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;INTRO"DUGTIQN. B S

[ Between 1881 and 1883 Leuckart in Germany and Thomas in

,England in&ependently elu01dated the flrst trematode 11fe—cycle,»i

that of Fas01ola hepatlca. Slnce then a large mass of 1nformat10n

has been obtalned about thls para31te, but 1t 1s stlll encounteredf

today as a magor cause of mortallty and morbldlty 1n sheep and

4 ca'ttle all over the worm. '

-~ In Brltaln in 1942 Peters and Olapham estlmated .On ah

‘L7-;analy51s of slau hterhouse returns coverlnw over 73 OOO cattle,

R  ):that the economlc loss to the meat 1ndustry was probably about
“”fl 500 tons of liver per annum,Arepresentlng a retall price of

”ij about one—quarter of a mllllon pounds-l thls estlmate aid not ‘ i

, ;1nelude reduced meat and mmlk productlon in 1nfected anlmals. _
:Also in thls country durlng the w1nters of 1946 47 and 1947 48 -

‘ ;severe epldemlcs of f3301011331s occurred among sheep and mortal—A
\flty was extremely hlgh (Taylor 1949) _ The 1n01dence of the ‘;, f
74dlsease in other countrles 1s revmewed by Hutyra, Marek and

:Mannlnger (1946)

~The’ adult para31te (Plg. l) 15 found in the blle-ducts of

N cattle and sheep, and has also been obsewved on numerous |
:occa81ons 1n the 11vers os rabhlts, horses, PlDS and man.' Itris |
‘“}?leaf-shaped broader anuerlcrly Lhan posterlorly and 1s about |
‘:30 . leng and 13 mm. w1de. At the anterlor end there s a
:eonloal progectlon termlnatlng 1n.the oraE sugker--~the‘ventral

“sucker 1s 51tuated at the level of the - shoulders. ‘The cutlcle

‘?‘ 18 coverea w1th sharp splnes., The dlgegtlve traet possesses

‘ branched eaeca whleh extend to the posterlor end af the worm.

: The/
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‘The para51tes are hermaphrodlte and lay large yellowmsh ov01dal

operoulate e ggs (Elg. 2) about 14OP\ b 70»5 i The eggs enter ﬁhe'

r 1n$esﬁ1ne Wlth the blle and pass out 1n the faeces. After about 
i 9 - 15 days at an’ optlmal tempefature of 220 - 2600‘ the eggs
’hatch and the pyrlform 0111ated mlra01a1a emerge (Plg. 3). _The‘

1}anter10r end of each mlracldlum,ls blunt and possesses a small

papllllform protru51on. These mlra01d1a move actlvely in water

-’and may surV1ve for about 24 hours. . If durlng this tlme a sultable

;snall host (1n Brltaln, prlnolpally Lymnaea truncatula,(Flg. 4Y) 1s
1%;encountered the m1rac1d1um aetlvely penetrates the soft tlssues of
" the snall, u91ng the pap1111form protru81on as a borlng apparatus.

rOnoe in the snall the mlracldum losesg its 0111ated coverlng and 13‘

known as a sporocyst, this structure increases in 51ze, and by-

~growth and multlpllcatlon of 1ts germlnal cells produces numerous
: larvqe known ag redlae- these row, rupture the sporocyst, and are
’llberated 1nto the snall tlssues. The redia (Plgs.B and 6) ig

‘cyllndrloal and possesses anterlorly a collar—llke struoture and o

posgteriorly a;palr of marglnal processeo.‘ Durlng movement (erght,

1928) tﬁe-collar<disappeéra and'the'énterlor part of the bodyvls
'lthqut for&éfdf the oollar then reappears and acts as an anohor
“whlle the marglnal processes are w1thdrawn and the posterlor part

cof. the body ls drawn forward. The germlnal cells of the redla

produce'the next stage of the para51te, the cercarlae.‘ These‘are »
shed in conslderable numbers through a birth pore behlnd the collar

of the redla, emerge from the snall and nay be seen by  the naked i

eye as mlnute tadpole—llke structures Whlch swim freely in water..

Tach/
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Tach cercarla possesses oral and ventral suckers, a blfurcatlng
‘1ntest1ne and dark ‘granular cystogenous glands. 3After about one
hour the cercaria attaches 1tself.to a grass.blade'or‘other guit—
ﬁable"object éufrounds itself with secretion fromfthe cystogendusl
uglands and ﬂlscards its tail (Fig. 7). *Thé~time whiCh~eiépses'
_between the 1nfect10n of the gnail and the sheddlng of oercarlae
'occuples about 6 -1 weeks under optlmal condltlons.

These encysted cercarise may .remain 1nfect1ve for several
,months.> If durlng thig time, they arenlngested by-a~su1table
~host they exoyst in the 1ntest1ne, penetrate the wall of the gut
- and mlgrate across the perltoneum to the llver whlch they enter
by borlng through the capsule (Schumacher, 1939), the young | |
. flukes may be found in the liver as soon as 48 hours after 1nfectlon'
4they grow and'wander apparently at random in the llver parenchyma '
for several weeks and eventually enter the b11e~ducts in Whlch they
7 become mature about 8 or 9 weeks after 1nfect10n. | _

Death of the host’ may occur durlng the acute or mlgratory stage
Qf{ﬁhg‘lnfeqtlon due to extensive destruction of llverutlssue or %o
haemofthge from this organ. The chronic form of the disease |

‘,assoolated with the presenoe of adult parasites in the blle—ducts

 :»15 more frequently encountered and is uuually characterlsed by

. emac1at10n, anaemla and oedema' the oedema 1s usually present as
‘a801tes and oedema of the 1ntermand1bular space (the latter is the
classical = signn of "bottle-gaw"). At‘autopsy the 1;ver,1s
?Cirrhotie.and fhé largewbile ducts containing_the_pérasites are
thickened and fibro&s.. | - | |

n/




Fig* 1* Adult Fasciola. hepatica. The branching caeca are filled
with a dark brown fluid; the oral and ventral suckers and the
genitalia may be seen, x 5.

Fig, 2. Egg of F, hepatica recovered from gall bladder bile, x 550,



Fig. 5% Miracidium of jP. hepatica showing conical boring apparatus
at the blunt sinterior end. x 4"0.

Fig. 4. The snail host, Lymnaea truncatula. A few cercariae have
encysted on the shells, x 10.



Fig. Young redia. The pharynx, the collar, and the lateral
processes are visible, x 170.

Fig. 6. Mature redia. There are four cercariae within the body.
X 70.



Fig. 7. Cercariae encysted on Cellophane lining of glass tube, x 2.
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In thls 1nVest1gat10n an attempt has been made to study three
aspects of the diseasge as it affects the final hogt; - they are the

;anaemia, the 11ver le51ons, and the response to artlflclal

"1mmun1sat10n»w1th an\antlgen prepared from»the para81tes. The

'-llterature on each of these subgects is rev1ewed 1n the relevant
sectlons of the the91s. .

- Because of lack of accommodatlon when these experlments were
started 1ﬁ wag not poss1ble to use sheep or calves, and the rabblt
.was selected ag a sultable laboratory host ‘ The flrst sectlon of
the the31s 13, therefore, concerned’ w1th a study of the rabblt as

host in experlmental fa301011a31s.



'SECTION I

'THE RABBIT AS HOST IN EXPERIMENTAL FASCIOLIASIS.



As a'preliﬁinary tb the feét of the WOrk*reporﬁedlin this
thesis, and ‘with partlcular regard to the propogsed studles on
‘acqulred 1mmun1ty, it was found necessary to determlne some of
the factors 1nfluen01ng the number of adult Flukes whlch develop
from a given number of cercarlae aﬁmlnlstered to an unlmmunlzed
rabblt:or to a prevlously unlnfected rabbit. |
” Such facﬁofs might:in§lude the,breed; age, weight, si#x and
indi#idual.naturalyresistance\of the‘rébhif; tﬁé age of the
cercafiéé,éa.#afiaﬁiqn in virulence of cercariae from different
fsnéii:hcsfs5~the'age of fhefénail' the technique pf ihfection of
’the rabbit and the 31ze of the 1nfectlnb dose. |

The determlnatlon of the precise 1mportance of each of these
factors would requlre a large number of experlments, but sufflclent{
1nformatlon was obtalned to be of value for practical purposes.  >

" There is llttle publlshed mnformatlon avallable on the rabbit
‘as. -an experlmental host for . heyatlca. Montgomerle (1931)
Trecovered from three rabblts 1nfected w1th 6 1), and 40 cercariae,
.4, 7, and ll ‘Flukes after 13, 31 and- 37 months, respectlvely, while
- Kerr and Peﬁkov1tch (1935) found that in three rabbits each
'1nfected w1th 13 cercarlae and killed 111 116, and 124 days after
vlnfectlon, there were 5, 9, and 11 flukes, respectlvely, 1n the -
cliver. . | ’

" METHODS AND' MATER TALS.

- The" snalls, Lymnaea truncatula, and gsuiltable mud were. obtalned

‘from the fleld (see Appendlx A),' the former were cultured by the
lmethod/ * | |



'method of Taylor and Mozley (1948) and were 1nfecﬁed when about
6 weeks old w1th mlra01d1a obtalne& by eulturlng in water,eggs
recovered from sheep blle. | BT
| f The cercarlae were stored 1n a cool dark water—saturated
;atmosphere for 7 days. At the and of thls perlod they were
jadmlnlstered in doses of 50 cercarlae to each rabblt.t The method
of 1nfect1ng the rabblts was varled and the technlques are descrlbed
in detail below. ‘ﬂ | | |
o The rabblts, all obtalned from the ‘same’ source, were from‘
.6 months to 1 year old and were elther Dubch or Old Engllsh-
iChlnChllla crosses (O E. X G ), both females and castrated males
f“helng used . 3 TR
R N RESULTS
vExperlment l;A The DeveloPment of a- Slmple, Rapid and - 
Efficient Technique for the. Infectlon of Rabblts S
w1th Cercarlae of . F. hegatmca. ' : : _‘<*
In experlmental 1nfectlon of rabblts w1th cerearlae of ;_

':Pa501ola hepatlcasparﬁlcularlyVﬂuxe 1qrge numbera of cysts are: belng

‘afed, it is- de51rable to use a method Whlch 1s satlsfactory 1n the
~\ifolléw1ng respects. ‘, 4 ‘~ '_‘ ‘
3..(a) The preparatlon of Speclflc numbers of V1able cercarlae
’should be 31mple and qulck. o ; ,  _ “ ‘
‘(bil The cercarlae should be handled as llttle as posslble in
 order to mlnlmlge damage to them and danger to the 1nVest1 ator.~
(c) The method of admlnlstratlon of the cercarlae to the an1ma1 ;
‘};should be 31mp1e and rellable.;f' R EREEN |
. The/ |
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. The advantadesnand"disadﬁéhteges of a numberlof techniqdeS'
are descrlbed below and 1n eonclu31on detalls are glven of one:
,whlch has - proved superlor 1n the above respects..

The method orlglnally used to collect oercarlae from the hoeb

',eﬁeil, Lvmnaea truncatula, was as follows. Each snail was placed
inje’glase teet tube-(S x 1 cm) three-quarters full-of-wafef. The
ffube”was:then cofked.< When the cercarlae emerged they enoysﬁed
on the vlass, the magorlty often belnb found at the water llne. 4
The teohnlque of 1nfect10n was to llft the cercariae off ther
‘glase with a thln ﬂlaee rod and plaoe them 1n a watchglass or. small
teet tube.‘ When the requlslte number had been collected, a few V
'drops of water were added to the Watchglass,’and the cercariae

drawn up 1nto a caplllary plpette to be admlnlstered orally to

,the rabblt. Alternatlvely, wauer was ﬂdded to the small test tube,

the 1atter 1nverted several times and the contents forcibly
| ;admlnlsbered to the rabblt
‘ The dleadvantaoes of thls technlque were’ :;‘
(a) ‘The taek of,traneferrlnb large numbere_of.eereariaezfrom
'kpne conteiner:fo anbﬁher'by means of e‘glass rod was extremely
}ﬁedioue.' N | 7» 7 | | |
4(b)' During tfansference, the outer eysts of the cercariae were
llable ﬁo be ruptured or to be lost entlrely, thus 1nﬁrodu01ng arn
unnatural element durlng infection. | ‘
(o) The cercarlae adhered to the wall of the d031ng bube or to
the gides of the plpette. The use o£ liguid pareffln, 31l;cone,

wax or wettlng agents to coatb the glass was of little.ﬁelue.“

@/
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(d), Durlng admlnlstratlon the: rabblts tended to couch and SO to
Aloee some of the fluld - \ o -
When thls method was used the follow1ng numbers‘of flukes
Awere obtalned when eeoh of ¢ 12 rabblts wag infected w1th 50 7—day
0ld cerc arlae and killed 63 days after 1nfect10n T
o 1,2,2,3, 6,6, 8 12, 13, 14, 17 and 20._~»ji_;_
The average number of flukes in each rabblt was 8 7 £ 6.4. |
| Varlous other teohnlquee of 1nfect10n were trled 1nclud1ng
geletlne_capsules end.the stomaoh tube. The "gelatine capeules
pendedpﬁo'dissolve'in contaoﬁ'wiph diops of Waterq-'it,was impossible
to count the oercerlae once they were in Lhe capsule" and d051ng was
-‘extremely dlffloult because of the long palate of the rabblt. The
‘vstomaoh tube ‘had the dleadvantage bhat the ceroarlae adhered to the
f31des of the syrlnge and tube.
The follow1ng method was flnally adopted
The "sheadlng" tube wasg l:ned w1th a CellOphane cyllnder made
by foldlng a rectangle of Cellophane around a glaes rod. lt was then
,fllled three—quarters full w1th water, the snall 1nserted and the' '
;tubepoorked. The cercariae encysted on the Gellophane, usually at
water 1evel. The snall was removed the water dralned off, and the
- tube was stored in a cool dark oupboard 1n a satarated atmosphere.‘.r
When the oeroarlae were requlred the Cellophane was removed -
from the tube with foroeps and spread out flat on a watchglass.'-ﬁé
- plece of Cellophane oontalnlng the requlslte nunber of cercarize was

“cut- outb w1th a scalpel blede, It wae usually oonvenlent to take a

piece/
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piece of Cellophane whleh was at water level and. Whlch contalned a
lqrge number of ceroarlae in a small area. Thls plece of Gellophane

was placed on a glide and examined - mlcroscoplcally o ensure that

- none of the cercarlqe was damaged The Cellophane‘was then ingerted,

N, T T e

unfolded 1f‘p0531ble, 1n a small piece of cabhage stalk and fed to

the rabbit by'hané, Ordlnarlly the rabbit ate the cabbage and
Cellophane withdut,any_dlfflculty, espe01allv if fed at the ugual
feeding time. o ' _

This method when used tb infect eaéh'of 32 rabbits with 50
T-day o0ld cercariae gaVe the’ follow1ng number of flukes when the |
rabbits were killed after 63 days : | ‘

4, 6, 6, 6 6, 6, T, 11 ~12, 13, 15, 16 18, 18 18, 19, 20, 20,
22 22, 25, 25, 25 25, 25, 25, 27, 27, 27, 30 34, - and 35.

The average number of flukes in each rabblt was 18.6 I 8. 8

 This method would probably also be satlsfaetory for 1nfect1ng.

sheep or cattle W1th large or small numbers of cercarlae.»

TABIE I/
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TABLB I

Number of Adult Flukes Obtalned from 4 Groups Qf Rabblts Infected
by Feeding Cercariae Encysted on Cellophane. - Bach Group Received
) Cercarlae from a leferent Snﬂll and Each Rabblt Reeelved 50 Cercarlae

| No. of

. : ~ Av. No. of,

flukes in eac
. group

n

S R

R ¥ :
*

e e

' Spail'D . Dutch 13 S 16.7
S 22 3
i r 12 16.3
‘ .13 |
E e 22‘ . B

C () 19 o aa3
o Duteh (F). o oo 27 R
L0 Eex GO0 2T

e ¢
' Snail B ADutéh_g
. Snail T L0.E. x,0,

-'7i_3néilj§;‘Jff:ffDutCh (F) \ T;jA 'f | ili, ;ﬁ o |  20:5$
S - Dutch: (F) 3o S

kverage Number of flukes per rabbit, 19.4 * 6.6,

 #(T) vefers to female; (M) refers to male. -

Experlment 2‘ To Study ‘the Bffect of the Uses of Cercarlae
from leferent Snalls on the- Infect1v1ty of Cercarlae of

‘E. bepatica -

In thls experlment 4 groups of rabhlts were each 1nfected with

eercaflae from dlfferent snalls, each rabblt recelv1ng 50 7—day old

:'f“cercarlae. The rabblts were kllled 63 days after 1nfect10n and ﬁhe

 :( results are- recorded 1n Table I

It 1s evmdent that the use of cercarlae from dlfferent snalls ’

. ‘doea/
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does not markedly 1nfluenceAthe number of adult flukes in -an -
1nfected rabblt However, in +this experlment the rabbits w1th.
one exceptlon were all female. In.arder t0 detefmine if the
1n£ect1v1ty of cercarlae 1s 1nfluenced by the sex of the rabblt
- a further experlment was carrled out,

Experlment 3z To Study the Effect of the Sex of ﬁhe.Rabblt

on the Infect1v1ty of Cercariae of F hepatica -

Ten caetrated male rabblﬁs and 10 female rabbits were each ;.
1nfected w1th 50 T-day old. cercarlae encysted on Cellophane, and
| kllled 63 days later.‘ The-. results are recorded 1n Table II.
| TABLE IT -

The Averﬂge Number of Adult Flukes in Male and Female Rabbits 63
Days after Each was Infected w1th 50 Cercariae Encysted on Cellophane

1
: Males . ! _ Females -
.Breed = . No. of- ' Breed S No., of
S “flukes e : | flukes
- Duteh 4 , ST ' : B , 6
T ; -6 . Duteh .- . 11
T ‘ R : Duteh - 12
0.B. x C. . .. - 16 . “Duteh - Lo 13
Dutch - .+ .18 - Dubech ' 15
- 0.E. x €. - 20 - Dutch. ‘ 22
: Dutch L T 25 Dutch A 22
. Dutch . , 25 - " Q.E. x-C. - - 27
T 35 tDutch o o 30
Average number of flukes - Average number of flukes

18,3 ¥ 102 18.5 % 8.2

’It“apﬁears'therefore‘that-the sexiof&a rabbit'does:not‘

influence its sueeeptibility to infection.

~ DISCUSSION/
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DISCUSSION

In tnese experlments an attempt has been made to determlne the

‘average number. of Adult Fasciola hepatlca whlch developed from a

‘-glven number of cercariae fed to a.rabblt. The Variatlons around
this average, and-soﬁe‘of the faétors}influen¢ihg thése; have also
been studled | A o |

It would appear that when cercarlae of the same age are used
two of the maln faetors 1nfluen01ng the "take" are the method of
1_1nfect10n and’ the natural re31stance of “the 1ndlv1dua1 rabblt.
'Varlatlon due to the flrst factor may be almost ellmlnated by ther
ugse of a technlque in which 1% is certaln that the rabblt has
swallowed. the requlslte number .of viable cercaflae._ The advantages
of the Celioéhané infection tebhniquéfhave been desérlbed prev1ously.
and; aséumingvthét fhe“rabbit’has eaten all“fhe-pabbagé’éonﬁaining
the”cellophane, the only‘variable with this method.is thé pogsibility
of damage to- the cercariae by the tgeth~of-the rabbit., The term
-;"natural re91stance" is used here in a‘broéd sense and includes, as
well as re51stance of»a;genet;ciorigiﬁ, such féctqrs likely to
ihfluence'néturél‘fesisfahCe aé‘the amount of. food in the alimentary
tract at the tlme of 1nfectlon or the p0531b111ty of dqmage to the
.cercarlae by the teeth of the rabblﬁ

In these experlments, the natural r831stance of the rabblts to
;inféctioﬁ'wifh'ceféariae>qﬁ.g.'hegatlca,appeared,bg Vary,w1th1n
‘quite-widé‘limits, énd~it ié<iﬁ£éresting‘to compare the results

recorded/
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- recorded here with those obtained by Montgomerie (1928) in the |
artificial‘infection'of sheep with F. hepatica. Thirty-two shecp
wercliﬁfected rith a total of"2,550‘cercariae§‘ 37‘4%‘of these
Cercariéc—deveiopéd and were recovered‘af‘aﬁtcpsy 14 wéeks after
infection; thc smallest 1nfectnon was 87 and the heav1est 76p.
‘The results recorded here show that the averawe number of flukestz
in . 32 rabblts 1nfected w1th a total of 1, 600 cercarlae was 37 2% -
the smallest Ainfection was 87 and the heav1est 70%.

- The age range of the cercarlae used in Montwcmerle 8 experlment
1s not stated but 1t appears that the natural re31stance of the
sheep to 1nfect10n w1th T hegatlca is about the samc 1evel and
within the same limits as that of the rabblt.

Dvans and Stlrewalt (1951), dlscu981na the 1nfect1V1ty of

ASchlstosoma mansonl in mice; concluded that statlstlcally

- 31gn1f1cant varlatlons occurred in the 1nfect1v1ty of bhe
cercarlae obtalned throughout the life of the host snall and they
suggcst that_these varlaﬁlons are directly related to the
fiudtuatihg physiological‘condiﬁion ofAthé host'cnaila4 in,our‘;f
.exﬁerimcnts‘ﬁhc'snailé inﬁariably died within 3 or 4‘daysfaftcrH 
first shedding cercariae énd this;féctor>waslnor studied.
The ~use of cercarlae from dlfferent snails and the sex. of
>'the rabblts, at least as far as females ‘and castrated males arej
-concerned do notb appeor o 1nf1uence markedly the degree of
1nfectlon. | | |
_ The two braeds of rabblts uged were not ideally dlstrlbuted

to‘determlne their precise importance but, on the available

evidéﬁccf”
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evidence, the{breed‘seems:joAhave no effeot on the degree”of

infection. -
- SUMMARY

<li; The poss1ble factors which 1nfluence the number -of adult
flukee developlng in a rabblt from a glven number of oercarlae
are descrlbed _ | » ' |

,_2~ Bxperlments were carrled out to determlne the 1mportance
of some of theee factors. _ N

;3. It is concluded that two of ‘the most important factors
4determ1n1nb the nuMber of flukes develop:Lnb from a glven number
of T—day old cercarlae are the technlque of 1nfect10n and the
natural re51stance of the rabhlt. ’

4. Several methods of 1nfect1ng rabblts w1th cercarlae of
_.gb hepatlca are descrlbed and elscuseed and detalls are glven A
of & 51mple; rapld and efxlclent technique. - ) |
‘-e5; ‘The natural re31stanee of the. sheep o 1nfect10n W1th P
‘heyablca appeare to be ebout the game level and w1th1n the same-
'llmlts as that of the rabblt. | , V \ | |

.6b When a- technlque of 1nfect10n wag used in whlch the
Hchrcarlae were encysted on Cellophane and, when 7 days old, fed ..
in cabbage in doses of 50 cercariae, the averade number of flukes.i
in 32 rabblts kllled 63 days after 1nfect10n was 18 6 8 8. _

T+ . The breed and sex of the rabblts used or the use .of cercaflae

-from dlfferent snalls played no s1gn1flcant part in determlnlng the -

'\~deﬂree of . 1nfect10n.‘

' NOTE:/
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4“;NOT*: Recently, a sllghtly dlfferent method of 1nfect1ng rabblts .
'w1ﬁh cercarlae has been employed. The plece of Cellophane COﬂtaln—. 
_]L:Lnb the requlslte number of cercaflae 1s 1nserted into a small 7 |

'1‘ elatlne capsule, the 1atter 1s placed 1n a "balllng gun" constructed

‘«,of two short lenwths of polythene tublng, ‘one ins1de the other, and f‘
Vthe capsule 1s forecibly fed to the anlmal -  ‘ o '7

o Wlﬁh this method $he rabhlt cannot refuse to swallow the .

‘Cellophane and the. possxblllty of damage to the cercarlae by 1ts |

'ﬁeeth 13 ellmlnated.: Only a small number of rabblts has been '

1nfected by thls method and the results are sxmllar to those

"“descrlbed above.
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- INTRODUCTION
A degree'of anaemia is reoOgnieed‘ae a oharaoteristio feature'

of chronlc 1nfeotlon w1th Pa301ola hepatlca in eheep ‘and cattle myel oo

andaedoh-of thiree etandard textbooks on veterlnary helmlnthology
makes reference to this faot Oameron (1951) statee that "the .
 flukee feed on blood and blle but any lose from thls source is
generally eagily replaoed by the ‘host «.... the moet profound
general effect, however, appears to be due to a speolflo tox1n
_seoreted by the fluke, cau31ng a more or less profound anaemla.ﬁ}
Clunies, Rogs and Gordon (1936) record that "the productlon of a
| haemolytlc tox1n by the fluke leade $o. the destrnotlon of the red
blood corpusclee." Plnally, Monnl (1950) sﬁates that the flukes
' feed "on llver tlssue and blood“ and that the parasitee "produce
:a haemolytlc tox1n." | | |

In eaoh of theee books, referenoe is made to a tox1n, in two N
'ofethem to a haemolytlc tox1nf as_belnb(reepon81ble for the anaemia
:assooiated with fascioliasis. Although nons of the anthors cites
any reference 1n support of this statement the latter is probably
extraoted from the conclu51ons of Marconé and of Ballan. Marcone.
(1940) clalmed that the sera of fluke—lnfeoted Sheep had a haemon
lytic effect on normal red cells. Ballan (1940) in a study of the
anaemla 1n naturally 1nfected sheep observed macrocyt051s and
concluded, apparently by analogy w1th some human - haemolytlc ”
anaemlas, that a haemolytlc factor was preeent ‘ he ‘also poetulahed
in order to explaln the severlty of . the anaemla, that the flukes

_fhad/
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. hddiaﬁspecific depressﬁnt'écticn.on'thelﬁaemopoietic tissue.

. Apart from the paperd of these two authors, thefe'aré‘few:
‘wreferences Lo the etlolo y of uhls anqemla 1n sc1ent1flc Journals.
- In 1908 Guerlnl demonstrqtedtwo types of secrebory cells in the.
cutlculum of F. hgﬁgjigg and sug oested that the secretlons of these
cells may be-absorbed and destroy the~red cellc'; more’recently,
Holman (1945) has suggested that an apiastlc ‘anaenmia mig ght occur

- in fluke-lnfected sheep, due to exten51ve 11ver destructlon.

The nature of the food of F. he atlca, a problem Whlch has
been the subgect of prolonged controversy, is of posalble 1nterest
w1th regqrd to the etlology of the anaemla. WMuller (1923) examlned
Lhe aul - contents of flukes mlcroscoplcally and found nelther haemo-
D‘ZLob:l.n nor red blood cells.~ Welnland and Brand (1926) examined
‘ mlcrcscoplcally 12 OOO E hegatlca from 148 sheep, they concludeduv
-that the flukes feed on Llssue elements and - 1nflammatory exudates
bub not on blocd ”hey also clalmed ﬁhat the paraSItes inhabit .
the larg o1 blle ducbs and gall bladder and mlgrabe 1nto the smaller»
:blle duets to Teed. Recently, however, obephenson (1947) on the
: b%51s of hlstolonlcal hlstochemlcal and spectrosccplc examination
'of the gut contents of F. hegatlca concluded that the adults feed
malnly, 1I not exclu51vely, cn blood. _ ‘

( Since it is known that.the rabblt is a sultable hosﬁ of
Qﬁpéjﬁ._l,gé (Mon‘ugomery 1931, Taylor 1949, Urquhart this

the51s) a serles cf experlments on rabblts wag planned in

;am/\
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jan attempt to obtaln detq1ls of the anaemla. Latér it was found .

” des1rable to compare these details w1th the blood ehanges produced

in rabblts by repeated haemorrhage and by llgatlon of the common
bhile duet Prom,the results obtalned 1t was pos31ble to dlscuss

- some factors concerned in’ the etlolo y of the anaemla.>

MATERTALS AND METHODS

T_Thé éhail}host of E.5hepatiCa,'Lymnaea truncatula was culbtured

aecoiding to0 the method deécriﬁed by Taylof»and Mozley_(1948),.\mhe-
gnails were“infecﬁéd when>abouﬁ 6 weekg" éldawith miracidia obtained
fby inqﬁbating'biie from infectedrshgep livers at 26°C. The cérgafiag
Were;cbllected‘and the rabﬁité infectéd’by fhé methddé~described in
the first section of this thesis; : “ N

| Haematocrit estlmatlons were oarrled out uging Nlntrobe
haematocrlt tubes whlch were spun at 3 000 . p m. for 1 hour in an
"M.S.E. Minor Gentrlfuge and haemoglobln estlmatlons with the M.R.C.
Grey:Wedge fhotémeter (King et al. 1948). Plasma bilirubin estinma—
tions~were élsoﬂéarriéd ot with this ingtrument or>witn the E.E.L.
, Gbiqf;meté?; followigg the procedure described by King (19%L). The
'speotral absdfption curve of the plasma was exemined Tor evidence
‘ of. tﬁevpreseﬁoe of 5iliverdih~using é'Unicam'S.P. 500 Photoelectric
Spectrophometer (see Appendlx B). . The méthod used for the estimation
of alkallne phosphatase was essentlally that descrlbed by King (1951)
except ﬁhatquhe reaot;on was oarrled out at PH 9 aulng a barbltone
burfer. -Blobd'filmé"ahd marrqw‘émears;wera gtained by Leishman, and

if/
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if a reulculccyte count was ae81red a lo soluulon of brlllldnb
eresyl blue 1p normal eallne'was used.e The‘marrow sect;one were
etained-wi%h_Giemea, Maximow;ehaematOkylin and eosiﬁ,gand»Pruseian
blue. The ?ed'cell fraéility test‘wes”carried out by«%he method'
Afdescribed by Whitby dnd Brlﬁbon (1950) which is based on Creed's
‘techn;que; vhe pOlnuS reoorded were bhose at which hqemoly31s
commenceé-end those au whlch 1L was complete. " The coagulablon tlme.
of he blood was determined by uhe ceplilary tube. method of erght
and Colebrook (1921) Plasma protelns were estimated elther by the .
" Biuret meuhod or by Lhe eopper‘sulphate spec1110 grav1by method
deecrlbed by Phillips giggk. (1947).  The benzldlne_and~haem1n tegts
“were ceffiedlout as descrieed'by Hawke,. Oger and,Summereen (19477;
Call golutions for ﬁestingAWerekbOiled before the'benzi@ine test ﬁas
-performed - | _‘ A |
The dlameters of: the red cells were meaeured on heat~xlxed'

fresh smeare, ualned by Lelenman. The uechnlque of measurement

© was essenﬁlally uhat descrlbed by Goldherg, Hammarsten, Hellstrom,

;Llnddren and Plum- (1950), 200 cells in. eaoh smeﬂr were measured.
| Red cell dlameter dlstrlbutlon curves were construobed from these
‘ meaeﬁremenﬁe- these curves were smoothed by the method descrlbed
"by MOgensen (1938) ' | |
Ten rabblts were 1n£e0ued w1th lOO eercarlae and 25 rabbits
1 ‘Wlth 50 cercarxae. The ‘blood of the flreb group wae examlned

: re@ularly over & perlod which in some of the rabblts extended>

~over 18 months,- the blood of the second group was examlned at

infrequent/ -
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l"lnfrequent 1nterVals*L Each blood sample was obtalned from the ear
"veln by tne follow1n method.» The ear wasg’ llghtly swabbed w1th |
ff ylol except around the marglnal veln.A Thls area, prev1ously shaved;.
-fwas swabbed w1th aloohol and smeared w1ﬁh Vasellne.k The Veln Was
55f5ralsed by dlgltal oompreSSIOn and then cut._ When the blood flowed
'5ifreely 2, 5 ml were oolleoted in a blaou boﬁtle ‘which contalned
ﬁth1ntrobe s anblcoagulant crystals. After the Sample Was oollected
\llolibleedlng was- stopped 1mmed1ately and the ear swabbed W1th alcohol
‘l;and drled Bone marrow blOpsles were oarrled out under pentothal
\f.lanaesth931a 1n the follow1ng manner.; A hole was drllled in the.‘.
‘Sioprox1mal end of the tlbla- marfow fragments were asplrated from
‘~th1s hole w1bh a l ce. syrlnge fltﬁed w1th a bluntmpolnted hypodermlc,
n“needle. The asplrated materlal was expelled 1nto a watchglass and

{smears were made from the marrow fragments. ‘Nhen eaoh'rabblt dled

or was. kllled 1t was autop31ed and the number of F. hepaﬁloa 1n the

R llver was determlned- blocks of llver, spleen and bone marrow. were

”iremoved for hlstologlcal examlnatlon.o

Approx1mately 25 normal rabblts Were kllled at varlous tlmes

'1n order to obt aln sectlons of normal tlssues. In the %woL rabbltsw
‘féﬁln Whlch an artlflclal post—haemorrhaglc anaemla was produced blood
,was removed 1n the manner descrlbed above. The quantlty and

;frequency of removal are’ stabed 1n the relevaﬂr sectlon.

The’ three rabblts Whlch were subgected to llwatlon of the i

. common blle duct were Operated on. under penﬁothal anaesthes1a. A; 2

\,lonaltudlnal/
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."lOn 1tudlnal 1n01510n was made 3ust to the rlght of m1d~11ne,'and i"
’behlnd ﬁhe 1asb rlb. The common blle duct was expesed and thls was

‘llgated w1th 911k thread at two p01nts Just above the duodenum.‘

" RESULTS

In each of the 1nfected rabblts a degree of anaemla was produced

o whlch in every anlmal appeared about 6 weeks after 1nfect10n.i N7 1s

'1nterest1ng tnat 1t is about thls tlme that the young flukes settle
 down in the blle—ducts and commence thelr adult acthltles. fﬁ
*ﬂ Elchteen of the 25 rabblts whlch recelved 50 oercarlae Were

’ kllled 63 days after infection. Flg._8 shows the number of flukes

 ‘ﬂfound in the bile ducts of each of these rabblts compared to the’y

,blood haemoglobln of each 1nd1v1dua1 1mmed1ately before death. It 1s

apparent that the degree of anaemla 15 approx1mately proportlonal to -

- the number of flukes found ln the blle—ducts at autopsy. o

The bloods of the 10 rabblts each of which recelved 100 cercarlae
were studled in detall the results are descrlbed below under bhe !:\
;approprlate headlngs and 1n Table 5, Plgure 9 cOﬂSlsts of graphs ' "

jffconstructed from thisg table to fa0111tate comnarlson of the red cell |

ﬁ,counts, mean corpusoular volumes, mean corpuscular haemoolobln' 

conoentratlons, and retlculocyte counxs of the 1nd1v1dua1 rabblts.

"Red cell count haemoglobln and haematocrlt

The average red cell count of the lO rabblts prlor 0 1nfect10n

. was 6. 04 * o, 16 mllllon per C.Hm. lhls remalned unaltered untll

‘4about 42 days after infection when the counts of each of the rabblts,'

\“-exoept thaﬁ of the 11@htly 1nfected N217, started to fall and by GO—TC

- ‘aays/
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'-»days were . below 4 million 1n each oase.'

| About 80 days after 1nfect10n the shqrp drop in the red cell
oount ceesed and thereafter fell falrly slowly or conilnued to
fluetuate around a low level. One of the rabblts, 0157,d1ed 76
'days'after iﬁfection‘ on this date the red. cell count was 2. 7
.mlllmon and the number of flukes reoovered from the blle duots wasg
- 31, The lowest red oell oounu recorded was 1.8 million Whloh was
that of 0137, B4 days after 1nfect10n, at autopsy thls rabblt
‘ proved to be the most~heav11y infected of the fen and hed 35 flukes
in. itse bile aucts. At mo time‘ddrinb the course of theiexperiments
"dld the red cell count of any of the para31tlsed rabbits return to
the normal: level.r

Prior. to 1nfeot10n the average value’ obtalned for haemoglobln'

in the ten rabbits was 12.28 & 0. 78 gm per 100 ml. and for the
haemqtoorlb 41, 16 £ 1.97. -The-reductions in the haemoglobin and
' haematocrlt level after. 1nfeot10n were . approx1mately proportloned
to those of the red- cell counts and the 51gn1flcance of these changes
is dlscuesed under the- headlngs of M. C. V. and M.C.H.C.

Mean corpusoular volume.

‘ Before 1nfect10n the M C.V. of the red cells of the 10 rabblts
was‘67 3 - 2 7’0 ﬂ As anaem:a developed in each of these rabblts
the M.C.V. rose %o between TO and 90 c,ﬂ ~and wlmOSU w1thouh éxception
remalned elevated. The two hlghest mean. oorpuscular volumes which
were recorded were 108 c‘ﬂ and. 96 c.%& The former occurred in P251
4128 days after 1nfectlon When the red cell count was 3 3 mllllon and

- the/
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~the 1after in 0703 and 0469, 120 and 124 ﬁays after 1nfectlon

' respectively; the red cell counm of each at that time was 3. 4

© million.

'_lAppearance‘of red celle..A ) -

If ‘a blood film from any of the anaemlc rabblts was sbalned
W1th Lelshman, and the red cells compared to uhose of e gimilarly
' stelned fllm of normal rabblt blood C it was usually obv1ous that .
"~ the red cells of the fluke—lnfected rabblts were larger (Plgs. lO
land ll) - . o

| Polychroma51a was also a charﬁoterlstlo feature of the red
‘oells from the ansemic rabbits. - In severe cases anxsocyt051s was
con31derab1e,’the red cells were pale ﬂnd showed marked rlng staln—A
1ng and. normoblasts were ooca31ona11y noted Baeophlllc'stlppllng~
or spherocyt051s wasg not observed. |

To conflrm the presence of macrocytoels, the dlameters of 200
red cells from each of four anaemic. rabblts were mensured and the 
mean dlameter of the red cells of each rabblt oompared to the mean
- dlameter of each before infection. The resulte 1& Fa ble 3 S
Vshqw.uhat macrocyt031s‘1s;a characterlstlc feature of'the anaemla.~
,This,eeﬁeCt of thevanaemia‘is‘dealt with et some length in the

~ discussion.

Table 3/
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“Table 3&' The 1ncrease in the mean dlameter af the red cells of

-4 rabbits suffering from‘anaemla due- to F. hepatica
1nfect10n. ‘ , 4 , -

, : T 'A" Mean.Dlameter : R Wean Diameter L

~ Rebbit - before Infectlon.qy ~ affer Infecblon. /Q
0137 | fl7   6:95 R R
os60 S5 | T3
'6469 f'__  _ o ews 14
0703 | 62 ,~"” B : »7}2

Mean corpustlar h&émoglbbin cohoentrétiéﬁ.'

. The M.C.H.C. of ﬁhé ten,rabbits_beforé infectiongaVeraged- »
30.47 £ 1. OT; ‘After infection,'and:as-anaemia'devélopeéjin'eaéh'of,
the rabblts, the M.C.H.C. dropped uO about. 25 on. thosé occasions-.
' when the erythrocyte counb fell below 3 mllllon the M.C H C. dropped
gtill further.: The lowegt M.C.H.C. recorded was 15% whlch‘was that |
-of 0137, 84 days'aftef'infection; the red cell COuhf'on.this‘date
wag 1.8 million. | |

.Retlculocyte count.

In the rabblts before 1nfect10n the retloulooyte count averaged
11 per l 000. red cells.A In the 1nfected rabb1ts~the count started
to rise about 60 days after Jnfectlon and - remalned hlgh throughout
the nourse of 1nfectlon, usually there were between 7) and 150

,retlculocytes/
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retlculocytes per l OOO red cells (Plg. 12), althongh on one a:caéion_
f(0469 -178 days past 1nfectlon) the count was ralsed to 328
reblculocytes per l OOO.- Blood sme ars which had been stalned o
)suprav1ta11y w1th brilllant cresyl blue and then Wlth Lelshman l"g
‘ishowed that the reblculooytes were often larger tnan the mature"

| ‘corpuscles and were sllwhbly basophlllc.

Marrow examlnatlon. L ‘ -

- In -the normal fabmt the shaft of the ‘blbla is filled with
-yellow marrow. In uhese anaemlc rabblts ﬁhls was almnst completely -
‘_replaced by & red oellular marrow. Mlcroscoplcally, the marrow

plcture 1n eaoh anaemlc rabblt was. ﬁhat of normoblastlc hyperp1551a.:f

~’g‘; F‘ 13 111u5uraues a typlcal sectlon of . normal rdbblt marrow. from

the prowlmal reglon of - the tlbla- ﬁhe mafrow con31sts largely of

K fat and the haem0901et10 tlssue occuples only a smqll proporulon of

“nfthe av11iahle space.; In oontrast Plg- 14 ShOWU & marrow section

“V?rom.the prox1mal end of the tlbla of an anaemle rabblt (Rabblt 0137),

The haemopoletle tlsﬁue has undergone hyperpla51a and the marrow fat

 ‘ﬁ5has dlmlnlshed proyortlonately. The cells whlch are responsmble for

1the hyperplasxa are those of the erythrooytlo serles and thms is

"fElllusﬁrated by le.u15 whlch shows a marrow smear from another

,;,severely anaemlc rdbblt (Rabblt 0469),;Athere ig a marked 1ncrease

"'1n the proport¢on of normoblasbs and this was Lyplcal of bhe marrow
of these 1nfected rabblts throuvhout the course of the anaemla.
fSlmllar changes were desorlbed by Barblerl (1935) who examlned the
4marrow of a number of naturally 1nfeoted sheep The large j =

:*partlally/
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partlallv haemogloblnated cells w1th retlculauad nuolel whlch are-

v_characterlstlc of megaloblastlo erythrop01351s, and 1nd10at1ve of

a deflClency of lIVer pflnolple; Were net observed On any occa51on;
| The~amount‘of sbalnableAlron in normal rabblt marrow is varlable.“
lIn some marrow seotlons 1ron~conta1n1ng macrophagea m&y be: found in-
,overy hlgh—power fleld whlle sectlons from other rabblts w171 show
oonly an - ocoa81onal 1ron~oonta1n1no maorophage. In ﬁhe anaemlc rabblts
{1ron_bearing cell& were always few 1n number belng present in small |

“v5numbers in some sectlons and qlmost comoletely absent Jn others."

f:Plasma aad bile plgments. _

| ‘ Normal rabblﬁ plasma 1s 11ghtly straw—ooloured and 1s almost
completely clear.f Acoordlng to Martln, Harrero qnd Llohtensteln |
-T(l949) blllverdln alone 1s produced by the normal rabblt :although
?15 hepatlc dlsease is. present bilirubin may also be produced *it, 3
was. necessary,_therefore, to examine the plasma of the infected.
g.rabblts for uhe presence of both of these plgments.~oot‘

In each - ‘of the 35 1nfected rabbits, the plasma colour was‘
normal ah all tlmes except at the p01nts marked on the haemaﬁologloal
tables of 013?, 318 H475 and N217 (Table 5). on two of these
| “009331ons (rabblt‘0137) the plasma was whltlsh' thls was due»to

1llpaem1a and may be reasonably attrlbuﬁed to 11ver dysfunctlon as
: the llver of thls rabblt was found to be- very severely damaged at
=autopsy.» On the other occa31ons, the plasma was sllghtly greenlsh
in. oolour and was p031tlve to Van den Bergh's reaetlon, a brlck—red
i’rlng belng obtalned for th@ dlrect test and a- very falnt plnk for

the 1nd1reot On 1no. other occa51on was a p051t1ve Van den Bergh

.[veactlon/




lreactlon obtalned although the test was carrled out repeatedly on
the plasma of all lO 1nfected.rabb1te.gﬁ |
Nhen these observatlons were made it was not poss1ble to. examlne

the plasma speotrophotometrlcally for the presence of blllverdln..’
*Slnoe then several rabbits 1nfeoted for purposes outw1th the: scope of
fthls paper'have been encountered whose plasma was also nreenleh in
colour gome weeks after 1nfeot10n.r When the-plasme from these rabbits
 was eubgected to speotrophotomebrlc examlnatlon (eee Appendlx B) there
uiwas no dlp in llbht transm1891on between 600 and TOOﬁV{vﬂuoh_ls

' 1ndlcat1ve of the characterlstlo abeorptlon band of blllverdln, buﬁ
'Aln each case there was a dip at 4301M(wh10h ig evidence of the preeence
oof blllrubln. Samples of olear eera from 0150 0703 and 0469, all 125
days after 1nfect10n, were also examlned anh sample was negaulve for
the presence of blllrubln or blllverdln. ‘ |
| It appeare, therefore, that blllrublnaemla or - blllverdlnaemla is
not a charaoterlstlc feature of the anaemla which is a58001eted with
fagecioliasis. The temporary presence of blllrubln in the plasma of a
Aproportion of rabblts some ‘weeks after infection was probably due +0
»&exben81ve 11ver damage. - o
The plasma proteln valuee for & of the rabbitsg before 1nfeet10n
ﬁbaveraged,7.5 -Qn6§ gn./100 c.c. - The:e was no_elgnlflcant alteretlon

‘ in.ﬁhis during the coorSe:of the infeotion.> . |

The Coombs' Test._

In many cases of acqulred haemolytlc anaemlq in humans it has
“been shown that uhe haemoly81s is a53001ated with the preeence of an

abnormal/‘



_‘*fﬂ,abnormal globulln whlch is’ adsorbed on to the red cells, and whloh

fmay render them suscepblble to agglutlnatlon 1n v1tro.. Thls o'Il_obulln

) may be qemonbmrabed by bhe Coombs‘ test (Coombs‘ et al l945)

:'v,thrlce washed suspen51on of uhe cells under test 1s mlxed w:th antxl-“‘j

human globulln serum obtalne& from a suluably 1mmunlsed rﬁbblt. If'thé
7 abnormal human antlbody'ls present on the red cells 1t w1ll combine J

°,_w1Lh the rabblt anblserum W1vh consequent ag glutlﬁatlon of the red -

-'*-~fcells. Haemolytlo anaanlas, whlch depend on, the presence of an -

;lfabnOEmal antlbody at uached bo uhe red ceils have also been demonstrabed
Ce Al experlmental anlmnls. (Dameshek Schwarta and’ Gross, 1938 ‘ Q&gerﬁu,
.fbuncan and Hight, 1940). = - R | -
B Samplas of red cellsrfrom 0137, )7 72 and 102 days afuer,

VilnfecLlon, when the red cell oount was 5.2, 3.0 and 2 mllllon respect-‘

'  .1ve1y, were examlned by the Coomb@' test “for the preseﬂce of ddsorbed

‘~antlbodles (see Appendlx_ﬁ) : The resalts Were negatlve on each ‘oc cagilon
’ Sgleen.; 1 o ‘ 7‘ |
S 1‘A degree of erythrophagecyu031s 1s one oF the normal funetlons
\i:éffﬁ@e_macrophaées of the red pulp of the spl@@n (Maxlmow and Bloom,
i956) s Ine haemolyulc anaemla thls fnnctlon may be greauly 1ncreased
>idue %0 the. presence of eXOGSSIVu ﬂUmbers of erythrocyte parulcles or.

- of- sen91tlsed red cells 1n the plaama (Whltby and Brlhuon, 1950

o v\rlm‘:robe, 1946)

Th@ spleens of the 1nfected rabblts were normal in 91ze and
con51stency and showed no ev1dance of 1ncreased erythrophamOCJt031s
V7When compared to those of normal rabblbs.

The /
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The Eru551an blue reactlon showed that the stalnable 1r0n,

‘f normally present 1n abundance, was . almost entlrely absent.

| - Lraglllty of the red co:puscles.

If red corpuscles are plaeed 1n hypotonlc salt solutlon they
become swollen and flnally rupture, the corpusoular contents 301ng

1nto solutlon- the hlghest concentratlons of salt solutlons dn

‘whlch hqemoly31s flrst occurs and 1n whlch it de complete are falrly

constant for any glVen Sp@Cles‘,

In certaln dlsease condlulons in man, the red cells show an -

1noreaseﬁ r981stance to’ ly31s and thls is termed decreased fragﬂllty,‘

in other condltlons the red. cells are more susceptlble to. 1y31s, i e.

1'1nerewsed fraglllty In general varlatlons 1n red cell fraglllty

are dependent on’ corguscular shape and 1t has also been- reporLed

S that young cells and retlculocytes are more r881stant o haemo]y31s

(Ealand ‘G.a and Worthley, K. 1935 DaV1s et al. 1954) | On the
other hand Cruz et al (1941) reported “that young cells are less .

ﬂr981stant to hqemoly51s.

An exten81ve study of xed cell fraglllty was not made in thls _'

'experlment the blood of‘only 4 1nfected and 6 normal rabblts belng

'tested The results are shown 1n Table 4.

‘Table 4:/
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1Tahlé»4§' Resulta of red cell fraglllty test on 4 infected and

6 normal rabblts.‘

- e em Lo

 §6;;df i ‘»x~ff"1nfécﬁéd;'iVl‘?
‘Rebbit . AL A2 ML L4

."_' e

‘“"P01nt*at whlch

- ‘haemolysis .. . L - o
"flrst commenced .72 <48 .48 .56

7'P01nr ‘et which ST
S 'haemolysis v'f-;f;ﬁf;‘ S
 ‘waS complete o ,36;‘;28g§?322._fi6A

.56 .56 .56 .56 .6 = .56

..4 R I . L T S IR

"“-f* P01nts represent coneentratlons of NaCl 1n gm. pef lOO ml. Water.

Alkalane phosphataae estlmatlons

The value for alkallne phosphatase in the serum.of a number of‘A‘

:normal rabblts st 2 O =3 O Klng~Armstrong units. Ehere,was,noy‘f-“
 a1terat1on 1n thls 1nlthe 1nfected rabblts. ) |

rSedlmentatlon rate

) The n@rmal sedlmentatlon rate in Wlntrobe tubes after 2 hourS»

varled between O and 27 There was no alteratlon in’ thls rate 1n

B the anaemlc rabblts. S

~;Goagulat10n tlmer

In normal rabblts, the average coawulatlon time was 3.7 mlnuues.

~erhere was no alteraulon 1n “this %1me in the 1nfected rabblts, except

in one rabblt H318 -178 and 180 days aftef 1nfect10n, when the

coagulatlon tlme was increased to»8~qnd 11 minutes respectlvelyt

. Examlnatlon of blle

Immedlauely gach oontrol or 1nfected rabblk wasg kllled the

abdomen was opened and the gallwbladder and common blle duot wasf;

expoued /
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exposéd. in thé'infected_rabbits.the\gall—bladder was always,enlarg_
'.ed'and'the common,bile grbssly}disfended; " the normsel diameter of the
cdmmonAbilé duct is ébout'lAmm; aﬁd in those infected rabbits this>
was often 1ncreased to 12 mm. It was usual 0 flnd the magorlty of
the par&sltes in thls dlstended bile duct. ‘ |
The surface of thev@allmbladder of each rabbit wa.s seared with

. a flamed spaﬁula to ellﬁlnate haemorrhage and the blle was w1bhdrawn
into a capillary plpette.‘ In a Slmllar manner samples of blle were
obtalned from the common bile, duct of the 1nfected rabb1ts~~ it was
no% found p0851ble to Obtﬂln any bile from the common blle»dudt'Of _
normal rabblts Wlth this technique because of Lhe narrow lumen of bhe
duct. Bile’ samples from the nall»-blfzdder of normal rabblts were
alWays clear and green; thoge fromluhe gall-bladders of 1nfected
 'rabbits weré'invariably brown, while théseifromfthé cdmmpn bile duct

‘were dark brown,-bléck or red;l;The”benzidiﬁe ﬁest examinétion_for
 haemin and. spectroscopic examination of theibiie}of 15.normal rabbits
were negative for the presence of occult blood. The iléall;-hladder_; ,biie
of iﬁfected rabbits was~always posiﬁiﬁe_to the‘benzidine‘test; and .
élmost always'oo.nta,ined haemin, Bile fr.o'm $he common 'bile duct of
Tthese rabblts wag- always p051t1ve to the ben21d1ne test and for the
pnesenee of:haemln.“ In addltlon blle from this source When sultably
diluted.and;examined spectrqscoploally frequently~showed the"typlcal
absorptioh bands of;oxjhaembglobiﬁv In ad&ifion to the 25 rabbits
.under'experimént these tests yielded gimilar results when carried out
“on another 20 infected rabbits. o | -

White/
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Whlte cell oount .

There was ‘a con51derable varlatlon 1n the Whlte cell counts
;of the ten rabblts before 1nfect10n but the average couut per.
cu /mm; W&S»8 )5 1.87. About 35 days after 1nfect10n the total
_whlﬁe cell oount in all the 1nfected rabbits, exceptlng 0460 and
H318, started to 1norease, reachlng a peak about the flftleth &ay,
at whlch tlme it was usually approx1mately double the normal value.,‘
By about the elghtleth day‘uhe white cell count had usually returned

‘to’normalAahd thefeaftef-remained faifiy'steady;

tExamlnatlon of the caeca of F. hepatlca for the presence of blood )
"or 1ts products.‘ . . ; : N

When the par331tes were removed from- the blle duct bhey were
rlnsed 1n sallne and then crushed or squeezed to egect the intestinal
contents. The brownish fluld which was obtalned was p031t1ve to the
benz1d1ne ‘and haemln tests in every case.

Numerous adult para91ues were flxed in corrosxve formal
embedded, seotlondiand stalned with haemotoxylln and 9081n. In many5
cases only a brownlsh mass could be dlstlngulshed in the caeca of |
the flukes, but in numerous cases the caeca were fllled with intact
red cells and leucocyues in the same proportion as they occur in the

blood. (Fig. 16).

Table 5/
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«The anaemla produeed by the llvatlon of the commuon blle duct of the
qubl’é.,.,.,' L : e , N . A

| i Whlle thls 1nvest1gatlon of the anaemla assoclated W1th
fasc1clla31s wae 1n progress, our attentlon was drawn to work carrled
[out by Goldher Hammarsten,vHellstrom, Llndgren and Plum (19501 wh0< £
';fshowed that llgatlon of the common blle duct 1n rats, mlce and
 ??gu1nea—p1gs produced a. macrocytlc anaemla walch was acoompanled by'
 .»ret1cul0cyt0s1s. In our rabblts wmth chronlo faSClOllaSlS, the
| magorlty of the para51tes are usually located 1n the grossly dlstended~

‘common blle duct, and 1n v1ew of the SoandlnaV1an work descrlbed above;

it dld not seem unreasonable “bo. assume that in this p051t10n they

"mlght cause obstruotlon to the flow of blle and that the anaemla,
'macrocyt991s,and ret1culocyt031s wgle seqqels of thls. | |

The effect of total obstructlon of the blle ducts on the blood

"f,plcture was, therefore, studled 1n three rabblbs for the purposes “of

"fufcomparlson w1th the anaemla assaclated w1th faSClOlla81S. The

results are shown in Table 6 | _ :
Slmllar le51ons were found at autopsy Ain - each of these three
- rabblts (Flg. 17) These 1nclude& thlckenlng and dlsten51on of the-‘“
gall—bladder and blle ducts prox1mal to the llgature and extenslve |
',;flbrlnaus perltonltls 1nvolv1ng the llVer and adgacent v1scera. In o
‘Zf each case, also, the abdomlnal cavmty contalned blle-stalned fluld
'and the llver was yellow13h in colour w1th a few greenlsh wedge—,~

_ﬂshaped areas at‘the permphery.

' eble 6/"‘




Table 63

Rabﬁit 33.

Days after llgatlon
Red Cell Count
Haemoglobin
Haematocrit
M.C.Ve '
M.C.H.C.

Plasma

 Bilirubin mgms. per
100 ml. serum .

'U'Alkallne Phosphatase

Reticulocytes per
1000red cells

Rabbif 456.

Days after 1lgat10n |

Red Cell Count
. Haemoglobin

. Haematoerit -
M.C.V.
M.C.H.C.

 Plasma

~ Bilirubin mgms. per:
100 ml. serunm

Alkaline Phosphatase

Reticulocytes per
1000 red cells

Rabbit 061.

Days after ligation
Red Cell Count
Haemoglobin
Haematocrit

M.C.Ve

M.C.H.C. -

Plasma

Reticulocytes per
1000 red cells

" The/

- 3L.5

34. 5
Colour—
- less

0.3
2.0

40

-0
Dol
- 11.8
38.0 -
70

Colour-—
- less

0.3
2.34

16

5.4
11.8

30.6
Colour—
less

13

3 - 6 11 18
4.1 3.7 5.2 5.7
28.0 - 32.0 37.0. 42,0
68 86 T2 0 T4
- 31 28 26 28.5
Pale Pale Pale ‘Pale
Yéllow Yellow Yellow Yellow
103.-' 3*.3 206 -
:7- 8 500 - 4.2 "":
- 54 150 54 15
3 - .6 11
3,73- 3.7 4,0
9.4 9.6 9.1
26,0 © 31.3 - 31.0
70 85 17
. 36 30.5" 29.5
Deep Deep .Deep
Yellow Yellow Yellow
11.4 = T.1 7.8
- 54 138 84
4 -5 - 14 19
10.4 9.5 10.1 11.8
33.0 - 30.0 34.0 34.0
80 7 83 TL
31.5 32.0 - 29.5% 34.8

Yéllow YTellow Yellow Yellow :

zaf:"_ 53 - 30 24

ihe effect of complete ligatidn of the common bile ducts-



:'; The experlmental productlon of a post~haemorrhag;c anaemla.( ' V

In thls experlmentkﬂixﬁ.was remcved from ﬁwo rabblts by

"“arepeated Venesectlon from the. marglnal ear veln over a perlod of -

‘2-106 days. Inltlally, venesectlon was cwrrled out every alternate‘”'

Lo-day, - but in order to mlnlmlse damage to the veln, thls was

‘:3gradually extended unﬁll durlng the . last monﬁh the blood was :

'removed once weekly. A total of 700 ml.‘was removed from each

' ‘rabblt durlnw the eourse of the eXPerlment, more blood belng

removed durln the 1atter half of the perlod in an attempt to
1ncrease bhe severlty of the anaemla.4 o
‘ The results in. terms of ﬁhe red cell count the mean -

corpuscular volume, the mean corpuseular haemowlobln concen;
tratlon, and the retlculocyte count are shown ln Table 7 and
‘“‘Plg. 18 i c | $ “ |
- . At autopsy the marrows of each of the rabblts showed
;» normoblast1c hyperplasma and sectlons of th31r spleens, stalned

by Pru331an blue,‘showed that the conﬁalned much less 1ron uhan‘

4'18 normal.~

. mable 7/
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: The effect on “the anaemla of the removal of the flukes by an
anﬁhelmlntlc. - : .

In order to study the course of the anaemla afﬁer the
fluke 1nfect10n was termlnated flve of the rabblts which had
recelved EQ cercariae some_months_prev1ously were tpeated
with héXééthrOethéhé;, This . drug has beén~éhoﬁn to be an
efflclent specific and relétively non—toXié anfhelmintic
agalnst adult F. hepatlca 1n cattle and in sheep (Olsen, 1943,
1946), and although there are no reports on bhe effect of the
' drug on the paraulte in rabblts, 1t was reqsonable to assume a
f81mzlar actlon. |
| | The bloods of fxve 1nfected and anaemlc rabbita were
studled on several occasions over a. few weeks, A% the end of
thls tlme a smngle does of hexachloroethane wasg admlnlstered
orally to. eaoh rabblt in an attempt to ellmlnate the para91tes.
- TFour of the rabbltu, each of whlch.welghedu about 6 lbs.,
received 3 gm;,‘and‘the"flfth rapblt, whlch~we1ghed 4,lbs.,fﬂ
receiigd 2‘gm;; the drug”appéared to be-well tolerated by the
rebbits. Table 8 shows the blood counts before and after treat—

ment and the result of the autopsies.

Table 8/ :



- 48 - |

:.3_,{Taﬁié'8 VThe effect of. hexachloroethane on the anaemia a55001ated

w1th chronle fas01oliasls in the r&bbrt.

:ﬁRabblt 197, Body welght 6 lbs, 3 gm. Hexaehloroethane...:‘

Days after treat. =55 r—14; -8 , —5:'; -1 3 {'_ T . .13 Aubopsy.
'Red Cell Count 3.9 3.3 3.1 3.5 3.8~ 5.2 6. 3 o F%uk&s.
. Haemoglobin = -~ .= 6,0 . - 6,5 -8.9 |~ 11,0 13 ~ Common bil
Haematoerit 30 25,5 25 24,5 .29 26 38 40 duet - almos

COMLC.VeT T T8 80 70 0 T6 -~ T3 ""64' normal in

CM.CLH.Ch = 23 5. - 265 31.00 - 29.5 32.5 size.

. Rabbit 198. Body;welght 4 1bs.’72 am. Hexachloroethane.

' Red Cell Count - 4ed 4.5 4.5 . 4.6

‘L"Days after treat.. ~55. =17 - 85 -l 3T 13\—»16, - Autopsye
-~ Red Cell Count 2.3 e 3 2 5 P 5 2, 5 - 2 9 3 61'3.6 ' 10 necrot:
- ~Haemoglobin - ' - . = flukes + |
. Haematocrit 20.5 22 20 5’] 24 24 29 25.»330 30 living
: T%-C E Cl.m“ 88 95 95 95 - 86 83 83 flukes
o .G eCe - - ; -l i _‘_‘ ] -— . - D e - ;

'fRabblt 199. Body we¢ght 6 lbs.‘,}“gm, HexaéhloroethanéQ’“

“fﬂays after treat : +T3;w ced T el - 2 T - 24 - Autopsy.
' 5.0 6.0 N fguﬁes
 Haemoglobin .. = -~ . T.7T . 8.6 8.6 1l,1. © Common bi
" Haematocerit - 28 . 29 291;_ 31 ,435”« 38. 5 . duct almo
© M.eCuVe - . 63 65 65 o 67' 70 - 64 - .mnormal in
- M.C.H.Ce o - ‘27.'.w 30 ~28.0 "ﬁE.O L = ~ size.

'i,Rabblt All. Body welght 6 lbs. 3 gm. Hexachloroeﬁhane.“

- Days after treat. —lOu S § R Q 3 f'2<‘ T 203 . AutoESE;
,iHaemoglobln o 6.T 6;7 TeO - TeT 10.0.f'12;2; Common: bi
- Haematocrit . . 26.0V. 25 0 25, 0  30.%  34.5 - 41.0 duct re-—
M. C V.. o 76 67 64‘v - 68 2. TO duced in

i’Rabblt Al4. Body welght 6’1bs* 3 gm~ Hexachlorpethaﬁe.
 Daye after trest. <12 -6 0 . 2 6 10 20 Autopsy.
‘Red Cell Cownt 2.9 - 2.7 3.1 3.3 3.8 4.5 5.8 :ﬁS'Tfﬁﬁs.
- | ,

1
Haemoglobin’ :-? 8.2- 1 5 8.1. 10.0 11.1 12.6 Common b:
Haematocrit - 27¢ 26, 87,28.0 33,0 36.5 41,0 duct re-
0

M.C.H.C. 30, 5‘-‘29; 29.0  30.5 30.5 31.0 size.
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:vThe effect of 1ntravenous 1ron on Lhe anaemla a98001ate& Wluh fasclolla31

‘ The role of 1ron in the productlon of red cells is well known and ”
‘ does noﬁ requlre detalled descrlptlon here. It is suff1c1ent to state
thah 1ron 1s a V1tal constltuent of haemoglobln, and that if 1nsuff1c1eni
'?1ron 1s avallable in- the dlet or cannot be absorbed by the 1ntest1ne9_a:u
if exee831ve quantltles o£ the element are lost ﬁhrough haemorrhage,ﬁq
G'anaemla w111 1nev1tably result (Wlntrobe, 1946 Whltby'and Brltton,’
1950). '4, e T DR |
: j In man, 1ron—deflclency anaemla 19 characterlstlcally hypochromlc
’_and often mlcrocytlc (Whltby and Brltﬁon, 1950, Nlntrobe, 1946) and
»’thls has been shown also 0 be the case ln dogs (Farrar and Stur01s,.?
".1936) and in. rabblts (Smrbh, Medllcott and Ellls, ,1944) - T% is well-

Aknown $hat the ﬁreatment of 1ron-def101ency anaemlas wmth oral or

i:‘parenﬁeral 1ron 1s almost always followed by haemoglobln regeneratlon

and ‘the productlon of normochromlc and normocytlc red cells.., o
The experlment recorded below was carrled out on two rabblts only,

Avbut is worth recordlng here 1n v1ew of thls Well-known sp901f10 effect

. of - 1ron therapy. Two rabblbs 1nfected Wlth 50 cercarlae and anaemlc

~"for some months were 1n3eoted 1ntraVenously w1th *“Iv1ron“ on seVeral '
006&510ns.g The frequency of 1nfect10n and bhe results of‘subsequent

'~blood examlnatlon are summarised in Taole 9.;_-

:'*~"Iv1ron" (Brltlsh Scherlng, Ltd ) is a sterlle salntlon of
saccharated 1ron ox1de sultable for admlnlstratlon by 1ntravenous
1n3eotlon.‘ A parenteral preparatlon of 1ron,was used because of the -

ease of admlnlsﬁratlon.




LR Ty - - - - .

: ’Rabblt 10

It 1s 1nterest1ng that the 1ntravenous 1ron had no effect on ﬁhe-_!'

:C,tDays after 1st -

- injection - 'f~16
~Red Cell Oount 4.0

-+ Haemoglobin . . 8.1 :
“Haematocrit: 28,8
CM.CaVe T2
M.C.H.C, - 28¢5“
‘<Retlculacytes 166‘
‘ per 1000 )

. Rabb1t 12..--,> 3

‘Days after lgt

injection - u;~—l6

-~ Red Cell: Oount 4.8
A sHaemoglohln« lO 6
“‘Haematocrlt - 3T
CMLCLV, " .Q. 1T

M.C. H.C‘ = 29
Retlculocytes 116

"~ per 1000 . ,"

=g
350
Ted

25.5

- 13
29

4-&8 .

11.1
34.5 -

720
33

132

1190, 1

Coel

4T
10,6 .
35

T
30.5
84

9
34

76

28.3
llO

5
4.5
5

4.0
11.5.

|

1360

32.0°

N
o e

.124 

;~a»4u£»‘:"“£«
- .

OO OO o

e

T ouiOUIwOR - -

O

“e

o Ete glse e

ﬂ‘“'ln M.C V. ob%alned 1n bcth animals after 1ron

ommqm@Mjaf;“

- and 0.4 ©.¢. on the 7th 38th and 40th ﬁaysf

‘O_aee.>TV1ron waa 1ngected 1nto each rabblt on, the

‘“any 1mprovement 1n uhe red eell count or haemoblobln values.: f“

17Table 9;: mhe effect of 1niravenous Airon on the anaemla assoc1ated
w1ﬁh f3801olla318.~<“

'G{iYﬂ
11wkl &

J 'I‘?‘f‘iﬂl’os?ﬁ,! -~
* .

B

o

lst,aﬁd,5th;days,f

‘ %'.Uhfort@hafélj ﬁheéevhaémbglobiﬁ,éﬁtimaﬁiOhs'are(notﬁagailable.

VV.red cell count Gn Qn the haematocrlt or*haemoglobln vaTves the 1ncrease

herapy cannot readlly be 3

- attrlbumed to, the amelloratlon of the iron deflclency 1n the absence of
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- D'is‘dthSioN

Anaemla, whlch may be deflned as a &eflolenoy of haemoglobln, ~

may be produced 1n a number‘of waye.' 'If, for example, the marrow is
‘hypoplastlc or aplastlc, red cell productlon w111 be markedlj dlmlnlshede
.and anaemla result- agaln, w1th an 1nadequate supply of materlals
necessary for the proper productlon of red cells, e.g. the antl-anaeﬁlc;

,prlnelple of uhe llver the number dnd quallty-of the red cells~w1ll-beu

*feduced in splte of the facﬁ that the cellularlty of the marrow may be
'f‘lncreased Plnally, exeessxve loss of 01rculat1ng red cells, elther by
Amntravescular destructlon or from haemorrhage, W1ll reduce the totali”
iumum’x:)ex- of red cells and thus the haemoglobln.

Although thls dlfferentlatlon of anaemlas 1s based on etlology,"
?llt 18 nevertheless of con51derable practlcal value, as. each of thesee»;
‘types Of anaemla 1s assoclabed w1th falrly chardeterlstle changes 1n’
'gthe red cells and marcew and, wt‘om a study of the laboratory flndlngs

: aesoc1ated w1th an anaemla, 1L 1s usually p0891b1e %0 obtaln some
'tlndlcatlon of 1ts etlolony., ;

- The anaemla whleh 1s assoclated W1th Pasclola hepatlca 1nfect10ns

of rahblts was characterlsed by ollgocytosls, macrocyt031s, hypochromla :
..and retloulocyt031s. ‘Tt was- not 335001ated w1th an 1ncreaee in plesma
blllrubln or blllverdln and the marrow plcture was at all tlmee that

of normoblaetmo hyperplaela. The degree of erthrophegocyt051s in the

‘f“spleen/
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.spleen was not 1ncreased and the stalnable 1ron in thlS organ Was
.always very much reduced 1n amount. On each of three ooca31ons, thé f{
1fred cells of a very anaemlo rabblt were showri to be neoatlve to the |
J{fCoombs' best. Blood~or blood products could inveriably be demonstrated

in the lumen of bhe main blle ducts or in the *ut-coﬁten%s ofathe‘

»>para81tes.’

In each rabblt the anaemla started about 42 days after . 1nfecﬁlon,
.e. soon after the para81tes entered the blle duots,\and the degree‘
'of anaemla Was approx1mately proportlonal to the numbér of adult flukes!’
| 1n the blle ducts.‘ In flve 1nfected rabblts which were ﬁreaued

successfully with an- anthelmlntlc the red cell count haemoglobln and

""haematocrlt values returned to normal and 1n a’ 31xth rabblt

‘whlch only some of the flukes Were destroyed there was an 1mprovement’
- dine these 1ndlces."' | o
Y Two features of the anaemla, the markedly normoblastlc mairow and
the lncreased number of retlcvlocytes in the perlpneral blood Were
found at all tlmes durlno “the. anaemla, the more severe the anaemla,
the more actlve was erythrop01631s in the marrow and the hlgher the ,‘

3‘retlculocyt081s. These flndlngs and Lhe absence of megaloblaSulc

ZT_erythrop01e51s at all tlmes ‘show that nelther marrow apla31a nor -

def1019n0y cf the "antl—anaemlc pr1nc1ple" oi the llver are reSpon51ble

: for the anaemla. | 'u‘ : . : 7 '“‘ |  q“a :

Tt is the case that normoblastlc hyperpla51a and retlculocyt051s

| are common features 1n haemolytlc anaemla. In thls condltlon one 7
,mlvht also expect as’ eVldence of 1ncreased 1ntravascular destructlon
an’ aouompanylng 1ncreased level of plasma blllrubln or blllverdln and

1ncreased/



. Nlncreased deposmts of 1r0n 1n bhe spleen and bone marrow. Also w1th

fﬁ thls type of anaemla, the spleen ig- often enlarged, 1ncreased f
verythrophagocyt051s may be observed on hlstolOglcal examlnaulon, and
:fantlbodles,\demonstrable by the Goombs' tesgt may be adsorbed on to the

‘ fred cells. None of these Eeatures was prasent 1n the anaemla assoc1ated

‘ '?1w1tﬂ fasc1011a91s and 1t 15 reasonable ﬁo conclude bhat 1ncreased

'Zhaemoly51s plays no part 1n 1ts productlon.
It 1s well known.that anaemla may be found in assoclatlon w1th
‘:; 11ver dxseasa boLh in man (Wlntrobe, 1946) and in- laboratory anlmals‘f'ﬂ_

>(30humacker and Wlntrobe, 1936 ngglna and Stasney, 1935) and

”ithﬁrefcrebhe severe hepaﬁltls Whloh 1s a53001aued W1th experlmental \

ffasclolla51s 1n the rabblt must be con31dered as a p0591ble cause of
lthe anaemia. ~' ‘ | o 1 o
| If anaemla 1s present in acute or ehronlc hepatltls in man;;it
'1s usually macroeytlc or normocytlc (Nhlty and Br1tton,119501 he'
 m0rphoJ0gy of the macrocyﬁlc type may resemble that seen 1n pernlcloﬁs
anaemia although 1t 1s rarely as severe as may be encountered in that
Q"jcondltlon (Whltby and Brltton, 19501. In v1ew of thls and of the‘::"
.response of some of. these cases to parenteral llver therapy 1t has
: been suggested tham the anaemla may on- occa31ons be the result of
yzﬂdefectlve storage or metabollsm of the antl-anaemlc prlnclple ; v»1“4
'iL(W1ntrobe, 1936 ‘ Wlntrobe and Schumacker, 1933) Larsen (1949) in ij‘:
1 ua study of 58 cases of acute and ohronlc hepatltls found that the5lv»

jﬁmacrocytlo anaemla presenﬁ 1n hlS oases was not assoclated w1th a .

vralseif




f[raleed mean. oorpueoular volume, 1 e the mean.corpueoular thoknees -

. was decreased He dleo conoluded thaﬁ the red cell populdblon in

‘hepatltle was composed of two components,Aone w1th a normal M. D.,land
-7one with: an 1ncreaeed M D.; he ooneldered bhat uhe latter componenu
1wae not due to lack of the antl—aneemlc pr1n01ple nor to the presence 4

of 1aoreaeed numbere of retloulocytee but suggested that 1t may have

E been oaueed by a def1c1ency of nloOulnemlde.‘ Llndgren (1940) also

“4ﬁzfovnd thab macroeytoels was common in aoute hepetltle in men and that.

= ;the deg ree of macrocyt051e wae proportlonal bo the serum blllrubln.'

f Obetruotlve Jaundlce ae the oauee of maorooytlo anaemla 1n man hae
been reported by Rosenberg and Nalters (1936) “_ ‘ EE
Experlmentally produced maorocytlc anaemla 383001dted w1th llver
damage hag" been etudled 1n doge and rabblts by uohumaoker end Nlntrobe;ﬁ
(1936) Who produced 01rrhos1e by uhe adnlnletratlon of carbon betra—
ehlorlde over a prolon ed perlod The aneemla Whlch developed wae
ueually normocytlc, but Where llver damane wee severe and ‘of long
duration At became mecrocytlc.' In theee cases: the bone marrow was
_gaid to be hyperplastlc and ”mwordblaetlc“ 1n type. They also |
,deecrlbed varydng degrees of haemos1deroele 1n the spleen of eutop51ed
i dOge and noted that 1n one dOO 1n Whlch 11ver therapy wee etuempted
erotlculocytoels ooeurred. Theee authore conoloded that maorooytlo
»efanaemld developed ae a consequence of a feult in. the 1nternal metabollsn
of the antlweneemlc pr1nc1p1e. | _ .‘ | ' |
| Reference hae already been made to the work of Goldberg, Hammarete1
' Hellstrom, Llndgren and Plum (1930) These euthors ehowed uhat,-3,

» llgat 1on/ ‘
% Meen Dlameter.f 3
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"rllgatlon of the blle-@uéﬁs of. rats, mlce and gulnea-plgs produced  5{
Lan anaemla Wthh was oharacterlsed by an 1ncrease 1n mean A
corpuscular volume, was hyperchromlo, and was aocompanled by a’

:reuleulocytosia and a macrocyt051s whleh was proportlonal to the

gerum blllrubln concentrablon. As descrlbed earller a smmllar type

T jof anaemla occurned 1n our rabblts subgected to llgatlon of the

*common blle duct.,A N R _ )
In the rabblbs whlch Were 1nfected w1th P he atlca, a sever
4gand exten31ve acute hepatltls was produced lntthe mlgratcry phase

of th@ *dlsedse, ul'e

e

up to 6 weeks after 1nfmct10n. The~haema~
_tologlcal tables show that there 1s ne decrease 1n the haemoglobln
Z:and red cell counﬁ,»and no- 1ncrease in uhe mean eorpuscular volume, 

“ dur1ng thls sta ge 1n any of Lhe rabblts.\ Furthermore, measurementsf{

_:A of the dlameters of the red oells of 4 rabblts at thls stage of

arb.’
“*‘1nfect10n (Plg. l9ﬁ showed that whlle the mean dlameber was

7 -7:1ncreased 1n two of these, it was decreased in the other two.

It appears, there¢ore, that the llver damage whlch was
‘.assoelated Wluh acube fasc1011a919 1n these rabblﬁs did not
}produce any 1mmed1ate or marked effechs on red cell productlon.f”?flﬁ

Olrrhosls 1s a promlnent feduure of chronlc rasclolla51s hut

L'iyllt too; was not - concerned 1n the eblolo 8y of the anaemla.' The{

’removal of the flukes from 4 rabblts by an. anthelmlntlc caused

a)the red cell count and haemowlobln to reburn to normal in. each

él*case 1n a matuer of days although ab autopsy the llvers of these~

ﬁ7‘1rabb1ts were extrpmely 01rrh0t10. In the flfth rabblt in whlch
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only some of the flukes were kllled there Was a rlse 1n the red cell
-count and haemoglobln. o _ ;_ _ }; __‘

In the anaemlc rabblts there was normally no 1ncrease 1n plaéma;‘
. b111rub1n except on the few occa31ons referred ﬁo earller, when a,

Vatran31ent blllrublnaemla occurred 1n a few of the rabblts and was.f

Avascr¢bed to severeallver damage,_ also as is descrlbed later in. thls

‘"the31s CSectlon 5), the exoretlon tlme oi'mmamsmmﬁhéleuaby'the 11ver1 

""was not generally 1ncreased 7‘”hese flndlngs are 1n marked contrasﬁ

to those experlenced in the rabblts subaecneﬁ t@ljgatlon of thef"‘
Cemmon blle duct 1n whlch the plasma blllrubln, alkallne phosphatase,
’1evels, &ndﬁmomsulphaxamlclearance tlmes were ralsed It may be‘
*concluded therelore, that obs ructlon of the, common blle duct dld
;”noﬁ oocur 1n these 1nfecﬁed rabblts and,therefore,was not cencerned
' Ln ﬁhe pathOgen981s of the anaemla.‘ Thls 1s supported by the faet
igthat Lhe dedree of. anaamla produced by %he para51tes was much more B
p;severe than that produced by complete llgatlon of the blle duct

The exolu91on of marrow hypop1a51a or apla51a, of 1ntravascu1ar 4
deSuructlon of blood of llVer 1e81ons, or of a deflclency of the

'«antm-anaemlc pr1nc1ple of the 11ver as 90531ble causes of the anaemla

/:‘jfempha51saathe p0531bla smgnlfloance of haemorrhage from the blle

«“ducts as the pr1n01pal et1010@1ca1 factor. The pregence of blood

%

iln the contents of the blle ducts and 1n the caeoa of the flukes,
'xand ube conslstency w1th whlch thig can be demonstrated clearly
“1ndlcate uhat a de ree of blood loss 1s dssoc1ated W1th the

1nfect10n,/
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w 1nfect10n, 'some eV1dence that ﬁhls may be responsible for the anaemla

i prov1ded by ﬁhe fact that an anaemla s1mllar in all essentlal

' -;respec»s Was»produced by removmn approy1mately 30 = 35 ml “of blood

o Weekly from each of 2 rabblus over a. perlod of i06 days. Slmllar

- eductlons 1n the red cell counts of rabblts, subjected to- the game
_deﬁrees of blood—lettlno as:were our rabblts, were obtalned by Steelé,
(1933) and by Ober (1949) when sbudylng blood reweneratlon 1n thls
spec1es. i T o A
N The 31m11ar1ty between these two anaemlas, one produced by the-_‘

'1nfect10n of rabblts w1th P he atlca, and the other produced by |
‘krepeated bloodleutlng, tOﬂether Wlth “the fact that haemorrha e~can

be shown.to occur in the dormer prov1de stronb presumptlve ev1dence
that the para51t10 anaemla 1s haemorrhaglo 1n orl 1n.4 Plnal proof
‘that thls 1s 1ndeed the case depends on Lhe dmnonstratlon that uhe .
degree 01 blood loms produced by ﬁhe flukes 1s of sufflclent severlty
ito produce the degree of anaemla obtalned | W |

' Thls p01nt has been 1nvest1gated and 1s descrlbed 1n detall
Gnln the next sectlon of thls thesls. These experlments, whlch “
"conSISted of trace-labelllno bhe red oells and plasma of paras1tlsed |
‘and normal rabblﬁs w1th radloactlve 1sotopes and estlmatlng the '
1Téamounts of uhese substances in the blle-ducts and flukes afber a.

d spe01flc perlod, prov1ded falrly conclu51ve ev1dence that con31derable
-"{blood 1osses occur 1n the blle—ducts of 1nfected rabblts, . g 1t was:
| estlmated that a rabblt w1th 30 flukes Wlll lose oever 2, 500 ml of ,d,
blood durlng a perlod of one year. Haemorrhave of thls nature in the\

rabblﬁ;’
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. rabblt is compatlble with severe anaemia.

It appears, therefore, that the anaemla whlch 1e assoclated
with F. hepatlca 1nfect10ns of rabblts may be attrlbuted to the
haemor:hage_caused by ihe presenee of the para51tes in the bile-
ducte; It ie prObabledthat"thie haemorrhage is produced in one '
or boﬁh of two. ways :_} | - |

(a) The blood is sucked from blood vessels in the wall of the

| d‘ bile duct by the parasites. - ,

(b ) The splnes of the. adult flukee lacerate the wall of the
“bile duct to such an. extenb as to cause severe and constant
haemorrhaoe.v . | | ,

Prom hlstologloal studles of the flukes ln the blle ducts there _
is llttle doubt that the ducts may be severely lacerated (thle bhe51s-.
Sectlon 5) and a deeree of haemorrhage almost certalnly occurs in this
way. Purthermore, the falrly frequent presence of fluke eggs in the
scaeea of uhe paras1tes 1s ev1denoe that 1ngest10n of bile as dlstlnct
from . aotlve bloodasucklng must oceur. at least on occasions (Plg. 20)
The para81tes do, however, adhere by thelr suckers to the muoosa of
the bile duct (Plg. 21) and it is not unreaeonable to suppose that
:‘thej do suck blood Thle is eupported by the fact Lhat red and white
lblood cells may be demonstrated frequently in the fluke caeca (Plg.l6)
in bhe proporulons 1n whlch they oceur’ 1n blood and by the strong -
reactlon of materlal from the fluke eaeca %o tests for oocult blood
as compared to blle (albhough bhe latter ‘may be due to concenbratlon

of the blood in the oaeca a8 has been ‘degcribed by Stephenson (1947)
' his/
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“Thls aspect of the ‘anaemia - has been 1nvest1gated furbher and 13
descrlbed 1n the next sectlon of this- th351s.;-:' .
If the parasmte does suck blood, 1t may provlde an explanatlon

' for the relatlve 1ongev1ty of the para31te 1n the sheep (Taylor 1949,f§

o Durbln 1952) and 1n rabblts (Taylor, 1949) as compared to cattle e

'~ (Taylor, 1949) In sheep and rabblts the blle ducts become flbrous,
"buL the connectlve tlssue remalns cellular and vasoular whlle in
 ecatt1e the blle ducts eventually become sclerotlc due o dense (
: acellular connectlve tlssue, or to dGPOSluS of ca101um (Hutyra et ale
'1946) and 1t ig’ p0851ble that the flukes dle when unable 1 obtaln ;'
“blood.¢‘>‘ I _:A ' A
- Two p01nﬁs of con51derable 1njerest are the macrocytosms and the;f
_retlcnlocyt031s Whlch occurred as, constant feabures of this anaemla.‘ﬁ_

~Pig. 19 shows uhe Prlce—Jones curves of 4 rabbits before 1nfect10n,i‘wr

o darlng the acute mlgratory stage, and durlnb the ohronlc stage of the

‘1nfect10n" 1n each rabblt the mean dlameter wag elevated in the last’

staoe, that 1s, durlno the course of the anaemla. Also, macrocytos1s;>
was almost always observed 1n a study of stalned smears and was
‘ respon31ble for the 1ncrease 1n the mean corpuscular volume.' It is ; ;

" probable bhat the 1ncreasad M. D. was an’ 1ndex of accelerated LR

o erythr0901e31s (Whltby and Brltton, 1950) and was due 1n some measure‘5

'iat 1east to the large number of retlculooytes, cells Whlch are known
>nto be- 1arger than mature red cells (Persons, 1929) Thls 1sxn marked
>'frcontrastvmbhohronlc haemorrhaglc anaemla 1n man (Whltby and Brltton,‘; 
';1990) and 1n dovs (Farrar and Sturgls,1936§lﬂ4WM1mthe ana@mla isg
“f usually of a normochromlc or hypochromlc mlcrocytlc type and uhe

~number/'



"number of retlculocytee 1n the perlpheral blood is normal or decreased.
The explenatlon for thle apparent dlfference 1n response is- probably
the presenoe in the rabblts of eufflclent 1ron to ensure adequate g;.,fr
f\haemo loblnetlon and thus o malntaln the accelerated rate of . v. 
;tferythrop01e51s.: Hynes (1949) has shown that 1n a.man subgected $o an
»rertlflclally produced haemorrhaglc anaemle, the mean corpuscular
' volume ana the retleulocyte eount rose whlle haemo 1ob1n reﬁeneratlon L

Was maxrmal but once Lhe 1ron reserves became exheusted both the mean

1\eorpuscular volume and the retloulocyte count dropped sharply.~ Purther

;;.ev1dence thet the rate of blood loss and’ not 1ron deflclency was the

’prlmary cauee of the aneemla 1n these 1nfected rehblts 1e the faet
‘that a mlcrocytle hypochromie anaemla w1ll develOp 1n rabblts reered
'eon an 1ron de£1c1ent dlet (Smlth Medllcotﬁ and Ellle, 1944) and that ;
_in the prelmmlnary experlment descrlbed 1n thls paper the admlnlstratlor

of" 1ntravenous 1ron to two 1nfected rebblts did not alter the perlpheral

'l, blood plcbure.A This aepect is at present being further 1nvesb1gated

'lw1th partloular reference to the serum 1ron levels and to the 1ron ﬁ

'"comblnlng power of the sera,; 4 $" e | i, - |

' The fact that the ceevulatlon tlme wae not usually 1ncreased |

v:‘even durlng the tlme When llver'deeuruotloe Was at 1te peak, i e. about
1 6 or 7 Weeks after 1nfect10n, 1e of 1nteresb 1n v1ew of the role of
‘flbrlnoven 1n clot formaﬁlon and the manufaoture of thls substance
"byfthe llver' the eoaoalatlon tlme was 1ncreased 1n only one

- pabbit/
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rabblt, H318, 178 and 18@ ‘days after 1nfect10n._  _

In man, accordlnw o Whitby and Brltton (1950), the sedlmentatlon
frate 1s 1ncreased in all condlblons where there is tlssue breakdown
‘or where forelwn proteln enters the blood These two condltlons are
-present 1n fa301011a31e and in eattle w1th.thls dlseaee, Pustewka*
,(1946) observed an 1ncreased sedlmentatlon rates the greater The
llver damage and the more. numerous the para51tes, the more the
‘“sedlmentatlon rate was 1ncreased In our rabblts, The sedlmentefion
.rate, whleh is normally negllglble, was not 1nereased durlng infection,

The fraglllty of the red cells was examlned on 80 few oc0331ons
that 1t 1s not poss1ble to draw any” derlnlte conclusions; ‘in the few .
‘samples of infected blood Whlch were examlned Lhe fraglllty appeared
to be sllghtly decreased.

It was :Lnteresblnb that ocdema was notb observed at any tlme in
these 1nfected rabblts since a degreexof hydrothorax, hydreper;cardlum;
‘ asciteS'eﬁd'eedema of the loose conneefive‘tissue of the throat and
briskeb ls commonly encountered in chronle fasclolla31s in sheep and

attle. -
 SUMMARY -

1. The 1iterature on the anaemia aseociatéd*ﬁiﬁh Fagsciola hepatica

. 1nfectlon 1n domeetle anlmals 1s rev1ewed

2. An experlment is descrlbed in whlch rabbits were experlmenﬁally
';1nfected w1th cercarlae of T. he atlca, the anaemla‘whlch;followed

1nfectlon was studled.‘

3./
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‘3._ The characterlstlcs of the anaemla were compared to those of
fother anaemlas and 1t was concluded that the anaemla a85001ated
' w1bh fa301011a51s 13 smmllar in all essenﬁlal raspects to that
produced 1n rabblts by chronlo haemorrhage._, _ o

,4&1 The sig nlflcance of this flndlng 1s con31dered in relatlon to
| the calculated blood loss caused by hhe presence of the para31tes 1nf
'infeoted rabblts. S

o 5{1 Several other aspects of the anaemla are dlscussed
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Fig, 10, Normal rabbit red cells. Giemsa x [1500.

Fig, 11, Red cells from anaemic rabbit, Giemsa x I500.
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Fig. 12. Reticulocytes in blood film of anaemic rabbit. Brilliant
cresyl blue and Giemsa x 1)00.

Fig. 1). Section of normal rabbit tibial marrow showing
distribution of fat, Giemsa x 400.
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Fig, 14, Section of tibial marrow from anaemic flulce-infected
rabbit showing hyperplasia of the haemopoietic tissue. Giemsa x 400,

%

Fig, 1), Film of tibial marrow from anaemic fluke-infected rabbit
showing normoblastic hyperplasia, Giemsa x 1000.



Fig. 16, T.S, of fluke. The lumina of the oaeca are filled with
intact red and white blood cells. H& E.x

Fig.17. Liver of rabbit subjected to ligation of the common bile
duct. The gall-bladder is grossly enlarged and distended.
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 Tig. 19s.  Red cell distribution curves of -two fluke-infected rabbits,
0703 and 0469, ' N o - L

ﬁ?Figures beside curves refer to days after infection. j;xw.
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Fig, 20, T.S, of fluke showing fluke egg in caecal lumen.
H.&.E, x 110,

Fig, 21, Sucker of fluke grasping mucosa of common bile duct,
Miallory x $0.
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RADIOTSOTOPE SIUDTES ON THE ANAEMIA PRODUCED

- BY INPECTTON WITH FASCIOLA HEPATICA

”‘,Thls sectlon of the work was carrled out in o

‘M;coll&boratlon Wlth Dr. W Mulllwan and
“Y;Mif P, W. Jennlngs of the Department of

'::Veterlnary Bloohemlstry of" thls School.



INTRODUCTION

‘-In'fﬂe previous-seotiod.of thisAfhesis‘it was showh-fﬁeﬁ in the
* enaemia aéSociafed with'fascioliaéis'of rebbiﬁs,~b100d may be
fcon81stent1y demonstrated in the conbenre of the blle ducts and 1n
the oaeoa of the flukes. ‘The anaemla was also shown to be. 31m11ar in
"Jall essentlal respeots uO the anaemla produced by chronlc haemorrhage.
~ In thle sectlon of the work an attempt ‘has been made o show that
_these observatlone are conneoued and that the anaemla essoclated with

fa501011381s is. lndeed a ohronlo post-haemorrhawlc anaemla produced by

- the presence of the para31tes in ‘the blle ducts. In order to do thls

" the quantltatlve aspect of blood oonsumptlon by the para31te has been
gtudied with the use of 1sotoploally labelled blood' these experlments
~were carrled out 1nlt1ally w1th 32P—1abelled red cells and w1th
l'l3lI—labelled serum albumln used separately. In later_experlments_

_labelled red oells»and labelled;serum albumln wereé used‘together.

METHODS AND MATERIALS

32?vlabelleddred cellg -

These Were prepared essentlally as desorlbed by Hevesy (1948).
‘Preshly drawn heparlnlsed rabblt blood (5 ml ) was treated W1bh a
small volume of radloactlve phosphate solutlon oontalnlng about 100/40
.32P and a mlnute amounﬁ of oarrler phosphate. After 1ncubatlon at 37°¢
dfor two hours w1th frequent m1x1ng, bhe labelled cells were oentrlfuged
and washed four tlmes w;th.lo volumes each fime of 1oe cold_lsotonlc-
salinew,'rnjeétidn of the labelled celis was carried out within a few

1 minutes/
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, minuﬁes’ef the‘finslfweshingl

l311—labelled serum albumln '

ﬂn .albumln' solutlon was prepared from rabblt sefum by removal
of most of the globullns Wlth 18% sodlum sulphate. After dlalys1s the
'albumln was trace-labelled Wlth 1311 as- desorlbed oy Pranels, Mulllgen
“end Wormall (19;1) .

ViKJeldahl analyses

In some oi the - experlments ngldahl analyses on- the flukes were
earrled out in order to . correct for dlfferences 1n the slzes of the - -
Hflukes, and to obtaln .a more standard reference 1n ealeulatlng blood
“loss. _ ‘ | | _ ‘ '

When the flukes were dl@ested with sulphurlc aeld and oatalyst

E the ammonla from an. allquot Was steam dlstllled into . 4% borlc ‘acid -

; fcontalnlng a methyl redumethylene blue 1ndlcator (see Kabat dnd Mayer
: 1948 p.283) The ammonla wss then tltrated w1th N/?O Hél us1ng

11& mlcroburette. IR | IR

>Rad10act1v1ty determlnatlons :

All deteranaulons Were made us1ng the M6 llquld counter (QOth

‘aGentury Llectronlcs) Tach sample was OOUﬁted for a sufilelent tlme

' »Lo~alve at least 2 500 eounts 1 e. an -8 DX of about 2 At least

‘ V\;two such determlnatlons were cerrleé out on. eaeh sample and where the

dupmlcate eount rates were not 1n gooe agreement : hlrd de-ermlnatlon '
© was made.

»‘Determlnatlon Of lJlI and 32? ‘on the same sample

1In the etperlment Wher< 131I labelled serum albumln and 32P—tagoeaFf

131

: red oells were 1n3eeted s1multaneously, Lhe I and 32? act1v1tles

Were determlned as follows. The total radloaetlv1ty (1311 + BZP) of
each ' ‘ : '

ﬂ%uSﬁehdard DeViation.



lilSelfuabsorptlon of

'“ﬁFlff55a!?¢s:3%cT

~ eaoh sample wes determlned.‘ The: .~ I was then! removed by .sulphuric
acid dlgestlon, the 32P remalnlng in. the dloesb- 'lsllfWaé"qélculaf;;
led by dlfferenoe.fff - - |

1311..

In 1311 determlnaﬁlons on homogenlsed flukes the p0551b111ty

,j?of self—absorptlon of the fela$1vely SOfﬁ ﬁ_radlatlons must beil.

";l!con31dered An experlment Wwas therefore carrled out 1n Whlch a

fstandard amount of 131I labelled serum albumln was added to lO ml
"isamples of - fluke homogenate of varylng concentratlons as determlned
- by ngldahl analy31s. ,The rad10act1v1tles of ohese samples were

‘ldetermlned and a self-absorptlon curve constructed relatlnb counts/f

7*¢'mln. of sample to mgms.,fluke nltrogen. In all our'expeflments thei

COncentratlons of fluke thogenabes used were. thhln the range

4f‘shown 1n thls self-abso;ptlon curve and therefore no. correctlons

'”5vwere necessary.;

;_1Infect10n of rabblts

Infectlon or rabblts was carrled out w1th 50 7—day—old
o cercarlae encysted on Oellophane and fed on cabbage as descrlbed
“1l1n Sectlon l of thls th951s.. The 1sotope Qxperlmen.ts were carrled ,

f-out at least nlne weeks after 1niectlon.

ﬁkPBRIMENTAL

1: @Experlments Wlth 32Pwlabelled red cells

Red oells from flukemlnfected and normal rabblts were | 7
flabelled w1th 32? as- descrlbed.ﬁ The labelled cells were then s
"‘suspended in an bqual volume of‘sallne and & l ml. sample

injected/
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:71naeeted into the marglnal vein of the left ear._lEéﬁh‘rabbit was
1n3ected W1th 1ts own red cells. Blood samples ( 5 ml ) from the
marglnal veln of the right ear: were collected in heparlnlzed :
'\;bottles, 10 mins. and l hr. after 1n3ect10n. Dupllcaue 1.0 ml.

| samples from each bleedlng were made up to 10 ml. for countln
Dach rabblu wa.s kllled 1mmed1abely after the w1thdrawal of the
"second blood sample, the abdomen was oPened the common blle duct
ligated at 1ts gunctlon w1th the duodenum, and the llver removed
"and washed free rrom superflolal blood . The surfaces of the:,,;
'common'blle duct and gall bladder‘were seared w1th a hOt spatdla"
to prevent haemorrhage, a Pasteur plpette wag 1nserted through the
.seared areas and the blle was w1thdrawn, transferred to a-10 ml,
graduated oyllnder and made up to- volume for countlng.

The. large extrahepatlc bll° ducts whlch usually contalned
most of the para81tes were then opened the - lukes removed, rlnsed
in normal sallne ‘and transferred to a KJeldahl 1n01ner%tlon flask.,
The lobes of'the llverrwere carefully dlssected and any flukes in _
the 1ntrahepatlc blle ducts also collected, rlnsed and:added to
the 1n01nerat10n flask.‘ Afber sulphurlc a01d dlgestlon of the
flukes, the dlgesb was quantlﬁatlvely tr%nsferred to a volumetrlc
'flask and made up o lO ml. far,cquntlnb. In some of the | ‘
experiments allquots of thlsldigest after radloact1v1ty determln-
ation had been carried out were analysed for nltrogen by the

mlcro—KJeldahl procedure.- |
| Radloact1Vlty determlﬁékions,wgre qarried dwb on the blood
Aﬁa_.mpvles, bile, and -flukg digest. The .qu.‘-anti’cy of;A‘:b:lo,od!. in the

Kflukes/”
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‘flukes was calculated as - follows- s
o counbs/mln, of sample
Vol.of blood,ln.sample (ml.)-— —
counts/mln/hl blood (60 min, sanple

Thls flaure for the flukes was multlplled by 24 to obtaln an .

approx1mate measure of the blood loss per day.

The radloact1v1ty\of the'blle of the normal and infecﬁed rabbits
was determlned in the same way and in all cases was found to be small
compared to the activity of the flukes. Some typlcal results are shown
in Tableflo.,,

Tablebld: Radloact1v1ty of flukes and. bile from infected rabblts and
S blle from controls.

Rad10aeb1v1ty c/mln.l

‘Rabbit To. o Method TFlukes (total) | Bile (total)
x 32p cells r-n. e I
9 | o 2311 : .“' 50
0 oo 1203 e
1 w1994 - s6
2 R ~3985_“, | IR 157
0 - oo o 1s98 . s6 -
otz T T2 o 38
ozl . ST T s

L _ ‘ e ' o — '67

Where separate determiﬁaﬁions were barried‘out,on gall bladder-

 bile/
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ff;>blle and blle from the common blle duct of 1nfected anlmals, lu was o

"5f1nvar1ably found thaﬁ the 1atter was the more acblve.

The lO mln. blood sample was ﬁaken to ensure that no abnormal 1ossr

‘vbof iabel occurred durlnb the experlmental perlod.

‘”f!Experlments Wlthl3ll traoe-labelled serum albumln

'1311—1abelled serum albumln (l ml ) was 1naeoued 1nto the marglnaly

'yLveln of the left ear of a number or normal and 1nfecﬁed rabblts..,Blqu
i_samples from the opp051ﬁe ear were taken at 10 mlns. and aoa1n
':;1mmed1ately before the rabblts were sacrlflced at 1 hr The blle was

?‘collected as before, the flukes were. macerated in a Grlfflth's tube andi

.“‘>v‘the homogenate transferred to a lO ml. gradua ed cyllnder and made up to

'ffvolume for countlnb. The blood. samples were dlluted l -lO for countlng,
:f'and the amouni of radloact1v1ty expressed as ml. blood 1n the Ilukes ; 
i;caleulated as before.  In these experlments bhe rad10act1v1ty of . the
g‘ffnormal blle was agaln negllglble compared\W1th that .of, the flukes.
o RDSULTS' | L
The resulta obualned from 8 rabblts us:LnD 32P—labelled red cells

;fand 3 rabblts 051ng 1311 1abelled serum albumln are - shown 1n able 11t‘<

1:f7$a31§ 11/3‘




Table 11: Csloulated blood loss of infected rabbite.

Rabbit No. Mebthod No.of flukes Hst. blood loss = Blood 10Ss per mg.
T R cin 24 hrs.{ml,) fluke . # 1n 24 hrs.
g o S : }5;’9{’@;‘4’&; y le. 2 . .

X 32poells . 6 S o.67 o 0.024
9w a5 0 480 . 0.024
o v 18 2.60 - 0.017
1 v a5 w82 0,026
2w o 3¢ . me0 - 0.3
0703 e "20‘» o -4,26_'f - e i
5. T 330w
& fl3lI-eerum..- : 32 "3*86:fe e
. protein o : L : .
13 7w . 20 200 -
'P299‘ S o20 ifii 2. 13“(A"< S

Although there 1s some degree of oorrelntlon between the esblmated
blood 105° in 24 hours and the number of flukes preseni ths 1s noi.
“marked and the dlfferenoes are probably due to Varlatlons 1n the feedlng
Vact1V1t1es of the. flukes durlng the perlod of the experlment and Lo theirx
relatlve 31zes. A somewhat closer correlatlon 1s obtalned if estlmated

‘blood 1oss 1s expressed per mgm. of: fluke nltrogen. In thle connectlon,

it 1s 1nterest1nb thau when the: o%eca 01 the flukes are fllled with a

dark brown or red materlal thelr radloacu1v1tycls partlcularlyohlgh.
In the three rabblts whlch were 1ngected with lle labelled gerum
albumln the calculabed blood loss in 24 hours dppears to be less than

:1n those rabblus 1n3ected w1th 32P—labelled celle. Thls flndlng is.

'dlscussed/
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fﬁdlscussed later. '* f" R 7 | .

To obtaln m@re 1nformat10n on the problem, experlments Were ff i
R carrled out- 1n whlch each rabblt was 1n3ected 51multaneously w1th

H :32P»labelled cella and 13lI labelled serum albumln..

’ llExperlments w1th 32P~labelled red cells and 1311~labelled gerum. albumln

1ngacted 51multaneously

In thls experlment the acb1v1ty of one of the 1s0topes Was

Vjﬁidetermlned by dlfference between total rad10act1V1ty and that of

F
f}the other 1%%5t0pe, (see under methods and materlals) The aecuracy‘

o f such a determlnatlon depends to some extent on the amounbs of

.;the two 1sotopes present.» It 1s essenﬁlal that the act1v1ty of the ;;

»{fllsotope whlch is determlnea by 'dlfference' should not be small

*,compared to the act1v1ty of the one debgrmlned dlrectly.l In these

:experlments we have found 1t GOﬂVenlent to work w1th 32P and 1311

o  act1v1t1es of the same order.

A soluulon of 1311 labelled rabblt serum albumln was prepéred
fas descrlbed It was found convenlent 1n practlce to prepare '
j‘labelled red cell suspen51ons of. greaier than the requlred radlo—
t'act1v1ty and to dllute these w1th 1naet1ve cells Erom the same o

,-anlmal to O":Lve approx1mately the same count rate/ﬁl.»as the labelled "

E ;albumln solutlon.

‘Semples of labellecl celly (2 o ml ) £rom cach rabblt and 2. o ml.:,?
l3lleabelled albumln solutlon were mlxed thoroughly in a small
\\(beaker.> 2e O ml. of the mlx#wrewer91ngected 1nto the marglnal vein:
;of the left ear. Blood samples (6 O ml ) were collected 1n '

heparlnlagd/«



o heparlnlsed bottles from the marglnal veln of the rlght ear at

‘5:10 mln.hand 1mmed1ately before kllllng ﬁhe anlmal at 60 mln.

iif‘Plukes and blle were removed as befare. The flukes from each

L-fanlmal were homogenlzed 1n a Grlfflth‘s tube and made up to lO ml‘ 

}‘The tetal blle and dupllcate samples (l Q ml ) from the lO mln.

Qﬁyw cand 60 min. bleedlngs were also dlluted to lO ml. Total radio— -

\~if‘act1v1ty i. e. (32P + 131I) was determlned on the fluke homogenata,x-]
‘blle and blood samples.,..' ‘H 4‘iﬁ"b ' :

| Trlpllcate blood samples (l O ml ) from each bleedlng,
‘aupllcahe allquous (4 O ml ) of the fluke homo enate, and the
total blle were free@ from }31I by dlvestlen as’ descrlbed ‘The‘,:

_dlgests were each made up to lO ml. for countlng and the 32P

'-~“act1v1ty determlned l3lI act1v1ty was calculated by dlfference.a?

It was thus p0531b1e to oaleulahe~the 323/1311 ratlo 1n the bloodif
and . flukes. Lhe results are shown 1n Table 12. Some dlfflculty
was encountered in: the dlgestlon of ﬁhe blle samples (1ossess

ijoccurred\due to foamlng and spurtlnv) and the results are, there~;  :

ffore, not 1ncluded 1n Lable 12.

Table 12:/
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e 1oe . - 32 131 |
~ Zable 12: : /'3 T ratlos in. flukes and blood

: ﬂwzéP/iilI“ratio -
'“‘5.Rébbi% .10 miﬁ.}.sb'min.~ufiukea .(329/13l1160 ﬁin;blooQ2§23/13lI)fiukes
“fﬁég' ”:,blqod .blood S - R T g
6 . 0.93  0.96  1.84 - 1.92
9 -'1.83 R B A o 1,92 -
10 fﬂf, 0.93 'Q.éa-A  1;§2~ 1,76
16 1.65 - 1.85 339 . 1.83
a7 a7 e 295 .83
18 0.95 "6,91 . 1.68 ' 4f~ o 1.8

19 154 L6 24t C1.39.
5L 0.86 - 0.82 ' L.52 - . . 1.87
54 1.00 1.04 ~ 1.58 - 1.52

Mean = 1.77 i' 0.17 -

It can be seen from Téble'12 that'the\32P/1311.ratibs"in the flukes
. aré 1n all caseg greater ﬁhan those 1n the 60 mln. blood sample. IE

" these- ratlos had been equal 1t coula have been 1nterpreted as due to
the 1ngest10n by the flukes of red cells and plasma in the’ same
 proport1ons as found in whole blood The 323/1311 ratios in the blood -
at 10 min. and 60 mln.,show that o 31gn1flcant varlatlon in thls ratlo
. took place durlng the experlmental perlod. \ | |

When the 3gP/1311 ratlos 1n the flukes are lelded by the

'correspondlng 11°ure for the 60 mln.‘blood sample a remarkably ‘

constant value 1s obtained.

;f]*‘DISGUSSIéﬁ/ .




‘ffﬁisoﬁSSION—fﬁi.;

In the experlments desorlbed 1n thlssectaon an attempb has

,been made to cbtaln a measure of the quantlty of blood congumed .”"

;*}g,by uhe flukes and therefore lost bo uhe host anlmal.v‘f5.‘

In our experlments w1ﬁh 32? labelled red cells; we have

,;>‘caloulated a blood loss Qf appfox1mately (o 25 ml per. day par

“V fluke, and 1n the three rabblts u51ng l3lI-labelled serum albumln L
;:about half thls amount,,',j;? | |
U51ng Lhe ‘mean. 329 flgure a rabblt hav1ng 30 flukes ‘in 1ts

':'blle duCu would suffer a blood loss of aboux . 5 ml per day.

'¥' That thls mmount of dally blocd loss lS sufflclent to produce a

marked anaemla 19 substantlated by the work of Sbeele (1933) and

jof Obero (1949) who removed on an average 48 ml of-blood per“

",5 day from rabblts over a perlod of several months, w1th the

'3;product10n of a dewree of anaemla of 51m11ar order to that found
, 1n our experlmental rabblts. ‘ |

The lower flgure for blood loss u81ng 1311~1abelled serum

V"albumln 1s substantlated by the remults of our experlmenu w1th

“”‘.the two 1sotopes 51multaneously. An 1nLerest1ng feature of the

"*?ﬁlf81multaneous experlmenu was the relatlonshlp of the 32P/131I ratlofl

:5%ff,1n blood and in the flukes (see column. j - Table 12) | mhlﬂ oould |

11ndlcate a preferentlal uptake by the flukes of red cells, or of
flabelled products from uhe red cellu, momparedJW1th that of piasma.
Another pOSSlbllluy 1s that the uurnover of the metabollc

-  fproducts of the 1abelled plasma protelns 1s more rapld than uhat
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~of the labelled materlals from the red cells. A'findin@\sbpportiﬁg
elther of these two hypotheses 1s that in three cases where analyses
 were obtalned for both igotopes, 1n.the blle, the 323/1311 ratlo was
smaller than ‘that 1n blood and markedly smaller than that in'. the flukes.
T4 must be: p01nted ouL that in these etperlments What one measures
ig 32p and 1311 act1v1t1es anﬁ the assumptlon is made that these corres—
" pond to the red cells and plesma proteln orlglnelly 1abelled However,
some’ loss of 'label' does ooeur in the body, Ce e 32P escaplng from
_'cells 1n the 01rculat10n or. by cells belng destroyed in the reticulo-

endothellum system. Oatsbollsm of the labelled serum albumin also

"~ bakes place contlnuously w1th the llberatlon of labelled cetabollc

- products.” ‘ _ | -

'Nofmal bile contains’phospbatelana]it is‘also recogniged ﬁhat the
bile is one of the paﬁhsays-fsftthe ekcretlon of iodine and certain
- iodinated compounds., It is to. be expected therefore, that afuer the
jlngectlon of 32}?—--labelled cells or: 1311 labelled gerumn albumln gome
radloact1v1ty will appear in the bile of normal anlmals.' This was found
to be~the case 1n~our control anlmsls. Our justification for using the
iradloact1v1ty of the flukes as - a measure of 'blood"consumptioﬂ'depends
_ on the large quantltatlve dlfference bebween the rad10act1v1ty of
fflukes and . thst of the bile of the control anlmals.' “

It is felt that further experlments us1ng dlfferent labelllng
-technlques for red cells and plasma protelns are indicated, g.g. red
‘cells labelled w1tﬂ radloactlve Fe- end plasme protelns labelled with
35sz The adventages of multlple labelllng in thls type of eXperlment :

ere obv1ous, e g. the use of plasma proteln 1abelled slmultaneously

Wlbh/
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ARTTFICTAL IMMUNITY TO FASCIOLA HEPATICA IN RABBITS.

SOME STUDIES WITH PROTEIN ANTIGEN.
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with 1311 and 35S will enable one to make a more valld assessment of
-,the 1mportance of l3lI~labelled'camabollc products in the bile. Whlle
: the estlmabes of blood loss reported in this sectlon cannot be reg arded .
'as a flnal and absolute measarement they appear to be of the rlght
order and‘glve add;tlonal conflrmat;on~of the haemorrhaglc nature of

.:theranaemia."-

"SUMMARY‘AND OONCLUSIONS

Red oells labelled with 32P and serum albumin labelled with 1311
have been used $0 - gtudy the anaemla ass001ated with F. heggjigg
- infectiong in rabblts and to make an estlmate of bhe amount of the
» dally blood loss.j The blood loss as calculated from 32P experlments
:is of sﬁfficiént.magnltude to acoount for the anaemla. Somewhat

smallex leues were obtalned u31nb l3lI—labelled serum albumln. _
N ‘When lBlI—labelled serum albumln and 32?—labelled red cells ‘were
used 81multaneously it was found that 323/1311 ratlo in the flukes was
con51sten11y hlgher than in the blood L

The use of radlolsotope technlques in the 1nve3u1gatlon of thls

,type of problem is dlscussed,



T6.

INTRODUCTION

In this part of the thesis an experiment is described in which
the protein fractions of F. hepatica were used as immunizing antigens
in an attempt to stimulate a resistance to the natural infection.
Throughout the experiment the antibody levels of the sera of the
immunized and infected rabbits were studied by the quantitative
precipitin test. In this introduction the relevant literature on
immunity to helminth parasites and on the quantitative precipitin
test i reviewed separately.

Tonmunity to helminth parasites

Resisgtance of an animal 1o a helminth infection may take the
form of either true acquired immunity or of premunity. In the former,
the immunity is essentially a post-infection gtate in which resistance
to reinfection is not dependent on the persistence of the initial
infection. In the latter the resistance to reinfection depends on
‘the pergistence of an earlier infection and is actuwally a resistance
to superinfection; although this concept of premunity would seem to
imply a rather static state of affairs, it has been shown in recent
years by various workers (Stewart, 1950a, b, c,d; Taylor and Michel,
19533 Gibson, 1953) that the mechanism of premunity is actually
very complex and dynamic.

One may attempt to produce true acquired immunity by two methods.
Pirst, by infection of the host with the parasite and ensuring
elimination of the latter before reinfection, and second, by the
injection of extracts of the paragite.

The first method is preferable if the specific immunity is

thought/
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thought to be dependent on the stimulus of the excretory or secretory
_ products of the worms and immunity to trematode infection has been
studied in this way by a number of workers. One of these wag Ozawa
(1930) who showed that if dogs are cured of a first infection of
schigtosomes by an injection of stibnal, their resistance $0 a second
infection of cercariae is greatly increased as judged by the number
and size of the parasites which develop. Also working with schistosomes,
Fairlie,, Mackie, and Jasudasan (1930) infected monkeys with S. spindale,
normally a parasite of man; while they obtained partial development
of the parasites in the tissues of previously unifected monkeys, this
was followed by sponbtanecus recovery and subsequent attempts to reinfect
these monkeys were almost completely unsuccessful. More recently Kagan
and Lee (1953) have demonstrated that acquired immunity towards
S. douthitti in mice subsides approximately 3 weeks after the end of
effective treatment.

The parasite which has probably been most extensively studied in

regpect of immune reactions is Nippostrongylus muris, a nematode

parasite of the rat. In a susceptible animal, the infective larvae

of this species penetrate the skin and are carried by the blood to the
lungs, where they break into the air passages; they are then coughed
up and swallowed, and settle down in the small intestine where they
become adult; normally the bulk of the infection is thrown off
gseveral weekg after infection. It has been shown‘by geveral workers
(Africa, 1931; Schwartz, Alicata and Lucher, 1931; Taliaferro and
Sarleg, 1939) that if rats are reinfected after this spontaneous

recovery/



78.

recovery has occurred, the subsequent infection produces fewer and
smaller worms. Repeated reinfectlons increase this immunity and
. eventually invading larvae are killed in the lungs and in the skin,

Taliaferro (1940), an authority on helminth immunity has
concluded that precipiting of functional importance in immune
reactions of the hogt are formed in response to materials discharged
by the worm. |

The second method of producing acquired'immunity, that is, the
injections of extracts of the parasite, is necessary if one wishes
to gtudy the immunological properties of specific fractions of the
parasite, and to gquote Craig and Faust (1951), "As yet very little
critical work has been done in animal parasitology to determine the
relative specificities of the protein, polysaccharide and cholesgterol
fractions of whole antigen. This field deserves much more thorough
and careful investigation." Work with whole worm extracts has
demonstrated the presence of acquired immunity in fascioliasis of
rabbits (Kerr and Petkovitch, 1935), schistosomiasis of dogs (Ozawa,

1930), schistosomiasis of mice (Watts, 1949), Cysticercug fasciolaris

infections of rats (Miller, 1932), and in haemonchosis of sheep
(Sstoll, 1942). Probably the most striking of these experiments was
the work of Miller (1932) who was able, by the repeated injection

into rats of dried adult Taenia taeniseformis o0 produce an almost

solid immunity to infection with large numbers of onchospheres. This
immunity persisted for several months after the last injection of
antigen. Stewart (1950b) has reported that he failed to protect

sheep against Haemonchus contortus or Trichostrongylus sp. by means

of/
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of vaccines prepared from ground infective larvae.

The Quantitative precipitin test

When a soluble antigen is mixed in the correct proportions with
the corresponding antiserum a precipitate containing both antigen
and antibody may be formed. Whilé the precise mechanism of this
reaction is etill in dispute (Marrack, 1938; Pauling, 1940; Heidel-
berger, 1949) it is generally agreed that the specific precipitate is
formed as a result of union between antigen and antibody molecules,
followed by separation from solution of the insoluble antigen-antibody
complex. The amount and composition of the precipitate obtained from
a given quantity of antiserum depends on the relative amount of specific
antibody in the antiserum and on the amount of antigen added. When
increasging amounts of protein antigen are added to a fixed amount of
antigerum the quantity of precipitate increases up to a maximum and

then decrecases as shown in Fig. 22. If the supernatants of such a

Antibod Antigen
excess” Equivalence exc%ss
Zonhe Zohe  ~ ZoRhe

S o
r ol L)

N pptd ——
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Fig, 22, Typical precipitin curve obtained w

ith howo anti
homologous antibody. goneous antigen and




80,

system are tested for free antigen and antibody, the existance of
three zones may be demonstrated:—

(a) A zone of antibody excess.

(b} 4 region where neither antigen nor antibody are found in the
gupernatant; this zone corresponds to the region of maximum
precipitation and is often referred to as the "equivalence zone',

(¢) A zone of antigen excess. In this, the total amount of
precipitate is less than in the equivalence zone asgs some of the
antibody forms soluble compounds with the antigen. |

The precipitin reaction is commonly used as a test for the
pregence and amount of antibody in a particular sera and for this
purpose it is customary to employ the qualitative precipitin test.
This is usually carried out by adding the same amount of antiserum
to a series of tubes containing a uaiform volume of different
dilutions of antigen. The mixture is incubated at 37°C. for 1 - 2
hours and readings are then made of the amount of precipitate in
each tube. The disadvantages of this technigue are that it is
impossgible to make an exact comparison of the amount of antibody
in different sera and that no information ig obtainable about the
serological homogeneity of the precipitating antigen.

For these reasons and also because there isg no information on
the use of quantitative serological technigues in helminth infections,
the gquantitative precipitin test was used in the present investigation.

The value of the quantitative precipitin test as a method for
the estimation of antibody depends largely on the work of

Heidelberger/
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Heidelberger and Kendall (1929; 19333 1935) and is based on the
analysis of the washed precipitates for nitrogen by the micro-Kjedéﬁl
method,

In order to ensure complete precipitation of the antibody, it
is necessary to add antigen in slight excess, although still working
in the equivalence zone. In practice this may be found by adding
succegsive small volumes of the antigen to a sample of serum with
incubation and refrigeration after each addition of precipitate until
no further precipitate 1s obtained. The antibody N may then be
obtained by subtracting the antigen‘N added from the nitrogen of the
total precipitate.

One serious limitation of this method is that it is only possible
to calculate the antibody N if the precipitating antigen is an
immunologically homogeneous protein such as egg albumin., In a system
" such as this there is complete precipitation of all the antigen in
the antibody excess zone and there ig a clearly defined equivalence
zone., When one 1is working with an aﬁtigen which consgigts of mixed
proteins one cannot assume complete precipitation of the antigen in
the antibody excess zone and the region of maximal precipitation is
greatly extended, i.e. there is no clearly defined equivalence ZONe.

It is posgsible, however, to overcome this difficulty by
igotopic labelling of the antibody, e.g. trace-labelling with 131I
by the method described by Francis, Mulligan and Wormall (1954).

The labelling may be carried out on the whole antiserum or on the
separated gamma—globulin fraction without causing any damage to the
immunological properties of the antibody (Francis, Mulligan and

Wormall/
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Wormall, 1951.) If the antiserum is labelled, the specific
precipitates are analysed for both total N and radiocactivity. The
radiocactivity of the precipitates 1s due to the labelled antibody
which has precipitated with the antigen. If a sample of antibody
globulin from the labelled serum is analysed for protein N and
radioactivity, it is then possible bto calculate the antibody N of

the precipitates by simple proporition.

METHODS AND MATERTIATLS

Imnunizing antigen

F. hepatica were collected from infected sheep livers. The
parasites were freed from adherging bile and otler contaminating
material by washing in running tap water, were suspended in
0.9% NaCl (1 parasite/ml) and homogenized in a btop~drive macerator.
The crude homogenate was allowed to stand at 0 to 4 C.for several
hours to allow large particles to setitle out. The supernatant fiuid
was then decanted off and further freed from insoluble material by
centrifuging at 3000 r.p.m. for 1 hour. This saline extract was
nsually amber to dark brown in colour, and contained aboutlmg.protein
N/ml,

Alum-precipitated preparations for immunization were made by
treating the saline extract with an equal volume of 10% W/V potash
alum (Proom, 1943) and adjusting the pH to 6.5 with 5N NaOH. The
precipitate obtained was washed twice with 0,9% NaCl (containing
1:100,000 merthioclate) and finally suspended in 0.9% NaCl
(merthiolated) for injection. Kjeldahl analyses showed that the

above/




83.

above procedure precipitated the same amount of protein N as did
precipitation with 10% trichloroacetic acild, indicating that the
alum preparation contained all the proteins in the saline extract.

Precipitating antigen

In order to obtain a more purified protein material for use as
a precipitating antigen in qualitative and guantitative precipitin
tegts, the crude saline extract was subjected to salt fractionation.
A protein fraction was obtained which precipitated at half-saturation
with (NH4)2804, and this material, after several reprecipitations,
was used as the precipitating antigen in all our experiments.

The saline extract was treated with 1 volume of saturated
(NH4)2804 solmtion with stirring, and the mixture was allowed to
gtand at C to 4 C. for several hours. The precipitated protein wasg
centrifuged off and treated with 1 volume of C.1 M phosphate buffer,
pHE. Any material which did not redissolve was removed by centri-
fuging, and the protein fraction was twice reprecipitated with
(NH4)QSO4 as before. The precipitated material was dialysed agains?
0.9% NaCl until the dialysate gave no reaction with Nessler's reagent.
At éaoh precipitation and during dialysis there was some loss of
protein as an insoluble residue, and the yield ultimately obtained
was usually about 10% of the total protein in the original saline
extract.

Tmmunization

Rabbits were injeeted at 8 to 10-day intervals with alum-
precipitated antigen prepared as described above. TFive ml. of a
guspension containing 10 mg. protein N/ml, were injected

intramuscularly/
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intramuscularly into each hind leg. Samples of sera were collected
9 to 10 dayg after each injection and were tested for precipitins
with the precipitating antigen. Most of the rabbits gave some
reaction after one injection, and all gave a good response after two
injectlons.

Seven rabbits (group 4A) received a total of 3 injections and a
further seven (group B) received a total of 6 injections.

Qualitative precipitin tests

A stock 5% solution of the fluke entigen was diluted to 1:20,
1:100, 1:500 and 1:2500 by the addition of 0.9% sodiuwm chloride.
0.25 ml. of each of these concentrations was treated with 0.1 ml.
of the serum to be tested in precipitin tubes. The tubes were
mixed, incubated at 37°C. for 1 hour and then placed in a refrigerator
(400) for 2 hours o ensure maximum precipitation. As a control
against non-specific precipitation, 0.1 ml. of each sample of serum
was incubated with saline, and samples of normal rabbit sera were
incubated with antigen on every occasion when sera from infected or
immunised animals were under test.

Quantitative precipitin tests

The results of the qualitative precipitin tests gave an
approximate idea of the dilution of the antigen and of the volume
of serum which would be necessary in order t0 achieve maximum
precipitation. ‘

Duplicate semples (1.0 ml.) of centrifuged serum were pipetted
into 15 ml. tapered centrifuge tubes. Successive small volumes of a
stock antigen solution (0.2 — 1.0 ml. of antigen conlaining
0.002 mgm. N/ml.) were added to these with incubation at 37°C. (1 hour)
and,/
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and refrigeration (2 hours) - -after each addition of antigen, until
no further precipitate was obtained. This was taken to correspond
to the complete removal of the corresponding antibody from solutbion.
Bach of the tubes .wag then centrifuged for 20 minuts, the supernatant
fluids were removed and vhe precipitates were washed twice with 5 drops
of ice-cold saline each btime to remove non-specific proteins
(Heidelberger and Kendall, 1933) dissolved in a few drops of 0.1 N NaOH
and 1.0 ml. of distilled water, and transferred to micro-Kjeldahl
incineration flasks. The centrifuge tubes were washed out five times,
with 6 drops of distilled waber each time, and the washings transferred
to the appropriate flask. Total N determinations wére then carried onb.
As in the qualitative precipitin tests, control tests were
performed with immune serum plﬁs galine and with antigen solutions
plus normal rabbit serum. |

Total nitrogen determinations

These were made by the micro-Kjeldahl method, with the NH3
distilled into a 4% boric acid solution containing a methyl red-
methylene blue indicator (see Kabat and Mayer, 1948, p. 283). The
final titration was made with N/70 HCI, using an "Agla" micrometer
syringe (Burroughs Wellcome and Co.) or a microburette, according
to the amount of protein N present. When the syringe was used, the
tip of the syringe needle was kept immersed in the distillate and
gtirring was effected by a sitream of Op bubbles.

The determination of antibody nitrogen

The sample which was labelled was one of pooled sera obtained

from/
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from the infected and immunised rabbits before death. The iodination
of the serum was carried out by the method described by Frencis,
Mulligan and Wormall (1954). Aliquots of the labelled preparation
corresponding to 1 ml, of original gerum were treated with varying
amounts of antigen as before. The mixtures were incubated for 1 hour,
refrigerated for 2 hours, and the precipitates spun and washed asg
described above. The precipitates were then digsolved in a few drops
of 0.1 N NaOH, made up to 10 ml. and radioactivity determinations
carried out in an M6 liquid counter (20th Century Electronics),
Aliguots were then taken for micro-Kjeldahl incineration for total I,
The antibody nitrogen in the precipitates was calculated by comparing
these radiocactivities with that of a gamma-globulin standard prepared
from the labelled serum (Keckwick, 1940) and snalysed for total N.

Infection of rabbits

Bach of the immunized and control rabbits wdg infected with
50 T-day-old cercariae encysted on cellophane and fed in cabbage

as desgcribed in Section I of this thesis.

Precipitin tests

Qualitative precipitin tests showed that the sera of infected
rabbits contained antibodies which reacted with the precipitating
antigen prepared from F. hepatica. Sera from more than 20 normal
rabbits were btested with the precipivtating antigen and in no case
was any positive reaction obtained. Table 13 shows a representative
sample of the results obtained from the sera of immunised,immunised

and,/
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and infected, infected, and normal rabbibs.

fable 13: Results of qualitative precipitin test on sera of immunised,
infected and normal rabbits.

Antigen Concentratlons

Rabbit 1:20 1:100 1:500 1:2500
V1 + 4 + +
Tmmunised Ve +4 e + +
rabblits after N&56 +++ +F : o+ Tr.
3 injections . -
of alum-precip- NG851 * + + Tr,
itated fluke )
protein , 0330 ++ + x Tr.
0329 Ir. + Tr, F.Tr.
0371 + ++ + Tr.
' V1 e +t + Tr.
Immunised V2 o +44 Aot Tr.
rabbits 60
infection. 0330 - ot + -
. c2 + ++ + Tre
Control Cé + ++ Tr. -
rabbits 60 ’ _
days after c8 + o -+ Tr,
infection. Cc9 i 4+ o F.Tr.
Cl4 + ++ + -
Normal
rabbits . - - - -
- & no trace; FeTr. = faint trace; Tr. = trace;

+, 4, ++, ebtec. in order of increasing amount of precipitate.
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In order to obtain a measure of the amount of circulating
precipitin in the experimental animals and to investigate the sero-
logical homogeneity of the precipitating antigen usged, guantitative
precipitin tests were carried out. The type of precipiltin curve
obtained with the antigen and serum from immunised or infected rabbits
was characteristic of that shown by inhomogeneous systems (Fig. 23),
i.e., excess antigen was demonstrable in the supernatant in the anti-

body excess zone and there was thus no clearly defined equivalence zone.,

]
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Fig. 25. Precipitin curve obitained by adding increasing amounts of the
protein antigen to 1,0 ml. samples of serum from an immunized infected
rabbit,
The region of maximal precipibation was also greatly extended and there
was no evidence of inhibition by excess antigen.

In a system of this type it is impossible to determine the antigen
and anti-body separately in the precipitates unless by some method of
labelling one of the reactants, g.g., with a radiocactive isotope
(Francig, Mulligan and Wormall, 1954). We considered it likely, howeve

that/
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that the proportion of antibody in the precipitates in the region of
maximal precipitation is fairly congtant, and thus the figure for

total N precipitated in this region probably gives a good measure of
the relative amounts of precipitin to the test antigen in the

different sera. This was confirmed in an experiment on a pooled sample
of sera obbtained from the immunized rabbits of Group B just before
death. This gample of serum was trace-labelled with radioactive iodine
and was then tested quantitatively for precipitins. The amount of
antibody N was calculated by comparing the radiocactivity of the
precipitates with that of a gamma-globulin standard prepared from the
labelled serum and analysed for protein N. The results of this pre-—
1iminary experiment are shown in Fig. 24 and confirm the value of the
total N estimations as a measure of the amount of precipitin in these

gera.
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Fig. 24, Total N and antibody N precipitated from l.0 ml, samples of
antiserum by increasing amounts of the protein antigen.
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The results of the quantitative tests on the sera of the immunised

and control rabbits are shown in Table 14.

Table 14: Quantitative precipitin tests.

Antibody N plus antigen N precipitated
from 1,0 ml. serum

Rabbit No,. Pre-infection 63 days after
(mg. N) infection
(Mgo N)
VL 0.155 0.774
Immunised V2 0.188 1.868
rabbits N856 0.268 0.620
Series A N851 0.118 0.636
- 0330 0.198 0.498
0329 0.114 0.150
0371 0.190

O3 1.280 1.130
Immunised 073 1,170 0.922
rabbits 049 0.894 0.768
Series B 084 0.844 0.660
P94T 0.846 C.588
076 0.620 0.656
G65 0.420 0.968

c2 0.265
Gg 8.092

Control ¢ -2l
: Cc9 0.330
rabbits. ci4 0. 238
X C.148

9 0.295
O 0.138
pA 0.227

1 0,117

A course of 3 injections of the alum-precipitated preparation
(group A) gave a level of precipitin to the test antigen comparable

to/
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to that obtained in normal rabbits 63 days after infection with 50
cercariae (control group). In group A the precipitin level 63 days
after infection was in most cases considerably greater than the level
at the time of infection. This increase was presumably due to the
stimulus of infection on the immunised animals. No such increasge
occurred in group B; here the rabbits were subjected to a course of
6 injections prior to infection, and the precipitin level at the time
of infection was congiderably higher than in group A.

Autopsieg on immuniged and conbtrol rabbits

The experimental rabbits were killed 63 days after infection and
the number of flukes recovered from each of the livers on aubtopsy is
recorded in Table 15. In each cage the type of lesion found in the
liver was noted.

It is evident from the results shown in Table 15 that the average
nuﬁber of flukes in each rabbit in the immunised groups is notb
significéntly lower than the average in the control group. However,
the flukes recovered from the immunised groups were invariably smaller
than those from the control group. This retarded development was
particularly marked in the flukes obtained from rabbits V2, VI, 049
and G65. In order to obtain more definite information on this retard-
ation of development, the flukes obtained from group B and from some
of the conbtrol rabbits were analysed for total N. The flukes were
removed from the liver, rinsed in saline, and analysed for total N by
the micro-Kjeldahl method. The results of these determinations are

shown in Table 16. The figures obtained confirmed our observalions

on/
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on the inhibited development of the flukes in the immunised rabbits,
i.e., the 125 flukes obtained from group B had an average total N
content of 0.4l mg. whereas the 108 flukes from 5 control rabbits had
an average total N content of 1.13 mg. Examination of the most
rebarded of these flukes showed that they were sexually immature,

Table 15: Number of flukes found in immunised and conbtrol rabbits
on autopsye.

Rabbit No. Number of
Tlukes
V1 10
V2 3
Tmmuniged rabbits NE56 6
group A NE51 10
0330 13
0329 18
0371 26
Average, 12.3 + T.1
P93 14
073 14
Immuniged rabbits 049 3
group B 084 31
P947 ' 17
076 20
G65 26
Average, 17.9 + 9.1
c2 6
C4 18
c8 20
C9 g?
bi Ccl4 5
Control rabbits o7 c
{ 6
9 25
0 18
7 34
1 25
Average, 18.9 £ 9.4

Table 16/
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Table 16: Comparative development of flukes, expressed in terms of
. their average total nitrogen content, in immunised and
control rabbits.

Rabbit Number of Total fluke Nitrogen

No. ilukes nitrogen ber fiuke
(mg. ) (mg.)
293 14 7.28 0.520
073 .14 5.96 0.426
Immunised 049 3 0.56 0.187
rabbits, 084 3L 13.40 0.432
group B Po4T 17 Te54 0.444
076 20 14.40 0.720
G65 26 3.18 0.122

Average, i 0.41 * 0,20
per Fluke (mg.)

X 6 : 4.22 0.704
9 . 2b 325 1.30
Control 0 18 24,2 1.35
rabbits 7 34 38.8 : 1.14
‘ 1 o5 29.0 1.16

Average,N 1.13 * 0.25
per fluke (mg.)

In general, the livers of the immunised animals showed similar
lesions to those of the control group, l.e., moderate fibrinous
peritonitis, a degree of fibrosis approximately proportional to the
number of flukes present, and a grossly distended common bile duct
which usually contained about half of the total number of flukes, The
remainder being found in bile ductg in the liver. In rabbits V2, V1,
G65 and 049, however, from which the smallest flukes were obtained,
there was very extensive fibrinous peritonitis, the livers were very
enlarged with numerous large fibrous nodules and showed extensive
areas of recent necrosis, caused by daﬁage to blood vessels by

migrating/
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migrating flukes., In V2 and 049 the common bile duct was normal in
gize and contained no flukes (figs. 25 and 26) while in V1 and G65
“there was a slightly enlarged common bile duct containing a small
number of flukes. The majority of flukes from thesge 4 rabbits were
found either migrating through liver tiséue or in very fine bhile
ductsa.

DISCUSSION

The immunological relationship between a helminth parasite and
its hogt ig likely to be complicated. The worm itself is a complex
organism and is certain to contaln quite a number of antigenic
compoundsg and complexes. Some 0f these antigens will be tissue or
gtructural components of the parasite: others may be enzymes or
products of its metabolic procesges. The rresence of these antigens
may be demongtrated by using extracts of the parasite in serological
tegte on infected animals or by using similar extracts as immunising
antigens. Difficulties are likely to arise in the attempted
integration of the results from these two approaches, ¢.g., the
pafasite may conbtain a number of antigenic compounds which, because
of their location, are never effective in the natural infection and,
furthermore, antigens which ére functional in the normal infection
may be destroyed or altered by the processes involved in extracting
them from the parasite.

There is now an adequate amount of evidence to demonstrate that
an acquired lmmunity does occur in a number of helminth diseases

(see introduction). This acquired immunity has been demonstrated
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by a resistance to superinfection or to reinfection after the removal
of a primary infection, or by the protective action of extracts of the
parasite when used as immunising antigens. It hag usually been
possible in these cases to demonstrate by serological tests the
pregence of circulating antibodies. There has, however, been little
work carried out on helminths, comparable to that on bacteria, on the
isolation and purification of the antigenic compounds of the organisms,
on a gstudy of theilr immunological activity and specificity, and on the
protective power of the antibodies which they elicit. In this
connection it should be noted that there is not necessarily any
correlation bebtween the capacity of a helminth antigen to elicit the
production of antibodies and the protective power of these anti-
bodies; e.g., Campbell (1939) obtained a purified polysaccharide

anbtigen from the larval form of Taenia taeniaeformis which stimulated

the formation of precipitins but which had no protective action

_against the digease.

I'rom the present investigation, designed largely to study the
antigenlc properties of proteins from F. hepatica and the protective
properties, if any, of the antibodies which they elicit, we have
concluded that prior immunisation with fluke proteins has no influence
on the number of F. hepatica developing from a challenging infection.
The infection of normal rabbits with 50 7-day-old cercariae has been
ghown to yield an average "take" of 18.6 f 8.8. This average 1is
apparently not influenced by the sex of the rabbit nor by the use
of cercariae from different snails (Section 1: +this thesis). In

the/
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the experiments described here the control rabbits showed a take of
18.1 £ 9.4, while the immunised groups showed takes of 12.3 * 7.1
(group 4) and 17.9 * 9,1 (group B), respectively. The reduction in
take in group 4 as compared to that of the conftrol group is not
statistically significant. Kerr and Petkovitch (1935) reported that
it seemed pogsible to establish an active imm@nity in rabbits to
F. hepatica by injections of dried fluke material. In their experi-
ments 7 immunised rabbitg, each infected with 13 cercariae, yielded
i, 2, 2, 25 24 3 and 3 flukes respectively, at autopsy. Jeveral of
thege flukes were described as "calcified", and repeatved faecal
examinations failed to demonstrate the presence of fluke eggs. Three
control rabbits (also infected with 13 cercariae) had 11, 5 and 9
flukes at autopsy. None of these flukes was calcified and eggs were
found in the faeces of all the rabbits. It is difficult to conclude
from this experiment how significant is the apparent reduction in
take of the immunised group as compared to controls, because of the
small number of rabbits (3) in the control group, and the variation
in take which occurs in normal rabbits. If this reduction is real
it might be due to the influence of antigens other than the protveins.
In our experiment there is no correlation in either the immunised
or normal rabbits between the number of flukes found in a rabbit and
the level of circulating precipitin to the protein antigen, as shown
by the quantitative tests. It must be noted that in the precipitin.
tests we have measured bthe level of antibody to only one protein

fraction of the parasite and have expressed our results in terms
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of the total N (antibody N + antigen N) precipitated. The chief
difficulty in applying standard immunochemical techniques to the
guantitative determination of antibody precipitated by relatively
crude antigenic fractions is that one cannot assume complete pre-—
cipitation of the antigen in regions of antibody excess as is
bossible with a "pure" protein antigen and its homologous antiserum.
This difficulty may be overcome by the labelling of such sera with
radiocactive lodine and in the preliminary experiment which was
described above it was pogsible to determine the abgolute amount of
antibody precipitated from a serum by a particular antigen. This
ilsotopic technique simplifies and extends the sgcope of such analyses
and would appear to be particularly suited to the gtudy of the
antigenic fractions of helminth parasites.

In the immunised groups there was evidence of inhibited
development of the parasites, viz., the smaller gize of the flukes
(confirmed in group B by micro-Kjeldahl analysis), the sexual
immaturity of some of these, and the presence of migratory forms
63 days after infeoﬁionr(in autopsies of over 7O infected rabbits
at this stage, we have never encountered migratory forms). This
result is comparable to that obtained by Schwartz, Alicata and
Lucker (1931) and Chandler (1932) who, working‘on the resistance

of rats to superinfection with Nippostrongylus muris, observed

retardation of growth and development without, in most instances,

any marked lethal effect.

It/
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It ig inbteresting that the four livers in which the most retarded
flukes were found also showed by far the most severe inflammatory
reactions. This may have been due to the prolonged migratory period
of the retarded flukes, but, on the other hand, there were only fthree
flukes each in two of these livers (Table 16). It is possible that a
state of specific hypersensitivity had developed as a result of previous
igmunisation and was respounsible for the exaggerated cellular reaction
to the presence of the parasites. If this is the case, the possible
effect of hypersensitivity should be borne in mind in any attempts to
control parassitic disease by means of worm antigens. Similar phenomena
have been obgerved in the study of natural acquired immunity +to
oesophagostomiagis in sheep (Fourie, 1936; Monnig, 1950), to N. muris
infections in rats (Sarles and Taliaferro, 1936; Taliaferro and Sarles,
1939) o anéiystomiasis of mice and ascariasis of guinea pigs (Kerr,

1936 and 1938) and to Cooperia infections in sheep (Andrews, 1939).

SUMMARY

1. Sera from rabbits infected with Fasciola hepatica were found

to cbntain precipitins which reacted with a protein ffaction prepared
from the adult paragite.

2. Immunisation of rabbite with proteins of F. hepatica was shown
to stimulate the production of these precipitins in relatively large
amounts, ag measured by quantitative precipitin tests.

3. TImmunisation of rabbits with these proteins prior to infection
was shown to produce inhibition of development of the parasites, but

did not reduce their numbers significantly.
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Fig. 25. Typical rabbit liver 9 weeks after infection with cercariae
of hepatica. The large bile ducts are greatly enlarged and
thickened and contain most of the adult parasites.

Fig, 26. Liver from immunized rabbit V2, 9 weeks after infection.
The extra-hepatic bile ducts are normal in size.



 SECTION 5

A STUDY OF THE LIVER LESIONS ASSCCIATED
WITH FPASCIOLIASIS IN RABBITS.
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INTRODUCTION

Most of the literasture dealing with the lesions caused by

Pasciola hepatica is German in origin (e.g. Joest, 1921; Bugge,

1928; Schumacher, 1939; Ostertag, 1946) and probably for this
reason the most complete description of the pathology of
fascioliasis is that which is contained in Nieberle and Cohrs'
"Lehrbuch der Speziellen Pathologischen Anatomie der Haustiere',
(1952).

In their description of the pathological changes in the
livers of affected sheep and cattle the asuthors deal first with
the tracts produced by the migrating flukes in the initial stages
of the disease. The freshly-formed "Bohrghnge" are dark red and
are filled with blood and liver debris. Later, granulocytes,
macrophages, and foreign-body giant cells form a palisade around
the edges of each tract; these older tracts are greenish in colour
due to the presence of large numbers of eosinophils in the inflam-
matory resction. The necrotic debris is gradually sbsorbed and
is replaced by granulation tissuve which is infiltrated with lympho-
cytes and large numbers of eosinophils. During this stage throm-
bosis of branches of the portal vein is frequently observed.

They state that the chronic phase of the disease is characterised
by fibrous thickening of the bile-ducts which may be accompanied by
stenosis or distension; in cattle the bile-ducts may be calcified.
The epithelium of the larger ducts may be necrotic or, on the other
hand, be so hyperplastic as to resemble papillomatous tissue. In
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many places, particularly where the epithelium is eroded, the
underlying connective tissue is heavily infiltrated with granulo-
cytes, lymphocytes, macrophages and plasma cells; occasionally
there is suppurative cholangitis.

Usually, the left lobe of the liver is cirrhotic and the
right lobe is hypertrophied; the authors say that the reason for
this is not apparent. The cirrhosis results from the healing of
the tracts produced by the migrating Tlukes, and by the prolifer-
ation of connective tissue around the portal tracts.

Cameron (1951} and Monnig (1950) state that jaundice due to
biliary obstruction by the adult parasites is a characteristic
feature of fascioliasis. On the other hand Hutyra and Marek
(1946 ) state that icterus is usually absent.

The work described in this section of the thesis is a study
of the liver lesions produced in the rabbit by infection with F.
hepatica. The rabbits were killed at various stages of the
infection and the livers were examined macroscopically and histo-
logically. A further small series of rabbits wias subjected to
bromnsulphilein excretion teéts in order to confirm that retention
of bile was not a feature of chronic fascioliasis in these

animals.

MATERIALS AND METHODS

Fifty raebbits were infected, each with 50 7-day old cercariae,
by the method described in Section 1 of this thesis. Thirty-six
of/
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of the rabbits were killed in groups of four at weekly intervals
from two to 10 weeks after infection; the remaining 14 were
killed at intervals some months later.

At autopsy the liver of each rabbit was examined and the
lesions noted. Blocks of tissue removed for histological
examination were fixed in 10% corrosive formol and dehydrated in
a range of alcohols and finally in amyl acetate; they were then
double-embedded using a methyl benzoate-celloidin series followed
by paraffin wax. Sections were routinely stained by Mayer's
haemalum and eosin; other techniques used in selected cases were
picro-Mallory, Gordon and Sweet's reticulin impregnation ﬁethod,
the periodic acid-Schiff method and carbol-chromotrope for eosin-
phil polymorphonuclears.

During the course of the experiment 20 normsl rabbits were

also killed and their livers exsmined as described above.

RESULTS

Normal livers

Macrogcopic Findings

The livers of gll of the control rabbits were normsl in
appearance.

Microscopic Findings

Most of the liver lobules and portal tracts in each of the
livers are completely normal. Nevertheless, in almost all of
the livers two lesions are present. One bf these is a lympho-
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eytic infiltration of the parenchyma around a minority of the
portal tracts; +the other is the presence of foci composed
primarily of lymphocytes scattered apparently at random through-
out the parenchyma. The size of the foci range from a few cells
to one-quarter of a lobule and occasionally they incorporate
multinucleated liver cells.

The incidence and severity of these lesions in affected
livers is invariabiy low and does not hinder to any great extent
the interpretation of the gross pathological changes conseguent

on infection with F. hepatica.

Infected livers

These are described under three headings:-
(1) Livers from rabbits infected for 2 weeks.
(2) Livers from rabbits infected for 3-7 weeks.
(8) Livers from rabbits infected for 8 or more weeks.

Livers from S2-week infections

Macroscopic FPindings

On the surface of the liver were cream-coloured or pink lesions;
these gppeared as small spots 1-2 mm. in diameter or as streaks
which were up to 10 mm. in length and about 2 mm. wide. Similar
lesions were seen on the cut surfaces of the organ. The extra-
hépatic bile ducts were normal in sige. There was no gross
peritonitis of the visceral surface of the liver.

Microscopical Findings

Examination of the lesions described above show that they are

necrotic/
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necrotic tracts caused by the migrations of the young flukes through
the 1ivér parenchyme .

Although these young flukes (fig. 27) are less than 1 mm. in
size, the oral and ventral suckers are easily recognised and the
cuticle already possesses small thin spines.

The space left in the wake of the fluke is filled with cell
debris, neutrophil leucoecytes, lymphocytes and red cells (fig. 28).
The columns of liver cells which are immediately adjacent to the
tract are atrophied and the nuclel are pyknotic; +the sinusoids‘in
this area are é@istended and are filled with large mononuclear cells,
lymphocytes, and granulocytes (fig. 29). The mononuclear cells
bpredominate and although a few of thesge are typical macrophages
with a clearly delineated eosinophilic cytoplasm the majofity have
a large hyperchronmnatic nucleus with mergination of the chromatin
and a cytoplasm which is only faintly visible.

At a later stage, on cross—section the lesion consists of two
zones. The inner zone 18 composed of dead liver oélls, erythrocytes,
and masses of granulocytes, primarily eosinophils. The duter zone
eonslsts prineipally of the mononuclears already described;
phagocytosis by these cells is not marked. On the outside edge
of this area a few fibroblasts may be observed; they are particularly
in evidence at any point where 2 portal tract is adjacent to the
fluke tract. As the zone of acute inflammation diminishes in
size, the fibroblasts become more numerous and small cepillaries
appear on the outer edge of the tract. Eventually the tract is
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filled with a loose connective tissue containing large mononuclear
cells and lymphocytes (fig. 30). Also present are a few large
multinucleated liver cells and numerous epithelial cells which
resemble liver cells but are arranged as small bile ducts.

Livers from &, 4, b, 6 and 7-week infections

The changes observed in these livers may be conveniently
described together as they differ in degree only. In the older
infections the flukes are larger and the lesions are consequently
more severe. ‘ )

Macroscopic Findings

In the heavily infected animals, the greater part of the
surface of the liver was covered by patches of fibrin which were
fairly firmly adherent to the organ (fig. 31). Adhesions were
present between the liver and the stomach, intestine, omentum
and diaphragm, and between the individual lobes of the liver.
That part of the liver surface which was vislble showed numerous
tract lesions and similar lesions were seen on cutting into the
liver. Wedge-shaped pale necrotic areas with the apex towards
the centre of the organ and with sides about 15 mm. in length were
common on the edges of the liver lobes. The extrahepatic bile
ducts were normal in sige. Of the 20 rabbits examined at this
stage, six had died of the infection and the livers of each of
these six contained 30 or more migrating flukes.

Microscopic Findings

The tracts are similar to those described earlier except that
they are larger and more numerous due to the increase in size of
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the parasites and to their continued wandering. The centre of
the traect is composed of cell debris, polymorphonuclears, lympho-
cytes and larger mononuclears. Brythrocytes may or may not be
present in large numbers. Bosinophils predominate among the
granuloecytes and may be recognised by the poorly lobed nucleus
and large red granules characteristic of this cell. Since the
cytoplasm of rabbit neutrophils contain red granules which may
cause them to be confused with eosinophils in H. and E. stained
sections, the carbol-chromotrope method was emplkdyed to differen-
tiate the two types of cells since it selectively stains the
granules of eosinophile leucocytes. The eosinophils often appear
to be degenerate and in these cases the cytoplasm is completely
eosinophilic and has lost its granularity.

If the tract is recently formed it is surrounded by a ring
of necrotic liver cells and by distended sinusoids which are
filled with mononuclears and granulocytes. In older tracts (fig.
32} the zone of necrosis is reduced and the space is filled with
large mononuclear cells whose cytoplasm is foamy and presents a
syncytiggllike appearance (fig. 33) in the meshes of which are
present plasma cells, lymphocytes and eosinophils. Fibroblasts,
most of which are arranged concentricilly, are present on the
periphery of the tract (fig. 34). Capillaries with swollen
endothelial cells grow in from the periphery of the lesion, but
these are not numerous at any time. A few mono-and multi-

nucleated hepatic cells (fig. 35) are commonly present; the
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latter may have up to 30 nuclei which may be distributed irregul-
arly or as an overlapping mass. Small ducts lined by cells
resembling liver cells are also common.

Individual parasites may settle down in the bile duets as
early as five weeks after infection, when they are about 3 mm. in
length, although it is usually about eight weeks before they are
all in the bile-ducts. Tracts are, therefore, formed until sbout
the eighth week and in heavy infections the liver may be literally
honeycombed.,

The b;le ducts are also frequently damaged by the parasites
and fig. 36 shows a large portal tract adjacent to a fluke tract.
The wall of the bile duet has been ruptured at two points and the
lumen is filled with necrotic debris and polymorphs.

During the migratory period, particularly in the older
infections, it is common to encounter infarcts. The size of these
infarcets ranges from part of a lobule to part of a lobe. The
large infarcts are produced by flukes tracking across a blood
vessel, by thrombus formation in vessels adjacent to a tract, and
possibly by inflammatory changes in the walls of vessels.

Pig. 37 shows an infarect near its site of origin in a tract
produced by a burrowing fluke. The next illustration (fig. 38)
shows the same infarct at its widest point; the blood vessel has
divided into three branches and each of these is surrounded by
necrotic liver tissue.

Thrombus formation, particularly in veins is commonly

encountered/
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encountered and this is illustrated by fig. 39 which shows an
organising thrombus in a hepatic vein. In some damaged arteries,
thrombosis is not found but there occurs separation and disinte-
gration of the muscle Cibres of the media and proliferation of the
intimal cells; in addition, the wall of the vessel is infiltrated
by granulocytes and lymphocytes (fig. 40). In some of these
lesions the lumen of the vessel is reduced and appears to be a
possible cause of ischaemia.

Smgll foci of necrosis involving lobules or even parts of
lobules are not infrequently seen. While it is possible that
these are tangential sections through the necrotic periphery of
a fluke tract, they may on the other hand be caused by small emboli
originating in vascular damage by the flukes.

In lightly infected liver or in lobes which are not severely
damaged by tract formation the portal tracts are unaltered. In
areas which are adjacent to, or involved in, fluke tracts three
changes are noted. Bach portal tract is surrounded by lymphocytes
which invade the surrounding liver parenchyma; there is a marked
hyperplasia of gsmall bile ducts on the periphery of the portal
tract (fig. 41); finally there is extensive oedema of the supporting
portal eonnective tissue, the collagen fibres being widely separated
and the lymphatic vessels distended (fig. 42).

At this stage of infection one commonly observes parasites or
their tracts immediately below the surface of the liver. During
the subsequent inflammatory reaction a thick layer of fibrin is

formed/
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formed on the peritoneal surface; these foci of fibrinous perit-
onitis often become confluent and form adhesions between lobes

and to the stomach intestine and omentum. Organisation may later
supervene on this process.

Livers from infections of 8 weeks and over

Macroscopic Findings

The livers were usually adherent to the stomach, intestine,
omentum and diavhragm by strands of connective tissue; the lobes
were often inseparable from each other due to similar changes, and
were distorted and altered in size. These changes in shape
followédino obvious pattern, although the main mass of lobes was
usually reduced and the caudate lobe was increased in size (fig.
43). The livers were usually paler than normal and the lobular
pattern was clearly demarcated. Multiple nodular hyperplasia as
seen in the human subject was not a feature of these cases. The
gall-bladder was often increased to twice its normal size and was
filled with black or brown bile. The walls of the extrahepatic
bile ducts were thickened and the lumen was several times larger
than normal; the majority of the parasites were in these ducts
and if the liver was examined immediately after death the flukes
could be observed moving freely. On section the livers were
usually fibrotic; the intrshepatic bile-ducts were distended,
their walls were thickened and their lumina sometimes contained
flukes.

Microscopic Findings

Numerous areas of fibrous tissue may be observed which

represent/
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represent advanced stages in the repair of the fluke tracts. The
granulation tissue, the formation of which was described earlier, is
now more heavily collagenised, there are very few granulocytes and
mononuclear cells present, and the tissue is relatively avascular.
The small channels, referred to earlier as being lined with cells
of parenchymal type,are now indistinguishable from small bile-ducts.
The mono- and multi-nucleated liver cells which are characteristic
features of the healing tracts are now few in number and appear
atrophied; their cytoplasm is filled with fine brown granules and
their nuclei are pyknotic (fig. 44). In some areas small hyper-
plastic foci of liver cells are seen; these may also be found in
chronic infections of several months'duration. These hyperplastic
foci aeppear to be short-lived in many instances as degenerating
circumscribed areas of liver cells are freguently encountered in
the same sections. These fibrous areas formed during the repair
of the fluke tracts are frequently surrounded by lymphocytes which
may show a teadency to invade the surrounding parenchymna.

In some areas the portal tracts remain unaltered. In others,
particularly when the parasites are numerous, the portal tracts
are increased in area, are very fibrous, and possess a large number
of small bile ducts. Frequently it is impossible to decide if a
given structure is a portal tract or a healed fluke tract. The
portal tracts may be joined to the areas of residual fibrosis
(i.e. the healed fluke tracts) by a network of connective tissue
producing the appearance of coarse cirrhosis (fig. 45).

Fluke/
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Fluke eggs are commonly found in the smaller bile ducts and
a single fluke egg may completely £ill the lumen of a small duct
(fig. 46) and in larger ducts five or more eggs may produce
apparent complete obstruction (fig. 47). The presence of these
eggs in intact bile ducts usually provokes no reaction, although
occasionally epithelial hyperplasia is noted.

In those ducts which are large enough to contgin adult
parasites, several lesions are present. There is a great increase
in the diameter of these bile ducts and in the thicknmss of their
walls, these changes being most marked in the common bile duct
(fig. 48). Most of the parasites are found in this duet, their
bodies folded over one another; the majority appear to be free in
the lumen, although occasionally their suckers are seen grasping
the mucosa (fig. 21). The sharp cuticular spines are prominent
features of their anatomy and are often observed embedded in the
epithelium of the duct. This tissue is extensively damaged by the
presence of these spines and the movements of the flukes. Numerous
eggs lie free in the lumen of the duet together with red and white
cells and cellular debris. -

The state of the bile duct epithelium varies depending on
the presence and activity of the ﬁarasites. Occasionally it is
normal, frequently it is hyperplastic (fig. 49). The tall colum-
nar epithelium may be replaced by a cuboidal or flattened type and
in some ducts there is no epifhelium at all, the duct consisting
entirely of a fibrous tube (fig. 50). In places where the
epithelium/
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epithelium has been freshly breached by the parasites there is
fibrinoid necrosis of the epithelium and underlying tissues;

below this necrotic tissue the wall is heavily infiltrated with
plasma cells, lymphocytes, eosinophils and fibroblasts (fig. 51).
In long~standing cases the walls of the ducts are thickened and
fibrous due to the proliferative changes associated with sub-acute
and chronic inflammation. Not infrequently necrosis of the com~
plete wall of a thickened and parssitised duct is present (fig.
52); in some of these cases the necrosis involves the surrounding
liver tissue.

In some bile ducts, particularly those in which the epithelium
is desquamated, the wall is infiltrated with fluke eggs. Occas-
ionaglly these eggs are grouped together in large numbers (fig. 53),
but more often they lie singly in the tissue.

Initially the ova are surrounded and frequently invaded by
eosinophils and macrophages (fig. 54); 1later, each cell is
surrcunded by concentric whorls of macrophages and fibroblasts and
an outer ring of lymphocytes, producing a specific type of foecal
granuloma (fig. B55).

Areas of necrosis in the liver parenchymas are frequently
observed. These range in size from that of a lobule to areas of
1 sqe. cm. and may include portal tracts and areas of residual

fibrosis; the cause of this lesion is undetermined.
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Bromsulphalein Bxcretion Tests

If a solution of bromsulphalein is injected into the blood
stream of the normal human subject, almost all of the drug is
excreted in the bile within one half-hour after injection. When
hepatic lesions are present grades of retention up to 100% may be
encountered. These facts are the basis of the use of bromsul-
phalein as a liver function test (Rosenthal and White, 1985).

This test was carried out on a number of rabbits; these
included a group of three normal rabbits, a group of three rabbits
with chronic fascioliasis, and two rabbits whose common bile ducts
were ligated. The main object of the experiment was to show that

retentlion of bile was not a characteristic feature of fascioliasis.

Methods and Materials

A prepared solution of bromsulvhalein®™ (5 mg. per kilo.) was
injected into the marginal ear vein of each rabbit. Samples of
blood were withdrawn 5, 20, and 40 minutes after injection. The
serum was allowed to separate and the amount of bromsulphalein in

each sample determined as described by Rosenthal and White (1925).
Results

These are detailed in Table 17 and show that the excretion
times in both normal and fluke injected rabbits are similar while

those/
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those of the two rabbits whose bile ducts were ligated are greatly
increased. It is therefore reasonable to conclude that gross
biliary obstruction does not occur in chronic fascioliasis. It
is necessary to point out that if the bromsulphalein excretion
times of the fluke infected rabbits had been increased it could
not have been ascribed as being necessarily due to biliary

obstruction.
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Table 17

Bromgulphalein excretion times in normal rabbits,

rabbits with chronic fascioliasis,

and rabbits whose bile ducts were ligated.

Normal Rabbits

Time =fter injection in mins. % retention
No. 11 5 9.6
20 0. 4
40 O
No. 33 5 6.8
20 1.1
40 0
No. N475 5 13. 9
20 1.1
40 0. 3
Fluke-infected Rabbits
Time after injection in mins. % retention
No. 0703 5 22. 7
20 1.8
40 1.8
No. 6 5 10.1
20 0.7
40 0]
No. 13 5 18, 58
20 0.5
40 0
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Rabbits with Biliary Obgtruction

Time after injection in mins. % retention
No. 456 5 95, 7
20 75. 4
40 60. 9
No. 83 5 O, 7
20 63. 2

40 87 3
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DISCUSSION

The lesions which have been described gbove may be conven-
iently discussed by taking in turn the abnormalities associated
with the normal liver, with the acute or migratory stage of
infection and with the chronic or adult stage of infection.

Lymphocytic infiltrates were found in a small percentage of
lobules in almost all of the 20 normal livers examined. While
hepatic lesions are common in laboratory rabbits due to infection

the
with, protozoan Himeria stiedae, it seems unlikely that these

infiltrates were produced in this way, as this parasite was
observed on only one occasion in the epithelial cells of a single
bile duct in one of the livers. At autopsy, a few cysticerci of

Taenia pisiformis were found in the peritoneal cavity of almost all

of the rabbits. These cestodes are carried from the bowel to the
liver by the portal stream and gain entry to the peritoneal cavity
by intrahepatic migration. Although no necrotic tracts were ever
seen in the livers of the control rabbits it is not impossible
that the liver lesions which were described resulted from these
migrations.

‘ The repair of the necrotic tracts caused by the migratory
forms of F. hepatica was followed by proliferation of parenchymal
cells and of connective tissue cells; usually the liver cells
failed to effect complete repair with the result that the healed
tracts were usually represented by areas of fibrous tissue

enclosing/
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enclosing foci of degenerating liver cells. During the repair of
these tracts and on the edges Of the oOedematous portal tracts the
dedifferentiation of liver cells into bile duet epithelium was
often oObserved. Initially, this was characterised by the pre-
sence in these areas of numerous channels lined by cells; many of
these cells were indistinguishable from hepatic cells while others
were transition stages between hepatic cells and bile duct epi~-
thelium. Ultimately, the parenchymal identity of these cells was
completely lost and the structures were dentical with: gmall bile
ducts in every respect.

Severe fibrinous peritonitis was a feature of all of the
livers which contained young migrating flukes, except those from
rabbits killed two weeks after infection; invariably the livers
from six and seven week infections were the most severely affected.
These two facts show that the gross peritonitis cannot be ascribed
to the penetration of the liver capsule by the young flukes from
the abdominal cavity, but is associated with the acute hepatitis
following the intrahepstic migrastions of the parasites.

‘The frequency with which fluke tracts were replaced by
connective tissue has already been noted. If this observation
is also applicable to the livers of infected sheep and cattle it
is obvious that the known anthelmintics used against fascioliasis,
all of which are only effective against flukes in the bile ducts,
will not prevent the formation of foci of fibrous tissue in
infected livers. It is therefore possible that livers may be

rendered/



rendered unfit for human consumption no matter how'frequently
anthelmintics are administered.

The lesions which were associated with chronic fascioliasis
were partly a legacy from the acute stage of the infection and
partly caused by the presence of the parasites in the bile ducts.
The increase in thickness and in diameter of the intrahepatic
bile ducts and the increase in area of the portal tracts was
usually accomplished at the expense of the parenchymal tissue;
this overgrowth of connective tissue often proceeded somewhat
irregularly and lobules or groups of lobules were frequently
separated by bands of connective tissue. These outgrowths,
together with the fibrous lesions which are characteristic of the
healed fluke tracts, produced a coarse cirrhosis.

Jaundice, caused by mechanical obstruction of the bile ducts
by the parasites, is described by several writers (Cameron, 1951;
Monnig, 1950) as a common sequel of chronic fascioliasis in sheep
and cattle. In infected rabbits, Jjaundice even of a very tran-
sient nature is rarely encountered (EBesuSectioch?®d’ and liver
function tests failed to show any evidence of obstruction; histo-
logically, obstruction was only noted in the relatively small
number of ducts which were blocked with eggs. In view of the
fact that the rabbits which were subjected to ligation of the
common bile duct showed intense Jaundice, almost complete retention
of bromgulphsalein, increased alkaline phosphatase levels in the
sera, and numerous plugs of inspissated bile in the bile ducts

«Té:ée“/\ e K
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(see Section 2), it is reasonable to conclude that in the rabbit
infected with fascioliasis obstruction of the biliary tracts is
slight or non-existent and plays no significant part in the patho-
genesis of the cirrhosis. It is also of interest to note that
ascending suppurstive cholangitis frequently associated with
obstruction of the large bile dpcts in the human subject was not
a feature of these livers.,

It appears, therefore, that the etiology of the coarse cirr-

>

hosis characteristic of chronic fasciocligsis in the rabbit is

essentially fivefold. First the healing of the necrotic tracts
produced by the migrations of young flukes, secondly the infarcts
resulting from the vascular damage produced by the latter, and
thirdly the chronic cholangitis caused by the presence of the
parasites in the ducts. To these may be added the proliferative
chgnges on the periphery of both the portal tracts and the healed
fluke tracts and the granulomatous lesions which are formed in
regponse to the presence of fluke eggs in the tissues.

The presence in these livers of numerous granulomata containing
fluke eggs has a well-known counterpart in human schistosomiasis.
One of the classical lesions of this disease and, according to
Craig and Faust (1951) the most important, is the formation of
pseudotubercles around eggs lodged in the peri-vascular tissues.
The adult worms live in the mesenteric-portal vessels and in the
assocliated vesical and pelvic plexuses and the eggs are discharged
into small venules; from there they filter through the wall of

the venules and penetrate the mucosa of the bowel or bladder to

reach the lumen. According to Shaw and Ghareeb (1938) this

migration/
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migration is accomplished with the aid of a necrotizing ferment
which is produced by the migracidium and diffuses through the
pores of the egg-shell. In chronic cases of the disease the eggs
are attacled in the perivascular tissues by leucocytes with the
eventual production of egg-~abscesses and miliary pseudotubercles.
In the rabbit livers infected with F. hepatica the eggs are
normally discharged directly into the bile-duects and so reach the
exterior; tissue migration is therefore not a necessary part of
the life-cycle. No necrosis was observed around the eggs in the
periductal tissues and it was probable that they entered these
tissues through abrasions produced by the adults in the walls of
the ducts. One other feature associated with the eggs of F.
hepatica was the frequency with which a small bile duct was obser-
ved to be plugged by a single fluke egg. The mechanism whereby
this occurred is unknown; it is possible that the genital pore

of a fluke was oOccasionally applied to a small bile duct and that
the egegs were shed into this duct and in some way forced up the

lumen.
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Fig. 27. Young fluke, 2 weeks after infection, migrating through
liver parenchyma. H.&.E. x 100,

Fig. 28. T.S. of freshly formed fluke tract. The space left by the

parasite is filled with polymorphonuclears, lymphocytes, red blood
cells, and liver debris. Mallory x 180.
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Fig. 29. Degenerating liver cells and distended sinusoids on the
periphery of a fluke tract. The sinusoids are filled with large
mononuclears and lymphocytes. H.f-E. x 60o,

Fig. 30. Freshly healed small fluke tract just below surface of liver,
It is composed of loose connective tissue, interspersed with
phagocytes, degenerating multi-nucleated liver giant cells, and a few
young bile ducts. H.&.E. x 100.
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Fig, 51. Liver of rabbit 6 weeks after infection with ~0 cercariae,
The surface is covered with patches of fibrin.

Fig, 52. Partially healed fluke tract showing necrotic debris
in centre, surrounded by young connective tissue and
mononuclear cells, H,&,E, x
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Fig. 55*% Appearance of mononuclear cells in healing fluke tract.
H."E. X500.

Fig. $4. Part of circumference of healing fluke tract shov/ing
concentric arrangement of fibroblasts on periphery. H. E. x 110.
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Fig, 5*. Multi-nucleated liver giant cell formed during repair of
fluke tract. H.&.E. x 1850.

Fig. $6. Portal tract of liver 6 weeks after infection. The bile
duct is ruptured at two points and the hepatic artery is damaged;
the supporting connective tissue is oedematous and the lymphatic

vessels are distended. H.&.E. x 57.



XX3Y

Fig, 57. Infarct of liver of rabbit 6 weeks after infection.
H.&.E. X 15.

Fig. 58" Same infarct at widest part ; the blood vessel has
divided into three branches. H.&.E. x I5.
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Fig. 59. Thrombus in hepatic vein. H.&.E. x 60.

Fig. 40. Hepatic artery showing inflammation and oedema of wall.
H.&.E. x 110.
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Fig. 41. Hyperplasia of bile duots on periphery of portal tract,
H.S.E. X 400.

Fig. 42. QOedema of connective tissue of portal tract. H.&.E. x 110.
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Fig, 45, Liver of rabbit with chronic fascioliasis. The main
lobe mass is reduced and the caudate lobe is increased in size.

Fig. 44. Healed fluke tract. H.&.E. x 50,
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Fig. 45. Coarse cirrhosis of chronic fascioliasis. H.&.E. x 20.

Fig. 46. Fluke egg in bile duct. Mallory x 4"0.
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Pig. 47. Fluke eggs blocking lumen of bile duct. Mallory x 110.

Fig. 48. Increased diaimeter and thickness of conmon bile duct in
chronic fascioliasis. Insert shows normal common bile duct.
Mallory x 6.
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Fig. 49. Hyperplasia af*billary epithelium of oomnon bile duct.
H.&.E, x 55.

Fig. 90. Common bile duct showing fibrosis of wall. The oral and
ventral suckers and the spines of the fluke can be seen. Mallory x 12.
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Fig, 51" Hloer of wall of commoin bile duct, H.&.E. x 59.

Fig. 92. Necrosis of complete wall of common bile duct. The oral
sucker and the spines of the fluke are prominent. H.&.E. x 59
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Fig. 95* Seeding of liver tissue with fluke eggs. Mallory x 59.

m M

Fig. 94. Fluke egg surrounded and invaded by eosinophils and
macrophages. H.&.E. x 420.



Fig.

Egg granulomata.

xxxm

Mallory x 110.
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SUMMARY

1. The literature pnertaining to the hepatic lesions associated
with fascioliasis is: discussed.
2. An experiment is described in which the serial vnathology of
fascioliasis is described in rabbits.
3. These lesions are discussed and il is concluded that the cirrho-=
sis characteristic of fascioligsis is due to:-
(a) the healing of the tracts and infarcts produced by the
migrating flukes;
(b} chronic cholangitis caused by the presence of the adults
in the large bile-ducts;
(¢) hyperplasia of both connective tissue and bhiliary elements
in the portal tracts;
(4} granulomatous lesions formed in response to the presence
of fluke eggs in the tissues.
4. Obstruction of the blliary tracts appears to play no part in

the pathogenesis of the cirrhosis.
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Appendix A

The snails were obtained from a field habitat near Aberfoyle
in Januvary, 1949. The farm was one in which fascioliasis was common
in the cattle and sheep and the habitat was located during a joint
expedition with Mrs., Drummond of +the Zoology Department of this
Universgity. ©Snails and mud were removed to the Veterimnary School,

Glasgow, where the culture has since been maintained.

Appendix B

The gpectrophotometric detection of biliverdin in plasma
described by Larson, Evans and Watson, (1947), depends on the marked
light absorption of biliverdin at wavelengths between 550 mjp and
700 m p , maximal at 650 mp. In the method used, 1 ml. of plasma
was added to 8 ml. distilled water. The dilution was made up to
10 ml, with a sgaturated solution of NaCl which has the effect of
clearing opacity. The light absorption curves of these dilutions
were examined using a Unicam S.P. 500 spectrophotometer. The
- abgorption curve of the plasma of infected rabbits was compared
with that of the plasma of normal rabbits similarly diluted. No
detectable amount of biliverdin was present in the plasma of elither

group.

Appendix C

The rabbit red cells were tested for the presence of adsorbed

incomplete/
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incomplete antibody by the direct antiglobulin test. In this,
the red cells were thrice washed with normal saline and dilutbed
to 5% with normal saline. One drop of the 5% suspension of cells
was incubated for one hour at 37°C. with one drop of a suitable
dilubion of an anti-rabbit globulin serum. The cells were then
examined for agglutination. The occurrence of agglutination
indicated the presence of adsorbed incomplete antibody on the

red cells.

fhe anti-rabbit globulin serum was developed by immunising
goats againgt radbbit serum with intramuscular injections of
alum—-precipitated rabbit serum (Proom, 1943) followed by intra-
venous injections of rabbit serunm.

The goat serum was then absorbed with well-washed normal
rabbit red cells to remove agglutininsg and titrated by testing
doubling dilutions with rabbit red cells coated with incomplete
iso—-antibody. Suitable dilutions for tests were determined by

this titration.
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SUMMARY

This thesis describes some aspects of the experimental infection

of rabbits with PFasciola hepatica.

The first part is éoﬁcernedﬂwith the value of the rabbit as hosi
in experimentel fasgciloliagis. To this end, some experiments were
carried out to determine the importance of gome of the factors which
might influence the number of adult flukes developing in a rabbit
from a given number of cercariae. It was concluded that two of the
most important factors are the technique of infection and the natural
registance of the rabbit. Details are given of a simple, rapid and
efficient technigque of infection and 1t was concluded that the natural
resistance of the rebbit to infection with F. hepatica was about the
same level and within the same limits as that of the sheep.

The work described in the second part of the thesis i1g concerned
with the anamemia associated with fascioliassis. This was shown to be
macrocytic and hypochromic and accompanied by a constant reticulo-
cytosis; the plasma contained no excess bilirubin or biliverdin and
the spleen was always deficient in iron. The marrow was hyperplastic
and normoblastic. Blood or blood products Were consistently
demonstrated in the common bile ducts of infected rabbits and in the

‘ caeca of the flukes. The anaemia digappeared when the flukes were
\ \\removed by an anthelmintic. It was concluded that the anaemia was
éﬁmilar in all essential respects to that produced in rabbits by
qépeated bleeding, i.e., that the anaemia was post-haemorrhagic in

§
f/%ype.

; Attempts were made to'estimate the blood losses produced by the
|

adult/




adult flukes in the bile ducts by radioactive isotope techniques in
which red cells and plasma were labelled with 32P and 1311 respect—
ively, and injected into infected rabbits. These were killed and
the amount of blood in the flukes calculated by measvring their
radioactivity. It was concluded that each fluke removes 0.25 ml.
daily.

A further section describes the results obtained by the
immunisation of rabbits with proteins of . hepatica. This was
shown to stimulate the production of precipitins in relatively
large amounts as measured by gquantitative precipitin tests., Immun—
igation of rabbits with these proteins prior to infection was shown
to produce inhibition of development of the parasites, but did not
reduce their numbers significantly.

In the last section of the thesisg, the serial pathology of
experimental fascioliagis is described in rabbits. These lesions
are discusged and it is concluded that the cirrhosis characteristic
of fascioliasis is due to:-—

(a) the healing of the tracts and infarcts produced by the
migrating flukes;

(b) chronic cholangitis caused by the presence of the adults
in the large bile ductsag

(¢) hyperplasia of both connective tigssue and biliary elements
in the portal tracts;

(d) granulomatous lesions formed in response to the presence of

fluke eggs in the tissues.
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