VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

GTUDTES O THE PATHDPHVSIOLOGY OF

CHRONIC  OVUNE  FASCIOLIASIS

suamary of o thosls submitted for the degree of Loctor of
Philosophy of the Univorsity of Glasgow by Poter He Holtios, BeVeleSe,
MG Ve Ba

The work described in thile thesis %o concoerned with the pathos

physioloegy of chronic Fog

infections of oheeps In

this study vazious lsotopic leobelling techniques were uged to Investiga
in particular the cause of the enachis and hypoproteilnachia, vhich

aro invapiobly present in diseased apimelse  The cause of the hlood
changas has been the subject of considerable debate over a nuber of
yaars, ond various divergent theovies bave boen put forwaeds  With

the adveny of satisfactery feotopic methods 1% finally buceme possible
to study the tuenover of both red cells and plasaa proteins in the
paracitized shoap, und to investigate the routos of oxcess loss of

these blood constiiuents. The thesio in divided into four secltions.

Section I. Riudies opn the fnaomis |
infected by nge

N 5 - K
o e vy e o e

The firat part of thig section destribes the use of “"Cr-
iahelied red cells in both oxperimentally indected and nommal shocpa

% was found that the perasitized aninals showed ah lncreased wate of
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disappeazsnce of red cells from the slrvculotion, and that this loss
couid he ascountod for by an increase in thoe feeoal onerekbion of the
isotopes  This otrongly suggested that the causation of the snaemia
was o subotontlal loss of hloed into the twt of the infected oninals
prosumably vin the biles Secondlys the forrohkinetics of infentoed

and normal sheop were shtudied using ﬁg*aa The results indicoted

what exythropoiesic was greatly inckeased in the infected anlmals ag
illustrated by elevation of tho ﬁgﬁe plasma disoppeatonce rates, ond
red coll wiilisation of ﬁgﬁag In agditlon, the degree of meoubsorpiion
of hecmoglobin iron woe moasused using red cells almultancously lebeller
with 59&@ and 51&&; 1t was Ffound that only i the nmost aeverely
infected sheep was significent vesbgoxpiion ocourrings

*

Section I¥. Metabo

3
131,

FMrotly, aibunin setebolism was ebudied using albumin in
both infocted and nozmal shosps It was found that the hypoalbuminacids
in the diseased anlmale was associnted with a siomiflcant hypercataboli
of éibmmin« From indizect ovidence 40 was suggested that the hypow
atbuninacnia was caused by an exceds logs of plasmn proteins imto {tho
gul, preswnbly assocliated with the red cell losg.

Secondly, three sopavate bechndoues for the detection of gostro
intestingl proteln losy wero used In Infocled and contaol animales AL
the methoda, vig igliﬁPVFg gﬁﬂb»alhumiﬁ and ﬁlﬁxala, consistently

showed that thore was a signiflcontly groater logs of plasms into the



gastrointestinal tract in the parasitized shesp. By the use of a
double labelling technique i1 was found that a close coxrvelation existed
botwaen the hyvpoalbuminaemia, hypercatabolism, and increased plasma
proteln loss in the infetted shecp.

Lastly, the meteboliem of albumin and of immunoglobullin were stud
simultianeously, and it was found that the synthetic rate of immunoglobul
was increased 0 a grester extent than that of the albumin in the infect
sheeps It was suggested that the causesof the hypergemmaglobulinaemia
and hypoalbuminaemie associated with the disease are the results of the
inability ef albumin synthesis to he increased to the sams extent as tha
of dmmunoglobuling in the face of the substantial plasme losses cocurrin

in the infected anlmals.

Sewtion 11l. Studies of the Onset of the Pathophysiologlcal Changss

Following Infection

Red cell and albumin tucnover were studied for thirteen weeks
following infection of sheep with F. bhepatica. The results showad that
the commencenent of the red cell leak and rise in albumin catabolism wor
agsociated with the arrival of the adult flukes in the blle ducts. In
addition 14 was found that the indtial anwomiz and hypoproteinacmia
gsomebimes associated with the migratory phasse of the infection were
prokably due to demage to hepatic cells and rupture of small blood vesse

in the liver pavenchyma by the migroating Fluksec.



Section IV

Following anthelmlntic treatment of fluke-infacted sheep It was
found that there was a marked rise in both serum albunlyn eud vetioug
hasnatoesits  Those chonges weore associaled with oth a dramatic
fall in rod cell loss inbo the guly, 2nad decline in atbumin cotabollism
oncg the €lokos wore zemoveds The latter effoct was considersd to ba
in'par@ due e the cossatlon of vhe Plovd lossy and &n pard 10 decreased
albumin synithesis prosumebly due to a honcosbatle wechandome

The zasults oF the work descyibed add consideraldy o the
information pogarding the pathophysiological machenisns scovrsdng in
fascioliasis, and are a1l consishent with the theozy that tho major
factor in the astiology of the blood changes g loss of biood into

the gasteolntostinal tvacts
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GENERAL _ INTRODUCTION

 infoction of shesp and cattle with the liver fiuke Fasciola
hepatica is widespread throughout the world, and because of its high
moxrbidlty and mortality it 4s of considerable wconomic Amportancos
indeed in some arveas it may constitube the single most importont
health hazard in sheep production (Rowlends, 1969},

There is abundant evidence of the serbusness of fasclollasis
in hoth shesp and cattles.  From slaughborhouse surveys in Britaln
it has been found ithat where climatic and topographic conditions are
condusive infection may Le very high, ¢ege in Northern Irelond Ross
{1966a) found ans many as 885 of cattle had some degroe of fascioliasis,
whilst a Glasgow slaughterhouse survey from 198% ~ 1967 showed 30 « 420
of cattle livers and 12 ~ 14% of sheep livers to he affected (Nicolson,
1068, cited by Reids 1968j« In North Wales during the eplzootic of
1958/99 the losses due to fascioliasis were estimatmd o bo in the
region of £500,000 {Rowlands, 19069}
Similar levels of infection have bsen »eporied from many

countrios; c.ge MHoxway (Enger and Karbo, 1980}, Spain (Colombo de
la Villa, 1998)s Australia (Goxdon, 1995}, Jopon {(Gno. 1958), Russia
(Fopov and Kalitina, 1965}, ALl these surveys give higher infection
rates for cathile than shecp, though this is probably because a high
proportion af the sheep population tend 4o be slpughtered at an carly

age and have less chenge of belng infacteds



w2 ow

When considering counomic losses due te this pereslite, not
only the incidence of liver condemnation must be considered bub also
other factors associated with fascicilesls such as lvss of condition,
poor growth rote and greatey susceptibility to other diseased.

Ovine fascloliasis was described ag early as 1379 by Jean de
Brie (oited by Reinhowd, 1957)s  An with other perasites, following
tho initial desoriptions of the organism, the next major advence in
the documentation of fasclollasis was the description of the 1life-history
in the late 19th century {Louckhart, 1881y Thomas, 1881).

The adult pavasite is leafesheped, broader snteriorly than
posteriorly, and may reach 30 x 13 mm in size. It is nommally found
in the bile ducts of sheep end catitle, though it has heen recorded in
a great varlety of andmal ¢pecies including mans The parasite is
hexmaphrodite, and the eggs enter the ducdentm of the host along with
the blle and pass to the exterlor in the faecess Onee wn the ground
the egg develops provided the temperature 1s suiteble, i.e. >9°C and
< 30°C, Generally in chont three weeks e motdle miracidium emexges
from the egge It is propelled through the water by numerous cllla,
untdl 1% locates a suiteble gnail to act as the inbermedlate host. In
Britein Lypnase, brungaiula is noxmally involveds  The mirscidium
benetr&ﬁaﬁ the sneil, leses 1ts cllia and becomes a sporoovsts  The
sporooyst then gives rise to a number of rediae. The next stage is the

cercarias, produced from germinal cells within the redia, which emergos




through a bivth poree The cevcazia then leaves the Intermediate

host as a freeeswduming foxm and within a short Mime finds & sultable
object, usually & blade of grass, on which to entysts Following
eneystment 1t Is known as a metacercariag which 1o the infective stage
for the final hosts  The metacertsriac mav remain infeotive fox
sevexal monthe, the oxact time depending on the ¢limatic condltions.

Once the metacercerise s ingested by o suliable host it escopes
From its eyst in the duodenum and burrowe into the intestinal wall,
from where it makes its way to the llver. Buring the following woeeks
the immature fiukos burrow through the liver parenchyms and finally ond
up in the bile ducts vhere they woture inte adulid parasites.

Barly studies of the pathogenesis were mainly concernsd with
detesmining the migratery xouwke from the gut te the liver, and it ig
now widely accepted that thoy migrate scross the perltoncal cavity.
Hommally little damaye results from ihis siage, and 4t ls only vhen the
young fivkes penetrate the liver copsule that clinleal signs begin to
become appavents These clinicel sligng sve varlable snd lavgely depend
on the nunbers of parasites invading the livew.

As in other parasitic diseasss, the pathogenicity of the sgent
cans best be studisd in carefully controlied experimental infections.
For this to be possible 311 is flest necessary that infective material
can be produced in sufficient quantity by the development of sultsble

culture techniques, Once metacercariae could be produced in reasonable




ounbers verlows woekers teportad on the pathogenicdly ol expotinontal
infections, though for ressons of econvmy thege were Indilally conflined
to small animzls, cags in the wabbit (Urqubarst, 1995) and albino pad
(Thome, 1963} and lates in looge andmols, cegv 3 cabbls (Bosg, 10665}
and sheep (Sinolale, 19623 Bedd, 1968,  WithH the sdddtion of these
more recent excellent accounds there 8 mow a weadth of Jiteratuie on
fapeloliasds in voblous gpotlon, and exbenglve veviews of the current
knowledge of the disease bave been glven by Daves and Hughew (1964}, Tayloz
(10643, Pantolourds (1068) and Sinclaty (19670).

pdesodbe a huge shotnt of foseasch ohilch has been geplied Lo the
problem of fascioliosis there venning, howevers lavge gups in oupr knowledge,
egpeelally in an understanding of the pathophysiologlenl processos
involvad in the disvases  This thosie in an avtanpt to oxplain some of
the changes which ooovr in Tlukewinfectod shoop.

Pollowing otudios of koth nsduesl ond oxperimentel dnfections 3t
1o pow establiched that fascioliasis ocen be divided into two types, acube
aug chizonde, depending lavgely on the level of infection.  The soubo
form 38 o wesult of o lavge bunber of dnmature flckes nigeating through
the Liver, it 1s however less common than the cheorde typoe which s
gaspelatod with lower infections, when dhe aduld pavssiics ere In the
bile ducts.  The main clinical slgng of both acute and chronic
fasciollasis arve depression, ineppetence and weaknoss, with pallor of
the moesus wenbrenes, with sudden death commpnly cocvnring in the

acute oM



Previous work on the pathogenesis of the disease hes lavgely
centred: on the recording of various chonges In the hasmatoelogy and
hicod blocheniatry which cceurs  The most outstanding featuros of
the chronie forn especlally are anaemia and hyooproteinaemia. Whilet
these changes are undversally sccepted ns balng cardinal sions in infecied
animale there haes been g cormpiderable divergance of opinion as o thelr
aovlology.  WLth the sdvant of sultable fsotopic labelling techniques
4t has now become poasible to study divectly the turnover of bhoih
red colls and plaswe proteins, and so enable the pathophysiclogy of the
disepge o ba Investigated. The resulis of this lnvestigation ave
presented in thils thesis.

Flostly, the haematological changes were investlgated uwsing red
cells labelled with @i$>¢ This technloue snebles both an estingtion
of red cell survival and of gasteolntestinal blpod loss to be mede, os
well as giving & wguallitative estimote of the degrew of hosmivels
geourrings.  The simultanpous lobelling of ved ¢ells with both ﬁlﬁr and
ﬁg@@ is also descyibeds  The double lebelllng technlique permits
measweenent of hoth the rete of erythropolesis and the degroe of dzon
logs, as well as the extent of resbsorption of haawoglobin iron, henceo
providing essential evidence oo the aeticlogy of the ansenis associated
with chrorde ovine fastioliasiz {Sectlon 1),

Sgcondly, the metabolism of plasma protelns was studied in sheop
choonde 11y infected with B hepatica in an athempt o vxplain the plasma
protein changes associated with the discasee For this sibumin labellied



with various lgotopic morkers was used to measure both the turnover
rate and the toutes of excess plasma protein losss  In addition the
metabolism of immunoglobulin was studied in o pavallel with that of
albumin {Seotion I1).

Thirdly, a study of the onset and development of the anaemia
and hypeproteinachie in chropic ovine fascioliasis is deseribed, with
particular veforence to alterations in ted ceoll and albumin turnovexs
For this 2 Cr labeiled red cells and Y491 albumin were studied
simultancously for the thizteen weeks following infevtion of sheep with
By hepatica (Section 1I1),

Lastly, the offect of anthelmintic trestment of flukesinfected
sheep with respoct to changes in albumin and red cell metabolicm was
investigated in two separate experiments. One dnwlving the use of
123 albumin and the other red cells simultancously lebelled with 1y
and “%pq (Soction IV)«

In each case o more complete account of the relovant Literature

is given in the intreduction to the appropriste gecticns




GENERAL _NATSRIALE  AND  DIERHODS

AL the sheop used worn Plackface wothers.  Thoy wore ohtalned
phon one wook old, and fod whelo wilk for thoe Fiwvet four wooks, Duplng
sho thizd ang fouwth woolisy hay and laoh woonor pollets {(British 011 and
Cabe MiLls Lide, Honfeew, Sooblumnd) wope introdused.  Aftor woming ot
four woeks, polleted conconteoto was given ok 4 1b por 15 1bs body wolghts
along with ad 13b hoy and wotews  The theop woxo gleen 1% Halll in the
deinking water continuously in oxder to reduce the inelidence of wrelithlasis
{Vnovow, 10667

A% B woeks of age The lovbo were ¢ostrated and docked ond aleo
inoculated with & combined clostridial shoop vaceing, with o wopeab
dose 4 woeks latews  The ondmalp wove wedghed ot freoguont Intopvals, using
an fvory Sopingebalonte plg woighors  Wolohing wap gonovally coreied
oud In midenmaning and wntll the anlwels wore tranciorred to sotsbolion

cagosy thoy wers housed throughout in concrete pong with cototraw bedding.

The ouporisentol endmals wore confinyd in stondand shosp webabolienm
sogess  Comploto sopoarotion of focses and uwlne wao achloved by cach ohoep
bolng §1tted with a faocal bags  The ueing passed thvough the gvid floow

snd was collcoted fo o bucket behind the ¢agos




411 igotopleally labolled substances wore injestod Inde the jJugular
yoln via a jugular gothobars (Poptex Plostles Lide, Hythe, Bagland),
and the catheter flushed out with dsotonie saling before belng withdrawn.

Brood somples were taken from the opposite Jugular weine
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Be  PABASTTOTOBICAL TECINTQUES

. Matacorcamiac

The metasensavioe vsed for the Wnfoctions wore kindly supplied
by B Jo Agpmour of the Wellcome Leboratorios for Baperimental Parasiiology,

Unlveraity of Gladbu

The requisite nunbop of nobactrcoriae encysted on collophane
wers enclosed In o gl filtor paper and adminlstered by o sinple
bolilng gun o the posterdler buscal covity of the shoep.  The fnoeulup
was followed by a deench of wator to enoupe owollowing of the nfestive

JoBGe

The infectod thesp wore killed by yopld intvavenous Injoction
of Guthatal (May ond Bakov Ltdss Dogenhenms Boooxde A ventral nddiioe
incision wog wade along the abdomem, and tho pumen domovads The llver
was thon coroefully endractod along with the common blle duct gnd a postion
of dusdenuine. 10 madn bilo duets wers openod snd the flukes vomoveds
Apy flvkos Fomaining in the lives tiosun wore obtainegd by slicing the
Tivor o Incubobing tho elfcos in warn foodonic spline for sovoral hours
by which $ime the zomoeining flukes would snovaee  The toial fiuke busdon

was then govntads
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Ge MIMYTICA,  TECINIOUES

I« Bisod Analysos

ALY Blood sewples wowe Saken from the jugulor voln walng evacuated
% ni glass tubes (Vacudalnop, Beoton, Mekinean and (e Ruthorfond,
How Joesoys Usabe)e  IF uncoagulatoed blood wan pocuized hopariniced
tabeo wore uoed, mnﬁmfl@fmg appeoxinatoly 100 dae of deled hepowine

(a) &

The packoed soll yolune peycenitags was dotomnined by the nigroe

haomatoordt nethod (Houkoley and Son Lide, Londons Baglond).
{b)

Total serum protein congentrabion was estimaterl by o blupot

T . Bade :‘? i iel
iotal Sorum Drotoin

metliod {Wolohaolbawm, 1946).
{a)

Soposptlon of individual comum probeln fractions was caveied out

.
S

nun, Protein Bractionation

by eloctrophovesio on cellumlose aootato shrips (Oxoldd Lide, london,
Fngland), followed by stalning with Ponceay 5 and scamlng with a

Chwomsooan, (Joyeo, loobl and 0ow Ldde, Gateshoad, Bngland).

(a)

amplen of whole bloed and/oy plasma end the 24 houe uzine colloction

b 6f Samnlos

vere plpobiod Into oouniing tubes, and mado wp %o a volume of O mi with

0,02 N Nalile  Bach 2dvhour faccal gollection was weldghnd, sproad out



w 1] =

on 2 teay o paper, and random © ¢ comples taken and packoed Yo a voluns
of 5l in counting tubese Hadloactivily moasurements on hlood, upino
angd Taceas wore corwlod out In a well=type Bcintiliation gountaw, Lypo
60008 (Hken Bloctyonics Lids, SouthendeonwSos, Usoox, Sngland) unloss
otherwisg slateds

{b)

A 2 mi sample of the isotopically lahelled prepaxation was tolon

iato a syringe, thoe syringe woldhed: and the contents expedled Into a
volumetrlo fiask, the syrings wewodchedy and the eontents wade up to o
Eaown volume with 002 N Nalile Ono w3 of this was then talon, mado up
to D ml In o counting tubes to act o8 the ptandexd for oach prepavatlon
for each andmal, ond used for corvestion agolost degay. changes In the

sensitivity of the counting couipment and caleulation of the injooted

The aount of activity lujected enpyossed ab cownts/oes was
polouloted from tho Following fosmulas

Injacted Activity =

\4

Ut injectod s Radloantivity of Standapd {cto/ses) » Dilutlon Factos

Wee Standazd

o




k%

The bleod voluno was caloulatod from elther clesuloting ved
aell walune ov plasma volume, o gorrecbed by the vehous haomatoorlt
fa ¢ive the whole blood volume (no sorrontion was made for the difforonce
bobwesn whels body baomatoondt and vonous bhaomatooyit as pihoy
auperimonte using double labelling toehnlquen had shown that the venous
haematonelt/vhole body houmatoopdt atio in shoop vas nod congtmtle

Bloed volune colavlationa wewe wode accoxding to the dilution
prineiola,

Mood VYolums =

The 10 ninude mm imjg#:.%mn ﬁmﬁm was umze& since %.'t{ is the opinioen

of most workers i this fledd that the taking of one sample a% thio time
is adeguste four all prastisal purposess and the valug obialned doesn'™s
differ significontly from wvaluves aalouloted by elthor oxbrarpolating do
ropo-tine, o weling othor soyples ohladned In the 6 ~ 12 ninuke poute

indostion intervel {Webtorfards, 1965).

Yholn blood op red esll astivitles were plobied as o pevcontage
the 10 minwte post=Injootion sample on sool-logapithnlce graph paper.
From the dleappesrange curve the "wif-1ife or T was obtalngd s the

Lime taken for the activity Yo fal) 504



e Calewlation of Fotnl Faseal and Usinaay fehiwd

Tho total zadioactivity for osach 24 bour colleation of wzpine
and faecas was dotemmined by mdiiplying the counte obiained for the

5 mi sample of urdne and the D g samples of faccee by the approperlate

Faotors to odvo the total countse

G BEATISTIOAL METHODS

The stobistical methods eanioved wese those dosewibed by Snedegon
{1996} ad Bichop (1966}«  Tho cuponential phave of the radioastivity
M ooppearancy curves wepe caleulated by linear pegression gnalysing g
coxeelation soofficlent » >0.9% helng aceepiede  Doviabtlons from the

ueans ave expressed as the Sandayd Deviations {Bale) of the mranss

The ™ values wore taken to he significant at p < 0400,




SEUTION ¥

SWDLE G T ANOUA_PRODUCD) BN SRR

CHRDNIGALLY TNFROTED Y

mgonta has long hoen socogiised no an owlstending symplom of
ehronic fasciolinels, mod all the standosd vetepiomy tonthooks make
roferones o this feature of tho dinoage (Uohndg, 19863  Lopage, 10964
amith and Jones 198V Jubb end Kennady 19033 Soulsby,19621.

Sthough thore L8 a0 dleagecsmenty on the opaurenge of anoenia
there 1 & divergenoe of opinlon as Yo the tauge wmad Yype of the
anpeniae

The angewls aspoelabed with By hepatige vay be due to one op

seweral of e fallowing!

Lo Amepsol destmactlon of red eslle csvesd My some haonclysing
Yaotor produassd by the parasite.

2 Mmogmal luse of ped solls due o feeding aotivitics of
the {lukoos

3 Iopoixoont of oxytheopelesis.

The Fileeh was faveused by meny woshkers,  Flury sodd Lecp (1026)
found that owtzacts of flukes hoomolyaed ped blond gells: Bapcons (1940)
glained that nozmal sed colls wewe hmmeodysed by the seva From fluke-

infected shosps Palian (1940) studied the anaemia in patuzal infeotions
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of chosp and ebserred o packosytosics ond o Whis basis goncluded that
o hagtodyiic factor way Procoits

The pecond poosibiiity, thet fokes couge blopd ey prosumably
dug to thele fooding sobivities. was suggostod as eawly ap 1880 by Sommow
whn sancluded fepon histoleghesl ovldengn thot flukes 1ived on opytheenyios
and bide dunt apltholivn.

Radilfet (1890) injootod plaster condniniag a blue dys intoe
infooted cheop and pesovored both plastey and dye T2om the cases of the
flubon, but was wisblo to woupvar the dye fpon the blles  Foom those
weoulte ho concluded that the Flulws fed on blood, though these concluslons
wene lator guostioned by MEller (1983), vhove own wovk tuggostod thab the
povagite fod on hile s desguanabed bille dust opithelium.  Velslond aod

von Brond (1096) demonstrated that flukes wild food on olotbed hlood o

yvitgo,  Thic was alno shown by Stophongon (1947) whe congludad, fzom
histologlonl and spocipoocopical cxomination of $ho intestingl oootonts
of §iukesy that blood gonetituicd the mela souese of foods In ¢dpilow

vonhks Van Sronbowgen (3950) alve sons to the conolusion that P hopakl

was hatnatophogla.

Uping Flule-infoutod and nowoed wabbitss Usoubast (105B) wan
able Yo whow that o slodlar capdnis o Yhot choopved In e infepted
wobbdte could be predused by popeaded bleoa@ing of sowesl wabbltos  He
aluo demsnatrated the pevsonoe of blood In hoath the centonts of the bile

duets, and In the cgese of the gotune Flulng.
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The weo of isctepiondly lobelled wod cells and plasma in the
study of the anaonia ﬂﬁ.faﬁﬂimiiaﬁ%a wa firgt attempied by Jonnlogs,
MPullican and Upqubont (1956), who used e Labiiled ped golls and
3333 lobelled sorum nibumins both sepovaboly and slwulioncously. oo
hour after injecting the lsotoplcally labolied subsioneos dnte Flukes
fndected rokblis, the sninsds weze &liled aod the radivactivity deotermined
i the bloods bile and flukose  From tholw investiyetlon thoy congluded
that adule Flules coused o biood loss of 0.2 md pox day, though when the
labols Wﬁ%&‘ﬁﬁﬁ% simudtoneously they fownd that the Sgﬁf 13ky patio in
the flukes was consishontly bigheoy than tho somesponding ¥atio in tho
pioode  Thin sugoosted thot thewo wos o proforentind uptake and/ew
gosantlon of red cells zolative to the plasna by the {lukobe

‘Hw authors poloted out oovewsl possible soueces of opper ln this
works €«4e the use of 3§?‘aﬁ'm,%mﬁ aotl lebel was unsatdofoctory begause
of yopid losc of igotope franwy the orythpooyioss ihe cholge of killing
the webbits ong hour post Injuction was purely axbilvary and may have
boon too phoxd o time for the £lvbos to fngest thelr aopmal quots of
bloeds wopurgitebion of eaocol sontente by tho flulies ag thoy weke wemaved
wouid slondficantly poduce the radicactivity of the Tlukes, and hunge
the oaleulated bloed condonty and lastly Bile ls o nowmal axeyetion
poute for lodings &o any m‘}: seloated fron the lebolled albumin durping
gatobolion may hove glvan oprbnoously bigh 1322 astdeitics io the blle

antd Flulote
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Mowe vecently Jonniags (1962) and Pearcon (1963) used Moy
labelled red colls W iavestigate tho agetiology of the anaemia, the
former in o small pilot experiment using one ifafocted and two contral
fabhite was able to show that thare wos a more rapid disappesyence of
e 1aboiled vod colls from the civeulation of the Fluke-infooted
animaly and that thig was due to faecal loss presumably duoe to bhload
lops via the bile lnto the gquis the labler injected 5lﬁr'£abull@d ol
cells into fluke-infeoted guines plgs and choep and killed the animals
two hours latere Sanples of blaood, bilo and Flukes were then ascayed
for vadicackivitys Poazson's work suffered from many of the limitations
of tho carlier siudics by Jennings gt al (1956) and the wrlter came to
tho conclusion that the mothod way dnvalid for estimating blood loss
through ingestlon by the flukese

The suggostion that inmoaizment of crythropolesis was the principle
factor involved in causing the ansomia wao postulated by Balian (1940)

In trylng to explain the covority of the anaemia observed in chronie
fasciolliasin. Hinclaty (1964) alse held the gpinion that tho anawmia
was 0f the dyshaenopoictic type, thourh cxomination of his rosulis doos
pot entively cupport this viewy as he showed for oxomple that the anaemia
wat of the nopmochramic, nopmoeytlce typos and eould bo produced by
regular blecding of parasite-~froe choeps  Inpalved oryibropoiesis os
the major causy of the anactnls was infored by Sewell (1966) from his

studies on Faselola glgantica infoctions of zobu cattles He states that
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the anaerda fo probably due to the parasite either praducing a dyshacmos
poletic toxing or denuding the hoot of an essential hasmopoietic
faotons

B0 it would appear that the tiue solliology of the anaenia can
ondy be finally determined 1f the relative inporiaonce of the throe
possible factors tentioned can 5@ satlisfactorily assesseds

Fortunately with the advent of tho use of ﬁzér.a@ & red coll
tag by Oray and Sterling (1950k)s ond 1ts cuccessful use in the pllot
exporiment by Jennings (1962), on important new technicque was provided
for the asescsment of both blond lose into the quh and the extent of
intravavoulay haemolysis occurring in fluke~infested animals.  With the
stmltaneous use of %gﬁﬁ labolled plagms and red gells, it also hesame
@&a@ihlé to study the vate ¢f erythropeissis and thé eutent of lntestinal
1@@$Land resboorpiion of fron in chronic ovine fascioliasic.

This ﬁeéﬁi@n of the thesls desoribes (1) the use of “Lop 1abetien
red cells in the quaa%iﬁaﬁiva\maaauxém&nﬁ of blood lose and o qualitative
souetsuont of Intravatcular hoemolysio occureing in choep with matwre
infections of ﬁg'gegétiag and (2) otudies of the rate of erythropolesis,
tha dagéaa of intostinal iron loss, and'%h& extent of lron regbsorption
coeursing in cheontcdlly Infected sheep, using E%Fa and ﬁ*ﬂm Laholled

red cells simultandouslys




v UE GF SCHROMIUI IADELLED RED CELLS IN FLURG.TNFECTED

AND _NORMAL SHEEP

The orioinal work by Gray snd Sterling (1950a) showed that
eryihrooytes had a marked affinity fur anionic hexavalent chromiuvm as
5% Y
o ©rU,
vas added to saline washes of red cellss  They also showed that uptake

demonstrated by tho wapid uptake of radicactive chromium when Na

Ly ved colls suspended in aal:ma wag appreciobly qreater than in whole
bloads Fractionahion of xed cells previously tagged with Naamcr%
demonstrated that 78% of the total activity was bound 4o the globin
portion of the haemvglobin molecule, with only a trace in the haemin.
These results were confimmed by Necheles, Weilnstein and Lefloy (1953},
but questioned by more rogent studies of Carter, Jackson and Kolber
(1967}, vho found considerably woxe activity in the haemin fraction,
nanely 307 of the total activitys The ¢ifference in results by the
later workers can pgebobly be explained by thelr diffecent mothods of
separating the haemin from the haemoglobin molecules

The methad of labelling yecommended by Gray and Steriing (1950b)
consisted siuply of incubating Nas”fm}# with saline suspensions of
washed red cells at xoom tenperature for one hours  The cells woere then
washed three times with cold steprile seline and resuspended in the

original untreated plasma for lntravenous injechlon.
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This technicdue bes singe beon used by most workors with ninse
modifiontionts owge Coopury Sleochols Blichney and Ouen (1959) incubsied
the tesated selis for only 10 sinutes at 8770, Others (ﬁ%ﬁh@lﬁ@-ﬁﬁ@ﬁég
19533 Mollison and Vealls 1955) bave used Acid C3trate Dewtrose as
antigoagulant in plage of hoparin to obtain slighily botter labelling
efficiencys  The nunmber of washey the lebellest eells ave givon has
hoen chown to have no significant effect on the suevival vate of the
lobellad am@ia»am@@ they v injocted, (Mughew, Jonos ond Hollloons
1956} o

Ih@-&@ﬁ&ﬁﬁﬁ?a@i@ﬁ af ehromivg which would prove toxic %o the
ged colls was lovestlgated ﬁy Necholes et al (1953) who shewed thot
tovels up to aa-miaxagﬁammiaf chpomiun per millilivre of vhole Blood had
no plgnificant offect on red oell fropilitys  Though ether work by
Bhaugh, Bnerson and ﬁﬁaé (1958) suggested that 10 po/ wl whole blood
wnt a woye satlefactony concentpations and this was conflirmed by
Ponokuc, Motulokys Gibletty Pleaio«Bizoli and Ploch (1905)

Owong Bolinen and Srindlay (1094) wore tho fivst to chow thoet
Yoz vl colles ﬂéuid be used to quaniitate blood less indo the gué since
wihen ﬁlﬂx labelled ped colls wore administopod into tho stomach of Bogs
aver 900 could he zocovered in tho faeces.  Blmllaw work by Hbaugh,
Clemens, Hodman and Petoyson (1996) in human subjocts showsd that 98,0 %

£
31&%'&aﬁ@l£@d rod culls vas TocoOVersd

o el oo e o - e
2¢7% 0f “T0r admindotored orally as
in the elx-day faccsl collegtion pardads They concluded that fop

practical puzposes (o humans) onge chrowiun Ssgoed blead 1s shod Into




ke gastpolintestingl teocty all the sediogetiviity will bo pecovored

i

.’t:}'
in the stools and thovefore radineotive “*Or ropresents en acourate

nexioun votingto of the smount of shed blood in a patient who bas
mé‘ﬁw tagaed ved cells,  Mosh dnvestigetions iate gastrointectingl bleod
lans usiog %ﬁm have been careied oub In pon ond dogge oopoclally in
tha study of hookworn infectlone.  Uhother an analagows eiduatlon
ontets in shoop wan studied by Closk, Klesed and Goby {1962) vho sdninistored
moasunod amounts of tagged bisod colle oither into the shounoum op
oraily.  The total omount of radiooctivity in thoe facces wes detesmined
for soveynd days following adminiotyetion of bloode A total of soven
shoep were given blood orslly ond an average of 16.98 was resoversds
and 88.4% vhen glven 3o four cheep in the abomasume  Theoe woxkers
found that abeoyption from the alimontary tvact could be reduced 3§
cedls labelled with fnactlve chwomium wore olreulatings
Apporontly the prosence of chromiun in the blond inhibitad the
ahoovpiion of move chronium from the ouis S0 3% %o possible that
desorminationn of gastrointostinal blood loas in sheop using Wy
labelled eplls may give a slight underestimato of tho true leak. Though
44 should be noted thot In the Investigntiony of Clark ab al (1962)
Favcen wepe only collooted for several days and 1% msy be that the
prosoee of & well developod saccun in duminands, compared to that of

B3

the dogs provented all the administored " O Frow heling wosovered within

the colloction periods
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A . By \
The oxkent 4o whioh ':}"'ﬁz: ralonped from lobelled ved eplls iz
routiiised hy other red colls was investigated by Bhough, Bwerson and

*}1{:’:@ dobolled ped gells along with

Ross {1992) who insubated haomelvsed
an squad volume of woshed noxmal seyithrooytes ang found that uptake by
thase calls wo noglioible. They aleo injocted hucmolysed Bl lgbelled
-exythrooytes inte the originel donum and found that no Moy was fixed o
the peciplontts colls durdng the 50 day cbsarvation poriode

v ab (1998) in cuperiments Yo compars ¢ifforont mothads

af sotimating rod dell swovivel time found that ihe %3’;(3@ tadhnigques
sansigtently gave shopter values thon the Ashby diffevential agglutingbion
nethods  Tho poason for tho chortened timas was thought <o be bogause
of loss or elutlon of cheomium from suzviving pod gells.  The phensmencn
of chromium elution from labslled bumpn red ¢ells has been ontensively
studiad, (Moldison and Vealls 19953 Hughoms Jonos and Mollioon, 1906
Mollisony 19613 Carby and Hiclm, 1962),
When autologous miﬁw lubelled pod colls are Injoected into
:mmi‘mmﬁéﬁ thure 45 o »apld less of asctivity over the first 10«24 hours.
This is especially marked in tho bovine (Todd wnd Hoss, 1966} Tho
phonomenon wos Fivst observed In sheop by Drury and Tucker {1958)
who nobod thet the aotivity had fallen to 617 of the Inltial agtivity
within 24 hourse

After this rapid phase was completedy theve was o slowor crponontial
lass of %gﬁa@;mﬁ% eells but tha &:@aﬁm. of the didappenrange cuve in geoator

than that obsosved In other opoeiots It seoms that the logs of astivity
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in due to chromiun plution from tho zed cells oscurzing in two distine:
components, an Anltiald ropld phase, followed by o slowsr onee However
the eluted activity is langely excreted by the uring and 80 does nob
dirently affect noasurenents 6f gaslreintestinal bigod lota.

Thus it has beon showm thats

(1) &iﬁm gan bo flzmly bound to cpyiheocytos by a stralohte
forvard fabelling techniguse.

() Loy jaboelled ved colls can bo weed for the quantitetlve
measurenont of gastrolntestinal bloml losy In choops

(3) After on initlad rapid phase of elution from cheep erythrocytes,
the disappecrance it slower and exponentlials  Bluted activity appears
in the weiney, and Lo npt weutilised, and therefore ﬁlﬁx labelled red
eells would prove vory useful for iovestigating the avticlogy of the

anaemia of faseloliasia.




HATORIALS AND MIEFHODS

Lo

fxpezinontal fnimals
A total of tunlve shoop wove studied in o soparato opariments,
bhoth oxperiments wore identical in all respocios ousopt the freguency

of biood somplingsand so ato prosentod together.  8ix of the choep bad

hoon infoctod with By hepobiea threo mevths eapriior, o with 1,000

motaconcariae and the others with B80.  The gemaining six sheop sepved

a4 porasito«fres controls.

A heparinised blood somple saquivalont 4o approwinately 10 ml
of ved e0lls von obtained fvom epech shoeops  After spinning the blood
somples for 20 mins at 1500 « 2,000 zoms the plagws wob removed and

Yoro, (epecific activity 1 mi/ml,

reteineds A moosured volume of Kﬁezﬁ
chromium centent Ded po/il) wan added i vach sanple of opythrooytoss
the ved colls of the lnfocted andmals zocelving 1.2 mls whilst these
of the contzols roceived 0.8 ml.  The cells wereo then incubated at
37°¢ for 90 wing, duping which time they were frouently mixeds Aftey
labelling the cells wore woshed fwice with lsptenic ealing, and flnally
reconotituted vith the getalned plasma for injectiony caoh chonp

racodving its o red gells and plasmas

From sach mixed sarple of labelled ped colls suspeonded in plasma

T md was teken Into o oyyinges the syringe welghedy and the contonts




injected intravenouslys as provicusly described in goneral noterdals

and methods, and the aiply syringe finelly sowelgheds  In shocp 0604

Bly 63 6By 68, and VO blood somplon wike token ad By 10y 15y 30y 00 ming
and 2 and 18 howss post-indection, feom thoveon sempling mwas covpled

aut fwiee dedly fox 13 dayss,  and once dudly for a further 3 doys.
Whilet S0 the wemaining cubjocta, iz 48y 81y 68y 64 74 and 76 somplow
wore tolons lecs fromuentiyy at 10 win, 50 min ond 16 hours ponte
injoction and from there once doily for 19 dayo.

At cach bleoding o B ol hopeelniced sonple wa tahan, and from
this a 1wl cample of whnle Blood plpoited inde o counting tubos wade
w0 B opl with 0.000 Nalilyond opsoyed for padlcaceivity. The
hpematosedt was glse dotemined for eosh blood vample.  Facoos end
uring were coliveted avery 24 hovzs and aliguoets taken ap dosevibed

proviously in general materials and methods.

Une ml samplos of vhole hlood weve counbods cowpactod for
sadionctivity decoys ond conperted o gounts por nl of packed ped cells

uslng the foraulas

ebefml zhe =

Tho ved eoll wolumes and hence the blood wolumes wore coloulated as
dosoribed In gonomal materiols ond methodss In two infooted and o
aontrel shosp the blood wolune wes ropaleuiated at the und of the

i ;? \ -
cupopinaital peried by o furiher injoctlon of patnlogous *&533,, Yabollod



rod eolles  The vhole blood and ved cel) activities for the thirtesn
day sxperimental poriod wers plotted on sed~-logardthmic paper and the
hialf-3ife detormined for sach disappearancs CUPLGs

The total radioactivity for sach 2dehour collection of facces
wos divided by the activity per mi of winle blood taken at the beginning
of the collection poriod, to give a dally favcal clearance of vhole
bloody and Rikewise by the ackivity per ml of wed cells 1o glve a dally
faeoal clearanse of red colls.

The initial peried of rapid clution was ignoreds blood loos
only belng caleulated during the exponsntlal phase of the activity
dieappaaranns oUIVEe
HESULIS

Hxamination of the pad cell activity disaoppesrance surves showed
that the infected aimals had 2 significantly shortexr half«lifs compared
o the controels, Flge I and Table 1. The incwvased lose of ﬁg@x From
the eirculation of the infected anlmals could be due to iloss of labolled
red gells, Increased lotravascular baeakdowm of cells, or increased
elution of ﬁlﬁhx@m%um from the labelled cells. The true explenation
for the abnormal loss depends upon o quantitative study of the rate and
route of excretion of the lsotope.

ion of Bl Ox An Flukewinfe

' ted and Gontrel Shesp
Tablos 2 and 8 show the dally faceal xed cell cloprance sad Toblo 4

the wean clearances foy the infected and control sheep. It is appprent



COUNTS/SEC/ML AS % 10 MIN: SAMPLE

fele

m“m.ﬂa Ht ! @H.

Cr-Red Cell Activity in a Fluke-Infected and Normal Sheep

t1 = 187hrs (CONTROL)

0
=0

Na
N ti=59hs (INFECTED)

No

o

MI/@
/@//

RN

24

48 72

96 120 144 168 192 216 240 264 288 312 336
TIME  AFTER INJECTION (HOURS)



Pooked Cell Vo

POV Bbe Th  Dlood Vel. Tbc Vol,  Fluke

[hap i Shours) (mb) St Ke) | Pupden

i 62 17 Bo* 894 66 aan

N {511) (440)

BO6S o7 7 1390 1040 450

B '

¢ 6o oy 100 1474 11ed t

T {1696) {11.0)

g: . .

B85 % 167 19748 184 161
74 09 160 1745 18,7 )
78 4 160 1063 93,3 ¥
Nean 26 196 1565 14,0 181
5,00 % 50 490 Gack 997

o &0 42 206% 134 17ad 0

g 61 50 193% 1474 14,9 0

T (2053) {18.2) |

Lo 23 236 1770 18,6 0

g {2151) {(20.5)

Y oag a0 260 - . 0
B 41 0% 237 5743 0
&4 34 395 1794 03,4k 0
Mean 3 a7 1698 1948
Sl 4] | 1539 | 33&53 o %}’L;B _

Wit Tash P<0.01  P<0,01 NS NeGo.

Nefie = Mot Signifigant, # = Bleeding x 2/days T = Fluke Burden not
dotermingd.
Figures in perenthesis = Dlood VYol. -+ Bbe Yol. at end of experiment.



e Sheep (ml)

theep 62 6b ) 6 Wo T4 78

Day 1 - - - » - "

2 188 1545 Rlel w v -

3 24«0 224 17.0 = - “

4 16a8 2477 1.0 a8 1648 o
B 4562 2406 1866 Oa¥ fa2 B8
) 288 2141 17ed  §e8 101 117
7 23wk 1649 1342 B8 1345 10,7
B 33 # 2643 el A240 14,7
9 227 1884 T4 Tée 22 14,2
10 225 2L« P03 12.2 8.9
11 229 17+ 69 1det 17.8
12 302 158 18,0 18,0 260
13 2649 8.6 110 1649 14.6
Mean PN P0.8 19.1 Q.4 133 1442
Baide Tl 349 ReB 147 3,4 G 185)

#*  Developed urolithiasis, killade



Bally Faocal Gloars

st Aodd

ey

shaop 66 61 70 43 X 64
Day i s " - - - “
P Qe P a7 - = -
a 0.6 (0.5 0.5 2.0 - ~
& Dt 0% Dub w 45 -
B {1ef 046 Do el 1.0 1.1
7 Ged Gadt 05 1.8 Oe6 3.8
7 Outh 0,7 0a9 (a9 Qe 1.1
& Q6 045 (046 0.7 a2 Qe
9 ed 0.0 O O ? - 1
16 05 G Ded - » 0.9
13 0.5 0.7 Du - - o
12 0e2 Ous O - “ Ged
13 Qudh Qa2 6183 - " (e
Maan Ot 0.5 s 142 Quh 0.5
Baidn 1% e D2 e O 0

B R SRRHALANLAY B AN




that thero wao a significautly highey faccal dleamanco in the infectod
andinkee  The Incowoosod facgosd loss is veflectad in the cumulabive
faceal sotivity fox the @Kpﬁﬁimﬁﬁﬁﬂilﬁari@d prproecssod as o pexeontage
of the injected activity, the infoctod anlmals losing 19% and the
gonteols only 0«00 of the injdoctod aotivity via the facces. Thene
was 0o slenificont difference in the weinary oxevetlion of the igotope
botween the fluke-infacted and contzol animalu,s see Tablo 4.

The bleod valumes and slrsulabing rod ¢oll volumes were not
plomifiloantly difforant botuseh the o omupsy thongh the clzeulating
rod ¢l volung and hachateoeit were morkedly veduced In the most hoavily
nfeeted animsl. sheep Hi

53
Bxevation of ,‘?1&3@: aftor dnkw

indoetion of lvsod lohelled wed nolls

Rt AN At Sy WA g o

in flukondnfoctod and normal shoon
The sugoestion has boon sode thot tho inceeatse In fovcal exeretion

§

By oboasvad in fluke-lufovted aalbale may be due nod Lo less of
ol colly but to Ingroated elution of isotops from the oells in infuctad
animals, accompanied by inaweaﬁaa bi;@ fiow (Sinolaiy 39672). To eohack
thic hypothesis twp Infested and eno control shonp weve Indopted with a
neeparation of ﬁ‘ﬁw lobellod gells which had been lyeed by fvepzing ond
thavdnge  Uting and faeces wove eellosted and assayed {op radinactiviiy
fow o pariloed of soven days after injoctlom.  The reswlis ave shown In
Table B

Baih tho Infected and pontiol anlmals lact about 694 of the injooted

acbivity vin tho urine during the 7 day collection peyied, whiled the



Tablo 4

Baily Paccal and Uplnery B

yiton of _{w in Maleasdnfoobor
angh Control mgw,g
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prunts lest via the facces wape ineimificants The parasitizpd

‘ B
andmaln showed o sllghtly higher foccal loso of “‘3’&% than the control.
DISCUSHION

. 5%
Sinoe 14 can by assuned thot ¥

S agtivity found In the fnocos
reflocts binod loog Into the qut 1% 1s obvious thot o wassive loos of
wad aells ie ocouzding into the gastrolntostinal tract of the fluloe
infocked choap, partleulariy if one boars in nind that up to 159 of the
53‘(233: antivity moy be reabgorbed Feom the gut In this spovics, oo thot
the faseal cleavones flouras moy in fach be o ollght wlewestimate of tho
wtol losse

Branination of the uvringoy oucretlon of icotopr in the finke«infooioed
aud gontrel anlmals show ne siondfleant didferonen, indicating that
fooglolinels does ot increase Intyavasculay byeskdom of red $olls.
Bhmkloely theve 1s wo evideneo of incrensed olutlion of mc’:m?ﬂmﬂ.;ﬁm £xom
tho zed ¢alls of the lafocted shecps since eluted potivity sppeaws in the
urdng. Blio sespotion may be 6lightly inerensed in the infocted animals

.
oy 1obelled ped

as iliugteatod by the susulto of tho fndection of iysed
colla, Table By singe the faecal activity of thoe indested was slichtly bighoey
than that of tho contzol; though the eontribuiion the incrensed bilioey
£low makes o the faccal activity In the lufocted animale from this souvce
16 neglioiblo.

Fpom Table 4 1t can Lo seon thelt the mean winle blosd logs pow

Fluke gove sinllop flguwes fn all theee infectod choop whase Fiulka



pupdons wope determinods Leoe 0,209 ni ¢holo blood pow Fluke (2 0.086)
vhich 18 cloue Yo the figuie ariginelly suggestod for fluke-lafented
sabbits by Jenwings gb al (1956), though seoent work by Dorglo (1069)
han given o higher figure in chyondcolly nfected wabbits of 0D » G ml
whole blood/Cay/flake.

Uhen theoe cuperluents wore carpled outy the ghoeap bad three
month Infeotions.  The eazlion work by Kendall and Paefitt {2968)
had shown that flukes zeash the bile dupte in sheop after 40 days, thorgs
fore the infockions in the curzont otudy gould by consideved 4o bo
mature ad of o chronle bype. Hovever rogont studics on the development
of the symptons of fasololinsis ao doseribod in Seckion IIT of this
thesls have shown that the flulon do ot asuse a significent red cell
lngk 4831 ten wpeks post Infoetlon, and the magnitude of the leak
incyoases up to 20 weelks post infectlone  In the 1ight of this infommption
1% should be noted et the logk of 0.2 ml vhole Meod/day/flvke obiained
in this owpectmont 18 probably s underentimate of the Final loss
goonrring in long standing matuge Infeotion.

The fluke burden shows o sbeong poslelve cospelation with the
moan dally whols blood fascal cleavance (r = G991, P < 0.01) but o
poorer corroloklon with the meen deily m6d eell favcal loss (v = 0,968,
P < (055 vhich along with evidence glven in Section 1T of tho thesis
ghronoly sugpobts thob the loss is of whole blood and now only of red

nolloe
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Thawve was aloo ovidense of an inveeng copralation between
nunbers of flukes in the 1ivey and tho dally loss of zed eelle por Piuke
(o = 0099, © <G,01), indicsting thot with grootor nunhors of $lukos
she dndivisual porasibos gouse o pdadveced lose of ped opllee Thls can
prabably bo oxplatecd by the peduced nurboys of elrculating rod colis in
the heavily dnfovdod sheop being swvallable o the flukess for as staved
oaplier the vhole blood losp per flule gave o flouze of approximaboly 0.2 ml
zrogeadioss of thoe sowerléy of the infeotion.

Those woeults have boon condismed by Sowells Haswond and Pinning
{1968} in similaw studlos on the anpemla of ¢hwonds ovine faselolinois

1 ‘ . . -
widag Ylor 1abolied vec celle and ved cells lobedled In vlvg with P

Fud

X

£
Feown th %ﬁf«‘a pooulte they showed that o novked loss of blood was ocovsrsing
fote the qut of the Flule lnfscted shoeps  Mpalysis of the shape of the
gupvival cusves of ped sells lobolled with mﬁﬁﬁiﬁ incdivated o loss of g
¢olls dus to either chyonic haerorshage or an heemelysls effects  Tho
potimetos of dally zoudom blood loss fxom the sumvas wore of the Some

o fnoonl olosponess of the Infectoed

opdaw ne those obielnod fron the
andmals; howowey In tho nost hemrlly Infeeted cheepy thoy tonded 4o Le
highee than the dizegt g osbinete of blond loss la the focoes, and thoy
gonaluded that bhoomelyels wos ooourping in this animals  Howsvey since the
uringsy setivity wos not detesmined thoy wépe unable %o substentiabe this

faggent it



Theo was o evideace In tho presont study o suggest slgnldficant
Impalznont of hatmopolofis, gegs Slzculating red coll wolvues dotermined
at the begloning and end of thoe onpeimental poxled showed ao signlficantd
dooroeasas though the dndmal hazbouning the hogviest Infactlon did show a
sdight peductien in ol coll wolume, aleng with o fall in hacmatocsit and
leog of welght dupdng the oxpezdmanial periode  Beaving in mind the nagnitude
of the blood lugs iuto the girks as much ss 208 of the elrveulating wed cell
volunie paw doyy see Tables 1 and 4, the infected snimels must bave hoon
preducing wod éolls at a rove contldopably in encess o that of the contizols.
Thie 1n in contwadistimetion Yo the viaw of Sindalr (1264) vho
- eonsidered dyshasmopoiesis to he the wajor fagtor in the actinlogy of the
spaomin of fosoitliasis. He in poawt baged this deduction on the greaton
soverdty »f the atacmia in his fufected animals as covpored to that shown
by shosp from which he had wvemoved dolly 60 & of hlosd based on dally
blood lose of 0.2 m1/filutefay {Jonnings et als 1956},  This emount would
appear to he too low os though the Flouwre of 02 wmd/day/fluke wae found
in the present study st 12 weolks post Infecilon, later studies Indiecato
a highor loss of blood/flukelday, sea Sovbion TIT (Darpio, 19693 Sowsll
:;m};,s I008)

In Lotor work by Sincallz (1963) in which lawger wolunos of bivod,
nomely 150 nd, wore vomoved dally the level of annemia prodused was vory

slmilar bo that oboepvad in modorate cheonie Fascliolingis.
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Furthor conflzmation of {the rosulis peogontod hao cone from

ppectintcopic analyslo of the coecal contenie of ¥y hepatlon by Todd
md Ross (1966}, who demonsteatod thoe pretonge of degradmtlon products
of hoent haomoglobine and the work of Dawgile (1969) using glﬂ? Yoballed
rod olls in fluke-infected rabblie In ohich he showed a maselve loss
of blood was ccourring indo tha guls.

Thoen wepulis lond steong suppuzs to the thoory that the majer
factor in the agtlology of the annemia assovlated with chuonle oving
faseiollasle i blood loss couged by wotupe flukes in the bile ducis.

5xﬂf'w@¥& uged to study the astlology

Exythrooyles labellad with
oF the msenia asspclianted with choonio fasoiellinals in 4ix nosmal ond six
fluke-Infocted shedp.  The infbeted anlmoele showed an Ineroasod disappesrance
of ipobope from dre clrcuiabion. Hxandnetion of thefascal and wrinazy
srepretion sates wevealed the loss to bo die %o o massive loso of pod aolls
inte the oot of the infocted anlimale.  There wad no ovidence of incyeased

Bl S ,
dl&aﬁgmzum.fxﬁm the labelled colls in

haerolyels o owconelve elution of
the Infected group.  The mamllude of the leal suggects that blood loso
paused by the parasites lo the principal fackor in the cousation of the

anamiaassosigted with dhronic fasciolinsis.
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Peovious studien walng m@;‘t; inbolicd wed wells in fluke-infootod
and podnal sheop showed thabe

{a) & messive loms of ped colls wau ocounsing fhte ihe gub,

(1) thoed was no ovidmoe of inevessed hasmolysls, and

(e} thet owythropoiesis was appasontly inewsased in the infected
andmais. To lovestigate further the natupe of the wed celd legk and the
davmae of oryihwopsiosie wod colls shmltensouely labelied with Uy aea
“‘%% wone uoml.
Boagyre of Boylhmopelonis

Iron 48 n vital constliuent of haemogiobin and henoe essantial
i the produchion of vod sells. Rodlosetive lvon was one of the first
Lgotopie lobolo o bo made avallable fop the Invesblgetion of a hiologinal
gsystom by the tochnioues of isotopic trace labolling, mod by 1950 %33'@

wan propared in sefficlenily Digh epesific activity to allow studias o

" he made on hoth nognal huvoas and patients with wvorloug hoomopoiatic

digonders (Hoff, Hennessy, fusiin, Gavele, Roborbs and Lowwenoo, 1950).
Following from Shis Initlal wowk the basis btechniques have been widely
piitised for the study of fewvokinetlos in many human conditlons.

Ivon exchange botwoen body tisouse is sdeomplished by a plasma

tnencport mochonlsn 1 vhich ivon is bound to the bota-l-Globulin feaction,




sl although plasma Jron wepresents only OW1% of the total body iwon
it is vevertheless essential in the transpoyt of iron shoul tha body.
Iron entoring the plasma s derlved frowm breakdowm of basn plomenis,
body stores and from gastreintestingl abaorption, while the major part
loaving tho plasma is normally dirocted towsrds the bone maprow where
it 1o used in haemoglobin synthogio.

From the carlier work of Wuff gb al (1950) and Wasserman, Rashlkoff,
Leavith, Maves and Port (1952) it appoared that loss of radioizon from
the platim was oxponontial, suggesting that no appreciable quantitien of
fron weroe belng retuined fren the slies of vomovaly Gege BONS marinow
dueing the cbhseevalion peorlods  Ho 1% was sugoested thal from the rate

1®
Qgﬁ@wﬁlaama,

of zemoval of iron from the plasma following injectlon of
and with a koowledge of the plasma fron concentration and vlasma wolume,
it was poasible to caloulate the amownt of iron passing fhrough the
plasma per unlt time and so to give a direct index of the r»ate of blood
formations.

Howavers mors recent studlaec into the ferwelineties of varlious
hacmopoictic diserders have shown that the asituation ig¢ move compiox
than that oxdginally concolveds Hothwslly Gallender, Mallett and Witis
{19%96) showed thet there was dluenal warlations of plasma fton turnover,
and also Tound thet the xedioivon plasna disappesrsnce could net aluways
be approximated it a single euponential function.  Othep limitations

have beon found to beg dilution of the fgotops In enlawged ivon storess



synthasis of other iron condaining compoundss such as nyogiobin and
fwon sontalning cnpymess  and tho eaply recyeling of w9 fo fron
wopidly destvoyad wxy%hxaaytﬂsq There 1o aley the glst of o

from incoxporation qf 3::; inte The hoomoglobin woleculy aften tho
sorpdo has beon tokeny but heforo the plasma has beon oeparated from
tho ed celle (London, Showin, and Ritheohuvgs 1943)«

In spite of theco Limltations &0 25 woll »ocampnined that plaoma
iron tumnovey doto can yield valuoblo cuantliotive Information
in the otudy of ovyithrepelosic (Welnpteln ond Hewilews 1962).

&g the %F@ enters the morvow 1% i ncogporatod into nawly
formod ped oollyy and a progeesoive Ineroase fn radioogtivity oppooes
in the blood as lsholled rod sells anter the ¢lveulotione.

The wate and dogeee of gﬁrz uvkilisation by the od cells can
yield waluable information of offootive crythropoiosin, mddong with
placma fgon tunmoveyy help clossify the noture of who anacmios
Bioce 1t 1o koown thot lncwessed oryiheopolotic aobivity is in gonozal
“p

dlatingulshed by low or nopnal sorun ivon, o roapid 7 "Fo plasy

dismppentanee roato, high PITR ond BhelTR: with Inceweaved pod colld
X! X
*’%ﬁ viilivations vhezeas zeduced srythvepolosis shows hidgh on zmmni
sopum Azons nofmal o reduced PITH and 8belTR, and Jow zad m&.s E‘

willination.

Botimation of Iron Loss aud Intestinad Reoboorpilon
- [y % 3 y . o # . {‘.Efi-} ¥ i "
In addition to studies of opythrapolosio waing o the worhk wag

extonded to lavestigote the aoount of Sntostingl loes and pooboozption
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“1walﬁhwiied »od gells In fluke Infootod

of ivon.  Bince tho use of
shoop had demonstrated that a messive loss of ged colls was ogcurring

inte the gudy 14 Follows that this ropreostnts a sicoificant lose of

feon dnto tho gud of the infected animolse  Though ixgn deficlency

doos nok noxially oceuy in advlt puminante, bocause of the nature of

tho diet (Bluod and Hendewsons 1963}, it wes considoxed that the degree
of blood loss encowbered in sovorely affocted animals may bo of
sufficient magnitude as Yo dnoreaso ntostinal rochsorpilon of haompglobin
tron lowt as bloed Inte the oube  Messuwemonte wore made on intestinal
loss gnd seabupepltion of ison afber the methoed of Rocho, Porep-Gloenes

L
4

antd Lowy (1957}, uslng rod cells simuvlioneoucly lobolisd with Bgﬁe qnad
%13Wn Tho methnd 1o bosed on the fael that ﬁiﬁm fxom the labelied

yod sollo Jogt inko the gut 16 nob slenlficantly rosbsorbel and so gives
a measuro oF the total blood loss Into the gute  This is compared with
gﬁ?@ activity in the faoces, which indicgtos the ameunt of iron logt
from the animale  The differenco botweon the o glves o neamape of

the avount of lron rogbsorbods
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MATERIALS  AND  MEIIONS

ALY the shoop used wore Blackface wothews aged 12 « 18 monihe,
atd reaved parnoite-foe o doseribed In goneral woteriads and mothods.
T oxpesinents wowe conducteds  The fiwst (Huporiment 1) fnvolvend
thioe conteol chegp ond theee sheep Infesbed with HBCO matacereariae
oach 20 wosks proviously.  Tho second (Beporiment 1) contained dwo
conbeols ond two sheop infoepied 20 weeks provicusly with 1,000 motae
sepenwion eachs  Exporiment § coveroed 20 days. and Bepordmont IX18
dayse  In the latior case the animals wore then treated with eothelmintic
and the valusy ebinined prow gnd post-teeatmont oxe compared i Seotion IV
of thls thoslgs

I labelling of Rod Golls

BFach shoop was Injected Intravonously with its own red gells
Tabelled with mm by nethods desovibed eavlive, aach shoop pooolving
10 ml of wod cells labellnd with 6 we iim,;siﬁrﬂ 4¢ Chromium sentent
Ffugs AL tho some time In tho case of Buperimsnt § and 10 days lavor
i Bepesinent 11, EETN as Fowplic olirato in igotomic solution was
injonted intvevenously. cash thoop zeceiving L me {oppeific activily
Lome por B8 opg dyon).
7T, Sumling Methods

Pollowing injection D ml blood samples wore talen ot 12 ming ond

s furthor £ive samples in the following 4% hours. Fow the plasma izon
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data tho bload comples wore lmmediately conteifugnd at 2,500 gpn
for § « 10 ning awd 1 pd of plasma savefully plpetied into cownting
botthen ond made up to 15 nl uslng 0.02 § Mol Twice daily blood
spmplet wera then token for throo days and from there on ohly ongoe
dnllys

Promthe 24-hour wrino colloction o 16 mi sumple was taken md
pipghted into o comnting bottlo, sinmilasdy from the Rd-houp fancal
sudloction o wandom 16 ¢ sample vins token ud tightly packed ¢ a
volung of 35 ml for counting.

Fox 51@x*anﬁ ﬁgyﬁ wod eell activity detorpinations a 1 ml sonple
of vhole blood wmade up to 15 mi with G.02 N Nalll was used, and the
gount/rates comvected by the hovnatoosits
We fpalyiical Nothods

{2} Radiogetlvity Detemminablons

Radioaotivity detomninations wore coyvpisd owe undng on Mwtonmtic

Gonwoa Counting Syotom {Model 4939, Nucleaw Chi gago Gooporations
532 Bs Hovawd Avonues Dot Plainog, IRlinols, UeS.04 ).

()  Sooun Teon

The perun ivon concondrablon was debommined by the method of
omsay {1957) 4

(¢} Haomogiobin Concontration (fh)

The mosogiobin conconteation oxprossed as grams per 100 ol bloed

was eotimetod by the oyanmothaemoglobin method, Stadic (1020)5 van Hampon
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