
ORIGINAL PAPER
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are they involved in the recruitment, survival and/or activation
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Abstract Megacolon is frequently observed in patients
who develop the digestive form of Chagas disease. It is
characterized by dilation of the rectum–sigmoid portion
and thickening of the colon wall. Microscopically, the
affected organ presents denervation, which has been con-
sidered as consequence of an inflammatory process that
begins at the acute phase and persists in the chronic phase
of infection. Inflammatory infiltrates are composed of
lymphocytes, macrophages, natural killer cells, mast cells,
and eosinophils. In this study, we hypothesized that mast
cells producing tryptase could influence the migration and
the activation of eosinophils at the site, thereby contribut-
ing to the immunopathology of the chronic phase. We
seek evidence of interactions between mast cells and eo-
sinophils through (1) evaluation of eosinophils, regarding
the expression of PAR2, a tryptase receptor; (2) correla-
tion analysis between densities of mast cells and eosino-
phils; and (3) ultrastructural studies. The electron micros-
copy studies revealed signs of activation of mast cells and
eosinophils, as well as physical interaction between these
cells. Immunohistochemistry and correlation analyses
point to the participation of tryptase immunoreactive mast
cells in the migration and/or survival of eosinophils at the
affected organ.
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Introduction

The pathogenesis of Trypanosoma cruzi infection, known as
Chagas disease, has been strongly debated in the literature.
Given the lack of an experimental model that accurately re-
produces the chronic disease, pathological analyses of tissues
from infected patients have provided relevant evidence of
possible immunopathological mechanisms involved in the de-
velopment of the chronic disease. Symptoms usually appear
20–30 years after the initial infection, and they are related to
the involvement of the cardiovascular and/or the digestive
systems, and less frequently, of the central nervous system
(Dias 2006). The factors leading to the establishment of dif-
ferent clinical forms in chronic T. cruzi infections are not
completely understood, but genetic variability related to the
host and/or to the parasite, as well as variable host immune
responses, has been considered (Macedo et al. 2004;
Manoel-Caetano and Silva 2007; Teixeira et al. 2011).

We have been especially interested in the study of the di-
gestive clinical form, that is characterized by the development
of lesions of the enteric nervous system, which sometimes
culminate in peristaltic disorders, wall thickening, and dilation
of the organ, mainly of the esophagus (megaesophagus) and
colon (megacolon) (Köberle 1968). Inflammatory infiltrates,
composed mainly of CD20+B lymphocytes, TIA-1+ cytotoxic
T lymphocytes, natural killer cells, mast cells, and eosinophils
are observed throughout the muscle and the myenteric plexus
region (d’Avila Reis et al. 2001; da Silveira et al. 2007a, b;
Côbo Ede et al. 2012). Although the precise contribution from
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each of those cell types remains speculative, some evidence
indicates the participation of eosinophils in the pathology of
Chagas disease, both at the heart (Molina and Kierszenbaum
1989) and the gastrointestinal tract (da Silveira et al. 2005). In
the heart of patients with T. cruzi-induced cardiomyopathy, the
presence of eosinophils correlates with disease severity, with
maximal levels of infiltration occurring in necrotic lesions
(Molina and Kierszenbaum 1987, 1988, 1989). Concerning
the digestive clinical form, morphometric studies demonstrat-
ed increased numbers of eosinophils in the colon of
T. cruzi-infected individuals, whether or not they had
megacolon, suggesting the participation of this cellular pop-
ulation at different stages of digestive disease development
(da Silveira et al. 2007b; Côbo Ede et al. 2012).

It has been well demonstrated that recruitment of eosino-
phils from the bloodstream into tissues could culminate in the
release of a variety of products, including cytokines,
chemokines, lipid mediators, and cytotoxic granule proteins,
that could sustain local inflammation and also participate in
the regenerative process (Kato et al. 1998; Gleich 2000;
Rothenberg et al. 2001; Hogan 2007; Jacobsen et al. 2007).
A range of cytokines, adhesion molecules, chemoattractants,
and receptors regulate eosinophil trafficking and activation;
among these, a serine protease, tryptase, that is produced spe-
cifically by mast cells. Tryptase acts on a variety of cells, such
as eosinophils, monocytes, neutrophils, and endothelial cells,
through linkage to its protease-activated receptor 2 (PAR),
which belongs to a family of four G-protein-coupled receptors
(PAR1, PAR2, PAR3, and PAR4). After interaction with
tryptase, PAR2 is activated upon cleavage of its N-terminus,
followed by its internalization and its targeting into lysosomes
(Ramachandran et al. 2012). There is now convincing evi-
dence for a role for tryptase in eosinophil activation, through
its linkage to PAR2 (Matos et al. 2013), leading to cellular
release of leukotrienes and reactive oxygen species formation

(Bolton et al. 2003). The role of tryptase on eosinophil traf-
ficking appears to be mediated by its ability to interact with
endothelial cells and promote selectin-mediated eosinophil
adhesion during inflammation (Steinhoff et al. 2000; Itoh
et al. 2005).

In T. cruzi-infected individuals, we have previously dem-
onstrated increased numbers of mast cells and eosinophils in
colon sections, and in the present study, we aimed to search for
evidence of the participation of tryptase mast cells in eosino-
phil recruitment and activation. We developed ultrastructural
studies and quantified mast cells immunoreactive (IR) for
tryptase (tryptase-IR mast cells) and eosinophils immunoreac-
tive for PAR2 (PAR2-IR) in the colon of T. cruzi-infected
individuals, with or without megacolon. We further analyzed
the correlations between tryptase-IR mast cells and numbers
of eosinophils, and in view of the obtained data, we discussed
a putative role for tryptase and eosinophils in the immunopa-
thology of T. cruzi-induced megacolon.

Methods

Patients and tissue collection

Colon samples from 20 infected patients (10 with and 10 with-
out megacolon), and from 10 uninfected controls, with negative
serology for T. cruzi infection and with normal colon perimeter,
were analyzed in this study. The diagnosis of megacolon was
performed with abdominal X-ray, digital rectal examination,
and barium enema. Significant differences were not observed
relative to the gender and age distributions among uninfected
individuals and infected individuals (Table 1).

All biopsies were obtained from surgical procedures at
Medical School of the Federal University of Goias, Brazil.
Among uninfected individuals, the causes of surgery were

Table 1 Subject characteristics

Uninfected individuals
(N=10)

Infected individuals without
megacolon (N=10)

Infected individuals
with megacolon (N=10)

Age (years) 57.50±15.93 56.50±13.01 61.60±11.11

Gender (female/male) 4/6 5/5 4/6

Perimeter of the colon (cm) 4.47±1.98 5.65±1.38 18.51±5.17a

Diagnostic (number of cases)

Sigmoid diverticular disease 4 2 –

Sigmoid adenocarcinoma 5 3 –

Trauma 1 0 –

Severe chagasic colopathy 0 5 –

Chagasic megacolon 0 0 10

No significant differences in gender and age distribution were present in uninfected individuals versus infected individuals or subgroups
a Statistical differences was observed in perimeter of the colon between infected individuals with megacolon and other groups, p<0.0001. Values were
expressed as mean±SD

1848 Parasitol Res (2015) 114:1847–1856



sigmoid diverticular disease, sigmoid adenocarcinoma, and
trauma. Infected individuals who did not present dilation were
submitted to surgical procedures due to neoplastic diseases,
diverticular disease, or complications owing to severe consti-
pation (Table 1). Informed consent was obtained from the
patients before tissue procurement. This work was approved
by the Ethics and Research Committee of the Federal
University of Minas Gerais, number 04939212.9.0000.5149.

The affected area of colon samples (rectum–sigmoid re-
gion) from infected individuals with megacolon was selected.
In the other groups, samples of the equivalent region were
collected. The perimeter of resected colon segments was mea-
sured, and the dilated portion from infected individuals with
megacolon was statistically increased when compared to in-
fected individuals without megacolon and uninfected individ-
uals (Table 1). Morphometric analyses of inflammatory cells
on hematoxylin and eosin-stained sections did not reveal any
significant difference between infected and uninfected group
(data not shown).

Immunohistochemistry assay

Tissue samples were fixed in 4 % buffered paraformaldehyde
solution, embedded in paraffin and the sections (5 μm thick)
were submitted to immunohistochemical staining. Sections
were deparaffinized in xylene and then rehydrated in a graded
alcohol series. For detection of tryptase, endogenous peroxi-
dase activity was inhibited by incubation with 4 % hydrogen
peroxide and 0.05M sodium azide for 30min. The slides were
incubated with 2 % normal swine serum (Sigma, St. Louis,
MO, USA) in phosphate-buffered saline for 30 min followed
by incubation with the monoclonal mouse antihuman mast
cell tryptase (DAKO, Denmark A/S, clone AA1, code M
7052; 1:100) overnight at 4 °C. Subsequently, the samples
were incubated with peroxidase-conjugated rabbit antimouse
antibodies (DAKO) for 60 min, and the immunoreaction was
visualized using 0.03 % of 3-3′-diaminobenzidine (SIGMA)
containing 0.5 % H2O2 in 0.01 M PBS, pH 7.4. The sections
were counterstained with Gill’s Hematoxylin (SIGMA),
dehydrated, and mounted using a synthetic medium. A nega-
tive control without the primary antibodies was generated for
each sample.

For detection of PAR2, a different protocol was followed.
After deparaffinization and rehydration, the sections were sub-
mitted to microwave antigen retrieval followed by blocking of
endogenous biotin and avidin using a commercial kit (Avidin/
Biotin blocking kit—Vector Laboratories, USA). The sections
were incubated with 2 % bovine serum albumin for blocking
nonspecific antibody binding prior to incubation with primary
goat polyclonal antibody for PAR-2, a protease-activated re-
ceptor (1:200 dilution, sc-8205, SANTA CRUZ) overnight at
4 °C. After washing in PBS, the sections were exposed for
60 min to a biotinylated rabbit antigoat secondary antibody,

diluted 1:100 in PBS. After this step, the sections were incu-
bated with the avidin–biotin complex (VECTASTAIN Elite
ABC kit—Vector Laboratories, USA) for 30 min and the im-
munoreaction was visualized using 3-3′-diaminobenzidine
(SIGMA) containing 0.01%H2O2 in 0.05MTris–HCl buffer,
pH 7.6. Sections were counterstained with Mayer’s hematox-
ylin. Also, a negative control without the primary antibodies
was generated for each sample.

Cell quantification

For each colon sample from infected and uninfected individ-
uals, the total numbers of tryptase-immunoreactive (IR) mast
cells and hematoxylin and eosin (HE)-stained eosinophils or
PAR2-IR eosinophils were assessed in the lamina propria, inner
muscle layer, and myenteric plexus’ region in the rectum–sig-
moid portion of the colon. Counting of tryptase-IR mast cells
was done by using a light microscope at×400 magnification, in
20 randomly selected fields, of each region, per section (total
area of 4410×103 μm2). HE-stained eosinophils and PAR2-IR
eosinophils were counted in 50 randomly selected fields of
each region per section, by using a light microscope at ×1000
magnification (total area of 2076×103 μm2).

In order to normalize the cell counting, a correction factor
was applied. The sum of the total number of cells, calculated
as described above, was multiplied by the ratio: perimeter of
each individual colon/average of the circumferences of con-
trols cases.

Electron microscopy

Colon samples from six individuals infected with T. cruzi
(three with and three without megacolon) and three uninfected
individuals were analyzed by electron microscopy. Samples
were immersed in modified Karnovsky fixative solution (2 %
paraformaldehyde, 2.5 % glutaraldehyde in 0.1 M phosphate
buffer, pH 7.4), postfixed in 2 % osmium tetroxide, and rou-
tinely processed for Epon embedding. Ultrathin sections from
mucosa and submucosa were analyzed in a Biotwin G2 Tecnai
transmission electron microscope (FEI Company,
The Netherlands). Experiments and analyses were performed
in the Center of Microscopy at the Universidade Federal de
Minas Gerais, Belo Horizonte, Minas Gerais, Brazil (http://
www.microscopia.ufmg.br).

Statistical analysis

Analysis of variance was performed using the GraphPad PRIS
M (GraphPad Software Inc., San Diego, CA). The Kruskal–
Wallis test and Dunn’s multiple comparison posttest were
used. Data were expressed as means. The correlation analysis
between number of tryptase-IR and HE-stained eosinophils in
the lamina propria, inner muscle layer, and myenteric plexus’
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region from infected individuals was performed using the
Spearman test. Differences were considered statistically sig-
nificant at P<0.05.

Results

Morphometric analysis of tryptase-IR mast cells
and eosinophils

Tryptase-IR mast cells and eosinophils were observed dis-
persed throughout the lamina propria (Figs. 1a–c and 2a–c),
myenteric plexus’ region (Figs. 1d–f and 2d–f) and inner mus-
cle layer of the colon from T. cruzi-infected patients and unin-
fected individuals. In some sections, tryptase-IR mast cells
were also observed in close proximity to neuronal bodies and

glia cells within ganglions and in proximity to blood vessels
(Fig. 1d, e). Increased numbers of eosinophils were observed in
the lamina propria (Fig. 2a–c) and in the myenteric plexus’
region, both in extra- or intra-ganglion locations (Fig. 2e, f).

Morphometric analyses in the lamina propria, in the
muscle layer or in the myenteric plexus’ region revealed
that the numbers of both cellular populations, tryptase-IR
mast cells and eosinophils, are increased in patients with
megacolon when compared to uninfected individuals
(Figs. 1g–i and 2g–i). There was a significant difference
in the number of lamina propria tryptase-IR mast cells
between infected individuals with and without megacolon
(Fig. 1g). Patients without megacolon also presented in-
creased numbers of tryptase-IR mast cells in the inner
muscle layer when compared to control cases (Fig. 1h).
Significant differences were observed between patients

Fig. 1 Tryptase-IR mast cells in colon samples from T. cruzi-
infected patients and from uninfected controls. Mast cells
immunostained for tryptase (arrows) are observed in the lamina
propria (a–c) and in the myenteric plexus’ region (d–f) of
uninfected individuals (a, d), infected individuals without
megacolon (b, e), and infected individuals with megacolon (c, f).
A neuronal body is indicated by an asterisk in d and a blood vessel

is indicated by an arrowhead in e. Original magnification ×400,
scale bar=20 μm. Morphometric analyses were performed in 20
fields of each region (lamina propria, inner muscle layer, and
myenteric plexus’ region), per section, with a ×40 objective lens.
The total area analyzed per individual was 4410×103 μm2. The
results are expressed as mean. Significant differences between
groups were represented by ***P<0.001; **P<0.01; *P<0.05
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Fig. 2 H&E-stained eosinophils in colon samples from T. cruzi-
infected patients and from uninfected controls. Eosinophils
(arrows) are observed throughout the lamina propria (a–c) and
myenteric plexus’ region (d–f) of uninfected individuals (a, d),
infected individuals without megacolon (b, e), and infected
individuals with megacolon (c, f). A neuronal body is indicated by
an asterisk in d, f. The insert (f) shows a major magnification of

strongly stained eosinophils. Original magnification ×400, scale
bar=20 μm. Morphometric analyses were performed in 50 fields
of each region (lamina propria, inner muscle layer, and myenteric
plexus’ region), per section, with a ×100 objective lens. The total
area analyzed per individual was 2076×103 μm2. The results are
expressed as mean. Significant differences between groups were
represented by ***P<0.001; **P<0.01; *P<0.05

Fig. 3 Correlation analyses. Statistical analyses revealed positive
correlation between the numbers of tryptase-IR mast cells (MCs) and
the numbers of eosinophils in both the inner muscle layer (P<0.0054,
r=0.5980, b) and the myenteric plexus’ region (P<0.0156, r=0.5329, c).

No significant correlation between these parameters was observed in the
lamina propria (P<0.1098, r=0.3686, a). Significance was considered
when P<0.05
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with and without megacolon, since in the myenteric plex-
us’ region, the numbers of both cell types were higher in
the former (Figs. 1i and 2i).

Correlation analyses

Statistical analyses revealed a positive correlation between
the numbers of eosinophils and tryptase-IR mast cells in
infected individuals, with and without megacolon, whether
the inner muscle layer (P<0.0054, r=0.5980, Fig. 3b) or the
myenteric plexus’ region (P<0.0156, r=0.5329, Fig. 3c)
was analyzed. In the lamina propria, however, no significant
correlation between the numbers of those cell types was
observed (P<0.1098, r=0.3686, Fig. 3a).

Analysis of PAR2-IR eosinophils

Most of eosinophils were strongly IR for PAR2. They were
observed through the lamina propria (Fig. 4a), the inner mus-
cle layer, and the myenteric plexus’ region, including in the
interior of blood vessels (Fig. 4b, c). Morphometric analysis
revealed increased numbers of PAR2-IR eosinophils in the
colon of infected individuals withmegacolon, when compared
to the other groups, no matter the region analyzed (Fig. 4d–f).

Ultrastructural analyses of mast cells and eosinophils

Electron microscopy revealed a close proximity of mast cells
and eosinophils in the lamina propria/submucosa of the intes-
tine (Fig. 5a), these cells sometimes presenting interdigitating
plasmalemma folds at their contact surfaces (Fig. 5b).
Moreover, both cell types often presented morphologic evi-
dence of activation, as they displayed different stages of de-
granulation. Concerning mast cells, the most common pheno-
type observed was the piecemeal degranulation, characterized
by the absence of granular fusion and by the presence of
partially or completely empty granules. The loss of granular
content could be recognized by a reduction of the granular
electron density and by the appearance of clear haloes sur-
rounding the granular content. The residual densities within
granules often assumed characteristic scrolled and particulate
profiles. Nevertheless, some mast cells exhibited signs of the

Fig. 4 PAR2-IR eosinophils in colon samples from T. cruzi-infected
patients and from uninfected controls. PAR2-IR eosinophils
(arrows) in the lamina propria (a), inner muscle layer (b), and
inside a blood vessel in the myenteric plexus’ region of colon
from T. cruzi-infected individuals (c). Arrowhead points to an
eosinophil with no detectable reaction to PAR2 immunostaining

(b). Original magnification ×1000 (a, b) and ×400 (c), scale bar=
20 μm. Morphometric analyses (d–f) were performed in 50 fields
per section with a ×100 objective lens. The total area analyzed was
2076×103 μm2 per individual, and the results are expressed as
mean. Significant differences between groups were represented by
***P<0.0001; **P<0.001; *P<0.01

�Fig. 5 Ultrastructures of mast cell and eosinophil in the lamina propria/
submucosa of colon from a T. cruzi-infected individual. In a, the mast cell
(MC) can be observed in close proximity to an eosinophil (Eos) with
scarce cytoplasm granules. In b, the amplified image reveals points of
contact between the plasmalemma folds (arrows) of an eosinophil and a
mast cell. In c, a mast cell displays evident signs of piecemeal
degranulation (asterisks) and, less frequently, of granules fusion
(arrowhead). In d, an eosinophil displays evident signs of both
piecemeal (asterisks) and anaphylactic (arrowheads) degranulation
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anaphylactic degranulation phenotype, with fusion of granules
being its principal aspect (Fig. 5c). Regarding eosinophils, the
anaphylactic degranulation seemed to be the most common
phenotype displayed, since the fusion of granules was fre-
quently observed (Fig. 5d). Some eosinophils presented few
granules into the cytoplasm, another degranulation sign
(Fig. 5a). Signals of piecemeal degranulation were also ob-
served in the cytoplasm of eosinophils (Fig. 5d).

Discussion

The data presented here strongly suggest a role for tryptase-IR
mast cells in the immunopathology of megacolon in chronic
Chagas disease. Increased numbers of tryptase-IR mast cells
have been already described in several diseases of the gastro-
intestinal tract, such as ulcerative colitis (Stoyanova and
Gulubova 2002; Albert et al. 2011; Stasikowska-Kanicka
et al. 2012), Crohn’s disease (Raithel et al. 2001; Christerson
et al. 2009; Smyth et al. 2013), and chagasic megaesophagus
(Martins et al. 2014). Those disorders have in common an
exacerbated inflammatory process, which could bemaintained
by high levels of tryptase. Indeed, in vitro studies have dem-
onstrated that tryptase stimulates peripheral blood cells to syn-
thesize and secrete pro-inflammatory cytokines, such as tumor
necrosis 320 factor-α (TNF- α), interleukin (IL)-1β, and IL-6
(Malamud et al. 2003). In the current study, the local cytokine
production in the organ was not addressed, but we dare spec-
ulate that a putative tryptase-mediated increasing levels of
TNF-α, IL-6, and/or IL-1β could contribute to maintain the
inflammatory process in the colon of patients with megacolon
(Cox et al. 1991; Gröger et al. 2012; Zhang et al. 2013).
Besides, tryptase activates the expression of PAR-2 by endo-
thelial cells, which could propitiate leukocyte rolling, adhe-
sion, and extravasation (Nystedt et al. 1996; Vergnolle 1999;
Meyer et al. 2005; Cleator et al. 2006), also contributing to the
inflammatory process in T. cruzi-infected individuals.We have
recently demonstrated increased numbers of tryptase-IR mast
cells in the esophagus of T. cruzi-infected individuals, indicat-
ing that such alterationmight be a common feature of digestive
pathology of Chagas disease (Martins et al. 2014).

Regarding the role of tryptase specifically in eosinophil
infiltration, statistical analyses revealed a positive correlation
between numbers of tryptase-IR mast cells and eosinophils,
which suggests that this molecule is involved in the recruit-
ment and/or survival of eosinophils in the colon of T. cruzi-
infected individuals. In other models, such as allergic lung
diseases, the participation of tryptase in eosinophil tissue in-
filtration has already been reported (Schmidlin et al. 2002;
Bolton et al. 2003; Vliagoftis et al. 2004; Matos et al. 2013).
Although the mechanisms of tryptase-induced transmigration
of eosinophils are not completely understood, some experi-
mental studies leave no doubt about the involvement of

tryptase in such processes. Decreased eosinophil recruitment
to tissues is observed inmast cell-deficient mice (de Boer et al.
2014), as well as in experimental models where the PAR2
receptor was blocked (Hyun et al. 2008; Matos et al. 2013).
Moreover, the positive correlation observed in this study be-
tween numbers of tryptase-IR mast cells and eosinophils
could be also interpreted as evidence for the role of tryptase
in eosinophil survival. Corroborating with this hypothesis,
studies in the literature have demonstrated that mast cells en-
hance eosinophil survival, in part through their activation to
produce and release autocrine survival cytokines, such as
granulocyte-macrophage colony-stimulating factor (GM-
CSF) and IL-5 (Shakoory et al. 2004; Gröger et al. 2012).

The possibility of interactions between tryptase-IRmast cells
and eosinophils was evaluated by analyzing PAR2 expression
on the surface of eosinophils. Some studies have shown that
eosinophils express PAR1, PAR2, and PAR3; however, only
PAR2 activation seems to induce their degranulation and pro-
duction of superoxide (Miike et al. 2001; Bolton et al. 2003;
Miike and Kita 2003). In this study, we have observed that the
numbers of PAR2-IR eosinophils, either in the lamina propria,
in the inner muscle layer, or in the myenteric plexus’ region, are
increased in the dilated portion of the organ, when compared to
uninfected individuals or to infected cases without megacolon.
Indirectly, those data point to the occurrence of interactions
between tryptase and eosinophils, which could lead to their
activation, degranulation, and release of inflammatory media-
tors and could thus contribute to the maintenance of the inflam-
mation. One could argue that, if the interaction between tryptase
and its receptor PAR2 leads to its activation and internalization,
the decrease rather than increase in eosinophils expressing
PAR2 should be an indication of the existence of this interac-
tion. However, it has been demonstrated that PAR2 is constric-
tively expressed by eosinophils in a very low level. Once it is
activated and internalized, it occurs a movement and redistribu-
tion, to the cell surface, of other stored PAR2 molecules (Miike
et al. 2001; Bolton et al. 2003).

In this study, evidences of interaction between eosino-
phils and mast cells were also observed in ultrastructural
images. In tissue samples from T. cruzi-infected individuals,
the analyses revealed a close proximity between mast cells
and eosinophils, pointing to the possibility of physical inter-
actions between these cellular populations. Those cells,
sometimes presented interdigitating plasmalemma folds on
their contact surfaces, and different stages of degranulation
suggest that they might be activated. Signs of membrane
contact between eosinophils and mast cells have been re-
cently demonstrated in human nasal polyps and asthmatic
bronchi. Such studies have further demonstrated that, when
in culture, mast cells and eosinophils display points of mem-
brane contact and that mast cells regulate eosinophil survival
and death, through soluble mediators and physical cell–cell
contact (Elishmereni et al. 2011).
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Finally, we would like to emphasize that, although this
study supplies a basis for mast cell–eosinophil interaction in
colon of T. cruzi-infected individuals, some other studies must
be developed in order to 1) unveil the role of different medi-
ators in such processes, and 2) evaluate whether such cellular
interactions contribute to the persistence and/or to the resolu-
tion of inflammation.
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