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Lesions involving the sympathetic (para-vertebral ganglia) and para-sympathetic ganglia of intes-
tines (Auerbach plexus) and heart (right atrial ganglia) were comparatively analyzed in mice infected
with either of three different strain typesTof/panosoma cruzduring acute and chronic infection, in
an attempt to understand the influence of parasite strain in causing autonomic nervous system pathol-
ogy. Ganglionar involvement with neuronal destruction appeared related to inflammation, which most
of the times extended from neighboring adipose and cardiac, smooth and striated muscular tissues.
Intraganglionic parasitism was exceptional. Inflammation involving peripheral nervous tissue exhib-
ited a focal character and its variability in the several groups examined appeared unpredictable. Al-
though lesions were generally more severe with the Y strain, comparative qualitative study did not allow
the conclusion, under the present experimental conditions, that one strain was more pathogenic to the
autonomic nervous system than others. No special tropism of the parasites from any strain toward auto-
nomic ganglia was disclosed.
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Geographic differences in clinical presentatiorstructures of the autonomic nervous system, is
of Chagas disease have been claimed by sevepabne to damage such system. Tissue tropism is an
authors and the subject discussed in specific me@nportant biological characteristic of a strain, and
ing (Prata 1975), but the factors involved havés one of the parameters currently utilized for bio-
not been clarified. One factor most frequently sugogical strain differentiation (Andrade 1985).
gested concerns diversity of parasite strains. Tiherefore, the study of the relationship between
sue changes caused by sepafagpanosoma cruzi T. cruzistrains and autonomic nervous system in-
strains in experimental animals can indeed lookolvement may help clarify questions related to
quite different from one another (Andrade 1985)differences in geographic manifestations of Chagas
On the other hand, a tendency for a giVeoruzi disease.
strain to predominate in certain endemic areas has The adoption of the strain-type concept facili-
already been detected (Andrade 1974). Clinicallyated the selection of strains to be compared. The
the most striking geographic variation concerns thelassification allowd'. cruzistrains to be divided
prevalence of the digestive forms of Chagas disnto three groups of “strain types”. This was ini-
ease. While Chagas myocardiopathy practicalltially made on the basis of common morphologi-
maintains its same clinical presentation everyeal and biological characteristics (Andrade 1974,
where, chagasic megaesophagus prodominatesli®85), but there is correlation with isoenzymic
Central Brazil, is relatively rare in other endemianalysis (Andrade et al. 1983).
regions and is practically non-existent in Central The present investigation is a comparative
America (Suarez 1967, Blandon et al. 196%histopathologic and immuno-histochemical study
Rezende & Luquetti 1994). These facts suggest that the sympathetic and parasympathetic autonomic
the autonomic nervous system may be differentlgervous system lesions produced in mice during
compromised by Chagas disease. One can assuateite and chronic infection by three differ@nt
that a strain that predominantly parasitizes theruzi strain types.

MATERIALS AND METHODS

. Animals- Outbred Swiss mice of both sexes,
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T. cruzistrains- Mice were infected with ei- tive for the parasympathetic system, and the third
ther one of the following'. cruzistrains: Y, 21SF for the sympathetic system.
and Colombian strains, which are the prototypes The heart was fixeth totumand afterwards
of the three different types @t cruzi strains de- divided into two equal parts by a longitudinal sec-
scribed by Andrade (1974, 1985), tion through the lateral border, reaching the middle

Briefly, Y strain (Silva & Nussenzweig 1953), of the atrial and ventricular septa. The two parts
Type | : characterized by a rapid course of infeowere embedded in a single paraffin block with the
tion in mice, high levels of parasitemia, and morsectioned areas facing the microtome cutting face.
tality around the 11th and 13th day of infection, The intestines were opened through the mesen-
with predominance of slender forms in peripheraieric border, washed gently, distended in a card-
blood and macrophagotropism during the acuteoard and then fixed in formalin. Three to four
phase of infection, zymodeme Z2b; 21SF strailongitudinal strips of about 1.5 cm long, contain-
(Andrade 1974); Type I, increasing parasitemidng the ileo-cecal transition in its middle, were taken
from the 12th to the 20th day of infection, low ratdrom the fixed specimens and embedded in a single
of mortality, predominance of broad forms of theparaffin block.
parasites and myocardiotropism, zymodeme Z2; As for the tissues in the vicinity of the verte-
Colombian strain (Federici et al. 1964); Type Il bral column, they were taken from the fixed ani-
slow development of parasitemia, with the highegnal carcass by means of two longitudinal sections
levels around 25 to 30 days after inoculation, lownade 0.5 cm away from the vertebral lateral
mortality and predominance of parasitism in skelapophises on each side, and two horizontal cuts,
etal muscle, zymodeme Z1. one superior (cervical region) and one inferior

Experimenta| groupsGroup | - Nineteen mice (Iumbar region). The tissue, having the vertebra
were infected with 59,940 blood formsfcruzi With the spinal cord in its center, were cut into three
Y strain obtained from infected mice. Parasitemi&' four blocks that were decalcified in EDTA and
levels were daily evaluated in peripheral blood bgmbedded in paraffin. .
direct microscopic examination. Five animals were All the paraffin blocks were submitted to a step
killed during acute infection (11 days); the surviv-Sectioning method by which five micrometer-thick
ing mice were treated with low doses ofS€ctions were taken at least|8@ apart, to avoid
Benznidazole (1mg/day during 3 days) forthe presence of the same neuron in more than one
supression of parasitemia. Fourteen of them wef€ction. The sections were routinely stained with
killed 90 days after infection. Group Il - Elevenhematoxylin and eosin and, ocasionally, with the
mice were infected with the 21SF cruzistrain. PAS-Schiff, and the sirius-red for collagen.
Five of them, infected with 105,300 blood forms, mmuno-histochemistry Paraffin sections of
were sacrificed during the acute phase of the ifteart tissue fixed in Bouin's fluid were submitted
fection (21 days). Six animals were in the chroni€0 an avidin-biotin-peroxidase technique. Rabbit
phase, survivors of different groups of infection@nti-enolase serum (Dako, Copenhagen, Denmark,
They had received different inocula which variedliluted 1:1,000) and rabbit anifi- cruzi serum
from 75,000 to 197,000 blood forms. Duration ofKindly provided by Dr Ivan Mota, Instituto
infection for this group varied from 12 to 24Butantd, Sao Paulo, Brazil, diluted 1:20,000) were
months.  Group Il - Ten mice infected with theUSed as primary antibodies. Secondary antibody
Colombian strain off. cruzi Five animals were Was a biotinylated goat anti-rabbit 1gG, 1:2,000.
inoculated with 112,300 blood forms and werd-ocalization of the reaction was by means of avi-

killed in the acute phase of infection (30 - 40 daysgin-biotin-peroxidase complex (Vector), 1:1,000,

Five chronicaly infected mice that have been inollowed by 60mg% DAB (Sigma, St. Louis, USA)

oculated with different inocula varying from as chromqgen. Slides were counterstained with
28,000 to 180,000 blood forms were sacrified fronf€matoxylin.
10 to 12 months after infection. Group IV - Con- RESULTS
trol groups: five intact young mice were used as General findings Changes in the autonomic
controls of the acutely infected mice. Five intachervous system consisted of peri and
adult mice, weighing 25 to 30 g were used as colmtraganglionar infiltration by mononuclear leuko-
trols for the chronically infected mice. cytes, congestion, edema and, rarely, the presence
Histopathology- Three tissue areas were seof T. cruziamastigotes within the ganglionic cap-
lectively fixed in pH 7.2 phosphate buffered for-sular cells during acute infection (Fig. 1). In the
malin and/or Bouin’s fluid: the heart, the ileo-cepresence of inflammation the neurones presented
cal area of the intestines and the tissues around ygoplasmic swelling, vacuolization, decreased
vertebral column from the cervical to the dorsobasophilia, nuclear condensation, cariorhexis and
lumbar region. The first two areas as representaellular loss (dropping-out). Neuronophagia and
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proliferation of satelite cells, interstitial edema with T. cruziY strain- The main characteristic
dissociation of nerve fibers within the ganglionduring acute infection was the parasitism and in-
were sometimes noted. These changes coincidédmmation of the fatty tissue, especially at the base
with the presence of inflammatory cells within andbf the heart and in the retroperitoneum. Some gan-
or in close proximity to the ganglion. No evidentglia emeshed in adipose tissue near the heart and
alterations of neurones were found in the absengaravertebral muscles were particularly involved,
of inflammation, even in animals chronically in-apparently by the extension of the neighboring in-
fected withT. cruzi Any infected animal presented flammatory changes. The degree of inflammation
inflamed ganglion with altered neurones as wellithin the heart (myocarditis) and intestines was
as normal looking, non-inflamed ones. Changesild to moderate during acute and chronic infec-
were more intense and more frequent during acut@n (Fig. 3). During the chronic phase the main
infection. The proportion of inflamed ganglia var-changes were found in the paravertebral tissues,
ied from case to case within the same group, apmen myositis, paniculitis and vasculitis were
parently more so than from one group to anotheprominent. Ganglionitis in this area was also
Parasites were rarely found within the ganglia, evemarked and destruction sometimes involved ap-
when an immunohistochemistry technique wagroximately 20 to 60% of the neuronal tissue, in-
utilized. No parasites were ever seen within th§|ud|ng many neurones and nerves (F|g 4) Sym-
nervous structures during the chronic stage of theathetic ganglia located within the vertebral canal,
infection. The immunohistochemistry tEChniqu%Way from inflammatory changes, were preserved,
with anti-enolase antibodies did selectively markyhile those outside, near inflamed muscle and adi-
neurones and nerve fibers of the autonomic sypose tissue were severely damaged. Vascular le-
tem, but did not add any further information alsjons consisted of focal hyalinization of arterial
ready not observed with the routinely stained slidegalls, peri-vascular infiltration of mononuclear
(Fig. 2). No changes were detected in the autonomisykocytes and, rarely, fibrinous thrombosis. These
nervous system of either young or old non-infecteglascular changes were seen in intestines and, more
controls. Only one old mouse presented focahyrely and less markedly, in the heart.

arteritis in sections from intestines and skeletal T cruzi 21SF strain Myocarditis was the

muscles. principal finding during acute infection and the

'-d':"

Fig. 1: presence of intracelluldirypanosoma cruzamastigotes in the proximities of a cardiac parassympathetic nervous
ganglium (arrows). A few inflammatory cells are seen within the ganglium, sometimes encircling the neurones. Acute infection
by Y strain. Immuno-histochemistry. Avidin-biotin peroxidase plus @ntruziantibodies, counterstained with hematoxylin,

X 200.
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Fig. 2: parasympathetic cardiac ganglium located in the sub-epicardial adipose tissue showing chronic inflammatical, interstiti
fibrosis, neuronal dissociation and damage, with loss of a few neurones. Chronic infectibrypatiosoma cruZ21SF strain.
Immuno-histochemical staining for enolase. X400.

; il

Fig. 3: muscular layer of the colon during chrofilgpanosoma cruZlY strain) infection. Focal lesions involving two portions
of the Auerbach plexus. Neurones are not identified in the one exhibiting more severe inflammation (B), while some dissociated
ones are present in A. Hematoxylin-eosin, X400.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 97(2), Mar./Apr.1996 221

Fig. 4: paravertebral sympathetic ganglium with chronic inflammation and severe neuronal loss, as seen in a mouse with chronic

infection due to 21-SF strain @fypanosoma cruziHematoxylin -eosin, X400.

inflammation appeared to be out of proportion tdeukocytes. The grey adipose tissue presented with
the relatively few parasites found within myocitesfocal inflammation. This was also observed in
Involvement of cardiac autonomic ganglia was freehronic infection, when focal paniculitis and
guent. However, the inflammatory infiltrates weremyaositis conspicously appeared in the paravertebral
seen to dissociate the neurones, but only mild déssues. Inflammation of the muscular coats of the
generative changes were present in them (Fig. Sjitestines and involvement of the Auerbach plexus
Inflammatory lesions were also seen in the mussccurred frequently, but destruction of nervous tis-
cular layer of the intestine, with infiltration of the sue was relatively mild (Fig. 6). Focal vasculitis,
Auerbach plexus, but here again neuronal changegth hyaline necrosis and perivascular inflamma-
were minimal. Focal inflammatory lesions intion, was seen in all but one case, especially in the
paravertebral tissues were of a moderate degrparavertebral tissue and intestines.

and in_volved solely the §keleta| mu'scles. (?hronic DISCUSSION

infection was caracterized by mild multifocal ) )

myocarditis, mild intestinal myositis and  The very concept ofl. cruzi strains has been
conspicous vasculitis, mainly seen in paravertebr&hallenged following cloning studies (Postan et al.
tissues, occurring in four of the six animals exam1983), but the fact is that isolates of the parasite
ined. It was similar to that seen in the previouéend to reveal groups with common morpho-bio-

group, but more severe, with hyaline necrosis dpgical features (Andrade 1974), iso-enzimatic
the vascular walls frequently present. characteristics (Miles et al. 1980) and kinetoplast

T. cruzi Colombian strain- Moderate DNA restriction maps (Morel et al. 1980, Tibayrenc

myocarditis and myositis were the main change&t al. 1986), which correlates with geographic
during acute infection. Parasites were scarce, bptocedence, immunological responses, clinical
sometimes formed large elongated collections d¢fata and susceptibility to chemotherapy (Andrade
amastigotes within skeletal muscle. Extension dft al. 1985).

the inflammatory infiltrate into de nervous gan- By infecting mice with different strain types
glia occurred in a few instances. Even then, ne@nd observing the lesions involving the sympathetic
ronal lesions were mild, the neurones appearir@ld parasympathetic autonomic nervous system,
only dissociated by the infiltrating mononuclean0 special tropism of any strain toward the auto-
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Fig. 5: dorsal sympathetic ganglium showing severe inflammation and neuronal destruction during chronic infection caused by
Trypanosoma cruziY-strain. Hematoxylin-eosin, X400.

Fig. 6: muscular layer of the small intestine presenting focal inflammatory lesion involving the Auerbach plexus with neuronal
destruction. Nearby non-inflamed neurones show normal-looking histological appearance. Acute infectiogpaitbsoma
cruzi Colombian strain. Hematoxylin-eosin, X160.
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nomic nervous system was observed, although diflistribution points toward a direct parasite-related
ferential tropism to other organs as expected fgrathogenesis. This would indicate the importance
each strain-type has been confirmed. Neuronaf the acute stage of the infection, when parasit-
destruction correlated well with inflammation.ism is maximum, for the involvement of the auto-
Non-inflamed ganglion and even a non-inflamediomic nervous system in Chagas disease. The fo-
part of an inflamed ganglion presented neuronalal ganglionic lesions also differ from those dif-
structures similar to those seen in non-infectefiise cardiac inflammatory lesions seen in acute and
controls. The relationship of inflammation andchronic active Chagas disease and for which im-
neuronal damage has been demonstrated expariunologically-related mechanisms have been
mentally in corticoid-treated mice, when supprespostulated (Sadigursky et al. 1990). Therefore, the
sion of inflammation abolished neuronal destruceardiac and the digestive forms of Chagas disease
tion (Andrade & Andrade 1968a). Correlation ofmay indeed depend on different pathogenesis, as
inflammation and neuronal injury has also beepreviously suggested (Andrade 1983, Andrade
emphasized by others (Tafuri & Raso, 1962, Tafud Andrade 1992).
& Brener 1966, Lopes & Tafuri 1983, Wong etal.  Focal arteritis was a conspicous finding in sev-
1992). During acute infection inflammation anderal mice chronically infected By cruzi.As noted
tissue parasitism showed good correlation, abefore, focal necrotizing arteritis sometimes occurs
though 21SF strain lesions exhibited more inflamspontaneously in old mice, but apparently that can
mation than parasites. However, in chronic infecbe pontentiated during chronic cruzi infection
tion parasites were scarce and difficult to be denfAndrade & Andrade 1968b).
onstrated in tissue sections while focal inflamma- A quantitative evaluation of the lesions in the
tion was sometimes marked. The positive correlautonomic nervous system would seem more ap-
tion between inflammation and neuronal lesiongropriate than this qualitative study, but it is not a
continued to exist, despite the absence of demosimple task. Distribuition of nervous ganglia is
strable parasitism by histological and immunohissparce and unpredictable in the heart. The number
tochemical methods. Although parasites weref neurones vary considerable in different areas
rarely found within nervous ganglia, inflammationand in different ganglia, especially in several zones
appeared most of the times as an extension froaf the Auerbach plexi of the intestines. There are
muscular and adipose tissue changes, where padifferences in size and distribuition of the ganglia
sites were more frequently found. Tropism of thén the sympathetic sector. A critical appraisal of
parasites towards adipose tissue was evident tine disparate results obtained by methods of count-
acute lesions due to the Y strain. In such case theg the number of neurones in histological sections
main cell type involved by parasitism was than cases of Chagas disease has been presented
adipocyte itself (Andrade & Rocha 1995). (Oliveira 1985). Computerizable morphometric
Tafuri and Brener (1966) noted that Y strairmethods may be more appropriate and these are
caused more severe lesions in the autonomic naverth being considered for future studies.
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