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Abstract

Chagas disease is a chronic disorder caused by the Trypanosoma cruzi protozoan. The infection causes
alterations to the enteric nervous system such as megaesophagus and megacolon. There is evidence of
denervation of myenteric ganglia. The intense parasitism of acute phase affects neuronal integrity but contrasts with
the absence of parasites and the discreet inflammatory process of chronic phase, indicating a progressive injury
mechanism that needs to be better understood in the megacolons. The potential selectivity of enteric neurons
classes affected by the progression of the disease is not yet clear. Nitrergic neurons which co-localize other
neurotransmitters represent the most common inhibitory neuron of the ENS. Recently a chronic stage of the Chagas
disease was reproduced experimentally in a suitable murine model of megacolon. Considering the limitation of
studying human intestine and the controversy on the pattern of nNOS involvement in chagasic megacolon, we
decided to assess the nitrergic neurons in the myenteric plexus of mice. We used antibodies against structural
protein gene product 9.5 (PGP 9.5) and functional neuronal nitric oxide synthase (n-NOS) at the acute and chronic
phase of the disease to quantify myenteric ganglionar neurons in the colon of infected and non-infected mice. We
found a reduction in the ganglionar number of neurons detected by anti-protein gene product 9.5 antibodies in colon
from mice at the chronic stage. However, the number of nitrergic neurons per ganglia remained unchanged along
the acute to phase chronic of the disease. Our findings indicate a long-term preservation of nitregic neurons
detrimental to other classes of enteric in our model of experimental Chagas disease. We propose that differential
loss of enteric neurons is at least one of the structural substrate for the development of the longterm morph-
functional changes that lead to the megacolon.

In patients suffering from Chagasic megacolon for many years,
some ganglionic neurons are preserved intact while others are
destructed which indicate that certain components of the ENS should
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Introduction

Chagas disease (CD) is a chronic, neglected tropical disease in Latin
America caused by the Trypanosoma cruzi protozoan and owing its
high morbidity levels to the establishment of the chronic conditions.
The infection by the parasite causes alterations in the enteric nervous
system such as megaesophagus and megacolon. There is evidence of
denervation of myenteric ganglia [1-5] as a pathogenic mechanism of
intestinal accompaniment. The best chance to avoid morbidity is the
treatment of the disease at its early acute stages [6] and novel
therapeutic approaches are dependent in better understanding of the
complex pathogenesis of this disease.

Megacolon is the chronic dilation of a colonic segment. Acquired
enteric neurodegeneration of an originally healthy (normal ganglionic)
segment is an important manifestation of at least 20% of patients
suffering from Chagas’ During its chronic phase, myenteric neuron
loss and irreversible dilation occur in the affected gut segment and the
consequent dilation is termed as primary megacolon [7].

be selectively undamaged, and also, implicates in the focal nature of
the enteric plexus in this disease [8]. Indeed, recently we described
focal accompaniment of the neuronal ganglia in the myenteric plexus
of a murine model of long-term 7. cruzi infection which reproduces
chagasic megacolon [9].

In murine experimental models the mechanism related to
degenerative processes in the acute phase has been studied and is
directly related to the 7 cruzi-induced immunoinflamation [10,11].
However, the mechanisms and potential selectivity of enteric neurons
classes affected by the progression of the disease are not yet clear. The
tissue infection and the intense parasitism of acute phase affect
neuronal integrity [11,12]. However, the relative absence of parasite
and the very discreet inflammatory process of chronic phase probably
indicate a progressive injury mechanism, suggested to involve
autoimmunity [7] which needs to be better understood in the context
of the changes in TGI associated to the megacolons.
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Significant neuronal loss is necessary to the development of human
chagasic megacolon [1,4], and the different classes of neurons may be
more or less affected [13-15].

The myenteric plexus displays excitatory and inhibitory neurons
projecting to the muscle layers [16,17]. Among the different
phenotypes of enteric neurons stands out the nitrergic neurons which
co-localize other neurotransmitters, and represents the most common
inhibitory neuron of the ENS. In many regions of the gastrointestinal
tract the inhibitory reflex is required for the passage of fecal material
and the final motor neurons of the reflex are enteric inhibitory,
primarily nitrergic, the neuronal nitric oxide synthase positive (nNOS
+) neurons [18]. Most human myenteric neurons are either nitrergic or
cholinergic [19,20]. The primary neurotransmitter is Ach in the enteric
excitatory muscle motor neuron [21-23], ascendant and descendants’
interneurons [21,24-29]. Sensitive neurons present ACh, CGRP e
tachykinin as primary neurotransmitters [23,28,30,31].

The pattern of degeneration and survival of the myenteric neuronal
populations may be associated to the attenuation of intestinal
peristalsis [32], which, in turn, is physiologically involved in the
development of the megacolon. For some authors, neuronal nitric
oxide synthase (nNOS) neurons may be particularly susceptible in the
presence of ganglionitis [33]. The chagasic megacolon has been
associated with chronic constipation and inability of internal sphincter
to relax, which is consistent with loss of nitrergic neurons which
release nitric oxide NO via nNOS [34]. Also, a decreased expression of
nNOS in myenteric plexus in experimental acute inflammation and
aging contexts have been described [35,36].

In opposition, and in a contradictory direction research using
human intestinal samples produced by the same group above cited
revealed that chagasic megacolon display selective survival of
inhibitory nitrergic neurons, which release nitric oxide NO via nNOS,
and extensive reduction in cholinergic nerve fibre density expressing
choline acetyltransferase (ChAT) [33,36,37]. Although one of these
studies have addressed the differential loss of neuronal subclasses in
human megacolon [7], the importance of reproducing this finding in a
suitable model of murine megacolon is indiscutible and would provide
a unique perspective to study the intrinsic mechanisms of the neural
lesions in intestinal Chagas disease.

Considering the limitation of studying human intestine and the
controversy on the pattern of nNOS involvement in chagasic
megacolon, we decided to assess the nitrergic neurons in the myenteric
plexus of mice at both the acute and chronic phases of CD. The profile
of non-nitrergic neurons was accessed by neurokinin-1 receptor,
choline acetyl transferase and vasoactive intestinal peptide were
evaluated by RT-PCR as markers we used a suitable murine model of
chagasic megacolon developed previously in our laboratory. In brief,
we treated 7 cruzi-infected mice at the acute phase of the disease with
benzonidazole at sub-therapeutic doses [38] and reproduced the
enlargement, the segmentary neuronal loss, and segmentary d axonal
density decreasing in the muscular layer of intestine.

We hypothesized that the selective loss of non-nitrergic neurons
arising from the inflammatory process triggered by the parasitic
infection would result in long-term imbalance between excitatory and
inhibitory neurons of the myenteric plexus. That would affect normal
intestinal physiology, consequently leading to morpho-functional
alterations characteristic of chagasic megacolon.

Materials and Methods

Animals

The mice were kept at the Universidade Federal de Ouro Preto
animal facility in plastic cages in a temperature-controlled
environment (25°C) under a 12:12 hour light/dark cycle. The animals
had access to conventional mice feed (NUVILAB® Nuvital, Curitiba,
Brasil) and filtered water ad libitum. They were treated against worms
for seven days with 0.8 ml of IVOMEC® (Merial, Paulinia, Brasil) per
litre of filtered water before the start of the experimental phase. All
animals used in the research were acquired and cared for in
accordance with the NIH Guide for the Care and Use of Laboratory
Animals guidelines. All of the animal experiments were approved
based on the regulations and guidelines of the ethical and animal use
committee on animal experimentation (CETEA/UFMG 377/2012).

Infecting the mice with Trypanosoma cruzi

We used mice that developed Chagasic megacolon as described
recently [38]. Briefly, parasite count for the preparation of the
inoculum was performed according to the method described by Brener
[38]. After positive confirmation of 7. cruzi infection, the animals were
divided into two groups: Infected acute phase group (IAP, n=10)
composed of animals that were to be euthanized on the 11th day post-
inoculation thereby representing the infected group at the acute phase
of the disease; and infected chronic phase group (ICP) whose animals
were treated with a single sub-therapeutic dose of benzonidazole
(ROCHAGAN?® Roche, Rio de Janeiro, Brazil) at 500 mg/kg of body
weight to ensure the survival of the experimental animals and, thereby,
the chronicity of the disease. The treated mice that survived (20% of
the infected and treated animals) did not show signals of sickness, pain
or distress and were kept for 15 months, post-infection and
denominated infected chronic phase group (ICP). In a pilot study, six
non-treated mice were followed daily in order to obtain the necessary
data required to build a parasitemia curve and determine the
appropriate time for euthanasia. All experiments were performed
twice.

Tissue sampling and preparation

Once the mice were euthanized at the time-points mentioned above,
the entire colon was separated starting from the mesentery and washed
in PBS (0.01 M phosphate buffered saline, pH 7.3). A segment of the
colons collected was used for histological analysis. The colon samples
used for histological analyses were stretched with the serosa in contact
with the filter paper. All their contents were removed without
damaging the mucosa and the segments were stretched on filter paper
and prefixed with Bouin’ fluid containing 2.5% glacial acetic acid for
90 min to 120 min at room temperature. The prefixed segments were
then rolled into a spiral with the mucosa facing inward, so as to form a
“Swiss roll” similar to that described by por Calvert, Otsuka e
Satchithanandam with adaptations by Arantes and Nogueira. The
material was routinely processed for paraffin embedding and
consecutive 4 pm thick histological sections were obtained [39,40].

Thirty-three paraffin blocks, containing the colons of the mice from
each group, were selected as follows: eight blocks from the control
acute phase (CAP) group; eight blocks from the infected acute phase
(IAP) group; eight blocks from the control chronic phase (CCP) group
and nine blocks from the infected chronic phase group (ICP). The
previously HE cut non-serial sections from each sample were

J Neuroinfect Dis, an open access journal
ISSN: 2314-7326

Volume 7 « Issue 4 « 1000235



Citation:

Ricci MF, Campos CF, Cartelle CT, Béla SR, Cangussu SD, et al. (2016) Nitrergic Myenteric Neurons are Spared in Experimental

Chagasic Megacolon. J Neuroinfect Dis 7: 235. doi:10.4172/2314-7326.1000235

Page 3 of 8

examined according to the histological criteria for: 1) the megacolon
(thickening of the muscularis); 2) tissue inflammation (presence of
mononuclear lymphocytes); 3) parasitism (presence of amastigotes);
and 4) degenerative activity (presence of amastigote nests). Sections
cut in series were used for immuno-labelling of specific proteins of
interest.

Immunohistochemistry

Two swiss rolls histological sections (4 um thick) from the colon
were stained for PGP 9.5 (Cedarlane, USA) and for nNOS (Epitomics,
USA) respectively by immunohistochemistry procedures. The slide was
de-paraffinized in xylene and re-hydrated in decreasing ethanol
concentrations. Endogenous peroxidase activity was blocked with 0.5%
de H,0; solution in methanol for 30 minutes. Unspecific binding was
blocked with a 5% skimmed milk (MOLICO, Nestlé Brasil Ltda,
Aragatuba, SP) in 10X PBS supplemented with 2% BSA (Bovine Serum
Albumin, Inlab, Brasil) in 10X PBS, 10% FBS in 10X PBS (Fetal Bovine
Serum-16140-071, Gibco, Invitrogen, Carlsbad, CA, USA), 1:20 NGS
in 10X PBS (Normal Goat Serum, Cripton Biotechnology, Brazil). The
slides were incubated for 30 minutes in each blocking solution and
subsequently washed in 10X PBS after each incubation period. The
slides were then incubated overnight at 4°C with the following rabbit
anti-human polyclonal primary antibody anti-PGP 9.5 1:500 and
rabbit monoclonal antibody anti-nNOS 1:750. The anti-nNOS used has
specific bindging to PSD95, a neuronal membrane protein which is not
present in other NOS isoforms (eNOS, iNOS) [41,42]. Additional
sections were incubated with anti- 7 cruzi antibody (1:5000, obtained
from rabbits inoculated with blood trypomastigote forms of the
Berenice-78 strain of 7 cruzi provided by Dr. Maria Terezinha Bahia).

Once the incubation period with the primary antibodies was over,
the slides were washed three times with PBS, followed by 30 minutes
incubation with biotinylated secondary antibodies in a humid chamber
at 37°C. Finally, the slides were incubated under the same conditions
with streptavidin/peroxidase complex (Kit Dako, LSAB, K0675).
Peroxidase activity was then detected using a 3.3 diaminobenzidine
(DAB) substrate. All slides were counter stained with Harris
hematoxylin.

We examined strictly consecutive sections immunostained for each
antibody since the double immunostaining was prevented by the lack
of primary antibodies raised in different species. PGP 9.5- and nNOS-
labelled neurons were counted as their absolute number per ganglion
(an average of 20 ganglions. nNOS-type neurons were confirmed by
PGP9.5-labelling in the consecutive slides. Control reactions were
perfomed by suppressing the primary antibody.

Photographic documentation and morphometric analysis

The slides were photographed using an Olympus Bx51 (Japan)
direct light optical microscope equipped with a Cool SNAP-Proof
Color (Media Cybernetics, Bethesda, MD, USA) colored video-
recording camera and Image-Pro Express 4.0 (Media Cybernetics, MD,
USA) software. Eight mice colons from the CAP, CCP and IAP groups
and nine from the ICP group were analyzed. To this end, 15 random
images of the myenteric plexi covering the entire extension of the cut
were captured with a resolution of 1392 x 1040 pixels. All visual
analyses on images acquired using a 20X objective were performed
using the freeware Image] 1.48. (version 1.47f, Wayne Rasband/
National Institutes of Health, USA) available online from the site
http://rsbweb.nih.gov/ij/download.html

Only cells with characteristic morphology of neurons inside the
ganglia were quantified when labelled to PGP 9.5 or nNOS. The
average number of PGP+ and nNOS+ neurons, were counted per
ganglion (16-21 ganglia/animal). The quantitative analysis was
conducted at the Morphometrics Laboratory of the General Pathology
Department at the Institute of Biological Sciences, UFMG.

Total RNA extraction

One annular sample measuring 1 cm was obtained from the
proximal colon. Samples from each group (CAP n=5; IAP n=10; CCP
n=3; and ICP n=6) were initially prepared for RNA extraction by
adding 500 pl of TRIZOL (Trizol Reagent, Invitrogen #15596) and then
homogenized with a homogenizer. Subsequently, 100 pl of chloroform
were added to the samples, followed by a new round of
homogenization for 15 seconds, incubation for 3 minutes followed by
centrifugation at 12000XG for 15 minutes at 4°C.

The supernatant was removed and mixed with isopropanol,
followed by incubation on ice for 15 minutes and centrifugation at
12000 x g for 15 minutes at 4°C. This time, the supernatant was
discarded and the pellet washed with 75% ice-cold ethanol followed by
vortex homogenization and centrifugation at 7500 x G for 5 minutes at
4°C. The pellet, dried by inversion, was re-suspended in 30uLof
endonuclease-free water followed by drying at 55°C for 10 minutes.
Quantification of the extracted material was performed on a Nanodrop
(GE Nano Vue Plus Spectrometer) in ng/ful. The material was stored at
-80°C until required.

cDNA synthesis

RNA reverse transcription into cDNA was performed in a total
volume of 5 pl. To this end, 0.5 pL de Oligo dT 15 primer (Promega
#C1101), 1 puL of RNA and 3.5 uL of endonuclease-free water were
mixed for each reaction. The samples were vortexed for 30 seconds and
placed in a thermocycler (PTC-100, MJ Research, Inc). The samples
were firstly subjected to cycle at 70°C for 5 minutes and 40°C for 5
minutes after which the reactions were haulted for 5 minutes followed
by the addition of 5 pL of a master mix containing: 0.3 pL of each
nucleotide, 3 pl of buffer, 0.5 pL of reverse transcriptase (M-MLV RT,
Promega, USA #M3682) and 0.25 pL of ribonuclease inhibitor.
Transcription was allowed to resume at 42°C for 60 minutes followed
by refrigeration at 4°C.

RT-PCR

We used 96-well plates to peform the RT-PCR experiments. Firstly,
we dispensed 2 uL of sample and 13 pL of mix plus 7.5 uL of Power
SYBR Green PCR Master Mix (Life Technology, England, 4267659),
0.2 pL of forward primer, 0.2 uL of reverse primer and 5 uL of
endonuclease free water into each well. The amplification was
performed using an Applied Biosystems, StepOnePlus Real-time PCR
thermocycler. The cycling conditions used are as follows: an initial
cycle at 50°C for 2 minutes and 95°C for 10 minutes followed by 40
cycles of DNA-melting step at 95°C for 15 minutes. Primer annealing
step at 60°C for 1 minute was followed by a final melting step. The
primers used are as follows (Table 1).

GAPDH Forward GACACCTTTGGCATTGTGG
Reverse ATGCAGGGATGATGTTCTG)
nNOS Forward ATGAAGTGACCAACCGCCTT
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Reverse AGCTGAAAACCTCATCTGTGTC
ChAT Forward AGGGCAGCCTCTCTGTATGA
Reverse ATCCTCGTTGGACGCCATTT
VIP Forward GCAAGATGTGGGACAACCTC
Reverse CAGTCTGTTGCTGCTCATCC
NK-1 Forward GGTCTGACCGCAAAATCGAAC
Reverse AGAGCCTTTAACAGGGCCAC

Table 1: Analysis of the results was performed using the software
StepOne v2.3. All the samples were analyzed in duplicate and
normalized against the reference gene GAPDH (glyceraldehyde-3-
phosphate dehydrogenase). This gene is used as a constitutive control
of the entire RT-PCR reaction. The values for 2-AACT were expressed
as the quantity of amplified gene in comparison to the reference gene.

Statistical Analyses

The statistical analyses were performed using the software
GraphPad Prism (v 5.0) (GraphPad Software Inc., La Jolla, CA). For
the immunohistochemical data we used Students t-test which
compared the infected acute phase group (IAP) with the infected
chronic phase group (ICP) and control chronic phase (CCP) and the
infected chronic phase group (ICP).

RT-PCR results were analysed by Mann Whitney test according to
data perform statistical comparisons between the groups. Differences
were considered statistically significant if p < 0.05.

Results

The chronic murine model of chagasic megacolon shows
focal thickness of muscular layers, scarcity of parasites and
persistent inflammation

Compared to their control counterparts (Figure 1A), we observed a
considerable thickening of the muscularis and submucosa in mice
from the infected acute phase (IAP) group (Figure 1C) due to the
edema between the muscle cells and the presence of inflammatory
exudate which affects all intestinal layers. The inflammatory exudate,
predominantly mononuclear, is distributed in foci along the entire
extension of the histological cut forming ranks between smooth
muscle cells or delineating and intercalating the myenteric plexi in the
interior of the ganglia and close to their borders. Whole and ragged
amastigotesnests were commonly observed in inflammatory foci
(Figure 1C). We also observed a considerable thickening of the
muscular wall due to volumetric hypertrophy of smooth muscle cells
(Infected Chronic Phase, Figure 1D) compared to their control
counterparts (Figure 1B). The inflammatory exudate foci were
composed of mononuclear cells and were less frequent when compared
to those from animals at the acute phase. Another exclusive
characteristic of the chronic phase that we observed was the scarcity of
T cruzi amastigotes within the intestinal tissues (Figure 1E and 1F).
The degenerative neuronal changes observed (Figure 1G and 1H) were
intercalated with normal ganglionar aspects (Figure 1G and 1H, insets)
that accounts for the focal histopathological accometiment of the
colon.

~m—

—_—

Figure 1: Histopathological features of the colon: (A) control acute
phase control (CAP) group; (B) control chronic phase (CCP) group
(C and G) infected acute phase (IAP) group; (D and H) infected
chronic phase (ICP) group. Thickening of the muscular layer (F—);
Inflammatory mononuclear exudate (<); Signs of degenerative
damage (*); amastigotes nests (A). Micrographs in magnifications of
10x; insets in 20x. Bar = 5 pm.

Megacolon at the chronic phase of CD is characterized by
neuronal loss

We evaluated the neuronal number per ganglia along the length of
the colon (Figure 2A). There was statistically significant reduction in
PGP9.5+ neurons from de group ICP versus its counter part control
group (CCP) (p=0.0499). There was also a significant decrease of
PGP9.5+ neurons from the ICP group compared to the group IAP
(p=0.0180).

The average number of PGP9.5+ neurons per plexus was 24.59%
fewer in infected animals at the chronic phase of the disease (ICP)
compared to the acute phase of the disease (IAP) (Figure 2C).
However, no significant differences were observed between the
remaining experimental groups.

Nitrergic neurons are preserved in intestinal CD

Once we established that neuronal loss was a consequence of the
chronic inflammation and the development of the megacolon is
characterized by a reduction in PGP9.5 levels (as revealed by a fall in
PGP9.5 by immunolabelling), we decided to investigate the role of
nitrergic neurons in the neuronal rarefaction profile.

J Neuroinfect Dis, an open access journal
ISSN: 2314-7326

Volume 7 « Issue 4 « 1000235



Citation:

Ricci MF, Campos CF, Cartelle CT, Béla SR, Cangussu SD, et al. (2016) Nitrergic Myenteric Neurons are Spared in Experimental

Chagasic Megacolon. J Neuroinfect Dis 7: 235. doi:10.4172/2314-7326.1000235

Page 50f 8

Analysis of the immunostaining experiment results against
myenteric ganglia neurons’ nNOS showed a significant increase
(p=0.0078) in the detection levels of this protein in the ICP group
compared to its control (CCP group) counterpart when assessing the
neuronal density per ganglia (Figure 2B and 2C). There were no
statistically significant differences between the other experimental
groups.

Interestingly, the number of nNOS+ neurons was maintained along
the disease progression as observed by the data obtained from acute
and chronic infected animals (Figure 2B and 2C). To better
demonstrate this result, we overlapped PGP9.5 and nNOS data in
order to evaluate the final distribution profile of nitrergic neurons
along the disease phases. Thus, in Figure 3C we can observe the
preservation of the nitrergic neurons profile representing 46% of the
ganglionar neurons in both infected groups. On the other side, the
neuronal loss seems to be restrict to non-nitrergic neurons when we
compared the infected groups, from acute (54%) to chronic (29.4%)
indicating an almost 25% ganglionar neuronal loss as indicated by
PGPY.5, a generic neuronal marker (Figure 2D).

The consecutive colon segments containing ganglia with cells
stained against PGP9.5 and nNOS were shown in Figure 3, and
correspond to the aspects of the immunostaining of control and
infected animals, as illustrated in acute phase (Figure 3A-3D) and
chronic phase (Figure 3E-3H) of the disease.
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Figure 2: PGP 9.5 and nNOS immunolabelling quantification at the
myenteric plexi of mice. (A) Number of PGP9.5+ neurons per
ganglion; (B) Number of for nNOS+ neurons per ganglion; (C)
Overlap of PGP9.5+ (back bars) e nNOS+ (front bars) data (D).
Percentage of inhibitory neurons (nNOS+) and other neuronal
types. Control acute phase (CAP) group; Infected acute phase (IAP)
group; Control chronic phase (CCP) group; Infected chronic phase
(ICP) group. Eight samples from each of the CAP, IAP and CCP
groups and nine from the ICP group were analysed. Bars represent
the average results obtained for each group. Differences were
considered statistically significant when p<0.05.

Figure 3: PGP9.5 and nNOS immunolabelling at the myenteric plexi
of mice. (A and B) control acute phase control (CAP) group; (C and
D) infected acute phase (IAP) group; (E and F) control chronic
phase (CCP) group; (G and H) infected chronic phase (ICP) group.
Myenteric plexi of the intestinal segments immunohistochemically
labelled for PGP9.5 and nNOS (). Micrographs in magnifications
of 20x. Bar=5 pm.

A significant loss of excitatory neurons is linked to chronic
infection and the development of the chagasic megacolon

It is known that neuron proliferation is extremely difficult once fully
differentiated: not only there are various types of neurons but also,
their effective function is homogenetically distributed [43]. As such,
the increase in number of nitrergic neurons observed during the
chronic phase of the infection would be related to a possible loss of
another class of neurons. To characterize the functional roles of the
different neuronal types present in the colon as excitatory (NK1 and/or
ChAT positive) or inhibitory (nNOS and/or VIP positive), we
evaluated the gene expression profiles of the various kinds of
neurotransmitters and their receptors using RT-PCR. Our data do not
show a statistically significant change in any of the markers (Figure 4).
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Figure 4: Expression of inhibitory and excitatory receptors in
healthy neurons and 7. cruzi infected neurons. The results represent
the gene expression levels of neurotransmitters’ receptors measured
by Real Time PCR. NK1: neurokinin-1 receptor; ChAT: Choline
acetyl  transferase; nNOS: Neuronal  nitric oxide
synthase; VIP: Vasoactive intestinal polypeptide. The experimental
groups are represented by the following symbols: Control acute
phase group, n=4 (CAP e); Infected Acute Phase group, n=8 (IAP
n); Control chronic phase group, n=3 (CCP A); Infected Chronic
Phase group, n=5 (ICP ). Each symbol corresponds to a single
mouse. Differences were considered statistically significant
when p<0.05.

Discussion

The pathogenesis of chronic intestinal CD and the development of
the megacolon are of great importance due to the high levels of
morbidity and disability generated by the condition, the difficulties in
therapeutic approaches, and especially considering the utmost priority
given to control and elimination of CD according to the 2020 London
Declaration [6]. Furthermore, a comprehensive understanding of the
mechanistic neurodegenerative processes involved in enteric
denervation and its consequences such as dilatation, dysmotility and
intestinal smooth muscle hyperplasia remains elusive. Since an
appropriate nerve supply to intestinal smooth muscle fibres is an
important factor in the proper functioning of gut contractility the
intestinal inflammation [44], as well as the intrinsic and extrinsic
neuronal alterations that affect intestinal smooth muscle can interfere
in the motility of the gut. In the case of the chagasic megacolon, such
acute and chronic inflammatory alterations may contribute to the
progression of the disease.

Significant neuronal loss in the chronic phase of CD probably
occurs due to the intense inflammatory process associated with the
tissue parasitism that starts at the acute phase of the disease and turns
into a consistent and long lasting chronic inflammation that affects
segmentary the neuronal bodies and axons of the myenteric plexus.
The neuronal loss observed in the current study could only be detected
due to the extensive sampling technique described by Arantes and
Nogueira [40], since the colonic acometiment is segmental.

Herein we report the total neuronal loss per ganglion and a
paradoxal increase of nitrergic neurons (nNOS+/ganglion). This
suggests this type of neuron is preserved in detriment of the loss of

other neuron sub-types. It is known that nNOS neurons mediate most
of the inhibitory responses in the gastrointestinal tract and regulate
various important physiological reflexes such as the relaxation of the
lower oesophageal sphincter after swallowing, receptive relaxation of
the proximal stomach during feeding and descendent inhibition in
response to distension [45]. Other studies, however, report a reduction
in nNOS expression in the myenteric plexus during acute
inflammation such as that observed in experimental models of colitis
and aging [46,47] and human megacolon [34].

These studies propose that the inhibitory role for NO is lost due to
the neuronal damage caused during the inflammatory process, leading
to a decrease in inhibitory neuronal function and muscle fibre release
for proliferation. However, our results using a new mouse model of
chagasic megacolon [37] showed that nitrergic neurons are relatively
more numerous and, as such, it is expected that their activity in the
intestines prevails in the pathological state. Furthermore, we also
showed recently that an increase in muscle fibre volume without
evidence of hyperplasia is associated to the model development [37].

One should consider the limitation of human investigative studies
includes small sampling of the intestine wall, especially because the
inflammatory changes in intestinal Chagas disease are spotted. For
example, a previous study using 4 chagasic patients with megacolon
has shown that loss of cholinergic neurons leads to the selective
survival of nitrergic neurons. Comparing nitrergic against cholinergic
neurons in a human chagasic megacolon model, [36] demonstrated
that nitrergic neurons were more numerous in lesioned ganglia. This
suggests that such neurons are more resistant against the pathological
factors that lead to neuronal loss. Selective preservation of enteric
nitrergic neurons has also been observed as a consequence of selective
loss of cholinergic neurons in chagasic patients [37].

Although other authors classified colonic myenteric neurons as
“excitatory” (NK-1 and/or ChAT positive) or “inhibitory” (nNOS
and/or VIP positive) we are aware of the simplification of this
approach, since the idea of a balance between excitatory and inhibitory
neurons [48-50], may be rejected by most modern authors [51]. Also,
in the mouse colon, immunolabeling for the NK1-receptor has also
been described in nitrergic neurons, and it has been stated that
myenteric NKIR was mainly expressed by intrinsic primary afferent
neurons [52]. In addition, this receptor has also been reported to be
expressed by interstitial cells of Cajal and by the circular muscle. This
may explain the absence of detectable differences seen in RT-PCR,
especially because the tissue sampling was segmentary, while the
immunostaining was performed in the entire colon extension.

In the current study, we used a murine model of chagasic
megacolon developed by our group which presents structural
alterations observed in the megacolon, the myenteric plexus and in
intramuscular nerve terminals to investigate the root cause of the
condition. The study revealed an alteration in the balance between
nitrergic and no- nitrergic neurons, a possible consequence of the
chronic inflammatory process triggered by the T cruzi infection.
Further investigation ont the mechanisms related to the nitrergic
neurons resistance to the inflammatory damage is desirable.

Considering the extensive sampling method and despite limitations
of our study we can suggest a functional role for the abnormal
inhibitory neurotransmission in the genesis of motility disorders and
in the structural alterations observed in chagasic megacolon
reproduced in our murine model.
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Conclusion

This is the first study showing that mice with a chronic chagasic
infection present selective preservation of inhibitory nitrergic neurons,
possibly explained by the loss of excitatory neurotransmitters. Our
results expand the understanding of development of the chronic
intestinal lesions incurred by CD in animal models. We are aware that
injuries affecting neuronal network impact directly in organ
functioning. If there is a resistance mechanism operating in distinct
classes of enteric neurons during inflammatory process in general, it
should be better investigated. Understanding the mechanisms resulting
in preservation of neurons in Chagas’ disease may repercute in
effective therapeutic approaches, not only because we could interfere
preventing early neuronal damage, but also because this selective
preservation may be related to the pathophysiology of the structural
changes that account for the gut dilatation. Preventing acute or
progressive neuronal loss and avoiding dysfunctional tissue
remodeling are potential therapeutic strategies.
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