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Distribution of Mast Cells in the Respiratory Tract of the
Pig at Three Stages of Development
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Abstract: The current study provides quantitative information about Mast Cells (MC) m the respiratory tract
of clinically healthy pigs, at three different stages of growth. The presence of MC was quantified in the tonsils,
the right cranial lung lobe, the right caudal lung lobe, the left cranial lung lobe and the left caudal lung lobe, as
well as in the traqueobronchial lymph nodes, m newborm, weaned and adult pigs. Five clinically healthy ammals
were employed for each stage, all serologically negative to Mycoplasma hyopreumoniae, PRRS, Aujeszky and
Actinobacillus pleuropnewmoriae. The extracted samples were processed by inclusion in paraffin and dyed
with toluidine blue. Among recently born pigs, the greatest quantity of MC was observed in the
tracheobronchial lymph nodes (1.44+1.84) and the least quantity m the right cramal lung lobe (0.16+0.04).
Among weaned pigs, the greatest quantity was observed in the tracheobronchial lymph nodes (11.76+8.8
**p=<c0.001 ) and in the right cranial lung lobe right cranial lung lobe (6.8+4.7 *p<0.05). In tonsils of adult pigs,
weighing 100 kg, was a greater amount of MC (7.96£3.01 *p <0.05). These data obtained from healthy animals
will permit us to carry out future comparative studies in order to understand immunological phenomena in

respiratory diseases.
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INTRODUCTION

The epithehal surfaces of the respiratory tract
represent an important component of the mucous immune
system, which 1s continually exposed to mnhaled antigens
(Peeters et al., 2005; Pier ef al., 2004; Bytautiene ef al.,
2004), for example environmental contaminants, allergens
and microorganisms. These induce the activation of
(mastocytes,  macrophages,
eosmophyles, lymphocytes, dendritic cells, basophilous,
neutrophils and platelets (Levine, 1995; Moran et al.,
2006), whose purpose is to liberate chemical mediators
causing physiopathological changes (Bames, 1998,
Villasenor et al., 1999). Local blood flow increases,
causing bronchial constriction, plasmatic exudation,

mflammatory  cells

mucous secretion, neural effects, contraction of the
smooth muscle, as well as attraction and activation of
other nflammatory cells.

The mastocytes (mastung) or mast cells are
derived from pluripotent hematopoietic cells,
present in bone marrow and fetal liver; these cells give
lymphocytes, erythrocytes, megariocytes,
neutrophils, eosinophyles, basophilous and monocytes
(Takemoto et al., 2008, Brown ef al., 2008).

All the MC are derived from the progenitors CD34°,
C-Kit', Ly-1, CD14 and CD17; these precursors instigate
the differentiation of the mastocyte, when it enters the
tissue and here, it 1s particularly influenced by the
micro atmosphere and by phenotypical characteristics
(Brown et al., 2008; Migliaccio et al., 2003; Okayama and
Kawakami, 2006; Sur ef al., 2007).

Cytoplasmic granules are usually mamifested and
these are metachromatic in terms of their interaction with
coloring because of their high heparinic acid content; this
15 made evident when they are dyed with basic amline
such as tolmdine blue (Tizard, 2002; Brown et al., 2008,

stem
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Buckley and Walls, 2008). MC are usually found in the
thymus, spleen, heart, skin and the mucous present in the
respiratory organs, gastrointestinal tract and genitor-
urinary system, as well as near the blood vessels and
lymphatic vessels (areas where, infection may enter)
(Abraham and Malaviya, 1997, Okayama et af., 2004,
Metz et al, 2008; Femenia et al., 2003).

MC consists of effective immunological cells, crucial
for inflammatory response because of their capacity for
recruiting neutrophuls and for promoting the proliferation
of epithelial cells as well as the secretion of mucous from
the mucous membrane. They also, stimulate angiogenesis
and the proliferation of bronchial smooth muscle,
by liberating IL-4, which attracts lymphocyte T
cooperators; resulting in an extraordinary capacity for
moderating mmnate and adaptive responses to mfections
(Abraham et al., 1997).

The importance of these cells has been studied by
Abraham et al. (1997) focusing on infections caused by
respiratory pathogens such as Klebsiella prewmonie and
Bordetella pertusis, where three types of cells participate:
the first increasing mucous secretions, causing the
proliferation of epithelial cells and inducing
bronchoconstriction; the second participating in
phagocytosis and in the recruitment of neutrophils by
means of secretion of TNF ¢ (Suzuki and Verma, 2008) and
the third stimulating Th, and Th, responses, as well as
causing lung patophysiology.

In the study, the presence of the MC in the
respiratory tract of pigs 1s scarce. A few reports exist
concerning their distribution in areas such as; the uterine
cervix of pigs, mucous and sub mucous of the intestine,
tongue, urethra, skin, nerves and autonomous ganglions,
as well as in the arteries and renal vein of the pig
(Prado et al., 1999, Xu et al., 1993; Vodenicharov et al.,
2005; Vodenicharov, 2008). There have also been studies
describing  distribution in human beings and other
species (Villasenor et al,, 1999, Iwamura et al., 2002,
Peeters et al., 2005; Stefanov et al., 2007; Dimitrov et ai.,
2007, Klemschmadt et al., 2008, Sanderson et al., 1985).
Thus, the aim of this study was to establish the
distribution and mumber of mastocytes mn the tonsils, the
4 lung regions and the tracheobronchial lymph nodes,
among newborr, weaned and clinically healthy, adult pigs
(100 kg), using staining with toluidine blue.

MATERIALS AND METHODS

Animals: Fifteen clinically healthy Yorkshire pigs were
used, 5 newborn, 5 weaned and 5 adult (100 kg),
serologically negative for Mycoplasma hvopreumoniae,
Actinobacillus  pleuropneumoniae and  Pasteurella
multocida from a farm free of respiratory diseases.

Necropsy, collection and processing of samples: Pigs
were sedated, anesthetized and sacrificed by bleeding. All
the experiments were conducted in compliance with the
Mexican regulations for animal care and maintenance
(NOM-062-200-1999) (Chianini et al., 2001).

Aseptically obtained from the respiratory tract
samples were taken of tonsils, right cranial lung lobe, right
caudal lung lobe, left cranial lung lobe, left caudal lung
lobe, lymph nodes tracheobronchiales without apparent
pathological changes. A sample of each tissue was fixed
immediately by immersion m 4% paraformaldehyde for
24h at 4°C for observation of mast cells and 10% buffered
formalin to seek changes m the microscopic structure of
tissues sampled (Cruz et af., 2008). The samples were
processed by the method of inclusion in peraffin and
routine were cut with a microtome (T.eica RM820) 3 and
5 pm thick, which were stained with hematoxylin and eosin
and cut to 3-5 pm were stained with 1% toluidine blue
(Sigma).

Detection of mast cells: The cells were identified by the
metacromacia of their gramules (intense pink colour)
through an optical microscope at 40x. As a positive
control staining was considered matacromacia chondroitin
sulfate, a fundamental substance bronchial Cartilage’s
{(Joseph et al., 2003; Sheehan Hrapchaelk, 1980).

Counting and statistical analysis: Positive cells were
counted in at least 10 randomly selected fields of
each lung sample, using the Image-Pro Express
(Media Cybernetics version 4.01) at 400x and the
mean and standard error were obtained from each animal.
The results were analyzed usmng the nonparametric
Turkey test, using the program. GraphPad Software
version 4.

RESULTS AND DISCUSSION

There 1s little mformation in the bibliography refernng
to the distribution of MC among pigs and thus, this study
aims to analyze the population of these cells in specific
regions of the porcine respiratory tract, by staining with
toluidine blue.

No apparent pathological changes were observed
with the macroscopic observation of the respiratory tract.
Nor were any microscopic abnormalities observed when
samples dyed with H-E were evaluated. When samples
dyed with toluidine blue were quantified, it was found that
there was a similar average number of mastocytes among
newborn and weaned pigs, with the latter manifesting
certain varlations at this stage of growth. The average
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Table 1: Number of Mast Cells (MC) per microscopic field in tonsils,
lungs regions, tracheal and tymph nodes of pigs at different stages

n=3)
Anatomic site Newhom Weaning  Adult 100 kg
Tonsils 0.86+1.06 1.16+1.53 T.96+3.01%
Right cranial lung lobe 0.16+£0.047  6.80+4.7* 4.26+£1.92
Right caudal lung lobe 0.64+0.85 0.63£0.91 3.54+1.41
Left cranial lung lobe 0.64+£1.00 0.73£0.90 3.15+1.60
Left caudal lung lobe 0.55+0.42 0.53+1.37 3.26+1.32

Traqueobronchial ymph nodes  1.4441.84 11.76+8.8%% 4.81+3.92
Statistically significant difference *:p<0.05; *#: p<0.001

quantity of MC in adult pigs i1s shown in Table 1, where
an mncrease m this cellular population 1s notable. When
considering the anatomical samples presented for
newborn pigs, a greater number of MC were found in the
tracheobronchial lymph-nodes (1.44+1.84), than m the
right cramal lung lobe (0.16+0.047).

Among the weaned pigs, a greater quantity of MC
was obtained from the trachecbronchial lymph nodes
(11.76+8.8) and less from the left lung caudal lobe
(0.53+1.37).

Among adult pigs, a greater number of MC was
obtained from the tonsils (7.96+3.01 ) and a smaller amount
from the left lung cramal lobe (3.15+1.60).

Concerming, the quantity of mast cells present at
different stages of growth; a greater quantity of MC was
detected from adult pigs. The data indicate that the
greatest number of MC mn newborn pigs was found in the
tracheobronchial lymph nodes, however on comparing the
data, no statistical difference was observed between the
mumber of MC located in the samples for the various
anatomic areas (p>0.05, Turkey test). Among, the weaned
plgs, it was also observed that as for the newborn pigs,
the greatest amount of MC was present in the
tracheobronchial lymph nodes, this being one of the
anatomical locations, which manifested significant
statistical variation (**p<0.001, Turkey test). Possibly, the
quantity of MC in Iymph nodes is determined by their
function, which is to retain antigens, which may enter by
crossing the lymphatic liquids, subsequently applymng
antigenic processing with  the
macrophages and lymphocytes, which form part of their
composition. Among weaned pigs, sighificant statistical

collaboration  of

differences were also revealed m the case of the nght
cranial lung lobe (*p<0.05, Turkey test).

Tt has been suggested that the greater quantity of MC
in the right cramial lung lobe arises because a bronchus
exists m pigs, which leads directly from the trachea and
ventilates the right cranial lung lobe, with the air, which
enters this study. Once, 1t has overcome the physical
barriers presented by the trachea, if there are any
pathogens, these will enter diwectly mto the lungs.

Anatomically, pigs display a bronchus that ventilates the
right cramal lobe and directly originates in the trachea,
thus, allowing the entry into this portion of air, which has
been previously filtered by the barriers where pathogens
are trapped.

When comparative analysis 1s carried out using the
data obtained from adult pigs, it is apparent that the
tonsils manifest significant statistical difference (*p<10.05),
when compeared to the various anatomical sites sampled,
owing to the fact that they act as a protective barrier
against pathogenic agents (Church and Young, 1983) and
form part of the immune system provided by the
respiratory and digestive mucous.

The number of MC obtained m the present study was
similar to the data presented by Xu et al. (1993) taken from
the organs of healthy pigs, as the quantity of MC was
greater in adult pigs than among pigs of only 1 month of
age. It 1s thought that the immune system of adult pigs
has already been stimulated by a number of antigens and
is thus, more mature. Wilkes et al. (1992) and Chen et al.
(1990) report that the MC m the respiratory tract of rats
and calves also increases with age.

Conceming, the participation of MC in porcine
respiratory problems, Cruz et al. (2008) carried out a
study, which reports that the quantity of mastocytes in
the lungs of weaned pigs, experimentally infected with
Mycoplasma hyopreumoniae is greater when compared
to the number of mastocytes found in the control group
(healthy pigs). These data coincide with the data reported
1n this study, where the number of mast cells 13 also less.

Generally, the quantity of mastocytes may be
explained by their particular importance in the respiratory
tract, as they represent an important component in the
mucous immune system, as this is constantly exposed to
inhaled antigens (Peeters ef al., 2005) and 13 therefore, one
of the main entrances for infection. Here, the MC may
represent the principal inflammatory cells, which the
invasive pathogens have to face (Abraham et al.,, 1997).

On the other hand, no reports exist referring to the
kinetics of MC in the porcine respiratory tract, as the pigs
grow. Thus, it was observed that at newborn, the lymph
nodes represent one of the organs with the greatest
number of MC, reaching a maximum quantity at weaning;
whereas in the case of the tonsils, the greatest quantity
are found 1n the adult pig.

Concerning, the lung lobes the number of cells found
within increases homogeneously, with the exception of
the night cramal lung lobe, among weaned animals. It 1s
notable that the MC reach their greatest number n this
lobe, at this stage, this being where the greatest number
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Fig. 1: Mast cell (red cell) located in the cornective tissae
of trabeculae interfollicidar of tonsils. Toluidine
blue staining 40

of respiratory diseases ocout, for example that cavsed by
Mycoplasma hpopmewm cvniae, an infection, which begins
precizely in this lobe. It would not be suwprising if the
mactoscopic  damage observed to resdt from  this
infection was caused by the stimulaicn of the MC
together with CDE, whd ch url eashe s immutopatholo gical
processes as suggested by Cne ef al. (200E).

The MC in the tonsils was found to be distritagted
throughout the connective tssue of the trabeculae,
at ouud the blood vessels (Fig. 17, In the trache obe cruckd al
Iypnph nodes of newborn pigs, MC was observed in the
diffuse Iymphatic ssie and the Iymphatic nodues in
cotitrast to that of weaned and adult pigs whete, it was
mostly localized aroutd the blood wessels in the
cotiective tissue of the trabeculae.

T waslocatedin the alvedlar septom of the lung, in
the brofchial wall 2 (location intraepithelial) inthe smooth
muscle and connective tissue around the tronckd and
brotwchicles. This distribati o was similar to that reported
by Zu ef . (19930 in pigs, Peeters of o (2005 in dogs,
Wlait of A (19880 inhorses and Chenef &, (19907 ity sheep
at the level of the respiratorytract.

COMCLUSION

Lan otrg newhotn pigs, the greatest quantity of LI iz
ohgerved in the trachechronchial Iynph nodes and the
least quardity in the right crandal lung lobe. Among adalt
pigs, the greatest cuantity of LIC iz located in the tosil
atud the least cuantity iz obsarved in the left candal lung
labe.

The current study describes the distribution and
cuattifi cation of the MC in the tonsils tragueobyonchi s
nodules and the lungs of dimcaly healthy pigs
ohzerving a considerable tendency for MC to he located
in the connective tisae

These resalts will permit fdure com parisons to be
cotuducted atn ong i gs, which suffer from inflanmatoey or
infectiogs respit atory dseases
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