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ABSTRACT

Increased number of mast cells at the site of infection is widely regarded as important host defense
against parasites. The kinetics of mucosal mast cells and connective tissue mast cells responses were
studied in the intestines of 68 female CFLP mice infected with 100 Schistosoma mansoni cercariae. The
number of mucosal mast cells and the connective tissue mast cells increased from week 3 and week 6
respectively. While the number of connective tissue mast cells was still increasing during the chronic
phase of the infection, the number of mucosal mast cells continuously decreased as the infection
matured. The number of both cells was always greater in the proximal part of the small intestine.
Their distribution within the injured areas appeared to depend on other factors than parasites. Iran.
Biomed. J. 5 (1): 11-14, 2001
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INTRODUCTION

he hallmark of the host responses to the
parasitic helminth infections in the intestine
is the increase of the mast cells numbers in

the mucosa [1]. Detailed descriptions of this feature
have come from studies of the nematode
Nippostrongylus brasiliensis in rats in which the
increase numbers of the mast cells was associated
with the worm expulsion from the gut. Locally the
accumulation of the mast cells in parasitized tissues
can be used for immunity. Also, secondary
challenge has confirmed that basophils [2] and mast
cells[3] may be contributed to the prevention of
reinfection in the gastrointestinal parasitism and the
early stage of schistosomiasis[4]. The importance of
the mast cells in parasitic infection has been
investigated extensively [5, 6]. Mast cells are
involved not only in the pathology of parasitic
infections but also in other gastrointestinal
inflammatory diseases such as: food induced
hypersensitivity, ulcerative colitis, coeliac disease,
Helicobacter pylori or ethanoll-induced gastritis
and ulcer [7]. The role of the mast cells during
schistosome infection is less well-defined and
remains a subject for debate. Recent evidence
shows that the mast cells produce a variety of

multifunctional cytokines. The major role of IgE in
Schistosoma infection has been demonstrated by the
association of high levels of specific anti-
schistosomeIgE with resistance to reinfection with
S. haematobium [8] and S. mansoni [9, 10]. The
involvement of IgE in the mast cells stimulation
may be important in Schistosoma infection. While
most attention has been focused on studying the role
of the mast cells on gastrointestinal dwelling
parasites, very little attention has been applied to
the blood resident Schistosoma. Therefore, in this
study, we report the kinetics of the mast cells during
the acute and chronic phases of the infection.

MATERIALS AND METHODS

A total of 68 outbred female CFLP mice, between
30-37 g, were infected percutaneously with 100
cercariae of a laboratory maintained Puerto Rican
strain of Schistosoma mansoni. Five infected mice
were killed on weeks 1, 2, 3, 4, 5, 6, 7, 8, 11, 12, 14,
16 post infection and 3 or 4 uninfected control mice
were killed on weeks 3, 4, 5, 7, 9, 11, 16 post
infection. The small intestines were removed and all
mesenteric tissues were trimmed away and treated
using the modification of the Swiss role technique
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originally described by Domingo and Warren [11].
The intestinal tissues were returned to Carnoy’s
fixative for 24 h. The tissues were embedded in the
paraffin wax (50ºC) and sectioned at 5 µm thickness
before staining. Sections were stained with 1% astra
blue for 30 min and counter staining with 0.5%
safranin. One mouse was perfused to give an
indication of the adult worm burden. The number of
mast cells was counted at three parts of the intestine
using the method previously described [12]. Two
types of the mast cells have been identified in the
intestinal tissue. Those found in the crypts and in
the villi were considered as mucosal mast cells
(MMC) whereas, those found in the submucosa and
muscle layers were considered as connective tissue
mast cells (CTMC).

RESULTS

Mucosal mast cells in the anterior, middle and
posterior portion of the small intestine. MMC
numbers in the control mice were estimated at 130,
284, and 105 per mm2 on week 3. The MMC
numbers increased in control mice and reached 644,
883, and 380 per mm2 in anterior, middle and
posterior portion of the small intestine respectively
by week 16. Such an increase may be due to the age
of mice. At the start of the experiment, most of the
MMC were found in the lamina propria of the
infected mice, but by week 7 post infection, MMC
were present throughout the whole width of the
intestine from the lamina propria to the tips of the
villi (21,144, 18,427 and 8,998 per mm2) when
compared with the control mice. Thereafter, the
number of MMC decreased steadily by week 16
post infection (Fig.1).

Connective tissue mast cells in the anterior,
middle and posterior portion of the small intestine.
In both infected and control mice, CTMC were
located in the submucosa and muscle layers. In
control mice, their numbers increased from 158, 58,
and 0 per mm2 at week 3 to 761, 105, and 281 per
mm2 at week 16 respectively. In S. mansoni-
infected mice, a large number of CTMC were
observed at 6 weeks post infection, increasing from
336, 172, and 177 per mm2 to 2232, 2850 and 918
per mm2 at weeks 7 respectively and the number of
the cells were increased to 4280, 4744 and 3746 per
mm2 respectively until the end of the experiment
(Fig. 2).

Fig. 1. Mean number of MMC at the (a) anterior (b) middle
(c) posterior portion of the infected and control small intestine.
[*Mann-Whitney test shows that difference between the
infected (n = 5) and controls (n = 3-4) are significant P<0.05].

DISCUSSION

Mast cells besides their participation in
inflammatory responses, produce tumor necrosis
factor [13] and other cytokines [14] that are
potentially important in the regulation of the
inflammatory processes and other immune
reactivities. For these functions, the degranulation
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Fig. 2. Mean number of CTMC at the (a) anterior (b) middle
(c) posterior portion of the infected and control small intestine.
[*Mann-Whitney test shows that difference between the
infected (n = 5) and controls (n = 3-4) are significant P<0.05].

events that occur through cross-linking of the
specific IgE on the surfaces are crucial.
Degranulation can lead to immediate
hypersensitivity and acute inflammation. Despite
the central role of the mast cells in helminth
infections, the effect of schistosomes on intestinal
tissue received less attention. The study of the mast
cells and IgE levels during infection could help to
elucidate the biology of the parasite. In this study,
the induction of mucosal and connective tissue mast

cells by S. mansoni infection has been examined in
CFLP mice. For the detection of MMC and CTMC,
Carnoy’s fixative generally is used. Astra blue has a
high affinity for mucopolysaccharides present in the
mast cell’s granules. Since the nature of the
proteoglycans in mast cell granules are different, by
using a non-metachromatic astra blue and safranin
dye, MMC and CTMC can be differentiated.
Recently, astra blue was shown to be a general stain
for mast cell granules. In addition to the gut
dwelling mast cells, skin resident mast cells also
were observable using this dye. All the mast cells
found in the submucosa and muscle layer are
considered to be connective tissue mast cells and
those in the epithelium, lamina propria, and
mucosal glands consider to be mucosal mast cells.
MMC were increased slowly during week 1-2 post
infection and first observed at the bottom of the villi
in the laminapropriaand only later in the epithelium
and at the tops of the villi. MMC increased about
week 3 post-infection and reached their maximum
numbers at week 7 post infection and then
decreased and remained at a steady number between
week 11 to 16 post infection. The number of MMC
was higher in the anterior than the posterior of the
small intestine. CTMC also started to increase at
week 6 post infection and remained at the high level
until the end of the experiment. The earlier increase
of the MMC at week 3 post infection seemed to be
schistosomula dependent, rather than the adult
worm, but the increase of the CTMC coincided with
development of adult worms and egg production.
As the infection matured, the number of MMC
reduced and the CTMC remained at a high level
during the chronic phase of S. mansoni infection.
Although it is impossible to know exactly what the
relationships between the mast cells and parasites
really are, the temporal relationships of parasite
maturation and egg deposition do allow room for
some speculation. MMC proliferation in the
intestine of parasitized animals is a localized
response and depends on the presence and the level
of the offending helminth [15]. S. mansoni is
present in the mesenteric veins of lower bowel and
access of parasite eggs to the large intestine and the
posterior small intestine are greater than middle and
anterior small intestine. This situation did not reflect
the number of mast cells, which were higher in the
anterior small intestine than in posterior small
intestine. The results from these experiments
illustrate some points: (1) MMC increased earlier, at
about week 3 and CTMC at week 6 post infection;
(2) The distribution of MMC and CTMC were not
equal over the intestine, always greater number of
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mast cells were found at the anterior part of the
intestine than the posterior; (3) The number of
MMC reached a peak and then reduced through the
duration of the infection. On the other hand, the
number of CTMC remained stable as the infection
matured. On the basis of the above observations, it
is possible to speculate that: I) Mast cells may be
involved in the immune responses to S. mansoni
through local inflammatory responses, probably
through the leukocyte recruitment. The mast cells
may reduce the chance of worms and eggs survival
by altering the tissue environment, diverting the
young worms pathway to unsuitable sites within the
host body during tissue migration and delaying or
preventing their development. Non-hospitable
tissues have been described to play a crucial role in
parasite reinfection [16]. II) The existence of mast
cells hyperplasia during early and at the chronic
phase of the infection was depended on continuous
doses of S. mansoni antigen and is consistent with
concomitant immunity described by Smithers [17].
Since the inflammatory processes needed to be
active may require continuos stimulation. III) Mast
cells may proliferate in response to S. mansoni
stimulation but their distribution and accumulation
within the body and in the injured areas may be
determined by other factors.
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