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~~STRACT ' 

This study has inv~st~gated the early establish-
.. 

ment of Trichinella spiralis and Nematospiroides dubius 
, -

,<; __ / in the gastrointestinal tracts of their h.osts. By using 

) dif,farent vehicles of infection, different pre-treatnl.entj3 ,,/ 

,'" 

/ 

~'Qf the infective stages, by changing intestinal motility 

f. and by implantation of the infective stages directly into 
l ~ 

the intestine, significànt changes in the longitudinal dis-

tribution were obtained. Surgical procedures, includirig 

gas~rectomy, duodenal by-paas, ligation of~the pancreatic 

duct and ligation or relocation of the bile duct, performed 
4} 

on rats prior to' infectïo~, have elucidated the central 

roles of bile,chloride and enterokinase. In vitro studies 

have corroborated in vivo studies'. N.ew categories of move

ment were C?bserved in !.. spiralis and' new activity patterns 

were found to be stimulated in N~ dubius exposed ta bile. \ 
\ ,-

These observations are discussed in the context 

of site selection by intestinal nematodes with emphasis on 

critical factors which activate infective larval stages 

during their passive tr~nsport down the intestinal tract. 
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ABREGE 
, , 

~ \ 

L' €,bablissement précoce de TrichinÇ!lla spiralis .. 
) 

et Nematospirbides dubius dans l'intestin de ;leur.s hôtes " 
j 

a €t€ €tudié. Des changements significatifs ,ont été ob-" , 

tenus dans la distribution l~ngi tudinale. sous 'les con- '. 

ditions suivantes:, differents modes dtinfectio~, dans 

- les cas ou lès larves infectieuses ont €t€ tr'ai t~s '~.U 
<1 

préalable, ~ors~du changement de la 'motilité da l'intestin 

et aussi. par implantation de larvè$ direc~ement au niveau . , -

de l'intestin. Chez le rat, de l"abora:o~r,e, '~a gastt;ecti'ie, 

l'êvitement des voi~s duod€nales, le ligation des co~duits 

pancréatiques, la ligature oU,le 'déplacemen? ~es can~ux 
. --

biliaires avant infection ont permis de d~terminer le rôle 

de la bile, les ions de chlore ainsi que l'en~~rokinase. 

D'autre part, les €tudes in vitro confirment les obs~rva-, 

tions faites in~. Des nouvelles catégorie~ de rnduve-

ment ont €té observ€s chez T. spiralis tandis que des ,ac-- , 

.iivit€s·nouvelles turent notées chez N. dubius lorsqu'ils 
" 

étaient incub€s dans la bile. 
, 

Les .résultats de cette· étude sont discutés en 

_ /- tenant' compte du site de sélection choisi par ~~ nématodes. 
\ )~, 

intestinaux et des facteurs critiques pouvant a~tiver les 

larves infectieuses durant leur transport qui est assuré 

" . par les m~uvements'de l)intestih. 1 
..-
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INTRODUCTION' 

The gastro~ntestinal tract is fre~ently para

sitized by a wide range of protozoa, and helminths. Several 

investigators have shawn that qut parasites are restricted 
; 'y .. 

within regions of the qut and that they May return to theit .. 
Mnormal" sites after implantation in abnormal sites. Sev-., 

eral~hypothesesrhave been proposed to explain the mechanism& 

controllinq these phenomena but experimental verification is 
• 

~are and the basis of site selection by parasite~ of the gut 

remains largely obscure. Definitive conclusions remain elusive 

because the alimenèary tract is a comp1ex series of tissues 

and orqans which differ physioloqically, .biochemically and 

morpholoqically and Little is known of the specifie require-

ments of parasites. ~ 

The purpose of this study was to ihvestiqa te, the 

re1ationship between the' alimentary tract and two gastrointes-

tinal nematod~s, Trichinella !2iralis and Nematospiroides 

dubius in,order ta understand more of the cont~olling mechan

isms in site selection. Followinq a review of the literature, 

it was decided that there were six siqnificant groups of fac-

tors that May influence the site selection of qastrointestinal 

nematodes~ These were: 1), intestinal flow; ~), diet; 3), 

chèmical gradients; 4), microbial florai 5), physical factors' 

and 6), hormones. Clearly, these labile componentsof the 

parasité's environment are superimposed'o~ more constant 

architectural substrate of cells, tissues and orqans. These 

1· 
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qrou~s factors are known ta be interdependent 

and to interact in numerous ways (Figure 0.1). Be.f=ause of 

these complexities and the relative paueity of specifie in

formation, a variety of approaches to these problems was 
1 

used. Thus, it was hoped, a' comparlson of two'parasites and 

1 the use of several types of expe~iments would generate- a more, 

\ qenE!X'al understandinq of the m8chanisms that are itbportant in , , 
" -

site selection .. 

./ 

/ 

l 
j 

l 
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FIGURE 0.1 Schema tic model of the significant fac-

tors that influence the selection of sites by para

sitic nematodes of the gastrointestinal tract. 

Lines an4 arrows indicate the main ways in which 

the six factors interact, there are many more subtle 

interactions between all the factors. 
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CHAPTER 1. LITERATURE REVIEW 

LA. THE LIFE CYCLES OF 

TRICHINELLA SPlRALIS AND NEMATOSPIROIDES DUBIUS 
;~ 

Trichinella spiralis 

!. spiralis (OWen, 1845) is an unusual nematode 
. 

~/ 

because aIl of the stages in the life cycle occur within the 

,sarne hosto It is also remarkable for its lack of host spe-

cificity since it can live in almost any mammal and under 

certain conditions, in sorne birds. 

The infective larvae penetrate into the host mucosa 

soon after infection (Despommier, ~ al., 1978) where they re

main for the'duration of their larval and adult lives in the 

e~ithe1ial cells of the small intestine (Gardiner, 1976; 

Despomm~ et al., 1978; Wright, 1979). The adult female is 

ovovivirarous (Christensen, 1950) a~d the newborn 1arvae are 

passed from the vulva directly into the mucosa. "The newborn 

larvae then enter the host's striated musculature via the mes-

enteric venu1es and 1ymphatic circulatory system into the c~r

culatory system (Berntzeh, 1965; Harley & Gallichio, 1971) or 

via the peritoneal cavity and connective tissue (Shanta & 

Meerovitch, 1967a, b). The larvae penetrate the muscle fibers 

e1iciting a response that changes the morphology and physiology 

of t~e cells'which accomodate the larvae (Pukerson & Despommier, 

1974; Despommier, 1975, 1976). The muscle cell contributes 

to the development of a collagenous cyst while the larvae 

matures (Ritterson, 1966; Bruce, 1970~ Gould, 1970; Stewart 

& Read, 1972; Teppema ~ al., 1973; Despommier, 1975., 1976). 

\ 

1 .. 
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The larvae remain in the muse1es and when eaten, su~vive 

passage through the stomach and establish in the intestine 

of another hast. 

TransmissiQn of the parasite oceurs through the 

ingestion of muscle tissuè eontaining viable encapsulated 

larvae. The ability of the encapsulated larvae to survive 

extremes of cold and putrefaction has led to the suggestion 

that this May be considered_a free-living stage (Madsen, 1974). 

Upon ingestion, the larvae are freed after the digestion of 

the flesh and the capsule surrounding them and they penetrate 

into the mueosa. Developm~nt in the intestine has been fre

quently studied an~ there are conflicting reports regarding 

the number of larva\mOults prior to adulthood (Wiu & Kings

cote, 1957; Villela, 1958; Padhajecky, 1964: Berntzen, 1965: 

Ali Khan, 1966; Shan ta & Meerovitch, 1967a, b). An exten-
... "'"1' 

sive study by Kozek (1971a, b) using light and electron mi-

croscopy BeemB ta have resolved this problem. Kozek (1970a, b) 

tound that the larvaè undergo 4 moults in quick succession 

and that the adult stage is reached within 48 hours af infec

tion. A diagram of the life cycle iB presented in Figure 1.1. 

Under the present taxonomie classification, there 

is only one species recognized in the genus Triehinella (Yorke 

& Map1estone, 1926: Chitwood & Chitwood, 1941). 

~uperfamily • Trichuroidea 

Fami1y Trichinellidae 

Genus Trichinella 

Rècently, evidence has suggested that Trichinel1a 
l~ 

May not be a monospecific genus and that there May be several 
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FIGURE 1.1 The life cycle of T. spiralis. 
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species, "strains" or -bioloqical species" (Forrester ~ al., 
- _/~< 

196~: Nelson et al., 1961, 1966;' Kruger, 1966; Greti.11at , -- -
Vassiliades, 1967; Pereverseva, 1966; Read , Schiller, 1969; 

t 
ozeretsKovskaya et a1.,.1969; Britov, 1969). In a series of ...--

reports, Britov and his colleaques (Britov, 1971a, b, c, 1974; 

Brifov ~ al., 1971; Britov , Boev, 1972) have provided evi

dence to j~Btify the existence of three species of Trichinella: 
< !. spiralis, T. nativa and T. ne1soni and a fourth species 

" that differs cons;derably from the other three, !. pseudosp1ralis 

(Garkavi, 1972a, b, 1974; Britov, 1974, 1975a, b: Pereverseva 

et al., 1974, Britov & Garkavi, 1975). Although geoqraphical, 
\ 

bioloqical, ecoloqical, seroloqical and morphologica1 diffet-

ences have been found, recent evidence was thouqht not to 

justify as many as 4 separate species (Sukhdeo , Meerovitch, 

1977,1979,1980; Belosevic & Dick, 1980a, b, c). The prob-

lems in the taxonomy of this qenus have not yet been ade-

quate1y resolved. 

2) Nematospiroides dubius 

N. dubius (Bay11s, 1926) is a parasite 'of rodents 

with a direct life cycle involvinq both free-living and para

sitic stages (Figure 1.2). The eggs are passed in the faeces, 

hatch and deve10p to the ensheathed infective L3 1arvàe. Ehren

ford (1954) and Dobsen (1960) believed that there was 1 free

livinq moult and 3, parasitic moults, Spurlock (1943), Fahmy 

(1954) and Bryant (1973) reperted that there were 2 free-

living meults and 2 parasitic meu1ts. ' Two free-livinq meults 

are.fr6quent in trichostronqylids and the results of the latter 

authors are now widely accepted. 



'" 
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FIGURE 1.2 The life cycle of N. dubius. 
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Following ingestion, infective larvae have been 

found in the lumen of the gut for several hours before ex-

sheathment and penetration (Ehrenford, 1954; Bryant, 1973). 

However, Ehrenford (1943) believed that exsheathment oc

curred upon inqe~tion and Sommerville and Bailey (1973) have 

reportèd that 89'~f the larvae had exsheathed after 5 minutes 

in the stomach. 

The larvae penetra te the intestinal mucosa where 

they encyst in or close to the muscl~s of the intestinal wall 

(Spur~ock, 1943; Ehrenford, 1956). Liu (1965a',b) reported 

that the larvae may penetrate the gastric mucosa and remain 

there for up to 24 hours before leaving to penetrate the in... 
testina1 mucosa. The larvae develop to adults in the tissue 

'of the small intestine and then move to the lumen where they 

occupy their adult sites in the duoqenum. After copulation, 

the eggs are passed in the hostls faeces. 

The taxonomy of N. dubius (Ba:;fs, 1926) has re

cently been subject to revision and it is now thought to be 

the sarne as Heligmosomoides polygrus (Dusjardin;~1845) fol

Iowing the studies of Durrette-Desset (1968a, b). Several' 

investigators now working with this parasité synonomize the 

names (Forrester, 1971; Forrester , Neilson, 1973; Crandall 

et ~.,' 1975; Cypess & Zidian, 19751 Cypess ~ al., 1977a; 

M01inari, et al., 1978). 
f 

/ Superfami1y 

Family 

Subfamil:y 

Genus 

Trichostronqyloidea 

Trichostrongylidae 

- He1igmosominae 

- Nematospiroides 

(Yamaqu17i, 1961) 

~ 
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strongx1us polxqyrus was first deseribed by Ous

jardin (1845) as a parasite from the intestine of rodents 

and it was subsequent1y put into the genus He1igmosomum 
• 

CRai1let & Henry, 1909). It was later transferred to the 

genus Viannaia (Hall, 1916) on the authority of Travassos 

(1914) although Hall did not feel that there was suffieient . ' ~ 

evidence to justify the change. Hall (1916) ereeted a new 

qenus, Heligmosomoides to accomodate ~. linstowi, a parasite 

that was s~i1ar to V. po1XgXrus. Boulenger (1922) reported 

that H. 1instowi and ~. polygXrus were identieal speeies and 

he proposed tha~ ~. po1Ygyrus should be transferred from 

Viannaia to He1igmosomoides where if remains (Bay1is , Daub-

ney, 1926; Yorke & Map1estone, 1926). 

N. dubius was first described by Bay1is (1926) as an 

intestinal parasite of the woodmouse and it was plaeed in the 

subfamily Heligmosominae (1ravassos, 1937, Yamaguti, 1961). 

Durette-Desset (1968a, b) reported that N. dubius and H. ~

qyrus were identica1 species. 

I have retained the use of Nematospiroides dubius 

to deseribe the parasite used ~ this study pending.taxonom~e 

confi~ation of th~ statua of my speeies by the Commonwealth 

Institute of Helminthology, St. Albans, Eng1and. 

lB. SITE SELECTION BY GASTROINTESTINAL NEMATODES 

1) Introdustion 

Acanthocepha1ans and ces'todes are usua11y restricted 
- ( 

to the sma11 intestine, a region where there is absorption of 

nutrients by the host (Ulmer, 1971; Crompton, 1973) •. The 

-



14 

trematodes and nematodes that inhabit the gut are much more 

mobile and varied in their linear distribution in the gut 

than the cestodes and acanthocepha1ans. Trematodes are be-

1ieved to have a high degree of site specificity and this 

is"demonstrated by sorne of the ~nusua1 locations of the in

fective stages e.g. the attraction of Diplostomum flexicau

datum cercariae for the 1ens of fish (Ferguson, 1943), the 

predisposition of echinostome cercariae for rena1 organs 

(Heyneman, 1966) or the specifie migration of Brachylecithum 

rnusquensis to the supraoesophaqea1 gang1ia of ants (Carney, 

1967, 1969). Among nematodes, rnicrohabitat specificity aiso 

appears to be high1y developed, adu1t gastrointestinai nema

todes can be found in aIl regions of the gut. The sites oc-

cupied by nematodes may differ bo~ linear1y ànd radial1y a10ng 

the gut-l (Schad 1963ai, Weirtheim, 1970). Table 1.1 summarizes 

the results of a literature sea~ch and lists the sites selec

ted by sorne nematodes that inhqbit the gastrointestina1 tract. 

The site specific~ty of these nematodes probably de pend on a 

large number of factors of both host and parasite arigin, how-

ever, most of these factors have not been elucidated. 

2) Activation of the infective stages of gastrointestinal 

nematodes 

The system that controis activation in sorne nernatodes 

is believe4 to consist of a mechanism which regula~es (the 

timing of) the production of "internaI se~tionsn: the in-
;-J \ J 

ternal secretions themselves and the structures and tissues 

on which the secretion~ .... act (Rogers & So'mmervil1e, 1963). 
, -

The host produces either (a), a stimulus that acts direct1y 

1 
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TABLE 1.1 THE SITES OCCUPIED BY ApULT NEMATODES IN THE GASTROINTESTINAL TRACT 

/ 

(a) Nematodes inhabitin, the mouth and oesophaqus 

1 

~arasite 

)Amplicaecum robertsi 

Anatricnosoma buccalis 

.Capillaria blarinae 

_ \ f 

'Ka1icepha1us inermis corone11ae 

Spirocerca Iupi 

Gongylonema macroguberna aculum 

Host 

python 

opposum 

shrew 

/ 

boa 
eons'tr ietor 

dog 

monkey 

Comments 

capsules in eosophagus 

lesions in mucosa of 
palate 

tu~els of epithelial cell 
of eosophagus • 

in nodules in eosophagus 

in the mucosa of the 
eosophagus 

(h) Nematodes inhahiting the stornach 

Anatriehosoma gerbillis _ 

Ancy1ostoma p1uridendatum 

Capillaria contorta 

gerbil 

ocelot 

crow 

in,the mueosa 

,. 

in the mucosa 

~ 
l 

Reference 

Sprent, 1963 

~ence & Little, 1972 
Kinsella & Winegarner, 
1975 

Ogren, 1953 

Schad, 1962 

Nazarova, 1964 
Bailey, 1972 
Chhabra & Singh, 1912 

Lubimov, 1931 

Bernard, 1964 

Canavan, 1931 

Canavan, 1931 

.... 
U1 

- 1 
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(bl Nematodes inhabiting the stomach (cont'd) 

1 

< 1 

\ 

" 

C. gastrica 
\ 

Cloacina/spp. , 

contracaec~. microcephalus 

Coronostrongylussp. 

Filarinema spp . 
Gongylonema neoplasticum 

.Uaemonchus con tortus 

H. placei 

Habronema muscae 

H. megastoma 

H. mlcrostoma 

Labiostronqy~us lonqispicu1aris 

/ 

L. eugenii 

~ ~A7$ ,·tn.~!,...,ti*~.~,"~ ... "-""'_-;l.,..-~·-- ..... -

rat 

kangaroo 

epithelium of cardiac 
portion 

anterior stomach 

fish eating attaèh to mucosa by labia' 
birds 

kangaroo 
1 

kangaroo 

rat 

sheep 

cattle 

horse 

horse 

horse 

kangaroo 

wallaby 

" 

mid ta posterior intestine' 

pyloric g1andu1ar portion 

forestomach 

abomasa1 mucosa 

abomasal mucosa 

bûried'in mucosa 

abscesses in cardiac region 

associated with eroded 
mucosa 

midstomach, cardia 

( 

( 

\ 

1:1 

Baylis, 1926b 
Lopez-Neyra, 1947 

Mykytowycz, '1964 

Semenova, 1974 
/' 

MykytowYcz, 19~4 

Mykytowycz, 1964 

,Hitchcock && Bell, 1952 

Stoll, 1929 
Canavan, 1931 
Turner et al., 196"2 
SornmervIïlë; 1963 

Roberts, 1957 

Foster, 1930 , 

Foster, 1930 

Foster, 1930 

-" 
l' 

Dudzinski & Mykytowza, 
1965 . 

Sma1es, 1977 a,? 1-' 
0\ 
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Macroeostrongy1us sp. 

Ophidascaris moreliae 

~ . .. . 
Ostertag1~ C1rcumc1nta 

. 
o~ ostertagi 

Rugopharnynx ~ustrialis 

-. " SpinitectuB ranae 

Trichostronqylus axei 

T. colubriformis 
,,4., 

T. retortaeformis 

Ascaridia columb~e 

II> 

A~ galli. 

Ascaris lumbr~oides 

" 

.... _-

'-

" 

(b) Nematodes inhabiting the stomach (cont'd) 

kangaroo rnid to post~rior stomach 

pythons 

cattle 

cattle 

kangaroo rnid to posterior stomach 

frog 

sheep and cattle ~ucosa 

sheep and cattle mucosa 

~heep and cattie mucosa 
~ 

(c) .... ~NernatodeS inhabiting the smaii intestine 

pigeons -. 

chicken -.duodenum . 
man jejenum 

.~, 

\~ ___ ....... ,..,r-

.. J 

,',.-, ~ 

~ 

Mykytowycz, 1964 

Sprent, 1970 

Turner, et al., 1962 

Michel, 1963 

Mykytowycz, 1964 
\ 

Hasegawa & Otsuru r 1977 

Leland & Drudge, 1957 
Sommervi11e, 1963 
Purcell % al ~, -1971 

.1" 0 -

Barker, 1973, 1974, 
1975a 

Drudge et al., 1955 
Bai~ey..t 19b8 
Bark,r & For~ 1975 

Melendez &-Lindquist~ 
197~ , 

Todd & Crowdus, 1952 
Khouri & Pande, 1970 

Makidono, 1956 
~ 

" 

-. 

'-

.. 
\ 

Q 



..... 

/ 

A. suum 

Baylisascaris tasmaniensis 

Bunostomum phlebotomum 

Capillaria c~udinflata, .. 
C. col\,lIllbae ) 

t 

c .. obsignata> 

Coopériâ oncophora 

c. punctata 

Cucullanus cirratus 

Dochomoides stenocephala 

Hedrurus ijimai 

-Kalicephalus parvus 
-7 

Nematodirus battus 

N. fillicolis 

,'.t~ ... 

;t.-~ ........ 
') 

~ 

J' 

-; 

; 
{' 

" 
(Cl} -Nematodes" inhabi tlng: the small intestine (cont 1 d) 

pig 

tasmanian 
devil 

catt1e 

chicken 

chicken 

chicken 

cattle 

catt1e 

fish 

dog 

frog 

ant. smaIl intestine 

duodenum 

ileum 

ant. s. i. 

. ant. s. i. 

ant. s. i. 

/ 

boa ant. s. i. 
constrictor 

sheep ant. s. i. 

sheep 

( 

;:> 

.... 
é 

Steph~nsQO et al., 
1980 

.Sprent, et al., 1973 

Sprent, 1946 

Morehouse, 1944 
Madsen, 1952 

Levine, 1938 

Wake1in, 1965 

Isenstein, 1963 

Stewéliirt, 1954 . 

Va1ovaya, 1979 

GibbsY 1961 

il 

, 
Hasegawa & Otsuru, 197? 

Schad, 19.62 

Mapes & Coop, 1972 

Th'omas, 1959 1. 

\ 

..... 
00 

,? 

" 
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(c) Nematodes inhabiting the small intestine (cont'd) 

N. helviatanus 

Nematospiroides dubius 

Nippostrongy1us brasiliensis 

OesoPha~stom~ vigintime~rum 
Oswaldocruzia pipiens 

Parascari~ equorum 

Polydelphis q~qrangU1ariS 

Porracaecum angustica11e 

P. depressum 

P. ventricu1atum 

P. serpentu1us 

P1acoconus·1otoris 

Rhabdocona ergensi 

Streptopharagus pigmentatus 

cattle 

mouse 

rat 

came 1 

frog 

horse 

rattlesnake 

buzzard 

blackfinch 

heron 

crane 

raccoon 

fish 

monkey 

ant. s. i. 

.. 
ant. s. i. 

ante s ~ i. 

ante s. i. 

duodenum 

- - - -

ileum 

duodenum 

post s. i. 

- - - -

,Her1ich, 1954 
..... \....T 

Bryant, 1973 
Lewis & Bryant, 1976 
Sukhdeo & Croll, in 
press 

A1phey, 1970 

Canavan, 1931 

Barker, 1978a 

Foster, 1931 1 

C1ayton & Duncan, 1979 

Araujo, 1972 

Canavan, 1931 

Canavan, 1931 

Canavan, 1931 

Canavan, 1931 

Ba1singham, 1964 

Moravec, 1912 

Machida et al., 1978 ..... 
\D 

c\ 
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(c) Nematodes inhabiting the small intestine (cont'd) 

Strongyloides agoutii 

s. ratti 

s. venezue1ensis 

Strongylus equinus 

Toxocara canis 

T. vitulorum 

Trichinella spi~alis-

Trichostrongylus coluQriformis 

Truttaedacritis stelmoides 

guinea pig 

rat 

rat 

zebra 
~ ,i 

dog 1)' 
cattle } 

mouse 

guinea pig 

lamprey 

duodenum 

ant. s. i., mucosa at base 
of glands 

ant. s. i., mucosa of vi11i 

ant. s. 1. 

ant. s. i. 

(d) Nematodes inhabiting the large intestine 

Aspiculuris tetraptera mouse proximal colon 

Castor~trongylus castoris beaver caecum 

Chabertia ovina sheep 

... 

~ .. ""' ... ~ ~~lI'<~~,-,,,,,,,,,, ... ~,,,".t"V'''''-'''''.;N'' "Jo " ...... -

Griffiths, 1940 

Abadie, 1963 
Wertheim, 1970 

Wertheim, 1970 

Canavan, 1931 

War~ren, 1969 

Warren, 1971 

Larsh & Hendricks, 19~9 
Sukhdeo & Meerovitch, 
1980 

Connan, 1966 

Pybus et al., 1978 

Chan, 1955 

Canavan, 1931 

Herd, 1971 
l'V 
o 
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Cd) Nematodes inhabiting the large intestin~ (cont'd) 
.( 

Cosmocerca kashmlrlensis toad Fotedar li. Tihoo, 1968 

Cosmocercoides dukae toad rect:urn Baker, 1978b 

craterstomum.micronatum horse dorsal colon Foster, 1936 
~ 

cyatho~t:QIt1um c6ronl't:um ( 
horse caecum '! "\ Foster, 1936 . , 

C. labiatum , 
horse ventral colon Foster, 1936 _..-.. .J 

Cyclobractus brericapulatis horse dorsal colon Foster, 1936 

Cyclostephanus calicatus horse caecum Foster, 1936 

C. Eoculatus horse caecum Foster, 1936 

C. minutus horse ventral colon Poster, 1936 

C. longibursatus horse ventral colon Poster, 1936 

C. hybridu~ horse ventral colon Poster, 1936 

" Cy1icocercus catinatus horse ventral colon Foster, 1936 

C. go1di horse dorsal colon Poster, 1936 

C. Eat.eratus horse ventral colon Poster, 1936 
, 

cy1ic~cylus radia tus horse ventral colon Poster, 1936 
\" . 

N -, 
horse dorsal colon Foster, 1936 c. elongatus .... 

$ 

~ 
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(d) Nematodes inhabiting the large'intestine (cont'd) 

c. nos.-Satus 

c. insigne 

c. leptostomus 

Cylicondontoph~us euproctus 

C. bicoronatus 

c. ultrajectinus 

Cylicotetrapedon asymetr-icum 

Gyalocephalus capitatis 

Heterakis gallinae 

H. papillosa 

Hypodontus macropi 

Kalicephalus rectophilus 

Oxyuris equii 

Oesophagostomum columbianum 

o. venulosum 

Posteriostomum imparidentatum 

~.~~;.:~.j' !.40..,.,.'~~~-.!."'''''~ ~ .. - ..,.,...-.. ........ ~ • 

horse ventral colon 

horse dorsal colon -

horse ventral colon 

horse dorsal colon' 

horse ventral colon . 

horse dorsal colon 

horse dorsal colon 

horse ventral colon 

chicken distal caecum and colon 

chicken caecum 

kangaroo caecum 

boa rectum 
'constrictor 

horse 

sgeep 

sheep 

horse 

dorsal colon 

caecum 

dorsal colon 

Foster, 1936 

Foster, 1936 

Foster, 1936 

Foster, 1936 

Foster, 1936 

Foster, 1936 

Foster, 1936 

Foster, 1936 

C1apharn, 1933 
<Ka.zam & Barya, 1973 

Uribe, 1922 

Mykytowycz, 1964 

Schad, 1962 

Foster: 1936 

Dash, 1973 

Goldberg, 1951 

Foster, 1936" 

N 
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(d) Nematodes inhabiting the large intestine (cont'd) 

P. ratzii horse dorsal colon Foster, 1936 

Strongylus edentatus horse ventral colon Foster, 1936 

s. equinus horse caecum Foster, 1936 

s. vu1garis horse caecum and colon Drudge et al., 1966 
:-

Tachygonetri~ spp Tortoise colon Schad, 1963a 

Ternidens deminutus baboons and man Go1dsmid, 1971 

Thelandros magnavulvaris salamander Schad, 1936b 

Trichostrongy1us ovis sheep Canavan, 1931 

T. sigmodontis cotton rats caecum Thatcher & Scott, 1962 

T. tenuis grouse and caecum Cram & Cuvillier, 1934 
partridge /' 

Tricl)uris muris mouse caecum Wake1in, 1969 
Panesar & Crol1, in 
press 

T. leporis' rabbit caecum Shlikas, 1978 ). 

T. vu1pis dog caecum Miller, 1947 

Tridontophorus serratus horse caècum Foster, 1936 
., IV 

T. minor horse ventral colon Foster, 1936 
IN 

\ 
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T. tenuico-llis 

T. brevicauda 

'-

~~_.,...,.-.s:.-.,r.,,,"~"";1o>~t.""';~" , ,-

(d) Nematodes inhabiting the large intestine (cont'd) 

horse ventral colon Foster, 1936 

horse ventral colon Foster, 1936 

\ 
~ 

" 

~ " 

!7 
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on the infective stage to start the activation process 

and production of the internal secretions (believed to 

be enzymic in nature) or (b), an indirect stimulus wh~ch 

initiates the sarne process (Rogers, 1962; Rogers & Som-

mervi11e, 1963, 1968; Lackie, 1975). 

Many of the stimuli believed to be invo1ved in 

the activation process (hatching, excystment or exs~eath-

ment) have been elucidated by in vitro experirnentation 

where simulation of 'natural' conditions are believed to 

enhance success (Silverman & Hansen, 1971) and are be-

lieved to represent the factors norma11y present in the 

alimentary tract (Fairbairn, 1960, 1961; Rogers, 1958, 

1962; Lackie, 1975). The activation and hatching of 

Ascaris lumbricoides eggs are dependent upon the ternpera-

ture, pC02 , pH and reducing fact0rs that can be found in 

the homeothermic host (Fairbairn, 1960, 19~1). The ex-

sheathment of infective strongylid L3 1arvae require 

sirnilar stimuli (Rogers, 1962). 

The evidence suggests that under the idea1 con-

ditions of its host, the 1arvae are stimu1ated to secrete 

substances that aid in hatching or exsheathrnent. The 
. 

exsheathing fluid produced by the stimulated 1~yae 

contains an aminopeptidase that is specifie fot the 

species (Rogers, 1965) but the se enzymes have not a1ways 

been found in other nematodes (Ozero1 & Silverman~~1969; 

S1ocombe & Whit1ock, 1969; Slocombe, 1974). 

) 
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In addition, it has been suggested that the acti

vation of sorne nematodes May be aided by exogenous enzymes 

provided by the hosto Dictyocaulus viviparus has an absolute 

requirement for pepsin, Trichostrongylus colubriformis has a 

relative requirement for pepsin and Haemonchus contortus 1ar

vae are indifferent ta pepsin (Si1verman, 1963; Silverman & 

Podger, 1964). This has been chal'lenged by Parker and CroU 

(1975) who found that the 1arvae of ~. viviparus do not re

quire pepsin but that sheath degradation ~ ~ i8 a result 

of intestinal enzyme activity. 

Bile sal ts May also be involved in the activation of 

nematode larvae. The rate of exsheathment of the larvae of 

!. colubriformis and Nematodirus battus ia increased and the 

hatching of eg9s of Tricho,somoides crassicauda is enhanced, 

in the presence of bile salts (Chapman & Undeen, 1,968; Mapes, 

1972) • 

The specificity of the nematode larva f s response 

to the activating stimuli has led to the suggestion that sen

sory receptors are involved in the activati-bn process ,.,(Rogers 

& Sommerville, 1960) but experimental evidence ia not con-

vincing. 

3) The nematode ~ensory system 

All organisms that activè1y select their sites re

,qlJ.ire a sens ory capacity. Nematodes possess severa1 receptor 
1 

structures and respond to different, input moda1.ities (Ward, 

1973, Ward et al., 1975, Ware et al., 1975, Dusenbery, 1980). -....... ., --
Whil~ these have not been proven to be functiona1 in site se-' 

\ 

lection, the body Qf circumatantial evidence favours this 

assumption • 
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The nervous system of a nematode consists of a 

"brain" C?r nerve ring (c:i.rcumoesophaqeal ganqlia and nerve 

cell bodies) to which are connected the main dorsal and vert-

tral nerve chords and the lateral accessory nerve ahords which 

travel to the posterior of the worm (deI Castillo & Morales, 

1969; White et ~., 1976, 19787 Stretton !l~., 1978). Sen

sory nerves also extend from ~he nerve ring and travel.to the 

anterior (Ward ~ al., 1975; Ware ~ al., 1975). The various 

cephalic, cervical and caudal sense organs or "sensillae" 

(Lee & Atkinson, 1976) are all in continuity with the nervous 

system. The sense organs of nematodes and their neur'al con-

nections have heen the subject of several reviews (Ward et !!., 

1975, Ware ~ ~., 1975, McLa~en, 1976; Croll, 1977; and others). 

The nematode sens ory system shows discriminatory 

ability with a wide range of organic and inorgan~~ chemicals 

but for the most part the biological function of these responses 

are unknown (Ward, 1978; °Dusenbery, 1980: Croll & Sukhdeo, in 
"' ~ 

press). In gastrointestinal nematodes, the sensory meehanisms 

have not been ful1y quantified but the sensory response of some 

nematodes to sexua1 attractants has been demonstrated (Roche, 
, 7 

1966; Bonner' Etges, 1967; Bone & Shorey, 1977, 1978). In the • 

activation of the infective stage of some nematodes, the larvae 

are capable of responding to specifie stimuli and this sug~ 
\ 

gests that one or more receptors are involved (Rogers '~Som

Illerville, 1960~, Rogers, 1966a, b). A discrete chemoreeptor, 

which initiates a comp1ex hormonal and neurosecretory response 

when stimulated has been postulated (Rogers 1966a; h). Indi-

rect evidence'~or such a receptor mar be the reversible inhi

bition of exsheathment of the infective stage when treated 

J 
" 
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with an oxidizing agent (Rogers, 1966a). Unfortunate1y, 1ittle 

else ls known at the present time and before the mechanisms 

0t stimulus reception and activation are understood, more 

information ls needed on the ro1e of hormonal and neurosecre-

tory responses in nematodes. 

4) Categories of site selection behaviour of nematodes in 

the gastrointestinal tract 

In a review of the sites occupied by parasites in the 

alimentary tract, Crompton (1973) distinguished three ~

gories of parasi te behaviour based on the even'ts leading to 

the establishment of gastrointestinal parasites in their sites: 

(a), direct arrival of the immature stages in the sites of the 
, 

adults1 (b), emigration of the adults in, or (c), against the 

"" direction of gastrointestinal flow subsequent to establishment 
1 

of the immature stages. In his and other reviews on the sites 

selected by gut parasites, the si~ selection behaviour of the 

adults i~ usua~~y emphasized. l have modified and changed 

crompton's (1973) categories, to apply specifically to the 

site seledtion behaviour of gastrointestinal nematodes, thus: 
~ 

" (a), nematodes with the site"in the gaatrointestina1 tract 

the same at different staqes~ (b), nematodea vith the sites .. J, 

ingthe gastrointestinal tract and extra-q~atrointestinal lo-

cations different At, dif~ent stages and (c), nematodes with 

L the sites in the gastrointeatinal tract,different at differ-..... 
ent stages. 

, 
â) Nemato4es with the site selection in the gastro!ntestinal 

1 

tract the same at different stages. 
, 

In this group, site selection may be acti~e in all 

stages or just in the es~ablishing stage. le ia a1so suqgested 

\ ' 
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that the nematodes with passive mechanisms of site selection 
• 

would be found in this group although the evidence is circum-

stantial. Among the he,lminths in which -the si tes are selected 

by the infective stages are the cestodes and acanthocephalans 

(Ulmer, 19711 Crampton, 1973; Holmes, 1973). The oystacanths 

of Polymorphus minutus passively select their sites and their 

site selection can be correlated with the physico-chemical 

conditions and the rate of propulsion of the gut (Lingard , 

Crompton, 1971; Crampton," 1973). The adults are also found 

at the site'Of larval establishment. 

Amongst the gastrointestinal'nematodes there are 

sev~ral that seem ta fit_into this cateqory althouqh the site 

selection br the larvae has not been demonstrated to-be ac

tive or passive. 

J. The distribution of !. ,spiralis adults i~known ta 

be agqregated in the small intestine (Tyzzer & Honeij, 1916; , , 

Roth, 1938, 1939-; Gursch, 1949; Larsh & HendricKs,' 1949; 

Sukhdeo & Meerovitch, 1980). The infective larvae of this 

n~matode localize in the epitheliuœ of the small intestine 

as early as ten minutes post-inoculation (Despommier et al., 
1 .--

1978). The 1arvae select their sites between the epithelial' 

cells ~d basement membrane (Despommier !! al., ,1978) or with

in a syn~ium of the epithelial cells (Wright, 1979) and the 

adult worm. are recovered from the same site (Gardiner, 1976). 

The restr~ction to the mucosal epithelium May be ~ue to the 
~ 

lamina propria; in vitro atudies have demonstrated that lamina 

propria cel1s or their products are toxie to !. spiralis 

(Castro ~ !l., 1975). 
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A number of other nematodes includinq Trichostron-
/' 

gy1us axei (Purcell ~ !l., 1971), !. colubriformis (Barker, 

1973, 1974, 1975a, b), !. retortaeformis (Barke~ & Ford, 

1975), T. Muris (Panesar & Croll, in press) and Trichuris 

suis (Jénkins, 1970) occupy similar sites in the epithelial 

ce1ls of the gut. This'site selection suqgests independence 

of the' luminal contents of the gût which i8 consistent with 

the findinqs that the paren~eral feedinq of rats does not 

affect the development of !. spiralis (Castro ~!l., 191.~1 

1976b) .. 

In!. spiràlis infections, the adults are recovered 

from the site of larval establishment (Crompton, 1973). How-

ever, several investiqators found that transp~~nted worms fram 

a1l staqes of the life cycle can establish successfu11y in the 

recipient host (Katz~ 1960; Matoff, 1963: Denham, 1966). The se 

studies -suqqest that althouqh the adults remain in the sarne 
( 

site as the larvae, the adults are also capable' of site se1éc-

tion and establishment i.e. selection May be aètive in aIl 

staqes. This is not sa in T. muris infections. , 
Members of the genus Trichuris show considerable 

site speci~~city with intimate tissue contact. The adults 

are usually found with their anterior ends buried in the 

mucosa (Jenkins, 1970; Panesar & Croll, in press). Unhatched 

eqqs of !. vulpis in the dog and !_ Muria in the laboratory 

mouse were both ;in 'the small intestine 391 minutes after in-

Î 
l 
j , 
/ 

./ 

j 

fe,ction (Miller, 1947; Faluny, 19541 paneaarO" Cro11, in prep. f. '" 
Histoloqical studies with !. vulpis showed that there was a 

histotrophic phase in the amall intestine ~n~ that the 1arvae 

" 
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did not rnigrate to the large intestine' until ten days aftèr 

infection (Miller, 1947). Fahmy (19"54) was able to' recovèr 

larvae of '!. vulpis from the caecum wit~in '24 hours after in

fection and suggasted that there was no histrotrophic phase in 
, .. 

the small intestine. These latter results ~re consistent 

with those of Pane$ar Er croll (in prep.) using T. rnuris who 

found that ln normal mice, the infective egg!> were rapidly 

carried down the gut to the caecum. The larvae were quickly 

stirnulated to hatch by·factors presen~ in the caecum (Panesar , 

& Croll, in prep.) • The hatched larvae penetrated the caecai 
, /' 

mucosa where they deveIap~d' in a ttsyncytium" of epithelial 
, 

cells (Lee Er Wright, 197B;·Panesar Er Croll, in press). The 

~ larvae ,retained their abiIi'y to penetrate and establish an 

infection for up ta 10 days after hatching (Panesar & Croll, 

in press).. Adults of T. muris weI:'e recovered from the saroe 

sité as the larvae but the adults failed to establish when 

transplanted. The evidence suggests that site selection in 

this nematode does not oceur in aIl stages, just in the estab-

lishing stage. 

b) Nematodes with the sites in the gastroin~estinal tract and 

extra-gastrointestinal locat1ons different at different 

stages. 

'Several gastrointestinal nematodes have a migration ./ 

phase through the host prior to establishment in the gut. In 
1 

these nematodes, the eritic~l factors for site selection may 
1 

be very diffèrent for ~ch stage. The cdmplex migratory be-

haviour by the larvae of Ascaris lumbrlc@ides and Spirocerca 

spp. before they establish in the gut stronglY suggests a 

complex site selection behaviour in the larvae with various 

~---~~----------~--------~--------
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eues at diffe~~Ft stages (Ke11ey ~ !!., 1957; Ja1vin, 1968; 

Douvres & Tromba, 1971; Bailey, 197~-. Implantation of the 

larvae of Spirocerca lupi in various abnormal locations of 

the host all resulted in the larva1 recovery from the sarne 

site', (Bailey, 1972). v±-scera1 larva migrans, cutaneous 

1ar~a miqrans and Anisakis infections in paratenic hosts re

sult frpm the less specific site selection of infective as-

caro id 1arvae (Beaver, 1969,; Croll et al., in press) and may 
'. --

be explained by the lack of speei~ic se~sory eues to guide 

them. 

Aft~r the ~igration throu~h the body, the worms en-
, 

- ter the gut where the site selected is ..... dependent on both the 

late larvae stages and ~ adults. Nippostron~ylus b;asilien

sis has been d;scribed as a parasite of the up~ intestinal 
~ 

tract (Yokogawa, 1920; Chandler; 1935; Haley, 1961; Brambel1, 
,/ 

1965; Alphey, 1970). An interesting feature of the distribu

tion pattern of N. brasiliensis is the presence of clumps of 

worms in the small intestine. It was suggested that the se

lection,of th~ anterior small intestine by the larvae and 

adults of this nematode May be due te the avai1ability of 
,l, 

nutrients" concentration of bile and the concentration of . \ 

pancreatic juices or other physio~hemical f.actors (Alphey, 

1970, 1971.1972) and that ~e crlumping behaviour was due to 

intrinsic activity patterns such as sexual attraction and 

thiqmokinesis (A1phey, 1971). N. brasiliensis has an inflated -
balloon of cuticle which is associated with presumptive mechano-

receptor sense organs (Wright, 1976). This arrangement may 
( 

considerably increase mechanoreception and May be relevant in 

thiqmokinetic function. 

J 
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It was postulated that site specificity of this 

nematode was due'to the worm's requirement for oxygen (Al-

phey, 1972) in which they responded to the p02 gradient be

tween the 'stomach and the caecum (Rogers, 1949) and from the 

mucosa to the lumen (Crompton et al., 1965). Once the nema

tode had miqrated to its opt~al site, thigmokinetic responses 

operated to keep the worms near to the ~ùcosa (Alphey, 1972). 

ticent f,indi~gs challenged this hypothesis. There 

was a significant difference i~ the distribution of N. brasil
r 

ien~s in the intestine of fasted ,rats (Croll, 1976). The 

worms assumed a less clumped and much more dispersed distri

bution along'the small intestine and even entered the caecum 

in rats fastèd for 2 days. When the rats were returned to 

food (the nature of the food was not a dependent factor) the 

worms migrated to the food and assumed their normal distribu

tion, confirming an earlier report by Alphey (1970) that the 

worms could migrate over long distances. Croll and Smith 

(1977) a1so disaqreed with previous reports that ~. brasi1-

ienais lives near the mucosa; the worms were predomi~Antly 

found within the food bolus and only in starved rats ~n which 
",-,' 

there is no lumen, were the worms found in the mucosa. The 

evidence suqqests that these parasites simply orientate with 

respect to food using AJl orthokinetic response: the worms ~re (' 
~ . ~ 

active in the absence of food and having f~und food, .they'be

côme relatively inactive and feed (Croll & ~m~th, 1977). This 

interpretation was partly confirmed in a recent,study of Tricho

stron9Y1us vitrinus in sheep (Taylor, Kilpatrick,.l980) • 

... 
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In !. brasiliensis infections, the site is determined\ 

by labile factors resulting from the temporary fluctuation of 

environmental facto~s e.g. food in the gut. The possible ~-

por~ance of labile versus constant factors in site selection 

of nematodes will be discussed in a later section. 

c) Nematodes with the sites in the gastrointestinal tract 

different for different stages. 

Site selection by the nematodes in this group must 

be a property=of more than one stage. The adults occupy sites 

that are different from the sites occupied by the larvaa and 

this implies an active site selection where the worms are able 

to respond to specifie cues and respond in a directed manner. 

It is generally accepted that there are two mechanisms by 

which the nematodes arrive at their sites: (a), a passive 

'selection dominated by host influences or (b), an active sel-

ection dependent on the behavioural response of the nematode 

" when stimulated py host-derived eues. Passive site selection 

dominated by the host would be 14rgely determined by the rate 

of movement of luminal cORtents and the location of activation 
JI' 

of the infective stages (Rogers, 1958, 1960: Sommervi11e, 1957; 

Lingard & Crompton" 1971: crompton, 1973), and although active 

site-"selection May a1so he affected by these factors, the 

directional behaviour of the part~_i~ woU1~ he a ,m~~pr pa~t in 

site selection '(Ulmer, 1971: Crompton, 1973: HOlmeS~~·19-7~)., 
. 

Active .site selection by nematodes is not found only in nema-
" 

todes of this category but also in categories (a) and (b), how-

ever, the evidence for active site selection is mostly in-

direct and it is in this category that the evidence i8 Most 

• 
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convincing i.e. the adults leave the site of larval selection 

and migrate with or against the flow of ingesta and maintain 

themselves in specifie locations. 

The infective larvae of Placoconus lotorie encyst 

in the duodenum and the adults migrate alonq the gut to the 

posterior small intestine as they,mature (Balasinqham, 1964). 

The inf~ctive "larvae of Kalic{phalus parvus encyst in the 

stomach mucosa and the adults live in the small intestine 

(Schad, 1956) while the infective larvae of Doohomoides steno-

cepha14 encyst in the gastrio and duodenal mucosa and the 

adults live in the smali intestine (Gibbs, 1961). Finally, 

the infeotive larvae of Chabertia ovina and Oesophaqostomum 

venulosum encyst in the sma1l intestine and the adults live 

in the large intestine (Goldberq, 1951; Herd, 1971). In 

these examples, the emigration was posteriad and May be pae-

sive; and it is reported that the adulte of ~._venulosum May 

be swept out with the faeces after the histotrophic p~ase 

(Goldberg, 1951). 

In mioe infeoted with N. dubiue the larvae encyst 

in the wall of the small intestine, at maturity, the worms 

enter the 1um~n and migrate anteriad, against the qastrointes-

tinal fIow, to their site in the duodenum (Lewis & Bryant, 

1976). Panter (1969) argued that the se shifts vere due to 

chanqes within the preferred sites that made them unfavour-

able and the probable cause was the host ~une response. 

The more reoent literature has suqqested fo~ Many nematode 

infeotions that tmmunologioal reactions or tissue pathology 
, t 

can cause the chosen site to become "uninhabitable", while 

c 
o 
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thia lacks experimental ve~ifieation, it ia a popular no-

tion. 

Bawden (1969) believed that the anteriad migration 

of N. dubius was'due either to pH or pC02 gradients or dietary 

factors. Oobson (1961) suggested that the stimulus for emi-

gration May have been an adverse reae~ion to bile or the ef

fec~s of &ile, ainee the adults migrated to a site anteriad .. , 
of the bile duct. Two possible mechanisms have been postula-

ted in the Most reeent study of !. dubius by Lewis & Bryant 

(1976). Firstly, a response to an unknown factor{s) that is 

secreted by the anterior small intestine, or, secondly, orien-

tation to a p02 gradient a10ng the small intestine. Although 

the first suggestion ahould not be discarded, there ia some 

expertmenta~~support for the second suggestion. Aerobic 

metaboliam is of functional importance to this species and 

oxygen was found to be necessary in all parasit~c stages for 

survival and-motility (Bryant, 1974). A p02 gradient exists 

in the gut with the highest concentrations at the pylorus 

(Rogers, 1949). An orientation response to higher coneentra

tion~'of oxygen could exp1ain the adult distribution. 
" 

Pinwo,ans inhabit the large intestine and because of 'i 

the relative ease of maintainance and facility of infection, 

they have been studied by several workers (Philpot, 1924; 

S~hnuffner & Swellengrebel, 1949; ,Prince, 1950; Chan, 1952, 

1955; Brown et al., 1954a, b; Mathies, 1954; Schad, 1963a). -- -
Pinworm eqgs travel to the large intestine before 

they ~~tch (Philpot, 1924; Chan, 1955), the larvae establisn 

in the caecum and colon and the adults are recovered qfrom the 
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same site (Prince, 1950). However, the adults of the mouse 

pinworm, Aspiculuris' tetraptera are usually fOund in a more 

restricted hab!~at than the larvae. Early in the infection, 

the majority of larvae are found in the distal colon but as 

the infection proqres~s, the adults are found to be con-

centrated in the proximal colon (Chan, 1955). Site specifi

city within the larqe intestine has also been demonstrated 

in other pinworms. Larqe numbers ~f Tachyqonetria spp. in-
\ 

fected the,colon of their tortoise host (Testudo graeca), but 

despite these hiqh infections, there was little overlap in 

the distributions amonq the more than 10 species studiei 

(Schad, 1963a). Amonq the species with similar linear dis

tributions, the radial distributions differed. The niche 

specialization that occurs between these closely related species 

in the colon il1ustrates the complexity of factors that must be 

involved in the selection of sites. 

5) Factors affectinq site selection of qastrointestinal 

parasites 

There is little information available ~n the eues 

that are used in site selection of'qastrointestinal nematodes. 

Most investiqators suqqest that sites are determined by labile 

factors resultinq f~~ the temporary fluctuation of environmen-
---"-

tal factors e.q. food on the site selection of N. brasiliensis 
L 

(Crol1, 1976) or various physico-chemical and nutritive qrad-
f 

ients'on the site selection of ~. dubius (Bawden, 1969; Lewis 

~ Bryant, 1916). very few workers have considered that site 

selection may a1so he determined by critical architectural 

factors but there are several examples of host and site selection 
t, 

• 
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of cestodes based on the architecture of the gut (Williams, 

1960; Williams et al, 1970; Carvaja1 & Dai1ey, 19761 McVicar, 

1977, 1979). The evidence for site selection of nematodes 

based on gut architecture is scanty but it can be argued 

that the epitbelia1 cel1s are essential for the site se1ec-

tion of !.. spiralis and !.. muris (Desponunier et -al., 19781 

Lee & Wright, 1978, Wright, 1979: Panesar ,'Croll, in press) 

and that the size and topography of the duodenal villi are 

important in the attachment and therefore site selection of 

N. dubius (Kleinschuster et ~., 1978). In studies of site 

selection, the notion of labile and constant factors, the 

interaction between the labile and constant factors and the 

critical thresho1ds that may be invo1ved in these inte~ac

tions has not been weIl developed. It is an area that re-

quires much more work. 

The fol1owing is a summary of the factors that have 

been reported ta affect the site selection and distribution 

of parasites,of the gastrointestinal tract. 

a) Diet 

Several investigators have reported a relationship 

---between diet and intestinal helminths (Chandler, 1943, 1953; 

Hunter, 1953; Gordon, 1960; Gibson, 1963, Hopkins, 1969, 

, '" 1970a, b; Bawden, 1969; Dunkely 6i Mettrick, 1969: Read & 

Kilejian, 1969: Mettrick, 1971a, b; Croll 1976). The cea-

tode, H. dimunita displays à migration response that ia re-

1ated to the ingestion of food by the ~at host (Hopkins, 1969; 
, 

Mettrick, 1971a, b, 1972). The migration was related to the 

nu~ritional requirements of the ho,at and that there was a 
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positive correlation between host feeding and increases in ' 

the worm's biomass (Mettrick, 1970~ Mettrick & Cannon, 1970) •. ~ 

However, although Many investiqators have found that the nor

mal development of this parasite is greatly affected by the --~ 
.. -

quantity~and quality of the diet (Chandler, 1943~ Chandler 

et al., 1950; Read , Rothman, 1957a, bi Roberts, 1966; Roberts 

& Platzer, 1967; Dunkely & Mettrick, 1969), it has been ,re

ported that ~. dimunita could develop normal1y in the qut of 

rats that were parentera11y fed (Castro ~ al., 1976b). This 

evidence sugqests that the host May be secreting nutrients 

into the intestinal lumen which can be utilized by the ces

tode~ and it stronqly supports the",concept o'f lwninal homeo-

stasis proposed by Read.(1950, 1911) (discussed in the next 

section) • 

Among the nematodes that inhabit the gut, the ef

fects of diet May be important depending on their mode of feed

inq. The longitudinal distribution 'of ~. dubius and ~. brasil

iensis are affected by the diet of their hosts (Bawden, 1969; 

Croll, 1976) • Althouqh a relationship has been described 
• 

between the diet and distribution of N. dubius <the adults of 

which live closa to the mucosa) it was comp1icated by severa1 

factors including the sex of the host and intraspecific sexua1 

attraction (Bawden, 1969). The distribution of N. brasiliensis 

( a lumen dw,ller) was definite1y affected by hQst diet (Croll, 

1976) and the location of !. spiralis (a tissue dweller) was 

not found to be affected by the presence or absence of food 

- (Castro.!! ~ •• , 1974, 1916b). 

, 
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b) Gr adien ta 

In several reviews on the selection of sites by 

parasites it has been tmplied that the sites found in the 

alimentary'tract are homeostatic (Read, 1971: U1mer, 1971: 

Crompton, 1973: Halmea, 1973). The concept of a site as a 

constant topographie region with ehemieal homeostasis has 

been questioned by some investiçators (Mettrick & Podesta, 

1974: Croll, 1976). The concepts of sites and habitats in 

the qastrointestinal tract should be considered mor~ as dy-

namic enviropmental interactions between hosts,and their para

sites and that aIl play an important part in site selection 

(Croll, 1976b). 

There are a number~f physico-chemical gradients 

alonq the qut and these inelude p02' pC02 , p~, bile salts, 

amino aeids, enzymes, ionie, osmotie and redox potentials 

(Mettriek & Podesta, 1974). Although Many ore aIl of the se 

gradients have been implicated in parasite site selection , 't--J 

(Read, 1950, 1971; Dobson, 1961; Bawden, 1969: Mettrick, 1970, 

1971; Alphey, 1971, Smyth & Hass1ewood, 1973; Mettriok & Po-

desta, 1974: Podesta & Mettrick, 1974, 1975; Lewis & Bryant, 

197~), there has been little experimental substantiation and 

the assertions of these inv~'stigators have not been rigourously 

tested. 

c) Mierobial flora 

There exists an interre1ationshïp between bacterial 

flora and parasite infection in the qastrointestina1 tract 

(Mettriek, 19710: Podesta & Mettrick, 1974). The bacterial 

flora,may alter the p02' pH or redox potentials in the gut, 

which, in turn, affects the parasite distribution (Podesta & 

" .' 

i 

t 
l 
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Mettrick, 1974). On the other hand, ~. dimunita reduces the 

pH of the gut which rnay reduce the density of microf1ora in 

their habitat (Mettrick & POdesta, 1974). 

The re1ationship between nematode infections and 

microbial flora has not been extensively studied. In nema-

tode infections, there is a synergistic and an antagonistic , 

component in the microbial flora (Westcott, 1970; Mettrick & 

POdesta, 1974; Hall et al., 1976). The normal flora of the 

~ small intestine of mice significant1y favoured the develop-

ment of !. spiralis whereas in bacteria-free mice, establish

ment was decreased CStefanski Cr Przyja1kowski" 1965, .1966; 

Przyjalkowski & Westcott, 1969). Although mi~~ations may be 

more successful in gnotobiotic animaIs e.g. with infections· 

of N. brasiliensis and Angiostrongylus cantonensis, the heal

ing of lesions produced by the migrating larvae'and the de-

velopment of adults in the gut is much more successfu1 in 

animaIs with the normal flora (Newton et al., 1959; Westcott 
-- /.'!" . 

& Todd, 1964; Westcott, 1968, 1970; Przyjalkowski & Gorecka, 

1976). Because of possible avitaminosis, dietary factors and 

other expe~imenta1 conditions, the interpretation of these re-

sults is.very speculative. 

The nematodes and the microbiai flora may aiso in

teract synergistically'to increase the patho~ogicai effe~ts 
J ( 

of the parasite. The patho1ogy of T. suis infection is much 

more severe in conventional pigs than in germ-free pigs 
l '1 

(Rutter ~ Beer, 1971; Hall et ~l., 1976). 

d) Parenteral factors 

The relationship between the host immune respoqse and 

the.distribution of nematodes in the gut has been demonstrated 
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by several investigators (Larsh et al., 1952; Brambft1l, 1963; 

Panther, 1969; Kennedy, 1978). Nemat~de distributions afe 

a1so affected by increased host age, possibly due to increased 

immunity (Dobson, 19f2; Benkhe, 1975b; 1976) and 'by cortico-
r 

steroid treatment (Coker, 1955, 1956j'Markell & Lewis, 1957;. 

Robinson, 1961; Campbell & Collette, 1962; Mathies, 1962; 

Olivier, 1962; Briggs, 1963; Campbell, 196'3; Ogilvie, 1965). 

Sex hormones have also been implicated in the al-

teration of nematode distrib~~ns in the gut. Nematode in-

fections may be a1tered by host sex (Mathies, 1954, 1959b; 
. . 

Dobson, 1961; Stahl, 1962; Benkhe, 1976; ~ewis & Bryant, 1976), 

host pregnancy (Oshi~a, 1961; Dunn & Brown, 1962), host lacta

tion (Connan, 1970, 1972, 1974; Dineen.' Kelly, 1972) and 
o 

gonadeetomy or hormone treatment of the host (Solomon, 1966). 

The role of hormones in the host-parasite re~.ationship is not 

fu11y understood (Solomon, 1966, 1969) but hormones play an 

impbrtant role in intestinal function and both sex and gastro-

in-testina1 hormones of the host may af·fect parasites (S010-

mon, 1969). 

~ Intra-specifie and inter-specifie interactions between 

parasites 

The hookworm, Ancy1ostoma eaninum, has a preferred 

location in the jejunum of dogs, but in heavy infections the 

crowded worms JIlay locate ~,along the entire 1engtIl of the smal1 

intestine (Krupp, 1961).} similar1y in heavy' infections or T. 
. ( 

spiralis (Roth, 193B) and ~. ovina (Herd, 1971), there is an 

increased 10n~itudina1 dispersion. The host's immune response 
• 

is density dependent ang,.-r.esults in the rejection of both parasites 
o 
1.~ 

r 7 
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before it completes its development (Herd, 1971; Kennedy, 

1975) • 

Interactions with the opposite sex may also af-
1 

fect the distribution of nematodes in the gut. Male and .. fe-

male hookworms CA. caninum and Necator americanus) and T. . - -
spiralis can find each other in the gut even if they are in::

oculated at separate locations (Doerr & Menzi,. 1933; 'Beaver, 

1 1955~ Oshima.!!!1.,'19621 Roche', 1966: Koz1ov, 19711 Sukhdeo 

& Meerovitch, 1977). Sex attraction and orientation towards 

the opposite sex has been observed in several nematodes (Green, 

1966; Roche, 1966: Bonner & Etqes, 1967; Anya, 1976a, b; Bone 

& Shorey, 1977, 1978: Roberts & Thornson, 1977a, b) and the 

movements of worms to the opposite sex may result in a1tered 
~"d 

distributions. In hookworm infections, when the sexes are un-

balanced wi th more males than females, there is an increase 
. 

~ 

in the laceration of. the mucosa and subsequent b100d loss as 

the males migrate more active1y t~ find the females (Beaver 

et al., 1964). 
1 

J 

• 

-
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CHAPTER 2. GENERAL METHODS AND MATERIALS 

2A. THE PARASITES '-
The isolate of!. spiralis used in this investig~tion-

was originally reco~ered from a naturally infected pig en-

countered by the AnLmal Diseases Research Institute, Canada . 
Department of Agriculture, Quebec in 1959. It has been con-

tinuously maintained for more th an 20 years in rats and mica 

at the Institute of Parasitology and has been extensively . ",,-

studieà. "'-
The isolate of N. dubius used in thi-s investigation 

was donated by Dr. Jon Wetzel of Ayerst Research Laboratories, 

New York in 1978 and has been maintained for 't11e past 2 years 

in Swiss mice at the Institute of Parasitology. 

2B. THE HOSTS -
The mi.ce used in this investigation were female \ 

Swiss outbred mice, weighing 20-25 g, ,purc~ased fro~ Canadian 

Breeding Farms, Quebec. Unless otherwise stated, they were 

hou~ed in groups of r 5 in plastic "shoebox" cages (12" x 6") 

and given Purina Mouse Chow (Ralston Purina Company of Canada, , 
Quebec) and water ad libitum. 

The rats used were male and female Evans, Long-Haired 

(ELH) hooded rats, weighing 250-350 g, purchased from Canadian 

Breeding Fams, Quebec. They were housed in groups of up to 

6 animals in metal mesh cages (17 ft x 10") and, un1ess other-

wise stated, they were qiven purina Rat Chow (Ralston Purina 

Company of Canada, Quebéc) and water ad libitum • 

. \ 
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All animaIs were housed in an animal room 'at 
o 0 

21 C ~ 1 C, on a 1.4" hour and 8 hour li9ht/dar~ photQperj.od. 

2C. METH9DS OF HANDLING TRICHINELLA SPlRALIS 

1) Collection of infective larvae 

Mice or rats which had peen infeèted with!. spiralis 
~ 

eor more than 30 days ahd therefore carried infective muscle 

la~ae, served as the source of infective larvae. The animals 

were killed by decapitation, skinned, eviscerated, the bones 

crushêd and the muscles of the eareass eut into small pieees. 

These pieeesuwere homoqenized with the "digestion solution" 

(below) for 30 ~ec~ds in a high speed Waring blender. The . 
"digestion solution" was an artificial gastrie juiee consist- \ 

ing of a final concentration of 0.06 N HCl made up in tap wa\er 

,with O.3%(W/V) pepsin (Fischer Seientifie Company, Quebec). 
1 

Alfproximately 30 ml of th'is solution- were usé'd for each gram 
o 

oe meat to be digested. The homogenate was incubated at 37 C 

with slow agitation. After 3 hours the homogenate vas filtered 

through 2 layers of cheesec~oth and the larvae were sedimented 

by tilting the COllect~g flask. Tbe sedimented larvae were 

collected in a centrifug tube usinq~a suction device, washed" , 
·0 

thrice in 0.85% NaCl sol ion (saline) and stored ~t 4 C until 

used. The larvae were used wi thin 12 hours of storage. 

2) Counting the larvae 1 J 
The isolated larvae were re-suspended in fre'sh saliné' 

~ --=,~'-

and the V'ol.ume was made up to 10 ml.; fram this, ~ppropriate 

dilutions were made and counted usinq a McMaster, nematode, 
- -

eçg-coqntinq chamber. At least 10 chambers were counted, and 

-, 

. , 
. , 

i .. " 



............ -----------------------------------------~-

'" -4 

0 , .. 
l' 

? 

46 

the mean was calculated. 

3) Infecting with !. spiralis 

An infecting dose of 1000 larvae for rats and 500 

larvae for mice was delivered in 0.1 ml saline (unless other-

wise stated) with a l ml syringe attached to a long blunt 

18 gauge needle. The animals were infected by inserting 

the needle down the esophagus to the stomach and releasing 

the larvae. Hosts were-given standard doses of larvae re-

gardless of their age and weight and differences between 

hosts were a1ways kept at a minimum. 

-4) Recovery of !. spiralis from the gut 

Maximum nwnbers of adults of T. spiralis o~cur on 

the fifth day after infection (Sukhdeo & Meerovitch, 1980) ~ 

adults were, therefore, collected on the fifeh day. Hosts 

were fasted for 12 hOurs prior to sacrifice, to reduce the 

gut contents and facilitate fast and accurate çounting. Mice 
J 

were killed by decapitation, the small intestine was immediately 
, 

1 

removed, was 1ightlysue,tched and was divided into 12 equal 

segments using a modified grid similar to that employed by . 
Brambe~ 

, 
(1965) • Each segment was slit open and was placed 

t 

in a petri dish of warm NaCl (0.85%) and was incubated for 
..-' 0 

l~ hours at 37 c. The worms which migrated'out of the tissue 

could be easily counted under a dissectinq microscope. Rats 

were treated similarly but the small intestine was divided 

into 5 cm segments. When worms were recovered from other 

parts of the gut, the caecum and colon were each qonsiqered 

as segments. .. 

'<il 

(-/--' 
-'" ~? 

c, 
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20. METHOOS OF HANDLING NEMATOSPIROIDES DUBIUS 

, 1) Collection of infectiv~ larvae 
7 

Faeces of mice wh~h had been infected with N. 

dubius fér 2-6 weeks were used'to culture infective larvae. 

The mice were put into cages with.wire mesh bottoms -and the 

faeces were collected after 24 hO~" These faeces were ex~, 

amined f~ the presence ~f eggs of N.'dub~us and, if PositiveJ 
, -

were cultured. The faeces were made into a slurry with water, 

strained through cheesecloth and the fil{rate was centrifuged 

àt 800 rprn for la minutes. 
'l-

The supernatant was discarded 

ana the sediment çontaining the eggs was spread in the centre' 

of a No. 1 Whatman filter paper with a diameter of 12 cm. A 

small 5 cm'p~tri dish was inverted in the centre of a 15 cm . 
petri dish .containing a small ·amount of' water (to a height of 

0.5 cm). The filter paper was placed in the large petri dish 

so that the centre was raised above water level. Ten days. 
o 

after incubation at 25' C, the larvae had migrated in~ th~ 

water and were collected. The laryae were washed in water 
r 0 

and stored at 4 C for up to 2 weeks. 
,,-

'2) Counting the larv,ae and infecting with N. dubius--
The procedures for counting the larvae and irlfect

ing the host animals ~ere similar to those for !. spiralis. 

Mice ~d rats were given standard doses regardless of their 
!, ft \ 

~ge and wei~ht, rats were inoculated with '300 and mice with 

100 infective, third stage l~rvae. 

3) Recovery of N. d~ius from the gut -
The larvae of N. dubius in the qut were counted'6 

, 
.' 

-
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'àays after infection while they were encysted within the 

tissue of the gut (Lewis & Bryant, 1976) and were easy to 

sde because of their large size. The infected mice were 

killed by decapit~tion and the small intestine removed and 

divided into 12 equal segments (see p, 46). Each segment was 

then slit open longitudinally, ~ressed between 2 plates of 

glass eàch B x 4 cm, and was examined under the dissecting 

microscope. In rats, infected with !. dubius, the procedures 

were simi~ar but the s~ll intestine was divided into 5 cm 

segments. , 

2E. THE~MEASUREMENTS OF LARVAL BEHAVIOUR IN VITRO -
Larval behaviour of both!. spiralis and N. dubius 

was observed in cl~sed watchglasses with even, cold illumina

tion (fluorescent lightlng under,translucent plexiglass) at 
00, 

temperatures of 22 C' and 37 c. A manual event r,ecor~er was 

used to record a temporal pattern_ of behavioural events. 

Time-lapse and real speed recoroinqs were ,made of ' 

mobile larvae usinq a Hitachi video tapere-corder, ~odel SV-SI2, 

" and a Hitachi closed-circuit television camera, Model HV-165, 

mounted Oh a Ze~ microscope over a warmed-stage' (Croll\ 1975). 

This permitted detailed measurements of certain behavioural 

pararneters from the display monitor: 

~ THE MEASUREMENT OF GUT PROPULSION 

Gut propulsion was measured in mice using Affi Gel 

Blue affi~ity chromatography beads, measuring 75-~SO)l (Bio 

Rad Laborato~ies, Missisauga) as non-absorbable markers. 
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Each mouse was fasted for 12 hours prior to experimentation. 

Approxim~tely 50,000 beads in 0.1 ml distilled water were 

given by temporary intragastric intubation. Fifteen minutes 

after intubation, the animaIs were killed and the small in-

testines were quick1y removed and were divided into 12 equa1 

segments (see p 46). The stomach and intestinal segments 

were each flushed with 10 ml disti11ed water to remove the 

beads and aliquants of t?e s~ended beads were counted in 

a McMaster nematode agg-counting chamber. The distribu-

tion of beads was expressed a~ the percentage of beads in, 

or passing througp, each segment during the 15 minute test 
" 

~~ per~od (modified from Castro et al., 1976, 1977). The rate 
- or-

of propulsion was described by the slope of the distribution 

and permittad fitted 1ines to be compared by regression 

analysis (e.g. Figure 3.13). 

, ' 

2G. GENERAL SURGpL PROCEDURES 

All anima1s were fasted for 12 hours bafora under-

going gastrointestinal surgery to reduce ingesta. This mini

mizad possible infection and reduced gastrointestinai propul

sion. They were then anesthetized with a single intrape'ritoneal 
> .' 

dôse of' l mg/qm~odium pentobarbital ('S6mnothol , MTC Pharma-
1 . 

ceuticals Limited, Hamilton). Using sterile procedures, 

laparotomy and surgery were performed and the abdomen was 

closed •. The anima.~ was then qiven an intramuscular injection 
1 

of 10 mg/kg of a penicillin-dihydrostreptomycin antibiotic 

<oérapene(i), Ayerst' Research Laboratories, Montreal) and fed 

only glucose in their ad ~ibitum water supply for the first 

} 

, ~', ' 

) 
1 
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post-operative day. "The animals were returned to a normal 

feeding regime on the second post-operative day. 

2H. SOURCES OF BILE FOR EXPERIMENTATION 

The standard crude bile used in this investigation 

came from the pooled gall bladder contents of 50 pigs. The 

bile was removed from these gall bladders using sterile 

procedures and was stored in smali aliquants at _20 0 C until 

used. All of the other bile used were recavered from the gall 

~~ladders of experimental animals and in naturally acholecystic 

animals, the bile was collected through cannulati~ of the 

bile duct. ~~ 

21. HISTOLOGICAL PROCEDURES 

AlI tissues for histological examination were fixed 

for a minimum of 24 hours in AFA ('glacial acetié acid (5 %) 

formaldehyde (10%), glycerine (10%), 95% ethyl alcohol, (25%) 

in distilled water (Croll, 1966». The fixed tissues were 

dehydrated' in a graded series ofethanols to absolute ethyl 
"-~ , 

alcohol, transferred to benzene and then inÏiltrated and em-

bedded in paraffin wax (M.P. 56 0 Cl. The embedded tissues 
, 

were ~ectianed at 7 )lIn thickness and stained using the 
, 

haematoxylin-easin-method (Carleton, 1962). 

'-
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CHAPTER 3. FACTORS AFFECTING THE LONGITUDINAL 

DISTRIButION OF TRICHINELLA SPIRALIS AND 

NEMATOSPIROIDES DUBIUS IN THEIR HOSTS 

3A. INTRODUCTION 

There are three groups of factors which may in

" the site of intestinal helminthe and which can be 

estimated through an analysis of their longitudinal distri-

bution. Firstly, the activation (hatching, exsheathment or 

excystment) of/:Ehe infective stage. Secondly, the morphology 

and motility of the gastrointestinal tract which impose 'pas-

sive influences on the dispersion of parasites. Finally, 

. ~se sensory and behavioural phenomena, attributab1e to the 

parasite, which lead to active selection of specifie sites. 

For a full discussion of these see pp 13 - 43. The relative 
:b> 

~ contributions' of these components is to be examined, through 

analysis of longitudinal 

N. dubius. 

!. sEira'lis i5 

distributions for T. spiralis and 

lO~d tJ certain areas of the 

small 

ports. 

intestine altho,u~h there have been sorne confl.fcting re

MOS~ worms ·are found in th~.anterior haî! of the 

small intestine of mature rats (Gursch, 1943a), mature mice 

(Larsh & Hendricks, 1949) and young mice (Campbell, 1967; 

Sukhdeo & Meerovitch, 1980). ~~ever, there are several re

ports in which !. spiralis inhabit~d the posterior half of 
\ 

the small intestine of young rats and mice (Larsh & Hendricks, 
"'!. 

1949) and in' mice, rats and guinea 

& Honeij, 1916;- Roth, 193~, 193~9). 

pig~ of unk~own ages (Tyzzer 
\ 

.Larsh' & Hendricks (1949) 
" 



;' 

( 

l, 

52 

suggested that the age of the host determined the longitudinal 

distribution of the worms because the intestinal motility of 

young mice was faster than in old mice. When the intestinal 

motility of young mice was generally suppressed with morphine 

sulphate, the worms established morELanteriorly. These 1n-

vestigators did not quantify the rate of intestinal motility 

betwee~,the two groups. Furthermore, their results were con-

tradicted by the resu1ts of Campbell (1967) who reported that 

the majority of !. spira1is localize in the anterior sma11 

intestine of normal young mice. 

Infective 1arvae of N. dubius enter the host per ~ 
, 

and exsheath in, and penetrate the stomach (Liu, 1964; Sommer-

ville & Bai1ey, 1973). They penetrate and encyst in the small 

intestine and later they emerge as adul ts in the lumen (Bryant, 

1973). The positions of 1arvae and adults of N. dubius in the 

small intestine differ as the infection progressed (Lewis & 

Bryant, 1976) and whi1e several physico-chemica1 factors have 

been implicated in the dispersion of adul ts of N. dubius in the 

intestine e.g. diet, host sex, host agwand intestinal micro

f10ra (Dobson, 19'61, 1962; Newton et al., 1962; Bawden, 1969; 

Panther, 1969i Lewis & Bryant, 1976); 1ittle i6 known of the 

factors affecting ear1y'1arval establishment (Bawgen, 1969). 
, 

Because of the contradictions in some of these re-
-

ports and as part of our program to determine factors that af-
-

fect the localization of parasites within their hosts, l have 

examined ~he effects of sever al physical factors on the estab

lishment behaviour of both T. spiralis and N. dubius. 

, 

l 
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3B. MATERIALS AND METHODS. 

1) Trichinella I5pir-alis' 

a) The longitud.i,.nal distribution of T. spiralis in the small 

intestine o~ mice with differing vehicles of infection . . ' 
Fifteen mice were divided into 3 equal groups, each 

group was given one of three types mf dose of T. spiralis lar-

vae: (a), 500 excysted larvae (HC1-pepsin digested); (b), 500 

encysted larvae (trypsin digested, see below); or, (e), a 

piece of infected diaphragm containing an estimated 500 larval 

cysts. To recover encysted larvae of T.· spiralis 1 the homo-
- 'I~ 

\ 

genized carcass of the infected host was digested in a 5% 

solution of trypsin in phosphate buffered saline (pH 7.2) \"rhile 
o 

slowly agitated at 37 C for 3 hours. Five days after inféction, 

the animaIs were killed and the distribution of worms in the 

small intestine was determined. The influ~nce of the vehicle 

of infectibn on the longitudinal dispersion was therefore ex-

amined. 

b) The effect of a surfactant'·on the longitudinal distribution ,. 
of T. spiralis in the smaii intestine. 

Twenty miGe were divided into 4 equal groups. Two 

groups, the controls, were given 0.1 ml and 0.2 ml of 0.85% 

NaCI and the remaining groups were givén 0.1 ml and 0.2 ml 

. of the. surfactant, Tween 80 (PblYOXyethYlenesorbit1n monooleate, 

Sigma Chemical Company, St. Louis). Thirty minute~after re

ceiving th€! saline or surfactaflts, 500 larvae of T. spiralis 
'- ~ 

were given to each animal by intragastric intubation. Five 

days after infection; the animals were killed and the distribu-
/ ~ 

,"'~ 

tion of worms in the inte$tine was deter~ined. The influence 
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of a surfactant on longitudinal dispersion was therefore 

examined. 

c) The effect of continuous, antibiotic treatment on the 

longi·tudinal distribution of. T. spiralis in the small 

intestine. 

Two groups of mice were used in this study. One 

group was given a general antibiotic, penicillin (base) 

la ,000 plml - Streptomycin (base) .~,OOO mcg/ml (Grand Island 

Bio~ogical ~ompany, Canada) at a 5% concentration in the 

drinking water ad ~ibitum and the control group had nothing 

add~d to their drinking water. After 7 days of this treatment, 
1 

all animals were infected with 500 larvae of T. spiralis and 

arttibiotic treatment was discontinued in the experimenta~ group. 

Five days after infection, the animaIs were killed and the dis

tribution of worms in the small intestine was determined. Es-

tablishment and longitudinal dispersion were then examined with 

an altered or diminished intestinal bacteripl flora. 

d) The effects of the quantity of food in the gut on the 

longitudinal distribution of T. spiralis in the sma~l 

intestine. 

Seventy-nine mice were divided into 13 groups, 12 

groups of 6 mice each and l control group of 7 mice which was 

used to monitor weight changes. The control group was fed ad 

Ij.bitum throughout the experiment ,and the remaining groups 

were given food for a I-hour period each day, i.e. fo~d was 

pr~sented at 1000 hours and removed at 1100 hours each day, water 

was provided ad libitum !hroughout this regimen. To determine 
, 

the adaptation of the mice to this feeding regimen, the mi ce 
~ Q 

\ , 
; 
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were weighed every 1 days. Initially, there was sorne loss 

of weight, but starting 9 days after the beginning of the ex-

periment, the mice showed weight gains at a similar rate to 

that in the controls ___ 

After continuing this regime for 3 weeks, 6 groups 

of ehe mice were infected with 500' larvae of !. spiralis in 

0.1 ml saline at different times of the day: (a), infection 

at 1000 hours with no food presented then or for a further 12 

hours i (b), infec1;-ion at 1000 hours, at the time of food pre

sentation; (c), infection at 1100 hours, at the time of food 

withdrawal; ~d), infection at 1300 hours, 2 hours after food 

withdrawal; (e), infection at 1500 hours, 4 hours after food 

withdrawal and (;>, infection at 2130 hours, 12! hours after 

food withdrawal. The remaining 6 groups were given 0.1 ml 

saline at the times described above, ~hen th~y were killed 
, 

~ithin 15 minutes and the distribution of food in the stomacb 

and smal1 intestine was determined. The small intestine of 
/ " 

each mouse was removed and div~ded into 12 equal segments. 

The contents of the stomach and of each segment were put onto 
o 

pre-weighed tin-~oiJ<containers, dried overnight at 60 C and· 

weighed. Five day/,after infection, the remaining mice were 

killed and the drstribution'of worms in the smal1 antestine 

was determined. The influence,of food distribution in the 

gut on the longitudinal dispersi(l)n .of T. spir'al'is was there

fore examined. . 
, 

e) Implantation of excysted larvae of T. spiralis in different 

locations of the small intestine without temporary ligatures. 

" Fifteen mice were divided into 3 equal groups and all 
\ 
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mice were anaesthetized and laparotomized. Five hundred lar-

vae in 0.1 ml saline were implanted with a syringe into the 

duodenum or ileum. A control group was infected by intra-
, . 

gastric inocul~tion. Five days later, the animaIs were 

killed and the distribution of worms in the smàll intestine 

was determined. The influence of larval implantation on 10n9i-

tudinal dispersion was examined. 

Cf) Implantation of excysted larvae of T. spiralis in different 

locations of the gut using temporary ligatures. 

Thirty mice were divided into 6 equal groups, âll 

mice were anaesthetized, laparotomized and regions of the qut 

were·temporarily ligatured into pouches. Five hundred larvae 

in 0.1 ml saline were impl~nted into each pouch: the ligatures 

were released 30 minutes after the Iarvae had been injected 

and the abdomens were closed. One control group was, gi~en 

500 larvae by intragastric intubation. The 5 experimental 

groups were gi~en the larvae into pouches at the following 

locations: (a), duodenumr {bl, jejunum and upper ileum; (c), 

'pistaI ileum; (d), caecum and (e), colon. Five days later, the 
\ 
tnimals were killed and the distribution of worms in the gut 

was determined. The influence of implantation of l~rvae in~o 
, • 1 : I~,,, . ~ 

ligà~~~d pouches on the longitudina~ dispersion was there-

fOfe excunined. 

g)' The effect of altered intestinal propulsion on the longi

tudinal distribution of'!. spiralis'in the small intestine. 

(i) Twenty mice were divided into 2 equal groups. One 

group was treated'with 50 mg/kg diphenoxylate hydrochloride 
,® ' 

(Lomotil , Searle Pharmaceuticals,' Oakville) in 0.1 ml 

'~ ...... ~.." ... ~ .. f~_ ... ~ .... , ~K_ ' 

'~"" ' 
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distilled water, 3 doses were given per day from 2 days prior 

to infection to the time of infection. Lomotil~ reducés 

intestinal motility and peristaltic activity (Council on 

Drugs, 1964; Kinnear, 1964: van Neuten, 1964), The control 

group was given 0.1 ml distilled water at corresponding times. 

Five hundred larvae of !. spiralis were given to each of 5 

mi ce in each of the two groups. At the time of infection, 
n 

the remaining 5 mice from each group were tes~ed for the 

rate of intestinal propulsion using Affi Gel Blue affinity 

chromatography beads (see general materials and methods sec

tion) . 

Five days after infection, the remaining mice were 

r-- killed and the di!!$tribution" of worms in the small intestine 

was determined. The influence of reduced intestinal propùl

sion in the longitudinal dispersion of T. spiralis was ex- ._ 

amined. 

(ii) Thirty mice were divided ~to 6 equa1 groups. Five 

hundred larvae of !. spiralis in 0.1r~1 saline were given to 

the control group -'and 500 larvae in 0.5 ml and 1.0 ml saline 

were given to the mice in two groups. The rate of intestinal 

propulsion,was determined in the remainin~ 3 groups using Affi 
l 

Gel Blue affinity chromatography bea~s delivered in 0.1 ml, 

0.5 ml and 1.0 ml saline. 

Five days after infection, the animaIs were killed 

and the dïstribution of worms in the small intestine was de-
vr--

termined. The influence of increased intestinal,propulsion 

on the longitudinal dispersion of T. !piralis~as therefore 

examined. -

7 
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h) The effects of different inocula on the lonqitudinal dis

tribution of !. spiralis in the small intestine. 

Twenty mi ce were divided,into 4 equal groups. The 
\ 

\ 
mice in each group were given an intragastric-inocu1ation of 

one of the following larval doses: (a), lOQ; (b), 500; (c), 

1000 and (d), 2000 (all inocula were de~ivered in 0.1 ml 

saline). Five daye later, the animals were kiil.led and the 

distribution of worms in the gut was determined. The in

fluence of different larval inocula on the longi tUdinel dis

persion of !. spiralis was therefore examined. 

i) The effects of single-sex infections on the longitudinal 

distribution of T. spiralis in the small intestine. 

Fifteen mice were divided into 3 groups. The mice 

in one group were each given 250 female larvae, the mice in 

the second group were each given 250 male larvae and the- mice 

in the control group were each 'given 250 mixed larvae (male: 

fernale ~ 2:1.3). The method used in distinguishing larval 

sex was qiven in a previous paper (Sukhdeo , Meerovitch, ,1977). 

Five days ,after infection, the animars weré killed and the 

effects of the parasitels sex on longitudinal dispersion was 

therefore examined. 

2) Nematosgiroides dubius 

a) The longitudinal distribution of N. dubius in the small 

intestine of ~ice. 

The -mice were divid~d into 2 groups. The mice were 

infected with 100 larvae of N. dubius that were either: (a), 
- ~ -

ensheathed, or, Ch), exsheathed by treatment in 0.3\ sod~urn 

hypochlOri~~ 3 minutes (Croll et al., .19,67)'( Six days 

.- ' 

• ~ , I/#~. ,.J .ôI ............. _~~\'"I .... W>f',h ;;..W l._ , , , 

o 
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after infection, the mice vere killed and the dis~ribution 

of worms in the small intestine was determined. The influence 

of the sheath during infection ,on the subsequent longitudinal 

dispersion of-,N.' dubius was ~xamined. 

b) The effects of a surfactant on the longitudinal distribu-

tion of !.. dubius in the small intestine. ."",~ 
if' 

Ten mi ce were di vided into 2 groups. The control 
/' . 

group was given '0.2 ml sal~rte, and the experimental group was 
w 

qiven 0.2 ml Tween 80 (see p 53) by intragastric intubation. 

Thïrty minutes after this treatment, 100 larvae~f ~. dubius 

W'ere animal Six 

-- \; 

,:.~ 

given ta. ecJCh by intragastr.j.ç intubation. 

distrh,u~ days after infection, the animal~ were killed and the 
• 

tion of worms in the small intestine was determined. The 

fluence of a surfactant on the longitudina1 qispersion vas 

therefore examined. 

c) The effect of continuous antibiotic "treatment on tp.e 

longitudinal distribution of !'i.. dubius "in' the small. 

intestine. 

in-

l 1 

Tan mice vere divided into 2:, groups. One C)'roup vas 

qiven a penicillin-streptomycin solution ip their drinkinC} 

vatel:. (s~e p 54) ~ libitum .. The control group was 

water. Seven days later, all animals vere infected wi th 100 

larvae of N. dubius and- antibiotic treatment in the experimen .... 
- > 

-

tal group vas. discontinued. Six days after i~fection, tÈle 
,.,.~-, 

animals wer~ killed and the distribution of worms in the 
.. 

small intestine vas determined. The influence of an al tered 

of: diminished intestinal bacterial flora on longitudinal dis-

persio.n was therè-fore examined. 
• .' 5. ,. 

" 

( ,. 
\ 

" 

';' 

- ' 
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d) The effects of the, quantity of food in the g~t on the , , 

longitudinal distribution of N. dubius in the sma11 

intestine. 

Thirty mice were divided into 6 equal groups. The 

mice were gi,ven food from +000 to 1100 hours daily for 3 weeks . 
(see p 55). The mice·in 3 gro~ps Were then infected with , 

100 larvae of N. dubius at different times of' the day: ,( a), 
.. 1 

," 

infected at l~OO hours without food and with no' food presented '''"'_ 

for a furthet 12 hours; (b), infected at 1000 hours, at the tirne 

of food presentation and (c), infected at 1500 hours, 4 hours 

after wi thdrawal of the food. The rernaining ~roups. ,were 

given 0.1 ml saline at the times des~ribed above, were killed 

withi~ 15 minutes and ,the distribution of'food in the stomach 

and small intestine was determined (see p 55) • Six days after· 

infection, the mice in the remaining groups were killed and 

the distribution of worms in the srnal1 intestine was deter-

..\,înined. The influence of food distribution in the gut on the \ 
.::: .) 

longitudinal dispersion of N. dubius was examined. 

e) Implantation of larvae of N. dubius in different locations 

'~', of the gue'using temporary ligatures. 

" 

/ 

f 

i , . ~ixty mice were divided into 12 equal g~Ups; aIl 

of ~m1ce were anaest~etized, laparoto~ized and regions of 

the gut were temporarily ligatured' into pOuches. One hundred .... 
lârvae in 0.1 ml suspensions were impl,h~ed into each pouch 

--and the ligatures were released after 30 minutes. The in-

fective larvae were de1ivered in one of 4 ways: (a), ensheathed 
') , 

1arvae in di~til1ed water~ (b),ensheathed larvae in a 10% 

aqueous solution of bile; (c), exsheathed 1arva~ in distilled 
• • 
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~ 
water and (d) exsheathed 1arvae in a 10% aqueous solution of , 
bile. The larvae in groups (c) and (d) were ensheathed by 

. 
pretrea~ent for 3 minutes in sodium hypochlorite. 

• 
These 

4 groups of la~ae were implanted ipto each of the following 

locations: (ar, dUQdenum: Cb), ileum and (c), caecum. Six"· 
,:" 

days <lfter infection the animaIs were killed and the dis-

tribution of worms in the gut was determined. Establishment 

and longi tuqinal dispersion were examined after implantation 

into normal and abnorma1 sites. 

f) The effects of altered intestinal~ propulsion on the 

longi.tudinal distribution of N. dubius in the smal'l 

in te s tfiiè-..-.----'-

(i) 

group was 

Twenty ~ice were divided into 4 equal\grouPS. One 

treated with 50 mg/kg Lomotifâ' (see p 56) in 0.1 ml 

distilled'water; 3 doses were given per day from 2 days prior 

te infect~n te the day of infection. The con~ol group was 

given 0.·1 ml distilled water at corresponding times. One hun-

dred larvae of N. dubius were given by· intr~gastric intuba-, 

tien to 5 mice fro~ e~ch group.' At1the time of infection, 

the remaining 5 ~ice from each group were tested for the rate 

of intestinal propulsion using Affi Gel Blue affinity chroma-

• tography beads._ Six days later, the infected animals were 

killed ana the distribution of worms in the small intestine 
,'; 

was determined. The influencé of reduced intestinal propul-

sion on establishment and longitudinal dispersion ~as there-
< .,. 

fore examined. 

(ii) Twenty mice were divided int? 2 equal groups. Five 
, 

mi ce from each group were given 100 larvae of ~. dubius by 
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intragastric inoculation in Ô.I ml saline and 0.5 ml saline 

respectiv~ly. At the time of infecti0n, the rates of in-

testinal propulsion were teste? in the remaining S'mice 

of each group using Affi Gel Blue affinity chromatography 
/, " 

beads delivered in 0.1 ml and 0.,5 ml saline .respectively. / 

S . d ft if' h ,. ",,', l k' Il cl ,1X ays a er n ect10n, t e rema1n1n~ an1ma s were 1 
~ 

and the distribution of worms in the small intestine was de-

termined. 'The influence of increased intestinal 9.ropu sion 

on the establishme~t and longitudinal dispersion was here-

fore examined. 

g/ The effect of different ino~ula on the longitu inal dis-

tribution of N. dubius in the small intestine 

l ' 

Twenty mice were/~ivided in~ 4 groups Each group 
• ',' Î 

was given an intragastric inoculation of one ofl the following 

larval doses o'f N. dub~us: (a), 100; (b), 200; lc), 500 and 
k 

~d), 1500 , each in' 0.1 ml. Six days after inf ction, the 

animaIs were kilIed a~d the distribution of orms in the 

small intestine, was determined. The influe ce of larval 

inocula on longitudinal dïspersion was the efore examined. 

3e. RESULTS 

lJ Trichinella spiralis 

The longitudinal 

Q spiralis resulting from infections by e 

cysted larvae and larvae in 

(Figure 3'.1). About 50% of aIl adul ts 

quarter, olf the small , 

posterior quarter. 

/ 

adults of T. 

larvae l, ex-

similar 

the second 

s than 10% in the 

the surfactant, /' 

/--
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F}GURE 3.1 The distribution of adules in the small 

intestine of mice 5 days after oral i~f,ection wi th 

500 larvae of!. spiralis. A, encysted larvae; B, 

excysted larvae and C, infected meat. 

;' 

i ,~, l 

l ' 
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Twern 80, there was a more ~~st~rtor 'peak in 'dlstribution 
~ 

pattern (Figure 3.2) which was greater wi1:h 0.,2 m} th_an 0.1 ml 

treatments. 
'\ 

Continuous antibiotic treatment èaused a some-' 
\ 

what more àn'terior longitudinal dïstribution of the adults 

~an in the controfs (Figure 3.3). Table 3'.1 lists thé re-
i 

coveries from thes~ three experimental groups. 

The distri~ution of food in the gut had an e~fec~ 

on the distribution, 'pattern of !. spiralis in the-, small i'n

testine. Figures 3.4 l' 3.5, 3.6, 3.7, 3.8 and 3:9 show the 
~ , ....... ' 

distribution pf worms in the sma~l intestine and the cor
~ 

responding distribution of food in the gut at the ti~e of 
p 

infection. In all Dut one group, the majori~y of ~he adult 

worms were recovered from the s~eond quarter-of the small 

intestine independent of food distribution; in these groups 

the m~jority of the inges-ta was recovered from the poster~or 

half of the small intestine (Figures 3.6, 3.7, 3.8 and-j.9) 
, 

or there was little or no food in the gut (Figure 3.4). In 

group {b) (Figure 3.5), the larvae were adm~nistered at the 

-time df food presentation and 'the'majority of ~dults, about 

70%,were recovered from the posterior half of the smail in-

testine (equal' numbers in both quarters). The food distribu-
/ f 

tion in these animals parallelled the parasite distribution. 

The mean nurnbers of adults recovered from theSeJgroups are 

shown in Table 3.2. 
\ 

The dis~ribution of adults in the; small intestine 
\ 

of mi ce implanted ~i th the excys·ted l~rvae bf !. spiralis ·is 1 

. , 

shown in Figure 3.10. When the larvae were implanted into 

the duodenurn, the 'majority of the worms were recovered from 
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FIGURE 3.2 The distribution of adults in ,the small 

)1 . 
intestine of mide 5 days after oral infection with 

'500 larv,e of!. spiralis" A, cqntrol, 0.1 ml dis

tilled water~ B, control, ,0.2 ml d;i.stilled water; 
, \ 

C, ''l'ween 80, 0.1 ml~ D, Tween BO, 0.2 ml • 
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-FIGURE 3.3 The distribution- of adults in the small 

intes~ne of mice 5 days after, oral infection with 
500 larvae of 1. spiralis. A, controls~ B, mice re

ceived antibiotic trea'tment. 
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TABLE '3.1 1HE MEAN RECOVERY OF ADULTS FROM 

THE SMALL INTESTINE 5 DAYS AFTER INFECTION 

WITH 500 LARVAE OF T. SPI~IS , -

Mean # Adalts % 

Group TreatmÈmt lRecovered ± ~. E. Recovery 

\ -

-- (a) 
l' encysted' 229.3 ± 20.5 45.8 

2 

3 

\ 

.excysted 
~ 

infected meat 

<Il 
Control (0.1 ml) 

Tween 80 (O. 1 ml) 

\ 
Control (0.2 ml) 

Tween 80 (0.2 ml) 

Control 

Antibiotics 

207.0 ± 

--!..286 . 5 ± 

172.2 ~ 

161.5 ± 

64.0 ± 

43.4 ± 

223.7 ± 

18.6.5 ± 

(a) 
31. 4 41. 4 

(a) 
29.6 57.3 

(b) ;C' 
7.5-~ 34.4 

(b) 
21.3. 32.2 

(c) 
8.5 -12.8 

(c) 
11.1 8.7 

(d) 
37 ~ 7 . 44.6 

i 
(~) 

_25.4 37.3 

,(a) (b) (c) (d) > lÙl values -with the sarne superscript 

do not differ significantly from each other (F ~ 0.05) 

\ 

\ -

\ 
1 

\ -

\ 
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,FIGURE 3.4, 
, 

... "intestine of ..... 

'1 
\" 

\. 

? ' 

'j 

1 

The d~stribution .of ad .. ults in the small 

mice 5\ days after infection W1 th 500 
1 

" 

larvae of T. ~Piral~, and ë the dis_t_r_i_b_u_t_i_o_n_o:.,.f_f_O_O_d ____ .:----'----

in the gut at the t' e of infection. Mice were in-
1 

fected .at 1000 hours, and no food was presented" then,,~ __ 
, . \, ~ 

or for a further 12 \ bours. A, distribution of adu~ts; 
1 . . 

B, distribution of food. 
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FIGURE 3.5 The distribution of adults i~ the sma11 
. , 

intestine of mice 5 days after infection with 500 

larv~e of T. spiralis and the, distri~ution of food in 

the gut at the t~e of infection. The mice were in

fected at 1000 hours at the time of food presentation. " 

A, distribution of adultsi B, di~on of ~ood. 
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FIGURE 3.6 The distribution of adu1ts in the srnall 

intestine of mice 5 days after infection with 500 

larvae of T. spiralis and the distribution of food in 

the gut at the time of infection. The mice were in

fected at 1100 hours at the time of food withdrawal. 

A, distribution of adults~ B, distribution of food. 
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FIGURE 3.7 

< 
'\ 

( 

The distribu~ion of adults in the~small 

intestine of mice 5 days after infection with 500 

larvae of T. spiralis and the ~istribution of food 

in the gut at the time or infection. The mice were 

infected at 1300 hours, 2 hours after food withdrawal. 

A, distribution of adults: B, distribution of food • 
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FIGURE 3.8 The d~stribution of adults in the sma11 

intestine of mice 5 days after infection with 500 lar

vae of T. spira1is and the distribution, of food in -' 

the gut at the time of infeètion. The mi~e were in-
. 

fected at 1500 hours, 4 hours after food witbdrawal. 

A, distribution of adu1tsi B, distribution of food. 
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FIGURE 3.9 The distribution of adults in the small 

intestine of mice 5 days after infection with 500 

larvae of_ T. spiralis and the distribution of food 
v 

in the gut at the time of infection. A, distribution 

of adults; B, di&tribution of food. 
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TABLE 3.2 THE MEAN TOTAL RECOVERY OF ADULT WORMS OF 

.' 
T. SPIRALIS FROM THE INTESTINE OF MICÈ/AFTER ADJUSTING 

. ..-""\. ............... 
DAY, INFEC'1'ED 

50Ô' LARVAE 

, 
'\ 

Time of 
(al 

Infection (hoursL 1000 1100 1300 2130 1500 1000 

Mean Total 

\~ 
Recovery 

c .. 

88.8 ± 14.0 ~ 122.2 ± 11.7 ± 13.9 147.8 t 20.0 254.2 t 23.8 

t 5. E. 

(a) 

* 

,\ 

1000 group infected and 'fasted 

a~l ~a~ues underscor~d by the same 1ine are not 
significant1y different (p ~ 0.05) 
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FIGURE 3.10 -The distribution /of 'adults in the

small intestine of mi,ce 5 days aftér infe~ti'on' wi th 

500 larvae of ~.' spiralis • A, controlsi B, implan-
1 

tation into the duodenum and Cf implantation into 

the ileum. 
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the a~terior small intestine with a distribution si~ilar to 

control animaIs given an oral infection. When the larvae 

were impl,anted. into ,the ileum, the peak rec:overy was fram 

the site of imPlan~tion with more worms anterior to' the 

site of imPlantatibn. The number~ ~f adu.l.ts rec:overed from ' 

these groups is' shown in Table'3.~ 
The mean recovery of adults was ~owest in the ileum 

, implantations and only .slightly better in the duodenum im-

plantations when compared to controls. \ 
In mice implanted with excysted larvae between tem-

• 1 

porary ligatul;'ed pouches l'the majority of the adul t worms 

were co~sistently recovered from the site of implantation . 
(with the.po~sible 

3.12) • 
\ 

\ There was 

exception of 3.128) _(F~g~e~~~l and 

sJ'onqHUdinal movement toWard. the , 

mid-intestine in anterior or posterior implants. Làrvae 

established but the percentage of recoveries varied from 

7.1% in the colon to 29.1% 'in the mid-intestine (Table 3"104). 

In mice in which-the rate of-intestinal propulsion 
l ' 

was changed, there were changes in the. distributio~ of worms 
- ,. 

in the intestine. The intestinal propulsion rate in animaIs 
®' 

treated with Lomotil was significantly slower than that in 

the control animals (p < 0.05) (Figure 3.13). The rate of 

propulsipn in the gut is gi,ven by the slope m. The distribu

tio~ of adults recovered from the intestines of mice treated 
® 

with Lornoti! was anterior of controls with the rnajority of 
,. 

larvae in the first quarter and with pea~ estab~~s~~nt in 

segment 2 (Figure 3.14). The adult recoveries are sho~ 

in Table 3.5. 

" 
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TABLE 3.3 THE MEAN RECOVERY OF ADULT WORMS 

FROM THE SMALL INTESTINE FOLLOWING THE 

IMPLANTATION OF 5 Q a LA:RVAE OF T. SPlRALIS 

INTO DIFFERENT LOCATIONS-OF THE GUT 
". 

Mean # Adults 

Position N Recovered ± S. E. -

intragastric 5 209.6 ± 18.8 
( a) 

Implantation duodenurn 5 39.2 ± 7.0 
1 

( a) 
Implantation ileum 

) 
5 33.2 ± 4.5 

% 

Recovery 

41.9 

7.8 

6.6 

(a) significantly d:.tfferent from control (p ~ 0.05) 

.. 
" 
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FIGURE 3.11 The distribution o~ adults in ~ gut 

of mice 5 days after implantation of 500 larvae of 

T. spiralis into temporarily , ligatured ~ouches of 

gut. A, controlSi B, implantatio~ in~the duode-

num; C, implantation into the ileumi D, implantation 

into the caecum and E, implantation into the colon. 
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FI~~RE 3.12 The distribution of adults in the gut 

of rnice 5 days after implantation of 500 larvae of 

T. spiralis into ternporarily ligatured pouches of 

the rnid smal1 intestine. 
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TABLE 3.4 THE MEAN RECOVERY OF ADULTS FROM 
é 

THE SMALt INTESTINE FOLLOWING THE IMPLANTATION 

OF 500 LARVAE OF T. SPlRALIS INTO LlqATURED 

POUCHES IN DIFFERENT LOCATIONS OF THE GUT 

- ---- .-

Position of Mean t Adul ts % 

Implant N Recovered ± S. E. 
( a) 

Recovery 

Control 5, 175.0 ± 12.1 35.0 
.. ( a) (b) 

Midgut 5 145.5 ± 29.5 29.1 
(b) 

Duodenum 5 103.4 ± 13.5 20.6 
(b) ( c) 

Ileum 5 81.2 ± 25.5 16.2 
(c) 

Caecum 5 52.5 ± 23.0 10.5 
(c) 

Colon 5 35.5 ± 16.0 7.1 

(a) (b) (c) all values with the sarne superscript do 

not differ significant1y fram each other (p ~ 0.05) 

'" 
,.:.1 
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FIGURE 3.13 The ratè of intestinal propulsion in 

. l ' d . h lt 
• l<l) m~ce •. A, contro Si B, rn~ce treate w~t LomotJ. • 

• 
M = slope 1 * significantly di'fferent from the 

r 
control (p < 0.05) 
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F!GURE 3.14 The distribution of adults in the srna11 

intestine of rnice 5 days after infection with 500 lar

vae of !. spiralis. A, animaIs treated with Lomoti~; 
B, controls. 
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TABLE 3.5 THE MEAN RECO~ERY OF ADULTS OF 

T. SPlRALIS IN MICE TREATED WITH LOMOTIL~ 
5 DAYS AFTER INFECTION WITH 500 LARVAE 

Mean #= Adults % , 

Treatment N Recovered ± S. E. Recover:i 
) 

Control 5 23B.8 ± 40.0 47.6 

0 Lomotil 5 253.4 ± 10.5 50.7 

.. 

\ 

/ 

p ~ 0.05 

N. S • 
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The intestinal propulsion rates of animaIs given 

0.5 ml and 1.0 ml,saline were significant4y faster than the 

controls given 0.1 ml saline (p ~ 0.05) (Figure ~.15). In 

animals ~ith increased propulsion, the adu~ts were recovered 

~rom a more'posterfbr position than ,contraIs. Peak recovery 

of a~ults in the animals given 0.5 ml and 1.0 ml saline qc-

curred in ~eg,ments 8 and la respectively while in control 

animaIs given 0.1 ml saline, peak establishment occurred in , , 

segment 4 (Figure 3.16). Thè adult recoveries are shown 

in Table 3.6. 

With larval inocula of 500 to 2000, there was a 

, posteriad shift in the establishment pattern with increas

ing dosages. The majority of adults recovered from infec

tions with 500 larvae were from the anterior smal1 in-

testine whi1e the majority of adults of the infection with 

2000 1arvae were reeovered from the posterior intestine 

(Figure 3.17). Law recoveries' from the mies given 100 

larvae make interpretation somewhat arbitrary. The adu1t 

reeoveries from these groups are shawn in Tablé 3.7. 

From the results with the single-sex infections of 
'"(, 

T_. spiralis it was discovered that the infections were 
" 

not purely homosexual and sorne members of the opposite 

sex were alw~ys reeovered. IHowever, in no instance was 

the contamination grea~er than 10%. The distribution of ' 

adults in 'the female-only infections closely approximated . the 
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FIGURE 3.15 The rate of intestinal propulsion in 

mice. A, contrals given 0.1 ml saline; B, mice 

given 0.5 ml saline and C, mice given 1.0 ml saline. 

M s slope, * significantly different from the con-

tro 1 (p < O. 05) • 
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FIGURE 3.16 The distribution of adults in the small 

intestine of mi ce 5 days after'infection with 500 lar-

vae of T. spiralis. ~, mi ce given 0.1 ml salinei B, 

mice given 0.5 ml saline and C, mice given 1.0 ml 

saline. 
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TABLE 3.6 THE MEAN RECOVERY OF ADULTS OF 

T. SPIRALIS IN MICE WITH ALTERED INTESTINAL 

PROPULSION, 5 DAYS AFTER INFECTION WITH 

500 LARVAE 

Mean i Adults % 

Trpatment N ' Recovered ± S. E&J Recovery 

Control 0.1 ml 5 186.5 ± 12.6 37.3 
'-

\) 0.5 ml 5 162.3 :t 3.9 32.5 

1.0 ml 5 162.0 :t 37. B 32.4 

./ -

103 

p < 0.05 

/' 

N. S. 

N. S. 
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FIGURE 3.17 The distribution of adults in the small 
i intestine of mi ce infected 5 days previously with: A, 

100l B, 500l C, 1000 and D, 2000 larvae of T. spiralis. 
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TABLE 3.7 THE MEAN- NUMBER OF ADULTS RECOVERED 

FROM THE SMALL INTESTINE, 5 DAYS AFTER INFECTION 

WITH DIFFERENT INOCULA OF T. SPI~IS 

Mean # Adults Mean % Adults 

Inocula N Recovered ± S. E. Recovered ± S. E. 

( a) 
100 5 32.8 ± 0.6 32.8 ± 0.6 

( a) 
500 5 201.6 ± 21.5 40.2 ± 4.3 

(b); 
1000 5 529.6 ± 40.3 52.9 ± 4.3 

(b) 
2000 5 1216.4 ± 77.4 60.8 ± 3.8 

(a) (b) all values with similar super~cript are 
-

not significantly different fram each ather 
r 

Cp ~ 0.05) 

/ 

. 

//"' 

• 
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distribution pattern in the control mixed infections. The 

aggregâtion of adults was'\~ss consistent and the worms were 

more irregularly distributed in the male-only infections (Fig

ure 3.18). Th~ adult recoveries are shawn in Table 3.8. 

2} Nematospiroides dubius 

The distribution of the la.rvae of N. dubius along 

the small intestine of mice is sho~n in Figure 3.19 and the 

pattern of establishment was similar for infections with en-

sheathed and exsheathed lqrvae. The majority of the larvae 

were recovered from t,he anterior small intestine wi th peak 

recoveriès in segments land 2. The numbers of larvae es~ 

tablishing per segment decreases distally and larvae rarely 

establish past the sixth segment. There were- significantly 

fewer larvae establishing in the group given exsheathed 

J ·'lrV?~ ('l'able 3. Y) . 

There was no change in the distribution pattern when 

the animaIs were pre-treated with a surfactant, Tween 80, 
If; 

prior to infection (Figure 3.20). Likewise, 'in mice treated 

with antibiotics prior ta infection, there was no effect on 
, 

larval distribution in the small iôtestine (Figure 3.21). 

In addition, the distribution of food in the gut at the time 
> 

of infection did no~ signifi~~t1y affect the longitudinal ' 
, 

distribution of worms in the small intestine (Figure 3.22). 

The larval recoveries from the se groups are shown in Table 

3.10. 
i 

The distribution of larvae of N. dubius implanted 

into the duodenum was simi~~r when the larvae were implanted 

in the presence or absence of bi~ (Figure 3 .. 23') with 90% of 

/1 
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FIGURE 3.18 . The distribution of adults 'of T. 

spiralis in the gut of mice 5 days after infection 

with: A, 250 female larvae;~, 250 male larvae and 

C, 250 mixed larvae (female: male • 2.3:1.0) • 
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TABLE 3.8 THE MEAN NUMBER OF ADULTS RECOVERED 
'" 

FROM THE SMALL INTESTINE 5 DAYS AFTER SINGLE-SEX 

INFECTIONS WITH 250 LARVAE OF T. SPIRALIS 

Mean t Adults % Adults 

TreatJnent N Recovered ± S. E. Recovered p < 0.05 

Control 5 93.3 ± 8.5 37.3 

Female-only 5 74.0 ± 20.1 29.6 N. S. 

Male-only 5 68.3 ± 16.4 27.3 N. S. 

" 

. i 

J 



FIGURE 3.19 The distribution of 1arvae in the small 

intestine of mice 6 days after infection with 100 lar

vae of N. dtibius. A, ensheathed larvae and B. ex-

sheathed 1arvae. 
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TABLE 3.9 THE MEAN RECOVERY OF LARVAE OF 

N. OUBIUS FROM TH 

AFTER INFECT 

Treatroent 

Ensheathed 

Exsheathed 

It4TEST1NE 6 DAYS 

A.N:~~t:::'l 00 LARVAE 

N 

5 

5 

n Mean "Adults 

'Recovered ± S. E. 

80.2 :!: 3'.2, 
(a) 

59. a ± 3.7' 

\ 

(a) significantly different from controls (p < O.QS) 

\ 
\ 

" 

1 
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FIGURE' 3.20 The distribution of larvae in the smal.l 

intestine of mice 6 dà~s after infection wi th 100 lar

vae of N. dubius. A, contrals; B, the,mice were given 

o .2 ml. Tween 80 prior to infection .. 
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FIGURE 3.21 ~he distribution of larvae in the small 

intestine of m~ce 6 days after infection with 100 lar-

vae of N. dubius. A, ,controls; B, the mice were . 

treated with antibiotics prior to infection. 
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FIGURE 3.22 The distribution of larvae in the srnall 

intestine of mice 6 days after infection.with 100 lar-

"vae of N. dubius and the distribucion of food in the 

gut at the tinte of infection. A, the mice were in

fected at 1000 hours and no food was presented for a 

further 12 hours; Br the mice were infected at 1000 

hours at the time of food presentation and C, the 

mice were infected at 1500 hours 1 4 hours after food 

withdrawal. The histograrn shows the worm distribu-

tion and the ogive shows food distribution 
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TABLE 3.10 

RECOVERIES 

WITH 100 

/" 
/ 

. THE MEAN PERCENT LARVAL 

6 DAYS AFTER INFECTION 

LARVAE OF N. DUBIUS 

Mean % 

120 

Group Treatrnent - Recovery ± S. E. P 

1 

:t. 

2 

2 

3 

3 

3 

* 

(a) 

Control 59.6 ± .12.3 

Tween 80 52.2 ± 5.1 
. ( 

Control 81.2 ± 7.4 

Antibiotics 78.1 ± 3.6 

( a) 
10pO hr. fasted 90.3 ± 12.5 

( a) 
1000 hr. fed 74.6 ± 6.2 

(a) -
1500 hr. fed 82.3 ± 5.9 

Significantly different from contro1s within the 
group (p ~ 0.05) 

N. 

N. 

N. 

N. 

N. 

AlI groups with the same superscript do not differ 
significantly from·each other (p ~ 0.05) 

< * -

S. 

..... 
S. 

S. 

S. 

s. 

J 
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FIGURE 3.23 The mean recovery of worms from the 

small intestine of mi ce 6 days after implantation 

of 100 larvae of N. dubius into the duodenum. (Ar-

rowhead ~oints to site of implantation). A, implanted 

w~th ensheathed'larvae; B, implanted with ensheathed 

larvae with bile; C, implanted with exsheathed lar-

vae and D, implanted with exsheathed larvae with 

bile. / 

, / 
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\ , 

the ensheathed larvae and 60% of the exsheathed larvae re-

covered from the area between the ligatures. Larger numbers 

of 1arvae established posterior of the implantation site 

when exsheathed larvae were used. l'n addition, the recove~y 

was significantly lower in the animaIs implanted with ex-

sheathed larvae when compared to ensheathed larvae (Table 3.11) • 

Implantation of the 4 treatment groups into the ileum re-

sulted in very smail :r;eco\reries (Figure 3.24; Table 3.11) 

with the majority of larvae bei~g found at the site of im

plantation. While the recaver.Qes were very $mall, the num-

bers of larvae establishing in the ileum in the presence of 
.(1 

bile was almost twice as much as the numbers establishing 

in its absence (Table 3.11'. There was no significant in-
1 

crease in establishment with bile in the duodenum or i1~um. 

Implantation in ta the caecum resu1 ted in no establishment 

re~rd1ess of treatment (TaLle 3.11). 

Alteration of the rate of intestinal propulsion 
~ r 

chan4ed the distribution pattern of N. dubius in the small 
" 

intes~ne. Lo~otil@D treatment significantly reduced the 

propulsion rate when compared to controls (p < 0.05) (Figure 

3.25). ".''l'he establishment of larva~ in animaIs with this 

tr~as anteriad of con troIs witH 67% of the worms 

esta . hed in the first segment and 99% in the first 2 seg-

ments (Figure 3.26) • The larval recoveries are shawn in 

'l'able 3.12. 

Intestinal propulsion was significantly increased 

(p ~ O.OS) when compared to controls in the animaIs treated 

with larger doses of saline (Figure 3.27). However, there 

.. .. 
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TABLE 3.11 PERCENTAGE RECOVERY OF LARVAE OF 

N. DUBIUS FOLLOWING IMPLANTATION OF ,100 3RD 

STAGE LARVAE INTO THE GUT 

124 

Bile added position in the Mean % 

Larvae to inoculum alimentar~ tract Recover;l ± S. E. 

r( a) * 
Ensheathed Duodenum 90.3 ± 6.8 

( a) 
Ensheathed Duodenum 90 • 8, :t 6.0 

(b) 
Exsheathed Duodenum , 43.0 ± 2.6 

(b) 
Exsheathed Duodenum 32.4 :t 9.4 

Ensheathed Ileum 0 
( c) 

Ensheathed Ileum 2.0 :t 1.7 
( c) 

Exsheathed Ileum 0.4 ± 0.2 
( c) 

Exsheathed Ileum 0.9 ± 0.6 

Ensheathed 0 
.' 

Ensheathed 0 

0 "J Exsheathed 

Exsheathed 0 

* 'all values ,*ith the sarne superscript 'do not differ 

significantly from each other (p ~ 0.05) 

s 
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FIGURE 3.24 The rnean~recovery of worms from the 

sma11 intestine of mice 6 days after implantation 

-of 100 larvae of N. dubius into the ileum. (ArJ;ow-

head points to site of implantation). A, irnp1anted 
, 

with ensheathed larvaei B, imp1anted with ensh~athed 

1arvae with bilei C,~imp1anted with exsheathed 1ar-
, 

vae and Of implanteç with exsheathed larvae with t 

bile. 
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FIGURE 3.25 The rate of intestinal propulsion in 

mice. A, controls; B, mice' treated with L~motil~ 
M = slope, * s;gnificantly different ·from the con- . 

tro 1 ( p .::. o. 0 5) • 
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FIGURE 3.26 ~he dis~utio~ of worms in th&'small 

~ntestine of mi ce 6 days after infection wi~OO 
larvae of N. dubius. A, controls; B, the mice were 

treàted with Lomotil~ 
J 

Î -

• 



, , 
i ~ 
1 , 
f 

. r , , 

" 

l' 

. 
w . 30 r.n 
+ 
.., 
c 
Q) 

E 
2' 

{'! 70 
"0 
! 
CI) 
> 
0 
(,) 
CI) ... 
ri) 

E ... 
0 

.J 
~ 
---' 

~ 
tG 
fi) 

.~ 

( 
J 

130 

~ A 

.. 

B 

,,.. 

~ 

1 12 
f-. " .-

S~gments 
'. 

of smalt intestine' 
.. 
~ 

.... 
, , i 

J 



Group 

1 r 

2 

2 

" 

, .' 

131 

TABLE 3.12 TlfE MEAN LARVAL RECOVERIES FROM 

.. 
JO 

THE ~L INTESTINE OF MICE WITH ALTERED 

INTESTINAL PROPULSION, 6 DAYS AFTER 

,INFECTION WITH 100 LARVAE OF N. DUBIUS 

Mean ft Adults 

Treatment Recovered ± s. E. 

Control 84.4'11± 7.1 

Lomotil(!) 87.9 ± 3.5 

Saline 0.1 ml 75.3 ± 5.8 

Saline 0.5 ml '38.6 ± 9.9 

1 • 

•• < 

N. S. 

0.05 

,. 11-4 -, 



FlÇiURE 3.27 The rate of intestinal ,~ropulsion in 

mice. A, mice given 0.1 ml saline; B, mica given 
/ 

0.5 ml saline. M = slope, * significantly dif-

ferent from the control (p < 0.05) • 
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were no measurable changes in the distribution of larvae in 

the intestine. The peak recoveries in animaIs with increased 
. 

propul'sion were recorded from segments 2 an'd 3, while in the 

controls, the highest recoveries were recorded from segments 

---- land 2 (Figure 3.28). ln addition,--there was a significant 

reduction (p :5. 0.05) in tlH~Cnurnber of larvae that establl.sh 

in the animaIs with increased propulsion when compared te 

controis (Table 3.12). 

The effects of different inocula on the longitudinal 

distribution of N. dubius i5 shown in Figure 3.29. With lar-

val dosages up ta 500, the distribution patte'rn remained simi-

Iar, the peak recoveries were recorded from the first or 

second segments. With the very high larval dose of 1500, there 

was an initial high establishment in the first segment f01-

lowed by a rapid decrease in establishment posteriorly, but 

larvae were recovered in small numbers as far posterior 

as the e1eventh segment. The Iarval recoveries for these 

groups are shown in Table 3.13. 

3D. DISCUSSION 

1) T. spiraiis 

Theseresu1ts confirm earlier observations that the 
~-v~ 

worms are aggregated in the smaii intestine (see p 29) and 

show the peak populations in the second quarter of the small 

intestine of the. roouse. In ,addition, the vehicle of infection, 

infected meat, excysted larvae'or encysted larvae, did not 



L 

FIGURE 3.28 The distribution of worms in the ~mall 

intestine of mice 6 days after infection with 100 

larvae of N. dubius. A, mi ce given 0.1 ml saline; 

B, mice'given 0.5 ml saline. 

1 

, 

i 
Y 

r 



( • 

136 

\~ . 

. 
w 
.en 
+ - 30 A c 
CI) 

E 
tJ) 
CI) 

.. ~ 
"0 

"e cu 
> 
0 30 U 
CI) 
~ 

fi) 

E -0 
'~ 

.. ~ 1 4 5 6 a 9 10 11 12 

C 
ca Segments of small intestine 4) 

2 

1 

/ 



/ 
FIGURE 3.29 The distribution of worms in the small 

intestine of rnice 6 days after infection with: A, 

100~ Bt 200~ Ct 500 and Dt 1500 larvae of N. dubius. 
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TABLE 3.13 THE MEMiLARVAL' RECOVERIES 

FROM THE SMALL INTESTINE 6 DAYS AFTER 

/f 

,INFECTION WITH DIFFERENT INOCULA OF 

N. DUBIUS 

Mean t Adu1ts 

Recovered :t s. E. 

80.7 ± 5.7 

160.0 ± 14.0 

441.3 :t80.3 

1106 ± 40.5 

Mean % Adu1ts 0 

Recovered ± S. E. 

80.7 ± 5. 7 

80.0 ± 7.0 

88.2 ±16.1 

73.7 ± 2.7 
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change this pattern. My resul ts suggest tha t the /larvae 
1 « 

are freed in the stomach, regardless of the vehicle of in-. /~ 

fection, and that the larvae èntering the amall intestine 

established in similar patterns. 

Inherent. in the above argument and throughout this 

investigation is the assumption' tnat the si tes selected by 

the larvae are the sarne as the sites selected by the adults. 

There are practical and theoretical reasons for this assump-

tion. \ 

Fir$tly, i1; is difficul t to recover the larvaé 

within the first 2 days and before the fifth day of infec-
0/ 

tion the counts do not accurately represent the numbers of 

worms i~ the gut (Sukhdeo & Meerovitch, 1980). 

Secondly, there i.s a lot of indirect evidence to 

support the assumption. When the larv,.ae were implanted with

in temporarily ligatured pouches in the gut, t~e majori ty of 

the adult worms were subsequently recovered from the site of 

implantation. The larvae can enter the mucosa of the small 

intestine within 10 minutes of oral ~nfection (Despommier ~ 

!!., 1978) and in the present study it was assumed that the 

lârvae had established during the 30 minutes of temporary 

containment. Therefore, the adu~ts were recovered from the 

site of larval establishment. ln addition, in several e~

periments in this section, e.g.· altered propulsion rates, 

antibiotic treatments and surfactant treatments, the dis-. . 
, ' 

tribution of adults in'the qut has been altered. However, 
,! 

it was the conditiona at the time of larval establishment 

that were changed. . T~is aqain suggests that the larval sitè 

\ 
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selection determines the adult distribution. Therefore, 
\ 

throughout this investigati?n, larval establishment has been 

examined by the adult distribution pattern 5. days after in

fection. 

One of the most dramatic and significant changes in, 

the 1arval establishment occurred subsequent to the altera

tion of the ~ate of gut propulsion., When propulsion was de-
® 

creased with Lomotil treatment, the larvae establlshed more 

anteriad of the controls ~nd when propulsion was increased, 

the larvae established posteriad of the controls. The rate 
-

of intestinal propulsion was measured by the rate of,movement 

of the chro~atography bead markers through the stomach and 

small"intestine. This method was chosen to eltminate the 
. 

need for surgery whereby markers could be placed directly in'te 

the gut sections. One of the problems with this method is 

that because gastric emptying and intestinal propulsion are 

intrinsically related (Smith, 1973), the measured rate lof in

testinal propulsion may actually, be the rate of gastric empty

ing. In a previous study (Sukhdeo & Croll, submitted for pub

lication) we have found that the rate of gastric emptying did 

not have any signifiqant effects on the measurement of gut 
\ 

propulsion. These results, the~~~~~ are c~nsistent with ' 

the hypothesis that the rate of movement of ingesta along the 

qut affects the select±on of the site. The results of other 

experiments, e.g. antibiotic or surfactant treatment, in 

which there was a change in distribution pattern will now be 

explained within this assumption. 

There were differences in the distribution patterns 
, 

of the worms when implanted into ligatured pouches and implanted 
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-~ /' 

without ligaturèd pouches. The dispersion.seen without liga-. 
. 

tur~d pouches may !.lave been due to· the movèmen ts of ingesta 

in th, gut th~t moved the worm pefore penetration. 

Distribution patterns of worms in the mice fed for 

only one hour per day/May a~so be explained by differençes 

in gut propulsion. (I~ studies of rats adapted to intermittent 
.. 

,starvation, there were several anatomical and physiological 

'changes including hyperphagia, gastric hypertrophy, intes-

tinal hypertrophy and increase? enzyme secretion (Holeckova~ 
, 

& Fabry, 1959). The hype~trophy was also seen in my animals 

"" and the possible effects of increased enzyme secretions in 

sit.e selection are discus'sed in a later chapter on' the 

bèhavioural eues used by the worms in site seleotion. 

Th~ larval establishment patterns of T. spirat'is were simi~ar 

in all groups except the group tha t was fasted, 'then infected 

and fed at the sarne time. Perhaps the larval inoculum was in-

corporated into the first few boli to 1eave the stomach. In 

pigs, fed one large meal af·ter a period of fasting, there w~s 

a burst of electrical act'ivity with increased muscular con-
~ . 

tractions and motility in the stomach and small intestine 

which laste"d several hours (Ruckebusch & Bueno, 1975) •. In 
" 

the group fed and infect~ at the sarne time, suœh an increase 

in motility in mice would caus~ the posteriad establishment 
'" ;. 

\St of larvae seen in this group and it could also account for 

the low recoveries in this group.". More larvae would 

out of the gut before they could est~lish and there would only 
\ 

be a brief exp~ure to.-pepsin-HCl. in' the stomach. Subsequent 
- S " 'l' , 

te this initial burst of activity, the gut motility returned 
---~--

to normal and propulsion.ia slower., Again this is ~onsistent8 

, ,/ 

, 1 

i 
~ ( 

~ 

." 1 . , 
~. j 
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.. 
, . 

with the hypothesis and in the re~aining fed groups the lar-

vae e~tab1ished in the anterio+ sma11 intestine. 

In the animals that were infected but not fed then 

or for a further 12 hours, the ,distribution of the worms in 

the small intestine was normal, however, significantly more 

larvae established in these mice than ,in all of the other 

groups. !. spiralis can develop in' parenterally fed rats 

but the establishment is lower than in animals with food in 

their guts (Castro ~ !!.~ 1974, 1976). -The latter authors 

'suggested that thé la~ae required the food as transport 

mechanisms to carry the larvae along the gut. The present 

results only partly agree with their1hypothesis, although food 

appears to be üsed as a transport mechani~ l have found 

,"that the establishment of larvae is greater in fasted animaIs. 

Fasting results in changes in the pattern of intestinal mo-
~ ~ 

.. 

ti1ity,' 'the rate of propulsion becomes significantIy slower 
, 1 

than led animals (Reinke, et al." 1967: Carlson et al., 1967; 

Szutszews,lÜ .. 1969; R~~kebusch & Sueno, 1975;, Summers ~ al., 

1976),\ Perhaps in the fa,ting mice given the in~ec~ive lar

vae, the rate of flow along the 'gut was slqwer than in ,the 

fed animals and more larvae had -the time to establish than 

in the fed animals. 
• l, 

The changes in distribution'following irrfactanb and 

antibiotic treatment may also be explained by al\~red propu~~ 
. "1' 1 

sion. Anill!~ls pre-treated with the surfactant, ~en 80, showed 
, 

a distinct posteri~d shift in the distribution of T. spiràlis • 

A consequence of s,urf~ctant pre-treatment May have been ,an in

creased prop~lsion rate. The rate of intestinal propulsion 
c;:t: ' 
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"-

in these animaIs was not, howeVer~ measured. In mice pre
fi 

treated with antibiotics, the larvae established anteriad 
\ 

~ 

of the controls. Comparison bet~een;conventional and germ-

free mica show that the rate of pr~pu1sion in the conven

tional mica was significa~tly fas~'than the germ-free 

animaIs (Abram & Bishop, 1966, 1967) •. In the present study," 

a slower propulsion rate caused by the s~ppression of the 

normal flora couid explain the o~served ~u1ts. 

Increased inocula resulted in a 'skewed' di~tribu- , 

tion posteriad. It may have been that the higher densities 
. 

anteriorly, resulted in intraspecific competition and the,re-

fore more larvae penetrated posteriorly. A1ternatively, be-
ç 

-, 

cause the moti1ity of the gut is higher anteriorly (Bennet, 

1974; Ritter, 1975), high densities of larvae are carried 

posteriorly,.' resultinq in sorne establishment in the 

segments. 

Roth (l~, 1~39) used very high larval densities 

(~ 8000 larvae p~r guinea pig) and the pbsterior distributions 

may have resulted fram ~is •.. Most investig:ators who have de.

scribed antel\ior distributions have used relatively smaii 

doses )~Gurs~" 1949; Làrsh & Hendricks, 1949: Campbell, 196'7; 

Sukhdeo & Meerov~ch, 1980). • 

Homosexual infections of T. spi,ralis females re

sulted ,in normally aqgregated distributions while homos~xual 
\ 

A male infec~ions result in much le~s aqgregated distribu-
• 1< • 

, tians. The males may be more active than the females and 
1 

""" are'p~obably in search of the female~. Intraspec~fic sexual 

'interactions are weIl known among nematodes (Green, 1966: 
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Croll, 1972; Anya, 1976 a.bi Bane et al., 1977) anm the in

fluence of sexual a~~action on the distribution of gastro-
'W =~ 

intestinal nematodes is suggested (Roche, 1966; Alphey, 

1'971). Most males pursue their females and this i8 consis-. ' 
tent with my resu1ts; in the absence of females the males are 

less aggregated. Bonner and Etges (1967) reported that both 

sexes of !. spira1is are attracted to the other but the fe
,~ 

males move more. Belosevic and Dick (1990) found that males 
~ 

are more actively attracted to the females and not vice versa 

which is more consistent with the present data. The site 

selected by the males would' seem to be at least partly de-

termined by the position of the females. 

2) N. dubius 

Most of the larvae of li. dubius estab1ished in the 

anteriormost segment~ of the small intestine wit6 about 60% 

of the total recoveries occurring'in segments 1 and 2. These 
.. 

resu1ts confirrn the results of several irtvestigators who, , 
have worked with this parasite (Bawden, 1969; Panther 1969, 

Lewis & Bryant, 1976). Histo~ogical ob~~rvations in ~e 
sites selected by this parasite (see Chapter 4) indicate that 

larvae penetrate the intestinal wall between 10 and 30 minutes 
, 

after inocu~atïon. There is no available evid~nce'for sub-

sequènt migrations, 90 the encystment sites are believed to be 

adjacent to those of penetration. ,. 
The distribution, pattern was unaffected by the 

presence of a sheath .. Eighty per cent of the larvae exsheath 

within 5 minutes of infection (Sommervil1e & Ba:i.'ley, 1973) 

therefore similar "dis'tributipns would have been expec'ted. 
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There was a significant reduction of larval establishment 

in the animaIs given exsheathed 1arvae. The method used to 

exsheath the larvae may have been traumatic and there may 

have been a subsequent reduction in infectivity. In another 

~~ experim~nt, èxsheathed larvae were implanted into the duodenum 

and a decrease in recovery was also observed. 

Surfactant, antibiotic treatment and food in the 

gut had significant effects on the distribution of T. spiralis 

but their effec~s were aIl insignificant on the distribution 

of N. dubius in the intestine. The results of the implanta-

tion studies o-f-"!.' dub'ius may partially explain this differ

ence. Eatablishment in the duodenum fOllowing implantation 

into·temporary pouches was very high with sheathed larvae 

(> 90%) and exsheathed larvae (>60%). Further results s,uggest 

that the larvae are incapable~f effectively establishing else

where in the gut. This is strongly supported by numerous 
, 

studies'and observations that the larvae are rarely or never 

recovered from the lower gut. These results suqgest that the 

conditions essential for the establishment of the infective 
~ 

larvae are probably found only in the upper small intestine. 

The similarity in distrib~ttons after different treatments' 

would therefore qe expected. 
, 

- I·n the experiments with surfactant p're-trea~ent, 

antibiotic pre-treatment and intermittent fasting, there, 

were no differe~ces i~ the dis~ributions or the numbers of . 
1arvae establish~ng when compared to controls. These results 

cô~tradi~t the results of Westcott (1967) and Bawden (1969). 
/~ j • 

. . 
It had been reported that the microbial flo:a and the direct 

or indirect ~ff~cts of diet exert a significant influence on 

) 

-
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the establishment, distribution and development of ~. dubius 

(Westcott, 1967; Bawden, 1969). Bawden (~. cit.) suggested 

that the changes that~were found in his experiment may have 

been due solely to altered propulsion. The effects of al-

tered propulsion on the larvae of N. dubius partly supports 

this hypothesis. 

In severai of the se experiments with N. dubius, the 

conditions at the time of infection were altered, and there 

was little change in the longitudinal distributions when com-

pared to controis. It has been, reported that sorne larvae can 

enter the mucosa of the~tomach and remain there for longer 

than 24 hours before re-entering the lumen and penetrating 

the intestinal mucosa (Liu, 1965a). The inability of short 

term alterations in conditions to affect the la~vae in the 

gastric mucosa may therefore explain the unaltered distribu-

tion pattern. However, when intestinal propulsion was sup

pressed with Lomotil~ more-larvae estab1ish~d anteriad of 

~he~ontrols. When rntestinal propulsion wàs increased, 

there was little change in the distribution but significantly 

fewer larvae became esta~l~ished (po;;:: 0.05) when compared t~ \ 

controls. It is possible that the larvae were swept beyond 

their potential site in the animaIs with increased pro,pulsion 

and could not establish further down and the larvae that es-

tablished 'in the normal distribution pattern came from the 

~astric mUcosa. The reason for the anteriad establishment in 
u' ® 

rnice treated with Lornotil may have been due to the prolonged 
~---

effects of this drug. 

\ 

, ' , 
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Inocula of 100 ~o 500 larvae of N. dubius resulted 
\ -

in sirnilar distributions. However, with inocula of 1500 lar-

vae, although the majority of the larvae were recovered from 

(#~first 3 segments, encysted larvae were consistently re

covered posteriad, as far as the Ilth segment. l have found 

that larvae can establish in the ileum in small numbers and 

l beli~ve that because of the overwhelming nurnber of larvae 

given ~n t~large inocula, more larvae were able to pene-
l' 

trate, the lower srnall intestine. 

3) Summary 

~a) The Iarvae of T. spiralis could establish anywhere along 

the gut but the larvae of ~. dubiu~woUld establish best in 

the anterior small intestine. 

bl The vehicle of entry into the host does not affect the 

distributions of T. sEiralis or N. dubius in the srnall in-
~ 

testine. 

dete~1ne c) The larvae of T. s2iralis the sites selected 
, 

by the adults. 

d)' The di~tributions of !. spiralis and !. dubius are af

fected by the rate of intestinal propulsion. 

e) The direct o~ indirect affects of a surfactant, anti-

biotics and food in the ~ût are important in the distribution 

of !. spiralis but do n~t affect the distribution of !. dubius. 

fl Increased inocula results in more pos~er~ad establishment 

in !. spiralis and !. dubius. 

g) Intraspecific' sexual i~t~ractions are important inlthe 

distribution of T. spiralis. 

. ' 

• 
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CHAPTER 4. THE TRANSVERSE SITE" OF 

• TaE LARVAE OF NEMATOSPIROIDES DUBIUS IN 

THE GASTROINTESTINAL TRACT OF THE MOUSE 

4A. INTRODUCTION 

The life cycle of !. dubius has been stuà!éd by 
, 

several investigators (Spur1ock, 1943; Ehrenford, 1954, Fahmy, 

1956; Bryant, 1973) who have reported that the infective lar-

va~ of. this nematode penetrates the intestinal mucosa of the 

anterior sma1l intestine and encysts in the 'l.ntestinal wall. 

Liu (1965a) reported that the larvae also penetrate the gas-
1, 

tric mucosa where they may remain for up'to 36 hours before 

re~en~ering the lumen a~d penetrating the muçosa of the small 

intestine. The purpose of this study was to de termine the 

transverse site selected by the larvae of N. dubius in the 

small intestine of th~ mouse. 

" 
4B. MATE RIALS AND MÈTHODS 

Thirty-two mice were divided intG 8 equal'groups. 

The mice in four of the groups were each giyen 1000 larvae 

of ~. dubius by intr~gastric inoculation. The mice in these 

groups were killed at intervals of 10, 30, 60 minutes and 24 

hours after in9culation. Segments of the stomach and duo

denum of these mice were prapared for histQlogical examina-
\ 

tion. The mice in ~e remaining 4 groups were each given' 

SOO larvae of N. dubius by intragastric inoculation and they - . ' 

were killed at intervals of 3, 5~ 7 and 9 days after infec-
, y' 

tion a~d the duoden~'of these mice were prepared for histo-

logical examination.~ 

/ 

f 

! 
,1 

" 
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AlI tissue for histoloqical examinatioR were pre

pared as described previous1y (Chapter 2. General Materia1s 
. 

and Methods)'. In addition, sorne sections of intestinal tis-
1 

sue were stained with ~illigan Trichrome stain, a muscle 

specifie stain (Humason, 1972) and with Piero-Ponceau with 

haemotoxylin stain, a collagen stain (Humason, 1972). 

4C. RESULTS AND DISCUSSION 

The larvae of N. dubius are found in the tis~ues of 

the stomach and the duodenum during the first 24 hours of in

fection. In the stomach, the larvae penetrate the epithelial 

cells within la - 30 minutes of infection and migrate into 

the mucosa (Figure 4.1). Penetra~ion occurs predominantly in 

the glandular re~ion of the pyloric area of ~he stomach, and 

the 1arvae are usually found penetrated into the fundic glands 

(Fiçure 4.2a). The larvae that had penetrated the epithelium , "-

of the duodenum were found in the mucosa, and rare~y in the 

submucosa, during the first 24 hours of infection (Figure 4.3). 

It was reported that the .larvae that penetrated the 1l1ucosa of 

the/stomach did not stay in the gastr~c mueosa for longer 

than 36 hours when they migrated te the lumen and Pln~trated 

the iptestinal mucosa. In the first day after infe~ion, 

the larvae are never found in the final site (descriaed be~ 

low) in the muscularis e~erna. " My resul,ts sugqest -;that early 
". 

in the infection, the 1arvae ei ther wander around in the 

tissue or are very slow in making their way to the 'final si te. _ L , 

, 
However, aince the larvae are found i~, the same regian as the 

, 1 
1 



FIGURE 4.1 Histological sectionsof the stomach of 

mice A, 30 minutes and B, 60 minutes after infection 

with the larvae of !. dubius. ' In botn cases, the 

larvae are found in the fundic glands. Arrows.point 
Ci> 

to the larvae (bar '::: 100 )l1'I\) • 
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FIGURE 4.2 The location of the larvae of N. dubius 

ih the stomach and small intestine 1 day after infec-

tion. A, 'a larva in the stomach, the larvae are s~ilL 
, " 

found in the x:eqion of the fundic g,lands. B, a larva 

·in the small intestine, probably in the process of 

penetratinq. The larvae~are rarely found in the sub

mucosa durinq the first 24 hours of ~nfection (ba~ = 
100 )lIl\) • 

/ 
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FIGURE 4.3 The location of the larvae of N. dubius 

, in the small intestine A,lO minutes and B, 30 minutes 

after infection. The larvae are found in the mucosa, 

arrow points to larva (bar = 100 )lin) • 

\ 

,.." 

I~ 
, 
, , 
{-
1 

o 

" . 



; 
J 

" 

156 

• 

c 

, , 

" 

l, 



1 

.. 

, .. 

~ 

\ 

'0 

, .. 
'/ 

157 

-"final' si te, l SU99'est that the penetrat",.ion is a slow process. 

It has been ~eported that the larvae cause a local 

necrosis as they burrow through the mucosa and' it was postu-

lated that the larvae secrete a substance(s) which acts as a 

necrosin to lyse the surrounding tissue (~iu, 1965). In ad

d~tion, Liu (lac. cit.) has reported that in Webster and C3H 

mice, there is a dense ~filtratio~ of ~olymOrPhOnuclear 

leuc9cytes around the larvae in the small intestine and in 

the lamina propria and submucosa of'the stomach, as early 

as 24 hours after infection. l have found~that'in the first 

2-4 hours of infection, the only ~ damage- in the stomach and the 

small intestine appeared to be caused bYythe mechanical pas-
(, 

sage of the larvae through the mucosa and that there was no 

obvious increase in the infiltration of polymorphonuclear leu-

cocytes in either region during the early stages of infection. 

From 3 days after infection, the~e was a localized 
...\0 , 

eosinophilic response'ar?und the worms that increased slightly 

in severity as the,infection progressed_ (Figures 4.4 - 4.6). 

This responsé was s~ilar to the response of Webster and C3H 

mice to 

degree. 

!. d~ infection 

f The ifferences in 
.-

(Liu, 1965a) but of a much lesse~ 

severity of response ma~ ha~e been 

due,to strain differences in the host and parasite. 
, 

From the 3rd to the 7th day after infection, the lar-
, \ , 

) 

found in the'muscularis externa (Figures 4. 4; 4.5) • vae were 
~ - \ 

When the sections were stained with Millf9an Trichrome stain 

for muscle tissue, it was found that the larvae were com

plet~ly surrounded by the cells of the circular muscle layer 

of the muscularis externa (Figure 4.5a) but never in the 

" 

~ 
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FIGURE 4.4' The location of the larvae of N. dubius 

in the small intestine A, 3 days and B, 7 days after 

infection. The, larvae are found embedded in the'. 

muscle layers of the wall-surrounded by polymorpho-~ 

nuclear leucocytes. The leucocytic respèrise in

creases as the infection progresses (bar = lOO,)lM). 
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FIGURE 4.5 The location of,the larvae of !. dubius 
~ 

in the small' intestine 5 days after' infection. ·A., 
, 

.$ection stainéd with Milligan Trichrome stain, show-

ing ~he circular muscle layers surrounding the worm. 

B,'section'stained with Picro-Po~ceau, showing a layer 
" 

of collag~n in tue submucosa but not around the larva 
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" F~~RE 4.6 The location of the adults of, N. dilbius 
.' 1 -" r 

'" q 

in tne small ipteêtine 9 d:ays after infection. The 
J 

adults, are found il) the lumen of the small in tes t-ine , -. "\ 
1 

~. ~ 

entwined argund the villl. The striated cutic+e "': " 
." i ~ ." .. 

l -:/. 

\ 
0 probably ha~ a function in anchorin<} the worms to 

the villi and p,articula te matter is, found in "the .- --gut (ba't -- l~O, ')lI\\) • 
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/ 
~ i\ 

-... 1'1' ' 
longitudinal muscles. Although sever,~l investigators have 

• III 

suggested that the larvae are found wlthin cysts (Liu, 1965a~ 

Bryant, 1973), l have found no evidence of a cyst. In sec

tions stained for collagen (Piéro-Pon~eau stain), a layer of 

collagen was se en in the submucosa and the worms were usually 

found below this layer. There was n~.~ollagen seen &round 
\\ 

the larvae (Figure 4.5b). My results suggest that the lar-

vae ar~ merely embedded in the circulaJ\.musqle tissue and 

sequi~tered by the localized leucocytic response, this is not 

a true cyst • 
" 

The method by which nematodes feed when apparently 
1 

"~ 

~obile and within tissue is not understood. The encysted 

larvae of T. spira1is have the abi1ity to absorb various metabo

lites and nutrients (McCoy, ~ ~., 1941; Stoner & Hankes, 
, 
1955, 1958; Ha~kes & Stoner, 1956, 1958; Mills & Kent, 1965; 

Ko~~r, ~ !l., 1969). The mechanism of nutrient uptake in 

the 1arvae of !. spira1is h~ not been elpcidated • 
.... '" 

In th\a 

entomophilic nematode, Mermis nigrescens, upta~e of nutrients 
/ 

occurs across the cuticle (Ruther~ord & Webster, 1974, 1978; 

Rutherford et al., ,1977) and the mechanism May be simi1ar ~or 

the 1arvae of T. spiralis. The mechanism of nutrient uptake 

of the larvae of N. dubius during i ts histotrophic phase' has 

/ 'not been previously described. 
\ 
1 

\ l h~ve found that the gut of the larvae of ~. ,dubius 

is filled wi~ particulate matter Whil~ it is embedded within 

the muscle ,(Figure 4. 7a) and occasionally the qut May contain 
1 

c~llagenous material simi1ar te that found in the nearby sub
I 

mucosa (Figure 4.5b) • 
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FIGURÉ' 4.7 The location of the 

in the small intest"ine A, 5 days 
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A spike-like object, rerniniscent of an underde-

ve~oped stylet, ha~ been seen in sorne but not aIl L4 larvae 

{Figure 4.7b). This appendage has not been previous~de
~ 

scribed from trichostrongylid larvae hut it may be u~ed.to 

di.srupt the cell membranes. :-

'The presence of particulate matter within the gut 
/ 

of the nematode suggests that it is actively feeding on the 

host's tissue duripg d\veloprnent. 

4D. SUMMARY 

" 

a) The larvae of N. dubius-do not ~'mmediately go to their 

'final site after penetration but the final site selected in 
1 

the small 'intestine is adjacent 'ta the sites of penetration. , '-. 

4 b) The final site of the larvae in the small intestine is 

the"circular muscle layer of the muscularis externa. 

c) The larvae feed on the surrounding tissue during ~ts 

development in the small intestine. 

/ / 

/ 

\ 
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CHAPTER 5. EXCYSTMENT BEHAVIOUR IN 

TRICHINELLA SPIRALIS: 

THE EFFECTS OF _. GA~TRIC SECRETIONS 

SA. INTRODUCTION 

• \On its arrivaI in the host, the infective stave of 

an intestinal parasite emerges from its protective egg, cyst 

or sheath and establishes i~self. The' initial activation oc-
.. 

curs anywhere along the gut from the stomach to the large in-

testine (Rogers, 1960; Christie & Charleston, 1965; Sommer-
------- -

"ville & Bailey, 1973; Lackie, 1975; Panesar & Crall" in 

/ 
1 

• press). The infective larvae of N. dubius lose-their protec-

tive sheaths in ~e stomach of the hast whén 80% of the 1arvae 

exsheath in less than 5 minutes (Sommervi11e & Bailey, 1973). 

The latter authers aIse found that the major componen~s of 

tha stimulus for exsheathment of N. dubius in vitro are the 

high concentrations of hydrogen ions, and temperatures similar 
/ 

to that of their hosto There are several other nematodes, 
r-

inc1uding Trichostongylus cOlubriformis" Trichostrongylus 

retortaeformis and Nematodirus battus (Rogers, 1960; Christie-

" & ,Charleston, 1965; Bai1ey, 1968; Lackie, 1975) which have 

sirnilar requirements for exsheathment and these nematodes 

also exsheath in the stomach of thei~ hosts. 
/ 

!. spiralis 1s genera~ly be1ieved te excyst follow

ing the enzymatic degradation of the capsule by pepsin in the 

stomach (Gould, 1970). The normal laboratory pra\tice of 
1 -. ~ ; 

excysting larvae from infectkd meat is by digestion in pepsin 

, 0 
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and Hel which also supports this belief, This scction at

lempts to quantify more precisely.the active and passive corn-
\ 

ponents of excystrneht in '1'. spiralis., 

~. MATE RIALS AND METHODS 

1) The method of recovery of encysted .larvae of T', spiralis 

The encysted larvae of !' spiralis were rècovered 

from infected meat ~y hornogenization. Infected an~mals ~erc 

killed by decapitation, skinned, eviscerated and the carcass 

was cùt into small pieces. These piaces were homogenized 

--wi th .sa:l:ine (-unless-otherwise stated) in a Servall oroni 

Mixer (Dupont Instruments, Newton, U.S.A.). 

The homogenate was strained through cheesecloth and 
" 

the filtrate was sedimented in "pilsner"·glass. The sedimen~ 

containing the encysted larvae was washed thrice in saline, 

The cysts ~ere then individually collected with a ~ast~ur ) 

pipette drawn to a fine point. Cysts containing 1 larva and 
r 

with a minimum of muscle debris attached were'used'in these 

studles. .. 

2) Lxperiments on the excystation of T. spiralis 

a) The effect of the concentration of pepsin on the excyst-

ment of T. spiralis larvae. 

(i) Infected rneat was hornogenized in 0.B5% saline and 
Û L 

aliquants of between 50 and 100 çysts were transferred to 

each of 15 watchglasses., 'l'he watchglélsses were covered and 

incubated at 370 e for 30 minutes prior to the\ conunencernent 
\ 
\ 

pf the ~experiment to accl~mate ,the worms to thïs temperature. 

_ ~--..r' 
~._---... -,/ 
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Log d~{ions' of pU~~fied,pepsin (Fisher Seien~ific Company 
, . -4 

Limï ted, Montreal) from 10% t~ 10 % were prepared in a solu ... 

tion ~f 0.06 N HCl ~p~ l.~ - 2.0) 'tha~ was previously ~arm~d 

te 37 C. Two ml of each dilution was added ,to each of)3 
') 

watchglasses to a final volume of 2.1 ml an~ the numbers of 

larvae e~cysting were counted at intervals. 

, (ii) This experiment was ide~tical in alt, respects wi th 

experiment 2 (i); except that the 'infected meat was initïally 
f " • . ' 

homogenizèd in distilled water instead of saline. 

~) The activity and behaviour pf 1. spiralis la~vae. 

Tre ac~ivity and behaviour of the larvae was observed 

just prior to and subsequent to exeystment, after being,plaeed 
o 

in HC1-pepsinsolutfon at 31 C. The CCTV was used to record 

the larval rnovetnents. 

~) The effects of pH and several enzymes on the encystment 
q) 

,of T. spiraiis larvae. ~ .~;,:' / . ~ ~'. ~ 
The infeeted meai was homogenized in saline ahd the 

eysts extraeted. The followin9 enzymes were tested: , pepsin\, 

trypsin, papain, ,aç-ehymotrypsin, C:-ainyl\se~ lactase' and lipase 
"-

(F1"sher Sciel\tifie Company Limited, Moptreali Sigma Chemical 

Company, St. Louis). À 1% solution of each enzyme was pre-, 
'0 1 

! , 

pared in each of a ,series of9 buffer:.~ ranging between pH 1 
. 

to pH 9 (Parker & Croll/, 1975) and a 1.0 ml sample of eaeh 
\ . 

solution" was added te each of 4 tubes centaining 50 ,- 100 cyst$ 

te ~ final volume ofol.l ml. The tubes were then incubated in 
,\ , 

o 
a slow-shaking water bath at .37 C for l heur, at the end of 

this incubation.;he tubes were plaeed in crushed iee te;ar

rest enzymatic·reaetion. Controls of 1% pepsin in buffered 

~ ! .... , ' 
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HCl solution (pH 2.0) were 'included to assess the viabili ty 

of the cysts. The affect of collagenase (Sigma Chemical 
, 

Company, St. Louis) was also assayed at pH 7.9, the pH op-

timum of this enzyme. /' 

The influence of these enzymes \m the ratio of 

excysted to encysted larvae was examined. , 

d) The effe-cts of different concentrations, of acids wi th 
, 

pepsin on the excystment of"T. spiralis larvae. 
1 .~~ --

Infected meat was homogenized in distilled water 

and the cyst~ were extracted. One perc~nt solutions of 

pepsin in log dilutions of HCl, H2S04 and CH 3COOH were pre

pared. One ml samples of each solution were put into test 

tubes containing 50 - 100 cysts in 0.1 ml disti11ed water. 

The tubes were incubated in a slow-shaking water bath;at 

370 C, for 1 h~ur befor~ being chilled to arrest enzymatic 

reaction. The influence of acid concentration on eX.cystment 

of th. larvae was examined. 

e) The" effects of chloride ions on the ac~ivity of the ex-

cysted larvae of !. spiralis. 
• > 

(i) Infected Meat was homogenized in distilled wpter , 

and O.l"ml aliquants containing between 50 - 100, cysts were 

_ transferred to each of 16 watchglasse~. The watchglasses 

were covered and incubated at 370 C for 30 mi~utes prior 

to commencement of the experim~nt. One 'ml of the following 
... - t 

solutions was add~d to each group,of 4 watchg1asses: (B:) , 

a 1% solution of pepsin in HCl (pH 2.0); (b), a 1% solution 

'of pepsin in H2S04 (pH 2.0); (c), a 1% solution'of pepsin 

o 
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in H2S04 (pH 2.0) plus the"addition of NaCl to a ,~fnal con

centration of 1% and (d), - a 1% solu,tion of peps~n in H2S04 

(pH 2.0) plus the addition of Nas04 to a fina~ concentration 

of 1%. The -=:1ulation--aêtivitY and, the mean .a,ctivity , rate 

was monitored after 30 minutes incUbation at 37
0 C in these 

solutions. 

(ii) Infected meat was homogenized in 'distllled water 

and 0.1 ml àliquants'containing 50 - 100 cysts were trans~ 

ferred' to each of 16 watchglasses. The_watchg~asses,bwere 

covered and incubated at 370 C for 30 minutes before the 

start of the experiment. One ml of the fOllowing solutions ~ 

was added to, each group of, 4 watchglasses: (a),-a 1% solu-

tion of pepsin in HCl (pH 2.0); (b), a 1% solution of pepsin 

in H,2S04 (pH 2.0).: (c), a ~% solution of pepsin in H2S04 

(pH 2.0) plus NaCl to a final concentration of 0.1% and (d), 
/ 

a 1% solutj.on of pepsin in H2S04 (pH' 2.0) 'plus NaCl to a 

finai concentration of 1.0%. At interva1s after incUbation 

at 370 C the percentage motile, in each treatment were ex-

amined. 

f) The effect's o'f i:t;lte~~inal secretions on the excystment 
", 

of !. spiraiis larvae. -

- In order to examine the possibility of'unspecified 

factor (s) from the intestine affecting excystment' o,f !. 

spiraIis, a cru~e '!succus entericus"- was prepared. A 1.0 cm 
;r 

portion of the mid small- intestine w~s resected in anaesthe-
"'-

tized, laparotomized rats~ This was washed with sterile 

saline and closed at both ends to forro a fistula having its 

, .,.pt 

.. , 

~ ~ 
! 
1 
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;own blood supply. 
~ 

The gut was ·anastomosed,without this sec
\ 

tion and the abdomen was closed. Four days after surgery, 

the contents ,of the fistulae were collected, poaled and di-
" • luted to a concentration of 10% in buff.ered saline (pH 7.2). 

This solution was used as the crude "succùs entericus" and 
, " .0 

small aliquants were stored at -20- C until used. 
, 

Log dilutions of (a), trypsin, (b)," succus enteri::-

cus" ànd (c),elastase (Sigma Chemical Company, St. Louis) 

we:i:e prepared in (a), buffered saline, and (b), a 10% solu

tion of crude pig bile in buffered saline. Infected Meat ~ 

was homogenized in'distilled water and 0.1 ml a~iquants con-

"taining 50 - 100 cysts were transferred to test tubes. One 

ml of each dilution was added to groups of 3 tubes. The 
o .", 

tubes were incubated ,in a slow-shaking water bath at 37 C 
i 

for-l hour before being chilled to arrest the enzymatic re-
-, 

action. The percentage excystrnent in:each treatment was ex-

amined. 

g)'.. The effect of gastric secretions in vivo on activation, 

, excystment and establishment of the lar~ae of T. spiralis. 

/ 

\l .. ~'. 
j 1 1 ~~ ~. 

" 
f 

] 

, ~ . 
Fifteen rats were anaesthet1zed and laparotomized •. 

Five equal groups of rats .were surgically prepared: (a), C?on-

trols, closed without furth!!r surgery and infected with 1000 

encysted larvae; (b), total gastrectomy (see below), and infected 

with 1000 encystèd larvae; (c), total gastrectomy and bile 

du~t ligature (see belowY and infected with 1000 encysted 

larvae~ (d),no surgery and infected with 1000 excysted ~ar

va~ and (e),total gastrectomy and infected vith 1000 excysted 

larvae. 

/ 

., ) 

, . 
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The animals in whi'ch the stomach was removed were " 
-

ariaesthetized and laparotomized. The 'avascular. pe~itoneal 

.foldS linking the stomach to the neighbouring organs were 

divided and thè stomachwas pulled out,of the abdomen. In 

order, the left gast+ic vein, the caeliac ar'tery, the portal 
\ 

vein, the gastric short vein and several branches of the 

right gastro-epiploic vein were divided between 2 ligatures. \ 

,The stomach·wa~ removed after division at the eosophagus and 
" I~ 

duodenum. Thése were' joined by end-to-end anastomosis. The 
1" 

• l'J 

abdomens were then closed (Figure 5.1). 

"" The animaIs in which the bile~uct was ligatured 

were anaesthetized and laparotomized. The upper bil~ duct 
1 

was ligatur'ed and divided abo've the entrance of the pan-
, 

creatic secretions into the common bile duct. The abdomens \ 

Jf t 

were then closed (F~gure 5.2). 

In all cases, the larvae were given by intragastric 

intubation 3 days after surgery. Five 'days after infection, 

the animaIs were kiIîed and the numbers a~d distribution -of 

, worms in the small intestine were 'determined. The influence 

of gastric secretions ~ ~ on establishment and longitudinal ~ 

di~persion was examined. 

h) '. The resistance of the irtfective stage of ,T. spiralis. to 

gastric secretion. 

Thirty animaIs were divided into 3 equal groups and 

each animal was given 500 larvae of T. spiralis by intragas-
, -

tric inoculation. The mice in the groups were killed at in
/ 

tervals of: (a) 1 hour: (b) 6 hours, and (c) 18 Aours, after 
/ 

in!ection; the small intes~ine was immedi~tely removed ~nd 

'the m~coaa was scraped with a glass slide. The mucosal 

1 
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FIGURE 5.1 The removal of the stomach ~ri the rat. 
, / 

,S, shows the~removed stomach; X, shows the suture 

line between the oesophaqus and f.he duodenum. -, 
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FIGURE 5.2 Bile duct ligature. Arrow points to 

the two ligatures of the common bile duct,.the duct 

is divided between the ligatures. .' , 
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r 

scrapings of 5 miqe in each group were fed individually to 
\ 

rats and the scrapings of the remaining 5 mice were implanted 

individually into the duodenum,of anaesthetized laparotomized 

rats. Fi~ days later, the rats were killed and the number 

of adults in the gut was determined. The influence of lar-
, 

val maturity on the ability to surv~ve'gastric secret{ons 
\. 

was examined. 

sc. RESULTS 

If Pepsin and exsheathment. 

The excystment of larvae of T. spiralis o~curs in 

peps~n-HCl solutions and the rate of excystment is dependent 
, ' 

on the concentration of pepsin (Figure 5.3). The mostorapid 

excystment occurred in 1%,soluti9ns of pepsin and the maxi- , 

mum excystment was attained within 30 minutes of incubation.' 
~ 

The time required for encystment increased as the.concentra

tion of pepsin decreased and-below 0.001% solu~ions, the en

cystment was 25% even after 90 minu~~s. Tbere was nO excyst

ment in pep.in concentrations of 0.0001% and less. Excyst-

ment was slower in the corresponding dilutions of pepsin when 

the infected carcass was homogenized in distilled wa~er, and 

at pepsin concentrations of 0.1% and 1ower, fewer than 9o~,/16'J 
the larvae exeystedafter 90 minutes (Figure 5.4). \ 

2) Behaviour of larvae. 

On immersion in, HC1-pepsin solution, the worms be

gan to move while still within their cysts. The'worm follows 

a "figure of 8" movemen1; with the appearance of spinning 

around within the cyst. As more space-is made within ,the 

\ 
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FIGURE 5.3 The rate of excystment of the larvae of 

!. s:eiralis in different concentr'at.io~s of pepsin 

after homogenization,in saline. The numbers on the 

curves 'refer to ~he conééntration of pepsin. 
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FIGURE $.4 The rate of excystment of the larvae of 

!~ spiralis in different'r?ncentrations of pepsin· 

afterhomôgenization in distilled water. The num-

bers on the curves refer to the concentratiop of 

pep-sin. 
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cy,st, small lashing moveménts of the tail begin. These tail .. -

--
lashing mOVemen~s help the larvae in breaking out of the cyst 

before the cyst is completely digested ~figure 5.5). T~e 

tail lashing behaviour continuès for several hours after the 
• 0 

Iarvae are free of the cyst. The head end remains coiled < 

~. / 

and immobilé while the posterior half of the worm ~ythmically 
", ' 

<~ lashes out. This behaviour pattern is designated as type 1 . . 
A frame~by-fr~e analysis taken from CCTV recordings of this 

\, 

behaviou~pattern i~ shown in _Figure 5.6. Figure 5.7 shows 
1 

the rate of activity (Type 1) and the population activity of 
/' ' 

q ~ 

the larvae after encystment and in the absence of any other 
• 

s~'~mulation • 

• a) ,Enzymes and exc~stment. 
~ 

The only enzymes that had a drarnatic effect 6n the 
, 
:excystment of the larvae of T. spiralis were pepsin at a low - , 
[PH anq collagenase at its optimum pH (Figure 5.8).' The other 

'rnzYmes tested' appeared to h~ve little effect on excystment 

rith the exception of t~yp~in. In trypsin, there was some 
/' 

xcystment at pH 8 to 9,but m~ximum excystment with this en-

yme was not h-igher ~an 8%. The c'ysts used in all of the 
• 1 

ssays were active an~ the controls (HCl-pepsin)- included in " 

ach ass~y aIl resulted in 100% excystment. 

ri 
, 

Acid, 'chloride ion and excys'bation. 
, 

The efficiency of excystment-with a 1% pepsin solu-
é) 

-, . , 

tron increased with increasing concentratic:ms of acid (Fig-

ur,\ r. 9) : 

H
2

SO 4 l',and extremely 'low in' the _w~ak acid CH
3

COOH. The ex-

cys~ent res~onse differed in the strong~acids everi 
1 ~ 

Excystment was higher in~the strong acids HCl and 
\'\ 
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same pH and the numbers of larvae excysting, were consistently 

higher in the Hel concentrations (Figure 5.10). It i5 pos-

sibl(!! thÇit· the presence of Cl ions influenced the efficiency 

of expystmen t. 

The process of excystment was much slower and the .J 

activity of larvae in a solution of papsin with no Cl- ions 

was significantly lower (p ~ 0 .05) than the activi ty of lar-
-

vae in pepsin solutio~s with Cl ions (Table 5.1). 

f 

The numb~rs of mobile larvae in tbe population in

,creased and persisted for several"hours as the Cl- ion con

centration in the incu~ation medium w~s inC~ea~(Figure 5.11). 

5) Intestinal secretions and excystment. ---____ 

Bile, trypsin, "succus enteric~s" and elastase alone 

or in comb1nation with each other had no effect on the excyst-

ment of the larvae. Likethe saline contraIs, there was no ., -

excystment of the larvae. (No data are given for these re-

sults, as there was zero excystment.) , 

6r Excystment and Gastrectomy. 

In rats with total gastrectomies, encysted larvae ... 
were still ~ble ta establish. The distribution of worms in 

" the gut differed from the control animaIs (Fi'gure 5.12) .-but was' simrlar ta the distribution 'of worms in the gastrec-
l , 

tomized' rats given excyst.ed larvae '(Figure 5.13), with most 

of the' adults recovered in the post.eriol!' smaii intestine. 

Infection with encysted' larvae in rats with total~ gastrec

tomies and bile duct ligature resul ted in adu~ t distribu,tions 

that did not differ from the infection' i'n the g,astrectomy-

only ~ats (Flgurët5.14). The percentage establishment of thes~ , ~ 

1 -' 

/ 
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FIGURE 5.5 Larval excystment, the larva of T. 

~ spiralis is shown breaking out of the cyst tail

first after pepsin-HCl stimulation. 
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FIGURE'S.6 1 
Frame-by-frame analysi~ of the move-

ment pattern of a larva of T. spiralis in type l 

.movement. The sequence moves from the top,left 

hand to the bottom right hand •. The anterior end 

-of the worm is depicted by the ~rrow and the 

-elapsed time between e'ach frame is 0.017 seconds. 
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F,IGURE 5.7 The rate 'oi activity- '(typ~ 1) and the 

population activity of the,la~vae after excystment 

i~ the HC1-pepsin solution and in the absence of 

other stimuli. 
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FIGURE S.S The percentage excystment,?f the oysts 

of !. spiralis after 30 .minutes incubation at 37° ·c

Ln various enzyme solutions in a series of buffers. 
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FIGURE 5.9 The percentage excystment of the cysts 
~ - ~ . 

, ' 
of T. spira1i~ after 30 minutes incubation at 37° C 

in 1% pepsin solùti~ns of differentconcentrations 

~of acid. A, HC1; b, H2S04; c, CH3COOH. 
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FIGURE 5.10 The percentage excystment.of ~e,cys~s 

of T. spiralis after 30 minutes inèubation at 37° C 

in 1% pepsin solutions at different pH. 
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TABLE 5.1 OF ACTXVITY AND THE PERCENT 

OF THE P AFTER 

EXCYSTMEN'1' II -THE PRESENCE AND ABSENCE OF Cl- IONS 

"H2S04 H2S04 
+ +. 

HCl 'H2S04 pepsin pepsin 
.... + +. 0 + 

'Treatment l2e I2sin .. !2e 12sin NaCl NaSO 
s 

1 

97.8 
(a) (a) , pop. active 0- 32.2 ,82.1 43.1 .- ±l.2 ±4.5 ±2.3 " ±7. 6 , 

1 " 

,1 

" Activit y' t ,(a) (a) 
13.8 49.1 68~1 45.4 

undulations/min ±l.S ±4.7 ±3.~ ±S.4 

". -, 

1"-
, , 

( 
la} siqnifioantl~different from controls at p < 0.05 

i 
~ 
î 

-'l 

4 
- .J 
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FIGURE 5.11 The Mean % population active after ex-

cystment of the l~ae of T. spiralis in var,i,ous solu-

tians. 
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FIGURE 5.12 The distributio~ of adults in the small 
\ , / 

intestine of rats 5 days after infection with 1000 

larvae ,of !. sEiralis. A-C, sham operated controls 

given encysted larvae ~ D-F i gastrectomized rats 
, 

given encysted larvae. 
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fIGURE 5.13 The distribution of adults in the small 

intestine cI rats 5 days after infection with 1000 
l ' 

larvae of'T. spirals. A-C, sh~ operated controls 
, 1 ... " ~ 

,) given,excysted larvaei O-F, gastrectomized rats 

given excysted larvae. 
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FIGURE' 5.14 

. " 

J' ,r 
,'-.Wf"",.j;",~' 

The d1&tribution of adu1ts' in the smali 

intestine o~ ra~s 5 days after infection with 1000 
\ 

, 
larvae of T. spiralis after gastrectomy and bile duct 

f 

ligature. 
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treatments is given in Table 5.2. 

7·) Resistance of the infective sta9'e. 

The larvae of X. spiralis when delivered ora~ly, 

,,~ould success establish and infect their hosts ~ second 

time at l an ,~~ .. ~s after the initial excystment but not 
1 

at 18 hours after infection. However, aIL larvae (l, 6 and ' 

18 hours after infection) were equally infective when implanted 

into the duodenum (Table 5.3). 

50. DISCUSSION 

For several years, the ,subject of the origin of 

cyst formation in !. spiralis has been di~cussed: was i~ of 
, \ 

parasite or host'origin? Recently, 'the role of the muscle 
~ 

!iber in cyst dev~lopment has been demonstrated (Gould, 1970; 

Stewart & Read, 1972ai Teppema =! al., 1973). After larval pene

-tration, the fiber roses it-s contractile elements,' there is 
. " 

nuclear enlargement, hypertrophy of- the sarcoplasmic retic~-

lum and mit.oehonârial vapuolatdon (Despommier, 1975). This' 

oceurs within.8 days of penetration and the modified-myocyte 
<> 

is termed a "nurse cell". The muscle fiber dies but the nurse 

eell,contributes to cyst development and persists for the life . 
of the larV'a, (Pukerson & oe.spommier, 1974 i oespommier, 1976). 

-; , 

On the basis of the re.acti~n of eysts wi th ~ollagen 

stains, their sènsit,ivity to dietary ascorbic Çl,cid du:;ing 

development, and their resistance to trypsin and collagenase 

digestion',Ri~~rson (1966) sugqested that the princi~al struc

ture of 'the outer eyst wall of T. spiralis ~as co11agen. This 

'/ 
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TABLE 5.2 RECOVERY OF ADULTS IN, 

GAST~CTOMIZED RATS 5 DAYS AFTER 

INFECTION WITH 1000 LARVAE OF 

T,. SPlRÀLIS 

Treatment Larvae 

Control encysted 
, 

Total gas~rectomy encysted 

Total' gastrectomy 

& bile duct 
.-' 

liC]a~ure 
( 

encysted 

Contrql ' excyated 

To~al. gastrectomy/excysteq 

Mean #= Adults 

Recovered ± S. E~ 

(a) 
512.0 ± 62.3 

(a) 
544.7 ± 47.,9, 

(a) 
50~.3 ± 43.3: 

(b) 
336.7 ± 44.1 

(b) 
246.7 ± B8.3 

208 

Mean % 

Recover;:i 

5:1 

54 

50 

33 

24 

(a) (b) all values with similar superscript do 

not differ significantly Cp ~ 0.05) 

.\> 
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TABLE 'S.3 • AOULT RECOVERIES OF T. SPlRALIS 

FROM RATS INFECTED WITH THE MUCOSAL SC~ING 

OF. rN~ECTEP MICE GIVEN 5000 LAaV~ PER OS 
; --, ./ 1 

1arva1 Route of Mean t Adults 

(hrs) Infection Recovered :t S. 
", 

OX'al 1135 '.5 ±-266.0 

Oral 1079.5 ± 87.3 

Oral 21.4 ± J.O.o 

duodenum implant 1223.5 ± 281.5 

duodenum implant 963.0 ± 197'.4 

duodenum implant 621.7 ± 104.1 

(a) al1 values with the same superscript do not 
" 

i dif~er siqnificantly from each otJ?,er Cp i 0 ~(5) 

f 

.r 
r . . . 
i 
l 
'l, 

1 
-\ 
i 

1 

.-

, ' 

E. 

( a) 

(a) 

(h) 

( a) 

(a) 

Ca) 
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(âS consistent \tIith previous sj?eculation on the nature of 

\~~he cyst wall (Gould, 1945). The basic fl;'amework of the outer 

st wall is probably the sa~co1emma of the muscle fiber with 
1 

'/~ollagen and ,acid mucopolysaccharides (Bruce, 1970; Harley 

& Moore, 1974). The inner cyst wall or "matrix" which en- , 
~ ~ ~ 

velops the larva is believed to be made of collagen fibers 

interspersed with cytoplasmo 

The maximum e~cystment of encysted. 1arvae in my 

experiment was between 30 - 45 minutes in 1% pepsin solution 

at which, 80% excysted within 15 minutes. This period i5 con

sistent with the time required for nematode activaeion in 

the stomachs of their hasts (Bai1ey, 1969; Fair~airn, ~961; 

Muller, 1971; Sommerville & Bai1ey, 1973). Investigations on 

the movements of ingesta in the mouse gut (Sukhd~o, un~

lished) show that the mouse stomach can retain non~absorbable 

markers for 4 -~6 hours after ingestion with a mean transit 

time of 4.5 hours. This a110ws adequate time for excystment. 

The pH optimum of pepsin is pH loS to 2.0 (Spector, 

1956) and the reduction of eKcystment coincided with an in-

crease in pH. The Mean pH of the contents of the mouse stomach 

was 4.83 (range, 3.26 ~ 6.24) (Haiba, 1954) and Sol ± 0025 

(Panesar ~ Cro11, in press). Within this pH range, excyst-

ment in my systems was 1ess than 10%. l suggest tha~ tnese 

recordings of the pH of the mouse stomach are tao a1ka1ineo 

If the y are not, then,perhaps there are factors other than~ 

peps1n digestion which may be responsible for ex.cystmento" 

There is sorne evidence for this assertion. 
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The establishment of !. spiralis in gàstrectomized 

rats remains unexplained unless pepsin was present in the 

small intestine since pepsin and collagenase were the only 
-~ 

enzymes to excyst the larvae in vitro. The other intestinal 
\ 

enzymes tested had little effect on encystment at any pH and 

there were no synergistic effects between bile, trypsin and 

"succus entericus". In gastrect\i>mized rats given encysted 

larva~establishment was ~omparable to the controls and the 

distribution of the worms was similar in gastrectomized rats 

given excysted larvae. This suggested that~/the ,altered dis-

tribution in the gastrectomized rats 't;riven ency~sted larvae " 

was due to a change in propulsion ,of t~e gut rather than be-
\ 

"ing due to excystment in the small intestine. The exclusion 
\ -<; 

of bile in the ~astrectomized rats with the ligatured bile 

duct also had no effect on excystment. This supports the in 

vitro resul ts in which there were no synergistic effects wi th 
-' 

o 

bile and other enz~es. 
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CHAPTER 6. THE J:.:STABLISH.t-1ENT OF 

... 
'l'RICHINELLA SPlRALIS ANIV NEMATOSPIROIDES DUl,HUS 

J • 
t'", 

v;'IN THE SMALL INTESTINE: THE EFFECTS OF 

SURGICAL ALTERATIO~ OF IN'l'ESTINAL SECRETIONS 

6A. INTRODUCTION 

212 

--

hThorson (1969), has suromarized sorne of the stimuli 

in ~he host gut that a gastrointestinal parasité encounters: 
I~ 

hormonal, cellular, humoral, nu'tritionatl, ehemical;'physio-

logical, thermal, directional eues, i'nteractions wi th other 
~ 

~pecies and interactions with members of,its own species. It 

is through exploitation of the'se stimuli that nematode 1arvae 
• t r·~ 

may have evolved mechanisms to establish themselves through 

their own behavioural efforts. 
, 0 

Bile) or its con~titùents have been imPlicat~d in 

the site selection behaviour of several helminths through , 
their influence on activation. . " 

These inc1ude trematodes 
" 1 

~ (Dawes & Hughes, 1964; Erasmus & Bennet, 1965; Howell, 1910); 

acanthoéephalans (Lackie, 19'74); cestodes (Smyth" 1969; Read, 

1970; Caley, 197'4) and nematodes (Rogers, 1960; Hwang, 1960; 

Mapes, 197{;' Lackie, 1975). 0 Simi f âr1y, the, i~portance of 
" ) 

pancreatic secretions have been demonstrated in tremato'des 
t\ ~ • 

1 

(Hoffman, 1958; Kobayashi et al., 1959: Dawes '~ùghes, 1964;--- .. 
,Yokagawa, 1~65; Fried & Roth, 1974); ce~todes (Penfoid, et ~l., 

1937; Wantland, 1953; Jones et al.,. 1960; Hoffrnan & Jones, 1962; ., f _ _ J 

" Berntzen & Mue11er, 1963i Berntzen & Voge, 1965; de Rycke & 
~ fi - • .... 

", . 
van Grembergen, 1965; Laws, 1968; Read. 1970; Goodchi1d & 

Davis" 1972) i aC8nthoce~~,a'lans (Lac~ie, 1974') and nematodes \' 

1 i 

, ,\, . :: 

<" 

1 
J 

, 
.~ 



'have been no experimentar investigations on parasite micro-
, , 

habitat selection to examine the effeèts of bile or pancreatic 

secretions in vivo. This study attempted to de termine the 

importa~ce of bil~and ~pancreJtiC secretions on T. spiralis 

and N. dubius ~ vivo. 

6~. MATERIAtS AND METHODS 

The general methods for anaesthesia, laparotomy 

and post-surgical care have be'en. given (Chapter 2). Rats 

and mice were used in this study. , 

1) Surgery on, mi ce : The effects on the e,stablishmênt ,and __ ./ 

longitudinal dispersion of T. spiralis and N. dubius .. 

a) The effects of 1igaturi~g the 'bile duct. 

Two groups, of 5 mice'were used and aIl mice were 

anaesthetized and laparotomized. The mi ce in the control' 
/ 

group were closed without further surgerl'. The upper bile 
1 

duct, just below .the level where the gall bladder entered 

the duct, was ligatured and divided in the mice of the second 

group.' The mice were infected 2 days after surgery. 
, 1 

b) The effects of çholestyramine treatment. , 
- ~ 

Two groups of 5 mice were used. The experimê~tal 

group was given 5~mg cholestrYc3fline (Questran® , Mead John:' 

son Company, Mont~eal) in 0.1 ~ distil1ed water, 30 minute~ 
l , ' 

prior, to infection to reduce the concentration of conjugated bile 

acids by a~undetermined amount (Hagerrnan et al., 1971). The 

,~ . .. 
/ . - ' 
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, . ~ 
" 

, 1 

2l4~ 

/' 
controls were given 0.1 ml distilled water at the same time. 

Experiments (a) and (b) were duplicated and the 

mice were infected with: (a) 500 excysted larvae of T. 

spiralis or (bl 100 larvae of ~. dubius, by intragastric in

oculation. Five dàys af~er infection with T. spiralis and 6 

days after infection wi th N. dubius the mice wer,e killed an~ 

the ~istri~ution of worms in the small intest~ne was'deter-

mined. The influence of 'the, exclusion of bile on the estab

lishment and longitudinal dispersion of T. spiralis and N. 

dubius were examined. 

2) S,urgery on rats: 'The affects of manipulation of bile 

and pancreatic secretions on the establishment and . 
~ 

fongitudinal dispersion of !. spiralis and ~. dubius. 

Rats were chosen for this part of the study because 

they were larger than mi ce and it was easier to handle them, 
/ 

in surgery. 
1 ! , 

Ten" groups of ~ats were altered surgically. The 

numbers of rats in each group varied because of the high post-

operative mortality in sorne groups but an a~tempt was made to 

have at least 3 rats per group. The ten groups are as follows: 
- -' .. ~-....... 

1 a') Sham-operated controLs.. ~. 

These anima~s were laparotomized and the abdomen was 

th'en closed. 

b) Sham-cannula controls. 

A cannula made of"'polyethylene tubing, LD. '0.58 mm 

and O.D. 0.965 mm (Intramedic~PE50, Clay Adams, Becton, Dick~ 
inson and Company, Parsippany) with a blind end was inserted 

at different locations in the small intes~ine. The end of the 
, 

cannula to be ins~rt~d into the intestine ~as flared by heating 

" , 
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then inserted into and at~ached to the small intestine with 

a purse-string suture. 

c) Bile duct ligature. 

The bile duct was/ligatured'and divided above the 
1/ ' 

entry of the pancreatic secretions into the' common bile duct. 
/ 

This procedure allowed the continued flow of pancrea~~c sec-

~etions '(Figure 6.1). \ 

d) Bile duct cannulation. 

The bile' duct was ligatured and divided abové the 

entry of the pancreatic secrétions' into the common bile duct ~ 

A catheter of polyethylene tubing (see group (b» was inserted 

/ . . '-... . 
~nto the upper b1le duct and the b~le flow was cannulated to 

different locations in the small intestine. The end of the 

cannula to be inserted into the in~estine was flared,by 

" 
" heating in a flame"and inserted and attached (Figure 6.2). 

e) Bile flow externalized. 

The upper bile duct was cannulated as described 

above (see g,roup (d». ~he cannula was passed through the 

abdomen, under the skin and passed out at the nape of the 

'rat's neck. The cannula was held'firmly in plaoe with dent~l 
~ .. 

caulk (Nu Weld The L.D. Caulk CompanYr Delaware), (Fig-

ure 6. 3) .-

f) Duodenal bypass. 

The small intestine was divided above the entry'of 

the common bile duct. The distal section above the bile duct 

was closed with invaginatingstitches'to form a self-emptying 
, 

bi'ind loop. The proximal section bélow the pylorJ..e--9ph1ncter, 
...... 

was join~d to the small intestine at'different locations using / 

, the method, of end-to-side anastomosis with 2 gui~ng threads " 



, 

/ 
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/ 

FIGURE 6.1 Bile duct ligature in the rat, the 
/ 

arraw points ta the distended bile duct, 7 days 

after surgery. 
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FIGURE 6.2' Bile duct cannulation in the rat~ , The 
.. 

'. / 

arrows point to the points, of c.atheter. entrance' into 

the bile duct and the duodenurn. 
/. 

/' 

\ . 



219 

. ' 
\ 

'",: 

./ 

, . 

\ 

/ 



/ 

'L 

1 -

-. 

FIGURE 6.3 Bile flow externalized i~ the rat.' The 

exit of the bile du ct cannula.on the nape of the neck 

and the method of securirtq the' cannula is shown. 
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(Lambert t :).965) • Figu,re 6.4 is a photograph of the gut after 

rècovery fram this treatment. 
\ 

g) ,.pile ènd pancreatic duct l,igature . 
• 1 

The upper bile duct w,as ligatured and divided as' 

described above (seè group (c»). The cornroon bile duct was 
1 

ligatured and divided just~before entry inta the duodenum. 

The use of both ligatures was necessary to prevent the flow 
" 

of brIe into tpe pancreas as the preSSUre due to biliary stasis 

increased (Fig'ure 6.5)., 

h) Pancreatic ligature. 

The animaIs were treated in a similar manner as 
... 

described in the previous group (see group Cg). The upper , 

bile duct~was cannulated (see group Cd» and, directed ta the 

normal site af bile entry into the duodenum. 
, . 

~ 

i) Bile duct ligatur~ with cnolestyramine treatment~ 
" 

The control rats were laparotomized and c1osed. 
. ... , 

The experimental animaIs were,laparotomized and the bile duct 
• c:> , ,,/ , 

ligatured and divided{see group (c». Thirty minutes prior 

ta infection the rat~ were given 500 mg chalestyramine per 

os. ,. 
, ~ 

Bile duct cannulation with chalestyrarnine treatment. 
~ 

"' ,. ! ~ . " 
The bile duct_was ligatured and cannulated to dif-

ferent locations of,~he gut (see group (d». Thirty minutes 

prior to infection the y;ats were givè~' '500 rnq c~~e.!ltryarnine 
'1 

per os .. 

A!l anirnats were {nfected'3 days after surgery. ' 

The groups were,duplicnted~ in one trial each animal was in

fected~with 1000 excysted larvae-of T. spiralis and in the 

, , 

.' 

\ 

" , 
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'FIGURE 6.4 
.' 

Duodenal bypass in the rat. The gut 
J", 

.'Ô 

was: .removed from the rat 8 days after su:rger:t:. S, 
, 

'stomach: ~d, Si~e/ of entry of bile dUC~C, 

arrowpoin'ts to the anastomos:i,s .• 

caecum; 
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FIGURE 6.5 Pancreatic duct ligature in the rat. ., 
The arrews point to the two points of l±gatur~ prior 

te division of the duct between the ligatures. 
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s~cond trial (except for groups (h), Ci) and (j» each ani-

mal was infected with 300 larvae of N. dubius. The infective 

doses in both trials were delivered by intragastric intuba-
I! 

tion. The rats were killed 5 days after infection with T. 

spiralis and 6, days ~fter infection with N. dubius and the 

dis'tribution of worms' in the small intestine was determined. 

The influence of altered bile and pancreatic secretions on 
- 1 

the establis~ent and longitudinal dispersions of !. spiralis 

and ~. dubius were examined. 

GC. 
, 
RESULTS 

1) Mice: The effects of excluding bile. 

a) T. spiralis 

Neither 1igaturing the bile duct nor treatment with 
\ 

chol~styramine had any ~ignificant effect on the longitudinal 

distribution (Figures 6.6 and 6.7) or the establishment 

, (Table 6.1) of 'Î'. spiralis. 

b) N. dubius 

The distribution of larvae in the small intest~nes 
l' , 

of mice following ligature of the bile duct differed slightly 

from the.controls. In the ,control mioe~ aIL of the 1arvae es-. ... , ... . , 
tablished within the- first half of, the smaii intestine :where

as ~n animaIs wi th the bil~ duét ligatured the larvae- we~e ' 

recovered up to 75% of the way down the smaii intestine 

"(Figure 6.8). In beth-groups, the péa~ re'coveries were in 

the first se~ents. Significantly, fewer, larvae (p -S 0.05) 
/' 

were recovered from the mice in which the bile duct· 'had been 

,,' 

ligatured than in control mice (Table 6.-2). The results wer~ 
" ' '. 
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FIGURE 6.6 The distribution of adults in the small 
) '. 

1 intestine~mice 5 days after infection with 500 

larvae of 1. spiralis. A, controls; B, mi ce with 

the bile duct ligatured. 
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The distribution of adults in the small 
\ 

intestine of mice 5 days afte,ro infection with 500' 

larvae of !. sprialis.' A, controls; B, the mice 

were treated with cholestyrami~rior to infection. 
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TABLE 6.1 THE MEAN PERCENTAGE RECOVERY OF 

T. SPlRALlS IN THE SMALL INTESTI~E OF M!CE-
- v -

5 DAYS AFTER INFEÇTION WITH 500 LARVAE EACH 

Mean ~ 

Group TreatJnent Recovery ± S. E. 

lA 

lB 

2A 
~ 

2B 

, j 

/ 

bile duot ligature 

sham contrÇlls 

oho~estyramine treated 

oontro1s 

./ 

./ 

" 

./ 

27.4 ± 6.1 

41.3 ± 4.8 

34.2 .± 4.3 

35.B ± 3.1 

) 

" 

- • #~ 

N. S. 

N. S. 

\. 
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FIGURE 6.8 ~he distribution of worms in' the small .. 
intestine of mïc,e 6 days after infection wi th 100 

larvae of li. dubius. A, mice with the bile duct 

ligatured~ B, controls • 
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TABLE 6. 2 ' THE MEAN PERCENTAGE RECOVERY OF LARVAE 

OF N. DUBIUS FROM THE S~L INTESTINE OF MICE 6 DAYS 

AFTER INFECTION WITH 100 LARVAE EACH 

Mean % 
/' 

GrouE Treatlnent Rec • .over:l ± s. E. 
< 

, 
lA bile duct ligatured 64.5 ± 5.5 

lB sham control . 93.6 ± 3.9 

2A cholestyram~ne treated 71.~ :t 7.8 

2B 'controls 90.6 ± 7.0 

~ 

./ ,i 

I 
\ 
\ , 

~ 

0.05 

N. S. 
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similar' in the ~nimals treated with cholestyramine, the 

larvae'were slightly more longit\.\dina11y,dispersed i~ the 

gut than in the controis (Figure 6.9) and there was a reduc,

tion in the recovery of larvae (Table 6.~). 

2) Rats: ,The eff~cts of manipulating bile and pancreatic 

secretions. 

a) T. spiralis 

The distribution~f T. spiraiis in' rats (Figure G.lO) 

------. differed from bheir distribution in mice (Chapter 3; Fig-
/ 

/' 

ures' 6.6 and 6.7). In r?ts the majority of adults were re-

covered from the first quarter of the smail intestin'e wh'i~e 

in mice the majority of adults were recoy,ered from the second 

quarter. In rats tne/distribution aiso tended to be' more 0 

longitudinal andAdid not peak consistently in any one segment.' 

The presence of blind ~annulap did no~ have a significant 

affect on this distribution (Figure 6.11). The mean total 

recoveries of these and other. groups infected with T. spiralis 

are 9~ven in Table 6.3. 

Ligature of the bile ductst.of rats resulted in'a 

d!ramat~c change in 'distribut"ion. A significant .. number of 

worms, 40% - 60% of the total recovery; ~ere found in the 

very first segment with a rapid'dirninution of numbers es

tablishing ~L2 posteriad (Figure 6.12). 

Cannulation of the bile duct and rerouting the bile 

f10w also changed the distribution of worms in the srnali in-

'testine. \'.!hen- the bile duct waS\.routed back to the normal 

site of bile entry, the peak recovery of adults occurred in 
\ ~ "-

/, 

segment' l and the distribution was similar to the distribution 

\ 
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~----' FIGUlŒ 6.~ The distribution of ~orms in the small 

intestine of mice 6 days after infection with 100 

larv~e of N. dubi~. A, mice treated with choles

tyramine prior to infection; Bt controls. 
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FIGURE 6.10 The distribution of adults. in the small 
" f , , intestine of\control rats with sham operations, 5 . ~ 

'i 
ï days after in'fection with 10'00 larvae of T. spiralis. Jo : 
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" FI'GURE. 6.11 The distribution of adults in the 
.... 

smal1 intestine of control rats with blind cannu1as, r 

f- 5 days after i.nfection with -1000 larvae of T. spi-
1 :;-:' ralis. The arrowheads point to the si-te o~ entry, , ... 

---... , . of the blind cannlllas. ... 
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, 
TABLE 6.3 THE MEAN TOTAL RECOVERY OF WORMS FROM 

1 

THE SMALL INTESTINE 'OF SURGICALLY ALTERED RATS 5 

DAYS AFTER INFECTION WITH 1000 LARVAE OF 

T. SPIRALIS / 

TreatInent 

Sham Control e 

Sham 
__ " 

Cannufa 

Bile Ligature 
\ 

Bile Cannula 

Bile Externalized 

DUQdenal Bypass 

Pancreatic .& Bile 

+ Ligature 

Pancreatic Ligature 

Cholestyramine 
, . 
Bile Ligat.ure 

+ Cholestyramine 

Bile Cannulation 

'+ ChOlestyramine 

, , ... 

• . ' 

Mean Rècovery 

± :S. E. 

412.5 ± 14.5 

381.3 ± 28.7 

343.0 ± 29.0 

349.3 ± .46.4 

3-19.0 ±' 21.4 

366.6 ± 32.1 

-
361.7 ± 63.1 

3,72.5 ± 34.l' 

'469.6 ± 108 

445.5 ± 5.S ", 

563.0 ± 4.6 

'\-

p ~ (difference 

from controls) 

N. S. 

N. S. 

N. S. 

o.dS 

N. S. 

N •. 5. 

N. S. 

'N. S. 

N. S. 

o .-9'5 
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FIGURE; 6 .12 . The distr,ibution of adul ts in the smal1' 

intes~ine of rats wi~h ligature of the bile.duct, 5 

days after infec'tion with 10,00 larvae of T. spiralis. 
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in animaIs with lig~ture of the bile duct (Figure 6.13) . 

When the cannula entered the ~all intestine above t~e mi~

point, there was an increase in establishment at the site of 

cannula entry (Figures 6.13 and 6.14) but in animaIs where . 

the cannula entered the intestine below the midpoint of the 

small intestine, there was no increaseGin establishment at 

the site of cannula entry (Figure 6.15). There was one ex-

ception in each case • 

When the bile flow was externa,lized the distribu-
, ' 

tion of worms in the small intestine was similar ~o the dis~ , 

tribution ~n rats with ligature of the bile duct (Figure 6.16). 

T. spiralis did not establish in the bypassed ,sec-

- tions in animaIs j.n which the duodenurn was bypassed. The 
1 
establishment of lar,vae' began at the site of anastomosis and 

the distributions fr()~is p,oint ~ere' siinilar to contr01s, 

(Figure 6.17)._ 

Bile and pancreatic duct ligature (Figure 6.18); 

pancreatic duct ligature (~igure 6.l9)~,bile ligature with 

cholestyramine treatment (Figure ~.20)~ ~holestyramine treat~ 
. 

ment (Figure 6.21) and bile cannulation with cholestyramine 

t~eatment ~Figure 6.22) aIl resulted ih similar distributions 

of worms. The majority of the worms established in the 

first or second segments. 

The mean r~coveries from the above trea~ents are 
, . 

shown in Table 6.3. There we're no significant differences 
, , 

between the controls and animaIs in which the bile was not 

excluded. In rats with the bile 'flow externaî'ized, there was 
'1 .. 

~/ • 
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FIGU~ 6.13 The. distribution of adults ~n the'small 

intestine of rats with· the bile duet cannu1ated to 

·different locations in the small intestine, 5 days' 

.. 

af,ter infection with 1000, larvae of !. spiralis. 

The asterisk shows the site of cannula entry. 
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FIGURE 6.14 The qistribution of adults in the small 

intestine of rats with the bile du ct cannulated to 
. 

different~~o~ations in the small intestine, 5 days 

~fter inrectid6 with 1000 larv~e'of 1. sfiralis. 

The asterisk shows the site of" cannula entry. 
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FIGURE 6.15 The distribution of adûIts in the small 

intestine of-rats with ·th~ bile duct cannulated to 
_ JI 

differé~t locations in the small intestine, 5 days 

after infection with 1000 larvae of !. sp~ral:is. ) 
The asterisk shows the site of cannula entry. , 
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FIGU1œ 6~16 ' The distribution of, adults in: the'5rm::ll 

intesti~ of rats with the' ~ile flow external~i2ed, 5 
~ +".,.(~ 

days after infection with 100p larvae or T~ ~piralis. < 
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FIGURE 6.17 The distribution of' adults ,in the sma~l 
1 

intestine of rats-with duodenal bypass operations, S" 

days after infection with 1000 larvae of !. spiralis. 

The dotted ,line is the, length of the bypassed seg-

'l men~s. 

1 
/' 

, 1 

1 , 



,1 

! 

f 
; , 

Ji' 

, f 
t, 

'-' 

A 

1. 

\ 

20 

\ 

30 

20 

\ 

~\ \' 

. 

, . . 
--

, rtn-. ' 
...... 

\ 

1 

~ r' ' 

..... ~. 

~ ''l''r''',''~ 
5 10' 15 

'Sègments of small intestine 

... 

,\ 

.. 

/' 



.~ 

.t 

1 
) 

\ 

/ 

\ '. 
~ 

/' 

\ 
"1 • 

./ 

/, 

...-

. / 

\ 

FIGURE 6.18 The distribution of adults in the small 

intestine of rats with lig~ture of the bile and pan

creatic ducts, 5 days after infection with 1000 lar-

vae of T. spiralis.' 
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FIGURE 6 .19' The distribution of adults in the. small 

int~stine of rats with ligature "of the pancreatic .:: 

duct, 5 days after infection with 1000 larvae'of !.-,:.'~: 

spiralis . 
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FIGURE 6.21" .The distribution of adults, in the smal1 . ) 

intestine of rats treated with cholestyramine prior 

to infection,. 5 days after infection with 1000 lar-

vae of T. spiralis. 
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rIGURE 6.'22 The distribution of adults 'in the small 
.-

~ntestine of rats with the bile duct cannulated to . --~-~ 
different locations of the small intestine and treated 

with cholestyramine prior to infection, 5 days after 

infection with 1000 larvae of l. spiralis. 
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a significant reduction (p < 0.05) in the number of worms that 

~stablished. ~ T~ re~overy rate of animals treated with chole

styramine was higher than in the controls and in one group in 

which the animals)had been treated with C~lestyramine Sub

sequent to bile duct cannulati9n, the recovery was signifi

cantly' higher- (p ~ 0 .05) than in thé control~. 

b) N~ dubius 
--.--

1 

The d~stribution of !. dubius in the small intes-

tine o,f rats (Figure 6.23) was similar to the distribution in """" 

l'!',],Ce, f( Chapter , 3; Figures 6. ~ .and 6 ~). The maj ori ty of the 

larvae established in the first segment of the smali lntes-
, 

tine. Implantation of'blind cannulas (Figure 6.23); liga

ture ot tne bile duct/(Figure 6.27); externalization of the 

çile duct (Figure 6.28) and ligation of both thè-pancreatic 

and bilé ducts (Figure 6.29) had no eff~ct~on the dlstribu-
o ~~~ 

~ ; ~ 
tion of larva~ in the small intes'Çine,. The .pe'icentage re-

coveries ~f ~l grou~s are shown in Table 6.4. 

When the bile flow was rerouted, peak larval es-
o 

tabIishment coinci:ded wi th ,the entry ~ point of the bile duct 

contents ~Figures 6.24 and 6.25). 

The peak establishment also coincided with bile 
,cr 

flow in the rats in whiyh the duodènum had been bypassed. 
" 

, 

The larvae were not found in the byp~ssed sect16n (Figure 6.26). 

The numbers of Iarvae establfshing did not di;fer 

from the controls when the bile was rerouted inté the small 
'" 

intestine. 
/' 

In the animals in which the bile flow had been 

stopped by ligature and division, fewer larvae/were recovered. 
'" \ 

In animaIs in which the bile flow was externalizèd '", significantlY 

fewer larvae (p<'O.OS)' were recovered than controls. 
'r 
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FIGU~' 6-.23 The distribution of worms in the small 

intestine of co~trol.ratsr 6 d~ys after infection 

with 300 larvae 9f ~. dubius. A and B, sham operated 

contro~s~ C-E, control rats with blind~annulas (ar

rowheads point to site of cannula entry). 
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FIGURE 6.24 The distribution of worms in the small 

intestine of rats with the bile quct cannul~ted to 
~ 

different locations of the small intestine, 6 days 

after infection with 300 larvae of !!.! dubi~$. The 

arrowheads point ta the ,site of cannula entry. 
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FIGURE 6.25 . The distribution of worms in the smail 
\ 

intestine 'of rats with the bile duct cannulated to 

different locations of the small intestine, 6'days 
.~ " r;,:.l 

'after infection with,30P larvae of N. dubius. The -' Î 

arrowheads point ~o the site of cannula entry • 
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FIGURE 6.26 , The distribution ?f worms, :lmi ' the slnal! 

intestine of rats with duodena! bypa~s operatio~, 6 

days after infection, with 300 'larvae of !. dubius. 

The dotted line shows the length of the bypassed 

segments -
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~intestine of rats with liqat~re of the bile du~t, 6 

days after infection with 300 larvae of !. dubius. 
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FIGURE 6.29 The .distribution of worms in bhe small 
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intestine of rats with ligature of the bile and 

pancrertic ducts, 6 days after .. infect ton with 300 . 

larvae'! of N.. dubius. 
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'. TABLE 6.4 THE MEAN TOTAL RECOVERY ± OF WORMS 

'FROM THE SMALL INTESTINE OF SURGICALLY ALTEREO 

RATS 6 DAYS AFTER INFECTION WITH joo LARVAE OF 

\, 

Treatment 

Controls 

Bile Ligature 

Bile Cannula (Ouod) 
-, 

Bile Cannula (Ileum) 

Bile Externalized 

Oùodenal Bypass 
, , 

Bile & Pancre,atic 

Ligature 

\ 

li. DUBIUS 

Méan Rec9very 

± s. E) 
128.2 t lS.~ 

91.5 :t 10.5 
.. 

141.0 t 37.3 

153.2 t 12.3 

4l.6 :!: 6.4 
~ 

98.6 -f . .7.8 

94.83 ± 9.3 

/ 

P'::' (di f f erence 

from côntrols) 

N. S • 

N. S. 

.. N. S. 

0.005 

N. S. 

N. S. 

J 
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60. DISCUSSION 

There are 'a number of factors,that have been found 

to activate the various infective stages of gastroint,estina1 
1 j 

nematodes in vitro, these inc1ude: ,various e1ectro1ytes" 

temperature, pH, appropr,iate gas phase, redox potentials, 
" 

pancreatic or intestinal enzymes and bile (see Chapter 1). 

The results of most of these studies were then ext~apolated 

to in vivo conditions in an attempt to interpret the para-

l.te's surgica1 manipulation to study 
-

nd establishment has been only to implant the 

~nfective st ei either directly or wit?in dialysis sacs, in-

to different gut (Ackert, 1931; Hansen, ~ 

i11e, 1957; Hwang, 1960; Fairbairn, ~961; 

Bailey, 1968; Chapma? & Undeen, 1968; Muller, 1971; Somrner~ 

ville & Bailey, 1973). 
,&., 

This study examined the manner in which sorne of 

the gastrointestinal secretions affected the establi'shment 

and longitudinë;l1 dl.stribut~on of !. spiralis and fol. ,dubius 

in rats. . ,". , Although the mechanl.sms of establl.shment and Sl.te 

selection are unknown, it is presumed that the activation of , , 

the infective larva plays'an integral part in the process~ 

1) T. spiralis. 

~he majority of the larvàe established in th~~~or,,' 
most quarter of the s~all intestine of rats in normal infections \, ~I 

~ 
l with the larvae of fT'. spiralis. In rats in which the bile duct 

had been ligatured, there was a decrease in establishment but 

the majori ty o~ the 1arvae established in the f1.rst segJnent 

of the small intestine,. In mi ce and rats in which the bile 

/ \ 

l 

1 
;! 

, 1, 

, 1 
. ! 
i 
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flow h,ad b~en externalized, there was a significant reduc-

tion (p ~ 0.05) in establishment when compared to controls. 
/' 

In the r~ts in which the bile flow was cannulated to dif-
. 

ferent locations of the small intestine, there wa~ an in-

creased establishment at the site of bile entry into the 

gut. 

The direct effects of bile or its components have 

been reported in several parasites including: trematqdes, 

cestodes, acanthocepha1a~s and nematodes" (Silverrnan, 1954; 

Smyth & Hasslewood,' 1963~ Dawes & 'Hughes, 1964~ Erasmus 1& 

Bennet, 1965; Graff & Kitzman, 1965; Ho~el1, 1968, 1970; 

/' Read, 1970; Goodchi1d & Davis, 1972, Jorgensen, 1973;' Lackie, 

1974 i Hanna & Jura, 1976). The observation that there 

are direct effects of bile on these parasites has implied a 

specifie receptor(s) but there is no direct evidence ~or such 

a receptor for bile or its component~. Bile may,also act in

directly via digestive products or through synergistic ef

fects with one or more gastrointestinal enzymes (Lackie, -, 
1975). A1though severa! investiqators have implicated bile 

alo:ne or in combination with other factors in the activation 

and emergence of some nematodes (Poyntnér, 1954; Hwang, 1960; 

Rogers, 1960; Mapes, 1970; Jorgensen, 1973) no relationship 

with establishment or penetration has been demonstrated. 

Clearly my results indicated th~t, a1though bile is 

important in the estab1ishment~f T. spira1is in the gut, it 

is not essential. In the absence of bil~, the larvae are 

still able to estab1ish but the es~ablishment pattern in these 

anim~s differed from controls. Establishment in the absenèe 

\ 

." 

) 
\ 
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-, 
of bile ~uggests that there was another- cue (or cues) (desig-'" ' 

,nated as factor x) used by the pa~asite in its site selec-

tion. There are two possiblé explanations for my results: 
, , 

(a) " factor x causes penetration and ~stablishmertt of the 

larvae of T. spiralis in the small intestin~ but bile does 

not and (b), factor x and bile are synergistic in stimula-
, 

ting penetration and establishment of the larvae. 

(a) is less likely because there is an increàse in 

larval establishment at the site' of bile entry in -rats with 

the bile du ct cannulated and'there is/a significant reduc-

tion in e,stablishment in rats wi th the bile flow externalized. 
, , 

These results suggest that bile also causes penetration and 

establishment. 

(b) i5 most probably correct. The pr~sence of 

chyme and fatty acids in the duodenum stimula tes increased 
J 

bile flow via the ga~trointestinal hormones, secretin and 
" 

- pancreozyrnin. Secretin activates the larvae of ~spiralis 

(see Chapter 7) and if hormone flow i5 increased in the 

a~imals with biliary s~asis, ~he pecu~iàr distribution seen 
, , 

in these animaIs would be explained. Howe~er, ga$trointestinal 
\ 

hormones are not secreted into the lumen and increased fatty 

acids in the lumen do not alter "the rate of production of 
, , 

secretin (Guyton, 1964). However, the presence of fatty foods 

and especially fatty acids in the chyme that ent~rs the duo-
v 

denum results in the depression of the activity of the pylo~ic 
f ' 

pump. Thus stomach emptying is correspondingly slowed 
,/ 

and 50 is int~stinal propulsion to allow slow digestion 
"-

... , 
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the fats bafora they move too far down the'gut (Guyton, 1964). 

Previous experiments (Chapter 3) have demonstrated that the 

larv~e establis~ anteriad of controls when the propulsion 

is reduced. In the absence of bile in the small intestine, 

there' 'is an inerease in the fatty acids in the duodenum and, 

a reduction in the propulsion: The site selection beh~viour 

in T. spiralis could then be explalned if there was a factor 

in the lumen to stimulate penetration of the larvae.' Poteh

tial candidates for this factor'may be components of mucus 

or "succU's entericus"'secreted into the lumen. This hypothe-

sis js supported by in vitro experiments (Chapter 7). The 
. 

secretions from the pancreas are discounted because ligature 

of the pancreatic ducts has no effect on the parasite dis

tribution or establishment. 

2) N. dubius 

The distribution of N. dubius in 'normal rats is, 

similar to the distribution in mice, the majoritys the lar

vae were recovered from the first quarter of the a~l in

testine. However, in rats in which the bile duct w s cannu-
~ 

lated to different locations in the gut and in animaIs with 

, the duodenum bypassed, peak establishment ,of the worms oCdurred 

~t the site ,of bile entry. This close correlation between 

bile and N. dubius is further evidenced'by the significant re-
, -, 

duction in establishment (p ~ 0.05) in rats in which the bile 

flow was externalized and in mice with ligature of the bile 

duct. 
, \ 

The evidence also suggests that as with infections 

of T. spiralis, there May be other ,factors involved in the , 
\ 
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establishment of this parasite. These factors are not· of 
1 

pancreatic origin since there were no effects on -the dis-

tribution of th~ larvae in rats with the pancreatic flow 

obstructed. The suggestions made to explain site selection 

by the larvae of ~. spiralis (in previous section) may also 

apply to site selection by the larvae of ~. dubius.The 

other factors important may include components of the mucus 

or "succus entericus". In addition, .previous e:lf:periments 

(Chapter 3) suggest that there are morphological or anatomi-

cal characteristics of the duodenum th~t e6courage penetra

tion since the larvae. do not establish in the ileum even in 

the presence of bile. 

These results also suggest that the penetration of 

the stomach mucosa during the early stages of infection is 

onlya temporary phase. The cues.to the selection of ~ site 
~ 

in the small intestine appear to be dependent on, the stimula-

tion of bile\~nd perhaps villus architecture"after the lar

vae have left the stomach. Ligature of the bile duct in 

mi ce significantly' reduces establishment, but' temporary re-

duction of the bile with,cholestyramine treatment at the tirne 

of infection' (at which time the larvae can rernain in the 

stomach mucosa) has no significant effect on the establish-

ment. The reason for the phase iri the mucosa of the stomach 
), 

is unknown and the larvae do not remain long enough for de-

velopmental changes (Liu, 1965a). 

3) Summary 

a) Bile is important in the establishment and distribution 

of T. spiralis and N. dubius in ~. 
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b) There are "also other factors involved in the site selec-
" 

tian' by -th~ larvae of T. spiralis and N. dubius in ~~ 

cl pancreatic secretions have no effect on the establish-
:t> ~ 1 

ment and -distribution of T. spiraU:s -and N. dubius in vivo. '-

\, 
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CHAPTER 1. FACTORS AFFECTING THE BEHAVIOU~ 

OF THE INFECTIVE LARVAE OF 

TRICHINELLA SPlRALIS AND NEMATOSPIROIDES DUBIUS . 

7A. INTRODUCTION -
The previous results suggest that gastrointestinal 

secretions may be, important in the site' selection of 1 .. 

spiralis and N. dubius. Alter~tion of the extent of bile 
, 

flow and of its location altered the distribution pattern"'of 

. 1 

establishment. While ihls measured the effects on the popu

lations it did not provide detailed information on individual 

behavioural chanqes. This section attempts to chara~terize 

the behavioural chanqes,related to emergence and establish

ment of T. spiralis and !. dubius. 

1!.:. MATERIALS AND METHOeS 

1) Trichinella spiralis 

The infective,excysted larvae of !~ spiralis ex-
~ 

hibit 2 distinct types of behaviour patterns, designated here ~~~ 

'\ as type 1 and type 2. Type l behavioùr was descrihed il?- a 

previous. chapter (Chapt~r 5) and will not be furth$r elaborated 

in this section. All larvae used in this section were ex-

cys~ed in HCl-pepsin solution. 
, 

a) Characterization of type 2 activity. 

The behaviour ~attern1t of the larvae of T. spiralis 

fol1owinq stimulation with a 10% solution of bile in saline 

and at 37°, ~ wer~ recorded on the CèTV. frame-by-frame analysis 

permit~ed characterization of the behaviour patterns. 

- , 
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b) The effects of temperat~e on the activity of ~he larvae 
/ 

of T. spiralis. 

The ~fects of temperature on the larvae were~de

termined under 4 cortditions: (a), in d!stilled water: (b), 

in 0.85\ NaCl solution: (c), in artificial qastri'c juiée 

(HC1-pepsin) and (d), in a 10% solution of bile in 0.85% NaCl. 

2.0 ml of each solution were added to each of 5 flat-bottomed 

vials containing approximately 50 larvae in 0.025 ml dis-
J ", , 

tilled water. The vials were incubated at various tempera-

tures from 40 C - 430
, C (the temperature of the solutions 

, ' 

was measured with an electronic thermistor probe). After 3 
/ 

minutes at each temperature interval, the p~1centage of the 
l' .' 

larvae mobile: the numbers of larvae in type 1 and type 2 

and the numbers of dead larvae were determined. (Subsequent 

to this study, aIl further in vitro studies on !. spiralis 
o . 

were performed at 37 Cl. 

c) The effeèts of bile on the larvae of !. spiralis. 

(i) 'The effects of' piq bile on the population activity 

of !. spiralis la~ae. 

Ten percent solutions of different biles in normal 

saline collected ~rom severai laboratory ~nimals were tested 

for their effects on the +arvae at 370 C. One ml of each 

solution was added'to each of 3 watchql~sses containinq ap
proximately 100 larvae in O.OS.ml normal salin~. After 30 
. \ " 
mi~utes incubation, the percentages of the larvae that were 

mobile in each solution were dète~ined. \ 

" 

• 
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(ii) The effects of pig bile on the population activity 

~d the àctivity rate of T. spiralis larvae. 

The percentage of the population that was active in 

the type 2 behaviour pattern was measured at various intervals 

after stimulation with a lOt solution of piq bile in buffered 
• 

, -
saline (pH 7:2) and the mean was calqulated for ,10 replicates. 

In addition, rates of activity of 5 representative mobile lar-

vaë, chosen at random, were monitored at various intervals 
\ 

after stimulation. 

(ii1) The effects of dilutions of piq bile on the papula-

tion activity of !. spiralis larvae! 

~Log dilAtions of bile in buffered sali~e (pH 7.2) 

were prepared and tested for their -effects on the popul,ation 
, ' 

activ\ty ('type 2) of the larvae of !. spiralis. One ml of 

each dilution was added to each of 5 watchqlasses containing 

approximately 50' larvae i~ 0 .• 025/rl buffered saline,' After 

30 minutes: incubation at 370 C the percentaqe of larvae in 
" 

~ype 2 a,ctivi ty was determined. 

(iv) The effects of bile salts on the activity of the 

larvae pf !. spiralis. 

The e~fects of various sodium salts of bile on the 

behaviour of,the larvae were monitored. The bile components 

used were sodium salts of taurocholic acid, deoxycholic acid, 

cholie acid, taurodeoxycholic acid, glycoholic acid, qlyco

chenodeoxycholic acid, taurochendeoxycholic acid (Sigma 

Chemioal Company, St. Louis) 1 buffered saline (pH 7.2) and 
. 1 

10% pig bile were prepared as controls. These salts were di-

luted in buffered sa.l,ine (pH 7."2) see Tabie 7.2 for the final 

,! 
i 

! 
i 

1 
1 

1 
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concentrations) and 0.5 ml of each salt sol~ticn was added 

to each of <4 fIat bottomed V~àls containing approximately 

50 larvae in 0.025 ml btiffered saline • 
. 

Type 2 activity is preceeded by type land some 

9f these salts 'stimulated type l but not type 2. A simple 

;'equation to quantify the effect of stimulation was ùsed: 

A il + II 
... 0 + l + II 

A "" Activity 
.---

-1 ;:II The numbers of larvae in type l 

II -= The number of -larvae in type 2 

0 := The number of inactive larvae 

, After" 30 minutes incubation at 370 C, the activi ty in eaph 
, 

treatment was determined. 
~ 

(v), The effects of sodium taurodeoxycholate, on the lar-

vae of !. spi,ralis. 

Log dilutions of sodium taurodeoxycholate (Sigma 

Chemical Company, St. LouisJ were prepared in buffered saline 

(pH 7.2). 0.5 ml of each dilution was added to each of 4 vi~ls 

containing approximately 50 larvae in 0.025 ml buffered saline. 
'" \ 

After 30 minutes incubation, the activity of the larvae in 
\ 

, each.dilution was determined. \, 

(vi) The response of larvae of T. spiralis to pig bile 

after intervals cf digestion and refrigerat!on. 
1 

'Three infected carcasses were separately·dig~sted 

in HCl-pepsin solutions at 370 C~ At various intervalS: 1, 

2, 3, 5, 8, 12, 18 and 24 hours, after the beginning of digestion, 
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the larvae were tested for their type 2 response. A 10% 

solution of pig bile in normal saline was added ta each ai .. 
~aliquants containing approximately 100 larvae frpm each of 

.tlle 3 digesting carcasse's, for each interval tested'., The 
\ ~, 

percent age ot larvae ~n type 2 activity was determined after 
\ , 

30 minutes of incubation at 37~ c. Three aliquants contain
\ 

ing,approximately' 100 larvae taken at corresponding times from 
, 

each of the 3 digesting carcasses were refrigerated (40 C) for 

24 hours. The type 2 response to bile was tested as described 

above. 
1 

Three, 8 and 18 hours after digestion had begun, ali-
'r~ 

quants of larvae were removed from the digesting solutions, 

pooled and (a), 500 larvae from each, interval were given to 
11 

each,of 5 mice by intragastric intubation and (b), the larvae 

were refrigerated for 24 hours and 500 larvae fram each period 
. 

were given ta êach of 5 mice by intragastric intubation., Five 
-'" 

days after infection, the mice were killed and the worms were 

recovered from the small intestine. The relêltionship\between 

the response to bile stimulation and infect~vity to mice were 

examined. 

(vii) The longitudinal distributio~ of larvae stimulated 

with bile after implantation into the ileum. 

Larvae of !. spiralis were treated with a 10% solu

tion of pig bile in normal saline at 370 C for 30 minutes be

fore being ~planted into the small intestine. The control 

larvae were incubated in saline at 370 C for 30 minutes beiore 

implantation. Five mice in each group were anaesthetized 

and laparotomized. Five hundred larvae from each treatment 

were implanted into the ileum in 0.1 ml solution, without , 
.,' 
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restriction at the lumen by ligatured pouches., Five' days 

aft;r implant:ation, the mice were Jü1(led' and the distribu

tions of worms in the small intestine were determined. The 

influence of bile pre-treatment on longitudinal dispersion 

was examined. 

(viii) The affects of \fig bile on the penetration of in

testinal tissue by the larvae of T. spiralis in 

vitro. 

An attempt was made ta visualize larval penetration 

of intestinal tissue using the CCTV. The intestinal tissues 

were prepar,ed in several ways inc1uding: (a), inverted loops; 

Cb), in penetration cells; (c), i1eal loops with intact blpod 

sUpply and (d), saline perfused intestinal seqments. 

(ix) The effects of prolonged stimulation with bile on 

the longitudinal distriPution and establishment of 

the larvae of T. spirë!11s. 

Larvae of T. spiralis were incubated in a 10\ solu

tion of bile in buffered saline a~')37° C for 6 hours. Con

trol larvae were incubated in buffered saline at 370 C for 6 

hours. Pive hundred larvae of each group wf;!re given to each 

of 5 mice by intragastric intubation. -Five days after infec-
l ' 

tian the mi ce were killed and the establishment and distribu-

tian on the small intestine was determined. The influence of 

prolonqed stimulation with bile on the infectivity,of the lar-

vae was examined. 

d) The effects of crude mucosal extract on the larvae of 

T. spiralis. 

In vivo studies on the site selection behaviour of -- .. 

..... 

-
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,!. spiralis (Chapter ~) indicated that althouqh bile had an 

etfect on th~ site :\election 'behaviour, there were other de

termining factors involved. !.!!. vitro studies of several' 

separate secr~tions indieated that there were some factors . 
. present in the muc..os,a of the gut that eould also stimulate 

type 2 activi ty. ' 

th mueo 

The· crude mucosal extract was prepared by ~craping 

of the gut with a glass slide. ' The scrapin9s were 

di uted in 5 parts of buffered saline (pH 7.2) and homogenized? 

~y passing the solution several tintes through a 10 ml syringe 
, , 

attached to an lB gauge needle. The. mixture was centrifuged 
y' 

8 
. \... at 00 rpm for.lO m1nutes'and the supernatant wa. used as the . ' 

crude extract. 

(i) The effect of mucosal extraets from differe~t ~

cations of the gut on the larvae'of !. spiralis. 

Mu80sal extracts from the anterior smalt intestine, 
/ . ' 

poaterior small intestine, caecum and colon of 3 'mice were 

prepared and pooled separately. The effects of these. extrac::ts 
\ 

as; (a), normal and (b), denatured by immersion in boiling' 

water: for 3 minutes, were tested on the a~tivlty of the larv~e 
, 

of T~ spiralis. ~ne ml of each solution was added,to each' df 
f' 

4 watchgl~sses containing approximately 50 larvae in 0.025 ml 

buffered saline. Ten percent bile in buffered saline was added .' 

to e&ch 'of 4 watchglasses containinq approximately 50 larvaè 

in 0.025 ml-buffered saline, these were the controls. After 

30- minutes of incubatiott at 37
0 

C the aètivity of the larVae, 
? 

in each treatment was determined. 

'. ' 

\ 
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, , , 

(ii) The effects of mucus components on the larvae of 

T. spiralis. " , 
-

To de termine whether it was the '!nucus in the mucosal 
., 

extract that was responsible for type 2 activity in the larvae, 

purified mucin and the components of mucus: N-àcetyl-D-gluco

samine, D t+) galactose, D (+) fucose, N-acetyl-D-galactosamine 

and N-acetyl-neuramic acid (Sigma Chemical Company, St. Louis) 

we~e prepared in solutions of buffered saline. A 10' solu-

tion of pig bile in buffered saline (pH 7~2) and buffered sa
t 

line (pH 7.2) were included as controls. 0.5 ml of each solu-

tion was added to each of 4 vials con~ainihg approximately 50 
'-

larvae in 0.025 ml buffered saline (the finale concentrations 

of the solutions are given in Table 7.3). Arter 30 minutes 
o 

of incubation at 37 C, the activity of the larvae in each 
1 

solution was determined. 

e) The effects of "suçcus entericus" on ,.the activity of the 

larvae of !. spiralis. 

The "succus entericus" from rats was collected as 

described previous~y (see p 172). These studies attempted to 

determine whether Uhe enteric secretions in the crude mucosal 

extract/wer~ responsible for the type 2 activity of the larvae. 

(i) The effècts of 'dilutions of "succus entericus" on 

the activity of the 'larvae of !. spiralis. 

Log dilutions of "succus entericus" were prepared--

in buffere~ saline (pH ;.2). 1.0 ml of ~ach dilution was added 

to each of 3 ~atch9lasses containinq a~proximately 100 larvae 

in-0.05 ml buffered saline (pH 7.2). After 30 minutes ,of in-
1 

cubation at 370 C, the activity of the larvae in each vial was' 

determined. 

" 
- \-

"l' , 
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(ii) The effects of "succus entericus" on the ,rate and 

duration of activity of larvae of T. spiralis. 
, 

The duration of the activity of larvae was monitored 

in 3 populations after stimulation with a lai solution of· 

"succus entericus" in buffered saline. In addition, the ~c-

tivity of 5 representative mobile larvae chosen at random, 

was monitored at various intervals. 

(ii.1:) The effects of the components of "succus entericus" 

on the larvae of !. spiralis. 

Dilutions of the components of "succus entericus": 
po 

peptidase,' a:-amylàse and enterokinase and the' hormone, secre-

t~n (Sigma Chemical Company, St. Louis) were prepared in buf-
. 

fered saline (pH 7.2). Buffered saline (pH 7.2) ,was used as 

~. a control. 0 .5 ml of each solu~~n was added to each of 4 

vials containing approximately 100 larvaelin 0.05 ml buffered 

saline (pH 7.2). The final concentration of the treatme.nts 

is given in Table 7.4. ' After '30 m;nu'trs, incubation at 370 C 
'1-

the activity of the larvae was det~rmined. 

(iv) The effects of dilutio~s of enterokinase on the popu

lation activity of larv~è of !~ spiralis •. 

Loq dilutions of enterokinase (80 units/ml) in buf

fered sal~ne (pH i .2) were' prepared and tested for their effects , 

on the population activity of the larvae of !. spiralis. One 

ml of each dilution was added ta each of 4 watchglasses contain-' 

lng 'approximately 50 larvae in 0.p25 ml buf,fered saliJle. Àfter 

30 minutes of incubation at 370 C:, the activity in each dilu-

tian was determined. 

~:. ""*-"...d4>~~....l';N.Pf"~"'1111"-'" 

Il 

/ 

, . 

/, 



, 0 , 
t 
l , 
f 
! 

• 

\ -:;) 
298 
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" .(v) The effect of pH on the stimulation of the larvae 

of !. spiralis br entero~inase. 
/ 

Dilutions of enterokinase (40 units/ml) were pre-

p~red,in di~tilled water, buffered saline (pH 7.2), c~trate 

b~ffer (pH 5.0) (Parker & Croll, 1975) and Tvis buffer (pH 8.0), 
" 

Parkèr & Croll, 1975). One ml of each dilution wa~ added to 

~ach of 4 watchg1asses containing approxtm~tely 50 lar~ae in 

0.025 ml buffered saline. After 30 minutes of incubation at 
/ " 

,370 C the activity in each solution was determined. 

(vi) ~e longitudinal distribution of !. spiralis in th~ 

small intestine following stimulation with "succus 

entericus" and implantation into the duodenum. 

Larvae of T. sp~ralis were treated with a 10% solu

tion of "\succus entericus· at 37? C for 30 minutes. 'l Control 
.f 

larvae were treated with saline at 370 e for 30 minutes. Two 

groups of 5 mi ce were 'anaesthetized, laparotomized and 500 
\. 

larvae from each treatmen~ were implanted into the duodenum 

of each mouse without restriction of the lumen by ligatured 

pouches. Five days after infection, the mice '_were killed and 
-

the distribution of worms in the small i~tes~irie was determined. 

The influence of "succus enteri~s" on the rate of establish- < 

1. d ment was examl.n~_._ 

f) The effects of bile and "succus enteric~s~ on ,the disper-

sion and penetration of larvae of !. spiralis (in vitro). 

(i) The effects of bile and "succus entericus" on dis-

persion. 

Larvae of T. spiralis was added to a warm solution 

of l' Noble Agar .( 450 C) - to a concentration of 500 larvae/ml. , ' 

J 
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Ten ml of this solution was poured int6 5 CM.Pet;(; dishes' and 

'allowed to polymerize. , Sections of aqar, cont~ninq approxi-
/ 

mately 50 larvae, were added to each of 18.=petri dishes (5 cm) 

divided lnto 3 qroups. 

tained solutio~s of: 

The petri dishes in each group con-
f 

(a), 10% bile in buffered sa1ine (pH 7.2) 

(h), 10\ "succus entericus" in buffered saline (pH 7.2) and ' 

(c), buffered-saline (pH 7.2). After incubation at 370 C for 

30 minutes, the ratio'of worms 'within the Agar: worms that 

left the agar and Were in the solutions, was determined for 

each treatment. The influence of these treatments on the 

dispersion of larvae was examined. 

(ii) The effects of bile and "succus entericus" on pene

tration. 

Larvae of ~. spiralis were added to a warm solution 

of 0.5% Noble aqar (450 C) to a concentration of 500 larvae/ml • . 
In 15 petri dishes (5 cm} containing 9 ml solidified 1% Agar, 

,wells of 1 cm diameter were made and filled with the molten, 

soft aqar containinq the larvae. 0.1 ml of (a), lOi bile in 

buffered &aline (pH 7.2) (h), 10% ·succus entericu~" in buf

fered saline (pH 7.2) and (c), huffered saline (pH 7.2) was 

, added to each of 5 wells. The plates were immediately incu

bated for 60 mi~utes a~ 370 C and the percentage of worms mi

grating from the soft Agar to the hard,aqar was counted. The 
~ 

infl~ence of these treatments on the penetration of th~ hard 

agar was examined. 
, ' 

9) The effects of CO2 on the'behaviour of the larvae of ! . 
• 

spiralis. 

Three mixtures of qases were u~ed: (a), air; 
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,lb), 5% CO2 - 95% N2 and (c), 50% CO2.- 50% N2 • ~ach ~~ 

ture was bubbled for 30 seconds in each~of 4 vials containing 

approximately 50 larvae in 0.3 ml'buffered saline (pH 7;2). 

The vials were then $ealed and after 30 minutes of incubation 
./ 

at 370 C', the activity in each vial was determined. The in-

flue~ce'of various gas phases on the activityof the larvae 

was examined. 

2). Nematospiroides dubius 

'a) The effects of pig bile on the larvae of N. dubius. 

(i) , The effects of pig bile on the popu~ation .activity 

and rate of activity of N. dubiu8 larvae at 220 c. 

Two ml of a lOt aqueous solution of pig bile ~ere 

added to each of 10 watchglasses containing approximately 100 

larvae in 0.05 ml dist·illed water. In lO control watchglasses 
1 

containing 100 larvae in 2.0 ml distilled water, the larvae 

were mechanically stLmulated by drawin~ them into and expelling 

them fram a 10 ml syringe with blunted 20 gauge needle thrice. 

The percentage of-the poeulation that was mobile was monitored 

at various intervals in both groups. Th~ rate of activity of 
" the cantrol, mechanically stimulated, larvae ,was monitored 

in 4 representatiye individuals, chosen at random, for the 

duration of their active periods. The rates of activity on 

the·larvae stimulated with bi~e were monitored ,in 5 represen

tative worms, cho.en at random,. at interVals after stimulation. 

This experiment was carried out at 220 C tinder conditions of 

eve~ cold, transmitted, illumination (fluQrescent lightinq 
. 

below .translucent glass) ~ 
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(ii) The effects, -of pig bile on the population activity 

and the râte of activity of !. dubius larvae ~t 

370 c. 
\\ --

The experiment described above)a (i) was repeated 

at 370 C. Subsequent t;o this study, unlese otherwise stated, 

aIl further in vitro studies on the larvae of N. dubius were 

done at 20 - 220 c. 

Ciii) The effects of log dilutions of pig bile on the popu-
-~I lation ~ctivity of the larvae of !. dubius. 

Log ~ilutions of pig bile were prepared in distilled 

c' water. One, ml of each dilution was added to each of 5 watc.h 

glasses containing approximately 100 larvae in O.OS'ml dis-

tilled water. The percentage of the population mobile at each 

concentration'was determined after 39 minutes. 

(iv) The response of the larvae of N. dubius to gradients 

of pig bile. 

Gradients of bile were prepared in 5 petri dishes 
• 

CS cm) containinq 5 ml of 0.05% Noble aqar. using a template 

to divida the plate into 8 sectora, a weIl was punched in 

sector 4. 0.05 ml bile was placed in each weIl and allowed' to 

diffuse for 24 hours at 250 ~; 0.05 ml distilled water was put 

in the wells of 5 control plàtes. Approximately 50 larvae were 
~ - _ .. 

. placed in the centre of each plate before the plates were in
o cubated-' at 25 C in the dark for 30 minutes. The numbers of 

larvae in each sector were determined and the inflQence of 

bile gradients on the dispersion of the larvae was examined. 

(vii) The effects"of prolonged stimulation with bile on the 

establishment and longitudinal distribution of the 

larvae of N. dubius in the small intestine. 

{ 
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Larvae of N. dubius were incubated in a lOi aqueous 

solution of bile for 6 hours at 220 C, control larvae were in-

cubated in distilled water at 220 C for 6 hours. One hundred 

1ar,Jae from each trea'tment group were given to each of 5 mice 

by intragastric intubation. six days after infection, the , ' 

mi ce were killed and the d~stribution in the sma1'l intestine 
l \. • 

was determined. The infl~nce of pro10nged stimulation with 

bile on the infectivity"of the larvae was examined. 
1 

b) The effects of gastric sections (in vitro) on the larvae 
, , 

of N. dubius. 

Seve1\ solutions were prepared: (a), HCl (pH 2.0): 

(b), Hel (pH 2.0) plus 1% pepsin: (c), Citrate buffer (pH 4.0) 

---Q?arker &1 Crol1, 1975) plus U pepain; (d) , Tris buffer (PH 8.0) 

Parker & Croll, 1975) plus U pepsin: (e) , H2504 (pH 2.0);, (f) , 
&,-

H2504 (pH 2.0) plus U pepsin and (g), H2504 (pH 2.0) plus ,li 

pepsin plus li NaC1. 0.3 ml of each splution was added to each 

of 16 vi\ls containing,approximately 50 larvae of N. dubius in 

0.025 ml disti1led water.' ~he vials were ~en equally divided 

tnto 4 gro,ups w~ich were treated in the fOllowing manner, the 

vials in each group €ere: (a) "untouched and sealed; (b), 

gassed with Si C02 - ~, N2 for 30 seconds before sealing; (c), 
'" 

gassed with 50\ CO2 - 50% N2 fo~ 30 lseconds before sealing and 

id), gassed with lO~i C02 before sealing. Thirty minutes after 

tion at'37° C, the percentage of active larvae in each 

vial as determined. The influence of gastrie secretions and 

gas 

c) 

ase on the larval activity was examined. 

of crude mucosal extracts on the larvae of 

dubius. 

The'effects of mucosal extracts from different loca

tions of the gut on the larvae'of N. dublus. 
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, 
Mucosal extracts from the anterior small intestine 

(duodenum/jejenum), posterior small intestine (ileum), caecum 

and colon of 3 mice were prepared and pooled separately. Solu

tions of 10% bile in buffered saline (pH 7.2) and buffered 
., 

saline {pH 7.2) ~lone were i~cluded as controls. The effects 
! . .-~-- . 

of these solutions (a), normal and -(b) 1 denatured by ~ersion 

. in boiling water for 3 minutes, were tested, for their 'effects 

on the activity of the larvae of N. dubius. One ml of each 

solution was added to each of 3 watchqlasses containinq ap

proximately 50 larvae in 0.025 ml buffered saline. After 

30 minutes incub~tion at 220 C, the percentaqe of larvae that 

were mobile were determined. 

c) The effects of "succus entericus" on the activity of 

larvae of N. dubius. 

/ 

Log dilutions o~ "succus entericus" were prepared in 

buffered saline (pH 7.2). 0.5 ml of each dilution was added 
'" 

to each of 3 vials containinq approximately 100 ,larvae in r 

,0.05 ml buffered salinè. After 10 minutes incUbation at 220 C, 
~-~ 

the percentaqe of larvae that were mobile was- détermined. 

d) The effects of bile, and "succus entericus" on thé,disper

sion and penetration behaviour of the 1arvae of !. dubius • 

The procedure and methodoloqy used in these experi-

ments were similar to the previous experiments f(iJ and f(ii) 

(Section 1) except that the larvae used were N,. dubius. 

, '" 1) !e spiralis' 

& RESULTS 

The activity pattern described as type 2 appe~s to 

\ 
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he a behavioural progression from type l, type. Id always pre- ,. 

ceedS type 2. ~pe 2 differs from' type l'in that the anterior 

end of the worm uncoils and waves. travel along the entire body 
• 

. resulting in a sinusoidal type movement with a strong dorsal 

bias. Head waving and strong contractions of the body muscu

lature which resulted in tight coiling movements were fre-

quently seen. Figure 7.1 ,shows 'a frarne-by-frame analysis from 

the CCTV screen 0; a worm in type 2 activity. lt is important 

to note that ~is description is for worms in liquid media. 

The activity of the larvae of !. ,spiralis is maxi- . 

mal at 37 0 C under aIl conditions but the population activity 

differs, in distilled water, saline, gastric juic,e and 19% b.t.le 

solùtions (Figure 7.2). The response was greatest in gastric '" . juice ànd 10%'bile wtth 90 - 100% of the larvae becoming mo-

bile at 370 C while in saline and distilled water the maxi-

muro activity was 25% and 8% respectively. 

Increa~ing temperatures led to increased death of 

larvae under sorne conditions. The numbers of dead larvae in 

distilled water increased with temperature and approximately ..... . 
, 

60% of the' larvae were dead at 430 C, similarly, approximately 
1 

23% of the larvae in the gastric juice were dead at 43
0 

C 

,(Figure 7.3A). Throughout the temperature range tested, 

there were no larval deàths recorded from the saline Or bile 
, 

treatment. (The criteria used to de termine death of the lar-
, " 

vae was the irreversible straightening of the larvae into 

"question mark" shapes) ... 

'Except f9r.~e larvae in lOt bile, Most of the ·lar

val behaviour observed was type 1. How~vèr, with increasing 

/ 

, . 
-
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,FIGU~ 7.1 
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r, ' 1 

Frame,DY frame' analysis from the CCTV 

screen of an infec~ive larva of !. spira~is in type 

2~actiVitY. ~he anterior' e~ is depicted by,the 

,arrow, the elapsed time between each frame ia 'O~017 

s~conds • 
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FIGURE 1.2 The popu~ation actfvity of the excysted . 
, larvae of !. spiralis at different t peratures, and 

under different conditions. icial qastric 

juice;, B," ,10% piq bile in buffered 

C, buffered saline 
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- "" FIGURE,7.3 The behav.iour of the larvae of T. , -. 
spiralis at different temperatures and under differ

end conditions. 7.3A:' T.he chanqes in de~th rate 

,V~,th inoreasinq tamperature: A, ~istilled water: B, 

artificial gastric juice. ' 7 .3B: The pércen~ popu
-", 

lation in typé 2 activity with inoreasing tempera-

ture: A, 10% bile in buffered saline ,C pH 7.2): B, 

buffered saline (pH 7.2) and C, artificial gastr,ic 

juice. . 
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temperatures, the numbers of larvae enterinq'type'2 in

creased in the saline 'and gastric juiee groups. Approximate1y 

30% of the larvae in saline and 10% ~f the larvae in gastrie 

juice were in type 2 activity at 43-0 C (Fi'gure 7.3B). 
" Type 2 

activit~ was never observed in the distilled water group. 

The biles collected from various experimental ani-

mals aIl caused 100% activation into type 2 when the larvae 

werè incubated in 10% solutions: ~he exception to this was 

duok bile (Table 7.1). Larval viability was not a factor in 

the unresponsiveness to duck bile becaus.e the saroe worms 

would become active if small amounts of pig bile were added 

to the medium. 
/ 

Crude pig bile at, a 10%'concentration stimulated 

type 2 ac~ivity and this activity was maintained for several 

hours in the absence of apy other stimulus (Figure 7.4). There 

is a graduaI reduction of activity beginning 2 hours after 

stimulation. The rate of movement after stimulation with 

bile was initially hiqh with approximately 50 undulations per 

minute but there was a graduaI reduction 3 to 4 hours after 

stimulation (Figure 7.5). In the log-dose response eurve of 

.the larvae to bile, there was a linear increase in population 

activity from 0.1% to 1.0% ~ove and below which the response 

plateaus (Figure .7.6) • 

The components/of bile that appear ~o st~u1ate the 
" 

larvae into type '2'activity are the taurine-conjuga~d bile 
u ' 

< 

salts with the sodium salt of taurodeoxycholic acid being the 

most potent '(Tab1:e 7.2) • The glycine-oonjug~ted bile salts 

! 

Ii!f'~.!.rt'~~~."~ 

. ~ ,-'.. ~----

1 ~ 
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TABLE 7.1 THE EFFECT OF VARIOeS ANIMAL BILES 'IN SALINE 

ON"THE POPULATION ACTIVITY OF!. SPlRALIS LARVAE 

IN VITRO AT 370 C 
~~~------------~==~~-=~~----------------------------

Bile % 
/' . 

Popul~t1ort Active 
'f • 

~ Concentration at 30 minutes 

Pig 10% 100 

Ox 10% '°100 

Cat 10% 100 

~Rabbit 10% 100 

Sheep 10% 100 

Rat 10' 100 

Mouse 10% 100 

~ccoon 10% 100 

Duck -10% 0 

/ 

/ 

" . 

'1 

, , 
\ 

\, 

" 

J 



/ 

) 

/ 

'. 

FIGURE 7.4 The activity (see p 292) of' the larvae 
, 

of !. s'pirali_s in response to stimulation/ with 10% 

pig bile. 
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FIGURE 7.5 ,1 The rate of movement of the' larvae of !.. 

sp'iralis in response .to st~mulation with 10\ pig b,ile. 
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FIGURE 7.6 
~ - ' 

'The population aètivity of 'the larvae of 

1. spiralis in response 'to log dilutions of bile af

ter 30 minutes incubation at 37° C. 
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TABLE' 7.2 THE EFFeCT OF VARIOUS BILE S~TS IN BUFFERED 

SALINE (pH 7.2)" ON THE ACTIVITY OF THE LARyAE OF 

T. SPIRALIS IN VITRO AT 370 C 

Bile salt 

Sodium taurocholate 
. 

Sodium deoxycholate 

Sodium cholate 
, 

= 

Concentration 

0.1" 

0.1 

0.1 

SOdium,taurodeoxycholate 0.1 

Sod~um glycocholate 0.01 

Sodium glycochenodeoxy
cholate 

Sodium taurochenodeoxy
cholate 

Controls 

Buffered saline (pH 7.2) 

Crude bile 
l' 

0.01 

0.001 

0.85% 

10% 

.,-' r 

1 
(b) 

ActivitI 

0.65 ± 0.05 

, 0.18 ± 0.02 

0.,02 ± 0.004 

1.00 ±, 0.00 

0.01 ± 0.01 

,0.03 ±, 0.01 

0.23 ± 0.04 

0.04 ± 0.D2 

0.95 ± 0.0'2 

't • 
(a) significantly different from bufferéd saline 

(pH 7.2) con·tr9l. '(p ~ o. OS) 

.(h) activity (see p 292) 

.. 'r' ~ ........ ~{I'" ~,."" ':'~"~ '1"" .. ~ , ~ 

_ V'1 l ~ 

.. 

j 

E..!.-
(a) 

0.05 

0.05 

N.;S. 
, 0 

0.05 

N.S. 

,N.So\ 

0.05' 

, . 
~ 
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had no significant effect in stimulatipg the activity of the 

larvae (Table 7.2). The log-dose response of the larvae to 

the sodium salt of .. taurodeoxycholic acid shows that the 'lar-

vae were extremely sensitive to this compound, the response 

is ~aximal to concentrations as low as lO~4M (Figure 7.7)., 

The ability of the larvae to respond to pig bile 

decreased with the duration of digestion. The ability'to 

~espond ~o bile is best in larvae that had been digesting for 

3 hours or less. As the duration of digestion increase~, the 

apility to respond to~bile decreased (Figure 7.8). Ref~igera

tion for 24 hours after removal of the larvae from the diges-

" tion solution,furtheF ,decreased the larva's ability to respond 

tO:Rile (~igure 7.8). ,However, the inabiiity to respond ta 

-bile did not necessarily ind~cate reduced ability ta infect ~ , , 

mice. There ~ere no signficant differences in worm recovery 

(and hence infectivity) between larvae given ta mice immediately 

after digestion and larY~e refrigerated for 24 hours sefere in-
, . 

fectien_(d~spite their differences in response ta, bile) (Fig-

ure 7.9, Table 7.3). However, there was a significant'de

crease' in larval infectivfty betwe,en 8r a~ lB hours of diges-

tien (Table 7.3). 

Pre-treatrnent of the larvae with bile ,for 30 minutes - , 

prior ta implan~ation ~~to the ileum did not result~in any 

changes in the distribut.ion of the worms' in the small intes-
l " 

tine when compared ta controls (Figure 7.10, Table 7.4). Pro

longed stimulation of the larvae with bile for 6 hours prior 

to oral infection had no adverse effects on the larvae and the 

establi~hment and distribution of WQrms in the 'small intestine 
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FIGURE 7.7 
" 

"rhe activity (see p 292) o~ the larvae 

of !. spiralis in response to log dilutions of tauro

deoxycholi~ acid after 30 m'inutes incubation at 370 C.' 
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FIGÙIœ 1.8 
\ 

The, per.cent populatiOn of larvae of !. 

spiralis ip type 2 activity 30 minutes af~r sttmu~ 
,.. ~ ttJIf' . 

l'Ation by 10% bill solution and after ~iOUS inter-

vals of digestion and refriqeration., A, the larvae 
, J 

were not refrigerated and B, the larvae were refrig-
1 

erated at 40 C for 24 hours. 

" 

.' 
" , 1 

/.' 

/ 

\ 

1. 

, . 

of) 



~ 
; 
f 
~. 

t 

, 
~ , 
i 
j 
~ 

l 

? 

, 
. \ 

" 

,.. 

/ 

• , $ 

/ 

, 
" 

CCD , 
• * 
1 1 
• * 

" . , 

" 
! :. 

324 ~ 

"--fil) .. 
~ 
0 

"-oC -N Ct .. e - .-.. 
c 
.2 .. 
110 
Ct 

CIO .!P 
,0 

, . 
-, , 

« 
'!,. .. 

" 1 • 

l ' 



) 

.. 

FIGURE 7'.9 . The mean % recovery of adul,ts from the. 

small intestine of white mice infecte'd. 5 days pre-
/ 

viously. with larvae- of ,~. spiralis th~t'had been 

treated with various, periods of diqestion. A, the 
." 

larvae were not refriqerated; B,' the larvae were re-

friqerat~d for 24 hours at 4
0 c. 
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TABLE 7.3 THE RECOVERY OF ADULTS FROM THE SMALL 

INTESTINE 5 DAYS AFTER, INFEéTION WITH 500 LARVAE 

OF !. SPlRALIS 

Mean % 
, 

Di9:estion time Refri9:eration (40 C) Recovery ± s. E. 

1 (a) 
\ 

3 0 hrs 34.'5 ± 3.3 
(a)' 

3 24 hrs 33.8 ± 2.8 "'---, , 
(a) 

8 0 h'rs 30.3 ± 3.7 
(a) 

8 24 hrs 28.2 ± 2.3 
(b) 

~8 0 hrs ~± 1.1 
Cb) 

la 24 hrs 5.1 ± 2.2 

," 

(a), (b) / all values with the same superscript do not 
,differ significantly (p ~ 0.05) 

, 1 l' 

{} 

/ 

" e~ 0.05 

N.S. 

N.S. 

N.S. 

\ l ,.' ~ 'f' 
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The recovery of adults from the small FIGURS 7.10 

intestine of ~ice 5 days after infection with 500 

larvae of !. spiralis given by implantation into the 
./ 

ileum. A, controlSi B, the larvae were treated 

with lOt bile for' 30 minutes at 370 C prior to im-

plantation. 
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TABLE 7.4 \ THE RECOVERY OF ADULTS FROM THE SMALL 
\ 

INTESTINE OF MICE 5 nAYS AFTER INFECTION WITH 500 LARVAE 

OF T. SPIRALIS 

Mean # Adults .. 
Group "Treatment Route Recovered :t S. E. P < 

1 Control !mplanted 
iI}~o ileum 52.5 ± 13.7 • 

N. 
Bile 
Stimulati~n If 84.5 ± 10.7 

2 Control oral 159.0 ± 28.6 
N. 

, Prolonged bile 
.stimulation Il 107.0 ± 32.5 

.. 
.,. 

0.05 

s. 

S. 
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was normal (Figure 7.11., Table 7.4). 

Severa~ attempts were made to stimulate penetra-

tion of larvae in vitra using several methods of preparing 

,intestinal tissue. After more than 50 attempts, the act of 

penetration has never been visualized. ,This has consistently 

e1uded many previous investigators. 

The crude mucosal extract prepared from mouse 

qut stimulates type 2 activity in the 1arvae of !. spiralis 

(Figure 7.~2). The factor qr factors responsible for this 
J 

stImula ting- effect are mainly in the small intestine and its 

effect is significantly reduced by denaturation: 

The crude mucosal extract consists of mucus, "succus 

entericus" and cell debris. The individual components of mucus 

did not activate the larvae but crude pig mucin did cause a 

small,'but significant, increase in activity when compar~d to --
<controls (T~ble 7.5). 

"Succus entericus" activated the larvae (Figure 7.13) 

and a log-dose response of the larvae shows that the larvae are 

sensitive to concentrations of 00'001% (Figure 7.14). One cam-
l' 

ponent of "succuS entericus" that stimulated type 2 activity 

was enterokinase. ~-am~lase was not as potent and ~eptidase 

did not stimulate any activity" (Table 7 .6). Included in this 

assay was the hormQne'secretin which was also a potent stimula-

tor of type 2 activitY. In the log-dose response curve of 'the 

larvae to enterokinasè there is a linear increase in the ac

tivlty of th~ larvae ~f !. spiralis from 0.008 to 0.08 units 

enterokin~se/ml, above and bel~w{the~e concentrations, the 
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r~coverY of adults 
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FIGURE 7.11 The from irhe small 

intestine of mice 500 5 tlays after inf~ction with 

la~ae of 1. spira1is giv~n by oral inoculation. ,~, 

controls; 'B, the larvae were treated with 10% bile 

,for § hours at 37~ C prior to infection. ,.. 
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FIGURE 7.12 The activity (see p 292) of the larva of 

T. spiralis in response to stimulation with the crùde 

mucosal extract fram different regions of the gu~. 
• 1 

A, normal extract~; B, heat-denatured extriact. ,S, 

saline control: AIl anterior small ~ntestine; p~, 

posterior small intestine; CA, caecum; CO, colon; 

Bile, 10% bile control. 
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T~LE 7.5 THE EFFECTS OF MUCUS AND COMPONENTS OF MUCUS 
. ( 

~N BUFFERED SALINE (pH 7.2) ON ~IVrTY OF 

LA'RVAE OF T. SPlRALIS IN VITRO AT 379 C , = -: .. (-, 
~ 
1, 
l 
li Treatment Concentration Activity ~ ~ r . , , , . , 

(a)- : ' 

Mucin .. 1% 0.16 ± 0.01 0.05 
, 

± N-acetyl-D-çlycosamine ,0.lM 0 .. 03 0.01 N.S. 
" 
! 
ï D Gala~tose O.lM 0.06 t 0.01 N.S. , , 
f , 
i D Fucose O.lM 0.05 :t: 0.01 N.S. , \ .. 
;, 
~) 

N-acetyl-D-çalactosamine O.lM, 0.05 :t 0.01 N.S. 
" . 

N-acetyl-neuramic acid O.lM O. 04' ~ 0.01 N.S.' 
, , , 
" 

Controls 

" i 
, ~ Buffered Saline -(pH '7.2) 0.85\ 0.05 ± 0.02 

Ca')' ~ 

Bi1:e " lQ, 0.97 ± 0.02 ... 0.05 .' 
" .. 

1 #10 
\. 

1 
! (a) siqnificantly different from buffered saline , 

( (pH 7.2) controls .(p~O.05) 

---~-----"-~--------''-----''''''------'''''' 
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PIGURE 7.13 'rl\e behavioural response of the larvae 

~o ... of t. s2iralis to stimulation with "succus entericus" . 
J .. 

Q 

,,~' ~ A,t the rate of movf!ment of 'the larvae and Bt the ac-
j. ./ 

1 tivit.y '(see p 29,2) of the larvae. 
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FIGURE 7.14 , The, activit:y (sée p 292) of the larvae 
,-

of T. spiral'is in log dilutions of. Jlsuccus entericus". 
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/ 

"TABLE 7.6 THE EFFECTS OF THE COMPONENTS OF 
/ 

"succus ENTERICUS" DILUTED IN BUFFERED SALINE 
. 

(pH 7.2) ON THE ACTIVITY OF LARVAE OF 1. SPlBALIS 

( a) 
Treatment 'Concentration Activity 

Peptidase 
(porcine intestinal 
mucosa 0.2 units/ml 30.2 6.9 

G: - amylase 
(porcine pancreas) 2500 uni.ts/ml 53.9 ± 8.7_ 

') 

Enterokinase 
(porcine intestine) 80 units/ml 94.5' ± ,3.5 

/ 

~ 

Se,cretin 
(porcine 20 units/ml 0 99.7 ±\ 0.2 

Saline 
(control) 0.85% 22.3 ± 3.6 

(a) 

(b) 
< , 

, 
1 unit peptidase will liberate l ~mole of 
B-napthylamine from L-leucine-B-napthylamide 
minùte at, pH ·7.1 at 370 C ' 

l unit ~-amylase will liberate 1.0 mg maltose 
from ,$tarch in 3 minu,te·s at pH 6.9 4,t 370 C 

- l unit enterokinase will activate 0.005 mg 
crystalline,trypsinogen per heur at pH 5.8 
at 50 C ' 

secretin in Crick units 

significantly different, from saline control''S 
Cp ~ 0.05)_ 

\ 

N. S. 

(b) 
0.05 

0.05 

'0.05 

per 
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response plateaus (Figure 7.15). Enteroki~a.se (40 units/ml) 

in solutions of distil1ed water and buffered solutions of pH 

5.0, 7.2 and 8.0 was'equa1ly effective in stimu1ating 100% 

(""type 2 activit~ in the 1arvae ot !. spira1is (Table 7.7). 

Pre-treatment of larvae with "suceus entericus" for 

30 minutes prior ~o implantation into the duodenum resulted 

in a distribution that was anteridr to that of the controls 
\ 

(Figure 7.16). There was no significant difference in the 

n~ers of worms establishing between the pre~treated 1arvae 

and controls (Table 7.8). 

Bile and "succus ,entericus" both significant1y in-
1 

creased the ability of the larvae of !. spiralis to exit fram 

an artificial bolus of agar into which they had been embedded 

(Table 7.9) and to penetrate into agar (Table 7.10). Prior 

to dispersion and penetration, the larvae entered type 2 ac

tivity • Figure 7.l7A shows the sinusoidal tracks of th~ lar-

vae of !. 
bile. 

.p~ali. moving throu~ aq~ after stimulation with 

There were no significant differences in the activity 

of the laryae of T. spiralis after the incubation medium was 

gassed with air, 5% CO2 - 95% N2 and 50% CO 2 - 50\ N2 (Table 7.11). 

2) ·'N. dubius. ./ 
= 

At 220 C, aIL of the 1arvae of N. dubius responded 

rapidl~ to mèc~anical stimul,ation but were inactive within 20 

minutes (Figure 7.1BA). ~n bile, the maximum rates of move-

ment were simi1ar when compared to wo~s that'were/mechanically 

stimulated but ~he activity in the bile-treated worms con$istèntly 

persisted for 3 hours (Figure 7.1,8B) with a graduaI reduction 
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FIGURE 1.15 The activity (see p 292)of the larvae 

of !. spiralis in log d~lutions of en~e~okinase (80 

units/ml) • 
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--- / "' SPIRALIS ~ 
TABLE 7.7 THE ACTIVITY' OF" THE LARVAE OF T. 

30 MINUTES AFTER STUlULATION WITH ENTEROKINASE IN 
\. , 

VARIOUS BUFFERED SO:r.UTIONS AT 37
0 

C 
1 - , 

=- \. Ca) 
0 

Activity 
. Solution pH, ± S.E. P~ 

"1 
~ 

distilled wat:;et, 6 .. 8 1.0 ± O~OO . N.S'. 

citrate buffer 5.0 1 .• 0 ;t: 0.00 N.S. 

(' buffered saline 7.2 ~.O + 0.00 N.S. ( ... 
Tris buffer 8.0 l;Q ± 0.00 N.S. 

/ r~ / Î ' ... 
,~ 

/ 

/ :/ (a) Activity (see,p 292) ~i// 

, , 
\ "- ... 

" 

. , 

, 

~. 

\. " ( 
/ 

.. 
, . .. ~ 

_1 ' . , 

. -'l 



f , 
1 
r 
l, 
, 

,, 

, . 

\ 

FIGtJru:~7.16 Tpe recovery ,of adults' from the smaLl 

intestine .of mice 5 days after infeçtion with 500 

larvae of T. spiralis given by implantation into the 

duodenum. A, controls and B, the larvae were pre

t~ated W'ith "succus entericus" for 30 minutes' at 

'370 C priC?r to implantation. 
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TABLE 7.8 THE NUMBERS OF ADULTS OF T. SPIRALIS 

RECOVERED FROM THE SMALL INTESTINE OF MIeE 5 DAYS AFTER 

IMPLANTATION OF 500 LARVAE INTO THE DUODENUM 

Treatment 

,Controls 

Pre-treatment wi,th 

"succus entericus· 

Implan ted into 

Duodenum 
\ 

Duodenum ') 

, , 

Mean • Adul ta 

Recovered ± S. E. 

250. j ± 2.0 

254.6' ± 23.7 

, " 

, ,,' ~" .. _.~~:~ ... _' ' .. > """":~""> "", .. ,,,~Y;:..,,,~.,~ol','ifdi<.:,:,~*,,,,<.;,"~,,,,,,,,,~;,.··A ":>.: "'",~, ... '": "--"'/'~:",""~',. ' 
\ , ~ . 

'" , 

e~ 0.05 

'. 
N.S. 
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f • • '" TABLE 7 .. 9 THE EFFECT OF BILE AJtto "SUCC~S ENTERICUS" IN 

BUFFE RED SALINE (pH 7 .2) ON THE DISPERSION OF THE LARVAE 

~~ T. SPIRALIS FROM AN ARTlfICIAL FOOD BOLUS IN V TRO AT 37° C 

(b) 
Treatment Concentration Dispersion 'ratio ~ 

(a) 
Bil~ lOi 9.27 ± 1.59 0.05 

"Succus entericus" lOi 10.46 ± 2.32 0-:05 

S,aline 0.85' 0.44 ± 0.06 

(a) significantIy different from 'saline contrels, (p~ 0.05) 

'" (b) dispèrsi<?n ratio = .. 
• larvae Qut of bolus 

f larvae in bolus 

., 

o 
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TABL~ 7.10 THE EFFEC'1;'S OF BILE AND "SUCCUS ENTERICUS" IN , ~ ,. 
BUFFERED SALINE '(pH 7.2) ON PENETRA~ION BEHAVIOUR, OF THE 

" 

LARVAE OF T. SPIRALIS IN VITRO AT ~7° C ' 

Treatment 

Bile 

"SUCCUs entericus~ 
. \-Sal:Lne-' -

Mean , penetration 
~ 

9.4 ± 2.9 

l.4.5 ± 3.4 

0.9' ± 0.6 

f..L', 

a .05 (~I', 
0.05 

(a) siqnificantl.y different ;rQm saline control.s' (p.!. 
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FIGURE 7.17 The tra'cks of worms (visua1ized through 

bac:terial overgrowth) "as thé"y ~ ~-igrate through agar .. 

Ar' the tracks of the l~rvae of,!. spiralis and B, 
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the tracks of the larvae of N. dubius. 
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'l'ABLE 7. :j..1 T~~ EFFECTS OF GAS ~I~TURES 

THE, ACTIVITY, OF TH'E LARVAE OF !. SPIRALI 
J' 

INCUBATED IN BUFFEREO SALINE (pH 7.2) AT 37° C 

. , 

/ 

, .) 

'1 

\ 
~ 
Gas Mixture 

/'1 
Air 

5% CO2 - ,95% N 2 , 

50%. C02 :- 50% N2 

(a) Ac~ivity 
\ 

.'. 1 

't. r'", -f_~ 

\ 

(a) 
Activity: 

0.12 ± 0.05. 

0~12 ± 0.02 

,0.15 ± ·0.05 

\' 

• 
, , 

./ 

< .2....:::- . 

N.S. , 
N.S. 

" 

\ ' 

... 

, 
'. 

~ 1 1 

\ 

J 
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Th~ population activity of the larvae 

of N. dubius .in respopse, to stimuli at 22° c. 

mechanical stimuli and B, sttmulatiqp with lO'.bil~. 
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in the rate of activity aft:r 90 ~utes (Fjgure 7.2~B}1 
This diff~rs 'fro~ the fairly abrupt èes~ation Of activity af

ter meçhanical stimul~tion; the lates of rnovement of 4 ~re-
viou:?ly 'unstimulated worms after mechanical stimulation is 

-; 

shawn r.in Figures 7.19 and 7. 20A. A repeti ti.on of this e -

p'erimen,t at'37° C gave similar results, but, the populat'on 
, , 

aftivity in larvae s~imulated'mech~ically did not ex cee 10% 

• 1 -

of the population 1(Fig ure 7. 21A). r.che responses, ta bile a t 

370 C was ~imila~ ta the response at 22 0 C and the acti.v ty 
;; 

of t:hese larvae pl=rsisted for 3 hours (Figure 7. 2IB). ,T e 

rates of movement ,,~_f_, larvae S'tim~lated mechanically an~ ~i th 

bilectt 37° C are sqown in Figure 7.2~i the activity rat s of ,1 ,~ 

these 'worms were similar ta the activity rates of worms ~t 

The log-dose response curve of the activity of he 

larvae of N. dubius in bile showed a linear increasè betw en 
c 

0.2% ~nd 0.5% bile,lat concentrations above and below, 
" 

response plateaus (F~gure 7.23). 
J 

In tue bile-gradient studies, the larvae Placedl in 

the cen~re of the QDntrol plates (template is shown in Fi~

ure- 7.1l" 24) were dispersed randomly. Significantly more la-r-

( f the 'sector conta;n;ng j\;le vae p ~ 0.05) were recovered rom •• ~ 

than the sector contain~ng distilled water (Figure 7.25). 
fi:' 

AlI -the bl.le sal ts, Wl th the exception of sodiu, 

deoxycholatePa~d sodi~m tdurodeoxycholate, were ca~able o~ 
II \ 

stimulating sorne activity in the larvae of N. dubius. Th 

~ glyc{ne-conjugated bl.le salts were much more potent than the 

" .. 

" 
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FIGURE 7.19 The rate and duration of 

4 individual 1arvae -of N. dubius after 

stimulation. 
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FIGURE 7.20 The rate ôi movement of. the larvae· of 

N.)dubius in r~sponse té stimuli at 22° c. 
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A, mech-
q 

anical stimuli and B, s~imu~atiori with 10% bile. 
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FIGURE 7.21 The' population activity of the laryae 
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of N" dubius in respanse ta stimuli at 37° C. A, 

m~hanical stimul~ and B, stimula~ion with 10% bile. 
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FIGURE 7.22 The rate 'of' rnovement of the larvae 

of N. dubius in response to stimuli at 370 c. k, 

mechanical stirnufi and B, stimulation witb 10% bile. 
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\ 
other saI ,!:s i the most pO,tent were sodiuffi glycocholate and' 

sodium glycochenodeoxycholate (Table 7.12). Prolonged pre

treatment with bile dirl affect t~e -infectivity (TaDle 7.13) 

but not the intestinal distributiQP of lh: larvae' (Figu~e 7.26). 

Hel was the only gastric secretion that caused lar-

val àctivity of long dur-ation in vitro (Table 7.14)'. The be-
, . 

f hav:i?our stimulated by Hel was similar to the behaviour stimu'-
L C 

lated by bile. A:bthough a low pH was necessary, HZS04 at the 
1 

same pH did not stimulate this behaviour. Pepsin and various 

gas p~ases had no effect on larval be~aviour (Table 7.14). 

Crud~ mucosal extFact did not stimulate the lar-
, 

vae (Figure 7.27). "Succus entericus" st;im~ated activity 
, 

of the larvae (Figure ~.28) but the activity was transitory 

(Figure 7.29): 

There were no significant differences in the numbers 

of larvae dispersing from an artificial agar bolus (Table 7:15) 

or penetrating into agar (Table 7.16) wheh s.timulated by bile 
\ 

or "succus entericus" and compar.ed with contraIs." Manipul~-

tion and handling during this exper,iment were sufficient stimu

lus to activate the worms in the contraIs. F~gure 7.17B 

shows the sinusoidal tracks of a larva of N. dubius moving 

through agar. 

70. DISCUSSION 

1) T. spiralis. 

It is now accepted that aIl stages of !. spiralis 

are intra-ce11ular (Gould, 1970; Gardiner, 1977; Despommier 
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TABLE 7.12 THE EFFECTS OF BILE SALTS IN~BUFFERED 

SALINE (pH 7.2) ON THE ACTIVITY OF T@E LARVAE OF, 
o • * 

N. DUBIÙS IN VITRO AT, 37 0 C 
~ 

Bile salt Concentration Activit~ eL 
. (a) 

Sodium cholate l:.0 16.6 ± . 2~8 \. 0.05 . 
_.Sodium deoxycholate 1.0 l.~ ± 0.8 N.S •. 

Sodium glycocholate 1.0 78.2 ± 5.8 . 0.05 

Sodium taurocholate "'" 1.0 22.1 ± 9.2 0.05 -1 " 

Sodium taurodeoxycholate 1.0 12.3 ± 
r--

4.3 N.S. 
~ 

Sodium glycochenodeoxy-
cholate ". 0.1 76.8 ± 6.4 o • .oS ., 

Sodium taurochenodeoxy- /' 
",' 

ch(!flate 0.1 33'.4 ± !7.6 O.OS 
/ 

Buffered·saline (pH 7.2·) 0 .. 85% 2.8 ± L3 

,~ 

(a) siqnificantly ~fferent from cpntrols 
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'r:ABLE 1.13 THE RECOVERY OF WORMS FROM 

THE SMAL~ INTESTINE OF M~CE 6 DAYS 

r. AFTER INRECT+'ON WITH 100 LARVAE OF N. DUBIUS ~~ .' 
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TABLE 7.14 THE EFFECTS'OF GASTRIC SECRETIONS AND VARIOUS GAS PHASES 
o 

ON THE ACTIVITY OF THE LARVAE OF N. DUBIUS IN'VITRO AT 37 C 

Solution , 

HC1' 

+ 5% CO . 2 

.' 

95%: N
2 

~ 

E!! 

2.0 

/2.0 

+ 50% ccli - 50% N2 2.0 

+ 100% C02 

Hel + 1% pepsin 
0\ 

+ 5' CO 2 - 95% N 2 ~ 

+ 59," .C02 -~O% N2 

+ 1~0' COi 

,2.0 

. , 2.'n 

2.0 

~.o 

2.0 

Citrate buffer l' pepsin.- 4.0' 
" 

+ 5% CO 2 - 95" N
2 

~ 4.0 
. ' , 

+ 50' coi:- 50\ N~ 4.0 

-+- 100\ C02 
'\ 

\ 

~, 

Mean %jpOeulation active with, time (minsl 
!rime < 5 30 / 60· 120 

100 26.3 ± 7.6 21.4 Or 3?-.O ± 3.-4 
100 18.7 ± 3.2 o ,1. ' 0 

~ 1 
100 

' , 
11.5 ::t 3.1 0/0 , 

o " 
" -

100 16.3 ± 5.1 1.6 ± 1.6 ~ 0 

, 100 7.6 ± ,1. 8 9.3 ± 1.4 3 .. 5 1: 0.5, 

100 6.l~± 2.4 0 0 

100 6.4 ± 3.5 0 0 

100 10.4 ± 2.7 0 " 0 

-100 0 o / 0 

100 0 0 0 
~ 

100 0 0 0 

100 0 0 0 
0 

/ 

'" \ 

-------~~- ~.----.-----.. , ~ ~ "~~;:- /' 
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TABLE 7.14 " (cont'd) 

Mean % population active with timeo (mins) ~ 

Solution E!! Time < 5 30 60 120 180 
"""' -.1 

t. 

~ris butter + l' pepsin 8.0 1,00 0 0 0 0 
~ 

+ 5% CO
2 

- 95% N2 8.0 100 0' 1) a . O'. 

+ 50% C02 - 95\ N2 
8.0 . 100 0 o , .... -v 11- )/ } ,. o. a 

! -/ 
+ 100% CO2 8.0 100 o. a 0 a -l -

"25°4 2.0 100 a 0 0, Q. 3 

'+- ..5% - 95% Ni 2.0 100 " ,- . a ',0 0 .. a 

+ 50\ 'C02 - 50\ N2 2.0 100 0 0 0 0 

+ 100% CO2 .2 0.0 100 0 0 '0 0 

H2S04 + 1\ pepsin 2.0 100 a 0 0 0 
:r 

+ 5% CO2 - 95% N
2 

2.0 100 0 0 0 O. 
, . . 

+ 50\ CO2 .- 50\ N2 2.0 100 0 0 0 0-

+ 100%'C02 2.0 100 0 ,0 0 a 
, > 

1 - H2S04 + 1\ pepsin 1% NaCl 2.0 100 13.4 i 1.1 0 0 0 -/' 1 - tp " .. . 
+ 5\ CO2 - 95% ~2 2.0 100 1 0 0 . " a 0 

IN 
~ 

0 1 
..,J 

+ 50% CO2 - 50% ~2 2.0 100 0 a 0 U1 

+ 100\ CO2 2.0 100 0 0 0 0 



1 

.1/ 

\ 

.. 

( 

FIGURE 7.26 The recovery of larvae from the s~all. 1--

intes..tine of mice 6 days afte~ infection with 100 

larvae of N. dubius 9 i ven. by 6r al: inoculàtion. A, 

controls and B, the larvae were, treated with 10'% 

bile for 6 hours at 370 ç,( prior. to infection. 
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of N. dubius -in response to stimulation wi th the crude 

~uc:sal 'e~traàt from diff~rent reqiOn~ of the qut. A, 

normal e;xtract and B" heat-d1natured extract. . S, 
, ~ 

AI, anterior small intësti~e; 
, . ,saline control; PI, 

posterior s,mall intestine·; CA, caecum''; CO, co'ton: " 
n .!G 

Bile,. 10% bile control. 
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.. FIGURE 7.28 The popu.la tion activity of the larvae 
<-

of N. dubius in r~sponse to log dilutions of "SUCCUs - -0 

entericu.;;" afte"r 10 ,minutes of incuba tian _ a t 229 c. 
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'FIGURE 7.29 The popu1ation activity of ,the larvae 

of IN. dubius in response to stimulation with "succus, 

,1 ene-ericus" • 
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TABLE 7 .1S 1 THE EFFECT OF BILE AND Il SUCCUS ENTERICUS Il IN 

, BUFF]l:RED ,SALINE (pH 7.2) ON THE DISPERSION OF THE LARVAE 
" ' 

,OF N.' DUBIUS FROM AN ARTIFI<UAL 'BOLUS IN. VITRO AT 370 C' 

\ 
Mean % larvae 

Treatment Concentration leaving bolus 

Bile 10\ 97.8 ± 2.2 N .S. 
". 

\ 

""Succus entericus" 10% 10O, ± '0.0 N ~s. 

Buffe\.ed saline (pH 7.2) 0.85%, 86.9 ± 13.3 
0 

" ) 

(a)significantly diitfrent from controls (p~ 0.05)' 
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\ J \ 

THE EFFECTS OF BILE AND "SUCCUS ENTERICUS" 

J~ BUFFERED SALINE (p~ 7.2) ON THE ~ÈNETRATION B~HAVIOU~ 
r 

,- OF THE LA.RVAE OF 'ri., DtlBIUS m VITRO AT 3 7~: C 

1 
/ 

,,:rreatment Concentration 

.: Mean % 1 
t:: Pénetrati n 

< (a) ' •• ( , 
2....:::- ' 

" 

Bile 

~'SUCCUs ,entericus" 

\ 10%, 

10% 
, 

Buffered saline (pH.1. 2) t{) .85, 

'J. 

(a) significantly different from 

-, . ' 

\ 
\ 

100 :t ,0.\0 N,' S. '. 
1 

, 98.2 :1: 1.:1, N.S. 
1 

95'.4':1: 3.14 ,; N.S. 
J 

1" 
/,;. ! ',-

con·troJ!~ (p~ 0.05) 

\ 

\ 

,1 

. , 
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et ~., 1978, Wright, 1979) and the larvàe are constantly at 

host physiological ternperature exeept for short periods dur-
". 0 

ing t 'ansmission. It i5 therefore expected that the maximum 
. 0 

activity will oceur around. 37 C. 
1 <, 

At 37° C, the activity of the larvae was lowest in 

distilled water, jus~ slightly higher in 0.85% NaCl and 
~ 

highest in artificial gas~ic j~~ce (the larvae in bile are 
r' 

not consider~d in this a~gurnent because of the ~timulatory 
. 

effeet of bile) • ' In Chapter 5, l have suggested that the 

Cl- ion is important in the initiation of activity of the 

larvae of !. spiralis. 
... "t.!'" 

These ~esults support the hypothesis 

since the Cl- ion content'of the artificial gastric juice is 

high and the aetivity of the larvae are concomitantly high. 

Increasing temperature led ta increasing death of 

the larvae in distilled water and gastric juice. Preliminary 

st~dfes.on the osmatie tolerance of lar~ae at room t\mperature 

indiJate that they ean withstand bath hypo- and hyper-tonie 

0'"' soIuEi'ons without significant effect on their infectivity 

ta miee (Sukhdeo, unpublished). This resistance may not be . , 

\ 
aperative at higher than physiological ternperatures and it 

rnay explain why the larvae died in the hypotonie solutions 

but not in the, isotonie solutions at high ternp,eratures. 
• .ç 

Type 2 activity, was almost immediately stirnulated 

in the larvae in bile while sorne of the larvae in saline ànd 

gastric juice spontaneously switehed from type 1 ta type 2. 
" 

Nothing is known of the neural mechanisrns that govern these 

two types af activity a~d although this phenornenon is inter

esting it would be sp~culative to diseuss this switchover. 
1 , " 
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An intestinal nematode in vivo i9 exposed to dif~ -- ", 
ferent' arnounts of bile d~pending on the diet of the host and 

to different forms of the bile salts ,"~"ependinc; on the ambient' 
, . 

pH and the quantity and distribution of the microflora (Met- ~ 

trick & Podesta, 1974). The different ~oncentrations, forms 
, , "\ 

and~types of bile 'salts ~y have différent effects on the " " , , 
nematode and this leads to sorne, difficulty in the ,chpice of 

, a sùitable concentration of bile ta use in vitro. pive to 

10 percent whole bile has been suggest~d as a concentration 

that closely approximates the in vivo conditions (Crampton & 
, <E 

Neshçüm, 1970) and for most of .our in vitro studies we h-ave 
- 1.. , 

used a standard concentration of 10,% pig 1 gal1 bladder 1 bile. 

Type 2 activity results'from bile stimulation and 

the, biles from a wide variety of manun;ls can.' stimula te. the 
\ 

.,.".. 

'. ,lartvae of !. spiralis. This does net appear 'ta be the case 

. with bile froin the mallard duèk (~platyrhynchos). Bi"9.e· 

alcahols, bile acids and the ste'reochemical cl!)nfiguration 

differs wfâely arnong species although the function remains 

basically the sarne (Hasslewood,'" 1978). There is a tendency 

for the bile salts of herbivorous marnmals to be conjugated 

with glycine and those of carnivorous animals ta be canjugated 
\i 

with taurine lSmyth & Hasslewood, 1963). 1 Rabbit' bile is al-, . 
most exclus.ively glycine-canjugated, while, bile from cats 

l? 

and dogs are almost exclusivel'y taurine';canjugated (Hassle-

wood, 1962; Gordon ~ ~., 1963). Bile from rabbits, cats 

and dogs stbl;.1lat:e type 2 activity yet l have found that it 
1 

is only the taurine-C~njUg~ted\~ile 5~1t.s that can,' stimulate 

type 2 activity. These results suggést that stimulation is 

, 
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• J 
i~dependent of the functional properties of bile and sinee 

the results from thè log dose response curve~ of the larvae 

ta bile and taurodeoxycholate show larval sensitivity at low 

leveIs, rabbit bile 'is prob~bly contarnin.~ted wi th taurine 

conJugated bile salts. Bile is not generally knawn for ae-
o 

tivating nematodes although there i9 a lot of evidence for 
~ ~ 

_its ef~ect on protozoa, cestodes and trematodes (Smyth & 

Hasslewood, 1963~ Mettrick & POdesta, 1974; Lackie, 1975; 

,Hasslewood, 1978). Among\ nematordes, bile has been shawn to . 

. , 

activate the larvae of Dictyocaulus viv~rus. The levels of 
" .. 

bile required for this activat~on were low and the percentage 
cl 

of active larvae increased with increasing conèentrations of 

bile until a plateau was reached about 4% (Jorgensen, 1973). 

In a review of nematode behaviour,' Croll (1972) lists 

22,~ctiviti~~ of nematodes ranging from movements within the 

egg ta oviposition in the' adults. The evidence suggests that 
t \ 

all nematode activities.may be grQuped into subsets of 5 basic 

patterns (Croll & Sukhdeo, i~ press). In the subset activities 

of locomot\o~ iri nematodes which include: backward waves, 

forward waves,-omega waves, migration and dispersal, swarm~ng 

and nictating behaviour and leaping motion, the wave patterns 

generat~d are sinusoidal. Type 1 and type 2 activities in T. 
'7' 

spiralis are not sinusoidal and are atypical in their pre

dominant àorsal bias of movement. Moreover, the ~xi9t~nce 

of 2 distinct patterns of movement, in the sarne larva1 stage 
1 

is unusual. The behavioural repertoire of the larvae of T • 
• 1 

spiralis has been previously r'eported by'Meerovitch (1965) 

who found that the colling-uncoiling movement's (type 1) were 
/~ . 

, .. ., .... '." .... - , 

/ 
/' 
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-a 
predominant after the larvae we~e freshly digested but that 

the undulating movements (type 2) were usually a result of 

qevelopmental changes as they matured to adulthood. My re-

sults suggest that type 2 activity is not a resultaof maturity 
/ 

and larvae have been observed going from type' 2 to type 1. l 

must stress that the behaviour of the larvae of T. spiralis 

were abserved in vitro in liquid media and could be arti-

facts. However, prior ta penetrating agar, the larvae en-

tered type 2 ,acti vi ty and the pa th through the agar shows a 

sinusoidal pattern of movement that is not easily distinguish

.. able from the tracks created by' N. dubius. N. dubius larvae 

normally exhibit a more characteristic sinusoidal movement in 
) 

liquid media. 

Bile stimulates activity and maintains the activity 

for several hours after which the infectivity of the l~rvae 

does not appear to be impaired. There are no differenees , 

in the infeetivity and distribution of the worms in the 
, 

samll intestine of mice following stimulation by bile for 6 

" 37
0 C. 

\ 
hours at There ha~ been reports that'bile or bile' 

salts are toxie t,o the larvae of !. spiralis. l'leller (1943) 

rep~~ted àdverse effects on the larvae followinlf cultivation 

with bile salts and Heeroviteh (1965) found that incubation 

for 2 hours in a medium containing bile salts was lethal to 

~ the larvae. The latter author suggested that t4urog1yeocholate 
, 

and taurocholate sodium salts were detrimental to the larvae. 
1 

These observations are inconsistent w~th the results o~ ~y 

, .... 

./ .studies. Bile is not harmful to the 1arvae (using infectivity ~ 
... 

as an ~~) and the larvae respond to concentrations of sodium 
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tauro~eaxychalate as low as lO-7M. In addition, the results , ~ 
, ~ 

of several prev1o~s experiments show that bile enhances -
.. 

site selection and is impor~ant in site selection. There 

. may be an explana~ian for th.is dis'à.greement. Theo larvae used 

by Meeravitch (1965) were in culture far 24 48 ho\!!rs and 

wer'e moulti~g. We have shown' in a tfrevious study that the 

'la-rvae are intrace+lular at this stage (Despornrnier et'· al:". , .. 
1978) and not in intimate contact with bile. After the first 

mO~lt,~he\larvae that were previously resistant to gastric , ~ ~ , 

secretions lose their resistance (see p 207). ~ similar rnech-

anism may be operative with bile, whereby the infective lar-

vae are not affected by bile, it is toxie ta the later larval 

stages. 

The ability of the larvae ta, be stimulated by bile 

decreases AWi th digestion t-d.me. One t.a 8 hours of digestion 

and ~p to 24 haurs af' refrigeration' did not impair the infec

tivity of the larvae to mice. Similar ~esults were obtained 

in rats (Gursc~, 1948) and this investigator found t~at longer 

refrigeration wa,s defini,tely, injurious to ~rthe ~arvae. In m~ 

experiments, although there were no differences in the infec

tivity of Iarvae between the contraIs and the refrigerated 

:"groul?s, there was a decrea'Se in the abili ty af the refr igera-

1ed larvae to respond to bile. There i5 no information avail-

able op the mechanisms by which the larvae 10se their ability 

to respond~to bile after refrigeration but it is significant 

.that the abilify ta respond to bile does not affect the' 

ability ta in~ect and establish in the hosto 

! 



( 

391 

Attempts to view the penetration of the larvae 
'. 

subsequent to bile stimulation were not successful. Although 

sev~ral 'sy&tems were tried, the worms did not penetrate in-

testinal tissue in vitro. Investiga~ors have 'had similar -, 
frustrating experiences in visualizing pènetration'of other 

i~testinal nematodes (Croll, pers. comm.) and there. appears 

to be no explanation~ 

The site selection behaviou~ of !. spi~alis could 

not be explained by the actions of bile alone. In previous 
, 

experiments l have found that tarva~ established in the ab-
" €k 

sence of bile and that pancr~atic'secretions were nct im-

el portant in site selection. My results indicate that entero

kinase, an enz~e s~creted,by the intestinal cells can also 
, /~ 

stimulate tYfe 2 activity. cr: -amylase, an enzyme of pancreatic 

origin that is believed to be a contaminant of "succus enteri-

eus", also stimulates sorne type ,,2 act,ivity in.the larvae of 

!. spi'rali!:i. However, the acti;ity stimulatèd"'was ~Ja low 
f' 

level, and mai have beeQ,~)due to impuritie's .. in' the prepaliation. 

'Similarly,' "mucin" stimulates type 2 activity but the activity 

was low when compared to ~he activity stimulated by the crude 
~ ~ 

\ 

mucosal extract. This may have been due to the contamination 

of the mucin by small amounts of enterokinase. The log-dose 
> 

response curve shows that the Iarvae are extremely sensitive 

to e~terokinase and the ability of enterokinase to stimulate 

larval activity at different pH values ~uggests that the response 

is sensory rather than enzymic. In vivo experiments show that 

the larvae of T. spiralis when pre-treated with "succus entericus", 

'" 

• ! -
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1 

more fapidly than untreated controls. Enterokinase 

: is an excellent'" choice for a cue ta illfarm t~e parasi 1::e af 

i ts arrival in the small intesti~; of the hast since i t is 
, " 

secretéd by the mucos-al cells of seve,ral mammals in response 
. -

ta food ln the gut (Biol'. Handk' , 1964). . ~, . 
A second patent stimu~ator of type 2 activity is 

secretinl., a polypeptide hormone secreteq py the mucosa ~o 

s~imul'ate bil~ ~and pancreatic flo.w. The sensitivity of the 

larvae °to secret' this hormone is not se-

creted into, t~e larvae quicklyenter; 

"the mucosal' c~ls'dUring i~fection and the response to se

~retin may bé importapt to the behaviour of the larvae sub

se'qùent .to penetrati'o~ of the ~pitheli~ cells. Meerovitch 

'~96S) , has found that type 2 actiyi ty /s present in the de-

I veloping worms. Secreti;} may be the cue that main,tains ... the 
, 

. ~i_gh level of activity during penetratio.n. 
, 

'l'he evidence for the importànce of intêstinal en-,;-
zymes or "succus,_ enterîcus" in, the si te ,select;.ion behav~ur 

~~ the 'lajVae iS,necessarilY indirect ~eca~se of the dif

ficulty o~ altering mucosal; .secretions.,· .If the larvae of '1' .. 

spiralis are .pre-treàted with "succus entericus" prior to" 
-., 

implantation· into the duoden.urn, the larvae estaJ:>lish an-
\> • • ~ ~ 

teriad of t~e controls. These results sùggest that the 

unstimulated larvae, ,upon implantation into the duodenuln , 

ax:-e stimulated ''in type ,2, activity by 'bile or enterokinase 

and they penectrate the el?ithelial cells. However, befare 

li the; °est;ablis~ they h'ad already been c'arried along by ~he 
:intestin~l;ion and the peak estab1ishment occurred 

in the second quarter. The larvae ~hat were pre-treated 
'" 

." 

j • 
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with "suecus enterieus" penetrated and established immediately 
/ 

upon being implanted i~to the.duodenum and w~re not as ai-
" 

~ected ,by intestinal propulsïon. 
,- ( , -

The ability for "succus 

o ente;ious Il to stimulate penetration i5 supported in vitro., 

Bile and :Psueeus entericus" increase the ~bility of the lar
e 

vae of'T. sfiralis to penetrate and migrate through agar in 

vitro. \ 
'",- " 

It is interesting that the larvae were not stimu-

lated by CO2 sinee CO2 play~ an irnportânt part in the activa

tion an~ orientation of several plant-parasitie and ,animal 

parasitic nematodes (Croll, 1972). The levels- of C02 are hign 
Il!' 

in b'oth thé stomaeh and. duodenum (Mettric,~ & Podesta, 1974) 

and it may be that the larvae prefer a more specifie cue like' 

bile or enterokinase to identify the srnall intestine. 

2) N. dubius. 

( 

l' Several larval strongyles, trichost~ongyles and 

,,' 
, 

aneylostomes are aetivated by ~udden changes from'thc a~~ 

bien t conditions resul ting in the release of "acti vi ty q'l1an ta" 

or bursts of motion whieh last' for a few seconds or minutes 
~ 

(Croll, 1970: Cr~ll & Al-Hadi,thi, '1972). The infeetive lar-

vae of !!. dubius respond 'in th~s ~ay to mechanieal stimuli. 

In,the p~esence of bile, 'however, the larvae are actiyated 

,0 for signifièantly longer periods anÇ. their activity shows dis

tinetive~Earaneters whieh sugges~s that thé nature of the 
g 

stimulus-response may be'different from that of other sensory 

moda1ities which elicit the " activity quanta". In bile' 

gradient's 1 the larvae' aèeu~1.I1ate preferentially in,. bile when' 

compareà,to controls and the cornponents of b~le to which the 

o 

\ 

~. 
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"larvae respond, are the glycine-coI)jugated bile saI ts. ,The 
. 

pancreati~ and enteric secretions of the gut had no measurable 

effect on the larvae of N. dubius. 

The responses of' the larvae of N. dubius to bile 
,1 , 

were similar at 22~ C and 370 C but ,the response to mechanical 
~ ) 

stimuli differed and the ,larvae did,not'respond maximally to , 

mechanical stimuli at 370 C. l specülate that external changes 
. 

in the envà~onment i.e. photiç, thermal or mechanical stimuli; 

might be eues' to the presence of a host and the larvae respond 
'- . 

by releasing "activity quanta" that may improve their chances 

of -:r;eaching_ ,the host:. (Croll, 1972). At 370 € the paras-ite is 

within the host and does not require this resp~~ (see~c;ap-
ter 8).' 

The response to bile, i.e. the long lasting activity Il' 
... l) ',-

is also observed when the larvae are stimulated by HCl, and 

this appears to be a function of the CI- ions. Hlstoloqical . 
studies show that the larvaë also penetrate the mucosa of the 

. , i r 
stomach. ,T,he evidence suggests that this persistent behavioural 

activity may be related to penetration and only Hel and bile 

,in the gut ap~ear to stimulate this respon~~. T~e ~~etration 

of the gastric mucosa appears t~ be accidentaI and i~not im

portant in the biology of the nematode. This is discussed . ' 

further in Chapter 8.' -Selective forces would have worked to 
. 

,maximise ,the ultimate' and persistent behavioural effort of the 
- -

larvae before i t i5 swept o~t of i ts preferred si te._ The .,. 

prolonged ,pattern o,f activi ty in response to bile gives these_ 
/ 

factors 'a c:entr-al raIe in the' establishment behavipur of N. 

dubius. 

/ ., ' 

\ 
- ,le \_ \",I~:' 't'"~'''''''')''' ~-; !~-.l~;t'--f;;lr","~ ,'" -. 
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3) S ununary • 

a) Bile stimulates prolonged activity in the larvae 'of T. 

spiralis and N., dubius • 

b) " _Cl'7 stirnulates prolong;ed activi ty .in the larvae of N. 

dubius. 
, 

c) 
~ , 1 

The response of the larvae of T. spiralis.to bile is·tem-
~ ~ ...... h.1 

perature dependent; the response of the, larvae of ~.' dubius 

tO,bile is not temperature dependent but the response to me-
\ " 

chanicàl stimuli is. 

d) 
~ 

In.bile gradients, the larvae of N. dubius àccurnulated 
\ 

\ J in bile. 

e) The larvae of T. spiralis respond most effectively to 

tau~ine-~onjugated bile salts wh~le the larvae of N. dubius 

respond to glycine-conjugated bile salës. 

, f) Crude rnucosal extracts stimu~ate activity in the larva.e 
" 

of !. spiralis ,but not in the larvae of N. dubius. 

~ g) The,componen~ of the ~ucosal extract that stimulates ac

tivit~ in the larvae of T. spiralis is most probably entero-

. kinase. 

'.' h) Bile and "SUCCUS entericus Il cause an increase in the 

penetratio~ and migration, through agar, in vitro', of the/' 

larvae of T. spiralis. 

'il ~Succus entericus" causes an increase in the rate of es ... 

tablishrnent of the larvae of T. spiralis in vivo. -.--
j) CO2 doès not appear to plày a ~ritical part in the be-

, 4 

\haviour of the larvae of T. spiralis and N. dubius. 

\ ' 

\ 

" 

I~ 
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CHAPTER 8. GENERAL DISCUSSION 

This investigation examines the factors operative 

in the early site selection behaviour of two ~ematodes ~ T ... 

spiralis and!'!.. dubius" following their entry into the gas

trointestinal tract. The res;u'lts of in vivo and in viJro 

experiments suggest several 'simila-rities be'tween these nema

todes and-from these observations and related published 

stud1ies, l have proposed a simple model (Figure 8.1) for 

the mechanism of 'early site selection by T. spiralis, ~ •. 

. dubius and T. muris. After entry int~ the host, anteriad 

to or near the preferred sites, the larvae are activated and . 
change or modify their behaviour patterns. Physiologieal ac

tivation of the infective stages of nematodes upon entry is 

better known than behavioural changes (Lackie, 1975) and

'while activation ~SUallY involves emergence from the cy~t 
and motility, detailed behavioural analyses are rare and spe

cifie behavioural /changes upon entrr are unknown. l suggest 

that the modifications of behaviour subsequent to stimula-/ t. , 
/ 

tion with intestinal secretions observed in this study, may 

lead to localized dispersion of the nematodes within the , 
. 

lumen and ul-timately to penetration and establishment. In 

this discussion l will present the mechanisms and sensory 
~ 

eues that may be utili~ed by these nematàdes in locating 

their sites. Therè are only l'imited experimental results in 

the literature to support these'hypotheses and most of the 

specifie ex~ples used'will draw from the present 'study and 

studies on T. muris (Panesar & Croll, in press) . 

. ' 
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1) Entry into the host 

The behavieur of the free-living stages of nema-
4f 

~oQe, parasites has been reviewed in several places and is 

beyond the immediate scope or this thesis (Crell, 1970, 1972a, 

~~ 1975; and ethers). The behaviour patterns of the infective 

la;;.vae are generally interpreted '"as b~ing purposet'ul in en

hancing transmission (Robinson, 1962; Bizzell & Ciordia, 1965; \ 

'" 

Cr~ll, 1972a; Maclnnis, 1976). 

Several larval strOngyles, trichostrongy1es and an-

cylostomes are activp'ted by sudden changes fram ambient "cen-

ditions, resulting in the release ef "activity quanta" or 
. 

bursts of mati<?r --(Cra11, 1970; Cra11 & Al-Hadithi, 1972). 

These responses ma have adaptive significance because energy , .. 
reserves will be use prefer~ntia11y in'response ta ràpid en-

vironrnental changes w~'ch may indicate t~e proximity of their 
. 

hosts (Croll, 1972a). This behaviaur pattern has been ob-

served in my Pfesent, study in the infective larvâe of N. 
, 

dubius and is consistent with the above'hypothesis. 

The infective larvae of T. spiralis are ge~erally 

considered to be immobile within the cyst prior to infection • 
.-II 

However, in an indirect manner, they may influence; the proba-

bility of inges~ion by the hosto Penetration and excystrnent 

within the muscle fibers by the migrating larvàe results in 

the loss of function by the fiber (Ribas~Mujal & Rivera-
___ l' t 

Pomar, 1968; Despommier, 1975, 1976) and the muscles of in-

:,fected animaIs (Ribas-Muja1, 1975; Farri~ & 'Harley, 1976). 
<\ 

These changes 'may lead to an incre.ased susceptibili ty to 

predat~on and therefore enhance transmission. 

" , 

/ 
/ 

\ 

\ 

\ 

-



',' 

J\ 

Il. 

\ 

l 

, 
'j 
1 

., . 

400 

2) General and specifie stImuli from the gastraintestinal 

tract-

Subsequent ta entry into the appropria-te host, a 

cornbination 'of environmental factors and parasite responses 
\ . 

must be involved in the emergence of the larvae from its egg, 
1 

cyst or sheatn and tHe subsequent penetration of the hast 

tissue. l have divided the environmental conditions and fac-

tors, encountered by the nematodes in the homeothermic gut 

into two categories; (a), non-specifie stimuli and (b), 
?"> 

specifie stimuli/to the nematodes (Table 8.1). 

A temperature similar to that of the host appears -/' , / 

to be a common requirement of these nematodes. Acti vi ty ~f // 
/ 

/ 

the larvae of !. spiralis is maximal at 37 0 C when the l~r,-
/ 

vae have beeln treated with HCl-pepsin solution or 10;'%/ bile 

solutions. However, in distilled water, that is, ~n the ab

sence of the specifia stimuli of Cl- or pil~, aCl{vity re-, 

mains at a low level. This suggests that, Whii./ a temperature 
,// 1 

of around 370 C is necessary for activity, t~mperature by it-/-. 
s~lf- is not a specifie stimulus ·of acti~ity-:- Sirnilarly, the , , , 
h~iched larvae of !. muris are most active at about 370 C in 

tn~ presence of specifie stimuli from the caecum (Panesar & 

Croll, in prep.). In contrast, the infective larvae of ~~ 

dubius are active at the wide range of- 'temperatures en- ': , 

countered during the fre~-living and parasitic phases of its , 

l~fe cycle (Figure 8.2). However, the response to sudden 

~' changes in- ambient conditions e. g. the release of "activi ty 

quanta" to mechanic,ftl stimuli, oceurs predominanttly at lower 

temperatures while the larvae are able ta respond to specifie 

\ 

" 

/' 6 
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TABL;E 8.1 SELECTED ENVIRONMENTAL CONDITIONS ENCOUNTERED 

,BY NEMATODES AFTER, EN~RY INTO THE GASTROINTESTINAL TRACT 
, ' 

OP THE APPROPRIATE,~T 

Non-specifie ... Specifie 
" 

Temp~rature 

Gut ,motility Bile 

pH \ 

Sorne g. i. enzymes Caecal factors 

Pepsin* 

* specifie action bùt not a stimu,lqs 

J .1 

/" 

.. '1IJ-

.. ~ 
1 

[1/ 1 0 

(Il! 
.\ 

, , ,- " 

1 \. _:~ ",~, 
\ 0 

-~ ~ ~ '" ,~,~.,.\ .... q·;/t~~-\~., .. .,.~}1i:',t.~~~tt\~~:~~.....,r\r.~ "\~~1,'ÎV~" "','i$"v(i..l1,. .... 1' ': ... : ~ • 
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FXqURE'8.2 Oiagrammatic tepresentation o~ the 

activity of'the infective larvae of!. spi~alis, 

N. dubius and 'l!.~ muris at different temperatures' 

(vertical dotted lines ~ approximate range of 

tempèra,tures encountered in the homeothermic host) • 
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T. spiralis 

bile stimulus 

N. dubius 

1 .. 

/' 

mechanical st~muli 

N. dubius 

bi.'l.e stimulus 

T. muris 

stimulus from 
caecal contents 
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stimuli e.g. bile, at bdth low and 'high,temperatures. 

I~ these nematodes, temperature may be a general 

eue to 'indicate arrivaI in the host and may act to "prime" 

the larvae to respond to the specifie eues that determine 

site selection. 

The eonèept of "priming" by the non-specifie host , 
stimuli is also se en in the larval respons~' to pH. The ac-

tivation and emergence of the eneystea larvae of T. spiralis 
. 

requires a low pH but a" low pH in the absence of Cl- ions 

does not initiate behaviour of these larvae. Similarly, with 

th~ larvae of ~. dubius, a low pH is required for exsheath

ment, but the prolonged activity observed in gastric secre-

tions is not initiated when the larvae are ineubate? in solu-

tions of low pH withoub the Cl ions. These results suggest 

that the pH may provide'a general eue to indieate arrival in 

the host stomach but the Cl- ions are the specifie' stimuli in ... 
initiating behâvioural change. 

" 

Gastrointestinal motili~ and SOI{le enzymes are in

cluded as st~muli beea~se their effects on the larvae enter

ing the gut are inevitable. Intestinal propulsion of the in-

gesta passively carries the larvae through the gut and sorne 

enzymes e.g. pepsin in the case of T. spiralis degrades the 

eyst. These will be discussed later. 
~, . "'--- '\ 

The - specifie stimuli are gastrointesti\nal secre-

tians. (Table 8.1) that stimulated measurable behavioural 

changes in the larvae. The stimulus response pattern ta 

these specifie stimuli is believed to be elosely related to 

the site selection of these nematodes. 

t' 
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3) Behavioural changes during activation 

J The encysted l~rvae of T. spiralis, when stimula-

, ' 

., 

" , 
ted by gastric secretions, initiate a behavi0ur pattern, 

, 
designated as type 1. Type l activity consists pf a pro-

longed rapid tail lashing behaviour that is always associated 
_ ______... / __ r .. ~ 

with excystment and is presumed ta be respansible far the rapid 
Id _ 

emergence of the larvae from the cyst and surrounding muscles. 

The speçific stimulus for this behaviour is the Cl- ion and 

not other gastric factors. Similarly, the ensheathed larvae' 

of ~. dubius are aiso ~ctivated by gastric secretions (Som-

merville & Bail~y, 1973) and l have found ~hat is the Cl

ions and not ot~er gast~~ecretfons that are responsible 

for the initiation of a prolonged motility that rnay aid in 

exsheathment. In contrast, the embryo?ated eggs of T. muris 

are not affected by gastric secretions, but a caecal factor(s) 

is responsible for initiating a comp1ex pattern of behaviour 

in ~e larvae that uitima~ely Ieads to hatching (Panesar & 
! 

Croll, in prep.) • 

In vitro results, therefore, indicate that the con-

ditions in the stomach are necessary for'the activation of the 
i Q 

"'-- " 

larvae of T. spiralis and ~. dubius, while the conditions in 
Q 

the, caecum are necessary for the activation of the larvae of 

T. muris. However, in the· absence of these conditions in 

vivo, these larvae still establish themselves. The encysted 
• 

larvae of T. spiralis establish in rats that have had total 

gastrectorny, the ensheathed larvae of N. d~ius when implanted 
, 

direct1y intà the duodenurn and the larvae of T. rnuris establish 

in caecumectomized miee (Panesar & ~roll, in press). Therefore, 

, ----
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available- resul ts ,i,ndicate that al though specifie conditions 

for -the optimal activatibn of these laival nematodes can ~e _ 

is~ated an~ tested in vitro, none appear't~.be absolute re-- [ 

quiremen t's,. 

U Few absolutes have emerged from the studies of site 

selection' (Croll, i976( Panesar &' cro,ll\ in press) or the 
t ' 

stuches of cues (Lackie, lins). (> The concept of absolute re-

quirements a~e being replacetl by the concept ot more rélative 
/ " 

and ,flexible responses to "the flux of biologica~ conditIons 

encounteX'"ed within' living nos,ts. 'Croll (1972b, c) '~-scribes 

-an "activityDS~here" (~igUre 8.3) for th~ sur

4
'val and mo,,:;e

ment of larval nematodes, and this cOhcept ma~-~ 0 apply to, 
" 1 

benaviour of Rematodes in th~ gastrointestinal tract. Xc-

tivity fs only possible under interacting-optim~l conditions. 
1 ... 

While,the parameters affectinq the activation and site selec

tion of gastrointestinal nematodes' may di~fer, from those of 
o 

î 
larval survival, each parameter (temperature,. pH, gastroin-

,festinal'motiÙty 1 bile 1 Hél, "S~CCUs entericus" " osmosity 

It, and "so on) has a high, 10W' and optimal value. Tr~nds 1 op

t~a' and "synergistic interactions are probably more repre

sentative of the true situation in vivo than absolutes. 

Disipersion 
\ "f""..... \ 

,For infective stages "entering th,è gut, the inev~table 

inethod"~f pas'Sive longitudinal 'dispersion -~ to move with 'the 

food. - '-'l'his mode of transportation is c1ea~~i used by most 
f/-" 

gastrointe,lStinal parasites (Crompton, 1973). . , , 

" Infections of 1. spiralis !n mice treated with Lomo

tilfl!- res~'lted in a more ,ant,eriad es.tablishrnene than in untrQated 
'-

:,. 
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Hypothetical survival ~urve, described 

by three phys~oloqioal parameters known to influence 

." 'irtfective larval activity ~d survival (troll, 1972b). 
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controls. 'Increasing the propulsion rate' of mi ce at the 
\ 

time of infection resulted in a more posteriad distribution. 

The changes in the dist;ibution pattern of N. dubius in mi ce 
1 

given similar treatments were similar but less marked. There 

was a,more anteriad establ~shment in mice treated'with Lomo-
®' 

til and there was a significant reduction· 'in the numbers 

establishing in mice with the propulsion increased at the 
-" f 

time of infection, when cornpared with controls. In the 

---latter group, the larvae may have been carried from,poten-

~ial sites before, they could establish. The eggs of T. 

muris were passïvely transported ~ong the gut at the sam~· 

rate as inert markers (Panesar & Croll:"', in press ," Panesar 1 

pers. conun.). 

The results of these experime~ts s~rongly suggest 

that the timing of behavioural r~sponses leading to si ~ se-

lection are integrated or.coordinated with the rate of pas

sive transport in the gut. That is, the ltarvae move with the 

ingesta un,Ùl they reoeive the .appropriate stimulus (i) 1 where-
\ 

,upon they disperse and establish. It i5 assumed in these ex-. 
/ 

periments with alter~d motility in mice infected with T. 

spiralis and N. dubius, that the altered distributions result 

from the effects of passive transport and net from the altera-

tions of "homeostatic" physico-chemical gradients that -have 

been implicated (but~ot p~oven) in t~e site sel~ctio~ of a 

variety of parasites including nematodes (MeOttrick & Podesta, 

~974). The 'influencè of passive transport is further supported 
, 

by experiments in surg.ically modi~ied rats. W~en ~e preferred 
~- 'il 

sites in the anterior small intéstine were surgically bypùssed, 

the larvae Qf T. ,spiralis and N. dubius did not establish in 

" 

, , 

", 
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\ 
tne, bypassed.- sections through which no foo.d flowed. 

5) Penetration and establishment 

The infective larvae must leave the ingesta to pene-

trate the rnucosa,while being passively transported alang the 

gut. l suggest that specifie stimuli anteriad or adjacent to 

the preferred sites stimulate incréased acti~ty of the 1ar-

vae, which will cause a general kinetic effect leading ta 

dispersal from,the'ingésta. 

In this study l have attempted tOlelucidate the 

eues and behaviour patterns of the larvae of T. spiralis and 

N. dubiu$ that lead ~o penetration. Despite many attempts, 
i 

1 

teéhnical problems have prevented the actual visualizatian 

of penetràtion by th~se larvae. Histologica~ evidence shows 

that the larvae of these nematodes can penetrate the gastric 
" , 

and intestinal mucosa wi~n 10 mi'nutes of infection and the 

sites penetrated in the small intestine are adjacent to the 
, i 

sites of recovery of adults of !. spiralis and larvae of N_ 

dubius severai days after infection. Correlating beh~vioural 

changes in vitro with gastrointestinal factors simulating 
, -- . 
"~atural" conditions at the site of penetration, gives an in-

- Q 

dica~ion oh the sensory eues that rnay b~ important in the 
d ~ .. • " \ 

pe~etrat~on behaviour of these nematodes. The major eues 

ar~ l:!elieved ta be. gastric secretions, bile, "succus enterieus" 

and perhaps the architecture of the smal,l intestine. Stimula

tion of ,the larvae of !. spiralis and N. dubius wi th these gas

trointestinal secretions resulted in a prolongeq behàyioural 

aetivity that was not stimu!ated by other secretions of'the 

gastrointestinal tract. It is elearly seen that the behaviour 
, ' 
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elicited by stimulation with thesè secretions e.g. stimul~

tion of the larvae df T. spiralid with bile, differs from 

the behaviour observed in the activation and, ,emergence of 

the larvae. 

a) Stimulation of prolonged activity. 

The impôrtance of gastric secreti~ns and their 

possiple role in nematôde activation and site selection has 
Il , 

be.recognized by several investigators (Lackie, 1975) " 

Gastric secretions activated the larvae of '!. spiralis and 

~. dublus ~nd probably stimulated the larvae of ~. dubius 

to penetrate the mucosa of the stomach. 
-,~,~/~ 

The major components of gastric secretions are HCl, 

pepsin and high peo2 (Mettrick & Podesta, 1974). Neither pep

sin'nor CO2 appeared to have' significant effectsgon the be

havi our of the 1arvae of N.- dubius. However, concentrations of , 

HCl that were simiLai, to-in vivo conditiogs stimu1ated a pro

longed undulating activity in the larvae of N. dubius in vitro. 

The stimulation was due to the Cl- ion and not the low pH of 

the solution. This behavioural response to Cl- was similar 

to the resppnse of thè larvae to bile and it is believed to 

resuLt in dispersion from the ingesta and penetration ,of the 

mucosa. The penetration of thé gastric mucosa by the lârvae 

of N. dubius appears ~o be accidental and not essential to 
( 

the biology of the parasite. This hypothesis is supported by 

the short phase in the gastric mucosa before the worms leave 

to penetrate the mucosa of the 'small intestine and the lack 

of'~evelopmental ,e~ents ~hile the worms are within the gas

tric mucosa. 

\ --

\ 

! 
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In vitro studies on the behaviour of the larvae of 

T. spiralis and ~. dubius showed a prolonged act~~ity ( 3 - 6 

hours' duration) in response to stimulation with a 10% crude 

bile extract. This pattern is designated as type 2 activity , 
d 

in tpe larvae of T. spiralis to distinguish it from the pro-

longed' activity (type 1) stimul~ted by HC~ing activation. 
~ , 

.. 'l'he response in the larvae of N. dubius is sirnilar to that· 
-.' '~". ' 

stimulated by Cl-. A simular behavioural response has been 

observed in th~ infective larvae of D. viviparus when stimu-

lated by ox bil~ and in the absence of experimental eviden?e, 

'" it is believed that this behaviour is responsible for causing 

penetration of t~e gut wall of tpe host animal (Jorgensen, 

197.3; HasslewGod, 1978). 

~n surgically modifi~d iats in which bile was ex

cluded from the gastrointestinal tract, there was a signifi-

cant reduction in\ the establishment of both !. spiralis and 

N. dubius when compared to controls. There was an increased 

estabLishment of these nematodes at the site of re-entry of • 
bile following cannulation to different locations in the . 
small intestine,. In vi t~'showed that these la.-rvae 

1 

were sensitive to and responded to concentrations of bile that 

were below in vivo levels in the lumen. The larvae of N. 

dubius rnigrated up gradients of bile and the type 2 activity 

of the larvae of ! .. spiralis resulting from stimulation with 

bile, significantly increased their ability to penetrate and 

migrate thraugh agar,. Bile i5 therefore likely ta be a major 

component in stimu~ating penetration of the mucosa'by these . 
~ ~ 

\ ~ 
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larvae or in stimulating behaviour that ultimately leads to 

penetration. Apart frorn the pre1irninary observations on the 

larvae of D. viviparus' (Jorgensen, 1973) this response to bile 

bas not been dernonstrated in any other nematodes. . r -
Bile is composed of w~ter, mucin, protein,' bi1e'pig-

ments; bile salts (conjugated and unconjugated), phospholipids, 

neutral fats and various inorganic ions (Hasslewood, 1978). 
~ 

These constituents vary with the diet, pH, presence bf para-

sites, microflora and with the hast species (Srnyth &_ Hassle

wood, 1963; Mettrick & Podesta, 1974; Hasslewood, 1978). Smyth 
, , 

a~Hasslewood (1963)have proposed that the co~position of bile 

is a-factor in the determination of host specificity of in-

testinal parasites. Although these authors support their 

hypothe'sis wi th in vi t~o studies on E. granulostls, there has 

.been Little substantiation from other parasites' in the seventeen 

years sinee their hypothesis was formulated. l have found 

that the larvae of T. SPiZalis are speoifical1y acti~ated by 

taurine-conjugated bil~ s Its while the larvae of N. dûbius 
t ' 

are activated by glycine-conjugated bile salts. T. spiralis 

is naturally transmitt~d through ingesti~nby carnivore~ and 

there is a tendency for the bile saLts of carnivores ta be 

conjugate~ with taurine (Srnyth'& Hass~ewood! 1963) while the 

larvae of N. dubius are ingested with herbage and there i5 a 

tendency for the bile salts of herbivores to be conjugated 

with glycine (Srnyth & Hasslewood, 1963). Although this may 

be taken as a broad support for the hypothesis 9f hast spe

cificity due ta bile, -this specificity is not absolute land 
, 

there may be' several other factors invd'1ved. Host specifiGi ty 
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in N. dubi'us 'Ï.s rest~1Ibted to mice and sorne other rodents 

'while _T. ~piralis ,has a wide range -of carnivorous and \cmni, . 
vorous hasts. 

The type 2 activity that i5- involved ia th'e p'ene---, 
tration behaviour of the larvae of T. spiralis ~s also stimu-

lated by 'II succus e·nter,icus"-. The behavloural response of /" 

"succus entericus" is similar to the response of the larvae 

to bile. Stimulation of the larvae of 'T. spiralis with. 

"succus entericus" leads to an incre'ased rate of establish-

men~ of the larvae in vivo, and significant increase in pene---- .' 

tration of agar in vitro. It was determined that the active 

component in "succus entericus" was the enzyme enteroJr..ipasé" 

The threshold of sensitivity to enterokinase, by the larvae, 

was extremely low and the kinetics of the response su~-

gest a sensory rather than enzymic stimulation. Enterokinase 

is a'key enzyme in ,the initial activation of trypsin, and 

other pancreatic enzymes and is secreted by the,mucosa of 

the anterior small intestine, the preferred site, of !. spiralfs. 

Ancther stimulus for type 2 activity ~n the larvae 

of T. spiralis is secretin. Secretin is a gastrointestinal 

hormone produced by the epithelial cells of the small in

testine (Guyton, 1976) and is net normally found in the lu-

men. l speculate that this hormone is necessary to maintain 

the type 2 activity of this nematode while it ts penetrating 

the intestinal cells. 
,', 

b) Intestinal architecture 

It has been argued above that penetration behaviour 

results fram stimulation by various secretions of the gastro':', 

intestinal tract. However, ,there may be additional factors 
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involved. Although bile stimulated behaviour that led 

to penetration of the mucosa of the duodenum by the larvae 

of ~. dUbius, the larvae did not penetrate the rnuèosa of 

the 'lower sroall intestine and large intestine even in the 
. " 

presence of bile. Perhaps_there is a tissue specificit~ or 

mech~nical sense base'd on the topQgraphy, or ar,chi tecture of 

'the ~ntestinal ce11s. Technical difficulties did not allow, 
,. ~ 

in vivo ve~ificationof this ,hypothesis ~ut the fol16win'g 

speculations are based on the observations of the behaviour 

of plant parasitic, nematodes as they approach and feed on, 

or penetrate host roots. 
, 

The pattern of feeding behaviour in plant parasitic 

nemâtodes is shown diagramatically in Figure 8.4a. This dia-

gram summarizes the observatiorts of several investigators .. 
(Doncaster & Seymour, 1973; Robertson, 1975; Trudgill, 1976; 

Weischer [; Wyss, 1976; Wyss, 19.77; Jones, 1978). Subsequent 

to in~tia+ activation by host attractants there appears to 

be,an automatic sequence with 4 major decision points which 

leads to nematode feeding. This is concurrent with a graduaI" 

restriction of movement (Figure 8.4b). The whole body'move-

rnents result in widespread exploration that is ~andom with 

respect to the'host roots prior to rnpving into the rhizosphere. 

<%i> 
~his leads to more specifie orientation which brings them 

to the roots. At the roots, the nematodes explore the sur-

face of the roots with their cephalic sensillae (Doncast~r & 

Seymour, 1973). If the surface architectur~ is appropriate, 

the nematodes penetrate with their stylets ta feed or use a 

combination of head movements and stylet thrusting to enter 

the cell. 

0' 
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An ana1ogous ~yst~m is possible in th' penetration 

of the mucosa by the infective stages of gastrointestinal 

nematodes. A model for this hypothesis is presented dia-

gramatically in Figure 8.5. Dispersal and 'penetration be

h~viour is stimulated by the secretions of the gastrointes-" 

tinal tract. ' This activity continues until the larvae ar-

rive at the mucosa, the larvae then explore the tissue and 

if appropr'iate, the y penetra te ~ 

The model is hypothe.tical but it may expla1.n the 

phenomena 'of tissue and host specificity. The tissues of fI 

the anterio~ small intestine of mice and sorne other rodents 

may provide the only appropriate cues for penetr~tion by the 

larvae of N. dubius. There 'is also sorne circumstantial evi-

dence to support this hypothesis. The larvae of T.' spiralis, , c _ 

when stimulated into type 2 activity with bile, migrate in an 
-

apparently random manner through agar, this behaviour is sug-

gestive of the widespread exploratory behaviour of phytonema

todes. In the course of their rapid unduIàting activity 

after stimulation with bile, the larvae of N. dubius have been 

frequently observed to explore, with their lips, the sides of 

the watchglass, cracks and bumps in the glass, and even each 

other, this behaviour is suggestive ot the local exploratioq 

of the host root by phytonematodes. Exploration of 'non-root 

struètures' have similarly been reported in the feeding be-

haviour of plant parasitic nematodes (Croll, 1972a). CCTV 

photomicrography of T. muris in the caecum, shows that a com-

bination of head movements and stylet thrusti~g are used 

while penetrating epithelial c~lls duriri~ tunnel formation' 

Q{Panesar & Croll, pers. comm.). 
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The above observatfons on tHe behaviour-of these 

nernatodes show several,similarities with the feeding be-, 

haviour of phytonematoaes. The behavioural repertoire of' 

nematodes appears to be finite with approximately 22 be

havioural • activities in 5 major categories ('CroU, 1972a; . ... 

éroll & Sukhdeo, in pre~s) and the nervous system and the . 
localization of sensory receptors are also remarkably con-

stant among nematodes (Ward et al., 1975; Ware et al., 1975; 

Wergin & Endo, 1976;~ Croll, 1977). Several behavioural ac

tiviti~ are un~er endogenous control and appear' ta be pro

grammed sequences which follo~ appropriate'sensory input 

(Croll, 1972a, b). l suggest that the behàvioural activities 

of plant parasitic and antmal parasitic,nematodes May corre-
, -

spond in j,'~eir penetration of host roots or host mucosa. 

6) Swmnary; 
" 

After entry into the appropriate host, the larvae 
"-

of !. spiralis, N. dubius and T. muris are stimulated,by 
, .... 
var~ous non-specifie and specific'stimu~i while being trans-

/ 

ported passively along the gastrointestinal tract. The evi- '" 

dence suggests' that there is a-separation in the stimuli and ~ 
,~ . 

dis-. behavioural responses'of activatidn(and ~mergence) from 

persal and penetration (Table ,8.2). Gastric secr~tion~, 

stimulate activation and emergence of the larvae of !. :spiralis 

and N. dubius while caecal factors sttmulate the activation' 

and emerq~nce of T. muris (Panesar & Croll-, in prep.). Sub'-, 
1 

~sequent te activation these larvae are st'imulated by specifie 

eues ante'ri~d or' adjacènt to 'their prefe~red sites. This 
.(' 

stimulat10n produces a prolonged activity in the Iarvae that 

", 

... 
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Relative 
Require-
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TABLE 8.2 SUMMARY OF THE STIMULI AND BEHAVIOURAL'RESPONSES 

~ 

OF ~. SPlRALIS, N. DUBIUS AND T. MURIS 

.. 
Trichineila,spiralis 

j. 
Nématospiro~des dubiùs 

Emergence 
" " 

Cl-

370 c· 
low pH . 

(pepsin) 

type 1 

~ "'''1 

i 

.' 

.~ 

Emergence 
. -----.. 

Dispersion 
and 

Penetration 

'" 

" 

, bi'le 
Cl-- " . ...... ' enterokl.nase 

" 
370 'C .~ . 370 C 

, 7 

near neut~~ low pU 
pH ~ 

type 2 
'prolonged 
motility 

'" 

Dispersion 
and < 

PenetratIon 
\ 

bile. 0 

37
0 

C 
. near neutral 

pH 

prolonged 
motîli~y 

... \ 

* unknown factor from the caecal content& 

/ 
/ a , 

.,;. 

Trichuris muris 

Emergence 

(> 

caecal* 
factor 

370 C 
near neutral 

pH 

crescendo 
o.f larval 
activities 
in the egg 

;~ 

Dispersion 
and 

Penetration 

caecal* 
factor 

370 c· 
nepr neutral 

pH 

prolonged 
motilit.y 

• 
".. 
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N 

. -. 
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results in dispersal from the ingesta and penetration of the 
,.--.. 

mueosa. Indirect evidence also suqqests that there May be 

tissue -specifie factors involved in the penetration of host 

mucosa. 

Lack of experimental evidence makes it difficult 

,to comp~e these hypotheses with t.he early si te ~election 

~haviour ~other qastrointestinal nemat~des. It is likely 

that while the spe~ific eues for ~ctivatidn and penetration 

may differ, the '~nderlying mechanisms ~f site sélection in 

00 other gastrointestinal nematodes are similar. 

[) 

., 
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CLAIM OF .O,RIGINALITY 

The elements in this thesis that shouId be con-, . -

si~ered as contribu~ions to orig~nal kn?W~e are: : 

(a), the' factors' that af'fect the lon~it~in~~istribution 
o~ !. spiraris and N. dubius (Chapter 3); (h), the _descrip-, 

tion of the transverse site of N. dUbius in the'small intes

tine (Chapter 4); (c), the description of the behavioural ..... 
II'-

changes during," and the factors affecting àctivation <wd 
• 

emergence o~·!:. spiralis (Chapter S); (dl,' the effe~ts of 

s~rgical modification of the gastrointestinal tract of \ , -
" , . . 

rats 9n the)'longitudinal dis1;r~b!ltion of T. spiralis and !i.. 

dubi~s . (Chapte;\6) and re), ~~ a.nalyses ,of dle behavioural 
.. 

responses of !. spiralis and.~. dubius to gastrointestinal , ; 
secretions in vitro (Chaptei 7). 
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