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Gallstone Formation and Gallbladder Mucosal Changes in Mice fed

a Lithogenic Diet

To investigate the pathologic change of gallbladder mucosa related to gallstone
formation, 52 mice were fed a lithogenic diet containing 1% cholesterol and
0.5% cholic acid and we evaluated the sequential morphologic changes in the
gallbladder from two days to 40 weeks. Cholesterol gallstones began to appear
after two weeks and all the mice had gallstones after eight weeks. At two days,
the mitotic index was at its highest. The gallbladder mucosa showed progressive
hyperplastic change with earlier papillary projection of the folds and later inward
proliferation. At the same time of stone formation, mucous cells forming glands
appeared. Their histochemical profile of mucin was different from that of normal
epithelium. Numbers of mucous cells increased gradually until 24 weeks but
slightly decreased afterward. These resulis suggest hyperplasia and metaplasia
are closely related to the gallstone formation. Hyperplasia is probably reactive
to irritating effect of lithogenic bile or stone. Metaplasia and cholesterol gallstone
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may develop simultaneously, and act synergistically.

INTRODUCTION

Cholelithiasis is the most prevalent disorder of the bili-
ary tract (1). It can cause cholecystitis and may be asso-
clated with the appearance of hyperplasia, metaplasia and
catcinoma in the gallbladder (2-5). Metaplastic changes
of the epithelial cells are common adaptive response and
usually associated with chronic irritation. In the gallblad-
det, gallstone and subsequent inflammation may induce
epithelial injury and resultant metaplastic changes (2, 4).
It has been suggested that the metaplastic epithelium is
mote susceptible to malignant transformation than not-
mal mucosa (6) and intestinal metaplasia-dysplasia-carci-
noma sequence exists in the gallbladder (2, 4, 7, 8).

Since the development of expetimental lithogenesis in
mice by feeding a cholesterol-cholic acid containing diet
was established (9), many authors have studied the mech-
anism of gallstone formation and the pathophysiologic
effect of lithogenic diet to the gallbladder epithelium (9-
19). Their results have revealed an eatly increase in the
proliferative activity of the epithelial cells and mucus
hypersecretion within a week and stone formation after
four weeks (12, 15, 18, 20). But the histologic changes
of gallbladder mucosa in the experimental lithogenesis
are not well known and epithelial change after stone
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formation with its relation to the development of hypet-
plasia or metaplasia had not been studied in detail.

In the present study, we examined the motphologic
change of the gallbladder mucosal epithelium in the mice
fed a lithogenic diet before and after stone formation and
tried to elucidate the developmental process of hypet-
plasia and metaplasia in association with the gallstone
formation.

MATERIALS AND METHODS

Experimental animals and tissue sampling

Fifty-two, male black mice (C57BL) weighing 15-18 g
wete kept for vatious petiods of time on a standard pellet
diet to which 1% cholesterol and 0.5% cholic acid had
been added. Four control animals received the standard
pellet diet. All animals were kept under normal labora-
tory conditions with free access to water. Groups of 6,
5, 95,6,9, 8,5, and 4 mice were sactificed under ether
anesthesia at the intervals of 2 days, 1, 2, 4, 8, 12, 24,
and 40 weeks, respectively. The gallbladders were quick-
ly removed and their length was measured from the
border of cystic duct and neck to the apex of fundus.
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They were immediately fixed in 10% buffered neutral
formalin. After fixation, they were opened and the bile
was examined mactoscopically and microscopically. The
longitudinally bisected gallbladders wete embedded in
paraffin, sectioned at a thickness of 3 ym. H&E, PAS,
aldan blue at pH 1.0 and 2.5 stains were done.

Histological analysis

Histologic changes of epithelia, glands and folds were
examined microscopically. All mitotic figures observed in
the entire wall were counted and the percentage of mi-
totic number in total number of epithelial cells (mitotic
index) was estimated. The presence of metaplasia or
hypetplasia was also checked. The cells with large intra-
cytoplasmic mucin vacuoles and basally located, flat
nuclei were defined as mucous cells. The presence of
mucous glands at body or fundus was regarded as a
metaplastic change because normal mice gallbladders do
not contain mucous glands in these foci (12). The diag-
nostic criteria of hyperplasia was papillaty proliferation,
villous elongation or spongioid coalescence of the mucosal
folds coveted by a single layer of tall columnar cells with
basally located nuclei (21, 22).

RESULTS

Control group

The gallbladders were small and measured 5 mm in
average length. Stones were not present. Microscopically,
the wall was thin and mucosal folds were short and
smooth (Fig. 1). The epithelium consisted of a single
layer of uniformly low columnar cells without intracyto-
plasmic mucin vacuoles. But their apical botrdets wete
partly covered by thin mucus which was positive for PAS
and pH 2.5 aldian blue stain but negative for pH 1.0
aldan blue stain. Mitotic figutes were not observed.

Lithogenic group

Stones were identified from two weeks after feeding
a lithogenic diet. After eight weeks, all animals had whit-
ish granular cholesterol gallstones. According to the
degtee of stone formation, the results could be divided
into three phases: prelithiasic (2 days and 1 week), stone-
forming (2 and 4 weeks) and postlithiasic (8, 12, 24 and
40 weeks) phases. The mortphologic findings are sum-
marized in Table 1.

Prelithiasic phase
At two days after feeding the diet, the gallbladders
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Fig. 1. The gallbladder mucosa of a control shows thin and
low folds with smooth margin (H&E, X100).

were distended (mean length: 7.2 mm) and mote dilated
at 1 week (mean length: 8.2 mm). At two days, the epi-
thelium was same as that of the control group. Although
the mucosal folds wete largely flattened, they focally
showed minute foci of spongioid hyperplasia (16.7%).
Mean mitotic index was 0.9111.15%, which was at its
highest in all experimental groups (Fig. 2).

At a week, the mucosal folds wete partly flat and
partly showed micropapillary projection with focal hypet-
plastic change (20%) (Fig. 3). The mucosa consisted of
pseudostratified tall columnar cells. Mitotic index was
somewhat decreased (mean 0.6110.66%). Intracyto-
plasmic mucin production ot metaplastic change did not
appear in this phase.

Stone-forming phase

Twenty petcent of the animals had stones at two weeks.
The average size of the gallbladders was similar to that
in the prelichiasic group (mean 7.6 mm). Hyperplastic
change was also mote extensively identified (60%). The
mucosal folds were elongated and proliferated with more
prominent papillary projection. The epithelium revealed
mote pronounced pseudostratification. In contrast, the
mitotic index decreased (mean 0.27 20.32%). During this
phase, a small number of mucous cells began to appear
(mean number 18.8+17.7). They were individually scat-
tered between the notmal epithelial cells ot focally formed
the alveolar glands which were present in 20%. Their
intracytoplasmic mucin vacuoles were positive for PAS,
pH 2.5 and pH 1.0 alcian blue stain (Fig. 4).

At four weeks, 83% of the animals had stones. Mean
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Table 1. Morphologic findings of the gallbladder in the control and lithogenic diet group

Size Stone* Hyperplasia* Metaplasia*
Case No. o Mucosal morpholo o o
(Length) (%) i (%) (%)
Control 4 5 mm 0 (0 Simple fold 0 (0) 0 (0
Prelithiasic phase
2 days 6 7.2 mm 0 (0 Flat 1(17) 0 (0
1 week 5 8.2 mm 0 (0) Flat or micropapillary fold 1 (20) 0 (0)
Stone-forming phase
2 weeks 5 7.6 mm 2 (40) Papillary fold 3 (60) 1 (20)
4 weeks 6 8.3 mm 5 (83) Papillary fold 2 (33) 2 (33)
Postlithiasic phase
8 weeks 9 9.7 mm 9 (100) Papillary fold with 0 (0) 6 (67)
glandular budding
12 weeks 8 8.6 mm 8 (100) Papillary or villous fold 3 (38) 8 (100)
Inward glandular proliferation
24 weeks 5 8.2 mm 5 (100) Simple fold 2 (40) 5 (100)
Inward glandular proliferation
40 weeks 4 9.5 mm 4 (100) Flat or simple fold 1 (25) 4 (100)
Inward glandular proliferation
Sinus formation
*Numbers of the positive cases
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Fig. 2. Changes in mitotic indices and numbers of mucous cells after feeding of lithogenic diet.
length of the gallbladder was 8.3 mm. The mucosal fold number of mucous cells also increased (mean number
pattern and epithelium were same as those of the animals 36.17£57.15).
studied at two weeks, except for a decteased hyperplastic
change (33.3%) and increased mitotic index (mean 0.65 Postlithiasic phase

10.54%). Mucous glands were found in 33.3% and the At eight weeks, the distension of the gallbladdets was
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Fig. 3. At 1 week, the gallbladder mucosa shows papillary pro-
liferation and elongation of the folds (H&E, x100).

maximal (mean length 9.7 mm) (Fig. 5). The mucosa
showed formation of secondaty glands with budding, in
addidon to papillary projection of the folds (Fig. 6). But
hyperplastic change was not observed. The degtee of the
epithelial pseudostratification and mitotic figures de-
creased (mean 0.3 10.35%). However, mucous glands
wetre more frequently identified (66.7%), and the total
number of mucous cells increased (mean number: 63.44

£59.09).

Fig. 5. Comparison of the control group (upper) with the ex-
perimental group resected at 8 weeks (lower).

At 12 and 24 weeks, the size of gallbladders decreased
slightly. But there was no significant change in the mean
lengths of the gallbladders between 12 and 24 weeks (12
weeks: 8.6 mm, 24 weeks: 8.2 mm). The morphologic
findings of the mucosa and epithelium were generally
similar to those at eight weeks but inward proliferation
with budding and branching of the secondary glands was
identified and the folds wete somewhat simplified after
24 weeks. Hyperplastic change teappeared (12 weeks:

Fig. 4. At 2 weeks, a few metaplastic mucous glands shows intracytoplasmic mucin vacuoles positive for pH 1.0 Alcian-blue stain
(A). At 40 weeks, the frequency is increased (B) (Alcian-blue, X< 200).
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Fig. 6. At 8 weeks, the mucosa shows glandular budding and
secondary gland formation with metaplastic change (H&E, x
100).

37.5%, 24 weeks: 40%). Mean mitotic indices were 0.15
% in both groups (12 weeks: 0.151+0.21%, 24 weeks:
0.15%0.11%). Metaplastic changes were more matked.
All of them contained many mucous glands. The number
of mucous cells was maximal at 12 weeks (mean number:
349.38 1217.87), but it decreased slightly at 24 weeks
(mean number: 200.2+=173.71).

At 40 weeks, the gallbladders wete rather distended
(mean length: 9.5 mm) and hyperplastic change de-
creased (25%). The mucosa showed focal sinus-like glan-
dular invagination into the wall (25%) (Fig. 7). Mean
mitotic index was similar to those of the previous groups
(mean 0.1610.22%). Mucous glands were still present
in 100% with slightly increased mucous cells (mean
numbet: 272.75£291.35).

DISCUSSION

Lithogenic diet is known to induce changes in bile
components with an inctease in the substances such as
arachidonyl lecithin and dehydrocholesterol which are
highly damaging to gallbladder epithelial cells with
membrane injuty to the platelets and red cells (16). The
changes in the bile components also enhance cell turn-
ovet as an adaptive change compensating for the environ-
ment (17). According to previous studies of experimental
cholelithiasis induced by lithogenic diet, the gallbladder
epithelium showed an eatly, striking increase in the thy-
midine labelling index between the second day and the
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Fig. 7. At 40 weeks, marked inward proliferation of the gland
with focal sinus-like invagination is observed (H&E, x100).

first week (12, 17, 18, 20, 23, 24).

The present study showed rapid increase in the mitotic
index at the second day of prelithiasic phase. This result
indicates that feeding a lithogenic diet can induce im-
mediate biliary change and resultant epithelial injury
with regeneration before stone formation. Putz and
Willems suggested that distension of the gallbladder
could be a factor accelerating the cell turnover and
increasing the cellular proliferating activity (24). But in
this study, the mitotic index decreased and hyperplastic
change disappeared when the gallbladder was dilated at
its maximum. Therefore, their result with incteased pro-
liferative activity in the epithelium of the distended gall-
bladder might be due to modification in the bile compo-
sition or inflammation.

Hyperplastic changes developed from the eatly pre-
lithiasic phase, peaked at the second week of stone-
forming phase and temporatily disappeated in the post-
lithiasic phase when the distension of the gallbladder was
maximized. But it appeared again after the gallbladder
became smaller. In the postlithiasic phase, the gallblad-
det also showed deepening of the folds with inward
proliferation, glandular budding and sinus-like invagina-
ton. Human gallbladders with cholecystitis or chol-
elithiasis usually demonstrate mucosal hyperplasia or
Rokitansky-Aschoff sinus formation with epithelial het-
niation into the undetlying wall (5, 25, 26). The sequen-
tial hyperplastic changes in this study suggest hypetplasia
is a reactive process telated to mucosal irritation and
regenetation and have a reverse cortelation with the dis-
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tension of the gallbladder. Gallstone formation with the
resultant increase of intraluminal pressure and weakening
of the wall by distension might cause inward proliferation
and glandular invagination.

Contraty to the previous studies focused on the role
of mucus in stone formation (13-15, 17), we put the
stress on the developmental process of metaplasia related
to gallstone formation. Changes in the bile components
induced by a lithogenic diet is known to enhance mucus
hypersecretion which protects the mucosa from the stim-
ulus of bile (17). It plays a critical role in cholestetol
stone formation as a nucleating agent (14, 15, 27) and
promotes stone growth (13). The previous results showed
the beginning of mucus hypersecretion from 18 hr after
the feeding and it peaked between the first and third
week, followed by a gradual decrease (13, 15, 17).

In out tresult, mucous cells began to appear at two
weeks, concutrently with stone formation. Their abnot-
mal location with different histochemical profile of mucin
suggests their appearance is a kind of metaplastic change.
Gallstones and subsequent inflammation can induce repe-
titive mucosal defect and repair (2). Metaplasia of the
gallbladder mucosal epithelium may atise in association
with the decreasing ability to differentiate for normal
epithelium (2). As time passed, the numbers of mucous
cells increased undl the 12th week and afterward they
decreased. Initially, the mucous cells may enhance stone
formation by mucus hypersecretion but after stone for-
mation, the stone itself can also stimulate metaplastic
change of the epithelium along with inflammation and
physical injury to the cells. The decrease of mucous cells
after 24 weeks supports the metaplastic change is a
reversible process. After stabilization of the epithelium
with adaptation to the stone and healing of the inflam-
mation, metaplastic change may disappeat.

In human gallbladders harboring stones, pseudopylotic
ot intestinal metaplasia is more frequently seen than in
those without gallstones (2). Intestinal metaplasia is
regarded as a precancerous lesion based on the same
mucin component of intestinal metaplasia and dysplasia
(2, 7), features of intestinal differentiation in the invasive
gallbladder carcinoma cells and the adjacent normal
mucosa (2, 6, 28). In this study, we extended the experi-
ment to 40 weeks, far longer than previous studies. But
we could not obsetve a distinct intestinal metaplasia or
dysplasia. To verify intestinal metaplasia-dysplasia-carci-
noma sequence in mice, it might be necessary to expo-
sure the mice longer to the stone with interposition of
some factors provocating intestinal metaplasia and prog-
ressing to the dysplasia.

In conclusion, the tesults of this study suggest hypet-
plasia and metaplasia ate related to gallstone formation.
Hypetplasia is reactive to the irritating effect of litho-
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genic bile ot gallstone. Metaplasia and gallstone develop
simultaneously and act synergistically.
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