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Summary. Naturally immunocompromised athymic mice, neonatal mice and
adult outbred OFI mice treated with the immunosuppressive agents cyclo-
phosphamide (CY), dexamethasone (DM) and indomethacin (IM) were
infected with trypomastigotes of Trypanosoma cruzi Y and CL strains. 10*
parasites were used, except in the case of IM treatment, where mice
received 10° trypomastigotes in one group and 10° in another. The course
+of parasitaemia, tissue distribution of amastigotes and time of mortality were
compared with an infected thymus intact control group.

Neonate and indomethacin treated mice presented the same pattern of
parasitaemia. Death occurred as early as 9—-10 days after infection. A single
dose of CY 200 mg/kg given 5 days after infection enhanced the parasitaemia
and increased the number of parasites in the tissues. All groups were similar
in terms of colonization of the endocrine system by parasites and the
adrenals showed the highest density of amastigotes nests. The thyroid
gland (analysed only in neonates) showed intense amastigote accumu-
lation. Colonization of the ovary was observed with amastigotes in both
the theca interna and in the stroma. The testes (also examined only in the
neonate) showed that the interstitial cells, the tunica albuginea of the
seminiferous tubules and the loose connective tissue were infected.
Athymic nude mice showed the most intense parasite colonization of the
islets of Langerhans.

Keywords: Trypanosoma cruzi, endocrine glands, immunocompromised
mice, cyclophosphamide, athymic mice, corticosteroid,
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Pathological manifestations of the exocrine and endo-
crine system in Chagas’ disease received little attention
from either clinical or experimental investigators,
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despite the emphasis that was given initially by Carlos
Chagas in his early description of the disease, having
first proposed the name of parasitic thyroiditis for
American trypanosomiasis (Chagas 1911), but confu-
sion with the cumulative effect of endemic goitre unfor-
tunately led to an underestimate of the importance of
exocrine and endocrine pathologies in Chagas’ disease.
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However, some contributions can be found in the litera-
ture, for example the symmetrical enlargement of the
parotid gland with sialorrhoea observed in chagasic
patients by Chagas and Villela (1922) and confirmed by
other authors (Mineiro 1958; Vieira et al. 1962), and
alteration of glucose metabolism (Reis & Vichi 1965;
Lomonaco et al. 1966). Using compromised models,
colonization of the parotid gland has been described
(Gongalves da Costa et al. 1986b). Histopathological
observations have demonstrated that in athymic
(nude) mice, the islets of Langerhans are frequently
and highly colonized, which may explain the inflamma-
tory reaction associated with mononuclear infiltration
observed in the conjunctive tissue around the acini and
islets of Langerhans of the littermates in which the
colonization of the pancreas is discrete (Gongalves da
Costa et al. 1984). Involvement of the gonads has
received more attention recently. The early studies of
Ferreira and Oliveira (1965) showed diminution of the
semen volume and a modification of the innervation of
testis that might explain the observed reduction or
inhibition of spermatogenesis. Alencar et al. (1991)
observed that 77% of mice injected intraperitoneally
with the semen of mice previously infected with the
Colombian strain of T. cruzi presented parasitaemia
and myocarditis as well as a clear process of neuritis
with neuronal destruction. They also showed that trans-
mission may occur by mating, since when the instillation
of semen was preceded by vaginal scarification, infec-
tion by the semen using this route occurred and was
followed by severe myocarditis.

In this paper, we report that immunocompromised
mice (nude, neonate, or adult mice treated by immuno-
suppressive drugs) did present enhanced colonization
of the endocrine system by T. cruzi.

Materials and methods

Animals

OF1 specific pathogen free outbred male or female
mice, adult thymus intact and newborn, as well as
athymic mice were used. These animals were pur-
chased from IFFA-CREDO (Domaine des Oncins, St
Germain sur I'Arbresle, France) and then introduced in
the Animal Facilities of the Oswaldo Cruz Institute in
1980 by one of us (SCGC).

Parasites

Two strains of T. cruzi, Y and CL, were used. The Y strain
was originally isolated from a patient in the acute phase

of the disease (Pereira da Silva & Nussensweig 1953),
while the CL strain was from naturally infected Triatoma
infestans bugs collected from a house in Rio Grande do
Sul, Brazil (Brener & Chiari 1963). The parasites were
routinely maintained by serial passage in mice at the
Laboratory of Immunomodulation (Department of Proto-
zoology), Oswaldo Cruz Institute. For experimental
infection, blood was drawn by cardiac puncture, diluted
in PBS and adjusted to a final desired concentration, and
intraperitoneally inoculated into mice.

Drugs

Cyclophosphamide (Cy) was purchased from Pravaz
Division, Abbott Laboratories, Brazil; dexamethasone
(Decadron), from Prodome Quimica & Farmaceutica
Ltda, Brazil. The drugs were diluted in pyrogen free
saline and filtered through 0.22 um Millipore before
injection. Indomethacin, purchased from Sigma Chemi-
cal Co., St Louis, MO, was dissolved in buffer 0.1m
H,PO,—NaOH, pH6-2, and mixed with 0.119m NaHCO,3
and membrane filtered (0.22 um Millipore) before use.

Experimental schedule

CY treatment. Twenty-four adult OF1 female mice were
divided into 2 groups: (A) treated with a single injection
intraperitoneally (i.p.) of CY, at a dose of 200 mg/kg body
weight on day +5 of infection; (B) untreated (control
group).

Corticosteroid treatment. Thirty-six adult OF1 female
mice were divided into 3 groups: (C) treated daily i.p.
with dexamethasone at a concentration of 0.3 mg/kg of
body weight during infection; (D) treated daily i.p. with
dexamethasone at a concentration of 10 mg/kg of body
weight during infection; (E) untreated (control group).

Indomethacin treatment. Twenty-four female and 24
male adult OF1 mice were divided into 2 groups each:
(F) 12 female and 12 male treated i.p. daily with a dose of
1.12 x 10™°m of the drug in 0.1 ml of the solvent during
the course of the experiment; (G) the same number of
mice received only the solvent. Before infection, each
group was divided into two other groups, H and I. Toxic
effects were previously observed with doses higher than
that used in the present work.

All groups were infected i.p. with a low dose of 10*
trypomastigotes of T. cruzi Y strain, except groups H and
I which received 10° or 10° trypomastigotes respectively
of T. cruzi.
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Figure 1. Parasitaemia of different groups of mice infected IP
with 10* trypomastigotes of T. cruzi Y strain, except in the
case of indomethacin in which groups the doses were 10° and
10%. a, @, Mice treated with CY (200 mg/kg) on day +5 after
infection; O, control group. b, Mice treated with
dexamethasone O, 0.3mg/kg; @, 10mg/kg and [, control
mice. ¢, A, Mice treated with indomethacin 1.12 x 103 m,
infected with 10° forms of the parasite; O, mice treated with
indomethacin 1.12 x 10~% m, infected with 10° forms of the
parasite; /\, control group of 10°; @, control group of 10°. d,
., nude mice Nu/Nu; [J, littermate; A, neonate. Calculated
mean of parasitaemia including 6 mice per group. In the
indomethacin treated group, parasite counts in peripheral
blood were not recorded after the first death.

Athymic and intact mice. J, Twelve adult nude female
mice (Nu/Nu); K, 12 adult female littermates (Nu/+); L,
12 neonates. Each of the following groups (J, K and L)
has been divided into two sub-groups in which the Y and
CL strains of T. cruzi were used.

Parasitaemia, mortality and histopathology

Individual parasitaemia was measured in six mice from
each group at different time intervals after inoculation
by a standard microscopic procedure developed by
Pizzi (1957). The time course of mortality was evaluated

by recording deaths every day among these mice, until
30 days after infection. The rest of the mice were used
for histopathological studies. Autopsies were performed
8, 12 and 15 days after infection (two mice per time point)
except in neonates that usually die earlier; this group
were autopsied 9 days after infection. Various organs,
including pancreas, kidneys and adrenals, testes,
ovaries and neck sections, were fixed in Millonig's
fluid. After dehydration, all tissues were cut into semi-
thin sections (5um) and were stained with haema-
toxylin—eosin.

Distribution of parasites in the glandular system

The number of pseudo-cysts in different endocrine
glands was determined by examining 50 random micro-
scopic fields (at x400) in each section. The mean
number of pseudocysts was determined by examining
five sections from each organ or tissue and using three
mice from each experimental group.

Time course of parasitaemia and mortality in different
immunosuppressed mice

Cyclophosphamide treated mice receiving a single dose
of 200mg/kg i.p. showed absence of control of parasi-
taemia 5 days after infection (Figure 1a). The highest
level of parasitaemia (more than 10° parasites/mm? of
blood) was observed (Figure 1d) in athymic nude mice
(Nu/Nu), their littermates being able to control parasi-
taemia after the 9th day. In the other immunocompro-
mised mice, the peak levels of parasitaemia were always
around 107 parasites per mm® of blood. However, the
kinetics of parasitaemia and the day of occurrence of
death varied among groups. Occurrence and rate of
parasitaemia were identical in control and dexametha-
sone treated mice (Figure 1b); the occurrence and the
peak level of parasitaemia were sooner and higher
respectively in mice treated with 10mg/kg b.i.d. as
compared to those treated with 0.3mg/kg b.i.d. or to
the control. No difference in the kinetics was observed
when mice were pretreated with indomethacin. As
shown in Figure 1c, similar peak levels of parasitaemia
were observed when mice received 10° or 10° trypomas-
tigotes, but they occurred one day earlier in the 10°
infected mice. In neonates (Figure 1d), increase of
parasitaemia occurred sooner and reached 10’/mm?
on day 7, and increased further 2 days before death. All
neonates died on the ninth day after infection (Table 1). In
nude mice, the mean time of death was slightly (11.8
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Table 1. Mean mortality time (MMT) and the ratio between
survivors and total mice in different groups of
immunocompromised mice: naturally immunocompromised
mice, or mice treated with different immunosuppressor drugs
and infected with 10* trypomastigotes of T. cruzi Y strain except
for the protocols receiving indomethacin, in which two groups
were assayed with a challenge of 10° or 10° trypomastigostes

Control

Group Survival MMT Survival MMT
Indomethacin (10°) (0/5) 126 £ 1.9 (2/5) 234127
Indomethacin (10°) (0/6) 12.7 £1.3 (7/7) 157+ 09
CY (200 mg/kg) (0/5) 13.0+ 0.5 (1/5) 194+29
Nude mice (0/5) 11.8+ 1.5 (0/5) 186+ 1.9
Newborn (0/6) 97+03
Dexamethasone (2/6) 495+ 3.3

0.3mg/kg (3/6) 20.3+4.6

10 mg/kg (0/6) 43.5+0.2

days) later, but earlier than in the littermates (15 days).
Such differences in mortality rate and time of death were
also observed in the other immunosuppressed groups of
mice, except in a group of mice treated with 0.3 mg/kg
b.i.d. dexamethasome amongst which 50% of mice
survived (as compared to 40% in control) and the
mean time of death was more delayed (20.3 vs 49.5
days) in treated group as compared to control.

Histopathology

The intensity of tissular invasiveness of the glands by
T. cruzi in different groups of immunosuppressed mice
is shown in Figure 2. The histopathologic description of

the glands was made by comparing all immunocompro-
mised mice, except for the thyroid gland which was
studied only in neonates. In athymic mice the nude, Y
and CL strains showed the same pattern (Figure 2).

Thyroid gland. In contrast with adult infected normal
mice, the colonization of the thyroid gland was easily
seen in newborn mice. Amastigotes were observed in
the parafollicular and follicular cells. In the connective
tissue, many disperse amastigotes and pseudocysts
were observed. Figure 3 shows amastigotes located in
the colloid zone, and in the conjunctive tissue.

Adrenals. All groups of immunocompromised mice
exhibited the adrenal cortical regions colonized by T.
cruzi at an unexpected level. Histopathological studies
of the adrenals of nude mice showed that in the cortex
the colonization of the fasciculata region is higher than
of the glomerular (Figure 4). The colonization of the
medulla is less frequent.

The islets of Langerhans. When comparing different
models of immunocompromised mice, athymic nude
mice showed the most consistent colonization of the
islets of Langerhans (Figure 5). The littermates showed
a mononuclear inflammatory reaction without any para-
site nests. Both groups of mice were examined on day
13 after infection.

Testis. A high density of parasites was also observed in
the testis. Interstitial cells and the tunica albuginea of
the seminiferous tubules (Figure 6), as well as the loose
connective tissue, were largely infected by 7. cruzi.
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Figure 2. Density of amastigotes in the glandular system in various immunocompromised mice. In the group of athymic mice and

normal mice, the (], Y and @, CL T. cruzi strains were compared.
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Figure 3. Histopathology of neonate OF1 mice infected with 10* trypomastigotes of the Y strain of 7. cruzi, showing the colonization
of thyroid gland. Amastigotes can be observed probably in the colloid zone (arrows). Haematoxylin and eosin staining. x400. Inset
shows high-power view of a nest. x1000.

Figure 4. Histopathology of the colonization of nude mice adrenals infected with 10* trypomastigotes of Y strain of T. cruzi. The
fasciculata of the cortical zone can be observed with a great number of amastigotes (arrows). Haematoxylin and eosin staining.
% 160.
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Figure 5. Histopathology of nude mice (Nu/Nu) infected with 10* of the T. cruzi Y strain. The section of pancreas shows the islet of
Langerhans colonized by amastigotes without inflammatory reaction. Parasites are seen in the muscular structure of a blood

vessel (arrows). Haematoxylin and eosin staining. x160.

Figure 6. Newborn mice testis infected with 10* trypomastigotes of T. cruzi Y strain shows amastigotes in the interstitial cells and

tunica albuginea of seminiferous tubule (arrows).

Ovary. As observed for other endocrine glands,
histopathological studies of ovary showed a higher
colonization rate by T. cruzi in different immuno-
compromised groups of mice. Mice treated with anti-
inflammatory drugs, such as indomethacin, showed

enhancement of tissue invasion. Figure 7a shows a
secondary follicle with a great proliferation of amasti-
gotes in the theca interna and stroma. Similar pic-
tures were observed in CY-treated and nude mice
(Figure 7b).
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Figure 7. a, Histopathology of indomethacin adult OF1 treated mouse, infected with 104 trypomastigotes of T. cruzi Y strain shows
the ovary in which a great number of amastigotes can be seen around an oocyte (arrows). x1000. b, The ovary of nude mouse
(Nu/Nu) with amastigotes around an oocyte and in the stroma (arrows). Haematoxylin and eosin staining. x400.

Discussion

Trypanosoma cruzi trypomastigotes can invade and
proliferate in almost all cell types of the vertebrate
host. In a previous work it has been shown that the
thymus, in which the parenchyma has rarely been found
to be associated with infectious agents (Henry 1981), can
be colonized by T. cruzi (Gongalves da Costa et al.
1986b). It has been demonstrated that both macro-
phages and epithelial cells can be invaded by trypo-
mastigotes (Gongalves da Costa et al. 1991). It is
accepted that the thymus acts as an endocrine gland
whose hormones play a central role as mediators of T
cell differentiation in the control of immune response
(Low & Goldstein 1979). Concerning the T. cruzi
invasiveness of the glandular system, the thymus is
perhaps the most studied, since it has been suggested
that it may be a target organ in experimental Chagas’
disease (Savino 1990).

It has also been shown that cyclophosphamide

induced immunosuppression is associated with the
occurrence of nodular skin lesions, called schizotry-
panids, in both man (Stolf et al. 1987) and in an experi-
mental model (Gongalves da Costa & Calabrese 1992)
as well as with colonization of hepatocytes (Calabrese
et al. 1991). :

In experimental models several authors have
observed that different T. cruzi strains present various
tissue tropisms, e.g. for skeletal and heart muscles
(Bice & Zeledon 1970; Melo & Brener 1978), pancreas
and adrenals (Watkins 1966), brown adipose tissue
(Shoemaker et al. 1970), mononuclear phagocytic
system (Taliaferro & Pizzi 1955), nervous system
(Amaral et al. 1975) and bladder (Bice & Zeledon
1970). It has also been shown that tissue tropism is
highly affected in the immunocompromised host, as in
the case of athymic nude mice (Gongalves da Costa et al.
1984), corticosteroid treatment (Agosin et al. 1952;
Rubio 1952) and non-hormonal anti-inflammatory drugs
(Gongalves da Costa et al. 1986a).
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In the present report, investigations on endocrine
glands were performed using various groups of
immunocompromised mice infected with the two
‘polar’ strains of T. cruzi. In normal mice, the Y strain
is known to have tropism for muscles, while the CL
strain has mononuclear phagocytic system tropism.
This tropism is lost in immunocompromised groups of
mice. The first observation of the colonization of
adrenals by T. cruzi amastigotes was made by Vianna
(1911) who showed nests of parasites in the fasciculata
zone in experimentally infected guinea-pigs. The
inflammatory lesions observed in this experimental
model were similar to those described by Carlos
Chagas (1911) in man although Chagas did not
observe amastigotes in the lesions. The present
report shows that the cortical zones of adrenals are
highly colonized in athymic and CY treated mice. The
fasciculata of the cortical zone was more colonized by
T. cruzi than the other structures of the adrenals. The
underlying mechanisms involved in this difference in
colonizing the various adrenal zones are not known. On
the other hand, uncommon histopathological aspects
appeared in the histopathology of immunosuppressed
mice and humans infected with T. cruzi, such as (1) the
colonization of hepatocytes (Calabrese et al. 1991); (2)
skin lesions, showing a panniculitis with intense inflam-
matory involvement of the subcutaneous tissue and cell
infiltration consisting predominantly of macrophages,
lymphocytes, plasma cells and neutrophils, after heart
transplantation in chagasic humans (Stolf et al. 1987);
(3) exudative erythematous skin lesions without inflam-
matory cell reactions in nude mice (Gongalves da
Costa & Calabrese 1992). A great difference was
observed between the thyroid glands of control mice
and those of immunocompromised mice during the
acute phase of experimental infection. In the earliest
study of Penna de Azevedo (1936) it was shown that
one out of five patients who died during the acute
phase of Chagas’ disease presented nests of amasti-
gotes in the thyroid epithelium but without thyroiditis. In
a second report, in which 26 patients in the chronic
phase were studied, neither parasites nor thyroiditis
was observed but, in both acute and chronic cases,
endemic goitre was observed. The present report
shows that thyroid glands of neonate and young mice
are highly colonized by T. cruzi and that thyroiditis is
frequent.

The consequences of glandular system failure on
glucose metabolism have been reported (Vieira et al.
1962; Vieira & Meneghelli 1970) and colonization of
adrenals as well as the islets of Langerhans may have
some implication in the glycaemia. Changes in the a and

B cells of the islets of Langerhans have been observed
(Albugquerque et al. 1990).

Inhibition of spermatogenesis has been shown by
some authors (Lamano Carvalho et al. 1990) and the
histopathological studies reported here supply evi-
dence that colonization by the parasites in the acute
phase may be followed by immunopathological conse-
quences resulting from the presence of soluble and
particulate antigens of the parasite in the glandular
structures. Binding of T. cruzi antigens on the surface
of host cells has been demonstrated (Ribeiro dos Santos
& Hudson 1980a,b; Abrahamsohn & Kloetzel 1980). In
mice treated with corticosteroid a bimodal effect was
observed upon the mononuclear phagocytic system
indicating a depressed action of large doses and
some beneficial effects of small doses (Vernon-Roberts
1969). It has been shown that cortisone induces an
enhancement of Trypanosoma infection (Jarpa et al.
1951; Wolf et al. 1951; Nery-Guimaraes & Lage 1970)
and in Gram-negative or Gram-positive bacterial infec-
tions (Germuth 1956; Robinson 1956). The present report
shows that a low dose (0.3 mg/kg) instigates a slight
stimulation of the resistance against T. cruzi as com-
pared to control or in mice treated with 10 mg/kg of
dexamethasone. The effect of betamethasone adminis-
tered in the early post acute phase of experimental
Chagas’ disease in mice did not aggravate the course
of infection. Mortality rate however was higher in the
treated group of mice and it was suggested to be a
consequence of secondary infection (Abath et al. 1986).
Bacteria associated with T. cruzi infection were also
observed in mice treated with cyclophosphamide
(Calabrese et al. 1991). There is now an increasing
number of immunodeficiencies in clinical situations, in
which Chagas’ disease might be involved: immuno-
suppressive therapy used in heart transplantation of
chagasic patients (Stolf et al. 1987) or kidney transplan-
tation where the tissue is colonized by amastigotes
(Chocair et al. 1981); inappropriate corticoid therapy at
the start of the acute phase of Chagas’ disease before a
correct diagnosis (Nery-Guimaraes et al. 1968); malnu-
trition in endemic zones, as suggested by Yaeger and
Miller (1960), and acquired immunodeficiency syndrome
(Del Castillo et al. 1990). It seems that the study of
Chagas’ disease in immunocompromised mice models
has brought to light some situations that bear on clinical
occurrences. As was emphasized by Stolf et al. (1987),
experimental data concerning chronic infection in
immunosuppressed animals are controversial. Further
studies are being carried out in the laboratory to extend
these studies in experimental models to the chronic
phase.
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