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CHAPTER 1

General Introduction

The ilmmune yresponse in animals stimulated by infection with
parasitic helminthe has been the subject of reviews by several asuithors
(Taliaferro, 1929, 19403 Culbertson, 19413 Chandler, 19533 Stewart,
19593 Tromba, 19623 Urquhart et sal, 19623 Soulsby, 1963).

Acquired resistance to helminths can be manifest in a varlety of
ways, namely, inhibition of development, reduction in biotic potential,
and expulsion of the parasitic worm. Over the past 30 years, immunity
acquired by several species of experimental amimals 0 more than a
dozen nematode genera has been studied, however, little precise
information has been galned as to the character of the funclional
antigens which give rise to protective antibodies. Marthermore, the
role played by these antibodies in the varlous manifestablons of
acquired resistance remains an enigmae.

It is known that certain speciles of animals will not become infected
by certaln parasitic worms. Such animals are said to possess a
natursl resistance agalnst the parasite in question. The mechanism
dictating host specificty of many parasites is not fully understood
but it is thought that serum factors may play a significant role
(Standen, 1952). A rapid foreign body cellular response to migrating
larvae seems also bo be a common feature in natural resistance

(Lindquist, 1950).



When an animal suffers one or more infections with & specles of
parasitic worm, bthen this animal may develop an acquired immunity.
Such an immunity 10 re~infection has been demonstrabed in the case of

Nippostropsylus brasiliensis (Taliaferro and Sarles, 1939), Trichinells

spiralis (Roth, 19393 Oliver=Gonzalez, 1940), Ascarig lumbricoides

1 TR

(Sprent and Gleny 19493 Oliver«Gonzalez, 1956), Ascaridia galli

Sadum, 1948), Ancylostoma caninum (0tto and Kerr, 1939), Toxocars felils
g dofeted ?

(Sarles and Stolly 1935), Strongyloldes rattl (Sheldony 1937),

Stronevloides papillosus (Turner, 1956), Haemonchus contorfus (Stoll,

1929), Trichosgtrongylus calcaratus (Sarles, 1932), T, retortaeformis

Michel, 1993), T. colubriformis (Stewart, 1950), and T. axeld (Gihson,
] 9 9 ) e R v

1953)

The capacity for self protection that an infeeted hoslt develops is
undoubtedly stimulated and brought about by substances originating from

the parasitic worme What is known concerni these helminth antigens?
g

Antigens

Chandler (1935) was first to suggest that worm enzymes; rather
than worm tissue anbigens, were responsible for stimulating protective
anbibodies. In this way it was thought that vital steps in the
mebabolic processes of the worm could be interfered with by the
corrasponding antibodies, @0 creating a situation where the worm's

pogition in the host became untenable, With subsequent infections



a more raplild response could be elicited making the host environment
even more unsuitable for the worms, which would be killed, expelled
or rebarded in development.

Paliafervo and Sarles (1939) working with M. brasiliensis found

that both the larval and adult forms of this nemabode when placed in
serum from hypermimmu@%@d ratsy, formed precipitates at their body
apertures, Similar procipitates were found by these workers in
close association with the adult wormy im the small intestine of
the hosty, when imnune expulsion was immninent. Similar phenomena
have been noted with other nemstodes and trematodes (Otto, 1940
laussy 19413 Smith, 1946: Sadun, 19493 Lin and Bang, 19503
Oliver-Gonzalez, 19503 and Soulsby, 1957). The appearance of
such preciplitates around the secretory openings of the worm
in vitro did support the hypothesis that worms secreted substances
which wers antigenic and that antibodies directed a ainst them
vere present in immune serum.

These findings were further confirmed when it was shown, using
a fluorescent antibody technique,; that antibody localises primarily
in the precipitates formed at the oral openings of T, spiralis and

Mo brasiliensis (Jackson, 19593 1960). In some cases fluorescein

was olso noted in the digestive tract and around the reproductive
organs of these parasites on in vitro incubation in immune serum.

T A £ B IS T i

studies with fisgcaris larvace in lmmune serum have given similar



results (Taffs and Voller, 19633 Crandall et al, 1963).

Thus the concept has arisen bthet antigens associated with
metabolic secretions and excretions of the living parasite are the
important onesg. In general, the injection of dead worm materials
(somatic antigens) has failed o produce a good immunity 0 parasitic

infections. This has been shown 0 be the case with N. brasiliengis

in reats (Chandler, 1937). However, it was demonsgirated by Thorson
(1953) that paritial protection against a challenge infection of

Ne brasiliensis larvae could be induced in rats by injecting, intraw

peritoneally, 4 days hefore challenge, a preparation of fexeretions
and secretions'! collected from living larvae. Similar fluids

collected whilst incubating live T, spiralis larvaee in vitro were also

capable of partially immunising the host against infection with that
parasite (Campbell, 19553 Chute, 1956).
Tt has also been shown by Thorson (195%4a) that the secretions and

excretlons of living N. brasiliensgls larvae are capable of absorbing

out most of the protective properities of hyperimmune rat serum, an
effect not possessed hy dead larval tilssue. It is a reasonable
assunpbion that the metabolic products secreted by living larvae could
contain various enzymes which might be of imporitance in the penetration
and feeding of infective larvae and adulit worms. Immune rat cerum wag
shown 0 have an inhibitory effect upon a component with lipase activity

contained in the secreblions and excretions of N. brasiliensis larvae




(Thorsony, 1953). Thorson (19%6a) also showed that antiserum from an
immupne dog inhibited proteolylbic enzymes extracted from the oesophageal

glands of Ancylostoma caninuma Dogs vaccinated with oesophageal

extracts were partlally lmmune o subsequent ianfectlon with thie
parasito. Howevery there is as yet no diregt evidence 1o sugrest
that thig inhibitory action by anti serum upon various enzsymes
produced by wormsg, Hakes place during an immune reaction in a host
animal possessing an acquired resisbtance.

soulsby, Somerville and Stewart (1959) expressed the view that,
vhile metabolic products of larvae are of value o the host in
developing protection, the fluid released during exsheathment of

Ho contortus larvae provides the wmost important antigen in their

Bysten. No one has yet demonsirated a protective immunity resulting
purely from bthe administraition of exsheathing fluid, however, Soulsby
and Stewart (1960) have presented evidence to show that in sheap

infected with He contoritus the main stimulation at =self cure appeared

to be derived from substances released by larvae during the third
ecdysis.

The complexity of the antigenic stimulus encounbered by the hosi
during an infection by a parasitic worm is recognised. Also it is
known that the antigenic sbimulus may vary quantitatively and
qualitatively as the worm passes through various sbtages of development.

It was shown by Soulsby (1957) and Douvres (1962) that no 'Sarles®



precipltates occurred when the infective lervae of A. lumbricoides

and Q. radistum were incubated in homologous immunc serum, However,
afber these larvae had undergone paritlal developnent precipltates were

formed, These only occurred around 0. radiatum larvse when the media

contained saline extrachs of inbestinal tissues derived from immune
calves. Since antbiserum itseli did not glve precipitate formation 1t
was poghulabted that antibodles might be tissue bound in this casc.
With some specles of nematodes it appears that host resisfance
con be stimulated hy the larvsl stages alone. By suitable exposure

of calves to infection with larvee of D. viviparous, abltenuated by

X-iprradiation, so preventing developument of most of the parasites
beyond the final larval wmoult, it wes possible to stimulate resislance

(Tarrvett et al, 1959). Acquired roslsbtance o Haemonchus contoritus

i ey

(Jarret et al, 19613 Silverman and Pabterson, 1960), Litomosoides

R MATIAEYD

carinii (Scott and Macdonald, 1958) and Dictyocaulus filaria (Michel

PAABGIE R S RS

and Sinclair, 1963) infections is thought to be primerily stimulated
by the larval stages of these parasites. On the other hand it has
been sbtated that the adult stage is the lmnunogenic one with

N. brasiliensis (Chandler, 19363 Spindler, 1936), Haemonchus placei

(Ross, 1963) and Trichinella spiralis (Kim, 1957).

FPurther evidence sgupporting the theory that worm enzymes may be

important antlgens in Schistosoma infections has been put forward by

Bueding and MecKinnon (1955) and lsnsour et al,(1954).

TRy
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While the free amino acid and peptide composition of fluids

obtained during the in vitro ilncubation of T. spiralis, A. lumbricoides

and Ne. brasiliensis has beon studied by Weinstein (1960)9 no

information isg avaeilable as to the chemistry of {the parassite's
excretory and secretory products of high molecular weight. It is
known that poly-saccharides as well ag proteins, derived from worms
may be involved, e.ge. a8 poly-saccharide present in both the

gecretions and excretions and extracts of P. spiralis and A, lumbricoide

has been shown to be antigenic (Oliver«Gonzalesz, 19543 1958). Sprent
(19503 1951) has reported that non-dialysable protein free
components derived from the incubation products of larval and adultd

A. lumbricoldes are capable of producing an anaphylectic shock in

guinea pigs senmsitised by infection to that parasite.

A clearer understanding of the antigens involved in stimulating
an acquired registance in hosts infected with parasitic worms may
result from successful collection and fractionation of metabolic
products of living worms, cultured in vitro through each stage of
thelir development from egg te adult. With successful axenic culture
it may be possible to procure in sufficlent quantities, the worm's
secretory and excretory products, hence allowing fractionation and

purification of the many componentse



Antibodies

Bearing in mind the complexity of the antigeniec stimulus
resulting from an infection with parasitic worms, it ig not
gurprising that the aunbibody response may prove to he equally
complex. The results of various serological tests when applied
to serum of animaels with an acguired resistance t0 various helminths
have emphasised the complexity of the antibody response.

Whilst a certaln degree of resistance to re-~infection can he
passively transferred in some hosteparasite sysgitems using the serum
of highly refractory hosts, the relationship between detectable
antibodies (as shown by the various tests) and acquired resistbance
is not clear. Succensful passive transfer of lmmunity, hence
implicating humoral antibodies, has been demonsitrated with

No brasiliensis, A. galli, Trichinella spiralis and D. viviparusg

(sarlea and Taliaferro, 19363 Saduny 19493 Culberitson, 19423 and
Jarrett et _al, 195%9).
The appearance of precipitate formation around lervae and adults

of N. brasiliensies (Sarles and Taliaferro, 19363 Sarles, 1938) and

P, spiralis (Oliver-Gonzalez, 1940) when incubsted in serum from

host animale possessing a strong acquired resisbtance 1o the particulse
parasitey coupled with the fact that similar sera could confer
resigtance passively, focussed altention on the possibility that

these precipitates might interfere with the well being of the worms



in vivo. Jackson (1959; 1960) demonstrated that these precipitates
did involve antibodies and salthough these precipitates did not seem
to kill the parasites, they did appear to reduce infectivity (Mauss,
19403 Thorson, 1954h)

Although the gppearance of Sarles' precipiitates sround the
parasitic worm cannot be quantitative it does seem o be related to
acquired resistance, Attempis have been made to correlate the
precipitating antibodies involved in the formation of Sarles!?
precipltates with precipitating antibodies indicated by more

conventional techniques. With N. brasiliensis it was found by

Thorson (1953) that, following absorpiion of immune rat serum by
worm axtracts until no further precipitation took place, subsequent
incubation in this serum produced precipitates around living larvae,
hence suggesting the presence of different preclpitating antibodies.
Despite the large velume of werk on the various serological
manifestations assoclated with nematode infections, it is not clear
what kinds of antibody are responsible for immunity. Soulsby and

Stewart (1960) studying Trichostrongylug spp. and Haemonchus

contortus infections in sheep, found that serum antibody levels as
measured by a complement fixation and a haemagglutination test gave
no correlation with the ability of the host to resist infections
A similar lack of relationship was Tound by Michel and Cornwell

(1959) between bthe complement Fixing antibody titre of serum from



calvees infected with D. viviparus. Cent (1963) has pointed

out the complexity of the various antibody types (as indicated by the
test procedure employed) produced in man as a result of infections

with 7. spiralig and A, lumbricoides and the difficulty in

correlating antibody titres with resigtance.

Tmmediate skin reactions to extbracts of homogenised worms have
been noted in man and animals infected with helminth parasites
(Andrews, 1962). Recent evidence suggesting the production and
participations of reagin-like antibodies in resistance shown to
parasitic worms has been put forward by Ogilvie (1964a). isvidence
implicating antibodies of this type has been obtained with infections

of N, brasiliensis, T. spiralis and T, colubriformim. It is

suggested that the presence of reagin-like antibodies could explain
certain phenomens assoclated with helminth infections such as self

curey, immedlalbe gkin reactions,; mast cell disruption and cosinophilia.

Mechanism of acquired resistance

Having outlined briefly, the information available on the
nature of the antigens produced by helminth parasites and the
antibody response disgplayed by the infected host, it is necessary
to discuss the mechanism of a¢quired resisbance in so far as it

affects the well being of the psrasite.
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Host resistance can lead to numerous adverse effects upon the
parasitic worm. With gastro-intestinal parasites following an
initial infection it is possible to find expulsion of mature worms,
often preceded by a cessgbion of egg productlion. In immune hosts
larval development is often inhibited, leading to Tfewer mature worms

becoming established, often, such adult worms are stunted and

incapeble of egg produclbion. Ne brasiliensis larvae are killed in
the lunge and expelled from the intestine of resistant rats (Sarles
and Talisferro, 19367 MTaliasferro and Sarles, 1939). In a previously
infected rat, the infective larvae were trapped in the skin and lungs
of the host. Precipitetes formed around the larvae and they were
enclosed by an inflammatory reaction. These workers concluded that
humoral antibodies produced the initial effect and that the cellular
reaction was o foreign body response taking place after immobilisation
of the larvae. Thalt humoral antibodies are implicated, was
strengthened by the fact that similar precipitates with the

assocliated inflammatory response occurred in passively immunised
hosts. Weinstein (1955) found that by the suitable administration

of coritisone %o a resistant rat, the characteristic cellular response
to the invading larvae, in the skin of +the host was depressed, bub
nevertheless, the larvae were surrounded by precipiitates and trapped

by the cellular roeaction in the lungs, liver and peritoneum. It

was concluded that corbisone may have hlocked the cellular response



in the skin but after immobilisation on exposure o antibodies in
the lungs, liver and peritoneum of the hosts the trapped larvae
stimulated a foreign body response at these sites. By giving
large doses of cortisone to an immune rat, resistance to further

infection by W. brasiliensis larvae can be totally abolished

(Ogilvie, 1963). How the corticosteroid acts when such high
levels of the drug are used is nol clear,

Cooperia Bpp. larvae showed no development beyond the third

stage in resistant cattle (Stewart, 19585 Soulsby, 1959) and

Haemonchus contortus larvae can he inhibited at the third nmouls

in vesistant sheep (Soulaby, Sommerville and Stewart, 1959).
However, it has been shown thal this lnhiblitlon is not irreversible
and unless the parasltes are expelled from the host, they may
develop to maturitys probably at o time when the host's immunity

is waning. This has also been shown 0 be the cese with Ostertagis

and Prichostrongylus sppe. (Soulsby, 19573 Michel, 19633 Armour et al,

1965).

Iixactly how migrating larvae are inhibited or destroyed in
imnune hogbts is not fully understood. This lack of knowledge is
also true ag regards the lmmune expulsion of a population of mature
worms from the gasitro-intestinal tract.

Stoll (1929) followed the faecal egg count of {two grazing

lambs infected with H. contoritus. 10 weeks afbter being placed in




a limited grazing ares, the faecal egg count which had gradually
increased over this period suddenly dropped, and the lambs were
subsequently resistant to rewinfection. The term sell cure was
introduced to describe this phenomenon, which was more critically
examined by Stewart (1950 a, b, ¢)e It was shown by these later
gtudies that =elf cure was initiated by the inbtske of large numbers
of infective larvace. This resulted in expulsion of all or part of
the adult worm populatlon present in the abomasumy which brought
with 1t the dramatic fall in faecal egg countbe.

Gordon (1948) and ssewart (1950) found that the immunity
described by Stoll (1929) after self cure was not absolute, as the
larvae which stimulated the reaction subsequenily developed o
maturity bthemselves.

'The mechanism cauvsing selfl cure was investigated by Steward
(19535 19%5)s It was found that the level of blood histamine of
sheep undergoing self cure increased around 2 to 4 days after
re=infection and that the dramatic fall in faecal egg count was in
gome cases gbolished by administration of an anti histaminic
Anthisan (mepryamine maleoate). Thisg implied that a local
anaphylactio reaction might be occurring in the abomasum. On
injecting very large doses of exsheathed infective larvse directly
into the exposed abomasum of sensitised sheep, peristalsis with

marked oedema resulited, the reaction subsidlng within 2 hours.



- L4 -

This provided supporting evidence for the idea of a local
anaphylactic reation. It has been pointed out by Soulsby et al
(1959) that the rise in blood histamine and the eosinophilie
found in the mucosa of the abomasum which ocourred 2 to 4 days
after re~infection of infected sheep, coineclded with the third
parasitic moultb. This suggested thal exsheathing fluid from
thig moult might contain antigenic components important in the
self cure reaction. This was in some part confirmed by the
finding that injection of this moulting fluld into the abomasum

of an infected sheep caused expulsion of adult H. contortus.

Injection of this fluid at other sites on the sheep or the
parenteral introduction of developing larvae, did not induce self
cure {Stewart, 1961}« This has led to the suggestion that =elf
cure of an infected sheep is the result of & hypersensitivity
reaction of the abomasum provoked hy antlgens produced when

He conbtortus lorvae moult from the 3Ird to the 4th slbage. The

subsequent effects of this reaction upon the mucoss of the abomasunm
or upon bthe worms causes expulsion of the adult parasites. It has
been postulated that self cure might be mediated by spasms of

smooth muscle in the abomasun coupled with lowered local O, tension

2
due to the inflammatory reaction (Soulsby, 1957).

The hypersensitivity reaction to He. contortus not only results




in the expulsion of that vparasitic worm from the abomasum bul

also causes expulsion of other abomasal parasltes, T. axel and

e

Q. circumcinctae. It was also found thav during self cure

T, colubriformis which parasitises the small intestine of sheep

was also expellede. This "crosse—expulsion" along with the immediate

skin response to He. conbtortus antigens eliclited by sheep capable of

self cure has emphasised the systemic nature of the associabed
hypersensitivity (Stewart, 1953). it is probable that the immune
response leading to self cure is of a systemlc nature though it
becomes manifest locally at the point of antigen release. Self
cure of the abomasal parasites could not be stinmlated by

Te colubriformis, and it was suggested that the cross reaction

counsged by the self cure of H, conbortus was due ‘to the passage of

antigens from that worm into the smsll intestine.

The antibodies produced by sheep capable of self cure have
been investigabted by Soulsby and Stewart (1960) and Soulsby (1960).
It was found that the tltres of complement fixing, precipitating
and haenmagglutinabing anbibodies inoreased dramatically in sheep
from the time of self cure. Precipitating and haemegglutinating
anbtibodies were not present in extracts of abomasal mucosa, hence
no correlation seemed to exist between these kinds of antibody and

reslastancee.



The in vitro vespiratory rate of H. contortus larvae when

suspended in homologous antiserum was nolt inhiblted, however,

antisgerum to T, colubriformis did inhibit the respiration of worms

of this species {Stewart, 1959).

With H. conbtortus in sheep, sell cure is thought to be

initiated by the antigenic stimulation assoclated with the intake

of a large number of infective lavrvace. The toermination of other
nematode infections not ilnvolving the acquisition of a new infection
may be a fundamentally similar process and it is ofiten referred to
as Ygell curel.

When mice which have had no previocus ecuperience of 9. spiralis,

were infected with thalt parasite, a mild inflammation occurred in

the wall of the small intestine around 4 days post infection.

This response o infectlon became acute alter § days and resulied

in the expulsion of the worms. In imnure animals afber re-infection,
the inflammabory response in the gul reached a peak after only 4 days,
hence resulting in a more rapid elimination.  Larsh ed—at (1963)

reviewing the mechanisms of acquired resistance to T. spiralis

infections in the small intestine of the mouse, postulated that the
worms were expelled by the combined effect of the creation of an une
suitable envirvomment, due to the host tissue inflammation, and the
direct achion of antibody upon the worm, reducing its metabolie activid

and causing it to be stunted. It was found that the expression of
O



izmunlity was blocked on the adninlstration of cortisone; which greatly
suppressed the cellular reachions in immune animals (Coker, 1956).
Precipitating antibodies were present hefore the cellular resctlons
appeored, and cortisone did not espparently suppress the Hitres of
these antibodies,

Acquired resisbance shown by rats to a large initial infection

of Ne brasiliensis larvae resuldts in bthe ropid elimination of the

adult worm population from the small intestine of the infected host.
This expulsion takes place between thirteen to fifteen days post
infeotion (Haley and Parker, 1961). Sarles and Taliaferro (1936)
and Teliaferro and Sarles (1939) have made a close study of the
higtological changes in the gut before snd during this expulsion.
Adult worms are located with theiﬁ anterior ends buried in the
crypts of the mucosa, often eroding the epilthelium of the
intestinal wall. Some inflammabory veactlon was noted in the
submucosa as early asg 3 days after infectlon. It appears that
this offect of the host upon the parasite becomes critical around
T days post infectltion and manifests itself ap an inflammatory
reactlon at the site at which the adult worm is LTeeding.

Granulay precipiiates assoclabed with the worms were also beconing
evident at this polat. Thig infilemmatory response incresases in
intensity, the gut becoming dilated Lo two to three times its
norvmel size by the tenth day of fhe infection. wxpulsion tekes

place soon aflberwards.
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The timing and extent of the host reaction leading o *selfl
cure® or the termination of the infection depends upon the size

off the initial infecition. With large infections of . brasiliensis

larvae, egg production by the adult worm stops sround day 12 (lHaley
and Parker, 1961) while moderste infections display a cessation of
egg production by day 18 or 19 (africa, 19313 Schwatrz et al,
19313 Grahem, 19343 Porber, 1935). The small infections i.e.
<80 larvae employed by Hurley (1959) gave prolonged initial
infections.

That the oxpulsion of adult N. brasiliensis derived from an

initial infecitlion, is an immune phenomenon, is strengthened by the
finding that if an adult worm population is removed from bthe host
rat just beforve the onsel of expulsion and placed surgically within
the duodemun of a previocusly uninfected rat, then this population
will successfully become established in iis new hogt and continue
egy laying for a further 9 to 10 days hefore resistance develops

in the new host with ensuing expulsion (Chendler, 19363 Spindler,
1936)s This suggest that the btermination of an initial infection
involving loss of the adult worms preceded by cessation of egg
production is not due to some physiological factor in the parasite,
but is due to an immune response on the part of the host. This is
in some way confirmed by the faet that dally administraltion of large

doses of cortisone abolishes the hoat's imnune response. Soon



after cortisone treatmeni is stopped, expulsion of the worm
population ensues (Ogilvie, 1963).

Delay in expulsion of N. brasiliensis adults was found with

rats fed on a low protein diet (Wells, 1962). Such rats showed
a reduced eosinophllic response, in the small intestine, however
the mast cell and hisgtamine content of the small intestine were

found to be higher than in rats fed on a normal diet.

General summary of the work undertaken

The object of the work described im this thesis was to study

certain aspects of the 'self cure' of N. brasiliensis infections

in the rat, with a view to throwing some light on the mechanism
of lmmunity to gastro-intestinal parasites generally.

The starting poinlt for the investigaltlions was the lmmune
expulailon of the adult parasites at the terminal phase of s
primary infectlon, This was investigated in a wmore quanbitative
fashion than formerly and its rapidlity and extent clearly
demonstrated. In order to study this reaction hetween hopt and
adult parasibte in an uncomplicated way, a reliable quantitetive
method had to be developed for the introduction of adult worms
into the test animal. A surglceal technigque was evolved which was
safe and reliable and gave "lakes" which were nearer the theoretical

and no less uwalform than those resulting from infections with larveae.
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Using the adult transfer methody; the fate of parasites
transtferred t0 rats of different immunological status was studied
and the "half lifes™ of these inbtroduced populations measured.
Significant differences in the rate ol immune expulsilon were
obaerved.

The most important questlion 40 be anaswered for this system
is the mechanism of the ilmmune expulsion. Parallel work by other
colleagues in the deparitment had indicabted that lecal anaphylactic
roacitions in the gut might give rise to conditions which were
"unsultablet for the worms ané thus lead to thelyr elimination.

It seemed to the awbthor that the local anaphylaxzis might only be
one component in the expulsion mechaniem and that the associsted
increased caplllary permeability might allow plasma and, btherefore,
antibody, in quantity to come in contact with the parasite, and
that the main effect might he due to "antibody v parasite.

in order to try and assess the importance of Yantibody v
parasite” in this system, *two parallel studies were conducied,

The first was almed at exanining some of the ways in which antibody
night come in contact with the worm. Fxperiments with red cells
labelled with 51Chromium showed the extent to which thig might

ccour due to blood sucking by the parasite or haemorrhage caused

by ite Bxperiments with 13110&13@ labelled polyvianyl pyrrolidone
were carried out to study the lnoreased permeablility Yo macromolecules

and possibly therefore antibody which might ocour in iunfected as

compared o normal ratse
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The second part of the "anbibody v parasite" approach
depends upon demongtrating that, if anbtibody does come in contact
with the worm in gquantity, it can do some harme Again this
aspect was investigated in two wayse Firstly, by incubabing
adult worms in imnune serum before introducing them ¥o0 the host,
and secondlyy, by studying the effects of immune serum on the
in vitro mebabolism of the worms. A variety of different ways
for producing imnune serum was included in this study.

'"he possible significance of cellefixed or reagin-like

antibodies in dmmunity 40 Ne. brasilienslsg and the participation

and importance of such antihodies in the passive transfer of
resistance was gtudied. Attempts were made Lo demonsirate the
prosence of cell bound antibody in the mucosa of the small
intestine and other tissues of resistant rats by in viiro
incubation of viable cell suspensione of bhese tissues with

islioﬂin@ labelled crude adult worm exiracte



CHAPTER TT

Life cycle of Ne brasillensis

Wippostrongylus brasiliensisy formerly called N, muris

(Haley, 1961) is a small trichostrongyloid perasite of rats and
has proved a counvenient ovganism for the study of immunity to
gasbro-intestinal helminths (Chandler, 19373 Taliaforro and
Sarles, 19393 Haley, 1962). The life cycle of this parasitic
worm was first described by Yokagawe in 1922 and this has been
followed by move debailed studies (Twohy, 199563 Haley, 1962).
Basces fyrom infected hoests contain eggs which under sultable
conditions develop through 2 larval stages 40 the third stage
within 3 to 4 days (Haley, 1962). The third stage larvae are
the infective larvae and normally infect the host by percutbaneous
migration, however; it 1ls possible for a Ffew of the larvas taken
by mouth to migrate from the stomach and complete the normal life
cycle (Yokagawa, 19225 Africa, 19313 Schwatrsz and Aldcata, 1934).
The migration through the epldermis and dermls of the skin may
be direct or via a hair follicle and is accomplished within 30
minvtes 40 2 hours. The lervae appear 1o remain in the hypodermis,
for several hours, feeding (Taliaferro and Savles, 19393 Twohy,

1956).  After this period they migrate via both the blood stream



(Yokagawa, 1922) and the lymphatic system (Gharib, 1961) arriving
in the lungs 11 to 15 hours post infection (Yokagawa, 19223
fwohy, 1956).

Little growth of the larvae has teken place until they reach
the lungs where they feed on blood and timsue cells (Taliaferro and
Sarles, 1939). During this period 18 to 32 hours post infection,
the larvae grow rapidly (Twohy, 1956) and between 32 0 46 hours,
the first parasitic moult yielding fourth stage larvae takes place
(Yokagawa, 1922) whereupon the larvae migrate up the trachea, are
swallowed, and begin to appear in the duodenmum between 50 to 60
hours after infection (Yokagawa, 19223 Sarles and Taliaferro,
19363 Twohy, 1956). Rapid growth of the worms is found at this
stage (Twohy, 19%56).

The second paragitic moult takes place in the small intestine
between 90 to0 108 hours after infection (Yokagawa, 1922) and these
immature adult worms quickly reach maturation with associated sexual
maturlitye. Fertilisation occurs and esgs can be detected in the
facces of the infected hosl by the sixth day of the infection
(veinstein and Jones, 1959).

The adult worm ims found in the mucosa of the duodenumy; Jejenum
and upper ileum, where it burrows among the villi and crypts. On
the basis of histological evidence Taliaferro and Sarles (1939)

stated that the adult worms feed on tissue cells and blood, but the
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presence of intestingl flagellates in the intestine of worms
suggests that they ingest some gubt contents. This has been
confirmed by Weinstein and Jones (1956), however, other workers
(rRogers and Lazarus, 1949a) using radioactive phosphate concluded
that the adult worm feeds primarily on host tissue.

I'rom the sixth day to the 10th day post infection, the egg
production riges rapidly remainling at a high level for 3 to % days
before falling to a low or zZero level 15 to 20 days after infection
(Africa, 19313 Schwartz and Alicata, 19343 Graham, 1934).

Very soon after the dramatic drop in oogenesis, most of the
sdult worms are expelled from the host's gute. The timing of onset
and the rate of this expulsiony varvies with the size of {the initisl
infectione Small infections give a gradual loss extending over as
much as 30 days, whereas with large or intermediate infectionsg,
almost tobal expulsion takes place rapidly, between the 10th and
20th day post infection (Haley and Parkery 1961). It appears
that female worms are expelled more rapidly than males (Africay

19313 Porter, 1935).
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CHAPTTLR 1TT

Genersl methods and materials

Ixperimental animal s

Rats of the hooded Lisber itype were used in sll experiments.
These animals were obtained from two different sources. Initial
supplies were bred and reared until 6 to 8 weeks old at the animal
breeding station of the London School of Tropical Medicine and
Hygiene, Later supplies were obtselined from Animal Suppliers
Itdes London, again when the rats were avround 6 to 8 weeks o0ld.
Both strainse were similar and were free from helminth parasites

with the exception of Hymenolepis spp. which were occasionally

noticed at aubtopsy.

The rats were kept in wire cages in an animal house maintsained
at 65°F@ The cages were suspended in racks such that the wirve
mesh floor of each cage was three inches above a sawdust covered
mebal tray placed beneathe. The rats® faeces and urine could
easily pass through this wire mesh floor of the cage on to the
tray below. This system of maintainance of the rats precluded
any possible accidental cross infectionse. Oﬁcasionally non=
infected rabts, sultably marked for identification purposes, were

placed in a cage along with other rats infected with N. brasiliensis.

This situation did not at any time result in the non=infected rais
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becoming infected through accident. ALl rats were fed on a

pelleted diet (Diet 41, supplied by W. Primrose & Sony Glasgow),

this and water being supplied ad libitume

Both male and female rabs were used in all experiments, unless
otherwise stabed, and they each weighed approximately 160-190 gms.
ot the time of experiment.

Parasite

RS RGBT

The strain of Nippogbrongylus bresiliensis used in all

experiments was obtained initially from Dr. Hopkins of the Zoology
Department, Glasgow University, and was maintained by regular
passage through rals similar to those used for experimental

PUTDOBES e

Culture of infective larvae

Paeces were collected from rats with a patent infectlons
usually over days 8 and 9 post infection. This was accomplished
by placing a sheet of nowspaper on the metal tray beneath the cage
containing the infected raits. The faecal pellets s0 collected,
were broken up and mixed to a paste with = 1litlle water in o moriar.
Uising a spatula, a portion of the faecal paste was spread on to the
centre of a circle of Whatman'’s No. 1 filter paper, diameter T cm.,

the faecal smear belng about 3 cme dlameter, such that the periphery
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of the filter paper was kept clear. The paper was bthen dipped
briefly in water and placed on a circle of plastic foam material,
1 cm.w%hick, saturated with water, in a disposable plastic petri
dish (produced by Oxoid Ltd.)e Care was taken to ensure that the
outer fringe of the filter paper was kepl clear. Lids were placed
on the petri dishes and they were stored in a humid incubator at
about 27°C.

Normally after 5 days the larvae could be sesn collecting in
a fringe around the periphery of the filter paper. The larvae
were always harvested between 5 and 10 days after setting up the
faecal culture, and were normally used to infect rats on the same
daye Harvesting of the infective larvae was accomplished by
flooding the petri dishes with water at about 35OC, thus permitting
the larvae to swim off the filter paper. After 1lifting oul and
discarding the plastic foam pad and the filter paper, the warm
waber conbaining the larvae and some fascal material was filtered,
under suction, in a large Buchner funnel, through strong filter
paper. (Green's Hyduro 904, 18.% cms., diameter). This filter
paper was then removed, inverited, and placed on an bndecott sieve
(mesh 400) in a Baermann apparatus filled with water af BSOC.
The larvae swam downward through the fine mesh of the sleve,
whilst the faecsal debris was held back. The larvae collected

at ‘the bottom of the funnel and were run off into a suitable container.



Counts were made by a dilution technique. A 1.0 mle sample
wae diluted to 100 mle. with water and O.l ml. samples of this
sugpension, made homogeneous by thorough mixing, were placed on
a slide and the larvae counted with the ald of a binocular

microscope. Usually about ten such counts were carried oute

Infection of rats with larvae

The original larval suspension was then diluted so that the
required anumber of larvae for infection purposes was contalned
in 1.0 mle. of suspension. Antibliotics were added to the
sugpension giving a final concentralbion of 100 units Penicillin
and 10 micro gme Strepbtomycin per millilitres The rats, while
lightly anaethsetised with ether, were injected subecutaneously
in the groin region using a 1.0 mle syringe fitted with a No. 15
needle (BeSelele)e

Due t0 errors involved in the dilution counting procedure
and in the injection itself, it was not possible 10 determine
the number of larvae given to each rat with great accuracy, and
as a result, where thousands of larvae were adminlstered, the

infection dose is given o the nearest hundred e.ge circa(c) 3,000.



cagovery of adult worms from the small intestline

In erder to reduce te a minimum, the amount of food material
present in the guvl, the rats were starved overnight before rilling.
ach fét wag killed by a bard blow to the hesd saoc the small
intestine removed immediately after deathy, and carefully slit >
longitudinally.

vhen it was desired o galn an accurate estimation of the
number of ~dult worms present in the gut of each individual rat,
the small intestine, after Delng slit loagitudinally, wis cut into
apyroximately H cmse, lengbths and placed in a muslin bag wvhich was
gug.ended in a 250 mle. bealter half filled with warm saline, The
benker was placed in a constant bemperature water bath set at
3700u for aboulb an houry; during which time virvitually 2all the =adult
worms swam oul and collected at the bhotétrm of the besker. They
were then collected by means of a broad mouthed Prcteur pipebic.

here a quantity of adult worms wis merely being collected

for some other exporiment, the guts after being olit longitudinally,
were put in an ‘ndecott sieve of mesh 50 This wos placed in a
doermann apparatus filled with saline and set up in a feep waler
bath at 3?009 Uithin 30 minutes the majority of the adult worms
hod migrated downwards and had become concentrated ot the botiom
of the filter funncl. These could then be run off into a sultable
container for counting. This proved an efficient and rapid nmethod

of obitaining a large number of aduli worms, free of debris.



The number of adult worms present in a given sugpension waeg

by

determined by removing 5 mle aliquots by means of a pipette with
the LTip saw off. Hach aliquot was diluted to 50 mle with warm
saline and the number of worms present in 2 1 ml. sample was counted

with the aid of a binocular microscope. Yhe mean number of worms

from ten such counts was takens

Haecal eg: conntgs

faecces from the infected rats were collected over a 24 hour
periode. vom this a 1.0 gme sample was chosen at random,
homogenised in 10 ml. water, passed through a sieve (mesh 50) and
the filtrate centrifuged (1; 500 Tepems ) The supernntant was
digcarded while the precipitate was resuspended in 15 mle of
gaturated sodium chloride solutions Both chambors of a VMolMaster
slide were filled with this suspension by means ol & Fairly broad
mouthed Pasteur pipeiita. Both chembers, each representing a
volume of (.15 ml. were examined under the microscope for parasite
BB The mean value from bohkh chambers was obbadlned and this
figure times 100 gave the number of eggs present in the original
cram of faeces (Beyeis) hig assay wag done in duplicate for
gach 24 hour faccal sample.

In some experiments, the total weight of faeces making up the
24 hour sample was recorded and the resulls expressed as tobal

eggs per 24 hour faecal sample per rat. Chandler (1536) claimed



that this was a bettor method to use for the comparison of the
parasite egg content of the facces betwean two groups of

experimental animals than the concentration measure of eggs per

Eradie

Kitrogen determination

In some experiments the results were expressed in terms of
worm nitrogen. This was determined by the micro-Kjeldahl method
as described in Kabat and Hayeyr {1960).

The whole worm sample or the measured saliquot of worm
homogenate as the case might be, was placed in a 2% ml. micro-
¥jeldahl flaske. To this was added & boiling stone, about 1 gme

¥

of mixed K and bu 80, cabalyst, and 2.0 ml, HPSO all

25Y% 4 4
chemical reagents being "low N analytical reageniss Digestion
was carried out in a spyecial microwfKjeldahl digestion rack.
Boiling was continved Ffor 30 minuwtes afbter the solution had hecome
colourlesse The digested sample was removed from the digestlon
flask and made up b0 a convenient known volume. A measured
aliquot was removed and placed in a Uarkham {jeldahl disgtillation
apparaius. A B0 mle Frlenmeyer flask conbaining % mls of boric
acid-indicator mixture and 5 mls water was placed under the
condensers Yo mls 0f saturated No OH solution was then added to
the digested sample and steam di%tillation carried out until the

volume in the lrlenmeyer flask had increased to approximabtely 25 ml,



The distillate was then titrated with exactly N/T0 H.Cl. Ffrom
o, micro-bureitte. Blank rung on the reagents used for digestion
and disgbtillation were pexformed and aby nitrogen detected was
deducted from the worm sample values. As a check on the method,
fregquent »uns with standard ammonium sulphate solution were

cavried out.



e j.) Lo

CHAPTLE LV

Studies on the termination of & primery larval infection

Introduction

It has been recognised with N, brasiliensisg infectlions in

the rat, that host resistance to a primary infection brings about
o reduction in the adult worm burden, It was first noted thatb

the faecal egg count of rets infected with Ne. brasiliengis fell

to a very low count 18 to 21 days afber infection (Africa, 19313

schwotrz and Alicata, 19343 Grahamy 1934). It was shown by

Taliaferro and Sarles (1939) thal this drop in egg production just

precedes expulsion of the adult worm population which beglas

around day 16. With small inltisl infections there is either

no immune expulsion or a very gradual logs of adult worms (lurley,

19593 Haley and Parker, 1961) howaver large or intermediate

infeciions resulted in an abrupt loss belween day 10 and day 20.
Mogt of these previous studlies have heen of a semieguantitative

nature. In order o rigorously examine hthe terminal phase of an

indtial infection of f. brasiliensls in rats, the following

gxperiment was carried oub. The number of infective larvas used
to give the primary infection was similaxr to that uged in other

experiments in this thesisg.
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Figure 1. Eggs per gram of faeces and number of adult
N. brasiliensis isolated fram the small intestine
of rats each infected with 5,000 larvae on day O.



Methods and materials

5 groun of 60 hooded rats, comprising of approximotely equal
numbers of Both sexes, each about 150175 gms. live welght, wore

each infeeted, subecutansously, with 5,000 N. brosiliensis larveoe.

Detalls concerning the isolation, preparabion and injection of
the dose of larvae are given in Chapter II1lI.

The infected rats were subw~divided into 4 groups, each of
15 rals. One group was killed on each of the following daygse
the 10th, 14thy 1T7th and 20th day post infection. The faccal
ege counts were followed throughout the experiment and the numben
of aduli worms found in the small intestine at autopsy was

vecorded.

tesults and discussilon

The mean number of adull worms recovered from the small
intestines and the mean faecal egg count of the rats constituting
each group arce shown in fig. 1o

It can be seen that complete elimination of the adult worm
burden took place between day 10 and day 20 followling infectlone
The greater part of the worm population was expelled between day
10 and day 17. llence it is cleaw thaty; the comparatively large
infection used in this experiment resulted in the rapid and

complete elimination of the adult worm populabi one



gince the Tall in egg output preceded the drop in worm
burden, 1t is apyarent that the egg output curve reflected not
only a fall in the number of adult worms bubt also some
interference with reproduction due to a suppression of egg
production or to a dlsproportionate elimination of female worms.
Barlier workers have indicated that adult female worms are in
the majority at the beginning of an infection, buit are expelled
before the males, wilth the resuli that toward the end of an
infection there are more males than females (Africa, 19313
Porber, 193%)s

It seem§d spproprialte to try and elucidate the mechanism of
thig sudden loas of adult worms and most of the experiments

descyibed below are direcbted towards thisg end,.

Summary

R A PRORANC TR LS LT

(1) A study was made of the extent and rate of the expulsion

of adult N. brasiliensis Ffrom the small intestines of rats

Ffollowing an initisl larvel infectlon,
(2) Almost complete expulsion, preceded by a fall in egg

production, took place between day 10 and day 20 post infection.



CHAPTIR ¥

Development of a fechnigque Lfor the introduction of
adult worms directly into the duodenum

Introduction

A1l the evidence suggests that the expulsion of adult

Neo brasiliensis demonstrated in the previous experiment is the

result of an Ilmmune response on the part of the host. In order
o meke an uncomplicated study of this immunological abtack on
the adullt worms, 1t was necessary to challenge rats by
introducing adult worms directly to the duodenum rather than by
infecting them subcutaneously with larvac. liarlier workers have
shown that it is pomsible to transfer adult worms directly bto the
small intestine of a recipient rat (Chandler, 19363 Spindler,
19365 Sarles and Taliaferro, 1936).

To see if this method of infection could be consistently
achieved in a quantiltative Tashion an experiment invelving the

trangfer of different numbers of adult worms was carried out.

Methods and materials

Adult N. brasgiliensis worms were carefully isolated from

donor rabs, which had been infected with larvae 10 days previously.

The concentration of the FTreshly obtained worm suspension was






Injection apparatus
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need le syringe

Figure 2. Apparatus used to inject adult N. brasiliensis
directly into the duodenum of the rat.



adjusted with woerm salline until 5 mls contained the required
number of wormg to bhe transferred 0 a single rat. 5 ml. of
this suspension, mized carefully so that the worms were evenly
digtributed; was removed with a broad mouthed pipette and
delivered into a tapered 1% ml. centrifuze tuhe placed in a
3706« water babhe. Throughout these operations care was taken
Yo meintain the wopms as near to BYOCa a8 possibley and to
expose themn 4o a minimum of mechanical damage.

Jugt before transfer to the reciplent rat the worm sample
along with 1 to 2 ml., suspending liquid was cauvtiously drawn up
into o length of catheter tublng (2 mm. diameiter) fized to a
5 ml. myringe. (G/f Pige 2) A number L needle (8,5.W.0,)
was then placed on the free end of the tubing. The worms
tended to swim oub along the catheter tublng forming a suspension,
free from clumps, which was saslly injectables

The reciplent val was anaesthetised with "Trilene"ﬁaﬂd the
abdomen shaved and washed. An incision was made in the skin
and then through the musele layers on the right side just caudal
to the ribs, exposing the duolenum. The worms were then slowly
injected divectly through the wall of the duodenum with the
apparatus described. Suturing of the intestinal wall sfiter thils
operation was nol reguired. The muscle layers, then the skin
were each clesed with a single evertlng nylon suture. Care wvar

*
"Prilene", (trichloroethylene BePo)y LeColey, Pharmaceuticals
Division, Wllmelow, Cheshire.






Iable 1

Number of woxms recovered from the small intestine of normal rats
following an infection of adult womms
surgically transferred to the dundenum

No, of worms Mean No« of worms  Percentage

N:'; oﬁoiats transferred on recovered on of
pexr group day O Day 4 introduced
WworIms.
astablished
21 1,000 672 = 231 &7
11 750 518 2 74 68%

12 500 319 % 116 64%




taken 0 ensure that the surglcal procedure was moderately
aseplbice Very Ffew deaths occurred and the treated rats usually
showed full recovery within a day or two.

In this experiment 21 mats were each given 1,000 adult
worms, 11 rats were cach giliven 750 adult worms and 12 rats were
gach given 500 adult wormse The three groups weve killed on the
4th day following transfer and the mean worm burden for each

group was found.

Jesults and discussion

It con be secn that o very uniform percentaye of the
administered dose of adull worms becawe eatablished in the guib
of the recipient rat. (btable 1). Over the range used in
this experiment,; the number of introduced worms becoming
rstablished was an average between 60 to T0O ner centbe

The uniformlty of the size of the resulting oadult worm
burden brought about by thisg method of infection was better than
that resulting from larval infections designed to give adult worm
burdens similar to those created in this experiment. In the
previous experiment where a large dose of infective larvas was
given to each rat, only about 25% of these matured to adult wormse
The variation in take betwecn individual animals was also much

greater. 1t wazs found by Haley (1962) with smoll initial lapval



infections administered subcutansously that sbout 607 of these
larvae appeared ag adults in the small intestine 10 days later.
The fate of these larvae logt during parenteral nigration is not
known, though it is thought that they may not have migrated at
all (Taliaferro and Serles, 19393 ‘'wohy, 1956) or they may have
been lost during migration by belng swept into some organ from
which they were unable to escape (Weinsteln, 1956) or they may
have bean overcome by ilunnste resisgtance mechanigms,

The importance of parenteral migration and these "lost
larvacet in the immunological response shown by the host 0 the
adult worm population ig difficult to assess. No such unkynown
factor results from initial infectlions created by the surgical
bransplant of viable adult worme Trom one ral to anothere. in
thie way the immune expulsion of the adult worm burden can be

astudied in the absence of complicaiting factors.

SUnmnary

A AT TSRS rE

(1) A method is deseribed for the successful transfer of adult
wormg from the gut of one rat to ancther.

(2) "akes" of advlt worms introduced to the recipient rat are
regular and the variations involved sufficiently small to make

the method of quantitative value.



CHAPTER VT

The fote of an adult worm population bransferred to
raty of varying immunological status

Tatroduction

It is known that a previously infected rat when challenged
with a further dose of larvae will resist this infection.
Resistance is manifested by a reduction in the number and size
of the adult worms mabturing in the small intestine, a reduction
in ege productlion and a more rapid elimination of this worm
population when compared with previously uninfected rats
(Taliaferro and Sarles, 1939). It i also possible, using the
gserum of highly resistant rabts, to transfeor passively, t0 some
extent, all the effects of a naturally acquired resistance
(Chandlery 19373 Sarles, 1939).

The study of resistance t0 re-infection with N. brasilliensis

has involved, in the past, the effect of the ralt?s lmmune response
upon & challenge of infective larvaec. It seemed that a less
complicated appraisal of +that part of the host's immune response,
which brings about the expulsion of the adult worms parasitising
the small intestine, might result from a study of the fate of a
challenge, comprising of adult worms, surgically transferred %o

the duodenuwn of the challenged rat. Phat this method of infection

is reliably quantitative has been shown in the previous Chapter.



In the following experiment, a sbtudy was made of the
rapidity and severity of the expulslon of a population of adult
wornsg, surglcally introduced to the small intestines of rats

dmmuniged in dlfferent wavs.

Nethods and materials

(a) Preparation of hyper-immune rats and immune serum

A loarge group of rats were given FTour infections of
.ﬁ&m2£%§££i93§£§ larvao. mach rat received 3,000 larvae, then
5y 00 larvae, then ;500 larvae and finally 10,000 larvae, ab
fortnightly intervals.

Twenby of these rats made up Group 4 (the hyper-immunised
group) of the present experiments The challenge of 1,000 adult
worms was given 20 days after thé FTinal larval infection.

The vemainder of the hyper-infocted roats were bled by
cardiac punchture, 10 to 14 days Tollowing the final larval
infection, The serum obbained in this way was adminigtered to
the rats constitubting Group 2 (the passively immunised group).

(b) ixperimegtal animals

Hooded rats of both sexes, each welghing about 175 gms. at
the time of experiment, were divided into 4 groups and treated

ng followgse



i)
)

droup 1 consisted of 40 rats which had had no previous

experience of the parasite jle brasilicensis, 'This wos the

‘conbrol group' of animals.

Group 2 consisted of 408 rats. Bach rat wos weighed and
passively immunised by the injection,intra-peritoneally of
400 mle of lwmune serum per 100 gm. live weight. The serum was
injected in two doses; the first duving the morning and the second
in the evening of the day immedlately before that of challenge.
The method of prepacation of the immune serum igs described above.
Whig was the "passively lmmunised group' of aninals.

group 3 consisbed of 44 robs. sach rab in thisg group had

recelved a primary infection of 3,500 infective i, brasiliensis

lorvae, injected subcubancously 30 days beforce the day of

challenge. This was the 'single infection group' of animals.
Group 4 consisted of 20 rats. mach rat ian this group had

undergone a series of larval intfections. Details of the size

=nd fregueancy of the four larvval infecitions given o each rat,

are gliven above. Phig wos the 'hyper=imnunised group?! of animalse
sach rai of each group was challenged at day ) of the

sxperiment, by surgically transferving 1,000 adult N, brasilliensis

%o the ducdenume The adult worms were isolated From the small
intestines of the dounor rats 10 days after a primary larval

infection, The procedure used is described fully in Chapter Ve
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Autopsy schadule of rats vhallenged on day O
: with 1,000 adult wemms each ‘

Day ' L Numberﬂcf rats. killed fxom each grovp. .
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DAY AFTER TRANSFER

Figure 3. Number of adult N. brasiliensis isolated fram the
small intestines of rats of different immunological

status following transfer of 1,000 adult worms to
each rat on day O.
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several rats from each group were sacritficed each day after
challenge (details are indicated in table 2) and the number of
adult worms present in the small intestine of =ach rat delbermined,

in the way described in Chapber LLl.

The mean aumber of adult worms, resuliing from the
transfevred infectliony recovered from the smrll intestines of the
rabs comprising each group is shown graphically in fige. 3. Over
the experimental period le.ee U days Tollowing transier, it can be
seen that the control animals, Uroup l; harboured more or less a
constant number of adult worms. However, 1t would appesr, on
days T and 8 following transfer, thaet some reduchlon in the
number of worms was taking place. This indicated that the
1wost s lnnune responseg which is manifest by expulsion of the
worm burden, was becoming evident at this polinte

wesistances a8 shown by & reduction in the size of the adult
worm burden, only became evident in the passively immunised group
(vroup ) on day 3 following trensfer. Over the first 2 days of
the experiment no difference in the size of the introduced wornm
population was seen between this group and the control group.
Also, with the passively ilmmunised group, i% can be meen that

further expulsion of adult worms ceased Lfrom day 5 untll the end



Tab}e 3

Number of stunted worms recovered from fhe small intestines
of rats comprising Group 4 (several larval infections)

Day after  No. of Mean no. of ' Mean no. nf

challenge rats - st#éﬁ;a worms transfcrrqd worms
1 | 4 | 38*50 110 = 90
2 4 69 = 71 43 = 6
3 4 44 x 41 17 & 13
4 | 4 19 % 2% ! 5x4

S 4 10 = 13 0




of the exyerimente. Ag o result the silze of the adult worm
wopulation remuined almost constant over this periode.

Joth troup 3 (single prévioué lorval infection) and Group 4
(several previous larval infectlons) displayed a reduciion in the
number of transferred adult worms becoming established, when
compared with the control nroup. from day 1 onwards it 1s

vident that the recipient host's immune response wag imnedlate
in both groups of animals and that it was stronger with Group 4.
The worm burden found in this group was smaller on sach
corresponding doy than Group 3 animalegy and complets elimination
the introducced worms was cifected earl lers
shen the rats comprising Group 4 (scveral previous larval

infections) were autopsied in this experiment, s number of small

stunted adult go brasiliensis along with adult worms derived from

the transferved infection were found in the small intestines of
gome ralbse These stunted worms werce quite distinct from the
introduced adult worms which showed no evidence of beconing
unbed during the short experimental veriod, It ie probable
that these stunbted worme had originated from a previous larval
infecthion. The mean numbers found are shown in table 3.
Although the number of rats killed each day was small, 1%

lao

o]

appeared that those rats which harboured stunted worms
harboured & grester number of tronsfeorred adult worms. It can

be seen in table 3 that the expulsion of the inbtroduced aduli
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Table 4

Biological half-lifes of adult worm populations
in rats of different immunological status

time after . biological half~life for entire

Group infection half 1ife period of infection

normal rats days 1 to 9 infinity .

days 9 to 13 24 hours 104 hours

2 passively days 1 to 2 infinity

immunised
rats days 2 t0 5 44 hours

days 5 to 9 infinity

days 9 to 13 24 hours 64 hours
actively days 1 to 9 22 hours 22 hours
immunised _
rats {single
infection)
actively days 1 to 5 14 houxs 14 hours
immunised

rats (hyper—
infected)




worms ig more rapld than the ozpulsion of the stunted wormsas
No similar stunted adult worms were found in Croun 3 which had
experienced only one provious larval infections

wade et al (1960) studying the elimination of ». viviparus
N 2 N

RO RSV TRY ST

from the lungs of guinea pilgs estimated the biolosical half=life
of the woem vopulation by pvlotting the logorithms of the numbers
of wormg recovered against time after infection. The data
oblained in this experiment covering that period from day O Go
day O of an infection combined with data obtained in an earliem
experiment coverling the period day 9 Ho day 13 has been trested
in this way. (fige 4).

In this graph regression liaes have heon Fitted, and from
the slope of these lines the avproximote half--life of the worm
populetion can be debermined. A comparison can be made of the
rate of elimination of the worms during the cxpulsion phasics by
aszessipz the blological half-lifes over these periods. These
results are shown in table 4, along with an estimatod half-life
value for the entire period of the infection for each group of

vats,



Discussion

O

tats which have had no previous experience of the parasite

Wo brasiliensis do not exhibit an immune response to the woirm

burden until 12 to 14 days post infection when infected with
larvae, or until 8 to 10 days post infection when infected hy
introducing adult worms surgically into their small intestines.
This is the case with intermediate or large infections. With
small infections of larvae or adult worms, the onset of expulsion
may be delayed (Taliaferro and Sarles, 19395 Haley and Parker,
L1961y “pindler, 1936¢ Chandler, 1936). This has been
confivmed with the control group of rats in this experiment so
far as infection by adult worms is concerned. Lt can be seen
with this group that the self cure reactlion can be stimulated by
infection with the adult worms It would appear that the
parenteral migration of larvae is not a prerequisite for this
immune response ko occur,

The effect of acquired immunity upon an adull worm infectlon
is made evident from a sbudy of the expulsion of that infeclion
by rabts comprising groups 3 and 4. Group 3 rats had experienced
only one previous infection with larvae, whilst Group 4 rats had
been exposed to several large infectlons with larvac. in both
groups, bthe mechanism whereby the host rids itself of its worm

burden is initlated immediately. The extent and severity of
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this reuction, op judged by the roducilon in aumbors of dintroduced
sdult worms rewmalning, 1o prentor in Grous & than in grouy 3.

Yhids suggosts Sthat more than one previows lavval intoction is

ragulrad, ia the cecse of i, brasiliensis in rete, belfove wmaelmasl

Y

bamunity Lo ra-infaction is obialnad. this in in sgreoment with

the protoctlon oflored by pessively inmunisins rats with oerum

47 Yy

rom rats havigg suffered opo infection and Prom vails having
undergons o aunber of infections. fhe latter serwn s aopre
protvective than the Foemer (Mulligan et al, 1u695).

valialerro end Sarlos {(1934) found thoet when previously

infected rats weve challenged with ke brosilionsis lorvae,

Yever worms watured in the small inteostine nwd they were exuelled
soanor thun i previously aoueiafected cabse Theos woritars alsg

raporihed that the silzse of the sature wopms wes decroosat,

o)

,.\

S
&=

Swunted adult worms bave also besn found In ealves rogpanis
afected with . viviparus {(Jarcedbt 8 aly 195G i, in the

1B AT RN NIV M AT IR B AVERE

prosent experiment stuabted small brown adult ue. brasiliensis

vare found at subogsy in the small intestives of aome, but not
all, of the rats compeining Group de A the rate of this orow,

Al

had recsatly recalvad several loarvge infectlons of Js oraciliensis

lapvea, there la no doubi that theses atunted adult worms

originatod from these lwmmunising lolectlonse Talialerro and

and darles (1939) alse found stunted adult worme in the small

-



intestines of rats which had been repcutedly infected with
large dosecs of larvae. These workers also showed that the
sbunted worms,; on being transferred to the duodenum of a ‘clean?
vat, developed into normal adult worms and began egg production.
It was evident that an ilmmune response on the part of the host
was responsible for the stunted nature of the worms, and it was
thought that the pearasites were unable to feed properly on the
immine host®s tissues. This failure to feed may have reduced
suffTicliently the antigenic stimalation by these worms, so
avoiding the onset of the cxpulsion mechanisme

Althouvrh the nunber of animalsg harbouring stunsed worms in
Group 4 in this experiment was swmall, and caution is required
in interpreting these results,; it did seem that the imaune
expulsion stimilated by the introduction of healthy adult worms
algo brought sbout some expulsion ol these slunted worms.
Howevery the expulsion of the stunted worms was not so effective
an the expulsion of the normal worms, The immune expulsion may
not only depend upon the creation of gn unsuitable envivonmenti
within the guty bub alse a specific anti-parasite function of
either humoral or cell=bound anvibody, If this were soy then
the stunted worms, which presumably did not feed as actively as
the newly introduced adult wormsy may not have been exposed 0

the same exbent to these antibodies which may specifically



inhibit some metabolic ox feeding processes vital Lo the worm.
In this way the stunted worms may nol have been exposed to the
full anti-worm action of the host's defences.

Another Ffeature, which more meticulous experimentation
will clarify, was the finding that those hosts which harboured
stunted worms algo harboured a grealber number of adult worms
from the introduced infection. It may be that some rats are
incapable of developing such a strong acquired resistance as
shown by other ratbs.

rFassive transfer of resisbance to infection with N. brasiliensis

has been shown by Sarles and Taliaferro (1936), Chandler (1937),
Sarles (1939) and Mulligan et _al (1965), and it is generally
accepted that the serum from a ralt which has had several larval
infections confers greater resisbtance than serum from a rat
which has experienced a single infection. The passive transfer
of resigbance o several other parasitic worm species has been

established, among them, [richinella spiralis (Culbertson, 1942),

Ascaridia galll (Sadun, 1949) and D. viviparus (Jarrett ot al,

1955), There can be no doubt that humoral antibody is playing
a role in this phenomenon.

Group 2, in which each rat was passively immunised with
serum obtained from rats which had experienced several larval

infections, shows an interesting response Lo its challenge



infection. Over the first and second days following transfer
there is no significant reduction in the number of worms
harboured, when comparced with the control group. llowevery it
would appear that on day 3 a trend, whereby the worm burden is
being reduced, irs being initiated, and hecomes clearly evident
on days 4 and 5 following transier. There is no furbther
expulsion of the surviving worms over days 0, 7 or 8. It is
difficult to explain the time lag of 3 days in the appearance
of resistbance in rabte composing CGroup 2. In both the actively
immunised grouwps, Groups 3 and 4, resistance as shown by
expulsion of the introduced worms, was immediatbe. Urquhart

et _al (1965) have proposed that the possession of resistance by

TR ]

rats to adult H. bragiliensis mey depend upon a state of hyperw

sensitivity in the rat in which local enaphylactic reactions in
the gut creato an uansultbtable envivonment for the parasite.

This could lead either to the ultimelte expuision of a resident
populetion, as seen iy CGroup 1 in this experiment, or falilure

to allow the establishment of an introduced adult worm population,
a8 seen in Groups 3 and 4. Soulsby (1961) proposed that the

. . L s o
"geld cure' in He conbtorus infection in sheepy, depended upon a
) N

stabte of specific hypersensitivity in the abhomasume On the
arrival of a doge of newly oblained larvee the sensitised
abomasum would show an anaphylacile reactlon in response to this

antigenic stimulus.



In Groups 3 and 4 in this experiment it could be argued
that the introduced worms provide the antigeniec stimulus fop
an engphylactic reaction to ensue, It 1s elso posgsible that
the guts of Group 4 wrats are more highly sensitised causing =2
more violent resciion, resulting in a more rapid elimination
of the worms ln this group.

With regard to the timc lag between the introduction of
worms and the onset of expulsion is the passively immunised
Group 2, 1t may be that a ceritain period of time ig required
for a sufficient smount of the introduced antihody Lo become
Tixed at the site of the antigenic stimulalion. If this were
80y then under the conditions preveiling in this experiment,

3 days are necessary for this o happen. It would be interesie
ing to carry out an experiment, giving immune serum at different

times bofore and after the time of transfer and noting, when the

w

expulsion of the worms begins.

he necessity for an interval of time of about 2 days to
elapse before expulsion of the worm burden of passively immunised
rats is contrary to the usuwal speed of a reaction based on
anaphylaxis.  Ogllvie (personal communication) was unable to
bring sboul the expulsion of an adult worm population by

anaphylaxis resulting from sensitisation with ovelbumin with

He vertussiag killed organisms as adjuvant. L5 may be that the




creation of an envirvomment which is physicelly unsuitable for
the wormg in the gut through anaphylaxis, is not the entire
story. It is possible that this is a mechaniem whereby
sufTicient quantities of serumy, containing antibody, can gain
access 10 the worms and then cause some anbi-parasite effect
which then debilitates the worms in some way, malking them prone
0 expulsion.

It has been pointed oub by Clavk (1952) that sometimes the
equation, or a graphy; vepresenting the course of a process as if
it were that of a reaction of the first order, describes very well
the decline in the nunmber of bacteria exposed to a toxic agent ox
a high temperature. It is recogninsed that sberilisation asgainst
bacteria by specific agents such as heat or dlsinfeciants is a
complicated matter. However, it has been shown that, when the
logarithms of the numbers of surviving anthrax apores, after
exposura t0 heat or phenol; are plotted agsingt time, a abtralght
line graph is obtalned. Purthermore, the mare severe the
sterilisation procedure, the steeper is the slope of the graph.
Hence the time course of this phenomenon or fthe ralte of killing
of the spores, satisfies the conditiouns ofy, and can he described
as, a reaction of the first order.

It is possible to describe the expulsion of adult N. brasiliensis

in o similar way. A8 a working hypothesis, it soems reasonable



that antibody, either free or in assoclaltion with cells, may be
toxic to the adult worme. The degree of toxicity or anti-parasite
effect of antibody would be proportional to the concentration
within the host and hence t0 the strength of the acquired
resisgtance possessed by the host.

It was seen in fig. 4, where the logarithmse of the numbers
of woyrms isolated from the different groups of rats wag plotted
against time that a straight line graph was obtalned for each
expulsion phage. This suggested that the procesg of expulsion
of the adult{ worms conformed 4o the kinetics of a reaction of the
Tirst order. Thies being so it was possible t0 calculate the
half-life of each adult worm population during each expulsion
period, from the slope & +the corresponding line (c¢/f table 4).
In this way it wae demonstrated that the rate of expulsion of
adult worme was greatest with hyper-infected hosts,. Rats which
had suffered one previous lerval infection showed a rate of
expulsion slightly greater than that of rate undergoing self
cure to a primary infection. Bxpulsion brought about by passive
immunisation gave the slowest expulsion rate. The actual
cessation of egg production followed by expulsion of the worms
may he the result of an anti-parasite effect possessed by host
serum antibodies, which gain optimum access to the worm through

an anaphylactic shock of the gui. If this were so then the



graded rate of expulsion manifest by Groups 2, 3 and 4 mey be
a reflectlon of +the concentration of anti-worm subsbtances
(Lees antibodies) in the smerum of the rats comprising the
diffevent groups.

Another interesting feature ls the cessation of the
expulsion phase in the passively immunised group (Group 2)
from day 5 %o day 8 after transfer. In the actively immunizsed
groups, especially Group 4, virtually the entire population of
worms was eliminated by day 5. The half-life of homologous
rat serum is around 5 days (Bangham and Terry, 1957) hence it
is quite possible that in rats of Group 2, the concenirvation of
introduced antibody could have been reduced to a level, by doy 6
which was too low to confer an anbi-parasitic effect. Another
difficulty of comporing results for pasaively lmmunised and
actively immuniged rate is thait, in the latter case a sccondary
antlibody response may be provokad by this iatroduction of an
adult worm burden. Jo such incresse in anbibody can be expected
in the passively immunised rats.

It appeared to the author that the mechanism of the seld
cure reaction may depend primsrily upon a specific anti-~worm
action and nob upon gross cellular changen in the gult, Uthough
the latter may well assisgt in expulsion. Subsequent expsriments

were designed to f£ind a mechanism whereby hoat antibody could



gain access o bthe adullt worm in appreciable amounts, and to
demonstrate that such antibody could interfere with the well
being of the parasitee.

SV a1
SUBIMay

(L) Adult Ho brasiliensis were traunsferred to the small

intostines of rats of dilferent immunological slatus.
() previcusly non-infected wrabs (Group 1)
(b) paessively immunised rats (Group 2)
(¢) wrabs which had experienced one previous infectlon
with larvee (Group 3)
(&) rate which hod experienced 4 previous infections
with larvae (Group 4).
(2) Rate were killed serially over 8 days Ffollowing transfer
and the number of the worms present in thelir small intestines
determined.
(3) Group 1 rals displayed no significant reduction in worm
burden over tbhe period of the experimentes
(4) Group 2 rate showed some reduction over days 3, 4 and 5
post tranefer, thereafter the worm burden showed no further
reduction.
(5) Group 3 rats showed an immediate veduction in worm burden

which approached zero by day 5He



(6) Group 4 rats showed an immediate reduction, even more
dragtic than that found with Group 3. Conplete expulsion of
the introduced worms was offected by day 5. Stunted worms
derived from e previous larvel infectlion were fcund iu the

small intestines of some rets in thls group.

(1) ‘The pattern of elimination was very differvent for pupsively

immunised and actively immnised ratse



CHAPTTR V¥

{a) Blood loss into the gut of rals infected with

o5 N

W. brasilionsis (short term oxperiments)

Introduction

Phe ingestion of hlood by parasitic worms is not only
important for ite pogsible deleterious effect upon the health of
the host but also from the point of view of parasite physiology
and host resistances.

With many host parvesite systems all the effects of a
naturally acquired resistance can be passively transferred hence
implicating humorsl antibodies in this phenomenon. That serun
antibodies may play an important role in the ¥selfl cure' reaction

of rabs infected with N. brasiliensis has been suggesited by

Sarles and Paliaferro (1936), Chandler (1937) and Mulligan et al
(1965).

The presence of whole red blood cells and fragmenits of red
cells has been noted in the ocesophagus and intestine of adult

Ne brasiliensis isolated from the small intestines of infected

ratse From this histological evidence it has been suggested
that the hogt's blood may serve as a source of nutrition for
this parasite (Paliaferro and Sarles, 19393 Taliaforro, 19423

Weinstbein, 19563 Haley, 1962). Hence evidence has boeen



obtained to show that adult Ne brasiliensis suck blood and that

humoral antibody plays some part in the host's jwmwune response
to this helminth,
If during fself cure' humoral anitibody acts directly upon
the adult worm, possitly debilitating it in some way, so malking
it prone to expulsion, then the blood sucking sctivities of this
parasilte may provide a vehicle whereby serum antibodies gain close
access, in reasonable quantity to the adullt worm, It is Teasible
that such feeding activities could also facilitate the
acguisition of worm antigens by the host, especially if secretory
enzymes, as suggested by Chandler (1937) are important antigens.
Tt was decided to try and obtain a quantitative meoasure of
the amount of whole blood consumed by a population of adult

We bragilienslso. This problem is particularly sultable for

sbudy by isotopic methods because of the ease with which blood
can be labelled. 0f the 3 isotopes with which 1t is pogsible
to label red cells, l.co
(&) 32?; which becomes incorporated in organlic phosphorous
compounds within the cell, which do not weadily diffuse outl,
(b) 59F99 which is inecorporated inte haemoglobin, and

51 . . ‘o
(¢) Cr, which becomes Tirmly bound o proteins within the
cell, the radio-chromium method was chosen as it has advantages

over the other methods;, ©cges=



(a) "The label is fiemly attached and is only released on
destruction of the cell.

(b) There is no significant reabsorption of 2op, from the

lumen of the gukb.

Gray and Stewling (1950) showed that it wam possible %o
Lobel red c¢ells by incubating them with sodium chromate
(Na2510r04)¢

It is suggested that red cells are permeable to anionn,
and 80 allow the inward diffusion of the chromate anion. Inside
the cell the chromabte anion is converted o chromic cation which
is bound firmly by the hasmoglobin molety of the vred cell.

Once bound in this way, the label is only lost on haemolysis of
the cell, 510rn tagged red blood cells have been used hoth in
blood volume and red cell survival studieg (Sterling and Gray,
19503 Necheles et al, 19533 Weinstein and Le Roy, 19533
Mollison and Veall, 19553 Small and Verloop, 1956). The
technique has also been applied to the detection of gastro=-
intestinal haemorrhages (Owen et al, 19543 Matsumoto and

Crossman, 1959), and to estimate the amount of blood ingested

by Pasciola hepatica in guinea pilgs, rabbits and sheep (Jennings,

19623 Pearson, 1963) and in hookworm infection in man and dogs

(Roche et al, 19573 Gilles et al, 1961).

e
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In this initisl experiment rats were injected with
labelled homologous red cellsy, killed 3 hours later and the radiom
activity of the worms compared with that of a blood sanple taken

at autopsy.

Methods and materials

[

(a) Initial onnsideratbions

In this experiment labelled red cells are injected into the
infected host and after a reasonable interval of time, the
activity of the parasite is compared with that of the circulating
blood at slaughber. In order o0 be able to detect the amount of
blood which the pavasibte has ingested one musit consider two points -
(a) If the worm sucks bloody what volume would it contain when
fully gorged? Irom consideration of the dimenslons of the

oesophagus of Ne brasiliensis (Haley, 1961) and assuming this

organ to be a cylinder, then the volume of liguld it could
contaln is approximately Oo?lplo lience a population of 1,000
vorms should be able to conbain about 700‘p10 of blood. No
detalls are given by Haley as o the potential capacity of +the
intestine of this parasite.

in any eventy it was declded that the apecific asctivity
of the host's blood should be such that 1.0 pl. of worm ingested

blood could bhe debected.



(b) How much isotope should be added to the red cell preparation
in order to give a specific activily in the circulation of the
host which will allow the delection of 1.0 pl. "blood" in the
parasites?

An accurately measmurable count in the scintillation counter
ugied wasg considered to be 2 times the background count of +the
machine,  With the counter used this value was 2 x 300 counts/
minute or 600 counts/minute.

The efficiency of the counter for o1

Hence the true activity must be éggﬁ%migg = 15,000 counts/mimite.

Cro = A4%.

is@e 0,001 ml. blood must give 1.5 x 107 counts/minute.,

The approximate blcood volume of a 150 gm. rat = 10 ml.

This dilubion of the injected labelled red cells musl be allowed Ffor.
.oq 10 mle of bhlood must have L.5 x 108 countﬂ/mixmtee

Phe efficiency of labelling of the red cells by chromate is
approximately 80%.

[ 3

e o Tobtal disintegrations required

80

I

= 0.19 x 109 counts/minute.

51 6 5]

Tf 1 pe. of Cr. yilelds 2.2 x 10 dia/mina what guantity of G,

yields 0.19 x 107 dis/min.?

. 1 . ..
Leco 86 JACo 2 Cr. is the desired smount.

As the above calculation is approximabte it was decided to

of 51

nEe 100‘po, e In each preparation.



Hence 100 pe. of Nazbi0r04 was added to a suitable aliquot
of blood from a 150 gme rat in orvder t0 give a level of radio=
activity which would allow the detection of about 0.00) ml.

"blood" ingested by & parasite population.

(b) Labelling of ved cells with Slgge

Approximately 0«5 mle of venous blood from the tail of each
rat was collected separately into tubes containing the requisite
quantity of heparine. The heparinised whole bloods were washed
several times with cold isotonic saline and the washings discarded.

To about 0.5 ml, of red cells suspended in saline, 100 JACe

51

L]

0 Cr. ag sodium chromatc was added. The preparations were
. "0 . . . . .
incubated at 37°C. with frequent mixing for one hour. The
53
uptoke of 2"Cr. by red cells is rapid (Mollison and Veall, 1955)

and a one bour incubation period allows wmeximun uptake of label.

The labelled red cells were then washed three times with

m

pproximately 5.0 ml. of saline each time, and were finally
suspended in 1.0 ml. of saline for injection. The labelled red
cells were injected intravenously, the tall belng the site of
Injections cach rab receilving its own red cells.

After a period of 3 hours the rats were anaesthetised and
exsanquinated by cardisgc punciture. The samples of blood from
each rat were delivered into heparinised tubes. 0.1 ml. aliquots

of each sample of whole blood were measured carefully into separate

counting tubes and leked with normal sodium hydroxide. The
(¥



radioactivity of each sample wap assessed for a period of 100
geconds. Two such determinations were carried oubt on each
sample and where the duplicate counls were not in good sgreement,
o third delermination was maée.

(¢) lixperimental animols

Three groups of rats were selected.

Group A This group had been infected with 5,000 N. brasiliensis

larvae 5 days previously.

Group B This group had been infected with 5,000 N, brasiliensig

larvae 12 days previously.
Group ¢ This group congisted of rats which had had no
experience of the parasilce

At autopsy the small intestine of each rat was exclsed,
glit longitudinally, placed in a muslin bag, and suspended in
warm saline in a 250 ml. beaker at 37OCo for one nour, During
this time, virtually all the adult worms, where present in the
gut, swam oulb and settled on the hottom of the beaker along with
a certain amount of inbtestinal debris.

The worms, where present, and the intestinal debris were
collected with a brosd mouthed Pasteur pipetlte, washed once with
saline and ploced in o glass counting tube. The radioactivity
of each sanmple of worms was measured luw a well type scintillation

gounber.



Table 5

Radicactivity of blood and adult woms
plus intestinal debris samples

Rat Count rate of

Count, rate’af'

No. of *blood*

No. 0.1 ml blood woxms and debris  woims  volume
. vin !.lvlo
Group A
(5 days
after
infection) 1 73,240 0 1,000 0
2 82,600 22 1,100 - 0,03
3 112,700 70 1,200 0.06
Group B |
(12 days after
infection) 1 93,800 9 1,310 0.01
2 46,600 25 1,200 0.0%
3 78,640 48 1,300 0.06
4 93,220 62 1,600 0.07
Group C
(non~infected _
rats) 1 98,650 0 0 0
2 61,700 31 0 0.05
3 82,100 16 0 0.02 :




The number of worms presoit in each sample was counted

with the ald of a binocular milcroscope.

Rosults
- The volume of "blood" ipgested by the parasiitic worms over
the 3 hour period of the experiment was estimated by using the

Formilag «

Volo. hlood _ Net worm sample count rate
(V pl.) T Net 1.0 pl. blood count ratbe

It can be seen from table 5 that the count vates of all
three groups do not differ nor are they significantly greater
than the background count glven by the scaler.

Correspondiogly the worms present in Group A and B possess
no move radicactivity than the intestinal debris obtained in

Group C.

Discussilon

The repsults indicate thot the adult worms infeciing the
two groups of rats (l.es Group A and B) used here did not ingest
any appreciable guantity of host's blood, under the conditions
prevalling during the experiment.

This type of measurey; howevery, has several uneatisfactory

Features. The most lmportant of these is the arbitrary nature



of the time interval between injection of the labelled ved cells
and the autopsy of the experimental animal. It may well be
that during this time interval none or only few of the parasites
may have fed. In ‘this experiment rats at day 5 and day 12
following larval infection were chosen. rom a study of the

life cycle of N. brasiliensis in rats (Haley, 1961), day 5 and day

12 should represent periods where the mutritional reguirement of
the worm population is high. IFor exomple at day 5 the immature
adults should be growlpng into mature adulis whilst day 12
represents the peak ogg laying period. Little is kunown concerning
the feeding habits of the parasite iesee do they feed slowly and
steadily or do ‘fthey Teed voraciously over showt inbtexvals?
I they feod rapidly over a shorit peoriod then it may be that the
cholce of +time interval between injection of labelled red cells
and slsughter is oo long, in that the lugested label may have
‘h@en excreted by the worm.

In order to over come {these difficulities a long term
experiment wes planned in which howologous labelled red cells
were injected lnto infected rats and the appesrance of radioactivity

in the faeces followed tbhroughout the pepriod of infection.
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(b) Blood loss into the gut of rats infected
with N. brasgiliensis (long term experiments)

Introduction

Red blood cells labelled with JIChromium will only lose
their isotopic label substantially on destruction of the red
cell. On intravascular hacmolysis the isotope largely appears

. . . 51 . .
in the vrine, though part of this released ’* oz, may combine with

51

plasma proteins. Cre i3 not reabsorbed from the lumen of the

intestine.

51

By injecting ‘Cr, labelled homologous red cells and
following, over a period of time, the appearance of radiocactivity
in the faeces, it is possible to‘detect and measure gasbroe
intestinal haemorrhages (Owen et al, 1954). This principle

has been used to assess the blood loss in rabbits and sheep

infected with I's hepatica (Jennings, 19623 Pearson, 1963).

By applying this approach to rats infected with [{. brasiliengis

it is posgible Yo measure the host's blood loss over the entire
period of infeclion. If the adult worm causes bhlood loss into
[

the gut, then the )lcro conteni of the faesces of infected rats

will be greater than thal of non-infected rats.
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Hethods and matorials

(a) Labelling of red blood cells

A blood sample from esch rat was obtained and labelled

51

with Cr. as desceribed in the previous sectlon.

(b) wrperimental animals

36 male ratsy, around 150-160 gms. weight, were selected,

and placed in individual cages a few days before the experiment

(¢) Collection of urine and faeces

B L ]

In thisg type of ¢ riment it is desirable to have efficlent

-
5L, L. . 17

separation of faeces from urine, Ore activity will be found

in both forms of exerets, that in the urine from intravascular
breakdown of labelled red cells and that in facces from bowel
haemorvhage. ‘The experimental animels must, therefore; he caged

in such a woy as to aveid cogbamination of urine by faeces and

Vice Verss. A diagram of the metabolisn cage used in bthis

experiment is shown in fig. He. The vrinciple of the method is
that the faecal pellet will, when passced, Ffall through the wire
mesh floor of the cage, bounce off the gloss sphore, and land on
the benche. The vriney; oa the other hand will, when coming in
contact with the glass sphere, adhere to its surface and run
down to the lowest pointy whewe it will form a drop which, when

£y o

Large enongh, will drop off into the crucibles Male rats were



used as there is less chance of these urinating against the wall
of the cago. Urine passed againet the wall tends to run down
the apron of the cage and drop onto the benche 'The method
worked satisfactorily, so long as the consistency of the faacal
pellet was Lirm. In this experiment diarrhoea did not occur,
hence the problem associoted with soft pellets did not arize.

(d) Injection of labelled red cells

4 days after the rats had been placed in the individual
: . i L .
cages, blood samples were taken, labelled with Cre. ond
re~injected. Kach rat was injected with its own labelled red
cella, 3 days later 18 of the rats were each infected with

s 000 No brapiliensis larvoe. faeces and urine samples from

each rat were collected sepavaibely esch wmorning and represented
o 24 houvy sanple. Before determining the radiocactivity of the
faecal sampley; the pellelns were placed in 5.0 ml. of water and
homosenised. The radicactivity of the total 24 hour sample of
both vrine and faeces was measured.
. ‘ . . . . 51

On day 2, 9, 15 and 19 following injection of the (Te
labelled red cells, heporinised blood samples were taken from the
tail of each rate Care wos btaken during this operation to ensure
that the small incisiony, made in the rat’s tall, had stopped
bleeding betfore the animal was placed in its cage so avoiding
contamination of the ueine and faeces with blood. The

radioactivity of a carefully measured volume of whole blood was
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measureds This data for each rat was plobted against time.
I'eom this curve it was possible to compare the radloasctivity of
a known volume of whole bhlood with the activity of the faecal
and urine sample for the same 24 hour perliod, In this way
the radicactivity of 24 hour faecal and urine samples for each
rab could be expressed in bterms of volume of whole blood,

(e) Collection of adult worms

2 rats from the infected group and simulianeously 2 rats
from the nop-infected group were egacrificed on days 2, 4, 6, 8
10 and 12 following the day of infection,. The worms from the
small intestine of the infected rats along with any intestinal
debrig, were collected as described in the previous sechion.
In a similor monner the intestinal debris from the non-infected
rats was collected. Phe aumber of parasites present and the
radionetivity of each somple was obtained and cxpressed in terms
of pl. of blood of the host aaimal.

Al)l radicactivity measurements were carried ouhb in o well
type scintilletion counter and corrected for background and

isotonile decny.

Results

Mge 6 shows the mean activity per ml. of blood plotted

against time, for beth infected and nor-infected animsl g. The
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slope of both lines was similar indicabting that the rate of loss
of radioaciivity from the blood of both groups of animals was
approximately the same,

The loss of radlosctlivity from the blood, due to the normal
turnover of ved cells is roughly indicated by measuring the
radioactivity appearing in the urine of each animal. Over the
period of the‘experiment this was similar for both infected and
non=-infected animals (fige 7).

The mean volume of blood appearing in 24 hour faecal samples,
of both the infected and nou~infected groups is shown in flg. &,
It can be geen that from day 4 of the infection a significantly
greater volume of Dlood appeared in the facces of infected
animols when compared with non-infected controls. This trond
continued until day 16 of the infection. By subtractlng the
valus Tor the volume of blood appesring in the facces of the
non-infected animals from that of the infected animels, o Ligure
indicating the volume of Dblood lost by the host, due to the
presence of the paraslite; was Ohfain@d (table 6). This blood
loss was about 100 pl. ver 24 hours in wach ratb.

Prom o knowledge of the anumber of adult worms found atb
autopsy of the infected rats, serially killed, and from the
number of parasite eggs Tound in the fasces of infected animals,

the extent of the infection can be sssossed. 9 infected and 2



Table 6

Volume of)iblood**expressediin microlitres
present in 24 hr faecal samples from infected rats
less the volume present in similar samples from non=infected rats

Day after infectlon ple of blood lost

with 5,000 larvae N due to the parasitic worm
1 5 0
2 2
3 30
4 79
5 126
6 102
7 107
8 96.
9 96
10 67
11 140
12 57
13 95

I R )
s SR TR N
3]

36




Tgblg 7

Volume of *blood* expressed in micro-~litres,
present in the intestinal contents
(1.e. intestinal debris plus worms where present)
collected from infected and non-infected rats killed serially

Day after No. of Non~infected group Infected group

i?:ﬁcgiggo rats per gl blood No. of sl blood  Nos of

larvae group in contents worms in contents  woims

2 2 0 o 0409 0

4 2 0416 0 0.09 465

6 2 0.43 0 0406 © 1098

8 2 0408 0 0.09 1205

10 2 0 0 o 110
12 2 0.36 0 .12 1035
16 2 0.13 0 0 54




non-infected rats were sacrificed on days 2, 4, 6, 8, 10, 22

and 16 following infection. ~ The contents of the small intestine
from hoth groups were isolated, washed and the radiocactivity of
the sample assessed. The count rate oblbained was not
gignificantly greater than the background count rate, even when
the infected group samples contained as many as 1,000 worms.

When the count rate was expressed in terms of volume of blood

of the hosty it is evident that the parasitic wormns conbained

no significant amount of blood (table 7).

Discussion

R T O e e I e )

51(}‘" o

o

It has been shown, using red cells labelled with
that a rat harbouring an infection of around 1,000 adult

e brasiliensis loses abouwbt 100 jil. of blood every 24 hours into

the Llumen of its small intestine due 0 the presence of this
parasgibe.

Hughes~Jonea (1961) whilst studying the fate of BIGro labelled
red cells in the rat found that there was a small random logs of
ved cells from the circulation. It was proposed that this losgs
occurred at 2 sitess ab the spleen where destruction of the ved
colls tokes place and b the gastro~intestinal tract where some
rod cells are lost dirvectily into the lumen of the gut,. Phis
mechanism counld explain the radiocactivity appearing in the faeces

of non-—infected rabts.



It appears (btable 7) that adult worms do not ingest a
significant amount of this blood, or more sccurately the worms
do not ingest any red cells. This was shown by the fact that
the adult worms collected, at intervals throughout the infectlon
contained no measurable radicactiviby.

BeTore a comparigon can he made of the host blood loss due
to tho presence of different parasitic worms it is necessary %o
allow for the large variation in size of these organisms.

A valid comparison of the blood sucking activities of different
worma cen be made by expressing blood loss in terms of worm

tissue nitrogen. With I'e hepatica it was found that flukes

equivalent to 1.0 mg. of Fliuke nitrogen caused a blood loss of
about 650 pl. each 24 hours, Trom the host, and that the parasite
ingested thisz bleood such that Flukes equivalent to 1.0 mg. of

worm nitrogen contalped about 60 pl. of host blood (Jennings

B T

et _al, 195%5). A similar caleulation with No brasiliensis based
on the figures obitained in the previous oxperiments show that
1.0 wge of adult worm nitrogen cause a logs of about 100 pl, of
hoat'as blood over 24 hours and that at autopsy the volume of

blood contained by worms equivalent 40 1.0 mg. of worm nitrogen

wag zero. Hence it would appeer that adult N. brasiliensig
causes haemorrhage in the host¥s small intestine, probably as

g result of treauma inflicted during feeding by the worm upon



the host's tigsues, llowever, ingestion of red cells by the
wormu dous not oceur to any extent.

vhilst the varasite itself does not consume the host's
blood, it is probable that the blood lost by the host into
the gut will come into close external conbtact with the worms.
A further point is that if intestinal haemorrhage is being
caused by the traumatic feeding habits of the worm then it is
prohable that secretions produced by the worm will f£ind their

way inbto the host's vascular system. Taliaferro and Sarles

(1939) studying the termination of a N brasiliensis infection

in rats noticed that a marked inflammatory response developed

o

in the put mucosa and precipitsates were seen in and around the

peragsitbe. A similar situation has been Tound with Yrichinella
spirelis (Larsh and Race, 1954). These vreactlons are held to

play a part in the immune elimination of the worms, since the
inhibition of the inflammation, which is possible with cortisone,
allows the parasite 0 remain longer in the host (Weinstein, 1955;
Cokery 1956),

Although adult N. brasiliensis do not ingest red cells, it

ig possible that they may be quite capable of ingesting plasma
proteins released in the vicinity of the Ffeeding worme It is
felt that the host's blood loss of about 100 jl. per 24 hours

may well be a means whereby anbtibody galng access Lo the worm.



then rats, which have hod no previous experience of the
parasite, are infected with 5,000 third stage larvae, immaiure
adult worms begin to appear in the small intestine abouis T2
hours post infectlon, These early adults mature and eogg
laying commences around day 6 or 7, end meintaine a high level
unbil sround day 11 or 12 when it hegins to subside repidly.
Blimination of the main bulk of the worm burden by the hoast
occury around day 13 or 14, This scheme of evenis iz probably
reflected in the paramites efforts to gain nubrition.

The appearance of a gignificantly greater volume of Dlood
in the faeces of the infected animals as compsred to the
non—-infected animals occurred st day 4 following infection
(¢/Ff fig. 8)o  This trend inercased reaching o peak on day 5
post infection. Tt seoms reasonable to speculate that this
peak wag caugted by the large aumbers of immature adult worma
appesring in the gut at this time, seeking a position on the
intestinal mucosa ot which to feed and in wo doing causing
haemorrhage. Pollowing this over days 64 Ty, 8, 9 and 10,
the amount of bleood in the faeces Tell graduslly untlil on day
10 it was berely ~ignificantly different from that conbtained
in the faoces of the non-infected group. Iv zould be, that
over days 6, T, 8, 9 and 13, the aldult worm population, having

hecome established and In the absence of any immunclogiloal



response from the hosty, was feeding on the host tissue cauging
only slight trauma. About day 10 it is posgsible thabt a local
anaphylactic reaction at the sitse where each worm was feeding
may have occurred (Urquhard et aly 1965) censing that vosition
to become "unsuitable" for the worme This could have forced
the worme t0 seek a new position on the mucosa wherve they could
successfully feed, This activity could explain the increase

in the volume of blood appearipg in the Ffaeces of the infected
rats on day 1l. Due now o the hyper-sensitbive state of the
rat intestine an immediate response is elicited against the
parasite which is agsin dislodged; hence the low faecal sctivity
off day 12.  One could speculate that on day 13 and 14 the wormns
were seeking a place on the mucosa on which to feed bub without
success, as the worm egg count dramatically declined from dey

11 onwards, wilth a corresponding reduction in the numbers of

wornms as from day 13,

Summaey

51
(1) Red blood cells of rats were labelled with o, by an vitro
incubation with labelled sodium chromate.
(2) After injection of the labelled woboce to hoth non-infected

and infected rats, the animals were plaoced in individual

metabolism cages. 24 hour semples of faeces and urine were



collected throughoud the entire course of the infection firom
both groups of apnimals. By comparing the radioactivity of
thege samples with the vadioaetivity of tbthe blood it was
possible to express the activity in the faecal sample asm volume
of blood,

(3) Puring the patent period of the infection about 100 plo
of blood were lost into the gul every 24 hours by infected
rats. This could well be a means whereby host antibody could
galn direct access to the worm.

(4) Rats were killed serislly and the activity in the worms
present was measured. This was always zero indicating that
the worms did not ingest any significant amount of the blood

loat by the hoste.



CHAPTER VILL

tud]Ow on the loss of macromolecules 1nho the
gut using *3L7 jabelled P,V,F,

Intrﬂductigﬁ

Circulating antibody may play an important part in the

self cure reaction found in rats infected with N. brasiliensis,

by being capable of directly debilitating the adult worm hence
making it prone to expulgion. It has been shown in the previous
Chapter that the trauma, caused by a population of around 1,000
adult worms, leads to a blood loss of aboud 100 micro=litres per
24 hours into the lumen of the gub. {t is conceivable that
haemorrhage caused in this way would take place at the site where
the worms were preseni. In this way humoral antibody, should it
play a part in the self cure »eactiony, could gain direct access
to the worme.

It has been proposed by Urquhart et al, (1965) that the

mechanism of the self cure renction assocliated with a primary

No brasiliensis infection, may be comparable to tho suggesied

mechanism Ffor the self cure reaction found in sheep infected

with He contortuss dl.e. it is suggesbed thal the expulsion of

adult Ne brasiliensis may rely upon a local anaphylactic reaction

taking place in the gut (Urquhart et al, 196535 itwlligan eb al,

o g



1965) . The increased capillary permeabllity brought about by
such o reaction might provide a further vehicle whereby humoral
antibody in appreciable amounts might come in close contact with
the adult worm. J1 wag decided 4o investigate this aspect using
31 4 e . i .

I labelled polyvinyl pyrrolidone, a substance which has been
successfully used in the giudy of abnormal permeability of +the
gagbro=intestinal ftract of humans to macromolecules.

folyvinyl pyrrolidone (P.V.P.) has been described ag an

effective isotonle plasma substitute by Ravin et al (1952).
These worlkers made s closge gbtudy of the exeretion distributbtion
and metabolism of +thig synthetic macromolecular polymer labelled

13

with 11 in wan, dog, rabbit and rat. They found; with a
P.V.P. preparation of about 40,000 moleculsxr weight, that around
60¢% of the injected material was excretsd in the urine within 3
days. The polymer ig not wetabolised to any signiiicant degree
and 90% of an orally administered dose appeared in the facces.
Gordon (1959) made use of the faet that P.V.P. labelled with
131 . o B .o ' 5 s
I, evades enzymic protein breakdowvn in the gastro-intestinal
tTroact. In his studies on the abnormal permesbility of the
gagbro-=intesbtinal tract to plasma vroteins, he injected into

L3, . N . ‘s
the blood sitream 3 I lobelled P.V.P. and velated radiocactivity

in the faeces to leakages into the gub,
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in the following experiment an attenmpt was made to £ind
if there was an abnormal loss of macromolecules inbtoe tho gut

at asome point during an infection of W. brasiliensls in the

rabe

Hethods and materlals

TR

(a) Labelled polymer

Polyvinyl) pyrrolidone; ave.e Mewt. 40,000 wag obtained from
May and Baker.

s 4 . 131 .

Carrier free sodium jodide (Na I ) was obtailned from
Radiochemical Centre Amersham, lingland. The method used fop
. I . 131 : sa e -
labelling P.V.P. with L wag as desoribed by Gordon (1958).
Unbound activity was removed from the preparation by overnighb

dialysin agalinat water.

{(b) wperimental snimals

A group of over 100 hooded rals, of both sexes, each around
7% gmse live woight, were each ilafected with 3,500 infective

No bhrasiliensis larvae, subcutansously and faoecal egg counts

made dally.

On each day post infection s group of 6 rats was removed and
10 mls of the labelled P.V.P. preparation was injected
intravenously into each rat vis a tail vein. As the injection

had to be quantitabtivey greal care was taken. The injection



was carriod out each day at 1l soum. All 6 rats weve killed,
by a blow to the heady, 3 hours following injectlon, and the
amount of P.V.¥s in various parts of the gust measured as
described belowe.

(¢) Preparation of intestinel samples

The small intestine and the larvge ilntestine lucluding the
caccum were removed separately and the extorior of each washed
with warm physiological saline £0 Temove any traces of blood.
The contents of the small intestine were washed out by fowcing
warm saline down through the lumen. This was Facilitated by
stoarving the rals the nlight before the expsrinment. The washings
wore collached and bhulked. The contents of the large intestine
were collected by slitting +the bowel lopgitudinally and swirling
1t around in 15 ml. of warm saliﬁ@ in a small beaker. ‘this
action was sufficient to wash off all faecal moterial,

The mucosa of the small intestine was obitadned by opening
the gut longitudinally and scraping off as much of ‘the macosa as
possible with 2 glass salide. AfTber the radiocactivity of each
nucoss sample had been assessed they were examined fopr aduld

Yo brasiliensls, and the number present in each sample noted.

The above experimentsl procedure was also carried oul on
2 groups of control animals (rate which had had no experience of
the parasite) 1 group nesr the beginning of the experiment and 1

group near the end.



Table 3

Amount of PoVePe (As of injected dose)
in intestinal contents and mucosa 3 hours after 1nject1¢n in rats
at different stages of infection with N,.

Maan P.V.P. Content as % injected dose

Day after No. of

infection rats Contents ‘_Gontenta j Muccsa ‘ Total
2 6 25 1.6 G4 449
3 5 1:0 0.8 T 0.3 2.1
4 6 243 1.0 0.3 346
] 6 1.4 2.8 0.4 446
6 6 2,0 1.7 0.5 442
7 6 1.5 1.0 0.5 340
8 6 440 3.9 0+6 8.1
9 5 241 2.3 0.5 | 549
10 8 2.8 202 Oeb D46
11 5 3.1 2.3 06 6.0
12 6 2.7 1.8 0.5 5.0
13 6 2l 1.8 0.7 He6
14 6 3.4 261 0.6 Gel
15 6 3.1 1S 0.6 9.2
17 5 3ed 1.7 045 Be6

Non~-infected

rats 12 2.1 240 Qe2 ) 4.3
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Figure 11
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Figure 11.

Mean amount of P.V.P. present in the oortents

and mucosa of the small intestine of infected
and non-infected rats.



(d) Radioactivity measurcments

The radiocactivity of the various samples was found using
a well type scintillatlon counter. The resulting counbs were
expressed as a percentage of the todal counits injected to each

animale

In table 8 the mean percentage of the injected PoV.P.
present in the various samples from rals over the whole period
of the infection, is shown. Comparable figures for non-infected
rats ig aleo shown. The total amouni of P.V.lP. expressed as g
percentage of the injected dose is shown graphically in fig. 10.
It is clear thot Lyom day 2 until day 7 of the infection there
was no appreciably greater loss of the macromoleculs into the gutb
of infected rats compared to nop-infected ralbs. Howeverg on day
8 of the infection there waos a dramatic increase in the appearance
of radicsctivity in the gut contenbs and nucosa and this highev
level was maintained until the end of the experiment. It appesars
thet Ffrom day 8 of the infectlon onwards there was an increased
leakage of labelled P.V.P. into the gult of infected rabs.

In fige 11 the mean amount of P.V.P. recovered in the samples
for these pericds of the infectionrn is shown. The values obialned

for the period, day 8 to day 14, show the extent of the leakoge
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comparced 40 the othor periods o the infection and to the
gituation with non-infected rats. Thig peried, day 8 to day
14, colncides with the onget and expression of the immune

response leading to the expulsion of the adult worm population

(figo 12)o

Discussion
Parallel work in this laboratory has shown that when bvans
Blue was adminigtered intravenougly to rets with a patent

Ne brasiliensis infectlon, dork blue patches occurred whore

the adult worme were located. {1t was proposed that this was
caused by lncreased capillary permeability at these areas
(Urquhart et _al, 1965).  Further e eriments where Fvens Blue
aad adult worm antigen were injected intravenously inbo rats
which had recently undergone self curce from a primary infection,
showed marked changes in the integrity of the smoll intestine
compared t0 previously uninlected rats. These ehangés included,
intense blueling, marked hyperaemia and an excessive production
of mucus, indicating an anaphylactic ftype reaction. It was
pogstulated thoat a similar type of reaction may occur during self
cure, the adult worm populstion providing the antigenic stimulus.
The increassd leakage of P.V.P. into the gut of infected

rate from about day 8 of the infection onwards offers support +o



the suggestion that the scelf cvre reaction is associsted with
logal anaphylaxis in the gut. Thig may, however, he only one
part of the immune expulslion mechanisma For exanple, Ogillvie
(1964b)was able to induce a severe anaphylactic shock in rats

senglltised with ovalbumin and Haemophilus periussis killed

organisms as adjuvant while currently infected with N. brasiliensis.

The gross physical changes in the state of the gult due to the
induced anaphylactic shock did not result in the expulsion of
the adult worm population.

These flndinge tond to suggest that while there is & marked
inflammotory response in the infected rat's gut at the time of
the immune expulsion of adult M. brosiliensis, there probably is
some specific anti-parasite sction by eoither humoral or cell
bound antibody, posaibly interfering with the adult worms?
metabolism or feeding abiliity.

The preceding experiment has shown that rats infected with
Ne bragiliengis Adisplay a greater permeability of the gub to
nacromolecules avound the btime of self cure. The polyvinyl
pyrrolidons used in this experiment had an averapge wmolecular
weilght of 40,000, and i+t must be borne ia mind that this is
amaller than albumin and much smaller than globulin molecules
of rat vlosmao. Therefore care must be taken in equating the
amount of this P.V.P. preparation which leaks into the lumen of
the gut with the possible amount of plasma proteins and especially

globulin which may leak through, at or near the time of self cure.



5 more critical examination of the situstion wmay be possible
by employing a sample of P.V.P., with an average molecular weight
nearer that of the plasma proteing. In this way interprcotation
of the results obitained with P.V.P. of this mize in sc faor as it
reflects the efflux of plesmae proteins into the gubt, could be
mode with wmore conviction. Thig problem could also be
inveshigated more directly by labelling the plasms proteins of
the infecied animal, with a label which was not reabsorbed by
the small intestine. This approach may prove Teasgible by

51

labelling plasma proteins with 77 Cre

Sunnna;;y

(1) UNon=infected rats and rats infected with ¥, brasiliensis

i31lg

were given lnitravenous injections of P.V.P. labelled with
3 hours later the rabts were killed and the vadioactlivity of the
Sele and L.le. contentsy, and the 5.1, mucosa was founds (i
apoeared that from day 8§ to day LT of the infection a greater
amnount of the labelled macromolecule appeared in the samples
taken from infected wats than those teken from non-infected rats.
(2) This incrense in gub permeability book place just before and
at the time of sell cure of the infecied rais.

(3) “9his increased gut permeabillty to mocromolecules may well
be the mechanism whereby appreciable smounts of antlbody gain

asccesg o the adullt worm.
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Studies on passive dransfer ol resigbance

{a) Preparabion of various immune sers and an investigation of

R T S

their ability to confeor passive resistance

Introduchion

Several experiments presented in this thesis were carried
out te dnvestligate the effects of antibody upon the metabolism

of adult N, brasilicngis. As a preliminary to these studies,

it was necessary t0 produce an anitl=serum containing the highest
possible level of antibody against the adult worm, To obtain
such a serum it is important to consider the degree and type of
antigenic stimulation and the vime intorval between sensitisation
and collection of the anti-serum from the donating ratb.

Little success has been achleved, in the pest, with attempts
to ghimulate resigltance by injecting dend whele=worm material.

‘Phis is true with N. brasiliensls as well as with cther parasitic

worims (Chandler, 19363 Oliver-Gonzalez, 19563 Urquhart et al,

e A BH £

19543 Soulaby, 19573 Jarrett eb_als 1960). Vaccines prepared
from dead worm material have proved ailmost ineffectusl in
stimulatine funchtional imnuniity. S5lightly belter resistance

has been achieved on adminisitering to host snimals, the oexcretory

and secretbtory products of living worms. This has been shown



with M. brssiliensis and richinella spiralis (Thorson, 19533

Campbell, 195%3 Chute, 1956).

With He brasiliensig in rats the strongest acquired immunily

has resulted from infection with living wornms (Chandlerg 1937)°
The complexity of the auntlbody response Ho an organlsm like n
parasitic helminth, which is the source of a multitude of
potential antlgens, has bheen recognised. The anbigenic sbimuvlus
may also vary in nature as the parasite completes each phase of
its life cycle, usually in different tissues of the bost. Tk
ig not surprising that this resulis in a complex antibody response.
It is difficult with conventlonal serological tests to associate
the appearance of +the various kinds of antibody, as detected by
the various tests; with functional immunity. However, with the
appropriate anti-serum, i1t is possible to passively transfer all
the clfects of a naturally ncquired resistance {(Sarles and
Paliaferco, 1936).
It was decided in the followling experiment to assess the
protective capacity, and henca the snbi-parasitic activity of
the various sera preparedy by the ability of those sera G0

confer passive immunity vpon rats, challenged with an infection

of transferred adult N. bhrasiliensis,

Vith H. brasiliensis in rats different workers have carried

out different ilnfection regimes and bleeding schedules to prepare



lnune BeTum. However, it is sgreed thet, to gain a polent

f‘JS

antleserum, 1t is necessavy t0 give a ralb several large dose
of larvoe (Sarles, 19395 Chandler, 1937).

It is not known with certainty, how long resistance,
stimalated in this way is mainbalned, Chandler (1935)
suggested that resistance stimulated by s single larval infection

dealined after 29 days but Porier (1935) suggested that it may be

more long lived.

tiethods and materials

(a) Prepsration of various sera

Large groups of rats, which were to act as scorum donors,

vere infectod with N. brasiliensis in a variety of ways.

Some rats were infected with 3,500 larvae each. Hald

were sacpificed and bled on the 134h day fellowing infection
(single larval, 13 day serum) while the remainder were bled 20

days post infection (single larval, 20 day serum).

Another large group of rats were given o seorics of larval

infections of increasing size at forinightly intorvals. A

first infection of 3,500 larvae, a second infection of 5,000,

a third infectlon of T;500 lorvae and @ finasl infection of

10,000 larvaey were given t0 each rat subcuboneously. This

group of rats was divided inlo 3 subegroups. The first was



Table 9

Nos of rats ~ Description of serum injected

Group 1n‘group | intraperitoneally to appropriate group
1 20  saline
2 12 nomal rat serum
3 a. 5 single larval 13 day serum
b, 11 single larval 20 day sexrum
4 a. 10 series of laxvalyinfcctions
7 day serum
be 10 geries of larval Infections
14 day sexrum
Co © 10 - sgeries of larval infections
20 day serum
5 5 single adult transfer 20 day serum

6 8 series of adult transfer
. . 20 day serum ‘




bled T days after the last infection (series of larval infectlions,
T day serum), The second was bled 14 days after the final
infection (series of larval infections, 14 day serum). ‘Phe
third group was bled 20 days after the final infection (series
of larval infeclions, 20 day serum).

A third group of rats each received 1,000 adult

He brasiliensis injected into the small intestine. This group

was bled 20 days after transfer (single adult transfer serum).

A Ffourth group of rats cach received a seories of adult
infections injected into thelr small intestines at fortnightly
intervals. 3 transfers, each of 1,000 adult worms, were given
and the rats bled 20 days following the final transfer (series
of adult transfer serum),

The rats were bled by cardiac puncture and the sera were
stored at m?ODCo until required.

(b) Passive imnmunisation and challenge of experimental animals

Groups of vrats of both sexes,; all avound 175 gms. weight,
were given the appropriate serum, intraperitoneally at a dose
cate of 4.0 ml. merum per 100 gm. live weight, 2 days before
challenge. Table 9 gives detaills of the serum given to the
varlous groups of rats used in the experiment.- The challenge

infection consigted of 500 adult N. brasiliensis, freshly

isolated from donor rats 10 days following an initial infection
of 3,500 infective larvac. The worms were injected directly

into the duocdenum of ecach experimental rat.
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Numbexr of adult worms recovered from the small intestine
of rats passively immunised with various sera

(cofe Table 9 for descriptions of group)

No. of worms

t-test of

Group . loe of worms '
ransferred on day O recovered on day 4  significance
) 500 335 % 132 -

2 500 349 = 93 not significant .
3 a. 500 325 x 76 not significant .
be - 500 225 % 121 not significant

4 a. 500 144 = 77 significant
be 500 182 = 106 significant
Cs 500 124 = 76 significant

5 6ﬁ0 307 & 57 not significant

6 500 336 = 118 not significant




he degree of prct@cticnlg&ined from the serum tresitment
was estimated from the nuwaber of adult worms Tound in the swmall
intestine of each experimenial rat 4 days following introduction
of the challenge infection.

The vechnique employed for transferring the adult wornsm

iz given in Chapter V.

G

desults and discussion

It ig evident fyom table 10 that resistance was passively
trangferred only with immune serum from rabs which have received
seversl large lerval infections. Resisbunce in this cxperiment
was measured by the extent to which an infection of adulid worms
falled to beconme established, in the passively immuniscd host.

sarles and Paliafervo (1936) challenged passively immunised

,

rats with an infection of ./, brasiliensis larvae. Nesisbance

te this challenge was only obtained with serum from rats given

3 or more infections of 3,000 or move larvaes It would appear
that the antigenic shtimulation resultling from administrstion of
dead worm maberlal; 1 or 3 infectiocns of 1,000 adult worms direct
to the duodenum, or a single infection of 3,500 larvae, 1s notb
sufficilent to give a high level of clreulatling anlibody.

An interesting result in this experiment iz the inabllity

&
iy

serum obbained from rabts given 3 infections of adulit worms, %o



confer resistance passively. It was noted during the
preparation of this serum bthat the rats showed a strvong
resistance 40 bthe second and third transferrved acult worm
infections, as Jjudged by the host's faecal egg count. In fach
the ege counts were minimal. A similar sltuvation was found
with a small group of m»ata by Chandler (1938), who failed to
get any transfer of vesistance usling serum from rate glven 4
infections of 1,000, 80~hour larvae transferred direcily into
the duocdenuie He challenged the passively immunised rats with

infective {. bragiliensig larvoc. He also found that serum

from rats immunised with dead larvae gave no protection on
passive tronsfer., These findings led Chandler (1935, 1937)
to suggest that o localiped, isolated and distinctive response
caonfined to the inbestinal mucosa wag vesponsible for the
expulsion of a transplanted a2dult worm population and thsat thio
local response did not involve humoral antibody. To stimulate
humoral "antibody parventeral migration assoclated with several
large infections of larvac was nNnecessary.

Tt is quite possible that transferrved adult worms sensitise
the bissues of the small intestine giving local produvetbion of
gell=bound antibody. WYhethor o combination of the local

production and the local fixzation of antibody in the tissues of

the zut excludes appearance of antibody in the circulation is



0% Known. Phat the host's response Lo N brasilicnsis is a

bwo part ohenomenon, an anbi~larval mechanism ag distinet from
i g

an anti-adult mechanismg hasg been reluted by Laliaferro (1940,

>

yho malntained that the expulsion of the aduls worm is a locol

L}

manifestation of a general humoral and cellular phenomenon.
In later experimentisy where the ian vitro effect of humoral

PRI AT RO

antibody upon adult . brasilicensgls was studied, the source of

antibody was serum obbained Trom vabts which had experienced

several large larval infecitions, as in Group 4 in this experiment.

sunmmary
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(1) dats were infected with M. brasilionsis using different

infection of elther larvae or adulise HSers were
gollected at 4diT erent times altbter the final infectione.
(2) rhe sera €rom the different groups were assessed in thelw

ability o confer passive resistance to a challenge of adull
WOTMSe
(3) Only serum from rats which had suffered several large larval

infections, was capable of conferring & reasonable degree of

resistance.



(b)) An investigation of the dilution of the roagin-like
component of immune serum during passive immunisatbion

Introduction

It has recenbly been shown that reagin=like anbtibodies may
be important in the immunity shown by animals to helminth
parasites, Ogilvie (1964a) reported that antibodioes produced

by infection with H. brasiliensis in the rat resembled human

reaging, in that they became rapidly and firmly fizxed to the
gkin of a normal rat on intradermal injectione. These skin
sengitising antibodies can be detected by the Prausnitz-
Kuetner tesl,; nsed in the detection and measurenment of human
reaging (Stanworth, 1963).

such antibodies could be involved in some of the hyperscensitive
states which are a fealbure of many helminth infecltions. Sprent
(1963) has suggested that the inflammatory reaction provoked by
gagbro-intestinal worms and the gramulomatous reactions associated
with migrating larvae may be allergic phenomens. It is not
difficult to realise that such allergic reactions may be of
protective significance in that the asaociated cedemabous changes
and inflammatory reaction could make penetration and feeding by
the parasite difficuli. It must be noted; however, that hypere
sensltivity reactions need not necessarily involve only reaginic

antibodies.
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the ralt oad indeed with wost
paresiiic worms, possive lmminisation has not resulted in
comglete protection apalnst o subseguent challenge infection.
ven when large volumes of serum from highly refractory rats
nave bsen admindstered this has not resulbod in total protection
ageinat w challenge ol

larvae (Yarles, 1939) or
adult worms (¢/f Chapter IX(a) oi this thesis).  If reagin-lice
satibodics play a rvole in proiecition agoinst

el

Sudo

L

{’"‘,

wih h
Ao brosiliensls then this railure

o conlor a strogyg pascive
vesigbance may be due to the very low level of theese antibodios

clreulation and it way boe divdicults o obiain sulfic

in animals being imminlsod becasuse of the
cse parbilcular antibodiecs lor colls. For exauple
the "woppdng up® thoet may occure in the peritonesl cavity whon

gerwe ¢nnbalanlng rosginic wnatibodlies is balog e during
ve dmmunisaiion aay ,rescenb specinl [ roblems. WAt human
rosins Lt hos booa showny Lrom lounological data that seras from
allergic individuals, capoable of showling a positive Peil
could conbain as 11

reaction
Lihle as Odl mge

aatibody H. oor Lliter of

savwn { wbanworth, 1943 ). Hence reaglins when compared to the
major serum protein constitucnts are more or less o trace
COMLONENG e
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Ogilvie (1964a) vsed the P=K test to follow the leval of

reagin=1ilke antibody in the serun of vabts infected with

bragiliensis. In the fellowing experiment an atbtompt was

T Bt P TN R R LA AT )

mpde bo dinvestigate the resginelike antibody titre in rats

pascsively lmmunised with servum from rats made highly resistant

10 Turther infechtion.

dethods and matbe erials

(2) Preparation of immune serum and passive immunisation
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Immune rat serum was obtained from rats given

(3,500, 5,000, T4500 and 10,000 Llaprvae) of third sta larvae ab

-
v

.- y-\

u ke

Fortnightly intervals. The rate were Dled, by cavdiac puncture
10 days following the final infecticn.

3 hooded wats, males and Females, around 179 gmge

o~

1ogroup of

live wel, ht were passively dmmunised with the above immune seruwna,

cech Teceliving 4 ml. serun/l N0 zm. live weight intraperitonenlly.

2 mats from the group were killed by cardiac puncture each day,
over the 4 days following pemsive ilmmunisation. The serum

obtained fram both rots on the day of killing, wns sooled.

h

(D) P.CuA, test with serum from the passively immunised ratbs

The orizinal immune serum and the sercum saaples subseouently
obtained ofter passive immunisastion were both serislly diluted

with normal rat serumne






Figure 13

P ) of injection sites and

serum dilutions used

left flank right flank

serum from rats

RLS.]
S.j immune serum passively immunised
normal serum normal serum
Figure 13. Plan showing the site of intradermal injection

of the wvarious sera.






lut Peltm Shoidng P.C.A. Rf#fmction

1.5./2 P.I.S./1
1.5./4 ' 1.8./2
N.S./i N.s./1
1.5./8
P.I.S8./2
1.5./16 /
1.5./2 .1.8./1
P.I.S./2
I.8./4
N.S./1 N.S./1
1.5./8 P.I.S./1
1.5./K P.I.S./2
I.S. = iHBunt leruB. N.S. = Normal Sorum

P.1.S. = Sorum from patsivoly iomunisod rata¥*



7,02 mls of each dilution of both sera was injected

inbradermally to novmal rotis. In order o Facilitate injection
the hacke of the rats weve carefully shaved, A plan showing

-

the lnjectlon sites and the dilutions of the sera injected can
be sean in fig. 13 It was Tound that the small volume of

serum used in this experiment could be most accurately injected

¥

using a Burroughs- Vielecome "Agla' micrometer syrings fitted with

a 0. 20 (Je3.1.G.) neodle.

injection of antigen

P ey

{¢) Ireparation and

Adult worm antigen was prepared as described in Chavtor XI.
‘the antigen solution was made 19 with respect to “wvans Blue and
1.0 mle of this mixbure wnas injected via a tail vein to cach
eath three days following inteadermal injection of serum.

The rats were killed 1 hour after intravenous injection of

the antigen-bvans Blue mixture and the pelt removed for

avamination,

o

Rosults
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A pomitive vassive cubaneous anaphyloctic (P.C.A.) response

waa Indicated by a discrete blue patch, = eusally 2bout 1 cm. in
clametar, Jeom the photogragchs of the pelts obbalned it can

he seen that positive resctions were obiained with the original
immune serwm diluted Hwo Fold and four hold with nornal serunme

The highee dilutions of this serum i.e. 1/8 and 1/16 gave no reaction.



Ho positive skin reactions resulted with the serum ohtained
from rats which had been pasgively immunised with the above

imnune Serulis

The same degree of resistance to a challenge infection of
o brasilicensis, as found in actively dmmunised rats, has not
been achleved by passive transfer of hyperimmune scerum, even
whon very larvge volumes of such serum have been administered
(Sarles, 1938). The reasons for this failure are not fully
understood.

Should antibodies whileh become fivmly Lixed to cells

(e.gs veaging) Dbe important in resistance to this parasitic
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worm then 2 factors may be of imporltance in
Mrstly such antibodies way only be present in the plasma of the
actively immune rvat at very low concentrations and secondly when
serum is admindstered intraperitoneally, during passive
impunigetion, then the resginelilke antibodies may be "mopped wup®
by cells in the peritonesl caviity.

o

In tho experiment described, the titre of reaginic antibodies

i

present in a given serum was found by a P.C.A. test. An ablbempt
was mode o compare the titre of reaginelike antibodies glven by

an immune serum before and after intraperitoneal injection into



serunm would merely have equilibrated with the intravascular and
extravascular systems so undorgoing an approxinote 3 to 4 times
dilubior. However, if the resgins present in the adminisgtered
serum had been removed and fixed to cells then one could have
cxpeclted a greater appavent dilution of this component within
the cecipient rat (this is called the In vivo dilution). The
extent of this dilution was determined by o comparison of the
skin reaction gliven by the serum oblalned from the passively
imavnised rat with the okin reasction given by serially diluted
original dwmune sorum (this is called in vitro dilution),

It can be seen from the results that no posgitive skin

reaction vas obbained with the serum from psssively lmmunigaed

rabs. The highest in vitro diluticn of the original serum %o
give a positive skin reacition was 1 in 4. Hence the in vivo

PR ST T

dilution must have been greater than 1 in 4.

This Tailure to oblaln positiveskin reactions with in vitro
dilutions greater than 1 in 4 was disappointing and limited the
value of the cxperiment. Other workers using this technique
(Opilvie, 19648) have reported positive P.C.A. roactions with
imnune rat serum diluted 1 in 200 and even with 1 in 1,600,

Ogilvie (1964a) found that these high antibody titres occurred



in vate 3 days following a sccond or later larval infection.
The titre remained high only for a short period and then Tell
to a low level until a further infection. The immune serum
used in this experiment, which has proved effective in conferring
some degree of passive rosistance (¢/f Chapter V) was collected
10 days following the final larval infectlion. It is pomsible
that the reapin-like antibody level had fallen to a low level
during this period of time. It may be that a stronger passive
immunity would have resulited had this serum been collected 3
days after the final lavval infection.

Tifferences between Ogilvie's {(1964a) results and those
obtained here may alse have resulted from differences in the

anbigenicity of the crude vorm extract administered as antigen.

(1) The level of reagin-like antibodies in a serum semple was
determined by a passive cutaneous snaphyaxis (P.C.A.) test.
(2) Immune serum, which ia capable of conferring resistance
passively, was diluted with normal serum and tested (in vitro
dilution). Imnune serum was injected intrapervitoneally at a

dosage which gives passive immunlty, and the reciplent ralt's

serum tested (dn vivo dilubion).

er Iy S 1A B ey



(3) "he greatest in vitro dilubtion to give a positive Peloie

tegt was 1 in 4. No pogitive skin reactions were obtained with
the serum after in vivo dilutilon.

(4) Due to the lack of sensitivity of the P.Cef. test under the
conditions of this experiment, no estimate could be made of the

in vivo dilution of the reaginic component of immune serum other
than this was greater than 1 in 4. '‘"his indlcated, however,
that some "mopping up" of resginic antibodles by cells in the

vreciplent rat had occurred.



CHAPTER X

WY

The in vitro effect of immune serum upon
aduls N. brasiliensis

(a) The fate of o transferred adult worm population after
previous in vitro incubation in immune serum

Introduetion

When infective N. brasiliensis larvae were incubsted in

homologous immune seprum for g period of time, precipitates
Formed at the body openings of the larvae (Sarles, 1938). As
no preciplitate formation occurs when the larvae were incubated
in normal serwn it appeared that this phenomenon was related to
acquired resistance. Jackson (1960) using Ffluorescent antibody,
demonstrated that this precipitate formation resulbted from an
antibody-antigen reaction. He also showed that preclpitates
formed within the parasite’s alimenbary canal ag well as on its
body surface.

Thorson (1954Dh) incubated infective larvae, in immune serum
and found that +this treaitment reduced; on some occasions, the
infectivity of the larvsec. This has also heen demonsitrated

with the infective larvae of Ancylogtoma caninum (Obtto, 1948);

and Trichinella spiralis (Mauss, 1940).




Hence 1% would appesr, in the case of infective larvaee,
that pre-incubation in serun obbained from rats highly

refroctory to further infection with N. brasiliensls, debilitates

the larvae {o some exient resulibing in a reduced infectivity.
Taliaferro and Sarles (1939) noted on occasion the presence

of precipiltates around the adult parasite 1n vivo and stated that

IR A e S

they were similar to those Found during thelr in vitro tests.

R e e U C

When adult N. brasilienslis were incubated in immune rat serum

precipitates somebtimes Formed at their body openings.
in the following experiment an attempt was made to Ffind if
pro—~incubation in lnmane rat seruvm lowered the abllity of an

adult worm populaltion, to become established when transferred to

the gut of a rat which had had no previous experience of the

parasite,

Gethodsg Qnd mdue?. 1

o

(a} Preparation of immune serum

This was prepared by infecting rats with N. brasiliensis

S PR Y

larvae on 4 occaslons as Followsage

Initial infection of 3,500 larvao,
followed 2 weaks later by 5, 000 larvae,
followed 2 wecks laber by 75500 larvae,

followed 2 woeks loter by 10, 000 larvac.



‘The rats were bled 10 days Tollowing the final larval infection.
In other experiments it was found that this serum conferred a
good degree of passive resistance.

(b) HNormal serum

Thig was oblained from rats which had had no experience of

the psrasite, H. Drasiliensis.

. . 0 . .
doth sera had been stored at «20°C. until required.

(c) Incubation procedure

15, 000 adult M. brgsiliensisg were obtained from the small

intestines of rabs infected with 3,500 infective larvae each,
10 days previously.

1,000 worms were placed in each of 15 Wsrburg flasks and
suspended in the following mediag-
(1)

buffer at I Tedo

flasks ench containing 3.0 ml. of Krebs-Ringer phoaphote

N

2 5 flagks each containing 3.0 ml. of normal vat gserum adjusted
- L3 L%
O p}i 7040
(3) 5 flasks each containing 3.0 ml. of immuns rat serum adjusted
to pH T.d,

Antibiotice were added to eneh suspension such that the final

concentration was 100 units Penicillin and 10 Jstite streptomycin

per mls



sach flosk was fitted o o manometer and slaced on the
tarbﬁfg apparatug and allowed to shake at the lowest speod
setting of the machine,. The tenperature of the bath was sget

37069 and the flasks allowed b0 shake overnight under an
otmosphere of alr.

Afber 20 hours incubation the worms wore removed from the
flasks, divided invo 2 poritions of 500 worns sach, and placed
in tapered 10 mle. centrifune tubes The worms were washed 3
timea with waem physiologleal saline, and finally suspended in

saling.

(d) Teansfer to experimenial animals

5T AT B O

A0 rats of bobth sexes and of similar welght were chosen

and divided at random into 4 gecuys of 10,
Bats forming Group 1 each recelved SO0 adult worms which
had been incubated in Krebs-Ringoer phosphaite bulfer. Rata
forming Group 2 each weceived %570 adult worms, incubated in
normal sarum, Rats forming Group 3 esch received 590 aduld
worms which had been incubated in immune serun, Group 4 rats
aach received 500 aduld wormsg which had becn isolated from donow

1. Al

rats just baefore
In all cases the aduld worme were transferred to the

duodenum of the recipicent rats by bthe method already deseribed

(Chapber V).



Tablq 11

Meen number of adult worms recovered from the small intestine
four days after transfer of 500 adult worms. to .each rat.

| - Mean Nos of “hs % of
Group I:::::;ion gzigpf - woxms recovered ' transferred
. onday 4 _ _ infection

1 Krebs~Ringer o L :
phosphate 8 25% = 42 : 91%
buffer ) C

2 Noxmal rat 9 , 174 & 59 . 35
serum

3 Immune rat 10 | 142 & 73 K 28%
sexrum ,

4 o pre~ 10 3%9 « 7 - 12
incubation

fresh worms
transferred




The numbor of parasite eggs contained in the faeces passed
by each greoup por day was found. M the fourth dsy following

transfer all groups were subopsicd and the number of worms

2
povt
1

wiving in the small intestine counted.

tesults and discussion

It con be seen, from table 11, that overnight in vitro
incubation reduced the number of adult worms beconing established
on transfer to the small intestine of o fclean' rat. 724 of a
transferred infection of freshly isolated woprme succaeeded in
becoming established. The corresponding percentages for worms
incubated for 20 houvrs before transfer in Krebg-Ringer phosphate
huffer, normal serum and immune serum wore %1%, 357 and 287
respectively. Tt ds c¢leor that a number of aduld worms had
heen sither killed or seriously weakenced during this peried of
An vitro dincubation.

Worms dincubated in belth nopmol and Lyoune serum showed a
reduced =bility to hecone established when conpared to worms
incubated in phosphate bhutfer. Thess results tend Lo sugrest
that o Tactor or factors possessed by both sera in some way
interfered with the well beiny of the worns such that their

infectivily wag reduced, There was o suggention that

preivneuhestion in immune serum caused slightly grester deblilisation
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lMean number of eggs per rat per 24 hours

G r o u ”{p -

Day after T ' - -
transfexr 1 2 3 . 4
. phosphate normal immune Noe pre
buffer _sexum ._gexum . incubation

1 10,000 5,000 34500 65,000
2 17,000 4,500 6,000 80,000
3 37,000 20,500 17,500 45,000
4 46,000 24,000 19,000 60,000




of the adult worms than siwmilar treatment in normal serum.
llowever, it must be pointed out thaot there is no statistically
significant difference between the number of worms becoming
agotablished in these 2 groups.

The adverse effect of in vitro conditions wpon the ~dult

P T

worm 18 also seen in its effect uvon ege production (btable 12).

Of poarticular interest in this connectlon ig a comparison of

the epe laying potential of the 3 preincubated groups of worms
ag compared to the fresh woras over the initial period of the
infection, The actual manipulation of traasferyine adult worms
fvom the donor wat to the recipient ral does not cause a
reduction in the egg production of the worns, This i3 scon
with CGroup 4 in this exvperimont. A 20 hour preincubation
period, on the other hand, no matbter what the wedium, cousen a
relotive reduction in egy laying over the Fivst 2?2 days in the
new hoste. By day 3 post=tranafer each worm apnears to have
regained full egy laying potential.

Powsrds the end of the incubstblon vericd the worms of each
geoup were closely oxamined for the appearance of vrecipitaies
Ag this test is far from belng a quantitative one, it is difficuli
to dinterpret. Ho real significant differvence as resards
precinitate formation between normal and immune sorum could be
detected with any conviaeition, however, it appeared that there was
nrobably less precipitate formation in the phospvhate bulffer

prepavations.



It has boen suggested that the formation of Jorlets

cretcipitates are the result of an antigen—antibody interaction

and could be related to in vivo resisbance, (Talizferro and Sarlesg,

R LT

1939). Studies with M. brasiliensis infections in both nornal

<

and abnormal hopls were capried out by Lindguist (1950). in

the abnormal hosts; cotton rat, guinea pig and hamster, an initial
larval infection gave an exbtended prepatent perlod, stunted worms
aad o cellular response. All these Teatbures were similar to the
result obtained with a larval challenge 10 & hyperimmuniged normal
hoste Howsvery, it was noted, in the case of the abnormal hosis,
thot no granvlayr precipitotes were present around larvae trapped
in the cellular nodules. However, the serum from previously
vainiected avbnremal hosts, like that ol uninfeeted normal hosts,

Aid not give precipitote formation avound lorvae on in vitro

e b S e LS

al

incubation, whereas serum {rou woth hyperinfectad abnormal and
noprmal hosts did give Serles orecl dtotos. Theso studies
supgeshed thet natural resistonce did notb é@penﬁ upon humoral
rracipitating anbibodies but that acquired resliztance to sonme
axtent might.

In ordor to clarify the position as repards the lormziion

of precipitates by adult . braosiliensis when incubated ia rat

aorwn, and thelr relation to entibody-sntigen interaction it

wold be wise to use a fluorescent antibody techuigque similar



to Bhat employed by Jackson (1999 and 1960) who iavesbigated

the asture of preoc tate formation with larvae of J. brosilicensis

and e spiralig.

e i e )

SUmar ‘}'

Pt s s e

(1) He bragiliensis adult woyms were incubated for 20 hours in

L of 3 wmedig -

normal rat serum, immune ral serum and Krebs=iinger phosphato

buifer,

Precipiiates were presgent avound worms incubated in bobth
sava bul no such precipitobte formation was found with worms in
phosphate buffer,

(2) After incubation the.adult wornms were brsasferved o the
snall intestines of aormal ruis,

(3) ihe number of worms which had become esbablishod after 4
days, was assseysad.

(4) It appeared that preincubation in imaune rat serwn did nod
roduce the infectivity of adult wormsy, when comparved with
similer treatment in normal serui.

(5) ireincubation in bobh normal and imuune serum reduced the
ability of adull worms to become esbablished In o normal rotb
when comparec with worms preincubated in Kreba-Hinger phosphate

buifer,



(b} ihe elffect of immune serun upon the respiration and
metabolism of adult worme

rmey

Introduction

The respiratory metabolism of nematode parasites has been
reviewed by saeveral authors (Hobson, 19485 Mendes, 19495 von
Brand, 19923 Bueding and Wost, 19533 Rogers, 1962). It has
been found that all metazogn parasites examined so far, resplire
aerobically when o supply of oxygen is available, However,
respirvatory rates vary considerably from parasite to parasile.
This could result from a difference of the importance of the
various metabollic routes involving oxygen.

The intermediary metabolism of parasitic worms has notd
been extbensively investigated, however, there lis sulficient
evidence to suggest that the Inbden-ieyerhof sysiem of
phogphorylating glycolysis is present in the tissues of parasitic
adult worms and lavrvae (Rogers and Lazarus, 1949a; Bueding and
Yale, 19513 Rathbone and Rees, 19553 Agosin and Arvavena, 19592).
Part of the pentose phosphate pathway of glucose metabolism was

found to be present in Ascaris lumbricoides and Tehinococcus

78 0 TR BT b AP ATT E

granulosis (Agosin and Aravena, 19%9b3; Bntner, 19573 lintner

and Gonzalez, 1959) however 1% is though that as with msmmalian

tissues this roubte is probably unimporiant as a souvrce of energy.



A common characterigtic of the intermediary metabolism in
the tissues of nematodes, is a high rate of carbhohydrate
metabolism associated with incomplete subsitrate oxidation.
Although helmipths take up oxygen when it is available
Termentation rates remain high. Indeed, it has been sugsested
that these organismg depend uvpon anaserobic metabollsm for
survival and appear to be unable to utilise energy derived from
oxidative reactions (von Brand, 1992). Only rarvely is lactic
acild the major end product of glycolysls, o varieby of volatile
fatty acids being produced in many cases. No definlte
information ig avallable aboul the mechanisms involved in the
formation of volatile acidg by helminths but it is conceivable
that pyruvate produced by glycolytlc reactions, is the common
pracurser of these acides (Rogers, 1962).  The importance and
voute of metabolism of pyruvabte varies with different worms.

For instance, with Nematodirus spp., Neoaplectana glaseri and

Ascaridia calli, pyruvate metabolism seems to be similar $o the
Xrebs tricarboxylic acid cycle of mammilian tissues (Hassey ond
Rogers, 1951). Tvidence For the pariticipation of a cybochrome

syatem in the oxidative metabolism has been demonstrated in the

tissues of T. spiralis (Goldberg, 1957).

The wide variation in wvespiretory rates among parasitic
worne could algo result from the Tact that some vossess pigmenis

capable of transporting oxygen whilst others do nob (Lazarusg



19507} dematodes in gereral posgess no gpecialised resplreatory

s,

surtfaces and it is thought that oxygen cnlbers vin the general

-

body surface and in the casc of A. caninum via the intestine.
There is aleso an absence of a specialised circulatory systen
in these organisms. This lack may be compensated in part by the
vseudocoel, in which are suspended the alimentary canal and
roeproductive systen, This internal f£fluid is alse in contact
with the body wall and may be of dmportance in btransporting
oxygen to the internal organs, PThis function would be greatly
facilitated 1f the pscudocoel contained a respivatopry pigmend

which was copable of transporting oxygen. laemoglobin is

cresent in the nseudocoel of ¥. brasiliensis (DNavenport, 1949
& e & iy : 2 S

.

and transport of oxygen by this plgment has been shown to be
of importance especially at oxygen tensions norvmally found close
to bthe gul mucosa of the rat (Rogers, 1949a)

A survey of the literature suggestbts that M. brasiliensis
ot : 3

utilises oxygen and thot intermediary metaholism noy depend upon
a phosphorylative oxidatlion process, tarlier studies reported
in this thesis have shown that the passive transfer of serum
confers resistance manifest by expulsion of the aduli worm.
Conditions arc also prescnt whereby plasma proteins can gain
veady access o the adult worm (¢/f Chapter VIILI). It has been

s

proposed thet the lmmune expulsion of adult i, brasiliensip may




rely upon some inbterference in the worm's feeding or metabolism.
A worm debilitated in such a way could be easily prone %o
expulsion from the gub. An attempt to demonstrate the
presence of an anbi-metabolic factor in immune rat serum is
described in this Chapter. The effect of immuﬁe gerum, and
hence humoral antibodyy, upon bhoth the oxygen uptake and the

phosphate metabolism wap investigated.

(1) “he effect of immune serum upon the oxysen uptake of adult
Ho brasillensis

Introduction

Schwabe (1957) studied the respiratory rates of free-living

and parasitic N. brasilieunsis larvae whilst suspended in normal

and immune rat serums. It was found that immune serum inhihited
immediately the endogenous oxygen uptake of free-living but not
that of parasitic larvae. However, on adding glucose 4o the
sera the results indicated a trend whereby the respiratory rate
of the parasitic larvae was now being depressed by immune serum,
as well as that of the free-living larvae. These results were
interpreted as giving some support to the enzyme—antienzyme
theory of immunity to parasitic worms first proposed by

Chandler (1936).



The respiratory rate of adult N. brasiliensis suspended

in a balanced salt solution has been investigated (Rogers, 1949b;
Roberts and Fairbairn, 1963) but no attempt has been made to
find if immune serum interferes with normal respiration.

The following experiments were carried out to find if immune
gserum had any effect upon the oxygen uptake of adult worms and

to relate these Lindings to the immune expulsion of the parasite.

freliminary experiments

It is feasible that if humoral anitibody interferes with
oxygen metabolism it is not necessary for its effect to act
immediately. In the event of this being the case it was
decided to find out how long it was possible to follow the

oxygen uptake of adult N. brasiliensis before bacterial

contamination of the preparation made this impossible.

Methods and materials

(a) Isolation and preparation of adult worms

Adult Ne. bhrasiliensis weve isolated from the small intestine

of rats each infected 10 days previously with 3,500 larvae, The
adult worms were given 3 washes with warm sterile saline and
finally suspended in Krebs-Ringer phosphate buffer at pH T.4
(Umbreit et _aly, 1957). Dead adult worms, where used as controlm,

e 2 e e

were killed by storing at =20°C. overnight.
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Micro-litres of oxygen q&déumed}pgrthUr

Doscription of RAX.

flask contents 1st period  2nd period
0~3 hrs. - - 2023 hrs.

3rd period
64-67 hrs.’

~4£5-périod<

90-93 hrs.”

1) live woims, no
antiblotic,
no glucose 99,9

2) live woms,
antibiotic (1)
no glucose 53.5

3) live worms,
antiblotic (2),
no glucose 46,9

4) live woims,
no antiblotic,
/20 glucose 44,9

9) live woims,
antibiotic (1),
M/20 glucose 49,7

6) live woxms,
antibiotic (2),
M/20 glucose  40.8

7) dead womms,
no antibiotics,
no glucose 46l

8) dead worms,
antiblotics (1),
no glucose 9.6

9) dead womms,
antiblotics (1),
M/20 glucose 1044

10) washings from
adult womms,
antiblotics (1),
M/20 glucose 0.8

26.8

21.5

2241
18.9
17,5
D09
1.0

0.8

60.7

- 21e2

15.6
T1e4
7743
13.0
23,9

358

7441

97.4

11.8

: 7.2

53,5

7442

324

2942

45

86.2




Antibiotics were added 4o the Krebs-Ringer phosphate buffer
where indicated at one of two concentrations.
(1) giving a final concentration of 250 units of penicillin
G per ml. and 2% micrograms of streptomycin sulphate per ml.
(2) giving a final concentration of 2,500 units of penicillin
¢ per ml. and 250 micrograms of streptomycin sulphate per ml.
there indicated, glucose was added giving a final
concentration of M/20.

(b) Manometric methods

These are described fully in Experiment l. In the present
experiment the gas phase of flasks was aire. I"laslkks and manometers
were equlibrated for 1% minutes in the water bath, set a%‘37009
hefore readings were taken. The oxygen uphbake was measured
over a 3 hour period on sach of 4 days. During the periods
between measurements, the flasks and manometers were allowed to
shake in the Warburg apparatus, the stopcocks of the manometers

open bto the atmosphere.

Results and discussion

N . .
The mean Qo values for each preparation are shown in

2
table 13. These figures were obtained from duplicate measurements.
Several points are worthy of note.

(a) The presence of antibiotics in the concentrations used had

no adverse effect upon the worms.



(b) Both concentrations of antibiotics used were capable of
suppressing bacterial contamination over the first 24 hours,
however this ability was lost with increasing time, especially
when glucose was added to the preparation.
(¢) A main source of bacterial contaminstion seemed t0 come
from dead and decaying worms.

FFrom these findings it was decided, in future experiments,
o add antibilotics such that the final concentrations were 250
units penicillin and 2% micrograms streptomycin per ml. of

suspending fluid, and bto limit the duration to 24 hours.

ixperiment 1

Effects of normal and imnune rat serum upon the endogenous
rogpiration of adult N. brasiliensis

Hethods and materials

(a) 1Isolation and preparation of adult worms

Adult N. brasiliensis wereisolated fyrom the small intestines

of rats following a primary 3,500 larvel infection. he worms
were washed 3 times with warm sterile physioclogical saline.
An aliquot was counted, and on the basis of this count,; the
volume of the original saline suspension of worms was adjusted
80 that %.0 mle contalned 1,000 worms. As each VWarburg flask

was to contain 1,000 worms, 5.0 mle. aliquots of the worm



sugpension were pipetted inbto individual 10 ml. calibrated
cenbtrifuge tubes, When the worms had selbtled at the bottom
of the tubey, as much as pogsible of the saline was removed.
The worms were then suspended in either normal serum, immune
serum or Kerbs-Ringer phoaphate buffery plus antiblotics, as
the case might be, giving an exact final volume of 3.0 ml.
This was then entirely removed with a broad mouthed Festeur
pipette and placed in the appropriate Warburg flask. During
this operation care was taken 10 malntain the bemperature of
the worms at 37009 and o expose the worms to as little
mechanical damsge as possible.

(b) Normal serum

Hormal serum wag obltained from rats which had had no
previous experience of the parasiite. The donor rats were
starved overnight before being bled.

(¢) Immune serum

Immune serum was obtained from rats which had been given &
series of larval infections, as followss— 3,500 larvae, 5,000
larvae, 7,500 larvae and 10,000 larvae, all at fortnightly
intervals. The rats were bled, after being starved overnight,
10-12 days following the final infection. Serum prepared in a
gsimilar manner has been shown to confer a strong passive immunity
against challenge. Both sera were stored at mEOOC« until

regquired,.



(d) Krebs=—Ringer phosphate buffer

Krebs-Ringer phosphate solution was prepared after the
method of Umbriet et al (1957) and was made up fresh on the
day required. The pH of the 3 media was adjusted o T.4
just before use,.

(e) Manometric mothods

0.5 mle of M/5 K.OHe was. placed in the outer trough of
the Warburg Tlasks fellowed by the 3.0 ml, of worm suspension
placed in the ceniral compartment. The flasks were then
rapidly fitted to the manometer and placed in the Warburg
bath set atb 37009 The apparatus was adjusted to give a
shaking frequency of 80 strokes per minute, each stroke being
2 Gl The gas phase in thls oxperiment was air. After 15
minutes equilibration, readings were taken over the initial
3 hour period. The flasks were allowed to shake, in the bath,
overnight, with the manometer stopcocks open, and readings were
resumed for a second and final 3 hour period next day. Hence
the "initial period" was O-3 hours and the "final period"

20-23 hourse

At the end of the experiment, worms plus media from each
flask were removed separately and the worms washed thoroughly
wilth saline. The total nlitrogen content of each sample of
worns was debtermined by the micro=Kjeldhal method. The volume
of oxygen in microlitres consumed per hour per milligram of

* - -[\I >
worm tissue nitrogen (Qop ) was calculated for each flaske.



Table ‘3.‘4;_

Suspending ANa. of micro~litres of oxygen consumed

A n o - peg hour per mgn, worm tissue N. .
medium determinations (Q:ﬁ, values) -
initial period = final period
0 - 3 hours ‘20 =23 hours .
Krebs-~Ringer )
phogphate buffer . 24 44,6 = 14,7 274 & 8.7

Hoxmal serum 16 D3el # 746 16.1 = 5.2

Immune coruwn 13 5443 & 10,2 5¢5 & 3.1




Results
Thae endogenous oxygen consumptbion rates of lntact adult

N, brasiliensis was measured in normal sera, immune serum, and

Krebs-RRinger phosphate buffer solution.

. . LN .
The resulting Qo values are shown in table 14. Over the

2
initial 3 hour period it can be seen that bthere was no difference
in the respiratory rate of the adult worms, despite the different
suspending medis,. Thig was not the case durlng the final period
lece 2023 hours laber. It is clesr that the oxygen consumpition
rate was lower in immune serum than in both normal serum and
Krebs-Ringer phosphaite huffer. There was also an indication

that there was some depression of oxygen uptake with worms

suspended in normal serum wheﬁ comparedwith Krebe-Ringer phosphate
buffer. As the adult worms aged, thelr respiratory rate decreased,
Afber 20 hours incubation in Krebgmﬁinger phosphate buffer the

e

respiratory raite had decreased by about 40%.

Experiment 2

Iiftfects of normal and immune rat serum upon the resplration of
adult Ne brasiliensis in the presence of an exogenous substrate

Methods and materials

Adult Ne brasiliensis were isclalted and treated as hefore.

To each of the 3 medisn rlucose was added to a final concentration
s 8



Table 15

micro~litres of oxygen consumed

Suspending No. of
‘ fnme per hour per mgm, worm tissue
medium detexminations nitrogen (Qa values)
1nitial period 9 ~ 3 hsurs

Krebs~Ringer o

phosphate buffer 24 44.6 % 14,7
Krebs-ilinger

phosphate buffer

plus glucose 11 49.6 % 13.8
Moxmal serum 16 B3.1 = 7.6
Noxmal serun

plus glucose & 52.8 % 9,1
Inmune serum 13 5443 % 10.2

Immune sexrum
plus glucose 6 4644 * 8.7




of M/20. Tho respiratory rabtes of the adult worms in Krebs-

Ringer, normal and immune rat sevum with asdded glucose were

determined by the direct method of Warhuvrg wiith a gas phase of
. o B, . _ .

ailr at 37°C. Due o unforeseen cilrcumstances it was only

possible to measure oxygen upbake over an initial 3 hour period,

Results

No significant increase in oxygen consumption rate over the
endogenous rate resulted from the addition of glucose to the 3
1 o W
medls used. TThe mean Q02

deviation) are shown in table 15, These results indicated thatb

values (plus or minus one standard

adult i, bragiliensis were unable to utilise this metabolite under

the econditions of this experiment.

Haperiment 3

liffects of envirommental carbon dioxide on endogenous oxygen
consunpbion of adult N. brasiliensis

Introduction

In the previous experiments the direct method of Varburg
was uged 1o estimate the oxygen consumption rates of adult

e brasiliensis in verious mcedla. This method demands that

oxygen uptake be measured in an atmosphere free from carhon

sy

dioxides, Gonerally carbon dioxide has little eiffect upon the



rate of respiration of wmammillan tissues (Umbriet et al, 1957
0.28) however, Schwabe (1957), investigaling the endogenous

oxygen uptake of free living and parasitic p. brasilicnsig

larvae found that while the presence of €0, in the gas phase

e
did not affect the oxygen upbake of the former it did increase

the oxygen uptake of the labter.

Methods and materials

Adult Ne brasiliensis were obhitalned as before. Phe two

rat seray, normal and immuney used in the previous experiments
were gassed for 15 minutes using a sintered aerator, with the
gas phase 40 be uvused in the experiment and the final pH adjusted
0 Teodo

An atmosphere of air containing 1% 002 was used in this
experiment. This was made poesible by using the method of
Pardee (1949) as described hy Krebs (195L). The method is
based upon the use of a "CO2wbuffer" in place of alkali in tho
trough of the Warburg flask. The 'buffer' used o maintain a
constbtant pressure of 002 in the gas phase was an agueous
solution of diethanolamine. This compound binds 002 reversibly
and removes (0, formed by metabolism so maintaining the desired

2

pressure of €O, in the gas phose.

2



Jable 16

QO‘ VQIUSS

' N
L. [<2d .
Suspending No. of A of 00, o

medium detemminations in gas 1n;tial period

phase 4] td'a hcgra

Noxmal serum 16 o% 53.1 % 7.6

Normal serum 6 1% 41:5 9.4
Imnune serum 13 0% B54e3 & 10.2

6 l% 43.0 % 8.3

Immune sexrum




Results

Lo 5 B PR SRR LD

Table 16 shows the QOEN values obtained for adult

Ns brasiliensis vespiring in the absence of €0, from the gas

2
phase and in the presence of a gas phase containing 1% 002,

No appreciable difference in respiratory rate wag obtained

over the initial 3 hour period during which readings were taokeil.
Hence the removal of CO2 from the gas phase, as is the case in

the direct metbthod of Warburg, did not affect the endogenous

respiratory rate of adult N. brasiliengls.

Discussion

The manometric methods, used in thege experiments described

80 far, indicated that neither the presence of €0, in the gas

2
phase nor the presence of glucose as a substrate influenced

the respiratory rate of adult worms. Roberts and Fairbairn
(1963) found that respiration was unaffected by the addition of

glucoge or olher substrates to the medium and that these materials

woere not ingesbed in apprecliable amounts by adult N. brasilienglg.

The endogenous respliratory rate of adult worms wasm
significently depressed following exposure to immune serum for
20 hourse Whether this inhibition is due to an anti-enzyme
contained in the immune serum or to some other effect is difficult

t0 decide..



In the above experiments sir was used as the gas phase,.

The average p0, in air is 174 mm. Hg. It has heen pointed out

2
by Hobson (1948) and Rogers (1949a) that the applicability of
results obtained when parasitesy; ftaken from an eanvironment low
in oxygen such as the host's small intestine, and examined in
solutions in equilibeium with aix, sre open to quesbtion.
Indeed it appears, to some extent, that the more oxygen

available o parasitic wormg, the more oxygen they will

consume.  This is the case with adult N. brasiliensis (Rogers,

1962).
It was decided to0 repeat the above experiments on the
respiratory rates of adult worms in various medis, with a gas

phase containing a p0, similar 4o that present in the parasite’s

2
nabural envivonment. Rogers (194%) has demonstrated thalt the
pD? close 1o the mucosa of the small intestine of the ral varies
from T«9 to 30,2 mme. Hge The gas phase used in the following

experiments conbtained 3% oxygen which is the squivalent to a

p02 of 23 mme HgZe



kxperiment 4

iffects of normal and immune rat serum upon the endogenous
respiration of adult N. brasiliensis in a gas phase containing

Methods and materials

liach Warburg flask contained 1,000 adult M. brasilicnsis

obtained as already described, suspended in one of the following
medigl-
Normal ralt serum immune rat serum or Krebs=Ringer phosphate
buffer,
These medla were prepared as in Ixperiment 1, but in addition, in
this experiment, they were gassed for 15 minutes using a sintered
aerator, with the gas mixture to be used i.e. 3% 02-+ 9T% Ng,
before adjusting to pH Tedo After placing the manometers with
the flasks plus contents on the Warburg apparastusy the atmospheres
in the flasks were flushed out with pure nitrogen for 15 minutes.
This was done with the aid of a suitable manifold (Umbriet et al,
1957 p-70).  'his action is followed by flushing out the

apparatus with the prepared 3% O?-k 97% N, gas mixture for a

2
further 15 minutes. Before initial readings were taken the

flasks were allowed to equilibrate under this gas phase for 15

minvtes, Readings were then taken over a 3 hour period, any 002

produced being absorbed by 0.5 ml. of M/5 K.OHe placed in the

outer trough of each flask.



Table 17 -

Suspending No. of - | ‘,,Qoé‘falues‘:_, |
mediun deteruinations initial period  final perlod
0 to 3 hours 20 to 23 hours
Krebs~Ringer | |
phosphate buffer 23 40.5 = 8.1 2647 % 44
Noyxmal serum 26 ‘ 82,2 % 1349 C 1743 % 11.8

fnmune sexum 25 49.3 % 10.4 15.8 = 3.1

B




The flasks were left shaking overnight in the Warburg
apparatus with the manometer stopcocks open to an atmosphere of
A 0, + 9T% Nye After equilibration readings were resumed for
a further 3 hour period next day. The resulits were expressed

in the terms of worm tissue nitrogen.

As with the measurements taken with an atmosphere of air in

2N values obltained in this

experiment are similar despite the mediumy, over the initial 3

the Warburg flask (table 14), the Qo

hour period (table 17). Howevery, 1t is note worthy that the

N
2

legs oxygen.

Qo values are all slightly lower wilth the gas phase containing

Afber 20 hours incubation in immune serum adult N, brasiliensis

. ; 4 .. N . ;
agaliln show a reduced Qo value when compared 1o worms suspended

2
in phosphate buflfer. The reduction, however, is not so great
in this experiment as it was with air am the gas phase, There

was no significant difference in the respiratory rates of worms

gugpended in either serums.



Table ”l§

- -
Suspending No. of qoQ values
medium detexminations Y et ;
initlal perlod Final period
0 to 3 hours 20 to 23 hours
Krebs~Ringer
phosphat.e buffer 23 40.9 % 8.1 2647 & 4.4
Krebs~Ringexr
phosphate buffex 3
plus glucose 6 504 % 9.7 2349 * 2,6
Noxmal) sexum 26 4242 % 139 173 = 11.8
Hormal serum
plus glucose 6 297 & 4.7 204 % 0,7
Immune serum 25 49.3 % 10.4 15.8 = 3,1
- Jmmune scrum
plus glucose - 6 59.8 % 10.3 236 = 33




Ixperiment 9

The effect of glucose as an exogenous substrabte upon the respiration
of adult H. bragiliensis in a gas phase conbalning 3% oxygen

Metbthods and materials

Adult worms and the 3 medis were prepared, placed in Warburg

flasks and gassed with 3% 0, + 9OT% N,, as in lxperiment 4.

?9
However, in this experiment each of the media contained a final
concentration of M/EO glucoses, Measurements were again made by

the direct method of Warburg over an initial 3 hour period and a

final 3 hour psriocd, 20 hours lalber.

Table 18 shows results obtained for the regpiratory rates
of adult worms in the 3 media in the presence or absence of
glucose. Over the initial period the presence of glucose
appeared to slightly increase the respiratory rates of worms

sugpended in phosphate buffer and immune serum, while failing
to do so with worms suspended in normal serum. It is not
clear why this should be s0. Over the final 3 hour period
there was no difference in the ¢ values of the worms in either
of the 3 media where glucose is added. The presence of added
glucose to immune serum appears to have abolished the decrease

in @ value found over the final period, with the endogenous @



Table 19

- —
Suspending No. of % Ca, | q02 values

medium detexminations | iglg:s ‘Final period

P | 20 to 33 hours

Normal serun 26 . 0% 17.3 % 11,8
Noxmal serum 6 1% 19.1 % 5.4
Inmune serum 28 0% 158 ;’:53.’,1
Inmune sezun 6 W 14,8 % 2.4




values of worms suspended in phosphate bulffer and immune serume.
It may be that over the final period glucose was heing utilised
by the worms suspended in lmmune serum but not by worms suspended
in phosphate buffer. A slight increase due to the presence of

glucose was also found with worms in normal serum.

Experiment 6

The effect of envirommental carbon dioxide on the endogenous
oxyeon consumption of adult worms in a gas phase containing

2% oxygen

P e NP

Lach Warburg Llask contained 1,000 adult N. brasiliensis

suspended in 1 of 2 serase~ normal ral serum or immune rat serum.
In place of alkali in the outer twough each flask contained its
appropriate volume of Pardee's solution to mainbain a gas phase
containing 1% €O, in each flask. Hence the gas mixture used in

2
this experiment contained 3% O?-+ 96% N?-+ 19 0029
The adult worms were stored in thelr respective media, in
the Warburg appacatus, overnight under this gas mixture, and

readings were only taken over the final period.

Results
Table 19 indicates that the presence of €O, in the gas phase
[~4
has no effect upon the endogenous oxygen consumpilon of adulth

Ne brasiliensis.




Discussion

During the patent stage of an infection with N. brasiliensis

it has been shown earlier in this thesis that mechanlsms may
exigt whereby host plasma proteins can gain access to the worms
in appreciable quantities. Should specific antibody present in
this serum fraction debilitate the worm then expulsion by the
host would be facilitatbed.

It has been shown in the above experiments that after 20
hours exposure of aduld worms +to immune serum under am aitmosphere
of air, these worms assimilated less oxygen than did similar
worms suspended in normal serum. The reduction in oxygen
uptake of worms in immune serwm was even greater when compared
with worms in phosphate huffer solution. When the oxygen
tension ie reduced to that most likely encountered by the worms
in their natural enviromment, then no such difference between the
aera wag found. In both sets of experiments, worms suspended in
phosphate buffer showed o higher endogenous oxygen uptake after
a 20 hour incuvhation, than worms in either sera, and especially
so with worms in immune =serume. That adult worms survived better
in a balanced sald solution than in either immune or normal ratl
serum was shown in an earlier experiment (c¢/f Chapter X(a)).
Those worms suspended in BSS. showed a better ability to become
esfablished in the new host than did worms suspended OVerﬁight in

elther serume.



The addition of glucose as an exogenous substrabte to all 3
media in Ixperiment 5 (where the oxygen tension was small)
resulted in the elimination of this lower endogenous respiratory
rate, shown by worms suspended in immune serum. As our knowledge
of the intermediary wmebabolism of carbohydrate by this parasite
is scanty, it is difficult to interpret this resuli, Hore
information upon the mebtabolism of glucose may be gained from
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use of the various « labelled glucome molecules as exogenous
subatrates, However, it may well be that antibodies present in
immune serum were inhibiting to some extent, metabolic pathways
which utilise oxygen, and that in some way it may be that the
adverse effects of inhibition upon the worm's energy supply could
have been made good by metebolising this substrate.

The relative conitributions of anaerobic and aerobic
metabolism towards the euergy requirements of the parasitic worm
are not Known. However, it has been shown that under anaerobhic
conditions adult worms show complete losg of motility within 6
hours and death within 6 %o 24 hours (Roberts and Fairbairn, 1963).
Adult worms are also immobilised on adding cyanide, so inhibiting
aerobic pathways (Roger59 1949b). Hence it would appear that

adult N, brasiliensis do rely upon energy gained from aerobic

pathways for survival. ghould these pathways be inhibited then

the worm could be serilously weakened or even killed,.



Adult wormg are Ffound burrowing deep into the mucosa of
the small intestine. I'rom measurements made by Rogers (1949a)
the partial pressure of oxygen at this position varies in the
non—infected rat from T mm. to 30 mm. mercury. It has bheen
pointed out (Campbell, 1931) that the growth of fibrous tissue,
inflammation and obther pathological changes which lead to a
decreased supply of blood also cause a fall in oxygen tension.
In an infected rat 1t is concelvable that the oxygen tension
may drop to a very low level. Under comparatively anaerobic
conditlons, the worms would soon dile. A closer study of the
oxygen tengions in the gut of an infected rat abt the time ol
gell cure is required. However, Ogilvie (1964b) has reporied
that the adult worms are not expelled by the gross changes in
the integrity of the gut brought about by anaphylactic shock of

rabs sensitised to ovalbumin~H. pertussis anltigen.

It is Ffelt, however, that the above experiments do not
afford sufficlient information to state catagorically that lmmune
serum inhibits the acrobic resplratbtory mechanism of the adult
WOPMo Yhere oxygen consumption‘was reduced, +this may have had
nothing to do with a specific inhibition of oxidative metabolic
pathways, but merely indicated that a higher proportion of the
worms were dead or moribund. More will be said concerning

thig matlter in the general discussion of this Chaptoer.



summary
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(1) The in vitro oxveen consumption of adult N. brasiliensis

while suspended in 1 of 3 media (normal rat serum, immune ratb
serum or phosphate bhulffer solution) was determined in a Warburg
regpirometer.

(2) lieasurements were taken over an initial 3 hour period and
after overnighlt (20 hours) exposure in the suspending medium,
for a final 3 hour period.

(3) A significant reduction in the endogenous oxygen consumpiion
during the final period was Tound with worms suspended in immune
serum, when compared to worms in phosphate buffer solution and
normal serums

(4) The presence or absence of 002 in the atmosphere or glucose
as subsgtrate did not affect oxygen uptakes

(5) "he experiments were repeated with o gas phase conbaining
only 3% oxygens This represented the pO? that the adult worms
axem~t Likely to encounter in the rat's small lintestine.

(6) Again a reduction iv the endogenous oxygen consumpblon was
found during the final period with worms suspended in immune
serum when compaved with worms suspended in phosphate bulfer
solution. However, under these conditions of reduced oxygen
avalilabillly there was little difference in the respirvatory

rates between worms in normal or immune serum.



(7) The addition of glucose gave a slight increase in respiratory
rate durling the initial period. This increage was more marked
over the final period in the casge of worms in normal and immune
Beruile With the latter the increase was of such an extent that
it abolished the differenceé betwoen the endogenous oxygen uptoke

of worms in lmmune gserum and phosphate buffer.

(2) The effect of immune seyrum upon the phosphate incorporation
by adult N, brasiliensis

Introduciion

Radiophosphorus has been exteunsively used in turnover studies
off memmalian tissues and organisms such as yeast and virus
(Hevesy, 1947). von Brand (1952) has mentioned the possibility
of applying this bechnigque to problems associated with the

physiology of parasitic wormse. Adult No brasilicnsis rely for

survival to some extent upon energy derived from glycolysis of
carbohydrates. should humoral antibody interfere with this
metabolic aclivity then this could be detected by abrnormal

utilisation and incorporation of labelled inorganic phosphate.



Methods and materials

(a) Isolation and preparation of adult worms

Adult Neo braslilicensis were obtained from the gut of rats

10 days sfter a primary infection of 3,000 larvae. The wWOorms
vere washed, counted and prepared as previously described.

The worms were incubated in 1 of 3 medla, normal rat serum,
immune rabt serum and Krebs=Ringer phosphate buffer, The 3 nmedia
vere similar to those used in the experiments investigabting the

in vitro oxygen consumpiion of adult H. brasiliensis.
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(b) Isotopic methods

fadiophosphorous was obbtained from the Radiochemical Cenbre,
Amershamy, as carrvier freo lahelled potassium dihydrogen phosphate
RN V-0 . N s o A . )
\huﬂz I} 04)° 20 micro-curies of the isotope were added per ml.
of medium, After addition of radiophosphate an aliquot was
removed and the specific activity was calculated for cach medium
(counts per 100 secon® per milli-micromole of orthcphoupbate).

Radioactivity measurements were carrvied out in an M.6 liquid

counter conmected to a Panax scalere.

(¢) Inorganic phosphate determinations

Orthophosphate concentrations in the samples were delermined
by the melbthod of Martin and Doty (1949) which is a modification

of +he Berenblum and Chain (1933) procedure.



(a) Incubation procedure

1,000 freshly isclated washed adult worms were placed in
3.0 mle of the appropriate medium in a 15 ml. test tube and
placed in a woller drum for 20 hours at 3700a The pl of cach
incubation medium was T.4 and the atmosphere in each tube was
alr. Antibiotice were added glving a final concentrabion of
250 units Po2icillin and 25 mgm. Streptomycin per mle AS &
control, dead worms, killed by freezing overanight, underwenb the
same experimental procedure. These controls gave an estimale
of any honmspeeific uptake of phosphate and this was subsequenitly
deducted from the values gained with living worms.

(e) Determination of the acid soluble organic phosphatoe fraction

At the end of the incubation period the worms were washed
thoroughly with ice cold saliney; until no residual radioactivity
was detected in the washings. Bach sample 0f worms was finally
sugpended in 3.0 ml. of cold distilled watler, and homogenised
using a Yotter-llvehjem pestle homogeniser followed by several
gshort buvsts in a M.S5.0. Ulbtras~sonic disintegrator. During these
operations the samples were kept cold, The acid soluble phosphate
fraction was isolated by the method of Nielsen and Lehninger (1955)
summarised briefly os fdllmwsam

An aliquot of L.0 ml. of the worm homogenate was remncved from

each sample and the total nitrogen content measured. Another



1.0 mls was removed from each worm homogenabte and Q.4 ml. of a
25% Urichloroacetic acid solution madse 0.0% M with respect to
KHQ PO-g added., The T.Cch. exbracts the acid soluble phosphate
Traction. 06 of thig T.C.he goluble fraction was extracted
twice with water saturated benzene-isobutanol (v/v) solution,
tollowing adﬁiﬁién of 0.8 mle of 10% ammonivm moiybdate, to
remove lnorganilc phosphate. After this treatment vhe agueous
phase, containing the zcid soluble organic phogphate fraction,
was free of inorganic phosphate. A volume giving a sultable
count rate was quantitatively removed from the agueous layer,
It was possible to calculate the amount of orthophosphata
in milli-micromoles taken up by 1.0 ml. of the original worm

homogenate from the following equationsz-

grthophorphate uptake _ 43 total vol., of b+ a milli-
per 1.0 ml. worm A acqueous phase * c micromole
homogenate

where B = counts per 100 seconds of 1.0 of the aclid szoluble
organic phosphalte acqueous phase

A = gpecific activiity of the medium (l.e. couuts per
100 second per milli-micromole orthophosphate
contained in the respective medium)

b = 1.0 mle {volume of original aliquot)

a = 0.4 (volume of T.CoA, added)
¢ = 0.6 (volume of acid soluble phosphate fraction

used).
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Figure 14 Amount of inorganic phosphate incorporated into

the "acid soluble organic phosphate fraction" of

adult womms after 20 hour incubation in wvarious
media.



rom a kunowledge of the total nitrogen content of 1.0 ml.
of the original worm homogenate, it was possible to calculste
the number of milli-nmicromoles of orthophosphate token up per
milli-~gram worm tissue nitrogen over the 20 hour incubation

perlod,

Regults and discussion

In this experiment an estimation has been made of the
amount of inorganic phosphate incorporated into the>'acid
soluble organic phosphate’ fraction of worms suspended in
different media. The 'acid soluble organic phosphate! fraction
isolated by cold T.C.A., extraction contains almost 211l the
phosphorylated esters involved in the Fmbden-ieyerhof pathway
of glycolysis (Umbriet et al, 1957).  Over the incubation period
1t appeared that a greater amount of labelled inorganic phogphate
was incorporated into the 'acid soluble organic phosphate!

fraction of adult N. brasiliensis incubated in immune serum than

in either of the other 2 media {(Fig. 14). A posslible explanation
for this phenomenon is that some factor present in immune serunm
and not present in normal serum or Krebs-Ringer phosphate buffer
caused inhibition of glycolysis leading to a subsequent increcase
in phosphorylated intermediates. It is probable that antibody

may be the factor involved.



Bueding (1949) reporited that under aerobic conditions the

Tilarial nematode Litomosoldes when incubalted in =z medium

32P labelled inorganic phosphate, incorporated ab

containing
least 3.5 times more 3EPhosphate into the 'acid soluble organic
phosphate' fraction in the presence of glucose than in its
absence. A1l 3 media in ‘the experiment described here were
standerdised with respect to glucose conltent, glucose heing
estimated by the glucose oxidase method (Huggett and Nixon, 1957),
Hence the greateor uptake of phosphate by worms incubated in
immune serum was not due to a greater glucose concenbration in
that medium,.

Hansour and Bueding (1954) studied the effect of trivalent
antimony compounds on glycolytic enzymes of Schisbtosoma and
showed that these drugs inhibit phosphofructokinase activity.
Later Bueding and Mansour (1957) demonstvated that the addition
of purified mammalian phosphofructokinase to homogenates, poisoned
with trivalent antimonials, reversed the inhibition, From this it
was taken that the chemotherapeutbtic effect of trivalent antimonials
in schistosomiasis can be atitributed to the inhibition of parasite
phosphofructokinase, mamnalian phosphofructokinase being relatively
unaffected by the drug. Massey and Rogers (1950) stated that
phenothiazine is an inhibilbtor of phosphatases. Hence it would
appear that some anthelmintics have an inhibiting effect upon

certaln metabolic pathwayr of the parasitic worme
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While the mechanism remains in doubt, i% is clear that the

phosphate incorporation of Ne bragiliensis incubated in immune

sepum ig different from thsab of wormg incubated in normal serum

and Krebs-Ringer phosphiate buffer,

Summazy

(1) Adult worms were incubated for a 20 hour period in either
imnmune serum, normal serum or phosphate hulffer solubtion, o which
had been added 32P labelled inorganic phosphate.

{2) "he amount of phosphate incorporated into the worm's acid
soluble organic phosphate fraction was debtermined for each medium.
It was found that those wormg suspended in immune serum incorporate
a significantly greater amount of inorganic phosphale than did

worms suspended in normal serum oy phosphate buffer solution.

General disgussion

The basgis of the immune mechanism to parasitic worms has
been postulated to be "anti-ensyme" in character (Chandler, 19953).
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has becn substantiated by Thorson (19%6) who noted that
ocesophageal gland exitracts of hookwormsg possessed proteolytic
activities which could be ighibited by immune serum. Soulsby
(1957) has considered thisg to be "exbtarnal" enzyme inhibition by

imnune seruie ile has also pointed out that the inhibition of
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"internal" ensymes, those responsible for the life processes of
nematodes, may also be involved in immune mechanisms,

In the above expowximents it wam found that after 20 hours
exposure Hto immune serum under a gas phase of air adult worms
showed a significantly greater reduction in respiratory rate
than did worms suspended in novmal serum oy Krebs-Ringer phosphale
(table 14). After the same period of time under a gas phase
containing only 3% oxygen worms suspended in immune serum showed
a reduced respiratory rale when compared with worms in Krebs--Ringer
phosphate buffer. However, under these conditions there wag no
significant difference between worms in normal or immune serua
(table 17). On adding glucose to each of the 3 media it wus
found that there was now no diffevence in respiratory rate (table 18).

After incubating adult worms for 20 hours in the 3 media,
containing 32? labelled inorganic phosphate, it was found thab
those worms suspended in immune serum incorporated inbo their
"acld scluble organic phosphatbd fraction, abhout double the amount
of inorganic phosphate than dld worms suspended in normal serum
ond Krebs—-Ringer phosphate bulfer.

A possible explanation for these results could he that antibody
contbained in lmmune serum, caused partial inhibition of +the
mebtabolism of glucose. As a result of such inhibition the

oxygen requirement would Dbe reduced, and an accumulation of



phosphorylated intermediate compounds could occur. The greator
availability of glucose, made possible by adding this subsitrate
to the media, may have helpgd to overcome the inhibitory effect
of antibody, hence restoring the normal rate of oxygen consumption.

Great care must be taken with the interpretaition of resulils
obtained from the type of experimeni described in this Chapter,
It must be recognised that, during these in vitro studies, the
adult worm has been removed to an unnaturallenvironmentn Under
these conditions it is inevitable that from the moment of wremoval
from the gut the worms are in a process of dying. This alone
could have far reaching effects upon the normal physiological
processes of the worm, and attemplbs to measure a specific
interference in the worm's metabollsm by immune serum are made
difficult, It may be possible $o overcome this difficulty in
2 wayse

Miretbly, it may be better to utilise worm homogenates when
investigating anti-melbabolic effects possgessed by immune serum.
However, such an approsch brings with it the difficulty of relating
findings obitained with homogenates 4o the situstion in the intact
viable worm, Degpite thig such studies should be carried oub in
parallel with experiments on the living worm.

Secondly, successful in vitro culture of the parasitic worm

would eliminate the complicating factors caused by the worms



dying. Jbudies on the worm's physiology and effects thereupon
by various substances could be carried out. It is unlikely
that the metabolic activity of adult worms maintained in this
way should differ markedly from that of worms in their natural
environmment.

The appearance of precipitates around adult N. braesiliensis

on in vitro incubation in immune serum have been reported
(Paliaferco and Sarles, 1939). Similar precipitates forming
around. the body orilices of larvaec have been shown to be the
resulﬁ of an antibody-~antigen interaction (Jackson, 1960).
Whether the materials which arise from the body openings of
worms are “external® enzymes is not known. It is conceivable
that they may be wasbte end products from the "“inbernal® enzyme
moderated metabolic systems and whether an antibody against such
products will inhibit the precursors is a malbter of conjecture.
However, it is péssible that the presence of a cap of
precipitole at the body oviflces of the worm may seriously
debilitate it. This adverse effect may in turn seriously
iaterfere with the worm's physiological processes. Hence 1t
is quite possible thal the differences in oxygen consumpiion
and phosphsate incorporation obtained with worms suspended in
the 2 media used in the experiments described above may have

resultbed from a non-specific effect of this nature. It has



becn suggested, for example, thal precipitates occurring on the
viulva of worms mechanically obstruct the passage of eggs, and
similarly precipitates on the excretory pore block the excretory
system (Culbertson, 1941),

The experiments described in this Chapter have been
concerned with bthe effect of a serum factor upon the metabolism
of the worm. Cell or cell extracts from tho normal or vesistant
hogt were notv employaed. Tt is quite powsible that cell bound
antlibodlies ave operative in the immune expulsion. Expevimonts
investigating the effect of cellular componenis asg well as serum
factors, upon the worm's metabolism are worthy of attention.

In the following Chapters experiments, designed to investigote
the presence of cell-fixed antibody specific to the parasite,

are described.
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Studies on the presence of cell fixed antibody using
L5ly trace labelled adult worm antigen

Introduction

It has been suggesied by Urquhart eb al, (1965) that the

expulsion of a primary infectlon of adult N. brasiliensis, from

the small intestine of the rat may result from a specific
immedliate hypersensitivity in the tissues of the gut to womm
antigen,

It is thought that before gntibodies can Rparticipate in an
immediate hypersensitivity reaction they must not only react with
specific antigen but also be atitached o tissues (Ovary and
Karush, 1961). It also appears thaty in some animal species,
the participation of complement seems 1o be important to the
occurrence of hypersensitiviiy reactions of the immediate kind
(Osler et al, 1959). A specific affinity of antigens for certain
cells from lymphold tisgue and spleens of immunised animals has
been demonstrated using the Coons fluorescent antibody technique
(Coons et al, 1955) and by the specific adsorpition of 1311 trace
labelled antigen by these cells (Boyden and Sorking 1960),

The following experiments were carried out to Lfind if antigen

prepared from adult worm tissue, would bhe specifically adsorbed by

cells obtained from rats highly refractory to further infection



with N. brasiliensis, and by cells from normal rats which had

been pretreated with gerum obtained from highly immunised
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rats, The trace labelling technique with I was used to

measure antigen adsorpltion.

Methods and materials

(a) antigen preparation

Adult Na bragiliensls worms were obbtained from rabts on the

10th day following larval infection. The adult worms were

washed with sterile saline and finally suspended in saline,

giving 1,000 s.orms per ml. The‘worms were then homogeniged

using a PottereLlvehjaon pestle homogeniser followed by several
ghort bursts in an M.S5.8. utra-~gonic disintigrator. Particulate
matlber was removed by centrifugation. During these operations
the worm samnple was kept colde. This material is referred 1o as
"antigen' although it is realised that it will conlbain a multitude
of antigenic materials.

(b) Isotoplc labelling of the antigen preparation

The protein nitrogen concentration of the antigen preparation
was determined by the micro-~Kjeldhal method. Labelling of the

ljli wag carried out by bthe iodine

antigen preparation with
moxnochloride method of MeFarlane (1958),

Labelled Anticen (preparation 1)

The total volume of this adult worm antigen preparation was

1f ml., containing a calculated 30-40 mgs. protein per ml,
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8.5 mls of glycine buffer (pl 9.0) was odded to the 17 ml. of

antigen preparatiol, 0.5 ml., of I ¢l solution (contsining

13
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0.42 mg I/ml. as I C1) with 12 uc. I as Nal (thiosulphabe-
* %

free) was added to 8.5 ml. of glycine huffer (plI  8.5) and
immediately added to the buffered anbtigen solutbion, in o conical
flask. The mixture was swirled for a minute then transferred to
g dialysis sack and dialysed overnighl against o large volume of
cold igotonic saline. The saline was changed end dialysis
conbinued Tor a further 24 hour period, The labelled antigen
preparobtion was then removed from the dialysis sack centbrifruged
at 2,500 rep.u. for 20 minubes and stored ot ~20°C. unbil
requiraed,

The nitrogen countent of a measured aliguotl was determnined
by the micro-Kjeldhal procedurc.

(¢) Preparation of cell suspensions

Spleens from normal rats and from rats which had been gliven
4 larval infectiong of 3,500, 5,000, T4500, 10,000 at fortnijhtly
intervals were obtained and each treated as followssie

The spleen was cut with scissors into fragments of about
2.5 wm., and these were imncdiately lmmersed in Mediuvm I (10%
normal wat serum in Ragle's medium). The tissue fragments were
ressed through nylon with a pestle, taken uwp and down into a

syringe several times, and were then washed twice in Medium LI

-

*
4% PH 9.0 buffers 8 ml. M-glye ine in /4 NeoCle + 2 mle N - Na.OH,
pl 8.5 buffers 9 ml. Me-glycine in M/4 NaoCle + 1 mle H = Nao.Of.



(57 normal ral serum in Dagle's medium). The cells were finally
sugpended to 20% in Medium I (1 volume of packed cells + 4 volumes
of Hiedium).

small intestines were obbained from normal and immune rats
and Feyer's palbcehes removed usling a sharp scolpel blade. 4 cell
sugpension wies prepared ag descrioed for spleen tissue.

following removal of the Peyer's pabtches the small intestines
were slit longitudinally and the mucosa lightly scraped off in
each case with a glasg slide. A cell suspension was ohbteined
as already described,

Iin this way cell suspensions of spleen, Peyerts patches and
small intestinal mucosa were obtailned from both normal and immune
TOGH

(a) Pretreatment of cell suspension wilth immuine rat serum

In one experimenb a cell suspension of small ilotestinal
mucosa, from normal ralbs, was pretreated, with immune serwam
before incubation with labelled antigen.

1.0 mle of immune serum was added to 1.0 ml. of the 20%
cell suepension and the mixture kepl in iced walber for 1 houw,
the tubes being shoken regularly every 10 minutes, The cells
were finally washed 4 ftimes with Medium L1 and resuspended in
Medium I as before.

As o control this procedure was also carried out with normal

Sepruile



(e) Incubation procedurc

The following standard procedure wasg adopted for cach cell
SUSPEeNsion.

A volume of labelled antigen preparation containing 10 ugm.
of antigen N was added to 1.0 ml. of each 20% cell suspension.
The mixtures were then incubated at 37009 for 1 hour, the tubes
being shaken every 10 minubes. The contents of each tube were
then washed 4 times with Medium IT and finally suspended in 5 nml.
saline.

(£) Isotope assay

Radioactivity determinations of samples of washings

b4

antigen
preparation and cell suspensions were carried oubt in a well type
scintillation counter. Before counting each sample was made to
a standard volume of 5 ml. in a counting tube. The efficiency
of the counter was aboubt 15% and all samples gave counts of at

least twice and usually many times baokground.

Results

L Y )

fxperiment 1

Viable cell suvagpenslons prepared from various tissues of

both normal rats and rats highly lmmune to N. brasiliensis were
53

incubated with antigen 1. prepared from adult worns. Ag the
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antigen prepsration used was labelled with I it was possible



Table 20

Adsorption of 131Iodine trace labelled adult worm antigen

by rat cell suspensions

Noe of Mean counts/second

Source of cell suspén?icn detenminations adsorbed
Noxmal rat spleen 4 349
Immune rat spleen 4 348
Noxmal rat Peyexr®s patches 2 78
Immune rat Peyer's patches 2 99
Normal rat intestinal mucosa 6 554
Immune rat intestinal mucosa 6 832

10 pgm of antlgen nitrogen. giving 4504 counts/second added to each
cell suspension,



Iah;g 21

Adsorption of lallodine trace labelled adult woxm. antigen
by rat cell suspensions prertreated with
elther normal or inmune rat serum

Description of cell suspension No.. of . Mean counts/sec.
' ' - determinations ‘adsorbed

Cells from the intestinal

mucosa of noxmal rats

pretreated with normal

serum, ‘ Co S : - B 596

Cells from the lntestinal mucosa
of noxmal rats pretreated
with immune serum 5 621

Cells from the intestinal mucosa :
of nomal rats, no pretreatment 6 554

Cells from the intestinal mucosa = : .
of immune rats, no pretreatment 6 832

10 pgm of antigen nitrogen giving 4504 counts/second added to each
cell suspension,



to measure the relative amounts adsorbed by the various cell
suspenslons. After incubation the cells were washed 4 times
with Mediuvm II. By following the amount of radiocactivity
present in the washings it was ascertained that all radicactivity,
not hound +to the cells; had been removed.

The results of this experiment are given in table 20.
They show that oells obtained from the mucosa of the small

intestine of rats immune to the N. brasiliensis adsorbed a

significantly greater amount of antigen preparation than did
similar cells obtained from normal ralbs. Neither spleen cells
nor cells obtained from PFeyer's palches showad a difference in
antigen adsorption.

In a further experiment with the some antigen preparation
cells obtained from the small intestinal mucosa of normal rats
vere prebtreated with serum from highly immune ratse, These cell
preparations showed a similar adsorphtion capacity to that of
normal cells both treated with normal serum and unitreated; and
did not exhibit the enhanced adsorpiion gained with cells from
an immune robt (table 21).

Bxperiment 2

This was esgentially a repeat of experiment 1, however, a
different antigen preparation was used. Despite bthe fact that

this antigen preparvation was made in an exactly similar manner



Table oo

Adsorption of 131

by rat cell suspensions

Iodine trace labelled adult worm antigen

No. of

Mean counts/second

Source of cell §uspension deteminations adsorbed
Normal rat spleen 2 1674
Immune rat spleen 2 2247
Normal rat Peyer's patches 2 1309
Immune rat Peyer's patches 2 1069
Nommal rat intestinal mucosa 6 2424
Immune rat intestinal mucosa 6 2280

10 pgm of antigen nitrogen giving 7837 counts/second added to each

cell suspension.



to the carlier oney, there was a distinct diffevence both in the
nitrogen concentration and in the specific acltiviiy.

The results contained in table 22 indicated that there was
no difference in adsorition of the labelled antigen by similar

cell preparetions from normal and immune. animals,

biscussion

In one set of oexperiments it was shown that a cell suspension
prepared from the intestinal mucosa of rats with a strong accuired

immunity to re-infection with N. brasilienslis ook up and held

131

quite firmly a greater amount of L labelled adult worm materdal
(called adult worm antigen) than did similar cells obtained from
normal rabs,.

The main problem in interpretling results of this kind isg the
extreome heberogenity of the antigen preparation. The exact
chemical composition of the adult worm material was not known.

It ig prohable that a great variely of molecules present in this
crude aqueous worm extracht would have become labelled with 1311
and probably with widely different specific activities. The way
in which the labelled worm material was taken up and held by the
cell preparations cannot he stated definitely. It is not known

to what extent small labelled molecules were adsorbed to the cell

gurface. Non~zpecific uptalke, by the cells, of labelled material



vas high and, indeed, may have masked any specific antibody-
antigen adsorption in the final experiments where no greaver
uptake by micosa cells from immune animals conmpared Ho similay
cells from normal rate was found. It should be noted that the
worm antigen mabterlal in these final experiments had a much higher
specific activity than the worm antigen material in the earlier
experiments. It was also impossible to assess the relative
concentrations of antigen and antibody in these experiments.

Cirude aqueous adult worm extracts when injected intraveaously
to highly immune rats resulted in a severe anaphylactic shock
(Urquhart et _al, 1965). Hence thiz crude adult worm agueous
extract musgt contain antigens t0 which the hosl Decomes
sensitised during infection. It is generally accepted thal
imwedinte hypersensitivity, including anaphylaxis and sponbaneously
occurring atopies arve a conseuguence of the interactlon of antigen
with antibody when the labiter is suitably adsorbed on to tizsues
ond, in some insltances able to fix complement (Ralffely 1963),

Despite the failings already mentioned inherent in the
cxnerimental procedure, it was shown in the earlier experiments
that intestinal mucosa cells from immune rats took up more
radioactivity thon similar cells from normal rots. It wmay well
be that this greater uptake of radiocactivity by mucosa cells

from immune animals was a rosuldt of the union of cell fixed



antibody with worm antigen. Boyden and Sorkin, (1960) reporied
that spleoen cells obtained from animales immunised with human

131

serum albumin (H.S.d.), adsorbed I labelled H.8.4. when

incubated together in vitro. It was found that adsorption was
highest with cells taken from spleens of animals killed % to 6
days after a booster injection of the antigen. Humphrey aﬁd
mota (1959) immunised guinea pigs with rabbit or rab anti~H.S.4s
antibody and with horse anti-~diptheria toxoid, After 2 to 3
days the animals were killed; thelir mesenteries removed, wasled

131y labelled antigen. T4

and incubated with the appropriste
was found that the rabbit and ralt anbi-H..o.4. gamma-glubulin
antigens were specifically taken up by the corrvesponding mesentery
when compared to controls. The evidence for specific uptake of
Labelled diptheria toxoid by mesenbery sensitised with horse
antibody was nmuch less definite. These workexrs reduced none

‘oo 131 o e " PP ;
speeific uptake of L HoSoAe by firstly "screening' the antigen
by passage through normal guinea pigs, This proccdure was not
possible with diptheris toxold which coincidentally gave a less
clear cut result. Turk (1960) has reported slightly greater

. L2 . .

upbake of radioactivits tuberculin by lymphoid cells of tuberculin-
sensitive guinea pigs. As with the adult worm antigen used in
the present experiments, Tuek found that the mycobacterial

antigens used in his sygtem were adsorbed in considerable amount

by normal cells, hence tending to mask any specific upieke.



More clear cut differences are found with antigens which display
relatively 1little adsorpitlon on to normal cells.  Turk (1960)
reported that lymphoid cells from animals with delayed--type
hypersensitivity to bovine serum albumin (B.S.4.) induced by
immunisation with plerylated B.S5.A. took up congiderably wore
lahelled B.S.A. than do cells from normal animals.

Non-—specific uptake of labelled antigen was a serilous
interfering factor in all experiments cmploying hebterogenous
antigen preparationsg with cell suspenslons containing differant
cell lypes. How may non<specific uptake and retention be
reduced in oupr parasite system?

Tt has been pointed out by Thorson (1963) and others that
metazoan parasites which are composed of go many tissuer possess
a large numhexr of potential antigoens. However, it is quite
likely that only a small proportion of these actually exert an
immunogenic effect on the host during infection. Recent
evidence haos underlined the possible importance of the secretions
and exerebtions (called metabolic antigens) of the living worm in
this connection. Bearing thisg in mind, specific uptake and.
retention by cells fron lmmune animals of labelled mebabolic
antigens may be more clear cub and definite, In future work it
may be wige to attempt to fractlionate the antigen preparation

and perhaps idsolate and label the immunologically important



fractions, PThese could be identified by skin testing in an
immune animal. Humphrey and Mota (1959) stu&ying antigen
uptake by sensitised mesentery reduced non-specific uptake by
roducling exposure time of the 2 components Lo 1L minuto.

tucosa cells from normal rats pretreated with immune serum
showed no increase in radiocactivity uptake when compared Lo non-
treated normal mucosa cells. However, 1t has hbeen shown
eluewhere in this thesis that similar lmnune serum when
administered in failrly large doses conferred some degree of
resigbtance passively.

hvidence hasg recenlly been put forwrrd implicatbing reagine
like antibodies in ilmmunity acquired by rats to infection wiih

No brasiliensis (Ogilvie, 1964) . If this is true, then it moy

be that the level of such antibodies in the cirvculation of a
highly immune rat moy be small at any one fime. This has been
recognised with human reaging associated with the spontaneously
occurring atopies such as asthma and hay fever (Stanworth, 1963).
Hence it may be, in the sbove experiment, that the volume
of imnmune scrum used Lo pretreat the normal mucosa cell suspension
did not contain sufficlont antibody. As a result any specific
uptake sad retention of labelled antigen which may have resulted
feom "fixed" antibody could have been so small that it was easily

maslked by the large non-specific uploke,



Sumnary

(1) Viable cell suspensions were preprepared from the spleens
Peyerts patches and intestinal mucosa of both normal and
resistant rata,

(2) An antigen preparation made from freshly isolated adult

e . . 131,
Ho brasiliensis was trace labelled with 3 To

(3) The various cell suspensions were incubated with a standard
quontity of labelled antigen preparation for 1 houry after which
they were thorvoughly washed and the remaining activity determined.
(4) 1t was Found that the mucosal cells from ilmaune rats took

up more radioactivity than did similar cells from norual ratbs.

The other cell suspensions showed no difference.

(5) Mucosal cells from normal rats were prebreated with immune
soerum before incubation with labelled antigen. No greater uptake
of radioactivity resulted when compared to non~treated normal cells.
(6) "he cell suspensions contained many different cell bypes and
the trace labelled antigen preparation was a crude aqueous oxtract
of asdult wormse The non-specific adsorption was high nevertheless
1t la felt that these experiments may indicate the presence of s
specific cell=bound antibody associalted with the small intestinal

mucoga of raibs resistant to W. brasglliensis,. suech antibodies may

play a role in the immune expulsion of the adult worm from the

asmall intestine of resistant animsal g,



CHAPTER XTT

General discussion and summary

‘'he development of immunological studies in helminth
infections has been reviewed on a number of occasglons during
the last 30 years (Teliaferro, 1929, 19403 Culbertson, 19413
Chandler, 19533 Uraquhert et _al, 19623 Soulsby, 1963).

In general the acqulred immunity shown by a hosty, following
previous parasilbic infections, can be manifest in s number of
ways, namcly complete vefractoriness o reinfection, complete
or partial inhibition of both development and reproduction and
complete or partial elimination of an existing infection. This
last phenomenon hasg been the main subject of this thesis,

That acquired resistance could lead to the cxpulsion of all
or port of an exigting infection was Lfirst recognised by Stoll
(1929) who recorded the phenomenon of "self cure and protection”

in sheep expoged to He. conbortus. This and the relotbed

phenomenon in Scottish hill sheep investigated by Worgan el al
(1052) are effective and valuable mechanisms whereby the host
can rid itself of part of its worm burden. These lmmune responses

glicited by sheep to their gasiro-intestinal parasites help to

diminish clinical helminthiaslis in a flock.



The immune expulsion of an existing infection has also
been described Ffor other helminth infections, among them

T, rebtortacformls in rabbits (Michel, 1952), L. spiralis in

both rats and mice (Larsh and Racey; 19543 Larsh, 1963) and

No brasiliensis in rats (Chandler, 1937).

Ho. brasiliensigy, a small trichostrongyloid parasite of

rabtsy has proved a very useful model system for the study of
the mechanisms operating during the expulsion of adult worms
from the gut of the host (Mulligan et al, 1965). There is
no doubt that the self cure reaction is brought about by an
immune response on the part of the host, and is not the result

-0

of a physiological change assoclated with ageing of the worn
(taliaferro and Sarles, 1937).

in the experiments described in this thegis it was shown
conclusively that between days 10 and 20 following a primary
larval infection, almost the entire adult worm population was
expelled from the hogi's small intestine, Previously it was
not known to what extent this immune stote was due to the
parenteral migration of larvae on the one hand and the presence
of adult worms in the gut on the obher, although it had been
suggested that the adult stage alone is sufficient to stimulate

the immune expulsion (Chandler, 1937). Chandler's hypothesis



was confirmed here by studying infections created by suepicolly
transferring viable adult worms directly into the duodenum of
previously uninfected rats.

In order to do these experiments it was necessary 1o
develop a technique vhereby reliably cuantitative infections
with adult worms could be carried oul. Using this method it
was possible to examine the immune elimination of adult worms
in the absence of parenteral larval migration.

It was found that the pattern and kinetics of expulsion of
adult worms between actively and passively immunised rats varied
congsiderably. Digtinet variation exigbted in the rate of expulsion
of adult worms by rots possessing differing degreces of acquired
imaunitys l.ee it was more rapid with hyperinfected ratbs than
with rats which had had only 1 previous infection. However, in
both cases the onset of worm elimination wag immediste and did
not  cease until all, or nearly all, {the introduced infcciion
had heen expelled. There was little difforence in the rate of
the expulsion of adult worms in the case of rats which had had
1 previouns infection, and rats which were undergoing sclf cure
to a primary adull infection, however, expulsion was immedizte
with the former whereas, with the latiter, expulsion did not hegin

until 9 to 10 days post infection.



Lith rats, passively immunised with large amounts of
hyper~immune serum, no expulsion of the challenge adult worm
infection took place over the first 2 days post infection (ox
the first 3 days after serum injection). Howevery adult worns
were expelled over days 3y 4 and % post infection. The rate of
expulsion from these rats was epproximately half thalt of rats
undergoing self cure to a primary infection, IMurthermore,
expulsion censed over days 6, T, 8 and 9 until the sctbive imnune
rosponse, brought aboulb by the actual challenge infecticn itsell,
came 1into operabion.

Thegse different patterns in the time of onset and rate of
expulsion of adult worms from rats of differing immunological
status could be explained on the hypothesis that a hypersensitivity
reaction in the gut is involved in the expulsion (Urquhart et al,
1965). Por dastance, the small intestine of a hyserinfected
rat would be more highly sensitised than that of a ral which had
experienced only 1 previous infection. Conscquently, on challenge,
the gut tissue veoetion to the parasite in the former would be more
violent than that of the latter.

liowever, the local ansphylactic reactions in the gut to worm
anlbigens may not be the sole factor in expulsion. itecent work
by Ogilvie (1964b) has shown that the gross changes in the

integrity of the gul mucosa, brought about by inducing an



anaphylactic shock in rats with ovalbumin and H. pertussis, did

not lead to any reduction iu size of a current adult Hippostrongylusg

infection, Hence it appears thalt an acube inflammatory reasction
in the gut per se does not lead to expulsion of the adult worm.
The lmmune expulsion of adult worms may well be mediate” by a
specilfic effect or series of effccts, directly upon the wornm,

by host antibody, either free or in association with cells.

The differences obtained in the rate of expulgion of adult

worms from rats of different immunological status may be a
reflection of the availability of protective antibodies at the
site of infectlon. Hence it was thovght that the self cure

reaction o Ne. brasiliensis may involve some debilitating

aeffect of antibody directly upon the worm.

Chandler (19%53) has maintained that immunity 4o parasites
may well depend upon an anti-enzyme function posmersied by
antibody. In this connection great stress has bheen laid on
the importance of the "metabolic products® produced by helminths
and it i generally accepted that they wmight pley an iwmportant
role in stimulating immunity.

Soulgby (1957) has proposed that the anti~enzyme action
of antibody could operate against "external! and "internal
ENaYIMes. Bxzternal enzymes asre those involved in the feeding

and migratory activities of the worm, while internal enzymes



are those concerned with the metabolic processes of the
organisme. Thorson (1956a) found that the oesophageal gland
extracts of hookworms possessed proteolytic activities which
could be inhibited by immune serume. This might represent
extornal enzyme inhibition. Schwabe (1957) reporbted reduced

endogenous oxygen ubilisation in N. brasiliensis larvae exposed

o immune serum and postulated that it might be due to the
inhibition of enzyme systems regulating oxygen ubilisation.
This might represent internal enzyme inhibition.

Thus the expulsion of adult N. brasiliensis, ab the time

of self cure, might he mediated by inhibitory effects upon
worm enzyme mechanisms brought aboult by antibody. Before the
effect of jimmune serum upon the worm was investigated 1t was
felt necessary 0 show thalt in an infected animal, serum in
appreciable quantities could gain access to the adult worm at
or near the time of self cure.

Ixperiments utilising red cells labelled with 510rq
demonstrated that infected rats suffered a loss into the gutb
of about 100 pl. blood per 24 hours due to the presence of a
population of about 1,000 adult worms. Other studies using a

macromolecule, polyvinyl pyrrolidone labelled with l31]2

s indicated
an increased gul permeability to large wmolecules in infected ratbs

just before and during the time of self cure. This work showed
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~thaty, in an infected rat, conditions exisl whereby greater
than normal emounts of plasma protein and hence antibody can
move from the vascular system into the gut.

The Dblood loss into the gut most probably resulted from
haemorrhage associated with trauma inflicted by the feeding
adult worm upon the host’s gut mucosa. Not only is Dblood logt
due to this action but ig algo presents s possible route Tor
worn antigens to enber and sensitise the host. Acquired
roesistance to re-infection can be stimulated by infection with
the adult worm in the absence of parenteral migration of larval
stages. Hence it is possible that the mebabolic products of
the adult worm in the form of secretions and excretvions are the
important antigense.

It was recognised ‘that the immune expulsion of adult worms
might rely upon some debilitating effect of antibody acting
directly upon the worm. In order to assess the lmportance a
possible anti-parasite action of immune serum, it was necessary
to study the effects of such serum upon the worm under in vitro
conditions. Two approaches t0 this problem were followed,
Firetly the effects of in vitro incubation in immune serum upon
the adult worm's ability to become established on subsequent
transfer to the gut of a 'clean' rat was investigated. Priop

incubation in immune serum decreased only very slightly, the



numbey of worms becomlng established, when compared with wormg
pre--incubated in normal serum. This result was disappointing,
however it ig feasible that the worms, on transfer to their
ngtural environment, were able to recover from any possible
adverse effects caused by the immune seruwns Tror instance,
precipitates formed around the worms during gﬁngixgﬁincubation
could have been dislodged when the worms were transferred.
Alternatively any interference in the worm's metabolic processes
by imnmune seruvm during the 20 hour incubation which possibly
weakened but did not kill the worm, may have been rectified
on the arrival ¢f the worms in the ideal enviromment provided by
the small intestine of a non-resisbant ral. In this connection
it is interesting that Sarles and Taliaferro (1936) showed that
if the "emall browa" worms found in the intestine of immune rats
6% days after infection were transferred to the duodenum of a
normal rat, they completed development as shown by high egg
production and the presence of normal adults al autopsy 8 days
after transfer. Hence the effects of resistance upon the worm
are nolb permanenty at least initially.

Secondly, abtlbempts were made to demonstrate interference in
the metabolic activity of adult worms suspended in lmmune serwn

compared with worms suspended in normal serum. Metabolism of

the worms, and effects there upon by the 2 sera were judged by
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2 btypes of measurementss the oxygen consumption and the
inorganic phosphate incorporation of adult worms., Broadly
speaking it appeared that wormg, afler 20 hours exposure to
immune serum; consumed leass oxygen snd incorporated more
inorganic phosphate than did worms exposed in a similar fashion
to normal serum. There was also a suggestion that the addition
of glucose to immune serum abolished the lower oxygen uplbake
Found with worms in ‘bthat medium.

It is attractive to think that these effects are a result

]

of specific inhibition by antibody of energy producing metabolic
pathways present in the worm's tissues. This would infer that
the antagoniglblic mechanism of antibody upon parasite might be
mediated through interference with "internal' enzymic pathways.
However, the facts themselves do not provide sufficlent evidence
to confirm this hypothesis aboulb the mode of action of antibody.
These effects obtained with worms suspended in imnune serum
may merely reflect the debilitating sction of some obher factor.
For instance a plug of precipltate blocking the excretory system
or some other hody opening, could seriously damage the worm and
interfere with its normal mebabolisme. In other words the
apparent differences in oxygen uptake and phosphate incorporation
might be secondary manifestations of a relabtively simple effect.

However, suffice to say that worms on in vitro incubation in
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immune serum and hence exposed to antibody, were in some way
affected by this treatment, when compared with worms similarly
exposed t0 normal serum.

No study was made of the effect of serum plus cells from
an immune rab, upon the in vitro metabolism of the adult worm.
vidence implicating the presence of specific cell bound antibody
in the intestinal mucosa of hyper-infeclted rats was obtained.

The presence of such antibodies strengthens the concept that
hypersensitivity reactions may be important in the immune
expulsion of this parasite. Resistance may depend upon the
pregence and getion of antibodies firmly bound 4o cells at the
site of infection. If this is so then failure to confer a
strong resistance 0 re=infection by passive transfer of serum
may be due to firstly, a low level of such antibodies in the
serum of the donating rat and secondly to the "mopping up'" of
these antibodies present in the injected serum, at sites other
than that involved in the immune reaction. Some evidenco
lending support to ‘thils concept was obbained, A closer study
of the involvment of cell bound and reagin-like antibodies in
acquired vesistance is necessarye.

A possible mechanism for the immune elimination of adult

Ne brasiliensis from bthe small intestine of the rat is described

below.



Adult worms have been shown 1o be capable of providing
adequate antigenic stimulation. The most important antigens
are probably the secretory and excretory products of the
organism, which gain access into the host through the feeding
habits of the worm. Az a result of this repeated sensitisation
the tissues of the small intestine probably become hypersensitive.
The hypersensitivity of the gut wall may at first, be local 1o
the site at which the worm is feeding. However, as the worm
changes its feedlng position and the hypersensitivity of the guib
wall becomes more general, then local anaphylactic reactlons may
well occur at any poeint alt which the worm trics to feed. The
increased gubt permeability associated with this response would
probhably allow plasma proteins, and hence antibody, optimum
access to the micro-enviromment of the worm. Such antibody,
either free or in assoclation with cellsy, or both, may sericusly
weaken, or even kill, the worm. Whether such effecls are
mediated by an external mechanism (e.ge the formation of
precipitates at the body openings) or by an inbternsal mechanism
(cege the inhibition of metabolic pathways) has not yeb been
resolved, It ig reasonable to assume that worms debilitated
in such a way could be easlly swept oul of the small intestine.

A resistant rat could show this immune response rapidly, on
re~infection, and immediately prevent adult worms from becoming

esbablished.
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APPENDIX

Figure 1

Days after Number of Eggs per
infection adult worms | gram faeces

& ' - 44000

7 - 224000

2 = 27,000
10 1,229 24,000
11 - 29,000
12 ~ 16,000
13 - 25000
14 600 20
16 = 0
17 K4 0
18 - 0
19 - 0

20 0 -




‘Fiqurg 3 and 4

1,000 adult womns transferred to each rat on day O

Number of womms recovered at autopsy

Day after
challenge Group Group 2 Group 3 Group 4
{controls) ({passively ({single larvel (several larval
immunised) infection) infections)
3 500 = 46 B8 = 90 388 « 52 110 & 90
2 495 = DS 566 = 69 196 = 129 43 % 6
3 500 x 88 368 & 103 77 & 42 17 = 13
4 Bl2 = 59 284 & 66 10 2 © 5 x4
5/ 5206 = 60 151 =« 97 28 & 26 0
6 608 « 68 166 % 82 14 & 11 -
7 365 = 122 208 % 216 38 & 42 -
8 381 = 64 173 & 81 0 =




Elaure 6

Day afteﬁ injection

Mean counts/ml of bloovd/sec.

of labelled rebecCe Infected Non~infected
rats rats
2 4,026 4,974
9 2,884 3,899
15 2,410 92,862
19 1,996 2,560




Figure 7

Voluae of *blood® in micro—litres present in 24 hour urine samples

Day after Rats infected

injection of Nonﬂiﬁﬁected with 5,000 laxvae
51? . aq rate in day 3
sx ved cells | | o
1 1297 & 187 879 = 331
2 256 » 106 194 2 99
3 115 & 47 85 « 32
4 219 & 713 130 = 25
S 169 » 58 158 = 45
6 173 + 52 169 % 49
7 igl = 21 110 = B7
8 174 & 28 95 % 49
9 100 % 54 73 & 27
10 125 % 26 112 = 106
11 134 = 30 111 = 27
12 Li% = 33 84 4 33
13 123 = 34 106 = 43
i4 114 + 36 96 = 22
19 113 4 27 9L « 34
16 B3 & 40 99 = 18
17 114 2 23 89 = 206
1 131 & 43 8l = 16

19 o7 % 6 B8 « 32




Figure 8

Volume of *blood® in micro~litres present in 24 hour faeces samples

ol

Rats infected

Fegn
5§§§§cziggfaf Non;iggecﬁed | witgnﬁéggoglarvae
r ved cells

1 458 & 440 523 = 259
2 4 = Bl 145 = 89
3 124 = 83 81 = 30
4 121 & 52 6l = 34
) 88 & 30 60 = 27
& & 21 90 = 42
7 51 = 29 130 = 43
& 44 = 30 170 = 61
9 23 % 20 125 + 79
10 18 & 10 125 = 54
11 22 w 12 118 & 44
12 20 &= 13 116 = 46
13 33 » 22 100 = 54
14 44 2 16 184 = 63
15 19 &« 8 76 & 33
16 20 % 14 115 = 38
17 18 & 6 112 % 40
18 22 = 14 66 @ 27
19 22 = 9 58 % 30




Figure 10

Day after Mean % of injected P.V.P. present
infection in in'testﬂ.nal contents and HUCOsa

2 Ged

3 2l

4 346

5 446

o de2

7 3,0

8 8ol

9 569

10 Be6

11 640

12 540

13 5ef

14 Gel

15 5.2

17 D0




Figuxe 11

Period after

Mean amount of PaV.P. (as % of injected

infection dose) present in intestinal contents
and Sel. Mucosa
day 2 to 7 3.?
day € to 14 0.5
day 15 to 17 9.4

Non-infected rats




Biqurel?

Faecal egg counts and numbers of adult woims

recoverad from the S.1.

Day after

No. of Faecal egg count Mean No. of adult-
infection rats total/244 worms/rat
2 6 0 0
3 5 0 0
4 6 0 417
5 6 45 x 10° 848
6 6 104 x 10° 736
7 6 114 x 10° 810
8 6 126 x 10° 620
9 5 109 x 10° 870
10 5 97 x 10° 710
11 5 58 x 10° 850
12 6 49 x 10° 640
13 6 3l x 10° 720
14 6 0 160
15 6 0 50
17 5 0 0




Figure 14

Amount of inorganic phosphate incorporated into
the 'acid soluble oxganic phosphate* fraction of adult worms
whilst suspended for 20 hours in various media

mep . Moles phosphate
Sugpending { No. of
ncoxrporated per m.g.m.
medium womn tissue nitrogen detexminatlons
Krebs=Ringer
phosphate buffer 21.1 2 4,5 8
Noxmal sexum 17.1 & 3.9 8

Immune serun 44,9 = 20,4 7







Immunological Studies on Nippostroncoylus brasiliensls Infection

in the Rat

A summary of a Thesis submitted for the degree of
Doctor of Philoscphy in the Faculty of Medicine of the University

of Glasgow, by John Tayler McLaren Neilson.



The object of the work described in this thesis was to
study certain aspects of the "self cure® of Ns bhrasiliensls
infections in the rat, with a view to throwing some light on the
mechanism of immunity to gasiro~intestinal parasites generally.

The stazrting point for the investigation was the lmmune
expulsion of the adult parasites at the temminal phase of a
primery infection. This was investigated in o more quantitative
fashion than formorly and its rapidity and extent clearly demonstrated.
It was shown that between days 10 and 20 following a pyimary larval
infection almost the entire adult worm population was expelled
from the host's small intestine. In orxder to study this reaction
between host and adult parasite in an uncomplicated way, a reliable
quantitative method had to be developed for the introduction of
adult worms into the test animal.

A surgical technlque was evolved vhich was safe and reliable
and gave “takes" which were no less uniform than those resulting
from infections with larvae.

Using the adult transfer method, the fate of parasites
transferred to rats of different immunological status was studied
and the "half-lifes" of these intrvoduced populations measured,
it was found that the pattern and kinetics of the expulsion of
adult worms between actively and passively lmmunised rats varied

considerably./



LI
considerably. There was also a distinct differeonce in the rate
of expulsion of adult worms by rats possessing difiering degrees
of acquired impunity, 500 it was more rapid with hyperinfected
rats than with rats which had had only one previous infection.

The most important question to be answered for this system
is the mechanism of the immune expulsion. Parallel work by other
colleagues in the department had indicated that local anaphylactic
reactions in the gut might give risc to conditions which were
"unsuitable" for the worms and thus lead to their elimination.

It seemed to the author that the local anaphylaxis mioht only be
one component in the expulsion mechanism and that the associated
increased capillary pormeability might a2llow plasma and, therefore,
antibody, in quantity to come in contact with the parasite, and
that the main effect might be due to Yantibody v. parasite".

In ozder to try and assess the lipostance of any direct
effect of antibody wpon the adult worm in this system two parallel
studics were conducted. The first was almed at examining some of the
ways in which antibody might come in contact with the worm 1n vive.
Experiments with red cells labelled with 51@? showed the extent to
which this might occour due to blood sucking by the parasite ox
haemorrhage cauged by it Infected rats sufferred a loss into

the gut of about 100 pl blood per 24 hours due to the presence

of/



w 3 om

of a population of asbout 1,000 adult worms. The vorms, however,
did not ingest any significant amount of this blood. Other studies
using a macromolecule, polyvinylpyrrolidone labelled with 13119
indlcated an Incyreased gut perxmeabllity to lavge molecules in
infected rats Just before and duxing the time of self cure. This
work showed that in an infected r»at, conditions exist whereby
greater than normal amounts of plasma protein and hence antibody
can move from the vascular system into the gut,

The second part of the "antlbody v. parasite" approach
depends upon demonstrating that, if antibody does come in contact
with the viorm in quantlity, it can do some harm. Agoin this was
investigated in two ways. Firstly by incubating adult worms in
lmmune serum before introducing them to the host, and secondly
by studying the effects of immune serum on the in vitro metabolism
of the wormz. Droadly speaking it appeared that adult woxms,
after 20 hours expusure {0 immune serum, consumed less oxygen
and incoxporated more inoxrganic phosphate than did worms exposed -
in a similay fashion to nornmal serum. A variety of different ways
for producing immune serum was included in this study.

The possible siugnificance of cell~fixed o1 reagin~like
antibodies in immunity to N. brasilicnsis and the perticipation
and lmportance of such antibodies in the passive transfer of resistance
was studied. Attempts were made to demonstrate the presence of

cell/



cell bound antibody in the mucosa of the small intestine and other
tlssues of vesistant rats by in vitre incubation of viable cell
suspensions of these tlssues with a crude aqueous adult worm extract

labelled with oM,



