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Delay in maturation of the submandibular gland in Chagas disease
correlates with lower DNA synthesis
José B Alves/+, Marcelo H Napimoga, Marcelo S Araujo, Gerluza AB Silva1
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It has been demonstrated that the acute phase of Trypanosoma cruzi infection promotes several changes in
the oral glands. The present study examined whether T. cruzi modulates the expression of host cell apoptotic or
mitotic pathway genes. Rats were infected with T. cruzi then sacrificed after 18, 32, 64 or 97 days, after which the
submandibular glands were analyzed by immunohistochemistry. Immunohistochemical analyses using an anti-bromodeoxyuridine antibody showed that, during acute T. cruzi infection, DNA synthesizing cells in rat submandibular
glands were lower than in non-infected animals (p < 0.05). However, after 64 days of infection (chronic phase), the
number of immunolabeled cells are similar in both groups. However, immunohistochemical analysis of Fas and
Bcl-2 expression did not find any difference between infected and non-infected animals in both the acute and chronic
stages. These findings suggest that the delay in ductal maturation observed at the acute phase of Chagas disease is
correlated with lower expression of DNA synthesis genes, but not apoptotic genes.
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Chagas disease (South American trypanosomiasis),
caused by the hemoflagellate Trypanosoma cruzi (Chagas 1909), is one of the most common and dangerous diseases in South America. The disease is characterized by
an initial acute phase with trypomastigote forms in the
blood and acute myocarditis (Andrade 1999, de Souza et
al. 2003), followed by a silent indeterminate period with
subpatent levels of parasitemia. Approximately 30% of
infected individuals progress to a severe, diffuse and
fatal chronic myocardiopathy (Rossi 1995). Also, several another organs such as digestive system (Köberle
1968) and the salivary glands (Vieira 1961) are affected
by Chagas disease complications. The parotid is most
often involved, but enlargement of the submandibular
and even sublingual glands may often be observed (Alves et al. 1995). Patients with enlarged salivary glands
frequently show amylasemia and increased amylase
content in the parotid tissue (Vieira 1961).
The observation that acute infection with T. cruzi can
induce an enlargement of the submandibular gland was
first reported by Alves and Machado (1980). In addition,
during the acute phase of experimentally induced Chagas
disease, despite of the absence of an appreciable inflammatory process in the submandibular glands of T. cruziinfected rats, these glands undergo a severe reduction in
sympathetic (Machado et al. 1984) and parasympathetic
innervation (Alves & Machado 1984). In addition, animals infected with T. cruzi show lower levels of testosterone and therefore a delay in maturation of granular
convoluted tubules, which positively correlates with decreased epidermal growth factor production by submandibular glands cells (Moreira et al. 2008). In this context,
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we evaluated the bromodeoxyuridine (BrdU) incorporation as well as Fas and Bcl-2 expression in submandibular
glands cells from infected and non-infected animals to determine if delayed ductal maturation on T. cruzi infection
may correlate with induction of apoptosis or inhibition of
DNA synthesis.
MATERIALS AND METHODS

Animal inoculation - Forty male Holtzman rats, aged
27-29 days and weighing 90-94 g were inoculated intraperitoneally with 0.15 mL of mouse blood containing
~300.000 trypomastigotes of Y strain T. cruzi. This strain
was isolated from a patient with Chagas disease (Silva &
Nussenzweig 1953) and has been maintained in mice by
repeated blood passages every seven days. Infection was
confirmed by the presence of living trypomastigotes in
the blood of all inoculated animals 10 days after inoculation, as previously described by Brener (1962).
This animal study was designed according to the
Brazilian Guidelines (Resolution 196 of the National
Health Council, 1996) and the protocol was approved
by the Research Ethical Committee of Universidade Federal de Minas Gerais (protocol 141/07).
BrdU incorporation in submandibular gland cells T. cruzi-infected and non-infected rats were euthanized
under deep anesthesia after 18, 32, 64 or 97 days of inoculation. The rats were injected intraperitoneally with
1mL of BrdU per 100 g of body weight [concentration of
10 mmol/L in phosphate buffer saline solution (PBS), pH
7.4] 5 h prior to euthanization. The right and left submandibular glands were dissected out, fixed in Bouin’s fluid
for 7 h, briefly washed in running tap water, dehydrated,
embedded in paraffin wax and sectioned at 6 µm. Serial
sections were mounted on glass slides and prepared for
immunostaining for BrdU. DNA synthesizing cells were
detected by peroxidase-anti-peroxidase immunostaining with anti-BrdU antibodies using the Cell Proliferaonline | memorias.ioc.fiocruz.br
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tion Kit, RPN 20 (Amersham Bioscience, Little Chalfont, UK). Randomized sections of tissue were used as
a negative control by omitting the anti-BrdU antibodies.
After dehydration in an ethanol series, the sections were
etched with xylene (15 min, twice). Specimens were then
washed three times with PBS, drained of excess wash
solution and the slides were wiped around the specimen.
Next, sufficient reconstituted nuclease/anti-5-bromo2”deoxyuridine was added (Cell Proliferation Kit, RPN
20, Amersham Bioscience, Little Chalfont, UK) to cover
specimen and specimens were incubated for 20 h at rt.
The sections were washed three times with PBS and the
area around the specimens was wiped. Sufficient peroxidase anti-mouse IgG2a (Cell Proliferation Kit, RPN
20, Amersham Bioscience, Little Chalfont, UK) as add
to cover the sections and sections were incubated for 2 h
at rt. The slides were washed three times with PBS. Finally, the sections were immersed in DAB solution (Cell
Proliferation Kit, RPN 20, Amersham Bioscience, Little
Chalfont, UK) for 30 min. The slides were washed three
times in distilled water. The immunostained sections
were counterstained with Harris hematoxylin. Images
were obtained at 400X magnification using a Zeiss capture plate on a microscope (Olympus BX 50) interfaced
with a computer and software imaging tools. The immunolabeled cells were counted (immunolabeled cells
located on grid line intersections were counted).
Histological and immunohistochemical study - Another set of animals were infected as previously described and
euthanized under deep anesthesia 18, 32, 64 or 97 days after T. cruzi inoculation. The right and left submandibular
glands were dissected, fixed in 10% buffered neutral formalin for 48 h, briefly washed in running tap water, dehydrated and embedded in paraffin wax. Each sample was
sliced into 6 µm sagittal sections. Sections were mounted
on glass slides and stained with hematoxylin and eosin to
analyze the tissue organization of the gland.
Additional sections were mounted on glass slides
and used for immunohistochemical analysis to examine
Bcl-2 and Fas (Santa Cruz Biotechnology, Santa Cruz,
CA, USA, 1:100). Slides were pre-treated with 3-aminopropyltriethoxy-silane (Sigma, St. Louis, MO, USA) immersed for 3 min in xylene to eliminate the paraffin,
dehydrated in absolute alcohol and rehydrated with Trisbuffered saline (TBS). The sections were rinsed in TBS
and immersed in 3% hydrogen peroxide in methanol for
10 min to block the endogenous peroxidase activity and
incubated for 30 min at 90oC for antigen recovery. The
slides were then incubated with monoclonal anti-Bcl-2
or anti-Fas antibody for 2 h at 37oC and then rinsed with
TBS three times for 3 min.
Sections were then incubated with the appropriated
secondary biotinylated antibody (Vector Laboratories,
Burlingame, CA, USA) for 30 min and rinsed with TBS
three times for 3 min. The streptavidin-biotin-peroxidase complex (Vector) was then incubated on the slides
for 30 min, rinsed in TBS, counterstained with Mayer’s
hematoxylin, dehydrated and mounted. Staining specificity was tested by omission of primary antisera or substitution of primary antisera with non-immunized normal rabbit serum.

Statistical analysis - Data were expressed as mean
± standard deviation. Statistical comparisons between
groups were made using analysis of variance followed
by Tukey’s test. Significance was accepted when the p
value was ≤ 0.05.
Results

Sections stained with hematoxylin and eosin showed
similar histological features, as previously described by
Alves and Machado (1980). In this study, it was observed
that glands from non-infected animals displayed normal
histological development after 18 (Fig. 1A) and 97 days
(Fig. 1C). Also it was observed acinar enlargement and delayed granular duct maturation in rats with acute Chagas
disease. Normal histological patterns returned after the
disease entered the chronic stage, as observed in Figs 1B,
D. The absence of inflammation of submandibular gland
cells was confirmed by immunohistochemistry, in which
the expression of tumor necrose factor-α and interferon-γ
were not observed in infected animals (data not shown).
We next investigated if the delayed granular duct maturation of the submandibular gland from animals infected
with T. cruzi occurred due to induction of apoptosis. There
were no significant differences found in the number of
Fas-immunostained cells between uninfected (Figs 2A,
C) and infected animals (Figs 2B, D) analyzed during the
course of infection. These results indicated that apoptosis
was not occurring, even during the later stages of T. cruzi
infection (after 97 days of Chagas disease).
In light of this, we examined the possibility that T.
cruzi might be inhibiting apoptosis by stimulating host
cell production of Bcl-2. Bcl-2 is a mitochondrial protein
that functions to inhibit apoptosis in mammalian cells
and thus prolongs cell survival. Using immunostaining,
we did not find an increased level of Bcl-2 in infected
submandibular gland cells (Figs 3A, D). Therefore,
apoptosis does not appear to be inhibited in host cells by
a parasite-induced increase in Bcl-2.
Next, we evaluated if the delayed granular duct maturation was associated with DNA synthesis using a BrdU
uptake assay. We examined the ability of submandibular
gland cells from T. cruzi-infected or uninfected animals
to induce DNA synthesis. Immunostaining of the submandibular gland cells revealed a dramatic decrease upon
BrdDu uptake in T.cruzi-infected animals (Figs 4A, D). As
seen in Fig. 5, there is a significant difference (p < 0.05)
in the number of BrdU-immunolabeled cells between
non-infected and infected animals at the beginning of
the infection. However after 64 days of infection (chronic
phase), the numbers of immunolabeled cells are similar in
both groups. Negative control staining was carried out by
omitting exposure to the primary antibodies. Tissue staining specificity was confirmed by a lack of immunostaining for all experimental groups (data not shown).
Discussion

We previously demonstrated that, in T. cruzi-infected
rats, there occurs a morphological change in the granular convoluted tubule cells of the submandibular glands,
along with acinar enlargement and delayed ductal maturation at the developing granular ducts (Alves & Macha-
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Fig. 1: morphological aspect of the submandibular glands. A: submandibular glands of non-infected rats after 18 days; B: submandibular glands
after 18 days post-infection. It is possible to observe that the infected animals demonstrated a increased acinar development and a delayed ductal
maturation; C: submandibular glands of non-infected rats after 97 days; D: submandibular glands after 97 days post-infection. No differences
were observed between control and infected rats after 97 days of infection. H & E staining; magnification 400X.

Fig. 2: immunohistochemical photomicrographs expression of Fas from submandibular glands of infected and non-infected rats after 18 and 97
days. Note Fas immunolabelled cells at the submandibular glands of non-infected (A) and infected animals (B) after 18 days was similar, and the
same pattern was observed in both groups after 97 days in non-infected (C) or infected animals (D); magnification 400X.

do 1980). The results presented here show that the ductal
delay may be due to inhibition of DNA synthesis during
the acute phase of Chagas disease and in unrelated to
apoptotic pathways.
Intracellular pathogens are known to modulate their
host’s response to infection to facilitate their own survival. Apoptosis is used as a defense strategy for the

elimination of virus, bacteria and parasite-infected cells
by the immune system, as well as in cell selection during
the development and maintenance of tissue homeostasis (Vaux et al. 1994). Pathogen-infected apoptotic cells
are recognized and phagocytosed by macrophages and
the pathogen and host cells are eliminated in an immunologically silent manner (Ren & Savill 1998). In con-
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Fig. 3: immunohistochemical photomicrographs expression of Bcl-2 from submandibular glands of infected and non-infected rats after 18 and
97 days. Note Bcl-2 immunolabelled cells at the submandibular glands of non-infected (A) and infected animals (B) after 18 days was similar,
and the same pattern was observed in both groups after 97 days in non-infected (C) or infected animals (D); magnification 400X.

Fig. 4: immunohistochemical photomicrographs expression of BrdU from submandibular glands of infected and non-infected rats after 18 and
97 days. Note bromodeoxyuridine (BrdU) immunolabelled cells at the submandibular glands of non-infected after 18 days (A), whereas submandibular of infected-rats glands showed lower BrdU immunolabelled cells (B), immunolabelling of BrdU in non-infected (C) and infected
animals (D) after 97 days was similar; magnification 400X.

trast, pathogens have been found to antagonize apoptotic
death of invaded host cells, prolonging their survival and
allowing them more time to replicate (Moss et al. 1999).
T. cruzi has also been shown to modulate induction of
apoptotic pathways. Clark and Kuhn (1999) attempted to

determine whether T. cruzi infection of murine fibroblasts
induced apoptosis, however after five days there was no
indication of the induction of apoptotic pathways. Another study showed that microarray analysis of uninfected
and T. cruzi-infected BALB/c fibroblasts suggested that
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Fig. 5: sections of the submandibular glands were immunostained with
anti-bromodeoxyuridine (BrdU) and the numbers of stained cells were
counted. The results are expressed as mean ± SD. Asterisks indicate p <
0.05 compared with non-infected animals at the same period.

expression of genes in the TNFRI apoptotic pathway is
downregulated in T. cruzi-infected cells. This indicated
that, in BALB/c fibroblasts, the parasite decreases the expression of genes that lead to host cell apoptosis (MooreLai & Rowland 2004). It has been also shown that T. cruzi
inhibit Fas-mediated apoptosis in HeLa cells through
inhibition of caspase 8 activation (Nakajima-Shimada
et al. 2000). In our study, we did not observe any Fasmediated transduction pathways induced by T. cruzi,
which could explain the delay in ductal cells maturation
observed in the acute stage of Chagas disease.
Another potential effect of T. cruzi infection on the
host cell may be inhibition of apoptosis. A mammalian
protein, Bcl-2, functions as an inhibitor of apoptosis in
many cell types. When overexpressed, Bcl-2 prolongs
the life of a cell that would normally undergo apoptosis (Zamzami et al. 1996). However, we were unable to
demonstrate by immunohistochemistry that Bcl-2 was
overexpressed in T. cruzi-infected submandibular gland
cells. Therefore, if parasites do inhibit apoptosis of host
cells, it is not due to an increase in the intracellular level
of Bcl-2. It has been reported that T. cruzi uses the host’s
cellular FLICE inhibitory protein (c-FLIP), the only
known inhibitor specific for death receptor-mediated
apoptosis in mammals (Thome & Tschopp 2001), for
inhibition of Fas-mediated apoptosis by posttranscriptional up-regulation. This finding indicates that T. cruzi
modulates and exploits a host molecule to counteract
death receptor signaling (Hashimoto et al. 2005).
At the histological level, the main changes observed
were accelerated acinar development and delayed ductal maturation, characteristics that are more evident in
the developing granular ducts (Alves & Machado 1980).
The enlargement induced by T. cruzi infection during
the acute phase is mediated through the β-receptor since
it is blocked by propranolol (Alves & Machado 1986).
This enlargement is similar to that observed in isoproterenol-treated animals, which is believed to involve
both hypertrophy, reflecting the excessive activation of
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protein synthesis and the enlargement of acinar cells and
hyperplasia associated with cell proliferation (Matsuura
& Suzuki 1997).
The enlargement of the acinar cells observed during the acute phase of experimentally induced Chagas
disease is mainly due to hypertrophy rather than to proliferation (hyperplasia), since there was no BrdU incorporation in these cells. In fact, the observed enlargement
of acinar cells may reflect the increased number and size
of secretory granules, as well as altered expression of
the secretory protein cystatin (Alves et al. 1994, Silva
et al. 1995). We observed increased BrdU incorporation in the granular ducts in both groups, although, in
the acute phase of Chagas disease, a higher incorporation can be observed in non-infected rats. We previously
demonstrated that rats infected with T. cruzi may exhibit
a delay in testes development with a reduction in testosterone levels (Moreira et al. 2008).
In conclusion, the alterations observed at the acute
phase of experimental Chagas disease, leads to retardation of the differentiation of granular cells due to decreased DNA synthesis, however, there is no correlation
with alterations in the apoptotic pathway.
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