Bulgarian Journal of Veterinary Medicine (2013), 16, No 1, 7-12

NADPH-DIAPHORASE POSITIVE MAST CELLS IN THE
WALL OF PORCINE COMMON HEPATIC DUCT

I. S. STEFANOV

Department of Veterinary Anatomy, Histology and Embryology,
Faculty of Veterinary Medicine, Trakia University,
6000 Stara Zagora, Bulgaria

Summary

Stefanov, 1. S., 2013. NADPH-diaphorase positive mast cells in the wall of porcine
common hepatic duct. Bulg. J. Vet. Med., 16, No 1, 7-12.

There are no data about the presence of NADPH-d positive mast cells in the porcine common hepatic
duct. That is why we aimed to establish the expression of NADPH-d activity in mast cells and their
number in its mucosal, fibromuscular and subserosal layers. The material was obtained from the
common hepatic duct of 6 male and 6 female crossbred pigs. Tissue pieces were taken immediately
after the slaughter of the animals and fixed in 4% paraformaldehyde. Sections of 15-20 um thickness
were prepared by means of a freezing microtome. The NADPH-d histochemical expression was
investigated according to the method of Sherer-Singler. NADPH-d positive cells were found in all
layers of the organ. They were located mainly in the vicinity of blood vessels, around the peribiliary
glands and near the basal lamina of the surface epithelium. The obtained data showed that NADPH-d
positive cells observed in the wall of common hepatic duct are mast cells which obviously produce
nitric oxide. The results gave us a reason to suggest that they are most probably involved in the
regulation of the function of epithelium and blood vessels.
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INTRODUCTION

Most studies on human mast cells have
been focused on cells that accumulate

also produced by mast cells. Studies of
many authors are focused on relationships

near and around intrahepatic large bile
ducts and intrahepatic peribiliary glands,
termed peribiliary mast cells (Koda et al.,
2000). Mast cells were found in normal
livers to congregate under the biliary
lining and throughout the ductal walls and
periductal tissue (Koda et al., 2000). It is
acknowledged that nitric oxide (NO) is a
messenger molecule (Moncada et al.,
1991). The investigations of Gilchrist et
al. (2004) have demonstrated the ability
of mast cells to synthesise NO. It
regulates the mast cell phenotype but is

between mast cells and autonomic nerves
in human and animal gastrointestinal tract
(Gottwald et al., 1995, 1997; De Jonge et
al., 2003; Schemann et al., 2005), in
porcine kidney (Vodenicharov & Bozhi-
lova-Pastirova, 2010), and canine paranal
sinus (Stefanov, 2012).

Since the role of NO in the domestic
pig’s common hepatic duct has not yet
been examined we aimed to determine the
localisation of NADPH-d positive mast
cells in that organ.



NADPH-diaphorase positive mast cells in the wall of porcine common hepatic duct

MATERIALS AND METHODS

Animals

The material was obtained from the wall
of common hepatic duct of 6 male and 6
female pigs (LandracexBulgarian White),
aged 6 months, slaughtered for meat
consumption in a slaughterhouse in accor-
dance with Bulgarian laws.

Enzyme histochemical determination of

NADPH diaphorase positive mast cells

Part of the samples was immediately im-
mersed in 4% paraformaldehyde (Sigma
Aldrich Chemie, Switzerland) in phos-
phate-buffered saline (PBS), pH 6.9, for 8
h at 4°C. Then the samples were removed
and soaked in solution of 10% sucrose in
PBS overnight. Sections of 15-20 pum
were prepared by means of a freezing
microtome (Slee, Mainz, Germany). The
free-floating sections were further proces-
sed according to the protocol of Sherer-
Singler et al. (1983) by incubation in a
solution containing nitro blue tetrazolium
(0.2 mg/mL, Sigma Aldrich Chemie
GmbH, Germany), B-NADPH (Santa
Cruz Biotech, Santa Cruz, CA, USA) and
Triton X-100 (0.5%) (Merck Belgalabo,
Overijse, Belgium) in PBS (0.1 M, pH
7.4) for 1-2 h at 37°C.

Microscopic assessment of the reac-
tion was scored as absent (0), weak (+),
medium (++) and strong (+++).

Histochemical detection of metachroma-
sia in mast cells

The samples were fixed in Carnoy’s
liquid at room temperature for 4 h and
further they were processed for serial
paraffin sections (5-6 um) that were
stained with 0.1% solution of toluidine
blue in Mcllvane’s buffer, pH 3 for
assessment of mast cells’ metachromasia
(Pearce, 1960).

Statistical analysis

Data for density (number/mm?) are given
as mean + SD. For that purpose a light
microscope (ZEISS Primo Star, Germa-
ny), camera (Progres, Capture 2.6 — JE-
NOPTIK) and software for analysis (Soft
Imaging System GmbH) were used. Sta-
tistical data processing was done using
the Data Analysis tool and t-test
(StatMost for Windows software) and the
difference was considered significant
when P values were less than 0.05.

RESULTS

Light microscopic observation showed
that cytoplasmic positive granules of
NADPH-d cells showed predominantly
medium and strong enzyme reactivity.
Nuclei of positive cells always exhibited a
negative reaction. NADPH-d positive
cells were present in all layers of the he-
patic duct wall. These cells were pre-
dominantly localised in the propria under
the biliary lining epithelium and close to
small vessels, including capillaries of the
inner layer of the peribiliary vascular
plexus (Fig. 1). NADPH-d positive cells
were also detected around the peribiliary
glands in the propria. In the fibromuscular
and subserosal layers, the same cells were
observed mainly in the vicinity of blood
vessels and autonomic nerves.

On toluidine blue-stained paraffin
sections from corresponding areas, mast
cells with the same localisation and of
similar dimensions exhibited a marked
metachromasia (Fig. 2).

In both genders, the number of
NADPH-d positive mast cells in Lamina
propria mucosae was significantly higher
than respective numbers in Tunica
muscularis and Tela subserosa (Table 1).
There was not a statistically significant
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Fig. 1. NADPH-d positive mast cells (arrows) in the propria next to the lining epithelium (E),
blood vessels (V) and nitrergic nerves (arrowheads). Bar = 30 um.

Fig. 2. Mast cells with metachromasia (arrows and arrowhead) near the epithelium and
capillary showed similar localisation like NADPH-d positive cells. Bar= 20 pm.

difference between densities in Tunica DISCUSSION
muscularis and Tela subserosa.

Sexual dimorphism has not been The presence of enzymes involved in NO
established. metabolism within the mast cells in the

porcine common hepatic duct suggests a
possible metabolic pathway for NO
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Table 1. Density (number/mm?®) of NADPH-d-positive mast cells (NADPH-d MC) in the different
layers of common hepatic duct in 6-month-old pigs. Data are presented as mean + SD (n=6).

Animals NADPH-d MC in NADPH-d MC NADPH-d MC
Lamina propria mucosae in Tunica muscularis in Tela subserosa

Male pigs 39.40 + 7.61*** 34.83 + 7.04 33.95+4.86

Female pigs 40.13 + 6.78** 36.75+5.73 35.30+5.11

**p< 0.01, ***p< 0.001, — statistically significant difference vs Tunica muscularis and Tela sub-

serosa (Student’s ¢ test).

synthesis in them. The mast cells identi-
fied on the toluidine blue-stained prepa-
rations of the porcine common hepatic
duct showed a similarity in shape and
position with the NADPH-d positive cells
in this organ. This finding suggests both
metachromasia and NADPH-positivity of
these mast cells. This colocalisation
corresponds with similar findings in
porcine kidneys (Vodenicharov & Bozhi-
lova-Pastirova, 2010). The present study
is the first to establish the mast cells’
localisation in the propria, fibromuscular
and subserosal layers of porcine common
hepatic duct. A similar investigation was
performed by Jennings et al. (1995) and
reported the distribution of histamine-
containing mast cells in the mucosal,
muscular and serosal layers of guinea pig
gall bladder. Gulubova & Vodenicharov
(2001) detected the localisation of single
tryptase poitive mast cells under the sur-
face epithelium of human normal com-
mon bile duct. There are however not data
about the mast cells distribution in the
wall of common hepatic duct.

One of the most important findings in
this study is the localisation of mast cells
next to neuron of the ganglia which
allows suggesting an interconnection bet-
ween mast cells and autonomic nerves.
The first unambiguous morphological
evidence for the close apposition between
mast cells and enteric nerves has been
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provided in a German research (Stach,
1973), and subsequently, in many
morphological (Stead et al., 1987; 1989;
Cooke, 1994; Bauer & Razin, 2000; De
Jonge et al., 2003; Barbara et al., 2004;
Stead et al., 2006) and functional (New-
son, 1983; Gottwald et al., 1995; 1997,
Mori et al., 2002; Schemann et al., 2005;
Stead et al., 2006) studies providing
conclusive evidence for a bidirectional
crosstalk between mucosal mast cells
(MMC) and nerves in the gastrointestinal
tract wall. Cited studies showed that mast
cells not only released mediators influen-
cing the activities of extrinsic and intrin-
sic neurons, but in turn, transmitter re-
lease from these extrinsic and intrinsic
neurons may affect mucosal mast cells as
well. In addition, stress-related research
has clearly revealed that the central ner-
vous system influences both mediator re-
lease from mast cells as well as trans-
mitter release in the gastrointestinal tract.
It is known that postganglionic sympathetic
nerves are suspected to provide tonic
inhibition of intestinal MMC mediator
release (Stead et al, 2006). Mouse and
human mast cell populations express
adrenoceptors, preferentially the [2-
adrenoceptor subtype (Williams et al.,
1995). Vagal stimulation causes an incre-
ase in the number of MMCs expressing
histamine and serotonin in the rat jejunum
(Gottwald et al., 1995; Stead et al., 2006).
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Our findings about the localisation of
mast cells near the blood vessels confirm
the data reported by May et al. (2000) and
give us a reason to suggest that observed
mast cells take part in the regulation of
vascular tone in the studied organ. The
relatively large amount of NADPH-d
positive mast cells that are present around
the blood vessels could reflect the well
known role of nitric oxide as an active
vasodilator (May et al., 2000). Moreover,
the mediators released by mast cells may
play an important role in inflammation by
causing hyperaemia, increasing microvas-
cular permeability of plasma proteins and
fluids, and enhanced flow of leukocytes at
the injury site. After activation, mast cells
are able to produce all important signs of
acute inflammation (Crowe & Perdue,
1992) and therefore the prevention of
mast cell reactivity could offer a potential
therapeutic approach in inflammation
control.

In conclusion, based on the results, it
can be assumed that NADPH-d mast cells
in the wall of common hepatic duct
produce nitric oxide and are probably
involved in the regulation of the function
of epithelium, fibromuscular layer and
blood vessels.
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