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Introduction

Gallstone disease is a common health problem worldwide 
including Saudi Arabia.1 It is commonly believed that bile stasis 
is the prime factor for gallstone formation. The function of the 
gallbladder is not only to store bile, but also to concentrate it 
during the interdigestive phase by means of salt-dependent water 
reabsorption.2 Epithelium of the gallbladder and biliary tract is 
exposed to high concentrations of potentially harmful exogenous 
and endogenous compounds excreted into primary bile.3

All columnar epithelial cells are lined by a blanket of mucus, 
a native physiological gel-like secretion which separates the 
host mucosal cells from the external milieu.4 The gallbladder 
mucus plays a regulatory role in cholelithiasis as it promotes the 
nucleation of stones.5 Mucus, calcium and lipids act in concert to 
form the gallstones.6 Gallbladder mucin is one of the key factors in  
gallstone formation. However, there is little information about the 
diversity of mucin secretion according to the stone composition.7

A major causative agent for stasis is gallbladder dyskinesia 
which in turn may be a consequence of gallbladder wall 
pathology.8 However, it was observed that gallbladder tension 
increased, rather than decreased during the early stage of gallstone 
formation.9 Cholelithiasis produces diverse histopathological 
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angulated lysosomes, heterogeneous liposomes and damaged 

organelles were also found. Complete collapse of intercellular 

spaces in the region above the tight junctions up to the bases 

of the marginal microvilli was revealed by thin-section electron 

microscopy. Secondary lysosomes were seen forming complex 

substructural formations called lipo-mucosomes and collagen 

fibrils in some cholecystic gallbladders.

Conclusion: Gallstones are accompanied by major changes in 

the gallbladder epithelium, as shown by both light and electron 

microscopy. The relation between the observed changes and 

gallstone formation needs further studies.
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changes in gallbladder mucosa namely acute inflammation, 
chronic inflammation, glandular hyperplasia, granulomatous 
inflammation, cholesterosis, dysplasia, and carcinoma.10

The aim of this study is to probe the relation of gallstone and 
histopathological changes in the gallbladder epithelium

Methods

Gallbladders of six female patients aged between 27 - 35 years 
who underwent cholecystectomy for gallstone disease with chronic 
cholecystitis  with multiple stones were obtained. Each gallbladder 
was sectioned serially from the neck to the fundus. The sections 
were opened and carefully washed with 0.15 N saline, cut into 2 
mm sections and fixed with formol saline for light microscopy 
and 2.5% gluteraldehyde in O.1M phosphate buffer at pH 7.4 for 
electron microscopy.

For light microscopy, the formol saline fixed tissues were 
embedded in paraffin, cut at spam thickness and stained with 
haematoxylin and eosin (H&E) for studying the general histology, 
periodic acid-Schiff ’s reaction (PAS) and alcian blue for the 
evaluation of the intra-epithelial mucin content.11

For transmission electron microscopy, one millimeter cube-
thick gluteraldehyde-fixed tissue specimen were post fixed with 
1% osmium tetroxide in O.1M phosphate buffer, dehydrated in 
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Abstract

Objectives: Pathological changes related to gallstone formation 

are still the focus of intensive research. The hypothesis most 

widely accepted is the stasis of bile caused by gallbladder 

dyskinesia, while dyskinesia may be the result of pathologic 

changes in the gallbladder wall. The aim of this study is to 

investigate the relation between gallstones and light as well as 

electron microscopic changes in the gallbladder epithelium.

Methods: Gallbladder specimens were collected from patients 

who underwent cholectstectomy. Paraffin sections were stained 

with haematoxylin and eosin to demonstrate the general 

histology. Periodic acid-Schiff and alcian blue were utilized to 

evaluate the intraepithelial mucin content. Minute specimens 

were also fixed and processed to evaluate the fine structures of 

the gall bladder epithelium.

Results: PAS positive materials were increased in the basement 

membrane. Additionally, an increase in the intensity of alcian 

blue reaction was observed. At the ultrastructural level, abraded 

and altered microvilli accompanied by mitochondrial damages, 
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ethanol, cleared in propylene oxide, and embedded in araldite. 
Semithin sections were prepared using ultramicrotome and 
stained with toluidine blue then examined with a light microscope. 
Ultrathin sections exhibiting silver-to-gold colours were stained 
with uranyl acetate and lead citrate, and examined with JEOL 104 
CX electron microscope.12

Results

On light microscopy, the epithelium appeared disrupted with 
discontinuous, irregular surface and vacuolated cytoplasm (Figs. 
1&4). A strong PAS positive reaction was seen in the brush border 
with many areas of mucous cells of the epithelium (Fig 2) and a 
deep alcian blue staining reaction in the epithelial surface and the 
apical part of the columnar cells (Fig. 3).

Figure 1: A photomicrograph of a section in a cholecystitic human 
gallbladder showing disrupted epithelium (arrows) and vacuolated 
cytoplasm (Curved arrows) with discontinuous epithelium. (H&E 
X 400)

Figure 2: A photomicrograph of a section in the cholecystitic 
human gallbladder showing a strong PAS positive reaction in 
the brush border (arrows) and many areas of mucous cells of 
its epithelium (Curved arrows). (PAS counter-stained with 
Haematoxylene X400)

Figure 3: A photomicrograph of a section in the cholecystitic 
human gallbladder showing a deep alcian blue staining reaction 
in the the epithelial surface (arrows) and the apical part of the 
columnar cells (Curved arrows). (Alcian blue stain X400)

Figure 4: A photomicrograph of a section in the cholecystitic 
human gallbladder showing a disrupted epithelium and vacuolated 
cytoplasm (V) and irregular surface of its epithelium (arrows). 
(Touilidine blue stain X400)

On electron microscopy, columnar epithelial cells that contain 
apical mucous secretory granules and bulging apices were seen (Fig. 
5) and these were actively secreted into the lumen of the gallbladder. 
The contents of the mucous granules were released by exocytosis to 
the exterior of the cell (Fig. 6). However, occasionally cells which 
had their intracellular mucous granules released extracellularly, 
could be seen with the contents expanded to acquire the form of 
a spherical mass. In some specimens, cholecystocyte changes were 
also seen. These are characterized by abraded, altered and spared 
microvilli with herniation of epithelial cells (Fig. 7) accompanied 
by mitochondrial damages in its crisatae and heterogeneous 
lysosomes (Fig. 8). A collapse of intercellular spaces was also 
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observed in these specimens.
Secondary lysosomes containing lipid and lipofuscin deposits, 

fusions of lipid deposits and mucus-containing vesicles forming 
complex substructural formations called lipo-mucosomes and 
collagen fibrils were also seen in some specimens (Fig 9).

Figure 5: An electron micrograph of the cholecystitic human 
gallbladder showing the columnar epithelial cells that contain 
apical mucous secretory granules (mg) and bulging apical apices 
were seen (arrows). Note shedding of some microvilli (mv) and 
disrupted mitochondria (M). (X 8000)

Figure 6: An electron micrograph of the cholecystitic human 
gallbladder showing mucous granules (mg) with its contents that 
are released to the exterior of the cell. Note shedding of some 
microvilli (mv), disrupted mitochondria (M), presence of vacuoles 
(V) and many lysosomes in the cytoplasm of epithelial cells. (X 
6000)
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Figure 7: An electron micrograph of the cholecystitic human 
gallbladder showing abraded and altered and spared microvilli 
(mv) and herniation of epithelial cells (arrows). Note mucous 
goblet cells (mg) are incorporated in between the cells (X 3000)

Figure 8: An electron micrograph of the cholecystitic human 
gallbladder showing mitochondrial damages in its crisatae (M) 
and heterogeneous lysosomes (L). (X 8000)

Figure 9: An electron micrograph of the cholecystitic human 
gallbladder showing secondary lysosomes that contain lipid and 
mucus-containing vesicles forming complex called lipo-mucosomes 
(LM) and collagen fibrils (F). (X 20000)
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Discussion

Gallstone formation results from many complex factors working 
together. Among them, the bile stasis caused by impaired 
gallbladder emptying is thought to be the fundamental kinetic 
factor.13

The pathologic factors related to gallstone formation are still 
the hot debate. Bile stasis secondary to gallbladder dyskinesia, is 
the most widely accepted theory. Gallbladder dyskinesia may be 
the result of gallbladder wall pathology.8 This view is supported by 
the finding that sphincterectomy of ampula of Vater may prevent 
the formation of gallbladder stone and partially improve the 
contractility of gallbladder.14,15

In the present study, light microscopy examination of sections 
of the cholecystitic gallbladder, showed disrupted epithelium with 
discontinuous and irregular surface and vacuolated cytoplasm. The 
gallbladder epithelium and smooth muscle layer were exposed to 
concentrated biliary solutes, including cholesterol and potentially 
toxic hydrophobic bile salts, which are able to influence muscle 
contraction.16 The surface irregularity was due to the interruption 
of the brush border which showed a strong PAS positive reaction 
with abundance of mucous cells in its epithelium. A deep alcian 
blue staining reaction in the epithelial surface and the apical part of 
the columnar cells were also prominent in this study. Sulfomucins 
have a greater role in gallstone formation than the neutral mucins 
and also that the sialomucins and sulfomucins play an important 
role in cancer progression and metastasis. The results challenge the 
glycobiologists to delve deeper in elucidating the role of mucins 
in gastric malignancy and in gallstone formation. Neutral mucins 
stained by PAS and sialomucins stained blue by AB at pH 2.5 and 
sulfomucins are stained brown by AB at pH 1.0.17

Mucin is a high molecular weight glycoprotein that plays an 
important role in protecting the gallbladder epithelium from the 
detergent effect of bile.18 Human gallbladder mucin has been 
implicated to play a role in gallstone disease.19,20

Moreover, it was observed that despite the diverse mechanisms 
of stone induction and the differences in stone composition, there 
is a quantitative increase in the epithelial mucus production in the 
period before stone formation. Specimens were studied by using 
Priodic acid-Schiff-alcian blue double stain to evaluate the intra-
epithelial mucin content. Gallbladder epithelium demonstrates a 
unique and diverse pattern of mucin core proteins that becomes 
altered with increasing degrees of inflammation.21

Transmission electron microscopy studies of the cholecystitic 
gallbladder showed columnar epithelial cells that contain apical 
mucous secretory granules and bulging apices and these were 
actively secreted into the lumen of the gallbladder. The contents of 
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the mucous granules were released by exocytosis to the exterior of 
the cell. However, occasionally cells which had their intracellular 
mucous granules released extracellularly could be seen with the 
contents expanded to acquire the form of a spherical mass. A 
mechanism of mucous granule exocytosis by columnar epithelial 
cells must take into account the unique physical-chemical 

properties of mucin glycoproteins and the resultant mucus. 
Mucins are expressed in a cell and tissue-specific pattern in normal 
tissue.22 Alterations of the expression pattern of mucins have been 
described in the formation of gallstones and the expression of 
neutral mucins was predominant stone-containing gallbladder 
epithelium.23 In addition, numerous mucous droplets in the apical 
portion of all the epithelial cells were apparent which confim that 
the gallbladder epithelium may play an important role in regulating 
the stone formation.24

Ultrastructural study of a group of selected specimen in the 
current study revealed cholecystocyte changes characterized by 
abraded, altered and spared microvilli and herniation of epithelial 
cells. Mitochondrial damage in the cristae, heterogeneous 
lysosomes and collapse of intercellular spaces was also observed 
in these specimens. In one study, abraded and altered microvilli 
accompanied by mitochondrial damage in the apical regions of 
the inflamed gallbladders were seen.25 Also, Rokitansky-Aschoff 
sinuses that are the result of hyperplasia and herniation of epithelial 
lining of the inflamed gallbladders has been well documented. 26 
A complete collapse of intercellular spaces was revealed and the 
tight junction pathway in the gallbladder does not serve as a route 
for net fluid transport.27 There is a paucity of information of tight 
junction proteins in gallbladder epithelium, and disturbances in 
the structure of these proteins may play a role in the pathogenesis 
of acute acalculous as well as acute calculous cholecystitis.28 There 
is a paucity of information of tight junction proteins in gallbladder 
epithelium, and disturbances in the structure of these proteins 
may play a role in the pathogenesis of acute acalculous cholecystitis 
and acute calculous cholecystitis.29

In the present study, secondary lysosomes were seen by electron 
microscopy, which contained lipid and lipofuscin deposits, fusions 
of lipid deposits and mucus-containing vesicles forming complex 
substructures called lipo-mucosomes and collagen fibrils in some 
specimens. Multivesicular bodies, predominantly in gallbladders 
with stone were also found.24 Abundant lysosomes and lipid 
droplets were seen by other workers, therefore, that free cholesterol 
is absorbed by epithelial cells and thereafter becomes esterified in 
the endoplasmic reticulum and thus appears as lipid droplets.30 
additionally, lipid and lipofuscin deposits, fusions of lipid deposits 
and mucus-containing vesicles forming complex substructural 
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formations called lipo-mucosomes were demonstrated.31

Conclusion

The observations from this study indicate a relationship between 
pathologic changes of gallbladder epithelium and gallstone 
formation, and a possible pathway in the pathogenesis of gallstone 
formation. Overall, the pathological changes of the gallbladder 
epithelium may play an important role in the process of gallstone 
formation.
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