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Nimesulide, a cyclooxygenase-2 selective inhibitor,
suppresses obesity-related non-alcoholic fatty liver disease
and hepatic insulin resistance through the regulation
of peroxisome proliferator-activated receptor vy
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Abstract. Cyclooxygenase (COX)-2 selective inhibitors
suppress non-alcoholic fatty liver disease (NAFLD); however,
the precise mechanism of action remains unknown. The aim
of this study was to examine how the COX-2 selective inhibitor
nimesulide suppresses NAFLD in a murine model of high-fat
diet (HFD)-induced obesity. Mice were fed either a normal
chow diet (NC), an HFD, or HFD plus nimesulide (HFD-nime)
for 12 weeks. Body weight, hepatic COX-2 mRNA expression
and triglyceride accumulation were significantly increased in
the HFD group. Triglyceride accumulation was suppressed in
the HFD-nime group. The mRNA expression of hepatic peroxi-
some proliferator-activated receptor y (PPARY) and the natural
PPARYy agonist 15-deoxy-A'*"-prostaglandin J, (15d-PGJ,)
were significantly increased in the HFD group and
significantly suppressed in the HFD-nime group. Glucose
metabolism was impaired in the HFD group compared
with the NC group, and it was significantly improved in the
HFD-nime group. In addition, the plasma insulin levels in the
HFD group were increased compared with those in the NC
group, and were decreased in the HFD-nime group. These
results indicate that HFD-induced NAFLD is mediated by the
increased hepatic expression of COX-2. We suggest that the
production of 15d-PGJ,, which is mediated by COX-2, induces
NAFLD and hepatic insulin resistance by activating PPARY.
Furthermore, the mRNA expression of tissue inhibitor of
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metalloproteinases-1 (TIMP-1), procollagen-1 and monocyte
chemoattractant protein-1 (MCP-1), as well as the number
of F4/80-positive hepatic (Kupffer) cells, were significantly
increased in the HFD group compared with the NC group, and
they were reduced by nimesulide. In conclusion, COX-2 may
emerge as a molecular target for preventing the development of
NAFLD and insulin resistance in diet-related obesity.

Introduction

Non-alcoholic fatty liver disease (NAFLD) and non-alcoholic
steatohepatitis (NASH), the advanced stage of NASH, are
common conditions associated with insulin resistance and
metabolic syndrome (1-3). In addition, NAFLD is associated
with an increased risk of cardiovascular disease (4). Under
fasting conditions, the liver produces glucose via gluco-
neogenesis in order to maintain blood glucose at a constant
level (5). After meals, insulin converts glucose into glycogen
and suppresses gluconeogenesis to maintain the level of
glycemia (6). However, in patients with NAFLD, insulin
cannot suppress gluconeogenesis and does not convert glucose
to glycogen after meals, a condition known as hepatic insulin
resistance. Previous studies found that the excessive hepatic
accumulation of triglycerides (TGs) and free fatty acids (FFAs)
induced hepatic insulin resistance (7,8).

Peroxisome proliferator-activated receptor y (PPARY) is
a member of the nuclear hormone receptor superfamily (9).
PPARY is abundantly expressed in adipose tissue and plays
a key role in lipid metabolism (10). Drugs activating PPARY
such as thiazolidinediones (TZDs) reverse NAFLD (11,12).
However, previous studies have shown that PPARy expression
is increased in the liver of obese patients and animals (13-15).
Thus, PPARYy may enhance hepatic steatosis under conditions
of obesity.

Cyclooxygenase (COX), which exists in two isoforms,
COX-1 and COX-2, plays an important role in the production
of eicosanoids (16). COX-1 is expressed abundantly in many
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tissues. However, COX-2 is not usually expressed in the resting
state. Following exposure to a stimulus such as inflammation, the
expression of COX-2 increases (17-19). A recent study showed
that development of NAFLD in rats with diet-induced obesity
was suppressed by concomitant treatment with a COX-2 selective
inhibitor (20). However, the mechanisms by which the COX-2
selective inhibitor suppressed NAFLD were not fully explained.

In the present study, we aimed to elucidate the detailed
mechanisms through which nimesulide, a COX-2 selective
inhibitor, suppresses the development of NAFLD in a murine
model of high fat diet (HFD)-induced obesity.

Materials and methods

Animals. Male C57BL/6J mice (WT mice, 8 weeks old) were
purchased from CLEA Japan (Osaka, Japan). All animals
were housed in the Center for Laboratory Animal Care of
Tottori University School of Medicine (Yonago, Japan). All
experimental procedures were performed in accordance with
Tottori University Animal Care Guidelines, which conform to
the NIH Guide for the Care and Use of Laboratory Animals
(NIH publication no. 85-23, revised in 1985). Experimental
protocols were approved by the Institutional Animal Care and
Use Commiittee of Faculty of Medicine of Tottori University.
The mice were randomly assigned to three groups (6 mice/
group) and fed either a normal chow diet (NC), a 32% HFD
(CLEA Japan) or a HFD plus nimesulide [HFD-nime;
66 mg/kg/day: nimesulide was premixed into the 32% HFD
(Cayman Chemical Co., Ann Arbor, M1, USA)] ad libitum for
12 weeks. The concentration of nimesulide mixed with powdery
chow was calculated by measuring the food consumption,
which was monitored daily. Then, after a 12 h fast, the animals
were sacrificed by pentobarbital anesthesia injection, and blood
samples and the livers of these animals were collected.

Oil Red O staining. The liver was isolated, embedded in
Tissue-Tek 4583 Optimal Cutting Temperature compound
(Sakura Finetek Japan Co., Ltd., Tokyo, Japan) and snap-frozen
in liquid nitrogen. Cryostat sections of mouse liver were
washed in water for 5 min and then stained with Oil Red O
solution (Polysciences, Inc., Warrington, PA, USA) for 30 min.
Subsequently, the sections were counterstained with hematox-
ylin (Muto Pure Chemicals Co., Ltd., Tokyo, Japan) for 1 min.

Measurement of areas of hepatic fibrosis using Sirius red stain.
Formalin-fixed, paraffin-embedded liver sections (4-pm thick)
were stained with picrosirius red (Sirius red) and counter-
stained with fast green (both from Chroma-Gesellschaft
Schmid GmbH & Co., Miinster, Germany). The areas of
hepatic fibrosis were subsequently measured in 10 randomly
selected fields in each specimen (magnification, x400;
Olympus BX51N-34 microscope; Olympus Corp., Tokyo,Japan)
using WinROOF software (version 5.71; Mitani Corporation,
Tokyo, Japan).

Analysis of inflammatory cell infiltration in liver tissue.
The mature mouse cell surface glycoprotein F4/80, which is
expressed at high levels on Kupffer cells, was immunohisto-
chemically stained using a rat monoclonal anti-F4/80 mouse
antibody (cat. no. ab6640; Abcam, Tokyo, Japan) diluted
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at 1:100 with 0.01 M/l phosphate-buffered saline (PBS),
according to the manufacturer's instructions. Goat anti-rat
secondary antibody, from the Histofine Simple Stain Mouse
MAX-PO (Rat) kit (cat. no. 414311F; Nichirei Bioscience Inc.,
Tokyo, Japan) was used without dilution. The immunopositive
cells were analyzed in 10 intralobular ocular fields (magnifica-
tion, x400; Olympus BX51N-34 microscope) in each specimen.

Biochemical analysis. Blood samples were collected in
microtainer tubes (BD Biosciences, Tokyo, Japan) and centri-
fuged (9,000 x g, 10 min) in order to obtain plasma. Plasma
levels of glutamic pyruvic transaminase (GPT)/alanine
transaminase (ALT) and glutamic oxaloacetic transami-
nase (GOT)/aspartate transaminase (AST) were measured
using DRI-CHEM 7000 Z (Fujifilm, Tokyo, Japan). The hepatic
TG content was determined using a commercially available
TG quantification kit (BioVision Inc., Mountain View, CA,
USA) and a microtiter plate reader (Sunrise rainbow RC-R;
TECAN, Kawasaki, Japan).

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). The hepatic tissue samples
were homogenized and total RNA was extracted using the
RNeasy Lipid Tissue Mini kit (Qiagen, Hilden, Germany).
The RNA concentrations were determined by measuring
the absorbance at 260 nm using a NanoDrop 1000 spectro-
photometer (Thermo Fisher Scientific, Waltham, MA, USA),
and the quality of RNA was confirmed by electrophoresis
using ethidium bromide-stained 1% agarose gels. Total RNA
(2 ug) was reverse transcribed in a final volume of 11.5 ul
containing 4 ul 5X standard buffer, 2 1 0.1 M dithiothreitol,
1 ul SuperScript II RNase H-reverse transcriptase (Invitrogen
Life Technologies, Carlsbad, CA, USA), 2 ul 10 M MdNTP
(Promega, Madison, WI, USA), 1 pl 50 pmol/ul Random
Primer (Promega), 0.5 pl 100 pmol/ul Oligo (dt)15 Primer
(Promega) and 1 1 40 U/ul ribonuclease inhibitor (Wako Pure
Chemical Industries, Ltd., Osaka, Japan). The mixtures were
incubated at 37°C for 60 min, 95°C for 5 min and then cooled
to 4°C for 5 min using a MyCycler Thermal Cycler (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Quantitative PCR assays (7900HT Fast Real-Time
PCR system; Applied Biosystems, Carlsbad, CA, USA)
were performed in a final volume of 10 ml containing
250 nM Universal ProbeLibrary probe (Roche, Basel,
Switzerland), 900 nM forward primer, 900 nM reverse
primer, 5 ml EXPRESS qPCR Supermix with Premixed Rox
(Invitrogen) and 2 ml cDNA. The mRNA levels of COX-1
(GenBank: NM_008969), COX-2 (GenBank: NM_011198),
PPARy (mouse) (GenBank: NM_011146), PPARy (human)
(GenBank: NM_015869), tissue inhibitor of metallopro-
teinases-1 (TIMP-1; GenBank: NM_011593), procollagen-1
(GenBank: U08020), transforming growth factor-f1 (TGF-p1;
GenBank: NM_011577) and monocyte chemoattractant
protein-1 (MCP-1; GenBank: NM_100127112) were
assessed using the 7900HT Fast Real-Time PCR system
with SDS2.3 software (Applied Biosystems). Human
p-actin (GenBank: NM_001101) and mouse f-actin
(GenBank: NM_007393) were used as internal controls
for RNA integrity. The PCR products were eluted into ultra
pure water using a QIAquick gel extraction kit (Qiagen), and
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a standard curve was prepared using serial dilutions. The
following thermal cycle conditions were used: 95°C for 20 sec
followed by 45 cycles of 1 sec at 95°C and 20 sec at 60°C.
The relative mRNA expression levels were calculated using
the 2-24°T method.

Measurement of hepatic 15-deoxy-A""-prostaglandin J,
(15d-PGJ,). The hepatic content of 15d-PGJ, was quantified
using a commercially available enzyme-linked immunosorbent
assay (Enzo Life Sciences, Tokyo, Japan) in accordance with
the manufacturer's instructions.

Cell culture and 15d-PGJ, treatment. Human hepatocarci-
noma HepG2 cells (a gift from Professor Shiota, Division of
Molecular and Genetic Medicine, Tottori University, Yonago,
Japan) were seeded (30,000 cells/cm?) and maintained for 24 h
in DMEM (Wako Pure Chemical Industries, Ltd.) supplemented
with 2 mM glutamine, 1% penicillin/streptomycin solution and
10% FBS, at 37°C in a 5% CO, humidified atmosphere. The
compound 15d-PGJ, was then added at a concentration of 5 or 10
UM and the cells were incubated for a further 48 h. The solvent
DMSO was used as a vehicle control. RNA was extracted using
an RNeasy mini kit, and the expression of 3-actin and PPARy
was quantified using the real-time RT-PCR system.

Intraperitoneal glucose tolerance test (ipGTT) and plasma
insulin measurement. To assess glucose tolerance after
12 weeks, the mice were injected with glucose (1 mg/g
body weight) intraperitoneally after a 12-h fast. Blood
samples were drawn from the tail vein at baseline and at
15, 30, 60, 90 and 120 min after the injection. The blood
glucose level was measured using an automatic blood glucose
meter (Glucose Pilot; Iwai Chemicals Ltd., Tokyo, Japan).
Plasma insulin levels was measured using a Mercodia mouse
insulin EIA kit (Mercodia Inc., Winston-Salem, NC, USA).

Statistical analysis. Data were processed using StatView
J-4.5 software (SAS Institute Inc., Cary, NC, USA). Values
are expressed as the means + standard error of mean (SEM).
Values of groups were analyzed by one-way ANOVA with
post-hoc tests for multiple comparisons. Perfusion recovery
among groups was assessed using ANOVA with repeated
measures. The Student's t-test was used for comparisons
between two groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

Animal model of obesity and NAFLD. As shown in Fig. 1,
the body weights of the mice in the HFD group signifi-
cantly increased compared with those in the NC group.
Histopathologically, Oil Red O-positive areas, which indicated
TG accumulation in the liver, were clearly larger in the HFD
group (Fig. 1B). COX-2 mRNA expression in the liver was
significantly increased in the HFD group compared with the
NC group, although no difference was observed in COX-1
mRNA expression between the two groups (Fig. 1C and D).

Effect of the COX-2 selective inhibitor on body weight and
NAFLD. The body weights of mice in the HFD-nime group
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increased and were comparable with those in the HFD
group (Fig. 1E). Histopathological findings indicated that TG
accumulation was suppressed in the HFD-nime group compared
with that in the HFD group (Fig. 1F). Similarly, the increased
hepatic TG content observed in the HFD group was also signifi-
cantly suppressed by nimesulide (Fig. 2A). Plasma GPT levels
in the HFD group were significantly increased compared with
those in the NC group. Nimesulide significantly suppressed the
increase of plasma GPT in the HFD group (Fig. 2B). Plasma
GOT levels exhibited a similar tendency although they did not
reach a statistically significant level (Fig. 2C).

Hepatic PPARy mRNA expression and 5d-PGJ, content. PPARYy
mRNA expression in the liver was significantly increased in
the HFD group whereas nimesulide significantly suppressed
PPARY mRNA expression in the HFD-nime group (Fig. 2D).
The findings of previous studies suggested that the mRNA
expression and activation of PPARy were regulated by 15d-PGJ,,
which is one of the metabolites of COX-2 and a PPARY natural
agonist, in various types of cell (21,22). Therefore, we exam-
ined whether 15d-PGJ, was increased in the livers of obese
mice, and whether it was suppressed by nimesulide, using an
enzyme-linked immunosorbent assay. As shown in Fig. 2E,
the hepatic 15d-PGJ, content was higher in the HFD group
than in the NC group, and nimesulide completely suppressed
15d-PGJ, content in the liver. In order-to determine whether
15d-PGJ, enhanced the expression of PPARYy at the mRNA and
protein level, we performed in vitro experiments using human
hepatocarcinoma HepG2 cells. As shown in Fig. 2F, 15d-PGJ,
enhanced the mRNA expression of PPARYy in HepG2 cells in
a dose-dependent manner and 10 uM 15d-PG]J, significantly
increased the mRNA expression of PPARY.

Effect of the COX-2 selective inhibitor on glucose metabolism
in obese mice. Previous studies have suggested that NAFLD is
a risk factor for disordered glucose metabolism (1-3). Therefore,
in order to determine whether nimesulide is capable of reversing
disordered glucose metabolism, we performed an ipGTT. The
mice in the HFD group showed impaired glucose tolerance,
but this was significantly ameliorated by the administration of
nimesulide (Fig. 3A). In addition, the mice in the HFD group
developed hyperinsulinemia, which was also suppressed by
nimesulide (Fig. 3B).

Effects of COX-2 on hepatic fibrosis. There was no significant
difference in the extent of the area immunostained with Sirius
red between the NC group and the HFD group. Furthermore,
the administration of nimesulide did not significantly affect
the area of Sirius red immunostaining (Fig. 4A and C). The
mRNA expression of TIMP-1 and procollagen-1 in the liver
were significantly increased in the HFD group compared
with the NC group (Fig. 5A and B). Nimesulide significantly
suppressed the mRNA expression of TIMP-1 and procollagen-1
in the HFD-nime group (Fig. 5A and B). However, nimesulide
did not alter the mRNA expression of TGF-f1 (Fig. 5C).

Effect of COX-2 on inflammatory reactions in the liver. The
number of F4/80-positive Kupffer cells was significantly
increased in the HFD group (Fig. 4B and D). Nimesulide
significantly suppressed the number of F4/80-positive cells in
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Figure 1. (A) Weekly body weight measurements of the mice in the NC and HFD groups (n=3 per group). (B) Oil Red O staining of the liver in the NC and
HFD groups (original magnification, x100). (C and D) Cyclooxygenase (COX)-1 and -2 mRNA expression in the livers of mice in the NC and HFD groups (n=9
per group. 'P<0.05 vs. NC. (E) Weekly body weight measurements of the mice in the NC, HFD and HFD-nime groups (n=6 per group). 'P<0.05 HFD vs. NC,
"P<0.01 HFD vs. NC, P<0.05 HFD-nime vs. NC, $*P<0.01 HFD-nime vs. NC. (F) Oil Red O staining of the liver in the NC, HFD and HFD-nime groups
(original magnification, x100). NC, normal chow diet; HFD, high fat diet; HFD-nime, high fat plus nimesulide.

the HFD-nime group (Fig. 4B and D). Similarly, the mRNA
expression of MCP-1 in the liver was significantly increased in
the HFD group and significantly suppressed by nimesulide in
the HFD-nime group (Fig. 5D).

Discussion

A previous study showed that COX-2 selective inhibitors
suppressed hepatic steatosis in rats with HFD-induced
obesity (20). However, the detailed mechanism responsible
for this effect was not elucidated. PPARYy, which belongs to
the PPAR family of nuclear receptors, is mainly expressed in
adipose tissue and it plays an important role in lipid metabo-
lism (10). In previous studies, PPARy expression was found to
be increased in the liver of obese rats and to be involved in the

development of NAFLD (13-15,23,24). In the present study, we
confirmed that the mRNA expression of PPARYy was increased
in the livers of mice with HFD-induced obesity, and that it
was suppressed by nimesulide (Fig. 2D). The histopathological
examination of mouse liver tissues showed that nimesulide
suppressed hepatic steatosis (Fig. 1F). These results suggest
that the COX-2 selective inhibitor suppressed hepatic steatosis
by suppressing the expression and activation of PPARY.
15d-PGlJ, is a prostanoid derived from prostaglandin D,
and it is a natural PPARy agonist (25). In the current study,
we showed that the 15d-PGJ, concentration was increased in
the livers of mice with HFD-induced obesity. The results of
our in vitro experiment as well as those of a previous study
revealed that 15d-PGlJ, increased not only PPARY activity
but also its expression in hepatocytes (26). PPARY increases
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lipogenic gene expression, such as fatty acid synthase and
sterol regulatory element-binding protein-1, as evidenced
by increased levels of a lipogenic gene, and induces lipid
accumulation (23,27,28). Moreover, hepatocyte-specific
PPARYy-deficient mice showed decreased lipogenic gene
expression, and did not accumulate fat in the liver despite
consuming an HFD (29). As a result, it was hypothesized that

15d-PGlJ, stimulates the expression and activation of PPARY in
the livers of mice with HFD-induced obesity, and that NAFLD
development is mediated by the increased expression of this
lipogenic gene. However, in clinical cases, TZDs, which are
well-known PPARY activators, are often used to treat NAFLD
and diabetes mellitus (11,12). It remains unclear whether TZDs
ameliorate hepatic steatosis as a consequence of their primary
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insulin-sensitizing effects on adipose tissue (12). However,
the following findings of previous studies suggest that the
beneficial effects of TZDs on NAFLD and insulin resistance
were induced by the activation of PPARY in the adipose tissue,
rather than in the liver or striated muscle. Transgenic mice
characterized by adipocyte-specific PPARy activation showed
reduced insulin resistance, similar to that observed in a
model of mice with HFD-induced obesity treated with TZDs.
Muscle-specific PPARy-deficient mice showed improved free
fatty acid metabolism and insulin resistance under treatment
with TDZs (30-32). In addition, in liver-specific PPARY-
deficient mice, the development of HFD-induced NAFLD and
insulin resistance was suppressed (29). Therefore, we suggest
that the presence of PPARY in adipose tissue is important
in the treatment of NAFLD and insulin resistance, and that
PPARY in the liver plays a crucial role in the development of
NAFLD in mice with HFD-induced obesity.

It is well-known that insulin regulates gluconeogenesis
and glycogen synthesis in the liver to maintain the blood
glucose levels (6,33). Previous studies suggested that the
excessive accumulation of TGs or FFAs in the liver suppressed
the metabolic pathway of glucose by activating protein
kinase Ce (PKCe¢) (34,35), thereby leading to hepatic insulin
resistance and disorders of glucose metabolism. In addition,
ezetimibe, which is known to prevent TG accumulation,
suppresses the development of NAFLD in the livers of obese
Zucker rats (36,37). Thus, the inhibition of fat accumulation in
the liver reduces hepatic insulin resistance. In this study, the
HFD group showed impaired glucose metabolism and this was
ameliorated in the HFD-nime group (Fig. 3). Consequently,
nimesulide may reverse hepatic insulin resistance by
suppressing the development of NAFLD. In addition, a study
showed that prostaglandin E, (PGE,), which is one of the main
products of COX-2, also induced hepatic insulin resistance via
its receptor EP3f3 (38). Thus, the increased expression of COX-2
in the livers of obese mice may be one of the main contributors
to excessive NAFLD and hepatic insulin resistance.

In the present study, it was found that nimesulide attenuated
hepatic inflammation as another factor involved in the second
hit of the progress of NAFLD. Nimesulide reduced the number
of Kupffer cells infiltrating the liver and decreased the gene
expression of MCP-1, which directs trafficking of immune cell
to sites of tissue damage. The products of lipid peroxidation
can mediate inflammatory recruitment by activating NF-xB
and COX-2 (39). The activation of NF-kB was accompanied by
the increased hepatic expression of several inflammatory cyto-
kines [interleukin (IL)-1B, TNF-a and IL-6] and by an increase
in plasma MCP-1 levels, all known to be NF-kB-dependent
inflammatory cytokines (40). Kupffer cells are crucial for the
early development of NASH by promoting blood monocyte
infiltration through the production of interferon y-induced
protein-10 and MCP-1 (41). MCP-1 gene expression and the
number of Kupffer cells infiltrating the liver were reduced by
nimesulide and thereby regulated inflammation.

In the present study, we examined whether nimesulide
attenuated the progression of liver fibrosis. As a HFD did
not induce immunohistological liver fibrosis, the effect of
nimesulide on liver fibrosis could not be examined. However,
the increased hepatic gene expression of TIMP-1 and procol-
lagen-1 in the HFD group were suppressed by nimesulide.
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These findings suggest that nimesulide may attenuate hepatic
fibrogenesis in NAFLD.

Notably, the body weights of the mice in the HFD-nime
group were comparable with those in the HFD group whereas
hepatic TG contents were decreased by nimesulide admin-
istration almost to the control level. It has been previously
reported that in rats fed a HFD in combination with celecoxib
(COX-2 selective inhibitor), TG accumulation in the liver was
attenuated, without affecting body weight (20). Thus, these
findings taken together with the results of the present study,
suggest that the reduction of hepatic TG content by nimesulide
does not affect body weight. However, further experiments
are necessary to examine this possibility in more detail.

This study has some limitations. Firstly, a clear, casual
association between the decrease in hepatic 15d-PGJ, content
and histological amelioration of NAFLD by pre-treatment with
nimesulide in vivo was not shown, although it was demonstrated
that 15d-PGJ, induced PPARY expression in HepG2 cells. This
suggests that other factors may contribute to the histological
amelioration obtained with nimesulide. Secondly, it has been
shown that the upregulation of COX-2 in adipocytes increases
the production of inflammatory PGE,, leading to insulin
resistance (20). However, the effects of nimesulide on adipose
tissue were not examined in the present study. Examining the
effects of nimesulide on 15d-PGlJ, in adipose tissue would
further clarify the amelioration observed in this murine model
of NAFLD. Thirdly, the reduction in insulin resistance induced
by nimesulide may also be attributed to the ability of nimesu-
lide to restore hepatic TG accumulation. Further experiments
concerning hepatic glucose output or hepatic insulin receptor
substrate phosphorylation are necessary for confirmation.
Fourthly, our study provided no information that would
confirm whether hepatocytic COX-2 and 15d-PGJ, are upregu-
lated in steatohepatitis and successfully blocked by nimesulide,
which is a clear limitation. Finally, information to validate the
functions of PPARY on hepatocytes is lacking in the present
study as the expression of lipogenesis/lipid oxidation genes was
not evaluated in vivo or in vitro and the production of reactive
oxygen species was not examined in hepatocytes.

In conclusion, we suggest that COX-2 expression in
the livers of mice with HFD-induced obesity is involved in
the development of NAFLD through the 15d-PGJ,-PPARY
pathway. The inhibition of COX-2 by nimesulide suppressed
hepatic inflammation and fibrogenesis, and reduced insulin
resistance in NAFLD. Nimesulide may contribute to the treat-
ment of NAFLD and metabolic syndrome. Thus, COX-2 may
emerge as a molecular target for preventing the development of
NAFLD and insulin resistance in diet-related obesity.
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