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THE EFFECT OF IMMUNOSUPPRESSANTS
ON EXPERIMENTAL INFECTION WITH FASCIOLA
HEPATICA
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Abstract. Results are presented on ihe effect of immunosuppressive substances such as chlorambueil,
cvelophosphamide, azathioprine, amethoplerine and a cortizone derivate of betamethasone, on the
development of Fasciola hepatica in the rat. The suppression of the immune response of the host to
immunosuppressants was reflected in an carlier start of migration of the flukes to the common bile
duet, and in an earlier onset of egg production as compared with that in the controls. Of the sub-
stances employed, eyclophosphamide and belamethasone were the most effective ones within the
period from week 2—86 p.i., which is tho time during which the migration of the flukes in the liver
parenchyma is highest. Pathological changes in the liver of the animals were less marked than those
of the infected controls. Evidence was obtained on an inereased pathogenieity of infective larval
flukes causing a higher mortality of the hosts in comparison with that of the control animals. On the
other hand, the administration of immnunosappressante did neither influence the total number of
developed flukes nur the appearance of eosinophilia in the peripheral blood of the treated animals,

Immunosuppressants are the most important component of clinical transplantation
treatment: they are used also in a number of studies on protein synthesiz and antibody
production. In addition, they are employed in the study on various immunological
processes thus increasing their range of clinical applicability. In clinical parasitology,
immunosuppressants are employed mainly in studies on the immune response of the
host in that they either expell parasitic worms from the organism or devitalize them
in the individual organs. Morcovor, these substances have been used successfully for
blocking the natural resistance of nonspecific hosts enabling thus the cultivation of
various helminths in hosts in which they normally do not survive. The effect of immuno-
suppressants on the immune response of the host has been described by Wilson (1971)
in experiments with the nematode Dictyocawlus viviparus; by Ritterson (1968),
Kozarova (1969), Corba and Spaldonova (1974) with T'rickinella spiralis; by
Wiest (1972) with Trichostrongylus axei and T. colubriformis; by Urquhart et al.
(1965) with Nippostrongylus brasiliensis. For cestodes, Hopkins et al. (1972) described
the effect of these substances in an experiment. with Hymenolepis diminuta; Domingo
ct al. (1969) with the trematodc Schistosoma mansoni.

In an earlier experiment (Corba and Spaldonovd 1974) concerned with studies
on the immune response to experimental trichinellosis evidence was obtained on the
fact that immunosuppressants administered during the intestinal phase of infection
suppressed the resistance of the host and, hence, were responsible for a significant
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increase in the number of worms in the muscles, The present study deals with the effect
of immunosuppressants on the development of Fasciola hepatica in experimentally
infected rats, and with the response of the infected host and its organs.

MATERIALS AND METHODS

Mule rats of the Wistar strain, weight 70—170 g, wore infocted by way of a stomach tube with
30 adolescariac of Fasciola hepatica suspended in a 0.1 % solution of the detergent Lissapol. Adoles.
cariae were ohlained from our laboratory stoek of Galba truncatuia reared under standard conditions.
Laoh group consisted of 20 anmmals. The immunosuppressive substances administered to both
experimental and control animals were these:

1. Imidazole dorivate 6-mercaptopurine — azathioprine (Tmuran) produced by Burroughs Wellecome

Co, Great Britain '

2. p-/N,N-di/f-chlorethyl) aminophenyl butyric aecid — chlorambucil (Leukeran) produced by

Burroughs Weollecome Co, Great Britain
3. N,N/B-oyclophusphamide (Endoxana) produced by Ward Blenkinsop Co, Great Britain
4. 4-amino-N-mothyl of ptero-glutamic acid — amothopterine (Methotrexate) produced by Lederle

Labs Division, Great Britain
5. Cortisone derivate ~ fluor — methylpredunisolon — bhetamethasone (Betsolan) produeed by

CGlaxo Labs Ltd., Great Britain

Chlorambucil mACs——tm
Methotrexate b
Cyclophosphanmid -
Azathinprine

Beramerthatont — —ce=ew=e=

Contrel e

1 2 ) 4 5 6 ? 8 wouks

Fig. 1. 'ercontage of eosinophilie loucoeytes in the white bl ood picture of rats treated with immuno-
suppressants 3 times a week inintervals of -2 wocks before to -+ 2 weoks after infoction with 30 adoles-
carine of F, hepatica per rat.
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The substances wera administered either orally or parenterally in doses and intervals shown in
tables 1 and 2. From week 4 p.i. onwards, two animals of each experimental and control group
wero killed in weekly intervals and examined for the location, size and degree of sexual maturity of
the flukes, and for the extent and quality of the pathological process in the liver. Simultaneously,
two snimals were killed of the uninfeeted control group which had reeceived immunosupprossants
in the same intervals as tho oxperimental animals. From the first day of infection onwards, blood
was taken from the retroorbital plexus of the animals in weekly intervals using tho method suggestod
by Niiller (in: Cors et al. 1958) for tho purpose of examining tho differential white blood picture.
From week 5 p. i. onwards wo examined the faecos of tho infected animals for the presence of eggs
of #. hepatica by means of the flotation-sedimentation method suggested by Breza and Corba
(in preas). In addition daily records were made of the general state of health and the rato of mortality
for all groups. After weeck 8 of ifection, 1e. at the terminntion of our experiment, the remaining
animals were killed in order (o evaluate all eviterin imder considoration.

RESULTS

Experiment no. I. Evidence was obtained by comparison with the untreated control
group (Table 1) that an administration of immunosuppressants commenced two weeks
prior to infection and continued for two weeks after infection with F. hepatica did not
influence significantly the number of flukes recovered from the common bile duet of
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Fig. 2. Percentage of eosinophilic leucoeytes in the white blood picture in rats treated with immuno-
suppressants three times a week in intervals from weok 2--week 6 p.i. with 30 adolescariae of
F. hepatica per rat.
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the experimental animals. Neither did it influence the speed of migration of the flukes
through the liver parenchyma, their size and degree of sexual maturity, and the expul-
sion of ¥ hepatica eggs with the faeces. On the othor hand, significant differences were
observed in the rate of mortality: three animals died in the group treated with ametho-
pterine, up to 5 animals in the group treated with cyclophosphamide, while no case
of mortality was rccorded in inlected and uninfected animals of the control groups.

Experiment no. IL The results shown in Table 2 indicate that also in this experiment
differences in the mumber of flukes recovered after the termination of the experiment
were insignificant. Significant, however, were differences in the location and gize of the
flukes, in pathological changes of the liver and in the number of eggs passed with the
facces. In animals of the groups treated with either cyclophosphamide (dose 1 mg.ip.)
or boetamethasone (dose 0.5 mg.ip.) a speed-up in the migration of the flukes through
the liver parenchyma was observed between week 2 and week 6 pui., which oceurred
considerably carlicr than under normal condition; on day 35 p.i., the majority
of flukes had reached the common hile duct, several of the parasites had attained sexual
maturity and harboured formed eggs of F. hepatica. Also an carlier onset of egg produe-
tion in these groups was confirmed by corpological examination: eggs of £. hepatica
were present in the facees of the treated animals on day 42 p.i. alrcady. Tn the control
animals, the first flukes appeared in the common bile duet on day 50 p.i., the first cggs
appeared on day 56 p.i. The size of the Mlukes was similar in both experimental and control
animals. The extent of pathologicul changes in the liver of animals treated with either
eyclophosphamide or betamethasone was considerably smaller in comparison with that
of the controls. After the termination of the experiment, i.e., in weck 8 p.i., the appea-
rance of the liver parenchyma of these animals was normal in spite of the fact that
mature flukes were present in the common bile duct, Mortality was recorded in all expe-

Table 1. Tnfluence of immunesuppressantsa administered threo times a week from two weeks prior
to infection to two wecks postinfection with 30 adolescariae of F. hepatica on the rat

| ’ |
Group . No. "I.lm"m:ﬂ'q Dove Individual no. of flukos [ Average |
in experimont /dend in mg
|

Chlorambueil | 20/1 02 3,3,4,522 23,52 ’ 3.4
Amethoplerine 20/3 | 0125 2,6,2,1,4,2,4,85,5,4 | 3.6 |
Cyelophosphamide 20/5 1.0 3.5.6,1,.4,3,5,5,2,3 | 36
Azathioprine 2070 2.0 4,1,6,4,2,5,3,6,6,4 4.0
Betamethasono 20/0 0.6 4,2,6,3,1,5,5,4,6, 2 3.8
Infected controls 2000 - 5,4,3,4,2,4,5,4,4, 4 t 3.9

|

Table 2. Tnfluence of immunosuppressants administersd threo times a week within week 2—week
6 of infoction with adolescarine of F. hepatica on the rat

B 1
| No. of animals | Dose ik
Group in the experi- ; Y Individual no. of flukes = Average
ment/dead ‘ e

| Chlorambueil 20/3 0.2 65,4,3,1,6,3,2,5,3,3 ' 3.6
| Amethopterine 20/5 0.125 5,35,3,2,6,1,3,5,5,06 4.1
! Cyelophosphamide 20/4 1.0 4,3,45,2,6,3,1,6,5, 4 4.3
! Azathioprine 20/2 2.0 5,1,1,6,3,2,6,7,6,56 ' 4.2
' Betamethasone 20/1 0.5 54,3,521,6,3.3,6| 3.7
' Infected control 20/0 - 4,6,6,4,5,5,6,3,2 | 4.2
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rimental groups (Table 2): it was highest in the group treated with cyelophosphamide.
No death oceurred in the uninfeeted control groups.

Examination of the differential blood picture disclosed a marked development of
cosinophilia in both group I and 1T from week 2 p.i. onwards: it attained its maximum
(up to 18 9,) in week 3 p.i. and persisted wntil week 6 p.i. Although a gradual decrease
in the number of eosinophils followed after this period, eosinophilia was still higher
than in the controls at the end of the experiment. Administration of immunosuppress-

ants 1o uninfected animals did not affect their white hlood picture (see Fig. 1 and
Fig. 2).

DISCUSSION

The immunosuppressants used in our experiments have a different mechanism of
effect and helong lo these groups: a) alkylating agents — chlorambucil (Leukeran),
and cyclophosphamide (Endoxana). These have a marked cytotoxic effect on prolife-
rating and, hence, also immunocompetent cells. Cyelophosphamide is ineffective in the
form administered. It is activated by the splitting off of its phosphamide component
by phosphoramidase present. the microsomes of the liver cells, the bone marrow and
the kidueys. b) Antimetabolites — imidazole derivale 6-mercaptopurine — azathioprine
(Imuran), and the antagonist of ptero-ghutamie acid (Methotrexate): these substances
inhibit cell mitosiz on the hasis of nucleie acid synthesis. ¢) The corticosteriod substance
bhetamethasone (Betsolan) has an effect similar to that of the remaining corticosteroids,
1e., in addition Lo its antiinflammatory effect it inhibits the lymphoreticular tissue and
antibody production.

Of importance in the administration of immunosuppressive substances is the correct
timing of the antigenic stimulus and that of treatment. With this in mind we arranged
our experiments in this way: administration of immunosuppressants was introduced
prior to the antigenic stimulus, i.c., infeetion with adolescariac of F. hepatica, and
continued during the early phase of the parasite’s development (experiment no. 1);
in experiment no. 11, immunosuppressants were administered at the period of maximum
migration of the flukes in the liver parenchyma and, in this case, the antigenie stimulus
preceded the therapy. Our results suggested that the administration of several immuno-
suppressive substances in experiment no. IT suppressed the developing (adaptive)
defense response of the host causing thus a speedier migration and earlier sexual matura-
tion of the flukes. The absence of defense mechanisms was responsible for an increased
pathogenicity of the adolescariae administered and, consequently, for an increased
mortality of the treated animals (up to 25 9%,). The sole responsibility for mortality
should be ascribed to migrating forms of F. kepatica, since neither symptoms of disease
(except for several cases of haemorrhagic enteritis after treatment with amethopterine),
or death were recorded for both treated, uninfected und untreated, uninfected control
animals.

A considerable individual variability in the number of flukes recovered is shown in
tables 1 and 2. Since, in comparison with the experimental group, the number of deve-
loped flukes from an infective dose of adolescariae was more stable in the control groups
it appears that individuals of the same species respond differently to immunosuppressive
substances. The size of sexually mature flukes was not influenced significantly by the
introduction of these substances. Therefore, we agree with Kendall (1967) in that
the size of the flukes located in the bile duct (or gall bladder) depends directly on their
number.

Eosinophilia in the peripheral blood is typical of many parasitic discases including
fascioliasis. Although knowledge of the function of eosinophils is incomplete as yet it
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has been suggested that they signal an immune response of the allergic type. Sinclair
(1970) inferred that an increased tissue eosinophilia as well as circulating eosinophilia
arc in correlation with retarded growth of the flukes and with the incidence of haemor-
rhagic lesions. Our results indicate that cosinophilia was not snppressed in the rats hy
the doses of immunosuppressants administered although in this case the individual
variability in the number of eosinophils was again high.

In a recent experiment (Corba et al. 1971) the authors observed that a delayed type
of hypersensitivity developed in rats infected with F. hepatica. This could be transferred
to isogenic recipients with the lymphatic tissue of the infeeted donors. In a provisional
experiment (Corba 1974 — unpublished) transfer of a large amount of immune serum
to recipient rals imfluenced significantly an infection with F. hepatica; this confirmed
the importance of humoral factors in the immunc response to F. hepatica. In experiments
with allergic skin tests, Flagstad ct al. (1972) observed that the immune responsc of
the host to infection with F. kepatica did combine both early and delayed type of hyper-
sensitivily. In oxperiments with calves with a functional or morphological defect of the
thymus, these authors did not find any marked difference in the number of developed
flukes in the gall bladder of the infeeted animals in comparison with the control animals.
They observed, however, that the animals were incapable to react to the presence of
infection with F. hepatica with typical signs such as cosinophilia of the peripheral blood,
allergic skin respouse, and a marked cellular reaction of the liver paronchyma to the
presence of migrating larvae, Sinclair (1968) found in corticostoroid-treated lanils=
a speed-up in the development of F'. kepatica and an increased pathogenicity of the
parasite to its host. This wax reflected in the death of the animals although, under nor-
mal conditions, this infective dose of adolescariae employed would have caused neither
mortality nor major clinical symptoms. However, after re-infection, the administration
of this substance did not prevent the development of eosinophilia and hyperglobulin-
acmia. Our results are a contribution to the knowledge of the effect of immunosup-
pressants on the development of the parasite and on the general response of the host.
It may possibly atiribute to the elucidation of immune response to this most important
helminthiasis of economically important animals.

BOJJERCTBIE HMMYHOIIOJABJAKNHUX BEIECTB
HA DQRCIHHEPHUMEHTAJUBHYIO HHBA3HIO TPEMATOJIOI FASCIOLA
HEPATICA

A. YopGa u P. Nnaagorona

Peaome. ABTOpIW W3ywaim BO3JICHCTBHC MMMYHONOAABIMIOUIAX DEIIECTB — XJopoaMOyunia,
mkaodocpaminid, asaTHONPHHEA, AMETONTePHHEA M KOpTHIONOBOro jxepmsara Gerameraconma —
Ha paasntine Fasciola hepatica y uacwkos. Ilojapnenne nMMYROJIOTAMSCKK X NPONECCOB B opra-
HMBME XO4AMHA NYTeM N0Aa98 NMMYHOUOAABAHIOIIMX BEUCCTB HMET0 pesyabraToM Oonee
PAHHIOW METPAUMIO YepBe B oOMINM Kenuimiii nporok m Goolee paEHee o0pasosaHme ANI HO
CPABHEHMI C KOMTPUJABHBIMA RHBOTHEIMM. Camoe spKoe BO3JIEHCTBHE RMMeJa NOjaYa MBKIO0-
Pocpanmga m GeraMeTacoHa B HePHO;| MEAKJY BTOPOI W MeCTOl HeJIeTAMN OCTIe NHRAZNY, T. e,
B OEPAO MAKCWMAJILHOW MHIPalluy Yeppeil B napenxnme nedenn. llatonornveckne naMeHeHus
B leYeHH JKUROTHLIX OKa3ajuch MCHEC BDLIPAIUTC/ILULMI YCM Y KOUTPO.LUBIX JREBOTHLIX.
Taxuee wa0a10/8I0 NOBHMERNe NATOrCHIOCTH HNBANPYIONAX Hadaj, ¥ TeM M NOBLIMICHHYIO
CMEPTHOCTL JKMBOTHHIX [0 CPABHERNIO ¢ KORTPOILAWMN. [IpnMeRenine WMMyRONOABAAI0OMIX
BEMIECTR OMHAKO He OKAa3aJio BHIHHHH HIN HA OLLLEE MHCI0 lll‘lﬂllll'l’lnlx ‘IBPBBH HI1 HA NoaBheHle
s03unoduEn B nepudepuYecKol KPOBM NOAONBLITHHX MUBOTHRX.
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