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“(\ﬂ/‘ABSTRACT

This study has invgst;gated the early establish-

L

‘ ment of Trichinella spiralis and Nematospiroides'dubius

in the gastrointestinal tracts of their hpéts. By using

different vehicles of infection, different pre-treatments

-of the infective stages, by changing intestinal hotility

and by implantation of the infective stages directly into
' L4
the intestine, significant changes in the longitudinal dis-

tribution were obtained. Surgical procedures, including

., gastrectomy, duocdenal by-pass, ligation of_the péncreatic

duct and ligation or relocation of the hile duct, performed
Y

on rats prior to: infection, have elucidated the central

roles of bile,chloride and enterokinase. 1In vitro studies

have corroborated in vivo studies. New categories of move-

ment were observed in T. spiralis and new activity patterns

were found to be stimulated in N. dubius exposed to bile. \

These obsgervationg are discussed inm the context
of site selection by intestinal nematodes with emphasis on
critical factors which activate infective larval stages

during their passive transport down the intestinal tract.
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- ‘ L'Etablissement précoce de T;ichinella %piralis - ’ .
. , . : hI

i

e ' et Nematospiroides dubius dans l'intestin de leurs hotes

}
a été étudié. Des changements significatifs .ont &té ob— "

a - r

‘tenus dans la distribution longitudinale.sous 1les con- .
ditions suivantes: differents modes d'infection, dans

- " . 1les cas ou lés larves infectieuses ont &t€ traités -au

o

préalable, io;s%du changemen% de la motilité de l'intestin

et augsi_par implantation de larves directement au niveau

o de 1'intestin. Chez le ratide l@bora?&?fe,'%é gast;ectigie,
l‘éviﬁement des voies duodé&nales, le ligation‘des coﬁduits i
pancréatiques , la ligature oulle‘déplacemenélges canaux

biliaires avant infection ont permis de déterminer le rdle

de la bile, les ions de chlore ainsi que l'enté&rokinase.

o™

D'autre part, les &tudes in vitro confirment les opsngAQ
tions faites in vivo. Des nouvelles catégories de méhye»
ment ont;été observés chez T. sgiéalis tandis que des ac-
R - .tivités nouvelles furent notées chez N. dubius lorsqg'ils
étaient incub&s dans la bile. : ‘
/: J Les,résuitats de cetfe»étude sont diséutésqen
,>'teﬁant'compte du gite de sé&lection choisi par ;qf nématodés‘
intestinaux et des facteurs critiques pouvant émtlvér les
' larves infectieuses durant leur transport qui est assuré
par les mouvements 'de ;}iﬂtestih.‘ o h[

{ S
) '
s

i gl S Ty



- Lot N . 4 " s w
. » - ’ d
= b =
P -
B .
' - iv . <
-
-
i
- ¢
. L}
’ -
»
.
A -
v - - "
1)
- . t .
A '
L) ‘ v
v « ,‘4 e 4 r
' . ! ¢

s o

R ;

v 4 - 4

- v
3 ! \\ i<
-
. / v
. v
. .
'
A

/ ' o

Sugqésted Short 7Title: - -

Mt

] >




\ S *> SRS e
] . . e e - - ELIE
. «/ L. [ e e -

-

TO MY WIFE

-

N

o A

<, g e e o

AN R,

Samrerat SRR S




4

B R e e A A A DY

#

s

e

vi

ACKNOWLEDGEMENTS~

e

I would-like to express my dratitude to.Dr¢ N. A.°

o e

Créll, myAresearch éupervisor, for his ﬁany constructive
criticisms, enghusiastic encouragement and stimulating.dis—
cussions that weée invaluab%e in the guidance of this pro-
ject,
I would also like to thank the entire Institute

of Parasitology for their help at various times, Dr. E. i
Meerovitch, Dr. C. E. Tanner and Dr. M. E. Rau for instruc~
tive discussions, Dr. G. Faubert for the use qf hig ZEESET
inella lab, Dr. Ry P. Harpur and Dr. ﬁ. Curtis for help
with statistical analysis, Mr. G. Bingﬂam for help with

\imal breeding and handling, Mrs. K. Hgll and Mrs. M. La-
Duk ﬁpr theﬁg maternal instincts, Mr. J. Smith for his help

\ \

with ﬁhotography and for b%ing an excellent labmate, Mrs.

E. Sukhdeo, Migs S. Hsu, Miss M. Rigby and MK. R. O'Grady

for their assistdvce with this thesis, and evé yone else \

for being friends., I am also especially indebted to Mrs. "\*’Kk

B. Crawford, who had the difficult task of typin‘\this* ' | \
~ thesis. ‘ \\ N

The financial help from the Institute of\gafa-
sitology,\NSERC and the Quebec government, for suppé?t, and

the NSERC operating grant to NAC, are also appreciated. -




TABLE OF CONTENTS f §
¢

. TITLE PAGE. .+ eersoieennssesaesnasesnasssnannnnnsnnsnsatonss i
ABSTRACT .. eeverucocranesnssasanascsosonssasocsnnsersssdonsss il
ABREGE..{...............;............,.......:.....2........ iii
SHORT TITLE .+« s asosancensenaosenssessossonssssnssinssensens o iv
X\ ACKNOWLEDGEMENTS . « v+ s s vsvsaennnnnessenressnsernsssenennnnes Vi
~  TABLE OF CONTENTS . s .sveavessocscacsasesesnansoencecsscances, Vil
LIST.OF TABLES ... eveseeeeeasononssanascsoanseoncnsasensanss Xidl
‘ LIST OF FIGURES. . «sseseosiasocsncasssanseonnnsasannsessenenne <XiX
INTRODUCTION. e ceveecdoonsncncenoassssosusncssossionasssansens 1

]

CHAPTER lo LITERATURE REVIEW.:--......-‘O-d.ooo-.-oa»ooq.ooo S

AND NEMATOSPIROIDES DUBIUS:...ceeeenvecsacoanee. 5

A

\\ A. THE LIFE CYCLES OF‘TRiCHINELLA SPIRALIS

’ o 1. Trichinella SpiraliS....ccecevevercccanncass 5

2. Nematospiroides dubiusS........ccccececeacss 9

B, SITE SELECTION BY GASTROINTESTINAL

y

NEMATODES..'.Q..Q...'...QQI..I.!."“.‘\.......‘ : 13
ll Introductionl‘..l.tt....o'.o.cCoo.oo\j-...oon 13

2. Activation of the infective stages o%

. - \
gastrointestinal nematodesS...cecsecsclocenss 14

3. The nematode Sensory system.........obeee.. 26

]

4, Categories of site selection behaviou ofx

N nematodes in the gastrointestinal tract.... 28
i -

a. Nematodes with the site selection in

\
: the gastrointestinal tract the same

at different SEAES. e vnreseivnnennansas 28




- ° ,]r

N . " v

TABLE OF CONTENTS (cont'd)

b. Nematodes with- the sites in the

gl

gastrointestinal tract and extra-

gastrointestinal locations differ-

i

~ent at different;stages......;.ya.....u. 31
c. Nematodes with the sites in the

gastrointestinal tract different for
, ’ P
different/stages....-.......-...;.(-..ac. 34

9 .

5. Factors affecting site selection of qaséro-

intestinal parasités.....s'sveeeenaceeaenas 37

A. Diet...-.-...P-c-'.-------‘.-o'-,-.--..--.- 38

-

br, Gradients'."........l.....I.......'.... - 40
Y ' » ) '
\ c: MicrObi'al flora...................-.t...a 40

\d.bParenteral factors.........;........:... 41

- e. Intra-specific and inter-specific inter-

-

f

actions between PArasiteS..eceveveneeess 42,

CHAPTER 2. GENERAL METHODS AND MATERIALS ...:vueeassccncrens. 44
"A. THE PARASITES...evevovneransoensoceoeensennees 44

- B. THE HOSTS..2...............,............,..... 44
C. METHODS OF HANDLING TRICHINELLA SPIRALIS...... 45

» I
1. Collection of infective larvae.............. 45

2. Counting the 1af§ae........................ 45.
) .
3. Infecting with T. gpiralis.......c.cc0vves. 46
y ) 4. Recovéry of T..spiralis from the gut....... 46

D. METHODS OF HANDLING NEMATOSPIROIDES DUBIUS.... 47
1. Collection "of infective larva@.......,..... 47
2,[Counting the larvﬁe,and infecting with

"

d_g. D‘mius.no‘ow:m.canoo..ic..n-oaoa.l;oco-tf- 47



CHAPTER 3.

CHAPTER 4.

1

ix

TABLE OF CONTENTS (cont'd)
: | @
3. Recoveryhof N. dybius from the gqut.........
E. 'I’HE MEASUREMENTS OF LARVAL: BEHAVIOUR IN VITRO.
F. THE MEASUREMENT OF GUT {PROPULSION. cessssecasse
G. GENERAI. SURGICAL PROCEDURES........ teseseancas
H. SOURCES OF BILE FOR EXPERIMENTATION; ceevs s avnes

"I. HISTOLOGICAL PROCEDURES .. ¢ cceacervontetoncons

FACTORS AFFECTING THE LONéITUbINAL DISTRIBUTION - ¢

OF TRICHINELLA SPIRALIS AND NEMATOSPIROIDES

DUBIUS IN THEIR HOSTS...eueronnaceaensassenacons

-

Ao INTRODUCTION.QO."O'OI-I""I.'C.!..'l.'I..".
B. MATERIALS AND METHODS.........................

1. Trlchineixa SPiraliS.ciccceceenacnccenanans .

2. NematoSpiroides dubilS.....eeeveeceroccenss

-

c. RESUI;TS....;.ID...‘..OCO.'ll..n.."‘...t."._O'...

1.'Tri¢hinella'spiralis.....................¢.

2. Nematosbiroides AUDAUS. s s e eonrenonenaannade

D. '\DIéCUSSION.--........-’-.o...--o.a.-.--.....o.

_lo,Trichinella Séiralis...../\./.‘.-..,....._-.
“1

2., Nematospiroides dubiuS..eccvevecctocoosscan

3. .S‘marYo'Doo'01.'.‘o'clo-\.ccco-tononooontoa

51
51
53

53

© 58

62
62
107
134
134

145

T 148

THE TRANSVERSE SITE OF THE LARVAE OF NEMATOSPIROIDES

DUBIUS IN THE GASTROINTESTINAL TRACT OF THE MOUSE.

A INTRODUCTION.-..J'o--tlctcop..loo'Uo!.o.o--'!-
KX

B. MATERTth AND METﬁODS.....,...................

C. RESULT§ AND\DISCUSSION....;..........’.........

D. SUMM\ARY'.Q....O‘...Q‘..."ll...l‘.".....l..'.]".\.

/ v

~

QR T DRt e W
" g X

149
149

‘149
150

167




/

TABLE OF CONTENTS (cont'd)

¥ ' '

CHAPTER 5. EXCYSTMENT BEHAVIOUR(IN TRICHINELLA SPIRALIS

THE EFFE(:':T$ OF GASTRIC SECRETIONS...:ececsss0es0. 168

A. INTRODUCTION........................’...’....... 168

) ’ B. MATERIALS AND ME'moos........................1_ 169
‘l‘l The method of recovery of encysted larvae
~ 0f T. 8piraliS.cceieevecrcscrescacncesossss 169
-~ ‘ 2. Experix’ner;ts on the encystme;it of T. spira-
_1_;5 169
- - - €
B T DR 1 T
7 ) 1. Pepsin and exsheathment......o.ceeceereeoass 179
L 2. Béhaviour Of larvae...civevvqeservgosncoanes "179
, 3. Enzymes and excysﬁment...................../’ 184
4. Acid, chloride ion and excystation..... e 1384
g / .5. Intestinal secretions and excystment.....\.. 185
6. Excystment and gastr‘ectomy..........‘..,},.... 185
‘7. Resistance/of the ix}fective stage\...... cees 207
D.. DISCUSSION. ......:.................t.......... 207
CHAPTER 6. 'Z!'HE ESTABLISHMENT OF TRICHINELLA éPIRALIS AND’
v / NEMATOSPIROIDES DUBIUS IN THE SMALL ID,ITESTINE:
- THE EFFECTS OF SURGICAL MANIPULATION OF '
{; INTESTINAL SECRETIONS c.vveecesrncecsoccooscssoneecss 212
g‘ \ A. INTRODUCTION....veeerssunnrnnnnnsusnesennnsans 212
g n B. MATERIALS AND METHODS....eo0eccocsocasesnneess 213
ﬁ Co RESULTS....ovuereceibononneratonneecvusnnnanns 227
; ! 1. Mice: The effects of excluding bile..%.... 227
r\ - ‘ 2. Rats: The effects of Maﬁipul\iating bi]le
P and pancreatic sgc’retions........I.......... 236

.

SN




¥ “ | 78

TABLE OF CONTENTS (cont'd)

D. DISCUSSIONQO...‘.‘....Q.."Q'.Cl..‘\........... 283

%
lc TriChinella Spiralis. ..... e e e e s sacssenaasoe 283

2. Nematospiroides dubius........5%,,...\..... 286

3. S‘mary.o.olontnoyotoo't;oobo-otosngotosuco 287

-7

A CHAPTER 7. FACTORS AFFECTING THE BEHAVIOUR OF THE INFECTIVE

LARVAE OF TRICHINELLA SPIRALIS AND NEMATOSPIROIDES

. DUBIUS « e o e eeeveonnenonnnnnens Cererreredeeenenaa. 289

A. INTRODUCTION. ...0eeveennrnn- et eigearaeeenaiae. 289

W _B. MATERIALS AND METHODS....... freereeeneeiiiaeas 289
1. Trichinella SpiraliS...cccevevscsescesnsssses 289

Q
2. Nematospiroides dubdus.....ccccevaceasecssas 300

Co RESULTS.-...........oooa.ooocoo-o'o-.-c'-‘---o-. 303

1. Trichinella spiralis............. R 303
2. Nematospiroides iji}ggi;.. ..... seevenseense 342
D. DISCUSSION ... vseceeeorteceoreossosancns vessessne 371

B 1. Trichinelda spiraliS.......ecce... Ceeeesaas 371

2. Nematospiroildes dubius...i.ceeeececasceesss 393

3‘ S\lmnlary..-.....-....-3--...-....-:..-..‘-.-. 395
CHAPTER 8. GENERAL DISCUSSION.:eeeesosvecesrceencsancacsases 396

o

1. Entry into host....c.vceivevvecnreneseacees 399
2. General and sgecific stimuli from the -
gastrointestiﬁal tract..coceececene tees... 400
3. Behavioural changes during activation..... 405
4. Dispersionx.......i..;...... ...... ceceess. 406
5. Penetration and establishment.....cc000uas. 410

o,

6. S\mary..-..OOL."......':OC'.ooooccco'ol- '(421



xii >
)
TABLE OF CONTENTS (cont d)
@‘
REFERENCES..‘........0......'.‘-.!.....lbl...l.l'."'....lll 424
CLAIM OF ORIGINALITY cvveevoeeecneosenssacenoanonnonseaneeanas 458
prege 1]
{ o~
2]
,“"h’
Pl
4
™\

. ’ a
. v
v ,:)
y
: .
r:‘ -
g‘ mr/r;




N

TABLE
1.1

3.5~

xiii
\
LIST OF TABLES
PAGE

The sites occupied by adult nematodes in
the gasirointestinal £ract..ceeeeecencceeeass 15
The mean recovery of adults from the small
intestine 5 days after infection with 500
larvae Of T. SPITaliS..veeveveacseconncesnoeas 10
The mean total recovery of adult worms of T,
spiralis from the intestine of mice after
adjusting to feeding during a l-hour period
each day, infécted with 500 larvae...eeeveees. 83
The mean recovery of adult worms from the
small intestine following the implantation of
500 larvae of T. spiralis into different loca-
tions Of the QUt.....eeeeereeencersascacionnss 87
Tﬁe mean recovery of adults from the small in-
testine following the implantation of 500 lar-
vae of T. spiralis into ligatured pouches in
different locations of the gut....vveeeveeeaes 32
The mean recovery of adults of T. spiralis in
mice treated with Lomotil 5 days after infec-
tion Wwith 500 1arvae........eeevveecncceneanss 97
The mean recovery of adults‘of T. spiralis in
mice with altered integtinal propuision, 5

days after infection with 500 larvae..........103 ¢




TABLE
3.7

xiv
LIST OF TABLES (cont'd)
- - ,
PAGE
The mean number of adults recovered from
the small intestine, 5 days after infeg¢- . - | a
K K

tion with different inocula Of T. spis
FAlig..cieieeeracnrenicnseccncaocneniosneass 106
The mean number of adults recovered from

the small ihtestine 5 days after single-

sex infections with 250 larvae of T. spi-

£ALIS. et eaurnennuraeanrnorsonncnsanaensonnsas 110
The mean recovery of larvae of N. dubius '
from the small intestine 6 days after in-
fection.with 100 larvae.........c.vevveeen..s 113
The mean percent larval recoveries 6 days

after infection with 100 larvae of N.

QUDIUS. s evaersooscsssencssscnsascoascssnssnes 120
Percentage recovefy of larvae of N. dubius
following implantation of 100 3rd stage

larvae into the gut.................:........ 124
The mean larval recoveries from the small
intestine Of mice with altered intestinal
propuslion, 6 days after infect;on with

100 larvae of N. AUDAUS . v e e v envnnvnnnnannaass 131

The mean larval recoveries from the small in-

.testine 6 days after infection with different
1nocula of N. AUBAUS.evsereneeesenaerencaaes, 139



—p—

y

LN

S

&

LIST OF TABLES (cont'd)

-
.

I

TABLE . PAGE
5.1 The rate of activity and the percent of
the population active 5 minutes after
excystment in the presence and absence o
OFf Cl™ AOMS.veeceencnrorenrassnasaseecaansess 198 )
5.2 Recovery of adults in gastrectomized rate
5 days after infection with 1000 larvae of
T. sEiralls....‘......w..............i....... 208
5.3 Adult recoveries of T. spiralis from rate
infected with the mucoial scraping of in-
fected mice given 5000 larvae per gg.::...... 209
6.1 The mean percentage recovery of T. spiralis
in the small intestine of mice 5 days after
infection with 500 larvae each.....cceeveene. 232
6.2, The mean percentage recovery of larvae of N.
Dubius from the small intestine of mice 6
days after infection with 100 larvae each.... 235
6.3 The mean total recovery of worms from the
small intestine of surgically altered rats
8 5 days after infection with 1000 larvae of
‘T. SPiralisS..cocececccrnccocccocanaancnnassas 243
6.4 The mean total récovery t of worms from the
small intestine of surgically altered rats ;

6 days after infection with 300 larvae of

N, dubiuS...eeveeeeaneesnnsnccasaoecansesnasss 282

%

e T At Mt e BB < iy X wd B



TABLE

7.1

7.3

7.7

xvi

r

LIST OF TABQ#S (cont'd)

/

The effect of various animal biles in i
saline on the population activity of . .
T. sgirai;s larvae in vitro at 37° C.........
The'effgct of various bile salts in

buffered saline (pH 7.2) on the ac-

tivity of larvae of T. spiralis
in vitro at 37° o A

The féqovery of adults from the small
intestine 5 d&ys after infection with

500 lgrvae of T, spiralig..ccccecevcccececannn
The recovery of adults from the small
intestine of mice é‘days after infec-

tion with 500 larvae of T. spiralis..........

" The effects of mucus and components of

mucus in buffered saline (pH 7.2) on the
activity of larvae of T. spiralis in

vitro at 37° Cevererennrennsncreccccsccnsanns
The effects of the components of "succus
entericus” diluted in buffe;ed saline

(pH 7.2) on the activity of larvae of T.
[3)

Seiralis..-....-...-;..-.....--...-.-......-.

/ 3

The activity of the larvae of T. spiralis
30 minutes after stimulation with entero-
kinase in various buffered solutions at

o’
37 c............--o---o----........n.-....-.

312

327

330

336

341

345




TABLES ™

7.8

7.10

7.11°

7.12

7.13

7.14

xvii

LIST OF TABLES (cont'd)

' PAGE
The numbers of adults of T. spiralis re--.
covered from the small intestine of mice
5 days after implantation of 500 larvae
into the duoden\mh.......-........."....-..... 348

?
The effect of bile and "succus entericus”

. in buffered saline (pH 7.2) on the disper-

sion of the larvae of T. spiralis from an
artificial food bolus in vitro at 37° C...... 349
The effects of bile and "succus entericus".

on buffered saline (pﬁ 7.2) on penetration
behavious of the larvae of T. spiralis in

VAEEO Bt 372 Clivreeinriirineainneananeansa? 350
The effects of gas mixtures on the activity

of the larvae of T. gpiralis incubated in
buffered saline (pH 7.2) at 37° Covevevneen .. 353
The effects of bile salts in buffered saline‘

(pH 7.2) on the activity’of the larvae of N.

dubius in vitro at 37° Ciivnecevenenennnnnna. 372

The recovery of worms from the small intes-

tine of mice 6 days after infection with 100

larvae Of _N_. dubius.z...o..no...n...00.0'..00 3‘73k

The effects of gastric secretions and various.
gas phases on the activifgy of the larvae of

N. dubius in vitro at 37° Ci.evvvineareneae. 374

B, e R e

sk,
L



24

TABLES
7.15 -

7.16

8.1 =

. ’ , xviii
LIST OF TABLES (cont'd)

‘ | PAGE -
The effect of.bile and "succus entericus" in
buffered saline (pH 7.2) on the di;pefsion of .
the larvae of N. dubius from an artificial
bolus in Vitro at 370 Cou.eeeveeeenennnneans. 384
The effects of bile and "succus entericus" ‘
in buffered saline (pH 7.2) on the pene- v
tration ,behaviour of the larvae/of N.

dubius in vitro at 37° C..i..iecvieveenenne... 385

Selected environmental conditions encountered

.~ by nematodes after entry into the gastroin-

testinal tract of the appropriate host........ 401
Summary of the stimuli and behavioural
responses of the larvae of T. spiralisg, N.

dUbius a‘nd .".:.' muris--.o..ooontcc...ooo.lio.oo. 422

4

R




FIGURE

0.1

NS

@ ‘ xix

LIST OF FIGURES

PAGE
Schematic model of the significant fac~ .
tors that influence the selection of sites
by parasitic hematodés of the gastrointes-
tinal t;act........Ti.............;.......... 4

The life cycle of T. spiralis...........c.... 8

The life cycle of N. dubius........cc000veee. 11

v

The distribution of adults in the small in-

. testine of mice 5 days after oral infection

with 500 larvae of T. spiralis............... 64
The disﬁr{bution of adults in the small ;n-
testine of mice 5 days after oral infection

with 500 larvae of T. sEira%is............... 67
The distribution oF adults in the igall in-
tgstine of mice 5 éays after oral infection

with 500 larvae gf'g. spiralis........ S 1
The distributio; of adults in the small in-
testine of'miqg 5 days after infection with

500 larvae of T. spiralis and the distribu-

tion of food in the gut at the time of in:
FECtiON . s e veerreeenenereeeennnennecsennneenns 12
The distribution of adults in the small in-
testine of mice 5 days &fter infection with

500 larvae of T. spiralis and the distribu-

tion of food in the gut at the time of in-

fectionc...'..oIllv"..oo.lonooc.ol.o-.-ost-ol 74

[3

T

B s 7 V3o A TS ¢ e e e




e ey e e s

FIGURE
3.6

3.9

3.10

PAGE

‘distribution of food in the\gqut at the

time of~infection............\............u.. 76
bar
The distribution of adults in the small in-

testine .of mice 5 days after infection with

_ 500 larvae of T. spiralis and the distribu-

*
tion of food in the gut at the time of in-

feCtiQn....-.---.....o-.-.-......\...........- 7

The distribution of adults in the small in-
testine of mice 5 days after infection with
500 larvae of T. sgiraiis and the distribu-
tion of food in the gut at the time of in-
fection...vvecsireeriirneieenearenoencesaneaas 80
The distribution of adults in the small in-
testine of mice 5 days afte; infectiop with N\
500 larvae of T. spiralis and the distribu-~
tion of food in the gut at the time of in-
fection......................................Q 82-
The distribution of adults in the small in-

testine of mice 5 days after infection with

500 larvae of T. spiraliS..cciceececiencncsn,y. 85




3.11

3.12

3.13
3.14

3.15
3.16

3.17

/ . . oxxi

e

The distribution of adults in the gut of

‘mice 5 days after implantation of 500 l@x%

N

vae of T. spiralis into temporarily liga-

tured pouches of gut..... .eceiveecccacacesos B9
The distribution of adults in the gut of

mice 5 days after implantation of 500 lar-

vae of T. spiralis into temporarily liga-

tured pouches of the mid small intestine..... 91
The rate of intestinal propulsiqn in mice.... 94
The distributionJQ% adults in the small én-
tegstine of mice 5 éays éfter infection with

500 larvae of T. spiralis.....ccecveeveceeces 96
The rate of intestinal propuléfbn in mice.... 100
The distributionkof adults in the small in-
testine of mice 5 days after inf;ction with

500 larvae of T. spiralis....ccoeccesrecesess 102
The distribution of adults in the small in-
testine of\mice infecteé 5 -days previously '
with: 4a, 100; B, 500;“C,11000 and D, 2000

larvae of T. spiralis.....ccceececcassncsaass 105
The distribution of adults of gf spiralis

‘'in the gut of mice 5 days after infection

with: A, 250 ferale larvae; B, 250 male
larvae and C, 250 mixed larvae (female:

male = 2.3:1:’0).coua..accoauoooo:oo-.o‘-uocnc/- 109

7

- )\‘

8 2o M it Bt

Sunia



PRI

T T

e

3.25
3.26

3.27
3,28

xxii
LIST QOF. FIGURES (cont'd)

-

I4

The distribution of larvae in the small .

~intestine of mice 6 days after infection

with 100 larvae of N. dubiuS......ecceose.s.. 112
The distribytion of larvae in the small in-
testine gf mice 6 ’days( after infection with

100 larvae of N. dt;bius....................... 115
The distribution of larvae in the small in- 1
testine of mice 6 ciays afte:;' infection with AN

100 larvae of N. QubilScecveeeorersosivosnnsas 117
The distribution of larvae in the s‘mal’i in-

testine of mice 6 days after infection.with

100 larvae of N. dubius and the distribution

of food in the gut ‘at the time of infect,i.on.:' 119
The ' mean recovery, of ’worms from the small: in-
testine of mice 6 days after implantation of

100 larvae of N. dubius into the duodenunm. - .. 122
The mean recoverg; of worms from the small .in-
testine of .mice 6. days after imblantation of

100 larvae of N. dubius into the ileum....... 126
The rate of intestinal propulsion in mice.....128
The distribution of worms in the small in-—
testine of mice 6 days after infection
with 100 larvae of N. dubius........ .{. . “ cese 130
‘E[‘he rate of infestinal propulsion in mice.... 1J33
The distribution of worms in the‘ small in-

il

testine of mice 6 days after infection with,

( :

'



\ . ’
. LIST OF FIGURES (corit'd) ‘ N ‘
_ _ oo
“FIGURE : PAGE
100 larvae of N. dubi‘us......7.......3.../. «.. 136
3.29 The distribution of worms in the small in- <
testine of mice 6 days after infection with:

t

A,”Lop; B, 200; C, 500 and D, 1500 larvae .
Of N. dubiuS.uvecececrencccseacsarssscassassss 138
4.1  'Histological section of the stomach of ,
, mice A, 30 minutes and B, 60 minutes after
. infectioh with the larvae of N. dubjusg....... 152
4.2 The location of the larvae of N. dubius in
the stomach and small intestine 1 day after .
infection..ieicieeseescansesesacscssesccvssnncs \154
4.3 The location{ of the larvae of N. dubius in .
the small iﬂtésé”ine A, 10 minutes and B, 30
minutes; ther INFECELON. e e v entrerenennnarss i56
“4.4 ' The location of the larvae of N. dub::Lus in
the small inte;tine A, 3 days and B, 7 days
after infection.......‘..‘..................... 159 -
4.5 The location of the larvae of N. dubius in
the small ‘intestine 5 days after infection... 161 <
4.6 The location of the adults of N. dubius in $
the smali. intestine 9 days after infection... 163 '
The :‘Location of the larvae of N. dubius in ' .
- the small intestine A, 5 days and B, 7 aays
after infection.. ................‘..........-.../} }6‘M

5.1 - The removal\of the stomach in the rat:... el 1'}5"

502 Bile dUCt ligature...-.".‘.....o......‘-......- 178




) ) - xxiv

[

- : LIST OF FIGURES (cont'd) L . f \
v . N 4 ’
[

FIGURE | ‘ | PEGE |
w 5.3 . The ratg¢ of excystment of th; larvae of g_; ,‘
spira}is in different concentrations of
pepsin after homogenization in saline........ 181
5.4~ The rate of eﬁx\cystment of @.he larvae of T.
spiralis in diffefent concg;aations of
pepsin after homogenization in distille;i
1 w.ater..............). sereleteens ceseseceessqe 183

5.5 Larval excystment, the larvae of T. ggi:ralis

is shown breaking out of the c&st tail-first

. 187

: after pepsin-HCl stimulation......vv.
Frame-by-frame analysis of &he movement pat-
v ‘ tern of a larva of T. spiralis in type 1
MOVEMENt e eveseoccenosoasstsosssssroaccsnccsssee 189
5.7 The rate of activity (tylp#e 1) and the popu-
Jation activity of the\larvae after excystment '
. in the HCl-pepsiﬁ solution and ;.n tl'i‘e absence
' Jf other stimuli..;L.........z............... 151
5.8 The percentage exc’ystment of the c¢ysts of T. X
7 N . sgiralis -after 30 minutes incuba/tioh at 371° ¢

’

fers--........-.:.:.........-...........--..'.. l93
N

3

¢

i

¥ in various enzyme solutions in a series of buf-
:

:l

{ \

4 5.9 The percentage excystment of theé cysts of T.
: . . _spiralis after 30 minutes incubation at 3/)° c
in 1% pepsin solutions of different concentra-

E u} /s . ‘3 t‘ions \\of acid/ql""-"""""""""")‘0"" 195

&%

fias

\/. _ ‘/x | |

e w
- B N | Semer v
B - - E s 2




- FIGURE

x,

%

5.11

5.12

5.13

5.14

6.1

XxxXv

LIST OF FIGURES (cont'd)

5 t

PAGE

The percentage exéystment of the cysts of

T. spiralis after 30 minutes incubatien

‘at 37° C in 1% pepsin solutions at differ-

ent PH.e.o.vveooernaeonse ceaeetioaas ceescean .o 197

~ The mean. % population active after excystment

of the larvae of T. ggifalis in various solu-
LiONS.eeeerteesccasscsssssoscssenssscsasascsoccs 200
The dist;ibution of adults in the small in-
testine of rats 5 days after infection with

1000 larvae of T, gpiralis........... : ........ 202

The distribution of adults in the small in-

, testine of rats 5 days after infection with

1000 larvae of T. sgiralis..,..; .............. 204
The distribution of adults in the small in-
testine of rats 5 days after infection with

1000 larvae of T. spiralis after gastrectomy

and bile duct ligature..............;......... 206
Bile duct ligature in the rat............. eee. 217
Bile duct cannulation in the rat....: ......... 219
Bile'flow externalized in the‘rat............. 221
Duodénal bypass in the rat......cveeeeeeeerees 224
Pancreatic duct ligdture in the rat........... 226

The distribution of adults in the small intes-

tine of mice 5 days after. infection'with 500

larVae Of 2- SEifaliS...—..-.........-........ 229



6.10

6.12

xxvi

. LIST OF FIGURES (cont'd)

o "
L]

’ \ PAGE
The distribution of adults in the small in-
testine of mice 3 days_.after infection with
500 larvae @f T. spirdlis......,.ceveveeeecos. 231
The distribution of wo;ﬁs in the small in-
testine of mice 6 days after infection Qlth
100 larvae Of N..dubiuS...teeeeeeeeioneranrens 234
The distribution of worms in the small in-
testine of mice 6 days after-infection with
100 larvae of l_\l_dublusj 238

he small in-

[

The distributionvgf adults in.
testine of control rats with sham operations, 5
days after infection with 1000 larvae of T,
sgiralis................Z..................;.. 240
The distributién of adults in the small in-

testine of control rats with blind cannulas,

5 aays after infection with 1000 larvae of T.

SEiraliS.......-.-...-.-...................---'242
The distribution of~fdults in the small in-

L
testine of rats with ligature of the bile duct,

¢
5 days after infection with 1000 larvae of

T. spiralis.c.cceccccsccrcrcccranccnnsconsaass 245
The distribution of adults in the small in-
testine of rats with the bile duct cannulated

to different locations in the small intestine,

N

5 days after infection with 1000 larvae of T.

w

- o 0 X I X 1



xxvii

“LIST OF FIGURES (cont'd):

FIGURE . PAGE
6.14 The distribution of adults in the small in-
testine of rats with thé bile duct cannu-
lated to different locations in the sma2l in-
testine, .5 days after infection with 1000
larvae of T. SPiraliS. .....ccvevevcenaccnoaens 250
6.15 The distribution of adults in the small in-
testine of rats with the bile duct cannulated
to different locations in the émall intestine,
5 days after infection with 1000 larvae of T.

SP1raliS...iieeiiiiieeriiecctenaccannnccananes 252

LY

6.16 The distribution of adults in the small in-
testine of rats with the bile flow externa-
lized, 5 days after infection with 1000 lar-
vae of T. spiralis..........cciveenerncacenes 254

6.17 The distribution of adults in the small in-
testine of rats with duodenal bypass operétions,
5 days after infection with 1000 larvaé of T.

( SPiralisS.....cceieiiiiiiiiiieiiicnciaanacains 256

6.18 distribution of adults in the small in- '
testiffe of rats with ligature of the bile and
pancreatic ducts, 5 days after infection with
1000 larvae of T. spiralis...........eevv00u0s 258

v 6,19 The distribution of adults in the small in-
testine of rats with ligature of the/ﬁancreatic

‘ duct, 5 days after infection with 1000 larvae of

2. sEiralisl.-.o.o.t"ooncOovc....l.o.-oo.'-oo 260

N S



]

FIGURE

6.20

. xxviii

LIéT OF FIGURES (cont'd) R

PAGE
The distribution of adults in the;small in-
testine of rats with ligature of the bile
Quct and treated with cholestyramine prior
to infection, 5 days after infection with
1000 larvae of T. spiraliS......ccceceeeensea. 262
The distribution of adults in the small in-
testine of rats treated with cholestyramine
prior to inféction, 5 days after infection
with 1000 larvae of T. spiralis.............. 264
The distribution of adults in the small in-
testine of rats with the bile duct cannulated
to different ,locations of the small intestine
and treated with cholestyramine prior to in- .
fection, 5 days after infection with 1000 lar-
vae of T. sEiralis..:.......................; 266
The distribution of worms in the small in- ‘
testine of control rats, 6 days after infec-
tion with 300 larvae of N. dubius............ 269
The distribution of worms in the small intes-~
tine of rats with the biie duct cannulated to
different locations of the small intestine,

6 days after infection with 300 larvae of N.

AUDiUS.eereevvsnvcnnsrsecsnsnscassnacssecanses 271

_



FIGURE

6.25

6.28

xxix
LIST OF FIGURES (cont'd)

PAGﬁ
The distribution of worms in the small in-
testine of rats with the bile duct cannula-
ted to different locations of the small
intestine, 6 days after infection with 300
larvae of N. dubius.....ec.00evvrvnncocnnnns 273
The distribution of worms in the small in-
testine of rats with duodenal bypass opera-
tion, 6 days-after infection with 300 larvae

Of E- d\IbiuS..-.-.oo-..-o..--....-....-...a-- 275

* The distribution of worms in the small in-

testine of rats with liéatufe of the bile

duct, 6 days after infection with 300 lar-

vae of N. AUDIUS. ¢ evrreennronneeeennnannnnns 277
The distribution of worms in the small in-
testine of rats with the bile flow exter:gi
lized, 6 days after infection with 300 lar-

vae OFf N. AUDiUS.«cvveeenneeranceranancnasnas 279

The distribution of worms in the small in-

‘testine of!;ats with ligature of the bile and

éanc;eatic ducts, 6 days after infection with
300 larvae of N. dubiuS.ceeeeeeeceeannncaess. 281
Frame by frame analysis from the CCTYV screen

of an infective larva of T. spiralis in type

2 aCtiVitY-....-.-.....---..'-.... LR I R A A ) 306

-

.
e A o TR oE1S 16 e Bn o

-

L

(Y

”



FIGURE

7.2

7.3

7.4

7.5

7.7

7.9

PR Te e

XXX

LIST OF FIGURES (cont'd)

PAGE
The population activity of the excysted
larvae of T. spiralis at different tempera-
tures and under different conditions.......... 308
The behaviour of the‘'larvae of T. spiralis
at different temperatures and under differ-
ent conditionS......cvvuieececrcncsssannsenesas 310
The activity of the larvae of T. spiralis in *
response to stimulation with 10% pig bile.... 314
The rate of movement of the larvae of T.
spiralis in response to stimulation with 10%
Plg bile...ceuiiteiceeenoeesassosnnssncnssaaas 316
The population activity of the larvae of T.
spiralis in response to log dilutions of bile
after 30 minutes incubation at 37° C......... 310
The activity, of the larvae of T. spiralis in
response to loé di}utions of taurodeoxychqlic
acid after 30 minutes incubation at 37° C..... 322
The percent population of larvae of -T. gpiralis
in type 2 activity 30 minutes after stimulation
by 10% bile solution and after va;ious inter-
vals of digestion and refrigeration........... 324
The ﬁean % recovery of adults from the small
intestine of white mice infected 5 days pre-~
viously with larvae of T. spiralis 'that had
been treated-with various periods-of diges~

tionoDonoo..cl.aovc'llalvo-o-no.ccc.-qlu..--l. 326

i




——

FIGURE

7.10

7.12

7.13

7.14

7.15

7.16

7.17

s xxxi

LIST OF FIGURES (cont'd)

The recovery of adults from the small in-
testine of mice 5 days after infection

with 500 larvae of T. spiralis given by im-
plaﬂtation into the ileum.......c0vvseeennen
The recovery of adults from the'small in~
testine of mice 5 days after infection with
500 larvae of T. spiralis given by oral in-
oculation........... et reteseeBar o asesnanonns .
The activity of the larva of T. spiralis in
response to stimulation with the crude mﬁ-
cosal extract from different regionslbf

the gut...vveecncaen saencen erscacssenasaniae
The behavioural tresponse of the larvae of T.
spiralis to stimulation with "iuccus en-
tericus"........... ceanssssaca oo aes Ceeeenias
The activity of the larvae of T. spiralis in
log dilutions of "guccus entericus”..........
The activity of the larvae of T. spiralis in
log dilutions of enterokinase (80 units/ml)..
The recovery of adults from the small intes-
tihe of mice 5 days after infection with 500
larvae of g\:sgiralis given by implantapion
into the duodenum......veeeceeses. checesneas .
The tracks of worms (visualized throﬁgh bac=-

terial overgrowth) as they migrate through

agar..-...-'.........-.............-...-.....

PAGE

329

333

335

338

340

344 -

347

. 352

A

PR Bk, B s Ve WS e




xxxii
LIST OF FIGURES (cont'd)

FIGURE PAGE
7.18 The population activity of the larvae of
N. dubius in response to stimuli at 22° c..... 355
7.19 The rate and duration of movement of 4 in-
dividual larvae of N. dubiuslafter mechani-
cal stimulation.........................‘...... 358
7.20 The rate of movement of the larvae of N.
dubius in response to stimuli at 22° C........ 360
7.21 The population activity of the larvae of N.
dubius in response to stimuli at 37° Covvnnnn. 362
7.22 The rate of movement of the larvae of N.
dubius in response to stimuli at 37° C........ 364
7.23 The .population activity of the larvae of N.
dubius in response to log dilutions of bile
after 30 minutes incubation at 37° C.......... 366
7.24 The template used to divide the petri dishes .
in the bile gradient studies..eceveecssocecces. 368
7.25 Thesnumber of larvae of N. dubius recovered
from each sector of the petri dish after 30
minutes incubation at 25° C....... Ceeseenensss 370

P

7.26 The recovery of larvae from the small intes-
o tine of mice 6 days after infection with
rvae “of N. dubius given by oral inocu-

‘laéion....‘..-o..-.......--.-....-...-.....-..,. 377

o5
5




7.28

e

xxxiii
LIST OF FIGURES (cont'd)

' PAGE
The population activity of the larvae of N.
dubius in response to stimulation with the
crude mucosal extract from different regions
Of the qut...icceereterocnsesnossesanessscanssss 379
The population activity of the larvae of N.
dubius in response to log dilutions of "suc-.
suc entericus" after 10 minutes of incuba-
tion at 22° Coevenescnsonnssososssasnsosesnvsass 381
The population activity of the larvae of N.
dubius in response to stimulation with "suc~

cus entericus"................\,............... 383
A model for early site selection by the infec-
tive‘ larvae of T. spiralis, N. dubius and T.

e PP 17
Diagrammatic representation of the activity

of the infective lafvae of T. spiralis, N. ‘
dubius and T. muris at different tempera-

BUr@S ciiceacescasessaccsscasonsasocnsnsnosnssas :403
Hypothetical survival curve, described by

three physiological parameters known to in-

fluence infective larval activitf and sur-

Vival (CrOll, 1972b)0‘.0.!0'0"00.-'...'.‘0" 408

DAk o g s 3 oyl o o Bt e e e k1 $E i



P R

e et e e TN TR ST amg

Xxxxiv

"LIST OF FIGURES (cont'd)

PAGE

A model of the feeding behaviour in

plant parasitic NEeMathdeS.cceeeeereeoenrsenns 417

A model for the penetration of the in-
testinal mucosa by the larvae of gastro-

intestinal nematodeS....ccccseaaassascsccecase 420



XXXV

ERRATUM

N

All p's used in indications of statistical

ignificance should be capitalized,

dilution

ek et




erwet B e~y

e 78 %

N g B, S A e v

INTRODUCTION -

The gastrointestinal tract is frequently para-
sitized by a wide }ange of protozoa and helminth;. Several
investiqéto;s have shqwn»that gut parasites are restricted
within regions of theygut and that they may return to theirf
"norma;" sites after implantation in abnormal sites. Sev-
eral ‘hypotheses “have been proposed to explain the mechanisﬁs
controlling these phenomena but experimental verifiiftion is
vare ;nd the basis of site selection by parasiteg of the gut
remains largely obscure. Definitive conclusiong remain elusive
because the alimentary tract is a complex series of tissues
and organs which differ physiologically, biochemically and
morphologically and little is known of the specific require-
ments of par;sites. ' ) —

The purpose of this study was to ihvestigate the

relationship between the alimentary tract and two gastrointes-

tinal nematodes, Trichinella spiralis and Nematospiroides
dubius in order to understand more of the controlling mechan-
isms in site selection. Following a review of the literaturae,
it was decided that there were six significant groups of fac-
tors that may influence the site selection of gastrointestinal
nematodes, These were: fl), intestinal flow; g), diet; 3},
chemical gradients; 4), microbial flora; 5), physical factors’
and 6) , hormones. Clearly; these labile components of the

parasite's environment are superimposed on~the more constant

architectural substrate of cells, tissues and organs. These

a




grougs éf’varigb e factors are known to be interdependent
and to interact in numerous ways (Figure 0.l1). Begause of
these complexities and the relative paucity of specific in-
fomaf;ion, a variety of approaches to these problems was

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

n

' the use of several types of experiments would generate a more .

4

. general understanding oi‘b the mechanisms that are ims:o::ta&t in

site salection.
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FIGURE 0.1 Schematic model of the significant fac-
tors that influence the selection of sites by para-
sitic nematode$ of the gastrointestinal tract.

Lines and. arrows indiéate the main ways in which

the six fa&:toré in_teract, there are many more subtle

interactions bétween all the‘ factors.
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CHAPTER 1. LITERATURE REVIEW

1A. THE LIFE CYCLES OQOF

TRICHINELLA SPIRALIS AND NEMATOSPIROIDES DUBIUS -\\/// )

*

1) Trichinella sgiralis o

T. spiralis (Owen, 1845) is an unusual nematode

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

same host. It is also remarkable for its lack of host spe-

cificity since it can live in almost any mammal and under
certain conditions, in some birds.

The infective larvae penetrate into the host mucosa
soon after infection (Despommier, et al., 1978) where they re-
main for the-duration of their larval and adult lives in the N
epithelial cells of the small intestine (Gardiner, 1976;
Despomm%ad% et al., 1978; Wright, 1979). The adult female is
ovovivipafous (Christensen, 1950) and the newborn larvae are
passed from the vulva directly into the mucosa. “The newborn
larvae then enter the host's striated musculature via the mes-
enteric venules and lymphatic circulatory system into the cir-
culatory system (Berntzeh, 1965; Harley & Gallichio, 19%71) or
via the peritoneal cavity and connective tissue (Shanta &
Meerovitch, 1967a, b). The larvae penetrate the muscle fibers
eliciting a response that changes the morphology and physiology
of fhe 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, 1566; Bruce, 1970; Gould, 1970; Stewart

& Read, 1972;.Teppema et él., 1973; Deéspommier, 1975, 1976).

| S,



The larvae remain in the muscles and when eaten, survive
passage through the stomach and establish in the intestine
of another host.

Transmissiqn of the parasite occurs through the
ingestion of muscle tissue containing 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 flegh and the capsule surrounding them and they penetrate
into the mucosa. Developmqnt in the intestine has been fre-
quently studied and there are conflicting reports regarding
the number of larva%?moults prior to adulthood (Wiu & Kings~
cote, 1957; Vvillela, 1958; Podhajecky, 1964; Berntzen, 1965;
Ali %pan, 1966; shanta & Meerovitch, 1967a, b). An exten-
sive study by Kozek (197la, b) using l;;ht and electron mi-
croscopy sSeems to have resolved this problem. Kozek (1370a, b)
found that the larvae undergo 4 moults in quick succession
and that the adult stage is reached within 48 hours of inféc—
tion. A diagram of the life cycle is presented in Figure 1l.1.

Undexr the present taxonomic classification, there

is only one species recognized in the genus Trichinella (Yorke

& Maplestone, 1926; Chitwood & Chitwood, 1941).

-

Superfamily - Trichuroidea
Family - Trichinellidae

Genus - Trichinella

Recently, evidence has suggested that Trichinella

A
may not ée a monospecific genus and that there may be several

P A ]
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FIGURE 1.1

The life cycle of T. spiralis.
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,épecies, "strains" or\;biological species" (Forrester et al.,
1961; Nelson et al., 1961, 1966;' Kruger, 1966; Gretilldt/:/“
" Vassiliades, 1967; Pereverseva, 1966; Read & Schiller, 1969;
Ozeretskovskaya et al., 1369; Brilov, 1969). In a series of
reports, Britov and his colleaques (Britov, 1971la, b, ¢, 1974;
Brifov et al., 1971; Britov & Boev, 1972) have provided evi-

dence to justify the existence of three species of Trichinella:

i. spiralis, T. nativa and T. nelsoni and a fourth species

that differs considerably from the other three, T. pseudospiralis
(Garkavi, 1972a; b, 1974; Britov, 1974, 1975a, b; Pereverseva

et al., 1974, Britov & Garkavi, 1975). Although geographical,
biological, ecological, serological and morphological differ-
ences have been found, recent evidence was ﬁhought 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 genus have not yet been ade-

quately resolved.

2) Nematospiroides dubius

N. dubius (Baylis, 1926) is a parasite of rodents
with a direct life cycle involving both free-living and para-
sitic stages (Figure 1.2). The éqgs are passed in the faeces,
hatch and develop to the ensheathed infective L3 larvae. Ehren-
ford (1954) and Dobson (1960) believed that there was 1 free-
living moult and 3'parasitic moults, Spurlock (1943), Fahmy
(1954) and Bryant (1973) reported that there were 2 free-
living moults and 2 parasitic moults.. Two free-l}ving moults
are .frequent in trichostrongylids and the results of the lattex

authors are now widely accepted.

[




FIGURE 1.2

E

The life cycle of N. dubius.

F-IPSIRE AN £ 7 NONORE ST P AR SRR R

-



11

——

PARASITIC STAGES ’ FREE-LIVING STAGES

o
L]

completes
‘second
moult

s
™



12

\Following ingestion, infective larvae have been
found in the lumen of the gut for several hours before ex-
sheathment and penetration (Ehrenford, 1954; Bryant, 1373).
Hé;ever, Ehrenford (l943; believed that exsheathment oc-
curred upon ingestion and Sommerville and Bailey (1573) have
reported that 89%-of the larvae had exsheathed after 5 minutes
in the stomach.

The larvaé penetrate the intestinal mucosa where
they encyst in or close to the musclds of the intestinal wall
(Spurlock, 1943; Ehrenford, 1956). Liu (l1965a, b) reported
that the larvae may penetrate the gastric mucosa and remain
there for up to 24 hours before leaving to penetrate the in-

-~
testinal 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 duodenum. After copulation,
the eggs are passed in the host's faeces.

The taxonomy of N. dubius (Bazﬁ}s, 1926) has re-
cently been subject to revision and it is now thought to be

the same as Heligmosomoides polygrus (Dusjardin, "1845) fol-

lowing the studies of Durrette-Desset (1968a, b). Several
investigators now working with this parasite synonomize the
names (Forrester, 1971; Forrester & Neilson, 1973; Crandall
et al., 1975; Cypess & Zidian, 1975; Cypess et al., 1977a;
Molinari, et al., 1978). .

/

! ' Superfamily - Trichostrongyloidea

* Family Trichostrongylidae

Subfamily ~ Heligmosominae

Genus Nematospiroides

(Yamaguti, 1961)
*

PO



Strongylus polygyrus was first described by Dus-

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

and it was subsequently put into.the genus Heligmosomum
(Raillet & 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 sufficig?t
evidence to justify the change. Hall (1916) egected a neQ

genus, Heligmosomoides to accomodate H. linstowi, a parasite

that was similar to V. polygyrus. Boulenger (13922) reported
that H. linstowi and V. polygyrus were identical species and
he proposed that V. polygyrus should be transferred from

Viannaia to Heligmosomoides where it remains (Baylis & Daub-

ney, 1926; Yorke & Maplestone, 1926).

g. dubius was first described by Baylis (1926) as an
intestinal parasite of the woodmouse and it was placed in the
subfamily Heligmosominae (Travassos, 1937, Yamaguti, 1961).
Durette-Desset (1968a, b) reported that N. dubius and H. poly-
gyrus were identical species.

I have retained the use of Nematospiroides dubius

to describe the parasite used %p this study pending taxonomic
confirmation of the status of my species by the Commonwealth

Institute of Helminthology, St. Albans, England.

1B. SITE SELECTION BY GASTROINTESTINAL NEMATODES

1) Introduction

Acanthocephalans and cestodes are qgually restricted

to the small inéest;pe, a region where éhere is absorption of

» -

nutrients by the host (Ulmer, 1971; Crompton, 1973). ' The
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trematodes and nematodes that inhabit the gut are much more

mobile and varied in their linear distribution in the gut
than the cestodes and acanthocephalans. Trematodes are be-
lieved to have a high degree of site specificity and this
is" demonstrated by socme of the linusual locations of the in-

fective stages e.g. the attraction of Diplostomum flexicau-

datum cercariae for the lens of fish (Ferguson, 1943), the
predisposition of echinostome cercariae for renal organs

(Heyneman, 1966) or the specific migration of Brachylecithum

musquensis to the supraocesophageal ganglia of ants (Carney,
1967, 1969). Among nematodes, microhabitat specificity also
appears to be highly developed, adult gastrointestinal nema-
todes can be found in all regions of the gut. The sites oc—
cupied by nematodes may differ botq linearly and radially along
the gut, (Schad 1963a; Weirtheim, 1970). Table 1.1 summarizes
the results of a literature search and lists the sites selec-
ted by some nematodes that inhabit the gastrointestinal tract.
The site specificity of these nematodes probably depend on a
large number of factors of both host and parasite 8rigin, ﬁow-

ever, most of these factors have not been elucidated.

2) Activation of the infective stages of gastrointestinal
nematodes
The system that controls activation in some nematodes

is believed to consist of a mechanism which regqulates (the

timing of) the producticn of "internal secfétions": the in-

L3

x * hY
ternal secretions themselves and the strucfé;es and tissues

on which the secretionsg act (Rogers & sdmmerville; 1963).
The host produces either (a), a stimulus that acts directly'

N
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TABLE 1.1 THE SITES OCCUPIED BY ADULT NEMATODES IN THE GASTROINTESTINAL TRACT

' (a)

Nematodes inhabiting the mouth and oesophagus

1
A\
Parasite

,Jmplicaecum robertsi

Anatrichosoma buccalis

Capillaria blarinae

‘\ ¥ °
Kalicephalus inermis coronellae

Spirocerca lupi

Gongylonema macroguberna aculum

(b)

Anatrichosoma gerbillis _

Ancylastoma plﬁridendatum

Capillaria contorta

Host

python

opposum

shrew

”

boa
constrictor

dog

monkey

Comments

capsules in eosophagus

lesions in mucosa of
palate

1

tuﬁgéls of épithelial cell
of eosophagus s

in nodules in eosophagus

in the mucosa of the
eosophagus

Nematodes inhabiting the stomach

gerbil

ocelot ,

crow

in-the mucosa

in the mucosa

Reference

Sprent, 1963

‘Pence & Little, 1972
Kinsella & Winegartner,
1975

Ogren, 1953

Schad, 1962

>

Nazarova, 1964
Bailey, 1972

Chhabra & Singh, 1972

Lubimov, 1931

1964

1931

Bernard,

Canavan,

Canavan, 1?31

ST
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C. gastrica

Cloacina spp. .
, i

Contracaecum microcephalus

Coronostrongylus sp.

Filarinema spp -

Gongylonema neoplasticum

Haemonchus contortus

H. placei

Habronema muscae

H. megastoma

H. microstoma < !

~

Labiostrongylus longispicularis

v
L. eugenii

- BRI i e o e

Nematodes inhabiting the stomach (cont'd)

rat

kangaroo

fish eating

birds
kangaroo

kangaroo

rat

sheep

cattle

horse '

horse

horse

kangaroo

wallaby

epithelium of cardiac
portion

anterior stomach

attaéch to mucosa by labia’

-

mid to posterior intestine’
pyloric glandular portion

forestomach

abomasal mucosa

abomasal mucosa
buried ' in mucosa
abscesses in cardiac region

associated with eroded
mucosa

midstomach, cardia ~*

3

/\...,/' s

Baylis, 1926b

Lopez-Neyra,

1947

Mykytowycz, 1964

Semenova,

1974

Mykytowycz, 1964

Mykytowycz,

Stoll, 1929

Canavan,

1931

Turner et al.,
Sommerville, 1963

Roberts,

1957

Foster, 1930

Foster,

Foster,

bDudzinski & Mykytowza,

1965

1930

1930

1964

)

1962

’

N

Smales, 1977 aﬂp

. Hitchcock & Bell, 1952

[
=)



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

-

»
c

Macropostrongylus sp. ) kangaroo =~ mid to posterior stomach Mykytowycz, 1564*
Ophidascaris moreliae pythons - - - - Sprent, 13970

Ostertagia circumcinta cattle ——-—-- Turner, et al., 1962

0. ostertagi o cattle -~ e - \ Michel, 1963
Rugophainynx austrialis kangaroo mid to posterior stomach Mykytowycz, 1964
Spinitectus ranae ‘ frog - o - - - - R Hasegawa & Otsuru, 19573

Trichostrongylus axei sheep and cattle mucosa Leland & Drudge, 1957

. Sommerville, 1963
‘ : Purcell et al?®, 1971

T. colubriformis - sheep and cattle mucosa ‘ Barker, 1973, 1974,
R 1975a T
T. retortaeformis « ’ sheep and cattle mucosa Drudge et al., 1955
' — Bailey, 1968

Barkﬁr & Ford 1975 .

(c) > Nematodes inhabiting the small intestine

- .‘r- b
i ' f

-

Ascaridia coldmbae pigeoné L= - - - Melendez &'Lindquist}
1979 : '
A: galli. chicken _.duodenum Todd & Crowdus, 1952
. Khouri & Pande, 1970
Ascaris lumbriéoides man jejenum Makidono, 1956
-
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. {8) Nematodes inhabiting. the small intestine (cont'd) ¥
A, suum pig : ant. small intestine ” Stephgnson et al.,
1980
Baylisascaris tasmaniensis tasmanian -~ - - Sprent, et al., 1973
devil
Bunostomum phlebotomum cattle - - - - Sprent, 1946 ®
Capillaria caudinflata. chicken duodenum , : Morehouse, 1944
- Madsen, 1952
C. columbae p chicken ileum Levine, 1938
C. obsignata ’ chicken - - - = - Wakelin, 1965
-
Cooperia oncophora cattle ant. s. i. Isenstein, 1963
C. punctata cattle .ant. s. 1i. Stewaxt, 1954 -
Cucullanus cirratus fish ant. s. 1i. Valovaya, 1979
Dochomoides stenocephala dog - - - = Gibbs$£l961
N
. / .
Hedrurus ijimai frog --—-- Hasegawa & Otsuru, 1979
-Kalicephalus parvus boa ant. s. i. Schad, 1962
constrictor
Nematodirus battus shegp ant. s. i. Mapes & Coop, 1972
N. fillicolis sheep ---- Thomas, 1959 * =




""""

N. helviatanus

Nematospiroides dubius

Nippostrongylus brasiliensis

(c)

Oesopha;Estomum vigintimehbrum

Oswaldocruzia pipiens

Parascaris equorum

Polydelphis quadrangularis

Porracaecum angusticalle

P. depressum

P. ventriculatum

P. serpentulus

Placoconus -lotoris

Rhabdocona ergensi

Streptopharagus pigmentatus

Nematodes inhabiting the small intestine (cont'd)

cattle

mouse

rat
camel
frog

horse

rattlesnake
buzzard
blackfinch
heron

crane
raccoon

fish

3

monkey

" ant. s. 1.

ant. s. 1i.

ant. s, i.

ant. s. 1i.

duodenum

ileum
duodenum

post s. i.

Bryant, 1973

Lewis & Bryant, 1976

iHerlich, 1954

Sukhdeo & Croll,

press

Alphey, 1970

Canavan, 193

1

Barker, 1978a

Foster, 1931

1

in

Clayton & Duncan, 1979

Araujo, 1972

" Canavan, 193

Canavan, 193
Canavan, 193
Canavan, 193
Balsingham,

Moravec, 197

Machida et al., 1978

1

1

1

1

1964

2

[
(Vo)
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(c)

Strongyloides agoutii

S. ratti

S. venezuelensis

Strongylus equinus

Toxocara canis

T. vitulorum ¢

Trichinella spiralis-

Trichostrongylus coluhriformis

Truttaedacritis stelmoides

(d)

Aspiculuris tetraptera

Castorstrongylus castoris

Chabertia ovina

L

Nematodes inhabiting the small intestine (cont'd)

guinea pig

rat

rat

zebra

hoorme o

dog
cattle

mouse

guinea pig

lamprey

nar gk

duodenum

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

ant. s. 1., mucosa of villi

ant. s, 1i.

ant. s, i,

Nematodes inhabiting the large intestine

mouse

beaver

sheep

proximal colon

caecum

Griffiths, 1940

Abadie, 1963
Wertheim, 1970

Wertheim, 1970

Canavan, 1931

Warren, 1969

Warren, 1971

Larsh & Hendricks, 1949
Sukhdeo & Meerovitch,
1980 .

Connan, 1966

Pybus et al., 1978

Chan, 1955

Canavan, 193]

0¢

Herd, 1971
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(d) Nematodes inhabiting the large intestine (cont'd)

Cosmocerca kashmiriensis toad - - Fotedar & Tihoo, 1968
Cosmocercoides dukae toad féctum - Baker, 1978b

3 Cratersﬁomum,micronatum horse dorsal colon ‘ Foster, 1936
Cyathostomum coronatum ( horse caecum | ™ Foster, 1936
C. labiatum ,r\) ‘ horse ventral colon Foster, 1936
Cyclobractus brericapulatis horse dorsal colon Foster, 1936
Cyclostephanus calicatus horse caecum Foster, 1936
C. poculatus horse caecum = Foster, 1936
C. minutus horse ventral colon Foster, 1936
C. longibursatus horse ventral colon , - Foster, 1936
C. hybridus ’ horse ventral colon ‘( Foster, 1936
Cylicocercus catinatus horse ventral colon Foster, 1536
C. goldi horse dorsal colon Foster, 1936
C. pateratus horse ventral colon Foster, 1936
gx}id;cylus radiatus horse ventral colon Foster, 1936
C. elongatus ' : horse dorsal colon Foster, 1936

&

Iz



(d)

C. nossatus

C. insigne

[l

C. leptostomus

Cylicondontophoxrus euproctus

C. bicoronatus

C. ultrajectinus

Cylicotetrapedon asymetricum

Gyalocephalus capitatis

Heterakis gallinae

H. papillosa

Hypodontus macropi

Kalicephalus rectophilus

Oxyuris equii

Oesophagostomum columbianum

0. venulosum

Posteriostomum imparidentatum

S L fon et a6 -

PR N T

Nematodes inhabiting the large’ intestine (cont'd)

horse
horse
horse
horse
horse
horse
horse
horse

chicken

_chicken
kangaroo

boa
constrictor

horse
sheep
sheep

horse

ventral colon
dorsal colon -
ventral colon
dorsal colon’

ventral colon .

dorsal colon

dorsal colon

ventral colon

distal caecum and colon

caecum
caecum

rectum

.

dorsal colon

caecum

dorsal colon

Foster, 1936

Foster, 1936

Foster, 1936

Foster, 1936
Foster, 1936
Foster, 1936
Foster, 1936
Foster, 1956

Clapham, 1933
‘Kazam & Barya, 1973

Uribe, 1922
Mykytowycz, 1964

Schad, 1962

=

Foster, 1936
Dash, 1973
Goldberg, 1951

Foster, 1936°

2z




P. ratzii

Strongvlus edentatus

S. equinus
S. vulgaris
Tachygonetria spp

Ternidens deminutus

Thelandros magnavulvaris

Nematodes inhabiting the large intestine (cont'd)

Trichostrongylus ovis

T. sigmodontis

2- tenuis

Trichuris muris

T. leporis:
T. vulpis

Tridontophorus serratus
' #

T. minor

horse
horse
hogse
horse

Tortoise

|
dorsal colon
ventral colon
caecum

caecum and colon

colon

baboons and man - ~"= -

salamander
sheep
cotton rats

grouse and
partridge

mouse

rabbit
dog
horse

horse

caecum

caecum

caecum

caecum
caecum
caecum

ventral colon

Foster, 1936
Foster, 1936
Foster, 1936

Drudge et al., 1966
Schad, i963a
Goldsmid, 1971
Schad, 1936b
Canavan, 1931

Thatcher & Scott, 1962

Cram & Cuvillier, 1934

Wakelin, 1969
Panesar & Croll, in
press

Shlikas, 1978 *
Miller, 1947

Foster, 1936

€T

Foster, 1936



T. tenuicollis

i T. brevicauda
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(d)

-

Nematodes inhabiting the large intestine (cont'd)

»/‘\/‘ -

horse

horse

ventral colon

ventral colon

Foster,

Foster,

1936

1936

ve
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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 which
initiates the same process (Rogers, 1962; Rogers & Som-—
merville, 1963, 1968; Lackie, 1975).

Many of the stimuli believed to be involved in
the activation process (hatching, excystment or exsheath-
ment) have been elucidated by in vitro experimentation
where simulation of 'natural' conditions are believed to
enhance success (Siiverman & Hansen, 1971) and are be-
lieved to represent the factors normally present in the
alimentary tract (Fairbairn, 1960, 1961; Rogers, 1958,
1962; Lackie, 1975). The activation and hatching o%

Ascaris lumbricoides eggs are dependent upon the tempera-

ture, pCO;, pH and reducing facters that can be found in
the homeothermic host (Fairbairn, 1960, 1961). The ex-
sheathment of infective strongylid L3 larvae require
similar stimuli (Rogers, 1962).

The evidence suggests that under the ideal con-
ditions of its host, the iarvae are stimulated to secrete
substances that aid in hatching or exsheathment. The
exsheathing fluid produced by the stimulated larvae
contains an aminopeptidase that is specific for the’
species (Rogers, 1965) but these enzymes have not always
been found in other nematodes (Ozerol & Silverman, 1969;

Slocombe & Whitlock, 1969; Slocombe, 1974).
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In addition, it has been suggested that the acti=-
vation of some nematodes may be aided by exogenous enzymes

provided by the host. Dictyocaulus viviparus has an absolute

requirement for pepsin, Trichostrongylus colubriformis has a

relative requirement for pepsin and Haemonchus contortus lar-

vae are indifferent to pepsin (Silverman, 1963; Silverman &
Podger, 1964) . This has been challenged by Parker and Croll
(1975) who found that the larvae of D. vivigarus do not re-
quire pepsin but that sheath degradation in vivo is a result

of intestinal enzyme activity.

Bile salts may also be involved in the activation of

nematode larvae. The rate of exsheathment of the larvae of

T. colubriformis and Nematodirus battus is increased and the

hatching of eggs of Trichosomoides crassicauda is enhanced,

~in the presence of bile salts (Chapman & Undeen, 1968; Mapes,
1972) . '

The specificity of the nematode larva‘'s response
to the activating stimuli has led to the nggestion that sen-
sory receptors are involved in the activatién process -(Rogers
& Sommerville, 1960) but experimental evidence is not con-
vincing.

3) The nematode sensory system

All organisms that actively select their sites re-
quire a sensory capacity. Nematodes possess several receptor
structures and respond to different input modalities (Ward,

1973, Ward et al., 1975, Ware et al., '1975, Dusenbery, 1980).

While these have not been proven to be functional in site se-’

lection, the body aof circumstantial evidence favours this

assumption.

g

& g e

im
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% The nervous system of a nematode consists of a

"brain" or nerve ring (circumcesophageal ganglia and nerve

cell bodies) to which are connected the main dorsal and ven-
tral nerve chords and the lateral accessory nerve chords which
"travel to the posterior of the worm (del Castillo & Morales,
1969; White et al., 1976, 1978; Stretton et al., 1978). Sen-
sory nerves also extend from the nerve ring and travel to the
anterior (Ward et al., 1975; Ware et 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 neural con-
nections have been tpe subject of seieral reviews (Ward et al.,
1975, Ware et al., 1975, McLaren, 1976; Croll, 1977; and others).

The nematode sensory system shows discriminatory

ability with a wide range of organic and inorganig chemicals
but for the most part the biological function of these responses
are unknown (Waxrd, 1978; -Dusenbery, }980: Croll & Sukhdeo, in
press). In gastrointestinal nematodes, the sensor§ mechanisms
have not been fully quantified’but the sensory response of some

¢

nematodes to sexual attractants has been demonstrated (Roche,
1966; Bonner & Etges, 1967; Bone & Shorey, 1977, 1978). Inuthe »
activation of the infective stage of some nematodes, the larvae
are capable of responding to specific stimuli and this sug-
gests that one or more récepto;s are involved (Rogers &-Som=-
merville, 1960; Rogers, 1966a, b). A discrete chemorecptor
which initiates a complex hormonal and neurosecretory response
when stimulated has been postulated (Rogers 1966a;, b). Indi-

rect evidence”gor such a receptor may be the reversible inhi~

bition of exsheathment of the infective stage when treated

v
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with an oxidizing agent (Rogers, 1966a). Unfortunately, little
else is known at the present time and before the mechanisms

og stimulus reception and activation are understood, more
information‘is needed on tﬂe role of hormonal and 5eurosecre—
tory résponses 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 g¢ate-
gories of parasite behaviour based on the events leading to
the establishment of gastrointestinal parasites in their sites:
(a), direct arrival of the immature stages in the sites of the
adults; (b), eﬁigration of the adults in, or (c), against the
direction of gastrointestinal flow subsequent to establishment
of the immature stages. In his and other reviews on the sites
selected by gut parasites, the sit® selection behaviour of the
adults is usually emphasized. I have modified and changed
Crompton's (1973) categories, to apply specifiqpllg‘to the

site seleétion behaviour of gastrointestinal nematodes, thus:

- (a) , nematodes with the site in the gaatrointestinal tract

the same at different stagesi (b), nematodes with the sites +

o

in; the gastrointestinal tract and extra—g;strointestinal lo-
cations different at diffent stages and (c), nematodes with -
the sites in the gastrointestinal tract different at diffe{: ,
ent stages. ) ) .o
a) Nematodes with the site séléction in the gastrointestinal
tract the same at different stages.
In thig group, Site selectién may be §cti?e in all

stages'or just in the establishing stage. It is also suggested

.~
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that the nematodes with passive mechanisms of site selection
would be found in tﬁls group although the evidence is circum-~
stantial. Among the helminths in which the sites are selected
by the infective stages are the cestodes and acanthocephalans
(Ulmer, 1971; Crompton, 1§73; Holmes, 1973). The cystacanths

of Polymorphus minutus passively select their sites and their

‘

site selaction can be correlated with the physico-chemical
conditions and the rate of propulsion of the gut (Lingard &‘
Crompton, 1971; Crompton, 1973). The adults are also found
at the site- of larval establishment. ]

Amongst the gastrointestinal nematodes there are
several that seem to fitdinto this category although the site
selection by the larvae has not been demonstrated to-be ac-
tive or passive: ; ‘

.~ The distributiﬁn of T. spiralis adults is known to
be aggregated in the small intestine (Tyz;ef & Honeidj, 1916;
Roth, 1933, 1939;.Cursch, 1949; Larsh & Hendriéﬁh{ 1949;
Sukhdeo & Meerovitch, 1980). The infective larvae of this
nematode localize in the epithelium of the small intestine
as early as ten minutes poét-inoculatioq (Despommier et al.,
1978). The larvae select their sites between the epithelialf
cells and basement membrane (Despommier et al., 1978) or ;ith—
in a syngtium of the epitheiial cells (Wright, 1979) and the
adult worms are recovered from the same site (Gardiner, 1976).
The restriction to the mucosal epithelium may be due éo the
lamina propria; in vitro studies have demonstrated that lamina
propria cells or their products are toxic to T. spiralis

(Castro et al., 1975).
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A number of other nematodes including Trichostron-
. -

gylus axei (Purcell et al., 1971), T. colubriformis (Barker, .

1973, 1974, 1975a, b), T. retortaeformis (Barker & Ford,

1975), T. muris (Panesar & Croll, in press) and Trichuris
suis (Jenkins, 1970) occupy similar sites in the epithelial
cells of the gut. This site selection suggests independence
of the’ luminal conter\tts of the gut which is consistent with
the findings that the parenteral feeding of rats does not
affect the development of T. spiralis (Castro et al., 19'7}',
1976b) . :

In T. spiralis infections, the adults are recovered
from the site of larval establishment (Crompton, 1973). How-
ever, several investigators found that transpignted wormé from
all stages of the life cycle can establish successfully in the
recipient host (Katz, 1960; h;atoff, 1963:.Denham, 1966). These
studies-sugéest Vthat although the adults remain /in the same
site as the larvae, the adults are also capable of site selec-
tion and establishment i:e. selection may be active in all
stages. This is not so in T. muris infections.

Menmbers of the genus T;ichuris show considerable
site specif”icity with intimate‘tissue contact. The adults
are usually found with theixr anterior ends buried in the

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

eggs of T. vulpis in the dog and T. muris in the laboratory

B VN

mouse were both in the small intestine 30" minutes after in-
: i

fection (Miller, 1947; Fahmy, 1954; Panesarys Croll, in prep.). ©
Histological studies with T. vulpis showed that there was a T

histotrophic phase in the small intestine and that the larvae

oA - i -
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did not migrate to “the large intestine until ten days after
infection (Mlller, 1947) . f‘ahmy (1954) was able to Egcovér
larvae of T. VulElS from the caecum witpijn '24 hours after in-
fection and suggested that there was no \histrotrophic pllase in
the small intestine .‘ These latter results are consistent
with those of Panesar & Croll ('in prep.) using T. muris who ’
found that in normalwmice, the infective eggs were rapidly §
carried down the gut to the caecum. The larvae were quickly
stimulated to hatch by'factors' present in the caec;lm (Panes’ar

& Croll, in prep.). The hatched larvae penstrated the caecal

mucosa where they developed-in a "syncytium” of epithelial
cells (Lee & Wright, 1978;. Panesar & Croll, in press). The
“larvae retained their ablll/iy to penetrate and establish an
infectlon for up to 10 days after hatching (Panesar & Croll,
in press), Adults of T. muris were recovered from the same
site as the larvae but the adults failed to establish when
transplanted. The evidence suggests that site selection in
this nematode does(not occur in all stages, just in the estab-

lishing stage. [

b) Nematodes with the sites in the gastroint;estinai tract and

extra-gastrointestinal locations different at different /

stages. \ .
‘Several gastrointestinal nematodes have a migration , .
phase through the host plrior to establishment in the gut. In
these nematodes, the critical factors for site selection may
be very different for each stage. Th«? édmpiex migratory be-

haviour by the larvae of Ascaris lumbriceides and Spirocerca

spp. before they establish in the gut usti:ongly suggests a

complex site selection behaviour in the larvae with various

¢ o
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cues at different stages (Kelley et al., 1957; Galvin, 1968;
s
Douvres & Tromba, 1971; Bailey, 1972Z). Implantation of the

larvae of Spirocerca lupi in various abnormal locations of

the host all resulted in the larval recovery from the same
éite;(B;iley, 1972). visceral larva migrans, cutaneous
larva migrans and Anisakis infections in paratenic hosts re-
sult from thé less specific site selection of infective‘gs-
caroid larvae (Beaver, 1969; Cgoll et al., in press) and may
be explained by the lack of specific sensory cues to guide
them.

After the m}gration through the body, the worms en-

- ter the guE where the site selected is, dependent on both the

|

late larvae staqeg and 5&% adults. gippostrongylus brasilien-
‘gég_has been déécribed as a parasite of the upgag intestinal
tract (Yokogawa, 1920; Chandler, 1935; Haley, 1961; Brambell,
1965; Alphey, 1970). An interesting feature of the éistribu-

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

worms in the small intestine. It was suggested that the se-
lection, of the anterior small intestine by the larvae and
adults of this nematode may be due to the gygilability of
nutrientsﬂ concentration of bile and the concentration of
éanéreatic juices or other physiochemical factors (Alphey,
1970, 1971#41972) and that the clumping behaviour was due to
intrinsic activity patterns such as sexuél attraction and

thigmokinesis (Alphey, 1971). N. brasiliensis has an inflated

balloon of cuticle which is associated with presumptive mechano-
’

receptor sens$ organs (Wright, 1976). This arrangement may

considerably increase mechanoreception and may be relevant in

thigmokinetic function.

)



It was postu%ated'that site specificity of this
nematode was due 'to the worm's requirement for oxygen (Al-
phey, 1972) in which they responded to the pO; gradient be-
tween the 'stomach and the caecum (Roqers, 1949) and from the
mucosa to the lumen (Crompton et al., 1965). Once the nema-
tode had migrated to its optimal site, thigmokinetic reéponses
loperated to keep the worms near to the micosa (Alphey, 1972).
cent findi;qs challenged this hypothesis. There
was a significant difference in the distribution °f§§f brasil~
ienges in the intes;ine'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 fasted for 2 days. When the rats were returned to
food (the nature of the food was not a dependent fgctor) the
worms miérated 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) also disagreed with previous reports that N. brasil-
iensis lives near the mucosa; the wo&ms were predomipantly
found within the food bolus and only in starved rats in which
there is no lumen, were the worms found inxlhe mucosa. The
evidence suggests that these parasites simply orientate with
" respect to food using an orthokineg;ckresponse: the worms are
active in the absence of food and having fpund food, -they:be-~-
come relatively inactive and feed (Croll & émfth, 1977). This
interpretation was partly confirmed in a'recent\study of Tricho~

strongylus vitrinus in sheep (Taylor & Kilpatrick, 1980).

3
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In N. brasiliensis infections, the site is determine&\

by labile factors resulting from the temporary fluctuation of

environmental factors e.g. food in the gut. The possible im-

portance 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 larvae and
this implies an active site seléction where the worms are able
to respond to specific 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
fiéﬁection doﬁinated by host influences or (b), an active sel-
ection dependent on the behavioural response of the nematode
when stimulated by host:derived cues. Passive site gelection
dominated by the host would be largely determined by the rate
of movement of luminal contents and the location of activation
of the infective stages (R;gers, 1958, 1960; Sommerville, 1957;
Lingard & Cromptop, 1971; Crompton, 1973) and although active
si£ewseleétion may also be affeéted by these factors, the

¥

. directional behaviour of the pazgsite would be a major part in
’_"-'N/

site selection (Ulmer, 1971;: Crompton, 1973; Holme§f31§73)m
Aétive.site,selection by nematodes is not fouhd only in nema-
- todes of this category but also in catego}ies (a) and (b), how-

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

direct and it is in this category that the evidence is most

Wwﬂa‘*ﬁﬂwmﬂtxmamupwmh .-~
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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 specific locations.

The infective larvae of Placoconus lotoris encyst

in the duodenum and the adults migrate along the gut to the
posterior small intestine as they mature (Balasingham, 1964).

The infective "larvae of Kalicé;hélus parvus encyst in the

stomach mucosa and the adults live in the small intestine

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

cephala encyst in the gastric and duodenal mucosa and the
adults live in the small intestine (Gibbs, 196l1). Finally,

the infective larvae of Chabertia ovina and Oesophagostomum

venulosum encyst in'the small intestine and the adults live
in the large intestine (Goldberg, 1951; Herd, 1971). 1In
these examples, the emigration was posteriad and may be pas-
sive; and it is reported that the adults of O. venulosum may
be swept out with the faeces after the histotrophic phase
(Goldberg, 1951).

In mice infected with g: dubius the larvae encyst
in the wall of the small intestine, at maturity, the worms

enter the lumen and migrate anteriad, against the gastrointes-

—*

tinal flow, to their site in the duodenum (Lewis & Bryant,
197¢) . Panter (1969) argued that these shifts were due to
changes within the preferred sites that made them unfavour-
able and the probable cause was the host immune response.
The more recent literatura has suggested for many nematode
infections that immunological reactions or tissue(pathology

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

Cn
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this lacks experimental venificaéion, it is a popular no-
tion.

Bawden (1969) believed that the anteriad migration
of N. dubius wa$ due either to pH or pCO, gradients or dietary
factors. Dobson (1961) suggested that the stimulus for emi-
gratioq may have been an adverse reaction to bile or the ef-
fects of pile, since the adults migrated to a site anteriad
of the.%ile duct. Two possible mechanisms have been postula-
ted in the most recent study of N. 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 pO; gradient along the small intestine. Although
the first suggestion should not be discarded, there is&some
experimental> support for the second suggestion. Aerobic
metabolism is of functional importance to this species and
oxygen was found to be necessary in all parasitic stages for
survival and- motility (Bryant, 1974). A pO; gradient exists
in the gut with the highest concentrations at the pylorus
(Rogers, 1949). An orientation response to higher concentra-~
tions  of oxygen could explain the adult distribution.

Pinwo#ms inhabit the large intestine and because of
the relative ease of maintainance and facility of infection,
they have been studied by several workers (Philpot, 1924;

Schnuffner & Swellengrebel, 1949; Prince, 1950; Chan, 1952,

.1955; Brown et al., 1954a, b; Mathies, 1954; Schad, 1963a).

Piﬁwbrm eggs travel to the large intestine before
they ‘hatch (Philpot, 1924; Chan, 1955), the larvae establish

in the caecum and colon and the adults are recoveredsfrom the

L
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same site (Prince, 1950). However, the adults of the mouse

pinworm, Aspiculuris tetraptera are usually found in a more

restricted habitat than the larvae. Early in the infection,
the majority of larvae are found in tbizgistal colon but as
the infection proqresé?s,réhe adults are found to be con--
centrated in the proximal colon (Chan, 1955). Site specifi-
city within the large intestine has also been demonstrated

in other pinworms. Large numbers of Tachygonetria spp. in-

1
fected the colon of their tortoise host (Testudo graeca), but

despite these high infections, there was little overlap in

the distributions among the more than 10 species studied

(Sschad, 1963a). Among the species with similar linear dis-
tributions, the radial distributions differed. The niche
specialization that occurs between these closely related species
in the colon illustrates the complexity of factors that must be
involved in the selection of sites.

5) Pactors affecting site selection of gastrointestinal

parasites ;

There is little information available on the cues

that are used in site selection of gastrointestinal nematodes.

Most investigators suggest that sites are determined by labile

factors resulting from the temporary fluctuation of environmen-
—— L

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

(Croll, 1976) or various physico-chemical an& nutritive grad-
ients’on the site selection of N. dubius (Bawden, 1963; Lewis
& Bryant, 1976). Very few workers have considered that site
selection may also be determined by critical architectural

factors but there are¢ several examples of host and site selection
.
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of cestodes based on the architecture of the guf (Williams,
1960; Williams et al, 1970; Carvajal & Dailey, 1976; McVicar,
1977, 1979). ‘The evidence for site selection of nematodes
based on gut architecture is scanty but it can be argued
that the epithelial cells are essential for the site selec-
tion of T, spiralis and T. EEEE& (Despommier et -al., 1978;
Lee & Wright,l978; Wright, 1979; Panesar & Croll, in press)
and that the size and topography of the duodenal villi are
important in the attachment and Eherefore site selection of
N. dubius (Kleinschuster et gl:,41978). In studies of site
selection, the notion of labile and constant factors, the
interaction between the labile and constant factors and the
critical thresholds that may be involved in these interac-
tions ha; not been well developed. It is an area that re-~
quires much more work. )

The following is a sumﬁary of the factors that have
been reported to affect the site selection and gistribution
of parasites.of the gastrointestinal tract.

a) Diet : -

Several investigatérs have reported a relationship
between diet and intestinal helminths (Chandler, 1943, 1953;
Hunter, 1953; Goxdon, 1960; Gibson, 1963, Hopkins, 1969,
1970a, b; Bawden, 1969; Dunkely & Mettrick, 1969; Read &
Kilejian, 1969; Mettrick, 1971a, b; Croll 1976). The ces-
tode, H. dimunita displays a migration reséonse that is re=-
lated to the ingestion of food by the'{at host (Hopkins, 1969;
Mettrick, 1971a, b, 1972). The migration was felated to the

nutritional requirements of the hogt and that there was a
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positi&e correlation between host feeding and incre;;es in
the’worm's biomass (Mettrick, 1970; Mettrick & Cannon, 1970).. _
However, although many investigators have found that the nor-
mal development of this parasite is greatly affected by the -
quantity-and quality of the diet (Chandler, 1543; Chandler )
et al., 1950; Read & Rothman, 1957a, b; Roberts, 1966; Roberts
& Platzer, 1967; Dunkely & Mettrick, 1969), it has been re-
ported that H. dimunita could develop normally in the gut of
rats that were parenterally fed (Castro et al., 1976b). This
evidence suggests that the host ;ay be secreting nutrients
into the intestinal lumen which can be utilized by the ces-
tode; and it strongly supports the.concept of luminal homeo-
stasis proposed by Read, (1950, 1971) (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-
ing. The longitudinal distribution of N. dubius and N. brasil-
iensis are affected by the diet of their hosts (Bawden, 1969;
Croll, 1976). Althou;h a relationship has been described
betwéén the diet and distribution of N. dubius (the adults of
which live cleose to the mucosa) it was complicated by several
factors including the sex of the host and intraspecific sexual

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

( a lumen dweller) was definitely affected by host diet (Croll,
1976) and the location of T. spiralis (a tissue dweller) was
not found to be affected by the presence or absence of food

(Castro et al.’, 1974, 1976b).

\,
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b) Gradients

In several reviews on the selection df sites by
parasiﬁes it has been implied that the sites found in the
alimentary' tract are homeostatic (Read, 1971; Ulmer,,197l:
Crompton, 1973; Holmes, 1973). The concept of a site as a
constant topographic region with chemical homeostasis has
been questioned by some investigators kMettrick & Podesta,
1974; Croll, 1976). The concepts of sites and habitats in
the gastrointestinal tract should be considered moré as dy-
namic enviropmental interactions between hosts and their para-
sites and that all play an important part in site selection
(Croll, 1976b).

There are a number of physico-chemical gradients

along the gut and these include PO, , pCO pH, bile salts,

27
amino acids, enzymes, ionic, osmotic and redox potentials
(Mettrick & Podesta, 1974). Although many or all of these
gradients have been implicated in parasite site selectiogd
(Read, 1950, 1971; Docbson, 1961; Bawden, 1969; Mettrick, 1970,
1971; Alphey, 1971, Smyth & Hasslewood, 1973; Mettrick & Po-
desta, 1974; Podesta & Mettrick, 1974, 1975; Lewi; & Bryant,

1976) , there has been little experimental substantiation and

the assertions of these in&gstigators have not been rigourously

.

testea.
c) Microbial flora P
There exists an interrelationship between bacterial
flora and parasite infection in the gastrointestinal tract
(Mettrick, 197lc; Podesta & Mettrick, 1974). The bacterial
flora may alter the pO,, pH or redox potentials in the gut,

which, in turn, affects the parasite distribution (Podesta &
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Mettrick, 1974). Oon the oéher hand, H. dimunita reduces the
pH of the gut which may reduce the density of microflora in
their habitat (Mettrick & Podesta, 1974).

The relationship 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;1 The normal flora of the
small intestine of mice significantly favoured the develop-
ment of T. spiralis whereas in bacteria-free mice, establish-
ment was decreased (Stefanski & Przyjalkgﬁgki{ 1965, 1966;

Przyjalkowski & Westcott, 1968%). Although migfations may be

more successful in gnotobiotic animals 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 successful in
animals with the normal flora (Newton et al., 1959; Westcott

& Todd, 1964; Westcott, 13968, 1970; Przyjalkowski/ékg;recka,
1976). Because of possible avitaminosis, dietary factors and
other experimental conditions, the interpretation of these re-
sults is. very speculative.

The nematodes and the micrqbial £lora may also in-~
teract synergistically to increase the pathological effects
of the parasite. The pathélogy of T. ggig(infection is much
more severe in conventional pigs than in ge;m—free.pigs
(Rutter & Beer, 1971; Hall et al., 1976). !

d) Parenteral factors

The relationship between the host immune response and

the distribution of nematodes in the gut has been demonstrated
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by several investigators (Larsh et al., 1952; Brambell, 1963;
Panther, 1969; Kennedy, 1978). Nematode distributions are
also affected by increased host age, possibly due to increased
immunity (Dobson, 1232; Benkhe, }975b; 1976) and 'by cortico-~
steroid treatment (éoker, 1955, 1956; Markell & Lewis, 1957;.
Robinson, l96£; Campbell & Collette, 1962£ Mathies, 1962;
Olivier, 1962; Briggs, 1963; Campbell, 1963; Ogilvié, 1965) .
Sex hormones have also been implicated in the al-
teration of nematode distributions in the gut. Nematode in-
fections may be altered by host sex (Mathies, 1954, 1959b;
Dobson, 1961; Stahl, 1962; Benkhe, 1976; Lewis & Bryant, 1976),
host pregnancy (Oshima, 1961; Dunn & Brown, 1962) , host lacta-
tion (Connan, 1970, 1972, 1974; Dineen & Kelly, 1972) and
gonadectomy or hbrmone treatment of the host (Solomon, 1966;.
The role of hormones in the host-parasite ré;ationship is not
fully understood (Solomon, 1966, 1969) but hormones play an
impdrtant role in intestinal function and both sex and gastro-
intestinal hormones of the host may affect parasites (Solo- h
mon, 1969).
' \éi Intra-specific and inter-specific interactions between :
| parasites

The hookworm, Ancylostoma caninum, has a preferred

location in the jejunum of dogs, but in heavy infections the
crowded worms may 1ocate€along the entire length of the small

intestine (Krupp, 1961).} Similarly in heavy infections of T.

i

spiralié (Roth, 1938) and C. ovina (Herd, 1971), there is an
increased longitudinal dispersion. The ho§t's immune response
is density dependent and, results in the rejection of both parasites

{
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before it completes its development (Herd, 1971; Kenn\edy,

1975). -
Interactions with the opposite seX m:;r also af-

fect the distribution of nematodes in the ;ut. Male and .fe-

male hookworms (A. caninum and Necator americanus) and T.

spiralis can find ;ach other in the gut even if they are in-

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

; 1955; Oshima et al., 1962; Roche, 1966; Kozlov, 1971; Sukhdeo
& Meerovitch, 1977). Sex attraction and orientation towards
the opposite sex has been observed in several nematodes (Green,
1966; Roche, 1966; Bonner & Etges, 1967; Anya, 1976a, b; Bone
& Shorey, 1977, 1978; Roberts & Thornson, 1977a, b) and the
movements of worms to the opposite sex may result in altered
distributions. In hookworm infections,yi:;\en the sexes are un-
balgnced with more males than females, there is an increase
in the laceration of . the mpcoéa ané subséquent blood loss as
the malgs migrate more aétively tc‘ find the females (Beaver

/
et al., 1964). 7
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CHAPTER 2. GENERAL METHODS AND MATERIALS

'2A. THE PARASITES

The isolate of T. spiralis used in this investigation-
was originally recovered from a naturally infected pig en-
countered by the Animal Diseases Research Institute, Canada
Department of Agriculture, Quebec in 1959. It has been con-‘-
tinuously maintained for more than 20 years in rats and mice
‘au:he Institute of Parasitology and has been extensively
studied. . 4 N

R The isolate of N. dubius used in this investigation
- —
was donated by Dr. Jon Wetzel of Ayerst Research Laboratories,

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

in Swiss mice at the Institute of Parasitoloqir.

2B. THE HOSTS

The mice used in this investigation were female :
Swiss outbred mice; weighing 20-25 g, ,purchfsed frox\Canadian
Breeding Farms, Quebec. Unless otherwise stated, they were
housed in groups of’5 in plastic "shoebox" cages (12" x é")
and given Purina Mouse Chow (Ralston Purina Company of Canada,

\
Quebec) and water ad libitum. e

The rats used were male and female Evans, Long-Haired
(ELH) hooded rats, weighing 250-350 g, purchased from Canadian
Breeding Farms, Quebec. They were housed in groups of up to
6 animals in metal mesh cages (17" x 10") and, unless other-

wise stated, they were given Purina Rat Chow (Ralston Purina

Company of Canada, Quebec) and water ad libitum.

AN

b oA, e AR e T

Itk vtk




=~

"2) Counting the larvae /\ \ J
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Al)l animals were housed in an animél room at

o o . .
21 C £ 1cC, ona 14 hour and 8 hour lighﬁ/aarg photoperiod. o

2C. METHODS OF HANDLING TRICHINELLA SPIRALIS

1) Collection of infective larvae

Mice or rats which had been infected with T. spiralis
forv more than 30 days and t;ierefdre carried infective muscle
larvae, served as the source of infective larvae. The animals
were gilled by decapitation, skinned, eviscerated, the bones T
crushed and thé muscles of the carcass cut into small pieces. A
These pieces’were homogenized with the "digestion solution”
(below) for 30 seconds in a high speed Waring blender. The
"digestion sélution" was an artifidiAl gastric juice consist~- "
ing of a final concentration of 0.06 N HC1l made up in tap water
.with 0.3%(W/V) pepsin (Fischer Scientific Company, Quebec).
Aﬁbroximately 30 ml of this solution were used for each gram
of meat to be digested. The homogenate was incubated at 37°c
with slow agitation. After 3 hour; the homogenate was filtered
through 2 layers of cheesecloth and the larvae were sedimented
by tilting the collecting flask. The sedimented larva; were
collected in a centrifuge tube using ‘a suction device, washed .
thrice in 0.85% NaCl solution (saline) and stored "at 4°C until

used. The larzge were used within 12 hours of storage.

N

T

The isolated larvae were re-suspended in fresh saline’

and the volume was made up to 10 ml; from this, appropriate

dilutions were made and counted using a McMaster, nematode,

e

egg-~counting chamber. At least 10 chambers were counted and =
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the mean was caleulated.

>

3) Infecting with T. spiralis

14

An infecting dose of 1060 larvae for rats and 500
larvae for mice was delivered in 0.1 ml saline (unless other-
wise stated) with a 1 ml syringe attached to a long blunt
18 gauge needle. The animals were infeqted 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 always kept at a minimum.

4) Recovery of T. !Piralis from the gut

.Maximum nquers of adults of T. spiralis occur on
the fifth day after infection (Sukhdeo & Meerowvitch, 1980);
adults were, therefore, collected on é%e fifth day. Hosés
were fasted for 12 hours prior to sacrifice, to reduce the
gut contents and facilitate fast and aécuéate counting. Mikce
vere k}lled by decapitation, the small intestine was immediately
removed, was lightlystretched and was divided into 12 equél
segments using a mod%fied grid similar to that employed by
Bfambef} (1965) . Each segment was slit open and was plaééd
in a petri dish of warm NaCl (0.85%) and was incuﬁat?d for
13 hour;/at 5700u The worms which migrated 'out of the tissue
could be easily counted under a dissecting microscope. Rats
were treated similarlf 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 considered

¥
L 4

as segments.
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2D. METHODS OF HANDLING NEMATOSPIROIDES DUBIUS

» 1) Collection of infective. larvae |
[ / .

Faeces of mice whibh‘had been infected with N.
dubius for 2-6 weeks were used'‘to culture infective larvae.
The mice\were put into cages witﬁkqire mesh bottoms -and the
faeces were collected after 24 ho&%qi These faeces were ex-
amined for the presence of eggs pf g.\dubius and, if positive

were cultured. The faeces were made into a slurry with water,
o
strained through cheesecloth and the filfrate was centrifuged
’ ~
at 800 rpm for 10 minutes. The supernataﬂf was discarded

G

and the sediment containing the eggs was spread in the centre’
of a No. 1 Whatman filter paper with a dia&éter of 12 cm. A
small 5 cm'petri 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 pétri dish

so that the centre was raised above water level. Ten days
. . ] ’ L
after incubation at 25 C, the larvae had migrated intg the-

water and were collected. The larvae were washed in water
- © '
and stored at 4 C for up to 2 weeks.

1
-

'2) Counting the larvae and infecting with N. dubius-

The procedures for counting the larvae and infect- .a
ing the host animals were similar to those for T. sgiralisf
Mice ;59 rats were given standard dosesﬁregardless of their

" age an; weight, rats were inoculated withbioo and mice with
100 infective,'third stage larvae.

3) Recovery of N. dubius from the gut

. , The larvae of N. dubius in the gqut were counted 6

E
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days after infection while they were encysted within the
tissue of the qut (Lewis & Bryant, 1976) and were easy to
seﬁe because of their large size. '}‘he infected mice were
killed bﬂr decapitation and the small intestine removed and
divided into 12 equal segments (see p, 46). Each segment was
then slit open longitudinally, gress;ad between 2 plates of
glass each 8 x 4 cm, and was examined under the dissecting
microscope. In rats, infected with N. dubius, the procedures
were similar but the small intestine was divided into 5 cm

segments.
[

2E. THE MEASUREMENTS OF LARVAL BEHAVIOUR IN VITRO

Larval behaviour of both T. spiralis and N. dubius
was observed in clesed watchglasses with even, cold illuxﬁina-
tion (fluorescent lighting under translucent plexiglass) at
temperatures of ZZOC'and 37°C. A n;anual event recorc}er was
used to record a temporal pattern»iof behavioural events.

Timae-lapse and real speed recondings were .made of
mobile larvae using a Hitachi video taperecorder, Model sv—sfz,

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

mounted on a Zei$s microscope over a warmed-stage (Crol‘}\,\ 1975) .

This permitted detailed measurements of certain behavioural

parameters from the display monitor.

2F. THE MEASUREMENT OF GUT PROPULSION

Gut propulsion was measured in mice using Affi Gel

Blue af_fix;ity chromatography beads, measuring 75-150 p (Bio

Rad Laboratorieg, Missisauga) as non—-absorbable markers.
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Each mouse was fasted for 12 hours prior to experimentation.
Approximately 50,000 beads in 0.1 ml distilled water were
given by temporary intragastric intubation. Fifteen minutes
after intubation, the animals were killed and the small in-
testines were quickly'removed and were divided into 12 equal
;egments-(see p 46). The stomach and intestinal segments
were each flushed with 10 ml distilled water to remove the
beads and aliquants of tbe squended beads were counted in

a McMaster nematode egg-counting chamber. The distribu-
tion of beads was expressed as the percentage of beads in,
or passing througg, each segment during the 15 minute test
period (modi%ied f;om Castro et al., 1976, 1977). The rate
of propulsion was described by the slope of the distribution

and permitted fitted lines to be compared by regressioﬁ’

analysis (e.g. Figure 3.13). “ ’

2G. GENERAL SURGHCAL PROCEDURES

) All animals were fasted for 12 hours before under—.

'going gastrointestinal surgery to reduce ingesta. This mini-

mize? possible infection and reduced gastrointestinal propul-
sign. They were then anesthetized with a single intraperitoneal
ddse of 1 mg/gm%odium pentobarbital (Somnothol , MTC Pharma-
ceué&cals Limited, Hamiltén). Using sterile procedures,
laparotomy and surgery were performed and the abdomen was
closed. The animal was then given an intramuscular injection
of'ao mg/kg of a penicillin-~dihydrostreptomyc¢in antibiotic
(Dérapen @9’ Ayérst‘Research Laboratories, Montreal) and fed

v — v

only glucose in their ad libitum water supply for the first

&
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7

post-operative day. ' The animals were returned to a normal -

feeding regime on the second post-operative day.

2H. SOQURCES 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 small aliquants at -20° ¢ until
used. All of the other bile used were recovered from the gall

\Jﬁﬁbladders of experimental animals and in naturally acholecystic
animals, the bile was collected throygh cannulati of the

bile duct. -
R

[

21. HISTOLOGICAL PROCEDURES

All tissues for histological ékamination were fixed
for a minimum of 24 hours in AFA (glacial aceti& acid (5%)
formaldehyde (10%), glycerine (10%), 95% ethyl alcohol, (25%)
in distilled watef (Croll, 1966)). The fixed tissues were
dehydrated‘in a gradﬁs series of ethanols t; absolute ethyl
alcéaol, transferred to benzene and then infiltrated and em- AN
bedded in paraffin wax (M.P. 56° C). The embedded tissues

were sectioned at 7 jum thickness and stained using the

haemitoxylin-eosin~ﬁethod (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-
1

“
uence the site of intestinal helminths and which can be

estimated through an analysis of their longitudinal distri-

bution. Firstly, the activation (hatching, exsheathment or

excystment) ofthe infective stage. Secondly, the morphology

and motility of the gastrointeséinal tract which impose pas-

sive influences on the dispersion of parasites. Finally,
tifose sensory and behavioural phenomena, attributable to the

parasite, which lead to active selection of specific sites.

For a full discussion of thesimsee PP 13 - 43. The relative

contributions of these components is to be examined, through

analysis of longitudinal distributions for T. spiralis and

N. dubius. \\ a -

T. spiralis is localized to certain areas of the
small intestine although there have been some éonflicting re-
ports. Mogé‘worms-aré found in the anterior half of the
small intestine of mature rats (Gursch, 1943a), mature mice
(Larsh & Hendricks, 1949) and young mice (Campbell, 1967;
Sukhdeo & Meerovitch, 1980). queﬁer, there are several re-
ports in which T. sgiralis inhabiégd the posterior half of
the small intestine of young rats agd mice (Larsh & Hendricks,
13949) and in‘mice,,;ats and gquinea pigg\of unknown ages (Tyzzer

& Honeij, 1916; Roth, 1938, 1939). Larsh' & Hendricks (1949)

~ f

b ¢
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exanmined the effects of several physical factors on the estab-

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 morehanteriorly. These in-
vestigators did not qua;tify the rate of intestinal motility
between:the two groups. Furthermore, their results were con-
tradicted by the results of Campbell (1967) who reported that
the majority of T. spiralis localize in the anterior small
intestine of normal young mice.

Infective larvae of N. dubius enter the host per os
and exsheath En, and penetrate the stomach (Liu, 1964; Sommer-
ville & Bailey, 1973). They penetrate and encyst in the small
intestine and later they emerge as adults in the lumen (Bryant,
1973) . The positions of larvae and adults of N. dubius in the
small intestine differ as the infection érogressed (Lewis &
Bryant, 1976) and while several physico-chemical factors have
been implicated in the dispersion of adults of N. dubius in the
intestine e.g. diet, host sex, host agé"and intestinal micro-~
flora (Dobson, 1961, 1962; Newton et al., 1962; Bawden, 1969;
Panther, 1969; Lewis & Bryant, 1976); little is known of the
factors affecting early'larvai establishment (Bawden, 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, I have

“
£

lishment behaviour of both T. spiralis and N, dubius. \ 1.
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3B. MATERIALS AND METHODS,

1) Trichinella spiralis

a) The longitudinal distribﬁtiOn of T. spiralis in the small .
intestine of mice w%ﬁh differing vehicles of infection.
Fifteen mice were divided into 3 equal groups, each
group was given one of three types of dose of T. spiralis lar-
vae: (a), 500 excystedrlarvae (HCl-pepsin digested); (b), 500
encysted larvae (trypsin digesteéj see below); or, (c), a
piece of infected diaphraém containing an estimated 500 larval
cysts. To recover encysted larvae of g.kspiralis‘ thg homo- .
genized carcass of the inf?cted host wa§ digésted in a 5%
solution of trypsin in phosphate buffered saline (pH 7.2) while
slowly agitated at 37°C for 3 hours. Five days after infection,
the animals were killed and the distribution of worms in thé
smali intestine was determined. The influence of tﬁe vehicle

’

of infection on the longitudinal dispersion was therefore ex-

amined.
b) T@e effect of a surfactant"on the longitui}nal distribution
~of T. spiralis in the small intestine.

Twenty mice were divided into 4 equal groups. Two
groups, the controls, were given 0.1 ml and 0.2 ml of 0.85%
NaCl and the remaining groups were given 0.1 ml and 0.2 ml
of the surfactant, Twéen 80 (Pblyoxyeghylenesorbit n monooleate,
Sigma Chemical Company, St. Louis). Thirty minutes| after re-
ceiving the saline or suygactants, 500 larvae of T. spiralis
were given to each animal by intragastric intubétion. Five
days after infection, the animals were killed and the distribu-

tion of worms in the intestine was determined. The influence

)
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of a surfactant on longitudinal dispersion was therefore

examined. -

c) The effect of continuous antibiotic treatment on the
longitudinal distribution of T. spiralis in the small
intestine. - l

Two groups of mice were used in this study. One

group was given a general antibiotic, penicillin (base)

10;000 p/ml - Streptomycin Eﬁase) 10,000 mcg/ml (Grand Island

Biological Company , Canada)_at a 5% concentration in the

drinking water ad libitum Qnd the control group had nothing

added to their drinking water, After 7 days of this treatment,

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

aritibiotic treatment was discontinued in the experimental group.

Five days after infection, the animals 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. fo.

d) The effects of the quantity of food in the gut on the
longitudinal distribution of T. spiralis in the sTa$l
intestine. .

Seventy-nine mice were divided into 13 groups, 12

éroups of 6 mice each and 1 control group of 7 mice which was

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

libitum throughout the experiment and the remaining groups

were given food for a l:hour period each day, i.e. food was

prqsented at 1000 hours and removed at 1100 hours each day, water

was provided ad libitum throughout this regimen.‘ To determine “

the adaptation of the mice to this feeding regimen, the mice

\
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were weighed every 1 days. Initially, there was some lossg

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 the mice were infected with 500 larvae of T. 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; (b), infec@ion at 1000 hours, at the time of food pre-
sentation; (¢}, iﬁfection at 1100 hours, at the time of food
withdrawal; (d), infection at 1300 hours, 2 hours aéter food
withdrawal; (e), infection at 1500 hours, 4 hours after food
withdrawal and (£), infection at 2130 hours, 12} hours after

* food withdrawall The remaining 6 groups were given 0.1 ml
saline at the times described above, then they were killed
within 15 minutes and the distribution of food in the stomach
and small intestine was determined. The small intestine of
e;2h~house was removed and divided into 12 equal segments.

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

pre-weighed tin-gofT{containers, dried overnight at GOOC and.

weighed. Five days after infection, the remaining mice were

killed and the distribution’ of worms in the small intestine

was determined. The inflﬁence,of food distribut}on in the

gut on the longitudinal dispersion .of T. spiralis was there-

fore examined..J . -

e) Iﬁplantation of excysted larvae of T. sgi;alis in different
locations of the small intestine without temporary ligatures.

i

.
Fifteen mice were divided into 3 equal groups and all |

—

2
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mice were anaesthetized and laparotomized. Five hundred lar-
vae in b.l ml saline were implanted with a syringe into the
duodenum or ileum. A codntrol group was infected by intra-
gastric inoculation. Five days laéér, the animalé were

killed and the distribution of worms in the small intestine

was determined. The influence of larval implantation on longi-

tudinal dispersion was examined.

(£) Implantation of excysted larvae of T. spiralis in different

-

locations of the gut using temporary ligatures. )

Thirty mice were divided into 6 equal groups, all
mice were anaesthetized, laparotomized and regions of the qut
were -temporarily ligatured into pouches. Five hundred larvae
in 0.1 ml saline wére implanted into each pouch; the ligatures
were released 30 minutes after the larvae had been injected
and the abdomens were closed. One control group wés,éiwen
500 larvae by intragastric intubation. The 5 experimental
groups were giyén the larvae into pogches ét the following
locations: (a),duodenﬁpr {b), jejunum and upper ileum; (c),
\ﬁistal ileum; (d), caecum and (e), colon. Five‘aays later, the
%nimals were killed and the distribution of worms in the gut
wgg determined. The influence of implantation of larvae into
lié&tuggd péuches on the longitudinal disPersionUQEE there- :

H

fore examined. - . - —

g)' The effect of altered intestinal propulsion on the longi-.
tudinal distribution of T. 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

*

.
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distilled witer, 3 doses were given per day from 2 days prior
to infection to the time of infection. Lomotil reduces
intestinal motility and peristaltic activity (Council on
Drugs, 1964; Kinnear, 1964; van Neuten, 1964). The control
group was qiéen 0.1 ml disgilled water at corresponding times.
Five hundred larvae of T. spiralis were given to each of 5
mice in each of the two groups. At the time of infection,
the Eemaining 5 mice from each group ;ere tested for thé

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
killed and the distribution of worms in the small intestine
was determined. ihe influence of reduced intestinal propul-
sion in the longitudinal dispersion of T. spiralis was ex- _
amined.

(ii) Thirty mice were divided ig}o 6 equal groups. Five
hundred larvae of T. spiralis in O.I/ﬁl saline were given to
the control éroup’and 500 larvae in 0.5 Ql and 1.0 ml saline
were given to the miée in two groups. The rate of intest§nal
propulsion,was deterﬁined in the remaining 3 groups u?inghAffi
Gel Blue affinity chromatography beads delivered in 0.1 ml,
0.5 ml and 1.0 ml saline.

Five days after infection, the animals were killed
and the distribution of worms in the small intestine was de-
termined. The influence of increased intestzﬁalhpropulsion
on the longitudinal dispersion of T. gEifalis—Was therefore

’

examined. | -
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h) The effects of different inocula on the longitudinal dis-
tribution of T. spiralis in the small ;ntestine.

'rv\wenty mice were divided, into 4 equal groups. The
mice in each group were given an intragastric-inoculation of
one of the following larval doses: (a), 100; (b), 500; (¢),
1000 and (d), 2000 (all inocula were delivered in 0.1 ml

saline). Five days later, the animals were killed and the

distribution of worms in the gut was determined. The in-

_fluence of different larval inocula on the longitudih€l dis~

persion of T. 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 r}lice
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 c;antrol group wefe each 'given 250 mixed larvae (male:
female = 2:1.3). The method used in distinguishing larva‘l
sex was given in a previous paper (Sukhdeo & Meerovit;.ch, 1977) .
Five days after infection, the ar‘ximal’s were killed and the
effects of the parasite's sex on longitudinal dispersion was
therefore examined. '
2) Nematospiroides dubius
a) The longitudinal distribution of N. dubius in the small/
intestine of mice. . | )
The .mice were divided into 2 groups. Thg mice were
infected with 100 larvae of N. dubius that were either: (a),

ensheathed , or, (b), exsheathed by treatment in 0.3% so@i\um

hypochlori;@r 3 minutes (Croll et al., .1'957)( Six days

P o et s b L
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after infection, the mice were killed and the distribution

of worms in the small intestine was determined. The influence\

of the sheath dur‘ing infection on the subsequent longitudinal

dispersion of N. dubius was examined. BN

b) The effects of a sur?act‘aht on the longitudinal distribu- J‘
tion of N. dubius in the small intestine. "

*
Ten mice were divided into 2 greups. The control

EVRE

group was given 0.2 ml saliqke‘,v; and the experimental group was
given 0.2 ml Tween 80 (see p 53) by intragastric intubation.
Thirty minutes after this treatment, 100 1arvaed,pf‘ N. dubius
were given ta egch animal by intragastri¢ intubation., Six _
days after infection, the an‘imals were killed and the distri‘bg-—x

tion of worms in the small intestine was determined. The in-

-

fluence of a surfactant on the longitudinal dispersion was

A

therefore examined.
c) The effect of continuous antibiotic treatment on the

longitudinal distribution of N. dubius -in' the small

 intestine. ..
. . y
Ten mice were divided into 2 groups. One group was

given a peni,cillin-streptomycih solution in their drinking
water (see p 54) ad libitum. The control group was given only

water. Seven days later, all animals were infected with 100
fo .

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

»

tal group was discontinued. Six days after infection, the
animals were killed and the distribution of worms in the

small intestine was determined. The influence of an altered

<

ot diminished intestinal bacterial flora on longitudinal dis-

*

persion was therafore examined. : o

-
v
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d) The effects of'the\quaptity of food in the gut on the
longitudinal distribution of N. dubius in the small
intestine.

Thirty mice were divided into 6 equal groups. The
mice were given food from 1000 to 1106 hours daily for 3 weeks
(see p 55), The mice-in 3 groups were then infeéted with ;
100 larvae of N. dubius at different times of the day: {a),
infected at 1700 hours without food and with né‘food pre;eﬁted -

for a furthef 12 hours; (b), infected at 1000 hour;, at the time
of food presentation AEd (c)'infected at 1500 hours, 4 hours
after withdrawai of the food. The reméining groups were
given 0.1 ml saline at the times described above, were killed
wiﬁhiﬂ'ls minutes and.the distribution of food in the stomach
and small intestine was deteréined (see p 55) « Six days after-
infection, the mice in the remaining groups were killed and
the distribution of worms in the small intestine was deter-
snined. The influence of food distr{bution in the gut on the N
longitudinal dispersion of N. dubius was examined.
e) Implantation of larvae of N. dubius in different locations
of the gut using temporary ligatures. -
-Sixty mice were divided into 12 equal groups; all
P of ghhhmice were anaesthetized, laparctomized and regions of
the éut were temporarily ligatured'into pouches, Ong‘hundred F
larvae in 0.1 ml suspensions were implihged into each pouch
—and the ligatures were released after 30 minutes. The in-
fective larvae were delivered in one of 4 ways} (a), ensheathed

larvae in distilled water; (b),enhheafhed larvae in a 10%

aqueous solution of bile; kc),exsheathed larvae in distilled
. L
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water and (d), exsheathed larvae in a 10§% aqueous solution of

bile. The larvae in groups (¢) and (d) were ensheathed by

pretreatment for 3 minﬁtes in sodium ﬁypochlorite. T;ese

4 groups of larvae were implanted ipto each of the following

locations: (a}, dquen.um; (b), ileum and (c); caecum, sig

days after infection the animals were killed and the dis-—

trlbutlon of worms in the gut was determined. Establishment

and longitudinal dispersion were examined after implantation

into normal and abnormal sites.

£) The effects of altered intestinal propulsion on the
longitudinal distribution of N. dubius in the small

' intestine.—

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

group was treated with 50 mg/kg Lomoti]@ (see p 56) in 0.1 ml
distilled 'water; 3 doses were given per day from 2 days prior
to infection to the day of infection. The control group was
given 0.1l ml distilled water at corresponding times. One hun-
dred larvae of g; dubius were given by. ifxtraggastric intuba-
tion to 5 mice from each group. At,the time of infection,
the remaining 5 mice 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 and the distribution of worms in the small intestine
Y

was determined. The influence of reduced intestinal propul-

sion on establishment and longitudinal dispersion was there-

« L4
3

fore examined.
" (ii) Twenty mice were divided into 2 equal groups. Five

mice from each group were given 100 larvae of y- dubius by
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intragastric inoculation in 0.1 ml saline and 0.5 ml saline

respectively. At the time of infectien, the rates of in-
testinal propulsion were tested in the remaining 5 mice

-

of each gréup using Affi Gel Blue affinity chromatogréphy

7
/

beads delivered in 0.1 ml and Oﬂé ml saline respectively. /
Six days after*infection, the remaining ;himals were killed
and the éistributidn of worms in éhe small intestine was/de-
termined. The influence of increased intestinal propulsion
on the establishment and longitudinal dispersion was there-
fore examined. ‘ ‘
gY’ The effect of different inoéﬁla on the longitudinal dis-
tribution of N. dubius in the small intestine

Twenty mice were divided in®d 4 groups Each group
was given an ipéragastric inoculation dfho;e of/the following .
larval doses of N. dubius: (a), 100; (b), 2oqj /QL 500 and
SdL 1500, each in 0.1 ml. Six days after infection, the .
animals were killed and the distribution of worms in the
small intestine was determined. The influence of larval

inocula on longitudinal dispersion was therefore examined.

3C. RESULTS

1) Trichinella spiralis

posterior quarter. In mice pretreated with the surfactant,




FEIGURE 3.1 The distribution of adults in the small
intestine of mice 5 days after oral infection with

500 larvae of T. gpiralis. A, encysted larvae; B,

excysted larvae and C, infected meat.

2
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‘Tween 80, there was a more poste;%or'peak in/distfibution
pattern (Figure 3.2) which was greater with 0.2 ml than 0.1 ml)
treatments. Continuous antlblotlc treatment caused a some-'
what more anterior longitudinal dletrlbutlon of the adplts
than in the controls (Figure 3.3). Table 3.1 lists thé re-
coveries from these three experimental groups. ) 2
The distribution of food in the gut had an effect
on the distribution ‘pattern of T. sgiralié in the-small in-
testine. Figures 3 4,'3.5, 3.6, 3.7, 3.8 and 3.9 show the
distribution pf worms in the small 1ntest1ne and the cor-
responding distribution of food 1n the gut at the time of
infection. 1In all but one group, the majority of the adult
worms were recovered from the setond quartet:of the small
intestine independent of food distribution; in these gtoups
the majority of the ingesta was recovered from the posteréer
ﬁalf of the small intestine (Figures 3.6, 3.7, 3.8 and'fiés
or there was little or no food in the gut (Figure 3,4) In
group (b) (Figure 3.5), the larvae were admlnlstered at the
“time df food presentation and the majorlty of adults, about 1
' 70%, were recovered from the posterior half of the small in-
testine (equal - numbers }n both quartere): The food distribu-
tion in these animals parallelled the parasite distribution.
The mean numbers of adults recovered from these groups are
shown in Table §f2. : \
The distribution of adults in the:small intestine
of mice implanted with the excysted larvae gf T. spiralis is’

shown in Figure 3.,10. When the larvae were imélanted into

the duodenum, the majority of the worms were recovered from

’
-
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FIGURE 3.2 The distribution of adults in the small

'

intestine of mice 5 days after oral infection with

'500 larv?e of T. spiralis. A, control, 0.1 ml dis-

tilled watei; B, contfol,¢0.2 ml distilled wateg;

~

C, Tween 80, 0.1 ml; D, Tween 80, 0.2 ml. ’
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-FIGURE 2.3 The distribution of adults in the small .

¢ - s

intestine of mice 5 days after oral infection with
300 larvae of T. gpiralis. A, controls; B, mice re-

ceived antibioﬁic treatment.
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TABLE ‘3.1 THE MEAN RECOVERY OF ADULTS FROM

70

% '

THE SMALL INTESTINE 5 DAYS AFTER INFECTION

' WITH 500 LARVAE OF T. SPIRALIS

Group Treatment
|y eﬂcysted )
-excyéged .
infected meat
p"2 ‘Contro} (0.1 ml)a

Tween 80 (0.1 ml)

Contxol (0.2 mf)

Tween 80 (0.2 ml)

Control

Antibiotics

©

Mean % Adultg

\Recovered 'S, E.

229.3
207.0

' £286.5

¢

172.2
161.5
64.0

43.4

" 223.7
186.5

I+ 1+

8

L S Nt

1+

i+

L]

20.5
31.4
29.6

7.5

21.3.

B.5

11.1

%7;7‘

25.4

(a)
(a)
{(a)

(b)
)
(c)
(c)
(d)
(aj

)

»(:" -

% B

Recovery

45.8
51.4
57.3

34.4
32.2
12.8

8.7

44.6

37.3

A{a) (b) (c) (4) :All values .with the same superscript

do not differ significantly from each other (p;i 0.05)

]
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»AFIGURE 3.4. The d\\stributlon of adults in the small

”;L:mtest:me of mice 5| days after :Lnfect:.on with 500

larvae of T. Eualﬁs and the dlstr:.butz.on of food
in the gut at the t~ e of infection. Mice were in-

fected .at 1000 hour;"s, and no food was presented then. _.

»

or for a further lZ\hours. A, distribution of adults;

P 4

B, distribution of #ood.
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FIGURE 3.5 The distribution of adults in, the small
intést;he of mice 5 days after infection with 500

larvie of T. spiralis and the distribution of food in

the gut at the time of infection. The mice were in-
fected at 1000 hours at the time of food presentation. \\\

A, distribution of adults; B, diifj}buﬁion of food.
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FIGURE 3.6 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 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

2 G actaiad

/

The distribution of adults in thexsmall

intestine of mice 5 days after infection with 500

larvae of T. spiralis and the Qistribution of food

> in the gut at the time of 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 distribution of adults in the small
intestine of mice 5 days after infgcéion with 500 lar-
vaé of T. spiralis and the distribution of food iﬁ -
the gut at the time of infection. The mice were in-

fected at 1500 hours, 4 hours after foodkwithrawal.

A, distribution of adults; B, distribution of food.




n

80

cl L ol 6 8 L 9 S v € [ 8
1 ﬁ 2 L [ 1 L 1 1 ' A
i /HCIIA“. -
L | _ 1 u._w\
_ *’lll*\*l\\.‘ “ﬂx

o
e

'3 'S 7 uswbes . palangoas % ueap

B

e




~

FIGURE 3.9 The distribution of adults in the sﬁall
intestine of mice 5 days after infection with 500
larvae of T. spiralis and the distribution of food
in the gut at thédiime of infection. A, distribution

of adults; B, distribution of food.
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TABLE 3.2 THE MEAN TOTAL RECOVERY OF ADULT WORMS OF
T. SPIRALIS FROM THE INTESTINE OF MICf,AFTER ADJUSTING
TO FEE DURING A 1-HOUR PERIOD\EACH DAY, INFECTED

WITH SOB\LARVAE

\\
Timg of
(a)

Infection (hours) 1000 1100 1300 2130 1500 1000

-

Mean Total

\,./"- ’ - ¢
Recovery 88.8 + 14.0% £ 122.2 ¢+ 11.7 130% 11.2 131.0 + 13.9 147.8 ¥ 20.0 254.2 * 23.8

t S. E. — i

-

(a) 1000 gfoup infected and fasted

all values underscored by the same line are not - )
significantly different (p < 0.05)
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FIGURE 3.10 -The distribution ‘of \adults in the- .

"small intestine of mice 5 days after infection:with

-

500 larvae of T.

sglrélis.

A, controls; B, implan-

i

tation into the duodenum and C, implantation into

the ileum.
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the anterior small intestine with a distribution similar to
control animals given an oral infection. When the larvae
were impLanted,intoq£he ileum, the peék recovery was from
the ;ite of implanﬁétion with more worms anterior to the
site of implantatipn. The numberp of adults recoverea from
these groups is shown in Table '3.3)

The mean recovery of adults was lowest in the ileum

"implantations and only slightly\better in the duddenum im-

plantations when compared to controls.

In mice'implanted with excysted larvae between tem-

éorary ligatured pouches, the majority of the adult worms
ware consistently recovered ‘from the site of implantation

(with the.possible éxception of 3.128)_(E§gu;g§/3{11 and

3.12). Nj\

\ There was some’ longitudinal movement towards the
midrintestine in anterior or posterior implants. Larvae
established but the percentagg-of recoveries varied from
7.i% inathe‘cOIOn to 29.1% 'in the mid-intestine (Tabi? 3.4).

In mice in which-the rate of -intestinal propulsion
was cﬁanged; there were changes in the distribution of worms
in the intestine. Thg intestinal propu&sion rate in animals
treated with Lomotil was significantly slower than that in
the control animals (p<0.05) (Figure 3.13). The rate of
propulsion in the gut is given by the slope m. The distribu-
tiop of adults recovered from the intesfiées of mice treated
with Lomotil was anterior of controls with the majority of
larvae in the first quaréér and with pe;¥ estab}éshqgnt in

segment 2 (Figure 3.14). The adult recoveries are shown

L)

in Table 3.5.

3
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TABLE 3.3 THE MEAN RECOVERY OF ADULT WORMS
FROM THE SMALL INTESTINE FOLLOWING THE
IMPLANTATION OF 5Q0 LARVAE OF T. SPIRALIS
INTO DIFFERENT LOCATIONS OF THE GUT
Mean # Adults %
Treatment Position N Recovered + S. E.- Recovery
Control intragastric 5 209.6 : 18.8 41.9
(a)
Implantation duodenum 5 39.2 + 7.0 7.8
, T (a) )
Implantation ileum 5 33.2 £+ 4.5 6.6

(a) significantly different from control (p < 0.05)

3
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FIGURE 3.11 The distribution of adults\in the gut
of mice 5 days after implantation of 500 larvae of
T. spiralis into temporarily ligatured pouches of
gut. A, controls; B, implanﬁatioq iq the duode-
num; C, implantation into the ileqm; D, implantation

into the caecum and E, implantation into the colon.
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FIGURE 3.12 The distribution of adults in the gut
of mice 5 days after implantation of 500 larvae of
T. spiralis into temporarily ligatured pouches of

the mid small intestine.
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TABLE 3.4 THE MEAN RECOVERY OF

' }

THE SMALIL INTESTINE FOLLOWING THE IMPLANTATION
OF 500 LARVAE OF T. SPIRALIS INTO LIGATURED

POUCHES IN DIFFERENT LOCATIONS OF THE GUT

ADULTS FROM

Position of

Mean # Adults

Implant N Recovered * S, E.

(a)

Control 5. 175.0 2 12.1
. (a)

Midgut 5 145.5 + 29.5
(b)

Duodenum 5 103.4 + 13.5
(b)

Ileum 5 81.2 ¢ 25.5
(e)

Caecum 5 52.5 £ 23.0
y (c)

Colon 5 35.5 ¢+ 16.0

(b)

(c)

92

%
Recoﬁerx
35.0
29.1
20.6
16.2
10.5

7.1

(a) (b) (c) all values with the same superscript do

not differ significantly from each other (p < 0.05)
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‘ FIGURE 3.13 The rat‘\e‘ of intestinal propulsion in
' mice. A, controls; B, mice treated with' Lomotil".
N M= slope, * significantly different from the i

control (p < 6.05)
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FIGURE 3.14 The distribution of adults in the small
intestine of mice 5 days after infection with 500 lar-
vae of T. spiralis. A, animals treated with Lomotiga;

B, controls.’
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TABLE 3.5 THE MEAN RECOVERY OF ADULTS OF
T. SPIRALIS IN MICE TREATED WITH LOMOTIL®

5 DAYS AFTER INFECTION WITH 500 LARVAE

7 Mean # Adults $
Treatment N Récovered 5. E. Recovery p < 0.05
Control 5 238.8 * 40.0 47.6
Lomotil 5 253.4 % 10.5 50.7 N. S.
S
Y s \\\\

RN L IR
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The intestinal propulsion rates of animals given

+

0.5 ml and 1.0 ml saline were significahtyy faster than the
controls given 0.1 ml saline (p < 0.05) (Figure 3.15). 1In
animals with increased propulsion, the adults were recovered

-

from a more posterior position than controls. Peak recovery
of aduits in the animals given 0.5 ml and 1.0 ml saline oc~
cufred in segments 8 and 10 respectively while in control
qﬁiﬁals given 0.} ml saline, peak establiéhment occurred in

segment 4 (Figure 3.16). The adult recoveries are shown

in Table 3.6. *

With larval inocula of 500 to 2000, there was a

~posteriad shift in the establishment paftern with increas—

ing dosages. The majority of adults recovered from infec-
tions with 500 larvae were from the ;nterior small in-
testine while the majority of adults of the infection with
2000 larvae were recovered from the posterior intestine
(Figure 3.17). Low recoveries' from ﬁhe mice given 100
larvae make interpretation somewhat arbitrary. The adult
recoveries from these groups are shown in Table 3.7.'

From the resg&ts with the single-sex infections of

T. spiralis it was discovered that the infections were

not purely homosexual and some members of the opposite
sex were always recovered. ‘However; in no instance was
the contamination greater than 10%. The distribution of .
adults in the female-only infgctions closely approximatedAthe
, . ) o~
!



o . ‘

FIGURE 3.15 The rate of intestinal propulsion in
mice. A, controls given 0.1 ml saline; B, mice
given 0.5 ml sal'ine and C, mice given 1.0 ml saline.
M = slope, * significantly different from ‘the con-

trol (p < 0.05). .
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FIGURE 3.16 The distributioh of adults in the small
intestine of mice % days afte;‘infection with 500 lar-
vae of T. spiralis. A, mice given 0.1 ml saline; B,
mice given 0.5 ml saline and C, mice givén 1.0 Pl
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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 # Adults %
Treatment N ‘'Recovered % S. E. Recovery p < 0.05
Control 0.1 ml 5 186.5 + 12.6 37.3 P
Ny :
\> 0.5ml 5 162.3 + 3.9 32.5 N, S.
+ 37.8 32.4 N. S.

\_-_;// 1L.0mlL 5 _ 162.0



FIGURE 3.17 The distribution of adults in the small

intestine of mice infected 5 days previouslyéwith: A,

100; B, 500; C, 1000 and D, 2000 larvae of T. spiralis.
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TABLE 3.7 THE MEAN NUMBER OF ADULTS RECOVERED AN
FROM THE SMALL INTESTINE, 5 DAYS AFTER INFECTION

WITH DIFFERENT INOCULA OF T. SPIRALIS

Mean # Adults Mean % Adults
Inocula N Recovered + S, E. Recovered * 5. E.
' | (ay °
100 5 32.8 ¢+ 0.6 32.8 £ 0.6
(a)
500 5 201.6 + 21.5 40.2 * 4.3
(bk
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 superscript are
not significantly different from each other

(pi 0005) . /1 4

e
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distribution pattern in the control mixed infections. The
aggregation of adults was less consistent and the worms were
more irregularly distributed in the male-only infections (Fig-
ure 3.18). The adult recoveries are shown in Table 3.8,

'

2) Nematospiroides dubius

&

The distribution of the larvae of N. dubius along
the small intestine of mice is shown %P Figure 3.19 and the
pattern of establishment was similar for infections with en-
sheathed and exsheathed larvae. The majority of the larvae
were recovered from the anterior small intestine with peak
recoveries in segments 1 and 2. The numbers of larvae es- ,
tablishing per segment decreases distally and larvae rarely
establish past the sixth segment. There were:significantly o
fewer larvae establishing in the group given exsheathed
Isrvae (Table 3.9).' .-

There was no change in the distribution pattern when
the animals were pre~treated with a surfactant, Tween 80, |
prior to infecﬁion (Figure 3.20). Likewise, 'in mice treated
with antibiotics prior to infection, there was no effect on
larval distribution ih the small intestine (Figﬁre 3.213.
In addition, the distribution of food in the gut at the\time
of infection did not signifigggtly affect the longitudinal - \
distribution of worms in thé small intes?ing‘(Figure 3.223. ' %
The larval recoveries from these groups are sbown in Table
3.10. ' o §
Tﬁe distribution of larvae of &, dubius implanted :

into the duodenum was similar when the larvae were impianted

in the presence or absence of bi%s (Figure 3.23) with 90% of

Pl 3 A Aapae o
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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; B, 250 male larvae and
! B

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 # Adults $ Adults
Treatment 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 t 16.4 27.3° N. S.
I -
-



FIGURE 3.19 The distribution of larvae in the small

intestine of mice 6 days after infection with 100 lar-

vae of N. dubius.

sheathed larvae.

A, ensheathed larvae and B. ex-
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TABLE 3.9 THE MEAN RECOVERY OF LARVAE OF
i

N. DUBIUS FROM THESMALL INTESTINE 6 DAYS - \ \
‘ AFTER INFECT&WOO LARVAE

. ’ °Mean % Adults

Treatment

N 'Recovered + S. E,
Ensheathed ' 5 ) 80.2 £ 3.2 .
. (a)
Exsheathed 5 59.8 £ 3.7°

/

v ‘ 1
(a) significantly different from controls (p < 0.05)

°
P R L TR T
"

3

(YR

AT A N R ks




FIGURE  3.20 The distribution of larvae in the small -
intestine of mice 6 da‘y_s after infection with 100 lar-
vae of N. dubius. A, controls; B, the mice were given

0.2 ml Tween 80 prior to infection,

s
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FIGURE 3.21 The

distribution of larvae in the small

intestine of mice 6 days after infection with 100 lar-

vae of N. dubius.

A, controls; B, the mice weré ’

treated with antibiotics prior to infection.
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’ FIGURE 3,22 The distribution of larvae in the small

«

o

intestine of mice 6 days after infection with 100 lar-
.vae of N. dubius and the distribution of food in the
~gut at the time of infection. A, the mice were in-
fected ;t 1000 hours and no food was presented for a
further 12 hours; B, the mice were infected at 1000
hours at the time of food presentation and C, the

mice were infected at 1500 hours, 4 hours after food
withdrawal. The histogram shows the worm distribu-

tion and the ogive shows food distribution
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TABLE 3.10

RECOVERIES 6 DAYS AFTER INFECTION

., THE MEAN PERCENT LARVAL

' WITH 100 LARVAE OF N. DUBIUS

Group Treatment .
’l Control
1 Tween 80 v
2 Control
2 Antibiotics‘
3 1000 hr. fasted
3 1000 hr. fed
3 1500 hr. fed
4

(a)

Mean %
Recovery * S. E.
59.6 + 12.3
2.2 + 5.1
8l1.2 + 7.4
78,1 + 3.6
(a)
90.3 *+ 12.5
(a)
74.6 + 6.2
(a)
82.3 + 5.9

120

Significantly different from controls within the

group (p < 0.05)

All groups with the same superscript do not differ

N\
N

significantly from.-each other (p € 0.05)




FIGURE 3.23 The mean recovery of worms from the
small intestine of mice 6 days after implantation

of 100 larvae of N. dubius into the duodenum. (Ar-
rowhead 'poihts to site of implantation). A, implanted
with ensheathed'larvae; B, implanted with ensheathed
larvae with bile; ¢, 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 larvae established posterior of the implantation site
when exsheathed larvae were used. In addition, the recovery
was significantly lower in the animals 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 small recoveries (Figure 3.24; Table 3.11)
with the majority of larvae being found at the site of im-
plantation. While the recoverdies were very small, the num-
bers of larvae establishing in the ileum in the presence of

<
bile was almost twice as much as the numbers establishing

in its absence (Table 3.11). There was no significant in-

crease in establishment/with bile in the duodenum or ileum.
Iéplantation into the caecum resulted in no establishment
reéardless of treatment (Table 3.11).

.t Alteration of the rate of intestinal propulsiocon
chanégd the distribution pattern of N. dubius in the small
intesé%ne. LomotifD treatment significantly reduced the
propuléion rate when compared to controls (p < 0.05) (Figure
3.25) . The establishment of larvae in animals with this
trgqatment was anteriad of controls withh 67% of the worms
establighed in the first segment and 99% in the first 2 seg-‘

ments (Figure 3.26). The larval recoveries are shown in

Table 3.12.
Intestinal propulsion was significantly increased ~
(p < 0.05) when compared to controls in the animals treated

with larger doses of saline (Fiqure 3.27). However, there

2oy 4 R(OIY e
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TABLE 3.1l PERCENTAGE RECOQVERY OF LARVAE OF

E. DUBIUS FOLLOWING IMPLANTATION OF 100 3RD

STAGE LARVAE INTO THE GUT
Bile added Position in the Mean %
Larvae to inoculum alimentary tract Recovery ¢+ S. E.
‘ ) {a)*

Ensheathed - Duodenum 90.3 * 6.8
Ensheathed Duodenum 90.8, * 6.0 =)
Exsheai%hed - Duodenum . 43,0 = 2.6 o)
Exsheathed Duodenum 32,4 £ 9.4 e
Ensheathed - 4 Ileum 0
Ensheathed Ileum | 2.0 £ 1.7 (e
Exsheathed - Ileum 0.4 ¢+ 0.2 )
Exsheathed Ileum 0.9 + 0.6 ‘el
Enspeathed - . _ 0
Ensheathed / ' 0
Exsheathed . - ’ 0"
—Exsheathed . 0

* %11 values with the same superscript ‘'do not differ

significantly from each other (p < 0.05)

axs

-
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FIGURE 3.24 The mean®recovery of worms from the .
small intestine of mice 6 days after implantation
of ioo larvae of N. dubius into the ileum. (Arryow-
head points to site of implantation). A, implanted
with ensheathed‘larvae; B, implanted with ensheathed
larvae with bile; C,wimplanted with exsheathed lar-
vae and D, implanted with exsheathed larvae with':

Y

bile.

\\
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FIGURE 3.25 The rate of intestinal propulsion in
®

mice., A, controls; B, mice treated with Lomoti

M = slope, * significantly different from the con-

trol (p < 0.05).
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The disté%,buti'on of worms in the small

~intestine of mice 6 days after infection with\100

FIGURE 3.26

larvae of N. dubius. A, controls; B, the mice were

treated with Lomotil®.

-~
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P .
TABLE 3.12 THE MEAN LARVAL RECOVERIES FROM
THE gﬁé}L INTESTINE OF MICE WITH ALTERED

INTESTINAL PROPULSION, € DAYS AFTER

-INFECTION WITH 100 LARVAE OF N. DUBIUS

R Mean # Adults

Grou Treatment Recovered + S. E. p X
1 Control 84.4. % 7.1
[ i
© N. S.
1. Lomotil 87.9 + 3.5
2 Saline 0.1 ml 75.3 * 5.8
0.05
2 Saline 0.5 ml "38.6 * 9.9
“ ¥
i N J

LI

"”‘
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FIGURE 3.27 The rate of intestinal propulsion in

mice. A, mice given 0.1 ml saline; B, mice given
-

0.5 ml saline. M = slope, * significantly dif-

ferent from the control (p < 0.05).
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—.r
were no measurable ?hanges in the distribution of larvae in
the intestine. The peak recoveries in animals with increased
propulsion were reéorded from segments 2 and 3, while in the
controls, the higﬁest recoveries were recorded from segments
1 and 2 (Figuré 3.28). In addition,-there was a significant
reduction (p < 0.05) in the number of larvae that establish
in the animals with increased propulsion when compared to
controls (Table 3.12).

The effects of different inoéula on the longitudinal
distribution of N. dubius is shown in Figure 3.29. With lar-
val dosages up to 500, the distribution pattern remained simi-
lar, the peaﬁ recoveries wére 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 fol-
lowed by a rapid decrease in establisﬂment posteriorly, but
larvae were recovered in small numbers as far posterior
as the eleventh segment. The larval recoveries for these

groups are shown in Table 3.13.

3D. DISCUSSION

1) T. spiralis

. The§§\€E§glts confirm earliex observations that the

worms are aggregated in the small intestine (see p 29) and
show the peak populations in the second quarter of the small
intestine of the. mouse. In addition, the vehicle of infection,

infected meat, excysted larvae or encysted larvae, did not



FIGURE 3,28 The distribution of worms in the small
intestine of mice 6 days after infection with 100
larvae of N. dubius. A, mice given 0.1 ml saline;

B, mice 'given 0.5 ml saline.
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FIGURE 3.29 The distribution of worms in the small
intestine of mice 6 days after infection with: A,

100; B, 200; C, 500 and D, 1500 larvae of N. dubius.
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TABLE 3.13 THE MEAN LARVAL RECOVERIES
FROM THE SMALL INTESTINE 6 DAYS AFTER

INFECTION WITH DIFFERENT INOCULA OF

, ‘ N. DUBIUS
Mean # Adults Mean % Adults °
Treatment Recovered £ S. E. Recovered * S. E.
T A ——— "
ﬂ -

100 80.7+ 5.7 80.7 + 5.7

200 160.0 +14.0 80.0 * 7.0

500 441.3 +80.3 . 88.2 t16.1

i
1500 1106 +40.5 73.7 £ 2.7
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change this pattern. My results suggest that the ,larvae
» £ .

are freed in the stomach, regardless of the vehicle of in-
4 v

~

fection, and that the larvae entering the small intestine
established in similar patterns. .
' Inherent in the above argument and throughout this
investiqation‘ is the assumption that the sites selected by
the larvae are the same as the sites selected by the aduits.
There are practical and theoretical r.:easons for this agsump-
tion. | AN

Firstly, it is difficult to recover the larvae
within the first 2 days and before the fifth day of infec-
tion the counts do not accurately represent the numbers of
worms in the gut (Sukhdeo & Meerovitch, 1980).

Secondly, there js a lot of indirect evidence to
support the assumption. When the larvae were implanted with-
in temporarily ligatured pouches in the gut, the majority 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 infection (Despommier et
al., 1978) and in the present study it was assumed that the

larvae had established during the 30 minutes of temporary

" containment. Therefore, the adults were recovered from the

s?te of larval establishment. In addition, in several ex-
periments in this section, e.g. altered propulsion rates,
antibiétic treatments and surfactant treatments, the dis~
tribution of adults in:the qu£ has Been alte/red. However,

it was the conditions at the time of larval establishment

that were changed. \Tt;is again suggests that the larval site

<
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selection determines the qgult distribution. Therefore,
throughout this investigation, larval establishment has been
examined by the adult distribution pattern 5 days after in~
fection. ' ‘
oﬁe of(the most dramatic and significant changes in,

the larval est#blishment occurred subsequent to the altera-
tion of the rate of gut propulsion.. When propulsion was de-
creased with Lomotil treatment, the larvae established'more
_ anteriad of the controls and when propulsion was increased,
thenlarv;e established posteriad of the controls. The rate
of intestinal propulsion was measured by the\rate of movement
of the chromatography bead markers through the stomach and
small -intestine. Thié method was chosen to eliminate the
need for surgery whereby markers could be placed direétly into
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 ,0f 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 th;t the rate of gastric emptying did
not have any significant effects on the measurement of gut
érOpulsion. These re;ults, the;efggg4 are consistent with'
the hypothesis that tﬁe rate of—;6vement of ingesta along the
gut affects the selection of ;he site. The results of other

-~ *

experiments, e.g. antibiotic or surfactant treatment, in

‘ by

which there was a change in distribution pattern will now be

I

explained within this assumption.

There were differences in the distribution patterns

of the worms when implanted into ligatured pouches and implanted

o
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,stai:vation, there were several anatomical and physiological

"changes including hyperphagia, gastric hypertrophy, intes-

'S 142 \1‘

‘ - £

‘ v o N

without ligatured pouches. The dispersion .seen without liga-. 8!
tured pouches may '{laVe been due to 'the movements of ingesta B J

’ -

L4 f
in thi gut that moved the worm before penetration. ¢

Distribution patterns of worms in the mice fed for

only one hour per day -may alsoc be explained by differences

in gut propulsion. (Ih studies of rats adapted to intermittent

. I
tinal hypertrophy and increased enzyme secretion (Holeckova’ .
& Fabry, 1959’) . The hypex::trophy was‘also seen in my animals :
and the possible effects of increased enzyme secretions in
site selection are discussed in a later chapter on the
behavioural cues used by ﬂthe worms in site sélection.
The larval establishmént patterns of T. sgiral’is were similar
in all groups except the group that was fasted, ‘then infecf:ed
and fed at the same time. Perhaps the larval inoculum was in-
corporated into the first few boli to leave the stomach. 1In
pigs, fed one large meal after a period of fasting, there was
a burst of electrical acfivity Qith increased muscular con-
tracti’::ns and motility in the stomach and small intestine
which lasted several hours (R\.zckebusch & Bueno, 1975). .In -
the group fed and infécted at the same time, sueh an increase
in mdtility :i!.&n mice would cause the posteriad establishment
of larvae seen in this group and ié could also,accor.:nt for
the low recoveries in this group.” More larvae would be swept;
out of the gut before they could establish and‘ there would only
be a brief expﬁssure to/pepsin-HCI,in“\the stoma;:h. Subsequent

: . o -
to this initial burst of activity, the gut motility returned

to normal and propulsion is slower. Again this is consistent’
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with the hypothesis and in the remaining fed groups the lar-

vae established in the anterior small 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, T. spiralis can develop in parenterally fed rats
but the establishment is lower than in animals with food in

their guts (Castro et al., 1974, 1976). The latter authors

'suggested that the larvae required the food as transport

mechanisms to carry the larvae along the gut. The present
§

results only partly agree with their{hypothesis, although food

"appears to be used as a transport mechanigt: I have found

.‘that the establishment of larvae is greater in fasted animals,

Fasting results in changes in the pattern of intestinal mo-
P ;
tility, the rate of propulsion becomes significantly slower

than fed animals (Reinke, et al., 1967; Carlson et al., 1967;

Szutszewski, 1969; Ruckebusch & Bueno, 1975; Summers et al.,

f976),\xPerhaps in the fasting mice given the in?ecgive lar-
vae, the rate of flow along the 'gut was slower than in the

fed animals and more larvae ﬁad-the time to establish than

in the fed animals. T
- ‘(
The changes in distribution following rfactant and
antibiotlc treatment may also be explained by allered propul-

sion. Animals pre~-treated with the surfactant, T&ben 80, showed

" a distinct posteriad shift in the distrxbutxon of T. spiralis.

- A consequence of surfactant pre-tréatment may have been an in-

creased propulsion rate. The rate of intestinal propulsion
R ad ’ \ )
N -

¢ i
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in these animals was not, howe¥er, measured. In mice pre-
F .
treated with antibiotics, the larvae established anteriad
\

of the controls. Comparison between conventional and germ-

free mice show that the rate of pfapulsion in the conven-

©

tional mice was significantly faster-~than the germ-free
animals (Abram & Bishop, 1966, 1967). - In the present study,
a slower propulsion rate caused by the qyﬁﬁression of the
normal flora could explain the observed results. ,
Increased i;ocula resulted in a 'skswed‘ distribu- ,f
tién posteriad. It may have been that the higher densities
anteriorly, resulted in intraspecific competitiﬁn and’the;e-
forehmore larvae penetrated posteriorly. Alternatively, be-
cause the motility of the gut is highgr ;ﬁteriorly (Bennet,
1974; Ritter, 1975), high densities of larvae are carried
posteriorly,  resulting in some establishment in the posterfGr
v ’—/
Roth (1938, 1939) used verynhigh larval densities
(v 8000 larvae per guinea pig) and the posterior distfibutions

3

may have resultéd froh\gpis. Most investigators who have de-~

\

scribed ante:}or distributions have used relatively small -

doses )(Gursh, 1949; Larsh & Hendricks, 1949; Campbell, 1967;
Sq&hdeo & Meerovitch, 1980). *

| Homosexual infections of T. spiralis females re-
sulted in normaily aggrégated distfibutions while homosexual
male infec;ions result'in much le?s aggregated distribu-

tions. The males may be more activé than the females and

N
are probably in search of the females. Intraspecific sexual

‘intéractions are well known among nematodes (Green, 1966;

-
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Croll, 1972; Anya, 1976 a.b; Bone et al., 1977) and the in-

fluence of sexual agéagggion on the distribution of gastro-
intestinal nematodes is suggested (Roche, 1966; Alphey,
I@il). Most males pursue their females and this is consis-
tent with my results; in the absence of females the males are
less aggregated. Bonner and Etges (1967) reported that both
sexes of T. spiralis are attracted to the other but the fe-
males move more. Belzfevic and Dick (1980) found that males
are more actively attr;cted 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 . ' ~
Mosf of the larvae of N. dubius established in the
anteriormost segments of the small intestine with about 60%
of the total recoveries occurring ‘in ségments 1 and 2. These
results confirm the results of severai investigators who

Y ,
have worked with this parasite (Bawden, 1969; Pantherg#l969,

Lewis & Bryant, 1976). Histological ob;érvations in the
sites selected by this parasite (see Chapter 4) indicate that
larvae penetrate the intestinal wall between 10 and 30 minutes
after inoculation. There is no available evidénce' for sub-
sequent migrations; so the encystment sites are believed to be
adjacent to those of pen?tration.

The distripution.pattern was unaffected by the
presence of a ;heath. ~Eigi\ty per cent Sf the larvae exsheéth

within 5 minutes of infection (Sommerville & Bailey, 1973)

therefore similar distributions would have been expected.

<
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There was a significant reduction of larval establishment
in the animals given exsheathed larvae. The method used to

exsheath the larvae ﬁay have been traumatic and there may
have been a subsequent reduction in infectivity. In another'
experiment, exsheathed 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 effects were all insignificant on the distribution
of N. dubius in the intestine. The results of the implanta—’
tion studies of*N. dubius may partially explain this differ-
ence, Establishment in the duodenum following implantation
into-temporary pouéhes was very high with sheathed 1a¥vae
(>90%) and exsheathed larvae (»60%). Further results suggest
that the larvae are incapableqof effectively establishing else-
where in the gut. This is strongly supported by numerous
studies-and observations that the larvae are rarely or nevér
recovgred from the lower gut. These results suggest that the
conditions essential for the establishment of the infecFive
iarvae are probably found only in the upper small intes?ine.
The similarity in distributions after different treatments
would therefore bhe expected.

- In the experiments with surfactantApre—treatment,
antibiotic pre~-treatment and intermittent fasting, there .

were no differences in the distributions or the numbers of

larvae establishing when compared to controls. These results

contradict the results qg'Wéggcott (1967) and Bawden (1969).

It had been reported that the microbial flora and the direct

N it * » ] I3
or indirect effects of diet exert a significant influence on

)
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the establishment, distribution and development of N. dubius
(Westcott, 1967; Bawden, 1969). Bawden (loc. 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

o

this hypothesis.

In several of these experiments with N. dubius, the
coﬁditions at the time of infection were altered, and there
was little change in the longitudinal distributions when com-
pared to controls. It has been, reported that some larvae can
enter the mucosa of the sStomach 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 larvae in the
gastric mucosa may therefore explain the unaltered distribu-~
tion pattern. However, when intestinal propulsion was sup- \
pressed with Lomotif? more larvae established anteriad of
the~controls. When intestinal propulsion was increased,
there was little change iﬁ the distribution but significantly
fewer larvae became established (p < 0.05) when compared tp
controls. It is possible that the larvae were swept beyond
their potential site in the animals with increased propulsion
and could not establish further down ana th; larvae that es-
tablished -in the normal distribution paftern came from the
gastric{mhcosa. The reason for thé anter%ad é;tablishment in
mice treated with Lb@gﬁil may have been due to the prolonged

B

effects of this drug. -
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Inocula of 100 to 500 larvae of N. dubius resulted
in similar distributions. However{ with inocula of 1500 lar-
vae, although the majority of the larvae were recovered from

(//?;ENfirst 3 segments, encysted larvae were consistently re-
covered posteriad, as far as the llth segment. I have found
that larvae can establish in the ileum in small numbers and
I believe that because of the 6verwhe1ming number of larvae
givgn in tHg*large inocula, more larvae were able to pene-
traté‘the lower small intestine.

3) Summary

\%a) The Iarvae of T. sgirafié could establish anywhere along
the gut but the larvae of N. \dubiui,i would establish best in
the anterior smali intestine. ‘
b) The vehicle of entry into the host does not affect the
distributions of T. spiralis or N. dubius in the small in-
tgstine.'* ' ~
c) The larvae of T. spiralis dete;Line the sites selected
by the adults.
d) ' The distributions of T. spiralis and N. dubius are af-
fected by the iaée of intestinal propuysion. .
e) The direct or indirect effects of a surfactant, anti-
biotics a;d food in the ut are important in the distribution
of T. gpiralis but do not affect the distribution of N. dubius.
f) - Increased inocula results in more posteriad establishment
in T. spiralis amd N. dubijus. |

g) Intraspecific»sexual iﬁtgractions are\important in. the

distribution of T. spiralis.
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CHAPTER 4. THE TRANSVERSE SITE OF '

THE LARVAE OF NEMATOSPIROIDES DUBIUS IN
THE GASTROINTESTINAL TRACT OF THE MOUSE

4A. INTRODUCTION )

The life cycle of N. dubius has been studied by
sevefgl investigators (Spurlock, 1943; Ehrenford, 1954, Fahmy,
1956 ; Bryaqt, 1973) who have reported that the infective lar-
va+ of.this nematode penetrates the intestinal mucosa of the
anterior small intestine and encysts in the intestinal wall.
Liu (l965a) feported that the larvae also penetrate the gas-
tric mucosa where they may remaiﬁ:for up to 36 hours before
refeq;ering the lumen and peﬂetrating the mugcosa of tﬁe small 4
intestine. The purpose of this study was to determine the
transverse site selected by the lar%ae of N. dubius in the

small intestine of the mouse.

¢ -

4B, MATERIALS AND &E?HODSU
Thirty-two mice were div#ded inte 8 equal groups.
The mice in four of the groups were each given 1000 larvae
of N. dubius by intrggastric inoculation. The mice in these
groups &ere killed at intervals of 10, 30, 60 miﬁuteg and 24
hours after inoculation. Segments of the stomach and duo-
denum of these mice were p¥apared for histological examina-

tion. The mice in the remaining 4 groups were each given’
500 larvae‘of N. dubius by intragastric inoculation and they
were killed at intervals of 3, 5, 7 and 9 days after infec;’
tion and the duodenﬁﬁ’of these &id; were prepared for histo-
logical examination.’

)
/ . -~
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All tissue for histological ex;mination were pre-
pared as described previously {Chapter 2. General Materials
and Methodsy. In addition, some sections of intestinal tis-
sue were stained with Milligan Triéhrome stain, a muscle
specific stain (Humason, 1972) and with Picro-Ponceau with

haemotoxylin stain, a collagen stain (Humason, 1972).

4C. RESULTS AND DISCUSSION

The larvae of N. dubius are found in the tissues of
the stomach and the duodenum during the first 24 hours of in-
fection. In the stomach, the larvae penetrate the epithelial
cells within 10 - 30 minutes of infection and migrate into
the‘mucosa (Figﬁre 4.1). ?enetra;ion occurs‘predominantly in
the glandular region of the pyloric area of the stomach, and
the larvae are usually found penetrated intg the fundic glands
(Figure 4.2a). The larvae that had peneérateq*the epithlium
of the duodenum were found in the muéosa, and rarely in the
submucosa, during the first 24 hours of infection (Figure 4.3).
It was reported that the larvae that penetrated the mucosa of
the stomach did not stay in the gastric mucosa for longer
than 36 hours when they migrated to the lumen and penetrated
the intestinal mucosa. In the first day after infedtion,
the larvae are never found in the final site (described be-~
low) in the muscularis externa. My resu%&s suggest%that early
in the infection, the larvae either wander around in the
tissue or are very slow in making their way to the final site.

waever,-since the larvae are found in,tﬁe same region as the

Y
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FIGURE 4.1 Histological sectionsof the stomach of
mice A, 30 minutes and B, 60 minutes after infection
with the; larvaeJof N. dubius. - In both cases, the

larvae are found in the fundic glands. Arrows .point

to the larvae (bar = 100 um).
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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 sfill
found in the region of the fundic glands. B, a larva
.in the small intest;ne, probably in the process of/
penetrating. The larvae‘®are rarely found in the sub-

mucosa during the first 24 hours of infection (bar =

100 jm).
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FIGURE 4.3 The location of the larvae of N. dubius
in the small intestine A, 10 minutes and B, 30 minutes
after infection. The larvae are found in the mucosa,

arrow points to larva (bar = 100 am).
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“final’site, I suggest that the penetration is a slow process.

v It has been reported 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 (Liu, 1965). In ad-

dition, Liu (loc. cit.) has reported that in Webster and C3H

\mice, there is a dense ifnfiltration of polymorphonuclear

leucocytes around the'larvae in the smail intestine &nd in
the lamina propria and submucosa of the stomach, as early
as 24 hours after infection. I have found'tﬁat'in the first
24 hours of infection, the onlyﬂdémagé‘in the stomach and the
small intestine appeared to be caused by the mechanical pas-
sage of the larvae through tﬁe mucosa and that there was no
obvious iﬁérease in the infiltration of polymorphonuclear leu-
cocytes in either region during ﬁhe early staqges of infection.
gfom 3 days‘after infection, there was a localized
easinophilic response'around the worms that increased slightly
in seve;ity as the,infecéion progressed (Figures 4.4 - 4.6).
This response was similar to the résponse of Webster and C3H
mice to N. dubius infection (Liu, 1965a) but of a much lessex,
degree. 4 The Zifferences in severity of response m&y have been
due, to strain digfefences in the host and parasite.

From the 3rd to the 7th day after infectidh, the lar-
SN

vae were found in the muscularis externa (Figures 1.4; 4.5).

g -

When the sections were stained with Milljgan Trichrome stain
for muscle tissue, it was found that the larvae were com-
pletély 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 gmbedded in the'.

muscle layers of the wall.surrounded by polymorpho-,

nuclear leucocytes. The leucocytic respdnse in- -

creases as the infection progresses (bar = 100 _um).

~
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PIGURE 4.5 The location of. the larvae of N. dubius

in the small intestine 5 days after infection. «iq

section stainéd w1th Mllllqan Trichrome staln, show-

ing the c1rcular muscle layers surrounding the worm.
B, sectlon 'stained w1th Plcro-Ponceau, showing a layer

of collagen in the submucosa but not around the larva
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FIGURE 4.6 The location of the adults of N. dabius

in the small inteStine 9 days after infection. The
adults. are found in the lumen of the small intestine,
entwined around the villl. The striated cuticle

L
* probably has a function in ancho;iné the worms to

the villi and particulate matter is found in, the
.

b 1

‘qut (5af'=~19anq). ~ , S

o akes e e



Waln
A
<. '
P

.

N

.

FY




164

* ,g - .
longitudinal muscles. Although severhl 1nvest1gators have
suggested that the larvae are found withln cysts (Liu, 1965a;
Bryant, 1973), I have found nho evidence of a c¥s€. In sec-
tions stained for collagen (Picro- Ponceau stain), a layer of
collagen was seen in the submucosa and the worms were usually
found below this layer. There was no Follagen seen around
the larvae (Fiqure 4.5b). My results suggest that the lar-
vae ar; merely embedded in the circula Lmusqle tissue and
sequ@&tered by the localized leucocytic response, this is not
a true cyst. = s »

The method by whiph nematodeg feed when apparentlyA
immobile and within tissue is not understéod. The encysted
larvae of T. gpiralis have the ability to absorb various metabo-
lites and nutrients (McCoy, et al., 1941; Stoner & Hankes,
'1.955, 1958; Hanke‘s & Stoner, 1956, 1958; Mills & Kent, 1965;
Kozar, et gl.; 1969) . The mechanism of nutrient uptake in
the larvae of T. spiralis hgg not been elucidated. 1In the ’

5

entomophilic nematode, Mermis nigrescens, uptake of nutrients

-

occurs across the cuticle (Rutherford & Webster, 1974, 1978;
Rutherford et al., 1977) and the mechanism may be similar for
the larvae of T. spiralis. The mechanism of nutrient uptake
of the larvae of N. dubius during its histotrophic phase has

'not been previously described. _
. ,

1

' I ﬁqve found that the gut of the larvae of N. dubius
is filled with éarticulate matter whil% it is embedded within
the muscle (Figure 4.7a) and occasionally the gut may contain
c%llagenous material similar to that found in the nearby sub-

mucosa (Figure 4.5b).
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FIGURE 4.7 The location of the larvae of N. dubius

»

:';n the small intestine A, 5 days and ‘B, 7 days afj:er ’
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iﬁfection. Particulate matter is found in the gut

+

() and the spike of the larva is extruded (B) -
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A spike-like object, reminiscent of an underde-
veloped stylet, has been seen in some but not all L, larvae
{Figure 4.7b). This appendage has not been pre;iousiy”de—

[V
scribed from trichostrongylid larvae but it may be used-to

disrupt the cell membranes. ° )

The presence of particulate matter within the gut
of the nematode suggests that it is actively féeding on the
host's ti§sue during divelopment.

4D. SUMMARY

s
a) The larvae of N. dubius do not immediately go to their

‘final site after penetration but the final site selected in
the small‘intestineris adjacent ‘to the sites of penetration.

b) The final site of the larvae in the small intestine is
a :

the’ circular muscle layer of the muscularis externa,
Vs

c) The larvae feed on the surrounding tissue during its
q
development in the small intestine.

N : / . . w
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CHAPTER 5, EXCYSTMENT BEHAVIOUR IN

TRICHINELLA SPIRALIS: ‘ B

THE EFFECTS OF_GA%TRIC SECRETIONS

-

L 4

S5A. INTRODUCTION ‘ *

On its arrival in the host, the infective stage of
an intestinal parasite emerges from its protective egg, cyst

or sheath and establishes itself. 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 & Croll, in

press) . The infective larvae of N. dubius lose their protec-~

u

tive sheaths in the stomach of the host when 80% of the larvae
/exsheath in less than 5 minutes (Sommerville & Bailey, 1973).

The latter authors also found that the major components of

the. stimulus for exsheathment of N. dubius ig vitro are the

high concentrations of hydrogen ions and temperatures similar
to that of their host. There are several other nematodgg,

including Trichostongylus colubriformis, Trichostrongylus

retortaeformis and Nematodirus battus (Rogers, 1960; Christie

& Charleston, 1965; Bailey, 1968; Lackie, 1975) which have
similar requireménts for emxsheathment and these nematodes
also exsheath in the stomach>ofrgheir~hosts.

T. spiralis is generally believed to excyst follow-

ing the enzymatic degradation of the capsule by pepsin in the

stomach (Gould, 1970). The normal laboratory p;a%tice of

excysting larvae from infectéd meat is by digestion in pepsin !

-
°
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and HCl which also supports this belief. This scction at-

tempts to quantify more'precisely,the active and passive com-
) - \ R »

ponents of excystment in T. spiralis.,

5B, MATERIALS AND METHODS

1) The method of recovery of encysted larvae of T-. spiralis

The encysted larvae of T. sEiraiis were récovéred
from infected meat by homogenization. Infected andimals werc
killed by decapita;ion, skinned, eviscerated and the carcass

. was cut into small pieces. These pfeces were homogenized
———with,saiiné—%unless-tﬁmerwise stated) in a‘SEIVéII“UﬁHi*
Mixer (Dupont Instruments, Newton, U.S.A.). ’

The homogenate was strained through cheesecloth and
the filtrate was sedimented in "pilsner":.glass. Tﬂe sediment -’
containing the encysted larvae wés washed thrice in saline,

The cysts were then individually collected with a gasteur A

pipette drawn to a fine point. Cysts containing 1 larva and

with a minimum of muscle debris attached were-used’ in these

studies.

e

2) Lkxperiments on éhe excystation of 1. spiralis .
a) The effect of the concentration of pepsin on the excyst-
ment of T. spiralis larvae. -
(1) Infected meat was homogenized in 0.85% saline and
a%iquants of between 50 and 100 cysts were transferred tg
each of 15 watchglasses. The watchglasses were covered and : .

incubated at 37° C for 30 minutes prior to thé\commencement L

}
of the ‘experiment to acclimate .the worms to this temperature.
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Log déi;%lons of purlfled pepsin (Fisher Scientific Company (,
-4

~ - Limited, Montreal) from 10% to 10 % were prepared in a solu-
tion of 0.06 N HCl (p§ 1.9 - 2.0) ‘that was previously wermed
to 37o C. Two ml of each dilution was added .to each ;}?3
watchglasses to a final volume of 2.1 mlwand«the numbers of
larvae excysting were counted at intervals.

(ii) This experiment was identical in al% respects with

£

experlment 2(i) except that the lnfected meat was initially
j -

homogenlzed in dlstllled water instead of saline.

Ueb) The activity and behaviour of T. spiralis 1afvae.

-

The activity and behaviour of the larvae was observed

just prior to and subsequent to excistment, after being placed
- . o
in HCl-pepsin solution at 37 C. The CCTV was used to record

~—

the larval moveinents.

&) The effects of pH and several enzymes on the encystment

RN
[

of T. sgiraﬁis larvae.
" The infected mea? was hemogenized in salinenahd the
cysts extracted. The following enzymes were tested: pepsin,
trypsin, papain,,w-ch§motrypsin, *-amylage‘\lactase‘and lipase
(Fisher Scientific Company Limited, Montreal; Sigma Chemical

. Company, St. Louis). A 1% solution of each enzyme was pre-

U

pared in each of a series of 9 buffers ranging between pH 1
" to pH 2\(Parker & Croll; 1975) and a 1.0 ml sample of each
solution was added to each of 4 tubes containing 50 - 100 cysts

to a final volume of 1.1 ml. The tubes were then incubated in
. . ) N o 1 s
a slow-shaking water bath at 37 C for 1 hour, at the end of

i

this incubation the tubes were placed in crushed ice to ar-
-5

rest enzymatic’ reaction. Controls of 1% pepsin in buffered

R ’f‘
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HCl solution (pH 2.0) were included to assess the viability
of the cysts. The effect of collagenase (Sigma Chemical
Company, St. LOULS) was also assayed at pH 7 9, the pH op-
timum of this enzyme. ‘ ;
The influence of these enzymes\bn the ratio of

excysted to encysted larvae was examined. ;
d) THe effects of different concentrations of acids with

-pepSLn on the excystment of g;ﬁsglralls larvae.

Infected meat was homogenized in distilled water

.and the cysﬂé were extracted. One percent solutions of

~

pepsin in log dilutions of HCl, H,S0, and CH3COOH were pre-
pared. One ml samples of each solution were put into test
tubes contalnlng 50 - 100 cysts in 0.1 ml distilled water.

The tubes were incubated in a slow-shaking water bathfat

37° C, for 1 hour before being chilled to arrest enzymatic

‘reaction. The influence of acid concentration on excystment

of the larvae was examined.

e) The effects of chloride ions on the activitx of the ex-

¥

cysted larvae of T. spiralis.
- (i) Infected meat was homogenized in distilled water

and 0.1 ml aliquants confaininq between 50 - 100 cysts were

_transferred to each of 16 watchglasses. The watchglasses

were covered and 1ncubated at 379 ¢ for 30 mlnutes prior

to commencement of the experlment. Oneml of the following
solutions was added to each group of 4 watchqlasses- (a),

a 1% solutlon of pepsmn Ln HCl (pH 2.0); (b), a 1% solution

of pepsin in H,S0, (pH 2.0); (c), a 1% solution of pepsin

\
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in H804 (pH 2.0) plus the "addition of NaCl to a,ggnal con-
centration of 1% and (d),. a 1% solution of pepsin in H,504
(pH 2.0) plus the addition of NaSO, to a final concentration
of 1%, The population-activity and the mean activity. rate .
was monitored after 30 minutes incubation at 350 C in these
'solutions. P

(ii) Infected me;t was homogenized in distilled water

and 0.1 ml aliquants’ containing 50 - 100 cysts were trans{

ferred to each of 16 watchglasseés. The'watchglasseséyere

covered and incubated at 37° 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 HC1 (pH 2.0); (b), a 1% solution of pepsin

4

in H380, (pH 2.0); (c), a 1% solution of pepsin in HyS04

(pH 2.0) plus NaCl to a final concentration of 0.1% and (d4),
a 1% sofgtion of pepsin in H,50, (pH‘Z.OS’plus NaCl to a
fina{ concentration of 1.0%. At intervais after incubation
at 37° C the percentage moti;e\in each treatment were ex-

amined.

f£) The effects of inteapinal secretions on the excystment

r’.‘

of T. spiralis larvae. - .

" In order to examine the possibility of unspecified .
factor(s) from the intestine affecting excystment of T. 7

spiralis, a crude "succus entericus” was prepared. A 10 cm

.
portion of the mid small intestine was resected in anaesthe~

tized, laparotomized rats. This was washed with sterile

’

saline and closed at both ends to form a fistula having its

) ' !
,
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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 collecied, pooled and di-

v

luted to a concentration of 10% in bufﬁeréd saline (pH 7.2).

This solution was used as the-crude "succus entericus”" and
A .0 i
small aligquants were stored at -20. C until used.

Log dilutions of (a),érypsin, (b), "succus enteri-

cus" and (c), elastase (Sigma Chemical Company, St. Louis)
were prepared in (a), buffered saline, and (QL a 10% seolu-
tion of crude pig bile in buffered saline. Infected meat
was homogenized in distilled water and 0.1 ml a}iqqants 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 -1l hour before being chilled to arrest the enzymatic re-

action. The percentage excystment in- each treatment was ex-

amined.

g). The effect of gastric‘secretions~ig éizg on activation,
excystment and establishment of the larvae of T. spiralis.

Fifteen rats were ah;eséhetized and laparotomized.

Five equal groups of rats were surgically prepared: (a), con-

trols, closed without further surgery and infected with 1000

encysted larﬁae; (b), total gastrectomy (see below) aﬂd infected

with 1000 encystéd 1arva§; (c), total gastrectomy and bile

duct ligature (see below) and infected with 1000 encystéd

larvae; (d), no surgéry and infected with 100Q excysted .lar-

vae and {e), total géstrectomy and infected with 1000 excysted

»

larvae.
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The animals in which the stomach was removed were
. o e
anaesthetized and laparotomized. The 'avascular peritoneal

folds linking the stomach to the neighbouring organs were

divided and the stomach was pulled out, of the abdomen. In

order, the left gastric vein, the éae}iaé artery, the portal
vein, the gastric short vein and several branches of ;hé ,
right gastro-epiploic vein were divided between 2 ligatures. ,

The stomach was removed after division at the eosophagus and

4

q
duodenum. These were joined by end-to-end anastomogis. The
) r

abdomens were then closéd (Fiqure 5.1).

s

The éﬁimals in which the bile”dacé was ligatured
were anaestﬁet%zed and laparotomized. The upper bile duct
was ligatured and divided above the entrance of the pan-
creatic secretions into the common bile dﬁct. The abdomens \
were ﬁhen closed (Figure 5.23. . A j*

In all céses, the larvae were given by iﬁtragastric
intubation 3 days after surgery. Five aays after infect;oﬁ,
the animals wereAkiliEd and the numbers and distribution .of
worms in the small intestine were determined. The influence

a

of gastric secretions in vivo on establishment and longitudinal

dispersion wds examined. _ /
h) . The resistance~of the infective staée of T. spiralis to
; gastric secretion. \ ¢

Thirty animals 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) € hours, and (c) 18 hours,fafter

infection; the small intestine was immediately removed and

‘the mucosa was scraped with a glass slide. The mucosal

N A N 4
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FIQURE 5.1 The removal of the stomach -in the rat.
~

. 8§, shows tﬁe~removed stomach; X, shows the suture

line between the oesophagus and the duodenum.
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FIGURE 5.2 ~Biie duct ligature. Arrow points to

the two ligatures of the common bile duct, the duct

is divided between the ligatures.
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scrapiﬁgs of S mice in each group were fed individually tg
rats and the scrap%ngé of the remaining 5 mice were implanted
inaividually into the duodenum of anaesthetized laparotomized
rats. Fiv® days later, the rats were killed ané the number
of adults in the gut was determined. The 1nfluence of lar-

val maturity on the ability to survxve gastrlc secretlons
N

\ \ S

SC. RESULTS b

was aexamined.

8

1) Pepsin and exsheathment.

The excystment of larvae of T. spiralis occurs in
peps&n-Hcl solutions and the rate of excystment is dependent
on the concentration of pepsin (Figure 5.3). The most-rapid
éxcygtment occurred in lg,solutiqns of pepsin and the maxi-
mum excystment was attaiﬁed withgn 30 minutes of incubation.:
The time required for encystment increased as the.concentra-
tion of‘pepsin decreased and below 0.001% solutions, the en-

cystment was 25% even after 90 minutes. There was no excyst-

~ment in pepsin concentrations of 0.0001% and less. Excyst-

ment was slower in the corresponding dilutions of pepsin when

- the infected carcass was homogenized in distilled water, and

at pepsin concentrations of 0.1% and lower, fewer than 90%/6
the larvae excystedafter 90 minutes (Figure 5.4).

2) Behaviour of larvae.

On immersion in HCl-pepsin solution, the worms be-
gan to move while still within their cysts. The worm follows
a "figuré of 8" movement with the appearance of spinning

around within the cyst. As more space-is made within .the



FIGURE 5.3 The rate of excystment of the larvae of
T. spiralis in different concentrations of pepsin
after homogenization .in saline. The numbers on the

curves refer to the concentration of pepsin.
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FIGURE 5.4 The rate of excysthent of the larvae of

.

T: spiralis in different{g?ncentrations of pepsin-

after homégenization in distilled water. The num-
bers on the curves refer to the concentration of

pepsin.
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cyst,.fmall lashing moveménts of the tail begip. These tail
lashing movemenéﬁ help the larvae in béeaking out of the<éyst
before the cyst is completelf digested Gﬁigure 5.5). The
tail lashing behaviourocontinués for several hours after the
larv?e are free of the cyst. The head end remains coiled

ggd immobilé while the posterior half of the worm ;ythmiéally
lashes out. This behaviour pattern is designated as type 1.
A frame-by-frame analysis taken from CC¥V recordings of this

L]

'behaviou;/pattern igishown in Figure 5.6. Figqure 5.7 shows
the rate of activity (Type‘l) and tthpopulatio; activity of
the'larvaenaftef encystment and in the absence of any'other
stimulation. o | ' \

o

65 ,Enzymes and excxstment.

The only enzymes that pad a dramatic effect on the
Eexcystment of the larvae of T. spiralis were pepsin at a low
lpH ang collagenase at its optimum pH (Figure 5.8). The other .
enzymes tested appeared to have little effect on excystment
ngh the exception of t;yp§iﬁ. In trypsin, there was some

et
axcystment at pH 8 to 9.but maximum excystment with this en-

4

zyme was not higher t#an 8%. The cysts uéed in all of the
assays were active anh the controls (HCl-pepsin) included in v
each assay all resulted in 100% excystment.

4) Acid, chlorlde ion and excystatlon. ;

The efflclency of excystment thh a l% pepsxn solu- )

<
-~

tion increased with 1ncreasxng concentrations of acid (Flg-

ur? f\Q) Excystment was higher 1n the strong acids HC1l and

Sy

HZSO4Uand extremely low in' the weak ac1d CHBCOOH The ex-~

cystment res£on§e differed in the strong. acids eyeﬁ at the

A
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same pH and the numbers of larvae excysting were consistently
higher in the HC1 conceﬁtrgtions (Figure 5.10). It is pos- ‘
sible that the presénce of C1~ ions influenced the efficiency
of excystment.

The process of excystment was much slower and theﬁ
activity of larvae in a solution of pepsin with no Cl~ ions“
was significantly lower (p< 0.05) than the activity of lar-
vae in pepsin solutions with Cl~ ions (Table 5.1). ( \

o

The numbers of mobile larvae in the population in-

creased and persisted for several hours as the Cl  ion con-

centration in the incubation medium was increased/ (Figure 5.11)
P €

s

5) Intestinal secretions and excystment.

Bile, trypsin, "succus entericis" and elastase alone
P

or in combination with each other had no effect on the excyst-

-

ment of the larvae. Like the saline controls, there was no ~
excystment of the larvae. (No data are given for these re-
sults, as there was zero excystment.)

-

6) Excystment and Gastrectomy.

‘In rats with total gastrectomies, encysted iérvae
weré still able to éstagaish.‘ The distribution of worms in
the gut differed from the control animals (Fibure 5.12)

but was similar to the distribﬁzzon)of worms in the gastrec-
tomized rats éiven excystgdllarvae'YFidﬁre 5.13), with most
of the adults recovered in the posterior small intestine.
Infection wifh encysted”l&rvae in rats with total gastrec-

tomies and bile duct ligature resulted in adult distributions

that did not differ from the infection in the gastrectomy-

only ‘rats (Figuré§§.14). The percentage establishment of these

,

S
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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 5.6 Frame-by-frame analysis of the move-

- ment pattern of a larva of T. spiralig in type 1l

.movement. The sequence moves from the top left

hand to the bottom right hand. The anterior end

-0of the worm is depicted by the -arrow and the {

‘elapsed time between each frame is 0.017 seconds.
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FIGURE 5.7 The rate of acéivity'(typg 1) and the
population activity of the.larvae after excystment

in 'the HCl-pepsin solution and in the absence of

“

other stimuli.
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FIGURE 5.8 The percentage excystment of the cysts
' . . . . . - o’/ ‘ .
of T. spiralis after 30 minutes incubation at 37 C
in various enzyme solutions in a series of buffers.
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FIGURE 5.9 The‘percentage excystment of the cysts
of T. spiralis after 30 minutes incubation at 37° C

in 1% pepsin solutions of different concentrations
t

‘of acid. A, HCl; b, HpS04; c, CH3COOH.
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FIGURE 5.10 The percentage excystment of the.cysts

of T. spiralis after 30 minutes incubation at 37° ¢

in 1% pepsin solutions at different pH. !
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TABLE 5.1 E RATE OF ACTIVITY AND THE PERCENT
OF THE P PUZ'LATION ACTIVE 5 MINUTES AFTER

EXCYSTMENT 1 THE PRESENCE AND ABSENCE OF C1~ IONS (

-

\H,504 H,S04
+ +
HC1 HoS04 pepsin . pepsin
- + + . + . +
‘Treatment pepsin - pepsin NaCl Naso
L (a) K (a)
% pop. active v 97.8 32.2 .82.1 43.1
@ 1.2 +4.5 +2.3 " +7.6 .
' , (a) . (a)
"Activity " 73.8 ., 49.1 68.1 45.4
undulations/min’ *1.5 " 14.7 +3.9 . %5.4

i

(a) significantl?/different from controls at p < 0.05
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FIGURE 5.11 The mean % population active after ex-

cystment of the 1#%ae of T. spiralis in various solu-

tions.
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FIGURF S.12 The distributiop of adults in the small
inteséine of rats 5 days aftér infection with 1000 ~
larvae of T. sgiralis. A~C, sham operated controls
given encysted lervae; D~F, gastrectémized rats

given encysted larvae. .
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FIGURE 5.13 The distribution of adults in the small
intestihe of rats 5 days after infection with 1000
larvae of'T. sg@rals.- A-C, shap oper?gid coptrols

given excysted larvae; D-F, gastrectomized rats

given excysted larvae. : .
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FIGURE 5.14 The distribution of adults-in the small
intestine of rats 5 days after infection with 1000

larvae of T. spiralis after gastrectomy and bile duct
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S The larvae of T. spiralis when delivered ofaily,
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e

i

preatménts is given in Table 5.2,

" 7) Resistance of the infective stage. ’ .

-~

,could sﬁccess ully establish and infect their hosts a second
| time at 1 ang@ 6 s after the initial excystmen£ bﬁt not

at 18 hours aftef iﬁfection. However, all larvae (L, 6 and -
)18 hours after infection) were equally infective when implanted

-

into the duodenun (Table 5.3).

"

5D. DISCUSSION

For several years, the:subjecf of‘the origin of
c&st formation in T. spiralis has been discussed: was it of
pafasite or host origin? Recently, ‘the role of the muscle
fiber in cyst development has been deméhstrated (Gould, 1970;
Stewart & Read, 1972a; Teppema et al., 1973). After larval pene-

“tration, the fiber loses its contractile elements, there is

»

s
N
- -~

\ pgclear enlargement, hypertrophy of the bargoplasmic reticu-~
lum and mitochondrial vaduolation (Despommier, 1975). This-
occurs within.% éays of penetration and the modifiedamyocyée
is termed a "nurse cell". Thé muscle fiber dies but tye’nurse
cell,éontributéé to cyst development aﬁg persists for the life

of the larva (Pukerson & De;pommier, 1974; ggspommier, 1976) .

N N

' On the basis of the rggctién of cysts with collagen -

stains, their sensitivity to dietary ascorbic acid during
development, and their resistance to trypsin and collagenase
diéestion,\gi;terson (1966) suggested that the principal struc-

ture of 'the outer cyst wall of T. spiralis was collagen. This

¥4



TABLE 5.2 RECOVERY OF ADULTS IN
GASTRECTOMIZED RATS 5 DAYS AFTER
INFECTION WITH 1000 LARVAE OF

T. SPIRALIS

; Mean # Adults . " Mean %
Treatment o Larvae Recovered t S. E% Recovery
- N ‘ . (a) . )
Control encysted 512.0 * 62.3 .51
. , - (a) ‘
Total gastrectomy encysted 544.7 % 47.9 54
Tctal‘gés;rectomy /
& bile duct ~ R -
-~ ; - (a)
- ligature encysted 505.3 % 43.3: ] 50
A : ‘ X {b) .
Control ' excysted  336.7 % 44.1 33
< (b} -
* 88.3 24

Total gastrectomy, excysted 246.7

v

(a) (b) all values with similar superscript do

not differ significantly (p < 0.05)

-

B
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TABLE 5.3 ADULT RECOVERIES OF T. SPIRALIS

FROM RATS INFECTED WITH THE MUCOSAL SICRAPING

OF INFECTED MICE GIVEN 5000 LARVAE PER OS

s !

Time q} larval Route of
recovery (hrs) Infection
1 ‘ Ozal
6 _ Oral
18 | - oOral
) 1 ‘ duodenum implant
6‘. ’ duodenun implant
18 ‘ - duoden;m impléné'

-,

Mean # Adults

Recovered * S. E.

1135.5
1079.5
21.4
1223.5
963.0
621.7

H 3

[T

b4

b4

%

- 266.0
87.3
10.0

281.5
197.4
104.1

(a) . all values with the same superscript do not

differ significantly from each other (p < 0.05)

~n
7

o

\\,

(a)
(a)
(b)
(a)
(a)
(a)
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(ﬁi?‘consistent with previous speculation on the nature of

‘the cyst wall (Gould, 1945). The basic framework of the outer

i st wall is probably the sarcolemma of the muscle fiber with
|

Véollagen and acid mucopolysaccharides (Bruce, 1970; Harley

& Moore, 1974). The inner cyst wall or "matrix" which en- .
s o ®

velops the larva is believed to be made of collégen fibers

" interspersed with cytoplasm.

The maximum excystment of encysted. larvae in my

experiment was between 30 - 45 minutes in 1% pepsin solution

at which 80% excysted within 15 minutes. This period is con-
sistent with the time required for nematode activa€ion in
the stomachs of their hosts (Bailey, 1969; Fairbairn, 1961;
Muller, 1971; Sommerville & Bailey, 1973). Investigations on
the movements of ingesta in the mouse gut (Sukhdeo, ungpb— \
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 allows adequate time for excystment.
The pH optimum of pepsin is pH l.S)to 2.0 (Spector,
1956) and the reduction of excystment coincided with an in-
crease in pH. The mean pH of tﬁe coﬂtents of the mouse stomach
was 4.83 (range, 3.26 - 6.24) (Haiba, 1954) and 5.1 % 0.25 -
(P;nesar & Croll, in press). Within this pH rangé, excyst-
ment in my systems was less than 10%. I suggest that these
fecordings of the pH of the mouse stomach are too alkaline.
If they are not, then perhaps there are factors other than.
pepsin digestiﬁn which may be responsible for excystment{

There is some evidence for this assertion.
L

NS St S e
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The establishment of T. spiralis in gastrectomized

~

rats remains unexplained unless pepsin was present in thé
small intestine since pepsiﬂ ;nd co%}iégﬁase Qere the only
enzymeslto excyst the larvae in g&Eﬁg. The other intestinal
enzymes tested had little effect on encfstment at any pH and
there were no synergistic effects between bile, trypsin and
"succus entericus". in gastrectpmized rats given ehcysted
larvae, establishment was goﬁparable to the controls and the
distribution of the worms was similar in gastrectomized rats
given excysted larvae, This suggested thatfthe(altered éis—

tribution in the gastrectomized rats given encysted larvae

was due to a change in propu}sion.of the gut rather than be-

"'ing due to excystment in the small intestine. The exclusion

\\ - N
of bile in the gastrectomized rats with the ligatured bile
duct also had no effect on excystment. This supports the in
vitro results in which there were no synergistic effects with

bile and other enzymes.

%3

-~
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CHAPTER 6. THE ESTABLISHMENT OF

L 2
TRICHINELLA SPIRALIS AND- NEMATOSPIROIDES DUBIUS
7

#e v‘ 1
‘ “~IN THE SMALL INTESTINE: THE EFFECTS OF ——
" SURGICAL ALTERATION OF INTESTINAL SECRETIONS ’
R 4{'44 | .
¥

6A. INTRODUCTION

Prhorson (1969) has summarized some of the stimuli

It
]

in the host gut that a gastrointestinal parisite encounters:

[

hormonal, cellular, humoral, nutritional, chemical, “physio~

logical, thermal, directional cues, interactions with other

a

species and interactions with members of its own species. It

is through exploiﬁgtion of thé;e gtimuli that nematode larvae
may have evolved mechanisms to establish them;eives thréugh
thei;oown béhavioural efforts.

Biigsor its constituents have been implicagéd in
the site gglection behaviour bf several helminths through

their influence on activation. These include trematodes

¢ ot

* (Dawes & Hughes, 1964; Erasmus & ﬁennet, 1965; Howell, 1970);
acanthoGephalans (Lackie, 1974); cestodes (Smytﬁ, 1969; Read, _
197?; Caley, 1974) and nemgtoaes (Rogers, 1960; Hwapg, 1960;
Mapes, 1972; Lackie, 1975).° Siﬁilgrly, the,iﬁportance pf '
pancreatic segretions have been d;monstrated in trematodes

kHoffman, 1958; Kobayashi et al., 1559; Dawes & hﬁghes, 1564:‘ A i

.Yokagawa, 1265; Fried & Rath, 1974); cestodes (Penfqid, et g;., ,;

1937; Wantland, 1953; Jones et al., 1960; Hoffman & Jones, 1962; i

Be;nt;en & ﬁueller, 1963; Befnézaﬂi& Voge, 1965; de Rycke & ‘

van Gremﬁéréen, 1965; Laws, 1968;'Read} 1970;/Goodchila & f

Davis,. 1972); acantﬁoceg?alans {Lackie, 1974) and nematodes ~ : %
Ak , ) \ ‘
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(Hwang, 1960; Silverman & Podger, 1964; Chapman & Undeen,
1968) . These have been mostly in vitro studies and there

o

"have been no experimental investigations'on parasite micro-
habitat selection to examine the effects of bile or pancreatic
secretions in vivo. This study attempted to determine the

importance of bilé\and,pancreétic secretions on T. spiralis

and N. dubius in vivo. . -

6B. MATERIALS AND METHODS
The general methods for anaesthesia, laparotomy
and post-surgical care have been.given (Chapter 2) . Rats

and mice were used in this study.

1) Surgery on mice: The effects on the gstablishmént,and_ﬂJ“

»

longitudinal dispersioh of T. spiralis and N. dubius.,

a) The effects of ligaturing the bile duct.
Two gfoups,of 5 mice 'were used and all mice were

" anaesthetized and laparotomized. The mice in the control -
. .7
groyp were closed without further surgery. The upper bile

duct, just below .the level where the gall bladder entered

‘the duct, was ligatured and divided in the mice of the second
group. - The miéé werelinfected 2 days after surgery.
b) The effects of cholestyramine freatment. ,

Two groups of 5 mice were used. Thekexperimental
g}oup was given So\mg cholestryamine (Questraég , Mead Joﬁn;
son Company, Mgntfeal) in 0.1 gz distil}ed water- 30 minutes

prior to infection to reduce the concentration of conjugated bile

acids by an- undetermined amount (Hagerman et al., 1971). The

- /.
P ~
-

-
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cont;ols‘were given 0.1 ml distilled water at the same time.
l Experiments (a) and (b) were duplicated and the
ﬁice were infected with: (a) 500 éxcysted larvae of T.
spiralis or (b) 100 larvae of N. dubius, by intragasfric in-
oculafion. Five days after infection with T. spiralis and 6
days after ?nfection with N. dubius the mice were killed and
the diétribution of worms in th? small intestine wastetér—
mined. The influence of‘thg exclusion of bile on the estab-
lishment and longitudinal dispersion of T. spiralis and N.
dubius were examined. '

2} Surgery on rats: The effects of manipulation of bile

and pancreatic secretions on the establishment and -

longitudinal dispersion'bfgziispiralis and N. dubius.

Rats were chosen for this part of‘the study because
they wefg larger thén.mice and it was easier to h?ndle them;‘
'in surgery. Ten groups of rats wére altered surgicélly._ The
nuﬁbers of rats in each group varied because of the high post-

operative mortality in some groups but an attempt was made to

ﬁave at least 3 rats per group. The ten groups are as follows:

" Ta) Sham-operated controls. .

!
These animals were laparotomized and the abdomen was

then closed.
b) Sham-c;nnuié controls.

A cannula made of¢polyeth§lene tubing,'I;D.‘O.SB ﬁm
and 0.D. 0.965 mm (IntramédiégF?ESO, Clay Adams, Becton, Dick~-

inson and Company; Parsippany) with a blind end was inserted

., at different locations in the small intestine. The end of the

cannula to be inserted into the intestine was flared by heating

<

S s, s L T . . ->

o W Tath e n
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then insefﬁed into and attached to the small intesfine with
a purse-string suture; . b
c) Bile duct 1igatu;e.

The bile duct waiéligatqred‘and divided above the
entry of the pancreatic seé?etions into the common bile duct.
Tﬁis procedﬁ;e allowed the continued flow of pancreaﬁ}c sec-
retions (Figure 6.1). {

d) Bile duct cannulation.
o The bi}e'dudt was ligatured and divided abové the

entry of the pdncreatic secrétions into the common bile duct.

A catheter of polyethylene tubing (see group (b)) was inserted

//into the upper bile duct and the bile flow was cannulated to

different locations in the small intestine. The end of the

cannula to be inserted into the intestine was flared .by

" heating in a flame ‘and inserted and attached (Fiqure 6.2).

e) Bile flow externalized.
The upper bile duct was cannulated as described
above (see group (d)). The 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 place with dental

® .
caulk (Nu Weld , The L.D. Caulk Company, Delaware), (Fig-

ure 6.3}..

" £) 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 invaginating stitches to form a self-emptying

blind looé. The proximal section below the pylor¢C/Sph1ngter’

. L™
was joined to the small intestine at different locations using

- the method. of end-to-side anastomosis with 2 guiding threads



g
FIGURE 6,1 Bile duct ligature in the rat, the

7 .
arrow points to the distended bile duct, 7 days

after surgery.
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FIGURE 6.2 Bile duct cannulation in the ratw ' The
- R .. re
arrows point to the points,K of catheter entrance- into

the bile duct and the duodenum. ) .
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FIGURE 6.3 Bile flow externalized in the rat. The

exit of the bile duct cannula_on the nape of the neck

and the method of securing the cannula is shown.
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described in the previous group (see group (g)). The upper

i N ~ . ’ \.
.3)" Bile duct cannulation with cholestyramine treatment.
. A . .

222
”

(Lambert, 1965). Figure 6.4 is a photograph of the éut after

]

recovery from this treatment.

\ T

g) Bile and pancreatic duct ligature.

The upper bile duct was ligatured and divided as-

’

desc?ibed above (see group (c)). The common bile duct was
ligatureé and divided just-before entry into the duodenum.

The use of both ligatures was necessary to prevent the flow

of bile into the pancreas as the pressure due t6 biliary stésis
increased (Figure 6.5).-

h) Pancreatic ligature.

The animals were treated in a similar manner as '’
- »

bile duct_was carnulated (see group (d)) and directed to the

PR

normal site of bile entry into the duodenum.

&’ -
i) Bile duct ligature with cholestyramine treatment.

The control rats were laparotomized and closed. ’

The expeérimental animals were . laparotomized and the bile duct
. s .

-

ligatured and divided (see group (c)). Thirty minutes prior
to infection the ratg were given 500 mg cholestyramine per

os. ' ’ ¢

-
g

—— - -

The bile duct. was liggtﬁred and cannulated fo dif-
ferent locations of the gut (see group (@)) . Thirty minutes

prior to infection the rats were givén 500 mg cholegtryamine
' - - '
R o’

per os.. .

x

All animals were infecﬁed'3 days after surgery.

ha o

The groups were duplicated, in one trial each animal was in-

fected-with 1000 excysted larvae-of T. spiralis and in the

¢ h

gt
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'FIGURE 6.4 Duodenal bypass in thé rat. The gut

A .
was’ removed from the rat 8 days after surgery. S,

' stomach; bd, site of entry qfhbile‘duct; c, caecum;
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FIGURE 6.5 Pancreatic duct ligature in the rat.

¥ ] T .
The arrows point to the two points of ligature prior

to division of the duct between the ligatures.
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- (Table 6.1) of T. spiralis. .
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t ‘Z.

¥

second trial (except for groups (h), (i) and {(j)) each ani-

- mal was infected with 300 larvae of N. dubius. The infective

doses in both trials were delivered by intragastric intuba-
N W

tion. The rats were killed 5 days after infection with T.

spiralis and 6 days after infection with N. dubius and the

LY

distribution of worms in the small intestine was determined.
The influence of altered bile and pancreatic secretions on
the establishment and longitudinal dispersions of T. spiralis

and N. dubius were examined.

6C. RESULTS

1

1) Mice: The effects of excluding bile.

a) T. spiralis

Neither ligaturing the bile duct nor treatment with
‘ B
cholgstyramine had any significant effect on the longitudinal

rd
v

distribution (Figures 6.6 and 6.7) or the establishment

i

b) N. dubius o ' .
The distribution of larvae in the small intestines

of mice following ligature of the bile duct differed slightly

\ from the .controls. In the control mice, all of‘ghg qdarvae es-

tablished within the first half of the small intestine:where- "

as_in animals with the bile duct ligatured the larvae were

a

recovered up to 75% of the way down tﬁe small intestine T
“(Figure 6.8). In both groups, the peak recoveries were in

the first segﬁents; Significantly, fewer larvae (p< 0.05) : ..
- , ) ,
were recovered from the mice in which the bile duct had been
1

ligatured than in control mice (Table 6.2). The results were
\ ’ -
- / ry _ > "

‘
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FIGURE 6.6 The distribution of adults in the small
intestid@,nf)mice 5 days after infection with 500

larvae of 2. spiralis. A, con;rols; B, mice with
the bile duct ligatured.
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FIGURE 67 The distributioq of adults in the small
intestine of mice 5 days after, infection with 500
larvae of T. sprialis. A, controlé; B, the mice

» ‘Q\M § - .
were treated with cholestyramine prior to infection.
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TABLE 6.1

’

THE MEAN PERCENTAGE RECOVERY OF

T. SPIRALIS IN THE SMALL INTESTINE OF MICE
AR

5 DAYS AFTER INFECTION WITH 500 LARVAE EACH

Group

1B

2A

2B

Treatment

bile duct ligatdfe

sham controls

cholestyramine treated

-controls

\

-

Mean %

232

Recoveryt S. E.

27.4

41.3

e

6.1

t 4.8

+ 4.3

3.
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FIGURE 6.8 The distribution of worms in the small
k]
intestine of mice 6 days after infection with 100

larvae of N, dubius. A, mice with the bile duct

v Ay
ligatured; B, controls.
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TABLE 6.2. THE MEAN PERCENTACGE RECOVERY OF LARVAE

OF N. DUBIUS FROM THE SMALL INTEQTINE OF MICE 6 DAYS

AFTER INFECTION WITH 100 LARVAE EACH

~
2

GrouE

1A

1B

2A

2B

Treatment

bile duct ligatured

sham control

,

choléstyramine treated
‘controls

\

v

N

Mean %

%

Regovery ¢+ S. E,.

64.5% 5.5
©93.6 * 3.9

7t.4 * 7.8
90.6 + 7.0

S

0.05
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 tablishing more posteriad (Figure 6.12).

236

similar in the animals treated with cholestyramine, the

13

larvae” were slightiy more longitudinally .dispersed in the

~

gut than in the controls (Figure 6.9) and there was a IGGUCf‘

A

tion in the recovery of larvae (Table 6.2).

2) Rats: A The effects of manipulating bile and pancreatic

!

secretions.

a) T. spiralis
The distribution of T. spiralis in rats (Figure 6.10)

differed from their distrfgaiion in mice (Chapter 3; Fig-

Ve

ﬁre3'6;6 and 6.7). In rats éﬁe majority of adults were re-
covered fro& the first quarter of the small inteétiﬂg while

in mice the m;jority of adults were recovered from the second
quarter. In rats the distribution also tended to be more 9
longitudinal andndid noﬁ peak consistently in any one segment.-
The presence of blind qfnnulas did not have a significant

effect on this distribution (Figure 6.11). The mean total
recoveries of these and othegrgroups infected with T. spiralis -
are given ih Table 6.3. - ’ ‘
Ligature of the bile ductsof rats resulted in’a
d&amatié change in ‘distribution. A significant -number of

worms, 40% -~ 60% of the total recovery, were found in the

Gery first segment with a rapidodiminution of numbers es-

Cannulation of the bile duct and rerouting the bile

flow also changed the distribution of worms in the small in-

testine. When the bile duct was\routed back to the normal

site of bile entry, the peak recovery of adults occur;sd in
- ) X

segment 1 and the distribution was similar to the distribution

4
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FIGURE 6.9 The distribution of worms in the small
intestine of mice 6 days after infection with 100
larvae of N. dubiis. A, mice treated with choles-

tyramine prior to infection; B, controls.
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TABLE 6.3 THE MEAN TOTAL RECOVERY OF WORMS FROM

THE SMALL INTESTINE OF SURGICALLY ALTERED RATS 5

DAYS AFTER INFECTION WITH 1000 LARVAE OF

T. SPIRALIS -

Treatment

" Sham Control *

e

Sham Cannula

Bile Ligature

‘ \
Bile Cannula

Bile Externalized

‘Ducdenal Bypass

Pancreatic & Bile

+ Ligature

Pancreatic Ligature

Cholestyramine

Bile Ligature

7

+ Cholestyramine

Bile Cannulation .

. '+ Cholestyramine

Mean Recovery

+ 5. E.

412.5 + 14.5

381.3 & 28.7

H

343.0 £ 29.0

+

349.3 £ 46.4

319.0 21.4

"+

366.6 + 32.1

361.7 + 63.1

372.5 + 34.1

‘469.6 + 108

445.5

I+

563.0 £ 4.6

5-5 -

p < (difference

from controls)

N. S.
. N. S.
N. S.
0.05
N. S.

N..S.

‘N. S.




‘FIGURE 6.12 , The distribution of adults in the small’

i

¢ inteé;ine of réts with ligature of the bile.duct, 5

days after infection with }QOG larvae of T, spiralis.
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in animals with ligature of the bile duct (Figure 6.13).
When the cannﬁla entered the sgall intestine above the mid-
point, there was an increase iﬁ establishment at the site’of
cannula entry (Figures 6.13 and 6.1}) but in animals where
the cannula entered the intestine below the midpoint of the
small intestine, there was no increase’in establishment at
the site of cannula entry kFigure 6.15). There was one ex-
ception in each case,

When the bile flow was externalized'thg qistribu-
tion of worms in tﬁe sﬁall intestine was similar to the dis<
tribu?ion!in rats with ligature of the bile duct (Figure 6.16).

T. spiralis did not establish in the bypassed sec-
tions in animals in which the duodenum was bypassed. The
;stablishment of laryae'bégan ét the site of anastomosis and .
the distributions fr?:lphis ppint were—similarlto controls
(Figure 6.17) .. o ) 1 ,

Biie and pancreatic duct ligature (Figure 6.18);
pancreatic duct ligature (Figure 6.19); bile ligature with
cholestyramine treatmenf (Figure 6.20); cholestyramine treat-
ment (Figuré 6.21) and bile cannulation with cholestyramine
treatment (Figure 6.22) all resulted in similar distributions
of/worms. The majority of the worms espablished in the
ﬁirst or second segments.

The mean recoveries from the above treatments are
shown in Table 6.3. ihere were no significant differences
bétween the controls and animals in which the bile was ﬁof

excluded. In rats with the bile flow externaiized, there was
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FIGURE 6.13 The. distribution of adults in thé‘small .

intestine of rats with the bile duct cannulated to

1 s

.different locatiohs in the small intestine, 5 days -

i

after infection with 1000 larvae of T. spiralis.

The asterisk shows the site of cannula entry.
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7 FIGURE 6.14 The distribution of adults in the small

‘intestine of rats with the bile duct canhulated to

different locations in the small intestine, 5 days

. after infectidh with 1000 larvaegéf T. spiralis.

@

The asterisk shows the site of cannula entry.
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FIGURE 6115 The distribution of adﬁlfﬁ in the small
intesp%pe of rats with the bile duct cannulated to "
different locations in the small intestine, S5 days

:aﬁter infection with 1000 larvae of T. sEiraiis. :

'The asterisk shows the site of cannula entry.
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FIGURE 6.16 ' The distribution of. édults in the ¢ mall

intesti{x:% of rats with the’ bile flow externalized, 5

o,

Fed
spiralis.

days after infection with 1000 larvae of T.
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FIGURE 6.17 The distribution of adults -in the small .
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intestiqe of rats-with duodenal bypass operations, 5

days after infection with 1000 larvae of T. spiralis.

The dotted ,line is the length of the bypassed seg-

ments.
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FIGURE 6,22 The distribution of adults ‘in the small

intestine of rats with the bile duct cannulated to

@ -

x.

different locations of the small intestine and treated
with cholestyramine prior to infection, 5 days after

infection with 1000 larvae of T. spiralis.
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g significanﬁ Qedubtion u{EO.OS) in the number of worms that
established. " The reqovefy rate of animals treated with chole-
styramine ygs hig@er than in the éontrois and in one group in
which the animals had been treated with ch lestyramine sub-
sequent to bile duct cannulation, the recovery was signifi-

cantly higher (p<0.05) than in the controls.

_b) N. dubius

Théﬁsgstribution of N. dubius i; the small intes-

‘ tine of rats (Figure 6.23) was similar to the distribution in =
@iCe‘QChapter_3; Figures 6.8 and 6.79). The majority of the

larvae established in the first segment of the small intes-

tine. Implantation of‘blind'cénnulas (Figure 6.23); liga-

ture of the bilg duct(Figure 6.27); externalization of the

bile duct (Fiqure 6.,28) and ligation of both thé-pancreatic y

and bile ducts (Figure 6.29) had no effect.on the distribu-
L] v X

RN
¥

tioniof larv%g in the small intestine. The percentage re-
coveries of %%l groups are shSWn %n Table 6.4.

When the bile flow was rerouteg, peak larval es-
tablishment coincided with the entry,point of the bile duct
contents ({(Figures 6.24 and 6.25).0

The peak establishment also coincided with bile
fiow in the rats in whigﬁ the duodenum had been bypassed.

The iarvae were not found in the bypéssed sectign (Figure 6.56).

The numbers of larvae establishing did not differ
froﬁ the controls when the bile was rerouted into the small
intestine. In the animals in which the bile flowfhad/beeﬁ
stopped by ligéture and d;yision, fewer larvae were recovered.
Iﬂ”aqimals‘in which the bile flow ;;s externalized, significantly

fewer larvae (p:{O.be were recovered than controls.

-
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FIGURE 6.23 The distribution of worms in the small
intestine of control rats, 6 days after infection ‘
VithLBOQ larvae of N. dubius.” A and B, sham operated
controls; C-E, control rats with blind,éannulas {ar-

rowheads point to site of cannula entry).
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FiG&RE 6.24 The distribution of worms in the small
integtine of rats with the bile duct cﬁnnulated to
different loéationé of the small intestine, 6 days
after infgction with 300 larvae of N. dubius. The

arrowheads point to the site of cannula entry.
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‘after infection with.300 larvae of N. dubius. The
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FIGURE 6.25. The distribution of worms in the small
\
intestine of rats with the bile duct cannulated to ,
different locations of the small intestine, 6 days
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arrowheads point to the site of cannula entry.

-
ERAY g



— ! l& ‘.
~ wa ’
) ) 3
SR
'm ..mA _m !
| L .w. .
e ~ -~ e
_ [ 8~
) —_ —
3]
£
(7]
[T
o
N
ot
E -

o
E
)]
@
1))

I .

. \

| ) .

\
- !

i
o R S AT AN e 1



, \
. R ‘
s \, - f ) \\
FIGURE 6.26 . The distribution of worms; in’ the small
intestine of rats with duodenal bypass operatiori s 6 2
days after infection with 300 larvae of N. dubius.
The dotted line shows the length of the bypassed o ,*
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FIGURE 6.27 The distribution of worms in the small
-intestine of rats with ligature of the bile duct, 6

days after infection with 300 larvae of N. dubius.
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intestine of rats with the bile flow externalized,
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The distribution qf worms in Lhe small

A
intestine of rats with ligatui:e of the bile and -

—_"
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4

TABLE 6.4 THE MEAN TOTAL RECOVERY * OF WORMS
“ FROM THE SMALL INTESTINE OF SURGICALLY ALTERED

RATS 6 DAYS AFTER INFECTION WITH iOO LARVAE OF

N. DUBIUS
\.

( Mean Recovery : P i (difference
Treatment‘ ‘ ) £ S. E, | from controls)
Controls 128.2 ¢ 15.%

Bile Ligature 91.5 ¢ 10.5 N. S.
Bile Cannula (Duod) 141.0 t 37.3 ) . N. S.
Bile Cannula (Iieum) 153.2 ¢+ 12.3 * N. s.
Bile Externalized 41.6 * 6.4 0.005
Duodenal Bypass 98.6 ¢ - .7.8 ' N. S.
Bile & Pancreatic \

. Ligature 94,83t 9.3 ) N. S.

)
i




L

‘ ‘ =283

A

6D. DISCUSSION

‘

There are ‘a number of factors. that have been found

to activate the various infective stages of gastrointestinal
s

nematodes in vitro, these include: various electrolytes,.

temperature, pH, appropriate gas phase, redox potentials,

pancreatic or intestinal enzymes and bile (see Chapter 1).
The results of most of these studies were then extrapolated

~to in wivo conditions in an attempt to interpret the para-

2

ehaviour. - Previous surgical manipulation to study
activation nd‘estabiisﬁment has been only to implant the
*infebtive stage; either directly or within dialysis sacs, in-
to different lpcations of the gut (Ackert, 1931; Hansen, et -
al., 1956; Sommerville, 1957; Hwang, 1960;~Fairbairn, 1961;
Bailey, 1968; Chapman & Undeen, 1968; Muller, 1971; Sommer=
ville & Bailey, 1973).

This stgay examined the,manner in which s?Te of

the gastrointestinal secretions affected the establishment

and longitudinal distribution of T. spiralis and N. dubius

in rats. Although the mechanisms of establishment and site
selection are unknown, it is presumed that the activation of
the infective laf&a plays an integral part in the process:

‘ 1) T. spiralis.

The majority of the larvae established in the‘anteripr-

most quarter of the small intestine of rats in normal infections‘i
with the larvae of”gu sgiralis.~ In rats in which the bile duct
had been ligatured, ﬁhere was a decfease in establishment but

the gajority of the larvae established in the éirst segment

of the small intestine. In mice and rats in which the bile

v N ) .
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flow‘had been externalized, there was a signifiéant reduc-

tion (p:id.OS) in establishment when compared to controls. » l
Iﬁ/the rats in which the bile flow was cannulated to dif- |
ferent locations of the small intestine, there was 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: trematodes;

cestodes, acanthocephalans and nematoées"(Silverman, 1954;

Smyth & Hasslewood, 1963; Dawés & Hughes, 1964; Erasmus &

Bennet, 1965; Graff & Kitzman, 1965; Héwell, 1968, 1970;

Read, 1970; Goodchild & Davis, 1972, Jorgensen, 1973; Lackie,

1974~ : Hanna & Jura, 1976). The observation that there

are direct effects of bile on these parasites has implied a ’

gspecific receptor(s) but there is no direct evidence for such

a receptor for bile or its componentg. Bile may also act in-

directly via digestive products or through synergistic ef-

_fects with one or more gastrointestinal enzymes (Lackie,

1975). Although several investigators have implicated bile
alone or in combination with other factors in the éctivatiqn . -
and emergence of some nematodes (Pofntnér, 1954; Hwang, 1960;
Rogefs, 1950; Mapes, 1970;‘Jorgensen, 1973) no relationship
with establishment or penetration has been demonstrated.
‘ Clearly my results indicated that, although bile is

important in the establishment ‘of T. spiralis in the gut, it

is not essential. 1In the absence of bile, the larvae are

still able to establish but the establishment pattern in these

animals differed from controls. Establishment in the absence

¢
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‘chyme and fatty acids in the duodenum stimulates increased

s : ‘ 285
.

of bile suggests that there was another cue (or cues}) (desig-
. = ‘

nated as factor x) used by the parasite in its site selec-

tion. There are two possiblé explanations for my results: ,
(a) ,  factor x causes penetration and establishment of the
larvae of T. spiralis in the small intestine but bile does

not and (b), factor x and bile are synerqgistic in stimula-

ting penetration and establishment of the larvae.

(a) is less likely bécause there is an increase in
larval establishment at the site of bile eﬂtry in rats with
the bile duct cannulated and ‘there is-a significant reduc- N
tion in establishment in rats with the bile flow externélized.'
These results suggest that’bile also causes penetration and

establishment. |

(b) is most probably correct. The presence of

. .

bile f}ow via the dastrointestinal hormones, secretig and
pancreoéymin. Secretin activates the larvae of g&kspiralis 3
(see Chapter 7) and if hormone flow is increased in the

animals with biliafy stasis, the peculiar distribution seen

in these animals would be explained. However, gastrointestinal

{
hormones are not secreted into the lumen and increased fatty

a

. acids in the lumen do not alter-the rate of production of
y -

secretin (Guyton, 1964). Howeéer, the presence of faﬁty foods
and especially fatty acids in the chyme that enters the duo-

- 4
denum results in the depression of the activity of the pylgric

pump. Thus stomach emptying is correspondingly slowed down

7
and so is inteftinal propulsion to allow slow digestion pf
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7 —

the fats before they move too far down the' gut (Guyton, 1964).

Previous experiments (Chapter 3) have demonstrated that the

1ar€ée establish anteriad of controls when the propulsicn -

is reduced. In the absence of bile in the small intestine,
there''is an increase in the faéty acids in the duodenum and
a reduction in the propulsion. The site selection behaQiour
in T. spiralis could then be explained if there was a factor
in the lumen to stimulate penetration of the larvae.- Poten-
tial candidates for this factor may be coméonents of mucus
or ésuccus entericus" 'secreted into the lumen. This hypothe-
sis is supported by iﬂ ZEEES experiments (Chapter 7). The

| .
secretions froim 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 majority the lar-
vae were recovered from the first quarter of the all in-
testine. However, in rats in which the Eile duct wis cannu-

lated to different locations in the gut and in animals with

. the duodenum’bypassed, peak establishment of the worms occurred

at the siée\of bile entry. This close correlation between
bile and N, dubius is further evidéﬁced-by the significan£ re-
duction in establishment (p < 0.05) in rats in which/;he bile
flow was externalized and in mice:with ligature of the bile

duct. ‘ . \ . o

The evidence also suggests that as with infections

of T. spiralis, thére may be other factors involved in the

! N -
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establishment of this parasite. These factors are not of
pancreatic origin since there wefe\no effects on the dis-
tribution of the. larvae in rats with the pancreatic flow
~ ! -~
obstructed. The suggestions made to explain site selection
by the larvae of T. spiralis (in previous section) may also
apply to site selection by the larvae of N. dubius. The
other factors important may include components of the mucus
or "succus/entericus". In additidﬁ,,previous experiments
(Cﬁapter 3) suggest that there are morphological or anatomi-
cal characteristics of the dﬁodenum thgt eficourage 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 muéosa during the early stages of infection is
‘only a temporary phaée. The cues.to the selectian of a site
in the small inteséﬁge appear to be dependent on the stimula-
tion of bile.and perhaps villu;’architecture,\after the lar-
vae have left the stomach. Ligature of the bile duct in
mice significantly reduces establishment, but temporary re-
duction of the bile with. cholestyramine treatment at the tiqe
of infectioni(at which time the larvae can remain in the
stomach mucoéa) has no significant effect on t@e establish-
ment. The reason for the phase in the mucosa of the stomach

)\ P

is unknown and the larvae do not remain long enough for de-

velopmental changes (Liu, l1965a).

'3) Summary ‘ ;

a) Bile is important in the establishment and distribution

>
£

of T. spiralis and N. dubius in vivo.
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’ - ’
) b) There are "also other factofs involved in the site selec-
"tion by the larvae of T. spiralis and N. dubius in vivo.
) ¢} Pancredtic secretions have no effect on the establish-
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s CHAPTER 7. FACTORS AFFECTING THE BEHAVIOUR N

- OF THE INFECTIVE LARVAE OF

TRICHINELLA SPIRALIS AND NEMATOSPIROIDES DUBIUS - '

7A. INTRODUCTION

The previous resultg suggest that gasérointestinal ' ;
secretions may be important in the site‘sélection of T.
spiralis and N. dubius. Altefation of the extent of bile
flow and of its locatioh altered the distribution pattern-of
establishment. While this measured the effects on the popu-
/ lations it did not provide detailed information on individual )
behavioural chanqe;. This section attempts to characterize

the behavioﬁral changes related to emergence and establish~-

ment of T. spiralis and N. dubius.

7B. MATERIALS AND METHODS

1 Trichinella spiralis
SO )' spiz )
- The infective excysted larvae of T, spiralis ex-

hibit 2 distinct types of behaviour patterns, designated here \w&\
as type 1 and type 2. Type 1l behaviour was described in a N
previous chapter (Chapter 5) and will not be further elaborated

in this section. All larvae used in this section were ex-

AT Ly

cysted in HCl-pepsin solution.
\ . a) Characterization of type 2 activity. o
The behaviour ﬁatterﬁ.:of the larvae of T. spiralis ’ .
following stimulation with a 10% solution of bile in saline s

and at 37°C were recorded on the CCTV. FPrame-by-frame analysis .

permitted characterization of the behaviour patterns.
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b) The effects of temperature on the activity of the larvae

of T. spiralis, .
. The effects of temperature on the larvae were de-— )

termined under 4 conditions: (a), in distilled water; (b),

in 0.85% NacCl solution; (c), in artificial gastric juice

(HCl-pepsin) and (d),/in a 10% eclution of bile in 0.85% NacCl.

Z.O/ml of each solution were added to each of 5 flat-bottomed

vials containing appfoximate;y 50 ;arvae in 0.025 ml dis-

tilled water. The vials were incubated at varicus tempera-

tures from 4° c - 43% ¢ (the temperature of the solutions

was measured with an electronic thermistor'probe). After 3

minutes at each temperature interval, the percentage of the

larvae mobile, the numbers of larvae in type 1 an; type 2

and the numbers of dead larvae were determined. {(Ssubsequent

to this study, all further in vitro studies on T. spiralis

were performed at 37 C) -
c) The effects of bile on the larvae of T. spiralis.
(i) The effects of pig bile on the population activity
of T. spiralis larvae.

Ten percent solutions of different biles in normal
saline coliected from several laboratory animals were tested
for their effects on the lafvae at 37° ¢. One mi of’each |
eolution was added to each of 3 watchglasses containing ap-~
proximately 100 larvae in 0.05 ml normal saline. After 30
ﬁinutes incubation, the percentages 6} the larvae th;t wefe

mobile in each solution were &etegmined. \

°
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S
(ii) The effects of pig bile on the population activity
and the dctivity rate of T. spiralis larvae.
The percentage of the populatibn that was active in
the type 2 behaviour pattern was measured at various intervais

after stimulation with a 10% solution of pig bile in buffered

saline (pH 7.2) and the mean was calculated for 10 réplicétes:
In addition, rates of activity of'S fépresentative mobile lar-
vaé, chosen at random, were monito;ed at various intervals
after stimulation. |
(iii) The effecés of dilutions of pig bile on the popula-
tion activity of 2.’;Eiralis larvae. )

-Log dilutions of bile in buffered saline (pH 7.2)
were #repare@ and tested fqr their -effects on the population
activi}y (type 2) of the larvaé of T. spiralis. One ml of
‘each dilution was added to each of 5 watchglasses éontaining
approximately 50 larvae i@ a.ozstl buffered saline. After
30 minutes incubation at/37° C the percentage of larvae in |
type 2 agtivity was determined.

(iv) The effects of bile salts on the activity of the
larvae of T. gpiralis.

The effects of various sodium §alts of bile on the
behaviour of the larvaé were monitored. The bile components
- uQed were sodium salts of taurocholic acid, deoxycpolic acid,
cholic acid, téurodeoxychblic acid, glycoholic acid, glyco-
chenodeoxycholic acid, taurochendeoxycholic acid (Sigma
Chemical Company, S;. Louis); buffered saline (pH 7.2) and

10% pig bile were prepared as controls. These salts were di-

luted in buffered saline (pH 7.2) see’Tabie 7.2 for the final

i
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concentrations) and 0.5 ml of each salt solution was added
to each of 4 flat bottomed vials containing approkimately
50 larvae in 0.025 ml buffered saline.

Type 2 éctivity is preceeded by type 1 aﬂd some
gf these salts stimulated type 1 but not type 2. A simple

2

"equation to quantify the effect of stimulation was used:
AL AIT II : ‘
- 0 +1I IT ’ o

A = Activity ) » //\

‘I = The numbers of larvae in ty;e 1

]

IT = The number of larvae in type 2

0 = The number of inactive larvae

>

\
'After ‘30 minutes incubation at 37° C, the activity in each
treatment was determined. '
(é) The effects of sodium taurodeoxycholate on the lar-
vée of T. spiralis.
Log dilutions of sodium taurodeoxycholate (Sigma
Chemical Company, St. Louis] were prepared in bufféred saline
(pH 7.2). 0.5 ml of each dilution was added to eacﬁ of 4 viéls
containing approximately 50 larvae in 0.0%5 ml bu%fered saline.
After 30 minutes incubation( the activity of the\laryae in
- each .dilution was determined. \ N
r\(vi) The response of larvae of T. spiralis to pig bile
after intérvals of digestion and refrigeration.
‘Three infected carcasses wer;/separately-diggstéd

in HCl-pepsin solutions at 37° C. At various intervals; 1,

2, 3,5, 8, 12, 18 and 24 hours, after the beginning of digestion,




293

the larvae were tested for their type 2 response. A 10%
solution of\pig bile in normal saline was added to each of
éﬂaliquants containing approximately 100 larvae from each of
&he 3 digesting carcasses, for each interval tested. The
péfcentage of i;rvae“in t&pe 2 activity was determined after
301minutes of incubation at 37° ¢. Three aliquants contain-
ing approximately 100 larvae taken at‘corresponding times from
e;ch bf the 3 digesting carcasses were refrigerated (4° ©) fqr
24 hours. The type 2 response to bile was tested as describe@
above. Three, 8 and 18 hours after digestion had begun,iali-
quants of larvae were removed from the digesting solutions,
pooled and (a), 500 larvae from each interval were given to
each of 5 mice by intraga;iric intubation and (b), the larvae
were refrigerath for 24 hours and 500 larvae from each period
were given to éagh of 5 mice by intraéastric intubation. Five
days after’infectidh, the mice were killed and the worms were
recovered from the small intestine. The relationship\betmeen
the response to bile stimulation and infect}vity to mice were
examined.

(vii) The iongitudinal distribution of larvae stimulated

with bile after implantation into the ileum.

Larvae of T. gpiralis were treated with a 10% solu-
tion of pig bile in normal saline at 37° ¢ for 30 minutes be-
fore ﬁeing implanted into the small intestine. The control
larvae were incubated in saline at 37° C for 30 minutes before
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. K Five days
aftsr implantiation, the mice were killed 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 effects of\pig bile on thg pgnetration of in=-
te(stinlal tissue by the larvae of T. spiralis in

vitro. ) .

An attempt was made to viéualize larval penetration
of intestinal tissue using the éCTV. The intestinal tissues
were prepared in several ways including: (a) inverted loops:
(b}, in penetrathi;:n cells; (c), ileal loops with intact blood
s’ﬁpply and (d), saline perfused intestinal segments.

(ix) The effects of prolonged stimulation with bile on
the longitudinal distribution and establishmént of
the larvae of T. spiralis.

Larvae of '_1'_ spiralis were incubated in a 10% soiu-
tion of bile in buffered saline at-37° C for 6 hours. Con-
trol larvae were incubated in buffered saline at 37° ¢ for 6_
hours. Five hundred larvae of each group were given to‘ each

of 5 mice by intragastric intubation., -Five days after infec-

o / \
. tion the mice were killed and the establishment and distribu-

tion on the small intestine was determined. The influence of
proloﬁged gstimulation with bile on the infectivity;of the lar-
vae was examiqed.

¥

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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’. ‘py passing the solution several times through a 10 ml syringe
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'T. spiralis (Chapter 6) indicated that although bile had an

e;fect on the sitefgelectiOn'behaviour, there were other de=-
termining factors invalved. In yitro studies of several

separate secretions indicated that there were some factors

. present in the ﬁucpsa of the gut that could also stimulate

type 2 activity.
v The: crude. mucosal extract was prepared by gcraping
th¢ muco of the gﬁt with a glass slide. ' The scrapings were

diiuted in 5 parts of buffered saline (pH 7.2) and homogenized

attachgd to an 18 gauge heedié. The. mixture was ceﬁtrifuged
at §0Q rpm for .10 minutes and the supernatant was used as the
crude extract.
(i) The effect of mucosal exﬁracts ffom different 59-
cations of the gut on the larvae'of T. spiralis. 3
MuBosal extracts from the anterior small ihtestine,
posterior smali intestine, c;gcum and colon of 3 mice wére
prepared and pooled separately. The effects of these extracts
as, ka), normal aﬁd {b), Eénatured by immersion in boiling

water for 3 minutes, were tested on the activity of the larvae

of 2; spiralis. ©One ml of each solution was added -to each of

P
4 watchglasses containing approximately 50 larvae in 0.025 ml ‘ N

.

buffered saline. Ten percent bile in buffered saline was added

to each of 4 watchglasses containing épproximaté;y 50 iarvaé\"

PR TSR O UL Y

in 0.025 ml buffered saline, these were the controls. After
30. minutes of incubation at 37° ¢ the‘igiivity of the larvae

iﬂ each treatment was determined.

~ ' ’
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(ii) The effects of mucus components on the larvae of

N
Tk
3

T. spiralis.

To determine whether it was thé‘@ucus in the mucosal

extract that was responsible for type 2 activity in the larvéé, ’

purified mucin and the components of mucus: N-acetyl~D-gluco-

samine, D {+) galactose, D (+) fucose, N-aéetyl-D—galactosamine

and N-acetyl-neuramic acid (Sigma Chemical Company, St. Louis)
were prepared in solutions of buffered saline.r A 102 solu-
tion of pig bilé ie buffered saline (pH 7.2) and buffered sa-
line (pH 7.2) were included as controls. 0.5 ml of each solu-
tién was added to each oE‘4 vials containing approximately 50
larvaé in 0.025 ml buffered saline (the final concentrations
of the solutions are given in Table 7.3). After 30 minutes

o -
c, the'activity of the larvae in each

of incubétion at 37

solution was determined.

e} The effects of "sugcus éntericuq" on.the activity of the
larvae of T. spiralis.

The "succué entericus" from rats was collected as
descfibed previously (see p 172). These studies attempted to
determine whether the enteric secretions in the crude mucosal
extract/ver? responsible for the type 2 a&tivity of the ia;vae.

EN

(i) The effécts of ‘dilutions of "succus enteriﬁus" on

the activity of the larvae of T. ;Eiralis.

Log dilﬁtians of "succus entericus" were prepared ™
in buffered saline (pH 7.2). 1.0 ml of each dilution was added
to each of 3 watchglasses containing agproximatelylloo larvae
in.0.05 ml7buffered saline (pH 7.2). After 30 minutes‘of'ini

cubation at 37° C, the activity of the larvae in each vial was

determined . ’ ;]
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(ii) The effects of "succus entericus” on thevraée and
duration of activity of larvae of T. spiralis.

The duration of the actxvxty of larvae was monitored
in 3 populatlons after stzmulatlon with a 10% solution of -
"succus entericus" in buffered saline. In addition, the ac-
tivity of 5 represgnt;tive mobile larvae chosen at random,
was monitored at various intervals. : AN

(iii) The effects of the components of "succus entericus"
on the larvae of T. spiralis.

\Dilutionsppf the components of "succus entericus":
peptidase, x-amylase and enterokinase and the hormone, secre-
tin (Sigma Cﬁemical Company, St. Louis) were preparéd in buf-
fered saline (pH 7.2). Buffered saline (pH 7.2) was used as

“ a contrél. 0.5 ml of each solution was added to each of 4
vials containing approximately 100 larvae: in 0.05 ml buffered
saiine (éH 7.2).' The final éoncentration of the treatments
is given in Table 7.4.- After 30 minutes incubation at 371° ¢
the activity of the larvae was defgrmined.

(iv) The effects of dilutions)of enterokinase on the popu~
lation activity of 1arvaé of T. spiralis..

Log dilutions of enterokinase (80‘units/ml) in buf-
fered saline (pH 7.2) were prepared and tested for their effects
on the population activity of thé larvae of T. gpiralis. One

nml of each dilution was added to each of 4 watchglasses contain=~ -

&
£
%
- ‘lV
3

H

3
)f‘i

%
4
;
3
g

ing ‘approximately 50 larvae in 0.025 ml buffered saline. After
30 minutes of incubation at 37° C, the activity in each dilu-

tion was determined. B
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. (vfx Tﬁé_effect of pH on the stimulation of the larvae

of T. spiralis by enterokinase.

Dilutions of enterokinase (40 units/ml) were pre-
péred‘in distilled water, buffered saline (pH 7.2), citrate
buffer (pH 5.0) (Parker & Croll, 1975) and Tris buffer (pH 8.0)-
Parker & Croll, 1975). One ml of\"_each dilution was added to
each of 4 watchglasses conﬁaining approximately 50 larvae iﬁ

0.025 ml buffered saline. After 30 minutes of incubation at

L)

37° ¢ the';ctivity in each solution was determined.
(vi) The longitudinal distribution of T. gpiralis in ;he '
small intestine following stimulation with "succus
’ entericus” and implantation into the duo&énum.
Larvae of T. spiralis were treated with a 10% solu- .
tion of ;Buccus entericus” at 379 C for 30 minutes. | Control
larvae were treated with saline at 37046 for 30 minutes.' Two
groups of 5 mice were anaesthetized, lapafotomized and 500
klarvae from each treatment were implﬁnted into the duodenum
of each mouse withoﬁt ;estriction of the lumen by ligatured
pouches. Five days after infection, the micelwereAkilled and
the distribution of worms in the small iptes%}ﬁe was determined.
The influence of "succus entericus” on the rate of establish- -
ment was examined.. ?'

f) The effects of bile and "succus entericus™ on the disper-

g sion and penetration of larvae of T. spiralis (in vitro).

(1) The effects of bile and "succus entericus” on dis-

persion. , ) -

a

Larvae of T. spiralis was added to a warm solution

of 1% Noble agar (45° C) to a concentration of 500 ;arvae/ml. y

\

S .

e
\
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Ten ml of this solutioh was poured into 5 cm Pet i dishes and
allowed to polymerize. Sections of agar, coﬁtaéﬁing approxi- ,
mately §0 larvae, were added to each of 18.petri dishes {5 cm)
divided into 3 groups. The petri dishes in each group con-
tained solutions of: (a), 10% bile in buffered saline (pH 7.2)

s !
(b), 10% "succus entericus" in buffered saline (pH 7.2) and

i

(c), buf fered- saline (pH 7.2). After incubation at 37° C for

30 hinﬁtes, 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 T. spiralis were added to a warm solutién

Iof 0.5% Noble agar (45° C) to a concentration of 500 larvae/ml.

In 15 petri dishes (5 cm) containingm9 ml solidified 1% agar,

wells of 1 cm diameter were made and filled with the molten,

soft agér containing the larvae. 0.1 ml of (a), 10% bile in

buffered saline (pH 7.2) (b), 10% "succus entericug” in buf- '

fered saline (pH 7.2) and (¢}, buffered saline (pH 7.2) was

'added‘to each of 5 wells. The plates were immediately incu-

bated for 60 minutes at 37° C and the percentage of worms mi-
grating from the goft agar to the hard agar waé counted. The
infl&eﬁce of these treatments on the penetration of the hard

agar was examined.

g) The effects of CO, on the behaviour of the larvae of T.
4

spiralis.

Three mixtures of gases were used: (a), air;
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(b), 5% Co, - 95% N, and (c), 50% co?.- 50% N,. Each m&&;/»/“

ture was bubbled for 30 seconds in each:of 4 vials containing
;pproéimately Sd larvae in 0.3 ml buffered saline (pH 7;2);
The vials were then sealed and after 30 minutes of incubation
at 376 C;‘ihe activity in each vial was determined. The in-

fluence of various gas phases on the activity of the larvae

was examined.

2). Nematospiroides dubius

Y

‘a) The effects of pig bile on the larvae of N. dubius.

(1) . The effects of pig bile on the popd;ation,activity
and rate of activity of N. dubius larvae at 22° c.
Two ml of a 10% aqueous solution of pig bile were

added to each of 10 watchglasses containing approximately 100

larvae in 0.05 ml distilled water. In 10 control watchglasses

containing 100 larvae in 2.0 ml distilied water, the lFrvae
were mechanically,stimulated by drawing them into and expelling
them from a 10 ml syringe with blunted 20 gauge needle thrice.
The perceﬁtage of -the pagulation that was mobile was monitored
at various intervals in both groups. Thg rate of activity of
the coentrol, mechanically stimulated, lar;aelyas monitored \
in 4 representatiye individuals, chosen at random, for the
duration of their activé periocds. The rates of activity on
the. larvae stimulat;d with bile were monitored in 5 represen-
tative worms, chosen at random, at intervals after stimulation.
This experiment was carried ouﬁ at 22° C under conditions of
even, cold, transmitted, illumination (fluorescent lighting

below transliucent glass).
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(ii) The effects of pig bile on the population activity
and the rate of activity of N. dubius larvae at
37° c.
The experiment described above‘a(i) was repeated g
at 37° C. Subsequent to this study, unless otherwise stated,
all further in vitro studies on the larvae of N dubius were
done at 20 - 22° c.
(iii) The effects of log dilutions of pig bile on the popu-
7 lation activity of the larvae of N. dubius.
‘ Log dilutions of pig bile were prepared in distilled
- water. One .ml of each dilution was added to each of 5 watch
glasses containing approximately 100 larvae in 0.05 ml dis-
tilled water. The percentage of the populatien mobile at each
concentration was determined after 30 minutes. |
‘(iv) The response of the larvae of N. dublus to gradients
of pig bile. \
Gradients of bile were prepared in 5 petri dishes
(5 cm) contai:ing 5S ml of 0.05% Noble.agar.‘ Using a template
“to divide the piate into 8 sectors, a well was punched in

sector 4. 0.05 ml bile was plaped in each well and allowed to

diffuse for 24 hours at 25° C; 0.05 ml distilled water was put

in the wells of 5 control pléteeiﬂ Approximately 50 larvae were
" placed in the"centre of each plate before the plates were in-
cubated- at 25O C in the derk for 30 minutes. The numbers of
larvae in each sector were determined and the influence 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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solution of bile for 6 hoursvat 22° C, control larvae were in-

Larvae of N. dubius were incubated in a 10% aqueous

cubated in distilled water at 229 C for 6 hours. One hundred
larvae from each treatment group were given to each of 5 mice
by intragastric intubation. Six days gftef infection, the
:mice were killed and the d;stribution in the small intestine
was determined. The infl&;nce\éf prolonged stimulation Qith
bile on the infectivity of the larvae w;s examined.

b) The effects of gastric sections (in vitro) on the larvae

\

of N. dubius,
Seven\solutions were prepared:' {(a), HC1 (pH 2;0):
(b), HC1l (pH 2.0) plus 1% pepsin; (¢), Citrate buffer (pH 4.0)
““Parker & Croll, 1975) plus 1% pepsin; (d), Tris buffer (pH 8;0)
Parker & Croll, 1975) plus 1% pepsin; (e), HySO4 (pH 2.0);. (£),
H2504 (pH 2.0) plus 1% pepsin and (g), H,SO4 (pH 2.0).;lusfl%
pepsin plus 1% NaCl. 0.3 ml of each splution was addéd to each
of 16 vials containing approximately 50 larvae of N. dubius in
0.025 ml distilled water. The vials were then equally divided
int& 4 groups which were treated in the following manner,‘the
viais in each group were: (a),,untouched and sealed; (b); N
gassed with 5% CO, - 99% ﬁz for 30 seconds before sealing; (c),
\gassed with 50% CO, -‘50% N, for 30 'seconds before sealing and
{4), gassea with 100% Co, bef&re sealing. Thirty minutes after
incubation at 37° C, the percentage of active larvae in each \
vial was determined. The influence qf gastric secretions and
gas phase on the larval activity was examined.
c) e effects of crude mucosal extracts on the larvae of
N| dubius. 1

(i) The effects of mucosal extracts from different loca-

tions of the gut on the larvae of N. dubius.

A
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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)laloﬂé were included as controls. The effects

of these solutions (a), normal and (b), denatured by immersion

.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 watchglasses containing‘ap-
proximately 50 larvae in 0.025 ml buffered'saline.‘ After
30 minutes incubation at 22° €, the percentage of larvae that
were mobile were determined. »
c) The effects of "succus entericus” on the activity of,///
larvae of N. dubius.
Log dilutions of "succus entericus" were prepared in

buffered saline (pH 7.2). 0.5 ml of each dilution was added

to each of 3 vials containing épproximately 100 larvae in

0.05 ml buffered saline. After 10 minutes incubation at 22° C,

T

the percentage of larvae that were mobile was determined.

d) The effects of bile and "succus entericus” on the disper-

sion and penetration behaviour of the larvae of N. dubius.

The proéedure and methodology used in these experi-
ments were similar to the previous experimenés £(i) and £(ii)

(Section 1) except that the larvae used were N. dubius.

H

[

7C. RESULTS

AN
1) 7. seiralis‘

The activity pattern described as type 2 appears to

s e
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Be a behavioural progression from type 1, type l1° always pre- -

ceeds type 2. Type 2 differs from type 1 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 dorsél
bias. Head waving and strong contractions of the body muscu-
lature which resulted in tight coiling movements were fré-
quenti§ seen. Figure 7.1 shows 'a frame-by-frame analysis from
the CCTV screen of a worm in type 2 activity. ft is imp&rtant
to note that this description is for worms in liquid media.

. \ The activity of the larvae of T. spiralis is maxi- -
mal at 3'7b C under all cond%tions but the poéulation activity
differs. in distilled water, saline, gastric juice and 10% bile

solutions (Figure 7.2). The response was greatest in gastric

\juice and 10% bile with 90 - 100% of the larvae becoming mo-

bile at 37° C while in saline and distilled water the maxi~

mum activity was 25% and 8% respectively.
Increasing temperatures led to increased death of

larvae under some gonditions. The numbers of dead larvae in

t

distilled Qater increased with temperature and approximately

larvae were dead at 439 C, similarly, apprdximately
y

23% of the larvae in the gastric juice were dead at 43° ¢

60% of the

(Figure 7.3a). Throughout the temperature range tested,

there were no larval deaths recorded from the saline or bile
treatment. (The criteria uséd to determine death of the lar-
vae was the irreversible straightening ?f the larége into
"question mark” shapes) ..

Except for _the larvae in 10% bile, most of the-lar-

val behaviour observed was type 1. Howevar, with increasing



FIGURE 7.1 Frame by frame' analysis from the CCTV

screen of an infecFlve larva of T. spiralis in type
£ .

2 activity. The anterior e;H is depicted by the

arrow, the elapsed time between each frame is 0.017

seconds. o .

—
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FIGURE 7.2
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The population activity of the excysted

. laxrvae of T. sgiraiis at different tpmperatures.and .

under different conditions. A, artificial gastric

juice; B, 10% pig bile in buffered saline (pH 7.2);
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FIGURE 7.3 The behaviour of the larvae of T. .
spiralis at differentvtemperatures and undér diffet-
end conditions. 7.3A: ' The ch;nges ip death rate ~
‘with increasing temperatﬁre; A, diséilled water; B,
artificial gastric juice. 7.3B: The percent popu—'

hs -
lation in type 2 activity with increasing tempera-

ture; A, 10% bile in buffered saline .(pH 7.2); B, -

buffered saline (pH 7.2) and C, artificial gastric

juice. -
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temperatures, the numbers 6f larvae entering‘type“zlin-
creased in the saline and gastric juice groups. Approximately
30% of the larvae in saline and ld% of the larvae‘in gastric
juice were in type 2 activity at 43O C (Figure 7.3B). T§pe 2
activity was never observed in the distilled water group.

The biles collected from various experimental ani-
mals all caused 100% activatiég into type 2 when the larvae
weré incubated in 10% solutions. The exception to this was
duck bile (Table 7.1), Larval viability was not a factﬁg in
the unresponsiveness to duck bile because the same worms
would become active if small amounts of pig bile were added
to the medium.

Crude pig bile at a 10%*concéhtration stimulated
type 2 activity and this activity was maintained for several
hours in the absence of any other stimulus (Figuée 7.4). There
is a gradual reduction of activity beginning 2 hours after
s;imulation. The rate of movement after stimulation with
bile was initially high with approximately 50 undulations per
minute but there was a gradual reduction 3 to 4 hours/;fter
stimulation (Figure 7.5). In the log-dose response curve of
the larvae to bile, there was a linear increase in population
activity from 0.1% to 1.0% \above and below which the response
plateaus (Figure .7.6). | (

The éomponents,of bilevtha€ appear to stimulate thei
lérvae into type'z'activity éf% the tagrine-conjugatgd bile
salﬁs with the sodium salt of taurodeoxycholic acid beiﬁg the |

most potent (Table 7.2). The glycine-conjugated bile salts

:’ .
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THE EFFECT OF VARIOUS ANIMAL BILES 'IN SALINE

T~ ON THE POPULATION ACTIVITY OF T. SPIRALIS LARVAE

IN VITRO AT 37° C

Cat
_Rabbit
Sheep
Rat
Mouse
Raccoon

puck

Bile

Concentration

3 Popﬁlqtion Active

at 30 minutes

10%
. 10%
10%
10%
10%
10%
10%
10%
10%

100

7100

100

100

_ 100

100
100
100
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FIGURE 7.4 The activity (see p 292) of the larvae
of T. gpiralis in response to stJ:.mulation’ with 10%

pig bile.
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FIGURE 7.6 The p&puléﬁion activity o:fthe larvae of
T. sgiraiis in response ‘to log dilutions of bile af-

ter 30 minutes incubation at 37° C.
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&ABLE'?.Z THE EFFECT OF VARIOUS BILE SALTS IN BUFFERED .
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SALINE (pH 7.2) ON THE ACTIVITY OF THE LARVAE OF

‘ .
T. SPIRALIS IN VITRO AT 37° C .
1
(b)
Bile salt Concentration Activity
Sodium taurocholate 0.1 0.65% 0.05
Sodium deoxycholate 0.1 0,18 % 0.02
Sodium cholate = 0.1 0.02* 0.004
Sodium . taurodeoxycholate 0.1 1.00 - 0.00
Sodium glycocholate 0.01 0.01 % 0.01
Sodium glycochéenodeoxy-
: cholate 0.01 0.03 £ 0.01
Sodium taurochenodeoxy- ;
cholate 0.001 0.23 ¢+ 0.04
Controls ‘ ,
Buffered saline (pH 7.2) 0.85% 0.04¢+ 0.02 °
Crude bile , 10% 10.95* 0.02
~ I3 i
(a) saline

activity (see p 292)

g D i et Tt

oy

gsignificantly different from buffered
(pH 7.2) control (p<0.05) -
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ﬂad no significant effecF in stimulatipg the activity of the
Larvae (Table 7.2). The log-dose response of the {9rvae to
thé sodium salt of,tahrodeoxycholic acid shows that the lar-~
vae were extremely sensitive to this compound, the response
is maximal\to concentrations as low as 107 %M (Figure 7.7) .

| The ability of the larvae to respond to pig bile
decreased with~the duration of digestion. The abiiity‘to
;espdnd to bile is best'in larvae that had been digesting for
3 hours or less. As the duration of digestion increased, the
ability to respond £o¢bile decreased (Figure 7.8). Refrigera-
tion for 24 héurslafter removalhof~the larvae from the diges-
tion solution;furthg;.deéreased the larva's ability to respoﬁd

]

to'?ile (Figure 7.8). .However, the inability to respond to

-bile did not necessarily indicate reduced ability to in%ect

mice. There were no signficant differences in worm recovery

@

(and hence infectivity) between larwvae given to mice immediately

after digestion and iarvge refrigerated for 24 hours before in-
fection'(dgspite their differences in response to bile) (Fig-
ure 7.9, Table 7.3). However, there was a significant'de-
creasg'in la;val infectivity between &.aﬁa %8 hours of diges-
tion (Table 7.3). ) “ :

_ Pre-treatment of the larvae withwbilglfor‘BO minutes
prior to implantation into the iieum did not result’ in any
chariges in the Aistribution of the worms in the small inte;-
tine when compared to cogtrols (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 lafvae and the

establighment and distribution of worms in the ‘'small intestine

i
1
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FIGURE 7.9 The mean % recévery of adults from the.
small intestine of white mice infected.5 days pre-
viously with larvae of T. gpiralis that ‘had been

treated with various periodsof digestion. A, the

~
larvae were not refrigerated; B, the larvae were re-

) : . o
frigerated for 24 hours at 4 C.
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TABLE 7.3 THE RECOVERY OF ADULTS FROM THE SMALL

®  INTESTINE 5 DAYS AFTER INFECTION WITH 500 LARVAE

A

CT , OoF T, SPIRALIS

Digestion time Refrigerlation (4° ¢)

Mean %

Recovery * 5, E.

3 ) 0 hrs
3 . ' 24 hrs
8 ' 0 hrs
8 ’ . 24 th
éB 0 hrs
118 .o 24 ’hrs

(a) (b) -/ ail values with the same superscript do not
differ significantly (p<0.05)

V]

}

Nive 2i0a” ToE Se et | 3 s s sy o S T

!

+ 3.3
2.8
+ 3.7

2.3

‘1.1

2.2

~

(a)
(b)
(b)

AR R
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FIGURE 7.10 'The recovery of adults from the gmgli
intestine of mice 5 days after infection with 500
larvae of g.‘sgifalis given bg impiéntation into the
ileum. A, controls; B, the larvae were treated
with 10% bile for- 30 minutes at 37° ¢ prior to im-

plantation. - v - .
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TABLE 7.4, THE RECOVERY OF ADULTS FROM THE SMALL
: \ -
INTESTINE OF MICE 5 DAYS AFTER INFECTION WITH 500 LARVAE
OF T. SPIRALIS -
- Mean # Adults
. Croup Treatment " Route Recovered * S, E. p £ 0.05
1 Control Implanted ’
. in§o ileum 52.5 * 13.7 .
. N. S.
Bile :
Stimulation " 84.5 * 10.7
~ .
2 Control oral : 159.0 * 28.6 )
P - . N. S.
' Prolonged bile ,
.Sstimulation " r 107.0 * 32.5 |
%
_ o A
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was normal (Figure 7.11, Table 7.4). i

Several attempts were made to stimulate penetra-
tion of larvae in vitro. usiné several methods of prepafing
-intestinal tissue. Aftef more than 50 attempts,‘the act of
penetration has never been visualized.  This has consistently
'eluded many previous investigators.‘

The‘crude mucosal extract prepared from mouse
gut stimulates type 2 activity in the larvae of T. spiralis
(Flgure 7.}2). The factor or factors responsible for this
stimulating"effect are ﬁainly in the smali intestine and its
effect is significantly redﬂced by denaturation.

The crude mucosal ;xtract consists of mucus, "succus
entericus” and cell debris. The individual components of mucus
did not activate the larvae but crude pig mucin did cauée a
small, ‘but significQBt, increase in aétivity when compared to

“controls (Table 7.5). -

"Succus entericus" activated the larvae (Figure 7Ll3)
and a log~dose response of the larvae shows that the larvae are
sensitive to concentrations ;f 0.001% (Figure 7.14%. Oge com-

_ponent of "succus entericus" ;hat stimulated type 2 activity
was enterokinase. <«-amylase was not as potent and peptidase
did not stimulate any activity (Table 7.6). Included in this
assay was the hormone‘sepretin which was also a potent stimula-~
tor of type 2 activity. In the log;dose response curve of the
larvae to enterokinase there is a linear iﬂcrease in the ac-

tivity of the larvae of T. spiralis from 0.008 to 0.08 units
e f T. spiralis

enterckinase/ml, above and beloq,thege concentrations, the

b G AR s S




FIGURE 7.11 The recovery of adults £rom the small
intestine of mice 5 days after infection with 500 °
laryae—of T. spiralis give‘n by oral inoculation. A,
controls; ‘B, the larvae were treated jﬂith 10¢% bile

for 6 hours at 37° C prior to infection. ~ .
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FIGURE 7.12 The activity (see p 292)of the larva of
T. sgifalis in response to stimulation with the crude
mucosal extract f;om d%fférent regions of the gut.
A, normal extracts; B, heat-denatured extract. .S,
saline control; Ai, anterior small intestine; ?:,
posterior small intestine; CA, caecum; CO, colon;

Bile, 10% bile conj:rol.
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TABLE 7.5 THE EFFECTS OF MUCUS AND COMPONENTS OF MUCUS
IN BUFFERED SALINE (pH 7.2) QN_$8€#KE§}VI!Y OF
"' LARVAE OF T. SPIRALIS IN VITRO AT 37° C
Treatment Concentration Acfivity . B ﬁ\
‘ ' @y
Mucin A . 1% 0.16 * 0.01  0.05
N-acetyl-D~glycosamine 0. 1M 0.03 £ 0.01 N.S:
D © Galactose ' 0.1M 0.06 * 0.01 N.S.
v ( N
\ D ' Fucose 0.1M 0.05 £ 0.01 N.S.
;\hfj N-acetyl-D-galactosamine 'O.IM' ‘ 0.05 £ 0.01 N.S.
N-acetyl-neuramic acid . 0.1M 0.04 ¢ Ofbl N.S.
Controls B
_ Buffered Saline (pH 7.2) 0.85% 0.05 * 0.02 i
‘ . , . : (a)
Bile - : 108 . 0.97 * 0.02°* 0.05 °
] \ / ™~

(a) significantly different from buffered saline
(pﬂl 7.2) controls -(p <0.05)
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FIGURE 7.13 The behavioural response of the larvae

of T. spiralis to stimulation with "succus entericus".
A, the rate of movenment of the larvae and B, the ac-
/ tivity (see p 292) of the larvae. '
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FIGURE 7.14 °The activity (sée p 292) of the laFvae

of T. sgiral’is in log dilutions of "succus entericus”.
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"TABLE 7.6 THE EFFECTS OF THE COMPONENTS OF
"SUCCUS ENTERICUS" DILUTED IN BUFFERED SALINE

(éH 7.2) ON THE ACTIVITY OF LARVAE OF T. SPIRALIS

. (a)
Treatment ‘Concentration Activity
Peptidase
——— (porcine intestinal
. mucosa 0.2 units/ml 30.2 6.9
* - amylase
- (porcine pancreas) 2500 units/ml 53.9 * 8.7
- LY .
. Enterckinase ‘ .
f(porcine intestine) 80 units/ml 94,5 *.3.5
s
Secretin \
(porcine 20 units/ml ° 99.7 *\0.2
' Saline J .
(control) - . 0.85% 22.3 * 3.6
. o~ r . . ( )
noF ’ ' (a) = 1 unit peptidase will liberate 1 Ymole of
' : B-napthylamine from L-leucine-B-napthylamide
mlnute at pH 7.1 at 37° C
- 1 unit ¢-amylase will liberate 1.0 mg maltose
- - from gtarch 1n 3 minutes at pH 6.9 at 37° C
- 1 unit enteroklnase will activate 0.005 mg
crystalllne tryp31nogen per hour at pH 5.
at 5° ¢
~ secretin in Crick units
(b) significantly different from saline controls
4 ‘. (p £0.05).
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response plateaus (Figure 7.15). Enterckinase (40 units/ml)
in solutions of distilled water and buffered solutions of pH

5.0, 7.2 and 8.0 was equally effective in stimulating 100% '

: x\xtype 2 activity in the larvae of T. spiralis (Table 7.7).

Pre-treatment of larvae with "succus entericus” for
30 minutes prior %o 1mplantation into the duodenum resulted
in a distribution that was anterior to that of the controls
(Fidure 7.16) . There was no significant difference in the
numbers of worms esaablishing between the pre-treated larvae
and controls (Table 7.8).

Bile and "succus entericus" both significantly in-
creased the aLility of the larvae of T. spiralis to exié from
an artificial bolus of agar into which they had been embedded
(Table 7.9) and to penetraae into agar (Table 7.10). Prior
to dispersion and penetration, the larvae entered type 2 ac-
tivity. Figure 7.17A shows the sinusoidal tracks of the lar-
vae of g; spiralis moving throd&i agar after stimulation with
bile. o ’ '

There were no significant diffarencas in the activity
of the larvae of I. piralis after the incubation medium was
gassed with air, 5% CO,- 95% Ny and 50% CO, - 50% N, (Table 7.11).
2) ‘N. dubius. . | '

at 22° C, all of the larvae of N. dubius responded
rapidly to mechanical stimulation but were inactive within 20

minutes (Flgure 7.183A). In bile, the maximum rates of move-

- ment were sxmllar when compared to worms that were. mechanlcally

stimulated but the activity in the bile-treated worms consistently

persisted for 3 hours (Figqure 7.l§§) with a gradual reduction

~ . 12
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FIGURE 7.15 The activity (see p 292)of the larvae

of T. spiralis in log dilutions of enterokinase (80
units/ml) . '

-
‘
A
v
d
1
_ <
wh .
t
4
v o 4
. i
- . .
'
1 1
T b Wt
- = A
)
~
& 1
N .
e i
-7 i -
. '
» / : -
' -«
4



344

e Y

- ; -

(1w, syun om: aseunjosejua jo suonnyp bon
PN . .

- 0Ot ,-0t 2.0t Ot .| SR ot

s .-

.

ot . \

R 1 i 2 A 1 A L
K -
- - 1 T "
W « ) e .
N : N - [
\ : */‘ .
= . e ——— v
] '
| S 0 P
, = l .
f - —
i <
< - L y
) . . -
: : ) =<
. .
\ ) _ T .
. .
v v . ) ' . ' / .q\v
. m -
= \ . -
. ) J— -
- - - -001
- - N £,
'
. A\ i
- - v
D ' R .
. . .
. - o -
3 0 - - L %
-
- N ! - s
/ - -
IS
N 3 . " —
' \
, !
t N - -
- y v
- i . M
: o J : . .
Tk e R T BB Tttt st RED w8 PN B omirrtotrioct [PTUSRTIN S S WL ¢ & St ' i Al RIER




ok

'

- 345

/  TABLE 7.7 THE ACTIVITY OF THE LARVAE OF T. SPIRALIS

30 MINUTES AFTER STIMULATION WITH ENTEROKINASE IN

. -« . VARIOUS BUFFERED SOLUTIONS AT 37° C

1 + N *

AN . : (a)
: \ Activity
" Solution ’ PH, ’ + S.E.
D ——— ] — i,
q
distilled water. 6.8° . 1.0% 0.00
citrate buffer . 5.0 1.0 +°0.00
buffered saline 7.2 © 2.0 % 0.00
Tris buffer . . 8.0 1.0 + 0.00
' /

A3

(é) Activitf (séelp 292)

®

N.S.
N.S.
N.S.

N.S.



N v e v e e d

R S s R LR T

J e st Nl

=

FIGURE - 7.16 The recovery of adults from the small

intestine .of mice 5 days after infection with 500

larvae of T. spiralis given by implantation into the

duodenum. A, controls and B, the larvae were pre-

treated with "succus entericus" for 30 minutes at

-

37° C prior to implantation.
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Treatment [ Implanted into Recovered * S. E.
. 3

Controls Duodenum 250.3 £ 2.0

L \

Pre-treatment with
. "succus entericus” Duodenum \> 254.6 23.7
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TABLE 7.8

RECOVERED FROM THE SMALL INTESTINE OF MICE 5 DAYS AFTER
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THE NUMBERS OF ADULTS OF T. SPIRALIS
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TABLE 7.9 THE EFFECT OF BILE AND "SUCCUS ENTERICUS" IN
_ .~ BUFFERED SALINE (pH 7.2) ON THE DISPERSION OF THE LARVAE

OF. T. SPII'!ALIS FROM AN ARTIFICIAL FOOD BOLUS IN VITRO AT 37° ¢

\
> {b)
\J‘% Treatment Concentration Dispersion ratio P =
: ' ~ (a)
Bile 10% © 9.27% 1.59 0.05
"Succus entericus" 10% 10.46 + 2.32 0.05
Saline 0.85% 0.44 ¢ 0.06 -

AN

(a) significantly different from saline controls (p< 0.05)

-« (b) dispérsiqn ratio = # larvae out of bolus
h ‘ ¥ larvae in bolus

L~

f
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TABLE 7.10 THE EFFECTS OF BILE AND "SUCCPS ENTERICUS" mrIN H
3 " !

BUFFERED SALINE (pH 7.2) ON PENETRA!{ION BEHAVIOUR OF THE

) \\
LARVAE OF T. SPIRALIS IN VITRO AT 37° C °

\J& -
) . i -
Treatment Mean % penetration )
A ¢
o
Bile 9.4 2.9
"Succus entericus" 14.5 £ 3.4
1 Y " o '
SaliHE" - ‘ » O - 9 - 4 O . 6
.0 (a) significantly different from saline controls (p< 0.05);
'

° - k)
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TABLE 7.l11  THE EFFECTS OF GAS MIXTURES (N

" THE ACTIVITY OF THE LARVAE OF T, SPIRALI
INCUBATED IN BUFFERED SALINE (pH 7.2) AT 37° C

(a)

N . :
Air - 0.12

i+

0.05 -, .-

5% CO., - 95% N, 0.12 ¢ 0.02 N.S.
2 2 2 \ ;

50% CO; - 50% N, 0.15 £ .0.05 © N.s.
\(a) Activity (ssl\p 292) . ‘
p ' .
‘ 3 °
3 . W o .
2 »
? lfv ' -~ \\

AN\ ) '
Gas Mixture Activiftx/ . P~
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in the rafe of activity after 90 Eiputes (Figure 7.20B)l

&

’ This diffgrs‘froQ the fairly abrupt cessation Of activi y af- .
.o ter mechanical stimulation; the fates of mévement of 4

re-

viously unstimulated worms after mechanical stimulation fis
! ! "
shown “in Figures 7.19 and 7.20A. A repetition of this ex-

0 periment at”37° C gave sjmilar results, but, the populatfion
. ‘ ) .

- 7%1v1ty in larvae s@lmulated mechqﬁlcally did not exceéed 10%
- of the populatlon,AFlgure 7. ZlA) The responses to bilelat

\ . 37° C was 51m11ar to the response at 22° C and the activity
[ v 7

of these larvae persisted for 3 hqurs (Figure 7.21B). The

rates of movement of larvae stimulated mechanically and with
35 of

’ g - bilqut 37° C are shgwn in Figure 7.22; the hctivity rat

N these worms were similar to the activity rates of worms At

P&

&g

22° c.-(

N K . The log-dose response curve of the activity of
larvae of N. dubius in bile showed a linear increase between.
0.2% %nd 0.5% bilg lat concentrations above and below,
response plateaus (Figure 7.23). , K

. In tge gile~gradient studies, the larvae placed, in

» the cén;:e of the|cpntrol plates (teﬁplate is shown in Fig-
ure- 7.24) were dispersed randomly. Significantly more lar-
vae (p <€ 0.05) were recovered from the sector containing bile

N\

than the sector containing distilled water (Figure 7.25),

\
/ . - - bl I

All the bile salts, with the exception of sodiunm

deoxycholate'aﬁd sodium taurodeoxycholate, were capable‘o
72N B .

stimulating some aétivity in the larvae of N. dubius. Th

T

T _glycfne—conjugated birle salts were much more potent than the

o
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other salts; the most potent were sodium glycocholate and ‘.

sodium giycochenodeoxycholaﬁé (Table 7.12). Prolonged pre-

treatment with bile did affect the infectivity (Table 7.13)

but not the intestinal distributiqp of é%e larvae‘(Figuie 7.26) .-
HCl was the only gastric secretion that causeé lar-'

val activity of iong duration in vitro (Table 7.14). The be-

B

haviour stimulated by HCl was similar to the behaxiour stimu-
lated by bile. Although a low pH was necessary, ééso4 at the
saﬁe pH did not ;timulaﬁe this behaviour. Pepsin and various
gas phases had no effect on larval bepaviour (Table 7.14);

C?udg,mucosél extract did not stimulate the 1a£— .
vae (Figure 7.27). “Succus entericus"\stimulated activity

“

of the larvae (Figure 7.28) bug the activity was transitory
(Figure 7.29).

There were no'significant differences in tAe numbers
of lé}vae dispersing from an artificial agar bolus (Table 7.15)

or pepetrating into agar (Table 7.l6) wheh stimulate§ by bile

B

or "succus entericus” and compared with controls.” Manipula-

tion and handling during this experiment were sufficient stimu-
lus to activate the worms in the controls. figure 7.17B
shows the sinusoidal tracks of a larva of N. dubius moving

through agar.

7D. DISCUSSION o

1) T. spiralis.
It is now accepted that all stages of T. spiralis

are intra-cellular (Gould, 1970; Gardiner, 1977; Despommier
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TABLE 7.12 THE EFFECTS OF BILE SALTS IN, BUFFERED ? .
T SALINE (pH 7.2) ON THE ACTIVITY OF TYE LARVAE OF, ' ~ -y
’ ’ o ’ * N ‘ '
o N. DUBIUS IN VITRO AT 37° ¢ ' S e -
. , . - s B [}
\ LN - . .
N , Bile salt Concentration Activity 3 o
. . (a) .
Sodium cliolate r.0 - 16.6 ¢ 258 \ 0.05 s
N . _Sodium deoxycholate 1.0 1.5+ 0.8 MN.S., -
Sodium glycocholate 1.0 78.2% 5.8 -0.05
Sodium taurocholate E) 1.0 . 22.1% 9.2 0.05
Sodium taurodeoxycholate ‘1.0 - 12.3% 4.3 N.S.
Sodium glycochenodeoxy~- ' ' .
' ’ cholate » n 0.1 76.8* 6.4 0.05 .
' i Sodium taurochenodeoxy- - . , o . -
\ ch¥late 0.1 33.4 % /7.6 0.05
/
Buffered-saline (pH 7.2) 0.85% 2,84 1.3, =~ b
- (a) ‘siqnific‘antly'different from controls .
. ¢ [ . —
. » )
\ ¢ i N y v
" / - ) o ! a
X +
. A
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: " TABLE 7.13 THE RECOVERY OF WORMS FROM
' - THE SMALL INTESTINE OF MICE 6 DAYS. S
AFTER INFECTION WITH 100 LARVAE OF N. DUBIUS ~.- .
- - @ - “
e Mean # adults o -
Treatment /, Recovered * S. E. * pZLo.os :
Control - 80.6 ¢ 1.7 -
) C " S o "N
©0.05
o ) , b .y
Prolonged bile . :
stimulation -64.3.% 1.8
- N . o
) ' N
‘ '“\ T 7 * N
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TABLE 7.14 THE EFFECTS OF GASTRIC SECRETIONS AND VAﬁIOUS GA

ON THE ACTIVITY OF THE LARVAE OF N. DUBIUS IN‘VITﬁO AT 37 C

AL

S PHASES

o

Solution éﬂ
HC1 T 2.0
- . e
+ 58CO, - 95%: N, . 2.0
+ 50% COy - 50% N, ~ 2.0
+ 100% CO; 2.0 -
HC1 + 1% pepsin 2.0
A , °
+ 58 COp - 958 N, . 2.0
+ 508 CO, /508 N, | 2.0
+ 100% CO; . 2.0

Ciﬁ;ate buffer 1% pepsin- 4,0°

+ 58 CO, - 95% N, 4.0
+ 50% COp.- 50% N, 4.0
+ 100% COp
o S
- ‘

Mean % population active with time (mins)
Time < 5

100
100
100

100

- 100

100
100
100
100
" 100
- 100
100

" 18.7

30

26.3 + 7.6

H
w
.

8]

11.5 ¢

3.1
16.3 £ 5.1
8

-

§9_\

[

120

o o o o

, @

0.5

~

fLE



2 d - B
. . TABLE 7.14 ~ (cont'd)
‘ B Mean % population active with time: (mins)
' solution - \ pH Time < 5 30 60 120 " 180
Tris buffer + 1% pepsin &0 | 100 0 0 | 6' ‘ 0
+ 5% CO, - 95% N, 8.0 100 0 0 0 o
+ 508 CO, - 95% N, 8.0" 100 0 0g 7" 0. 0
+ 100% co, 8.0 100 0. o .0 0
H,S0, ) 2.0 100 o 0 0 o,
+ 5% - 95% Ny 2.0 100 °, - 0 0 0 0
+ 508 CO, - 50% Ny 2.0 100 0o 0 0 0
+ 100%f COZ ‘ 2.0 100 - ’ 0 ) 0 0 0
H,S0, + 1% pepsin 2.0 100 " . 0" 0 0 0
+ 5% CO, - 95% N, T o 100 0 0 ( 0 0.
+ 508 €O, -~ 508 N, 2.0 100 0 “ o 0 0.
+ 100% CO, 2.0 - 100 o . o0 0 0
H,SO4 + 1% pepsin 1% NellC]: 2.0 ‘ 10(!)} 13.4 ¢ 1.]: 0 0 0
+ 5% CO, - 958 N, 2.0 100 o0 0 ,0 , 0
+ 50% CO, - 50% N, 2.0 100 0 'k ) 0 ‘ 0 0!
+ 1008 CO, 2.0 100 -0 0 £ 0 0

P

SLE
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FIGURE 7.26 - The recovery of larvae from the small .
intestine of mice 6 hdays after infection with 100
larvae of N. dubius giveﬁ‘by oral inoculation. A,
controls and B, the larvae weréatreated with 10%

bile for 6 hours at 37° ¢, prior to infection.
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FIGURE 7.27

The population activity of Qhe larvae
_of N. dubius in response to stlmulation with the crude
mucosal extrakt from dlfferent regions of the gut. A,
normal extract and B, heat-debnatured extract. - S,‘ N
sdline control; AI, anterior mall ir;téstir;e; PI,
g)ostg.z‘ior small intestine; CA, caecum} Cb, colon;
ﬁilé,, lb% bile contrdl.J . . : l
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FIGURE 7.28 The population activity’of the larvae

L

of N. dubius in response to log dilutions of "succus

L]
entericus" after 10 minutes of incubation at 22° c.
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TABLE 7.157 THE EFFECT OF BILE AND "SUCCUS ENTERICUS" IN

£

" BUFFERED SALINE (pH 7.2) ON THE DISPERSION OF THE LARVAE

.OF g; DUBIUS FROM AN ARTIFIGIALlBOLUS IN. VITRO AT 371° ¢

Treatment .

. Bile

Succus entericus"”

Buffe{ed saline (pH 7.2) 0.85%,

~

a

~

!

éoncentration

\

Mean % larvae

10%
p

10%

o

-~

Jeaving bolus

97,8
100,
86.9

*

*

+

2.2
0.0
13.3

: ®

22

NIS.

N.S.

(a) significantly dif/flerent from controls (p< 0.05)
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THE EFFECTS OF BILE AND
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*SucCCuUs ENTERICUS"

AN BUFFERED SALINE (pH 7. 2) ON THE PENETRATION BEHAVIOUR

""OF THE LARVAE OF g DUBIUS IN VITRO AT 37 , C

Treatment

°

B;le

“Succus entericus"

Buffered saline (pH;7.2)

(a) - significantly different from controls

Q
. )
T
,
4 -
Rt
, N
~ A
;\
. .
a
[4

—

!’ .
?'vr /
d Mean %
o Coﬁcentration . Penetration P =
N i,\
. 10% 100 + 00 N.S
' ‘ !
10% "98,2 ¢ 1.;1, N:S.
0.85% 95.4 + 3‘.}4 N.S.
J f’
S . // .
R [

" (p< 0.05)
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et al., 1978, Wright, 1979) and the larvde are constantly at

o

host physioloéical temperature except for short periods dur-

-

ing t ‘ansmission. It is therefore expected that the maximum

ac£ivity Wél{ occur around. 37° c. X -
At 37° C, the activity of the larvae was lowest in
distilled water, just slightly higher in 0.85% NaCl and
highest in artifiéial gastric juice (tﬁe larvae in bile are
not”consiaerqd in this aggumené gecause of the stimulatory
effect of bile). ' In dhap;er 5, I have suggested that the.
C1~ ion is important in thé initiation of activity of the
larvae of T. spiralis. These results support the hypothegis
since the Cl~ ion c;ntent‘of the artifigial gastric juice is
Aigh and the activity of tﬁe larQae are concomitantly high.
Increasing temperature led to increasing death of

the larvae in distilled water and gastric juice. Preliminary

°

“u

stﬁdies-on the osmotic tolerance of larvae at room temperature

indig¢ate that they can withstand both hypo- and hyper-tonic

_ solutions without significant effect on their infectivity

to, mice (Sukhdeo, unpublished[. This resistance may not be
operative at higher than physiSlogical temperatures and it

may explain why the larvae died in the hypoéonic solutions

but not in the\isbtonic solutions at high temperatures.

Type 2 activity was almost immediately-SQZmulated
in the larvae in bile while some of the larvae in saline and
gastric juice spontaneously switched from type 1 to tyﬁe 2.
Nothing is known of the ﬂeurai mechanisms that govern these

two types of activity aﬁd although this phenomenon is inter-

esting it would be speculative to discuss this switchover.

¢
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\ An lntestlnal nematode in v1vo is expésed to dif-

ferent' amounts of blle dependlng on the diet of the haost and

N

to different forms of the bile saltsndgpendlng on the ambient’

pH and the quantity and distribution of the microflora (Met- °
trlck & Podesta, 1974). The different concentratlons, forms

and ,types of bile 'salts méy have dlfférent effects on the

€

nematode and this leads to some, dlfflculty in the c@plce of
a suitable concentration of bile to use in vitro. Five to ]
10 percent whole bile has been suggested as a concentration

that closely approximates the in vivo conditions (Crompton &
14

x

'
Nesheim, 1970) and for most of our in vitro studies we have
L

used a standard concentration of 10% pig, gall bladder, bile.
Type 2 activity results from bile stimulation and

the:biles from a wide variety of mammals can;stimulate.the

~ ¢
rts

- larvae of T. spiralis. This does not appear to be the case

with\bile from the mallard duck (Anas platyrhynéhos). BiMe'

s

alcohols, bile acids and the stereochemical configuration

differs wfaely among speéigs although the function remains
basically the same (Hasslewood, 1978). There is a tendency
for the bile salts of herbivorous mammals to be conjugated
with glycine and those of carnivorous animals to be coniugated
with taurine (Smyth & Hasslewood 1963). . Rabbit-bile 15 al-
ﬁost exclusively glyc1ne-con3ugated, while, bile from cats

and dogs are almost exclusively taurine-conjugated (H;ssle-'
wood, 1962; Gordon et al., 1963). Bile from rabbits, cats

and dogs stimhlate type 2 activity yet I have found that it

is only the taurine—conjugqted\Pile salts that can.'stimulate

type 2 activity. These results suggest that stimulation is

-~




independent of thé functional properties of bile and since

©

the results from thé log dose response curves of the larvae
to bile and taurodeoxycholate show larval sensitivity at low

levels, rabbit bile 'is probably contaminated with taurine
’ .

coniugated bile salts. Bile is not generally known for ac-
a

»

9

tivating nematodes although there is a lot of evidence for

£ G
its efqect on protozoa, cestodes and trematodes (Smyth &

»

Hasslewood, 1963; Mettrick & ?odesta, 1974; Lackie, 1975;
Hasslewood, 1978). Among'nematodes, bile has been shown to

activate the larvae of Dictyocaulus vivipArus. The levels of

o B

bile required for this activation were low and the percentage

of active larvae increased with increasing concentrations of

bile until a plateau was reached about 4% (Jorgensen, 1973}).

;n a review of nematode behaviour/ Croll (1972) lists

22 activities of nematodes ranging from movements within the

egg to oviposition in the adults. The evidence suggests that

) -,

all nematode activities_may be grouped into‘subsets of 5 basic

patterns (Croll & Sukhdeo, in press). In the subset activities

of locomot&on in nematodes which include: backward waves,
forward waves,.omega waves, migration and dispersal, swarming

and nictating behaviour and leaping motion, the wave patterns

2

generaféd are sinusoidal. Type 1 and type 2 activities in T.
spiralis are not sinusoidal and are atypical in their pre-
dominant aorsa} bias of movement. Moreover, the Qxigténce

of 2 distinct patterns of movement in the same larval stage

} N v

is unusual. The behavioural repertoire of the larvae of T.
f

spiralis has been previously reported by Meerovitch (1965)

¥

who found that the colling-uncoiling movements (type 1) were

P

Tdnes o Foru

e TR Mo wis D e TT R X e



- 389

predominant after the I;rvae were freshly digested but that
the undulating movements (type 2) were usually a result of
developmental changes as they matured to adulthood. My re-
sults suggest that type 2 activity is not a resultﬁoflmaturity
. ". and larvae have been observed going from type 2 to type 1. I

must stress that the behaviour of the larvae of T. spiralis
were ob;;rved in vitro in iiquid media and could be arti-
facts. However, prior to penetrating agar, the larvae en-
tered type 2 activity and the path through the agarcghows a

" sinusoidal pattern of movement that is not easily distinguish-
*able from the tracks created by N. dubius. N. dubius larvae

normally exgibit a more characteristic sinusoidal movement in

-~

liquid media.
, Bile stimulates activity and maintains the activity

for several hours after which the iﬁfectivity of the lﬁrvae
does not appear to be impaired. fhere are no differences
in the infectivity and distribution of the worms in the
samll igtestine of mice following stimul;tion b§ Bile for 6
hours at\37O C. There have. been repdrts that'bi?e or bile
salts are toxic to the 1af§ae of T. spiralis. Weller (1943) .
repA}ted adverse effects on the larvae followiné cultivation
with bilelsalts and Meerovitch (1965) fodnd that incubation
for 2 hours in a medium containing bile salts.was lethal to

AN the %arvae. The latter author'suggested that tauroglycocholate
and taurocholate sodium salts were detriment;l to the larvae:
These observations are inconsistent with the resultsl;ﬁ my .
.studies. Bile is not harmful to the larvae (using infectivity ¢

. N .

as an aghif) and the larvae respond to concentrations of sodium

S P
!
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v

taurodéoxycholate as low as 10~ 'M. In addition, the results
3 ! [

of several previops expériments show that bile enhances -

*

site selection and is important in site selection. There

H

-may be an explanation for this disagreement. The, larvae used

by Meerovitch (1965) were in culture for 24 - 48 hours and
were moulting. We have shown'in aﬂprevious study that ?he
'larvae are intracellular at this stage (Despommier et-al.,
1978) and not in intimate contact with bile. After the first
m?ult{:lhe\larvae that were préviously resistant‘to gastric
secretions loée their resistance (see p 267). A similar mech-
anism may be operative with bile, whereby the infective lar-
vae are not affected by bile, itlis toxic to the later larval
stages. f ‘ ) ’ '

) The aBility of the larvae to be stimulated by bile
decreases #ith digestion time. One to 8 hours of digestion
and up to 24 hours of refrigeration®did not impair the infec-
tivity ofothe larvae to mice. Similar results were obtained
in rats (Gurscﬁ, 1948) and thié investigator found that longer
refrideration wags definitely‘injurious to;the larvae. In my r
experiments, although there were no differences in the infec-

tivity of larvae between the controls and the refrigerated

~groups, there was a decrease in the ahility of the refrigera-

ted larvae to respond to bile, There is no information avail-

able on the mechanisms by which the larvae lose their ability

to respond to bile after refrigeration but it is significant

.that the abilify to respond to bile does not affect the:

ability to infect and establish in the host.
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-« * Attempts to view the penetration of the larvae

osubsequent to bile stimulation were not successful. Although

several ‘systems were tried, the worms did not penetrate in-

»

testinal tissue EE.ZEEEE' Investigators have ‘had similar
frusgrating experiences in visualizing péne;ration”of other
ihtestinal nematodes (Croll, pers. comm.) and there, appears
to be no explanations

The site selection behaviour of T. séiralis could

not be explained by the actions of bile alone. In previous

3

experiments I have found that larvae established in the ab-
» . 0 . %
sence of bile and that pancrqatic'secretions were not im-~

portant in site selection. My results indicate ﬁhat entero-
kinase, an enzyﬁe sécreted)by the intestinal cells can also
stimulate tfpe 2 activity. «=-amylase, an enzyme of pancreatic :
origin that.is believed to be a contaminant of "succus entgri—
cus", also stimulates some type .2 activity in,the larvde of .

T. spiralisg. However, the actiéity stimulatéd?was§§?®a low
level, and may have been, due to impuritieé‘i;\thé preparation.
'Similérly,'"mucin“ stimulates type 2 activity but the activity
was low when compared to the activity stimulated by the crude .
mucosal extract. This may have been due to the coﬁtamination

of the mucin by small amounts of entefokinase. The log-dose

’

response curve shows that the larvae are extremely sensitive

\

to enterokinase and the ability of enterokinase to stimulate
larval activity at different pH values suggests that the response
is sensory rather than enzymic. In vivo experiments show that

= T

the larvae of T. spiralis when pre-treated with "succus entericus"”,

2
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és¥ablish moré rapidly than unﬁ;eated controls.- Enterckinase
.is an excellenﬁ“choice ;or a cue to inform the parasige of
ﬁits axrival in the small intesti éiof the h?ét since it is
;ecretéd by the mucosal cells ofvseve;al mammals in response
to food in the gut (Biol. HandK, 1964) . ‘ -
. A second potent stimulator of type 2 activity is
secretin, a polypeptide hormone seE;;;éq by the mucosa to
stimulate bile ‘and péncreatip flow. The sensitivitf.of\the
uzziing since this hormone is not se-

11

creted into, the umen. However, the larvae quickly enter

larvae ‘to secretj

¢

the mucosallcgtls'during infection and the response to se-

. cretin may be important to the behaviour of the larvae sub-

sedlent to penetration of the épithelisl cells. Meerovitch

'(iQGS) has found that type 2 actiyity\is present in the de-

I : v e
veloping worms. Secretin may be the cue that maintains, the

, ’

" high level of activity during penetration.
. y The evidence for the importance of intestinal en-
zyﬁés;or “succusrenteribus" in . the sitelselecgion.behav%pur
o% the larvae is necesgarily indirect because of the dif-
ﬁiculty oi altering mucésa; secretions. J:f the larvae of T.

égiralis dre pre-treated with “succus entericus" prior to’
R

&

_implantation- into the duodenum, the larvae estaBlish an-
teriad of the controls. These results suggest that the

unstimulated larvae, pﬁbn implantation into the duodenum,

are stimulated in type 2 activity by bile or enterokinase

and they penetrate the epithelial cells. However, before
they estpblisgﬁ they lad already been carried along by the
d

rintestinal “pr ulsion and the peak establishment occurred

in the second quarter. The larvae ghat were pre-treated

s - - S , . v . -
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with "succus enterlcus" penetrated and establlshed immediately

4

upon belng implanted into the duodenum and vere not as df-

fected by intestinal propulsion. The ablllty for "succus

©

entericus" to stimulate penetration is supported in vitro.

Bile and Wsuccus entericus" increase the ability of the lar-
¢
vae of'T. séiralis to penetrate and migrate through agar in

vitro. } __

N N .
It is interesting that the larvae were not stimu-—~

lated by CO, since Cdz plays an important part in the activa-

tlon and orlentatlon of several plant-parasitic and»anlmal

vpara51t1c nematodes (Croll, 1972). The levelSrof C0, are hlgh

f

in both tﬁé/scomach and . duodenum (Mettrlcg & Podesta, 1974)
and it may be that the larvae prefer a more specific cue like-
bile or enterokinase to identify the small intescine.

2) N. dubius.

. Several laéval strongyles, trichostfongyles and
encylostomes are activated by sdddén change§ frod‘the am-
bient conditions resulting in the release of "activity guanta"
or bursts of motion which last  for a few seconds or minutes
(Croll, 1970; Croll & Al—Hadixhi,'l9;2). The infective lar-
vae ofsg. dubius respond in this way to mechanical stimuli.

In, the presence of bile, however, the larvae are activated

for significantly longer periode aﬁd their activity shows dis-

tinctive parameters which suggests that thé nature of the

¥

_stimulus—response may be different from that of other se%sory

modalltles which elicit the "activity quanta". In bile-

gradients, the larvae accumulate preferentially in_bile when“

compared to controls and the components of bile to which the

P I T LT T

4
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"larvae respond . are the glyczne conjugated bile salts. xThe

v pancreatic and enteric secretions of the gut had no measurable
effect on the larvae of N. dubius.

- ' ' The‘resbonses of 'the larvae of N. dubius to bile

-
@

were similar at 229 C and 37° C but,tqe response to mechanical
{ t -
stimuli differed and the -larvae did not respond maximally to

mechanical stimuli at 37° C. I specfilate that external changes
in the environment i.e.‘photio, thermal or mechanical stimuli;
.//_ might be gues'to the presence of a host apd the larvae respono
by releasing "activity quanta" that may improve their chances
of neachlng the host (Croll, 1972). At 37° € the parasite is
within the host and does not requlre this responsé/(see Chap-
ter 8). T
The response to bile, i.e. the long lasting a;tivity ¢
is also obsErved when the iarvae are stimulatgg by HCl1l, and
this appearsFto be a function of the Cl1~ ions. Histological
studies show that the larvae also penetrate the mucosa of the
stomach. The ev1d;oce suggests that thls perslstent behavxoural
activity may be related to penetration and only HCl and bile
» Kin the gut appear to stimulate this response. The penetration
'of the gastrie mucosa appears tg be accidental aad i 'not im-
portant in the biology of the nematode. This is discussed
further in Chapter 8. Selectlve forces would have worked to
,maximise the ult1mate~and persxstent behavioural effort of the
larvae before it is swept out of its preferred site. The

»

prolonged.pattern of activity in response to bile gives these
. ' / ) —
factors a central role in the establishment behaviour of N.

dubius. . e

4
[ -2

[
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3) Summa Y- ' _

a} Bile stimulates prolonged activity in the larvae of T,

o ' }

gpiralis and N..dubius.

b) Cl% stimulates prolonqed activity in the larvae of N,

[ ¢
’

dubius. ’ '

¢} The response of the larva;\of T. spiralis.to bile is tem-

¢ N ' iy
perature dependent; the response of the larvae of N dubius

to.bile is not temperature dependent but the résponse to me}
chanical stimuli is. : =

. » '
d) 1In .bile g:edients, the larvae of N. dubius dccumulated

'

in bile.
e) The larvae of T, spiralis respond most effectively to

tau;ine—qonjugated‘bile salts while the larvae of N. dubius

=

respond to glyciﬁe~conjugatéd bile salts.

. £)  Crude mucosal extracts stimulate activity in the larvae

of T. spiralis but not in the larvae of N. dubius.
g) The.component of the mucosal extract that stimulates ac-

tivity in the larvae of T. spiralis is most probably entero-

3

kinase.
h) Bile and "succus entericus" cause an increase in the

A -

penetration and migration, through agar, in vitro, of thep

A

larvae of T. spiralis. ' ’

‘i) "Succus entericus" causes an increase in the rate of es-

tablishment of the larvae of T. spiralis in vivo.

i} CO, does not appear to pldy a critical part in the be-
] 2 .

“haviour of the larvae of T, épiralis and N. dubius.
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CHAPTER 8. GENERAL: DISCUSSION

’

This investigation examines the factors operative

in the early site selection behaviour of two hematodes, T..

spiralis and N. dubius, following their ent;y into the gas-
trointestinal tract. The résults of in vivo and in giggg
experimen;s suggest severallsimilaritieé between these nema-
todes and from these observations and related published
studies, I have pgoposed a simple model (Figure 311) for

the mechanism of -early site selection by T. spiralis, N.-
dubius and T. §5£i§. After entry into the host, anteriad

to or near the pggferred éites, the larvae are activated and
change or modify their behaviour patterns. Physiological ac-

tivation of the infective stages of nematodes upon entry is

better known than behavioural changes (Lackie, 1975) and

'while activation usually involves emergence from the cyst

and motility, detailed behavioural analyses are rare and spe-

cific behaQioural/bhanges upon entrg are unknown. I suggest

—

that the modificaﬁions of behaviour subsequent to stimula-
— / K] '

. /
tion with intestinal secretions observed in this study, may

lead to localized dispersion of the nematodes within the

" lumen and ultimately to penetration and establishment. In

this discussion I will present the mechanisms and sensory
cues that may be utilized’By these nematodes in locating
their sit;s. Theré afé only Yimited experimental'results in
the literature to support these hypotheses and most of the
specific examﬁles used will draw from the present study and

w

studies on T. muris (Panesar & Croll, in press).

#
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1) Entry into the host , 3

*

The behaviour of the free-~living stages of nema-

tode, parasites has been reviewed in several places and is

o

" beyond the immediate scope of this thesis (Croll, 1970, 1972a,

1975; and_bthers). The behaviour patterns of the infective
l%§yae are generally interpreted-.as béing purposefhl in en=-
hancing transmission (Robinson, 1962; Bizzell & Ciordia, 1965;,

3y

Croll, 1972a; MacInnis, 1976).

Several larval stréngyles, trichosérongyles and an-
cylostomes are activated by sudden changes from ambient“con=
difions, resulting in the release of "acéivity quanta" or
bursts of motiop(Croll, 1970; Croll & Al-Hadithi, 1972).

These responses may have adaptive significance because energy

reserves will be used preferentially in'response to rapid en-

vironmental changes which may indicatg the proximity of their
hosts (Croll, 1972a). This behaviour pattern has béen ob-~
served in my present study in the infective larvae of N.
dubius andais censistent with the abqvé‘hypothesis.

The infective ;?rvae of T. spiralis are gekerally
considered to be immobile within‘fhe cyst prior to infection.
However, in an indiféct manner, they may inflﬁencg,the proba-
bility of ingestion by the host. Penetration and excystment
within the muscle fibers by the migrating larvae results in |

the loss of functioﬁ by the fiber (Ribas-Mujal & Rivera-

Pomar, 1968; Despommier, 1975, 1976) and the muscles of in-

~fected animals (Ribas~Mujal, 1975; Farris & Harley, 1976).

xt
These changes may lead to an increased susceptibility to

predation and therefore enhance transmission.
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2) General and specific stimuli from the gastrointestinal

Subsequent to entry inté the appropriate host, a
combination‘of environmental factors ana parasite responses
must be involvéh in the emergence’of the larvae from its egg,
cysé or sheath’é;dltﬁe subsequent penetration of the host
tissue. I have divided the envirommental conditions and fac-
tors; encountered by the nematodes ip the homeothermic gut
into two categories; (a), non-specific stimuli and (b),
specific ;Zimuli,to the nematodes (Table 8.1). g

A temperature similar to that of the host appeérs
to be a common requirement of these nematodes. Activity éf///

/
the larvae of T. spiralis is maximal at 37° C when the 1gf;
7/

vae have been treated with HCl~pepsin solution or lo)gﬁ/bile

solutions. However, in distilled water, that is, in the ab-
sence of the specific stimuli of Cl1l~ or bile, aey{Qity re-.

mains at a low level. This suggests that—whilé/a temperature
V4

7

of around 37° C is necessaty for activity, témperature by it-

o P

s?lf«is not a specific stimulus of activitf?d Similarly, the
hgé%hed larvae of T. muris are most active at.about 37° C in
the presence of spécific stimuli from the caecum (Panesar &
Croll, in prep.). In contrast, the infective larvae of N¢
dubius aré active at the wide range of~temperatﬁres en;\

countered during the free<living and parasitic phases of its

life cycle (Figure 8.2). However, the response to sudden

}changes in ambient conditions e.g. the release of "activity

quanta" to mechanical stimuli, occurs predominantly at lower

temperatures while the larvae are able to respohd to specific

§
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TABLE 8.1 SELECTED ENVIRONMENTAL CONDITIONS ENCOUNTERED
.BY NEMATODES AFTER ENTRY INTO THE GASTROINTESTINAL TRACT'

OF THE APPROPRIATE ?bST

Non-gpegific . ‘ ‘i ﬁ - SEeéificvv
 Temparat%§g Lo T » i c1”
Gut Tptility " ) . ) * Bile
pH ' o B _"Succus eﬁtér?cus“

Caecal factors

- \ ! 2
! e\ . .
- ) ) . Pepsin* -
\ ‘ . . ' . ® / \
. . ) - I
* gpecific action but not a stimulus Ly,
j
J
2 ' ’ / -
v - 'W '
, , s
a
W t
. oo
o ~— ) . NS N -

N o ) !
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| FIGURE ‘8.2 Diagrammatic representation of the
activity of the infective larvae of T. spiralis,
N. dubius and g.‘ muris at different temperatures
—— —_— .
(vertical dotted lines = approximate range of
temperatures encountered in the homeothermic host).
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stimuli e.g. bile, at both low aﬁdthigh)temperatures.

Ig these nematodes, temperature may be a general
cue to indicate arrival in the host and may act to "prime"
the larvée to respond to tﬁe specific cues that determine
site selection.u
« The conéept of “ériming” by the non-specific hosF
stimuli is also seen in tﬁe larval response to pH. The ac-
tivation énd emergence of the encysted larvae of T, spiralis
requires a‘l;w pH but a low pH in the absence of Cl~ ions
does not initiate behaviour of these larvae. Similarly, with
the larvée of N. dubius; a low pH is required‘for exsheath-
ment, but the prolonged activity observed in gastrib sécre—
tions is not initiated when the larvae are incubatég in solu-
tions of low pH without the Cl~ ions. These results suggest

that the pH may provide a general cue to indicate arrival in

the host stomach but the Cl1l~ ions are the specific stimuli in

El

<

initiating behé&vioural change. ,
) Gastrointestinal motiliég\and some enzymes are in-

cluded as stjimuli because their effects on the larvae enter-

ing the gut are inevitable. Intestinal pfopulsion of the in-

gesta passively carries the larvae through the gut and some

enzymes e.g. pepsin in the case of T. spiralis degrades the

1

cyst. These will be discussed later. v

-

o .x‘ -

The “specific stimuli are éastrointestﬁnal secre-
tions, (Table 8.1) that stimulated measurable behavioural
changeé in the larvae. The stimulus response pattern to
these specific stimuli is believed to be cldsely related to

the site selection of these nematodes.

7 r u



o e @

¥ . . 405

3

3) Behavioural changes during activation

" The encysted larvae of T. spiralis, when stimula-—

b

ted by gastric secretions, initiate a behavieur pattern,

i

designated as type 1. Type 1 activity consists of a pré—

longed rapid tail lashing behaviour that is always associated

———

with excy%}ment and is presumed to be responsible for the rapid

emergence of the larvae from the cyst and surrounding muscles.

e

The specific stimulus for this behaviour is the C1~ ion and

- not other gastric factors. Similarly, the ensheathed larvae

of N. dubius are also activated by gastric secretions (Som—
3

merville & Bailey, 1973) and I have found that is the CL~

ions and not other gastrit~gecretions that are responsible

for the initiation of a prolonged motility that may aid in

exsheathment. In contrast, the embryonated eggs of T. muris -~

are not affected by gastric secretions, but a caecal factor (s)

is responsible for initiating a complex pattern of behaviour

:

in the larvae that ultimately %eads to hatching (Panesar &

Croll, in prep.).

‘ ) In 12552 results, therefore, indicate that the con-
ditions in the stomach are necessary for-the activation of the
larvae of T. spiralis and N. dubius, while the conditions in N
the, caecum are necessary for the aétivation of the lagvae of

T. gggig. Hoquer,“in the absence of these conditiqps in

gigg, these larvae still establish themselves. The encysted
larvae of T. spiralis establish in rats that have had total
gastrecéomy, the ensheathed larvae of N. Qubius when implanted

directly into the duodenum and the larvae of T. muris establish

in caecumectomized mice (Panesar & Croll, in press). Therefore,

£y

-
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available results .indicate that although specific conditions
for the optimal activation of these larval nematodes cancpe _

isclated and tested in vitro, none appéar'ﬁ%_be absolute re-

s
¢

quirements.. N N

Few absolutes have emerged from the stiudies of site

selectionu(Croll, i976!|Panesar &'Cro}fﬁ in preés) Jr tﬁe o
studies of cues (Lackie, 1975).° The>§ohcept of abéolute re-
quirements a}e being‘%eplacéﬁ by the ébncept of'more'rélat%ve
and flexible responses to the flux of biological conéiéions )
encountered within living Hosts. <Croll (1972b, c) ~describes

-an "activity sphere" (Figure 8.3) for thé surwival and move-
mént of larvalsnematodés, and this conhcept may-also apply to
behaviour of Pemat;aes in the ga;trointestinal tract. Xc-
tivity }s only ﬁégsible under interactiné;optima& conditions.

“ig

While the parameters affecting the activation and site selec-

tion of gastrointestinal nematodes*ﬁay differ from those of
a X »

larval survival, each parameter (temperature,. pH, gastroin-

5§Estinal‘motifity, bile, HC1, "succus entericus”, osmosity

i,and\éo on) has a h{gh, low and optimal value. Trends, op-

tima and 'synergistic interactions are probably more repre-

-

sentative of the true situation in vivo than absolutes.

4)" Dispersion ' . N

1 ~ \
) ' For infective stages entering thé gut, the inevitable

. \
RN

"o

method of passive longitudinal dispersion ?E to move with - the

food. “This mode of transportation is cLeag}i/used by most
: P

gastrointegtinal parasites (Crompton, 1973).

. Y .
Infections of T. gpiralis in mice treated with Lomo-

] ,

® o . . :
til- resulteqv?n a more anteriad establishment’ than in untreated
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coptrols. Increasihg the propulsion rate of mice at the
time of infection resulted in a more posteriad distribution.
The changés‘in the distribution pattern of N. dubius in mice
given similér ﬁreaﬁmgnts were similar but less marked. There
was a more anteriad establishment in micé treated with Lomo-
til~ and there was a significant reduction in the numbers
establishing in mice with the prbpulsion increased at the

- .
time of infection, wéen compared with controls. In the
latterréroup, the larvae may have been carried from, poten-
tial sites before they could establish. The eggs of T.

muris were passively transported wjong the gut at the same-

rate as inert markers (Panesar & Croll, in press, Panesar,

pers. comm.).

‘

The results of these experiments strongly suggest
that the timing of behavioural réSponses leading to sizzxse—
lection are integrated or.coordinated~with the rgée of pas-
sive tfansport in the gut. That is, the larvae move with the
ingesta unﬁil they reaeiveuthe)appropriate stimulus(i), where-
_upon\they aisperse and establish. It is\assumed in these ex-
peéiments with altered motility in mice infected with T.
spiralis and N. dubius, that the altered distributioﬁs result
from the effects of passive transport and not from the altera-
tions of "homeostatic'" physico-chemical gradients that-have
been implicated (buﬂfiot pfoven) in t%e site seléction of a
variety of parasites including nematodes (Mettrick & Podesta,
}974{. The.influenéé of passive transport is further supportéd
by experiﬁents in surgically modified rats. When the pr%ferred
sites in the anterior small intéstine were surgically bypassed,
the larvae of T. spiralis and N. dubius did not establish in

k] ‘l N
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penetration behaviour of these nematodes. The major cues
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) g . N\ - \‘u
the. bypassed sections through which no food flowed.

5) Penetration and establishment

The infective larvae must leave the ingesta to pene-
trate the mucoéa,'while being pa;;ively transported along the
gut. I suggest that specific stimuli anteriad or adjacent to
the preferred sites stimulate incréased activaty of the 1ar—\
vae, which will cause a general kinetié effect leading to u

{

dispersal from«the\ingééfa. \

— In this study I have attempted to elucidate the
cues and behaviour batterns of the larvae of T. spiralis'and
N; dubius that lead to penetration. Despite many attempts,
T T . .
technical problems have prevented the actual visdalization ~‘%mt
of penetration by these larvae. Histological ev;dence shows
that the larvae of these nematodes can penetrate the gastric
and inte;tinal mucosa w%{Q}n 10 minutes of infection and the

£

sites penetrated in the small intestine are adjacent to the

' oy .
sites of recovery of adults of T. spiralis and larvae of N.
dubius several days after infection. Correlating behavioural

changes in vitro with gastrointestinal factors simulating

. "natural" conditions at the site of penetration, gives an in-

A

dication of the sensory cues that may be" important in the
~ . 0

?

:
:)‘
&

e

a

3

3
4
G
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g
%
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ar§§believ§d to be.gastric secretions, hile, "succus entericus"
and perhaps the architecture of the small }ntestine. Stimula-
tion of the larvae of 2.“§§1ialis and N. dubjius with these gas-
trqintestinal secretions resulted in a prolonged behavioural

activity that was not stimulated by other secretions of the

gastrointestinal tract. It is clearly seen that the behaviour

[ o % Z . s - !
Coe g wevhmicelplileiite, . - o Tk




R ¢ : 411

-
. B i

elicited by stimulation with these secretions e.g. stimula-
R tion of the larvae of T. sEirélié with bile, differs from
the behaviour observed in the activation and emergence of
‘} the }arvae. ) .
a) Stimulation of prolonged activity. <
The importance of gastric secretions and their
possible role in nematdde activation ang site selection has
béa‘brecognized by several investigators (Lackie, 1975).
)Gastric secretions activated the larvae of'g. spiralis and
N. dubius and pgobably stimulated the larvae of N. dubius
; to pengpr%te the mucosa of éhe stomach.

’ - e
The major components of gastric secretions are HC1,

k4

pepsin and high pCO, (Mettrick & Podesta, 1974) . Neither pep-
sin nor CO, appeared to have significant effects on the be-
b ‘ﬁaviour of the larvae of N.- dubius. However, concentrations of

HC1l that were similaf'td-ig vivo conditiags stimulated a pro-

longed ungﬁlating activity in tﬁe larvae of N. dubius in vitro.

The stimulation was due to the C1- ion and not the low pH of

the solution. This behavioural response £o Cl™ was similarh

. ' to thé response of thée larvae to bile and it is believed to

; ‘ ' resulé in dispersioh from the ingesta and penetration of the
mﬂcosa. The penetration of the gastric mucosa by the lérvae
of N. dubius appears ‘to be accidenéal and not essen;ial to
o the biology of the parasite. This hypothesis is s%pported by
the short phase in the gastric mﬁcosa before the worms leavé
to penetrate the mucosa of the small intéstine and the lack
of'developmental’eﬁgnts while the worms are within the gas-

~

tric mucosa.

y
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gg_vitro studies on the behaviour of the larvae of
T. spiralis and N. dubius showed a prolonged activity ( 3 - 6

hours' duration) in response to stimulation with a 10% crude

. bile extract. This pattern is designated as type 2 activity

in the larvae of T. spiralis to distinguish it from the pro-

longed activity (type 1) stimulated by HCl-during activation.

__The response in the larvae of N. dubius is similar to that-

l@ n .
stimulated by Cl~. A simidar behavioural response has been

observed in the infective larvae of D. viviparus when stimu-
lated by ox bile énd in the absence of expérimental efidénge,
it is believed that this behaviour is responsible for causing
penetration of the gut wall of the host animal (Jorgensen,
1973; H;ssleweod, 1958).

(\En surgically modified gats in which bile was ex-
cluded from the gaétrointestinal trac£, there was a siénifi;
cant reduction in the establishment of both T. spiralis and
N. dubius when compared to controls. There wés an increased
establishment of these nematodes at the site of re-entry of
bile following cannulation to different locations in the

r

small intestine. EE vitrestudies showed that these larva

1

+ ]

were sensitive to and responded to concentrations of bile that

were below iﬂ‘vivo levels in the lumen. The larvae of N.

dubius migrated hp gradients of bile and the type 2 activity , -

©

of the larvae of T. spiralis resulting from stimulation with
bile, significantly increased their ability to penetrate and

migrate through agar. Bile is therefore likely to be a major

/

component in stimulating penetration of the mucos%”by these
. oy

Cmirtenihht St e S b 20 7
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larvae or in stimulating behaviour that ultimately leads to
penetration. Apart from the preliminary observations on the
larvae of D. viviparus:(Jorgensen, 1973) this response to bile
has not heen demoﬁstrated in any other nematodes.

.Bile is composed of water, mucin, protein,'bile‘pig-
ments, bile salts (conjugated and unconjugated), phospholipids,
neutral Eats and various inorganic ioné‘(ﬂasslewood, 1978).
These cgnstituents vary with the diet, pH, presence bflgara—
éites, microflora and with the host species (Sm§th & Hassle-
wood, 1963; Mettrick & Podesta, 1974; Hasslewood, 1978). Smyth
anf.ﬂasslewood (l963)have'proposed that the éogposition of bile
is a factor in the determination of host specificity of in-
testinal parasites. Although these authors support their .

hypotheéis with iﬂ vitro studies on E. granulosus, there has

been little substantiation from other parasites in the seventeen

years since their hypothesis was formulated. I have found /

o

that the larvae of T. spijalis are specifically activated by
taur&ne-conjugated bileg salts while the larvae of N. dubius
are activated by glycine-conjugated bile salts. T. spiralis
is naturally tranénittgd through ingestién'by carnivoreg and
there is a tendency for the bile §alts of carnivores to be

conjugated with taurine (Smyth'& Hasslewood, 1963) while the

~larvae of N. dubius are ingested with herbage and there is a

tendency fo; the bile salts of herbivores to be conjugated
with glycine (Smyth & ﬁasslewdod,’l963). Although this Hay
se taken as a broad support for the hypothesis of host spe-
cificity due to bile,.this specificity is not absolute and

there may be several other factors invdlved. Host specificity

—
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in N. dubius is restrpbted to mice and some other rodents

'while T. $piralis has a wide range‘of\carniyorous and ‘omni-~

Ry

vorous hosts.
The type 2 activity that is involved im the pené—

tration behaviour of the larvae of T. spiralis dis also stimu-

' lated by "succus entericus". The behavioural 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 increased rate of establish-

ment 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 enterokipas@x
The threshold of sensitivity to ente}okinasé, by the larvae,
was extremely low and the kinetics of the response sug-
gest a sensory rather than enzymic ;éimulation. Enterokinase
is a'key enzyme inNFhe initial activation of trypsin, and
other pancreatic enzymes and is secreted by the .mucosa of
the anterior small intestine, the preferred site of T. sEiralfs.
Another stimulus for t§pe 2 activity in the larvae
of T. spiralis is secretin. Secretin is a gastfointestinal
hormone produged by the epithelial cells of the small in-
tést&ne {Guyton, 1976) and is not normally found in the lﬁ-
men. I speculéte that this hormone is necessary to haintaiﬁ
the type 2 activity of this nematode while it is penetrating
the intestinal cells. '
b) 1Intestinal architecture ”
It'has been argued above that penetration behaviour

results from stimulation by various secretions of the gastro%

intestinal tract. However, there may be additional factors

s
<

P
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involved. Although bile stimulated behaviour that led ; '
to penetration of the mucosa of the ducdenum by the larvae
of N. dubius, the larvae did'not penetrate the mucosa of
the lower small intestine and large intes?ine even in the
presence of bile. Perhaps.there is a tissue spécificiﬁy 6;
mechanical sense based on the topagraphy or architecture of
'the .intestinal cells, Technical difgiculties did not i}low( .
in vivo verification of this hypothesis but the folléwiﬁa

speculations are based on the observ;tions of the behaviout
of plant parasitic\ﬁemétodes as they approach and feed on,
or penetrate host roots. |,

The pattern of feeding behaviour in plant parasitic
nematodes is shown diagramatically in Figure 8.4a. This dia-
gram summarizes the observations of several igvestiqatozs
(Doncaster & Seymour, 1973; Robertson, 1975; Trudgill, 1976;
Weischer & Wyss, 1976; Wyss, 1977; Jones, 1978). .Subsequent
to initial activation by host attractants there appears to
be an automatic sééuence with 4 major decision points'which
kleads to nematode feeding. This is concurrent with a gradual v
restriction of ﬁﬁvement (Figure 8.4b). The whole body move-
ments result in widespread exploration that is random with
respect to the host roots prior to moving into the rhizosphere.

?ﬁ&s leadé to more specific orientation which brings them ) -

¥

to the roots. At the roots, the nematodes explore the sur-

fa;é of tﬁe roots with their cephalic sensillae (Doncaster &
Seymour, 1973). If the surface architecture is appropriate,

the nematodes penetrate with éheir stylets to feed or use a - .
combination of head movements and stylet thrusting to enter \

A

the cell. - ﬂ 2 R
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(a)
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widespread exploration

-

attraction |,

local exploration and stylet
' thrusting
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immobilize body

e

whole body

penetration :

stylet thrusting

»

Cutting |

cycle

penetration
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Extent of Movement .

short programmed behaviour

salivation

ingestion

satisfaction

immobility or random movement

(b)

whole body
movements

head
move-
ments

pharangeal
movements
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An aﬁalogous §ystem is possigle in thé'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-
haviour is stimulated by thé secretions of the géstrointes—“
tinal tract. This activity continues until the larvae ar-
rive at the mucosa, the larvae tﬂen explore the tissue and

if appropriate, they penetrate,

The model is hypotﬁetical but it may explain the

phenomena of tissue and host specificity. The tissues of ? -
Kthe anterior small intestine of mice and some other rodents
may provide the only appropriate cues for penetration by the
larvae of N. dubius. There ‘is also some circumstantial evi--°
dence to support this hypothesis. Thg larvae of E.*spiralis,
when stimulated into type 2 activity with bile, migrate in an
apparéhtly random manner through agar, this behaviour is sug-
gestive of the widespread exploratory behaviour of phytonema-
todes. In the course of their rapid undulating activity
after stimulation with bile, the larvae of N. dubius have been
frequently obsefved to explore, with their lips, the sides of
the watchglass, cracks and bumps in the glass and even each
other, this behaviour is suggestive of the local exploration
of the host root by phytonematodes. Exploration of 'non—roét,
strudtures’ have‘similarlf 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 thrusting are used
while penetrating epithelial cells during tunnel formation

Q(Panesar & Croll, pers. comm.). .
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FIGURE 8.5 A model for the penetration of the
intestinal mucosa by the larvae of gastrointestinal
nematodes., L. - .o
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' The abow‘a obéervatfgns on tﬁe behaviour of these
nematodes show several .similarities with the feeding be-
haviour of phytonematodes. The behavioural repertoire of-
nematodes appears to be finite with apprdximately 22 bef
havigural'activities in 5 major categories (Croll, 1972a;.
Croll & Sukhdeo, in press) and the nervous system and the
localization of sénsory receptors r::reJ also remarkably con{-
stl.ant': among nenatodes (Ward et al., 1975; Ware et al., 1975:
Wergin & Endq,‘ 1976;- Croll, 1977). Several behavioural ac-
tivitieQ are unger endogenous control and appear' to be pro-
grammed sequences which follow appropriate“senséry input
(Croll, 1972a, b). I suggest that the behavioural activities

of plant parasitic and animal parasitic. nematodes may corre-

sponci in {their penetration of host roots or host mucosa.

7

¢

6) Summary
Af{:er entry in{:o the appropriate host, the larvae
' TN
of T. spiralis, N. dubius and T. muris are stimulated by

[

various non-specific and specific 'stimuli while being trans-

ported passively along the gastrointestinal tract. The evi- ™

dence suggests- that there is a. sepaf’ation in the stimuli and \»J_,_.,\
,behaviéural responses ' of ac,tivatidn’(and é,mergencei from dis-
persal and penetration (Tablé 8.2). Gastric secrgt_;iohg
stimulate lactivation and emerqencé of the larvae of T.:spiralis

»

and N. dubius while caecal factors stimulate the activation'

and emergence of T. muris (Panesar & Croll, in prep.). Sub-.

| ' . :
-sequent to activation these larvae are stimulated by specific .-
cues anteriad or: adjacent to their preferred sites. This

-
stimulation produces a prolonged activity in the larvae tihat

“

o
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Nematode
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s

Response

Primary

Stimulus,

Relative
Require-
ments P

Type of

Activity
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TABLE 8.2
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SUMMARY OF THE STIMULI AND BEHAVIOURAL 'RESPONSES

OF T. SPIRALIS, N. DUBIUS AND T. MURIS

<

Trichinella. spiralis

By

Nematospiroides dubius

Emergence £ Dispersion Emergence Dispersion
¥ N e and | and
Penetration Penetration
L " bile .
c1- . o c1- M bile: °
enterokinase Lo
. ¥ ) .
37° C. 371%¢c 371° ¢ 31° ¢
low pH . near neutral™. law pg F ' near neutral
(pepsin) pH : pH
. - - ‘Prolonged prolonged
type 1 type 2 motility motility
g o R \
\ ) ,
* unknown factor from the caecal contents
!

Trichuris muris

‘Emergence

&
caecal?*
factor

. 3

37° ¢

near neutral

pH

crescendo
of larval
activities
in the egqg

Dispersion
+ and
Penetration

caecal*
factor

371° ¢
near neutral
pH -

prolonged
motility

»
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results in dispersal from the ingesta and penetratioﬁ of the
! N

mucosa, Indirect evidence also suggests that there may be
tissue specific factors involved in the penetration of host

]

muéosa. : - ’
Lack of egperimental evidence makes it difficult
to compare these hypotheses with the early site gélecﬁion
behaviour ofjother gastrointestinal nematodes. It is likely
that while’ the specific cues for activatiodn and penetrqtion

may differ, the'unde}lying mechanisms of site sélection in

0 other gastrointestinal nematodes are similar.
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. CLAIM OF .ORIGINALITY
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»

.. The elements in this thesis that should be con-

G
siflered as contributions to original knowlédge are: -

o

(a), the factors that affect the longituginal istribution

of T. sgiralié and N. dubius (Chapter 3); (b), the descrip-
. ! 5
tion of the transverse site of N. dubius in the "small intes-

tine (bhapter 4); (c), the description of thé Qghavioural
e

changes during, and the factors affecting activation and

emergence of- T. spiralis (Chapter 5) ; (d),lthe effects of

\

sﬁrgical modification of the gastrointestinal éragt of )

li

I : ! = U
rats on the,longitudinal distribution of T. gpiralis and N.

dubius (Chapter\6) and (e), the analyses of &he behavioural

responses of T. gpiralis and N. dubius to gastrointestinal

Y

secretions‘ig vitro (Chapter 7).
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