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Abstract

AlIM: To study the effect of FR167653 on immunological
liver injury (ILI) in mice.

METHODS: ILI was established by tail vein injection of
2.5 mg Bacillus Calmette-Guerin (BCG), and 10 d later with
10 mg lipopolysaccharide (LPS) in 0.2 mL saline (BCG plus
LPS). Alanine aminotransferase (ALT), aspartate
aminotransferase (AST) in sera and malondialdehyde
(MDA), glutathione peroxidase (GSHpx) contents in liver
homogenates were assayed by spectrophotometry. The
levels of tumor necrosis factor-a (TNF-a) and nitric oxide
(NO) levels in sera were determined using ELISA.
Interleukin-1 (IL-1) produced by peritoneal macrophages
was determined by the method of *H-infiltrated cell
proliferation. The nuclear factor-kappa B (NF-kB) p65 in
liver tissue was analyzed with reverse transcription
polymerase chain reaction (RT-PCR). Liver samples
collected were stained with hematoxylin and eosin.

RESULTS: FR167653 (50, 100, 150 mg/kg) could significantly
decrease the serum transaminase (ALT, AST) activity and
MDA content in liver homogenate, and improve reduced
GSHpx level of liver homogenate. Liver histopathological
examination showed FR167653 (100, 150 mg/kg) significantly
reduced inflammatory cells infiltration and liver cells
necrosis. FR167653 (50, 100, 150 mg/kg) significantly
lowered TNF-a and NO levels in serum, and IL-1 produced
by peritoneal macrophages. Moreover, expression of NF-kB
mMRNA in liver tissue of ILI induced by BCG plus LPS was
significantly reduced by FR167653.

CONCLUSION: All results showed that FR167653 had
significant inhibitory action on ILI in mice.

Yao HW, Li J, Chen JQ. FR167653 attenuates murine immunological
liver injury. World J Gastroenterol 2004; 10(15): 2267-2271

http://www.wjgnet.com/1007-9327/10/2267 .asp

INTRODUCTION

It has been demonstrated that tissueinflammation playsacritical
rolein liver pathology viainduction of cellular injury. The
infiltration of mononuclear phagocytes into the liver has been
shown to correlate with the severity of liver injury. Kupffer

cells (KCs) are among thefirst cellsthat respond to endotoxins,
including lipopolysaccharides (LPS), and are considered to be
the primary macrophagesinvolvedin the clearance of gut-derived
bacteria or bacterial toxins. High portal level of LPS can lead
to a pronounced secretion of proinflammatory mediators by
KCs and ultimately to endotoxin-induced liver injury*2,
Moreover, proinflammatory cytokines such astumor necrosis
factor-a (TNF-a) and interleukin-1 (IL-1)  have been linked
to liver injury®®, and shown to be early and important
mediators of liver injury!®8, Thus, inhibition of KCs activity
and proinflammatory cytokines production would be
beneficial to alleviate liver injury.

FR167653,1-[ 7-(4-fluorophenyl)-1,2,3,4-tetrahydro-8-(4-
pyridyl) pyrazolo[5,1-c][1,2,4] triazin-2-yl]-2-phenyl ethanedione
sulfatemonohydrate, was first discovered to be a potent dual
inhibitorof 1L-1and TNF-a productionin L PS-stimulated human
monocytes and phytohemagglutinin-stimulated human
lymphocytes®. Takahashi et al.*” and Kawano et al.[* also
confirmed the inhibitory effect of FR167653 on cytokine
production. FR167653 ameliorated endotoxinshock in rabbits
and intravascular coagulation in ratg®*, and also ameliorated
cardiac dysfunctioncaused by chronic infusion of LPSin ratg*3.
Furthermore, FR167653 protected lung, liver, and heart against
ischemia-reperfusion injury in dogs''7, and the protection
against liver ischemia-reperfusion injury was associated with
inhibition of proinflammatory cytokinesfrom KCg%9, Recent
studies suggest that FR167653 inhibits IL-13 and TNF-a
production via specific inhibition of p38 MAPK activity121720-22],
Because effective therapy has not been established for liver
injury, development of an anti-inflammatory compound is
urgently needed. From thisviewpoint, it isworthwhile to assess
the anti-inflammatory and immunomodulatory effect of
FR167653. In the current study, we administered FR167653to a
murine model of Bacillus Calmette Guerin (BCG) and LPS-
induced liver injury and assessed histopathological changes
and its effects on cytokine production.

MATERIALS AND METHODS

Animals and reagents

Male Kunming strain mice weighing 18-22 g were purchased
from Animal Center of Anhui Medical University. Mice were
allowed to access to food and tap water ad libitum, and
acclimated to facilitiesfor at least 1 wk before any treatments.
1, 1, 3, 1-tetraethoxypropane (TEP) and 5, 5'-dithibis-(2-
nitrobenzicacid) (DTNB) were purchased from FLUKA Co.,
Switzerland. BCG was purchased from Institute of Shanghal
Biological Products. ConA, LPS from Escherichia coli, and
TNF-a ELISA kit were purchased from Sigma Co., St. Louis,
USA. The primers of NF-kB and (3-actin were synthesized by
BIOASIA Biotech Co. Shanghai. FR167653 supplied by the
FujisawaPharmaceutica Co. Ltd. (Tokyo, Japan), wasdissolved to
20 mL/L with 5 g/L methylcellulose solution. To obtain the dose
of 50, 100, or 150 mg/kg body mass(BM), 2.5, 5, or 7.5 uL/g-bm.
of 20 mL/L FR167653solution was injected subcutaneousdly.

Model of BCG and LPS-induced immunological liver injury (ILI)
and treatment ¥

Eachmousewasinjected with 2.5mgBCG (vidblebacilli) in0.2mL
salineviatail vein, and 10 d later with 10 mg LPSin 0.2 mL
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saline. At 4, 8, and 12 h post-injection of LPS, animalsreceived
FR167653 at 50, 100, and 150 mg/kg, s.c., respectively. The
control group was subcutaneously administered the same
volume of 5 g/L methylcellulose solution. The mice were
anesthetized with ether, then sacrificed by cervical dislocation
16 h after L PSinjection and blood was collected, and centrifuged
at 1 500 r/min for 10 min at room temperature. Serum was
aspirated and stored at -70  until assayed as described below.
Theliver wasalso removed and stored at -70  until required.

Measurement of ALT, AST

Serum ALT, and AST were determined using commercia kits
purchased from Institute of Shanghai Biological Products
affiliated to the Ministry of Health.

Measurement of MDA and GSHpx in liver homogenate
Liverswere thawed, weighed and homogenized with Tris-HCI
buffer (5 mmol/L, containing 2 mmol/L EDTA, pH 7.4).
Homogenateswere centrifuged at 1 000 r/minfor 10 minat room
temperature and the supernatant was used immediately for the
assays of MDA and GSHpx. MDA was measured by the
thiobarbituric acid method according to standard techniques.
The content of MDA was expressed as nmol per gram liver
tissue. GSHpx was measured by the DTNB method, and its
content was expressed as U per milligram protein.

Measurement of TNF-a, IL-1, and nitric oxide (NO)

Serum TNF-a and NO were measured using commercial kits
produced by Sigma Co. and Beijing Biotinge-Tech Co. Ltd, and
their levelswere expressed as pg/mL and pmol/L respectively.
IL-1 produced by peritoneal macrophages was measured
according to the method of *H-infiltrated cell proliferation.

RT-PCR assay for NF-kB p65 mRNA in liver tissue

Liver tissue RNA wasextracted using RNA easy kit (Invitrogen,
USA). To test the efficacy of reverse transcriptase, RT-PCR
was performed for B-actin mRNA. Briefly, the first strand of
cDNA was synthesized by reverse transcriptase and pooled.
The resulting cDNA samples were adjusted to PCR buffer
conditions and run for PCR simultaneously. The primers for
NF-kB pe5were5'- GCGGCCAAGCTTAAGATCTGCCGA
GTA AAC-3',and 5-CGC TGC TCT AGA GAA CAC AAT
GGC CACTTGCCG-3. Theprimersfor B-actinwere5 -TGG
AAT CCT GTGGCA TCCATGAA-3,and5-TAA AACGCA
GCT CAG TAA CAGTC-3'. Theamplifications of NF-kB p65
and [3-actin genes are expected to generate 198 bp and 348 bp
fragments, respectively. Amplification wasperformed for 30 cycdles,
esch of which consisted of 1 min of denaturationat 94 , 1 min of
annedingat 58 ,and 3minof primer extensonat 72 . TenplL
of reaction mixture was|oaded to 10 g/L agarosegel containing
0.5 pg/mL ethidium bromidefor eectrophoresis, the gel wasthen
placed under ultraviolet light for semi-quantitative detection.

Histological examination of liver specimens
Formalin-fixed liver specimenswere embedded in paraffin and

stained with hematoxylin and eosin for conventional
morphological evaluation.

Statistical analysis

All values were expressed as mean+SD. The significance of
differences between groups was determined by ANOVA
followed by Student’s t test. P value of less than 0.05 was
considered significant.

RESULTS

Effects of FR167653 on ILI induced by BCG plus LPS in mice

Thelevelsof ALT and AST in plasmaand MDA content in liver
homogenate were significantly increased after the sequential
injection of BCG and LPS. Meanwhile, the GSHpx leve inliver
homogenate was sharply decreased (Figures 1, 2). FR167653 (50,
100, 150 mg/kg, s.c.) could not only significantly decrease ALT,
AST, and MDA levels, but also evidently increase GSHpx level
inmicewithILI (Figures1, 2). Liver histopathol ogic examination
showed extensive inflammatory cellsinfiltration and liver cells
necrosis. FR167653 (100, 150 mg/kg) significantly reduced
inflammatory cellsinfiltration and liver cells necrosis (Figure 3).
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Figure 1 Effect of FR167653 on serum ALT and AST activities
in ILI mice. n=8, mean+SD, "P<0.01 vs model group; “P<0.01 vs
normal group.
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Figure 2 Effect of FR167653 on MDA and GSHpx contents in
liver homogenates of ILI mice. n=8, mean+SD, "P<0.01 vs model
group; 9P<0.01 vs normal group.

Table 1 Effect of FR167653 on serum TNF-a, NO and IL-1 from peritoneal macrophages in ILI mice

Group Dose (mg/kg) TNF-a (pg/mL) NO (umol/L) IL-1 (103/min)
Normal Under detection limit 15.7+4.3 6.4+1.42
Model 523.1+28.6¢ 117.8+£10.7¢ 21.5+5.04¢
FR167653 50 491.8+20.52 109.3+10.5 17.4+3.81
100 404.9+18.5° 95.4+8.9° 14.7+3.05°
150 341.8+19.1° 84.3+8.7° 11.9+2.85°

n=8, meanSD, 2P<0.05, "P<0.01 vs model group; “P<0.01 vs normal group.
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Figure 3 Effect of FR167653 on liver histopathology of ILI mice. A: Normal group; B: Model group; C: Model plus FR167653
(100 mg/kg); D: Model plus FR167653 (150 mg/kg). All sections were stained with hematoxlin and eosin (200x).

Effects of FR167653 on TNF-a, IL-1, and NO

The levels of TNF-a and NO were elevated significantly in
miceinjected with BCG and then challenged with LPS. Likewise,
IL-1 excreted by peritoneal macrophageswas a so significantly
increased in the model group (Table 1). FR167653 (50, 100,
150 mg/kg) obviously counteracted the increase of TNF-a and
NO levelsin sera. IL-1 produced by peritoneal macrophages
was also significantly inhibited by FR167653 (Table 1).

Effects of FR167653 on NF-kB p65 expression in liver tissue
Gel eectrophoresis and semi-quantitative analysis showed that
FR167653 significantly reduced expression of NF-kB mRNA in
liver tissue of ILI induced by BCG plus LPS compared with
model group (Figure 4).
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Figure 4 Effect of FR167653 on NF-kB mRNA in liver tissue
of ILI mice. n=3, meanxSD. P<0.05. °P<0.01 vs model group;
4P<0.01 vs normal grorp.

DISCUSSION
It has been demonstrated that severe hepatitis could be induced

by injecting asmall dose of bacteria LPSinto BCG-pretreated
mice?, In the present study, IL1 was successfully induced by
BCG plus LPS. Onthisbasis, FR167653 (50, 100, 150 mg/kg)
could significantly lower the increased plasma transaminase
levels and MDA contents in liver homogenate. Meanwhile,
GSHpx levels were increased significantly. Histopathologic
examination showed FR167653 significantly reduced
inflammatory cellsinfiltration and liver cellsnecrosis.

Although several parameters of the inflammatory response
contribute to liver injury'®!, one well-studied pathway is the
production of TNF-a.. Inanumber of liver injury models, elevated
TNF-a levelswere present and correlated with liver injury{22528,
Inhibition of TNF-a activity can decrease liver injury. The
addition of soluble TNFreceptorsthat diminished the biological
effect of TNF-a could significantly decreaseliver enzymelevels,
improve liver histology, and reduce mortality immediately after
acute carbon tetrachl oride administration. Similar results were
seen in chronic acohol-induced liver diseaseinrats. In humans,
elevated levelsof TNF-a areseen in hepatitisand are associated
with increased mortality!??. Furthermore, TNF-a might act as
the first mediator of liver injury, its elevation would result in
release of anumber of proinflammatory mediatorsincluding IL-1,
NO, IL-6, IL-83% further deteriorating the liver injury. Inthe
present study, TNF-a in the sera and IL-1 produced by
peritoneal macrophages were significantly increased in mice
with IL1 compared with control. FR167653, a potent i nhibitor of
TNF-a and IL-1, suppressed elevated TNF-a and IL-1 levels,
which was consistent with previous observationsi®. As
potent producers of inflammatory cytokinessuch as TNF-a
and IL-1, KCs have been implicated in the pathway leading to
liver injury®. Whether inhibition of FR167653 on TNF-a
production was associated with diminished KCs proliferation,
and decreased inflammatory cells infiltration needs to be
further clarified.

A growing body of evidence suggests that sustained
production of NO resultingfrom up-regulation of inducible NOS
(iINOS) after LPS challenge may cause hepatocellular injury,
either directly®-%, or indirectly, by forming reactive nitrogen
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intermediates™. Menezes et al.***!demonstrated that a NO
scavenger, NOX, decreased hepatocel lular injury and improved
survival after hemorrhagic shock. As reported previously, the
synthesis of NO was regulated by various factors including
TNF-a, IL-1, and NF-kB. The inhibition of NF-kB led to a
decrease in the inducible isoform of NO and the transcription
of TNF-a in KCg®%, Moreover, synthetic double-stranded
oligodeoxynucleotides (ODN) transfer with a high affinity to
NF-kB (NF-kB/decoy/ODN) in vivo effectively suppressed
endotoxin-induced fata liver injury in miceg®. In our study, we
observed significant suppression of NF-kB p65 mRNA inliver
tissueandNOinseraof BCG plusLPS- induced LI by FR167653.
It indicated that inhibition of FR167653 on liver injury might be
related with decreased NO production through inhibiting NF-kB
transcription. Recent studies suggested that p38 MAPK
inhibitor, SB203580, diminished phosphorylation of the
transactivation domain of the p65 subunit of NF-kB“,
Moreover, the pharmacological characteristics and chemical
structure of FR167653 resemble SB2035801“44, Therefore,
inhibition of FR167653 on liver injury was associated with
reduced expression of NF-kB viap38 MAPK, and led to down-
regulation of TNF-a, IL-1, and NO.
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