth instar. This level is maintained
during thke remainder of the fifth instar until the
blood meal. Subsequent investigation of fifth instar

‘! . ’
larvae which had been képt unfed for as long as
six months show that the level declines only slightly
from this plateau. It 1is important to recall at this
time that the spermatocyte compartment receives a -
continuous input from ;permatogonial mitoses and, since
the histological observations show that meiosis begins
about day four, it ¥Yollows that there is also a contin-

uous output due to spermatocyte mefosis. This steady

state condition of the compartment is thus a dynamic

e

rather than a static phenomenon and reflects an equal

mitotic and meigtic activity.

¢ L ]
Immediately following the blood meal in the

~

fifth instar, the spermatoéyte compartment shows a

dramatic increase. Numerous mefotic and mitotic figures
#

can be demonstrated during this period, and an increase



@

in compartment size indicates that input exceeds

output, that is, that total mitotic activity exceeds
total meiotic activity,
" In contrast, the level of the spermatid

compartment size index is zero to five for the
entire period of the diapause. Since these few
spermatid cysts present ere always in a state of
advancing autolysis, they are not included in the
graph. After the feed, this compartment also increases
in size, though perhaps not so rapidly as the sperm-
atocyte compartment, Since no output exists for the
spermatids until after the moult to the adult, the
compartment size index shows a continued increase
during the remainder of the fifth 1n;tar, albeit at sa
reduced rate.

| An interesting inference which may be drawn

»
from these results is that, in the fifth instar, when

juvenile hormone is absent (Wigglesworth, 1934), mitotic

activity exceeds meiotic activity for at least the four

days following the bloodj;eal. Such an observation is

inconsistent Wwith any hypothesis which involves the

selective inhibition of meiosis by juvenile hormone,

for, if/the absence of juvenile hormone, we would expect

meiopis to be greatly enhanced. Therefore, it was dec-
{

ided to investigate the role of juvenile hormode dir-

ectly through the use of juvenile hormone analogues on
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this preparation.

Application of the potent juvenile hormone
analogue, farnesyl methyl ether (FME) to recently fed
fifth instar Rhodnius leads to the production of a !
range of larval/adult intermediagesxin the succeeding
moult (Wigglesworth, 1969; Barrett, 1974); the wide range

’ in effect on the population after a single uniform
application is believed to be the result of variations
in the rate of penetratfén of the hormone analogue
through the cuticle, and hence its availability and
catabolism in the individual insect (Patterson, 1973; .
Wigglesworth, 1973). Wigglesworth (1969), has devised

a scale for gauging the effect of the analogue on

R morphogenesis of the resultant cuticle., This scale
c‘: u*‘

thus represents a measure of effective dose of the
analogue on any given individual within the population.
In this study FME was dissolved in iso-
octane in ratios of 0.1, 1.0, and 2.5 nl. FME to 1,0 Al.
iso~octane. 'One microliter applications of the res-~
ultant solutions were made to the ventral abdominal
’ cuticle of fifth instar Rhodnius siblings, twenty~-four
hours after the blood meal. Controls were treated in
the same fashion, but with iso-octane only. Of fifty
insects receiving 1.0 or 2.5 nanoliters of FME, forty

moulted to intermediates with a score of 2 (highly adult)




g

to 17 (highly larval) on the Wigglesworth scale.
Controls, and insects receivigg 0.1 nanoliter FME,
moulted to normal adults, Scoring, and histological
procedures as in the previous expefiment, vere
carried out within eight hours of the moult,

" Counts were made of the spermatocyte and
spermatid compartments as before. Losses were agath
encountered, particularly in the highlv coiled spermato-~
cyte reglon of the major tubules (fig.69 ). Since it
was not possible to recognize any trend }n that com~
partment due to the small number of points obtained,
data from the minor tubules was also computed, and
presented here (figs.70,T1 ).

The index of spermatid compartment size for
both minor and major tubules (figs.68,70 ) displays
a linear decrease with effective .dose of FME., As no
output for this compartment exists at this time, the
decrease in compartment size index must be interpreted
a3 a dose related depression in the output of the
produc:s of mefotic division.

, The data for the spermatocyte of the minor ™
tubules (fig.71 ), on the other hand, shows no signif-
icant chanke with the degree of larvalization, If the
inhibition d;scribed above were specific for the Peiotic
division, a g;je in the index of this compartment would

result. The cpnstant level of the spermatocyte compart-
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PIGURE 68 Effect of Farnesyl Methyl Ether, a Juvenile
Hormone analogue, on spermatid cyst index,
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(1969). Data compiled for major tubul
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FIGURE 69 Spermatocyte cyst index, ma jor tﬁbule, as
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FIGURE 70 Data for spermatid 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 spermatocyte compartmenﬁ’cyst index
of minor tubules, same preparations as above.

Note that Y axis has not been extended to the
baseline,
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ment thus demonstrated an equal inhibitory ;ffect
L ¢l

of FME on both the meiotic and mitotic divisions.
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Chapter Six: Interim Reviewj Autolvysis

D

Thus far, the investigations have been dir-
ected toward unravelling testicular development into
its separate aspects of growth and differentiation
and identifying poésible 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 collected, and a correlation with
the main body of endocrinological information in
Rhodnius and other insects. In this way, a working
hypothesis consistent with the observations and with
the larval/adult paradox earlier defined, can be put
forward for classical endocrinoclogical investigation.

The most striking and significant control
iechanism available to the insect 1lies in the ability
to selectively and totally destroy 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 controls are in force.

et

s

- Degeneration of“germ cell elements is by no

means an unusual phenomenon. Roosen-Runge (1973), in
a recent and comprehensive review of the subject,
states that "... one gains the impression that degen-

erative phenonmenon have been found wherever the sperm-
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atogenic process of a species has been thoroughly
investigated.," The degree to which this occurs

varies considerablv with species and also with the

stage of differentiation under investigation. Quan-
titative data are scarce., One well-characterized
mammalian species and variety, the Sprague-Dawley rat,
gives the following percentage losses: Al (pre-
definitive'or stem cell) to Intermediate tvpe sperm-
atogonia, 60Z loss (Clermont, 1967); Late spermatoJ
gonial to advanced spermatid, 22%, with only 2Z directly
involved with the meiotic divisions (RoOsen-Runge,
1955)., 1In other species, the loss associated with the
meiotic divis%ons in rabbits is 247 (Swierstra and Foote,
1963), and 35% in humans (Barr et al.,, 1971).

With the difficulty of establishing the
progression of events, and subs;quent lack of quant-
itation, the significance of degeneration in .the insect
testis has not often been appreciatecd. Reports which

4

suggest specific autolysis of germ cells can be found

for Byalophora cecropia (Schmidt and Williams, 1953),

Cephus cinctus (Church, 1955), and Papilio xuthus

(Nishiftsutsuji-uwo, 1961), Particularly interesting
is that different elements are involved in each case,
respectively spermatids, spermatocytes, and both these

‘elements in Papilio. These evernts have been reported

to occur-only during diapause, and always at the level"®
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of the most differeﬁtiated geéminal element. In
Rhodnius, due to the linearity of the system and ease
of recognition of at least later stages of different-
iation, a clear distinction can be drawn between /
spermatogonial pycnoses and spermatid or spermatog;nial
autolysis. The earlier events appear not only histo-
logically distinct, but are randomly dispersed through
successive generations of clone size and are relatively
infrequent in relation to apparently normal cysts.
The basal autolysis in the fifth instar diapause is
spermatid specific, and inexorably erases the entire
population. A re-investigation of earlier instars armed
with the knowledge of this dichotomy led to the demon-
stration of both pvycnosis 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 paper, Roosen~Runge and Leik
(1968) examined in considerable detail the evidence
for the various types of germ cell degeneration in
the rat. Conclusions reached are that the pycnotic
nucleus type of cell death 1is a firml? established
phenomenon. In the later review, Roosen-Runge (1273),

puts forth the hypothesis that this phenomenon is

diVisionQQelated, and possibly a summation of small .

Y
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Figure 72. Extra-luminally directed vacuolization
(arrow) in vas efferens epithelium of unfed fifth
instar insect. Osmium Ethyl Gallate, X 600

Figure 73. Samé€. This specimen has been recently
fed,but has not yet cleared all products of
autolysis from the tubule. Osmium Ethyl Gallate
X 600 -

&

Figure T4, Apparent specific autolysis at.the plug
cell (P) / vas efferens (E) area of the unfed
third instar testis tuBule. Epon, Sato's polychrome,
X 1250

Figure 75. Pycnotic degeneration in apical region of
same tubule.- Epon, Sato's polychrome, X 1250

% -
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errors or catastrophes occurring during division,
eventually resulting in an abortive mitosis or mejosis.?

.

These authors regard the evidence for theflytic type of
cell death, described in rags by Franchi and Mandl
(1964), as less conclusive, pointing out a resem}lance

between the events described and pre-mitotic,or pre-

meiotic events as visualized with certain condjtions

‘of fixation., The non-dividing nature of the spermatid

and complete lack of survival negate such an argument

for the results reported in this thesis on Rhodnius .
Secnius
testis., A third type of degéneration, ctharacterized

by bizarre multinucleate forms and described by Ton

) .
Huckins (1965), in fact could apply to eitHer of the

two types deseribed in the insetct,

7

The occurrence of this diYision unrelated,
epparently pos?tion specific autolysis durding the dia]
pause period, immediately suggests a role for ecdysone

. —
in the process, Thig observation qfs also made by
Ni;hiit;utpuji-uwo (1961)kfo§ iagilio. She furthér
reports that experiments ;esigned to’ihvestigate
the problem were inconclusive, as the mechanical shéck,
of transplantation induced degeneration iﬂ,;any cysts.

The present author echogs and amplifies this complaint.

Surgical injury quite removed from the testis proper

/ seems capabde of fnducing degenerative events, or,
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converselyj partially alleviating degeneration. Possibly,

some component of the complex system of events

a

concerned with wound metabolism (Harvey, 1962; Wyatt, 1971),
1s involved.
‘I 1
Ecdysone has been experimentally demonstrated

to be effective in preventing the onset of degeneration

%3 vivo in Rhodniﬁs, in the absence of gutritional and
biophysical influences of éhe blood meal, and 4n the
absence of other obvious sources of hormones. It 1is
'impossible to predict how many intervening steps might
be inVOlveJ in the process, However, Kiss, in Williams'
laboratory (Williams, personal communication, 1973), has
succeeded in demonstrating a necessity for the continued
presfnce of macromolecular factor fractions of insect |
haemolymph for thd survival of isolated spermatidal
" cysts in vitro. In an earlier work, Kambysellis and
Williams (19ild) also reporﬁed a peak of MF activity

. . .
presant in th; haemolyamph of Ysolated abdomens subjected
to cuticular woundi:g. Théne results would suggest a
role for a similar factor in Rhodnius as well. The o
limited experiments with injected alcohol, an effective
activator of MF induced cpgrmiatibn in in vitro . s

‘studies on Cecropia testes, possibly were 1nef£eétive

in Rhodnias due to a rapid clearance of this metabolizeble

-
A

molecule from the in {vivo preparation.

Howewer, the demonstratlon of aufolytic"

“ v

8

)
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activity in the testes of a diapausing gﬁird instar
larvae, and the variation in stage apecig;city of an
appa;ently similar process reported by ptLer workers,
suggests a specificity for site in the tubule rather
than stage of germ cell differentiation, and thus
suggests the notion that autolysis is an acgive process
mediated by site specific elements 1in zhe tubular
system, Once underway, spermiation sqon results in
the colonization of the tubule by elongating spermatids.
This lack of site specificity for spetmiation;”the
converse of autolysis, argues against a simple hypothesis
ofvcontrol over metabolites necessary for spermiation,
or further development of spermatogonia.
A final observation on this system is wvarr-
anted here, but the reader is cautioned that these
x.f‘i:sults are highly tentative, During such time as
d€generat1ve cysts are present in the tubule basal
area, cuolization is often noted in the vas Fffetens
of the affected tubule, and these vacuoles sre alvays
extra—lumingl in position in the vas efferens epithelia.
fgacuolization occurs at this time in the plug cells
as well, but appears to be randomly directed (figs.72,
T3 ). This phenomenon is extremely rare in younger,
non-degenerative ‘tubules, or in fed insects (£f1gs.20,21,

24 ), 1If the vacuolization denotes a secretive

procegs and the testis sheath is selectively permeable,

L
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as Kambysellis and Williams' (1971a & b) work indicates,
the architecture of the system as previously described,
would result in a recycling of material back into the
extra-tubular lumen of the testis. Such a process

has direct parallels in the mammalian testis (Waites
and Setchell, 1969). A similar vacuolization has been
described for guinea-pig vasa efferentia and epididymis
(Ladman and Young, 1958). Setchell and Sirinathsinghji
(1972) suggest a role of this process in the recycling
not only of trophic materials, but bicactive materials
as well, a topic which will be explored more fully in

" the final chapter. One possibility is that the cyto-
plasm of the plug cells, rather than acting as phago-
cytic elements, act as a macromolecular sieve for the
utolyzed cyst products. Valuable metabolites are then
:;2ted back into the testis through the vas efferens
epithelial cells, either by an active transport process,
or simply through a kind of solvent drag phenomenon
associated with the uptake and transfer of large fluid
volumes. However, although“these results have been
noted in preparations utilizing three entirely different
fixation procedures, vacuolization of epithelial cells
is a very common histological artifact, and further
evidence would certainly be required.be%ore much con-
fidence could bg placed in this testicular recyclin;

hypothesis.

-
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Chapter Seven: Interim Rébiew; Dvnamics

—y "

X,

A8

A second significant conclusion which can be
drawn from this study concerns the accumulation of

spermatocytes which occurs early in the last larval

instar. Takeuchi (1969), wOﬂking with Bombyx mori,
régards this accumulation as resulting from a greater
inhibitory effect on meiotic than mitotic divis;on bv
juvenile hormone. Economopoulos and Gordon (1971), in-
a similar study on Oncopeltus fasciatus, conclude

. #
that the accumulation of spermatocytes occurs as a

result of mitotic proliferation of spermatogonia.
Failure of these resting spermatocytes to undergo
melosis in the fourth instar, and their high level of
neiotic activity in the last interval instar, is
regarded by the authors as being due to the absence
of an "adultoid biochemical milieu." They suggest that
this alteration in blood composition 1is unrelated to
juvenile hormone. .

[

The results reported in this work indicate
that spermatocyte accumulation, at least in Rhodnius,
is a direct effect of the difference id time spent
in the spermatogonial and spermatocyte compartments
by the developing cyst. It can be argued that the

difference in the duration of meiosis and mitosis 1is

a consequence of a long obligatory prophase during

I




meiosis. In the simplest case, where the spermatogonia
and spermatocytes have approximately equal cell eycle
times, with the :xception of the prophase in meiosis,
spermatocyte accumulation must inevitably occur until
saturation of this prophase provides an outlet for the
spermatocytal compartment, R

The degree of accumulation which is achieved
is illustrated in the following example: In such a
simple case as outlined above, the percentage of germ

cells wﬂich are spermatocytes at the onset of meiosis

can be predicted by the following relationship:

M . 20
jul X 100
M .20 2
(m ) ¢ 2n . 1

Melanoplus differentialis is one of the few

insects for which the cell cycle duration is known., If
it is assumed that Melanoplus fits the gimple conditions
outlined above, the figures of Muckenthaler (1964),
yield an accumulation of spermatocytes of approximately

90Z of the total germ cell complement.

M = duration of the mefotic cell cycle,
20 days.
. m = duration of the mitotic ce}l cycle,
et 28 hours,
-~ 20 = size of the spermatocyte cyst, 2/ = 256

This is not to suggest that specific inhibition




of meiosis doed not also occur, simply that the initial

spermatocyte accumulation is a kinetic event rather

than the result of a ?1ock on differentiation or div-
ision. However, if hormonal or biochemical conditions
fevored the inhibition of meiotic division specific-
ally, spermatoc;te accumulation would occur 1ndefin1tely,
reflecting a condition of blocked output and continuous
input. It can be seen frow the data on Rhodnius

that this does 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 &f which the duration

of larval instars is r&ther closely defined, it is
questionable whether such inhibition is even possible.
The time from onset of the appearance of spermatocytes
to meiosis in Takeuchi's study (1969) is approximately
eleven days, agreeing well with the duration éf the
meiotic stage in Bombyx determined from repopulation
of the testes following aLute x-irradiation (Sado, 1961,
1963a & b). Exact figures are not available for Onco-
peltus, but Economopoulos and Gordon (1971) indicate
that spermatocyte accumulation begins in the fourth
instar and meiosis starts in the early fifth {instar,

an interval of only three or four days. The onset of )

meiosis in insects showing such rigid temporal devel-




..104

opment might simply reflect the time required for
passage through the meiotic prophase. It is quite
clear that juvenile hormone does affect testic%z?t dev-
elopment in many insects, but the precise nature of
the effect is still in some doubt. The results of '
these experiments suggest that this role may also 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 development through the larv;i instar by
implanted cormora allata, would also argue in favor of
an effect of juvenile hormone on a continuous process
such as cell division.

Having established that the appearance of
meiotic figures in Rhodnius 1s a time-dependent
phenomenon reflecting the maturation of the meiocyte,
and that 'inappropriate' spermatids are removed by
autolysis during the diapause period, there would
seem to be no requirement for control over division
in such a system. Nonetheless, as previously noted,
division figures are far more prevalent in sections
of testes fixed immediately after the fourth/fifth
moult, and for several days following the fifth instar

blood meal, than at’any other time during the instar.
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Similar discontinuities 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 meaningful comparison
of the slopes of the compartment size index curves
is possible. However, certain trends are seen

which might be ;nterpreted as reflecting changes in‘
division frequency which are noted histologically,.
In particular, the rapid attainment of plateau level
by the spermatocyte compartment in the four days
following the noult fron fourth to fifth instar is
indicative of considerable finput due to mitotic
activity,

The changes in this compartment following
the blood meal are more complex in nature since, 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 fall in
spermatocyte compartment would be expected. Instead,
a quite considerable rise is observed, indicating a
rate of mitotic input which exceeds meiotic output,.
Such a result is in fact predicted by the principle
of dynamic accumulation earlier outlined. If the
duration of the meiotic prophase 1s relatively in-
flexible and thus changes in division rate affect

largely the remainder of the cell cycle, mitotic and
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mejotic cells equally, the meiocyte is not in as
favorable a position to react to these.changes by
division as is the spermatogonium. A lag in output
would result in a form 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 be the temporary
attainment of a new level of dynamic 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 she attainment of-
maximum compartment size at the fourth day after
feeding and the moult to the adult stage to recog;ize
any possible trend. 1In any case, the architecture of
tks/major tubule at this stage of development 1is
unfavorable for the counting of cysts, lnrgely as a
r;sult of the excessive coiling of the tubule (fig. 5 ).
Thus, the compartment size index after four days post
feed is variable as determined by the methods uced-here,
and a downward trend.would be difficult or impossible

to recognize.
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Chapter Eight: 1Interim Review; Division Rate .

and The Kinetic Hypothesis

The period following the blood meal in

Rhodnius larvae has been demonstrated to be a time

of prothoracic gland activity and ecdysone production
(Wiggl;:;orth, 1934). The post-feed rise in division
activity thus very simply coincides with a time o{
known ecdysone presence in Rhodnius, suggesting a
stimulatory role for this hormone in accordance

with the hypothesis of Takeuchi (1969).

Correlation of post-moult division activity
with hormonal events 1is more\$toblematical. Williams
and Kambysellis (1969) and Kambysellis and Williams
(1971a & b) have shown that ecdysone exerts its effects
on sSermiation at least through a second biologically
active factor, MF, rather than directly, 1In such a
complex system, the effect of ecdysone might be mimicked
by other substances which could, for instance, cause
changes in MF titer or availability., On the other
hand, both Bowers and Williams (1964) and Greenstein
(1972) have described events occurring during the
pre~diapauee and very early diapause in developing
wings and cuticle of Hyalophora cecropia pupae which
suggest low levels of ecdysone production immediately

[
following the moult from larva to pupa. No evidence
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exists for such activity at the larval/larval moult
in Rhodnius; however, Steele and Harmsen (1971) have
described a neurosecretory release during the larval/
adult ecdysis in Rhodnius. Should such an event.
also occur during the larval/larval ecdyses, low
levels of pre~diapause ecdysone secretion might be
predicted. ‘

T£e ubiquity of presence of juvenile hormone
during the earlier larval stadia, and the qualitative’
difference in tegtis development in the last larval
or pupal stadium in the absence of juvenile hormone,
has given rise to a speculative role for this hormone
in the differentiation of the meiocyte or spermatid.
Tﬁe results reported im this thesis, in contrast, show
no specific {nhibition of meiosis or differentiation.
The suggestion ;f specific inhbition of the meiocyte,
perhaps in analogy to the diplotene cocyte, has been
demonstrated to be unlikely on the basis of kinetics
of the germ cell population, and will be dealt with
further in a chapter on differentiation to follow,

The excellent electron microscopical evidencelfor
juvenile hormone induced degeneration in Locusta
(Cantacuzdne and Seureau, 1969) is complicated by the
involvement of highly specialized, trophic, parietal

cells in this insect, and thus cannot be generalized.

While volumetric analyses cannot provide much
/ﬁ




information regarding the parameter of germ cell

d:ngOpment affected, the dose-related depression
(Nojlck, 1973) and depression of development related
to the time of implantatién of supernumerary corpora
allata (Sehnal, 1968), indicate that the affected
process is ongoing throughout the stadium. This can
be taken as further evidence against the notion of a
hormone-linked simultaneous differentiation of
spermatids, and in favor of an effect mediated through
a continuous level of cell division.

It is clear that in many insect species,
the size of the spermatocyt; cyst in terms of cells

.

per cyst, is specific and invariant (White, 1955;
Phillips, 1970; King a9gﬁAka:: 1971). This fact would
indicate that meiocyt; differentiation is a sequential
rather than an abrupt process. The rigorous correl-
ation of cyst size (cells per cyst) with stage of . .
differentiation w?uld suggest that division rate control
alone is a sufficient mechanism for explanation of Y
the temporal pattern of sperm production. Although
dynamic accumulation accounts for the eventual Bize

of the spermatocyte compartment, the rate of division

in the last-larval instar is much higher than that
encountered in earlier instars, The role of juvenile

hormone in these earlier stadis might be in the supp-

fession of a maximal division rate, sllowing the germ cell

r




compartment fo build siowly toward a levei of diff-
erentiation consistent with the pre-imhginal state.
Such a kinetic hypothesis of germ aell dev-
elopment requires an endogenous level of division
in the absence of endocrine activity, as is observed
~during the fifth ingtar diapause 1in Rhodniu;. I1f
jJuvenile hormone inhibitjon affects only écdysone
accelerated and not endogenous divisfon activity,
several conflicting observatiohs may be ;econciled.
Some level of division and, thus, ;&ffetentiation
would occur in the absénce of ecdysone as Yreported
lgh!ixg (Blaine and Dixon, 1970; Economopoulos and
G;;don, 1971), and in vitro (see review by Marks,
1970). Similarly, adult spermatogenesis, not requir-
ing the explogive cell division of the pre-imaginal
instar, would continue at the endogenous level 1ﬁ

the absence of ecdysone and in the presence of a high

'juvenile hormone titer.

..109
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Chapter Nine: Division Rate; Colchicine Accumulation

“Evidence of changes in division rate with respect
to hormonal influence both in the result; so far presented
and in the work of other authors, has been largely
correlative and unquantified. The kinetic hypothesis
put forvard&in the previous chapter would require .an
increase in division rate in the presence of ecdysone,
and the absence of this intrease in the simultaneous
presence of juvenile hormone. This hypothesis was put
to the classical endocrinologist's test of measurene;t
of the relevant parameter following removal of the hormone
source, and resupply of hormone.

Fronm the data earlier presented on spermato-
cyte accumulation, it could be deduced thit no spermato-
cytes are present in the fourth instar £estis fot at
least six days poét-feéd (fig. 67 ). One measure of
division activity is the mitotic index (MI): the per-
centage of cells in metaphase with respect to the total
celllpopulation. Spermatocytes, due to the long prophase,
would not be expected to divide within the time c;urse

of the following experiments, and thus could be consid-

ered operaf?bnally non-proliferative cells. The mitotic

"index, or any similarhtechnique which compares a visible

. I ? ’
division state to total cell population, is only valid

as long as the non-proliferative segment of tié‘iétrlnig\

—

»
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a reason:bly constant proportion. Accumulation of
- 4

prophase spermatocytes would Tesult in an increase

3

‘14 the‘non—éfoliferativenéegment of the cells

relative to the total cell complement, and, in ghis
case, to an artificialadecrease in MI or a 'false-
negative' effect. The use of fourth instar testes,
assessed within a few days of feeding qr hormone
tre;tment of the insect, avoids this complication.
Exposure of dividing cells to the plant alkaloid,
colchicine, Eesults in a disruption of spindle fibres
and thus an accumulation of cells in C-mitosis, anaphase

L

segregation being impossible until the concentration

of ¢olchicine becomes sufficiently low to allow
spindle organization. This technique is often employed '
to provide a larger sample of metaphase chromosome

preparations for cytological purposes. It is part-

icularly important in the measurement of MI, however,

since it permits the sampling of all division activity,

within a twenty-four hour exposure period, thus |
negating any variafion produced by potential circadian
influences on division rate.

An initial experiment was designed to investigate
the proposed endocrine effects on division-rate as well
-as the f;asibility of the technique. Sixty-six fourth
instar 1nse;ts‘of similar size and history were 1solated

a -

twventy days after the moult from the third to the fourth

v
. 4
) v .
. N é ,
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instar. All were subjected to removal of the corpus
allatum, corpus cardiacum, and the neurosecretory

cells of the pars 1ntercerebralis.. During post—-operative
recover;'(Appendix One), thirty percent of the sample ’
died: Following this ten day period, the remaining

bugs were permitted to feed. Eighty percent, that is
fifty-six percent of the original group, gorged to
repletion, the remainder either partially feed?ng,
refusing entirely, or gorging until the crop and the
integument burst.

The gorged insects were held for twenty-four
hours in the incubator to permit diuresis, and randomly
segregated into four groups of nine insects each. Two
groups were then injected with l.q/41. of a mixture\
containing 1.0/. g. of £-ecdysone in a 2.5 x 10-4m
colchicine solution, and two groups were injected with
the colchicine solution alone. One hour following
this treatment, one group receivin%/Q-ecdvsone, a;d
one control group, received 0.5 nanoliters of FME
dissolved in 0.5/»1 iso-octane, applied topically to
the ventral abdomen. The remainingﬂ ~ecdysone gr/oup a(d
control group received control applications of 0.%/.1.
iso-octame alone. The insects were returned to the

incubator, and twenty-four hours later removed and

held at 4°C., Each insect was then dissected in Ringer's
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solution, and the right testis removed and squashed
in hot aceto-carmine (Appendix Two).

The slides were counted for metaphase plates
and total cell numbers, and the MI computed for the
.twenty-four hour exposure. Results (fig’d® ), clearly
indicate a doubling of the MI in the presence of ecdysone,
which is entirely abolished b; the sinmultaneous applic-
ation of the juvenile hormone analogue. FME had no
effect on the endogenous divison rate demonstrate& by
MI 15 the absence of ecdysone.

In snite of the rather clear results produced,
these preparations were regarded as promising rather

P
than definitive. Sample numbers eventually obtained
were very small in relation to the amount of tedious
surgical, cytological, and microscopical work performed;
so small in fact that statistical analysis was not worth-
whileyr Many preparations had to be discarded due to
an inability to identify“reliably the typical condensed
ball mitoses, and differentiate them from simple germ
cell pycnosis. |

To 1mpro&e and simplify the above experimental
preparations, a number of changes were introduced in
the procedure (Appendix Two). Greatly improved visual-

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

MITQTIC INDEX:
24 HOURS

WATER

1S0-OCTANE 8.9t 1.2

WATER

FME

8.4 T 1.4

ECDYSONE

ISO-OCTANE 16.8 * 4.1

VI RS VS B 64

ECDYSONE

FME

8.7 ¥1.0

FIGURE 77 q
4th INSTAR: FED, DECAPITATED
EFFECT OF ECDYSONE

SAMPLE

?REATMENT

MITOTIC INDEX:
NO COLCHICINE

WATER

1.0 ¥ 0.3

ECDYSONE

2.9t 1.5

6

UNTREATED

UNFED

1.0 ¥ 0.6

WATER

ECDYSONE vs WATER: 0.01> P>Y0.001
ECDYSONE vs UNFED:
vs UNFED: NOT SIGNIFICANT

P= (0,01
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cold aceto-orcein. These, and all the following
preparations, were blinded prior to counting, and
exhaustive counting techniques introduced. To avoid
the necessity of time-consuming surgical techniques, a
feasibility study was done with fourth instar insects
decapitated twenty-four hours after feeding. No
colchicine was used in this experiment, to ascertain
if the MI was sufficiently high to avoid this stepo,
.with its somewhat abnormal cytological’effects. Since
these preparations lacked both brain and sub-oesophageal
ganglioh, the persistence of circadian rhythms was
considered unlikely. Results (fig.T7 )hind;cated that
the control injected insects did not differ significantly
from unfed intact fourth instar insects in terms of
testis MI and that/?-ecdysone was quite effective in
such preparations} however, further improveme;ts were
judged desirable. ' -
Decapitates were prepared as in the previous
expetimeﬂ{,. As the unmanipuiated MI was judged too low
for reliable measurement, colchicine was again introduced
into the procedure. To avoid 'breakthrough' anaphase
noticed in some preparations in the initial experiment,
the dose was increased to apl of 10-3M solution per bug.
On the assumption that alteﬁrtions in MI resulted from
changes in the duration of

he G; phase of the cell

cycle,/a—ecdysone or distilled wvater injections were

i
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carried out twelve hours prior to colchicine injections.
Further, to decrease abnormal effects due to hyperecdv-
sonism, the dose of/‘—ecdysone administered was reduced
to 0.;gg‘per insect. Not bound bv circadian inputs,
the colchicine exposure time was reduced to ten hours.
N This experiment involved two groups only,
those receiving/G-ecdysone solution, and Ehose receiving
water alone., Each group initially was comprised of
thirty insects, yiel@ing an average of eight countable
_samples. The experiment was repeated as precisely as
possible, two weeks later. The reéhlts (figs.78, 79 )
of these two runs, while showing considerable statis-~
tical significance, and qualitatively aéreeing with
earlier experiments, are quantitatively different not
only from earlier experiments but from one another as
wel}. A potential source of this variation may be in
well-documented but little understood phenopenon of
hyperecdysonism (Williams, 1968; Houze'éf/gl, 1974).,

In support of this explanation is the observation that
all of the ecdysone-treated individuals in both runs

of this experiment had completed apolysis within the
tventy-four hours between injection and dissection, a
respouse considerably advanced over that produced by
activation of the endocrine system through feeding.
Therefore, a final investigation was designed to assess

division activity under somewhat more physiological




i ..118

a

\\ FIGURE 78
4th INSTAR: FED, DECAPITATED
EFFECT OF ECDYSONE: TRIAL ONE

SAMPLE TREATMENT | MITOTIC INDEX:
10 HOURS
8 ECDYSONE 7.2% 26
8 WATER 4.6 t 1.7

0.05>»P>0,02

FIGURE 79
Yth INSTAR: FED, DECAPITATED
EFFECT OF ECDYSONE: TRIAL TWO

SAMPLE TREATMENT MITOTIC INDEX:
10 HOURS
A
9 ECDYSONE u.3 t 1.2
7 WATER 3.5 %11

0.1 > P»0.05

ve

FIGURE 80
fth INSTAR: CA-, FED
EFFECTS OF ENDOGENOUS AND EXOGENOUS JUVENILE HORMONE

SAMPLE TREATMENT MITOTIC INDEX:
24 HOURS
9 SHAM OP.| ISO-OCTANE 9.2 ¥ 2.6
7 CA~ 1SO-OCTANE 16.0 t 3.7
11 CA~ FME 9.2t 2.3

SHAM vs CA”/ISO-OCTANE: NOT SIGNIFICANT
sney vsS CA"/ISO-OCTANE; CA~/ISO-OCTANE vs CA™/FME: P<0.001

/ | \



..116

conditions.

Fourth instar siblings, approximately one
month after the moult from third to fourth instar,
were subjected to allatectomy. Particular care was
taken to avoid damage to the corpus cardiacu;, and to
avoid damage through overheating when sealing the
wound with molten tackiwax, Such emphasis, designed to
favor normal feeding responses, brain hormone release
and prothoracic gland activation, might be expected to
produce a higher level of mortality due to dessication
from inadequate sealing of tre cuticle. However,
mortality was a relatively standard twentv-five percent
in the allatectomy series during the ten day post-
operative period. Sham operated controls, in which a
similar incision was made and one salivary gland reservoir
removed, suffered a forty percent mortality.

The insects were fed to repletion ten days
following the surgery, and returned to the incubator.
Twengy-four hours after the blood meal, thirty allatec-
thmized individuals received an application of 0.7
nanoliters of FME in iso~octane, and thirty received
iso-octane oyly. Sham operated controls similarly rec-
eived iso-ocfane. At sixty hours vosg~feed, all the
insects were injected with %pl of 2 x 10™°M colchicine.
Twenty-four hours later, all insects were removed fromnm

the incubator to 4°C for subsequent dissection and prep-
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aration of right testis squash.

LS

Counts received from this experiment yielded

v

?

consistent and highly significant results (fig. 80).
Activation of the bugs own brain hormone and prothor-
acic glands with subsequent ecdysone production, in

the absence of juvenilethormone, resulted in a seventy-
five percent increase in MI over the sham operated
animals activiated in the presence of naturally occurr-
ing juvenile hormone. ﬁoreover. application of the
synthetic analogue FME, totally abolished this increase,
There was no FME-related depression of MI belowv the
endogenous level demonstrated by the controls however,
in spite of th; rather arbitrarvy dose of the analogue.
The results obtained are also strikingly similar quant-

itatively to those obtadned by injection of/@—ecdysone

in the original experiment performed (fig.76).
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Chapter Ten: Sequential Differentiation

Having presented experimental evidence in
support of hormonally affected changes in division
activity consistent with the kinetic hypothesis, the
validity of the sequential differentiation hypothesis
becomes a2 matter of tantamount importance. The
encysted, clonal nature of the insect spermatocyte
provides a simple means of determining the past history
of division of the cyst. In the great number of
specles so far investigated, a precise relationship
between the onset of appearance of the meiocyte and
number of cells per cyst can be established. (White,
1955; Phillips, 1970; King and Akai, 1971). Except-
jons to this rule are found only in strain differ-
ences in silkworms (Muraksami, 1971).

Cytochemical evidence favoring a sequential
differentiation of the melocyte is provided by
Anslev's study (1958) which demonstrates a progressive
change in histone character of the spermatogonial nucleus

of the Pentatomid bug, Loxa flavicolis. Similarly,

meiotic precocity in chromosomal pairing is well-est-
ablished in Bome Dipteran spermatogonia (White, 1973).

Finally, following the early work of Regaud (1901),
14

O
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workers have defined a sequential and predictable
lineage in cytological appearance of various sperm-
atogonial stages in a number of mammals (Clermont, 1972).
However, the classic experiments of Fukada
(1944) demonstrated that the removal of the corpus
allatum from a third or fourth instar Bonbyx resulted
in the production of a precocious adult, which contained
fully mature sperm in the testis. This could be inter-
;reted as the removal of a juvenile hormone inhibition
on differentiation of the meiocyte or spermatid as it
would seem unrelated to the age of the larvae so mani-
pulated. That 4is, the possibility exists that, in the
absence of juvenile hormone, meiocytes could be recruited
from any stage in the spermatogonial division sequence.
Uigglesworth's (1934, 1936) early studies on
corpora allata and precocious adult formation in Rhodnius,
wvere limited to ovarian development. However, he states
that development, while advanced in such preparations,
does not approach that realized in the normal adult.
Previous histological examination provides a rough
estimate of the maximum cyst size in third (approximately
23) and fourth (approximately fB) instars. The question
posed was this: given the same conditions of allatec;omy
and precocious adult formation, would the third and
fourth instar bugs achieve the same level of spermatocyte

or spermatozoal differentiation,as would be predicted

\
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if a differentiation block were involved, or would
they maintain the discrepancy imposed by the necessitf
of one to one and a half extra divisions in the third
instar as predicted by the sequential differentiation
h;pothesis?

To answer this question allatectomv was carried
out on a number of third and fourth instar insects early
in the diapause period. The animals were held for ten
days, fed and returned to the incubator. The results
of this initial experiment supported the sequential
differentiation hypothesis 4in that adultoids resulting
from third instar allatectomies never showed spermatozoal
development, and those produced by allatectomy of fourth
instar bugs always did.' However, rather few survived
to the metamorphic moult, and an extremely large vari-
ation in the duration of the succeeding moult resulted
in no valid comparison between tﬁe conditioés imposed
on any pair of third and fourth instar insects.

A more extensive series of allatectomies was
thus performed to provide adultoid individuals from
third and fourth instars. A detailed analysis of the
duration of the moult period in this sample will be
provided in the following chapter, However, from
thirty-two successful third/adultoid and seventeen
fourth/adultoid inégsts, considerable pairing of ind-

ividuals of equal duration of the moulting process is

¢
t
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possibla.

None of the third/adultoid individuale con-
tained sparmatoszos at the time of the moult, 1TIn
fact, those individuals which moulted prior to twenty-
two dava pont-feed contained only spermatogonia.
Recognizable spermatocytes app-a} at tw;ﬁty-two to
tventy-five days. By contrast, 'rerfect' adultoid
cuticular morphogenesis, as evidenced by occll;r and
external genitalia developwment ({ig.83,88)and internal
genitalia development(fig.94-96) occurs at about
eighteen days after the hlood meal.

In the fourth/adultoid eseries, spermatocytes
and spermatids are evident in all preparations. In
tvp insects which moulild to highly larval intermediastes
in tvelve and fifteen days, very little development
of the duct system characteristic of adultoida was
notad, and s specifiec spermatid autolysis was observed
in these specimans. At eighteen days, full duct and
accessory gland growth is achieved., The testis con-
tains spermatids in early stages of elongation. By
twventy~-three days post-feed, filiform spermatozoa are
recognizable, In the sample of longest moult period
duration, thirty=-two days, further differentiation of
the nost advanced spernmatogoa is evident., The maximum
‘differentiation of qxternal(fig.84,89) and internsl

1£1g.93,97 atructures occurs by contrast at about tvont{
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» FAigure 81. FPFemale adultoid produced by allatectomy of
third instar larva. Insect completed ecdysis, except
for head capsule and inflation of wings. Note adult
cuticular pigmentation, X 12 .

Figure 82.. Adult male, and adultoid male produced by
¢ allatectomy of third instar larva. Illustrating size
difference. . X 3

Figure 83, 84, 85. Extension of aedegus (a) produced
by injection of ringer solution. Note also lateral
pPleat development (L). Third and fourth instar

~@llatectomy/adultoids, adult. X 12

Figure 86. Ocellus (OC) of normal adult. X 7

Figure 87., Slight ocellar pigmentation (0C) of normal .
fifth ;pstar nymph, visualized in teneral nymph. L
X 10 ~ :

Figure 88. Ocellus of adultoid produced from third
instar nymph. X 10

Figure 89. -Same, adultoid produced from fourth
~ 4instar 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 study that
the disparity in level of germ cell differentiation
between third and fourth instar insects cannot be
redressed solely by the removal of juvenile hormone.
The level of diffe;entiation attained by the adultoid
testis appears inflexibly tied to the completion of
a species specific division sequence, The advancing
stages of development with increase in duration of
the moulting period, indicates that the process of
differentiation continues during times which are not
necessarily under the direct influence of ecdysone.
These effects are in contrast to the effects of the
morphogenetic hormones on vasa deferentia and acc-
essory glands. These structures, even in the third
instar preparations, show considerable mitotic growth
and individual cellular differentiation when exposed
to ecdysone in the absence of juvenile hormone (figs.
93,94 ). Similarly, morphogenesis of the cuticular
structures follows the clessical endocrine escheme,
and ¢8an thus be 'dissassembled’' from the sequentially

differentiating germ cell compartment.




Figure 91. Internal genitalia of a freshly ecdysed
adult., Right complex removed to permit visualization.
Accessory gland/seminal vesicle complex (ag), vas
deferens (vd), and genital ampulla (ga). X 10

Figure 92. Same, freshly ecdysed fifth instar nymph. '
Vas deferens (vd) faintly visible (arrows), minute
genital ampullae. Note externally directed ag}ggs
of major tubules (large arrows)., X 10

Figure 93. Same, adultoid produced by allatectomy of
fourth instar nymph. Testes (T)not markedly larger
than normal fifth instar nymph, but extreme
differentiation of vas deferens, accessory gland and
genital ampulla. Ventral fat body sheet not removed
from this specimen. X 10

Figure 94. Same, from third instar allatectomized
nymph. Small testes, considerable éctodermal
and mesodermal duct development., X 10

Figure 95. Adultoid produced by allatectomy of third
instar nymph. Vas efferens, and basal area of the )
tubule. Vas effereng "epithelium columnar, secretory.
Cysts contain spermatogonia. Trioxyhaematin, X 550

Figure 96. Same, major tubules , vas deferens. Trioxy-
haematin, X 225

Figure 97. Similar to figure 95, but adultold produced
by allatectomy of fourth instar nymph. Note spermato-
zoa (SZ), secretory epithelium of vasa efferentia and
vas deferens. Trioxyhaematin, X 225

Figure 98. Same area in the testis of a freshly ecdysed
fourth instar nymph. Vas efferens low cuboidal, cysts
contain spermatogonia. Trioxyhaematin, X 550
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Chapter Eleven: Moult Duration

Following allatectomy, 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)., Ceréainly, gome of this delay might
be imposed by wounding, and regenerating tissue (see
review by Harvéy, 1962; Wyatt, 1971). However, ex-
periments demonstrating 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

(Slama, 1971), for Tenebrio molitor, (Socha and Sehnal,

1973), and for the dragonfly Aeshna cyvanea Mull.

(Schaller and Defossez, 1974). 1In this last Ease, the
authors have interpreted the effect as due to a pro-
thoracotropic action of juvenile hormone, which has

i

repeatedly been demonstrated in diapausing pupae of

Hvyalophora (Williams, 1959; Gilbert and Schneiderman,

1959). Evidence for a prothoracotropic function of

juvenile hormone is not entirely conclusive, and this
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rather complex question will be dealt with more
fully in the discussion.

It has been demonstrated in this thesis that
spermatogenesis proceeds in a series of closely
defined and obligatory steps. The rate of passage
through this sequeﬁce may be modified by alterations
in the rate of cell division. Equally important, at'
least in the interpretation of adultoid development,
and by extension in the interrretation of spermato-
genesis in those insects lacking additionai‘diapause-
related controls, is the amount of time available for
cell division and thus germ cell differentiation
within each stadium.

The question posed then, without regard to
mode of action for the moment at least 1s, do the meta-
morphic hormones exert a regular and predictable
influence on the developmental period within each
stadium in Rhodnius; that {s, the duration of time
from the blood meal to the moult?

The author previously conducted an experiment
designed to investigate the question of the time of sens-
itivity to FME during the fi1ifth instar. This experiment
is thus complicated by the factor of the time of apoli-
cation of the analogue. That question involves essenti-
ally cuticular morphogenesis, and does not directly con-

cern the questions posed in this thesis, and a full

£
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compilation of results and graphic representations has
been included in an appendix (Appendix Three) for the
curious. However, the sample size of the experiment
was quite large, and an analysis of results concerning
the correlation of degree of larvalization and duration
of the developmental period preceding the moult is

thus highly valid.

S

A largﬁwﬁbp;lation of fifth instar siblings
were isolated at the moult from fourth to fifth instar,
held for ten days, and fed. Applications of 2.5 nano~
liters or 1.0 nanoliter of FME 1in l.O/Al. iso-octane
were made to the ventral cuticle at one hour post-feed,
and every éwenty-four hours for the succeeding fourteen
days. This procedure was carried out on ten bugs per
dose level each dav, and the insects returned to the
incubator. No iso-octane controls were carried out, as
previous experience inéicated that many 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 deviséd by Wigglesworth (1969). .
‘
The histogram (fig.99 ) shows 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 observed
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FIGURE 99 Effect of FME on duration of moult cycle. Insects
are grouped (0-3, highly adult; 16-19,.highly larval)
according to scale devised by W1gglesworth_(1969).

S = sample size, and percent of total sample in
given group. Intervals on X axis.represent total
/ insects moulting within a 2 day span.




to shorten progressively with advances in the degree

4
of larvalization, arriving eventually at a peak of

fifteen to sixteen days for perfect and near perfect sixth
instar larvae.

Similarly, a more modest exper;ment carried
ou? by application of the analogue at twenty-four
hours following the feed only, provides almost precisely
the same figures (£1¢.100), The perfect sixth instar
larvae moult at day fourteen to fifteen in this
experiment. In fact, this represents only two insects,
one on each day. Day thirteen is the earliest occurrence
that this author has noted in these, and several related
experiments using FME on the fifth instar.

The fifth instar Rhodnius larva is not. con-
sidered toc possess an active corpus allatum d;ring at
least the early 'critical' period of the develop-
mental span (Wigglesworth, 1964), ©Not surprisingly,
therefore, allatectomy had very little effect on moult
duration in this insect (fig.101),. As noted above,
this is not the case with earlier instars. Initial
experiments involving allatectomy of third and fourth
instar bugs resulted in widely varying results. However,
more careful surgical procedures, and a larger sample
of insects (Chapter Eleven) permitted the demonstration

of moulting durations of both third and fourth instar

‘insects with a definite peak (fig. 102 ). In both
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FIGURE 101 Effect of allatectomy on moult duration in the
5th instar. Sample sizes: Allatectomized insects-
17, sham operated controls- 22. Approximately
10% difference in results not regarded as significant.
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cases, aﬁ}roximately fifty peifent of the sample
moulted within a t;ree day span. Particulgrly inter-
esting is that the span, though slightly different
for each instar, closely approx;mated th® normal
duration of the fi{fth instar metamorphic moult
(twenty 4 one day), » . ~

To investigate the role of juvenile hormone

in thig phenomenon, fourth instdr bugs were isolated, .

allatectomized as above, held for ten days and permitted
to gorge. Insects which fed to repletion were held an
addié;omal fwenty-four hours for diuresis t; take place,
and 0,7 nangliters FME in 0.5 1. iso-octane toéically

applied to the ventral abdomem. It may be seen from

the histogram of the results (fig.102) that over sixty

percent of these insects moulted within the three
span‘ comprising a moulting cycle duration of twelye to
fifteen days. The normal duration“of the fourth instar
developmental period is twelve & one day; hence, this
sample may ‘be regarded as tiosely appt;ximAting a normal
larval moult in duration.
CN3 . These experiments, while providing no inform-
”?tion on the means by which juvepiie hormone accomplishes

N

. .this end, -do conclusively demonstrate that analogues
c of the horméne can tailor the duration of the develop-
] AN

mental period. Close ap?raximation of this duration with .

thag pbservid in<the normal insect under differing con-
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Discussion: Introduction

This discussion has been organized into
'

lhree sections, the first of which deals with what
ve may 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 developing testis which may be con-
sidered to be built on firm observational and ex-
perimental evidence. The limitations of this evidence
will be discussed in relation' to the several factors
inmpinging on testicular development, and a conserv-
ative restatement of the kinetic hypothesis made.
The section will conclude with an application of this
hypothesis to the observations on testicular develop-
ment existing in the literature.

One important concept, central to the
"kinetic hypothesis, is that the rate of cell division
in the germ line is 'under hormonal influence. This
cannot be unequivocally concluded from the evidence
presented in this thesis. The importance of the
concept requires a thorough analysis of the experi-
mental evidence obtained through this study, and
ancillary evidence from the literature. This section
will necessarily be more.speculagive and argumentative
than the preceding section, and & tentgtive conclusion

will be presgnted. 7
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In the final section, an attempt will be
wade to compare the systems operating in testicular

development to an hypothetical 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

1]

be developed.

£

* . L]
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Chapter Twelve: Discussion; Kinetic Hvpothesis-

The question initially posed in this thesis
was: do the hormones of morphogenesis, ecdysone 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 obscured by a mass of conflicting data. Certainly,
some of this conflict has been generated by species-
specific hormonal responses, and also much of the
information comsists of valuable but cursory observ-
ations on gonad development extracted from studies
conducted for quite different purposes., 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,
lacking a suitable framework of normal development, are
cryptic and uninterpretable. Similarly; with no
developmental timeéable as a guide, the choice of ex-
perimental system has often been con;letely unsuitable
for the investigation proposed. Contention ‘and con-~
fusion were the result, borne of misinterpretation and
the comparison of unlike déta. Nonetheless, certain

studies stand out as milestones in the history of
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testicular and gonadal endocrinology. Willianms'
(1952) demonst;ation of a role for ecdysone in
lifting diapause inhibition is one of these, though
the assay employed is nearly as obscure today as it
was then. Denonstrations by Wigglesworth (1934, 1936)
and Fukada (1944) that the corpus allatum, hence
juvenile hormone played an inhibitorv role in some
way on gonad develonment are equallv important in the
history of this topic. Finally, the imaginative and
courageous attempt by Takeuchi (1969) to consolidate
these findings into a2 comprehensive hypothesis of
gonadal endocrine control must be noted.

Takeuchi's (1969) e¥planation of events
impinging on spermatogenesis is suitable only fot.
those insects which do not mature sperm during the
adult stage. Many do, however, and indications in
the literature suggested that the pattern of larval
development displayed by these insects was not unlike
that in Bombyx, Takeuchi's experimental model. Rhodnius
possesses many admireble traits a; an experimental
animal, and carries out both larval and adult spermato-'
géhesis. In view of the confuiion alluded to in the
precedi;g paragraph, it was decided to attack the

problem not by posing a question for experimental anal-

ysis initially, but by attempting an understanding of

)



..142

-
>

the timetable of normal larval and metamorphic gonadal
development, and, particularly, to isolate parameters
of growth from those of differentiation.

Some success was achieved by this approach,
though certainly major areas, such as stem cell div-
ision, were avoided entirely. Howeveg, an analysis
of'the cytology and histologv of the testis and, part-

icularly, a semi-quantitative analysis of germ cell

"kinetics during the last larval moult, provided hand-

some rewards. As these observations are exhaustively
catalogued in the relevant sections of the thesis,
only a brief statement of findings of major significance
will be presented here,

Sexual differentiation of the Rhodnius
testis has been accomplished prior to eclosion. Sperm-
atogonia arise in the tubule apex, become encysted,
and pass through a series of seven disivions. Follow-
ing the eighth division, the cells may be recognized
as spermatocytes. Following a2 prophase period of app-
roximately ten days, the spermatids are produced by
meiotic divisions., Spermiation immediately ensues
in those insects which have received a blood meal. 1In
contrast, in those insects which have not fed all
spermatids produced are autolyzed 1in an histologically
distinct fashion. A similar fate befalls the most

differentiated spermatogonial cysés in earlier instars,



# The author has demonstrated that this specific

autolysis can be halted by injectioans of/B-ecdysone,

in physiological amounts, in preparations lacking
brains, corpgra cardiaca, corpora allata, and sub-oeso-
phageal ganglia, and further deprived of any potential
nutritional input or osmotic influence from a blood
meal. The process thus resembles Williams' (Kambysellis
and Williams, 197la & b) denmonstrations of in vitro
spermiation stimulated by ecdveone, As the process
does not occur in the adult, which lacks a source of
ecdysone, the precise significance of this finding
remains obscure. It can be concluded that juvenile
hormone does not play a direct role in the phenomenon
since the diapause-releted autolvsis and its allev-
iation occur in each instar and in allatectomized

lasq larval instars, hence in‘both the presence or
absence of juvenile hormone. It 1is not possible, of
course, to assess the significance of macroe~molecular
factors in an in vivo system, but the resemblance to

the system defined for Hyalophora and” Samia (Kambysellis

and Williams, 1971a & b), invites the speculation that
ecdysone acts.in a similar manner in Rhodnius testis,
permitting the access of bioactive haemocyte products
to the developing system rather thah‘exerting a direct
effect, Regatdléss of the mode of'action, the import-

ance of the phenomenon should not be underegtimated,




This 1is the system which permits Rhodpnius to maintain

a constant testis volume, and a static level of
differentiat}on during each larval diapzuse. However,
similar observations exist for only three other

insects (Hyalophora cecropia, Bowers and Williams, 1964;

Cephus cinctus, Church, 1955; Papilio xuthus, Nishiitsu-

tsuji-uwo, 1961), in each case only during the period

of diapause. It is thus not. known how general the

phenomenon may be. 1If non-diapause species lack the

mechanism for this specific autolysis, then there is

no obv&gus reason why spermatogenesis could not proceed
¥ |

in vitro in the absence of insect hormones (see review

by Marks, 1970).

As more fullyvy described and {llustrated in
the ﬁext (Chapter Five), spermatocytes accumulate in
the tubule and reach a plateau level of accumulation
over a time course equivalent to the duration of the
meiétic prophase, Of course, this fact should be self-
evident, however, the significance is underscored by a
simplified mathematical relationship which predicts an
accumulation of germ cells in the spermatocyte compart-
ment which reaches and sustains a level of over ninety
}ercent of the total germ cell population. This mech-

anism explains the accumulation of spermatocytes typic-

ally observed in late larval insects without recourse
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to a specific inhibitory role qf juvenile hormone on
the mejotic divisions, as suggested by Takeuchi (1969),.
Experiments conducted by the author with applications
of a juvenile hornone analogue argue strongly against
the existence of a specific meiotic inhibitor. The
products of melosis, the spermatid cysts, decline in
number with effective dose, 25 1s also sugpested by the

results obtained by Nowock (1973) in Ephestia kuhniella.

However, an analysis of the size of the spermatocyte
compartment at this time shows no change at all with
hormone exposure. If output from this compartment wvere
specifically inhibited, a substantial rise in number

of cysts would occur. This does not happen, and the
conclusion can be drawn that the final spermatogonial
mitosis, input to the spermatogyte compartment, is
inhibited equally. While the figures presented show

a maximum decline to twentv-five to thirty percent of the
normal spermatid output ir the most highly larval-
ized insects, subseauent experiments have demonstrated
that the duration of the moulting pMocess must elso be
taken into account. As these most highly larvalized .
insects moulted in approximately seventy percent of

the normal duration of the metamorphic moult, the

corrected figure for maxitmum inhibition of spermatocyte

2
.meiosis approaches fifty percent, and is thus very

similar to the figure obtained 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 sequential differentiation ob-
served in Rhodnius, which occurs also in other insects
(White, 1955; Phillips, 1970; King and Akai, 1971), is
unaffected by alterations in the titer of juvénile
hormene. Thus the discrepancy of approximately one
and a half divisions between third and fourth instar
testes could not be corrected by the allatectomized
insect, and an adultoid was produced with jfuvenile
gonads., The mesodermal and ectodermal conponents
of the reproductive system, while attaining a size
reflecting the stadium fron which they were derived,
underwvent 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 might be expected to spend ten days in
development to the fourth instar, perhaps four days
continued growth before diapause, and produce spermato-
cytes eight days following the blood meal. The total
developmental time in that case would be twenty~two
days, approximatély the tgme of appearance of spermato-
cytes in the allatectomized third instar/adultoid,.
However, many important parameters are yet unknown fq

the system, such as the duration of exposure to ecdysone,
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the role of macromolecular factors, the amount of juvenile:r
" 3
hormone required to inhibit the mitotiec index increase,

and the degree of inhibition experfénced in any given
instar. These factors, together with the difficultv
in recognizing early spermatocvtes, render this puzz-
ling observation difficult to interpret but perhaps not
as important as it might seen.

The nature of the cellular events resulting
1; this sequential diéferentiation is not known. Koch
and King (1967) have garried out extensive‘research

in the related area of odcyte differentiation in

Drosophila and have proposed that the distribution

of ring canals, organelles encircling the cvtoplasmic
interconnections in germ cell cysts, act in soge,w
undetermined manner as a differentiagor. King and
Akai (1971) have sgggested a similar mechanism funct-
ioning in the male germ cell cyst. However, even in
the odcyte, the final stages of differentiatiocn are
decided by othefr influences since two potential odcytes
per cyst Are possible on the basis of ring‘canal dis-~
tribution per se. (Koch and King, 1967). Recently,
ﬁindek and NSthiger (1974) have conclusively demon-
strated that competence to undergo metamorphosis

and begin cuticle deposition in Drosophila wing;discs
(is attained through a succession of cell divisigns.

1

How this relates to the embryonically, structurally,




i \ and functionally distinct germ cell is not at all
’ clear, but it does indicate that sequential differ-—
entiation does not necessarily require the 1nf1u;nce
of incomplete cytokinesis and ring canal presence.
© The first half of the thesis was thus

largeiy directed toward a critical observation of
normal testicular'gtoth and different%ation, and

. culminated'in the proposal of a kin!!;c hypothesis .
for the ma}ntenance of germ cell development in pliase
with wormal larval development and metamorphosis.’
Ags is true of most such hypotheses, the work is not
really original to this author, but rather an extension
of theories provided largily by the authors mentioned
in the introduction to this chagter. ﬁowever, a

continuation of this logical series, integrating the

fact of adult spermatogenesis and anhormonal in vitro

spermatogenesis, leads to the postulation that an
endogenous division rate must exist which is not subject
to further decline in the absence of insect hormones,

. . nor in the presence of inhibitory hormones. Further,’

A
»

2 this endogenous rate must be raised in.the presence
) of ecdys;ne; it 1is this 4increase in rate which 1is
B { affected by juvenile hormone; the endogenous rate
'being unaffected. These conditiong are indeed sgfis-
. - '. fied f«mg7 the mitotic index (MI) using a variety qf

experimental prep‘rations, and with a very high degree
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of statistical validity. Th& MI is an adequate egstimate

of the number of cysts which, in effect, are %?ang-

ing differentiated compartments through division,

1

Put it is unfortunately not an adequate estimate of

the rate at which they do so. The kinetic hypothesis !

can be considetﬁd greatly strenpgthened by these results,
+ ¢ ~ Q
but it is not proven, .
It was earlier pointed ~ayyt that the MI, aAs a

measure of division state'conpared to total cell pop-
r
ulation,;is affected by any changes in that cell popul-

3 . ‘
ation. This principle has its greatest impact in tissues

containing a mixture of cells comnitted tb division

_and cells, whigch for,onE reason or another,. have ceased

P
/

"cells exists in the syst

4

* . -has been shown to be
s A

A

dividing. #ﬁfs non-proliferative.-fraction compromises

any such techtiique using total population size as a a——

reference. In some cases, major sources of non-prolif-
-]

erative cells can be determined or avoideéd, as in the

®

.case of the choice of instar for the tests reported in

1

this thesisy The complication of 'non-proliferative'

b

spermatocytes was thus avoided. However, at least one

other potentially serious urce of non-proliferative

a

, the raridom degeneiation

of spermatogonial cells #haracterized by nuclear pycnosis.

@

The spegific Qutglysis leed not be considered, as it

uvenile hormone insensitive. The
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manner in which these pycnotic cells may effect the

MI is succinctly stated in Houck's Laws, being first;
that dead \tells don't divide, and second, that dying
cells diviée very slowly (Houck, 1973)., There is at
present no valid technique to identify which cells

are on this non-prolife%ative pathway (Roosen-Runée ¢

t ‘ . \
and Leik, 1968), and attempts at quantifying the

degree of pycnosis in any preparation have not met
;ith success. There is no fi?m evidence that the i
¢ percentage of the populgtion engaged in this activity
A}Svaries ;ith normal alterations in the physiological
R milieu, but neither is there evidence that it does
Cmet.
o The author considers that any influence of ot
this pkenomenon is‘%ikely to be negligible on the
Pasfs that, first; if Roosen-Runge (1973) is cotrec£

, in assuming the phenomenon to be a result of an acc-
umulation of genetic deficiencies resulting in an
/ ’ 1 - 4

ahortive divigion, the frequency of sucﬁ an accumul~-

ation is unlikely’to be influenced by hormonal con-

ditions, nor funqtioning through catastrophic division, ‘ ®

would thereﬁbe an interphase cell linéering in ghe
~mnon-proliferative compartment. Setond, the éegree

.of increase in MI would require a pool of cryptic

., pvcnotic cells considerably larger than estimated to
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exist in the population at any given time. Of course,
4§
such an estimation depends in part on the length of

the cell cycle compared to the lenpth of time require-
for the complete degeneration of a cyst, and this
information is not available, However, cysts with
actively pycnotic nuclei occur at the rate of about

five to ten percent, and often less, of the total cell

~

population. Furthermore, such cysts can often be found .

-

in areas where the surrounding cysts are more advanced

in terms of nunber of cells per cyst. This indicates
© Bl

that even the actively degenerating phase of the phenom-

engn is longer than a normal cell cycle, thus the
. rd
frequency of occurrence ii less than Fhe five to ten

percent figure est¥mated. Taking such observatiohs

into'acc&unt, it would seem likely that the increash
“ 4 ‘ N

in mitotic index represents & real shortening of the
germ cell éycle duration., However, any more concrete
statement must await a direct measurement 'of this par;—
meter under the appropriate hormonal conditions.

The final potentially significant effect of
morphogenetic hormones on testictlar development,
concgrné the abilitv of juvenile hormone to glter the
duration af the moui?ﬁ That FME, a powerful juvenile

hormone analogue, ha# this ability has been éonclusively
) !

demonstrated in allatectomized fourth instar and unop-

erated f4fth instar Rhodnius. That it does so in the
)

normal larval span is not as clear, but the increase
FIAES ¢

i

& t




" abolished by removal or resupply of the hormone, and
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dn duration of the moulting process noted by other
authors (Wigglesworth, 1940; Fukada, 1944) as a result [
of removal of the source of juvenile hormone, and the
shortening of this Dr&iess by application of analogues
(Slama, 1971; Socha and Sehnal, 1973; Barrett. 1974),
subsequently quantified in this thesis, arfues

strongly that it doed. Juvenile hormone is unlikely
to.bé the only signlficant input to this parameter, of
cohrse; and the variation in duration between third

and fourth instar insecés is retained éven in the
éiiateptomized preparations €10/12 days; CA™, 20/24 ‘ .

days). Hdowever, the difference between late larval

and metamoiphit moutt .durations can be imposed or

/
the influence of this phenomenon on thé spérmatid

froduction and spermiation during the final moult

period is obvious. o .
The mode of action ofﬁsuvenile honmone in

affecting moult duration is thought to be a Eon-

sequence of a direct eféect on the prothoracic glands,

wigh da subsequent stimulation of egdysone production

(Krishnakumaran and thneiderman,‘1965). ‘ThuL, moult- '

ing can be induced in some diapaused Lepidopteran ‘

pupae and braiyleas dalier pupgae by. the impleantation ‘

of corpora allata, or the idjectfon of Rptural Cecropia’
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0oil, or juvenile Hormone analopuks. The response .

does not occur in isolated pupal abdomens,\which

y

lack prothoracic glands, arguing against a direct
effect of juvenile'hormone on the epidermal cells
(Oberlander and Schneiderman, 1966). Furthermore,
juvenile hormone analogues €an be shown to pronote an
increase in RNA syntbesis in prothoracic.glands

(Siew and Gilbert, 1971). These results, wh;ae

very leading, cannot be considered conclusive. 'Pugae
of some, thodgh‘not all, diapausing inse;ts are .
%

A
sensttive to various tvpes of manipulation and

injur}-inducedi;ctivation. Similarly, RNA,svnthesis

in the prothoracic glands can be induced 4
- L]

by a variety of :techniques A;E\relatéd to juvenile
C%ormone (Berr,y et al, 1964) and, furtherm?;e, cananot
be reliably linked to cc¥sone production." Finally,

none of ‘the above effects have been demonstrated in

b dBr

other thar the Lepid%pteran pupae, although attenmnts
have been made with'other groups (Fraenkel and Hsiao, 1968).

Rhodnius larvae, in the absence of a funct-

' 1
ioning neural and retrocerebral*endocrine axis, car be
. L)

induced to modlt by the injection of ecdysone (Wiggleées-

worth, 197@). Doses of 8-ccdysone emploved -in various

experiment§ reported in thid thesis were selected from
1

a series ofkexperiments cdrrelatingﬁ’—ecdysone dose

with "duration of the moult period (Appendix Ome). The

2t !
{ )

L i
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acceleratory effect of ecdysone on apolysis, new
cuticle deposition, and ecdysis, referred to as

-

hyperecdysonism (Williams, 1968) is thus readily
demonstrablegin Rhodnius. It is conceivable that
juvenile hormone exerts a physiological prothoraco-
tropic effect of ecdysone at the ini;ia?ion of each
larval moult. Davey (19Y71) has also reported a f’? -

juvenile hormone-induced discharge of neurosecretory

material in Phocafiema deciplens, aud here too, the

physiological significance 1s simply not known. Haemo-

cyte factors have been shqQun to be impl;cated in, the
response of epidermal cells of various species to

ecdysone (Wigglesworth, 1955; Hoffmann, J1971), and /
it, is known that juvenile hormone car repress RNA

synthesis Jz.haemocytes (Berry et al, 1964). Finally

it hgs bhen shown that iﬁ gi:g ecdysone sEimdlated

RNA synthesis in the wing discs of Samia (Patel and

Madhavan g 1969) and Calliphora fat body in vitro

' v
.

(Congote et al, 1969), is abolished by simultaneous’

¢

application of juvenile hormone analogues, and protein
- !
b LI “
synthesis also being greatly reduced, indicating'a

) y\ﬂirect effect on the epiderﬁdl cellg'ﬁhemselves;
¥ The related phenomenon of a délay in ecdysis
has long been linked with woun& ﬁealing (Harvey, 1962;
Wyatt, 1971), th; aﬁafementioned di§rupq;on of haeﬁocyte-
| , .

[§

v
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function, the presence of regenerating tissues (0'Farrell

and Stock, 1953) and, recently, with high doses of

juwvenile hormone analogues (Hangartner and Masner, 1973). !
IE should be noted that many og these phenomena are

highly specific with regard to the age of the larval

stdge infestigated. For instance, wounding, or auto-

tomy m result in an accelerated, supernuymerary “

-~

ecdysiq'if carried out early in the instar, or a normal
but delayed moult if performed at a later date (Krishe
nakumaran, 1972), '

A report of correlation of nfoult duration

{ " £
and, juvenili¥ation in Aeshna qxanea,simiIaf to that

described for Rhodniug and reported 'by Barrett (1974),

has appeared and the author§ have attempted to exﬁlain

the observatiogs’on the basgis 'of prothoracottoﬁit and

morphogenetic functions of juvenile hormone (Schaller

+and Defossef, 1974). Such attempts are laudable and

necessary to t{e development of, a knowledge of these

~

complex iﬁtetactiéns. Hoyever, the present author,

in- light of ‘the above tep;rted nultiplicity of poten-
tigiyparame;ers involved, and the essentially intact T
or nearly intact spec}mens used, concludes that azo in-
terpretation :f the effect's on Rhodnius would be a

futile exercise at this time.

? ' ’

. .The k&4e$1c~hypothesis can be su%cinctki/stated
. o, ° ' . .
as follows: thé germ cells differentiate to spermato-

- 2
' -~

¢ L
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cytes and spermatids sequentially through a species-
specific number of divisions., The rate at which these
divisions are carried out is sensitive to the morpho- '
genetic hormones. Ecdysone markedly increases the

rate, and juvenile horm?ne inhibits that increase in

a dose related fashion. Juvenile hormone has no effect
on the endogenous division rate maintained in the
absence of ecdvsone., The division and hence the diff-
erentiation of the gern cells is a continuous process
and thusohormonal effects on the duration of any stadium,
the q'availability of developmengal time', will have a
noticeable impact. Finally, a brutal, non-kinetic

check on differentiation is imposed in systems exhibit-

{
ing diapause, through the autolysis of the most differ-

A
4

entiated germ cell element,

This hypothesis can Apcount for virtually
s i o

‘ ]

all the observations currently in the literature regar&-
<« : LY >

%ng hornonal effects on insect spermatogenesis ;nd
épefmiat;on, providfngbthat sufficg;nt information
concerning the .normal developmental tim}ng is availgble.
The case for differentiation Qflgerm ceils'ip,adultoids

) ,

produced from third and fourth instar Rhodnius has been

- presented. . In Bomhyx, where third instar larvae as

. . )
- e [N

wéll as fourth instar latvae may mature spermatozoa

& ‘ T

- AN
subsequent to all&tecgzmg, su%ficient developnéntal

f

time to'aduitm{d‘emergence must exist in both cases,. -

¢

\




E larval instar had no apparent effec? on testis devel- .
. y . . ¥ . . // .
- A, . '
al stadium, cénst
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This indeed is found to be so. Takeuchi (1969)
reports recognizable spermatocvtes In the s ﬁgnd
instar larvae in this species. In fact, this 1is
predictable from his observation of spermiogenesis,
hence meiosis, on the second dav of the fifth instar and
Sado's (1961, 1963a & b) approximation of ten to
twelve days for the duration of the spernatotyte
stage, Fukada's (1944) figures for pupation and sub-
sequent emergence of the diminutive third instar/
adultoid, fourteen davs, thus provides a developmental
tine of at least sixteen days and probably eighteen
days for spermatocyte maturation, meiosis, and sperni-
ation. AR

In regard to the application of juvenile
ho'¥mone analogues, or thke implantation of corpora
allata and subsequent gonad developnent, several \S ,

r

. conflicéing observatiogs can he reconciled. The

¢ . ,

- - \ - ' .
& .
ppearance of” spermatozqga has heen rgported'gn Onco—.ﬂ/f

peltus Yhd Sarcophaga folle&ing juvenile, hormone app-

lications which resulted i cénsiderable juben;fi?at—l
-ion. of internal and;gxternai structuress Precise

'

data arenot atailable with regard to the kinéaics of =

tiese 6reparatiohsv In Oncooeltué, épplications of
- . ¢

Bower's gompound VII (Bowers, 1969) to the penultimate’

’ v

-

. *opmeht as assessed .in the last 1la stent

v . a
.
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with the demonstrated 4inability of 1uve51le hormone
to repress the basal or endogenocus level of cell
division? Application just prior to the fourth/
fifth ecdysis resulted in the analogue heing lost
with the exuvium, and thus was not very enlightening.
Treatment during the early fifth instar was judged
ineffective in preventing testis development. However, -
neiosis and spermiation had beeun by this time, and no
quantification of the level oﬁ spermatozoal output

5

was attempted. Bhaskaran's (1973) results on Sarcophaga

similarly are produced by late application of the anal-

o

ogue, and no quantification of the data presented. k

Nodgck (1973) and Sehnal (1969) provide vol- |

umetric quantification, but no analysis as to the cyto-

logical parameters involved. Feeding of the juvenile ’
3

hormone analogue FME to Eghestia kuhniella lgfmae res-

‘ulted dn a dose- linked depression in testis volume. |

Implantation of active corpora allata into last j{nstar

larva of Galleria mellonella similat&y reduced testis -

volumefin what may be considered a dose/time fashion. )

Both rébul{: -are likely directly comparable to the °
e

dose relat decline 1n sﬁ?rmatid output denénstrated

in Rpodniuw, a consequencé of juvenile hormgne inhibition

. L. 4 '
of ecdysone-stimulated cell division. ) ] |
Y

- |
' -
N4 . |

iaarek and Slama (1968) produced a series of ; . |

adultpids, of varying Yevel’ of juveniligation, by rearihng =

’h

Pyrrhocoris apterua on filtef\paper containing Law s

‘s " . 4 '
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mixture (Law et al, 1966) or by applying purified

paper factor, a mixture of juvenile hormone analogues

. spe%ific for Pyrrhocoris (Slama and Williams, 1966),

Spermatozoa were found in the testes of adult~-larval
intermediates which showed little external adult
structure, although suc%”knternal non-gerninal elements
as seminal vesicles and accessory glands were well-dev-

eloped. 1In mornhologically perfect supernumerary

B

larvae, testesg wvere described as 'undifferentigted'.
No data are presented On}the durgcion of the mo#“,
known to vary with juvenilization in this group (Sléma,
1971), Th'ese results would seem to parallel thoFe
reporteé above, fndicating Jdivision rate inhibition.
The most interesting and complex repdrt on
juvenile hormone effects on testis development is in
regard to the Cecrooi? siikmoth (Riddiford, 1972).

Application of juvenile hormone analogues prior to the

spinning of the pupfllcpcoon hags no effect on intermnal

o

or external develoﬁment, nor on the incidence of pupal
‘ ]

Ve PR g .

diapause, normally obligatory in this speéies. Aoplic- ,

ation subsequent to spinning, or during the sre;pupal
1 '

period, resulted in pavae which failed to diapause,
.

.

developing instead toward the adult ecdfsis. The res- -

letant pharéte adult noths eihiﬁiled larval testes, 1f

. ° { .o
tF® juvenile hormone analogue .is applied during this
o ' ¥ KR I . k o
v »
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sensitive period, diapause induced by removal of the

brain, ard 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 diavause {is .
A
averted in pupae whicl have not been exposed to juvenile
%

hormone analogues, by ecdysone injection, the gonads
are still found to be ad;lt. mmeéefore, the retarded
development found in moths exposed to juvenile hormone
analogues and averting diapause represented a real
inhibition, and not one imposetl by precocious adult
development, This develop;ental inhibition is redressed
during diapduse, whether naturally occdrring or artif-
icially "induced.

’ Such a result 1s guite consistent with the
kinetic hypothésis. The retardation of development , . )
produced by juvénile hormone anslogue application is a
consequence of general’germ céll division rate inhibition.
During the diapause period, regardless of how it 1is .
induced, the endogenous division rate will redress this
inhibition. That 1is, the level of‘diffetent}ation
attained will be that 'permitted' by thqv;pecific auto-
lysis reported in this species (Bowers and Williams, 1964),
and any effect of juvenile hormone actiné through division *
rate inhibition and sequential differentfation will grad-
) B "' :

®

1
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¢

‘ )
ually disappear through the long diapause period.

Adults from any diapausing pupa will thus always have

adult gonads. In the case of forced development of

4

the normal, and juvenile hormone ana#ogue—treated

¢
i

pupae fn equal developmental time, the kinetic effects

of the analogue on sequential differentiation cannot
%
be redressed, since no non-kinetic gpecific autolysis

is encountered.

An interestine observation in tbis case is
that, since the normal pupa has reached a level of
qif;erentiation of the germn line sufficiently advanced
to allow normal development of spermatozoa during the
induced adult developmental time span, diapause is truiy
'imposeg' on this insect as far as gonadal development
is concerned. The Williams' ecdysone assay, (Kambvsellis
and Williams, 1971a & b), based on an alleviation of

sperrmatid autolysis, has been criticized by Gilbert:apnd

H

King (1973) on the grounds that in oﬁe insect ;He assay @ \\
o . . Y .
responds to rubrasterone, a gererally inactive phyto-

etdysone (Takeda, 1972). Such anbmalies in specificity
[N .
_.would be expectegd in a diapause limited system, which

certainlf’must have arisen later and quite independently

3
-

of ecdysdne's role in epidermal cell actiwvation. <
‘ o
Finélly, all in vitre work carried out on

- 1
non- diapause snecies should show a complete catalv siie T

r
of spermatogenic events and thus need not be considered i

[N

separately. Conditions ‘of culture will certainly affect

K
N v

the rate at which even;s occur but the testis, 1id the

. ‘ *
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absence of specific autolysis, is truly an autodiffer-

’
<y

. o
ential organ., In the adult a similar condition pertajins,
In the adults of insects which shaw a larval or pupal:

diapause, however, the situation is not as dlegr.”.Spec-

“ ] - kS

ific autolysis would be expected in the ahsence of a b

source of ecdysone, but it yé not observed. Possibly,

some qohponent of this complex furiction has beeng;di»- ~
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mantled' during the metamorphic moult, anhalogous to the °
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Chapter Thirteen: ' Discussion; Division Rate and

- A

Hormonal Action

On the basis of the evidence psesented in
this thesis, the testis can be seen to'be an autodiff-
erential organ, whose.state of differentiation is
maintﬁined in phase with the total developmental pattern
of the insect by mechanisms affecting both the rate and
the available time of devglopme;t, and ;pecific events
within the sequence., The importance of any one of these
mechanisms is determined in‘lhrge part by the precise
characteris;ics of the‘speCiES uncder consid;ration.
In all species, however, the rate of passage of the germ
cells through their predetermined developmental se&;ence
will be a matter‘of underlying significance. The control

- '

exercised over the rate of"cell division can thus be
~ -

considered aivery basic, perhaps primitive, component

of the overall control system in all insects, a fact
which justifies the more thorough analygis of this'
function presented in this section. As very little
experimental information exists directly concerning

rate changes in cell division in the testes, or any othe;

insect tissue for that matter, supportive evidence will

occasionally be drawn from lources‘quite far removed
i

from the gubject at hand. Similarly, an iﬂ%estigat{gn

of each of several facets of this problem will generally

o
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result in the deterninatio; of likzlv_or pofeﬂtial

mechanisms, the validity of whish/must remain specul-
ative until established or reject;d~by direct experi-
mentation. Nonethelesg, aniﬁypothetical model can be

-

formulated in thiz manner which describes the mode of
.

action of the hormonal control of germ cell division at
a more nearly molecular level. The reader is caution@d
that the model so produced is highly épeculative, but
does not contradict any observations or knowledge
currently held and,*consistent with the definition of
an. hypothesis, is amenable to experimental investightion.

The initial question vital t'o this analysis
is whether the hormonally responsive MI does in fact

~

represent changes in the rate of cell division. This
question was considered in part in an earlier chapter
(Chapter Nine) with the tentative conclusion reached
that at least major shifts in the proportion of prolif-
erative tonnon-pioliferative cells did not seem able
to produce the observed changes in MI. ,As was pointed
out at that time, an actual change in cell cycle duratiod
cannot be regarded as proven until directly measured,

§

and pitfalls in the measurement of division act%vi;y

v . /
are many. Largely due to the precise characterization
of events possible in 'pure' culture systems, certain

radiolabelling procedures are now available which would




be adequate in the heterogenous, exponentially increas-

\ \
ing organ systems; dealt with here (Baserga and Nemeroff,
1962; Lala, 1968). However, the spermatogonial cell

cycle has been demonstrated to be particularly sus-

ceptible to direct alteration by incarporated isotopes (John~-

san and Cronkite, 1959) and hence requires extremely 1low

levels of label for maxinum validity of estimatione by
these methods. With the current level\;f technology,
this procedure would take between one and two years to
.carry out and is thus not now practical. Using such
techniques, L&bbecke (196%) has demonstiated that the
duration of the S or DNA svnthetic period of Ephestia.
wing discs is shortened by half durfhg the pre-pupal

\ Vi
period, thought to be a time of high ecdysone titer. No
direct hormonal manipulation wvas attempted, howéver,
nor was the rsle of juvenile hormone investigated.

Cn the basis of the argument earlier proposed
agliast the major source of artifsct, proliferatfve/
non~-proliferative cell population shifts, and the
above correlation of Lbbbecke,wit vill be tentatively
concluded here that the observed changes in MI teptcsent\
alterations in cell cvcle duration. Such an assamption
is necessary for the remaindeg of thiw,discussion, aad
is indeed not uniikelf. Hovever, in vievw of tte motorious
conplexities of the neasurement of division rate (Barriss

and Roelzer, 1972; Houck, 1973), coufirmation can oaly

de provided dy 2 direct and cautious experimeatsl srogram.

.
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The second question of significance to be asked
is whether this cell cycle alteration is affected in a
specific and physiological manner by the circulating
hormones, or is simply a manifestation of a general
metabolic shift in the insect. Mitosis is, of course,
affected by a very great number of factors, and the .
question normally asked 1is whether or got the 1nduaed
changes are part of a normal biological pattern. In
contrast, Ortavant (1958) demonstrated that the duration
of the cycle of the seminiferous epithelium, and thus the
cell cycle of the ram was remarkably constant. This ’
fi;ding has been confirmed for a number of mammalian
species, inc}uding rats (Clermont and Harvey, 1965) and
humans (Heller and Clermont, 1964).'Howevet, recent
results indicate that earlier stapes of spermatogenesis
can be manipulated in a predictable manner (Clermont and
Mauger, 1974), which will be considered in ggpeater
detail in the succeeding chapter.

The situation, of course, is not as well
understood in insects. The moulting hormone, ecdysone,
commogly institutes a pattern of activity in the
epidérmal cells which ‘includes DNA synthesis and division, *
but it has been conclusively demon;trated that later

events in the activated pattern, such as the secretion

©f new cuticle, will occur whether or not this division

’
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bas taken place (Wigglesworth, 1970 ; Madhavan #nd
Scheiderman, 1968) and that injury will induce these
divisions in the absence of-ecdysone (Migeglesworth,
1937). Similarly, injections of large doses of/g-ecdysone
will bring about apolysis and cuticular deposition with-
out epidermal mitoses (Williams, 1968; Mouze et al, 1973)
and in wing discs of sowe{>yecies cultured in vitro,

S
A -ecdvsone nay actually inhibit division (Oberlander,
1972). Juvenile ﬁormone, during larval developm;nt,
does not seen to express its activity except through
cells activated by ecdysone, In its presence, some
areas of the epid{;mis carry out greater division, but
some, such as those responsible for the external genit-
alia and wings, undergo greater cell‘diviaion in its
absence (Wigglesworth, 1963). As previously diséussed,
the cutrenéﬂconsonsus is that ecdvsone will activate
epidermal cells to carrv out a specific patte}n, and the
;ature of the pattern is kelected by juvenile hormone,
no direct effect on DNA synthesis or diviai;n

\

is postulat;d for either of the morphogenetic hormones,

Hence,

The normal pattern of activity 6} the germ
line is division, of course, and, unlike the epidermal
cells, they do not require activation, being continuously
engaged in proliferation. 1In the presence of a natural
or artificial source of ecdysone, thése cells increase
the, rate of their normal acti;ity. This would seem to

imply a different mechanism than that involved in epidermal

-

w

: . ’ \
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cell activation. The role of juvenile hormone {is

somewhat more conmplex, As in the Epidefmal cell res-
ponse, juvenile hormone is ineffective in the absenc; '
of a simultaneous ecdvsone presence. However, juvenile
hormone cannet alter the pathway of development, as

this 1is a fixed, sequential differentiation, and is not
amenable to redirection by any known hormonal presence,
Instead, juvenile hormo€§ completely extinguisheslthe\
ecdysone rate-stimulating effect. Such.a"role for
juvenile hormone is not unique; juvenile hormone abol-

igshes the ecdysone-stimulated RNA svnthesis in Samia

cynthia wing disc (Patel and Madhaven, 1969) and

Calliphora ervthrocephala fat Wbody (Congote et al, 1969),

as previously mentioned., Growth of Tenebrio molitor

ovaries in vitro is also enhanced by ecdysone, an effect
which is abolished in the presence of farnesol (;averdure,
1969). Such results are uncommon, however, and)no
satigsfactory explanation for theh‘has yet been found,

It would thus seem tha; hormonal effects on
the gern line are qualitatively distinct from those on
ectohernal systems. A second posslbility is that the

) ..

effects noted are simply manifestations of an overall

alteration in the rate of metabolism, This explgnation

ntal support. During the diapause
£y ¢ B ‘ A a \
e 1s absent in Rhodnius, oxygen ut{l-
“ 3 '

hqs some e
*

period w’gn}?ciys
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izati;n is some four to five times less than that
meashred after the activating blood meaP (Zwicky and
Wigglesworth, 1957), Similarlv, while both stimulatory

and inhibitory influence’s are reported in various

species (DeWilde and Stepwee, 1958; Roussel, 1963),

an 1mportént observation is the demonstration of an
inhibition of NADH linked oxidation by juvenile hormone

in vitro ( Firstenberg and Silhacek, 1973) the effects of 'div-

¢
ision /noted could be due to generalized metabolic

events. However, Zwickv and Wigglesworth (1957) note

that no unusual demands seem to be made on oxidative
metabolism during the proscribed period of epidermal

cell mitosis in Rhodnilug, rather the curve of oxygen
utiliz;tion seems to reflect increasing demands of

pr;tein synthesis., A comparison of oxidative require-
ments in the fourth and fifth instar, that is 1in the
presence and absence_ of juvenile hormone, exactly parallels
the increase 4in mass of the individual insect:

Ratio of fourth tp fifth instar

0, utilizatiosn, mm3 0,/hr. 1 2.3 (Zwicky and
Wigglesworth, 1957)

Wgt weight, one day post feed 1 : 2.4 (Appendix One).

This would indicate that, at leagt in Rhodnius, the effect ~
of juvenile hormony on the normal physiological oxidative
metabolism is negligiblE: As well, the endogenous division
rate is maintained in the absence or presence of juvenile

hormone, suggesting a specificigy teqeiuement‘pot met by

¢ b ' 4 w
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gseneral metabolic considerations:

A final possibility of a non-specific effect
on division rests in the demonstration that 1iposoluﬁl€}
materials may affect. the rate of cell division directly
in vitro, in a predictable manner related to their
degree of hydrophilic activity (Ingram and ¥Fisher, 1973).
Substances highly insoluble in water, such as juvenile
hormone, could be viewed as 'Qtabilizing' membranes,
and thus inhibiting cytolinesis., The more wa{er soluble
‘ecdysone perhaps could be considered to act in the
opposite manner. This interpretation does not explain

~

the interaction of the hgrmones but, in any case, the

concentrations-required to produce these physico emical

effects are approximatelv 10 nM, several orders of magnitude

removed from the mdximum effective:.concentrations employed

in the studies copducted by the author. (Appendix One).
Williams and Kanbysellis (1969; Kambysellis

and Williams, 1971a & b) have conclusively demonstrated

that a blood borne factor, probably produced in the

haemocytes, is the active agent permitting soermiation

in the Hyakmphora in vitro testis prepatation. Ecdysone

acts to permit accesp of this molecule to the germ cells,

but exerts no direct ction on the germ cells in 1its
own right, These /authors do+r not restrict the effect of

MF to a maintenance of spermiation; the present author’
A

y »
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has chosen that interpretation in the main body of
this thesis since none of the techniques empléved in the
assay permit any conclusions concerning the possible
role of MF in cell division.

The existence of a ‘similar macromolecular
factor has not been demonét;ated in Rhodnius. Such
‘an’ undertaking would not likely be successful in an
in vivo preparation of the type used in the experi-
mentation reported in this thesis. Circumstantial
evidence suggests that M¥ mav also be the active comp-
;uént in spermatid survival in Rhodnius. Techniques
which involve cuticular'vounding 15 Rhodnius are
apparentlv felt in the testis as a temporary derange-
ment of the process of snermatid autolvsis. Kambysellis
and Williams (1971b) have demonstrated that similar

cuticular injury in diapausing Hyalophora pupae provokes

a marked increase in the titer of available MF 1ﬁothe
blood of this insegt, reaching a peaklfour days after
the injury and then deélining gredually,.

A useful,though entirelv theoretical construct
at least in the -insect testis, is that the endogenous
division rate ;easured at times of maximum testiculgr

isolation from circulatine hormonal activity represents

a level which is inhibited rather than a strictly auton-

¢
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omous basal level of germ cell division. The increasgq
in division rate hormonally‘instituted is thus seen

as drifting upwards to reach a 'normal; physioclogical
division rate prescribed, perhaps, by genetic constit-
ution. The simplest way of viewing the situation is,
of course, the reverse, that the hormonal éffects
noted represent an active stimulation. However, th;re
is som; justification for the viewpoint that the
maximum division rate; under anyv defined cof@itions

of substrate availability, celluiar integrity, tenmp-
erature, etc. is at least the mecﬁanically 'normal’
condition. Any reduction 1n‘ratg concomitant: with
further differentiation or tissue formation must be
imposed in some way. In this view, the molecular
syntheses and reorganization underlying division must
proceed at optimal rate under optimal conditions.
Inhibition is possible, and a cessation of inhibition,
‘but not stimulation.

Such an inhibition can be imposed in myriads
of wayeg, including regulation of ghe availability of
substrafes, repression of the'genome, or alterations
in the structure and function of the membrane systens.
' One clear demonstration of such an {inhibition in invert-
ebrate gonadal sysgéms exists, The lugworm, Arenicola,

marina, exhibits a low rate of spermatogonial mitosis

in the presence of its own spermatocytes, If theses~*

[

‘ - ]

Ty
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are removed experimentally, or through periodic gamete
shedding, the spermatogonial mitot4ic index increases
conside@ably. Similarly, if the testes are cultured

in vitro, dilution of this endogenous inhibitor res-

ults in an increased MI, The more differentiated

elepents in 'the cell lineage are thus producing an

inhibitor which limits the rate of cell division and .
hence the rate of growth of the spermatocvte compart-
ment; a classic example of negative feedback (0live,
1972a & b).

An hvpottetical sachema can therefork be
envisaged for the Insect testis which, incorporating
these last tw; highlv sneculative conponents, nostulates
the action of ecdysone as pernmitting the access of an
anti-intibitor, MF, to a self-regulated internal
hormonal milieu., Juvenile hormone, as a repressor of
'RNA and protejn syathesis in the haemocyte (Berry et al, 1964)
might be ingolved in this system as a specific inhibitor
of MF synthesis, The complex,selectivelyv ?ermeable
testis sheath and the potential recyclin; current
earlier described; night functio; to retain adequate
concentrations of the endogenous inhibitor as well as
liniting access of the anti-inhibitor.

The only thoroughly unfdmiliar aud experiment<
ally unsupported concept in this schema 1s the endogenous

inhibitor, which may seem a needless complication. How-

ever, the existence of such a molecule would confer a

[
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. self-regulatory functign on the developimg gonad,

already known to be self-differentiating. The role

t .
of the morphogenetic Pormones could be construed as

providing information regarding the total developmental
pattern of the insect to the autonomous testis; advance
warning bf oncoming Iimaginal differentiation. The
sqmewhét anomolous, non-classical effects of these
hormones as- measured by changes in the werm cells,
could thus be seen due to these germ cells not being
the target tissue di;ecily:' the mesodermal support

- strhctures vhich provide testicular isoclation, and

s

haemolymph components synthesizing mitogenic messengers .

. |4
being the true tarpet of morphogenetic hormone activity.

On the basis§nf the evid;nce presented such a schema
must be regarded as yet somewhat f;nciful,‘bdt 1t is
a compelling fantasy, and moreover one for which con-’
siderable evidence has recently been compiled in vert-
ebrate-proliferative tissue systems, the topié of the

~%

. next section.
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Chapter Fourteen: Discussion: Chalones

5

The principle of negative feedback inhidition
is not new, nor is the concept of local tissue‘induction,
or inhibitive interaction. Numerous exgmples of these
phenomena continualiy appear and re~appear ih the biol-
ogical literature.- The specific form of one such syst;m
governing mammalian epidermal growth ané repair began

‘ .

to take shape 'in the early nineteen sixties, and was
o

termed the chglone concept (see review by Bullough,

. r

1967).
This co;ceot proposes the existence of a mitotic

inhibitor within the organized tissue, Produced by the

-
"

-more differentiated cellular elements and exerting . N ‘

-

its ﬁajor effect on the less differentiated or stem cell
eiements in the cell lineage.n The inhibiteor is not

cytotoxic, is reversible in a%tion, and'accomélishes

»

a Iimitation in rate ratber than a complete block 1n‘"
division. The cﬁalone is éighly specific to the tisa;q,"
but not to the species of orig;n'(Bullough, 1967) .

Over the sﬁcceeding ten yearé,‘éndggenous_

‘mitotic inhibitors fitting this déscription have been
~ 1 v )
described for a large number of tissues, chiefily mammalian

L)

“but inrcluding codfish epithelium, (Bullough et al, 1967 ,.

¢

and Xenog;s kidney (Chopra and Simnett, 1969). ‘Vegi _—

0
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recently, a spermatogonial chalone has been described,

affecting early, uncommitted gpermatogonia in the

. N
rat seminiferoud epithelium\(CIerqgf—fnd Mauger, 1974).
———

Attempts, at purifiha(ion have been somewhat\iess >
successful., ‘Refults so,far have demonstrated activity
in two proteig;ceous fractions of approximately 3 to 5
x 104 and 1 to 3 z/}03 daltons respectivelvy (Marks, 1971;
'Haugh, 1972). Spec&lation exists whether these classes
of molecules might not represent the observed inhibition
at different pﬁints’in the cell cycle.

A very significant finding of direct relevance

to the chalone concept is the anti-chalone, or mitogen.
Recently, Houck and Cheng (1973) have d monstraged

such a mitogen in mammalian sera from qu{\EPecies, and
shown it necessarv for continued mitoses in human
fibrﬁblast culture, This factor has been purified,
andbidentified as a slaloprotein of molecular weight
.of 12 x 10% daltons. All the mitogenic activity of
manmaliesn sera on fibroblast culture 1s contained

in this fraction. If mixtures of partially purified

fibroblast chalone and the sialoprotein mitogen- are

suQ;ected to ultgafiltration, essentially all of the,

Y

chalone is recovered. The authors conclude that'the -

-

Jdemonstrated competitive effect between chalone and .

anti-chalone in.the fibroblast culture system likely '

¢
-

'\\
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resides i?.a reactive site competition on tte fibroblast
membranéalHouck, Sharma, and Cheng, 1973). Houck
further speculates, on the basis of as yvet incomplete
evidence, that the initial action of chalones is in

reducing catt

permeability wit? subsequent effects
on c-AMP nediated inhibition of DNA synthesis (Houck,
1973). sLaurevhce et al (1972) and Moreau and Bullough
(1972) define a somewhat.similar anti-chalone operating
in the epidermal cell system, but point out additional
compl%xities such as highly site~specific activities
in this organized tissye.

In addiiion, Laurence et al (1972) postulate
a mechanism for the anomalousa effects of tte hormones
adrenalin and hvdrocgrtisone in the in vitro systenm.
It is known that the hormones are inactive by them-
selves in mitotic inhibition (Bullough and Laurence,
1963). Such hormones considerably strengthen the
inhibitory activities ¢f chalones, however, and the
authors supgest, from experimental analvses, that
adrenalin blocks or destroys anti-chalone, and that
hydrocortisone inhibits its synthesis. An interest-
ing correlation which 1is presented in this work is that

the diurnal rhythm of epidermal mitosis is thus due to

the fluctuating adrenalin concentration, accounting
o .

for the absence of such a rhythm in adrenalectomized
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animals (Bullough and Laurence, 1966).

The net effect of a chalone in any giveh
complex cellular system is imperfectly understood at
present., The precise point of inhibition within the
cell cycle will determine in part the nature of
measured effects. A view which 1s gaining support
is that the %everél defined points of inhibition of
chhlones, G1 - S transition, but not S duration;

G ~ M transition, hence G duration, may lead to
premature differeantiation of cells from G, at least,
and possibly from G; (Frankflirt, 1971). Moreau and
Laurence furthef identify a dichophass, inmediately
following division at which the 'decision' to differ-
entiate and mature, or re—enter the proliferative
pool is taken by the cell, an suggest a chalone in-
fluence here as well. These }uthors thus suggest
that the observed chahges in Eﬁll c;cle duration are
;econdary to more subtle alterations in the direction
of differentiation .(Bullough and Ryt¥maa, 1965; Kivil-
aaskso and Ryt8maa, 1971):

‘While thege concepts are not universally
accepted (Voorhees, 1974), the case presented s con-
stantly gaining ground, Parallels with the previonsly
degcribed hypothetical testicqular system in insects
are many, though ﬁerhaps the most ‘important, a demon-
stration of ;n endogenous mitotic 1nhibito;lin that

system, is8 lacking at pregsent, 'Close similarities

/
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between MF and anti-chalone, and between the inhibition
potentiation of adrenalin and hydrocortisone, and the
inhibit;ry effect of juvenile hormone are particularly
striking. As mentioned previously, the apparent
recycling current in the insect vas efferens is well-
characterized in mammals (Wa;:es and Setchell, 1969)

and is supggested to act to concentrate chalone (inhibin)
(Setchell and Sirinathsinghii, 1972). A final point

of interest is thquuggestion that.rapidly proliferating
cells may respond to chalone blocﬁ;ge by death (Frank-~
flirt, 1971), perhars as a result of the premature
differentiation effects described above. Either or

both of the insect testis cell death phenomena, pycnosis

or pite-specific autolysis, might have a basis in this

as yet poorly-characterized chalone function.
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Appendix One: Experimental Stock, Surgical and

Hormonal Procedures

Experimental Stock

The insects used in this study were taken

from the colony of Rhodnius prolixus which hds been

maintained at the Institute of Parasitology for avpp-

roximately ten years. Very little maintenance is

'&j}

required in the breeding and raising of Rhodnius.

The bugs are kept on folded fiiter paper, thirty to

fifty insects per one pound mason ijar, fitted with

screened lids. These jars are kept in an incubator

at twenty-eight degrees C. and a high relative humidity'

is provided by placing an open 3ar of water in front

of the heater/fan of the fincubator. These incubators

do not have lighting units, and thus the bugs are

kept in continuous darkness except when the door to

the incubator is opened. No particular éavhasis has

been placed sn the regularity or timing of these

light exposures and the insects might be expected to

i .

lack any strong circadian rhymicity. Nonetheless,

certain events, such as ecdysis, seem to occur with

much'greatér frequency from about six to eight o'clock

in the morning. Several possible explanations for

this appareﬂ\ fhymicity can be suggested, The insects
/ﬂ;Ye iften first exposed to light at about eight in

the morning, at the start of each working day. Daily
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tenperature cycles probébly exist within the incubator.

Finally, the evening and early morning hours generallv

represent a period of minimum disturbance for the

insects, and the apparent circadian activity peak =ight

thus be sinply induced by the‘experinentor each davy.

- Feeding is carried out on immobilized rabbits.

The procedure takes approximately twenty minutes per

jar, and the filter paper and jar are changed shortly

after each feed. This is necessarvy to prevent the

insects drowning in the copious urine prod&ced 1mmedif

ately post-feed and to\prevent the growth of fungus

on the filter paper. ﬁo rigorous record was keZF on

any specific group of insects; however, feeding and

moulting success is very high, certainly over ninéty-

five percent in any stadium. Under these conditions

of culture, the morphogenetic moult from fifthtinstar

to adult takes twenty t one day from the blood meal, <

with no evidence of difference in duration between the

sexes. The modlt from fourth to fifth instar takes

twelve 4+ one day from the blood meal, and earlier nou;ts

are accomplished in ten or eleven days. 5 .
Breeding aduits were selected from large

apd vigorous memﬁefs of -the coloni})and fed at about

two week intervals. At this time, the eggs are removed

‘to clean mason jars[for hatching., Fifst instar insects

which have urdergone eclosion over a period of two, to

A

three days wvere isolaﬂed and carried through to maturity

Sl
ql d N . .




..182

together, with blood neals approximately three z‘”“}
weeks apart. For experimental purvoses, a group would
be selected which had ecdvsed within an eight hour
period at the last moult, These 1insects will have had
identical feeding and moulting histories. Very small,
and very large individuals were removed from such a
* population prior to experimentation, These groups are
referred to inm the text as sibling populations to emphasize
.

their unifornity; they are not, however, necessarily

true siblings.

Surgical Procedures

The various surgical procedures performed
wer; carried out without anaesthesia. Such techniques
may result in, for instance, activafion of the corpora
allata (Cassier and Fain-Maurel, 1970), possibly as a
result of irreversible damage.to inhibitory neurons
(Hafemann, 1%€9). Etherization and nitrous oxide. also
cause irreversible nerve damage (Krishnakumaran, 1972).
Instead, the insects were fastened to the bench top with
strips of cellulose tape. Surgical equipment consisting
entirely of jeweler's forceps, electrolytically sharpened
tungsten probes, and microscalpels made of razor blade
shards were rinsed as necesgarv in seventy percent !
ethanol. No antibiotic preparations were employed.
Aside from the case where injury to the gut liberates

Nocardia rhodnii, the normal actindmyete gut symbiont
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of Rhodniusg, no -incidence of infection occurred.
Except in the case?of ligature of,the midgut, more
fully d;scribed in thg text (Chapter’Four), no ringer
or ialine solutions were gﬁployed. All pr%cedures
tere cgrried out under'the binocular microscoﬁe.

The majority of surgical ;rocedures involved
the removal of endocrine organs from the head capsule.
In these ¢ases, the insect was taped down with the
head extended over a voke made from a capillary tube.
The tip of the rostrum vas taped down as well; in this
manner the relevant area of the head capsule was well
exposed by the slight flexing and eQZension of the
head, and damape to the antennae and mouthparts was
avoided. A small cap of cuticle was removed with the
razor blade, and retained., 1In the case of removal of
the corpus allatum or the corpus cardiacum, this cut
%0u1d extend from 1mme§iate1y anterior to the cervicali
neﬁbrane, to the area of ocellar pigmentdgion. For
removal of thﬁ neurosecretory cells of the pars inter-
cerebralis, a more anterior incision was employed. The
organ {nvolved was most effectively removed with two
hooked probes, Allatectony was %argely complete, with
some cardiacun inevitably removed as well; total re-

moval requires a bisection of the corpus cux{i?hum.

Removal of the neurosecretory cells was always partial,
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and, indeed, gﬁme of these insects would moult after
N /}( b *
five or six bﬁood neals d&ver a period of manv months.

In no case vas anv development noted in these insects 7

after one blood meal, however,

/ The cuticular cap was replaced following ‘
tenova;/of the endocrine organ and the wound sealed
with moulten Tackiwax (Cenco Ltd.). This procedure
was Apparently the most damaging aspect ;f tﬁe surgical
teqﬁnique and great care vas recuired to avoid over- "
héating of the insect's nervous system. Touching the
wax-melting probe to various areas’o} the insect's
undamaged cuticle indicated that the quivering anﬁ *

motor collapse characteristic of this damage was

probably a result of neural damare to the important
locomotor systens of the suboesophageal ganglion rather
than to tbe 'brain', ppe supraoesophageal ganglion.
Best results in this procedure were thus obtained.on
days when the room temperature was relatively low, or

\
when a breeze could be induced to flow over the prep-

aration. (

No——

-

Control procedures éb’the case of allatectomy

-

involved removing one bright red salivsry gland reser-
Is

voir through the same type of incision as in the allat-

-

ectomized individuals. This process occurs accideﬁtally

* 1 )

in a small proportion of the operations, presumably as

. L}
a result of haemocoele pressure and, surprisingly, does

4
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not seem to interfere with gorging even yhén both
reservoirs wc;e renoved. In the case of neurosecretory
cell removal, controls were produced by tearing the
menbrane overlving the brain. Following the surgical
procedures, the insects in all cases were placed in an
incubator at t&irteen degrees C. for fortv-eight hours.
Such a tecbniéue is thought to prevent massive diuresis
and dpssicatigﬁxbrought about bv a stress-induced
rele;se of neurosecretion. The insects wére then
removed to the inchbator at twentv-eight degrees C.
for a minimum of eig&{\davs to permit the decay of
wound-induced metabolic stimulation (Okasha, 1970) and
the repair ;nd regeneration-of neurohaemal tissue.
Insects subjected to these techniques behaved in a
relatively normal manner, with the exception that alla-
tectomized animaIs,‘although capable of vigorous loco-
motor activity, tended to show reduced spontaneous
moveﬁent. The nérmal insgct will att;Lpt to avoid
iapture, for instance, but the allatectomized insect
would usually remain motionless until actually touched
or prodded., It would thereafter respond 1ﬁ a normal
and vell po~ordinated manner.

Similarl;;écedures were emploved for parabiosis
and decapitation. In the‘case of fed, deyapitated

insects, only those insects which could be decapitated

between twenty-three and twenty-five hours were used.

-
o
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!
. In this way, a reasonably consistent exposure to endogenous

ecdysone secretion was approximated. -

P ~

Hormonal Procedures
) I

Information regarding effective doses of

juvenile hormone analogues and ecdvsone for some Rhodnius

larvae are available in the literature (Wigglesworth,

1969, 1970). To provide information permitting similar
doses in several instars, and to permit comparison of
dose levels with other insect prepayations, three +
procedures were carried out: Fed and unfed wet weights;
Inulin space (blood volume); and response t0/3 -ecdysone

injection.

Wet Weight
Croups of ten fourth instar, fifth instar
males, and fifth instar females were weighed individually
prior to feeding, within one half hour post-feed and
twenty~-four hours post-feed. The following'average
values were obtained:
INSTAR UNFED 30 MIN.P.F. 24 HRS,P.F.
g . Fourth 15 # 3 mg. 116 1:24 ng. 75 413 mg.
Fifth Male 33 + 6 mg. 293 *+45 mg. 173 #20 mg.
Fifth Female 39 * 8 mg. 329 69 mg. 186 + 39 mp.
® It can be seen that both fourth and £ifth \f’)

instar bugs take a blood meal which, following dfuresis,

/
amounts to four times the previous body weight. The’

&
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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 rore variable, probably
because some 1ndiv&duals have not yet completed the

initial diuresis.

Response to Ecdysone

Wigglesworth states that the dose of ecdysone
+ necessary to ind;ce mouvlting ir the fourth instar insect
is about one microgram (Wigglesworth, 1970). A
dose atthis level produced very rapid apolvsis in the
insects from our colony, and since the phenomenon of
hyperecdysonism was a potentially serious problem in
the colchicine mitotic accumulation experiments, an
injection series was prepared to define the dose more
closely.

A population of fourth instar Rhodnius larvae
were subjectec to allatectomv, and removal of the cétpus
cardiacum and neurosecretory cells of the pars inter-
cerebtali;, as previouslv described. On feeding, thirty-
five fully gorged {ndiyiduals were obtained and these
wer; randomly assigned to one of six groups. Three
of the groups received topical applications of farnesyl
methyl ether (FME), q.S nanoliters in .0.5 microliters
of iso-octane. The remaining three receiveﬁ applications
‘ "of iso-octane only. The groups were then injected
through the last Rhoracic leg with 0.1, 0.5, or 1.0
micrograuns of,g-ecdysone (Rohto Pharmaceuticals, Osaka,

[N
v

o

ﬁ ’ .-
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Japan) in 0.5 microliters of distilled water. Inject-

‘1dons .were carried out with a2 five microliter Hamilton

syringe fitted with a'thf;ty—one gauge needle, and the
injectionlsite was setaled with molten tackiwax. The ,
insécts were returned to the incubator at twenty-eight
degrees C., and observed dailvy to assess the onset of

ecdysis. Results can be best appreciated from the

histogram (f£1g.103) of the percentage of each sample

- versus the day of ecdysis. It can be seen that a

hyperecdysone effect is well-marked at one microgram

PB-ecdysone dose level. The 0.5 microgram dose level

1

results in a slight decrease in moult cvcle duration

-~

over that wf a normal fed fourth instar (twelve * one

day). 0.1 microgram resulted in a lengthy moulting

span, and many insects in this sample” died without moult-
ing. Applications of FME were carried out since this
ptoéehure would be used in the colchicine-squash

teachowique, nd a possibility existed that a direct pro-
thoracotropic stimulation would result. No such trend

is noted in the histogram, possibly due to the swmall

sample, or to the overriding significance of the simult-
aneous ecd&aone injection. On the basis of this experiment,

a rough physiological dose of 0.5 micrograms of/?-echysone‘

was estimated for a fed ourth instar bug. This 1s about

J' i

6.7 micrograms per g;am wet weigh't of bug, but it should
be kept in mind that four-fifths of this weight is undig-

ested blood.
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‘3u;enilg Ho;monf Analogue

" The juvenile hormone analogue used in the
a%ove experiment and in all subsequent experiments
was farnesyl méth§l ether (FME) a gift of Hoffmann-
LaRoche Pharmaceuticais, Baﬁgl. The naturally-occurring

l
juvenile hormone of Rhodnius is not known. Choice

of this partic&lar analogue is partly simply a matter
o} av&ilability; however, aside,from'species;specificity,
rthe actiog‘of any given analogue seems remarkably
( similar to that of any other analogue (Schneiderman et
al, 1965). FMEg while not specific to Rhodnius, is
highly active. FME differs fromkmost analogues in

[y

that a single topical application provides maximal '

juvenilizing activity. It {s thought that this‘effect
results %rom a slow rate of peneg;ation of the cuticle,

. andjor_f slow rate of metabolism and excretion (Wigglesw
worth,” 1973 ; Patterson,-1973), This molecule has
beenldem?nstrated to be nonjgytotoxic.bn contrast to
the extracted and concentrated natural Cecropia oil
(Chithara et(al, 1972). In the fed fifth instar, tqgpical
abpliqation of 1.0 and 2.5 nonoliters gives an apﬁrox—
imate dose of 5.0 and 12.5 micrograms per gram wet weight,
The @ctual amount of kormone reaching the target tisgu;
is presumably,cénsidegably less than this figure, 0.5 °
nanoliters per fed four£h instar similarly corresponds

t

to 6 micrograms per gram. All solutidns were prepared

«

in iso-octane, and stored at -20°C.

8 , «
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Appendix Two: Histologv

A variety of standard histological techniques
were emploved in this study. The rature and justification
of the technique used for each purpose will be briefly
mentioned here, with a more complete account of unusual

¥
or intricate techniques, Except as othervise noted,
the testis was dissected free of tracheal and fat body
connections, and the terminal filament and vas deferens
cut while bathed in insect ringer and then removed to
fixative, The composition of this Ringer'ssolution
(Davey, 1958) is:q )
NaCl 7.5
KC1 0.1
CaCl, (anhyd.) 0.2
0.2
1.0

NaHCO4
Distilled Water

=30 Q0 N

Initial morphological studies were carried
out by fixation and stairing with osmium-ethyl éallate,
as describeg by Wigglesworth (1957). The tissmue so

, prepared was infiltrated, oriented, and embedded in
five percent agar. These blocks were &ehydrated in an
"ethanol/cellosolve (:éthylene glycol monoeth§l ether)
4+ series to pure cellqsol;e; and infiltrated and embedded
in Ester wax (Wigglesworth, 1§59). 0.5 to 1.0 micron
sections were obtained from such preparations on the
., Caml;ridge Instrument Co. rocking microtome, and mounted

in Farant's medium (Microtomist's Vade Mecum, 1937),

1 g W




‘prepared from rectangular iron bars,’ surrounded 'at’ the
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Using this technique, excellent micro-anatomical detail
could be visualized under phase contrast optics and
with objective and condenser o0il immersion.

An appreciation of the progression ;f cftol—
ogic events in the linear tubule (Cﬁapter Five) was
provided by the following technique: The insect was
dissected under RingerSsolution, and the testis removed
together with a drop of Ringerssolution to a small
petri dish. Under the binocular microscope, the
external sheatﬂ, trachea’ and fat body were removed,
and the testicular tubules arranged flat, and free of
one another. The Ringerssolution was carefully removed
from the preparation, and the testis tubules gently
bathed in Lebrun's modification of Carnoy's fixative
(Microtomist's Vade Mecum, 1937), for fifteen minutes.
Owing, perhaps, to the aahydrous nature of this fixative,

ya

}
a firm bond was produced between the tissue and the k\

5

glass, permitting washing in absalute ethanol, clearin“
and infiltration in 56,59GC.Tissuemat (Fisher Scientif{E

Co., Montreal) to be carried out in the petri digh .,
without disturbing the tissue. The final'ethanol ringe -
contained 0.1 percent spirit soluble eosin, greatly

aiding, the subsequent orientation of the tissue 4in the

wax block. Moulds for the productqu of wax blocks were

s

anterior by a cup of cellulose tape. Such moulds were
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heated on the hot plate, and molten wax poured into
the tape cup. The infiltrated tubules were gently
pried loose from the pegri dish with a razor blade
chip, transferred to the iron bar-cellulose tape
mould, oriented under the ginocular microscope, and
chilled by plunging the ba%e in {ce water. Blocks
wvere hardened for several davs at room temperature, ‘
and serial sections cut on the rocking microtome at -
four to five microns in thickness, WYWax was removed *
and the sections hydrated in the normal manner, ané
the series was stained for forFy-five seconds 1in
Hansen's Iron Trioxyhaeratin (Pantin, 1946). The
stain solution was kept f}ozed wvhen snot in use, and

HyS04 was not considered necessary to, reduce cytoplasmic
staining. Thne sectighs vere 'blued' in tap water for
twenty minutes, debydrated, cleared and mounted in
Permount (Fisher Scientifiec Co., Montreal). Standard
transmission microscopv was theq emploved. This
technique, while somewhat disruptive iF fourth and
earlier instars, provided excellent c&tologlcal detail
of spermatocyvte accumulation in the fifth instar.

More standard techniques were employed in
some other experiments. ‘In estiﬁatgng the effects of
ecdvsone on autolysis (Chapter Four) and the degree of
development of allatectomized precocious adults (Chapter
Ten)% the testes were removed in Ringers solution, fixed

; - ‘1

El
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in alcoholic Bouin's (= Duboscq-Brasil, Pantin, 1946),
sectioned without prior dissection, and stained with

Hansen's Tron Trioxyhaematin as before. This schedule

~
.

allowed for the accumulation of testes in fixative
from the somewgiat randomly moulting precocious adults,
and from variously timed ecdvsone exnmosures, Minimum
fixation time in any‘case wvas fortv-eight ho;rs.
Several days' washing in scventy percent ethanol was
required to remove the picric acid from these prepar-
ations. ,

The demonstration of whole, desheathed fourth
instar, fifth instar, and adult testes was carried out

)
as 1f for flat embedding, but oh”a‘cover glass rather
than directly i{n the petri dish. Following over-stain-
ing with spirit soluble eosin, the preparations were
cleared and mounted directly in Permount, and photo-
graphed on a lighted background.

Whrole mounts of first instar testes and
ovaries were prepared in the following manner: The
gonad was dissected free of attachments in Ringer'ssol-
ution, and transferred to a depression slide containing
Karnovsky's glutaraldehyde fixative (Karnovsky, 1965)
for fifteen minutes, The gonads were transfer;ed through
three changes of 0.1 M sodium‘zacodylate buffer, thence

to a diluted (1 : 3) mixture of Hansen's Iron Trioxy-

haematin in distilled water. The progress of staining



v
was follouved under the binoculat microscope, and the
organ removed at the appropriate time., Following
'blueing' in tap water,\tﬁe g%nads were mounted directly
In Zeiss aqueous phase co;trast medium (Carl Zeiss, h
Oberkochen), a cover slip applied, and the material
vidved in/Lhe phase contrast mt;roscope.
Semi-thin sections of testes from young

males were prgpared in the following manner: For ’ :

the first instar, the gonad was dissected as before

1n‘RtngerSsolutinn and then placed in the fixative,
For the third instar testes, hovever, the insects
were placed on cellulose tape over an ice-filled
petri dish. The“dorsum was renoved, body cavity
flooded with ice-cold Karnovsky's glutaraldehvde, and
the testis quickly removed to fresh Karnovskv's fixat-
ive (1965) at 49C. The recipe for this fixative {s:
Solution A
Distilled water, plus 2 or 3
drons 1N NaOH 25.0 ml

Paraformaldehvde 0.5 ¢
heat to dissolve, then cool in refrigerator

Solution B

Sodium cacodylate buffer, 0.2M 22.0 ml
Glutaraldehyde, 507 3.0 ml
Acrolein "0.5 ml
CaCl, g 25.0 mg

Cool solution in the refrigerator

Add Solution A to Solution B, keeping cold. The
solution is then shaken with activated charcoal,

and filtered in the cold. This fixative should

be used within one or two weeks. During filtration,
the solutions should be packed in ice and kept in
the fume hood, owing to the exceptionally noxious
acrolein fumes.

i
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Following one hour fixation at 4°C,, the

organs were vash%d in three hourly changes of 0.1M
sodium cacodylate, and post-fixed for one hour in
0.1%7 osmium tetroxide in 0.2M Soremson's phosphate at
4°C,, adjusted to a pH of 7.4. The testes were then
rapidly dehydrated through seventv, eighty, éinety.
and ninety-five percent ethanol, and two fift%en
mirute changes of absolute ethanol, all at 49C. The
testes were then transferred to fresh absolute ethanoli
allowed to reach room temperature, and the alcohol
bath changed once more in the course of two hours.
The tis;ue was taken through a fifteen minute change
of propylene oxide/absolute éthanol (1:1) and two
fifteen minute chbanges of -propylene oxide. Next, the
tissoe was transferred to a l:1 mixture of epon/
araldite (Anderson and Ellis, 1965) and propylene e
Oxide, and kept uncapred in the refrigerator overnight,
The mixture was brought to room temperature on the
following day, and embedﬁed in fresh epon/araldite.
This fixation and embedding routine is that devised
by Huebner and Anderson (1972).

Following polymerization of the blocks,
semi~-thin (one micron) sections were cut on th; LKB
Qltramicrotome. Sections were stained in 12 Toluidine

blue in 1% borax (Huebner and Anderson, 1972) or the

basic fuchsin and methylene blue polychrome stain des-
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H

cribed by Sato and Shamoto (1973). Viewing was accom-
plished with phase contrast and oil immersion.

In an attempt to define optimal fixation and
staining routines, a number of combinations were also
attempted, including Baker's formol calcium (Pantin,

1946), Davidson's fluid,and standard Carnov's, fixative

{Microtonist's Vade Mecum, 1937). Staining techniques - R

emploved include Hubschman's Azan (Hubschman, 1962),
Heidenhain's Azan (Mallory, IbSB), Paraldehvde fuchsin
(Meola, 12970), Schiff's reagent (de Tomasi method,
Pearse, 1960), Pigric Acid Schiff/Methylene blue (Green,
1970), Methyl Green/Pyronin Y (Ahlqvist, 1972), and
Biebrich's S;arlet/Fast Green (Beckert and Garher, 1;66).
Results obtained with Hansen's {iron trioxyhaematin were
generally superior to énv of these more complex mixtures.
For tte demonstration of acid nhosphatase
activity (Chapter Three), the basic technique emploved
was that of Barka (1960; Barka and Anderson, 1965). The
incubation medium was composed of sodium alpha=-napthyl
acid phosphate in Michaelis' veronal acetate buffer.
To this was added hexazonium salt freshkly prepared from
equal volumes of four percent pararosaniline hydrochloride
(Brickman Chemicals, Montreal) in 2N HC1l and four percent
sodium nitrate. Following the advice of Cone and Eschenberg

(1966), the medium was adjusted to a pH of 6.0 prior

P
to filtration and incubation at room temperature, Controls

¢
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» .
were carried out in the absence of sodium alpha-napthvl

acid phosphate (substrate) and in the presence of 0.01M
sodium fluoride. Either technique resulted in a complete
absence of the characteristic bright red reaction
producg.

A number of fixation schedules were tried
to provide optimal morphological detail. FKarmnovsky's
glutaraldehyde without acrolein was finally adopted
for routine use, buffered with 0.2M sucrose. 1In the
absence of sucrose, developing testes from fed insects
would swell, and burst the testicular sheath. The
amorphous material found between the tunica interna
and externa of fed insects is likely the agent of this
phenomenon. Testes were dissected free in fixative

»

and ‘transferred to fresh fixative at four degrees C. for
one half hour. They were thett washed in three half-hour
rinses of 0.1M sodium cacodylate and sucrose at four
degrees C., brought to room temperature, and infiltrated
for one hour in gelatine at thirty-seven degrees C.
(Pearse, 1960). The infiltrat;on mixture was cooled,
cut in blocks, and hardened in forty perkent formalin -
at room temperature for one hour. Following one hour
wash in running tap water, the blocks were oriented
in Tissuetek (Ames Co., Elkhart, Indiana) frozen to -20°C.,
and eight micron serial sections were cut on the Ames

Lab-Tek cryostat microtome., Sections were mounted .

.
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on subbed slides (Humason, 1962), permitted to dry for
one half hour, and incubated at room temnperature for
one half hour. The sections were rinsed briefly

in distilled vater, dehydrated rapidly in ethanol and
mounted through xylgne in Permount. Various counter-

stains were tried, but results were undesirable.
¢ {

v

L \

Cytological Technigques -

Confirmation of cytology defined by long-
itudinal sectioning of the testis tubule, fixed ig/
Lebrun's Carnov and stained with Hansen's Iron Trioxy~-
haematin, and quantitative colchicine metaphase accum-
ulations were carried du{ using the following techniques:
Initially, the testis or relevant portion of the
tubule was removed under Ringer's and placed in a drop

of aceto-carmine (Microtonist's Vade lMecun, 1937},

on a cleaned slide, The drop of stain and tubule were
¢ i

-warmed slightly over a gas flame, a coverslip applied

and the squash carried out bv thumb préssure. The
coverslip was then ringed with clear nail“polish.
A

bVerheating led to the loss of many preparations, and
insufficient pressure often resulted in ambiguous \
chromosomal spreads. .

The folloving modifications were suggested
by G. Fontana, Department of Entomology, MacDonald
Col{ege. Tgf testes were dissected in one percent sodium
ciq[hte solution, and transferred to fresH sodium cit-

rate solution at room temperature for ten to fifteen

Q.
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minutes. The testes or tubules were then trans-
“ferred to a clean microscope slide, drained, and a

drop of aceto-orcein solution added. This mixture

was permitted to remain for two to three minutes, a

- L

coverslip applied, and squash prodgced by tapping

gently with a rubber-tipped iron rod. The coverslip
wvas then ringed with clear nail polish, and the prep-
aration heatad overnight at 400C. Aceéto-orcein sol-

ution was prepared in the following maﬂner:

Distilled water 20.0 ml
Glacial Acetic Acid 20,0 ml
Mix and boil gently for 2 few minutes
Add: Orcein (synthetic, Gurr) 1.0 g
Boil gently for a few more minutes
Add: Glacial Acetic Acid 10,0 ml
Glvcerine . 6 drops

Filter. May be diluted with additional
distilled water.

)
i

~

Colchicine Metaphase Accumulation

The techniques for investigating chanéeé in
the mitotic index subsequent to hormonal treatment Q
evolved during the course of the experiments, as indicated
in the text (Chapter Nine). The initial e;periment
wvas carried out using the hot aceto-carmine technique.
Slides were not blinded, and some diffic?ltﬁes were '
experienced in distinguishing between 1nauff1ceﬁtly
;pr ad 'ball' mitoses and pycnotic nuclei. As the changes

in/mitotic index were of considerable importance in the

investigation of the kinet&c hypothegis, wmodifications

v -
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in the above procedure were introduced to ensure a high
A

level of validity and confidence.

As previously discussed, (Chapter Nine),
the testis at th€ selected time in the fourth instar
contains only spermatogonial cells with an attendané
sheath of various mesodermal cells. Prior‘to\incuﬁ—
ation in sodium citrate solution, the testis was
divested of the tunica externa, thus reducing the
presence of mesodermal cells to those lining the tubules,
cyst wallbcells, and a few vas efferens and plug cells.
The proportion of mesodermal cells is thus very small
ia relation to the gern cells, and no effort was made

-

to separate the cell types when counting cells or

»»y
metaphase plates.

The éerm cell cysts increase in cell number -

in an exponential fashion; hence the great proportion

%
.

of cells will be those of the most advanced cysts. The
final three categgries of germ cell cysts would be
expected to represent eighty-sgveqvﬁgghi half\percent »
of the total germ cell complement. This has advantages
and disadvantages. It permits the experimenter to
ignore the problem of a progressive and regular change
in cell cycle duration during the coufse of germ cell
differentiation, However, the statistical validity
of the mitotic index uithin,any given field in the squash

"

may be reduced by the syncﬁronous development of the

large cysts. 1In fact, the resultant squash preparations
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are not at all homogeneocus in freauency of division
figures, reflecting this condition. Fortunately, the
testis at this time’is of suchk a size that the entire
cellular complement is displaved on a single slide,

The technique adopted to provide a2 complete and

random sampling of the germ cell mitotic index was to
focus at forty power on the top left margin of the
squash, and proce;dgin short stens horizontally through
the squash, then move vertically, and proceed’h0t12~
ontally once again but in the®fopposite direction.

This process was, continued until no more cells were
encountered. Twenty-five to fifty samples were thus
taken on each testis, comprising between two and

four thousand cells. Since these prepa{;tions were

not particularly homogeneous as to cell density €ither,
all cells within the mm2 ocular grid were counted for s
each sanmpling, and metaphase figures counted to ]
provide, in effect, a separate mitotic index for each
field., Total cells were compared to total metaphase
plates to provide an average mitotic index for the

entire testis. Although all preparations after the

first experiment were carried out by the 1mprov;d

cold aceto-orcein method, it still occurred that in-

sufficient pressure would result in ambiguous chromosonme

figures. Such preparations were discarded., All the

"slides were blinded with opaque white tape, shuffled

s

and numbered randomly prior to counting. These teth-
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niques are extremely time-consuming; so much so that
the sa;ple size o£ the experiments are limited by the
four 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 outweigh? the disadvantages of small sample

size.

-

Colchicine injéctions were carried out in
the same fashion as the ecdysone injections, through

the thoracic leg. Volume and concentration eventually

EY

adopted was two microliters of 10'3M.solution in dis-

%

tilled water. An exposure time of twenty-four hours

was used in several of the experiments. Concentrations

and durations used in earlier experiments should n&t
be considered invalid, merely non-optimal. Failure

of the colchicine to blqck mitosis completely resulted
in the appearance of anaphase and telophase fi;ures,
and such preparations were discarded. An 1nter¢sting’
occurrence is the paraiysis‘of insects which occurred

some time after the injection. The onset of paralysis
' L4
was much earljier, and the fraction of the population

affected much greater in those groups receiving ecdysone

\

injections or in normal fed”;nsecté.

The final cytological techpique employed vas

7

the air-dried aceto-lactic orcein technique described

by Crozier (1968). Excellent permanent preparations

<

with a wealth of cytological detail were obtained in
5

<
-~ 7 [y ,
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Appendix Three

Inulin Sg@be:

SANPLES
5th MAi%tUNFEﬁ
5th MALE FED

5th FEMALE UNFED
5th FEMALE FED
ADULT MALE UNFED
ADULT MALE FED

ADULT FEMALE UNFED

ADULT \'*'FMALE FED

1
11.0
38.5
15.5
42.0
23.0
29.5
26.6
41.2

BLOOD VOLUME IN-pl

2
8.8
33.7
15.4
38.0
27 .5
29.5
31.7
49.0

3 ;4 5
14,2 5.0 12.6
76.5 33.7
11.3 8.8 7.0
365  49.5
29.0 30.0
29.5 46.5
26.2 23.5 39.5
3.0 44,5 32,5

Figure 104,
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g;lnulin space (= haemolymph volume).

A1l insects sampled (unfed) at 10 days post ecdysis,

o
or fed at 10 days, sampled 48 hours post feed.

14
® 4l ~ C-Inulin injected, 1 or 2 ul haemolymph taken

at 6ne hour. Volume calculatéd from the method

adapted by Tobe (1972), from the modified relatioh-

ship:

8

Ay ¢ gmount Inulin injJected (in dpm's) ’
Ay = amount Inulin in sample ( in dpm's)
V, = haemolymph volume

V4 » volume of 1injection

Vs s volume of sample

/ﬂ.
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'Critical Period' for Juvenile Hormone Action:

As more fully explained in the text (Chapter 11),
an experiment was carried out to define the effective
period of Jjuvenile hormone analogue activity following the
" blood meal. In this experiment, groups of fifth instar
1nsgpts were treated with a single application of FME at one
to fourteen days post feed. The insects were permitted to
ecdyse, and the duration of the moulting cycle and degree of
larvalization were noted., These results are presented in
the following:

Figure 105. Day of Application (2.5 ul FME) vs. Day of
Ecdysis. ..

Figure 106. Day of Application (1.0 pl FME) vs. Day of
Ecdysis.
1

Figure 107. Day of Ecdysis vs. Degpee of Larvalization,.
(Histogram, Figure 99, taken from this data)

Figure 108. Graph of Degree of lLarvallzatlon vs. Day of
Application (2.5 pl FME).

Pigure 109. Same as Figure 108 but 1.0 ul FME
Results are essentially those reported by Barrett

(1972), excenpt that insects which required longer than

a normal moulging cycle to complete ecdysis tended to be
" highly Juvenilized. Thé average values of larvalization
(solid circles) thus tended to remain high (4-8) at any
given day of application. The data representing insects
treated after the 5 day critical period can be resolved
. into two distinct groups, and the average of the high}y
larvalized group (starred circles) and the &dult (open

circles) seperately presented.- The line chosen in each
/s

graph (Figs. 108, 109) follows the more adultoid group.

»
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b
The more larvalized insects possibly reflect the direct

inhibition of ecdysis feported by Hangartner and Masner
(1973) after the application of high doses of FME,
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Figure 105

AVG. DEGREE
LARVALIZ'TN

DAY OF ECDYSIS (POST FEED)
13 14 15 16 17 18 19 20 21 22 23 24 25 26

4 6 2 0

o

2 1

(POST FEED)

2.5 nl FME)

g
DAY OF APPLICATION
DOSE (

O © N O v &FWwonn

,y’;—a»—aur—:
34:&»:\)»—40

[AVAEEERN : V]
b

(o) WS — R W A ¥
W

31

Pt

18.8
16.6
15.7
16.3
T.1
4 4
4.0
3.5
6.0
2.3
0.8
7.0
2.8
2.0

»&
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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
q ) 2 7 2 5 1 0
1 2’2 2 1 1 2 - 144
2 1 7 2 15.6
a 3 1 2 2 2 1 15.1
= [ 5 2 1 13.6
g v
8:9_5 5 5 3 1 6.4
o 6 6 2 1 1 3.7
S 7
50. 7 3 4 1 1 5.2
HZ 8 1 1 b 1 1 1 3.8
Ay
%@ 9 > 2 3 1 7.5
6 T an)
o 10 1 2 1 1 5.7
>
= 11 1 2 8.3
12 1 3 0.3
13 3 2 1 1 1 0.8
14 ‘

1.3
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DEGREE OF LARVALIZATION # IN

19 18 17 16 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0 |SAMPLE
13 1 1
g 14 7 2 3 7 12
15 5 4 1 513 18
16 1 4 4 513 1 1 19

17 1 1 1 2 2 618 7 1 2 31 A
ﬁ 18 2 1 2 1 1 2 , 316 2 211 34
g 19 2 1 2 1|2 1 11 3|2 4 713 [43
m 20 1 11 1 1 1|4 5 17 32
i 21 1 2 1 2 4 2 1 1 2 4 1 21
2 22 1 1 1 ) 1 1 1|1 2 5 2 16
23 |1 1 2 ! 1 3 8
24 1 1 1 1 1 1 111 2 10
.25 0
26 1 1 1 1 b
# IN 1918 915 |8 5 7 6|4 4 4 313 5 616 |24 19 27 46 |49

SAMPLE total 61 total 26 total 15 total 30 total 116

Figure 107

01e"




DEGREE OF LARVALIZATION

DEGREE OF LARVALIZATION

O 1 2 3 4 5 6 7. 8 9 10 M 12 13 W
FIGURE 108. DAY OF APPLICATION 2.5 nl FME

o 1 2 3 4 5 6 7 8 9 10 N 12 13 14
FIGURE 109 DAY 'OF APPLICATION 1.0nl FME
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Statistical Methods: N .

A1l statistical methods used in the interpretation
ofldata p&esented in this thesis; including the means,
standard deviations, and probability analysis (Student's
t test) mitotic,indices (Chapter 10), and the analysis
of variance, regression line éorrelation coefficients
and probability analysis for tpe effect of FME on spermatid

1and spermatocyte output (Chapter 5), were carried out as

prescribed in Basic Statistics: A Primer for éhe Biomedical
A
. Sclences, by O0.J. Dunn, Jvhn Wiley and Sons Inc.. N.,Y.,
1967. In all cases, methods used included Bessel's

correction for small sample sizes.

4
»
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