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Effect of selective cyclooxygenase-2 inhibitor meloxicam on
liver ﬁbrosis in rats with ligated common bile ducts
Seong Min Kim,1 Ki Chung Park,1 Ho Guen Kim2 and Seok Joo Han1
Departments of 1Surgery and 2Pathology, Yonsei University College of Medicine, Seoul, Korea

Aim: Cholestasis triggers ﬁbrogenesis in the liver. Hepatic
cyclooxygenase-2 (COX-2) expression increases in various
chronic liver diseases caused either by viruses or toxins. We
hypothesized that selective COX-2 inhibitor meloxicam could
suppress inﬂammation and ﬁbrogenesis in a rat model of
cholestasis induced by bile duct ligation (BDL).

Results: Meloxicam treatment attenuated the expression of
a-SMA, TGF-b1, and COX-2 in rats that were treated with BDL
for 3 weeks. This was associated with a marked reduction in
collagen accumulation and histological improvement. In addition, meloxicam treatment was found to downregulate the
levels of hepatic COX-2, TGF-b1, and MMP-9 production.

Methods: Forty-three Sprague–Dawley rats were assigned
to one of four treatment groups (sham-operation, BDL, daily
meloxicam injections following BDL, and daily meloxicam
injection without BDL). Liver histopathology was analyzed
with hematoxylin–eosin and Masson’s trichrome staining. The
expression of a-smooth muscle actin (a-SMA), transforming
growth factor-b1 (TGF-b1), and COX-2 were measured with
immunohistochemical staining. The levels of COX-2, TGF-b1,
and matrix metalloproteinase-9 (MMP-9) production were
measured with the Western blot method and an enzyme
immunoassay.

Conclusion: Cholestasis in BDL rats induces hepatic COX-2
expression. Selective COX-2 inhibitor meloxicam reduces BDLinduced hepatic ﬁbrosis, and this is associated with reduced
hepatic TGF-b1 expression as well as decreased cyclooxygenase activity in the liver.

INTRODUCTION

L

IVER FIBROSIS IS a consequence of the wound
healing process for chronic liver injury. One of the
important mechanisms of liver fibrosis is cholestasis.
In chronic cholestasis, inflammation stimulates hepatic
myofibroblasts to produce collagen. The upregulation
of cyclooxygenase (COX)-2 has been demonstrated in
human liver cirrhosis as a result of active inflammation.1,2 The highest COX-2 expression levels are found in
patients with liver cirrhosis. In fact, COX-2 expression
levels are higher in patients with liver cirrhosis than
those with hepatocellular carcinoma.3 COX has two
isoforms: COX-1 and COX-2. Unlike COX-1, which has
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a constitutional expression and plays a physiological
function, COX-2 is highly induced by inflammation,
mitogenic stimuli, and various growth factors. Induction of the COX-2 enzyme results in prostaglandin synthesis in inflamed tissues and neoplastic cells.4 This is
related to the fact that COX-2 is a regulatory enzyme
that is involved in the synthesis of prostaglandin and
their metabolites in inflammation, cellular proliferation, anti-apoptosis, cell growth, and angiogenesis.
Therefore, COX-2 inhibition is an attractive pharmacological target for reducing prostaglandin production at
the sites of chronic inflammation and fibrosis. The
antifibrotic effect of COX-2 inhibitors was previously
reported in several in vivo and in vitro experiments, such
as renal interstitial fibrosis5 and desmoplasia in several
cancers, such as colon,6 stomach,7 and breast.8 There is
already good evidence that selective COX-2 inhibitors
play a role as antifibrotic agents in the liver.3,9–11
However, there have been no studies on the effect of
selective COX-2 inhibitors on fibrosis in the liver
induced by biliary obstruction. We hypothesized that
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the suppression of COX-2 has the potential to suppress liver fibrosis induced by biliary obstruction.
We designed an animal model of cholestatic liver by
common bile duct ligation (BDL), an established
animal model of cholestatic liver disease in humans.12
We used this model to evaluate the effect of COX-2
inhibition on liver fibrogenesis.

METHODS
Animals and experimental designs

F

ORTY-THREE SPRAGUE–DAWLEY rats (male, 250–
300 g) were used in our experiments. The animals
were housed in cages for 7 days. The experiments were
approved by the Animal Experiment Committee of
Yonsei University (Seoul, Korea). The rats were anesthetized with an intramuscular injection of Zoletil (Virbac,
Carros, France). The animals were assigned to one of
four treatment groups: the sham-operation group
(group A, n = 5), the BDL group (group B, n = 17), the
BDL + meloxicam group (group C, n = 16), and the
meloxicam group (group D, n = 5). For group C rats,
meloxicam (Mobic, Boehringer Ingelheim, Seoul,
Korea) was injected intramuscularly at 1.6 mg/kg/day
beginning 48 h after the BDL.13,14 For group D rats,
meloxicam was injected daily without BDL. During the
3 weeks of experimental treatment, the animals were
housed in cages equipped with tap water and rat chow
under 12/12 h dark/light cycle conditions.

Tissue preparation
After 3 weeks, the animals were given an intraperitoneal
injection of sodium pentobarbital (50 mg/kg) and then
killed by cardiac puncture. Blood samples were also
obtained. A liver biopsy was taken and fixed in 10%
buffered formalin solution. The remaining liver tissue
was removed en bloc, frozen in liquid nitrogen, and
stored at -80°C.

Serum biochemistry
For testing the liver function in rats with hepatic fibrosis,
the activities of aspartate transaminase (AST), alanine
transaminase (ALT), and the contents of total bilirubin
(Tbil) in the serum were determined after 3 weeks of
experimental treatment using an automated analyzer
(RA-XT, Technicon, Tarrytown, NY, USA).

Hematoxylin–eosin and Masson trichrome
staining, and quantiﬁcation of liver ﬁbrosis
by computerized morphometry
Formalin-fixed, paraffin-embedded liver biopsy
specimens (5-mm sections) were processed routinely
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for hematoxylin–eosin staining (HE). For Masson’s
trichrome staining, tissues were deparaffinized and
rehydrated through a graded alcohol series. Slides
were incubated sequentially at room temperature (RT)
in Weigert’s iron hematoxylin, Biebrich scarlet-acid
fuchsin, and phosphomolybdic–phosphotungstic acid
for 10 min each until the collagen was not red. The
sections were transferred directly (without rinsing) to
aniline blue solution and stained for 5 min. The slides
were washed once with distilled water, and in order to
dehydrate the tissue, the slides were incubated in a
graded alcohol series ending with xylene. Finally, coverslips were fixed with Permount (Fisher Scientific, Fair
Lawn, NJ, USA). The degree of fibrosis was measured
using trichrome staining of the tissue. Photomicrography of each slide was taken with a CKX41–32PHP
inverted microscopic/digital camera (2002 Olympus
Optical, Olympus, Tokyo, Japan). The images were digitally captured with an image scanner DP 70 controller
system (Olympus, Japan) and were quantified by image
analysis using Metamorph 6.0 software (Universal
Imaging, Downingtown, PA, USA) according to the software manual. In brief, for each trichrome-stained liver
section examined, five adjacent fields were captured at
low-power magnification (five fields at low-power magnification were sufficient to cover the entire area of each
liver section regardless of the location, such as periportal
or perivenular), then we analyzed the total area (TA) of
fibrosis (blue-stained area) and optical density (OD) of
the five adjacent pictures. The degree of fibrosis of each
liver section was defined as the mean total fibrotic area
and OD of the five pictures of each liver section. This
approach enabled us to measure the small area of fibrosis around the Disse space and central vein of each liver
lobule.

Determination of the hepatic
hydroxyproline content
Hepatic hydroxyproline content was measured colorimetrically in duplicates from 0.2 g liver tissue.15 Briefly,
the tissue was homogenized in 4 mL of 6 N HCl, then
hydrolyzed at 110°C for 16 h. After filtering, 50 uL aliquots were evaporated, and residual HCl was removed
after the addition of methanol. The sediment was dissolved in 50% isopropanol and incubated with 0.2 mL
of 0.84% chloramine-T. Next, 1.0 mL of 12% Ehrlich’s
reagent was added and the mixture was incubated at
50°C for 90 min. The OD of the sample solution was
measured at a 558 nm wavelength. The OD value was
obtained by subtracting the OD of the reagent blank

© 2008 The Japan Society of Hepatology

802

S. M. Kim et al.

from the OD of a sample. Hydroxyproline was quantitated from a standard curve with amino acid.

Immunohistochemistry for a-smooth muscle
actin, transforming growth factor-b1,
and COX-2
Immunohistochemical staining was performed on
5-mm tissue sections after deparaffinization in xylene
and rehydration in a descending alcohol series. Antigen
retrieval was performed by microwaving the tissue in
a 0.01 mol/L citric saline buffer (pH 6.0). Endogenous peroxidase activity was quenched by H2O2 in
phosphate-buffered saline (PBS) for 10 min. The sections were then washed in water and preblocked with
normal goat or rabbit serum for 10 min. For the reaction
with the primary antibody, the slides were incubated
with monoclonal mouse anti-a-smooth muscle actin
(a-SMA) antibody (Biomeda, Foster City, CA, USA,
1:20) or monoclonal mouse anti-transforming growth
factor-b1 (TGF-b1) antibody (R&D system, 1:100) for
1 h. The sections were then incubated with biotinylated
secondary antibodies (1:400) for 45 min. Following a
PBS wash, the avidin–biotin complex (Strept ABComplex; DAKO, Carpinteria, CA, USA) was applied. Finally,
the sections were rinsed in PBS, developed with diaminobenzidine tetrahydrochloride substrate for 3 min,
and counterstained with hematoxylin. For the immunohistochemistry of the COX-2 expression, we used
polyclonal rabbit antimurine COX-2 serum (Cayman
Chemical, Ann Arbor, MI, USA) diluted to 2.5 mg/mL.
Immunoreactive complexes were visualized with the
peroxidase substrate 3-amino-9-ethyl-carbazole.

Sodium dodecyl sulfate–polyacrylamide gel
electrophoresis and Western blot analysis
The frozen liver tissues were thawed at RT, weighed,
placed in PBS (1:4 w/v), and homogenized with a
Tissue-Tearor (Biospec, Bartlesville, OK, USA). The
homogenate was sonicated three times for 20 s at RT
and centrifuged at 12 000 rpm. for 10 min. The supernatant was diluted with electrophoretic sample buffer to
obtain a total protein concentration of 39.2 mg/4 mL
(9.8 mg/mL), then heated at 100°C for 7 min. The heated
samples were electrophoresed under denaturing conditions in a sodium dodecyl sulfate–polyacrylamide gel
electrophoresis gel using a discontinuous procedure.
The gels consisted of a 4.5% polyacrylamide stacking gel
and 7.5% polyacrylamide separating gel. Paired minigels (Mini-protein II cell, Bio-Rad Laboratories, Hercules, CA, USA) were loaded with 39.2 mg protein/well.
The protein concentration was estimated by the Brad-
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ford method. Samples containing the standard markers,
including COX-2, matrix metalloproteinase (MMP)-9,
and TGF-b, were run at 100 V/gel slab. After electrophoresis, one mini-gel was routinely stained with
Coomassie blue and the other gel was equilibrated in
transfer buffer (25 mM Tris, 192 mM glycine, and 20%
methanol [v/v], pH 7.3). The proteins were then electrotransferred to a polyvinylpolypyrrolidone (PVDF)
transfer membrane (Immunoblot TM PVDF membrane
for the protein blot analysis, 0.2 mm; Bio-Rad, USA) at
50 V for 1 h at RT. To visualize the transferred proteins,
the PVDF membrane was stained with Brilliant Blue
R-250 (Sigma, St Louis, MO, USA) for 10 min and subsequently incubated in TBS (50 mM Tris/HCl and
20 mM NaCl, pH 7.4) containing 5% bovine serum
albumin or TBS-T (TBS with 0.1% Tween-20) with 5%
skim milk for 1 h at RT to block the non-specific sites.
The blot was then rinsed with TBS-T. The COX-2 (antibody [Ab]-1), MMP-9 (Ab-1), TGF-b (Ab-1), and b-actin
(Ab-1) proteins were detected by incubating the membrane in a moist chamber overnight at 4°C with the
following primary antibodies: rat anti-COX-2 (Ab-1,
1:200, Santa Cruz, Santa Cruz, CA, USA), rat antiMMP-9 (Ab-1, 1:300, Biomeda, USA), rat anti-TGF-b
(Ab-1, 1:200, R&D Systems), and rat anti-b-actin (Ab-1,
1:200, Santa Cruz, USA). After a TBS-T wash, the
membrane was incubated with a secondary antibody
(1:20,000, antimouse immunoglobulin G horseradish
peroxidase-conjugate dilution, Biomeda, USA) for 2 h at
RT. The peroxidase reaction was developed using an
Amersham ECL reagent (Amersham Biosciences, Piscataway, NJ, USA). After imaging, the membranes were
stripped and reprobed using a monoclonal anti b-actin
antibody (Sigma, USA).

Enzyme-linked immunosorbent assay
First, the total protein was added to two 96-well polystyrene microplates (12 strips of eight wells) coated with
a polyclonal antibody specific for mouse TGF-b. Second,
for the capture antibody, we used a polyclonal antirat
TGF-b antibody conjugated to horseradish peroxidase
with preservatives. For the standard, we used 2.5 ng lyophilized recombinant rat TGF-b in a buffered protein
base with preservatives. For the positive control, we used
a lyophilized recombinant rat TGF-b protein in a buffered protein base with preservatives. The assay value of
the control should be within the range specified on the
control label. Third, we washed the plates with a wash
buffer that consisted of a 25-fold concentrated solution
of a buffered surfactant with preservatives. This buffer
stabilized hydrogen peroxide and chromogen (tetram-
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Table 1 Serum activities of AST, ALT, and the contents of Tbil
determined after 3 weeks of experimental treatment

SO
BDL
BDL + Mel
Mel

AST (IU/L)

ALT (IU/L)

Tbil (mg/dL)

76.95 1 8.49
262.25 1 74.25
193.25 1 45.12*
84.53 1 8.28

32.98 1 5.23
96.26 1 35.78
70.07 1 25.47*
34.55 1 4.67

0.16 1 0.03
5.36 1 2.01
4.13 1 1.01*
0.19 1 0.03

*P < 0.05 as compared with the bile duct ligation (BDL) group.
Values are mean 1 SD.
ALT, alanine transaminase; AST, aspartate transaminase; Mel,
meloxicam; SO, sham operation; Tbil, total bilirubin.

ethylbenzidine). Finally, we added a diluted hydrochloric acid stop solution and determined the OD of each
well within 30 min by measuring its absorbency at
450 nm using a microplate reader. If a wavelength correction was available, this correction was set to 540 or
570 nm. If wavelength correction was not available, the
readings at 540 or 570 nm were subtracted from the
readings at 450 nm. This subtraction was corrected
for optical imperfections in the plate. Readings made
directly at 450 nm without correction may be higher
and less accurate. Immunoassays for COX-2 and MMP-9
were performed in a similar way (data not shown).

Statistical analysis

803

3 weeks after the BDL, the livers showed portal-to-portal
and portal-to-central linkage with fibrotic bands. Hepatocyte damage around the fibrous septa and fibrous
streaks were significant in the rats that had undergone
BDL for 3 weeks (Fig. 1d). We also noted that the rats
with BDL had a minimal architectural distortion of their
lobular structure, extensive bile duct proliferation that
infiltrated into hepatocytes, and fibrogenesis in periportal area (Fig. 1d,e).

Meloxicam attenuated ductular reaction
and collagen production in BDL-induced
liver ﬁbrosis
The livers of the group C rats were less edematous and
had a better surface appearance when compared with
group B (Fig. 1b). In the HE staining, meloxicam treatment suppressed both bile duct proliferation and
periportal fibrogenesis (Fig. 1f). Masson’s trichrome
staining showed a clear-cut image of collagen deposition in the periportal blue-stained area. Meloxicam

a

c

b

d

e

f

g

Statistical analysis was performed with SPSS software
version 11.5 (SPSS, Chicago, IL, USA). Differences
between two groups were analyzed by a Student’s t-test.
Differences between more than two groups were analyzed by ANOVA. P-values of less than 0.05 were considered statistically significant.

RESULTS
Effect of meloxicam on liver function test
after 3 weeks of experimental treatment

B

DL CAUSED AN increased concentration of the
serum activities of AST, ALT, and the contents of
Tbil. These were partially attenuated by treatment with
meloxicam in the BDL rats (Table 1).

Three-week BDL induced ductular reaction
and periportal ﬁbrosis in rat livers
After 3-week BDL, the livers of the rats were grossly
enlarged and lost their compliance when compared with
the livers of the sham-operation rats (Fig. 1a). We found
variable-sized, bile-filled, cell-lined biliary cysts that
were proximal to the ligation site. Histologically,

Figure 1 Representative findings of gross morphology (a–c),
hematoxylin–eosin (d,f), and Masson’s trichrome (e,g)-stained
liver tissues obtained from rats after 3 weeks of experimental
treatment (original magnification ¥200). After bile duct ligation (BDL), we found a slight architectural distortion of the
lobular structure, extensive bile duct proliferation infiltrating
into the lobular hepatocytes, and occasional fibrogenesis in the
parenchymal area (d,e). Meloxicam treatment in the BDL rats
suppressed both bile duct proliferation and periductal fibrogenesis (f,g). (a,d,e) BDL; (b,f,g) BDL + drug; (c) drug.
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treatment in the BDL rats attenuated bile duct proliferation and periportal collagen deposition (Figs 1g,2b).
The TA and OD of the blue-stained collagen areas were
compared between groups B and C (Fig. 2c).

Meloxicam suppressed the expression of
a-SMA, TGF-b, and COX-2 in livers of rats
with BDL
At 3 weeks after BDL, a-SMA-expressing myofibroblasts
were predominately located in the zone 1 areas and to a
lesser degree in zones 2 and 3. Some of the a-SMAexpressing cells appeared to infiltrate into the lobular
hepatocytes (Fig. 3a,b). Compared with group B, the
group C rats had less bile duct proliferation and weak or
no cytoplasmic a-SMA expression (Fig. 3c,d). A semiquantitative analysis of a-SMA-positive cells showed
that meloxicam reduced its number significantly
(Fig. 3e). Immunohistochemical staining for TGF-b1 in
the livers of BDL rats showed that the positively-stained,
brown-colored cells were cholangiocytes in proliferating
bile ductules and hepatocytes along the fibrous septa
(Fig. 4a). Immunohistochemical staining for COX-2
showed that it was expressed in the proliferating bile
ductules and to a lesser degree in the hepatocytes
(Fig. 4B). Myofibroblasts around the periportal area
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Figure 2 (a,b) Representative findings
in Masson’s trichrome-stained liver
tissues obtained from rats after 3 weeks
of experimental treatment (original
magnification ¥400). Periportal blue
area indicates deposition of positivelystained collagen. Meloxicam (Mel)
treatment in the bile duct ligation
(BDL) rats attenuated bile duct proliferation and collagen production
in myofibroblasts. (a) BDL; (b)
BDL + drug. (c) Total area and optical
density of the blue-stained collagen
calculated by an image analyzer.
Values were 5098.08 1 5200.96 mm2
and 931.63 1 629.76 degrees in group
B and 567.68 1 1102.86 mm2 and
173.6 1 233.99 degrees in group C.
(d) Quantification of the degree of liver
fibrosis assessed by measuring hydroxyproline content in the liver. It was
attenuated after Mel treatment. *Significantly different from BDL group
(P < 0.05). SO, sham operation.

showed weak or no staining for both TGF-b1 and
COX-2. Compared with the group B rats, the livers of
the group C rats showed reduced cytoplasmic TGF-b1
expression in the cholangiocytes and hepatocytes
(Fig. 4c). Meloxicam treatment in the BDL rats also
attenuated immunohistochemical staining for hepatic
COX-2 in the cholangiocytes and hepatocytes (Fig. 4d).

Meloxicam suppressed proﬁbrogenic
cytokine TGF-b1, COX-2, and MMP-9
production in livers of rats with BDL
Enzyme-linked immunosorbent assay (ELISA) showed
markedly reduced TGF-b1 production in the livers of
group C rats when compared with group B (P < 0.001).
A Western blot analysis of the TGF-b1 expression also
showed similar results. Furthermore, the Western blot
analysis and ELISA revealed that the hepatic production
of COX-2 and MMP-9 proteins were reduced in group C
rats as compared with group B (Fig. 5; Table 2).

DISCUSSION

I

N THE PRESENT study, we determined that selective
COX-2 inhibitor meloxicam suppressed liver fibrosis
in a rat model of cholestatic liver disease. After 3 weeks
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Figure 3 Representative findings of immunohistochemical staining for a-smooth muscle actin (a-SMA) in the livers of rats after
3 weeks of experimental treatment. In the bile duct ligation (BDL) rats, there were positively-stained portal myofibroblasts or
activated hepatic stellate cells around the proliferating bile ducts in the periportal areas (a,b). Meloxicam (Mel) treatment in the
BDL rats attenuated the positively-stained cells (c,d). For each specimen, the number of a-SMA-positive cells was counted in 10
high power fields (HPF) and expressed as the average number of a-SMA-positive cells/HPF (e). Mel significantly reduced the
number of a-SMA-positive cells as compared with BDL (P < 0.05). (a,b) BDL, (c,d) BDL + drug. (Original magnification ¥100 for
a,c and ¥200 for b,d.)

a
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Figure 4 Immunohistochemical staining for transforming growth factor-b1 (TGF-b1) and cyclooxygenase-2 (COX-2) in livers of
rats 3 weeks after bile duct ligation (BDL) (original magnification ¥200). (a,c) Immunohistochemical staining of TGF-b1. At
3 weeks after BDL, positively-stained, brown-colored cells were mainly composed of proliferating bile ductules and hepatocytes
along the fibrous septa. TGF-b1 staining was very faint in non-parenchymal cells in the fibrous septa (a). Meloxicam treatment in
the BDL rats attenuated TGF-b1 staining in bile duct epithelial cells and hepatocytes (c). (b,d) Immunohistochemical staining of
COX-2. At 3 weeks after BDL, the COX-2 expression was confined to cholangiocytes in proliferating bile ductules and hepatocytes
and was not detected in non-parenchymal cells in the fibrous septa (b). Meloxicam treatment in the BDL rats attenuated COX-2
staining in bile duct epithelial cells and hepatocytes (d). (a,b) BDL; (c,d) BDL + drug.
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Figure 5 Total protein analysis of cyclooxygenase-2 (COX-2), matrix metalloproteinase-9 (MMP-9), and transforming growth
factor-b1 (TGF-b1). (a) Western blot analysis shows that meloxicam suppresses the intensity of the bands of the COX-2 (72 kDa),
MMP-9 (92 kDa), and TGF-b1 (25 kDa) proteins as compared with the bile duct ligation (BDL) rats. b-Actin served as a protein
loading control. (i) COX-2 antibody (Ab): 1–2 ug/mL per total protein 200 ug/mL (ii) MMP-9 Ab: 1–2 ug/mL per total protein
300 ug/mL (iii) TGF-b1 Ab: 1–2 ug/mL per total protein 200 ug/mL (iv) b-actin Ab: 4.5 ug/mL per total protein 200 ug/mL (b)
enzyme-linked immunosorbent assays also showed that meloxicam attenuated the expression of COX-2 (i), MMP-9 (ii), and
TGF-b1 (iii) in the BDL rats. *Significantly different from BDL group (P < 0.001).

of BDL, we observed a marked proliferation of the
cholangiocytes and portal fibroblasts around them. Proliferating bile duct epithelial cells in BDL showed
increased COX-2 and TGF-b expressions when compared with neighboring hepatocytes and portal fibroblasts. All these changes were attenuated by meloxicam.
Of major interest was the finding in the present work
that in prolonged biliary obstruction, “reactive” biliary
epithelia abandon their differentiated epithelial phenotype, and unlike normal cholangiocytes, have the ability
to produce and secrete TGF-b1. This is in accordance

with other previous reports.16,17 There is increasing
experimental evidence that bile acid (especially deoxycholic acid) promotes cholangiocyte proliferation by
the activation of the epidermal growth factor receptor/
mitogen-activated protein kinase/COX-2 signaling
pathway.18–20 Although it is uncertain from this study
whether cholangiocyte proliferation is the result of the
accumulated bile acid or BDL-induced hepatocyte
damage, proliferating bile duct epithelial cells exclusively expressed COX-2. Therefore, it is highly likely that
the COX-2 expression is critical in the activation and

Table 2 Enzyme-linked immunosorbent assay of COX-2, MMP-9, and TGF-b1 proteins after 3 weeks of experimental treatment

SO
BDL
BDL + Mel
Mel

COX-2

MMP-9

TGF-b1

0.611 1 0.077
1.478 1 0.208
1.053 1 0.245*
0.590 1 0.054

0.502 1 0.021
1.340 1 0.270
0.925 1 0.192*
0.489 1 0.033

0.492 1 0.044
1.244 1 0.276
0.887 1 0.135*
0.501 1 0.044

*P < 0.05 as compared with bile duct ligation (BDL) group. Values are mean 1 SD. COX-2, cyclooxygenase-2; Mel, meloxicam; MMP-9,
matrix metalloproteinase-9; SO, sham operation; TGF-b1, transforming growth factor-b1.
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proliferation of bile duct epithelial cells, which are able
to secret TGF-b1. Recent studies have shown that selective COX-2 inhibitors can suppress nuclear COX-2
transcription as well as the biosynthesis of COX-2dependent prostaglandins. Selective COX-2 inhibitors
inhibit nuclear factor-kB activation through the inhibition of IkB (inhibitor of kappa B) kinase and Akt
activation, leading to the downregulation of COX-2 synthesis and other genes needed for inflammation and
proliferation.21 In this respect, it is highly possible that
meloxicam has the unique potential to suppress portal
fibrosis in biliary obstruction. Reduced prostaglandin
production by COX-2 inhibitors is a well-established
concept of antifibrosis; that is, inflammation is the forerunner of fibrosis. Controlling the degree of inflammation can minimize the release of various inflammatory
mediators known to be involved in collagen synthesis
and accumulation, but in addition to that, we speculate
from the current study that after BDL, the reactive biliary
epithelia produce and secret profibrogenic TGF-b1 and
that COX-2 is a critical intracellular signal pathway for
this activation. Disruption of this signaling pathway
may result in the loss of the regulation of cellular functions that govern the growth and survival of reactive
cholangiocytes. Thus COX-2 inhibitors effectively ameliorate fibrosis in cholestatic injury. The major source of
TGF-b1 in liver fibrosis has been considered to be
damaged cells, such as hepatocytes or Kupffer cells, but
the results of our experiment showed that TGF-b1 is
expressed in almost all of the epithelial cells of the
proliferating bile duct and some of the hepatocytes
along fibrotic septa. This issue has not been the focus of
much discussion, but is commensurate with a few previous studies about the cholestatic liver.22–24 Ramm
et al.24 observed that CD68-positive macrophages within
scar tissues did not contribute to TGF-b1 mRNA expression in biliary fibrosis. A few reports have shown that
after BDL, TGF-b1 staining is well observed in hepatic
stellate cells after BDL.25,26 It is very difficult to explain
based on the results of our study why TGF-b1 was
expressed in peribiliary fibroblasts so weakly after BDL.
Portal tract edema might cause tissue rarefaction in the
peribiliary area, but we do not sure this really happened.
We also speculate that this is related to the heterogeneity
of the hepatic myofibroblast subpopulation (portal
fibroblast vs sinusoidal hepatic stellate cell). In the
current study, meloxicam also suppressed the TGF-b1
expression in the cholangiocytes and hepatocytes. It is
uncertain from the present study whether COX-2 inhibitors directly affect TGF-b1 expression at the transcriptional level in the reactive cholangiocytes, but our
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finding is in line with other reports suggesting the
inhibitory effect of selective COX-2 inhibitors on
TGF-b1 expression.27–29 In carbon tetrachloride-induced
liver fibrosis, selective COX-2 inhibitors attenuate the
expression of the connective tissue growth factor, which
is a downstream effector of TGF-b.11 Another in vitro
study, however, showed that prostaglandin E2 suppresses the expression of TGF-b1 and collagen a1(I) in
hepatic stellate cells (HSC).30 Further studies are needed
to evaluate this important aspect (anti TGF-b1) of selective COX-2 inhibitors. In our study, TGF-b1-positive
cells were still observed and their expression was higher
than the sham-operation or drug-only group after treatment of meloxicam in the BDL group. Therefore, it is
possible that COX-2 inhibitors might suppress hepatic
fibrosis via another pathway. One of the candidates
may be a peroxisome proliferator activated receptor-g
(PPAR-g) pathway. PPAR-g is a receptor transcription
factor that controls growth and differentiation in
various transformed cells such as HSC. It is widely
accepted that selective COX-2 inhibitors are functional
ligands of PPAR-g for the inhibition of transdifferentiation of HSC.10,31 With regard to the antifibrotic effect of
the selective COX-2 inhibitors, one study has shown
conflicting in vivo results that selective COX-2 inhibitor
(celecoxib) aggravates CCl4-induced rat liver fibrosis.32
Ligation-induced biliary fibrosis seems to have quite
different characteristics than toxin-induced fibrosis. The
former is a consequence of proliferation of the bile duct
epithelia and concentric proliferation of the portal
fibroblasts around them. Lobular hepatocytes are preserved (zone 1 fibrosis). In contrast, CCl4, applied
intraperitoneally, is transported to the liver and is
metabolized by hepatocytes. Subsequent cell death
results in the production of cytokines like TGF-b1 and
triggers the transdifferentiation process of perisinusoidal myofibroblast (HSC) in paracrine and autocrine
loops (lobular fibrosis).11,33 In biliary obstruction, portal
fibroblasts rather than sinusoidal HSC are the major
mesenchymal cells in the early stage.34–36 In the present
study, the expression of MMP-9 decreased after treatment of meloxicam. COX-2 promotes the release of
MMP-2 and MMP-9 in rat fetal hepatocytes.37 Their production is important for extracellular matrix remodeling
that occurs in most liver fibrosis.38 Meloxicam is a Food
and Drug Administration-approved drug for rheumatoid arthritis and osteoarthritis.39 It has become a recommended drug for use due to its preference for COX-2
over COX-1, lower gastrotoxicity, and lower cardiotoxicity than other selective COX-2 inhibitors.14,40,41 In conclusion, the administration of COX-2 inhibitors leads to
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a significant histological improvement, including the
altered expression of several cytokines in BDL-induced
liver fibrosis. The results of our study suggest that COX-2
inhibitors when used with ursodeoxycholic acid, may be
beneficial in patients with progressive liver fibrosis, such
as biliary atresia after portoenterostomy.
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