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Abstract

The histamine H4 receptor is a G-protein coupled receptor with little homology to the pro-inflammatory histamine H1 receptor, expressed on
cells of the immune system with hematopoietic lineage such as eosinophils and mast cells. The effects of the recently described highly selective
histamine H4 receptor antagonists JNJ 10191584 and JNJ 7777120 have now been investigated on the acute colitis provoked by trinitrobenzene
sulphonic acid over 3 days in the rat. Treatment with JNJ 10191584 (10–100 mg/kg p.o., b.i.d.) caused a dose-dependent reduction in macroscopic
damage, inhibition of the TNBS-provoked elevation of both colonic myeloperoxidase and tumour necrosis factor-α (TNF-α), and a reduction in
the histologically assessed increase in mucosal and submucosal thickness and neutrophil infiltration. JNJ 7777120 (100 mg/kg p.o., b.i.d.) likewise
reduced the macroscopic injury and the increases in colonic myeloperoxidase and TNF-α levels. These findings indicate a pro-inflammatory role
for the histamine H4 receptor in this model and suggest a novel pharmacological approach to the treatment of colitis.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The histamine H4 receptor is a recently described G-protein
coupled receptor, with little homology to the classical pro-
inflammatory histamine H1 receptor or the histamine H2

receptor, and some 35% homology with the histamine H3

receptor (Nakamura et al., 2000; Oda et al., 2000; Coge et al.,
2001; Morse et al., 2001; Nguyen et al., 2001; Liu et al., 2001a;
Zhu et al., 2001). The histamine H4 receptor appears to be
exclusively expressed on cells of the immune system with
hematopoietic lineage (Oda et al., 2000; Morse et al., 2001; Liu
et al., 2001a,b; Zhu et al., 2001). Notably, the receptor has been
described on eosinophils, mast cells, basophils, dendritic cells
and T cells (Oda et al., 2000; Liu et al., 2001a; Morse et al.,
2001; Zhu et al., 2001; Gantner et al., 2002; Hofstra et al., 2003;
Ling et al., 2004). As such, it would appear that the histamine
H4 receptor is an interesting target for pharmacological
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modulation (De Esch et al., 2005), with the prospect of
ameliorating inflammatory conditions such as inflammatory
bowel diseases, where histamine, eosinophils and mast cells
may play a role (Bischoff et al., 1996; Lampinen et al., 2001;
Winterkamp et al., 2002; Hogan and Rothenberg, 2004).

Activation of the histamine H4 receptor can mediate calcium
mobilisation and chemotaxis in mast cells (Hofstra et al., 2003)
and induce shape change and promote chemotaxis in
eosinophils (O'Reilly et al., 2002; Buckland et al., 2003; Ling et
al., 2004). Others have proposed that the histamine H4 receptor
along with H2 receptors can modulate histamine-induced
interleukin-16 release from CD8+ T cells (Gantner et al., 2002).
A role for the histamine H4 receptors in modulating the release
of the chemoattractant, leukotriene B4, and mast-cell dependent
neutrophil recruitment into the pleural cavity has also been
suggested from the use of the non-selective histamine H3/H4

receptor antagonist, thioperamide (Takeshita et al., 2003).
Recently, novel potent and selective histamine H4

antagonists with oral bioavailability have been described. Thus,
JNJ 7777120 and JNJ 10191584 which are indole and
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benzimidazole amides, respectively, have high affinity for the
H4 receptor and greater than 1000-fold selectivity for the
histamine H4 receptor compared with the other known
histamine receptors, while having little action on a range of
other receptor types (Jablonowski et al., 2003, 2004; Thurmond
et al., 2004; Terzioglu et al., 2004; Venable et al., in press).
Supporting the immune function of the histamine H4 receptor,
its proposed role in histamine-dependent chemotaxis in both
mast cells and eosinophils has been confirmed in vitro using
JNJ 7777120 (Thurmond et al., 2004; Ling et al., 2004).
Moreover, this compound has shown efficacy in reducing
histamine-induced mast cell infiltration in mouse trachea and
zymosan-induced neutrophil influx into the peritoneum
following oral or subcutaneous administration, while not
affecting histamine H1-receptor dependent paw oedema induced
by histamine (Thurmond et al., 2004).

The pharmacological actions of selective histamine H4

receptor antagonists have now been evaluated in a widely used
experimental model of inflammatory bowel disease provoked
by colonic instillation of the hapten, trinitrobenzene sulphonic
acid (Boughton-Smith et al., 1988a; Morris et al., 1989; Whittle
et al., 2003) In this work, the effects of the recently described
potent histamine H4 receptor antagonist, JNJ 10191584
(Venable et al., in press) following oral administration in the rat,
have been investigated on the colitis provoked by tri-
nitrobenzene sulphonic acid over a 3 day period. The effects of
histamine H4 receptor antagonism in this colitis model have also
been confirmed using the other well-characterised histamine H4

antagonist, JNJ 7777120 (Jablonowski et al., 2003; Thurmond
et al., 2004, Ling et al., 2004).

2. Materials and methods

2.1. Induction of colitis

Male Wistar rats (200–240 g) were randomised before
commencement of the study and housed in groups, with their
body weight being measured daily. The investigation was
performed in accordance with the United Kingdom Home
Office Guidance on the Operation of the Animals (Scientific
Procedures) Act 1986, published by HMSO, London. Food was
withdrawn for 12 h overnight before trinitrobenzene sulphonic
acid (TNBS) administration, but the rats were allowed free
access to drinking water.

In these studies, a submaximal dose of 10 mg of TNBS
was used to provoke a reproducible yet not unduly severe
acute mucosal injury in the colon. This was determined after
3 days, a time when plateau levels of both neutrophil
infiltration and acute tissue injury is observed (Boughton-
Smith et al., 1988a,b). On the morning of the day of
challenge, day 0, the rats were transiently anaesthetised with
ether and TNBS (10 mg in 0.25 ml of 50% ethanol) was
instilled into the colon using a soft plastic catheter inserted
8 cm in the rat rectum. The rats were allowed to recover with
free access to food and drinking water. At the end of the
experiment, 72 h after TNBS administration (i.e., on the
morning of day 3), the distal colon was exposed and the
terminal 8 cm dissected, photographed and stored appro-
priately for subsequent analyses.

The primary parameters measured were the area of
macroscopic injury and its severity score, myeloperoxidase
levels and tumour necrosis factor-α (TNF-α) levels in segments
of distal 8 cm of colon. In addition, the weight of the whole 8 cm
colonic segment was measured as an indirect and non-specific
marker of oedema, while the body weight of the animals was
determined each day of the study as an indicator of general
health.

The experimental compounds prepared in the vehicle, 20%
hydroxypropyl β cyclodextrin (HPCD) were administered orally,
twice daily (2 ml/kg) commencing 24 h before TNBS
administration, on the day of TNBS administration and on days
1 and 2 after challenge. The doses of JNJ 10191584 were 10, 30
and 100 mg/kg, p.o., twice a day, which being the maleate salt,
reflect doses of 7, 20 and 70 mg/kg, twice a day of the active free
base. The dose of JNJ 7777120 was 100 mg/kg, p.o., twice a day,
and again being a maleate salt, was equivalent to 70 mg/kg twice
a day of the free base. A further group of rats that was challenged
with TNBS received the HPCD vehicle alone, twice a day (2
ml/kg p.o.), while another group had no challenge or drug
treatment but did receive isotonic saline twice a day (2 ml/kg p.
o.) and was used for base-line measurements.

2.2. Macroscopic analysis

The distal 8 cm portion of the colon (measured from the
rectum) was removed, opened longitudinally and gently rinsed
with ice-cold phosphate buffer (PBS; pH 7.4), blotted, weighed
(Scaltec, Germany) and photographed (Samsung, Digimax 340,
digital camera). The extent of macroscopically apparent damage
and haemorrhagic necrosis in the 8 cm segment was determined
in a randomised manner from the colour images via com-
puterised planimetry (Scion Image B4.02 version; Scion Corp.).
The area of macroscopically visible mucosal damage was
calculated and expressed as the percentage of the total colonic
segment area under study.

The tissue was subsequently cut into longitudinal strips, each
strip being thus 8 cm long and included the whole of the zone of
injury. This tissue was weighed, processed and the resulting
supernatant stored at −20 °C for the subsequent determination
of myeloperoxidase activity, protein levels and for the assay for
TNF-α.

2.2.1. Damage score
In addition to the quantitative measurement of area of

damage, the degree of colonic damage was also assessed in
a randomised blinded fashion using a Damage Score, utilizing
a 1–5 scale than has been adapted from that used previously
(Boughton-Smith et al., 1988a):

0 No damage.
1 One region of localized inflammation or thickening. No
ulcers.

2 Linear ration, but no significant inflammation.
3 Linear ulceration with inflammation at one site.
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4 Two or more sites of ulceration and/or inflammation. Ulcers
present in at least one site.

5 Two or more sites of ulceration and inflammation or one
major site of ulceration and inflammation extending N1 cm
along the length of the colon.

2.3. Myeloperoxidase activity

The myeloperoxidase activity was determined in colonic
tissue as previously described (Kiss et al., 1997). The 8 cm
longitudinal strips of the colon were weighed, homogenised
(Ultra turrax, T25, 13,500 rev/min; 2×30 s; 250 mg colon /1 ml
buffer) in ice-cold phosphate buffer (50 mM, pH 6.0), freeze-
thawed three times and then centrifuged twice (each time at
15,000 ×g for 15 min at 4 °C). Then, a 12 μl aliquot of the
supernatant was mixed with 280 μl phosphate buffer (50 mM,
pH 6) containing 0.167 mg/ml of O-adenosine dihydrochloride
and the reaction started with 10 μl 0.03% hydrogen peroxide and
assayed spectrophotometrically at 490 nm (Benchmark Micro-
plate reader, Bio-Rad Labs) after 90 s of shaking. Myelo-
peroxidase activity was expressed as mU/mg protein.

2.4. Tumour necrosis factor-α levels

The colonic tissue samples were thawed, weighed and
homogenized (Ultra-turrax, T25, 2×30 s on ice; 250 mg colon/
ml buffer) of a modified a Greenburg buffer (300 mmol/l NaCl,
15 mmol/l Tris, 2 mmol/l MgCl2, 2 mmol/l Triton X-100, 20 ng/
ml pepstatin A, 20 ng/ml leupeptin, 20 ng/ml aprotonine; pH:
7.4). Tissue homogenates were lysed for 30 min on ice, and then
centrifuged twice (10 min, 14,000 ×g). The aliquots of the
supernatant were stored at −20 °C until use (Ten Hove et al.,
2001).

The TNF-α levels were determined with quantitative TNF-α
solid-phase Enzyme Linked ImmunoSorbent Assay (ELISA).
The samples were measured spectrophotometrically at 450 nm
and were diluted 2 or 4 times with the buffer included in the kit.
This commercially available kit used had a range of the standard
curve of 0–2000 pg/ml with minimum detection level of 10 pg/
ml of TNF-α. The TNF-α values were expressed as pg/mg
protein.

2.5. Protein determination

Using a commercial protein assay kit, aliquots (20 μl) of the
diluted samples (25× or 50× with distilled water) was mixed
with 980 μl distilled water and 200 μl Bradford reagent added to
each sample. After mixing and a 10 min incubation, the samples
were assayed spectrophotometrically at 595 nm. Protein level
was expressed as mg protein/ml.

2.6. Histological studies

For light microscopy, tissue samples from the distal 8 cm
(measured from the rectum) of the colon of each animal from
4 separate groups of animals were collected: the vehicle HPCD,
JNJ 10191584 (100 mg/kg p.o., twice a day) and the control non-
challenged group. Tissue samples were taken from each colon,
1.5–2.5 cm from the rectum. The samples were fixed for 4 h in
4%buffered paraformaldehyde (40 g paraformaldehyde dissolved
in 500 ml distilled water plus 500 ml 0.1 M phosphate buffered
saline; pH 7.38), washed (3×30 min), dehydrated in increasing
concentrations of ethanol (30, 50, 75, 96 and 100% ethanol 5–
5 min, respectively; 2×5 min in xylol), and embedded in paraffin
(12 h, 54 °C).

Thereafter, 8 μm sections of tissue were cut using a rotary
microtome, mounted on gelatine glass slides, and were
cleared with acetic acid : absolute ethanol (1 :1 solution),
placed in gelatine solution and dried for 2 h at 37 °C. The
sections were cleared, hydrated and stained with hematoxylin
and eosin or with toluidine blue using standard procedures for
histological evaluation of colon damage. The slides were
coded to prevent observer bias during evaluation. All tissue
sections were examined with an Olympus microscope and
digital imaging system (Olympus BX60 microscope, DP50
digital camera and Viewfinder Lite version 1.0 software) for
characterisation of the histopathological changes.

2.7. Morphometric analysis

Photographs (4× and 10× magnification) of colon samples
were analyzed with Scion image software analysis program
(B4.02. version, Scion Corp.). The depth of the mucosa and
submucosa were measured in several sections from each tissue
sample and expressed in μm.

The high power field method was used for cell counting;
images (40×) of sections of the submucosa were taken and the
number of the neutrophils, as assessed by their morphology on
the stained slides, were counted. This latter analysis was
performed only on the submucosa where the neutrophils could
be readily measured using this approach.

2.8. Reagents and materials

The investigational drugs, JNJ 10191584 (5-chlorobenzimi-
dazolyl N-methylpiperazine carboxamide) and JNJ 7777120
(5-chloroindolyl N-methylpiperazine carboxamide) were syn-
thesized as maleate salts in the laboratories of Johnson and
Johnson Pharmaceutical Research and Development, L.L.C.
as described before (Jablonowski et al., 2003; Venable et al.,
in press). These were prepared freshly on each day of use in the
vehicle, 20% hydroxypropyl β cyclodextrin (HPCD, Sigma
Chemical Company).

The 2,4,6, trinitrobenzene sulphonic acid was obtained from
Fluka Chemie AG (Buchs, Switzerland). The Bradford protein
assay was from Bio-Rad. All other assay reagents were from the
Sigma Chemical Company. The TNF-α ELISA assay kit was
obtained from Hycult Biotechnology b.v. 5405 Uden, The
Netherlands.

2.9. Statistical evaluation

Results shown in the figures are expressed as mean±S.E.M.
from (n) rats per experimental group. For statistical comparisons,



Table 1
Comparison of the effects of JNJ 10191584 or JNJ 7777120 (both at 100 mg/kg
b.i.d. p.o) on the area of colonic injury, increase in colon wet weight, colonic
myeloperoxidase activity and colonic TNF-α levels

% inhibition

JNJ 10191584 JNJ 7777120

Macroscopic damage area 40±8c 44±10a

Colon weight increase 23±6a 24±6a

Myeloperoxidase 79±6c 35±6b

TNF-α 67±6c 56±12b

Measurements were taken 3 days after intracolonic challenge with TNBS.
Results are expressed as % inhibition of the respective values in the HPCD
vehicle group, mean±S.E.M.; n=8–16; aPb0.05, bPb0.01, cPb0.001
compared with HPCD group.
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the two-tailed Student's t-test and the analysis of variance with
the Bonferoni test were used where appropriate. Pb0.05 was
taken as significant. In the graphs and tables, statistical
comparison is made against the values for the HPCD vehicle
group.

3. Results

3.1. Effects on macroscopic colonic injury

Following intracolonic instillation of TNBS (10 mg), the
area of colonic injury, determined 72 h after challenge in the
control group of rats that had only received the vehicle
involved 46±4% (n=16) of the total colonic area of the
segment studied (Fig. 1). This macroscopic injury consisted of
broad areas of haemorrhagic necrosis, with evidence of tissue
inflammation and hyperaemia, and was similar in area and
nature to that induced by TNBS in a group of saline-treated rats
(48±3%; n=9). There was no detectable macroscopic injury in
the colons from the non-challenged group of rats receiving
saline p.o. (Fig. 1).
Fig. 1. Effects of the vehicle HPCD, or JNJ 10191584 (10, 30, 100 mg/kg b.i.d.
p.o), on the area of colonic injury, expressed as % of the total colonic area of the
segment (upper panel), colonic myeloperoxidase activity, expressed as mU/mg
protein (middle panel) and colonic TNF-α levels expressed as pg/mg protein
(lower panel). Measurements were taken 3 days after intracolonic challenge with
TNBS. The values from the non-challenged control group are also shown.
Results are expressed as mean±S.E.M.; n=8–16; ⋆⋆Pb0.01, ⋆⋆⋆Pb0.001
compared with the HPCD group.
Treatment with JNJ 10191584 (10, 30 and 100 mg/kg p.o.,
twice a day, equivalent to doses of 7, 20 and 70 mg/kg b.i.d. of
the free base) commencing 24 h prior to challenge, caused
a dose-dependent reduction in the area of TNBS-induced
colonic injury, being statistically significantly different from the
damage in the HPCD vehicle group at all doses (Fig. 1).
However, there was a shallow dose–response relationship for
this parameter, with the higher dose of JNJ 10191584 (100 mg/
kg p.o., twice a day) causing a 40±8% inhibition (Pb0.001;
n=16) of this macroscopic injury, as shown in Table 1.

A confirmatory study was conducted to evaluate the actions
of a further H4-receptor antagonist, JNJ 7777120, where the
area of colonic injury, determined 72 h after TNBS challenge
involved 52±6% (n=8) of the total colonic area of the segment
studied. Treatment with JNJ 7777120 (100 mg/kg p.o. twice
a day, equivalent to 70 mg/kg b.i.d of the free base) caused
similar degree of inhibition of the area of macroscopic injury as
did JNJ 10191584 (Table 1).

When the severity of the colonic damage was evaluated
using a 1–5 macroscopic score, comparable findings to those
from the determination of damage area were noted. Thus, the
marked a near-maximal score that was achieved following
challenge in the HPCD vehicle group, which was dose-
dependently reduced by treatment with JNJ 10191584 (10–100
mg/kg, b.i.d), as shown in Table 2. Likewise, treatment with JNJ
7777120 (100 mg/kg, b.i.d) reduced the macroscopic score
(Table 2).
Table 2
The effects of JNJ 10191584 (10, 30 and 100 mg/kg b.i.d. p.o) or JNJ 7777120
(100 mg/kg b.i.d. p.o), on the macroscopic score assigned to the colonic injury,
3 days after intracolonic challenge with TNBS, compared to that in the HPCD
vehicle group and the non-challenged control group

mg/kg Macroscopic score

Control – 0
HPCD – 4.7±0.1
JNJ 10191584 10 4.2±0.4
JNJ 10191584 30 3.7±0.4a

JNJ 10191584 100 3.3±0.4a

JNJ 7777120 100 4.0±0.2a

Results are expressed as the score on a 1–5 scale, mean±S.E.M.; n=8–16;
aPb0.05, compared with the HPCD vehicle group.



Fig. 2. Effects of the vehicle HPCD, or JNJ 10191584 (10, 30, 100 mg/kg b.i.d.
p.o), on the change in body weight, expressed a % change in body weight prior
to challenge (upper panel) and the weight of the colon segment expressed as
g (lower panel) 3 days after intracolonic challenge with TNBS. The values
from the non-challenged control group are also shown. Results are expressed as
mean±S.E.M.; n=8–16; ⋆Pb0.05, ⋆⋆Pb0.01, ⋆⋆⋆Pb0.001 compared with
the HPCD group.

Fig. 3. Effects of the vehicle HPCD or JNJ 10191584 (10, 30, 100 mg/kg b.i.d.
p.o), on TNBS-induced change in the depth of the distal colonic mucosa (upper
panel), the submucosa (middle panel) and the neutrophil infiltration into the
submucosa of the colon 3 days after intracolonic challenge with TNBS, as
determined by microscopic evaluation. The values from the non-challenged
control group are also shown. Results are expressed as mean±S.E.M.; n=12
where statistical difference is shown as ⋆⋆⋆Pb0.001 compared with the HPCD
group.
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3.2. Effects on body and colon weight

Following challenge with TNBS, there was a progressive
fall in body weight over the 3 day treatment period in the
HPCD vehicle-treated group, being reduced to 93±1% of the
pre-challenged weight, while the non-challenged group gained
weight over the 4 day experimental period (Fig. 2). The fall in
body weight following challenge with TNBS was attenuated
by JNJ 10191584 (10–100 mg/kg p.o., twice a day), the
effects being significant at both the lower and higher doses
(Fig. 2).

Treatment with JNJ 7777120 (100 mg/kg p.o. twice a day)
significantly (Pb0.01) attenuated the fall in body weight
determined 3 day after TNBS challenge, being 103±3%
(n=10) of the weight prior to challenge compared with
94±2% (n=8) of that weight in the corresponding HPCD
vehicle group.

As an indirect index of inflammatory oedema in the colonic
tissue, the weight of the colonic segments was determined at
the end of the treatment period. As shown in Fig. 2, the
colonic weight in the groups receiving HPCD and challenged
with intracolonic TNBS was significantly higher than that of
non-challenged colon for a comparable tissue segment.
Treatment with JNJ 10191584 at the higher dose (100 mg/kg
p.o., twice a day) significantly reduced the elevated colonic
weight (Fig. 2).

Treatment with JNJ 7777120 (100 mg/kg p.o. twice a day)
also reduced the increase in colon weight, and this was by
a comparable degree as with JNJ 10191584 (Table 1).
3.3. Effects on colonic myeloperoxidase levels

The level of myeloperoxidase activity in the colonic tissue
from rats in the non-challenged control group was substantially
increased in the HPCD vehicle group following TNBS
challenge, as shown in Fig. 1. Treatment with JNJ 10191584
(10–100 mg/kg p.o., twice a day) caused a dose-dependent
reduction in the TNBS-elevated myeloperoxidase levels, being
significant at the intermediate and higher doses (Fig. 1).

Treatment with JNJ 7777120 (100 mg/kg p.o., twice a day)
likewise caused a significant reduction in the elevated
myeloperoxidase activity, although not to the same extent as did
JNJ 10191584 (Table 1).

3.4. Effects on colonic TNF-α levels

The levels of TNF-α in the control colonic tissue from
unchallenged rats was significantly increased some 4-fold
following intrarectal TNBS, determined after 3 days in the
HPCD vehicle as shown in Fig. 1. These elevated TNF-α levels
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were significantly reduced following administration of JNJ
10191584 (100 mg/kg p.o., twice a day) as shown on Fig. 1.

Likewise, treatment with JNJ 7777120 (100 mg/kg p.o.
twice a day) caused a similar reduction in TNF-α levels in the
inflamed colon (Table 1).

3.5. Histological evaluation of effects of JNJ 10191584

TNBS challenge caused a significant increase in the
measurable depth of the sections of the colonic mucosa and
submucosa compared with the non-challenged control, reflecting
the tissue disruption and oedema accompanied by cellular
infiltration (Fig. 3). Treatment with JNJ 10191584 (100 mg/kg
p.o., twice a day) caused a significant reduction in this elevated
depth of tissue in both the mucosa and submucosa (Fig. 3).

Challenge with TNBS also caused a substantial neutrophil
infiltration in the colonic tissue compared with the
unchallenged control group (Fig. 3). This cellular influx was
significantly (Pb0.001) reduced by treatment with JNJ
10191584 (100 mg/kg p.o., twice a day) as shown in Fig. 3.

4. Discussion

The TNBS-model of colitis is widely used and well
characterised (Boughton-Smith et al., 1988a,b; Morris et al.,
1989; Reuter et al., 1996; Kiss et al., 1997; Galvez et al., 2000;
Whittle et al., 2003). The inflammatory response provoked by
TNBS is considered to reproduce many of the macroscopic,
histological and immunological hallmarks of clinical colitis.
Thus, open ulceration may be produced, with transmural
inflammation and thickening of the bowel wall. Histological
features include distorted crypt architecture, crypt atrophy,
granulomata, giant cells, basal lymphoid aggregates, with an
inflammatory infiltrate with neutrophilic and eosinophilic
involvement (Morris et al., 1989; Yamada et al., 1992;
Hoffmann et al., 1997; Torres et al., 1999; Neurath et al., 2000;
Whittle et al., 2003). In the present study, the intra-colonic
instillation of TNBS (10 mg) caused a subchronic colitis in the
rat. This macroscopic injury in the colon, determined 72 h after
challenge, consisted of broad areas of haemorrhagic necrosis,
with evidence of tissue inflammation and hyperaemia.

Oral administration of JNJ 10191584 produced a significant
reduction in the extent of macroscopic injury, both in terms of the
involved area and the severity of the damage at all the doses
evaluated, although the dose–response relationship was
somewhat shallow. The elevated weight of the colonic segments
following TNBS challenge was also significantly reduced by JNJ
10191584 at the highest dose evaluated. Moreover, histological
analysis of the colonic tissue indicated that the increase in the
measurable depth of the colonic mucosa and submucosa
following TNBS challenge was reduced by JNJ 10191584,
presumably reflecting attenuation of the tissue disruption and
oedema. The fall in bodyweight seen in the vehicle-treated groups
over the 3 days following TNBS challenge was also reduced by
JNJ 10191584,which likely reflects the reduction in colonic tissue
injury by this agent and abrogation of any subsequent stress to the
animal or the amelioration of any appetite loss. To confirm that
these effects did reflect actions on the histamine H4 receptor,
further studies with JNJ 7777120 were conducted, which likewise
showed a significant reduction in macroscopic injury and score,
and in colonic weight, while attenuating the TNBS-induced fall in
body weight.

The macroscopic injury caused by TNBS challenge was
accompanied by a substantial increase in the levels of
myeloperoxidase, an index of neutrophil infiltration, in the
colonic tissue that was confirmed by the histological analysis.
Studies in both this experimental model of colitis (Boughton-
Smith et al., 1988a,b; Morris et al., 1989; Guo et al., 1999; Sun
et al., 2001) and in clinical studies (Raab et al., 1993;
Kristjansson et al., 2004) indicate the important involvement of
neutrophils in these inflammatory processes in the colon. JNJ
10191584 dose-dependently reduced the elevated colonic
myeloperoxidase levels and also inhibited the elevated
neutrophil influx seen by histological evaluation in the colonic
submucosa following TNBS challenge. JNJ 7777120 likewise
reduced the elevation of myeloperoxidase in the challenged
colonic tissue. Other in vivo studies using histamine H4

antagonists have demonstrated actions on neutrophils, with the
neutrophil influx into the peritoneal cavity provoked by
zymosan being inhibited by JNJ 7777120 following oral or
subcutaneous administration (Thurmond et al., 2004). Previous
work on neutrophil infiltration into the pleural cavity has also
shown that it can be reduced by the non-selective histamine H3/
H4 receptor antagonist, thioperamide, thought to be acting on
the histamine H4 receptor, which also reduced histamine-
dependent mobilization of neutrophils from bone marrow
(Takeshita et al., 2003, 2004).

Effects on other cell types acting in concert, are also likely
be involved in the beneficial actions of these histamine H4

antagonists in colitis. Thus, JNJ 7777120 has previously been
shown to affect mast cell function in vitro, to inhibit mast cell
migration in mouse trachea in vivo and to ameliorate the mast-
cell dependent peritonitis induced by zymosan in vivo
(Thurmond et al., 2004). The degranulation of mast cells
occurs in colonic tissue from colitic patients (Bischoff et al.,
1996). Moreover, the urinary excretion of the histamine
metabolite, N-methyl histamine, increased some two-fold in
patients with active ulcerative colitis, with its output correlating
with the disease severity, as also found in Crohn's disease
patients (Winterkamp et al., 2002). Mast cells have been
implicated in the fibrosis provoked by TNBS (Xu et al., 2002),
as well as in the epithelial barrier dysfunction that accompanies
the colitis in this model (Stein et al., 1998; Barreau et al.,
2004). In studies in the pleural cavity, it has been suggested
that the production of the chemotactic eicosanoid, leukotriene
B4 is an underlying mechanism of the histamine H4-receptor-
and mast cell-dependent neutrophilic inflammation evoked by
zymosan (Takeshita et al., 2003). It is therefore relevant that
leukotriene B4 is considered as an inflammatory mediator
involved with TNBS colitis (Boughton-Smith et al., 1988a,b;
Wallace et al., 1989; Rachmilewitz et al., 1989). In addition,
mast cells are considered to be an important source of the
cytokine, TNF-α in human intestinal tissue (Bischoff et al.,
1999).
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Eosinophils are also considered to be involved in the
inflammatory process in clinical colitis (Raab et al., 1998;
Bischoff et al., 1996; Hogan and Rothenberg, 2004;
Lampinen et al., 2001, 2004) and such cells, like mast cells,
express the histamine H4 receptor (see Fung-Leung et al.,
2004). The functional responses of these cells in terms of
shape change, chemotaxis and adhesion molecule expression
is down-regulated by JNJ 7777120 (Ling et al., 2004). The
potential effect of such actions on eosinophilic function in
vivo on the progress of the colitis in the present model
requires exploration.

The release of pro-inflammatory cytokines is considered to
play a pivotal pathological role in the inflammatory events
underlying colitis (Papadakis and Targan, 2000) and the
therapeutic use of anti-TNF-α approaches have proved very
beneficial (Rutgeerts et al., 2004). Colonic TNF-α levels are
increased in TNBS-induced colitis (Ameho et al., 1997; Ribbons
et al., 1997; Sykes et al., 1999; Villegas et al., 2003) and
inhibitors of its synthesis or administration of the TNF-α
antibody, infliximab can reduce the damage (Ten Hove et al.,
2001; Bobin-Dubigeon et al., 2001; Woodruff et al., 2003). In
the present study, the elevated levels of TNF-α in the colonic
tissue were significantly reduced by treatment with either JNJ
10191584 or JNJ 7777120. It is possible that the inhibition of
the TNF-α levels reflects an action of the histamine H4

receptor antagonists on the cellular transduction mechanisms
promoting cytokine biosynthesis. However, it is also likely
that the effect is to some extent, the consequence of the
reduced area of tissue injury and inflammation brought about
by the compounds, with a resulting reduced number of
cytokine-producing inflammatory cells infiltrating into the
colonic tissue.

The present study thus indicates that JNJ 10191584, as well
as JNJ 7777120 when given twice a day by oral gavage, has
an effective therapeutic activity in this rat model of colitis.
These agents thus significantly reduced both macroscopic
colonic injury, attenuated the increase in tissue oedema and
inhibited the rise in myeloperoxidase levels and neutrophil
influx, as well as reduced the increase in TNF-α levels in
colonic tissue that follow the challenge by TNBS. The
mechanisms and cellular events underlying the anti-inflam-
matory effects of these selective histamine H4 receptor
antagonists have not yet been fully identified. Indeed, whether
such beneficial effects on colitis reflect the modulatory actions
on a local mast cell-driven inflammatory response involving
neutrophils, along with the known actions of the histamine H4

receptor antagonists on eosinophil function, warrants further
exploration. The present findings with histamine H4 antagonists
could point to a novel pharmacological approach to the therapy
of gut inflammation.
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