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The aim of this study was to detect the localisation of tyrosine hydroxylase (TH) positive nerve fibres
(THN) and distribution of tyrosine hydroxylase positive mast cells (THMC) in the wall of porcine
gallbladder. THN were observed as single fibres, nerve fibres forming perivascular plexuses and
nerve fibres grouped within the nerve fascicles. In the gallbladder`s fundus, body and neck, the TH+
fibres formed mucosal, muscular and serosal nonganglionated nerve plexuses. Toluidine blue (TB)
staining was used to confirm that the TH positive cells were mast cells. The number of THMC in the
propria of gallbladder`s fundus, body and neck was significantly higher than in the muscular and
serosal layers in both genders. The number of mast cells in the musculature was higher than in the
serosa. The density and location of the THMC were similar to the TB positive (with gamma metachromasia) mast cells in both males and females, and statistically significant difference was not established. In conclusion, original data concerning the existence and localisation of catecholaminergic
nerves and THMC distribution in the porcine gallbladder’s wall are presented. The results could contribute to the body of knowledge of functional communication between autonomic nerves and mast
cells in the gallbladder.
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INTRODUCTION
Tyrosine hydroxylase has been found by
Nagatsu et al. (1964) in the brain, adrenal
medulla, and sympathetically innervated
organs. It specifically catalyses the conversion of L-tyrosine to 3,4-dihydroxyphenylalanine (DOPA) and requires tetrahydropteridine as a cofactor. Since it is
generally thought that the reaction of tyrosine hydroxylase (TH) is the initial and

rate-limiting step of the catecholamine
biosynthetic pathway, the enzyme would
appear to play a central role in the regulation of catecholamine production (Levitt
et al., 1965; Gordon et al., 2008). TH activity has been observed in many organs
such as the adrenal glands, pancreas, liver,
intestines, stomach, heart, brain, autonomic ganglia and pineal gland (Teitelman
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et al. 1981; Sternini & Brecha, 1985;
Goehler & Sternini, 1991; Zhang et al.
1991; Oomori et al., 1994; Persson-Sjogren et al., 1998; Milner, 2004), and it is
considered to regulate the blood flow and
secretory activities in these tissues. Distribution of the nerve cells and fibres positive for tyrosine hydroxylase is investigated in detail in the different layers of the
gallbladder’s wall in humans (Mann et al.,
1991; Uemura et al., 1997) and dogs
(Mann et al., 1991). Based on the results,
the authors conclude that most of the biliary sympathetic nerves are dopaminergic
related both to the function of the smooth
muscle cells and the epithelium. Sand et
al. (1993) studied the expression and role
of various neuropeptides (vasointestinal
polypeptide, substance P, bombesin, serotonin etc.) in the wall of the gallbladder
and bile ducts in domestic swine except
for the tyrosine hydroxylase.
Regarding the presence of dopamine
in mast cells, there is evidence that it is
described as an amine mediator in these
cells in the organs of different animal species – in the liver, gut, lung, heart in ruminants (Falck et al., 1964), in the kidney of
the domestic pig (Vodenicharov, 2008),
and in cell cultures from rats (Freeman,
2001).
The lack of data about the presence of
THN and THMC in porcine gallbladder
and the important role of dopamine motivated us to perform that study with the
aim to establish the distribution of mentioned nerves and cells for clearing the
species features and their participation in
the organ’s function, as well.
MATERIALS AND METHODS
Animals
The material was obtained from the gallbladder’s fundus, body and neck of 6 male
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and 6 female pigs (Landrace×Danube
White), aged 6 months and weighing 92–
98 kg, slaughtered for meat consumption
in a slaughterhousе. All procedures were
performed in accordance with the Directive 2010/63/EU of the European Parliament and of the Council of 22 September
2010 on the protection of animals used for
scientific purposes.
Light microscopic imunohistochemistry
for tyrosine hydroxylase detection
The tissue samples were immediately immersed in 4% paraformaldehyde (Sigma
Aldrich Chemie, Switzerland) in phosphate-buffered saline (PBS), pH 7.2, for
24 h at 4 °C. The samples were removed
and soaked in solution of 15% sucrose in
PBS overnight. Serial sections of 10 µm
thickness were prepared by means of a
freezing microtome (Slee, Mainz, Germany). One part of them as free-floating
sections were washed in PBS and preincubated in 0.03% Triton X – 100 in PBS
for 10 minutes. Next step was the incubation of the sections in 1.2% H2O2 in
methanol for 10 minutes. After washing in
0.03% Triton X – 100 in PBS, the sections were incubated in 2% bovine serum
albumin in PBS for 20 minutes, followed
by brief washing in PBS. The sections
were incubated for 48 h with the primary
rabbit polyclonal antibody (anti-tyrosine
hydroxylase antibody – neuronal marker
ab41528, Abcam, UK). Then incubation
with secondary anti-rabbit biotinylated
antibody (Vector, Burlingame, CA 94010,
USA) was performed, followed by incubation with avidin-biotin-peroxidae complex
(VECTASTAIN ABC Reagent, Vector,
Burlingame, CA 94010, USA). After
washing in PBS, the reaction was visualised by 3,3`-diaminobenzidine (DAB)
(liquid DAB+Substrate-Chromogen System, DAKO; K3468, Glostrup, Denmark).
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Sections incubated with non-immune
sera instead of the primary antibody were
used as negative controls.
Depending on the degree of the immunostaining in brown, the microscopic assessment of the reaction was scored as
absent, weak, moderate and strong.
Light microscopic histochemistry for mast
cell metachromasia
Additional serial sections were used for
histochemical staining with 0.1% solution
of toluidine blue in McIlvane’s buffer, pH
3 to detect metachromasia in the mast
cells (Pearce, 1960).
Statistical analysis
Cross serial sections of the gallbladder’s
fundus, body and neck of each animal
were used. On five sections from each part
of gallbladder, ten fields with an area of
1 mm2 were studied by light microscope
(ZEISS Primo Star, Germany), camera
(Progres, Capture 2.6 – JENOPTIK) and
software analysis programme (Soft Imaging System GmbH). The data for mast
cells density (number/mm2) are presented
as mean±SD. Statistical data processing
was done by using Student’s t-test. The
difference was considered significant at
P<0.05.
RESULTS
Light microscopic observations showed
that in the wall of gallbladder’s fundus,
body and neck, THN formed mucosal,
muscular and serosal nonganglionated
nervous plexuses (Table 1). In the lamina
propria, single adrenergic fibres (from
2.03 to 2.09 µm in diameter) predominated but some of them formed thin nerve
bundles, which diameter increased from
3.53 µm in the fundus to 8.73 µm in the
neck of gallbladder, and showed weak to
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moderate reactivity, reaching the basement membrane of mucosal layer. These
nerve structures formed well developed
but less dense nervous plexus than in the
muscular layer (Fig. 1). Intraepithelial
localisation of catecholaminergic nerves
was not observed. Immunopositive nerve
fibres were also observed around the
glands of the gallbladder`s neck. The
nervous plexuses in different layers were
interconnected by nerve bundles.
In the muscular layer, nerve bundles
containing THN were significantly thicker
than in the propria and thinner than in the
serosa. They exhibited moderate to strong
immunoreactivity and formed well developed and dense nervous plexus. The catecholaminergic nerve fibres were located
predominantly near the blood vessels and
were arranged in perivascular and
paravascular nervous plexus. In the arterial wall, THN were localised mainly in
the adventitia and between adventitia and
tunica media. Perivascular THN were
significantly thicker in the arterial adventitia than the nerves located near the media.
In the adventitia of veins, single THN
were also seen.
In the serosal layer, THN formed the
thickest nerve bundles arranged in nonganglionated nervous plexus (Table 1).
Nerve bundles observed in the adventitia
of the branches of A. cystica were thicker
than those between adventitia and media.
Para- and periarterial THN detected in the
gallbladder’s serosa were significantly thicker than in the muscular layer (Table 1).
We did not found a statistical significant difference in the number of mast cells
as well as in the diameter of nerve bundles
in the wall of porcine gallbladder between
males and females, i.e. sexual dimorphism
was not established.
The localisation and density of THMC
in lamina propria mucosae, tunica mus-
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cularis and tunica serosa of the porcine
gallbladder’s wall were established.
Light microscopic immunohistochemistry showed medium to strong enzyme
reactivity in the positive granules of TH
cells (Fig. 2a). We found that the morphology and localisation of the THMC
was similar to the TBMC (Fig. 2a, b and
Fig. 3a, b). In the lamina propria of the

gallbladder, most THMC were located
close to the vessels of the microcirculatory bed and near the basement membrane
of biliary lining epithelium. In the gallbladder neck, mast cells were also observed near the glands, as well as in and
around the lymph nodules (Fig. 3a, b).
Some of mast cells were localised near the
catecholaminergic nerve fibres in all lay-

Table 1. Diameter of tyrosine hydroxylase (TH) positive nerve fibres in the different layers of gallbladder’s fundus, body and neck. Data are presented as mean ± SD (min-max range)
TH nerves localisation

TH nerves diameter, µm
male pigs (n=6)

female pigs (n=6)

Gallbladder fundus
lamina propria mucosae
tunica muscularis
-paraarterial nerves
-periarterial nerves
tunica serosa
-paraarterial nerves
-periarterial nerves
-border between adventitia
and media

2.90 ± 0.50 & (2.03–3.53)
25.42 ± 8.89* (14.4–39.8)
10.93 ± 0.54 A (9.51–11.92)
1.96 ± 0.09 B (1.82–2.10)

2.97 ± 0.52 & (2.09–3.70)
26.04 ± 8.81* (15.21–40.80)
10.96 ± 0.61 A (9.83–12.62)
2.04 ± 0.13 B (1.92–2.42)

66.12 ± 3.39 A (59.93–71.82)
24.59 ± 2.06 B (22.03–28.08)
4.41 ± 1.80 C (1.83–8.32)

66.68 ± 3.35 A (60.07–72.06)
21.75± 5.32 B (15.27–28.48)
4.50 ± 1.79 C (1.94–8.49)

3.05 ± 0.68 & (2.09–5.20)
15.52 ± 7.09* (7.01–27.51)
10.84 ± 0.55 A (9.84–11.83)
1.96 ± 0.11 A (1.79–2.17)

3.15 ±0.69 & (2.17–5.53)
15.62 ± 7.06* (7.13–27.51)
11.04 ± 0.46 A (10.04–11.74)
2.10 ± 0.17 A (1.90–2.58)

52.45 ± 7.92 A (39.75–63.77)
29.92 ± 4.10 B (24.64–39.04)
5.02 ± 1.63 C (1.92–8.12)

53.03 ± 7.72 A (40.28–63.92)
30.48 ± 3.98 B (25.28–38.92)
5.19 ± 1.68 C (2.02–8.82)

4.91 ± 2.16 & (2.09–8.73)
20.63 ± 12.45 * (7.36–36.14)
10.83 ±1.13 A (8.73–12.73)
1.81 ± 0.09 B (1.62–1.99)

4.82 ± 1.85 & (2.28–8.02)
21.17 ± 12.24 * (7.28–37.29)
11.01 ± 0.91 A (9.93–12.47)
1.82 ± 0.08 B (1.68–1.94)

53.18 ± 7.48 A (8.84–62.52)
30.06 ± 2.42 B (25.73–34.82)
4.87 ± 1.33 C (2.54–7.94)

53.64 ± 7.25 A (40.26–64.09)
30.40 ± 2.88 B (25.03–36.02)
5.15 ± 1.20 C (3.29–8.38)

Gallbladder body
lamina propria mucosae
tunica muscularis
-paraarterial nerves
-periarterial nerves
tunica serosa
-paraarterial nerves
-periarterial nerves
-border between adventitia
and media
Gall bladder neck
lamina propria mucosae
tunica muscularis
-paraarterial nerves
-periarterial nerves
tunica serosa
-paraarterial nerves
-periarterial nerves
-border between adventitia
and media
&

P<0.001 vs tunica muscularis; * P<0.001 vs tunica serosa; different superscripts within the same
layer denote statistically significant differences at P<0.001.
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Fig. 1. Muscular and serosal nonganglionated nervous plexuses consisting of tyrosine hydroxylase
positive nerve fascicles (arrows). The nervous plexuses situated in the different layers of the gallbladder’s body are interconnected by nerve bundles (arrowhead). E–epithelium of the gallbladder,
PR–propria, FM–muscular layer. Bar=60 µm.
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Fig. 2 A. Medium to strong enzyme reactivity in the positive granules of mast cells (arrows);
B. The morphology of metachromatically stained mast cells (arrows) is similar to that of the tyrosine
hydroxylase positive mast cells. E – gallbadder epithelium,
PR – propria of the gallbladder`s neck. Bar=15 µm.

ers of the organ (Fig. 4). In the fibromuscular and serosal layers, the same cells
were observed predominantly in the vicinity of blood vessels. THMC were also
detected between the smooth muscle bundles of fibromuscular layer and close to
the TH positive nerve fibres. THMC were
also observed in the adventitial layer of
arteries and veins.
THMC density and localisation were
the same as those of TBMC cells in both
BJVM, 20, No 1

males and females and statistical significant difference was not observed (Table 2).
DISCUSSION
In the current study, the presence of TH
autonomic nerves as well as THMC in the
wall of porcine gallbladder was identified
for the first time. Since this enzyme catalyses the rate-limiting step in the biosyn-

5

Tyrosine hydroxylase positive nerves and mast cells in the porcine gallbladder

Ln

E

PR
G
E

PR

FM
V

Ln

FM
S

Fig. 3 A. Toluidine blue positive mast cells (arrows) in the propria (PR), muscular (FM) and serosal
(S) layers (bar=60 µm); B. Tyrosine hydroxylase positive mast cells (arrows) with a localisation similar to that of the toluidine blue positive mast cells. E – epithelium of the gallbladder’s neck,
V – venule, Ln – lymph nodule, G – glands in the gallbladder’s neck (bar=50 µm).

thesis of catecholamines in sympathetic
nerve fibres (Levitt et al., 1965) it can be
used as a marker for these nerve fibres
(Goldstein et al., 1973). Sympathetic innervation of the gallbladder has been investigated in detail in guinea pigs. The
gallbladder contains abundant sympathetic
postganglionic nerve fibres that arise from
the celiac and superior mesenteric ganglia.
Catecholamine histofluorescence and immunohistochemical detection of TH and
dopamine beta hydroxylase have been
used to identify the sympathetic postganglionic nerves in the wall of the gallbladder (Cai & Gabella, 1983; 1984; Mawe &
Gershon, 1989). According to Balemba et
al. (2004) TH positive neurons in the
gallbladder were relatively small. However, Chen et al. (1998) considered that
the sympathetic neurotransmission is the
principal source of inhibitory neural input
to the gallbladder smooth muscles, causing decreased gallbladder tone, and may
contribute to the filling of the organ.
In the current study TH positive nerve
fibres were observed as single fibres,
nerve fibres forming perivascular plexuses
6

and nerve fibres grouped into nerve fascicles, which correlates with the results of
Forsgren & Söderberg (1987) regarding
the distribution of the mentioned nerves in
the guinea pig and bovine heart. Our findings indicate that the nerve supply of gallbladder in swine was similar to those of
guinea pig gallbladder, described by Cai
& Gabella (1983). The organisation of
nerve structures corresponded to well developed ganglionated and nonglanglionated nerve plexuses in the lamina propria,
tunica muscularis and tunica serosa as
well as peri- and paravascular nerve plexuses along the cystic artery branches.
However, in swine unlike the guinea pig,
the nonglanglionated nerve plexus situated
in the propria and in the muscle layer was
well developed. With regard to the human
and canine gallbladders, Mann et al.
(1991) found out that the vessels, the organ musculature and the intramural ganglion cells receive a substantial sympathetic innervation in both species, whereas
the mucosa appears to be supplied almost
entirely by non-sympathetic fibres.
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Fig. 4. Tyrosine hydroxylase positive mast cells (arrow) near the catecholaminergic nerve fibres (arrowhead) in the propria (PR) of gallbladder’s body. E – epithelium of the gallbladder. Bar = 20 µm.
Table 2. Density (number/mm2) of tyrosine hydroxylase (TH) positive and toluidine blue (TB) positive mast cells (TBMC) in the different layers of gallbladder (mean ± SD; n=6).
Mast cell localisation

TH-positive mast cells
male (n=6)

female (n=6)

TB-positive mast cells
male (n=6)

female (n=6)

Gallbladder fundus
lamina propria mucosae
tunica muscularis
tunica serosa

42.11±5.04 A
22.38±2.84 B
22.70±3.16 B

42.31±5.06 A
22.68±2.93 B
23.16±3.18 B

42.68±5.28 A
23.18±2.47 B
22.91±2.99 B

43.30±5.76 A
23.95±2.10 B
23.55±2.88 B

42.91±4.16 A
33.78±8.40 B
23.18±2.42 C

42.88±4.16 A
34.02±8.34 B
23.36±2.55 C

43.36±4.10 A
34.10±8.29 B
23.26±2.52 C

43.90±4.03 A
34.38±8.24 B
24.15±2.49 C

47.31±2.37 A
34.06±10.27 B
22.73±2.75 C

47.58±2.31 A
34.18±9.96 B
23.25±2.93 C

41.27±6.43 A
34.83±9.47 B
22.88±2.33 C

44.25±6.12 A
36.85±9.16 B
24.55±2.24 C

Gallbladder body
lamina propria mucosae
tunica muscularis
tunica serosa
Gallbladder neck
lamina propria mucosae
tunica muscularis
tunica serosa

different superscripts within the same layer denote statistically significant differences at P<0.001.

The role of THN in porcine gallbladder’s wall can be explained having in
mind other studies about the innervation
of gallbladder in guinea pigs, dogs, humans (Mawe et al., 2001) and cats (Chen
et al., 1998). These data are consistent
with several reports, indicating that stimulation of sympathetic nerves can result in
gallbladder relaxation. In the guinea pig,
BJVM, 20, No 1

THN are restricted to the vascular plexus
and the ganglionated plexuses. However,
in dogs and humans, these nerves are also
distributed throughout the muscular layer,
where locally released catecholamines can
act directly on β-adrenoreceptors to relax
the musculature (Mawe et al., 2001).
In the wall of porcine gallbladder, TH
expression was also observed in mast cells
7
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granules. These results correlate with
those of Rönnberg et al. (2012), who
found that the granular localisation of the
enzyme is due to its interaction with serglicin. The same authors detected the TH
expression in both mucosal and connective tissue type mast cells. Although the
function of the mast cell dopamine has not
yet been precisely determined, Rönnberg
et al. (2012) presented a number of options of biological significance. Dopamine
is known as a neurotransmitter, therefore
dopamine released from the mast cells
may be has neurotransmitter function
(Stead et al., 1989). Signal input from
mast cells to intrinsic enteric neurons is
particularly crucial, because the enteric
nervous system fulfills a pivotal role in the
control of gastrointestinal functions. Activated enteric neurons are able to generate
alterations in motility and secretion. Mast
cell signalling to extrinsic nerve fibres
takes part in pathways generating visceral
pain or extrinsic reflexes contributing to
the disturbed motor and secretory function
(Boeckxstaens, 2006; Rijnierse et al.,
2007; Van Nassauw et al., 2007; Kraneveld et al., 2008). Based on the reports of
the mentioned authors and the results of
the current study we suggested that the
localisation of mast cells near the nervous
structures in porcine gallbladder wall was
very similar to those in the gut wall, and
most probably the same neuroimmune
interaction was present. Further basic and
clinical research is needed to confirm our
assumptions.
Тhe observed localisation of mast cells
within and around the lymph nodules of
porcine gallbladder can be explained by
their influence on lymphocyte proliferation, for which the data are contradictory
as other authors reported. For example,
Cook-Mills et al. (1995), established that
the involvement of dopamine receptors on
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lymphocytes suppressed lymphocyte proliferation but according to Tsao et al.
(1997), the involvement of dopamine receptor increased lymphocyte proliferation.
Some studies have shown that dopamine
can affect neutrophil function (Derevenco
et al., 1992) and activate macrophages
(Gomez et al., 1999). This indicates that
dopamine released from mast cells may
have a great influence on the functional
properties of other immune cells, which
adds a new dimension to the role of mast
cells in the fine tuning of the immune system.
In conclusion, using immunohistochemical staining, we present original data
concerning the existence and localisation
of catecholaminergic nerves and THMC
in porcine gallbladders wall. This finding
proved that in the studied organ, there
were two sources of catecholamines:
autonomic nerves and mast cells.
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