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Due to the similar pattern of ghrelin localisation in human and porcine intestine, swine are described 
as a suitable animal model for experiments related to ghrelin and its receptors. In a previous study of 
ours, the presence of ghrelin immunoreactive endocrine cells in common bile duct (Ductus choledo-
chus) (CBD) of domestic swine was established. However, data regarding the distribution of mast cell 
types in the CBD in this species are missing. The current study aimed to determine the distribution of 
tryptase-, ghrelin- and toluidine blue positive mast cells in the wall of extra- and intramural parts of 
porcine CBD. For this purpose, immunohistochemical staining for detection of tryptase was per-
formed in order to identify ghrelin reactivity in mast cells. Additionally, toluidine blue staining was 
carried out to compare the number of metachromatic mast cells with that of tryptase positive cells. 
The comparative quantitative analysis showed that the number of tryptase immunorective cells was 
higher than that of metachromatic ones in the CBD wall. Ghrelin immunoreactive cells were the most 
numerous, therefore it can be assumed that not only mast cells but other cells also contain ghrelin. 
The three mast cells types were more abundant in the propria and subserosa of the intramural part 
than in the same layers of extramural CBD part. In the muscle layer, mast cell number was higher in 
the extramural than in the intramural part of the duct. In conclusion, taking into account the results 
obtained, an important role of mast cells play in controlling CBD motility and biliary gland function 
was suggested. 
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INTRODUCTION 

Mast cells (MCs) are described as im-
mune cells that mediate allergic reactions 
and stimulate wound healing. They are 
also involved in many autoimmune, in-
flammatory, infectious, and other disor-
ders (Boyce, 2004; Beaven, 2009).  

The classification of mast cells is de-
pendent on their phenotypic characteris-

tics and anatomical locations. Reber et al. 
(2015) recently summarised the classifica-
tion of mast cells in both mice and hu-
mans along with a description regarding 
their phenotypic characteristics. Similar to 
mice, human mast cells are subcategorised 
into tryptase-positive, and tryptase- and 
chymase-positive (MCTC). MCTC are 
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localised in the small intestinal submucosa 
and muscularis mucosa, whereas MCT 
have a tendency to inhabit the mucosa of 
the stomach, small intestine and colon. In 
rats, MCs are identified by staining for rat 
mast cell protease 1 (RMCP-1), which 
refers to connective tissue-derive mast 
cells, or rat mast cell protease 2 (RMCP-
2), which refers to mucosal-derived MCs 
(Chan et al., 2001; Zweifel et al., 2005). 
The specific mast cell subtypes will de-
termine the anatomical residency and the 
positioning of MCs also secures them as 
one of the first cells in the line of defense 
in the immune system. 

In liver, MCs are mainly associated 
with the connective tissue that is found 
near hepatic arteries, veins and bile ducts 
of the portal tracts in both human and rat 
livers. In normal rodent and human livers, 
MCs are found in small numbers along the 
portal tracts (Kennedy et al., 2014; John-
son et al., 2016; Jones et al., 2016). How-
ever, their density increases during differ-
ent hepatic injuries such hepatocellular 
carcinoma (Terada & Matsunaga, 2000), 
cholangiocarcinoma (Terada and Matsu-
naga, 2000; Johnson et al., 2016), primary 
sclerosing cholangitis (PSC) (Baron et al., 
1995; Tsuneyama et al., 2000); human 
and rodent bile duct obstruction 
(Gulubova & Vlaykova, 2004). Mast cell 
localisation in close proximity to bile 
ducts during various cholangiopathies 
indicates that MCs and cholangiocytes 
may regulate one another via paracrine 
signalling. Mast cells interact with various 
liver cell types (macrophages, or Kupffer 
cells, hepatic stellate cells, sinusoidal en-
dothelial cells, vascular endothelial cells, 
fibroblasts and pit cells) having various 
functions in normal liver and in hepatic 
diseases. It has been ascertained that all 
these cells (in addition to biliary cells) 
play definitive roles in liver pathophysiol-

ogy and determine complex interactions 
with hepatic MCs (Grizzi et al., 2013). 
According to Tsuneyama et al. (1999), 
MCs expressed bFGF and/or TNF-α, 
which are well known promoters of fibro-
sis. In PSC samples, the aberrant expres-
sion of SCF was found on biliary epithelia 
of dilated and stenotic bile ducts that dis-
played periductal fibrosis and inflamma-
tion, while there was no expression in 
non-affected bile ducts in normal livers 
(Tsuneyama et al., 1999). It may be con-
ceivable that the aberrantly expressed SCF 
found on biliary epithelial cells accumu-
lates and attracts/stimulates mast cells via 
the c-Kit receptor, and these activated 
mast cells induce progressive periductal 
and portal fibrosis during PSC. Johnson et 
al. (2016) reported that mast cells are in-
volved in the progression of cholangio-
carcinoma via increased angiogenesis and 
metastatic potential. 

Ghrelin (Gr) is a 28 amino acid pep-
tide that was established for the first time 
in rat stomach (Kojima et al., 1999). It is 
the natural ligand for the growth hormone 
secretagogue receptor (GHS-R) (Howard 
et al., 1996). The seven-transmembrane 
GHS-R has a high degree of homology 
ranging from 93% to 99% identity by mo-
lecular analysis with those of humans, 
pigs, dogs, rats and mice (Howard et al., 
1996; Smith et al., 1996; McKee et al., 
1997; Dieguez & Casanueva, 2000; Dong 
et al., 2009). Porcine GHS-R also has two 
forms: GHSR-1a consists of 366 amino 
acid peptides, and GHSR-1b encodes 289 
amino acids (Dong et al., 2009).  

Wierup et al. (2007) found the pig to 
be a suitable animal model for secretion 
studies because the pattern of colocalisa-
tion of Gr and motilin in the porcine intes-
tine (duodenum and jejunum) was very 
similar to that of the human intestine. 
These authors reported that the two hor-
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mones are costored in the same granules 
and suggested that the two hormones are 
co-secreted from the same cells. 

Ghrelin has been reported to be pre-
dominantly expressed in the digestive sys-
tem, with highest expression levels in the 
gastric mucosa (Kojima et al., 1999; Ari-
yasu et al., 2001). Other authors detected 
Gr expression also in other tissues such as 
kidneys, adrenal glands, thyroid gland, 
breast, ovary, placenta, testis, prostate, 
liver, gallbladder, lung, skeletal muscles, 
myocardium, skin, and bone (Gnanapavan, 
et al., 2002; Ghelardoni et al., 2006).  

Later, Gulubova et al. (2017) de-
scribed the peptide localisation in endo-
crine cells and nerve structures of porcine 
common bile duct. However, data regard-
ing the distribution of mast cell types in 
the common bile duct in this species are 
absent. 

Based on a previous study of ours 
(Stefanov et al., 2017) where ghrelin posi-
tive mast cells (MCGr+) were identified 
for the first time in rat stomach, this study 
was performed to define the expression of 
this peptide by mast cells and their distri-
bution in porcine common bile duct. 

MATERIALS AND METHODS 

Tissue preparation 

For this study, the terminal segment of the 
extramural part as well as the intramural 
part of CBD of 6 male pigs at the age of 6 
months were immediately removed after 
slaughtering in a slaughterhouse. The tis-
sue specimens were put in 10% aqueous 
formalin solution for 24 hours, washed 
with PBS, dehydrated in an alcohol, 
cleared in xylene, and embedded in paraf-
fin. The activities were performed within 
Scientific Project 13/2017 of Medical 
Faculty of Trakia University, Stara Za-
gora, Bulgaria.  

Serial tissue sections of 5 µm thick-
ness from each animal were cut, mounted 
on gelatin coated slides, deparaffinised in 
xylene and rehydrated by a series of de-
creasing ethanol concentrations. The tis-
sue sections were processed by immuno-
histochemical reactions to detect tryptase 
and ghrelin reactivity as well as histo-
chemical reaction using toluidine blue dye 
in order to define metachromatic cells. 

Toluidine blue staining for metachroma-
sia visualisation  

Tissue sections were mounted on gelati-
nised slides, placed in xylene, rehydrated 
by decreasing ethanol concentrations and 
stained in a buffered solution of toluidine 
blue (pH = 3). 

Immunohistochemical staining for detec-
tion of tryptase and ghrelin expression 

The tissue sections were washed in 0.1 M 
PBS and placed in 1.2% hydrogen perox-
ide in methanol for 30 minutes. Antigen 
recovery in buffer (pH 9.0) was per-
formed, then incubated in a humidified 
chamber overnight at 4 °C with primary 
antibodies: mouse antihuman ghrelin 
(2F4) at 1:50 dilution, monoclonal mouse 
antihuman mast cell tryptase  ready for 
use. After washing with PBS, the sections 
were incubated with EnVision detection 
system (DAKO) for 24 hours at 4 °C. The 
immune reaction was visualised with dia-
minobenzidine. PBS instead of the pri-
mary antibody was used as a negative 
control. The slices were dehydrated, 
washed, coated with coverslips and pho-
tographed with a research microscope 
(LEIKA DM1000) equipped with a digital 
camera (LEIKA DFC 290). Of the three 
serial sections used, one was stained with 
tryptase, another with ghrelin and the last 
 with toluidine blue for metachromasia. 

 



Mast cell distribution in porcine common bile duct with special reference to ghrelin 

BJVM, ××, No × 4 

Statistical analysis 

Mast cells density (number/field of view) 
was estimated on the microscopic fields 
×200 with an area of 0.163 mm2 using a 
light research microscope (LEICA 
DM1000) with a digital camera (LEICA 
DFC 290). Mast cell density data were 
processed using GraphPadPrism 6 for 
Windows (GraphPad Software, Inc., 
USA) for analysis of variations (one-way 
ANOVA), followed by Tukey-Kramer 
test. All data were expressed as means ± 
 standard deviation (SD) with a p-value 
less than 0.05 set as level of significance. 

RESULTS  

Tryptase and ghrelin expressions in MCs 
were defined by immunohistochemical 
reactions but metachromatic mast cells 
(MCtb+, showing γ-metachromasia) were 
manifested using toluidine blue staining 
(Fig. 13). Co-localisation with tryptase 
on serial sections showed that most of the 
ghrelin positive cells (Cgr+) are also tryp-
tase positive MCs (MCTr+).  
 

 
Fig. 1. Some of the ghrelin immunoreactive 
cells are tryptase positive (arrows), but others 
are tryptase negative (arrowheads). PR – pro-
pria, TM –Tunica muscularis, E – Lamina 
epithelialis mucosae, GL – Glandulae ductus 
choledochi, c – capillary. Bar=100 µm. 

 

In the propria, tryptase-, ghrelin posi-
tive MCs and metachromatic MCs were 
localised mainly near the capillaries, arte-
rioles and venules. Mast cells also were 
observed near the biliary glands (Fig. 
13). The statistical analysis showed that 
in all layers of the extra- and intramural 
part of the CBD, the number of Cgr+ was 
the highest, followed by those of MCtr+ 
and MCtb+ (Table 1, Fig. 46). There-
fore, some of the Cgr+ are MCghr+ but 
other Cgr+ were not mast cells. 

 

 
Fig. 2. Tryptase positive mast cells in the pro-
pria (PR) and Tunica muscularis (TM). E – 
Lamina epithelialis mucosae, GL – Glandulae 
ductus choledochi, c – capillary. Bar=100 µm. 

 

 
Fig. 3. Mast cells with metachromasia in the 
propria (PR) and Tunica muscularis (TM). E – 
Lamina epithelialis mucosae, GL – Glandulae 
ductus choledochi. Bar=100 µm. 
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The comparative study showed that 
out of all Cgr+ in the propria of the termi-
nal segment of the extramural part of 
common bile duct (DCHT), 78% were 
MCTr+ and 28% were MCtb+. Out of all 
MCTr+, 35% were MCtb+.  

Lamina propria mucosae of the intra-
mural part of common bile duct (DCHI) 
consisted of subepithelial and subglandu-
lar connective tissue layers. In DCHI 
subepithelial connective tissue layer, out 
of all Cgr+, 79% were MCTr+ and 5% 
were MCtb+. Seven percents of all 

MCTr+, were MCtb+. In DCHI subglan-
dular connective tissue layer, out of all 
Cgr+, 85% were MCTr+ and 84% were 
MCtb+. The number of MCTr+ was equal 
to that of MCtb+. 

In the tunica muscularis, the three 
types of MCs were situated near the 
smooth muscle cells, blood vessels and 
biliary glands. Similarly to the propria, the 
number of Cgr+ was the highest, followed 
by MCtr + and MCtb+.  

In the tunica muscularis (fibromuscu-
lar layer) of DCHT, from all, 83% of 

Table 1. Number (mean±SD) of tryptase (MCtr+) - and toluidine blue (MCtb+) positive mast cells as 
well as of ghrelin positive cells (Cgr+) in the layers of the extramural (DCHT) and intramural part 
(DCHI) of porcine common bile duct  

Mast cell localisation MCtr+ number Cgr+ number MCtb+ number 

 DCHT 
Lamina propria mucosae 

 A4/D4 
8.22 ± 0.73 

 A4/D4 
10.50 ± 0.51 

 A4/D4 
2.89 ± 0.76 

 DCHT 
Tunica muscularis 

 A4/C4 
17.83 ± 1.58 

 A4/C4 
21.61 ± 1.42 

 A4/C4 
15.94 ± 0.73 

 DCHT 
Tela subserosa 

 A4/B4 
9.94 ± 0.87 

 A4/B4 
12.89 ± 0.76 

 A4/B4 
7.50 ± 0.71 

 DCHI 
Lamina propria mucosae 

SECTL 
 

SGCTL 

 
 A4/D4 
22.61 ± 1.24 
 F4 
16.33 ± 0.69 

 
 A4/D4 
28.78 ± 1.17 
 A4/F4 
19.17 ± 0.79 

 
 A4/D4 
1.55 ± 0.51 
 A4/F4 
16.17 ± 0.79 

 DCHI 
Tunica muscularis 
 circular muscle layer 
 
 longitudinal muscle layer 

 
 C4 
12.50 ± 0.92 
 A2/E4 
10.33 ± 0.69 

 
 A4/C4 
16.39 ± 1.38 
 A2/E4 
11.83 ± 1.78 

 
 A4/C4 
12.83 ± 0.86 
 A4/E4 
9.00 ± 0.84 

 DCHI 
Tela subserosa 

 A4/B4 
7.78 ± 1.0 

 A4/B4 
18.44 ± 1.04 

 A4/B4 
5.83 ± 0.78 

SECTL – subepithelial connective tissue layer, SGCTL –subglandular connective tissue layer. Statis-
tically significant differences: A2 (P˂0.01), A4 (P˂0.0001)  between MCtr+, Cgr+ and MCtb+ 
numbers at the same layer; B4 (P˂0.0001)  in MCtr+, Cgr+ and MCtb+ number between the serous 
and muscle layer; C4 (P˂0.0001)  in MCtr+, Cgr+ and MCtb+ number between the muscle layer 
and propria; D4 (P˂0.0001)  in MCtr+, Cgr+ and MCtb+ number between the propria and serous 
layer; E4 (P˂0.0001)  in MCtr+, Cgr+ and MCtb+ number between the circular and longitudinal 
muscle layers of Tunica muscularis; F4 (P˂0.0001)  in MCtr+, Cgr+ and MCtb+ number between 
the SECTL and SGCTL of the propria. 
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Cgr+ were MCTr+ and 74% were MCtb+. 
Out of all MCTr+, 89% were MCtb+. In 
the circular muscle layer of DCHI tunica 
muscularis, 76% of all Cgr+ were MCTr+ 
and 78% were MCtb+. The number of 
MCTr+ was equal to that of MCtb+. In 
the DCHI longitudinal muscle layer of 
tunica muscularis, 87% of all Cgr+ were 
MCTr+ and 76%  MCtb+. Out of all 
MCTr+, 87% were MCtb+.  

In the tela subserosa, MCs were de-
tected close to the vessels and nerves. 
Like in the propria and muscle layer, Cgr+ 
here were also the most numerous, fol-
lowed by MCtr+ and MCtb+. In the sub-
serous layer of DCHT, out of all Cgr+, 

77% were MCTr+ and 58% were MCtb+. 
Out of all MCTr+, 76% were MCtb+. In 
the subserous layer of DCHI, 42% of 
Cgr+ were MCTr+ and 32% were MCtb+. 
Out of all MCTr+, 75% were MCtb+. 
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Fig. 5. Comparative quantitative analysis be-
tween tryptase (MCtr), toluidine blue (MCtb) 
positive mast cells and ghrelin positive (Cgr) 
cells in Tunica muscularis of еxtramural part 
(DCHTmu) and those in Tunica muscularis - 
circular (DCHTmc) and longitudinal muscle 
layers (DCHTml), of the intramural part of the 
common bile duct (DCHI) in 6 month-old 
pigs. The number of MCtr, MCtb and Cgr is 
the highest in the muscle layer of DCHT, fol-
lowed by those in circular and longitudinal 
muscle layer of DCHI. **** P˂0.0001. 

 

DISCUSSION 

This study was the first to supply informa-
tion about the distribution of MCtr+ , 
MCtb+ ans MCgr+ in the three main lay-
ers of the common bile duct’s wall.  

So far, some authors (Gulubova & 
Vodenicharov, 2001; Gulubova & Vlayk-
ova, 2004) have provided information 
about the distribution of tryptase-, chy-
mase-, vasointestinal polypeptide (VIP)-, 
and substance P (SP)-positive MCs in 
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Fig. 4. Comparative quantitative analysis be-
tween tryptase (MCtr), toluidine blue (MCtb) 
positive mast cells and ghrelin positive (Cgr) 
cells in the propria of the еxtramural part and 
those in the propria (sibepithelial and subglan-
dular layers) of the intramural part of common 
bile duct. The number of MCtr and Cgr in the 
propria of extramural part of the common bile 
duct (DCHTpr) and the subepithelial connec-
tive tissue layer of the intramural part of com-
mon bile duct (DCHIse) was significantly 
higher than in the subglandular connective tis-
sue layer of common bile duct (DCHIsg) in 6 
month-old pigs. However, the number of MCtb 
is the highest in DCHIsg, followed by that in 
DCHTpr and in DCHIse. **** P˂0.0001. 
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human normal CBD and in pathologic 
conditions. Jones et al. (2016) examined 
the effects of mast cells and mast cell-
derived histamine on bile flow, total bile 
acid pool and bicarbonate excretion  the 
first study showing that mast cell-derived 
histamine may regulate biliary prolifera-
tion and hepatic fibrosis in human PSC. In 
the human common bile duct with biliary 
obstruction, increased numbers of mast 
cells were detected (Gulubova & Voden-
icharov, 2001; Gulubova & Vlaykova, 
2004). Later, Gulubova et al. (2017) de-
scribed the peptide localisation in endo-
crine cells and nerve structures of porcine 
common bile duct. However, data regard-
ing the distribution of mast cell types in 
the porcine common bile duct in this spe-
cies are absent. Terada et al. (2000) noted 
that there were significantly more mast 
cells in human intrahepatic cholangiocar-

cinoma tumours when compared to nor-
mal livers, and that 20% of the mast cells 
were MCtr+ while the other 80% were 
MCTC. These findings highlighted the 
significant role of mast cells during tu-
mourigenesis, and assisted in identifica-
tion of the specific mast cell subsets, help-
ing future researchers in developing a 
potential therapeutic target. 

In the current study, co-localisation 
with tryptase on serial sections showed 
that most of the Cgr+ were MCTr+, and 
helped defining MCgr+. For example, in 
the propria of DCHT, MCgr+ were 78% 
from all Cgr+, while in the subepithelial 
and subglandular connective tissue layer 
of DCHI, MCgr+ were 79% and 85%, 
respectively. These results are supported 
by a previous study of ours (Stefanov et 
al., 2017) where ghrelin expression by 
mast cells in rat stomach was detected.  

Our findings in the propria showed 
that MCtr+, MCgr+ and metachromatic 
MCs were localised predominantly near 
the capillaries, arterioles and venules. 
This localisation is probably related to the 
role of MCs in regulating blood vessel 
relaxation and permeability (McCauley et 
al., 2005). Mast cells were also observed 
near the biliary glands where they may 
regulate glandular secretion in line with 
the results of Penkova et al. (2016) who 
studied the ghrelin expression in human 
stomach and intestine. By identifying 
MCtr+ and MCgr+, we added to existing 
data about the mast cell phenotypes in the 
porcine biliary tract. The highest number 
of Cgr+ compared to the number of 
MCtr+ and MCtb+ indicated that some 
Cgr+ were MCghr+ but other Cgr+ that 
were different from MC, were probably 
lymphocytes (B cells), T cells, monocytes 
and NK cells (Dixit et al., 2004; Hattori, 
2009; Taub et al., 2010).  

 
 
Fig. 6. Comparative quantitative analysis be-
tween tryptase (MCtr), toluidine blue (MCtb) 
positive mast cells and ghrelin positive (Cgr) 
cells in subserosal layer of еxtramural part 
(DCHTs) and those in subserosal layer of in-
tramural part (DCHIs) of common bile duct in 
pigs at the age of 6 months. The number of 
MCtr and MCtb in DCHTs is higher than that 
in DCHIs, whereas the number of Cgr in 
DCHIs: higher than that in DCHTs; **** 
P˂0.0001. 
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In the tunica muscularis of extramural 
part of CBD, the three MCs types were 
situated near the smooth muscle cells, 
blood vessels and biliary glands but in the 
tunica muscularis of intramural intramural 
part of CBD the three types of MCs were 
situated near the smooth muscle cells and 
blood vessels. The number of Cgr+ was 
the highest. In the muscle layer of DCHT, 
MCgr+ were 74% of all Cgr+, while in the 
circular and longitudinal muscle layers of 
tunica muscularis in DCHI  78% and 
87%, respectively. It is acknowledged that 
gastric motility is stimulated by ghrelin 
inducing the migrating motor complex and 
accelerating gastric emptying (Dass et al., 
2003; Fujino et al., 2003; Depoortere et 
al., 2005; Peeters, 2005; 2013). Taking 
into account the role of ghrelin in control-
ling gastric emptying (Hilsted et al., 2005) 
and intestinal motility (Edholm et al., 
2004; Penkova et al,, 2016) we suggest 
that this peptide may be considered a main 
regulator of the motility of common bile 
duct.  

In the tela subserosa, MCs were de-
tected close to the vessels and nerves. In 
the subserous layer of DCHT, MCgr+ 
were 77% of all Cgr+, while in the same 
layer of DCHI, MCgr+ comprised 42% of 
all Cgr+. This is evidence that mast cells 
and nerves were probably in bidirectional 
communication correlating with previous 
investigations (Dimitriadou et al., 1987; 
Barbara et al., 2006; Stefanov & Voden-
icharov, 2016). Substance P (SP) and 
nerve growth factor (NGF) released from 
peripheral sensory nerves cause mast cell 
degranulation. Histamine, produced and 
secreted by the mast cells, activates peri-
pheral sensory nerves (Theodorou, 1996). 
Chen et al. (1998) reported that sympa-
thetic neurotransmission caused decreased 
gallbladder tone and contributed to its 
filling.  

CONCLUSION  

Ghrelin containing mast cells with highest 
number in the muscle layer together with 
the mast cell localisation near the biliary 
glands defined the important role of these 
cells in regulation of the motility of por-
cine common bile duct and of biliary 
gland secretion. In the studied structures, 
the higher density of MCTr+ vs MCtb+, 
defined tryptase as a better marker for 
MCs than the toluidine blue dye. 
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