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Immunological Tolerance to Pig-serum Partially Inhibits the
Formation of Septal Fibrosis of the Liver in Capillaria hepatica-
infected Rats

Rodrigo Guimaraes Andrade, Bruna Magalhaes Gotardo, Barbara Cristina A Assis,
José Mengel, Zilton A Andrade™

L aboratorio de Patol ogia Experimental, Centro de Pesquisas Gongalo Moniz-Fiocruz, RuaValdemar Falcdo 121,
41295-001 Salvador, BA, Brasil

Systhematized septal fibrosis of the liver can be induced in rats either by repeated intraperitoneal injections of
pig-serumor by Capillariahepaticainfection. Therelationship between these two etiological factors, asfar ashepatic
fibrosis is concerned, is not known, and present investigation attempts to investigate it.

C. hepatica-induced septal fibrosis of the liver was considerably inhibited in rats previously rendered tolerant to
pig-serum. Pig-serum-tolerant rats devel oped antibodies against pig-serum when infected with C. hepatica, but this
did not happen when the infection occurred in normal rats. On the other hand, anti-C. hepatica antibodies failed to
recognize any epitope in pig-serum, by Western blot. However, no evidence of an immunological cross reactivity was
found, at least at the humoral level. Alternatively, cell-mediated mechanisms may be involved, and further investiga-

tions are warranted.
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Rats infected with the helminth Capillaria hepatica
invariably develop apeculiar type of hepatic fibrosis, 30-
40 days after inoculation. By the timethe worms are usu-
ally dying and disintegrating, and while the focal necro-
inflammatory lesions around them are exhibiting evidences
of resorption, septal fibrosis starts throughout the liver
(Ferreira& Andrade 1993). Morphologically, it hasclose
similarity to thefibrosisexperimentally induced in rats by
repeatedly intraperitoneal injections of pig-serum or by
itsalbumin fraction (Paronetto & Popper 1966, Ballardini
et al. 1985, Andrade 1991, Bhunchet et al. 1996). In both
cases the histological picture is dominated by fine and
long fibrous septa, that crisscrossthe hepatic parenchyma,
forming a mosaic pattern, sometimes reminiscent of the
pig liver, that progressively may evolve toward a final
morphological picture of cirrhosis (Paronetto & Popper
1966, Ferreira & Andrade 1993). Fibrosis first connects
portal spaces to portal spaces and runs within and along
the peri-sinusoidal zone Il areaof theliver acinus, but is
preceded neither by hepato-cellular necrosis, nor by overt
chronicinflammation (Rubin et al. 1969). Such character-
istics strongly suggest the existence of astimulusto non-
parenchymal hepatic cells, probably through animmuno-
logical mechanism (Nakano 1980, Tsukamoto et al. 1990,
Santoset al. 2001).

Bhunchet et al. (1996) demonstrated that rats turned
tolerant to pig-serum failed to develop septal fibrosis or
antibodiesagainst it, when repeatedly injected during adult
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life. Asacontrol to their experiments, they showed that
the pig-serum tolerant animals still maintained their ca-
pacity to respond with hepatic fibrosis when subjected to
treatment with carbon-tetrachloride. However, it would be
more interesting in such case, to use another model of
septal fibrosis, with similar characteristics asthose of the
pig-serum model, but dependent upon a different etiol-
ogy. Since specificity isahallmark of immunological reac-
tions, such attempt would be of crucial importance. On
this regard, it is herein indicated the C. hepatica-model
as an adequate candidate. In as much asthe C. hepatica-
induced fibrosis can be partially suppressed by a neo-
natal toleration method similar to that used for the pig-
serum model (Lemoset al. 2003).

The present investigation checks on the similarities
between the pig-serum and C. hepatica models of septal
hepatic fibrosis, by analyzing the behavior of the parasite
infection in pig-serum tolerant rats. This would test
whether there is specificity for the pig-serum model of
hepatic fibrosis and would eventually contribute to the
concept that some types of hepatic fibrosis indeed have
animmunological basis.

MATERIALSAND METHODS
Experimental groups

Group | - Thirteen neonatal Wistar rats of both sexes,
received intraperitoneal injections of whole pig-serum,
twiceaweek, fromthefirst day of lifeupto adult life. They
received atotal of 36 injections, starting with the dose of
0.05 ml, which was gradually increased up to 1 ml by the
10th day of injection onward. Immediately in sequence,
these 18-week old animals were submitted to a liver bi-
opsy, followed by the administration, in five of the ani-
mals, of 300 embryonated eggs of C. hepatica, suspended
insaline, and placed directly into the stomach by agastric
tube. The remaining eight animals continued to beinjected
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with pig-serum up to the end of experiment. Forty days
after infection, anew hepatic biopsy was performed in all
animals. They were sacrificed 30 days|ater, 70 days after
C. hepaticainfection. Detailsabout the obtaining of eggs
and their counting appear elsewhere (Ferreira& Andrade
1993).

Group Il - &) control for fibrosis induced by pig-se-
rum- Ten 8-week old intact Wistar rats, males and fe-
mal es, weighting approximately 200 g, received intraperi-
toneal injectionsof 1 ml of whole pig-serum, twiceaweek,
totaling 26 injections. After that period they were submit-
ted to asurgical liver biopsy. At the same time blood was
taken for serological tests; b) control of C. hepatica in-
fection - Four 8-week old Wistar rats, weighing 200 g,
males and femal es, were infected with approximately 300
embryonated eggs of C. hepatica, administered by gav-
age, and were sacrificed 40 days | ater.

All the animalswere maintained in good housing con-
ditions, with controlled temperature and humidity, in sepa-
rated boxes according to sexes, with free accessto acom-
mercial balanced diet and water. The size of theinoculum
was arbitrarily chosen within the range expected to regu-
larly produce septal fibrosis (Oliveira& Andrade 2001).

Pig-serum - The serum was obtained from the blood
of one recently killed adult healthy pig. After blood co-
agulation at room temperature and centrifugation, the se-
rum was collected, frozen inliquid nitrogen, and stored at
—70°C in several vials, each one being thawed at the mo-
ment of use. Only one batch was utilized throughout the
experiments.

C. hepatica eggs- They were obtained fromthelivers
of experimentally infected rats, around the 40th day after
inoculation. Theliverswerewashed in order to get rid of
excess blood, homogeinized in an electrical blender, fol-
lowed by severa turns of washing with tap water and
decantation, until theliquid above the sediment was com-
pletely clear. The clean immature eggs were kept moistur-
ized with 0.5% formalin solution in a Petri dish, at room
temperature (26-28°C), for 28-30 days, in order to embryo-
nate. They were counted under the microscope and used
in the dose of 300 eggs suspended in 0.5 ml of distilled
water per each animal.

Liver biopsy - With the animals under sodium pento-
barbital general anesthesia, their abdomens were shaved
and aseptically opened at the midline. The liver was ex-
posed and afragment of approximately 0.25t00.30 g was
tied and removed. Recovery of the operated animals was
uneventful.

Tissue preparation - Fragments obtained from biop-
siesand at thetime of sacrifice of the animalswereimme-
diately fixed in neutral 10% formalin and routinely pro-
cessed for paraffin embedding and cutting. Sectionswere
stained with hematoxylin and eosin, picro-sirius-red
method for collagen, PAS method, with and without pre-
vious diastase treatment, Gomori’ssilver impregnation for
reticulin and the Perl’s method for iron.

ELISA - Thismethod was used to eval uate serum anti-
body levels either against pig-serum and C. hepatica.
Serawere colleted from thetail vein at several occasions.
For the animalsinjected since the first neonatal day with
pig-serum, serawere obtained at the end of thetoleration
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period and at the final period of C. hepatica infection. As
for the control groups, sera were taken before and after
either pig-serum treatment or C. hepatica infection. De-
tection of total Ig antibodies was made by using a goat
anti-rat 1gG conjugated to peroxidase (Sigma, St. Louis,
MO, US). The plates were sensitized with 10 pg/ml/per
well of either C. hepatica-egg antigen or pig-serum, di-
luted in carbonate buffer, pH 9.9. Lecturewas madeona
microplate reader “Molecular devices-Thermomax” spec-
trophotometer (Sunyvalle, CA, US) under wave-length 450
mm, connected to a computer with MDS-Soft Max with
MDS-Soft Max. All serawere used at 1:1000 dilutionin
ELISA assays.

Western blot - C. hepatica antigens were prepared
either from adult worms or from immature eggs. These
materialswere separately collected from the livers of ex-
perimentally infected mice. They werewashed severd times
indistilled water, concentrated by centrifugation, and then
homogenized, and suspended in saline. The samples uti-
lized included these antigens, pig-serum, normal rat se-
rum and serafrom C. hepatica-infected rats. The samples
werediluted in buffer (2% sodium dodecyl sulfate—SDS,
10% glycerol, 50 mM Tris pH 6.8) plus 100 mM
mercaptoethanol, 0.1% bromophenol blue, and submitted
to electrophoresisin 15% polyacrylamide gel and 5% stack-
ing gel (Amresco Inc., Solon, OH, US). Thegel wastrans-
ferred to anitrocellulose membranefor 2hat 100V (Novex
—Novel Experimental Technology, San Diego, CA, US).
The membranes were blocked with phosphate-buffered
saline containing 0.3% tween and 5% skimmed milk dur-
ing 1 h, under constant agitation. The membranewasthen
incubated with 1:650 C. hepatica-infected rat serum in
blocking buffer, during 1 h under agitation. Thiswasfol-
lowed by incubation with rabbit peroxidase-conjugated
anti-rat |gG (Sigma), diluted 1:650. Staining was accom-
plished by means of a peroxidase substrate-chromogen
kit (VVector Laboratories, Inc., Burlingame, CA). Thereac-
tion was stopped with water.

Satistical analysis- The Kruskal-Wallisand the Dunn
multiple comparison nonparametrical tests were used to
compare serological data obtained from different experi-
mental groups, considering P < 0.05 as significant.

RESULTS

All pig-serum tolerant animals developed infection
when inoculated with embryonated C. hepatica eggs. The
liver sections exhibited both disintegrating and well-pre-
served worms and eggs, within encapsul ated focal lesions,
which were sparsely distributed throughout the hepatic
parenchyma. When compared with infected controls,
these parasitic |esions were less numerous (Table), with
diminished inflammatory cellular infiltration and peri-fo-
cal fibrosis. These lesions also contained several well-
preserved worms, which were exceptionally seen in non-
tolerant rats by the 40th day of infection. However, aclear-
cut difference was noted in the degree and distribution of
septal fibrosis. The livers of C. hepatica-infected pig-
serum tolerant rats presented septal fibrosisin somefocal
areasof theliver only. Septawerethin and long, segregat-
ing areas of parenchyma of different sizes and appear-
ance. Most of the time septafibrosiswaslimited to afew
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TABLE
Semi quantitative evaluation of hepatic fibrosis and inflammation in rats treated with pig serum and/or infected with
Capillaria hepatica
Groups Description N Fibrosis Inflammation
Present Absent Grade
| Pig-serumtolerant C. hepatica-infected 5 5 0 +++ +
| Non-infected pig-serum tolerant 8 0 8 0 0
Ila Pig-serum treated 9 4 5 ++ 0
Il'b C. hepatica-infected 4 4 0 +++ +H/+++

+ mild; ++ moderate; +++ marked

spurs radiating from the capsule of the focal parasitic le-
sions, while the rest of the liver parenchyma maintained
its normal appearance (Fig. 1A). On the other hand, the
livers from infected control rats exhibited septal fibrosis
throughout the parenchyma, being more accentuated
around focal parasitic lesions. Freguently, amorphologic

Fig. 1: septal fibrosis of the liver in a rat infected with Capillaria
hepatica, as seen 40 days after infection. A: pig-serum tolerant rat.
Septa are few, thin, and discontinued; B: non-tolerant rat. Septa are
numerous and encircle irregular and nodular portions of the hepatic
parenchyma, simulating a picture of cirrhosis. Picro-sirius-red stain-
ing method for collagen. X100

picture of cirrhosiswasformed, with round hepato-cellu-
lar nodules delimited by fibrous septa(Fig. 1B).

Animals subjected to immunological tolerance with
pig-serum did not exhibit serum antibodies, neither against
pig-serum or C. hepatica antigens (Figs 2, 3). However,
40 days after being infected with C. hepatica, the pig-
serum tolerant animal s presented serum antibodies against
both pig-serum and C. hepatica. (Fig. 2). On the other
hand, both antibodies were detected in the sera.of normal
adult rats after they were repeatedly treated with pig-se-
rum (Figs 2, 3). However, the presence of antibodies
against pig-serum was not detected in the sera of rats
infected with C. hepatica only, as measured 40 days after
inoculation (Fig. 2).
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Fig. 2: total Ig against pig-serum (ELISA) in pig-serum tolerant
rats: before (Tol.) and after Capillaria hepatica infection (Tol.
inf.); and in normal rats: after C. hepatica infection (NCh) and
following repeated pig-serum administration (NPs) P > 0.05 Tol. vs
Tol. inf.; P> 0.05 Tol. vs NCh; P < 0.001 Tol. vs NPs
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Fig. 3: total g against Capillaria hepatica (ELISA) in the sera of
pig-serum tolerant rats (Tol.: tolerant non-infected), tolerant post-
C. hepatica infection (Tol. inf.), in normal non-tolerant rats (NCh:
non-tolerant C. hepatica-infected rats) and in normal rats repeat-
edly injected with pig-serum (NPs) P > 0.05 Tol. vs Tol. inf.; P <
0.01 Tol. vs NCh; P < 0.05 Tol. vs NPs
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The antibodies present in the sera of C. hepatica-
infected rats (Group |1 b) failed to recognize any antigenic
fraction from the pig-serum by Western-blot.

As observed by histopathology, not a single animal
receiving pig-serum injectionsfrom thefirst neonatal day
until adult life, devel oped septal fibrosisof theliver. How-
ever, a moderate to severe degree of septal fibrosis did
develop in four out of nine normal rats treated with pig-
serum since adult life. This group was reduced to nine
animals because one of them died spontaneously near
the end of the experiment and was not autopsied. Anti-
bodies were present in the serum of al these treated ani-
mals, but no correlation was found between their levels
and the degree of septal fibrosis, even when animalswith
and without fibrosiswere compared.

All animalsinoculated with embryonated C. hepatica
eggs developed infection.

DISCUSSION

The present investigation confirmed and extended
previously described observations concerned with the
induction of liver fibrosisin adult rats receiving multiple
injections of pig-serum (Paronetto & Popper 1966, Bal-
lardini et a. 1985, Bhunchet et al. 1996), and its absence
when pig-serum administration started in the neonatal
period (Bhunchet et al. 1996). In addition to maintaining
their capacity to respond with hepatic fibrosis to carbon
tetrachloride administration, as demonstrated by
Bhunchet et al. (1996), pig-serum tolerant rats were still
ableto devel op septal hepatic fibrosis, when subjected to
adifferent etiologic agent, although to areduced degree.
In addition, it was also shown that long-term pig-serum
administration, starting in the neonatal period, could pro-
foundly influencethe development of liver fibrosis, which
usually accompaniestheinfection of ratswith C. hepatica.
The animal s presented a less intense inflammatory infil-
trate in response to the parasitic infection and an inhibi-
tion in the development of septal fibrosis of the liver.
However, C. hepatica infection also raised up the levels
of antibodies to pig-serum componentsin previously un-
responsive rats. Higgins and Weiner (1988) have called
attention to the fact that disease manifestations can be
partially or completely suppressed in tolerant host in a
dose-dependent manner, indicating that the state of toler-
ance is not a static one.

The upsurge of anti-pig-serum antibodies in previ-
ously tolerant rats infected with C. hepatica suggests
that this helminth may share common antigenic epitopes
with pig-serum. This primary hypothesis was ruled out
by the demonstration that C. hepatica-infected rats do
not produce specific antibodiesto pig-serum components,
although adult ratsinjected multiple timeswith pig-serum
showed an antibody response to C. hepatica antigens.
Also, in both experimental approachesrats produced spe-
cific antibodies to immunizing antigens. This set of ex-
perimental data strongly suggeststhat these different sets
of antigens (C. hepatica and pig-serum) do not share
cross-reactive epitopes at the level of antibody recogni-
tion, as far as IgG antibodies are concerned. However,
one may not rule out the possibility that such set of anti-
gensmay share T cell epitopes. Reactivity toimmunoglo-
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bulin isotypes other that 1gG should also be considered.
Therefore, breaking of tolerance to pig-serum antigens
by C. hepatica infection, as suggested in other experi-
mental systems (Costalongaet al. 2002, Roep et al. 2002),
may still bethe explanation for thisfinding. Yet, theraise
in antibody levels to pig-serum antigens in previously
unresponsive mice, induced by infection with C. hepatica
in the absence of further specific antigen administration
is intriguing, and suggests that the rats have been, in
fact, silenced primed for animmune response. In addition,
the set of data showed in this study argues against a
major rolefor antibodiesin the genesisof liver fibrosisin
thismodel, since animals presenting similar levelsof anti-
bodies, either to pig-serum components or C. hepatica,
presented distinct histological aspectsin relation to liver
fibrosisand inflammatory responseto the parasitic agent.
Taken together, these provoking findings may stimulate
the formulation of an aternative hypothesisto be consid-
ered. First of al, one should point out that the immune
response to pig-serum antigens has a conventional as-
pect, which is the production of specific antibodies to
pig-serum components, which apparently has no major
impact in the modulation of liver fibrogenesisand avery
peculiar, local or regional liver immune response that may
lead to major changesin liver fibrogenesiswithout affect-
ing the hepatocytes. The liver harbors conventional T
cells, NK cells, gamma-delta T cells, and aspecial T cell
lineageknown asNK T cells (Kmiec 2001). It was shown
that NK T cells secrete a number of different cytokines
upon stimulation, including high amounts of IFN-y and
IL-4 (Burdineta. 1999, Takedaet al. 2000). Moreimpor-
tantly, the pattern of NK T cell cytokine production may
be modulated by chronic antigen stimul ation (Yoshimoto
& Paul 1994). In addition, liver NK T cellshave beenre-
lated toliver injury inamouse model of autoimmune hepa-
titis(Chen & Paul 1997) andin onestudy, NK T cellswere
involved with liver fibrosisin amouse model of infection
(Carvaho et al. 2002). Therefore, experiments aiming at
characterizing therole of NK T cellsand conventional T
cells are urgently required to better define their role in
liver fibrogenesis and, in particular, in this experimental
model.
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