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Abstract
AIM: To investigate and compare the inhibitory effects 
of rapamycin in the different stages of liver fibrosis.

METHODS: We performed bile duct ligation (BDL) in 
male Wistar rats (n  = 24). The experimental rats were 
classified into four groups: the BDL+/Rapa- group (un-
treated control, n  = 4), the BDL+/Rapa+ group (treated 
14 d after BDL, n  = 8), the BDL+/Rapa++ group (treated 
on the day after BDL, n  = 8), and the BDL-/Rapa- 
group (un-treated, sham -operated control, n  = 4). 
The BDL+/Rapa+ and BDL+/Rapa++ groups were admin-
istered rapamycin (2 mg/kg) for 28 d. The liver tis-
sues were tested by immunohistochemical staining for 
α-smooth muscle actin (α-SMA) and cytokeratin.

RESULTS: The liver mRNA levels of transforming growth 

factor (TGF)-β1 and platelet-derived growth factor 
(PDGF) were measured using the polymerase chain re-
action. The protein levels of liver p70s6K and p-p70s6k 
were determined using Western blotting. α-SMA ex-
pression was lowest in the BDL+/Rapa++group. TGF-β1 
and PDGF expression levels in the rapamycin-treated 
group were lower than those in the un-treated group 
and higher than those in the control groups (TGF-β1: 
0.23 ± 0.00 vs  0.34 ± 0.01, 0.23 ± 0.0 vs  0.09 ± 0.00, 
P  < 0.0001; PDGF: 0.21 ± 0.00 vs  0.34 ± 0.01, 0.21 
± 0.0 vs  0.09 ± 0.00, P  < 0.0001). The p70s6k and 
p-p70s6k levels decreased in the treated groups and 
were lowest in the BDL+/Rapa++group (p70s6k: 1.05 ± 
0.17 vs  1.30 ± 0.56, 0.40 ± 0.01 vs  1.30 ± 0.56, P  < 
0.0001; p-p70s6k: 1.40 ± 0.5 vs  1.67 ± 0.12, 0.70 ± 
0.01 vs  1.67 ± 0.12, P  < 0.0001).

CONCLUSION: The results of our study indicate that 
rapamycin has inhibitory effects on liver fibrosis, and 
the treatment is most effective in the early stages of 
fibrosis. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Liver cirrhosis is a serious disease causing sig-
nificant mortality, but a curative treatment has not yet 
been developed. Therefore, there is great interest with-
in the field of drug development in developing agents 
capable of inhibiting the progression of hepatic fibrosis. 
Rapamycin is an immunosuppressive agent that is also 
expected to attenuate the progression of liver fibrosis. 
We therefore aimed to investigate the inhibitory effects 
of rapamycin in the early and late stages of fibrosis, 
with the goal of contributing to the development of 
novel fibrosis treatments.
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INTRODUCTION
Liver cirrhosis, which is the end result of  the fibrosis 
that accompanies several chronic liver diseases, can yield 
deadly complications in affected patients.is accompanied 
by complications that are often the cause of  death of  cir-
rhosis patients. Bile duct ligation (BDL) has been widely 
used as a model of  liver fibrosis in animal models[1-4].

Transforming growth factor beta 1 (TGF-β1) and 
platelet-derived growth factor (PDGF) are key cyto-
kines involved in the healing process that occurs fol-
lowing acute or chronic liver damage[5]. TGF-β1, which 
is a 25-kDa dimeric protein that is secreted in its latent 
form, is converted into its active form after liver injury. 
This molecule is a pro-fibrogenic cytokine, the serum 
and tissue levels of  which increase in models of  chronic 
liver disease. In various tissues, such as the liver, kidney, 
lung, bone marrow, and skin, TGF-β1 is involved in the 
recovery of  damaged tissues, playing an important role 
in fibrotic processes[6-8].

PDGF is a potent proliferative cytokine that is in-
volved in the promotion of  cell division and angiogen-
esis. It is associated with fibrosis, atherosclerosis, and 
malignant disease[9-12].

The 70-kDa ribosomal S6 kinase (p70s6k), which is 
activated by growth factors and hormones through the 
phosphatidylinositol 3-kinase (PI3K)-dependent signal-
ing pathway, is a downstream molecule of  the mam-
malian target of  rapamycin (mTOR) and is involved in 
protein synthesis and cell cycle control. Phospho-p706k 
(p-p70s6k) is the active form of  p70s6k and plays an 
important role in the G1/S cell cycle transition. The role 
of  p70s6k in cell cycle control has been assessed in pre-
vious studies in the presence of  rapamycin, also known 
as sirolimus[13].

Rapamycin is a bacterial macrolide antibiotics that 
blocks cell proliferation by inhibiting the G1/S transition 
in several cell types. In particular, several studies have 
shown that rapamycin delays the G1/S transition of  fi-
broblasts, making it of  potential use in the treatment of  
fibrotic diseases. Rapamycin is used clinically as an im-
portant immunosuppressive drugs to prevent rejection 
after organ transplantation. It also inhibits the growth 
of  mammalian cells, such as B and T lymphocytes, by 
suppressing the activation of  p70s6k and inhibiting 
mTOR[14-18].

The levels of  alpha smooth muscle actin (α-SMA), a 
marker of  activated hepatic stellate cells (HSCs) and myo-
fibroblasts, increase after chronic liver damage. Therefore, 

α-SMA can be used to identify and quantify activated 
HSCs in liver fibrosis[19-21].

Cytokeratin 19 (CK 19), is involved in cytoskeleton 
formation, is expressed in bile duct cells and their related 
carcinomas. Although this protein shows almost no ex-
pression in hepatocytes, it has emerged as an important 
marker of  liver stem cells[22].

The aim of  our study was to investigate the inhibi-
tory effects of  rapamycin in BDL-induced liver fibrosis 
in rats. We classified the treatment animals into 2 groups, 
the BDL and control groups, and administered rapamy-
cin to both groups to determine the efficacy of  its in-
hibitory effects according to the degree of  liver fibrosis.

MATERIALS AND METHODS
Animals and ethics
Normal male Wistar rats (approximately 100 g body 
weight) were kept in 12-h light/dark cycles with free ac-
cess to food and water. All the animal experiments were 
approved by a state-appointed animal ethics board. All 
institutional and national guidelines for the care and use 
of  laboratory animals were followed.

Induction of fibrosis and sham surgery
The BDL procedure was performed on 20 rats. Before 
surgery, the rats were anesthetized using 0.2 mL of  a 1:4 
mixture of  ketamine (Huons Co., Korea) and Rompun 
(Byer Co., Germany). In the BDL group, the middle 
part of  the bile duct was cut and the 2 ends were tied. 
The control group (BDL-/Rapa-) rats (n = 4) underwent 
sham laparotomies.

Rapamycin administration in the treatment groups
Four of  the 20 rats that underwent BDL were allocated 
to the BDL+/Rapa- group(non-treatment group), and the 
remaining 16 rats were given rapamycin. A sonde was 
used for the daily oral administration of  the drug at a 
certain time, and the administration occurred at different 
time points. Eight rats were given with 2 mg/kg Rapa-
mune (Wyeth Co., Puerto Rico, United States) 14 d post- 
BDL (BDL+/Rapa+, 2 wk post-BDL), and the other 
8 rats given the drug immediately after BDL (BDL+/
Rapa++, immediately after BDL). The drug administra-
tion period was 28 d for all subjects.

Hepatic tissue and blood sample collection
The survival times of  the 4 groups were 42 d and all 
rats were sacrificed after the treatment of  the BDL+/
Rapa+ group was completed. The hepatic tissue was 
stored at -70 oC for the polymerase chain reaction (PCR) 
and Western blot analyses. Blood samples were collect-
ed by puncturing the heart under anesthesia and were 
centrifuged (3000 rpm, 10 min). Aspartate transaminase 
(AST), alanine transaminase, total protein (TP), albumin 
(Alb), and total bilirubin (TB) levels were measured 
using a measuring device (FUJI FILM, DRI-CHEM 
4000I, Japan).
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Table 1  Primer sequences for the polymerase chain reactionHaematoxylin and eosin staining and masson trichrome 
staining
For the hematoxylin and eosin (HE) staining, the tissues 
were fixed in formalin, stained with Harris’s hematoxylin 
for 5 min, washed with tap water for 5 min, treated with 
1% acid alcohol for 30 s, and then washed under run-
ning water for 1 min. This procedure was followed by 
staining with eosin for 2 min, dehydrating with alcohol, 
and sealing with xylene.

For the Masson Trichrome (MT) staining, the tissue 
that was fixed in formalin was incubated for 30 min with 
Bouin’s fixatives at 56 ℃, stained with Weigert’s hema-
toxyline for 10 min for nuclear staining, and washed with 
running water for 10 min. Biebrich scarlet-acid fuchsin 
was used to initiate the reaction or 10 min, after which 
time each sample was incubated in phosphomolybdic-
phosphotungstic acid for 10 min for mordant treatment 
and discoloration. The tissue was incubated with aniline 
blue for 10 min and, then treated with acetic acid for 3 
min to allow time for the discoloration of  the uncom-
bined aniline blue. Finally, the tissue was washed in run-
ning water for 2 min.

Immunohistochemistry
α-SMA was used for the staining of  the monoclonal 
mouse anti-human smooth muscle actin (DAKO Co., 
Denmark). First, paraffin-removed tissue sections were 
treated with a 0.1 mol/L citric acid solution (pH 6.0) for 
antigen retrieval. The antibody was treated with dilutions 
in multiples of  1:40-1:80.

CK 19 also involved the use of  paraffin-removed tis-
sue sections for antigen retrieval with a PT link (DAKO 
Co., Denmark). This antibody (DAKO Co.) was diluted 
in multiples of  1:250 and then stained using the DAKO 
stain.

RNA extraction, cDNA generation and PCR
To extract the total RNA from the control and BDL rat 
livers, 1 mL of  Trizol (Invitrogen, CA, United States) 
was added to the tissues, and the resulting samples were 
homogenized. The homogenates were mixed with 200 
μL of  chloroform. After incubation for 5 min at room 
temperature, the homogenates were centrifuged at room 
temperature for 10 min at 13200 g. The supernatants 
were transferred to clean tubes containing 1000 μL of  
isopropyl alcohol (Sigma-Aldrich, St. Louis, MO, United 
States) followed by centrifugation at 13200 rpm for 30 
min. The resulting supernatant was mixed with 500 μL 
of  DEPC-treated water and centrifuged at room tem-
perature for 10 min at 13200 g. The resulting supernatant 
was discarded, and the pellet was dried at room tempera-
ture, dissolved in DEPC-treated water (Sigma-Aldrich, 
St. Louis, MO, United States), and stored at -75 ℃. The 
quality and integrity of  the RNA were confirmed by 
agarose gel electrophoresis. A total of  1 μg of  the RNA 
was used to prepare the cDNA by random priming using 
a First-Strand cDNA Synthesis Kit (Enzynomics, Dae-
jeon, Korea). The PCR conditions were as follows: initial 
denaturation at 95 ℃ for 5 min followed by 35 cycles at 

95 ℃ for 25 s, 54.5 ℃ for 25 s, and 72 ℃ for 25 s, fol-
lowed by a final extension step of  72 ℃ for 5 min. The 
PCR products were analyzed by electrophoresis on 1.5% 
agarose gels. GAPDH was used as a housekeeping gene 
control. The primer sequences used are listed in Table 1.

Western blotting
The frozen tissue was pulverized with a precooled mortar 
and pestle and then homogenized at 4 ℃ in 1 × radio-
immunoprecipitation assay buffer (Sigma-Aldrich). Fol-
lowing centrifugation of  the homogenates at 13000 g 
for 20 min at 4 ℃, the pellets were discarded and the su-
pernatants were either used immediately or stored at -70 
℃. The TP was measured using a Bradford dye-binding 
protein assay kit (Thermo Scientific, MA, United States). 
An aliquot of  the supernatant was kept for protein de-
termination and Laemmli sample buffer (Bio-Rad, CA, 
United States) containing β-mercaptoethanol was added 
to the remainder of  the supernatant. The samples were 
boiled for 5 min, and 50 μg of  the TP samples were 
loaded onto a 10% polyacrylamide gel after cooling. The 
samples were electrophoresed in a Mini-Protean Tetra-
Cell electrophoresis assembly (Bio-Rad) under constant 
voltage. The proteins were then transferred to polyvini-
nylidene fluoride membranes using a Mini-Protean trans-
blot semidry transfer cell for 2 h at 4 ℃. Non-specific 
binding sites were blocked by incubation in 1 × phos-
phate buffered saline (PBS) containing 5% skim milk 
and 0.1% Tween 20 (PBSTM) for 1 h. The membranes 
were then incubated overnight at 4 ℃ with an antibody 
targeting p70s6k (1:250) or, p-p70s6k (1:250). After 
washing with 1 × PBSTM, the membrane was incubated 
for 1 h at room temperature with goat anti-rabbit IgG-
horseradish peroxidase (1:2000) and then washed for 
5 min in 1 × PBSTM a total of  four times. The mem-
branes were also probed with an anti-actin monoclonal 
antibody (1:1000) as an internal control. Immunoreactive 
proteins were detected and visualized with a chemilu-
minescence reagent (Daeillab service, Seoul, Korea) and 
the scanned films were quantified using a gel documen-
tation system (Dongjinsa, Seoul, Korea). All antibodies 
were purchased from Santa Cruz Biotechnology (CA, 
United States) or Cell Signaling Technology (MA, United 
States).

Statistical analysis
After measuring the total weight and liver weights, calcu-
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Gene Primer sequence Product size 
(bp)

TGF-β1 Forward 5'-TACAGGGCTTTCGCTTCAGT-3' 394
Reverse 5'-TGGTTGTAGAGGGCAAGGAC-3'

PDGF Forward 5'-GTCGAGTCGGAAAGCTCATC-3' 416
Reverse 5'-GTCACCCGAGTTTGAGGTGT-3'

TGF-β1: Transforming growth factor-β1; PDGF: Platelet derived growth 
factor.
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Table 2  Basal characteristics and results of blood chemistry

lating the ratio of  the total weights to the liver weights, 
and averaging the blood test results, a one-way analysis 
of  variance (ANOVA) was performed to examine the 
between-group significance. PCR and Western blot 
bands were examined using the IMT i-solution program 
to calculate the multiples of  the densities and areas. In 
addition, we measured the ratio of  GAPDH (control 
protein) to actin twice. The results are reported as the 
mean ± SE. SPSS 20.0 was used for the one-way ANO-
VA. We compared the P-values to assess the statistical 
significance. A P value of  less than 0.05 was considered 
significant.

RESULTS
The baseline characteristics and blood chemistry of the 
experimental groups
One rat in each of  the rapamycin-treated groups (the 
BDL+/Rapa+ and BDL+/Rapa++) died on the second 
and third days after the 28 d of  drug administration. 
Thus, 4 rats in BDL+/Rapa-, 7 rats in the BDL+/Rapa+, 
7 rats in the BDL+/Rapa++, and 4 rats in the BDL-/
Rapa- group completed the experiment. A total of  22 
rats underwent anesthesia for blood collection, and their 
total weights and liver weights were measured before 
performing the autopsies. The experimental animals 
were killed 6 wk after BDL, and the liver tissues were 
collected. According to the one-way ANOVA, there was 
no difference in the total weights between groups (P = 
0.136), but a significant difference was found in the ratio 
of  the liver weights to the total weights (liver wt/TB wt) 
between the groups (P = 0.010). Similarly, the AST lev-
els were significantly different between the groups (P = 
0.023), as were the TB and Alb levels (P < 0.0001 and, P 
= 0.008, respectively) (Table 2).

HE and MT staining
HE staining demonstrated that the portal areas of  the 
BDL+/Rapa- rats were markedly expanded with evidence 
of  ductular proliferation and a severe inflammatory 

reaction (moderate to severe periportal activity). The 
BDL+/Rapa+ rats, which received drug treatment 14 d 
after BDL, exhibited a moderate expansion in their por-
tal area, with marked ductular proliferation and a mild 
to moderate inflammatory reaction (mild to moderate 
periportal activity). The BDL+/Rapa++ rats, which re-
ceived drug treatment immediately after BDL, exhibited 
a mild in their portal areas, with mild ductular prolifera-
tion and a mild inflammatory reaction (mild periportal 
activity) (Figure 1A). The MT staining results revealed 
showed marked portal-portal fibrotic septa formation 
and collagen deposition (blue) in the BDL+/Rapa- group. 
Reduced fibrotic septa formation was observed in the 
BDL+/Rapa+ and BDL+/Rapa++ groups, and the BDL+/
Rapa++ group exhibited the lowest levels of  fibrotic 
septa formation and collagen deposition (Figure 1B).

Immunohistochemical staining of α-SMA and CK 19
The results of  the α-SMA staining in the BDL+/Rapa- 
rat livers revealed strong staining (dark brown) in the 
portal-portal area compared with the BDL-/Rapa- rat 
livers. The treated BDL+/Rapa+ and BDL+/Rapa++ livers 
showed relatively decreased expression, especially in the 
BDL+/Rapa++ group, in which the rapamycin was ad-
ministered immediately following BDL (Figure 1C). CK 
19 protein staining confirmed the presence of  greater 
bile duct proliferation in the BDL+/Rapa- group (dark 
brown) compared with the BDL-/Rapa- group, as well 
as a decreased ductular reaction in the BDL+/Rapa+ and 
BDL+/Rapa++ groups (Figure 1D).

TGFβ1 mRNA expression
The inhibitory effect of  rapamycin on fibrosis was 
confirmed by the expression levels of  TGFβ1 mRNA, 
which increased with fibrosis. According to the results 
of  the one-way ANOVA, the TGFβ1/GAPDH ratios 
exhibited significant differences between the groups, 
as shown in the figures and by the densitometry results 
(P < 0.0001). According to Scheffe’s multiple compari-
son test, the BDL+/Rapa- rats exhibited significantly 
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Treatment group BDL+/Rapa-

(n  = 4)
BDL+/Rapa+

(n  = 7)
BDL+/Rapa++

(n  = 7)
BDL-/Rapa-

(n  = 4)
P  value1

TBWt (g) 323.25 ± 85.84 351.28 ± 55.42 338.57 ± 21.16 276.25 ± 15.9  0.136
Liver Wt (g)  20.49 ± 2.68a  23.55 ± 4.90a  21.53 ± 3.10a   10.85 ± 0.38 < 0.0001
Liver Wt/TBWt      0.065 ± 0.011a,c    0.069 ± 0.017a      0.064 ± 0.010a,c      0.040 ± 0.003c  0.010
AST (U/L)   254.50 ± 143.79 244.43 ± 97.56 293.57 ± 89.67     86.75 ± 10.69  0.023
ALT (U/L)   47.00 ± 17.87   50.86 ± 21.97   52.00 ± 17.58   34.25 ± 2.63  0.429
TB (mg/dL)    9.15 ± 2.16a     8.74 ± 0.92a  11.17 ± 2.11a     0.50 ± 0.14 < 0.0001
TP (g/dL)   5.48 ± 1.28    5.37 ± 0.33   5.74 ± 0.61     5.48 ± 0.38  0.773
Alb (g/dL)    2.65 ± 0.85a     2.81 ± 0.41a    3.43 ± 0.43a     3.83 ± 0.33  0.008

1
Statistical significances were tested by one-way analysis of variances among groups and statistically significant results are indicated by P values. aP < 0.05 

vs BDL-/Rapa-; cP < 0.05 vs BDL+/Rapa+ based on Scheffe multiple comparison test. Basal characteristics and results of blood chemistry in bile duct ligation 
(BDL+/Rapa-), bile duct ligation with rapamycin (BDL+/Rapa+, BDL+/Rapa++) and sham-operated (BDL-/Rapa-) groups. Each values indicate mean ± SD. 
TBWt: Total body weight; Wt: Weight; TP: Total protein; Alb: Abumin; AST: Aspartate transaminase; ALT: Alanine transaminase; TB: Total bilirubin; Rapa: 
Rapamycin; Rapa+: Rat administered rapamycin for 28 d from the 14th day post-BDL; Rapa++: Rat administered rapamycin for 28 d beginning the first day 
post-BDL.
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increased expression compared with the controls (P < 
0.0001), and the difference in expression between the 
BDL+/Rapa+ and BDL+/Rapa++ rats was also significant 
(P < 0.001 and P < 0.0001). Decreased expression was 
found in the BDL+/Rapa+ and BDL+/Rapa++ groups 
compared with the BDL+/Rapa- group, further, suggest-
ing that rapamycin has an inhibitory effects on fibrosis 
(Figure 2A).

PDGF mRNA expression
In the PDGF band and density one-way ANOVA, the 
PDGF/GAPDH values showed statistically signifi-
cance differences between the groups (P < 0.0001). The 
BDL+/Rapa+ and BDL+/Rapa++ group showed signifi-
cantly decreased level of  PDGF expression compared 
with the BDL+/Rapa- group (P = 0.001, P = 0.001) 
(Figure 2B).

mTOR down-stream molecules p70s6k and p-p70s6k
The protein p-p70s6k is the active form of  p70s6k and 
is involved in the mTOR signaling pathway, the action 
site of  rapamycin, cell cycle control, and HSCs prolifera-

tion. Its expression was therefore compared with that of  
a control protein (actin).

The BDL+/Rapa+ and BDL+/Rapa++ groups showed 
a significant decrease in the expression of  p70s6k com-
pared with the BDL+/Rapa- group (P < 0.013, P < 
0.0001). The BDL+/Rapa++ group was found to have a 
significantly decreased p70s6k expression level compared 
with the BDL+/Rapa- group ( with no drug administra-
tion) and the BDL+/Rapa+ group (with drug administra-
tion at a different time ) (P < 0.0001, P < 0.0001).

Based on the analyses of  p-p70s6k protein expres-
sion, the treated BDL+/Rapa++ group showed a signifi-
cantly decreased expressions compared with the BDL+/
Rapa+ (P = 0.005) and BDL+/Rapa- (P = 0.001) groups. 
These results demonstrate that p-p70s6k has different 
expression levels according to the time of  drug admin-
istration, making the effects of  drug administration at 
each time predictable (Figure 3).

DISCUSSION
In our study, we aimed to determine whether rapamycin 
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BDL+/Rapa- BDL+/Rapa+ BDL+/Rapa++ BDL-/Rapa-

A

B

C

D

Figure 1  Comparison of histological findings between the groups that underwent bile duct ligation (BDL) with/without rapamycin treatment and the 
control. A: Hematoxylin and eosin (HE) staining. The bile duct ligation (BDL)+/Rapa++ group showed the smallest expansion of portal areas, with the least amount 
of ductular proliferation and the most mild inflammatory reaction among the BDL groups; B: Masson-Trichrome staining. The BDL+/Rapa++ group showed the lowest 
degree of fibrotic septa formation and deposition of collagen among BDL groups (blue); C: α-smooth muscle actin (α-SMA) staining (dark brown). The BDL+/Rapa++ 
group showed the lowest amount of staining among BDL groups; D: Cytokeratin 19 (CK 19) protein expression (dark brown). The BDL+/Rapa++ group showed the 
lowest amount of staining among BDL groups. Rapa: Rapamycin; Rapa+: Rat administered rapamycin for 28 d from the 14th day post-BDL; Rapa++: Rat administered 
rapamycin for 28 d beginning the first day post-BDL. Original magnification: × 100(a-d).
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has an inhibitory effects on liver fibrosis. We examined 
changes in relevant cytokines when this drug was admin-
istered to early and more progressed cases of  liver fibro-
sis in animal models of  liver fibrosis that was induced 
by BDL. We administered rapamycin for 28 d during the 
different stages of  fibrosis.

Liver fibrosis develops from the excessive deposition 
of  extracellular matrix as proliferation-promoting cyto-
kines and growth factors lose their regulatory control. 
This occurs after chronic liver damage as in the cases 

of  viral hepatitis, alcoholic fatty liver, and non-alcoholic 
steatohepatitis[23,24]. Liver cirrhosis is the most advanced 
stage of  liver fibrosis and can yield complications such 
as esophageal varices, hepatic encephalopathy, and peri-
tonitis. Cirrhosis patients eventually die because of  these 
complications. Rapamycin is mainly used to prevent 
rejection after transplantation; it inhibits cell prolifera-
tion and is used in coronary artery stenting to treat car-
diovascular diseases[25,26]. Following additional studies on 
the inhibitory effects of  rapamycin on the liver, the lung, 
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Figure 2  Transforming growth factor β1 and platelet-derived growth factor mRNA expression was assessed by polymerase chain reaction analysis. A: 
Transforming growth factor β1 (TGFβ1); B: Platelet-derived growth factor (PDGF). BDL: Bile duct ligation; Rapa: Rapamycin; Rapa+: Rat administered rapamycin for 
28 d starting the 14th day after BDL; Rapa++: Rat administered rapamycin treatment for 28 d starting the 1st day after BDL; GAPDH: Glyceraldehyde 3-phosphate dehy-
drogenase. aP < 0.05 vs other group; cP < 0.05 vs BDL+/Rapa++ group.
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and renal fibrosis, it is expected that rapamycin will be 
deemed suitable as next anti-fibrosis treatment[27]. Several 
human studies have evaluated the antifibrotic effects of  
rapamycin on fibrosis and cirrhosis in humans. McKen-
na et al[28] described the impact of  sirolimus in reducing 
the extent and progression of  fibrosis in liver transplant 
recipients with recurrent HCV[29]. Kelly et al[30] suggested 
that sirolimus-based immunosuppression is associated 
with a lower risk of  significant graft fibrosis following 
liver transplantation in HCV-infected recipients.

In this study, we confirmed the effects of  rapamycin 
on the inhibition of  fibrosis in a BDL rat model. In the 
previous studies of  rapamycin, the drug was adminis-
tered immediately after BDL through either intraperito-
neal or subcutaneous injections. Non-oral administration 
has different absorption routes compared with the cur-
rent route for rapamycin in humans. Our study used the 
same drug delivery mechanism as that used in humans to 
compensate for this limitations. The rapamycin used in 
this study was ground into a powder, mixed with water, 
and provided through a small-diameter tube (sonde) at 
the same time every day directly into the stomach of  the 
rats. Drug administration was initiated at a different time 
points to enable partial progression of  fibrosis.

Liver tissues stained with HE and MT were used for 
the analysis, and depositions of  the extracellular matrix 
in the treated BDL+/Rapa+ and BDL+/Rapa++ groups 
were found to be decreased compared with those in the 
BDL+/Rapa- group. In particular, the BDL+/Rapa++ 

group exhibited less collagen deposition than the BDL+/
Rapa+ group. This result demonstrates the potential of  
rapamycin to inhibit liver fibrosis. In addition, the effects 
were greater in the animals in earlier stages of  fibrosis.

HSCs, portal fibroblasts, and myofibroblasts are in-
volved in liver fibrosis. α-SMA is a marker of  HSCs and 
myofibroblasts, which were compared in this study to 
confirm the difference in their expression levels in the 
portal veins and interface zone. The BDL+/Rapa- group 
was found to exhibit strong staining, and the treated 
BDL+/Rapa+ and BDL+/Rapa++ groups showed signifi-
cantly decreased staining compared with the BDL+/Rapa- 
group (Figure 1C). This finding is interpreted as a dem-
onstration of  the anti-fibrosis capacity of  rapamycin.

CK 19 is expressed in normal epithelial cells, and its 
expression is increased during ductular reactions in bili-
ary sclerosis[31]. Decreased CK 19 staining was found in 
the BDL+/Rapa+ and BDL+/Rapa++ groups compared 
with the BDL+/Rapa- groups (Figure 1D).

TGF-β1 is a marker of  the active form of  HSCs and 
functions as a key cytokine in the progression liver fi-
brosis. Once tissue healing after damage is complete, its 
production is terminated for an unknown reason; how-
ever, in the case of  chronic and repeated damage, this 
self  regulation is lost[32]. The results of  this study also 
showed increased expression in the BDL+/Rapa- group 
compared with the control. However, the BDL+/Rapa+ 

and BDL+/Rapa++ groups were found to have decreased 

expression compared with the BDL+/Rapa- group, thus 
confirming the inhibitory effects of  rapamycin (Figure 
2A). The P values of  the BDL+/Rapa+ and BDL+/
Rapa++ groups compared to the BDL+/Rapa- group were 
statistically significant, at 0.001 and 0.0001, respectively. 
These results correspond to those of  Bierker et al[18], 
suggesting that rapamycin has inhibitory effects on cell 
proliferation following liver damage.

PDGF-β is the strongest known mitogen and is 
auto-secreted in HSCs. In our comparison of  the den-
sity of  PCR bands between the experimental groups, 
the BDL+/Rapa- group showed the greatest increase in 
PDGF mRNA expression (P < 0.0001), and the treated 
groups (BDL+/Rapa+ and BDL+/Rapa++ ) showed a sta-
tistically significant decrease in the expression of  PDGF 
mRNA compared to the BDL+/Rapa- group (P = 0.001). 
These results demonstrate that rapamycin stops the pro-
duction of  cytokines and decreases their expression in 
chronic liver damage.

p70s6k is a downstream protein of  the PI3K-Akt sig-
naling system, and its secretion is stimulated by various 
hormones and growth factors. p70s6k controls protein 
synthesis, proliferation, and the cell cycle. Activation of  
p70s6k occurs when serine or threonine is phosphory-
lated, and this active form is inhibited by rapamycin[33-35]. 
In our experiment, p70s6k/Actin showed significantly 
decreased expression levels in the BDL+/Rapa+ and 
BDL+/Rapa++ groups compared with the BDL+/Rapa- 
group (P = 0.013, P < 0.0001). The BDL+/Rapa++ group 
exhibited significantly decreased expression compared 
with the BDL+/Rapa+ group (P < 0.0001). With regard 
to the p-p70s6k expression, the BDL+/Rapa+ group 
showed slightly decreased expression levels compared 
with the BDL+/Rapa- group, although this finding was 
not statistically significant (P = 0.117). However, com-
pared with the BDL+/Rapa++ group, there was a statisti-
cally significant decrease in the expression (P = 0.005). 
The BDL+/Rapa++ group was observed to have de-
creased expression level compared with the BDL+/Rapa- 
group (P = 0.001) the BDL+/Rapa+ group (P = 0.005), 
(Figure 3).

The observed differences in p70s6k and p-p70s6k 
protein expression are consistent with the results of  
previous studies investigating the effects of  rapamycin 
inhibition on p70s6k phosphorylation. However, the dif-
ferences in p70s6k expression between the BDL+/Rapa+ 
and BDL+/Rapa++ groups are not consistent with the 
results of  Biecker et al[18] and Zhu et al[36]. These authors 
predicted that different mechanism was involved in the 
mTOR pathway. The inhibition of  these two proteins is 
believed to inhibit cell proliferation. The BDL+/Rapa++ 

and BDL+/Rapa+ groups showed significant differences 
in their expression levels of  p70s6k and p-p70s6k, sug-
gesting that the administration of  rapamycin is more ef-
fective in the early stages of  fibrosis.

We confirmed the inhibitory effects of  rapamycin 
on fibrosis, including partially progressed fibrosis, and 
determined that these effects were greater during the 
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early stages of  fibrosis. Therefore, the results of  this 
study should be useful in developing drugs to inhibit or 
reduce fibrosis in patients with chronic liver diseases. 
One limitation of  this study is the fact that rapamycin is 
insoluble in water. We therefore ground it into a powder 
mixed with water to enable administation directly into 
the stomach of  the rats through small-diameter tubes. 
Given this experimental setup, it is possible that residual 
drug remained inside the tube, potentially decreasing the 
dosage to less than 2 mg/kg per day. However, this pos-
sible error was minimized by injecting air into the tube 
after drug administration.

In conclusion, this study confirmed that rapamycin, 
which is an immunosuppressant used in the treatment 
of  transplant patients, has inhibitory effects on liver fi-
brosis. Importantly, these effects are more pronounced 
when the drug is administered immediately after the start 
of  liver fibrosis or before progression of  fibrosis. Our 
results showed that better treatment effects can be ex-
pected when rapamycin is administered during the early 
stages of  fibrosis. However, administration of  this drug 
after the progression of  fibrosis is also effective. No se-
vere side effects or adverse events due to the administra-
tion of  rapamycin were noted in this study.

Therefore, the treatment of  chronic liver disease pa-
tients with rapamycin is likely to inhibit the progression 
of  liver cirrhosis while improving fibrosis is more pro-
gressed cases.
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COMMENTS
Background
Liver cirrhosis is the endpoint of the fibrogenic process that accompanies 
chronic liver disease. Complications arising from cirrhosis frequently result in 
death. Thus, the inhibition of fibrosis progression is associated with improve-
ments in the survival rate. Rapamycin is used as an immunosuppressant agent 
but is also believed to be an anti-fibrotic drug. Indeed, several studies have 
reported that rapamycin inhibits fibrosis.
Research frontiers
Rapamycin is a bacterial macrolide with immunosuppressive properties. Many 
studies have reported that rapamycin had an inhibitory effect on fibrogenesis 
in the lung, skin, and liver. In the field of of liver disease, one research area of 
interest in the development of a drug that can ameliorate or prevent fibrosis.
Innovations and breakthroughs
In previous studies of the ability of rapamycin to inhibit liver fibrosis, rapamycin 
was administered by peritoneal injection or by mixing it with drinking water in 
animal models. However, these are not the modes of delivery in humans. Au-
thors therefore designed our study to be more consistent with actual treatment, 
such that the rapamycin was ground into a powder and mixed with water for 
direct injection into the rat stomach through small-diameter tubes. They also 
divided their treatment groups into a group treated 14 d after bile duct ligation 
(BDL) and a group treated 1 d after BDL. They offer a comparison of the inhibi-
tory effects of rapamycin in the different stages of liver fibrosis.
Applications 
The results suggest that rapamycin is a potential therapeutic drug that could be 
used to inhibit liver fibrosis.

Terminology
Fibrosis represents is the endpoint of a fibrogenic process that accompanies 
chronic liver injury in cases of viral hepatitis and other diseases. The complica-
tions of fibrosis are the cause of death in many cirrhotic patients. Rapamycin 
is a bacterial macrolide antibiotics that blocks cell proliferation. It is a clinically 
important immunosuppressive drugs used to prevent rejection after organ trans-
plantation.
Peer review
The authors examined the immunohistochemical staining of α-smooth muscle 
actin in liver tissues, transforming growth factor and platelet-derived growth fac-
tor mRNA expression levels, and p70s6k and p-p70s6k protein levels in the ex-
perimental groups. The treated groups (BDL+/Rapa++ and BDL+/Rapa+) showed 
decreased staining and expression levels compared with the un-treated BDL 
group (BDL+/Rapa-). These results suggested that rapamycin has an inhibitory 
effect on liver fibrosis and is therefore a potential treatment drug.
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