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Abstract
TIMP metallopeptidase inhibitor 1 (TIMP-1) has been identi�ed as a multifunctional molecule with
divergent functions. It participates in wound healing and regeneration, cell morphology and survival,
tumor metastasis, angiogenesis, and in�ammatory responses. An imbalance of Matrix
Metalloproteinase/TIMP regulation has been implicated in several in�ammatory diseases. TIMP-1 could
be considered an important regulator in the process of liver �brosis and bile duct degeneration. Thus, we
aimed to determine the role of TIMP-1 in a rat model of Common Bile Duct Ligation (CBDL). Male
Sprague-Dawley rats were divided into several groups, including those with/ without CBDL surgery and
those with/without amiodarone or simvastatin administration. Amiodarone/simvastatin treatment was
given at a daily dose of 15 mg/kg and 18 mg/kg by means of intergalactic gavage, which began 7 days
prior to CBDL induction. Two weeks after surgery, the animals in each group were sacri�ced and
hepatocyte degeneration severity was examined using histological morphologies. Large-scale array for
secretory factors is intended for the purpose of �nding key functional protein after CBDL. The hepatic
level of miR-21 was determined through Taqman miRNA analysis. Furthermore, the TIMP-1 level in liver
tissue was also visualized by histological stain. Liver injury and �brosis were founded in CBDL rats based
upon histopathological examination and serum biochemical analysis. Hepatic miR-21 and TIMP-1 were
signi�cantly up-regulated in CBDL rats, while being slightly rescued in response to amiodarone or
simvastatin treatment. Up-regulation of miR-21 and TIMP-1 may result in the progression of hepatic
cirrhosis after bile duct obstruction. Drug intervention for cirrhosis, like the use of statin, may function via
similar mechanisms.

Introduction
During the process of chronic liver disease, �brosis results from the accumulation of extracellular matrix
proteins, which may contribute to severe sequels such as liver failure, and portal hypertension. [1] Being a
serious issue, liver �brosis is also associated with an increased risk of cirrhosis and liver cancer.
Therefore, determining the putative factors which may apply as a prevention strategy for liver �brosis and
any associated clinical events is important. Liver �brosis is a complicated and multi-factorial related
process. Several types of cells, cytokines and miRNAs have been reported to be involved in the initiation
and progression of liver �brosis and carcinogenesis.[2-4] Surgical ligation of the Common Bile Duct
(CBDL) has become the most commonly used animal model to induce obstructive cholesteric injury.
Through this type of study, the molecular and cellular events underlie these pathophysiological
mechanisms induced by inappropriate bile �ow.[5-7] In the present study, we aim to identify the functional
secretory proteins or miRNAs which are involved in the progression of hepatic �brosis or carcinogenesis
in a rat model of CBDL.

The family of Tissue Inhibitor of Matrix Metalloproteinase (TIMPs) (1-4) plays a central regulatory role as
inhibitors of Matrix Metalloproteinase (MMPs), which are enzymes involved in extracellular matrix
maintenance and remodeling. Recently, TIMP-1, which is the inducible form of TIMPs, has been identi�ed
as a multifunctional molecule with divergent functions, including tissue repair and tissue remodeling. It
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participates in wound healing and regeneration, cell morphology and survival, tumor metastasis,
angiogenesis, and in�ammatory responses.[6] An imbalance of MMP/TIMP regulation has been
implicated in several in�ammatory diseases. In the process of liver �brosis and bile duct regeneration, as
a result of recurrent healing and regeneration, TIMP-1 could thus be considered as providing an important
role. Additionally, there are several cytokines or signaling pathways which could regulate the
pathogenesis of hepatic �brosis by inducing TIMP-1 expression.[8-10]

It is known that microRNAs (miRNA) are also involved in this process of liver �brosis and
hepatocarcinogenesis.[11-13] In a tissue study for liver tumor, miR-21, miR-31, miR-122, miR-221, miR-222
were signi�cantly up-regulated in HCC tissues, while miR-122, miR-145, miR-200c, miR-221, and miR-222
were all down-regulated.[14] Additionally, expression of miR-21, miR-31, miR-122, and miR-221 in HCC
correlated with cirrhosis, while miR-21 and miR-221 were associated with tumor stage and poor
prognosis. Also, miR-21 plays an important role in in�ammation, as well as the process of liver
in�ammation and carcinogemesis.[15]

There have been reports that miRNA attends the process of liver �brosis, and could regulate TIMP-1 in
hepatic or non-hepatic �brosis, as well as in carcinogenesis.[16-20] Circulating miR-21 is known to be
aberrantly expressed in HCC, which implies that miR-21 is a promising and novel indicator of HCC.
Therefore, miR-21 may serve as a potential co-biomarker for early-stage HCC diagnosis.[21] However,
data regarding the functions of miR-21 and it’s correlation to TIMP-1 in liver �brosis are limited.[22, 23]

To investigate the role of miR-21 and TIMP-1 in liver in�ammation, we performed liver injury using a
CBDL model in rats, and evaluated the role of these molecules in the process of CBDL. 

Materials And Methods
Bile duct ligated rats

Animal study was performed under the approval of the Institutional Animal Care and Use Committee
(IACUC) of our institution (Approval No. La-1071565). Thirty-six male Sprague-Dawley (SD) rats were
purchased from BioLASCO Taiwan Co., Ltd.

 Initially, these rats were housed 3 per cage, allowed free access to water and food, while being
maintained under both a constant temperature (23 ± 1 °C) and humidity level (60 ± 10%), during a 12-h
light/dark cycle. For bile duct ligation, a double ligation of the bile duct (proximal and distal sites) was
performed under the inhalation of 2.0-3.0% iso�urane. For comparison, in sham-operated rats the bile
duct mobilized but not ligated. Vitamin K (50 mcg SC) was administered subcutaneously each week.
After bile duct ligation or sham operation, the rats were randomly divided into 6 groups (n=6):  Sham,
Sham + simvastatin, Sham + amiodarone, CBDL, CBDL + simvastatin, and BDL + amiodarone. Drugs
were grinded and suspended using 0.5% Carboxymethyl Cellulose (CMC) solution prior to gavage
(atorvastatin 1.5 mg/ml, amiodarone 1.8 mg/ml). The rats were pretreated with atorvastatin (15 mg/kg
body weight per day) and amiodarone (18 mg/kg/day) 1 week prior to their BDL operation, and



Page 4/18

continuing until 3 weeks post-operation. The sham and CBDL groups were administrated a 0.5% CMC
solution as a vehicle. Blood samples were collected once per week post-operation until the end point.
After CO2 euthanasia, the main organs were removed for examination and analysis.

Serum Biochemical function tests

Blood samples for biochemical analysis were collected from the tail veins under 1.5-2.0% iso�urane
anesthesia at the 1st, 2nd and 3rd weeks post-operation. Blood samples were kept at room temperature
for 1 hour and centrifuged at 3500 rpm for 20 minutes. The sera were then equally divided, with one
stored at -70 ºC and the other at 4 ºC for the followed assays. The levels of serum Aspartate
Aminotransferase (SGOT), Alanine Aminotransferase (SGPT), Alkaline Phosphatase (ALK-Pase), Total
bilirubin (T-bilirubin), Creatinine and Blood Urea Nitrogen (BUN) were all analyzed for liver and renal
function using an automated-analyzer (Hitachi, Model 736-60, Tokyo).[24]

Cytokine array

Cytokine array was examined in serum or tissue lysates samples according to the manufacturer’s
procedures taken from Rat Cytokine Array Panel A (R&D, USA & Canada). The nitrocellulose membrane,
containing 29 different capture antibodies printed in duplicate, was blocked in Array Buffer 6 for one hour
on a rocking platform shaker. While blocking, 1 mL of serum samples was added to 0.5 mL of Array
Buffer 4 in separate tubes. That prepared sample then had 15 mL of reconstituted Detection Antibody
Cocktail added to make a 100× dilution prior to being mixed well and incubated at room temperature for
one hour. After replacing Array Buffer 6 with the sample/antibody mixtures, the NC membrane was
incubated overnight at 2-8° C on a rocking platform shaker. After being washed twice with a wash buffer,
the membrane was incubated with diluted Streptavidin-HRP for 30 minutes at room temperature. After
washing out any excessive Streptavidin-HRP, the chemical reagent mix was carefully covered and the
exposed membranes sent to X-ray �lm. After normalizing with negative control and reference spots, the
density of expressed cytokines was compared between each group.

Histological assessment of hematoxylin-eosin staining

The main organs, �xed in 10% formalin, were processed through routine histology procedures, embedded
in para�n, and cut in 4 µm pieces. To determine the histopathological changes, the samples were stained
with hematoxylin and eosin, which are used speci�cally for hepatocyte degeneration, bile duct
proliferation and �brosis. The tissues sections were then �xed in 4% paraformaldehyde for 24 hours and
subsequently washed using Phosphate-buffered Saline (PBS). The next step was hydration, which was
performed by soaking the samples sequentially in 100% and 95% ethanol solutions. The samples were
soaked in each solution for 1 minute, before being washed under running water for 5 minutes. The excess
water was removed from the samples, which were then immersed in a hematoxylin (Merck KGaA,
Darmstadt, Germany) solution for 3 minutes to perform a nuclear staining. Following this, the samples
were again washed under running water for 5 minutes and then immersed in an eosin (Sigma-Aldrich,
Invitrogen, Carlsbad, CA, USA) solution for 1 minute to perform a nuclear staining. This was followed by
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dehydration, during which the samples were soaked sequentially in 95%, and 100% alcohol solutions. The
Hematoxylin-eosin (HE) stains were observed using an upright optical microscope (Nikon Eclipse E600
Nikon Corp., Tokyo, Japan), and their tissue morphology was photographed and recorded.[25] The criteria
used for scoring hepatocyte degeneration severity were as follows: 0, normal; 1+, focal area; 2+,
multifocal area; 3+, locally extensive area; and 4+, diffuse area.[26] The criteria used for scoring bile duct
proliferation and �brosis severity were as follows: 0, normal; 1+, bile duct proliferation and �brosis
present (extending from the portal triad region); 2+, mild proliferation and �brosis (mild bile duct
proliferation and collagen �ber present with extension, without compartment formation); 3+, moderate
�brosis (moderate proliferation and collagen �ber present, with some pseudo lobe formation); and 4+,
severe �brosis (severe proliferation and collagen �ber present, with thickening of the partial
compartments, frequent pseudo lobe formation and bile duct proliferation).[27, 28] For the purpose of
morphometric studies, liver fragments were taken from the left lobe of each rat. Fibrosis scores were
given after the pathologist had thoroughly examined the three different areas in the tissue slides of each
rat.

Immunohistochemical staining

The tissue slides were serially blocked with 0.3% H2O2/10% methanol in PBS for 10 min and 5% skim
milk in PBS for 30 minutes. Subsequently, the tissue slides were incubated overnight at 4°C with mouse
anti-TIMP-1 monoclonal antibodies (1:200, R&D Systems, Inc.). Therefore, a 3,3′-diaminobenzidine (DAB)
brown color indicated TIMP-1. Subsequently, the sections were rinsed with PBS and incubated with a
SuperPicture polymer detection kit (Invitrogen, Camarillo, CA, USA) for 10 minutes at room temperature,
prior to being rinsed three times with PBS for 2 minutes. Finally, the sections were visualized by color
development with a DAB enhancer (3, 3′-diaminobenzidine tetra hydrochloride, Fremont, CA, USA) and
counterstained with hematoxylin. The immunostained sections were then examined using an optical
microscope (Nikon Eclipse E600 Nikon Corp., Tokyo, Japan).

Small RNA extraction, reverse transcription, TaqMan™ real-time PCR

The isolation of small RNA was performed by PureLink™ miRNA Isolation Kit (Invitrogen, K157001).
Brie�y, 50 mg of liver tissue was homogenized by a tissue grinder and dissolved in TRIZOL reagent
(Invitrogen, 15596018). After centrifuge at the maximal spin rate, the product was isolated through a two-
step puri�cation process, followed by incubation with different concentrations of ethanol. Finally, the
small RNAs were further isolated according the manufacturer’s instructions.

For the detection of mature miR-21 (Applied Biosystems, 00397), the small RNA mixture was reverse-
transcribed using the TaqMan™ microRNA reverse transcription kit (Applied Biosystems, 4366596) in a
reaction mixture containing a miRNA speci�c stem-loop reverse transcription primer. The quanti�cation of
mature miRNAs was performed using the TaqMan™ miRNA assay (Applied Biosystems, 4427975), which
contained TaqMan™ probes in a universal PCR master mix without UNG (Applied Biosystems, 4440040).
U6 small nuclear RNA (Applied Biosystems, 001973) was used as an internal control. The real-time PCR
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reaction performed using TaqMan™ probes was conducted at 95° C for 10 minutes, and then 40 cycles at
95° C for 15 seconds and 60° C for 1 minute. The speci�city of the reaction was veri�ed through the melt
curve analysis and the data was presented as 2-(△△Ct).

Statistical analysis

The mean values and standard deviations relating to the measurement data for each group are
presented. One-way Analysis of Variance (ANOVA) was used to determine if there were differences
between the groups. The differences between the experimental and control groups were then analyzed
using the independent samples t-test, with P < 0.05 indicating a statistically signi�cant difference in the
results.

Results
Biochemical tests of CBDL rats with or without drug treatment

Table 1 summarizes the results of the biochemical tests used in studying the rats. In comparison to the
Sham group, CBDL induced common serum events of a liver biochemical test, such as SGOT (from
106.67 ± 13.20 to 347.17 ± 131.61 IU/L), SGPT (from 40.50 ± 4.76 to 92.17 ± 22.87 IU/L), ALK-Pase
(from 274.17 ± 50.91 to 432.83 ± 106.59 IU/L) and bilirubin (from 0.01 ± 0.01 to 6.61± 3.42 mg/dL) at
Week 1. These inductions seemed to be continued until 3 weeks after CBDL (Figure 1, P < 0.05). An anti-
cirrhosis drug such as amiodarone could elevate SGOT, SGPT, and bilirubin one week after CBDL.
However, a statin type drug like simvastatin did not induce these biochemical indicators. On the other
hand, the serum creatinine levels, which may re�ect renal functions, did not change due to CBDL or drug
administration as well. These results indicate that liver functions re�ected by biochemical analysis are
impacted by CBDL, which is exerted even more through the use of amiodarone but not simvastatin.  

Pathological results of CBDL animals

We further examined the severity of liver damage by visualizing hepatic tissue sections after performing
standard Hematoxylin and Eosin stain (Figure 2). Fibrosis existed in CBDL-induced animals and showed
a moderate to high degree of severity in the CBDL-only and CBDL + amiodarone groups (Table 2).
However, the degree of �brosis signi�cantly decreased in the CBDL + simcastatin group in comparison
with the CBDL only group (p < 0.05). In addition, mild neurosis and hepatocytic degeneration was found
in CBDL-only rats but not CBDL + amiodarone rats. Thus, we concluded that CBDL exacerbates hepatic
�brosis, which can then be alleviated by simvastatin treatment in rat models.  

Investigation of CBDL-associated cytokines

Next, we screened CBDL-associated cytokines using the antibody array approach in all serum samples.
Four of 29 cytokines were selected as candidates. Amongst them, CINC-1, sICAM1 CD54, and TIMP-1
were up-regulated by CBDL; MIP-3α was up-regulated by amiodarone alone; while CINC-1 and TIMP-1
were up-regulated by both CBDL and amiodarone treatments (Figure 3). Based upon both our results and
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previous documentation, we have speculated that TIMP-1 may mediate the mechanism of �brosis in a
pathogenic liver found in CBDL animals. 

Timp-1 expression in CBDL rats and the drug’s effect

To investigate the role of TIMP-1 in CBDL animals, we attempted to verify the TIMP-1 expression by
performing immunohistological stain. Our results show that TIMP-1 displayed a moderate expression
level in a normal liver. After CBDL induction, its expression signi�cantly increased in comparison to the
non-CBDL group (Figure 4, p < 0.05). We showed that the TIMP-1 antibody offered only weak conjugation
in liver tissue from SHAM group animals. However, its level in liver tissue was signi�cantly enhanced in
the CBDL group at the third week after bile duct ligation (DAB was brown). When the CBDL animals were
fed with anti-�brotic drugs for 2 weeks, the CBDL + AMI and CBDL + Statin groups effectively inhibited
the level of TIMP-1, which was consistent with the SHAM + AMI and SHAM + Statin groups. After
quantifying the staining diagram, it can be found that simvastatin did indeed offer more bene�cial
effects than amiodarone in regulating TIMP-1 expression in liver tissue after CBDL.

MiR-21 expression in CBDL rats and the drug’s effect

Figure 5 shows that CBDL signi�cantly induced the expression of miR-21 (p < 0.05). However, this
induction could be suppressed by amiodarone and simvastatin. Simvastatin seemed to have stronger
effects than amiodarone in inhibiting miR-21. Therefore, we deduced that miR-21 may participate in the
pathogenic mechanisms of CBDL.

Discussion
Our results demonstrate that CBDL could induce a liver biochemical test, particularly GPT, GOT, Bilirubin
and ALK-p. Additionally, the pathological results show that CBDL could induce biliary degeneration, liver
necrosis and �brosis as well. This may imply that there are possible risks of hepatic cell proliferation and
tumorigenesis resulting from CBDL. Our results from histology and cytokine array indicate that TIMP-1
may be a crucial factor for CBDL-induced liver �brosis. In addition, miR-21 was up-regulated by CBDL at
the same time. Drug interventions, such as amiodarone and simvastatin which were used in this study,
showed suppressive effects on CBDL-induced TIMP-1 and miR-21 expression respectively. However, we
did not observe similar results when analyzing serum samples. This may be due to the multi-organ
damage which occurred resulting from CBDL and certain drugs; and particularly that TIMP-1 was also
resourced from multiple tissues.

Collectively, based upon our data, we have demonstrated that miR-21 and TIMP-1 may result in the
progression of hepatic cirrhosis after bile duct obstruction. Use of drug intervention for cirrhosis such as
statin, may function via similar mechanisms.

Liver �brosis is the consequence of multiple factors, and may result in life threatening events, including
various complications and hepatobiliary tumor. To block the process of liver and biliary �brosis, there are
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several strategies which can be implemented to block liver in�ammation and the �brosis process which
mostly focus on anti-viral therapies for viral hepatitis. However, advanced �brosis and cirrhosis cannot be
well reversed by anti-viral therapies. The understanding of liver �brosis and its mechanisms remains
more important for the purpose of treatment. The present study aimed to clarify the role of miR-21 and
associated cytokines in the process.

MiRNAs are a class of non-coding molecules, found to regulate a variety of cellular functions in health
and disease, with the dysregulation of microRNAs being involved in several diseases, particularly liver
disease and hepatocarcinogenesis. Most studies have demonstrated that miR-21 plays a role in
protecting the liver from injury and damage. In a mouse study, miR-21 ablation ameliorated liver damage
in BDL mice, implying that the expression of miR-21 could have a role in cholestasis.[29] However, the
same study also showed that miR-21 seemed not to play a role in the prevention of liver cancer and
�brosis.[30] Kennedy et al. demonstrated that mice lacking miR-21 could increase Smad-7 expression,
resulting in biliary hyperplasia and hepatic �brosis.[31] Thus, there may be clues that over expressed miR-
21 could lead to increased biliary proliferation and hepatic �brosis in cholestatic type liver injury.

Liver �brosis results from persistent and chronic injuries, often resulting in cirrhosis and liver tumor. MiR-
21 is also considered as playing a critical role in the production of pro-in�ammatory cytokines in the liver.
In the present study, we performed rat cytokine arrays, with TIMP-1 being the most related cytokine in BDL
rats. The cytokine TIMP-1, which is mostly up-regulated in our cytokine array, may play a role in the
process of liver �brosis or tumorigenesis. A previous study demonstrated that TIMP-1 does not by itself
result in liver �brosis, but does strongly promote liver �brosis development.[32] However, the role of TIMP-
1 was not clari�ed, and TIMP-1 was found upregulated, but not essential for hepatic �brogenesis and
carcinogenesis in mice.[33] miR-21 upregulated TIMP-1 was closely associated with �brosis in a rat
model with nonalcoholic steatohepatitis and lung �brosis.[30, 34]

Our results show the role of miR-21 in a CBDL rat model, with the drug effects also demonstrated. The
miR-21 regulated TIMP-1 or its association has potential in playing both a diagnostic and therapeutic role
in patients with �brosis of the liver or other organs.  However, the de�nite role of miR-21 and the
associated mechanism has not been very clearly de�ned in the present study. In particular, the role of
hepatic stellate cells, which are important in liver �brosis and could be regulated by miR-21, has not been
studied.[34-36]

MiR-21 offers a potential role in hepato�brosis and tumogenesis, and would have both a diagnostic and
therapeutic role in both processes. There are several targets which have been reported via different
functional mechanisms regulated by miR-21. Several medications have a potential role to play in the
primary prevention or treatment of liver �brosis, and miR-21 may therefore be affected. There could be a
hint in miR-21 associated targets and any drugs involved surrounding the diagnostic and therapeutic
treatment of chronic liver diseases and any complications which may occur.
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Tables
Table 1. Biochemical tests of CBDL rats with different assignment of drug treatment
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      nWeek 1 after CBDL P value a

mean ± SD
SGOT (IU/L)    0.475

Sham 6 106.67 ± 13.20  
Sham + Aiodarone 6 121.33 ± 21.04  

Sham + Simvastatin 6 135.50 ± 69.02  
CBDL 6 347.17 ± 131.61  

CBDL + Amiodarone 6 559.67 ± 248.62  
CBDL + Simvastatin 6 198.25 ± 202.65  

SGPT (IU/L)    0.932
Sham 6 40.50 ± 4.76  

Sham + Aiodarone 6 47.00 ± 4.43  
Sham + Simvastatin 6 38.83 ± 9.50  

CBDL 6 92.17 ± 22.87  
CBDL + Amiodarone 6 155.17 ± 76.05  
CBDL + Simvastatin 6 71.25 ± 44.85  

ALK-Pase (U/L)    < 0.001**
Sham 6 274.17 ± 50.91  

Sham + Amiodarone 6 318.83 ± 39.99  
Sham + Simvastatin 6 274.17 ± 75.94  

CBDL 6 432.83 ± 106.59  
CBDL + Amiodarone 6 449.00 ± 64.02  
CBDL + Simvastatin 6 430.50 ± 142.24  

 
 
 
 
 
 
 
 n Week 1

after CBDL
P value

a

mean ± SD
T-Bilirubin

(mg/dl)
   0.021*

Sham 6 0.01 ±0.01  
Sham +

Aiodarone
6 0.00 ±0.01  

Sham +
Simvastatin

6 0.01 ±0.01  

CBDL 6 6.61 ±3.42  
CBDL +

Amiodarone
6 5.53 ±3.15  

CBDL +
Simvastatin

6 2.38 ±3.08  

Creatinine
(mg/dl)

   <
0.001**

Sham 6 0.38 ±0.04  
Sham +

Aiodarone
6 0.43 ±0.05  

Sham +
Simvastatin

6 0.40 ±0.00  

CBDL 6 0.37 ±0.05  
CBDL +

Amiodarone
6 0.42 ±0.04  

CBDL +
Simvastatin

6 0.40 ±0.00  

a P values are determined by
Repeated Measures ANOVA test.

Table 2. A summary of pathological examinations of hepatic tissue sections in the present
study
a The value is determined by the sum of 3 different part of liver sections, n = 6 in each
group.
b Statistic significance is determined by the Wilcoxon rank sum test, compare to the non-
treated CBDL group
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Pathology/
Degree Groups/degree of severity, medium (LQ-UQ)a

Sham Sham
+

AMI

Sham
+

Statin

CBDL CBDL +
AMI

CBDL +
Statin

Proliferation and
fibrosis

(P value b)

4 (3.63 -
4.4)

6.5 (3.1 –
7.3)

P = 0.485

3 (2.5 –
3.25)

P = 0.038

Necrosis 0 (0 - 0.8) 0 (0 – 0.75)

Hepatocytic
degeneration

0.5 (0 –
1.8)

 

Figures

Figure 1
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Biochemical analysis of serum indicators in CBDL rats The activity of serum GOT, GPT and ALK-Pase and
the level of serum Bilirubin and creatinine were determined through biochemical analysis. The rat’s blood
samples were harvested at 1, 2, and 3 week intervals after CBDL surgery. * indicates P < 0.05 when
comparing the CBDL group with the SHAM group; # indicates P < 0.05 when comparing CBDL + the
amiodarone group with the CBDL group. The statistical signi�cances were determined by a one-way
ANOVA test (n = 6).

Figure 2

Histological examination of hepatic tissue from experimental rats Based on the results from HE stain, cell
proliferation and �brosis are found in the CBDL groups, which resulted in scarring and thickening of liver
tissue. Mild hemorrhage and necrosis also existed in the CBDL-only group.
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Figure 3

Analysis of functional cytokines in CBDL rats Serum samples from experimental animals were harvested
at 21 days after CBDL. Twenty-nine factors with 3 reference spots and one negative control spot were
loaded on a single chip for 1 set of array, and 6 independent chips were performed. * indicates P < 0.05
when comparing the CBDL group with the SHAM group; # indicates P < 0.05 when comparing the CBDL +
amiodarone group with the SHAM group. The statistical signi�cances were determined by a one-way
ANOVA test (n = 6). CINC-1: Cytokine-induced neutrophil chemoattractant 1; sICAM-1: Intercellular
Adhesion Molecule 1; MIP-3α: Macrophage In�ammatory Protein-3α or CCL20.
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Figure 4

Histological assessment of TIMP-1 expression Immunohistological stains were performed using the
primary antibody against TIMP-1. The color reaction was performed using Diaminobenzidine which can
be visualized through phase contrast light microscopy in brown color. TIMP-1 mainly localized in cytosol
and the extracellular space of liver tissue. The TIMP-1-positive area was quanti�ed and is shown in the
lower panel. * indicates P < 0.05 when comparing the CBDL group with the SHAM group; # indicates P <
0.05 when comparing either the CBDL + amiodarone or CBDL + simvastatin group with the CBDL group.
The statistical signi�cances were determined by a one-way ANOVA test (n = 6).
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Figure 5

Assessment of miR-21 expression by Taqman microRNA assay Small RNA from liver samples in each
group was used to performed microRNA assay. U6 small nuclear RNA was used as an internal control.
DATA was presented by relative �uorescent intensity (2-(△△Ct)). * indicates P < 0.05 when comparing the
CBDL group with the SHAM group; # indicates P < 0.05 when comparing the CBDL + simvastatin group
with the CBDL group; ※ indicates P < 0.05 when comparing the CBDL + simvastatin group with the CBDL
+ amiodarone group. The statistical signi�cances were determined by a one-way ANOVA test (n = 6).


