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Abstiract

AIM: To build up the research models of hepatic fibrosis in
mice.

METHODS: Inbred wild-type FVB/N mice were either treated
with alpha-naphthyl-isothiocyanate (ANIT), allyl alcohol (AA),
carbon tetrachloride (CCl,), 3,5-diethoxycarbonyl-1,4-
dihydrocollidine (DDC), and silica, or subjected to common
bile duct ligation (CBDL) to induce hepatic injury. Liver biopsies
were performed every 4 wk to evaluate hepatic fibrosis
over a period of 6 mo. Cumulative cirrhosis and survival curves
were constructed by life table method and compared with
Wilcoxon test.

RESULTS: Under the dosages used, there was neither
mortality nor cirrhosis in AA and silica-treated groups. DDC and
ANIT caused cirrhosis within 4-12 and 12-24 wk, respectively.
Both showed significantly faster cirrhosis induction at high
dosages without significant alteration of survival. The duration
for cirrhosis induction by CCl, ranged from 4 to 20 wk, mainly
dependent upon the dosage. However, the increase in CCl,
dosage significantly worsened survival. Intraperitoneal CCl,
administration resulted in better survival in comparison
with gavage administration at high dosage, but not at
medium and low dosages. After CBDL, all the mice developed
liver cirrhosis within 4-8 wk and then died by the end of
16 wk.

CONCLUSION: CBDL and administrations of ANIT, CCl,, and
DDC ensured liver cirrhosis. CBDL required the least amount
of time in cirrhosis induction, but caused shortened lives of
mice. It was followed by DDC and ANIT administration with
favorable survival. As for CCl,, the speed of cirrhosis induction
and the mouse survival depended upon the dosages and
the administration route.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Being the final outcome of chronic liver damage regardless
of the underlying etiologies, hepatic fibrosis demands
thorough study. The studies of hepatic fibrosis rely upon
the availability of animal models. Although no experimental
model exactly reproduces human liver fibrosis by etiologies,
animal models serve to improve our understanding of
pathogenetic mechanisms of liver fibrosis. In view of the
cost-effectiveness in inducing hepatic injuries, hepatotoxin
administration and common bile duct ligation (CBDL) were
considered as useful methods!'.

In recent years, advances in molecular biology have helped
to generate a transgenic mouse model of liver fibrosis®.
This represents a new form of perturbation analysis whereby
selective expression of novel or altered genes are used to
perturb a complex system so that the information about
the changes during development, functioning and
malfunctioning can be deduced®.. This approach potentially
allows development of animal models with liver fibrosis
that are inducible and genetically similar to that of man. A
reliable and reproducible model of hepatic fibrosis in wild-
type control mice will aid to unveil the pathologic mechanisms
deduced from genetic and molecular approaches. However,
informative data of mouse hepatic fibrosis generated in the
laboratory remained lacking in the literature because rats
had long been the most common animal model for studying
hepatic fibrosis induced by various chemical or surgical
hepatic injuries!'l. Since different animal models display
distinct characteristics in the nature of pathogenesis of
fibrosis or cirrhosis, the data acquired from rats could not
apply to mice without biast*¥. This urged us to set up a mouse
model of hepatic fibrosis using CBDL or the administration of
various hepatotoxins including alpha-naphthyl-isothiocyanate
(ANIT)P*' silica™, carbon tetrachloride (CCly)™, 3,5-
diethoxycarbonyl-1,4-dihydrocollidine (DDC)!'>'?, and allyl
alcohol (AA)!'"). This study mainly focused on the strain
of FVB/N inbred mice, which have been widely used to
generate a variety of transgenic lines owing to their high
reproduction rate and easy access in microinjection*?!.
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MATERIALS AND METHODS

Mice

Inbred FVB/N mice (8-10 wk old) wete obtained from the
National Laboratory Animal Center (Taipei, Taiwan). All
animals received care as outlined in the “Guides for the Care
and Use of Laboratory Animals” prepared by the Committee
of Animal Research, Chang Gung Memorial Hospital. Mice
were supplied with food and water and exposed to a 12-h
light-dark cycle. Ten mice (five males and five females)
composed a group to which surgical CBDL or a hepatotoxin
via intraperitoneal (IP) or oral gavage (OG) administration
at the same dosage was given during a period of 6 mo.

Methods to induce hepatic injuries

ANIT (Sigma Chemical Co., St. Louis, MO, USA) ANIT
was dissolved in corn oil and administered via IP or OG
route, respectively. For each route of administration, there
were three subgroups according to the maintenance dose
as follows: 25 mg/kg (low dosage), 50 mg/kg (medium
dosage) and 125 mg/kg (high dosage). After a single loading
dose of 100 mg/kg, the maintenance doses were given twice
a week. Additionally, there was a modified method of OG
administration with a single loading dose of 100 mg/kg
and subsequent maintenance doses of 50 mg/kg for the 1%
and 2™ mo, 75 mg/kg for the 3* and 4® mo, and 100 mg/kg
for the 5™ and 6™ mo.

AA (Sigma Chemical Co.) AA was prepared in double
distilled water and administered via OG route for five
subgroups according to the dosages as follows: 0.2, 0.4, 0.0,
0.8, and 1.0 mmol/kg twice a week.

CCl, (Sigma Chemical Co.) The mice were fed via OG
ot IP route with CCl, (density = 1.594 kg/L) diluted in
double distilled water. As for each route of administration,
they were further subgrouped into three according to the
maintenance doses as follows: 0.8 g/kg (low dosage), 1.6 g/kg
(medium dosage) and 2.0 g/kg (high dosage). After a single
loading dose of 2.4 g/kg, the maintenance doses were then
administered twice a week.

DDC (Sigma Chemical Co.) The mice were fed via OG
with DDC in corn oil twice a week. They were subgrouped
by four different dosages as follows: 0.25, 0.5, 2.5, and 5 mg.
In addition, 0.1% DDC contained diet (Purina Mills TestDiet,
St. Louis, MO, USA) was used as the 5 subgroup.

Silica (US Silica Company, Berkeley Springs, WV,
USA) Silica was dissolved in Dulbecco’s modified eagle
media and given subcutaneously at the dose of 3.5 g/kg, or
intraperitoneally at the dose of 1.6 g/kg twice a week.
CBDL The surgical procedure was performed under sterile
conditions. The mice were anesthetized with isoflurane.
Midline laparotomy was performed for exploring the hepatic
hilum and identifying CBD. Under the dissecting microscope,
CBD was then isolated, doubly ligated and transected between
two ligatures.

Liver biopsy

Liver biopsy demanded survival procedures and sterile
techniques. After anesthesia with isoflurane, midline
laparotomy was performed to expose the mouse liver. A
liver block sized 0.5 cm in diameter was taken and then the
cut surface was sutured for hemostasis. Serial biopsy was

preformed monthly (per 4 wk) for each mouse till cirrhosis
was well documented by histopathology. At the first liver
biopsy, ascites, and intra-abdominal adhesion were examined
and recorded.

Histopathology

Mouse livers from biopsies were fixed in 10% neutral
buffered formaldehyde solution and embedded in paraffin.
Sections, 4 um in thickness, were stained with hematoxylin
and eosin. Fatty change of hepatocytes was recorded when
hepatocytes showed fat accumulation, balloon-like swelling
or formation of fat cysts. For liver necrosis, there were the
disorganization of liver cell cords, homogeneous cytoplasm,
pyknotic nuclei and periportal infiltration of inflammatory
cells. Fibrosis was defined as the presence of fibrous scarring
band in the liver parenchyma by Mason’s trichrome collagen
stain. Once the irregular zones of fibrosis developed and
surrounded the remaining parenchymal tissues to display a
pattern of nodularity under microscope, cirrhosis was

diagnosed.

Statistical analysis

For survival and cirrhosis rate analyses, life table method
was used. The length of time intervals used in this study
was 4 wk. Any mouse which died, or whose liver was
pathologically documented to be cirrhotic was considered
to have experienced an event. When a mouse died before
cirrhosis was confirmed at cirrhosis rate analysis, it was
counted as a withdrawal and treated the same way as cases
lost to follow-up. Plots were constructed with weeks after
inducing liver injury »s survival or cirrhosis rate. The Wilcoxon
test was employed to compate the curves. Differences were
regarded as significant if a P value was less than 0.05.

RESULTS

Mouse survival

During the period of 6 mo, none of the 260 mice enrolled
in this study died of the procedures for CBDL, liver
biopsy or administration of hepatotoxins. There was
no mortality case in the AA and silica groups. As for the
other groups, 71 mice died in the course of this study.
Among the 71 deaths, 20 occurred before cirrhosis could
be histopathologically confirmed (pre-cirrhotic) and the
remaining 51 after cirrhosis was found (post-cirrhotic).
Nineteen of the 20 pre-cirthotic deaths occurred in the
CCly group. As for the post-cirrhotic deaths, there were 4
in the ANIT group, 26 in the CCl, group, 11 in the DDC
group and 10 in the CBDL group. The case numbers of
mortality in each subgroup were listed in Table 1. Mortality
had been found in all the CClL, subgroups, ranging from
40% to 100%. In the DDC group, mortality was mainly
post-cirrhotic, and seen in 2.5 and 5 mg and 0.1% diet
subgroup. All the mice in CBDL group had post-cirrhotic
death by the end of 16 wk. The overall comparison for the
survival curves in the ANIT and DDC groups could not
reach any statistical significance (P = 0.0823 and 0.1227,
respectively), whereas there was a significant difference in
the CCl, subgroup (P<0.0001). Pairwise comparisons for
survival curves of the six CCly subgroups showed that the
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low dosage (IP0.8 and OGO.8) was significantly better than
the medium dosage (IP1.6 and OG1.6, Figure 1, P = 0.0010-
0.0317), and the medium dosage was also superior to the
high dosage (IP2.0 and OG2.0, Figure 1, P = 0.0002-0.0044).
Considering the administration routes, IP route compared
favorably in survival with OG route at the high dosage
(P = 0.0221), but not at the medium and low dosages
(P = 0.7899 and 0.5902, respectively).

Table 1 Case number of pre-cirrhotic and post-cirrhotic deaths

Pre-cirrhotic death Post-cirrhotic death

ANIT OG 25 mg/kg 0 0
ANIT OG 50 mg/kg 0 0
ANIT OG 125 mg/kg 0 3
ANIT IP 25 mg/kg 0 0
ANIT IP 50 mg/kg 0 0
ANIT IP 125 mg/kg 1 0
ANIT modified 0 1
AA OG from 0.2 to 1.0 mmol/kg 0 0
CCl,0G 0.8g/kg 0 5
CCl,0G 1.6 g/kg 2 7
CCl,0G 2.0g/kg 5 5
CCl,1P0.8g/kg 4 0
CCl,IP1.6g/kg 6 1
CCl, 1P 2.0 g/kg 2 8
DDC OG 0.25mg 0 0
DDC OG0.5mg 0 1
DDCOG25mg 0 3
DDC OG5mg 0 4
DDC 0.1% diet 0 3
Silica (SC 3.5g/kgor IP 1.6 g/kg) 0/0 0/0
CBDL 0 10

OG: Oral gavage; IP: intraperitoneal; SC: subcutaneous.
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Figure 1 Survival curves of six CCl, subgroups are shown. The number
immediately behind the IP or OG indicates the dosage of CCl,used in g/kg.

Ascites and intraabdominal adhesion

Ascites was universally found at laparotomy when the
hepatotoxins were administered via IP route. In the CBDL
group, there were only three mice presenting with ascites at
the subsequent laparotomy. Intraabdominal adhesion existed
in over 50 % of cases (ranging from 50% to 100%) when
IP route or CBDL was used. Additionally, granuloma-like
masses were intraperitoneally identified in all the cases of
silica IP subgroup and in nine cases of ANIT IP subgroups

(two for 25 mg/kg, one for 50 mg/kg and six for 125 mg/kg).

Histopathology

The case numbers of histopathological findings in each
subgroup were listed in Table 2. Fatty change was seen mainly
in the ANIT and CCl4 groups, and sporadically in the AA
group (1 for 0.8 mmol/kg and 2 for 1.0 mmol/kg). Bile
lakes were the common findings in the DDC and CBDL
groups. Liver necrosis and fibrosis were demonstrated almost
in all the cases of the ANIT, CCL, DDC, and CBDL groups,
two cases of the AA group (one for 0.8 mmol/kg and the
other for 1.0 mmol/kg), but none of the silica group. The
necrosis and fibrosis were detected at the first or second
liver biopsy (4-8 wk after liver injury). Liver fibrosis in the
two mice from the AA group did not progress to cirrhosis
by the end of this study. Cirrhotic nodules could be identified
in 30 mice (42.9%) of ANIT group (# = 70), 32 mice (53.3%0)
of CCly group (7 = 60), 39 mice (78.0%) of DDC group
(n = 50) and all the mice (100%) of CBDL group (# = 10).
DDC subgroup with higher dosages (2.5 and 5 mg) and
0.1% diet could substantially reach 100% successful rate
of cirrhosis induction as seen in the CBDL group.

Durations required for cirrhosis induction

Results from life table analysis for the durations were presented
in the curves with weeks after inducing liver injury #s cirrhosis
rate. CBDL represented a rapid method to induce liver
cirrhosis with 70-100% of successful rate within 4-8 wk
(Figure 2A). DDC caused liver cirrhosis within 4-12 wk
(Figure 2B). Statistical analysis revealed that the lower the
DDC dosage, the longer the time spent by DDC in inducing
cirrhosis among 0.5, 2.5 and 5 mg subgroups (DDCO0.5 »s
DDC2.5, P = 0.0387 and DDC2.5 »s DDC5, P = 0.0004).
There was no significant difference between 0.25 and 0.5 mg
DDC subgroups (P = 0.1311). DDC 0.1% diet required
significantly less time to induce cirrhosis than DDC 0.25 mg
(P =0.0001), 0.5 mg (P = 0.0008) and 2.5 mg (P = 0.0032),
but was not significantly different from 5 mg subgroups
(P =0.3415). As for CCly, the duration for inducing cirrhosis
was quite variable, ranging from 4 to 20 wk (Figure 3A). The
IP and OG high dosages (2.0 g/kg) of CCl, spent significantly
less time in cirrhosis induction than IP and OG low dosages
(0.8 g/kg) of CCl, (P = 0.0005-0.0209). There was no
difference of the cirrhosis curves between IP and OG admi-
nistrations at the high (P = 0.1760) and low (P = 0.1661)
dosages, whereas OG administration compared favorably
in cirrhosis induction than IP administration at the medium
dosage (1.6 g/kg) of CClL, (P = 0.0060). The OG medium
dosage (OG1.6) had no significant difference from the high
dosage (P = 0.1852 for OG2.0 and P = 0.7241 for IP2.0),
and the IP medium dosage (IP1.6) had no significant
difference from the low dosage (P = 0.8822 for OGO0.8
and P = 0.1514 for IP0.8). Cirrhosis caused by ANIT did
not show up until 12-24 wk (Figure 3B). The high dosage
of ANIT significantly spent less time in cirrhosis induction
than the medium (P = 0.0002-0.0263) and low dosages
(P = 0.0002-0.0027), whereas the medium dosage could
not be significantly supetior to the low dosage (P = 0.0904-
1.0000). At the same ANIT dosage used, there was no
significant difference of cirrhosis curves between OG and
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Table 2 Histopathological changes after inducing liver injuries

Fatty change Necrosis/fibrosis Cirrhosis Bile lake
ANIT OG 25 mg/kg 0 10 2 0
ANIT OG 50 mg/kg 4 10 4 0
ANIT OG 125 mg/kg 5 10 8 0
ANIT IP 25 mg/kg 0 9 1 0
ANIT IP 50 mg/kg 1 10 1 0
ANIT IP 125 mg/kg 4 10 9 0
ANIT modified 4 10 5 0
AA OG from 0.2 to 1.0 mmol/kg 3t 2? 0 0
CCl,0G 0.89/kg 4 10 5 0
CCIl, OG 1.6 g/kg 5 10 8 0
CCl,0G 2.0g/kg 8 10 5 0
CCl, 1P 0.8 g/kg 3 10 2 0
CCl, IP 1.6 g/kg 5 10 4 0
CCl, IP 2.0 g/kg 6 10 8 0
DDC OG 0.25 mg 0 10 3 6
DDC OG 0.5 mg 0 10 6 9
DDC OG 2.5mg 0 10 10 10
DDC OG 5mg 0 10 10 10
DDC 0.1% diet 0 10 10 9
Silica (SC 3.5 g/kg or IP 1.6 g/kg) 0/0 0/0 0/0 0/0
CBDL 0 10 10 10

OG: oral gavage; IP: intraperitoneal; SC: subcutaneous. *1 for 0.8 mmol/kg and 2 for 1.0 mmol/kg; 21 for 0.8 mmol/kg and 1 for 1.0 mmol/kg.
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Figure 2 Cirrhosis rates of CBDL and DDC groups. A: The cirrhosis curve for shown. The number immediately behind DDC indicates its dosage used in mg
CBDL group is shown; B: The cirrhosis curves for 5 DDC subgroups are per mouse. DDC diet represents 0.1% DDC contained diet.
Ao B ...
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Figure 3 Cirrhosis rates of CCl, and ANIT groups. A: The cirrhosis curves for ANIT subgroups are shown. The number immediately behind the IP or OG
six CCl, subgroups are shown. The number immediately behind the IP or OG indicates the dosage of ANIT used in mg/kg.

indicates the dosage of CCl,used in g/kg; B: The cirrhosis curves for seven

IP administrations (P = 0.2444 for high dosage, P = 0.0904 favorably in cirrhosis induction only with IP low dosage
for medium dosage, and P = 0.5032 for low dosage). The and IP medium dosage (P = 0.0349, for both), but pootly
modified method for ANIT administration compared with OG high dosage (P = 0.0303).
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DISCUSSION

In this 6-mo study of experimental cirrhosis induction, AA
and silica were ineffective in inducing liver fibrosis let alone
cirrhosis. AA administration in the drinking water (50 ppm
equivalent to 0.08-0.11 mmol/kg per d) for 15 wk has no
effect on the histopathological examination of rat livers".
Morteovet, IP injection of AA in rats only produced variable
periportal liver necrosis predominantly at 6-12 h, followed
by restitutive proliferation of petiportal necrosis to repopulate
the necrotic zone. Eventually, the liver architecture was
essentially restored by 1 wkl'¥. Tt indicated that AA merely
induced short-term toxicity in rats. Although we had
observed liver necrosis and fibrosis in two mice with OG
administration of 0.8 and 1.0 mmol/kg AA, this liver damage
was transient and insufficient to result in cirrhosis. It
suggested that rats and FVB/N mice had similar hepatotoxic
resistance to AA. As for silica, subcutaneous or IP administration
was reported to cause liver fibrosis and cirrhosis in nude
mice at 12 mo and in (C57BL/6XBALB/c) F; mice at
18 mo®. Thus, a 6-mo duration might not be long enough
for silica to cause hepatic injury with subsequent fibrosis
and cirrhosis in FVB/N mice. As a result, a longer-term
administration of silica might be required for inducing liver
cirthosis in FVB/N mice. A major drawback with silica
administration was the granuloma formation at the injection
site. This might be of concern to subsequent laparotomy
for liver biopsy when the IP route is used.

The IP or OG administration of ANIT, CCl, or DDC
could effectively lead to liver fibrosis within 4-8 wk. All the
liver fibrosis in mice did not always progtess to microscopic
cirrhotic nodules by the end of 24 wk. It suggested that
restitutive response of mice to the injuries by those hepatotoxins
sometimes restore liver architecture. ANIT has been used
for years to study cholangiolitic hepatotoxicity in laboratory
animals™'?. This study showed that ANIT usually led to
mouse cirrhosis within 12-24 wk after administration. Mortality
was only seen in the subgroups with high dosage and modified
administration. However, there was no significant difference
among the sutrvival curves of all the ANIT subgroups. The
high dosage of ANIT could more rapidly induce liver cirrhosis
than the medium or low dosage. At the same dosage of
ANIT, it made no significant difference between IP and
OG administrations in cirrhosis induction. The modified
method by gradual increase of ANIT dosage could not
substantially provide any benefit in cirrhosis induction in
this study. Overall, ANIT model required a longer period
for the formation of cirrhosis. This might provide more
time for researchers to investigate the progression of liver
fibrosis.

CClshas been used extensively for decades to induce
liver injury in various experimental models to elucidate the
mechanisms behind hepatotoxicity®!. Also, it was commonly
used as a hepatotoxic agent in transgenic mice to evaluate
liver fibrosis and cirrhosis on the basis of the selective expression
of some novel or altered genes*'*?!. We experienced that
the major problem in association with the use of CCly to
induce liver fibrosis or cirrhosis had been the high mortality
rates of mice, accounting for 40-100 % in those subgroups.
Animals might die before or after cirrhosis was found. The
higher CCl; dosage was associated with the worse survival

curve. The duration required for cirrhosis induction by CCly
was quite variable, ranging from 4 to 20 wk, mainly depending
upon the dosage. The high dosage (2.0 g/kg) of CCl, could
rapidly cause liver cirrhosis within 4-12 wk, but led to poor
survival. Under the circumstances, IP administration will
be suggested since IP route posed better survival than OG
route only at the high dosage of CCl,. The low dosage
(0.8 g/kg) of CCl, required 12-24 wk to successfully induce
cirrhosis. At the low dosage, it was shown that the administration
routes had no influence on the survival and the cirrhosis
induction. At the medium dosage (1.6 g/kg) of CCl,, OG
administration was more rapid to induce cirrhosis than IP
administration, but did not significantly differ in survival
curves from IP administration. Nevertheless, the high mortality
rate along with the use of CCL must be taken into consideration
since it will prematurely terminate the sequential studies or
observations of liver fibrosis or cirthosis. Furthermore, CCl,
might not be an ideal solvent for investigating hepatocarcinoma
since liver carcinogenesis might be due to the genotoxic
chemical carcinogen effect of CCl, itself as well as CCly-
induced liver cirrhosis?%.

DDC did not result in pre-cirrhotic death, but tended to
lead to post-cirrhotic death at higher dosage (2.5 and 5 mg)
and 0.1% DDC diet. The overall comparison for all survival
curves of those DDC subgroups led to the insignificant
difference. It took about 4-12 wk for DDC to successfully
induce cirrhosis. Except 0.25 mg DDC subgroup, the
successful rate of cirrhosis induction was quite satisfactory.
The higher the dosage of DDC we used, the lesser the time
we needed to induce cirrhosis. DDC 0.1% diet could not
be superior to 5 mg DDC subgroup in cirrhosis induction.
A major concern of DDC use was the high proportion of
bile lake formation. This might cause some biases in observing
the relationship between cirrhosis and its sequelae.

CBDL represented a rapid and consistent method to
induce liver fibrosis and cirrhosis. Hepatocellular injuries
were caused by cholestasis, leading to liver dysfunction,
promoting fibrogenesis and ultimately resulting in liver
failure and death. All the mice with CBDL rapidly progressed
to cirrhosis within 4-8 wk after operation, and died by the
end of 16 wk. The rapid progression to cirrhosis and death
by CBDL might limit its application in chronic fibrosis studies
and make it difficult to carry out a long-term investigation
of liver cirrhosis. A major technical problem was the reversibility
of histological changes due to recanalization of bile ducts!".
In our tested animals, the bile ducts remained totally obstructed
till their death in view of bile lakes at final pathology and
the coloration of peritoneum and auricle. The successful
obstruction by CBDL might be due to the fact that CBD
was doubly ligated and transected between two ligatures®.
Besides, intraabdominal adhesion could be an obstacle for
subsequent survival laparatomy to study CBDL livers.

In summary, CBDL and hepatotoxins of ANIT, CCl,
and DDC could be effective in causing liver fibrosis of
mice. CBDL rapidly and irreversibly led to liver fibrosis
and subsequently to cirrhosis within 4-8 wk, but inevitably
caused mortality by the end of 16 wk. As a result, CBDL
was suitable for creating a mouse model for the short-term
study of liver fibrogenesis. Although CCl, had been commonly
used for inducing liver fibrosis and cirrhosis, the duration
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required for cirrhosis induction varied (4-20 wk) and mainly
depended upon the dosage. It could be used in mice for
studying both acute and chronic liver fibrogenesis. A major
drawback in association with CCly use was a relatively high
mortality. DDC could effectively induce cirrhosis within
4-12 wk. The time required for cirrhosis induction by
DDC was quite similar to that of CBDL, but the survival
experience was better in the DDC group. ANIT slowly
induced liver cirrhosis in mice. The duration from initial liver
inflammatory damage to cirrhosis formation by ANIT was
more than 12 wk after administration. Thus, ANIT was quite
a good toxin for a long-term study of fibrosis progression
into cirrhosis.
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