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FR167653, a p38 mitogen-activated protein kinase inhibitor, 
aggravates experimental colitis in mice
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Abstract
AIM: To investigate the effects of FR167653 on the 
development of dextran sulfate sodium (DSS)-induced 
colitis in mice.
METHODS: BALB/c mice were fed rodent chow 
containing 3.5% (wt/wt) DSS. The recipient mice 
underwent intra-peritoneal injection of vehicles or 
FR167653 (30 mg/kg per day). The mice were sacrificed 
on day 14, and the degree of colitis was assessed. 
Immunohistochemical analyses for CD4+ T cell and 
F4/80+ macrophage infiltration were also performed. 
Mucosal cytokine expression was analyzed by RT-PCR.
RESULTS: The body weight loss was more apparent 
in the FR167653-treated DSS mice than in the vehicle-
treated DSS mice. The colon length was shorter in the 
FR167653-treated DSS mice than in the vehicle-treated 
DSS mice. Disease activity index and histological colitis 
score were significantly higher in FR167653- than in 
vehicle-treated DSS animals. Microscopically, mucosal 
edema, cellular infiltration (CD4 T cells and F4/80 
macrophages), and the disruption of the epithelium 
were much more severe in FR167653-treated mice 
than in controls. Mucosal mRNA expression for 
interleukin-1β (IL-1β) and tumor necrosis factor-α 
(TNF-α) were found to be markedly reduced in 
FR167653-treated DSS mice.
CONCLUSION: Treatment with FR167653 aggravated 
DSS colitis in mice. This effect was accompanied by 
a reduction of mucosal IL-1β and TNF-α expression, 
suggesting a role of p38 mitogen-activated protein 
kinase (MAPK)-mediated proinflammatory cytokine 
induction in host defense mechanisms.
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INTRODUCTION
Inflammatory bowel diseases (IBD), such as ulcerative 
colitis (UC) and Crohn’s disease (CD), are associated 
with chronic relapsing inflammation of  the intestinal 
tract of  unknown etiology. The most widely held 
hypothesis on the pathogenesis of  IBD is that the 
mucosal immune system shows an aberrant response 
towards luminal antigens such as dietary factors 
and/or commensal bacteria in genetically susceptible 
individuals[1-3]. Histologically, mucosal accumulation of  
leukocytes is a characteristic feature of  IBD, and the 
activation of  T cells and monocytes/macrophages has 
been regarded as a crucial factor in its pathogenesis[1,2].

Prev ious s tudies have c lear ly demonstrated 
that bacterial lipopolysaccharides (LPS) and pro-
inflammatory cytokines, such as interleukin-1β (IL-1β) 
and tumor necrosis factor-α (TNF-α), activate the p38 
mitogen-activated protein kinase (MAPK) pathway[4-6] 

and suggested that the p38 MAPK family play important 
roles in pathophysiology of  IBD[1,7-9]. The p38 is a 
member of  the MAPK family, which is ubiquitously 
expressed. Serine-threonine kinases are playing 
important roles in various signal transduction pathways 
in mammalian cells[4]. It has been demonstrated that 
p38 mediates phosphorylation of  transcription factors, 
thereby regulating gene expression and the induction 
of  cytokine production[6]. p38 is activated by dual 
phosphorylation on Thr180 and Tyr182 by the upstream 
MAPKs MKK3 and MKK6. MKK3 is especial ly 
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important for TNF-α-induced p38 activation[10] and for 
the p38-mediated synthesis of  IL-12 and IFN-γ[11]. Thus, 
p38 is a promising candidate for targeted inhibition in 
acute and chronic inflammation.

FR167653 is a well-characterized inhibitor of  p38 
MAPK[12-16]. FR167653 specifically inhibits p38 via 
its ability to compete with adenosine triphosphate at 
adenosine triphosphate binding sites on p38 kinase[17,18], 
and such pharmacological actions resemble those of  
pyridinyl imidazole inhibitors of  p38 MAPK such as 
SB 203580 and RWJ6. This compound dramatically and 
selectively attenuates the activity of  p38, but does not 
significantly modulate JNK and ERK-1/2 activity[19]. 
FR167653 has been demonstrated to specifically 
inhibit p38 function and eventual IL-1β and TNF-α 
protein translation[13,20], but the expression of  IL-6 
and transforming growth factor (TGF)-β does not 
appear to be affected[21]. At present, FR167653 has 
not been studied in any animal models for IBD, and 
our knowledge of  its action in chronic intestinal injury 
models is limited. In this study, we investigated the 
effects of  FR167653 on the development of  dextran 
sulfate sodium (DSS)-induced colitis in mice.

MATERIALS AND METHODS
Induction of colitis
Six- to eight-week-old male BALB/c mice were purchased 
from Charles River Japan (Kanagawa, Japan). They were 
acclimatized for 1 wk before the experiment, and were 
housed individually in a room maintained at 22℃ under 
a 12-h day/night cycle throughout the experiments. Mice 
were fed 3.5% (wt/wt) DSS (molecular weight 5000; 
Wako Pure Chemical Industries, Ltd, Osaka, Japan) 
mixed with normal chow (MF; Oriental Yeast Co., Ltd, 
Tokyo, Japan) and water ad libitum. The study protocol 
was approved by the Animal Care and Use Committee 
of  the Shiga University of  Medical Science (Otsu, 
Japan).

FR167653 was k indly provided by Fuj i sawa 
Pharmaceutical (Osaka, Japan). The recipient mice 
underwent intra-peritoneal injection of  vehicles or 
FR167653 at a dose of  30 mg/kg per day dissolved 
in 200 μL phosphate-buffered saline (PBS) every day, 
starting on the first day of  DSS administration. The dose 
of  FR167653 was chosen with reference to publications 
showing in vivo effects of  the drug[12,19].

Assessment of inflammation in DSS-induced colitis
Daily clinical assessment of  DSS-induced colitis was 
performed, including measurements of  food intake and 
body weight, an evaluation of  stool consistency, and the 
presence of  blood in the stools by a guaiac paper test. 
A validated clinical disease activity index ranging from 0 
to 4 was calculated using the following parameters: stool 
consistency, presence of  fecal blood, and changes in 
body weight[22]. The mice were sacrificed at day 14, and 
the length and weight of  the colons were measured.

Histology
A histological examination was performed on three 
samples of  the distal colon from each animal. The 
samples were fixed in 10% buffered formalin, dehydrated 
in ethanol, and then embedded in paraffin. Four micron-
thick sections were then prepared and stained with 
hematoxylin and eosin. All histologic evaluation was 
performed in a blinded fashion using a validated scoring 
system[23].

For immunohistochemical staining, freshly isolated 
tissue from the distal portion of  the colon was frozen in 
dry ice using OCT compound (Sakura Finetek, Tokyo, 
Japan). Acetone-fixed frozen sections (6 μm) were 
blocked with DAKO blocking reagent (#X0909, DAKO 
Japan, Kyoto, Japan) followed by incubation with the 
primary antibodies [anti-mouse CD4 (Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA) and anti-mouse 
F4/80 (BD Pharmingen, San Diego, CA)], diluted 1:100 
in PBS containing 5% skim milk overnight at 4℃ in a 
humidified chamber. After incubation with the primary 
antibody, the sections were reacted with 0.1% H2O2 
in 0.1 mol/L PBS, and treated with biotin-conjugated 
second antibodies (diluted 1:50 in PBS containing 1% 
skim milk; Vector, Burlingame, CA) for 60 min at room 
temperature and followed by avidin-biotin-peroxidase 
complexes (ABC, Vector). The peroxidase activity was 
visualized using diaminobenzidine.

Reverse transcription (RT-) PCR
Cytokine mRNA expression in the mucosa was evaluated 
by RT-PCR. Total cellular RNA was isolated by the acid 
guanidium thiocyanate-phenol-chloroform (AGPC) 
method[24]. For each sample, the first-strand cDNA was 
synthesized using 0.5 μg of  total cellular RNA with 
oligo (dT) primer and Superscript reverse transcriptase 
(GIBCO BRL, Rockville, MD). One μL of  the cDNA 
sample was amplified in a 25 μL reaction containing 
10 × Taq buffer (Perkin Elmer Cetus Corp., Norwalk, 
CT), 1.5 mmol/L MgCl2, 0.1 μmol/L of  each 5' and 
3' primers, and 1 U of  TaqGold polymerase (Perkin-
Elmer Cetus). The PCR was performed in a thermal 
cycler (GeneAmp Model 2400; Perkin-Elmer Cetus) 
for 25 cycles (94℃ for 30 s, 55℃ for 30 s, and 72℃ for  
40 s), followed by a 8 min extension at 72℃. Five μL of  
the PCR products were subjected to electrophoresis on 
1.5% agarose gels and stained with 0.5 μg/mL ethidium 
bromide. A 100-bp DNA ladder (GIBCO BRL) was 
used as marker. Primers specific for the mouse IL-
1β were purchased from BioSorce International, Inc. 
(Camarillo, CA). Specific primers for mouse TNF-α 
were constructed according to published sequence 
data[25] (5'-GCGACGTGGAACTGGCAGAAG-3', and 
5'-GGTACAACCCATCGGCTGGCA-3').

Statistical analysis
Statistical analysis was performed using one-way 
ANOVA with Scheffe’s post hoc test or the Kruskal-
Wallis test when appropriate. Two-way ANOVA for 
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repeated measures was used to test for group and time 
effects on clinical data (e.g. disease activity index) over 
7 successive days of  clinical observation. P < 0.05 was 
considered to be statistically significant.

RESULTS
To evaluate the effect of  FR167653 on DSS colitis, the 
administration of  FR167653 was started at the time 
of  DSS exposure. The administration of  FR167653 
and vehicle (PBS) was repeated every 24 h. As shown 
in Figure 1A, on day 10, day 12, and day 14 after the 
initiation of  DSS-induced colitis, the body weight 
was significantly lower in the FR167653-treated than 
in the PBS-treated mice. On day 14, survival rate was 
significantly lower in FR167653- than in the PBS-treated 

DSS animals (Figure 1B). As shown in Figure 2, colon 
shortening and stool softening were apparent in the 
FR167653-treated DSS mice (Figure 2). The total colon 
length was significantly smaller in the FR167653-treated 
than in the PBS-treated DSS mice (Figure 3A).

A macroscopic examination of  the colon revealed 
that hyperemia, erosions, and occasional tiny blood 
coagula occurred mainly in the rectum in both DSS-
treated groups. Disease parameters such as the fecal 
blood score, diarrhea score, and disease activity index 
were significantly higher in the FR167653-treated than 
the PBS-treated DSS mice (Figure 3B).

DSS colitis is characterized by histological findings 
such as edema, infiltration of  inflammatory cells into 
the mucosa and submucosa, ulceration, and mucosal 
thickening. Our histological analysis indicated that 

Normal DSS DSS + FR167653

Normal

DSS

DSS + FR167653

Figure 2  Pictures of laparotomy (upper part) and resected colon (lower part). On day 14, in the FR167653-treated DSS mice stool softening and colon shortening 
were remarkable, as compared to the vehicle (PBS)-treated DSS mice.
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Figure 1  Changes in body weight (A) and survival rate (B). Mice were fed DSS and injected intraperitoneally with vehicle (PBS) or FR167653 (30 mg/kg per day) 
daily starting at d 0. The weight of individual mice was followed daily. Data represent mean ± SE (n = 8 mice/group). aP < 0.05, FR167653 vs vehicle (PBS).
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administration of  FR167653 markedly enhanced the 
severity of  the colitis as compared to the PBS-treated 
mice (Figure 3C).

An increase in the number of  infiltrating cells and 
an enhancement of  mucosal injury were observed in 
the PBS-treated DSS mice (Figure 4 upper part). These 
changes were enhanced in the FR167653-treated DSS 

mice. The immunohistochemical analysis indicated that 
the mucosal infiltration of  CD4-positive T cells and F4/
80-positive monocytes/macrophages was increased in 
the FR167643-treated DSS mice, compared to the PBS-
treated DSS mice (Figure 4 middle and lower parts).

Inhibitory effects of  FR167653 on IL-1β and TNF-α 
expression have been reported[26,27]. To confirm these 

Figure 3  Effects of FR167653 on colon length (A), disease activity index (B), and histological score (C) at day 14. The criteria of scoring are described in Materials 
and Methods. Data represent mean ± SE (n = 8 mice/group), a  < 0.05.

Figure 4  Histological analyses for FR167653 effects on DSS colitis. Colons were excised after 14 d of DSS treatment and stained with HE, anti-CD4 antibody, and 
anti-F4/80 antibody.
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responses in our model, mucosal IL-1β and TNF-α 
mRNA expression was evaluated by semi-quantitative 
RT-PCR. Representative results are shown in Figure 5. 
DSS mice showed increased expression of  IL-1β and 
TNF-α. The administration of  FR167653 markedly 
reduced the expression of  IL-1β and TNF-α mRNAs, 
although severity of  colitis was enhanced. Similar results 
were observed in 5 different experiments.

DISCUSSION
The aim of  this study was to analyze the impact of  
FR167653 upon inflammation in a mouse model of  
IBD. DSS-induced colitis in BALB/c mice is used as a 
model system for the respective human IBD. FR167653 
was first discovered to be a potent inhibitor of  IL-1 and 
TNF-α production in LPS-stimulated human monocytes 
and activated lymphocytes[17]. Recent studies suggest 
that FR167653 inhibits IL-1β and TNF-α production 
via specific inhibition of  p38 MAPK activity[14,19,21]. 
While we initially expected that inhibition of  p38 
by FR167653 would block the development of  DSS 
colitis, administration of  FR167653 aggravated DSS 
colitis. Because mucosal IL-1β and TNF-α expression 
was markedly reduced in the FR167653-treated mice, 
aggravation of  colit is might not be mediated by 
enhanced proinflammatory responses.

Prev ious f ind ings o f  p38 ac t iva t ion in the 
pathophysiology of  IBD are controversial. Waetzig et al[7] 
demonstrated that p38 and JNK1/2 were significantly 
activated in the inflamed colonic mucosa of  IBD 
patients while the protein and mRNA expression of  
p38 and JNK were not significantly different between 
patients and controls. They suggested the role of  p38 
in the TNF-α signaling regulation loop in active CD 
patients. Hommes et al [8] showed an enhancement 
of  phospho-p38 and phospho-JNK express ion 

in neutrophils, epithelial cells, and lamina propria 
mononuclear cells in six patients with active CD 
compared to healthy controls. In contrast, Malamut et 
al[28] could not confirm p38 activation in patients with 
IBD, by measuring the protein levels and activity of  
p38. Moreover, a significant decrease in p38 activity and 
phosphorylated p38 levels was actually observed in the 
trinitrobenzene sulphonic acid (TNBS) colitis model.

There are two controversial reports of  p38-inhibitor 
effects on experimental colitis. Ten Hove et al[29] observed 
a dichotomous effect of  a specific p38 MAPK inhibitor, 
SB 203580, in TNBS-induced colitis in mice. In SB 
203580-treated TNBS mice, weight loss was significantly 
worse and colon weight was significantly increased. 
However, activated lymph node cells of  SB 203580 
treated mice showed decreased IFN-γ but an increased 
TNF-α production. On the other hand, Hollenbach et 
al[30] showed that SB 203580 improved DSS colitis as 
reflected in the disease activity and histological disease 
score. Improvement of  colitis was associated with down-
regulation of  NF-κB signaling and cytokine production.

The precise mechanisms underlying FR167653-
induced aggravation of  DSS colitis are unclear. Despite 
of  aggravation of  proinflammatory cell infiltration, 
FR167653 strongly reduced mucosal IL-1β and TNF-α 
expression. It may be that activation of  p38 MAPK 
occurs downstream of  the disease perpetuating signal 
transduction elements and that blockade at this level 
does not affect disease severity. Alternatively, cells 
playing roles in mucosal repair or anti-inflammatory 
process may be dependent on p38 MAPK. For example, 
it has been reported that p38 MAPK play an important 
role in epithelial restitution, a process aimed at re-
epithelializing the wounded areas[31]. A recent study 
showed that production of  IL-10, a representative anti-
inflammatory cytokine, is dependent on p38 MAPK 
activation[32]. However, observed effects may be specific 
for models used in this study, and further experiments 
with other colitis models are needed.

In conclusion, treatment with the p38 MAPK 
inhibitor FR167653 induced an aggravation of  DSS 
colitis although it reduced mucosal IL-1β and TNF-α 
production. This indicates that p38 MAPK is not only 
responsible for the production of  proinflammatory 
cytokines but may also be involved in critical responses 
in host defense.

 COMMENTS
Background
FR167653 is a well-characterized inhibitor of p38 mitogen-activated protein 
kinase (MAPK). At present, FR167653 has not been studied in any animal 
models for inflammatory bowel disease (IBD), and knowledge of its action in 
chronic colitis models is limited.
Research frontiers
Demonstration of the effects of a novel p38 MAPK inhibitor on dextran sulfate 
sodium (DSS) colitis.
Innovations and breakthroughs
Previous studies suggested that p38 MAPK acts as an enhancer of 
experimental colitis. Our study demonstrated that FR167653, a p38 MAPK 
inhibitor, aggravated DSS colitis, suggesting a protective role of p38 MAPK.
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Figure 5  RT-PCR analysis of mucosal cytokine expression in DSS colitis. 
Representative results of 5 independent experiments are presented.
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Applications
Clinical application of FR167653 to IBD may be possible.
Terminology
FR167653 is a well-characterized inhibitor of p38 MAPK. p38 MAPK mediates 
a major signal transduction pathway in pro- and anti-inflammatory responses.
Peer review
This is a carefully performed study detailing the effect of co-administration of 
a parenteral p38 MAPK inhibitor (FR167653) on the induction of DSS colitis in 
BALB/c mice. The use of this agent in various inflammatory conditions is not 
novel, nor is targeting p38 in IBD. What is novel is the finding that inhibiting p38 
results in more severe DSS colitis.
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