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ABSTRACT

‘ASPects of the host parasite relationships which exist between larvae of

the filarial nematode Brugia patei and two mosquito intermediate hosts
are explored with the aid of an autoradiographic technique and selected

histochemical staining methods.

In Aedes togoi normal development of the worm occurs following a blood

meal taken from a domestic cat infected with microfilariae of Brugia Ratei.

Conversely Anopheles labranchiae atroparvus is refractory to infection
with Brugia patei and it has been established previously that in the latter

mosquito the parasite exhibits a number of abnormalities in its pattern
of growth, and it rarely develops successfully to the second larval stage.
The present study therefore concentrates largely on the principal

histological events which take place in both the parasite and its two

mosquito hosts during this early critical period of development.

The results describe the incorporation of [H3]-1aﬁe11ed nucleosides,

amino acids and carbohydrates in normal and abnormal worms and includa

autoradiographic and histochemical features of the host reaction

elicited by Brugia patei when parasitic in Anopheles labranchiae atroparvus.

Autoradiographic observations are also recorded for both host mosquitoes.
Particular emphasis 1s given to the alimentary camal, fat body, heart,
pericardial cells and female reproductive tract dmring the period when
the mosquito is parasitised by the nematode. Differences between

parasitised individuals and uninfected controls are noted.

These findings are discussed in relation to our gemeral understanding of

host parasite relationships in insects and entomophilic nematodes.
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PART 1

GENERAL INTRODUCTION

Nematodes of the superfamily Filarioidea (Chabaud and Anderson, 1959).
are parasites of the lymphatics and body cavities of vertebrates. The
first stage larvae (microfilariae) are released from the uterus of the
adult female and enter the host blood stream., Transport to a fresh
host 1s effected when the blood infected with microfilariae is ingested
by a blood feeding (haematophagous) arthropod (Hawking and Worms, 1961);
see also Gooding, 1972). Providing the latter is a susceptible host,
the microfilariae undergo a phase of growth and differentiation,
including two moults, a process which results in their transformation

into third stage larvae (Feng, 1936; Lavoipierre, 1958; Taylor,; 1960;
Laurence and Pester, 1961; Schacher, 1962a; Jayewardene, 1963;
Orihel, 1967: Schacher and Khalil, 1968).

At this point further development is arrested and metamorphosis to a

voung adult is deferred pending the successful transport of the third
stage larvac into a vertebrate host. An opportunity for this arises

when the parasitised arthropod takes a further meal of blood. The
infective larvae enter the puncture wound that remains in the vertebrate

skin following the withdrawal of the biting mouthparts of the arthropod
(McGreevy et al, 1974). Inside the vertebrate (definitive) host the
third stage larvae resume development and if this is successful will

progress through a further two moults, become sexually mature,

eventually producing a patent infection (Schacher, 1962b; Ash and Riley,
1970a; 1970b; Ash and Schacher, 1971).

It is essential for the completion of the life cycle that the ncmatode

is ingested by a susceptible intermediate host. In the "wrong host"

the well ordered sequence of mitotic cell divisions and growth which would
eventually transform the first stage larva into the third stage form,

does not normally occur. Instead, growth is stunted, and a series of
asynchronous cell divisions often produce a series of bizarre larvae

which show developmental abnormalities of the gut (Laurence, 1970;

Oothuman, Simpson and Laurence, 1974), these abnormal events occurring

within 48 hours of the entry of the larvae into the non-susceéptible
(refractory) host.

f
‘
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In the mosquito Aedes aegypti L, resistance and susceptibility to
infection by the filarial nematodes Brugia malayi Brug and Dirofilaria
immitis 1s known to have a genetic basis, susceptibility being controlled
by a single sex-linked gene (MacDonald, 1962; McGreevy, McClelland and
Lavioipierre, 1974; see also Barr, 1975). However, Laurence (1970)

has correctly pointed out that there appears to be no single mechanism

that will prevent or promote filarial development and which is common

to all mosquitoes. In fact our general understanding of the cellular
relationships which exist between filarial nematodes and their mosquito
intermediate hosts remains poor, in spite of the efforts of previous
researchers to spotlight these deficiencies (Lavoipierre, 1958;

Nelson, 1964). It is obviously desirable in the long term to relate
defence mechanisms which have a simple genetic basis to their cellular
expression within the arthropod, If the inheritance of refractoriness
is simple it may prove possible by genetic manipulation to increase

the efficiency of the arthropod defence mechanisms, with the eventual
aim of controlling filarial and other arthropod borne diseases by

the replacement of vector populations with those of enhanced resistance

(Barr, 1975)., In the case of mosquitoes, which remain the principal

vectors of filarial disease (Hawking and Worms, 1961) an immediate
objective 1s to expand our knowledge of the way in which mosquito

defence mechanisms operate when challenged by metazoan parasites,
including filarial larvae. Interesting results have already been obtained

by workers adopting an experimental approach to the problem (Gwadz and
Spielman, 1974; - Andreadis, Flanagan and Kaczor, 19753 Andreadis and

Hall, 1976). Even so,.our knowledge of these defence mechanisms still
remains largely descriptive in nature (Poinar, 1969; Laurence, 1970;

Brunhes and Brunhes, 1972; Oothuman, Simpson and Laurence, 1974).

An appropriate, and previously unexploited,methodology for the study of
host parasite relationships between filaria and their mosquito hosts

is the technique of autoradiography (Gahan, 1972; Rogers, 1973), The

latter 1s a tool that has been used widely by workers in disciplines

that are concerned with problems related to cell metabolism and kinetics
(Lamerton and Fry, 1963; Cleaver, 1967; Feindendegen, 1967).,

This study has used a simple autoradiographic technique to study the
normal development of the filarial nematode Brugia patei (Buckley,



Nelson and Heisch, 1958) in the mosquito Aedes togoi (Theobald), and

the abnormal development of this parasite in the refractory mosquito
Anopheles labranchiae atroparvus. The histology of normal development
up to the first moult of Brugia patei in Aedes togoi has been described
in detail by Laurence and Simpson (1971), and the histology of abnormal

development of Brugia patei in Anopheles labranchiae atroparvus, by
Oothuman, Simpson and Laurence (1974).

This study provides basic information on the uptake of nutrients by
normal and abnormal worms, and on the nature and possible origin of
the encapsulation material which arises around the parasite in the
refractory host. Observations are included on the principal
autoradiographic features of the host circulatory system, fat body,

alimentary canal and reproductive organs, during the period of filarial

infection. Where possible, the autoradiographic findings are supported

_- by related histochemical studies.

12
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PART 2

MATERTALS AND METHODS

The mosquitoes Aedes (Finlaya) togoi Theobald and Anopheles labranchiae
atroparvus Van Thiel used in these studies were obtained from laboratory

colonies maintained routinely in the Department of Medical Entomology

at the London School of Hygiene and Tropical Medicine.

Following eclosion the mosquitoes were kept in 25 ecm cube cages, each
containing pads soaked in sucrose. A humidity of above 70% was achieved

in the cages by the practice of draping dampened lint over the top of

each cage and enclosing the whole in a polythene cover.

Blood<fed non-parasitised females were obtained by feeding on the
forearm of a human volunteer, or else on a guinea pig, anaesthetised
with Nembutal. Parasitised females were obtained by feeding on the blood

of domestic cats infected with either of the filarial nematodes

Brugia pahangi (Buckley and Edeson, 1956) or Brugia patei (Buckley, Nelson

and Heisch, 1958). Cats infected with these worms are maintained in the
Department of Medical Helminthology at the London School of Hygiene and

Tropical Medicine.

The method used to infect the mosquitoes consisted of laying an infected

cat, anaesthetised with Nembutal,across the top of a cage containing

Aedes togol and Anopheles labranchiae atroparvus. Engorged females of

each species were maintained in an incubator at 26°C. A damp lint was

used as before to provide humidity and the mosquitoes continued to have
access to pads soaked in sucrose, On average the females used for

blood feeding were aged one week following eclosion.

I, 'Preparation of mosguitoes for Earaffin wax Erocessing

(a) Routine methods

Unless stated otherwise, mosquitoes of both species were fixed at the

following physiological conditions post-emergence,



Newly emerged adults (0-24 hours),
Unfed adults (2-5 days).

Blood;fed adults at 24, 48, 72, 96 hours and at
5, 6, 7, 8, 10 and 14 days post blood meal,

Both uninfected and filarially infected mosquitoes were used, Fixation

was begun by plunging the mosquitoes directly into z petri dish

containing fixative where the wings and legs were removed. The insects

were then transferred to 3 x 1 inch screw capped tubes of fresh fixative,

Occasionally mosquitoes were fixed directly without the prior removal of

wings and legs, and in such instances the wings and legs were removed

after the insects had been transferred to 707 ethanol, or to whatever

fluid succeeeded the fixation step.

The following fixatives were employed :-

FA (formalin alcohol, one volume 407 formaldehyde: nine volumes 100%
ethanol), Carnoy (Lillie, 1965), TCA (17 trichloroacetic acid in 807

ethanol) and BD (Duboscq brazil). The formula for the latter fixative
1is given in Gurr (1958). Fixation was begun at 4°C but was continued

at room temperature (21-2300).

Despitc the existance of a wide literature on the fixation of animal
tissues (see the reviews of Pearse, 1968; Hopwood, 1969; Williams,
1969{ Stoward, -1973) no satisfactory criteria exist which will
unequivocally determine the point at which fixatiom of a tissue is
complete. The whole process remains in an enigmatic state, The
procedure adopted here was to work with material that had been immersed
in fixative for extended periods. The usual practice was to fix for

48 hours in FA, BD or TCA although no histological features that could
be attributed to differences in the duration of fixation were recognised

¢

in sections of mosquitoes that had been fixed in FA for either 48 hours
or for one month. According to Gurr (1963) tissues can be stored in BD.
Mosquitoes were fixed in Carnoy for 18-24 hours at 0-4°C to avoid

excessive tissue shrinkage that would result from fixation at room
temperature,

14
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Following fixation in FA, TCA and Carnoy, mosquitoes were transferred
into 707 ethanol and stored overnight. Dehydration was completed by
a one hour immersion in 907 ethanol, followed by two changes in
Absolute ethanol of one hour in each change. The insects were placed
in cedar wood oil overnight, then given a second change of fresh oil
and 1f not kept for storage, were on the third day transferred to
chloroform (two 30 minute changes) and impregnated with paraplast at

58-60°C. Three changes of wax were given and the final impregnation

was carried out under vacuum (20 mm Hg). The time spent in the wax

was within the range 3-6 hours.

Following fixation in BD,material was dehydrated through three changes

of supercedrol, with one day spent in each change and after clearing
in chloroform, embedding in paraplast was carried out as described

above.

(b) Freeze drying

As an alternative to fixation mosquitoes were subjected to freeze drying
(reviewed by Pearse, 1968), a process whereby tissue is frozen rapidly
at a temperature until all but a tightly bound water fraction remains.
This rapid freezing (quenching) results in water in the tissues being
converted to ice without excessive formation of ice crystals. The
frozen and dried tissue is then brought to room temperature and embedded
directly in paraffin wax or fixed by a liquid but anhydrous fixative or

by hot fixative vapour.

Mosquitoes were either anaesthetised for 1-2 minutes in the cold drawer
of a refrigerator or otherwise immobilised by stunning. The latter
was achieved by a gentle tapping of the collecting tube containing the
insects. Anaesthetised mosquitoes were tipped straight into the
quenching agent which was contained in a thick walled test tube or
beaker suspended in a 1 litre Dewar vessel of liquid nitrogen. Of the
two quenching agents tried iso-pentane was preferred to dichloro-

difluromethane (Arcton 12) as the mosquitoes floated on the latter.

Mosquitoes were quenched for a minimum period of 15 seconds before being

transferred swiftly to the drying plattern of a Pearse-Edward tissue

drier with a plattern temperature set to =70 to ~80°C. Forceps

/



prechilled by dipping into liquid nitrogen were used to effect the
transfer from the holder to the plattern. The insects were dried
under vacuum for 18-24 hours. The freeze dried insects were then
allowed to return to room temperature before being transferred to a
gauze strip resting on a layer of paraformaldehyde contained in a
rectangular jar. The latter was then placed in an oven set at 60°C.
The formaldehyde vapour generated was allowed to act upon the tissue

for 18-24 hours. The resulting freeze dried vapour fixed (FDVF)

material was then embedded in paraplast as described previously.
Although it was possible to cut sections of mosquitoes that had been
freeze dried and embedded directly into paraplast without fixation,

the sections did not survive any type of treatment administered to them

afterwards.

2., Sectioning of mosquitoes

(a) Paraplast

Whether for the purpose of routine histology, histochemical study or
for subsequent autoradiographic treatment, individual mosquitoes were
sectioned serially on a Spencer 820 rotary microtome set at micrometer
reading of 5um with a knife angle of 3° for hand sharpened knives and

an angle of 5° for knives sharpened on a Shandon Elliot automatic

knife sharpener,

-

Sections were floated out on distilled water that was covering 3 x 1

glass slides subbed with glycerin albumin. The expanded sections were

allowed to dry overnight in a 37°C oven before being considered for

staining.

(b) " Cryostat

Mosquitoes were stunned or anaesthetised and following. the removal of

the wings and legs, were quenched in the manner described previously for

freeze drying. The quenched tissue was transferred to a microtome
block holder with Tissue-tek (Ames Co) and then quickly transferred to

a Pearse-Slee cryostat with a cabinet temperature of -=20°C and a

micrometer feed setting of 8 ym.

{ In order to obtain smooth, uncrumpled

16
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sections, the cutting speed had to be extremely slow. This could only
be done with the manual feed. Serial ribbons of up to 5 sections were
collected on uncoated 22 x 22 mm cover glasses and allowed to dry.
Sections that were not fixed soon after drying were stored in the cold
cabinet of the cryostat until required. Unfixed sections were not
kept for longer than 48 hours. Ice cold 107 formalin was used as a

general purpose fixative, sections being fixed for either 5-10 minutes,

1 hour, or overnight (18-24 hours).

Females of uninfected Aedes togoi and Anopheles labranchiae atroparvus

were prepared for cryostat sectioning at the following physiological
conditions post eclosion :- newly emerged (<24 hours), unfed (2-5 days),

blood fed (24, 48, 72, 96 hours pbm). Females of Anopheles labranchiae
atroparvus infected with Brugia patei were sectioned at 9 days pbm.

3. Preparation of mosquitoes for resin embedding and sectioning

pr

A disadvantage of paraffin wax type processing methods is the varying
degree of tissue shrinkage and distortion, accompanied by the removal
of triglycerides and other lipids which follow the use of these methods.

Here, use was made of a resin embedding technique to provide thin 1-2' um.

sections of various mosquito tissues from uninfected individuals of

Anopheles labranchiae atroparvus and Aedes togoi. As this material is

being used for basic ultrastructural studies (not included in this study),

mosquitoes were -treated in order to meet the more exacting conditions

demanded by electron microscopy. These thin sections proved valuable
when assessing the extent of tissue artifacts present in routinely

prepared paraplast sections.

Adult female mosquitoes at various physiological conditions post eclosion
were stunned and the wings and legs quickly removed. Each individual

was separated into head, thorax and abdomen (the tip of the: abdomen was
cut off) and all these parts placed into ice cold fixative, using either
2.5% or 47 glutaraldehyde in 0.1M S-collidine buffer (pH 7.4) or in 4%
glutaraldehyde in 0.1M cacodylate buffer (pH 7.2) for periods of up to
24 bours. Fixation, although begun ice cold, was continued at 4°c,

Tissues were given several changes of buffer and then stored overnight

in the third;buffer change. Tissues were post fixed in 1 or 27 Osmium
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“tetroxide in O0.1M S-collidine buffer (pH 7.4) for 2 hours at AOC,
rinsed thoroughly in buffer, dehydrated through a graded ethanol
series and embedded in Spurr resin. To ensure adequate penetration

of the latter all tissues were soaked in resin diluted with absolute

ethanol. The tissues were left overnight in pure resin at room

temperature, before polymerising at 60°C.

Sections 1-2 um thick, were cut on a model 18000 LKB pyramitome, or
on a LKB 1 ultratome. Sections were lifted off the glass knife with
a camel hair brush or fine forceps and transferred to a small drop
of water on a 3 x 1 inch glass slide. The sections were flattened

by passing the slide through a bunsen flame and stained with alkaline

toluidine blue.

4. Preparation of*mosguitoes for autoradiograghz

(a) Injection of isotopes

After feeding on the blood of a domestic cat infected with microfilariae

- of Brugia patei, females of Aedes togoi and Anopheles labranchiae

atroparvus were anaethetised for 1-2 minutes in the cold drawer of a

refrigerator and then each mosquito was given a single injection of

approximately 0.23 ul (+0.02) of mosquito saline (Hayes, 1953) containing

one of the isotopes listed below. Before injection each isotope was
diluted with mosquito saline to equal a final concentration of 0.1 mCi/ml.
The injection was accomplished by the use of a finely extended glass
capillary pipette and the site of injection was the post spiracular
membrane of the mesothorax. The mosquitoes recovered immediately after

injection and were held for various times before fixation in FA.

To study the incorporation of labelled nucleosides in the parasite and

its mosquito host, thymidine-6-[H,] (specific activity 26 Ci/mmol) was

injected into parasitised females of Aedes togoi at either 3, 6, 9, 12,

18, 21 or 24 hours post blood meal, or at 5, 6 or 8 days pbm. Further
individuals together with infected Anopheles labranchiae atroparvus
were injected at 5 days pbm. Injected mosquitoes were held for 30

minutes before fixation in FA, except for several infected females of
Aedes togoi who were held for 60 minutes before fixation.
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Uridine~5-[H3] (specific activity, 24.0 Ci/mmol) was injected into
parasitised females of Aedes togol at either 26.5 or 45 hours pbm or
at 5, 6 or 8 days pbm. Parasitised females of Anopheles labranchiae
atroparvus plus additional females of Aedes togoi were injected at

45 hours pbm. All the uridine-[Hg] injected mosquitoes were held for

30 minutes before fixation in FA.

To study the incorporation of labelled carbohydrate into both parasite

and host, parasitised females of Aedes togoli and Anopheles labranchiae

atroparvus were given one of the following hexose sugars :-

D-glucose-6[H;] (specific activity, 2.2 Ci/mmol) at 93 hours.
D-glucosamine-6~[H3] HCl (specific activity, 12.6 Ci/mmol) at 95 hours.
D-(1-3H) galactose (specific activity, 13.0 Ci/mmol) at 95 hours.

For studies mainly on the formation of the host reaction of Anopheles

labranchiae atroparvus arising around Brugia patei, infected mosquitoes
were injected at either 24, 48 or 96 hours pbm with either glucose-[H;]
or galactose—[H3] with specific activities as given above. After

injection mosquitoes were held for 30 minutes before fixation in FA.

To study the incorporation of labelled amino acids into both parasite

and host, parasitised females of Aedes togoi and Anopheles labranchiae
atroparvus were each given an injection of one of the following amino

acids at the following times pbm - .
L-histidine-2,5~[H3] (specific activity, 58 Ci/mmol), given at 96 hours.
L-proline-H3(G) with specific.activity of 0.54 Ci/mmol, given at

120 hours.
L-arginine-5-[H3], CHl1 (specific activity, 8.9 Cifmmol), given at 97 hours.
L-lysine~4, 5-[H3](n) monohydrochloride (specific activity, 8.7 Ci/mmol)

given at 92 hours.

L-methionine (methyl-[H3]) with specific activity of 9.0 Ci/mmol, given
at 95 hours. |

L-cystine-3-H (specific activity, 2.4 Ci/mmol) given at 99 hours.

L-isoleucine-4, 5-[H3](n) with (specific activity of 30 Ci/mmol) given at
91 hours. |

L-leucine-é,;S-[H3] (specific activity, 39 Ci/mmol) given at 93 hours.
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L-valine-2, 3“[H3](n)‘with specific activity of 39 Ci/mmol, given at
90.5 hours.

L-3-phenylalanine (ring-4-[H3]) with specific activity of 10.5 Ci/mmol,
given at 92 hours.

L-tyrosine-3, 5-[{H3] (specific activity Ci/mmol), given at 117 hours.

L-tryptophan-H3(G) with specific activity of 5.0 Ci/mmol, given at
91.5 hours.

D1-3-hydroxytryptophan-H3(G) with specific activity of 7.1 Ci/mmol,
given at 98 hours.

L-3 (3,4,-dihydroxyphenyl) alanine, ring 2,5,6-[H3]) with specific

activity of 1.0 Ci/mmol, given at 92 hours.

The majority of the mosquitoes were pulsed for 30 minutes before
fixation in FA, but some individuals of Aedes togoi that had been
iniected with either radioactive leucine, histidine, arginine, proline
or tyrosine were held for 120 minutes before fixation in FA. A batch
of infected females of Anopheles labranchiae atroparvus that had been
injected with tyrosine-[H;] were held for either 120, 240 or 350 minutes
before fixation. A batch of infected Aedes togoi were injected with
leucine-[H3] having a higher specific activity (51.0 Ci/mmol) than used
previously. In this latter experiment the mosquitoes were held for

either 2, 5, 10, 20 or 30 minutes before fixation in FA. Some

individuals of Anopheles labranchiae atroparvus were also injected with
the hotter leucine-[H3] at 96 hours pbm. :

o

To record the incorporation of labelled amino acid into third stage
larvae of Brugia patei, and into abnormal larvae of a corresponding age,

females of Aedes togoi and Anopheles labranchiae atroparvus were injected
with leucine-[H3] (specific activity 51.0 Ci/mmol) at 11 da§s pbm. As

before, mosquitoes were held for 30 minutes before fixation in FA.

For studies mainly on the forma;ion of the host reaction of Anopheles
labranchiae atroparvus developing around Brugia patei infected individuals

of the latter mosquito were injected at either 24, 48, 72 or 96 hours pbm
with the following :-

L~-3 phenylalanine (ring-4H3) with specific activity of 11.0 Ci/mmol,
L-tyrosine 3,5-H3 (specific activity, 49 Ci/mmol), L-3 (3,4~



dihydroxyphenyl) alanine (specific activity, 26.0 Ci/mmol), L-arginine
5~H3 HC1 (specific activity, 22.0 Ci/mmol). Radioactive phenylaline

and DOPA were also injected into uninfected individuals of Aedes togoi

and Anopheles labranchiae atroparvus at 93 hours pbm, together with
further infected individuals of the two species. All the above animals

were pulsed for 30 minutes before fixation in FA.

(b) Staining and coating of autoradiographs

Following fixation, the mosquitoes were processed and embedded in
paraplast as described previously. Paraplast sections were rehydrated
then washed in further changes of distilled water for at least an hour
before coating with emulsion. The majority of the autoradiographs
were stained before coating with Bargman's modification of Gomori's
chrome haematoxylin (Pearse, 1965) except that no mordant or oxidation
step was employed. Staining was effective when used for 20-30 minutes
followed by rinsingin 0.25%Z HCl in 707 ethanol (20-30 dips) and a

thorough washing in running tap water. The slides were then returned
to distilled water to awalt coating with the emulsion. Some autoradio-

graphs were stained after coating and development with dilute Erlich's

or modified Harris' haematoxylin (1.l with distilled water) for 10-
20 minutes (see Gahan, 1972). |

Unstained or prestained slides were coated with Kodak AR10 stripping

film (Gahan, 1972) after first floating out the film on sugar bromide
water (Stephens, 1974) and within 20-30 minutes- of coating were
stored in light proof boxes, each containing a layer of silica gel.

As an additional safeguard against fogging each box was either covered
with black paper or sealed with black adhesive tape.

The boxes were then stored in a refrigerator set at 4°C throughout the
period of exposure which was a standard 6 weeks + 2 days. However,

some slides were exposed for only 4 weeks, others for 9 weeks.
Development of the exposed slides was carried out at a temperature of

17-18°C for 6 minutes using D 19b developer. The slides were washed in

distilled water for 30 seconds and fixed in Johnsons' Fix-Sol (diluted

1 : 9 with distilled water) for 10 minutes. The slides were given an

initial agitation of 10 seconds during each stage of development.
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After development the slides were washed in running tap water for

10-15 minutes and allowed to dry.

Attempts to dehydrate the slides through graded ethanols followed by
mounting in Euparol or clearing in xylene and mounting in balsam were
consistently unsuccessful as air was usually retained in the specimens.
This problem was overcome by mounting the slides from water into a
water soluble mountant (Gurrs) diluted 1 : 1 with distilled water.

In some slides, drained and left to dry, air was not retained in the
specimen. In such cases grain counts taken over tissues were compared
with grain counts collected from the same tissues after the slide had
been mounted in the water soluble mountant. No significant difference
was noted between the two sets of counts. Why some slides'retain air

in the specimen following dehydration through graded ethanols remains

a mystery.

(¢c) Analysis of autoradiographs

The method used here to record the relative level of radiocactivity
between different sources was to employ a calibrated squared eye piece
to obtain an estimate of the mean number of grains per unit area over
a source. As the number of silver grains over a source include a
contribution made by extraneous background radiation (see Rogers, 1973)
the significance of the difference between the mean number of grains
over a tissue and that over a much larger area of background was

estimated, when necessary by a paired t test.

Grains over a source, whether tissue or background were accumulated
as follows :-

A Zelss photo-microscope was used at an optovar setting of 1.6, using
a X8 eyepiece and X100 0il. At this magnification the standard

counting square used in the eye piece had an area of 64 um?. For some

tissues. this represented too large a square, eg, cuticle of the

mosquito. In such cases counting squares with an area of 16 um? were
employed.

With strippipg film, the silver grains in the exposed autoradiograph

!
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lie in a different plane to the tissue, as the emulsion layer is

relatively thick (Rogers, 1973). Thus selection of squares for
counting was achieved by first focussing on the tissue, and choosing a

square at random over it, the grains within the selected square were

then brought into focus and counted. Five squares were used as a
minimum sample size. In many tissues multiples of five squares were
collected, but 1t was soon established that a mean estimated from a

five square sample was adequate to determine whether a tissue or

worm was labelled with respect to the background mean grain density.

The latter was estimated by counting unit areas over emulsion adjacent
to the sample, and throughout further tissue spaces covered by emulsion

until a mean derived from 100 unit areas of background was obtained.

5. Staining methods

(a) Routine

For observing features of general histological interest Bargman's
modification of Gomori's chrome haematoxylin phloxine was used, with
and also without permanganate oxidation (Pearse, 1968). Masson's
trichrome and Mallory's triple stain were used as given in Culling

(1963). Routine alum haematoxylin eosin techniques were used occasionally.

(b) Histochemical

Nucleic acids. Methyl green pyronin was used as modified by Kurnick
(1955) in order to stain DNA and RNA. Nuclear chromatin stains green.

The nucleoli and cytoplasmic RNA stain bright red.

Carbohydrates and mucosubstances. 1 : 2 glycol groups present in

glycogen and other G mucosubstances (Pearse, 1968) were demonstrated by
the Periodic acid-Schiff (PAS) technique, using Lillie's "“cold Schiff"
reagent and sodium metabisulphite rinses (Lillie, 1965). Lhotka's
sodium bismuthate Schiff technique was used occasionally as an
alternative to the PAS method (Lhotka, 1952) and demonstrates hydroxy-

carboxylic acids in addition to 1 : 2 glycols. With these two techniques
Schiff reactive sites stain magenta.
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Glycogen was also demonstrated by Best's carmine (Pearse, 1968) and
by toluidine blue staining of its sodium bisulphite addition derivatives

(Malonin, 1970). Glycogen-deposits are stained bright red by Best's

carmine and exhibit ethanol resistant metachromasia with the Malonin

technique.

Acid mucosubstances were localised by using a number of polyanion

detecting methods.

Alcian blue 8GX was used as a 17 solution in 3% acetic acid according
to the directions of Mowry (1960). This technique designated as
AB(2.5) stains carboxylated and sulphated mucosubstances bright blue.
Sulphated mucosubstances were located by using Alcian blue 8GX at pH
1.0 ie AB (1.0) as directed by Lev and Spicer (1964). Alcian blue 8GX
was also used at pH 5.7 but with varying concentrations of MgCl, added
to the dye bath. This technique was used as directed by Scott and
Doriing (1965). At concentrations of less than 0.3M.MgCl, staining due
to -CO0 and PO, ceases but at levels greater than 0.3M.MgCl, only

material containing polysulphates continue to stain blue.

The Low Iron Diamine (LID) and High Iron Diamine (HID) methods of Spicer
(1965) were used according to revised instructions given in Culling
(1974). With LID, sulphated and uronic acid containing mucosubstances
stain grey to purple black whereas neutral mucosubstances stain purple-

grey. The HID method stains sulphated mucosubstances black to purple
black.

Proteins. Proteins rich in tyrosine were located using the Millon

reaction as modified by Bensley and Gersh (Pearse, 1968) and the
diazotisation coupling method of Glenner and Lillie (1959). Proteins

rich in tyrosine stain rose red with Millons reagent and purplish red-
pink with the coupling method.

Proteins rich in tryptophan were stained blue by the DMAB—nitrite method
of Adams (1957). Basic proteins were stained a deep blue by the Mercuric

bromphenol blue method (Barka and Anderson, 1963). Proteins rich in

side chain carboxyls were localised by the mixed anhydride method of
Barnett and Seligman (1958).

/

Protein bound side chain carboxyls stain
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a deep reddish purple colour.

Proteins rich in cystine were stained blue by per-acid Alcian blue
procedures (see Lillie, 1965; Pearse, 1968) and those containing SH-

groups were stained orange by the Mercury orange method of Bennet and
Watts (Barka and Anderson, 1963).

Lipids. The 01l red O method of Lillie and Ashburn (Lillie, 1965)

was used to locate neutral fat. Droplets of fat stain bright red.

To detect phospholipids, except for sphingomyelin, the copper pthalo-

cyanine method was used (Pearse, 1968). Phospholipids stain blue.

"Enzymes. Acid phosphatase activity was located by using the Naphthol
~AS and HPR technique (Pearse, 1968). The final reaction product is
bright red.

Non{specific esterase activity was located as a deep blue reaction

product when using the Naphthol AS-D acetate method (Pearse, 1968).

Acetyl-B-glucosaminidase activity was located by the Naphthol AS-BI-HPR

me thod offHayashi (1965). The final reaction product is a bright red
deposit.

Pigments. A limited number of tests were used to identify the pigment

component of the host reaction substance of Anopheles labranchiae
atroparvus. Perl's prussian blue method (Lillie, 1965) was used to
detect the presence of any iron in the pigment. The reaction product
is bright blue. Mgssdn's fontana method (lillie, 1965) was used to
identify a melanin component of the pigment. The reaction product is

black. Attempts were made to dissolve the pigment with concentrated

sulphuric, hydrochloric and peracetic acids;

Enzyme digestion and chemical blockades. Bovine pancreatic ribonuclease

(4 x crystal:.sed) was used to remove RNA from sections prior to methyl

green pyronln staining. Slldes were. incubated in the enzyme solution

(1 mg/ml dlstllled;water) for 2 hours. Pyronln.stalnlng prevented by

prlor 1ncuba$10n of the sections in ribonuclease was held to be due to RNA.
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o and B mixed amylase was used to remove glycogen from sections prior
to PAS, Best's carmine or sodium bisulphite toluidine blue staining.
Sections were incubated in a 1% solution of the enzyme in distilled water

for 2 hours at room temperature (Barka and Anderson, 1963). Alternatively

some slides were incubated in human saliva for 2 hours at 37°C in order

to remove glycogen.

Aldeliyde groups either native or engendered by periodate oxidation, were

blocked by treatment with aniline in acetic acid (Lillie and Glenner,

1957). Sodium borohydride (Lillie and Pizzolato, 1972) or phenylhydrazine
hydrochloride (Spicer, 1961) were occasionally used as alternative

blocking agents.

1:2 glycol groups were blocked by overnight acetylation with acetic

anbydride in pyridine (McManus and Mowry, 1960).

-SH groups were blocked by 0.1M n-ethyl maleimide in phosphate buffer
(pH 7.4) for 4 hours at room temperature (Barka and Anderson, 1963).

-S5S—- groups in disulphide rich protein were blocked by prior reduction

to -SH with sodium thioglycolate (Lillie, 1965). The -SH groups
were then blocked by n—-ethyl maleimide (Barka and Anderson, 1963).

6. Preparation of mosquito blood films

Attempts were made to remove haemolymph from uninfected females of

Aedes togoi and Anopheles labranchiae atroparvus and also from these

mosquitoes when infected with Brugia patei. Each mosquito was punctured
through the side of the mesothorax with a fine glass pipette and a small

volume of fluid withdrawn. By measuring the internal diameter of a

batch of pipettes with a micrometer eye piece and measuring the maximum
distance the fluid travelled up the pipettes, it was found that the
volumes withdrawn did not exceed 1 ul. The fluid had a tendency to clot

in the pipette although it was usually possible to expell it onto

unsubbed 3 x 1 glass slides. The smears were then fixed in 107 formalin

haemolymph and tissue debris.
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7. Melanisation/sclerotisation inhibitors

The compound (DL)-3-(3,-4-dihydroxyphenol)-2-hydrazino-2-methylproprionic
acid, also known as o MDH or DOPA-carb, is a known DOPA decarboxylase

inhibitor (Bodnaryk, 1970; Schlaeger and Fuchs, 1974a). TFemale Anopheles

labranchiae atroparvus infected with Brugia patei were given a single
injection at 24 hours pbm of o MDH dissolved in mosquito saline

(Hayes, 1953). Two concentration: of a MDH were used, either 0.5 or

1.0 ug/ul. The site of each injection was the mesothorax and the

volume administered was sufficient to extend the abdominal intersegmental
membranes. Controls were injected with saline. After injection the
mosquitoes recovered well and were maintained at 26°C with access to
sugar pads. o MDH was also given orally to some uninjected individuals
by being added to the sugar pad. In each experiment mosquitoes were

killed at selected intervals aftevr dosing and dissected to determine

whether the degree of melanisation of the worms had decreased relative

to ihe controls.

The compound phenylthiourea (PTU) has been successfully used to decrease

the incidence of melanisation around parasites in insects (Salt, 1956;
Brewer and Vinson, 1971; Nappi, 1973). PTU was given orally to

female Anopheles labranchiae atroparvus infected with Brugia patei. The
compound was added to the sugar pad to make a final concentration of
either 1 or 10 ug PTU per 100 mls sugar solution. Mosquitoes were
dissected at intervals after the infected feed to determine whether PTU

had an effect on the incidence of melanised larvae.

8. Injection of DOPA and B-alanine

DOPA 1s a known substrate of melanin (Thomsen, 1962) and B-alanine is

believed to reduce the polymerisation of melanin sub units (see Hodgetts
and Konopka, 1973).

Anopheles labranchiae atroparvus infected with Brugta patei were given

a single injection at 24 hours pbm of either DOPA or B-alanine dissolved

in mosquito saline (Hayes, 1953). The concentratioz of the compound in

the saline was 0.8 ug/ul. The site of each injection was the mesothorax

and the volume given was sufficient to extend the abdominal intersegmental

/
J



membranes. The mosquitoes recovered well after the injections and were

maintained at 26°C with access to sugar pads. The mosquitoes were

dissected at intervals after the injections to determine whether the

degree of melanisation of the worms had increased relative to saline

injected controls.

]

9. Photography

Black and white photographs (Ilford Pan F) were taken with a Zeiss
photomicroscope I. Exposed films were developed in Perceptol diluted
1:1 at 20°C for 19 minutes and fixed in Johnson's Fixol (1:3) for 10
minutes. Colour photographs (Agfachrome 50L) were taken with a Leitz

Dialux microscope fitted with an Orthomat ecamera. Processing was

done commercially.
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PART 3

THE DIFFERENTIAL INCORPORATION OF RADIOACTIVE NUCLEOSIDES, CARBOHYDRATES
AND AMINO ACIDS BY BRUGIA PATEI UNDERGOING NORMAL DEVELOPMENT IN AEDES
TOGOI AND ABNORMAL DEVELOPMENT IN ANOPHELES LABRANCHIAE ATROPARVUS

INTRODUCTION

In the mosquito Aedes togoi, the filarial nematode Brugia patei moults
to the second stage larva between 4-5 days following the entry of the

microfilaria into the mosquito, and the moult to the third stage,
occurring between 7-10 days is followed by migration of the infective
larva from the thoracic flight muscle into the haemocoele of the
mosquito (Laurence and Pester, 1967; Laurence and Simpson, 1971).
These latter workers showed that development of the larva during the

" first 4-5 days results in the differentiation of the pharynx from its
modified form present in the microfilaria, and of the development of the
intestine from the cells around the innen korper. After the moult to
the second stage the larva of Brugia is capable of active feeding, being
able to ingest solid fragments of host origin (Beckett and Boothroyd,
1970; Laurence and Simpson, 1971). Ho and Kan (1972) working with

Breinlia sergenti reported that the infective larva of this filarial
nematode can ingest tissue fragments derived from its mosquito host. In

contrast to these results little is known about the nutritional
requirements of the first stage filarial larva shortly after its entry
into the intermediate host. The only information currently available on
the metabolic activity of the microfilarial form of the first stage
larva is the work of Langer and Jirampermpoon (1970), and Jaffe and

Doremus (1970), both groups working with the blood borne microfilariae
of Dirofilaria immitis.

In the present study, this particular section deals with the uptake of
nucleosides, carbohydrates and amino acids in normal -larvae, and in

abnormal larvae present within the refractory mosquito.

In the microfilaria, the evidence available to date suggests that the G

cell 1s the first cell to undergo mitotic division, and in Brugia it
divides within 24 hours of entry of the parasite into the vector
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(Feng, 19363 Schacher, 1962a; Laurence and Simpson, 1971). Following
the division of the G cells the cells immediately anterior and posterior
to it, and which had been separated by its presence grow towards each
other, eventually forming the gut (Laurence and Simpson, 1971). The

G cell is thus a cell of strategic importance as its failure to divide
would effectively inhibit the succeeding programmed sequence of cell

divisions that result in the differentiation of the alimentary canal.

Aedes togoi, infected with Brugia patei were injected with thymidine-[Hj]

at selected time intervals within the period 3-24 hours following entry
of the parasite into the mosquito. The object of this was to provide the
nucleoside pool of the mosquito with available isotope that would become
incorporated into the DNA of the parasite, when the latter entered the

S phase of DNA synthesis. By labelling the G cell in this manner, the
intention was then to determine the fate of its progeny, as there

remains disagreement regarding the fate of this cell (see Laurence and
Simpson, 1971).

RNA synthesis by Brugia patei was investigated by imjecting Aedes togoi

with uridine-{H3] at various time intervals followimg entry of the
parasite into the host. To determine whether abnommal larvae of Brugia
patei could also incorporate these nucleosides, infected females of

Anopheles labranchiae atroparvus were also injected with either of the

two 1sotopes.

e =

The third stage larva of Brugia pahangi was shown by Collins (1971) to
contain droplets of lipid and rosettes of glycogen in the body

musculature. In the adults of Brugia pahangi and Brugia malayi the

cells of the lateral chords and somatic musculature contain storage

depots of glycogen (Vincent, Portaro and Ash, 1975; Vincent, Ash and
Frommes, 1975). In the microfilaria, ultrastructural studies carried

out on a number of species (Kozek, 1971; McLaren, 1972; Laurence and
Simpson, 1974; Tongu, 1974) indicated that only small amounts of glycogen
are present. At the light microscope level, Simpson and Laurence (1972)
did not record the presence of sizable deposits of this storage polymer.
Jaffe and Doremus (1970) reported that the microfilaria of Dirofilaria

immitis used Cj;, labelled glucose as a source of emergy. Sometime then,

during the period of development in the intermediate host, glycogen
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synthesis in the filarial larva must increase to the point when reserves

of this polymer start to accumulate.

To determine whether Brugia patei could accumulate glycogen as early as

the first larval stage, and whether there was any recognisable

incorporation of sugar into the carbohydrate components of the first
stage larva, [Hz]-labelled glucose, galactose and glucosamine were
injected into parasitised females of Aedes togoi and Anopheles labranchiae
atroparvus at times of up to 4 days pbm. 1In parallel with this,
histochemical techniques used to locate glycogen and other carbohydrates
were carried out on all three larval stages, including larvae in the

refractory host.

To study amino acid uptake by Brugia patei, 14 different amino acids

were injected, one per animal, into both mosquito hosts during the period
4-5 days pbm. These amino acid experiments were expected to indicate
whether the pattern of amino acid incorporation by the parasite was

radically different when developing abnormally in the refractory host.
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RESULTS

1. Nucleoside incorEoration in Brugia Eatei

No significant incorporation of thymidine~[H;] was observed in first and
second stage larvae undergoing normal development. Among the many
infective stage larvae that were examined only a single individual worm
was observed to have specific marking over a nucleus that was present

in one of the cells of the body wall. Abnormal and melanised larvae
were also unlabelled with respect to background radioactivity. 1In

total, autoradiographs from 56 females of Aedes togol and 1 female of
Anopheles labranchiae atroparvus were examined in the thymidine-[Hj]

experiment. Many worms were present in these animals. The single worm
showing thymidine-[H3] incorporation into one nucleus represented less

than 17 of the total number of worms examined. At this level of

labelling, the marking seen in one worm was considered to be insignificant.
In contrast both normal and abnormally developing larvae showed a

significant incorporation of the nucleoside uridine-[H3]. Incorporation

was quite marked in the first stage larva (45 hours-5 days) compared
to the second and third larval stages, (Table 1), In the first stage

larva, the mean grain density obtained for individual worms was

particularly variable at 26.5 hours pbm. Out of a total of 10 worms

sampled, 4 were not significantly labelled relative to background radio-
activity. The maximum grain count recorded for an individual larva at
this time period was 20.80+2.91. The minimum mean grain density
recorded among the remaining worms in this sample was 8.0t1.46. At

45 hours and 5 days following the entry of the parasite into the host,
variation in the level of marking between individual worms was comparatively
less. At 45 hours, only 1 worm from a total of 10 sampled was found to

be unlabelled with respect to background. The individual means of the

labelled worms lay between 10.0t1.41 to 21.80%2.42. At 5 days all of

the 8 worms sampled were labelled, the individual means lying between
7.60+x1.08 to 23.60+2.79.

In the larvae sampled from the refractory host, the individual means

obtained for 2 larvae from a female injected at 45 hours, were
25.20£2.50 and 41.20+7.39,
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Table 1 Incornaration of uridine-[ﬁa] into Brugia Eatei

Mean grain density x

Time injected No No + standard error of mean
(pbm) mosquitoes used worms sampled
Worm Background
(a) VWorms developing in Aedecs togoi
26.5 hours | 10 8.78:6.00 2.03:0.10
4S5 hours 1 .10 15.64:1,00 1.79x0.11
45 hours (replicate) 1 & 17.25+1.80 4.50:0.10
5 days 1 8 | 15.15¢1.00 1.900,10
6 days 1 9 5.00£4.,00 1.9620.15
8 days 1 10% 4.8040.26 1.97+0.15
(b) Worms developirg in Anopheles labranchiae atroparvus
e e e e ety
45 hours 1 2 33.20£4.99 4.70+0.20
Each mosquito was pulsed for 30 minutes before being killed.
Mean grain density (x) . (total number grains counted)
per unit area of worm nunber worms sampled X 3 unit areas per worm
Mean grain density (x) _ (total number grains counted)
per unit area of background | 100 unit areas

X In the 8 day mosquito the worms had migrated into the haemocol, which in

sections, made it impossible to distinguish individual worms. 10 X 5 unit

areas were randomly sampled from the mass of worm sections present in the
haemocoel. '

The 45 hour ;eplicate Aedes togol was processed with the 45 hour Anopheles
labranchiae atroparvus.

1 unit area = 64 umZ,

.
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In second stage and infective larvae examined at 6 and 8 days respectively,

lower incorporation of uridine-[H3] was found (Table 1). At 6 days
(Table 1) 4 worms out of a total of 9 sampled were not significantly
labelled relative to the background mean. The range of the individual
means for the remainder lay between 5.6+x0.92 6.4%+1.43. At 8 days,
although it was not possible to distinguish individual worms in the

sections, all the pieces of infective worm examined were labelled with

respect to background.

Some attempt was made to assess the distribution of radioactivity

within broadly recognisable components of individual worms. In early
first stage larvae (26.5 hours, 45 hours pbm) uridine-[H3;] label was
uniform throughout the tissues, but in the late first stage and in second

stage larvae (ie between 4-6 days pbm) uridine-[H3] label was observed

to lie discreetly over the nucleoli of some cells, w:.zh many cells
exhibiting little or no label. 1Ideally for a specified area the number
~

of cells marked with nucleolar label could be scored along with those

not showing label. The percentage of cells showing discreet uridine-[H,]
incorporation could be determined for the pharynx, intestine and body

wall. This would,in the absence of thymidine marking, be a way of
measuring the relative changes of cellular activity in these tissues.,
In the autoradiographs prepared from the uridine~[H;] injected animals

the quality of staining was poor. It proved too difficult to pursue
the analysis quantitatively.

Some of the sections prepared from the uridine-[H3] injected animals were
treated with ribonuclease prior to coating with ARIO stripping film.
Control sections were immersed in distilled water only. After routine
exposure and development, the label over the tissues of the worms in

the control sections was comparable to that observed in untreated
sections. In the sections treated with ribonuclease, no significant
labelling of the worms was observed with respect te background. It

was concluded that uridine~[H3] was being incorporated into RNA, and

that the incorporation of uridine-[H;] was at a maximum in the 1st

stage larva.
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2. Carbohydrate incorporation in Brugia patei

No significant incorpofation with respect to background radioactivity
was observed in Brugia patel in Aedes togoi and Anopheles labranchiae
atroparvus when exposed to glucosamine-[H3], glucose-[H3] and
galactose-{H3] at 4 days pbm (Table 2).

In a second experiment Anopheles labranchiae atroparvus parasitised
with Brugia patei was injected with glucose-[H3] or galactose-[H3] at

24, 48, 72 and 96 hours pbm. No significant label with respect to
background radiation was found over worms in the galactose~[H;]
injected mosquitoes but the larvae in the glucose-[H3] injected mosquitoes

appeared to be slightly labelled (Table 2).

3. Amino acid incorEoration in Brugia patei

At the onset of this investigation into amino acid uptake by Brugia patei,
the decision was taken to broadly study the relative incorporation of a

range of [Hj]-labelled amino acids, rather than an in-depth study of

just one or two. As 14 amino acids were scheduled for use, initial
studies were directed towards establishing the length of the pulse which
would be adequate to record whether an amino acid was going to be

taken up by the parasite. With [H3]-leucine, females of Aedes togoi
were killed at 2, 5, 10, 20 and 30 minutes after a single injection of

the isotope. A comparison of the mean grain density over larvae
sampled from these mosquitoes confirmed that a pulse of 20-30 minutes
duration would be very suitable (Table 3). No worms were observed in

animals killed 2 minutes after injection but label was found in larvae

in the muscle after 5 minutes.

Tritium labelled amino acids, histidine, proline amd tyrosine were
injected into parasitised females of Aedes togoi and the mosquitoes
were sacrificed 30 minutes or 120 minutes- later. One amino acid was
injected per animal. Tyrosine-[H3] was injected isto parasitised
females of Anopheles labranchiae atroparvus and the mosquitoes were
killed at 30 minutes, 2 hours, 4 hours and 6 hours later. Grain counts

were made on larvae sampled from each of the mosquitoes injected. With

these amino acids, the mean grain density obtained over one or more



Table 2 Incorporation of [Hi]-carbohydrate in Brupia patei underpoing (a) normal

dcvelopment in Acdes togol (b) abnormal development in Anopheles
labranchiae atroparvus during the period 1-4 days pbm

Mean grain density X
¢ standard error of mean

Time of
injection
(hours pbm)

No No

159tope mosquitocs used worms sampled

Worm Background
(2) Worms developing in Aedes togoi
Glucosamine 95 1 | 2 0.9010.22 0.860.09
Galactose 92.5 1 2 1.30:0.,40 1.0310.10
(b) Worms developing in Anopheles labranchiae atroparvus
Glucose 24 3 8 7.30t0,96 1.96+0.18
48 2 5 5.04x0.65 2.7710.17
72 2 4 8.15#1.16 1.60%0.14
96 3 10 4,38t0.34 3.,09%1,19
Galactose 24 1 | 1.40+1.04 3.39+0.22
48 1 3 2.60:0.87 6.18t0.36
712 1 2 4.30:0.81 5.53:0.25
96 | Y 2.00:t0.71 . 1.80+0.10
Glucosamine 95 1 2 2.90:0,35 1.7420.16
Galactose 92.5 1 1 2.60t0,60 1.03:0.09
Each mosquito was pulsed for 30 minutes before being killed.
Mean grain density (x) _ (total number grains counted)

per unit arca of worm

Mean grain density (x)

per unit area of background

1 unit area

64 um2,

number worms sampled X 5 unit areas per worm

_ (total number prains counted)
number mosquitoes used x 100 unit areas
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worms for each of the pulse periods used is shown in Table 3. There
appeared to be little advantage to be gained by extending the pulse

beyond 30 minutes. Thereafter the decision was made to select 30

minutes pulse as a standard treatment in future experiments.

(a) Uptake .of labelled amino acid between days 4-5

The relative degree of incorporation of radioactive amino acids by

normal and abnormal worms between days 4-5 pbm 1s set out in Table 4.

The observed degree of incorporation relative to background radiation
varied with the amino acid used (Plate 1) ranging in normal worms from
relatively high levels of uptake with iso-leucine-[H3], phenylalanine-[H3],
leucine-[H3] and tryptophan-[H3] to significant incorporation of

histidine-[H3] (p <0.05) and proline (p <0.05). Normal worms did not

incorporate significant amounts of OH-tryptophan-{H3] (p <0.0l1), and

This pattern of labelled amino acid incorporation was only partly matched
by worms undergoing varying degrees of abnormal development in

Anopheles labranchiae atroparvus. In this mosquito Brugia patei
incorporated comparatively little tyrosine-[H3], cystine-[H3] and
tryptophan-[H3] in relation to that observed for normal worms of the same
agé. The mean grain density recorded for abnormal worms taking up

tyrosine was particularly low, but still significant in relation to

background label (p <0.05). A further difference noted in respect of

amino acid uptake by normal and abnormal larvae was that the latter

incorporated relatively high levels of valine-[H j].
(b) Uptake of labelled arginine and phenolic amino acids 1n abnormal worms

In this next series of experiments, parasitised females of Anopheles

labranchiae atroparvus each received a single injection of one of the

following tritium labelled amino acids: phenylalanine, tyrosine, DOPA

and arginine. Within each amino acid group, females were injected at

24, 48, 72 and 96 hours pbm. The mean grain densities recorded over

worms sampled at each time interval are set out in Table 5.

labranchiae atroparvus, Brugia patei does not usually exhibit

abnormalities in its growth until after the G cell has divided,

In Anopheles



Table 3 The effect of changing the duration of the radiocactive pulse
on (Hal=amino acid incorporation in Brugia pateil

: . Mean grain density x
_Tfme ?f Lengtis of No % standard error of mean
Isotope 1njection pulse worms
(hc?urs pbm) (mins) sampled Vorm Background

‘(a) Worms developing in Aedes togoil

Histidine 96 30 4 $.1520,.15 2.35+0.13
120 10 9.8630.64 2.6110.12
Proline 120 30 2 3.6010,72 0.83+%0,09
120 1 17.20%2,.26 2.9710.13
Tyrosine 117 30 3 19.20%1.,02 2.83x0.74
120 28.001.67 2.78+0.19
Leucine 96 5 3 7.73%3.12 <l
10 6 30.06+5.01 <l
20 1 47.0 13.54 <]
30 1 100 2.71+0.31

(b) Worms developing in Anopheles labranchiae atroparvus

M

Tyrosine 117 30 3 6.3041.24  2.23%0.10
) 120 3 21.4641.97  2.24%0.10
3
3

6.2611.12 2.0910.15
7.13%1.05 2.76x0.13

Mean grain density (x)

; _(total number grains cowmted)
per unit area of worm

number worms sampled x 5 unit areas per worm

Mean grain density (x) o(total number grains- counted)
per unit area of background 100 unit areas

1 unit area = 64 um?2,

—
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(Laurence and Simpson, 1971; Oothuman, Simpson and Laurence, 1974),
Yet, even at 48, 72 and 96 hours pbm when the worms were abnormal,
they were still able to incorporate significant amounts of labelled

phenylalanine, tyrosine and argine, but not DOPA-[H3]. At 24 hours

pbm DOPA-[H3] incorporation into the larvae was significant relative

to background radioactivity (p <0.05).

(c) Uptake of leucine-[H3] in third stage larvae

Leucine-[H3] was injected into females of parasitised Aedes togoi and

Anopheles labranchiae atroparvus at 11 days pbm. In Aedes togoi the
mean grain density recorded over 5 worms was 22.8042.20. In Anopheles

labranchiae atroparvus, the mean grain density recorded over 2 abnormal
worms which had not succeeded in developing beyond the first larval
stage was 63.0+3.56. The mean grain density due to background

radioactivity was less than 1 in both mosquitoes.

4. Histochemistrz of larval Brugia patel

(a) Nucleic acids

Staining was carried out on carnoy fixed sections of Brugia patei in

Aedes togol at 1-8 days pbm and in.Antheles labranchiae atroparvus

at 48 hours pbm., In the microfilaria, pPyronin staining was confined to

the cell nucleoli, the G cell, R cells, excretory cell and anal vesicle,

whereas at 48 hours strong pyronin staining was present throughout the

39

tissues of both normal and abnormal larvae. Strong pyronin staining was

also present in larvae at 3-6 days pbm, but injected larvae at 7-8 days

had little affinity for the dye. Pyronin staining of the larvae was

prevented by a prior incubation of the sections in ribonuclease,

indicating that the red staining was due to RNA.

(b) Glycogen

Staining was carried out on carnoy, BD and FA fixed sections of Brugia

patei in Aedes togoi at 1-8 days pbm and in Anopheles labranchiae



Table 4
second stage larvae of Brugla pateil
Time of injection No
Isotope (hours pbm) worms sampled

(a) Worms developing in Aedes togoi
Histidine 96 4
Proline 120 2
Arginine 97 1
Lysine 92 1
Methionine 95 1
Cystine 99 3
Iso~leucine 91 |
Leucine 93 1
Valine 80.5 1
Phenylalanine 92 3
Tyrosine 117 3
Tryptophan 91.5 2
OH-tryptophan 98 3
DOPA 93 4

Incorporation of [H3j]-amino acid into late first stage to early

Mean grain density X
+ standard error of mean

Worm Background
4,15+ 0.50 2.35:0.13
3.60+ 0,72 0.8310.09

10,60+ 1.93 3.28:0.18
38.20 2.79 <l
14,00+ 1.81 1.99%0.14

(b) Worms developing in Anopheles labranchiae atroparvus

Histidine

96 3
Proline 120 4
Arginine 97 3
Lysine 92 3
Methionine 95 2
Cystine 99 3
Iso~leucine 91 5
Leucine 93 4
Valine 90.5 10
Phenylalanine 92 2
Tyrosine 117 2
Tryptophan 91.5 10
OH-tryptophan 98 2 .
DOPA 93 9

33,50 4.0 5.21%0,23
121.00+ 6,57 <1
>100 2.71:0.31
24 .80+ 1.21 <l
57.13% 6.48 3.02%0.15
19,20+ 1.0 2.83*x0.74
83.0 £10.15 <l
4.80+ 0.45 4.42+0.18
2.31* 0.62 0,52+0.,05
5.30+ 0.62 2.76%x0,12
7.70x 0.47 2.02x0.,13
13.53+ 1,77 2.56+0.13
89.93t 4.28 <l
5.90+ 1.44 0.82+0.,03
17.26% 1,95 3.80+0,25
95.2 *+19.78 <l
43.44x 2,71 2.27:0.13
63.00t 3.56 <l
40.86t 6.61 3,44*1.19
6.30+ 1.24 2.23%0.11
13.20+ 0.82 <l
8.00+ 0.99 4.41+0.15

2.31% 0,62 1.1620.47

One mosquito of each species was used for each amino acid.

Each mosquito was pulsed for 30 minutes before being killed.

Mean grain density (x)
per unit area of wornm

Mean grain density (x)

per unit area of background

Note

mosquito.

1 unit area = 64.um2.

It was impractical to sample an equal number of worms from each

_ (total.number grains counted)
number worms sampled x 5 unit areas per worm

(total number grains)
100 unit areas
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atroparvus at 24-96 hours pbm., With PAS, Best's carmine and sodium
bisulphite toluidine blue techniques, staining that was prevented by a
prior incubation in either human saliva or the mixed amylase solution
was held to be glycogen. The latter was not present in normal larvae

in Aedes togoi at 1-4 days pbm but was present in the body wall and

gut of larvae at 5-8 days pbm. Abnormal larvae in Anopheles labranchiae
atroparvus at 24-96 hours pbm also did not stain for glycogen. It
should be emphasised that here, positive staining in the tissues of the
larvae was held to be a strong, clear staining of particulate or flocculent
material removable by amylase or saliva. The presence of trace amounts
of colour in the larvae was ignored as this could be due to glycogen

leaching from surrounding flight muscle.
(c) Proteins

. Bromphenol blue was used to detect the presence of any protein storage

material in carnoy, BD and FA fixed sections of Brugia patei in Aedes
togoi and Anopheles labranchiae atroparvus at 1-11 days pbm. Other

than the cell nuclei which continued to stain throughout the period

1-11 days pbm, only the small spheres of the inner korper were

reactive to bromphenol blue. The inner korper had virtually disappeared

by the second day pbm. ’




Table 5 Incorporation of phenylalanine-[H.], tyrosine-{H,], DOPA-[H.] and

arginine={I13] into Brugia patei when present in the flight muscles
of Anopheles labranchiae atroparvus, during the period 1-4 days pbm

pinn of Mean grain density x
Isotope injection _No No + standard error of mean
(hours pbm) mosquitoes used worms sampled
Worm Background
Phenylalanine 24 1 2 10.10%+ 3.05 <2
48 1 2 76.30+ 9,84 3.33:0.29
12 1 2 70.80+12,46 3,1110.19
96 1 2 72.27+ 8.31 <2
Tyrosine 24 2 7 17.23% 1.24 1.72%0.27
48 2 3 18.67+ 2.80 1.10x0.15
72 2 7 54.94+ 3.14 2.83%0.87
96 1 1 20,80t 0.65 <l
DOPA 24 2 4 5.15¢ 0.87 1.17:0.17
48 2 ' 3 2,80t 0,52 1.09:0.16
12 2 4 1.50¢ 0.31 1.03+0.10
96 2 5 3.0 £ 0.51 <1
Arginine © 24 2 7 25.10% 2.11 <2
48 2 4 12.05¢ 1.57 <2
12 2 6 22.20% 4.88 <2

Each mosquito was pulsed for 30 minutes before being killed.

Mean grain density (x)

per unit area of worm = (total number grains counted)

number worms sampled X 5 unit areas per worm

Mean grain density (x)

. (total number of :
per unit area of background @~ grains counted

= AEEEEr-an e S
number mosquitoes used x 100 unit areas

Note It was imp

ractical to sample an equal number of worms from each mosquito.

1 unit area = 64 um?,
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DISCUSSION

The inability of Brugia patei to sequester thymidine-[H3] from the

haemocoele of the susceptible mosquito Aedes togoi and the refractory

mosquito Anopheles labranchiae atroparvus has been established, Omar
and Gwadz (1974) reported a similar lack of incorporation of thymidine-[Hj]

by Brugia pahangi parasitic in the susceptible (Liverpool Black Eye)
strain of Aedes aegypti.

Although thymine is one of the four bases that enter into the construction
of the DNA molecule, it 1s known that not all animal cells accept its

deoxyriboside thymidine as a precurser from the extracellular environment
(Feinendegen, 1967).

Jaffe and Doremus (1970) found that blood borne forms of the microfilaria

of Dirofilaria immitis were, in vitro, unable to incorporate nucleic acid

precursers into DNA. This latter work with the exception of biochemical

studies on microfilarial enzymes represents our only source of biochemically

derived information on the microfilaria and in this respect the importance
of this work cannot be understated. However, it is considered here that
the microfilaria represents a resting stage of the first stage larva.

It undertakes no growth within the bloodstream of the vertebrate host

and its uptake of raw materials may be expected-to-reflect its demands

for energy (see Jaffe and Doremus, 1970). 1Its nutritional requirements
may well be expected to differ upon entry into the intermediate host.

It may be significant that other workers involved in studies on the uptake
of nutrients by blood-borne parasitic protozoa have also reported a
similar inabiiity of these parasites to incorporate certain nucleic acid

“derivatives (Walsh and Sherman, 1968; Neame, Brownbill and Homewood,
1974). o

The failure to utilise thymidine-[H;] doés not indicate that Brugia patei
does not synthesise DNA, particularly as the times at which the host

mgsquito was injected with labelled thymidine corresponded to the times
when the larva is mitotically active (Laurence and Simpson, 1971).

It seems likely that the necessary precursers for DNA synthesis in

Brugia patei are synthesised without the involvement of 1 thymidine pathway.
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When thymidine enters a cell it is phosphorylated by the enzyme thymidine
kinase prior to entering the pathway leading to DNA synthesis. It 1is

possible that the larva of Brugia patei does not possess this enzyme.
It is known that thymidine kinase can be synthesised de novo just

prior to the commencement of DNA synthesis, or become activated in
those situations where it 1is stored in an inactive form (Feinendegen,

1967) . It could be argued that thymidine kinase is present in Brugia

patei, but that it is, or becomes active for only a very short duration,

and was inactive at the time of the radioactive pulse. In Aedes togol

the animals were sacrificed every 3 hours during the first 24 hours

that followed the entry of the parasite into the mosquito. Each animal
was pulsed for 30 minutes before killing. With such time intervals it
is considered doubtful that the S phase of DNA synthesis would have been
missed. Omar and Gwadz (1974) allowed their mosquitoes to feed

ad libitum on 57 Karo syrup solution containing 50 uCi/ml of thvmidine-

methyl-[H3] (specific activity 6.7 Ci/mM) and still larval Brugia pahangi
in the flight muscles remained uniabelled.

With the pyrimidine nucleoside uridine, the pattern of labelling was

quite different. Here, Brugia patei incorporated uridine-[H;] during
all three larval stages. The maximum intensity of label was recorded

from Aedes togoi and Anopheles labranchiae atroparvus that had been

injected at 45 hours pbm. As the size of the mosquito sample was so
small, variation existing between individuals injected at the same time

interval could not be measured. Clearly the significance of the differences
observed between individuals injected at different time intervals during

the period 1-8 days pbm requires verification. Meanwhile it is tentatively

concluded that the low degree of label over the worms at 26.5 hours pbm

represents a low uridine requirement for the larva at this time. The

histochemical data supports this conclusion. Ribonuclease-labile pyronin

staining of the larvae shows the greatest intensity at 48 hours pbm, and

little at 24 hours. Also from 24 hours pbm the worms begin to show

marked histological changes from the basic microfilarial pattern. It

would be expected that this structural remodelling of the parasite would

be accompanied by a rise in nucleic acid synthetic activity,

One fact has clearly emerged. The failure of Brugia patei to develop
normally in Anopheles labranchiae'atrogarvus is not due to an inability
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of the parasite to incorporate uridine-~[H;] into RNA. That the uridine-[H,]
label over the cells of the larva and those of the mosquito represented
that incorporated into RNA, was indicated by the absence of label in

those autoradiographs that had been treated with ribonuclease prior to
coating with AR1O emulsion. It is concluded that during the period

spent within the intermediate host, Brugia patei is dependent upon an
endogenous source of pyrimidines for DNA synthesis, whereas an exogenously

derived pyrimidine such as uridine becomes incorporated into RNA.

An interesting question to consider is whether Brugia patei is capable
of the de novo synthesis of purines. Unfortunately nothing is known
regarding the presence or absence of enzymes in this nematode, which are
involved with nucleic acid synthesis. In other nematodes a little
information is available concerning folate metabolism. Jackson and
Platzer (1974) provided evidence suggesting that the entomophilic

nematode Neoplectana glaseri metabolised folate, indicating that this
nematode undergoes de novo purine and pyrimidine biosynthesis. Several

enzymes involved in folate metabolism were found in the nematodes

Aphelenchus avenae and Nippostronglus brasiliensis (Platzer, 1974).
Dihydrofolate reductase activity was detected in crude extracts of adult

Dirofilaria immitis, Litomosoides carinii, Dipetalonema vitei and
Onchocerca volvulus (Jaffe, McCormack and Meymariam, 1972).

In the case of filarial nematode larvae, the evidence to date-suggests

that they depend upon an endogenous source of purimes.' Omar and Gwadz

(1974) observed little incorporation of adenine-[H3} by either

developing or mature larvae of Brugia pahangi parasitic in Aedes aegypti
and Jaffe and Doremus (1970) found that the microfilaria of Dirofilaria

immitis was unable to synthesise purine nucleotides from glycine and
formate.

f

Enzymes involved in folate metabolism ocecur in mosqguito flight muscle
(Ventors, 1972), and it is interesting to speculate whether there is a
relationship between folate synthesis in mosquito flight muscle and the
purine requirements_of filarial species which develop at this site.

It would also be of interest to determine whether there are significant
differences in the way the filarial larva meets it nucleic acid

synthetic ne?ds in comparison to that carried out by the adult,
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Platzer (1974) has commented that blood-borne parasites may have achieved

a reduction of biochemical mechanisms that have become superfluous as

a result of the parasite adapting to an environment containing a readily
available source of preformed purines.

There was no evidence to suggest that glucosamine-[H3] or galactose-[H;]
were incorporated by Brugia patei whilst present within the flight

muscles of the mosquito but the avtoradiographs prepared from glucose=-[H;]

injected mosquitoes were more difficult to interpret. As a result of

poor fixation the leaching of glycogen out of the muscle fibres adjacent
to the worm into the area occupied by the worm could explain the apparent
relationship between glucose~[H;] label of the parasite and of the flight

muscle. Poorly labelled f£light muscle had poorly labelled worms. The

converse applied. Furthermore, in first stage larvae of Brugia patei,

there appeared to be negligible amounts of PAS and Sodium-bisulphite-
toluidine blue stainable material that was susceptible to amylase
treatment. In contrast these techniques readily demonstrated glycogen

in infective and even late second stage larvae. It seems unlikely that

the first stage larva undertakes glycogen synthesis to the point of

storage. It is quite likely that the first stage larva utilises glucose
mainly as an energy source.

First stage larvae of Brugia patei undergoing normal development in
Aedes togoi incorporated the tritium labelled amino acids, arginine,

lysine, methionine, cystine, isoleucine, leucine, valine, phenylalanine,

tyrosine and tryptophan. Uptake was exceptionally intense with

Abnormal
worms in Anopheles labranchiae atroparvus also incorporated these amino

radioactive iso-leucine, leucine, phenylalanine and tryptophan.

acids, except that in the animals under study, uptake by methionine-[Hj],
tyrosine-[H3] and tryptophan-{H3] was low compared to normal worms of

the same age, but alternatively, uptake by valine-[H3] and lysine~[Hj3]
was higher. Normal and abnormal worms showed.only.a slight incorporation

of histidine-[H3] and proline-[H;], and no significant incorporation of
OH-tryptophan—[HB].

In abnormal worms, significant but variable incorporation of amino acids

occurred at 24, 48, 72 and 96 hours pbm. The mean grain density over

- worms that ha? been exposed to the isotope at 24 hours pbm was never 1intense

1
/
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but at other time intervals, the mean grain density over some worms was

high relative to that at 24 hours pbm. Clearly the host reaction does

not impair the ability of abnormal larvae to take up radioactive amino

acid from the haemolymph.

In normal worms using leucine-[Ha] as a marker, it was found that the
third stage larva also incorporated leucine-{H4] but in ten indi&iduals
sampled, the level of incorporation was lower than that recorded for

~-. the first stage larvae. In the refractory host, many worms were still
alive at 11 days pbm. In these individuals the level of incorporation
was still high. The reduced inéorporation of radioactive amino acid
by the infective larvae would be consistent with them having reached
a stage where they have switched off further development pending
transfer to the definitive host, whereas the abnormal larvae have not

reached this stage and still continue to take up high levels of

_ radioactivity. .

Among different worms in the same host, some variation in incorporation
of a particular amino acid would be expected, as development of

filarial larvae in the vector is asynchronous (Laurence and Pester,
1961) . Sampling error would also be a factor. A possibly significant
feature to consider is whether the metabolic activity of the host
mosquito exerts an influence on the availability of precursers to the
parasite. Any individual variation between mosquitoes, in respect of
their metabolic activity, may represent a contributing factor in the
differences seen in amino acid uptake by worms in different mosquitoes.
Although it is tempting to seek a precise meaning to the observed
differences in the relative degree of amino acid uptake between worms
developing normally and those showing restricted and abnormal development,
the data is insufficient to permit this, However it is possible to note
a trend which suggests that the 24 hours stage larva, whether destined
to develop normally or not, has variable requirements for labelled

uridine and amino acids compared with the sausage stage and later forms

of the first stage larva, and second and third stage larvae.

During the period 24-96 hours pbm, incorporation of labelled metabolites

is probably uniform, throughout the larva. In the later stages,
incorporation is more selective.

}
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The protein histochemical techniques failed to locate any heavily stained

regions or cells which could be regarded as protein storage areas,

other than the innen korper. It may be significant that by the time |
the latter has broken up and virtually disappeared by 48 hours pbm
(Laurence and Simpson, 1971), the larva has been actively incorporating
precursers from the host haemolymph. Conversely at 24 hours pbm the
innen korper is still present as a series of small spheres which stain,

albeit irregularly with histochemical methods for protein. In the

microfilaria, Simpson and Laurence (1972) concluded that the innen

korper contained a basic protein and acidic mucosubstance complex.

Laurence and Simpson (1971; 1974) established that the innen korper
represents the lumen of the intestine of the later developing, larval
stages, and as such thought that this body served as a food store
which becomes increasingly depleted during the early period of

development of the first stage larva. The autoradiographic data presented

here encourages such a line of thought.

The mechanisms which enable metabolites such as nucleosides and amino

acids to cross through the cuticle and body wall of the larva remain

unknown.

In the microfilaria Simpson and Laurence (1972) thought that the transport
and efflux of solutes into the larva must be mediated by mechanisms
located at the surface of the sheath and cuticle. As this study has

demonstrated that the larva of Brugia patei selectively takes up
metabolites from the external environment, it 1s reasonable to postulate

that some type of active transport or facilitative diffusion mechanism
exists at the surface of the larva similar to that known to exist at

the body surface of other helminths (Pappas and Read, 1975).

According to Vincent, Ash and Frommes (1975), the cuticle of adult
Brugia may be permeable to solutes. Consequently it should not be

assumed that the incorporation of leuciné-[Hg] into second and third

stage larva of Brugia patei results from the ingestion of just host

tissue mitochondria and other muscle elements. Because of its larger

size and viability the third stage filarial larva is a potentially

attractive model for pulse chase studies using a variety of labelled

compounds. 1

{
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PLATE 1

(a) Incorporation of lysine-[H3] into Brugia patei

parasitic in Aedes togoi. Injected at 92 hours pbm.

F = flight muscle. L = larva.

(b) Incorporation of tfypfoPhan-[Ha] into Brugia patei

parasitic in Anopheles labranchiae atroparvus. Injected _
at 91.5 hours pbm. F = flighf-muscle. L = larva.






PART &4 | )1

AUTORADIOGRAPHIC AND HISTOCHEMICAL OBSERVATIONS ON FLIGHT MUSCLE
- PARASITISED BY BRUGIA PATEIX

INTRODUCT ION

1. Structure of muscle

In mosquitoes as in other insects, there are two kinds of muscle, smooth

muscle associated with the visceral and reproductive organs, and

skeletal muscle, which provides the power of locomotion (Snodgrass, 19353
Christophers, 1960; Wigglesworth, 1972). Both types of muscle consist
of striated fibres. In mosquitoes, this striated muscle is organised

into two types, thoracic flight muscle and tubular muscle, such as that

present in the femur of the legs (Christophers, 1960).

The indirect flight muscles in the mosquito thorax are arranged in

longitudinal and dorso-ventral groups (Beckett and MacDonald, 1968; 1970).

Each muscle consists of a number of quite large fibres. The cytoplasm

(sarcoplasm) of each muscle fibre contains rows of myofibrils (sarcostyles).
The width of a myofibril is approximately 2.5 um. Each myofibril contains
arrays of alternating isotropic and anisotropic segments. The nuclei of
the flight muscles are fusiform in shape and are randomly distributed.

A characteristic feature of flight muscle is the presence of very large

mitochondria, arranged in rows between the myofibrils. Glycogen is
present in the spaces between the mitochondria, amd also within the
myofibrils. Tracheoles are closely associated with the flight muscle
fibres. This brief outline of the structure of the mosquito thoracic
flight muscle is based on the work of Christophers (1960) and Johnson and
Rowley (1972). A general account of the ultrastructural features of
insect flight muscle is given by Smith (1958). The biochemistry of insect

flight muscle has been reviewed by Bailey (1975) and Sactor (1975).
2. Flight muscle Earasitised’bx filaria
‘In the genus Brugia the parasite undergoes the first -two larval moults

within the indirect thoracic flight muscles of its mosquito host

(Feng, 1936 Laufence“and‘Pest'e”r, 1961; - Schacher, 1962a). ' During this
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intracellular phase of the parasite's existence within the muscles, a
certain amount of attention has centred upon whether the parasite damages

the muscle fibres which lie adjacent to it. The evidence to date

indicates that the parasite causes minimal damage to the flight muscle
during the initial phase of development, but that significant damage
may occur when the third stage larva leaves the muscles and enters the

haemocoele (Townson, 1970; Beckett, 1971; Kan and Ho, 1973).

During the early phase of filarial development within the flight muscle,
it is possible that the parasite may exert some metabolic pressure on
the muscle which lies adjacent to it, and which is not detectable by
routine histological and ultrastructural examination. Consequently the
incorporation of various radioactive metabolites by flight muscle which
lies adjacent to the parasite was recorded and compared with flight
muscle unassociated with the parasite . but still within the same animal

and with flight muscle from uninfected mosquitoes.

Observations were also made on the uptake of various metabolites into
tubular muscle to determine whether significant differences in
incorporation could be distinguished between flight muscle and tubular

muscle. The latter does not appear to be a suitable site for filarial

development.

‘Histochemical data on both types of muscle tissue, including flight muscle

parasitised by Brugia patei, was collected in support of the autoradiographic
findings.

3. Mechanical damage to flight muscle

:

The injection technique used to introduce labelled metabolites into the
mosquito produced a puncture wound at the site of injection in the thorax,

the glass capillary needles causing varying degrees of damage to the

thoracic musculature. The damaged muscle appeared to be a site for focal

melanisation, which would be an interesting model to compare with the

host response elicited by the entry of Brugia patei into the flight

muscles of Anopheles labranchiae atroparvus. The filarially induced host

reaction is considered in the next section. Here the opportunity was

taken. to desgribe the mechanically damaged muscle in histopathological

f



terms, and to collect autoradiographic data on the uptake of labelled

metabolites into the wounded areas.
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RESULTS

1. Incorporation of nucleosides into flight muscle

In the flight'muscles of Aedes togol parasitised by Brugia patei an
intense labelling with thymidine-~[H3] was present over the nuclei of
some muscle fibres. This thymidine-[H3] labelling of the muscle nuclei
was commonly but not exclusively seen over nuclei in close proximity to
filarial larvae. This pronounced nuclear labelling was not observed in
thoracic muscle nuclei of parasitised mosquitoes that had been injected
between 3-24 hours pbm, but was present in individuals that had been
injected at 5 days pbm. Thymidine-[H3] marking was also present over

nuclei in the flight muscles of Anopheles labranchiae atroparvus
injected with the isotope at 5 days pbm. As with Aedes togoi nuclear
markings with tritiated thymidine was commonly seen in areas occupied
by the parasites. In these 5 day mosquitoes many of the labelled
.nuclei near or adjacent to the worms were rounded and swollen in

appearance and were not the typical fusiform shape.

In Aedes_togoi parasitised by Brugia patei, uridine-[H3] incorporation

was also recorded over the flight muscles. The grain density was highest

over the nucleoli. Cytoplasmic label was slight by comparison. In
females that had been injected with the isotope at either 26.5 or 45

hours pbm, no significant degree of incorporation was recorded over the

flight muscles (Table 6). A parasitised female of Anopheles labranchiae

atroparvus also showed no muscle label that was significant relative to
background radioactivity.

In parasitised Aedes togoi that had received an injection of uridine-[H,4]
at 5, 6 or 8 days pbm pronounced nuclear marking was visible over nuclei

adjacent to filarial larvae as well as over nuclei present in unparasitised

regions of muscle. Many of the nuclei in these uridine-[H3] injected

animals were also swollen and rounded in shape. The hypertrophic nuclei

vere present only in the 5, 6 and 8 day animals. In the 8 day animals

some of the hypertrophic nuclei were present in close proximity to the

tissue spaces formerly occupied by the developing filarial larvae. Grain

counting failed to distinguish differences in uptake of uridine-[H3] by



Table 6 Incorporation of uridine-[H3] into indirect

thoracic flight muscles of (a) Aedes togol
(b) Anopheles labranchiae atroparvus: both

snecies Earasitised by Brugia Eatei

Mean grain density X * standard error of mean

Time of
injection Muscle Muscle
(pbm) adjacent to away from  Background

parasite parasite

W—.—_ﬂ——__m

(a) Aedes togoi

W

26.5 hours 2.,00:0.34 1.861£0.25 - 2.03:0.11
45 hours 2.92+0.28 2.4020.36 1.79:0.11
S days 6.00%1.85 4.5620,35 2,07:0,.15

6 days 4.40£0,34 4.0840,30 1.96+0.15

8 days 8.16120.45 1.97:0.15

W

(b) Anopheles labranchiae atroparvus

45 hours 7.0£1.02 - 8.28t0.45 4.70:0.20

One mosquito was sampled per time sequence.

Each mosquito was pulsed for 30 minutes before being
killed.

“Mean grain density (%)

; _ (total number grains counted)
per unit area of muscle 25 unit areasztfssﬁg""“

Mecan grain density (x) . (total number grains counted)
per unit area of background 100 unit areas

1 unit area. = 64um2,
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muscle fibres adjacent to filarial larvae compared with muscle fibres

sampled from unparasitised regions of muscle. These results are

gummarised in Table 6.

2. Incorporation of carbohydrates into flight muscle

There was no significant incorporation of galactose-[H3] and
glucosamine-[H3] into the flight muscles of Aedes togoi and Anopheles

labranchiae atroparvus at 4 days pbm (Table 7). However glucose-[Hj3]
was incorporated into the flight muscles of Anopheles labranchiae
atroparvus at 24, 48, 72 and 96 hours pbm. Furthermore in the 48-96

hour females the mean grain density of glucose-[H3] label in flight
muscle adjacent to abnormal larvae of Brugia patei was lower than that

recorded for unparasitised muscle (Table 7).

In tubular muscle, the mean grain density of labelled carbohydrate did

not differ significantly from that recorded for flight muscle. This

applied to both mosquito species, and to all three isotopeé used.

3. Incorporation of amino acids into the flightmmuscles

Incorporation of labelled amino acids into the indirect thoracic flight
muscles was in general quite low (Tables 8, 9). Both mosquito hosts

incorporated comparatively higher levels of the basic amino acid arginine,

and in Anopheles labranchiae atroparvus the highest degree of incorporation
was observed with the amino acid lysine, with a mean grain count of

27.93x1.32 compared to a much lower mean grain count of 6.40+1.11 in the

flight muscles of Aedes togoi.

Although in Anopheles labranchiae atroparvus abnormal larvae of Brugia
Eatéi also iﬁborporated comparatively high levels of lysine-[Hgl, a

comparison of amino acid incorporation in Tables 4 and 8 suggests that

there is no direct relationship between uptake of labelled amino acid ‘
into the parasite and uptake into the flight muscle associated with the
parasite. This view is strengthened by the finding that the mean grain

density of labelled amino acid derived from muscle fibres adjacent to

the parasite were not significantly different to those in sites away

.. from the parﬁsite (Tables 8, 9). Furthermore no significant differences
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Table 7 Incorporation of [Hj]-carbohydrate into indirect thoracic flight muscle
Eg_jgl_gedes togoi (b) Anopheles labranchize atroparvus when parasitised

by Brugia patei

Mean grain density x * standard error of mean

*Time of No
Isotope injection mosquitoes Muscle Muscle
(hours pbm) used adjacent to away from Background
- : vorm worm
(a) Aedes togoi
Galactose 92.5 1 (5)1.40£0.35  (5)1.40:0.21 1,03:0.10
Glucosamine 95 1 (5)2.80+0.76 (5)1.28t0.20 0.86+0.C9

(b) _Anopheles labranchiae atroparvus

48 3 (15)4.85+1.0 (75)10,79+1.06 2.77:0,17
12 2 (15)4.70£0,77 (50)12,16+1.43 1.6010.14
96 3 (25)5.35t0.88 (75)15.19+2.13 3.09+1.19
Galactose 24 1 (5)1.40£0.45 (25)4.04+3.90 3,3910.22
48 1 (15)5.00£1.26 (25)4.32¢0.36 6.18t0.36
72 1 (10)2.4010,37 (25)7.5620.96 5.53:0.25
96 1 (10)2.60+0.63 (25)2.64+0,32 1.80:0,10
Galactose ~ 92,5 1 (5)1.80+0.43 (5)4.00+1.46 1.03:0.09
GIUCOSamine 95 1 (5)2 0010 * 40 (5) 3 ’ GOiO . 72 1 * 7410 ° 16

Each mosquito was pulsed for 30 minutes before being killed.

Mean grain density (x) . (total number grains counted)

per unit area of muscle number mosquitoes used x number unit areas sampled

Figures in parentheses indicate number of unit areas sampled.

Mean grain density (x) _  (total number grains counted)
per unit area of background number mosquitoes used x 100 unit areas

1 unit area. = 64%um .
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in incorporation of phenylalanine-[H3] were found between the flight

muscles of infected and uninfected Anopheles labranchiae atroparvus and
Aedes togoi (Table 9). An interesting exception to the above findings,

and which deserves further study is that the mean grains counts over

flight muscle samples from uninfected Anopheles labranchiae atroparvus
that had been injected with DOPA-[H3] were significantly greater (p <0.05)

than similar muscle from individuals infected with Brugia patei
(Table 9). Of great interest here is the finding that DOPA~-[Hj]
incorporation by flight muscles of uninfected and filarially infected

Aedes togol was not significantly above background radioactivity (Table 9).

The incorporation of labelled amino acid into the tubular type of muscle

was compared with that obtained for flight muscle. Grain counts taken

from tubular muscle present in the legs did not differ significantly

from those obtained for the flight muscle.

Grain counts over flight muscle were recorded from mosquitoes that had
been injected with radioactive amino acid and then pulsed for different
times before fixing in FA. It can be seen from Table 10 that extending
the radioactive pulse resulted in only slight improvement in amino acid

incorporation by the flight muscle (compare Table 3).

4. Histopathology and histochemistry of infected flight muscle

(a) Histogathoibgz

In Aedes togoi and Anopheles labranchiae atroparvus infected with Brugia
patel, larvae were rarely observed in histological sections of flight

muscle sampled from mosquitoes killed earlier than 4 hours following
the entry of the parasite into the host. Unfortunately despite the

routine use of whole, serially sectioned mosquitoes, no sections were

observed which showed the larvae fixed at the point of entry into the

flight muscle. Following the entry of a larva into a muscle fibre it

is enclosed within a tunnel which presumably results from the separation

of myofibrils adjacent to the parasite. The space between the cuticle

of the parasite and the myofibrils adjacent to it was usually slight,

and in some cases, scarcely detectable (Plate 1). From the second day
f

f



Table 8 Incorporation of [Hi]-amino acids into indirect thoracic flight
muscle of (a) Acdes togol (b) Anopheles labranchiae atroparvus:
both species parasitised by Acdes togoi

Mean grain density X * standard error of mean
Time of
Isotope injection Muscle sampled Muscle sampled
(hours pbm) adjacent to away from Background
parasite parasite

(a) Aedes togoil

Histidine 96 2.80,86 2,20+0,52 2.35+0.13

Proline 120 3.00+£0,90 5.20x1.19 0.83+0.09

Arginine 97 11.20%£1.50 13.80+5.04 3.28%0,18

Lysine 92 6.40£1,11 4,80+0, 82 1.08t0.25

Methionine 95 - 5.4011,08 6.20+0.65 1.99+0,14

Cystine 99 - 8.00£0.8 6.00£0.97 5.21+0,.23

Iso~leucine 91 6.25%2,25 6.20:1.29 <l

Valine 90.5 3.2010.91 3.68+0.28 0.72+0.10

Tryptophan 91.5 5.00+1.01 3.52120.45 0.64x0,07

Hydroxytryptophan 98 5.40%t0,.86 5.10£0.16 4,42+0,18

(b) Anophaeles labranchiae atroparvus

Histidine 96 4.,201+0,86 2.6010,45 2.76£0,12

Proline 120 1.20x1.42 8.60X0,45 2.02+0,13

Arginine 97 8.40+0,56 9.20%+1.30 2.56x0,13

Lysine 92 27.93%t1,32 29.80+£1.09 <]l

Methionine 95 4.60£0.60 6.68:0,20 0,.8220,08

Cystine 99 7.60x1,.34 6.00:0.80 3.80+0.25

Iso-leucine 91 5.16x1.17 6.400,91 <1

Valine 90.5 2.8810.,37 2.20:0,64 <1

Tryptophan 91.5 2.3610,30 2.48+0,34 0.83+0.03

Hydroxytryptophan 98 4.40+0,35 5.96%0,48 4.4120.15

One mosquito of each species was used for each amino acid.

Each mosquito was pulsed for 30 minutes before being killed.

Mean grain density (x)
per unit area of muscle .

Mean grain density (x)
per unit area of background

1 unit area = 64 um?.

(total number grains counted)

S5 unit areas

(total number grains counted)

100 unit areas
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of infection onwards, the growth of the larva (Feng, 1936) probably
exerts pressure on the surrounding flight muscles, but not severe
enough to induce extensive damage to the myofibrils. The tunnel
enlarges to accommodate the growing worm. In CHP sections phloxinophil
debris was present at either end of the parasite from the second day
of the infection onwards. These findings are in agreement with the

earlier observations of Beckett and other workers (Beckett and
Boothroyd, 1969; 1970; Beckett, 1971).

Apart from the presence of a host encapsulation substance around the
parasite when the latter was parasitic in Anopheles labranchiae atroparvus
(Part 5), no clear host associated differences in parasitised flight
muscle was detected between the two mosquito species. Furthermore,
liquefactive necrosis of the flight muscle that could unequivocably

be attributable to the presence of the parasite was not observed. There
were individuals of both species where parasitised flight muscle showed
varying degrees of disruption, ranging from a loss of the normal

parallel array of the myofibrils to liquefactive necrosis of areas of
flight muscle. Plate 1(a) shows the appearance of disrupted muscle

myofibrils near to but not adjacent to a larval Brugia patei. Disrupted

flight muscle tissue was seen frequently in unparasitised mosquitoes.

After an infective feed, some individual Anopheles labranchiae atroparvus
presumably ingested greater than usual numbers of microfilariae of

Brugia patei. These mosquitoes were moribund, resting mostly on the floor
of the cage and showing little flight activity when disturbed. The
mosquitoes were fixed in FA at 19 hours pbm and examined histologically.

Estimating accurately the total number of filarial larvae present in the

thoracic flight muscles was difficult. However it was clear that some

individuals had a worm burden in excess of 60 in the flight muscles.

Even in these comparatively heavily infected individuals damage to the

flighﬁ muscles was slight, and development of the larvae still apparently
normal at this stage. |

(b) Histochemistry

'Iq a further attempt to identify parasite induced flight muscle damage,

- histochemical observations were recorded on uninfected and infected

4
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Each mosquito was pulsed for 30 minutes before being killed.

Mean grain density (x)
per unit area of muscle

Mean grain density (%)
per unit area of background

64 1.11112 °

1 unit arca =

(total number grains counted)

Table 9 Incorporation of [H3] phenolic amino acids into indirect thoracic flight
muscle parasitised by Brugia patei, including a comparison with flight
muscle from vnintected animals
Mcan grain density x + standard error of mean’
Time of No
Isotope injection mosquitocs ' Uninfected
(hours pbm) used Muicle Back;round muscle Background
' X
(a) Aedes togoi
Phenylalanine 93 1 6.10:4,.80 <1 4,80+0.36 <1
DOPA 93 1 0.60:0.75 4.40+0.49 0.68t0.14 0.52:0,05
(b) Anopheles labranchiae atroparvus
Phenylalanine 24 1 3.28:0.50 1.55%0.12 3.04:x0.,33 1.,192:0.09
L8 1 6.12:0,54 3.33:C.29- 3.20+0.51 1.16+0.11
72 1 5.3610.66 3.11:0,19 7.1620.63 <1
96 )| 4.40:£0.69 1.79:0.89 4.76£0.49 1.09:0.09
Tyrosine 24 2 4,29:0.40 1.72:0.27
48 2 4.64:0.34 1,10£0.15
72 2 7.1420.35 2.83+0.87
96 1 0.84:0.10 <1
DOPA 93 2 4,921£0.36 <1 10.16£0.48 <1
DOPA 24 3 5.64t0.67 1.42:0.33
48 - 2 3.90:0,40 1,09:0.16
72 3 3.76£0.44 1.03:0.10
© 96 2 5.72:0.39 <1

number mosquitoes used X 25 unit areas/tissue

(total number grains counted)
number mosquitoes used x 100 unit areas



flight muscle.

With methyl green pyronin the muscle nuclei stained green, the nucleol1l
bright red. The sarcoplasm was virtually unstained with pyronin. The
latter finding agreed with the previously recorded low degree of
uridine-[H;] label over the muscle sarcoplasm. In the absence of
obvious morphological damage to the flight muscles, no distinction in

nucleic acid staining pattern was observed between parasitised and

non parasitised muscle.

The distribution of flight muscle glycogen in uninfected and filarially

infected individuals of Aedes togoli and Anopheles labranchiae atroparvus

was studied by the application of the PAS, Sodium bismuthate Schiff,
Sodium bisulphite toluidine blue and Best's Carmine methods. With
these techniques stainable material that was extractable by pre-
treatment with amylase was considered to be glycogen. In both mosquito
species, glycogen was demonstrable in flight muscle and tubular muscle
of individuals fixed soon after eclosion and at various times up to

14 days pbm. In the flight muscles the polymer was present between the

myofibrils and as thin bands along them. Some of the parasitised

flight muscle fibres contained areas around the parasites which were

depleted of glycogen (Plate 2). Yet even in unparasitised flight muscle

from the same animal and in muscle from uninfected mosquitoes there were

marked differences in the distribution of'glycogen between the fibres.

The protein histochemical techniques failed to detect any difference in

staining between flight muscle adjacent to the parasite compared

to that from uninfected flight muscle. There was also no evidence of
any non specific esterase, acid phosphatase and B-glucosaminidase

activity in unparasitised mosquito flight muscles.

Considering these histochemical findings in relation to the autoradio-

graphic data, it is concluded that the parasite causes at most only a
minimum degree of damage to the host flight muscles during the period

up to the first moult.
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" Table 10 The ceffect of chanping the duration of the
radiocactive pulse on [H:I-amino acid
incorporation into thoracic flight muscle

-—_-___———___-—————-ﬂ-—_-——-—__—-_————'_—

. A Mean -grain density x
Time of Duration 5 y

e e . . + error of mean
Isotope injection of pulse
(hours pbm) (mins)

Muscle Background

wmm
“ (a) Aedes togoi

W

-

Histidine 96 30 2.20+0,50 2,35:0.13
120 7.68:0,55 2.6110.12
Proline 120 30 4.60+0.55 0.83:0.09
120 7.20£0,52 2.97:0.13
Tyrosine 117 30 5.36:0,49 ,2.83:0.74
120 4,00+0.32 2.78:0.19
Leucine 96 10 <1l <1
20 2.40+0.45 0,70:0,15
30 3.60+£1.95 2.71:0,31
120 9.68+t0,56 2,70x0.14

W

(b) Anopheles labranchiae atroparvus

-

W—ﬁ_—m

Tyrosine 117 "~ 30 4.,40+0,66 2.23+0.10
120 6.60:0,27 2.24:0.10
240 3.52+0.27 2.00:0,15
360 5.00£0.30 2.76x0.13

B R e
One mosquito of each species was used per time interval.

Each mosquito was pulsed for 30 minutes before being killed.

Mean grain density (x)

- (total number grains counted)
per unit area of muscle

5 unit areas

Mcan grain density (x)

_ (total number grains counted)
per unit arca of background

100 unit areas

1 unit area = 64 um2.
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5. Histopathology and autoradiography of mechanically induced flight

muscle damage

The punctures made by the glass capillary needles used to inject labelled
metabolites were generally discrete and correspondingly damage to the
thoracic musculature was quite localised. In serial sections the

site of injury was recognised as a circular hole in the muscle

(Plates 3, 4). Around the hole there was a localised disruption of -

muscle elements. The latter was sometimes aécompanied by focal necrosis
and melanisation of muscle tissue adjacent to the hole (Plate 5).

This mechanically induced muscle necrosis could occur quite quickly
after the injection. For example in individuals which had been fixed
for histology after having blood removed via needle puncture through
the thorax, muscle necrosis was recorded in individuals that had been

fixed a few minutes after the puncture. Some examples of damaged flight

muscle tissue are illustrated in Plates 3 to 6.

Another interesting aspect of the injection technique was that occasionally

when performing the injection, the tip of the needle broke and was left

behind when the pipette was withdrawn. It was not uncommon to find
broken fragments of the integument including hairs and scales that had
been introduced deep into the thoracic musculature. When this occurred

both glass and tissue fragments became melanised. The melanin deposited

around these implants incorporated a number of known melanin precursers

as well as glucose-[H3] (Plate 4). In fact of all the labelled
metabolites which were injected into the mosquito via a thoracic

puncture, only those which were capable of being incorporated into

melanin (Part 5) showed a significantly higher mean grain density over

melanin plaques and damaged muscle around a wound, compared with
undamaged muscle (Table 11).

The DOPA decarboxylase inhibitor o MDH (Part 5) when injected into the
thorax of Anopheles labranchiae atroparvus parasitised by Brugia patei

did not prevent the subsequent formation of melanin plaques around the
wound.

N

\‘
Using DOPA-[H3], cells which were heavily labelled with this compound

‘were observed in the vicinity of the damaged muscle.

These cells were

¢
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scattered among elements of damaged muscle (Plate 6). The possibility

that the small cells represent intensely labelled haemocytes 1is

considered in Part 5.
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Table 11 Incorporation of [H3]-Ehennlic and basic amino acid into tissue around
puncture wounds in the thorax of Anopheles labranchiae atroparvus

Mean grain density x'* standard error of mean

Time of :
Isotope injection Muscle
(hours pbm) around Un:iii%id Melanin around wound Background
wound _ |

(a) Infected with Brupgia pateil

Phenylalanine 24 104.00:8,36 2.04+2,.48 119.20£12.15 <2
Tyrosine 48 54,4024 .40 6.00%1.44 >100 <2
DOPA 12 35.20£2.08 3.00%0.84 >100 <2
Arginine 24 13,2420,73 6.08%0.45 No melanin observed <2
(b) Uninfected

~
Phenylalanine 24 46.24+2,68 2.40%20,64 No melanin observed <2

One mosquito was sampled at each time sequence. -

Each mosquito was pulsed for 30 minutes before being killed.

Mean grain density x

: _ o (total number of prains)
per unit area of tissue 5 unit areas
Mean grain density x . (total number of grains)

per unit area of background 100 unit areas

1. unit-area = 64 umé.
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ronuies & s gy aieieplaat e v .



67

DISCUSSION

The incorporation of thymidine~[H3] into the nuclei of parasitised

muscle fibres of both mosquito hosts was not obser<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>