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Time course of histopathological changes after
bleomycin sclerotherapy in rabbit gallbladders
as a model for simple hepatic cysts
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Abstract. Bleomycin sclerotherapy is used in the treatment
of cystic lesions; however, the histopathological changes
are undefined. Present animal models of cystic diseases are
not adequate for the study of sclerotherapy of hepatic cysts,
primarily because the established cysts in these models are
too small in size. The aim of the present study was to estab‑
lish a new animal model of simple hepatic cysts, and assess
the histopathological changes after bleomycin sclerotherapy.
Rabbit gallbladder, with ligaturing of the cholecystic duct
whilst preserving cholecystic vessels, was used as a model
for simple hepatic cysts. Bleomycin (2 mg dissolved in 1 ml
saline) was injected into the aspirated gallbladder, gallbladder
tissue was harvested (after 1, 7, 14, 28, 42, 56 and 84 days)
and histopathological changes were evaluated (n=4 per group).
Additionally, control rabbit gallbladders were injected with
1 ml saline and sampled after 14 days (n=4). Histopathological
changes were evaluated using hematoxylin‑eosin and Masson's
trichrome staining, and immunohistochemistry for CD20‑,
CD43‑ and CD68‑positive cells was performed. The inte‑
grated optical density (IOD) of immunohistochemical staining
and average positive stained area percentage (APSAP) of
collagen were quantitatively analyzed. The results revealed
gallbladders in the control group had regular epithelial cells
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with no visible inflammation or fibrosis. In the experimental
group, epithelial cells were swollen and necrotic on the first
day, and were replaced gradually by single‑layer flat cells from
day 56. Inflammatory infiltration was found in the submucosa,
and the IOD of T cells, B cells and macrophages were highest
on day 1, and these parameters declined gradually, eventually
disappearing. The APSAP of collagen was highest on day 7,
and gradually declined thereafter. The results suggest that
histopathological changes after bleomycin sclerotherapy of a
simple hepatic cyst model were characterized by sequential
epithelial destruction, inflammatory cell infiltration, collagen
proliferation and epithelial partial regeneration.
Introduction
Percutaneous aspiration with sclerotherapy is a minimally
invasive, simple, safe, inexpensive and reasonably effec‑
tive treatment for cystic diseases, such as simple hepatic,
renal, splenic, pancreatic and ovarian cysts, as well as for
lymphoceles (1‑4). Bleomycin has been used successfully for
management of cysts (3,4); it is an antibiotic chemotherapeutic
agent derived from Streptomyces verticillus, which was first
used as a sclerosant for malignant pleural effusions in 1976 (5).
Intralesional bleomycin injection has been used successfully
for the treatment of cystic diseases, including lymphoceles
since 1977 (6), cystic craniopharyngiomas since 1985 (7),
bronchogenic cysts since 1992 (8), simple renal cysts since
2012 (9) and simple hepatic cysts since 2015 (10). Advantages
of percutaneous bleomycin sclerotherapy for treatment of
cystic diseases are minimal inflammatory reactions, modest
cost as only a single treatment session is required, good toler‑
ance as it causes little pain and no pulmonary toxicity when
performed with the proper precautions (3,9‑11).
The sclerosing mechanisms of intracyst bleomycin injec‑
tion are not understood. For example, they may be similar to
those of pulmonary fibrosis induced by intratracheal bleo‑
mycin instillation (12); however, that inference has not been
confirmed by histopathological examination, and there are no
animal models for evaluation of percutaneous sclerotherapy of
hepatic cystic disease. Rodent models of drug‑induced poly‑
cystic diseases (including liver, kidney and ovary) have been
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widely used, but they have limitations. For example, their patho‑
genesis is different from that of simple cysts, their modeling
time is long and they have multiple small cysts (13‑15). Thus,
such animal models are not suitable for studying percutaneous
sclerotherapy of cysts. The animal model of simple ovarian
cysts, established by unilateral total salpingectomy, has been
used successfully to evaluate the effectiveness and safety of
aspiration sclerotherapy, but only 70% of experimental animals
formed macroscopic ovarian cysts of ~10 mm (16). Therefore,
in the present study, a new animal model of a simple hepatic
cyst was established, and the chronological histopathological
changes after intracyst bleomycin injection was assessed.
Materials and methods
Ethical considerations. The present study was approved by
the Biomedical Ethics Committee of Animal Experiments of
Guangdong Medical Laboratory Animal Center (Guangdong,
China; approval no. B201610‑5). An Accreditation Certificate
from the China National Accreditation Service for Conformity
Assessment has been granted to this facility. All experimental
procedures were performed in accordance with the Guide for
the Care and Use of Laboratory Animals (National Institutes
of Health) (17). Every effort was made to minimize animal
suffering and to use only the number of animals necessary for
the acquisition of reliable data.
Animal model. A total of 32 New Zealand rabbits of either sex
(11 males, 21 females), weighing 2.6 kg (range, 2‑3 kg) at the
beginning of the study, were obtained from Guangdong Medical
Laboratory Animal Center, China (order no. 44411600002998).
Rabbits were housed in separate cages in the animal experi‑
mental center, with an ambient temperature of 18‑24˚C and a
12 h light/dark cycle. Rabbits were provided ad libitum access
to food and water during the experimental period. Rabbits were
anesthetized by injection of 30 mg/kg sodium pentobarbital
in the ear vein (Shanghai Chemical Reagent Company, China
National Pharmaceutical Group Corporation) and intramus‑
cular injection of 5 mg/kg xylazine hydrochloride (Shanghai
Chemical Reagent Company, China National Pharmaceutical
Group Corporation) after 12 h of fasting. By means of surgical
laparotomy, the cholecystic duct was ligated with a 3/0 surgical
suture, whereas cystic vessels were retained to ensure good
blood supply and to avoid ischemic necrosis (Fig. 1). Direct
gallbladder puncture was performed as far as possible from
gallbladder vessels using a 22‑gauge butterfly needle. Bile
was aspirated, and the gallbladder was irrigated 3‑4 times
with saline until clear. The surgical time ran between 45 and
60 min. Anesthesia with a standard dose was well tolerated.
Experimental design. The rabbits were randomly divided into
a control group and seven experimental groups according to
different time points after bleomycin sclerotherapy (1, 7, 14,
28, 42, 56 and 84 days; n=4 per group). In animals in the
experimental group, after gallbladder content was aspirated as
thoroughly as possible, 2 mg dissolved in 1 ml saline bleo‑
mycin hydrochloride (Takasaki Plant; Nippon Kayaku Co.,
Ltd.) was injected and allowed to remain in the evacuated gall‑
bladder until the experiment ended. For animals in the control
group, 1 ml normal saline was injected, which remained in the

Figure 1. Animal model of simple hepatic cysts. The cholecystic duct was
ligated, with preservation of cholecystic vessels. The gallbladder was then
irrigated with normal saline until the cystic fluid became clear.

evacuated gallbladder. Rabbits received penicillin 10 million
units/kg per day intramuscularly for three consecutive days
after completion of the procedure, and were sacrificed at the
end of the experimental period. At 1, 7, 14, 28, 56 and 84 days
after the bleomycin injection, animals in experimental groups
were euthanized by intravenous injection of 150 mg/kg potas‑
sium chloride (Shanghai Chemical Reagent Company; China
National Pharmaceutical Group Corporation) under general
anesthesia induced by intravenous injection of 30 mg/kg
pentobarbital sodium via the marginal ear vein; animals in the
control group were euthanized at day 14. The gallbladders and
the surrounding liver parenchyma were resected and evaluated
histologically and immunohistochemically.
Histopathological processing. The cholecystic tissue speci‑
mens were fixed in 4% paraformaldehyde for 24 h at room
temperature, trimmed appropriately, dehydrated in graded
series of alcohol solutions and embedded in paraffin according
to standard procedures (18). Paraffin sections of 4 µm thick‑
ness were cut and mounted on glass microscope slides.
Hematoxylin and eosin (H&E) staining was performed
using a H&E Staining kit (cat. no. G1005; Wuhan Servicebio
Technology Co., Ltd.), as described previously (14). Masson's
trichrome staining was performed using a Masson's Trichrome
Stain kit (cat. no. G1006; Wuhan Servicebio Technology Co.,
Ltd.) as described previously (19).
Infiltration by T‑lymphocytes, B‑lymphocytes and macro‑
phages into the tissue was detected immunohistochemically
using a panel of monoclonal antibodies against CD20, CD43
and CD68 (20). Immunohistochemical staining was performed
using the Streptavidin‑Biotin‑Complex method, according
to the Sixth Edition of Dako's Educational Guidebook to
Immunohistochemical Staining Methods (21). Sections were
deparaffinized in xylene (2x10 min) and rehydrated using
an alcohol gradient: 100% ethanol (2x10 min), 95% ethanol
(1x8 min), 80% ethanol (1x5 min) and 70% ethanol (1x5 min),
followed double‑distilled H2O (1x10 min). Nonspecific back‑
ground staining was blocked using Background Sniper (cat.
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Figure 2. Time course of cyst epithelial changes after bleomycin sclerotherapy in the rabbit model of simple hepatic cysts (hematoxylin and eosin staining; mag‑
nification, x200). (A) In the control group, the integrity of the mucosal structure and the epithelial cells is visibly maintained. (B) A total of 1 day after bleomycin
sclerotherapy, the epithelial cells had ballooned and degenerated. (C) At 7 days after bleomycin sclerotherapy, the mucosa was visibly disrupted. (D‑H) From
days 14‑84, the mucosal structures were absent, and edema of the lamina propria edema gradually decreased and disappeared. (G) At 56 days after bleomycin
sclerotherapy, a single layer of scattered flat cells was present. (H) At 84 days, the gallbladder mucosa had been replaced by a single layer of flat epithelial cells.

no. BS966M; Biocare Medical, LLC), 3% BSA (Sigma‑Aldrich;
Merck KGaA) in PBS, and 5% normal goat‑serum solution
(cat. no. SP‑9000; OriGene Technologies, Inc.) for 30 min at
room temperature. Slides were incubated overnight at 4˚C
for 1 h at room temperature with primary antibodies in 3%
BSA‑PBS. Primary antibodies used were anti‑CD20 (1:3,000;
cat. no. GB11281; Beijing Solarbio Science & Technology Co.,
Ltd.), anti‑CD43 (1:1,500; cat. no. GB11066; Beijing Solarbio
Science & Technology Co., Ltd.) and anti‑CD68 (1:1,500; cat.
no. GB11067; Beijing Solarbio Science & Technology Co.,
Ltd.). After washing five times with 0.05% Brij‑35 (Abmole
Bioscience, Inc.) in PBS for 1 min, slides were incubated with
horseradish peroxidase‑conjugated goat anti‑rabbit/mouse IgG
secondary antibody at 1:1,000 dilution (cat. no. K5007; Dako;
Agilent Technologies GmbH) for 1 h at room temperature. The
criterion for positive staining with the CD20, CD48 and CD68
antibodies was the presence of pale brown particles in cell nuclei.
Microscope slides were examined by a pathologist with
>15 years of working experience, and who was blinded to
the experimental conditions. At a magnification of x200, two
sections in five random fields of view in each region of interest
were selected for further analysis. Images were taken using
a Nikon Eclipse Ti inverted fluorescence microscope (Nikon
Corporation) equipped with the Nikon NIS‑Elements imaging
analysis software version 4.60.00. The average positive
stained area percentage (APSAP) of collagen fiber revealed by
Masson's trichrome staining was quantitatively analyzed using
Image‑Pro Plus version 7.0 (Media Cybernetics, Inc.) (22).
The immunohistochemical images with integrated optical
density (IOD) of positive expression, which reflected the
dynamic changes and distribution characteristics of T cells,
B cells and macrophages in gallbladder tissues, were quantita‑
tively analyzed using Image‑Pro Plus (23).
Statistical analysis. Data are presented as the mean ± standard
error of the mean. Statistical comparisons of the intensities of

immunohistochemical staining and Masson's trichrome staining
were performed using a one‑way ANOVA followed by a post‑hoc
Tukey's test. All statistical analyses were performed using SPSS
version 20 (IBM, Corp.) Graphs were generated using GraphPad
Prism version 6 (GraphPad Software, Inc.). P<0.05 was consid‑
ered to indicate a statistically significant difference.
Results
Histopathological evaluation of the rabbit model of simple
hepatic cysts. All rabbits in the control group survived after the
simple hepatic cyst model was established, with normal appe‑
tite, activity and excretion. A total of 14 days after intracyst
saline injection, autopsies revealed an intact structure and clear
boundary between the gallbladder and hepatic capsule. H&E
staining demonstrated that epithelial cells of the gallbladder
were arranged neatly with prominent nucleoli and abundant
cytoplasm, and the mucosa plica were flourishing without
morphological changes (Fig. 2A). Immunohistochemical
staining of CD20, CD43 and CD68 demonstrated no
inflammatory‑cell infiltration in the cyst wall, whether by
B‑lymphocytes 2 (Fig. 3A), T‑lymphocytes (Fig. 4A) or macro‑
phages (Fig. 5A). Masson staining revealed no collagenous
fibers in the mucous layer, and the basal side of epithelial
cells was fixed tightly by a small amount of fibrin; similarly,
collagen fibers in the lamina propria mucosae and submucous
layer were lined up tightly (Fig. 6A).
Time course of cyst epithelial changes after bleomycin sclerotherapy in the rabbit model of simple hepatic cysts. All 28 rabbits
in the experimental group survived the entire duration of the
experimental procedure, with normal behavior, mental state and
body weight, and no complications were observed.
The first day after bleomycin sclerotherapy, the epithelial
cells were swollen and had balloon‑like degeneration; the
nuclei were pyknotic and deformed, appearing as small circles.
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Figure 3. Time course of B‑lymphocyte infiltration following bleomycin sclerotherapy in the rabbit model of simple hepatic cysts based on anti‑CD20 antibody
immunohistochemical staining. (A) In the control group, there were no B‑lymphocytes in the cyst wall. (B) Following intracyst bleomycin injection, after
1 day, B‑lymphocytes had extensively infiltrated the submucosal layer and lamina propria. (C and D) At 7 and 14 days after intracyst bleomycin injection,
B‑lymphocytes extensively infiltrated the submucosal layer, lamina propria, and the destroyed mucosal areas. (E‑H) At 28 and 84 days after intracyst bleomycin
injection, B‑lymphocyte infiltration decreased but persisted throughout the experiment. (I) Quantitative analysis of IODs of anti‑CD20 immunohistochemical
staining at the different time‑points. Detailed data and statistics to produce this graph are listed in Table SI. Magnification, x200. **P<0.01, ***P<0.001,
****
P<0.0001. IOD, integrated optical density; CG, control group.

Figure 4. Time course of T‑lymphocyte infiltration following bleomycin sclerotherapy in the rabbit model of simple hepatic cysts based on anti‑CD43 antibody
immunohistochemical staining. (A) In the control group, T lymphocytes were not present in the cyst wall. (B) At 1 day after intracyst bleomycin injection,
T‑lymphocytes extensively infiltrated the submucosal layer and lamina propria. (C and D) At 7 and 14 days after intracyst bleomycin injection, T‑lymphocytes
extensively infiltrated the submucosal layer, the lamina propria and the destroyed mucosal areas. (E‑H) At 28 and 84 days after intracyst bleomycin injection,
T‑lymphocyte infiltration gradually decreased with time, but persisted during the experiment. (I) Quantitative analysis of IODs of anti‑CD43 immunohisto‑
chemical staining at the different time‑points. Detailed data and statistics to produce this graph are listed in Table SII. Magnification, x200. ****P<0.0001. IOD,
integrated optical density; CG, control group.

The lamina propria was edematous, with a few neutrophils and
fibroblasts present (Fig. 2B).
A total of 7 days after bleomycin sclerotherapy, the mucosal
structures were destroyed and had disappeared, and the lamina
propria was detached by the mixed cellular infiltrate of fibro‑
blasts, collagen fibers and inflammatory cells (Fig. 2C).
From days 14‑84 following bleomycin sclerotherapy,
the lamina propria edema decreased gradually and

disappeared, and fibrosis and inflammatory response continu‑
ally decreased (Fig. 2D‑H). At 56 days, the mucous layer
contained irregularly flattened epithelial cells (Fig. 2G), which
were replaced almost completely at 84 days (Fig. 2H).
Time course of inflammatory cell infiltration after bleomycin sclerotherapy in the rabbit model of simple hepatic
cysts. The time course in the IODs of inflammatory cells in
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Figure 5. Time course of macrophage infiltration after bleomycin sclerotherapy in the rabbit model of simple hepatic cysts based on anti‑CD68 antibody
immunohistochemical staining. (A) Control group, no macrophages were present in the gallbladder wall. (B) At 1 day after intracyst bleomycin injection,
macrophages extensively infiltrated the submucosal layer and lamina propria. (C and D) At 7 and 14 days after intracyst bleomycin injection, macrophages
extensively infiltrated the submucosal layer, lamina propria and the destroyed mucosal areas. (E‑H) At 28 and 84 days after intracyst bleomycin injection, mac‑
rophages gradually decreased, but exhibited a persistent presence throughout the duration of the experiment. (I) Quantitative analysis of IODs of anti‑CD68
immunohistochemical staining at the different time‑points. Detailed data and statistics to produce this graph are listed in Table SIII. Magnification, x200.
*
P<0.05, ***P<0.001, ****P<0.0001. IOD, integrated optical density; CG, control group.

Figure 6. Time course of collagen proliferation following bleomycin sclerotherapy in the rabbit model of simple hepatic cysts based on Masson’s trichrome
staining.. Collagen is stained blue. (A) In the control group, collagenous fibers were not present in the mucous layer. (B) At 1 day after intracyst bleomycin
injection, few fibers were present in the submucosa. (C) At 7 days after intracyst bleomycin injection, blue‑stained collagen fibers filled the field of view in the
destroyed mucosal areas. (D‑H) From days 14‑84 after intracyst bleomycin injection, the blue‑stained collagen fibers gradually decreased and almost disappeared.
(I) Quantitative analysis of APSAPs of collagen fibers of Masson’s trichrome staining at different time‑points. Detailed data and statistics to produce this graph
are listed in Table SIV. Magnification, x200. ****P<0.0001. APSAP, average positive stained area percentage; CG, control group.

the cyst wall at various time points after intracyst bleomycin
injection is shown in Figs. 3‑5 and Tables SI‑III. The number
of B cells (CD20‑positive, Fig. 3I), T cells (CD43‑positive,
Fig. 4I) and macrophages (CD68‑positive, Fig. 5I) peaked
at the first day after intracyst bleomycin injection, and
then gradually declined, with each day's values lower than
the preceding day's values (P<0.01). IODs at 84 days after
bleomycin were still significantly higher than in the control
group (P<0.01).

One day after intracyst bleomycin injection, inflamma‑
tory cells (B‑lymphocytes, T‑lymphocytes and macrophages)
were extensively present in the submucosal layer and lamina
propria (Fig. 3B, 4B and 5B). The IODs of stained inflamma‑
tory cells were significantly higher after 1 day than at other
time‑points (Fig. 3I, 4I and 5I; P<0.01). A total of 7 and 14 days
after bleomycin injection, inflammatory‑cell infiltration was
present in the submucosal layer and lamina propria as well as in
the destroyed mucosal areas (Figs. 3C and D, 4C‑D and 5C‑D).
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From 28 to 84 days after intracyst bleomycin injec‑
tion, inflammatory cell infiltration in the submucosal layer
decreased gradually, but was present throughout the experi‑
ment (Figs. 3E‑H, 4E‑H and 5E‑H).
Time course of collagen proliferation after bleomycin sclerotherapy in the rabbit model of simple hepatic cysts. The time
course of the APSAP of collagen fibers stained with Masson's
trichrome in the cyst wall at the various time points after
intracyst bleomycin injection is given in Fig. 6 and Table SIV.
Maximum staining was recorded on day 7, which gradually
decreased and almost disappeared by day 84 (Fig. 6I, P<0.01).
At 1 day after intracyst bleomycin injection, a few new
collagen fibers were present in the submucosal layer (Fig. 6B).
At 7 days, abundant collagen fibers were evident amidst
destroyed mucosal areas (Fig. 6C), and the APSAP was
significantly increased compared with that of day 1 (Fig. 6I,
P<0.01). From days 14‑84 after intracyst bleomycin injection,
staining of collagen fibers decreased gradually and almost
disappeared (Fig. 6D‑H).
Discussion
The results of the present study indicate that the time course of
histopathological changes in the rabbit gallbladder as a model
for studying bleomycin sclerotherapy of simple hepatic cysts
can be divided into four phases: i) The epithelial destruction
phase, occurring within 14 days; ii) the inflammatory infiltra‑
tion phase, peaking the first day after bleomycin sclerotherapy
and persisting throughout the experiment; iii) the collagenous
proliferation phase, demonstrated at day 7 after bleomycin
sclerotherapy, then gradually decreasing and eventually disap‑
pearing; and iv) the epithelial regeneration phase of a single
layer of flat cells from 56 days after bleomycin sclerotherapy.
To the best of our knowledge, the animal model of a simple
hepatic cyst described in the present study is the only available
study on creating such a model in the English literature. Simple
hepatic cysts consist histologically of a single layer of cuboidal
or flattened epithelium, which is derived from developmental
anomalies of biliary epithelium, and arise from misplaced
or detached biliary anlage (24). These features are the theo‑
retical basis for the animal model of this study. Furthermore,
the anatomical site of the rabbit gallbladder is convenient for
making surgical procedures and is independent of the diges‑
tive system, such that its function and survival are not affected
after operation. The practical basis of the rabbit gallbladder
model is derived from animal experiments of chemical abla‑
tion of the gallbladder, with various sclerosants that emerged
from the late 1980's to the early 2000's (25‑27). The results of
the present study suggest that the animal model of a simple
hepatic cyst established by ligating the cholecystic duct and
preserving cholecystic vessels is more reliable, operable and
repeatable than other reported models of cystic diseases.
Destruction of the epithelial lining of the inner surface
of the cyst wall to prevent intracystic fluid secretion is the
goal of percutaneous aspiration and sclerotherapy for cystic
diseases (1‑4). Studies using experimental animal models of
bleomycin‑induced pulmonary fibrosis have confirmed that the
destruction of the alveolar epithelium is an initiating event in
the pathogenesis of lung fibrosis and in acute lung injury (28).

Bleomycin, in the presence of iron and oxygen, can generate
reactive oxygen species and damage DNA by causing single‑
and double‑strand breaks, a mechanism thought to be the
basis for its antitumor activity and presumed mechanism of
cytotoxicity and tissue injury (29). However, the doses used in
the rodent model of fibrosis do not appear to cause significant
DNA damage (12), thus making it unclear if this is the basis
for of lung ﬁbrosis induced by bleomycin (12,28). A bleomycin
concentration of 2 mg/ml used in the present study is based on
the experimental model of bleomycin‑induced lung and skin
fibrosis (29,30). The total amount of bleomycin saline solution
injected into the cyst cavity (1 ml) is sufficient to fill the rabbit
gallbladder, based on the amount of cyst fluid aspirated initially.
The epithelial destruction resulting from this bleomycin dose
appeared slightly earlier than that of bleomycin‑induced lung
injury in animals; that is, epithelial degeneration was seen on
the first day, and the mucosa disappeared within 7 days, whereas
alveolar epithelial cell injury and death occurred 7‑14 days after
intratracheal bleomycin instillation (28). Whether this difference
is caused by the organ specificity of bleomycin hydrolase, which
is necessary to inactivate the bleomycin (12,28), is unknown.
Bleomycin‑induced inflammation in animal models of
pulmonary fibrosis is initiated in response to epithelial‑cell
damage and release of pro‑inflammatory mediators, which
results in enhanced vascular permeability for the recruitment
of leukocytes (28,31). This process also results in the recruit‑
ment and activation of immune cells, including macrophages
and lymphocytes, that produce cytokines and chemokines (32).
In the present study, infiltration of the gallbladder wall with
T‑lymphocytes, B‑lymphocytes and macrophages suggested
that similar inflammatory activities occurred. In clinical prac‑
tice, several minor complications after percutaneous bleomycin
sclerotherapy for treatment of cystic diseases can be encoun‑
tered, including transient low‑grade fever, local skin ulceration,
local swelling and redness at the site of injection (3,7,9,33),
which may be the result of bleomycin‑induced inflammation.
This prolonged inflammatory response may explain the clinical
phenomenon in which cysts refill partially in the initial stages
following bleomycin sclerotherapy and regress gradually
thereafter, and even disappear completely (9,10). Therefore, the
optimal follow‑up time for assessing the therapeutic outcome
should be after resolution of inflammation, and this should be no
less than 12 weeks (84 days) after intracyst bleomycin injection.
Tissue fibrosis followed by cyst shrinking is the treat‑
ment outcome of percutaneous aspiration and sclerotherapy
for cystic diseases (1‑4). Bleomycin‑induced pulmonary
fibrosis is characterized by the remodeling of fibrotic tissue
and collagen deposition, which primarily results from
proliferation of aberrant fibroblasts and trans‑differentiation
to myofibroblasts (28,31). This process results from alveolar
epithelial injury and the recruitment and activation of immune
and/or inflammatory cells, as well as the production and
release of cytokines and chemokines. These inflammatory
cells and substances induce the activation of fibroblasts and
myofibroblasts to result in the activation of transforming
growth factor‑β1 and the deposition of an excessively stiff
and biochemically abnormal extracellular matrix (32). In
intratracheal bleomycin models of pulmonary fibrosis, fibrosis
development occurs from day 14 onward, and worsens until
disease resolution or animal sacrifice (28). The results of the
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present study showed that the collagen fibers were abundant
at day 7, then gradually decreased and eventually disappeared
from 14 to 84 days. The different types of inflammatory cells
contribute to the activation of fibroblasts and myofibroblasts
and the deposition of collagen, and activated T‑lymphocytes,
B‑lymphocytes and macrophages likely collaborate to orches‑
trate post‑injury tissue remodeling and fibrosis (32). The
present study also revealed that collagen fibrous proliferation
is preceded by inflammatory cell infiltration, with the latter
lasting longer throughout the experiment.
The late epithelial regeneration by a single layer of flat cells
after chemical ablation of the gallbladder is like that reported
in animal experiments with different sclerosants (25‑27). In
animal models of bleomycin‑induced pulmonary fibrosis,
alveolar epithelial regeneration is hypothesized to an impor‑
tant repair process following lung injury, which is regulated
by various cellular and physiological mechanisms (34). In
the present study, the regenerating epithelium consisted of a
single layer of flat cells that were different from the original
columnar epithelium of the gallbladder, and thus did not
possess secretory function. Therefore, it is reasonable that
epithelial regeneration after bleomycin sclerotherapy is the
repair response to bleomycin‑induced epithelial injury.
The present study has some limitations. First, it had few
early observation time points, so early or ultra‑early histopatho‑
logical changes, such as the epithelial injury and inflammatory
processes, may have been undetected. Second, the molecular
and cellular mechanisms of bleomycin sclerotherapy for cystic
diseases were not investigated; thus, the mechanisms of bleo‑
mycin‑induced pulmonary and dermal fibrosis may be different
from those of bleomycin sclerotherapy for cystic diseases.
Finally, the gallbladder is a hypervascular structure, particularly
when compared with simple hepatic cysts, with thick muscular
layers beneath the epithelium, which may result in substantial
differences in the complex inflammatory processes.
In conclusion, the present study described a rabbit model of
simple hepatic cyst, established by ligating the cholecystic duct
and preserving cholecystic vessels. The time course of histo‑
pathological changes occurring after bleomycin sclerotherapy
consisted of an epithelial destruction phase, inflammatory
infiltration phase, collagenous proliferation phase and epithelial
regeneration phase. Information derived from this model may
help in understanding the cellular mechanisms involved in the
sclerosis induced by intracyst bleomycin injection of hepatic
cysts and the time course of their resolution. Furthermore, these
findings suggest that the pathogenesis of complications after
percutaneous bleomycin sclerotherapy for treatment of cystic
diseases is related to the bleomycin‑induced inflammatory
reaction. The optimal follow‑up time of the therapeutic outcome
assessment should be after inflammation has been resolved.
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